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ABSTRACT 

Aerojet Energy Conversion Company has completed a s i t e  specific 
engineering and economic study of mu1 t i  -use, augmented geothermal space/ 
water heating and cooling systems. The study was conducted in cooperation 
with the City of Susanville, California. 

The overall benefits t o  the City of Susanville, in both the public 
and private sectors, of using low temperature (15OoF-24O0F) geothermal 
resources are explored. Options considered, alone and in combination, 
include heat pumps, fossil-fuel peaking, user load balancing, and cascading 
from the geothermal system serving the public buildings into a private 
Park of Commerce development. 

A range of well temperatures, depths, flow rates,  and dr i l l ing  costs 

A planned development i s  emphasized for 
are considered t o  provide system cost sens i t iv i t ies  and to make the study 
more widely useful t o  other s i t e s .  
ease of financing and  expansion. 

A preliminary design o f  Phase A of a Susanville Public Building Energy 
System and a conceptual design o f  an  integrated Park of  Commerce, Phase I ,  are 
included. 
a model for  other communities with similar resource temperatures. 

This system was designed for  a 150°F resource and can be used as 
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SECTION I .  EXECUTIVE SUMMARY 

A. INTRODUCTION 

Dedicated c i t i z e n s  i n  Susanvi l le, the U.S. Department o f  Energy 

( then the  Energy Research and Development Administrat ion),  and several 
p r i v a t e  companies and consul tants have been working since the  e a r l y  1970's 

t o  make the u t i l i z a t i o n  o f  Susanv i l le ' s  geothermal resource a r e a l i t y .  
The e f fo r t  began w i t h  an ERDA sponsored study t o  assess the  opt ions a v a i l -  

ab le t o  the  City, i nc lud ing  e l e c t r i c a l  generation, space heating, and 
agri-business use. 
pointed t o  the  p o s s i b i l i t y  o f  temperatures above 137°C (279°F). 
years, as  exp lo ra t i on  o f  t he  resource continued, i t  became apparent t h a t  
the resource i n  and c lose around t h e  Ci ty o f  Susanvi l le was more apt t o  be 
low temperature -65" t o  120°C (150"-25O"F), w i t h  65OC being the  most l i k e l y .  

Because these temperatures are too  low t o  economically generate e l e c t r i c i t y  
us ing cu r ren t  technology, Susanv i l le  began t o  explore the d i rec t -use  choices. 

A t  t h a t  t ime, the  rese rvo i r  geology (quar tz  analys is)  
Over the  

For any geothermal p r o j e c t  where the  KGRA has been def ined bu t  the 

product ion we l l s  have no t  been d r i l l e d ,  the  actual  temperatures and f lows 
that w i l l  be obtained from the well system are unknown, as are drilling 

costs. I n  these cases, t he  most economical method of apply ing geothermal 
water f o r  d i r e c t  uses, such as space cond i t ion ing  and process heat, are no t  
determinable ahead o f  t ime and must be approached i n  a stepwise fashion t h a t  
would permit  economical u t i l i z a t i o n ,  regardless o f  t he  outcome o f  d r i l l i n g .  
This s i t u a t i o n  has prompted Aerojet  engineers t o  design f l e x i b l e  systems 
t h a t  permit  u t i l i z a t i o n  o f  geothermal energy a t  any temperature i n  the range 
of 150-250OF. 

prototype i n  t h i s  study. 
seeking t o  make a low temperature resource useable over a wider range o f  

app l i ca t ions .  Options considered, alone and i n  concert, inc lude heat pumps, 

f o s s i l - f u e l  peaking, user load balancing, and cascading. 

The Northern C a l i f o r n i a  Comnunity o f  Susanvi l le i s  used as a 

Various augmentation combinations were explored, 

1 



B. SUMMARY 

The Susanvi l le  Publ ic  Bu i ld ing  Energy System was conceptual ly designed 
a t  resource temperatures o f  150°F, 165OF, 185"F, and 225°F i n  the 150°F t o  

250°F temperature range, 
Park o f  Commerce conceptual design was f o r  a 150°F resource only. 
resource i s  the most probable rese rvo i r  cond i t ion  based on cur ren t  d r i l l i n g  
data. 

A p re l im inary  design was performed f o r  150°F. The 
The 150°F 

The seventeen pub l i c  bu i ld ings  selected f o r  i nc lus ion  i n  the geothermal 

system were chosen f o r  t h e i r  r e l a t i v e  l o c a t i o n  t o  the anomaly. 
annual ly u t i l i z e  about 40,000 m i l l i o n  BTU o f  f o s s i l  energy a t  a cur ren t  cost  

of $140,000. The Park o f  Commerce indus t r i es  were selected from an indus t ry  
survey conducted by the Fred Longyear Company under cont rac t  w i t h  AECC. 

They are: 
product ion and processing p lan t .  
together would requ i re  a t o t a l  o f  116,200 m i l l i o n  BTU per year a t  a cur ren t  

fuel  cost  o f  $415,000. The design ob jec t i ve  f o r  the  in tegra ted  Park of 
Commerce i s  t o  minimize dependence on f o s s i l  f u e l  by economically u t i l i z i n g  
the e f f l u e n t  from the p u b l i c  bu i ld ings  along w i t h  add i t i ona l  geothermal 
energy from another w e l l .  

These bu i ld ings  

(1 )  a 5-acre greenhouse operation, and (2)  an in tegrated meat 
The greenhouse operat ion and the meat p l a n t  

Conceptual l y  , three product ion we1 1 s ,  producing 350 gpm each, supply 
the pub l i c  bu i ld ings.  The water i s  pumped t o  an elevated storage tank 
located on a h i l l  above town f o r  system pressure c o n t r o l  and system emergency 

capaci ty.  The d e l i v e r y  and disposal  p i p i n g  are  l a i d  i n  a common trench. 

The d e l i v e r y  and disposal  system chosen, a f t e r  the evaluat ion of many 
a l te rna t ives ,  i s  an elevated tank feed system w i t h  asbestos cement supply 

and r e t u r n  pipes i n  a common trench. 
l a t e d  pipe. 
g r a v i t y  f low t o  a l l  the bu i l d ings  and t o  the Park o f  Commerce. 
requi red vary from 3 t o  12". 

The supply l i n e  would be factory insu- 
Downhole constant speed pumps would feed the vented tank w i t h  

Pipe sizes 
Re in jec t ion  w i l l  be i n  cased we l ls  under 

res idua l  system pressure. 

2 



B ,  Summary (cont . )  

The e f f l u e n t  from t h i s  system nomina 
o f  i t  i s  mixed w i t h  the  flow from a Park o f  
provide 135°F boi ler- feed water t o  the  Park 
t h i r d s  are mixed w i t h  the e f f l u e n t  from the 

l y  leaves a t  120°F. One-third 
Commerce product ion we l l  t o  
of Commerce. The other  two- 
meat production and processing 

indus t ry .  
provides 350 gpm o f  150°F water t o  f i v e  acres o f  greenhouses. Approximately 

1,400 gpm o f  e f f l u e n t  leaves the  Park o f  Commerce a t  105°F and i s  re in jec ted  
i n t o  the  ground i n  two we l ls  a t  roughly 40 psig. 

This mixture,  about 116"F, i s  supplied t o  a heat pump which 

Par t  o f  the  Park o f  Commerce uses heat ing energy a l l  year long, 
which helps t o  balance the  load u t i l i z a t i o n  on the  geothermal system between 

summer and w in te r .  
u t i l i z a t i o n  could be f u r t h e r  increased by using the  geothermal water t o  pro- 
duce a i r  cond i t i on ing  i n  the summer, us ing water/LiBr absorption water 
c h i l l e r s .  

With resource temperatures greater than 185"F, the  system 

A t  160°F and below, the  cos t  o f  producing a i r  cond i t ion ing  w i t h  
geothermal i s  p r o h i b i t i v e .  

The water chemistry, as c u r r e n t l y  defined, does no t  i n d i c a t e  a need 
t o  i s o l a t e  the heating system from the  geothermal when r e t r o f i t t i n g  the  

p u b l i c  bu i ld ings .  
t i v e  approach w i t h  a resource temperature greater than 165°F. A t  lower 
temperatures, a flow-through system i s  recommended unless water chemistry 

studies conc lus ive ly  determine t h a t  t he  system l i f e  w i l l  be s i g n i f i c a n t l y  
shortened by sca l ing  and corrosion. 
a c t i v i t y  between i r o n  and copper must be provided i n  the  d i r e c t  f low-through 
sys tem. 

I s o l a t i o n  by p l a t e  heat exchangers would be the  conserva- 

Pro tec t ion  aga ins t  galvanic c e l l  

The minimum economically acceptable r a t e  of r e t u r n  considered i n  t h i s  
study i s  one t h a t  would pay back a long-term loan w i t h  operat ing revenues a t  
an i n t e r e s t  r a t e  o f  8% f o r  a 25-year l i f e .  
based on an average i n f l a t i o n  r a t e  o f  7% per year f o r  a l l  operat ing costs - 
f o s s i l  f ue l ,  e l e c t r i c i t y ,  manpower, and replacement costs. 

The p r o j e c t  r a t e  o f  r e t u r n  i s  

3 
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B ,  Sumnary (cont . )  

The cos t  and s i z e  o f  t he  geothermal system are dependent on the 
geothermal f l ow  r a t e  requi red.  The requi red f l ow  r a t e  r a p i d l y  decreases 
w i t h  increasing temperature. 
e x i s t i n g  b u i l d i n g  heating system decreases t o  between 50 t o  70% w i t h  150°F 

water fo r  a system designed f o r  200°F. Service ho t  water heat ing i s  no t  
p r a c t i c a l  w i t h  the  e x i s t i n g  equipment w i t h  geothermal temperatures below 
165°F. 

The heat load which can be obtained from an 

Heat pumps are i n  d i r e c t  competit ion w i t h  ho t  water heaters ( b o i l e r s )  
and can be used t o  economically replace these f o s s i l - f u e l e d  heaters whenever 
a heat source i s  ava i l ab le  o f  s u f f i c i e n t  quan t i t y  and temperature. 
replacement f o r  f oss i l - f ue led  heaters, the  heat pump must have a h igh COP 

t o  minimize i t s  operat ing cos t  ( e l e c t r i c i t y  costs)  over the  year t o  pay 
back the f o u r  t o  f i v e  times higher i n i t i a l  c a p i t a l  investment. The heat 
pump should be designed and i n s t a l l e d  i n  the  heating system i n  such a way 

as t o  maximize i t s  performance over the  year. 
source e x i t  temperature i n  the  evaporator t o  maximize t h i s  performance. 

the  150°F design p o i n t  f o r  Susanvi l le, t h i s  w i l l  be c lose t o  125OF. 

As a 

There w i l l  be an optimum heat 
A t  

Heat pumps can be in tegra ted  i n t o  a geothermal system i n  many ways. 
The best  method f o r  a p a r t i c u l a r  app l i ca t i on  w i l l  usua l l y  be selected based 
on the  arrangement which has the  lowest annual cost  - a combination of annual 
operat ing cost  and c a p i t a l  recovery. Several l oca t i ons  w i t h i n  the  Ci ty of 
Susanv i l le  were evaluated f o r  poss ib le  heat pump app l ica t ion .  The most 
promising l oca t i ons  i d e n t i f i e d  were the  hosp i ta l  complex and the  Lassen 
Union High School. 
system. 
heat pump s i t e  as i t  i s  the  l a r g e s t  energy user i n  the  system. 
pumps were evaluated f o r  t he  h igh  school s i t e .  
u n i t  was selected which would have a 500 ton  condenser heat output w i t h  1 5 0 O F  

evaporator geothermal i n l e t  temperature and a 185°F condenser o u t l e t  heating 

They represent l a rge  concentrated loads i n  the  energy 

For t h i s  p re l im ina ry  design, the  h igh  school was selected as the 
Several heat 

A commercially ava i l ab le  

4 



B, Summary (cont.) 

loop temperature. During the f i n a l  design of the system, pos i t i on ing  the 

heat pump a t  the  h igh school should be re-evaluated as add i t i ona l  data becomes 
ava i l ab le  on h igh school r e t r o f i t  costs. 

C. CONCLUSIONS AND RECOMMENDATIONS 

The encouraging conclusion reached dur ing t h i s  study i s  t h a t  low 

temperature (150-240°F) geothermal f l u i d  can be augmented i n  ways t h a t  make 
d i r e c t  u t i l i z a t i o n  of t h i s  energy economically acceptable fo r  various 
app l ica t ions .  

For Susanvi l le spec i f i ca l l y ,  the Pub l ic  Bu i l d ing  Energy System would 
show between 8-10% r a t e  o f  r e t u r n  on an investment o f  about two m i l l i o n  
do l l a rs ,  i nc lud ing  the i n j e c t i o n  we l ls .  By implementing t h i s  system, about 
70% o f  t he  cur ren t  f o s s i l  f u e l  b i l l s  fo r  these bu i ld ings  can be saved annually. 
If integra ted  w i t h  the proposed Park o f  Commerce, the  r a t e  o f  r e t u r n  can be 
increased t o  about 20% on the  t o t a l  investment and the  simple payback per iod  
i s  decreased from 20 t o  7 years. 

Susanv i l le  i s  ready t o  implement the use o f  geothermal energy. There 

are no known i n s t i t u t i o n a l  impediments t o  implementation a t  t h i s  time. The 
comnunity's a t t i t u d e  i s  p o s i t i v e  - no problems a r e  an t i c ipa ted  f rom s p e c i a l  

i n t e r e s t  groups o r  other c i t i z e n  fac t ions .  Local permi t t ing  i s  s t r a i g h t -  
forward and i t  i s  expected t h a t  Lassen County w i l l  handle pe rm i t t i ng  as 
exped i t ious ly  as i t  has i n  the  past. 

of the proposed energy system are under the  con t ro l  o f  t he  City and County. 
Previous environmental impact work ind ica tes  no problem o r  c o n f l i c t  w i t h  
proposed energy system. 

A l l  r i g h t s  o f  way f o r  the f i r s t  module 

The best  procedure toward development o f  t he  Susanvi l le Geothermal 
Energy System i s  t o  demonstrate t h e  v i a b i l i t y  o f  the resource and concept by 

5 



C, Conclusions and Recommendations (cont.)  

designing, const ruct ing and t e s t i n g  the f i r s t  module o f  an in tegra ted  system. 

I t would cons is t  o f  the two elements described i n  t h i s  study: 
experiment f o r  development of the  Publ ic  Bui ld ings Energy System, i n i t i a l l y  
r e t r o f i t t i n g  17 bu i ld ings  f o r  geothermal heating, and ( 2 )  a concurrent 

commercial/private development o f  a Park o f  Commerce, i n i t i a l l y  prov id ing an 

augmented geothermal energy system f o r  the f i r s t  increment o f  t h e  in tegrated 
meat product ion p l a n t  and f i v e  acres o f  greenhouses. 

(1 )  a f i e l d  

I t  i s  recommended t h a t  the  City o f  Susanvi l le  own and operate the  
geothermal ex t rac t ion ,  de l i very ,  and disposal  system and the c e n t r a l  u t i l i t y  

p l a n t  f o r  the  Park o f  Comnerce. The system can be operated as a mun ic ipa l l y  
owned, non-pro f i t  agency. 
discussed i n  Sect ion F. 

Funding f o r  implementation would come from sources 

The t r a n s f e r a b i l i t y  o f  the  technology o f  heat pumps as appl ied t o  low 
temperature hydrothermal resources has been assessed f o r  twelve communi t i e s  
i n  the  Western Uni ted States. Based upon these representat ive communities, 
i t  has been estimated t h a t  such app l ica t ions  could be considered f o r  about 
70% o f  the  hydrothermal s i t e s  i n  the Western U.S. (approximately 110 s i t e s ) .  

The greatest  degree o f  t r a n s f e r a b i l i t y  o f  t h e  heat pump technology w i l l  occur 
i n  communities t h a t  can p lan f o r  a reasonable degree of cascading. 

I f  t h e  f i e l d  experiment i s  i n i t i a t e d  i n  1979, i n  less  than three 

years a f t e r  s t a r t  date Susanvi l l e  could have an in tegra ted  energy system 
se rv i c ing  17 pub l i c  bu i ld ings ,  f i v e  acres o f  greenhouses, and a meat produc- 

t i o n  f a c i l i t y .  By the end o f  1981, they could be successfu l ly  negot ia t ing  
f o r  p r i v a t e  and pub l i c  f inancing f o r  system expansion, and the  system could 
be generating revenue f o r  payback, expansion, and other  community pro jects .  

6 



SECTION 11. TECHNICAL DISCUSSION 

A. REQUIREMENTS FOR SUSANVI LLE APPLICATION 

Exploratory dr i l l ing in the Susanville Geothermal Anomaly, located in 
the southern section of the City of Susanville, has been in progress for 
several years. Temperature gradient holes have been dr i l led there and one 
50-year old well was, until l a s t  year, used t o  heat a small greenhouse 
operation. Production wells for the proposed Susanville Geothermal Energy 
System have not been dr i l led.  Therefore, the actual production flow rates 
per we1 1 and the production resource temperatures are unknown.  
previous reservoir testing and chemical analysis indicate t h a t  the most 
conservative assumptions for these variables are 350 gpm and 150°F per 
production well. Reinjection appears possible a t  abou t  twice t h a t  ra te .  

However, 

Susanville i s  located on the semi-arid Eastern slope of the Sierra 
Nevada mountains in California. 
degree-days, 275 days in the heating season, and an annual heating load 
factor of 25%. 
and homes. 
ture exceeds 80°F (dry bulb). 

I t  experiences an average of 6400 heating 

Air conditioning i s  not provided in many older bui dings 
Susanville experiences only 640 hours a year when the tempera- 

A survey o f  the heating and cooling loads, and energy consumption of 
the major public buildings i n  Susanville and geographical proximity t o  
possible pipeline routes led t o  the selection o f  seventeen buildings for 
geothermal heating. These buildings u t i l i ze  about 40,000 million BTU per 
year o f \ fos s i l  energy a t  a current cost of $140,000. The objective of the 
geothermal system design i s  t o  replace a high percentage of t h i s  fossi l  energy. 

The proposed Park o f  Comnerce consists of two major industries: 
5-acre greenhouse operation, and (2) an integrated meat production and proces- 
sing plant. The greenhouse operation and the meat plant together would re- 
quire a t o t a l  o f  116,200 BTU per year of fossi l  energy a t  a current cost of 

( 1 )  a 
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A, Requirements f o r  Susanvi l le  App l ica t ion  (cont.)  

$415,000. The design ob jec t i ve  f o r  t h e  in tegra ted  Park o f  Commerce i s  t o  
minimize dependence on f o s s i l  f u e l  by economically u t i l i z i n g  the  ef f luent  
from the pub l i c  bu i ld ings  along w i t h  add i t iona l  geothermal energy from 
another we l l .  

The City o f  Susanvi l le  w i l l  own and operate the geothermal ex t rac t ion ,  

The system w i l l  be operated as a mun ic ipa l l y  owned, non-pro f i t  
de l i very ,  and disposal  system and the cent ra l  u t i l i t y  p l a n t  f o r  t h e  Park of 
Commerce. 
agency. The minimum economically acceptable r a t e  o f  r e t u r n  i s  one t h a t  would 
pay back a long-term loan w i t h  operat ing revenues a t  an i n t e r e s t  r a t e  of 8 t o  
10% f o r  a 25-year l i f e .  

i n f l a t i o n  r a t e  o f  7% per year f o r  a l l  operat ing costs - f o s s i l  f u e l ,  e l e c t r i c -  
i ty, manpower, and rep1 acement costs. 

The p r o j e c t  r a t e  of r e t u r n  w i l l  be based on an average 

1. Space Condit ioning Requirements f o r  Publ ic  Bui ld ings 

Candidate pub l i c  bu i ld ings  f o r  i nc lus ion  i n  the Susanvi l le  Energy 
System were grouped by l oca t i on  i n  the City (F igure A-1 ) .  
Groups I and I1 were selected f o r  an energy survey because o f  t h e i r  p rox imi ty  
t o  the  Susanvi l le  Anomaly. 
bu i ld ings  i n  Group I and n ine  bu i ld ings  i n  Group I1 were selected f o r  i n c l u -  
s ion  i n  t h e  Phase A development. These bu i ld ings  are described i n  d e t a i l  i n  
Appendix A. 

Bu i ld ings  i n  

As a r e s u l t  of t h i s  survey (Reference 4), e igh t  

The f u e l  consumption and i n s t a l l e d  heat ing capaci ty  f o r  Phase A 
bu i ld ings  were obtained from an energy survey. Foss i l  fuel and e l e c t r i c a l  

heat ing costs f o r  the Phase A bu i ld ings  c u r r e n t l y  amount t o  about $140,000 
per year (Table A-1). 
on the  few very c o l d  days, implementation o f  t h e  Phase A geothermal energy 
system p o t e n t i a l l y  w i l l  save about 94% o f  t h e  f u e l  o i l  costs. Par t  o f  t h i s  

savings w i l l  be spent on operation, maintenance, and e l e c t r i c a l  costs, br ing-  

i n g  the o v e r a l l  d o l l a r  savings t o  about 70% o f  what i s  cu r ren t l y  being spent. 

A f t e r  tak ing  i n t o  account f o s s i l  f u e l  used fo r  peaking 
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IIA-1 

I IA-2 

I IA-3 

IlA-4 

IlA-5 

llA-6 

IlA-7 

I IA-7a 

IlA-7b 

I IA-7c 

IlA-8 

1-1 

I - l a  

1-1 b 

1-1 c 

I - l d  

I - le  

1-2 

1-3 

1-4 

1-5 

1-6 

GROUP IIA 

CITY 
OF 

SUSANVILLE 
City Hall and Annex 

US Post Office 

Masonic Hall and Sanitary Dist. 

US Forest Service 

Calif. Dept. Motor Vehicles I 

Bank of America 

Court House Complex 

Court House 

Court House Annex 

Jail 

Washington School 

GROUP I 
Hospital Complex (4 buildings) 

Lassen Memorial Hospital 

Hospital Warehouse 

Emergency Addition 

Hospital Annex 

Co. Health Center 

Co. Welfare Building 

Co. Shop Complex 

City Shop 

Roosevelt Pool 

Diamond View School 

GROUP llB 
118-1 Lassen High School Complex 

116-la High School (7 buildings) 

118-lb School District Office 

118-2 Silver Tops, Sr. Center & 
Chamber of Commerce 

118-3 Veterans Memorial Building 

118-4 Fire Station 

Figure A-1. Grouping o f  Candidate Buildings for Geothermal Heating System 



Table A-1 

Susanvi l l e  Fuel Consumption, Phase A 

Group I Group I1 Total  

Number o f  Bui ld ings 8 9 17 

Fuel O i l  , Gallons/Year 96,000 157,000 253,000 

Propane, Gallons/Year 30,000 4,000 34 , 000 
Energy Used, M i l l i o n  BTU/Year 17,000 23,000 40 , 000 

Cost o f  Fuel (January 1978 $)  60 , 000 80,000 140,000 

The 17 bu i ld ings  selected f o r  Phase A development have a t o t a l  f l o o r  

space o f  about 320,000 square feet  and a peak heat load o f  19.2 m i l l i o n  BTU per 

hour, y i e l d i n g  an average peak heat load per square f o o t  o f  60 BTU/Hr/Ft . 
This peak heat load was der ived from the i n s t a l l e d  capaci ty  o f  the e x i s t i n g  
heat ing equipment i n  the bu i ld ings  and from fue l  u t i l i z a t i o n  data. 
p a r t  o f  the heat load i n  the hosp i ta l  complex, the county j a i l ,  and the high 
school i s  used f o r  domestic ho t  water supply (bath ing)  as we l l  as f o r  space heating. 

2 

A s i g n i f i c a n t  

De ta i l s  of fuel consumption and i n s t a l l e d  b o i l e r  capaci ty are 
presented f o r  the 17 pub l i c  bu i ld ings  i n  Table A-2. 

peak heat loads ca lcu la ted  from average yea r l y  energy load by the degree-day method. 
Note t h a t  f o r  the Group I1 bui ld ings,  the ca lcu lated peak heat load d i f f e r s  
s i g n i f i c a n t l y  from the i n s t a l l e d  b o i l e r  capaci ty ;  t h e  most s i g n i f i c a n t  d i f f e r e n c e  

occurs i n  the Lassen High School numbers. I n  t h i s  case, b u i l d i n g  heat ing c o i l  

data was obtained and found t o  co r re la te  w i t h  the  lower, ca lcu la ted  value. A t  
the  h igh  school i t  was decided t o  adopt the  ca lcu la ted  peak heat load value f o r  
use i n  the  energy system design. 
as ind ica ted  i n  the  assumed design peak heat loads given i n  Table A-2. 

Also presented are the 

I n s t a l l e d  capaci ty  numbers were used elsewhere, 

Compression a i r  cond i t ion ing  equipment i s  i n s t a l l e d  i n  the  hosp i ta l  
complex (72.25 tons), the U. S. Post O f f i c e  (15 tons),and the U. S. Forest Service 
(25 tons).  
replacement w i t h  geothermal absorpt ion r e f r i g e r a t i o n  and then on ly  w i t h  a resource 
temperature o f  185°F o r  greater.  
the other  loca t ions  would no t  warrant t h e i r  replacement a t  t h i s  time. 

Only the hosp i ta l  complex equipment would be a candidate f o r  

The low annual u t i l i z a t i o n  o f  the equipment a t  
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TABLE A-2 

Bui 1 d ing  
No. 

I - l a & c  

I - l b  
I - l d  
I - l e  
1-2 
1-3 
1-4 
1-6 

I I A - 1  
I IA-2 

I IA-3 
I IA-4 
I IA-7a 
I IA-7c 

I IA-8 

I I B - l a  
I I B - l b  

Peak Heat Loads for Public Building Heating System, Phase A 

B u i l d i n g  

Lassen Hospi ta l  I Emergency 
Add i t i on  
Warehouse 
Annex 
County Heal th Center 
CountyWelfare Bldg. 

County Shop 
City Shop 

Diamond V i e w  School 
SUBTOTAL 

City H a l l  8 Annex 

Post O f f  i c e  
Masonic Temple 

US Forest  Service 
County Courthouse 
J a i  1 
Washington School 

SUBTOTAL 
Lassen Union High School 
School D i s t r i c t  O f f i c e  

TOTAL 
SUBTOTAL 

Yearly Fuel Consumtion 
O i  1 Propane 
sal.  Gal. - 

43,116 14,559 

--- 
16,240 

--- 
-e- 

36,552 
95,968 

3,033 

1,611 
3,780 
8,631 

10,255 
7,670 

7,174 

42,154 
114,449 

--- 
114,449 
252,571 

Average 
Yearly w M i  i o n  BTU 

7,531 

--- 
2,319 
1,313 
--- 

5,220 
16,383 

433 
230 
540 

1,233 

1,465 
1,095 

1,024 
6,020 

16,343 

372 
16,715 
39,118 

Calculated 
Design 

3.01 

--- 
0.93 
0.53 
--- 
2.09 
6.56 
0.17 
0.09 
0.22 

0.49 
0.59 
0.44 

- 

0.41 
2.41 
6.54 
0.15 
6.69 

15.66 

I n s t a l l e d  
B o i l e r  

0 r a t i n  Ca a c i t  -5nd+i+ 
3.01 

--- 
1.28 
0.68 
--- 
1.95 
6.92 
0.52 
0.32 
0.36 

0.61 
1.26 
1.24 

- 

0.50 
4.81 

11.10 
0.21 

11.31 
23.04 

- 

Assumed 
Design Peak 
Heat Load 

h i l l i o n  BTUH 

2.03 

0.12 
0.98 
0.30 
1.28 
0.68 
0.33 
1.95 
7.67 
0.52 
0.32 
0.36 
0.61 

1.26 
1.24 
0.50 
4.81 

6.54 
0.21 
6.75 

19.23 

- 



A, 1, Space Condit ioning Requirements f o r  Publ ic  Bui ld ings (cont.)  

Heating i s  suppl ied t o  the pub l i c  bu i ld ings  today p r i m a r i l y  w i t h  

About 10% of the  
o i l  f i r e d  b o i l e r s .  The f u e l  o i l  used i n  the b o i l e r s  i s  d iese l  (C-2) except 
a t  the Lassen Union High School where C-3 (P-300) i s  used. 
energy i s  suppl ied by LPG (propane). 
t o  a l i m i t e d  ex ten t  i n  the City H a l l  and Annex. 
which i s  n o t  included i n  Phase A, uses e l e c t r i c  baseboard heat ing exc lus ive ly .  
No na tura l  gas i s  ava i lab le.  

E l e c t r i c a l  baseboard heat ing i s  used 

The County Courthouse Annex, 

2. Geothermal Resource Data 

The Susanvi l le  geothermal resource has a known temperature o f  150°F 

The Bureau o f  Reclamation i s  
a t  a w e l l  depth o f  about 500 fee t ,  b u t  the rese rvo i r  chemistry ( s i l i c a  content)  
ind ica tes  a temperature p o t e n t i a l  o f  239°F. 
cont inu ing t o  map the  reservo i r ,  searching f o r  h igher  temperatures. 
we l ls  f o r  the p r o j e c t  have n o t  y e t  been d r i l l e d .  

The product ion 

The water q u a l i t y  a t  Susanvi l le  i s  very good. Tota l  d isso lved s o l i d s  

(TDS) l e v e l s  are 680, and the PH i s  7.6. 
Anomaly are expected t o  have the fo l l ow ing  composition: 

The product ion we l ls  i n  the Susanvi l le  

Inns 
Anions 

Cal c i  urn 
Potassium 
Magnes i um 
Sodi um 
Boron 

Tota l  Anions 

Cations 
C lor ide  
Su l fa te  

Bicarbonate 
S i  1 i c o n  Oxide 

Cat+ 32 
Kt 8 
Mg++ 1 

B+++ - 2 
Na+ 177 

220 

- - c1- 

HC03- 
Si0 

s04 

Tota l  Cations 
Tota l  Dissolved Sol ids 

98 
260 
36 
66 

46 0 

680 - 
12 



A, 2, Geothermal Resource Data (cont.) 

The water q u a l i t y  data comes from a producing we l l  i n  the general area (south 

of the town) earmarked f o r  the development o f  the product ion we l ls  f o r  t h i s  
p ro jec t .  It has been used f o r  several years f o r  greenhouse operat ions by the 
North Coast Growers Associat ion.  
i n  t h i s  area. 

There are a lso  two temperature gradient  holes 

The North Coast Growers Associat ion we l l  has been used f o r  a 

rese rvo i r  eva lua t ion  t e s t  by the Bureau o f  Reclamation. 
15 HP tu rb ine  pump se t  a t  50 f e e t  f o r  a t o t a l  o f  89 hours. 
a t  332 t o  317 gpm w i t h  an 18 f o o t  drawdown. 
140°F. (Figure A-2) The cond i t i on  o f  the we l l  casing i s  unknown. I t  i s  an 
o l d  we l l ,  and much o f  i t  may have been completed w i t h  nonperforated casing 
(Reference 1 ) . 

It was pumped w i t h  a 

The we l l  was pumped 
The temperature var ied  from 147 t o  

The two temperature grad ien t  holes have no t  been flowed. The hole 

i n  the Lassen County Maintenance ya rd  was d r i l l e d  t o  2000 f e e t  and showed a 
s t a b i l i z e d  downhole temperature o f  131°F. The hole c loser  t o  the sawmill 

produced a temperature o f  147°F a t  425 fee t ,  bu t  the temperature inver ted  
below t h i s  l e v e l  . 
f l ow  tested, are cu r ren t l y  being d r i l l e d .  

Addi t ional  temperature gradient  holes capable of being 

3. Ex t rac t i on  and I n j e c t i o n  

The minimum f l ow  r a t e  per product ion we l l  assumed f o r  t h i s  study 
was 350 gpm. 
product ion a t  Klamath F a l l s  (Reference 2). 
f lows a t  350 and 700 gpm. The i n j e c t i o n  we l l  f lows were assumed t o  be double the 
product ion w e l l  f lows. Reservoir data w i l l  be ava i l ab le  l a t e r  t h i s  year t o  check 
out  these assumptions. 

The po ten t i a l  e x i s t s  f o r  500 t o  700 gpm we l ls  s i m i l a r  t o  those i n  

This study included product ion we l l  

I t  i s  assumed t h a t  i n j e c t i o n  of t he  water w i l l  be required. However, 
the City i s  surrounded by a g r i c u l t u r a l  land and might want t o  consider using the 
e f f l u e n t  water f o r  i r r i g a t i o n .  
i s  requi red t o  mainta in  the l i f e  o f  t he  rese rvo i r  and t o  avoid subsidence. 

Reservoir t e s t i n g  should de f ine  whether i n j e c t i o n  

13 
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A, Requirements f o r  Susanvi l le  App l ica t ion  (cont.) I 
4 .  Cl imato log ica l  Data 

Susanvi l le  i s  located on the semi-arid Eastern s lope o f  the S ie r ra  
Nevada mountains. 
throughout the year. 
located a t  the Susanvi l le  A i rpor t ,  and design weather data f o r  heat ing and coo l ing  
presented i n  the fo l l ow ing  t a b l e  was obtained from records kept a t  t h i s  s t a t i o n  
(Reference 3) .  

The area experiences evenings c o l d  enough t o  requ i re  some heat ing 
A U. S. Nat ional  Oceanic and Atmospheric weather s t a t i o n  i s  

Table A-3 
Susanvi l le  Design Weather Data 

Heating Data 

Average Heating Degree-Days = 6400 
Number o f  Days i n  Heating Season = 275 

Des i gn Outside Temperature = -5°F 
Mean Temperature f o r  Year = 49.5"F 
Mean Temperature f o r  January = 30.3"F 
Mean Temperature f o r  Ju l y  = 70.6"F 
Lowest Extreme Temperature on Record = -16°F 
Seasonal Load Factor = 33.2% 
Annual Load Factor = 25.0% 

Operating Hours f o r  I n t e r m i t t e n t  P lan t  = 2200 Hours 

Cooling Data 

Design Dry Bulb Temperature, 

Design Wet Bulb Temperature, 

Hours 80°F Dry Bulb Exceeded 
Re la t i ve  Humidity i n  Ju l y  Q 
Wind Speed, Ju l y  Mean 

Sunshine July,  % o f  Possible 

2-1/2% Basis 

2-1/2% Basis 

15 

= 91°F 

= 61°F 
= 640 Hours 

:00 P.M. = 25% 
= 6.8 MPH 

= 91% 



A, 4, Cl imato log ica l  Data (cont.) 

Using averaged weather data from the Susanvi l le  A i rpo r t ,  a curve 

o f  the  estimated yea r l y  heat ing load versus ambient temperature was constructed 
f o r  the heat ing season (F igure A-3). 
hour ly  data was n o t  ava i l ab le  f o r  Susanvi l le.  The s ign i f i cance  of t h i s  curve 

i s  t h a t  f o r  about 95% o f  the  year, the  temperature exceeds 25°F. 
an outside temperature o f  25°F i s  a good design value f o r  a geothermal system 
which w i l l  use peaking f o r  the  co ldest  days. 

This curve i s  an approximation, s ince 

Therefore, 

5. Energy Costs 

The l a t e s t  f o s s i l  f u e l  costs, shown i n  Table A-4, were obtained from 
the City o f  Susanv i l le ' s  records and inc lude 6% sales tax. 

cos t  i s  c u r r e n t l y  esca la t ing  a t  about 7% per  year wh i le  the propane cost  i s  
increas ing a t  the r a t e  o f  18% per  year. 

Susanvi l le  f u e l  o i l  

Table A-4 
Susanvi l le  Foss i l  Fuel Costs 

Date - Fuel 

C-2 (Diesel )  

C-2 (Diesel )  
LPG (Propane) 
LPG (Propane) 

cost  
$/Gal $ / M i l l i o n  BTU 

/77 0.440 3.1 
/ 78 0.470 3.36 
/77 0.402 4.37 
/78 0.470 5.11 

Since Phase A system development is n o t  rep lac ing  e l e c t r i c  baseboard 
heat ing t o  a s i g n i f i c a n t  extent, the  e l e c t r i c  ra tes  s p e c i f i c a l l y  fo r  t h i s  purpose 
are  n o t  quoted. 

pumps, compressors, etc.  The Cal i f o r n i a - P a c i f i c  U t i l i t i e s  Company was contacted 

t o  determine the  r a t e  fo r  a l a r g e  user. As o f  August 1978, the appl icable e l e c t r i c i t y  
cos t  schedule was the Time of Day Rate Schedule, T-170. The t o t a l  e l e c t r i c  power 
charge ( i nc lud ing  base serv ice  charge, base charge, and energy charge) i s 
$0.04/KWh. 

expected t o  escalate a t  an estimated 7% t o  10% per year.  
escalate a t  an average o f  about 7% over the next three years. 

However, e l e c t r i c i t y  would be used f o r  operat ing the geothermal system 

The energy charge represents 75% o f  t h i s  t o t a l ;  t h i s  charge i s  
The base charge w i l l  

The minimum a n t i c i -  
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OUTSIDE TEMP O F  

Figure A- 3. Susanville Climatological Data, Yearly Distribution O f  
Outside Temperatures (Proportional To Yearly Heating Load) 
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I A ,  5, Energy Costs (cont.) 

pated overall ra te  escalation i s  therefore assumed t o  be 7%. 

6. Park of Commerce Heat Load 

Approximately 100 acres of land south of the City will constitute 
the Park area. A t  this time, indications are t h a t  the Park will be composed of 
both private and public land. 
Geothermal Anomaly. 
in Figure A-4. 

The Park area should overlay the Susanville 
A conceptual layout of the Park of Commerce i s  presented 

For the f i r s t  increment, the Park will contain two industries: 

0 Industry #1, Greenhouse Operation 

A greenhouse operation i s  envisioned, producing potted 
plants and capable of e i ther  flowering or green plant production. 
i s  required t o  meet the possibil i ty of a s h i f t  i n  the product mix for the market. 
The greenhouses will be steel framed fiberglass covered with a thermal-internal 
blanket. In the f i r s t  phase, f ive acres will be under "glass", increasing 
to 10 acres i n  f ive years (Phase 11). 
peti t ive with other s i t e s ,  i t  will increase to 15 acres (Phase 111) or  more 
of "glass" (Figure A-4). The owner will want t o  purchase up  t o  20 acres of 

operating a t  4OoF from September t h r o u g h  May. The greenhouses will operate a t  
up t o  8OoF during the day and a t  65'F a t  n i g h t .  The 1.25 acre greenhouse 
modules are  nominally 168' wide (N-s) by 325' long (E-W), with seven 24' wide 
gable-connected segments. 

This f lex ib i l i ty  

If the endeavor i s  successful and com- 

flat land. The 10 acre system will have 10,000 square f e e t  o f  cold facility 

0 Industry #2, Integrated Meat Production Facility 

A livestock feed and meat production f ac i l i t y  will be capable of :  
(1)  intensive growing of green grass; (2) purchase and drying of food constituents; 
(3) milling and processing of complete animal feeds; ( 4 )  feed sales;  (5) confined 
feeding of livestock; (6) purchase of livestock; ( 7 )  slaughter, breaking t o  
halves; (8) hide and pelt  processing; (9)  waste management; and (10) marketing. 
In i t i a l ly ,  the feed production will yield 1,500 tons per month  w i t h  growth t o  
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Figure A-4. P l o t  Plan For Susanvi l le  Park o f  Commerce 
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1 A, 6, Park o f  Commerce Heat Load (cont.)  

and the processing and storage (1 acre).  
insu lated metal bu i ld ings.  A l l  animal r a i s i n g  and waste management funct ions 
are confined, environmental ly c lean operations. 
r a i s e  10,000 hogs per  year w i t h  growth t o  50,000 hogs per year. A 22,000 square 

foot u n i t  w i l l  r a i s e  120,000 rabb i t s  per year w i t h  growth t o  400,000 rabb i t s  per 
year. 
Ca t t l e  w i l l  no t  be ra i sed  i n  t h i s  i n s t a l l a t i o n .  A two-acre s laughter f a c i l i t y  

A l l  s t ructures are But ler- type, 

A 36,000 square f o o t  u n i t  w i l l  

Chickens are an a l t e r n a t i v e  t o  r a b b i t s  and would u t i l i z e  s i m i l a r  f a c i l i t i e s .  

w i l l  provide fo r  s laughter and break-to-halves a t  an i n i t i a l  r a t e  o f  100 head 
per day o f  purchased c a t t l e ,  50-100 heads per day o f  hogs and 500 r a b b i t s  per day. 
With an opt ional  a d d i t i o n  o f  1/2 acre, the s laughter f a c i l i t y  w i l l  inc lude processing 

t o  box ready, depending upon market requirements. 
operat i  on w i  1 1 requi  r e  an addi ti onal 1 /2 acre f a c i  1 i ty . 
f a c i l i t y  w i l l  inc lude methane production, p r i m a r i l y  from the hog wastes. 
l i v e s t o c k  complex w i l l  r equ i re  about nine acres w i t h  growth t o  about 15 acres. 
complex w i l l  employ about 200 l o c a l  people. 

A hide and p e l t  process and storage 
The confined waste management 

The e n t i r e  
The 

The feed product ion w i l l  r equ i re  space condi t ion ing (heat and 
evaporative cool ing) ,  process (dry ing)  heat and cool ing,  and hydraul ic  d r i v e  
energy. The animal r a i s i n g  w i l l  r equ i re  heat and a i r  condi t ion ing f o r  space 

condi t ion ing.  The slaughter f a c i l i t y  w i l l  r equ i re  ho t  water, space heat, 
r e f r i g e r a t i o n ,  and hydraul ic  energy. 
space condi t ion ing and hydraul i c energy. 

The h ide and p e l t  processing w i l l  r equ i re  
The waste management f a c i  1 i ty w i  1 1 

r e q u i r e  process heat and hyd rau l i c  energy. 

The Park o f  Commerce heating, a i r  condi t ion ing,  and r e f r i g e r a t i o n  
requirements are summarized i n  Table A-5. 

A f ive-acre greenhouse complex w i l l  have a design heat load of 
16.0 m i l l i o n  BTU/hr. 

r e f r i g e r a t i o n  f o r  a c o l d  cond i t i on ing  box i s  needed when the greenhouse operat ion 

reaches 10 acres i n  s ize.  
from the p u b l i c  b u i l d i n g  energy system. 

geothermal water (180°F) could be used f o r  s o i l  s t e r i l i z a t i o n ,  a process usual ly  
accomplished w i t h  steam. 

A i r  cond i t i on ing  i s  n o t  requi red and only  three tons of 

The greenhouse operat ion w i l l  use the e f f l u e n t  water 
A small amount of h igher temperature 
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No. Indus t r y /Bu i  l d i  ng 

1 .O Greenhouses 

1.25 Acre Module 
3.00 Acre Module 
5.00 Acre Module 

10.00 Acre Module 
15.00 Acre Module 

2.0 In tegrated Meat 
Production 

In tens i ve  Feed 
Growing 
Feed Process & 
Storage 
Confined Hog 
Raising 
Confined Rabbit 
Raising 

Slaughter & Break 

Hide I P e l t  
Processing I 
Storage 
Waste Management 
& Methane Products 

SUBTOTAL = 

TABLE A-5 

Park o f  Comnerce Space Conditioning & Refrigeration Requirements 

Size 
f t 2  

54.450 
130,680 
217,800 
435.600 
653,400 

~~ 

22,000 

44,000 

36,000 

22,000 

87,000 

22,000 

22,000 

255,500 

Heating Requi remen 
Design Space Design 

Heat Load T:mp 
M i l l i o n  BTU/hr F 

4.0 65 
9.6 65 

16.0 65 
32.0 65 
48.0 65 

8.5 65 

0.7 65 

1 .o 65 

0.9 65 

( R e f r i  erated 
Spacey 

0.5 65 

0.4 65 

4.0 

- 

*Potent ia l  f o r  absorpt ion r e f r i g e r a t i o n  appl icat ion.  

Process Water Hot Water 
Load Temp 

M i l l i o n  BTU/hr O F  

S t e r i l e  

Low 180 
LOW 180 
LOW 180 
Low 180 
Low 180 

None 

20.0 120- 180 

None 

None 

16.8 180 

- Low 82-90 

36.8 

A/C Requirements 
Design Design Room 

Cooling Load TemD 
Tons "F 

Evaporative 80 

Evaporative 80 

14* 80 

12* 80 

( I n  R e f r i -  
gera t i  on) 

1 2 *  80 

None 

38 

Refr ig .  Req'ms. 

Tzmp . 
Tons F 

3.0 38 
4.5 38 

60* 

'60 
115 

- 

135 



A, 6, Park o f  Commerce Heat Load (cont.) 

I n  the in tegrated meat production f a c i  1 i t y ,  meat and by-products 
a r e  der ived from a process t h a t  s t a r t s  w i t h  feed growing and continues through 

meat c u t t i n g  and organic waste u t i l i z a t i o n .  The processes are a l l  enclosed i n  
insu lated sheet metal bu i l d ings  on a 15-acre s i t e .  These bu i l d ings  w i l l  have 
a very low heat loss because they w i l l  be t o t a l l y  enclosed and space condit ioned 
w i t h  a minimum number o f  doors and windows w i t h i n  OSHA standards. Calculat ions 
using ASHRAE methods i n d i c a t e  a heat ing load as low as 11.5 BTU/ft2. 

unknown factors an t i c ipa ted  such as snow load, wind load, and unexpected i n f i l -  
t r a t i o n  losses are assumed t o  double t h i s  load t o  23.0 BTU/ f t2 .  
f a c t o r  w i l l  be used i n  the o v e r a l l  system design. The t o t a l  heat ing load for  
a l l  bu i l d ings  i s  s e t  a t  about 4.0 m i l l i o n  BTU/hr. 

However, 

This higher 

The space heat ing load o f  the slaughter house (87,000 square f e e t )  
i s  no t  included i n  the heating load, because the m a j o r i t y  o f  the p l a n t  would 
be r e f r i g e r a t e d  space. 
heat t h i s  b u i l d i n g  (Reference 5).  

Excess process heat and l i g h t i n g  could be used t o  

The meat product ion f a c i l i t y  space heat ing load could be suppl ied 

from very low temperature geothermal water. 
are being used i n  Klamath F a l l s  t o  heat a l a rge  wood processing b u i l d i n g  w i t h  
a once-an-hour a i r  turnover. 
from the roof ,  are used f o r  t h i s  purpose (Reference 6).  E f f l u e n t  water f rom the 

Park o f  Comnerce process heat loads may best be used f o r  space heating. 

Water temperatures as low as 108°F 

Large, c e n t r a l l y  located fan c o i l s ,  suspended 

A l a rge  amount o f  process heat ing i s  needed f o r  feed dry ing and the 
slaughter and break operat ions. ,  The feed w i l l  be cold-processed from i t s  o r i g i n a l  
moisture content i n t o  a p e l l i t i z e d  form acceptable f o r  storage. This w i l l  occur 
i n  a s i n g l e  pass apron conveyor dryer  f o r  c e r t a i n  raw ingredients.  The geothermal 
water w i l l  f l ow  through a se r ies  o f  water c o i l s  en te r ing  a t  180°F and e x i t i n g  a t  

I O O O F ,  and w i l l  supply a t o t a l  heat l oad  o f  20 m i l l i o n  BTU/Hr t o  d r y  approximately 
16,000 I b s / h r  o f  f in ished product. The product w i l l  be cooled t o  70°F i n  the 
l a s t  stage of the tunnel. When outs ide a i r  i s  32°F o r  below, t h i s  a i r  w i l l  
be used f o r  cool ing.  Otherwise, a r e f r i g e r a t i o n  system w i l l  be needed w i t h  a 
maximum capaci ty of 60 tons. 
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A ,  6 ,  Park o f  Commerce Heat Load (cont.)  
I 

The hot  water load fo r  the Park o f  Commerce would be suppl ied by a 

cen t ra l  p l a n t  (see Figure A-4).  

summarized i n  Table A-6 f o r  the 5 and 15-acre greenhouse operations (Phases I 
and 111, respec t ive ly ) .  
the  coo l ing  requirement t h a t  might be supplied by absorpt ion r e f r i g e r a t i o n  
equipment (see Table A-5).  

The requirements f o r  t h i s  cent ra l  p l a n t  are 

The a i r  cond i t ion ing  load r e f e r s  t o  t h a t  po r t i on  of 

7. Economic C r i t e r i a  

The Susanvi l le  Energy System w i l l  be owned by the City o f  Susanvi l le.  

The City would own and operate the  ex t rac t ion ,  de l i very ,  and disposal  system and 
the  cent ra l  u t i l i t y  p l a n t  f o r  the Park o f  Commerce. The system would be operated 

as a non-taxable government agency. 

This study was conducted under the  assumption t h a t  the  p r o j e c t  would 
be f inanced by long-term revenue bonds. 
pated on these revenue bonds w i t h  a l i f e  o f  25 years. This i n t e r e s t  r a t e  repre- 
sents the minimum economically acceptable r a t e  o f  r e t u r n  (before taxes) on the 
investment i n  the  system. 

I n t e r e s t  ra tes  o f  8 t o  10% are a n t i c i -  

The economic analys is  o f  t h i s  p r o j e c t  i s  based on a comparison o f  
a new geothermal system with the fossil fueled system that would be required 

t o  do the same job.  An investment and operat ing cost  comparison of these 
a l te rna t i ves  was used t o  ob ta in  the  system r a t e  o f  re turn.  
determined from budget cost  est imates o f  major equipment, i n s t a l l a t i o n  costs, 
and factored cos t  est imates f o r  engineering, fee, contingencies and other  
miscellaneous costs. 
manpower and replacement costs escalated a t  an average of 7% over t h e  l i f e  of 
the  p r o j e c t .  The i n f l a t i o n  r a t e  o f  7% was suppl ied by the  l o c a l  u t i l i t y  
companies as an average expected yea r l y  increase over the  nex t  20 years, and 

i s  probably a conservat ive number. It could be as h igh as 10% per year. Man- 

power costs and replacement costs are small i n  r e l a t i o n  t o  other  system costs 
and were i n f l a t e d  a t  7% a lso  as a best present estimate. 

The investment was 

The annual operat ing costs a re  based on 1978 u t i l i t y ,  
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Table A-6 
Park o f  Comnerce Central Plant Requirements 

Integrated Meat Production 

Space Heating 
Process Water 

Drying 
Absorption Cool i ng  

Greenhouse Industry 

5-Acre F a c i l i t y  Heating 
15-Acre Faci 1 i t y  Heating 

Central P lant  Requirements 

With 5-Acre Greenhouse 
With 15-Acre Greenhouse 

24 

Design Load 
M i  11 i on  BTU/Hr . 

4.0 
16.8 
20.0 

1.2 

Subtotal 42.0 

16.0 
48.0 

58.0 
90.0 

Yearly Load 
M i l l i o n  BTU 

8,400 
35,000 

36,700 
2,500 

82,600 

33,600 
100,800 

116,200 
183,400 

, 



7 ,  Economic C r i t e r i a  (cont.)  

The accuracy o f  the estimated investment cost  f o r  equipment obtained 

The o v e r a l l  accuracy i s  expected t o  be about *20% f o r  the p r o j e c t  
d i r e c t l y  from the manufacturers i s  good and should remain v a l i d  f o r  one year t o  

January 1980. 
based on t h i s  p re l im inary  design. The annual operat ing cost  est imate accuracy 

i s  i n  the same range due t o  unknown f l uc tua t i ons  i n  operat ion over the year. 

B. SELECTION OF SUSANVILLE SYSTEM DESIGN 

The In tegrated Susanvi 1 l e  Geothermal Energy System consis ts  o f  a Pub1 i c  
Bu i l d ing  System and a Park o f  Commerce (F igure B-1). 
System, 150°F geothermal water i s  used t o  replace about 94% o f  the  f o s s i l  
f u e l  c u r r e n t l y  used by the bu i ld ings  t o  be served. 
i s  replaced due t o  a heat pump i n s t a l l e d  a t  the Lassen Union High School, the 
l a r g e s t  s ing le  energy user i n  the system. 
c ia ted  w i t h  the  operat ion o f  the geothermal system, about 70% o f  the  annual 
operat ing cost  o f  the cur ren t  f o s s i l  f u e l  equipment can be saved. 

I n  the Pub l ic  Bu i ld ing  

Ten percent o f  the fuel  

Taking i n t o  account the  costs asso- 

Three product ion we l ls ,  producing 350 gpm each, supply the pub l i c  
bu i ld ings.  The water i s  pumped t o  an elevated storage tank located on a h i l l  
above town f o r  system pressure cont ro l  and system emergency capaci ty.  The 

d e l i v e r y  and disposal  p i p i n g  are l a i d  i n  a common trench. 

The e f f l u e n t  from t h i s  system nomally leaves a t  120°F. One-third of 

i t  i s  mixed w i t h  the  f l ow  from a Park o f  Commerce product ion w e l l  t o  provide 
135°F bo i le r - feed water t o  the Park o f  Comnerce. The other  two- th i rds are 
mixed w i t h  the ef f luent  from the meat product ion and processing indust ry .  

This mixture,  about 116"F, i s  suppl ied t o  a heat pump which provides 350 gpm 
of 150°F water t o  f i v e  acres o f  greenhouses. Approximately 1,400 gpm o f  
e f f luent  leaves t h e  Park o f  Commerce a t  105°F and i s  i n j e c t e d  i n t o  t h e  ground 
i n  two we l ls  a t  roughly 40 psig.  

The Pub l ic  Bu i l d ing  Energy System would show between 8-10% r a t e  o f  
r e t u r n  on an investment o f  about two m i l l i o n  d o l l a r s ,  inc lud ing  the i n j e c t i o n  
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Figure B-1. Susanville Integrated Geothermal Energy System 
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B, Select ion o f  Susanvi l le  System Design (cont.)  

wel ls .  
r a t e  o f  r e t u r n  can be increased t o  about 20% on a t o t a l  added investment of 
2.4 m i l l i o n  d o l l a r s .  

years by i n teg ra t i ng  the system. 

By in teg ra t i ng  t h i s  system w i t h  the proposed Park o f  Commerce, the  

The simple payback per iod i s  decreased from 20 t o  7 

1. Design Basis and C r i t e r i a  

The system design s tud ies and resource evaluat ion l e d  t o  the  
se lec t i on  o f  the fo l l ow ing  design basis f o r  the in tegra ted  Susanvi l le  
Geothermal System (Table B-1). 

A t  150"F, the geothermal energy system i s  designed t o  provide 

about 60% o f  the  peak design heat load, rep lac ing  about 94% o f  the  f o s s i l  
fuel consumed annual ly f o r  space heating. 

annual d i s t r i b u t i o n  o f  the heat ing load obtained from meteorological  data 
(Figure A-2). 

s ign  temperature o f  about 25°F. 

Park o f  Commerce greenhouse and space heat ing load. 
Commerce loads provided by geothermal were the maximum t h a t  could be obtained 
w i t h  the 150°F resource temperature. The 150°F resource was n o t  used f o r  the  

heat ing o f  serv ice  h o t  water f o r  the pub l i c  bu i ld ings  because the  temperature 
i s  t o o  low t o  be economical. 

This se lec t ion  was based on the 

The 60% peak design heat load corresponds t o  an outs ide de- 
The same design p o i n t  was selected f o r  the  

The other  Park of 

Overal l ,  the 150°F geothermal system w i t h  the heat pump a t  the  

h igh school can replace 94% o f  t h e  f o s s i l  f u e l  energy used i n  the pub l i c  
bu i ld ings  and 65% o f  the  energy needed i n  t h e  Park o f  Commerce. Table B-2 
presents the selected design po in ts  f o r  the  pub l i c  bu i ld ings  and Table B-3 
presents those f o r  the var ious components o f  t h e  Park o f  Commerce. 

The Pub l ic  Bu i l d ing  System i s  base1 ined w i t h  the geothermal water 

being used d i r e c t l y  i n  the  e x i s t i n g  o r  modi f ied b u i l d i n g  heat ing systems. This 

assumption i s  made because the  use o f  heat exchangers t o  i s o l a t e  the  geothermal 
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Table B-1 
Susanville System Design Basis 

Design Parameter 
Resource Parameters 

We1 1 O u t p u t  Temperature 
Flow Rate per Production Well 
Flow Rate per Injection Well 

Energy Loads 
Public Buildings Peak Heating Load 
Pub1 i c  Bu i ld ings  Yearly Energy Use 
Park of Commerce Peak Heating Load 
Park of Commerce Yearly Energy Use 

Economic Factors 
Design Life 
Utilization of Public Building Heating System 
Utilization of Park o f  Commerce System 
Inflation Rate o f  Energy 

Units Value 

O F  150 
GPM 350 
GPM 700 

BTU/Hr . 19 , 200,000 
BTU/Y r . 
BTU/Hr . 58,000,000 
BTU/Y r . 

40,000 x lo6 

116,200 x lo6 

Years 25 
Hours /Y ear 2200 
Hours/Year 2000 
% 7.0 
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Table 6-2 

Foss i l  Fuel Conservation by Publ ic  Bu i ld ings  Geothermal System 

Annual Energy 
Supplied By 

Current 
Annual Cost 

% Design % Design 
Heat Load Heat Load 

Geothermal 
System 

Annual Cost 
F o s s i l  Fuel v 

Yearly 
Energy Use 

Des i qn Hot 
Heat Load Heat ing Water 

M i l l i o n  BTUH M i l l i o n  BTU 
B u i l d i n g  
No. Building 

5.182 I - l a & c  Lassen Hosp i ta l  & Emergency 2.03 6401 1130 

I - l b  Warehouse 0.12 - - 
I - l d  Annex 0.98 - 
I - l e  County H e a l t h  Center 0.30 216 

A d d i t i o n  
60 40 95 0 27,713 

100 0 100 - - 
( I n c l u d e d  i n  l a k c )  

65 35 97 726 22 

1-2 

1-3 

1-4 

County Welfare Bldg. 

County Shop 

City Shop 

Diamond View School 

SUBTOTAL 

City H a l l  & Annex 

Post O f f i c e  

Masconic Temple 

US Fores t  Serv ice  

County Courthouse 

J a i  1 

Washington School 

SUBTOTAL 

Lassen Union High School 

School D i s t r i c t  O f f i c e  

SUBTOTAL 

TOTAL 

231 9 

1313 

65 

100 

100 

60 

35 

0 

0 

40 

97 

100 

100 

95 

7,792 

6,788 

2 34 

0 

1.28 

0.68 

0.33 

1.95 

7.67 

0.52 

0.32 

0.36 

0.61 

1.26 

1.24 

0.50 

4.81 

6.54 

0.21 
6.74 

19.22 

- 

- 

Iu 1-6 m 5220 

15,469 

433 

2 30 

540 

1,233 

1,465 

9 30 

1,024 

5,856 

13,891 

372 

14,264 

35,589 

- - - 
1130 

18,085 

61,104 

2,463 

773 

1,814 

4,143 

4,922 

3,676 

3,441 

21,232 

54,788 

1,923 
56,711 

139,047 

904 

6,342 

123 

39 

91 

124 

246 

707 

172 

1,502 

14,302” 

0 
14,302 

22,14@r 

I IA-1 

I IA -2  

I IA-3 

I IA-4 

I IA-7a  

IIA-7b 

I I A - 8  

60 

60 

60 

65 

60 

60 

60 

40 

40 

40 

35 

40 

40 

40 

95 

95 

95 

97 

95 

95 

95 

0 164 

- 
164 

2451 I I B - l a  

116-1 b 

50 

100 

50 

0 

87 

i oo - 
2451 

3745 

“ i ’ i t hou t  heat pump a t  high school. 



Table B-3 
Park o f  Commerce Central Plant Design Point 

Meat Production Meat Production 
Plus 5-Acre Plus 15-Acre Units 

Design Requirement Greenhouse Greenhouse (Millions) 

Greenhouse Load 16.0 
Meat Production Load 42.0 
Total' Load 58.0 
Total Geothermal Load @ 150°F 30.9 
Boiler/Heat Pump Load 27.1 
% Design Load by Geothermal 53% 

48.0 BTUH 
42.0 BTUH 
90.0 BTUH 
50.1 BTUH 
39.9 BTUH 

56% 

Geothermal Load 
Greenhouses 
Meat Production 

Space Heating 
Process Heat 
Drying 

9.6 28.8 BTUH 
21.3 21.3 BTUH 
(2.4) (2.4) BTUH 
(3.9) (3.9) BTUH 

(15.0) (15.0) BTUH 

YEARLY LOAD 

Total Geothermal Load @ 15OOF 

% Design Load by Geothermal 
Total Boiler Heat Pump Load 
Greenhouses 
Integrated Heat Production 
Space Heating 
Process Heat Load 
Dry i ng 
A/ c 

116,200 

75,500 

65% 
40,700 
32,000 
43 , 500 
(8,000) 
(8,000) 
(27,500) 

(0 )  

30 

183,400 

138,500 

76% 
44 , 900 
95 000 
43 500 
(8 Y 000) 
(8,000) 

(0) 

(27,500) 

BTU/Y r 

BTU/Y r 

BTU/Y r 
BTU/Y r 
BTU/Yr 
BTU/Y r 
BTU/Y r 
BTU/Y r 



TABLE B-4 

SUSANVILLE PUBLIC BUILDING SYSTEM 
OPTIONAL GEOTHERMAL OPERATING FLOW RATES 

No. 

I - l a  & C 

I - l b  

I - l d  

I - l e  

1-2 

1-3 

' 1-4 

1-6 

I 1  .A-1 

I I .A-2 

1I.A-3 

1I.A-4 

I 1  .A-7a 

1.A-7b 

1I.A-8 

11.6-la 

I1.B-lb 

Bui 1 d i  n q  

Lassen Hospi ta l  & 
Emergency Add i t ion  

Warehouse 

Annex 

County Heal th  Center 

County Welfare Bldg. 

County Shop 

Ci ty Shop 

Diamond V i e w  School 
SUBTOTAL 

City H a l l  & Annex 

Post O f f i c e  

Masonic Temple 

US Forest Service 

County Courthouse 

J a i l  

Washington School 
SUBTOTAL 

Lassen High School 

School D i s t r i c t  Ofc. 
TOTAL 

Design 
Heat Load ~ m p .  Drop 
lo6  BTUH "F 

2.03 

0.12 

0.98 

0.30 

1.28 

0.68 

0.33 

1.95 
7.67 
0.52 

- 

0.32 

0.36 

0.61 

1.26 

1.24 

0.50 
4.81 
6.54 

0.21 
19.22 

30 

30 

30 

30 

60 

20 

40 

30 

40 

30 

30 

40 

30 

30 

30 

Option I 

30 

Design 
Flow Rate 
gpn 

136 

8 

65 

20 

43 

68 

16 

130 
486 

26 

- 

21 

24 

31 

84 

82 

33 
301 
41 5 

L 

14 
1216 
- 

% Design 
Flow Rate 

% 

50 

100 

50 

50 

50 

100 

100 

50 

50 

50 

50 

50 

50 

50 

50 

Option I 

100 

gpm 
68 

8 

33 

10 

22 

68 

16 

65 
290 
13 

- 

11 

12 

16 

42 

40 

17 
150 
41 5 

- 

14 
869 
- 

18 

75 

100 

75 

75 

75 

1 00 

100 

75 

75 

75 

75 

75 

75 

75 

75 

Option I 

lor) 

Qpm 

102 

8 

49 

15 

32 

68 

16 

98 
388 
20 

- 

16 

18 

23 

63 

62 

25 
227 
41 5 

- 

14 
1044 
- 

Conversion Process To Geothermal 

D i  rec  t connection t o  ex i  s ti ng ho t  
water system 

New h o t  water fan c o i l s  requi red 

Replace e x i s t i n g  rad iators ;  h o t  a i r  
o r  f inned convector op t ion  

D i r e c t  connection t o  e x i s t i n g  ho t  
water system 

Replace e x i s t i n g  rad iators ;  ho t  a i r  
o r  f inned convector op t ion  

Connect geo-water t o  e x i s t i n g  ho t  
water system 

N e w  h o t  water fan c o i l s  requi red 

D i r e c t  connection t o  e x i s t i n g  ho t  
water system 

Extensive mod i f i ca t ion  inc lud ing  
rep lac ing rad ia to rs  w i t h  convectors 

D i r e c t  connection t o  e x i s t i n g  hot  
water system 

D i r e c t  connection t o  e x i s t i n g  ho t  
water system 

Add ho t  water c o i l s  t o  e x i s t i n g  ho t  
a i r  duct ing 

Replace inoperat ive coolers w i t h  
heat pump 

Add ho t  water c o i l s  t o  e x i s t i n g  ho t  
a i r  duct ing 

Connect0 geo-water t o  e x i s t i n g  hot  
water system 

Heat pump (Fig. 9) o r  D i rec t  
geo-water options 

Add h o t  water c o i l s  t o  e x i s t i n g  hot  
a i r  duct ing 



B, 1, Design Basis and C r i t e r i a  (cont.) 

water from the b u i l d i n g  heat ing loops would impose another 10 t o  15°F tempera- 
t u r e  drop on the r e l a t i v e l y  low 15OOF resource. 
seem t o  be a t h r e a t  f o r  a d i r e c t  f low through system ( low dissolved s o l i d s  i n  

the  Susanvi l le  water) ,  there i s  the p o t e n t i a l  f o r  s o l i d s  bu i ldup dur ing re -  
c i r c u l a t i o n  when peaking w i t h  the b o i l e r s .  The corros ion p o t e n t i a l  appears 
very small .  
Susanvi l le  geothermal development. Factors t o  be considered are: (1)  chemical 

evaluat ion of the  product ion w e l l  water; (2 )  assessment o f  l i f e  expectancy of 
e x i s t i n g  copper components i n  i n d i v i d u a l  bu i ld ings;  and (3) impact of system 
economics if i s o l a t i o n  heat exchangers a re  used. 

Although sca l ing  does not  

These areas need care fu l  review i n  the next  design phase of the  

2. Descr ip t ion of the  Desiqn 

a. Pub l ic  Bu i ld ing  System 
1 

Many d i f f e r e n t  types o f  heat ing systems i n  t h e  Pub l ic  

Bu i l d ing  System must be converted t o  geothermal. The economics o f  the  system 

favor  operat ion a t  less than 100% o f  design f l ow  r a t e  f o r  these systems. 
Based on systems studied, the 60% heat load design p o i n t  can be obtained from 
most e x i s t i n g  heat ing u n i t s  by using 75% o f  the  design flow ra te .  

r a t e  was selected for twelve o f  the  seventeen bu i ld ings  (Table 8-4). 
heat ing loops i n  the bu i ld ings  are designed for a t o t a l  f low r a t e  o f  1,216 gpm, 

b u t  the geothermal system would be sized f o r  about 86% of t h i s  o v e r a l l  maximum 
f o r  energy and resource conservation. 

This f low 
The 

The Pub l ic  Bu i l d ing  System was routed through town t o  pro- 

v ide the lowest cos t  d e l i v e r y  and disposal  system (F igure 8-2). 

water i s  pumped from three product ion we l l s  t o  a water storage tank located 
above the hosp i ta l  and next  t o  the City water supply tanks. 
the water flows by g r a v i t y  throughout the  remainder of the  system. The system 

temperatures, e levat ions,  pressures and f lows are summarized i n  Figure 8-3. 

The geothermal 

From t h i s  tank, 

Factory 

basel ine system supply p 

insu 

p ing  

ated asbestos cement pipe i s  recommended f o r  

It i s  recognized t h a t  others (Reference 7 )  
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Figure B-2. Susanvil le Energy System Piping/Routing Layout 
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B, 2, a, Pub l ic  Bu i ld ing  System (cont.)  

have determined t h a t  i t  i s  cheaper t o  i n s u l a t e  asbestos cement p ipe i n  the  
trench. However, Susanv i l le ' s  d i s t r i b u t i o n  system w i l l  be i n s t a l l e d  i n  a 

h i l l y  sect ion of town. The p o t e n t i a l  f o r  h igh heat loss due t o  accumulation 

of underground water i n  the s lop ing trenches would warrant the added i n i t i a l  
cost  o f  double-walled, insu la ted  p ipe such as Temptite (Johns-Mansvi l le). 
Return l i n e s  w i l l  be uninsulated Transi te.  

Uninsulated vented tanks are selected t o  c o n t r o l  system 

pressure because the product ion we l ls  are a lower e leva t ion  than the  bu i ld ings  
and the t e r r a i n  i s  very h i l l y .  
tanks i s  taken from Iceland geothermal experience. They are s ized t o  hold 20% 
of peak f l o w  over a 24-hour i n t e r v a l .  

The c r i t e r i a  used t o  s i z e  these uninsulated 

The geothermal water would f l ow  d i r e c t l y  through the terminal  
Protec- heat ing u n i t s  and through the e x i s t i n g  b o i l e r s  when used f o r  peaking. 

t i o n  o f  t he  heat ing c o i l s  and b o i l e r s  by a secondary loop and p l a t e  heat ex- 

changers was n o t  selected i n  t h i s  p re l im inary  design. 
product ion resource water may ind i ca te  mater ia l  o r  sca l ing  problems e x i s t  re-  
q u i r i n g  t h i s  added cost. A f i l t e r  may be requi red t o  prevent erosion b u t  was 
n o t  included a t  t h i s  po in t .  

However, t e s t i n g  of the  

The 150°F geothermal water would n o t  be used t o  provide 

energy t o  d r i v e  absorpt ion water c h i l l e r s  f o r  A/C because i t  would n o t  be 
economical a t  t h i s  temperature (Sect ion I 1  .C.3). Also, ampl i fy ing the  tempera- 
t u r e  w i t h  b o i l e r s  and then using i t  f o r  A/C i s  n o t  p r a c t i c a l  because of the  low 
temperature drop (8-12°F) i n  the absorpt ion generator. 

Corrosion o f  copper heat ing c o i l s  should n o t  be a problem 
unless galvanic  a c t i v i t y  e x i s t s .  A more complete discussion o f  corrosion, 
erosion, and fou l ing  i s  presented i n  Sect ion C. 
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B, 2, Descr ip t ion of the  Design (cont.) 

b. Park o f  Commerce System 

This system has i t s  own product ion w e l l  and would a lso  
u t i l i z e  the e f f l u e n t  from the  Pub l ic  Bui ld ings System t o  provide h o t  water 
t o  the selected indus t r ies .  
o f  the f l ow  i s  mixed w i t h  the e f f l u e n t  from the in tegra ted  meat product ion 
and processing i ndus t r y  and used t o  operate a heat pump t o  heat f i v e  acres 
o f  greenhouses. The remainder i s  mixed w i t h  f low from the add i t i ona l  pro- 
duc t ion  w e l l  t o  produce feed water t o  the o i l  o r  wood f i r e d  ho t  water heaters 
and a steam b o i l e r  (Figure B-4). 
fo r  the  i n i t i a l  design. 

The e f f l u e n t  water i s  s p l i t .  About two- th i rds 

Again, a f l ow  through system was selected 

The water could be t rea ted  i n  the storage tank i f  

necessary. 

and should be considered i n  the next  design phase. 
produce 230°F discharge water temperatures are commercially ava i lab le .  

Heat pumps could a l so  be used i n  place o f  the  o i l  f i r e d  heaters 
Heat pumps which can 

The add i t iona l  geothermal w e l l  i s  used t o  decrease the 
b o i  1 ers  ' energy consumpti on and t o  prov ide some emergency resource supply 
independent of the  e f f l u e n t  from the Publ ic  Bu i l d ing  System. 
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B, Section of Susanvi l le  System Design (cont.)  

3. System Economics 

The economic ana lys i s  is based on an in tegra ted  geothermal system 
designed t o  provide 77 mi l l ion  BTU/hr and 15 x 10” BTU/Yr. 
t h a t  the fuel o i l  used i n  the bo i l e r s  would e s c a l a t e  a t  7 t o  10% per year  from a 
1978 p r i ce  of $.47 per gallon. 
Cal i forn ia  Pac i f i c  U t i l i t y  Company) t h a t  the e l e c t r i c  r a t e  will e s c a l a t e  a t  
7 t o  10% per year  from a 1978 p r i ce  f o r  a l a rge  comnercial user of 8.04 per 
kilowatt-hour. Maintenance cos t  is  a l s o  assumed t o  increase a t  the same r a t e  
due t o  labor  cos t s  and o the r  f ac to r s .  
and the value of money f o r  a p u b l i c  e n t i t y  set  a t  8 t o  10% f o r  municipal bonds. 

I t  i s  assumed 

I t  i s  a l s o  assumed (based on da ta  from the 

The p ro jec t  l i f e  i s  assumed t o  be 25 years 

The c o s t  of equipment such a s  piping, pumps, tanks, b o i l e r s ,  heat 
pumps, and hea t  exchanger were obtained d i r e c t l y  from manufacturers and a l l  cos t s  
a r e  i n  1978 do l l a r s .  
guess us ing  Klamath Fa l l s  experience. 
t o  l i e  i n  the $150,000 t o  $415,000 range, depending on the geothermal temperature 
u t i l i z e d .  
be obtained from sepa ra t e  funds not d i r e c t l y  chargeable t o  the geothermal pro jec t  
economics. 

The estimated building conversion c o s t  is  an educated 
Building conversion cos t s  a r e  an t i c ipa t ed  

T h i s  economic evaluation assumes t h a t  any amount over $150,000 would 

The c o s t  of  engineering, fee, and contingency is 32% of  the subtotal  
of i n s t a l l e d  capital  c o s t  items. T h i s  is an estimate based on engineering judge- 
m e n t  and experience of the authors and other inves t iga to r s .  

The system economics a re  based on a comparison o f  two a l t e r n a t i v e s :  
(1)  using a l l  foss i l - fue led  equipment i n  the public buildings and Park of Commerce; 
o r  (2)  using geothermal d i r e c t l y  up t o  its design poin t  and t h e n  augmenting o r  
peaking w i t h  heat pumps or f o s s i l  fue led  bo i l e r s .  
Geothermal Energy System, foss i l - fue led  b o i l e r s  are used f o r  peaking except a t  
the Lassen Union High School and- the  ‘greenhouse complex. Here, heat pumps a r e  
recommended tto;i&ndrcgtse opera t ing  f l e x i b i l i t y .  The heat pump a t  the h i g h  school 

For the Integrated Susanvi l le  
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1 ’  B, 3 ,  System Economics (cont . )  

does n o t  improve the o v e r a l l  system r a t e  o f  bu t  does more t o  remove the dependence 
on f o s s i l  f u e l .  
produce the t o t a l  heat load w i t h  a drop o f  geothermal f low ra te ,  and the system’s 

operat ion i s  l ess  sens i t i ve  t o  geothermal temperature changes. 

With the heat pump a t  the high school, the system could s t i l l  

The best method o f  i n s t a l l i n g  the heat pump a t  the h igh school was 

determined from a study o f  severai opt ions.  
opt ions evaluated are discussed i n  more d e t a i l  i n  Sect ion C. 

The recommended approach and the 

The economic analys is  i s  presented both w i t h  and wi thout  the heat 
pump a t  the high school. 
System var ies from about 1.5 t o  2.0 m i l l i o n  depending on the we l l  f low r a t e  and 
heat pump op t ion  (Table B-5). 
and two r e i n j e c t i o n  we l l s  a t  350 gpm/well and two product ion we l l s  and one 
r e i n j e c t i o n  w e l l  a t  500 gpm. 

was selected as the design value u n t i l  f u r t h e r  data are obtained. 

The c a p i t a l  cost  est imate f o r  the Publ ic  Bu i l d ing  

The we l l  costs are based on three production we l l s  

As spec i f i ed  previously,  the 350 gpm/well f low r a t e  

The annual operat ing cost  was ca lcu lated a t  the design p o i n t  for  
The Park of the Publ ic  Bu i l d ing  System (Table B-6) and the Park o f  Comnerce. 

Commerce data are ava i l ab le  i n  Appendix B. The a d d i t i o n  o f  the heat pump a t  the 
high school decreases the operat ing cost  less than $4,000. 

these numbers i s  expected t o  be +20%, t h i s  d i f f e rence  i s  i n s i g n i f i c a n t .  
Since the accuracy of 

The summary f o r  the o v e r a l l  system (Table B-7) shows the t o t a l  added 
investment (over a f o s s i l  f u e l  system) f o r  the geothermal system would be i n  the 

2 t o  2.4 m i l l i o n  d o l l a r  range. The n e t  annual operat ing cost  savings i s  roughly 
$320,000. The Pub l i c  Bu i l d ing  System by i t s e l f  has a simple payback per iod of 16 
t o  20 years, b u t  when in teg ra ted  w i t h  the Park o f  Commerce t h i s  drops t o  6 t o  7 
years. 

The economic c r i t e r i a  o f  8 t o  10% ROR i s  achieved by the Publ ic  
Bu i l d ing  System alone, both w i t h  o r  wi thout  using the heat pump a t  the high school. 
The in teg ra ted  system makes the o v e r a l l  p r o j e c t  more ecnomically a t t r a c t i v e  by 
increas ing the ROR t o  20 t o  24% on the t o t a l  investment. I 
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Table B-5 

Public Building System 

P 
0 

Cap i ta l  Cost Items 

Well  (Production and Disposal, 
$1 30;000/Wel1) 

De l i ve ry  and Disposal P ip ing 

Downhole Pumps 

Storage Tank 

Conversion o f  Bui ld ings t o  Geothermal 
(Budgeted Value) 

Augmentation Equipment (Heat Pump) 

Engineering, Fee. L Contingency 
(Budgeted Value = 32% Equipment Cost) 

Capi ta l  Cost Comparison of Al te rna t i ves  
With 150°F Resource 
Design Geo-Flow = 1044 gpm 

Thousand of 1978 $ 
Geothermal With Heat Pump a t  High School 

Geothermal With Foss i l  Fuel Peaking 
TO-450 gpm/wel1 500-700 gpm/well 

and Foss i l  Fuel Peaking 
350-450 gp m/well 500-700 gpm/well 

650 390 650 390 

460 460 460 460 

47 

54 

150 

0 

435 

34 

54 

150 

0 

348 

47 

54 

150 

130 

477 

34 

54 

150 

130 

390 

TOTAL INVESTMENT 1796 1436 1968 1608 



TABLE B-6 

Public Building System 

Operat ing Costs 

E l e c t r i c  Costs 

Downhole Pumps 

B u i l d i n g  C i r cu la t i on  Pumps 

Heat Pump (Cop = 6.5) 

Service Hot Water 

Heating 

Fuel Costs 

Serv ice Hot Water 

Heat ing 

Operat ion & Maintenance 

Manpower 

Heat Pump Main. Insurance 

Equipment Replacement 

TOTAL 

Cost Factor 

$11 .07/106 BTU 

$1 1 .07/106 BTU 

$ll.O7/1O6 BTU 

$3.57/106 BTU 

$3.57/106 BTU 

$1 4,4001 Man 

$2,000/ Y r  

1% of Equipment 

Operat ing Cost Comparison of Al te rna t i ves  
With 15D°F Resource 

Design Geo-Flow = 1044 gpm 

Geothermal With Foss i l  
Fuel Peaking 

I tem U n i t  1978 S Cost 

912X106 BTU/YR 10,100 

130X106 BTU/YR 1,440 

3745X106 BTU/YR 12,584 

2733X106 BTU/YR ' 9,183 

1/2 Man 7,200 

$548.000 Do l l a rs  5,500 

46,007 

Geothermal With Heat Pump 
A t  High School and Foss i l  Peaking 

1978 $ Cost I tem U n i t  

912X106 BTU/YR 10,100 

13OX1O6 BTU/YR 1,440 

2451X106 BTU/YR 4,415 

1806X106 BTU/YR 3,254 

1294X106 BTU/YR 4.348 

927x18  BTU/YR 3,115 

1/2 ' Man 7,200 

1 Pol i c y  2,000 

$678,000 Do l l a rs  6,800 

42,672 



Table 8-7 

Sumnary o f  Economics for Susanvi 1 le Integrated Geothermal System 

P 
N 

Capital Cost o f  Geo-Heating System 

Capital Cost of P.O.C. Geothennal Plant 

Less Capital Cost o f  Equiv. Fossil Plant f o r  P.O.C. 

Total Added Investment f o r  Geothermal 

Current Fuel Cost for  Public Buildings 

Less Protected AOC o f  New Geo-Heating System 

Net Savings i n  AOC f o r  Public Buildings 

Projected AOC of Fossi l  Plant f o r  POC 

Less Projected AOC o f  Geothermal System f o r  POC 

Net Savings i n  AOC f o r  POC 

Total Net Savings i n  AOC f o r  Integrated System 

Simple Payback Period.Pub1 i c  Buildings 

Simple Payback Period, Integrated System 

ROR Without Fuel In f la t ion,  Public Buildings 

ROR Without Fuel In f la t ion ,  Integrated System 

ROR With 7% Fuel In f la t ion ,  Public Buildings 

ROR With 7% Fuel In f la t ion ,  Integrated System 

With Heat Pump a t  High School 
500-700 350-450 

gpm/wel 1 

1,968,000 

750,500 

- 368,800 

2,349,700 

139,047 

-42,633 

96,414 

457,600 

-232,200 

225,400 

321,814 

20.4 

7.3 

1.7 

13.0 

8.1 

19.8 

gpm/wel 1 

1,608,000 

750,500 

- 368,800 

1,989,700 

1 39,047 

-42,633 

96.414 

457.600 

-232,200 

225.400 

321,814 

16.6 

6.2 

3.4 

15.8 

10.0 

22.7 

Without Heat Pump a t  High School 
350-450 500-700 
gpm/well 

1,796,000 

750,500 

- 368,800 

2,177,700 

139,047 

-46,386 

92.661 

457.600 

-232,200 

225,400 

318.061 

19.4 

6.8 

2.0 

14.0 

8.6 

21 .o 

gpdwel l  

1,436.000 

750,500 

- 368,800 

1.817.700 

139,047 

-46,386 ' 
92,661 

457,600 

-232,200 

225,400 

31 8,061 

15.5 

5.7 

4.0 

17.0 

10.6 

24.0 



C. SUSANVILLE DESIGN STUDIES 

The Susanville Public Building Energy System was conceptually designed 
a t  resource temperatures of 150"F, 165"F, 185"F, and 225°F i n  the 150°F t o  239°F 
temperature range. 
resource. 
current d r i l l  ing data. 

The Park of Commerce conceptual design was only for a 150°F 
The 150°F resource i s  the most probable reservoir condition based on 

The public buildings selected for  inclusion in the geothermal system were 
chosen for their  re la t ive location t o  the anomaly. 
were selected from an industry survey conducted by the Fred Longyear Company under 

The Park of  Commerce industries 

contract with AECC. 

The delivery and disposal system chosen, a f t e r  the evaluation of many 
alternatives,  i s  an elevated t a n k  feed system w i t h  asbestos cement supply and 
return pipes i n  a common trench. 
Downhole constant speed pumps would feed the vented t ank  w i t h  gravity flow t o  a l l  
the buildings and t o  the Park of Commerce. 
12" a t  a cost from $18.50 t o  $43.50 per trench foot, respectively. 
will be i n  cased wells under residual system pressure. 

The supply l ine would be factory insulated pipe. 

Pipe sizes required vary from 3 t o  
Reinjection 

Part  of the Park of Comnerce uses heating energy a l l  year long which helps 
t o  balance the load uti l ization on the geothermal system between summer and winter. 
W i t h  resource temperatures greater than 185"F, the system ut i l izat ion could be 
further increased by us ing  the geothermal water t o  produce a i r  conditioning in 
the summer, using water/LiBr absorption water ch i l le rs .  
cost of producing a i r  conditioning w i t h  geothermal is prohibitive. 

A t  160°F and below, the 

The water chemistry, as currently defined, does not  indicate a need t o  
isolate the heating system from the geothermal when re t rof i t t ing  the public 
buildings. 
w i t h  a resource temperature greater than 165°F. A t  lower temperatures 
flow-through system is recommended unless water chemistry studies conclusively 
determine t h a t  the system l i f e  will be significantly shortened by scaling and 
corrosion. 
be provided i n  the direct  flow-through system. 

Isolation by plate heat exchangers would be the conservative approach 

Protection against galvanic cell  act ivi ty  between iron and copper must 
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C, Susanvi l le Design Studies (cont.) 

The cost  and s i z e  o f  the geothermal system are dependent on the geothermal 
f l ow  r a t e  required. 
temperature. The heat load which can be obtained from an e x i s t i n g  b u i l d i n g  
heat ing system decreases t o  between 50 t o  70% w i t h  150°F water f o r  a system 
designed f o r  200°F. 

equipment w i t h  geothermal temperatures below 165°F. 

The requi red flow r a t e  r a p i d l y  decreases w i t h  increasing 

” 
Service h o t  water heat ing i s  no t  p r a c t i c a l  w i t h  the e x i s t i n g  

Heat pumps are Rankine cyc le  machines which ampli fy the temperature from 
a heat source (normally h o t  water) by the add i t i on  o f  power (usua l l y  e l e c t r i c ) .  
As such, heat pumps a re  i n  d i r e c t  compet i t ion w i t h  ho t  water heaters ( b o i l e r s )  and 
can be used t o  economically replace these f o s s i l - f u e l e d  heaters whenever a heat 

Source i s  a v a i l a b l e  of s u f f i c i e n t  quan t i t y  and temperature. 
Coef f ic ient  o f  Performance (COP), the greater  the operat ing hours per year, and 
the lower the cost, the b e t t e r  the heat pumps compete w i t h  b o i l e r s .  

The higher the 

As a replacement f o r  f o s s i l - f u e l e d  heaters, the heat pump must have a 
high COP t o  minimize i t s  operat ing cost  ( e l e c t r i c i t y  costs)  over the year t o  
pay back the f o u r  t o  f i v e  times higher i n i t i a l  c a p i t a l  investment. The heat 
pump should be designed and i n s t a l l e d  i n  the heat ing system i n  such a way as t o  
maximize i t s  performance over the year. 
e x i t  temperature i n  the evaporator t o  maximize t h i s  performance. A t  the 150°F 
design p o i n t  for Susanvi l le,  t h i s  w i l l  be close t o  125°F. 

There w i l l  be an optimum heat source 

Heat pumps can be i n teg ra ted  i n t o  a geothermal system i n  many ways. The 
best method f o r  a p a r t i c u l a r  a p p l i c a t i o n  w i l l  usua l l y  be selected based on the 
arrangement which has the lowest annual cost  - a combination o f  annual operat ing 
cost  and c a p i t a l  recovery. Annual operat ing cost  i s  minimized by the arrangement 
which produces the lowest power consumption over the year. 

dependent on the cost  of the i n s t a l l a t i o n  and the cos t  of the heat pump. Several 
opt ions f o r  the Lassen Union High School were evaluated. 

The i n i t i a l  cost  i s  

Heat pumps are commercially ava i l ab le  from several major manufacturers 
f o r  the 150°F design po in t .  

the heat pump would have a 500 ton condenser heat output w i t h  150°F evaporator 
geothermal i n l e t  temperature and a 185°F condenser o u t l e t  heat ing loop temperature. 

For an i n s t a l l a t i o n  a t  the Lassen Union High School, 
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C, Susanvi l le Design Studies (cont.)  

A t  the 125°F evaporator o u t l e t  temperature, the design COP w i l l  be i n  the range 

from 6.1 tQ 6.5. 
from $86,000 t o  $200,000. 

The budget cost  of t h i s  u n i t ,  depending on the manufacturer, ranges 

1. B u i l d i n g  and Indust ry  Select ion 

Candidate bu i l d ings  f o r  the energy system were selected from among the 

bu i l d ings  surveyed ( a f t e r  d iscussion w i t h  community o f f i c i a l s )  and were grouped 
according t o  t h e i r  prox imi ty  t o  the Susanvi l le Anomaly (Figure A-3). 
bu i l d ings  have been numbered as fo l lows w i t h  the seventeen bu i l d ings  selected 
f o r  Phase A marked w i t h  an a s t e r i s k  and described i n  Appendix A: 

The surveyed 

Group I 
Hospital  Complex ( f o u r  bu i l d ings )  

"Lassen Memorial Hospi ta l  (L.M.H.) ' 

*Hos p i t a  1 Warehouse 
*Emergency Addi t ion ( Included i n  L.M.H.) 
*Hospital Annex 

*Co. Heal th Center 
*Co . We1 f a r e  Bui 1 d ing 
*Co. Shop Complex 

*City Shop 
Roosevel t Pool 

*Diamond View School 

Group I I A  
*City H a l l  and Annex 
*U.S. Post O f f i c e  
*Masonic H a l l  and Sani tary D i s t r i c t  
*U. S. Forest Service 

C a l i f o r n i a  Department o f  Motor Vehicles 
Bank o f  America 

Court House Complex 
*Court House 
Court House Annex 

*Jai 1 
*Washington School 
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1-1 
I - l a  
I - l b  
I - l c  
I - l d  
I - l e  
1-2 
1-3 

1-4 
1-5 
1-6 

1 1a-1 
1 1a-2 
1 1a-3 
1 1a-4 
1 1a-5 
1 1a-6 
1 1a-7 
1 1a-7a 
I IA-7b 

I IA-7c 
I IA-8 



C, 1, Bu i l d ing  and Indus t r y  Select ion (cont.) 

Group I I B  
Lassen High School Complex I IB-1 

*High School (seven bui  1 d i  ngs ) I I B - l a  
*School D i s t r i c t  O f f i c e  I I B - l b  
S i l v e r  Tops, S r .  Center & Chamber o f  

Commerce I IB-2 
Veterans Memorial Bui 1 d ing I 18-3 
F i r e  S ta t i on  I I B-4 

The h o s p i t a l  complex contains fou r  separate par ts .  The main 

hosp i ta l  and emergency a d d i t i o n  are combined, whi le  the r e s t  are separate bu i ld ings 
w i t h  separate heat ing and cool ing plants.  The h igh school 's seven major bu i ld ings 
have a common heat ing p l a n t  and have been counted as one u n i t .  
i n  the high school i s  counted separately, the Publ ic  Bu i l d ing  Energy System i n  
Phase A w i l l  serve 23 bui ld ings.  

I f  each b u i l d i n g  

The bu i l d ings  f o r  Phase A were selected based on t h e i r  l o c a t i o n  t o  
the geothermal resource and t h e i r  c o n t r i b u t i o n  t o  the t o t a l  y e a r l y  f o s s i l  f u e l  con- 

sumption. The form used i n  the  energy survey i s  presented as Figure C-1 (Reference 

4). 
records o f  the City and the County and by request ing the same in format ion from 
the b u i l d i n g  managers i n  the other  f a c i l i t i e s .  The data were ava i l ab le  i n  

tabulated form i n  the City. 
t rucks were reviewed i n  the o f f i c e s  o f  the County and the School D i s t r i c t .  

The energy consumption data were obtained by reviewing the energy procurement 

The actual  warrants and sales s l i p s  from the d e l i v e r y  

The Park o f  Commerce Indus t r i es  were selected based on an i ndus t r y  
survey by the Fred Longyear Company f o r  the Aero jet  Energy Conversion Company 
(Reference 8). This survey l e d  t o  the s e l e c t i o n  o f  the two major i ndus t r i es .  
The survey a l s o  provided some background energy consumption and indus t r y  standards 
data which was used i n  d e f i n i n g  the requirements f o r  the p ro jec t .  A more complete 
desc r ip t i on  o f  the Park o f  Comnerce and i t s  design i s  presented i n  Section A.5 and 
Appendix B. 
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, 

I CONDENSING SYSTEM: mfr., type (wet, air, evap. towsr), model no. 

-- CONTACT : 

Facility Type: 

Address : Phone : 

Person Contacted: Position: 

Pacility Description: shape, size, no. f l o o r s ,  construction, insulation, age 

SPACE'HEATt design data from drawings/specifications 

Equipment Listing: - 
Nameplate Data: mfr. , model no. , input - output ratings (Btu./nr 

Fuel Type Water Supply Pump: mfr., model no., f l o w  rate , press. rise 
Air Fan: manufacturer, model no. , rating (H.P. ,Amps, Watts) 

HOT WATER SUPPLY: design data from drawings/specifications 

Equipment Listing: 

Nameplate Data: mfr, , model no. , capacity (gal.), rating (Btu/hr.) 

SPACE COOLING: design data from drawings/specifications 

Equipment Listing: 

mameplate Data: CHILLER rnfr., model no., refrigerant, flow rate, press. rise 

apacity (Tons): WATER PUMP mfr., model no., flow rate , press. rise 

oad (Btu/hr.) , fan power 
ENERGY \ CONSUMPTION: HEATING, , 0 TOTAL 
Fuel Tme(s): Unit Cost(s) 
pnnual Qiiant i t ies costs 

hty Cycle Data: thermostats settings, seasonal operations/variations 

eah Load Quan. (s) Costs/ 

onsumption by month 

Figure C-1. Susanville Energy Survey Form 
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C, Susanvi l le  Design Studies (cont.) 

Heat Exchangers (if needed) Shel l  and Tube Standard Designs P la te  Desi gns 

2. Del ivery  and Disposal System 

The number o f  wel ls  i s  determined by the requi red geothermal f low rate,  

which i n  t u r n  i s  determined by the peak heating load, the geothermal water temper- 
ature,  and the heat ing system temperature drop. Factory i nsu la ted  asbestos cement 
p ip ing  was selected fo r  the supply l i n e  and uninsulated asbestos cement fo r  the 
r e t u r n  l i n e s .  The sizes o f  t he  various l i n e s  i n  the d i s t r i b u t i o n  system are 

? 

! 
I 

determined by the geothermal f low rate,  l i n e  temperature losses, and pressure 

drop const ra in ts .  
The storage tank selected was a standard vented type. Where heat exchangers would 
be needed, the APV type paraflow p l a t e  design was selected due t o  t h e i r  small s i z e  
and low cos t  (Reference 2) .  Table C-1 presents the opt ions studied and the 
se lect ions made. 

A v e l o c i t y  o f  5 f t / s e c  was found t o  be a good design number. 

Table C-1 
Del ivery  and Disposal System Options 

Component Options Studied Select ion 

Supply Water P i  p ing Insulated Steel  Tempti t e  
F i e l d  Insulated Asbestos Cment 

Return Water P i  p ing 

Factory Insulated Asbestos Cement 
(Temptite) 
Steel  Transi t e  
Asbestos Cement (Trans i te)  
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C ,  2 ,  Delivery and Disposal System (cont . )  

Temptite was chosen i n  order  t o  minimize heat losses  from the supply 
pipe. The p i p e  bu r i ed  dep th  of 3 feet  w i t h  1 foo t  spacing between p i p e  and walls 
was recommended by Johns-Manville Corporation. 
cos ts  were obtained from Susanv i l l e ' s  Public Works Director.  The t o t a l  i n s t a l l e d  
cos t  is based on supply and return pipes i n  a common trench (Table C-2). 

Approximate t r ench ing / ins t a l l a t ion  

Table C-2 
Piping System Costs 

(Supply and Return Pipes i n  Common Trench) 

P ipe  S ize  
Dia., In. 

Trans i t e  
$/Ft. 

3 2 .o 10 
4 2.25 12 
6 3.25 14 
8 4.50 20 

10 5.75 24 
12 7.00 30 

Trenching/Instal la t ion Cost = $6.50 per foo t  

Total Ins ta l  led Cost 
$/Ft .  

18.50 
20.75 
23.75 
31 .OO 
36.25 
43.50 

The ca lcu la ted  p i p e  sizes and lengths necessary f o r  the four well 
temperature assumptions a r e  i n  Table C-3. 
miles of trench. The t o t a l  i n s t a l l e d  cos t  a s  a function o f  system flow r a t e  
presented i n  Figure C-2. 

The Phase A system requi rep3 .01  

Table C-3 
Geothermal Pipe1 ine Parametrics 

Nominal P ipe  S ize  
3 II 
4 
6 I' 

8 I' 
10" 
12" 
Total Transi te 
Total Tempti t e  
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0.75 0.62 0.75 0.88 
0.13 0.06 0.13 -- 
-- 0.13 -- 1.29 
1.29 -- 1.29 0.84 

-84 1.37 0.84 -- 
-- 0.84 
3.01 3.01 3.01 3.01 
3.01 3.01 3.01 3.01 

-- -- 



700 

600 

500 

400 

300 
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100 

"TEMPTITE" SUPPLY LINES 
"TRANS ITE" RETURN LINES - 

I I I I 
500 1000 1500 2000 

Geo-Heating System Flow Rate - GPM 

Figure C-2. Susanville Public Building System, Geothermal Pipeline Costs 



C, 2, Del ivery  and Disposal System (cont.) 

The va r iab le  speed downhole pump i s  not  needed w i t h  a tank fed 
system. 

vented tank was selected because i t  i s  less c o s t l y  than a pressurized tank. 
The tank does no t  requ i re  i n s u l a t i o n .  
the tank might be considered as a safety  measure. 
heat exchanger design was selected based upon a design study comparing the 
cost  o f  s h e l l  and tube and p l a t e  heat exchangers which showed the p l a t e  heat 
exchanger t o  be more economical 

The tank capaci ty selected was based on Ice land experience. A 

However, i n s u l a t i o n  o r  fencing around 

The APV paraflow p l a t e  

I 

3. Balancing Load U t i l i z a t i o n  Between Summer and Winter 

For the p u b l i c  bu i ld ings,  the geothermal system u t i l i z a t i o n  could 
be increased about 640 hours a year o r  about 30%, by using the geothermal water 

t o  d r i v e  absorpt ion water c h i l l e r s  f o r  a i r  condi t ion ing.  Geothermal a i r  
cond i t i on ing  would he lp t o  balance the load between summer and winter .  Using 

the geothermal water f o r  process heat ing i n  the Park o f  Commerce a lso helps t o  

balance the load. The meat product ion and processing i ndus t r y  w i l l  use ho t  

water f o r  various s laughter and break operations and feed d ry ing  a l l  year long. 

The usefulness o f  the geothermal water f o r  absorpt ion a i r  condi t ion ing 
o r  r e f r i g e r a t i o n  i s  dependent on the resource temperature. Commercial data 
on small a b s o r p t i o n  u n i t s  which c o u l d  b e  used  on  S u s a n v i l l e ' s  system i s  u s e d  

t o  show the r e l a t i o n s h i p  between geothermal temperature and u n i t  output, 

temperature u t i 1  i z a t i o n ,  and c a p i t a l  cos t  per ton (Figure C-3). 

As an example, a study was made of the economics o f  rep lac ing 50 
tons o f  o l d  vapor compression A/C equipment a t  the hosp i ta l  w i t h  e i t h e r  
(1)  ho t  water dr iven absorpt ion water c h i l l e r s ,  o r  (2) new vapor compression 
equipment. 
and operat ing costs f o r  t h i s  s i z e  load i s  shown i n  Table C-4. 

A comparison of absorpt ion and vapor compression equipment c a p i t a l  
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C, 3, Balancing Load U t i l i z a t i o n  Between Summer and Winter (cont.) 

Table C-4 

A/C ALTERNATIVES FOR LASSEN MEMORIAL HOSPITAL 

TOTAL A/C REQUIRED = 50 TONS 
COOlING HOURS PER YEAR = 640 HRS 

VAPOR COMPRESSION 
COP = 3.6 

HOT WATER CAPITAL GEO-FLOW CONDENSER PUMPING CAPITAL POWER 
COST COST 

HOT WATER ABSORPTION 

TEMP COST FLOW POWER 
COP GPM GPM COST 

$ 
OF 

$ $ $ - 
160 0.58 97,500 520 520 926 19,500 1,300 

185 0.72 40,000 183 183 325 19,500 1,300 

200 0.73 34,000 129 129 2 30 19,500 1,300 

A t  160°F, the hot water pumping power cost would be about 70% o f  
the compressor power cost, therefore, the re tu rn  on the large incremental 
investment i n  cap i ta l  equipment i s  very low. 
temperature reaches 185OF t h a t  modest rates o f  re tu rn  are achieved and t h a t  i t  

would begin t o  pay t o  pump the water from the wel ls u p h i l l  t o  the hospi ta l  
for  use i n  a i r  condi t ioning (Table C-5). 

It i s  not u n t i l  the geothermal 

Table C-5 
ROR f o r  Select ing Absorption 

Over Vapor Compression Equipment for  A/C 
For Lassen Memorial Hospital 

"F I ncremen t a l  Investment 
Geothermal Temperature (Absorpti on-Compress ion)  

160 78,000 
185 20 , 500 
200 24 , 500 

*Assumes 7% e l e c t r i c i t y  costs i n f l a t i o n  rate.  

Incrementa 1 Annua 1 
Opera ti ng Cost ROR" 
(Compression-Absorption) - % 

374 1 .o 
975 8.0 

1,070 12.0 
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C ,  3, Balancing Load U t i l i z a t i o n  Between Summer and Winter (cont.) 

In  the Park of Commerce refrigeration and a i r  conditioning are 
needed i n  both the greenhouse and the integrated meat production industries. 
Table C-6 presents the impact of the geothermal temperature on the ut i l izat ion 
of the resource for refrigeration or  a i r  conditioning. 
or greater resource temperature can be used to produce chilled water a t  40°F 
for refrigeration or a i r  conditioning. 
marginal for  use i n  producing evaporator temperatures i n  the 0 t o  10°F range. 

Again, i n  general, 185°F 

The 225°F temperature resource i s  

4. Conversion t o  Geothermal (Retrofit)  

There are  two general options available for  re t rof i t t ing  an  
existing building's hot  water heating system t o  geothermal. The f i r s t  i s  t o  
simply add a countercurrent plate heat exchanger to the heating water loop such 
t h a t  the geothermal water heats the recirculating water t o  w i t h i n  5 t o  10°F 
of the geothermal water temperature. 
never mixed w i t h  the circulated water, therefore, material compatibility and 
scaling problems, i f  any, are isolated i n  this heat exchanger. 
temperatures greater than 165"F, this approach w i  11 normally be preferred. 

In this system, the geothermal water i s  

For geothermal 

Wi th  15OOF o r  lower temperature, the 10°F loss i n  the water temperature 
becomes more significant,  and i t  becomes more desirable to use the geothermal 
directly in the heating coi ls .  A t  these resource temperatures, the questions 
regarding coil corrosion, erosion, and scaling become important t o  the design. 

Most buildings w i t h  hot water hea t ing  systems contain copper co i l s .  
Some evidence has been accumulated i n  Klamath Falls, Oregon, which shows that  
geothermal water, even w i t h  low TDS, can shorten the l i f e  of the copper coi ls  t o  
about 12 years. Coil l i f e  would normally be 20 to 25 years o r  greater 
i n  a normal closed hot water system. In this particular si tuation a t  the Oregon 
Inst i tute  o f  Technology i n  Klamath Falls, Oregon, the four copper coi ls  which failed 
d i d  so a t  the connection between the black iron headers and the copper tubes. 
tubes failed a t  this jo in t  due t o  a t h i n n i n g  of the tube wall .  
be attr ibuted to two effects.  

The 
The fai lure  can 

Firs t ,  a continuous metal union between these 
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Table C-6  

Impact o f  Geothermal Temperature 
On Utilization in Park o f  Commerce 

GREENHOUSE OPERATI INTEGRATED MEAT PRODUCTION 

RESOURCE 
TEMP. 

"F 
SPACE HEATING 
TR = 65-80°F 

REFRIGERATION 

T = 40°F 
SPACE HEATING 
T = 68-90°F 

PROCESS HOT WATER 
T = 120-180°F 

AIR CONDITIONING 
T = 50-65°F 

REFA 
T = 0-10°F 

ERATION 
T = 40°F 

Yes 
*Can be used d i r e c t l y  
(350gpnV5 acres) 

No 
*Cannot be used 
(temptoo low) 

Yes 
*Can be used d i r e c t l y  
o r  i n  cascade- 
(115'F min. temp) 

Yes/No 
*Can be used d i r e c t l y  
f o r  75% o f  d ryer  l oad  
*Cannot be used f o r  
s laughter  ho t  water 
load  (18OOF) 

No 
*Cannot be used 
( t e m p o 0  l ow)  

No 
*Cannot be 
 temp 
too low) 

No 
*Cannot be used 
( t e m p t o o  low) 

1 50 

165 
Yes 

*Can be used d i r e c t l y  
( 350 gpm/5 acres) 

Marginal 
*Can be used a t  
a h igh  cos t  per 
ton  

Yes 
*Can be used d i r e c t l y  
o r  i n  cascade 

Marginal 
*Can be used a t  
a h igh  cos t  pe r  
ton  

No 
*Cannot be 
used (temp 
too  low) 

Marginal 
*Can be used a t  
a h igh  cos t  per 
ton  

Yes/No 
*Can be used d i r e c t l y  
fo r  75% of d rye r  load 
*Cannot be used f o r  
s laughter  ho t  water 
1 oad 

Yes 
Can be used a t  top  
o f  cascade 

VI 
VI 

-____ 

No 
*Cannot be 
used (temp 
too  low) 

Yes 
* D i r e c t l y  o r  cascade 

~~ 

Yes 
* D i r e c t l y  o r  cascade 

Yes 
*Can be used a t  
t op  o f  cascade 

Yes 
*Can be used a t  
t op  o f  cascade 

Yes 
*Can be used a t  
t o p  o f  cascade 

185 

Yes 

Used a t  bottom o f  
cascade 

Yes 
*Can be used a t  
t op  o r  middle 
o f  cascade 

Yes 
*Used a t  bottom 
o f  cascade 

Yes 
Used a t  top o r  middle 
o f  cascade 

Yes 
Used a t  top  o r  
middle o f  
cascade 

Margi na 1 
*Can be used 
w i t h  NH3/H2O 
absorp t ion  
u n i t s  a t  
h igh  c a p i t a l  
cos t  

Yes 
*Can be used a t  
t o p  o r  middle 
o f  cascade 
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C, 4, Conversion t o  Geothermal ( R e t r o f i t )  (cont.)  

d i s s i m i l a r  metals creates a galvanic c e l l  i n  which the copper i s  the s a c r i f i c i a l  

metal. 

and a higher water TDS. 

s t r e t c h  the tubes. 
geothermal water can have the fo l l ow ing  adverse sca l i ng  and/or corrosion ef fects  
(Reference 9) : 

The galvanic c e l l  a c t i v i t y  i s  increased due t o  the elevated temperature 
Secondly, thermal expansion o f  d i s s i m i l a r  metals could 

I n  general, a t  these moderate temperatures and TDS, the 

(a) Chlor ide Ion  Impact, C1- 

Chlor ide ions form complex ions which increase the corrosiveness 
o f  the water. 
The combination o f  h igh ch lo r i de  and a c i d i t y  can cause corrosion p i t s .  

The ch lo r i de  ions can cause a breakdown i n  p r o t e c t i v e  oxide f i l m s .  

- - 
(b)  Carbon Dioxide, C02, Bicarbonate, HCOT, Carbonate, Cog  

These ions and C02 are i n  an e q u i l i b r i u m  which i s  s t rong ly  
dependent on temperature. 
greater importance i s  the s t rong in f l uence  t h a t  carbon d iox ide has on the 
so l  ubi  1 i ty o f  c a l  c i  um carbonate. Cal c i  um carbonate so l  ubi 1 i t y  increases w i  t h  
the concentrat ion o f  carbon dioxide. This has two e f fec ts .  The absence of a 
p r o t e c t i v e  calcium carbonate scale may r e s u l t  i n  increased corrosion. 

the absence o f  t h i s  scale improves heat t r a n s f e r  and pumping e f f i c i e n c i e s .  
possible, calcium carbonate scales should be avoided. 

C02 causes corrosion o f  most s t r u c t u r a l  metals. O f  

However, 

Where 

(c )  Dissolved Oxygen, O2 

The impact o f  d issolved oxygen i s  greater  than t h a t  o f  C02. 
The s o l u b i l i t y  o f  o v g e n  i n  water decreases w i t h  increas ing equ i l i b r i um temperature. 
Therefore, the O2 content i n  the supply tank w i l l  be low, less than 7.0 ppm. 
Dissolved O2 attacks carbon s tee l ,  o x i d i z i n g  the i ron .  
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C y  4, Conversion t o  Geothermal ( R e t r o f i t )  (cont.)  

(d)  S u l f i d e  Ion, S- 

The s u l f i d e  i o n  i s  found i n  geothermal water as Hydrogen 
However, a t  Susanvi l le,  very l i t t l e  ( i f  any) s u l f i d e  i s  present. Sul f ide,  H2S. 

I ron,  copper, and n i c k e l  tend t o  reac t  w i t h  dissolved s u l f i d e s  i n  geothermal 

f l u i d s  t o  form s u l f i d e  scales, though i r o n  i s  less reac t i ve  than copper o r  n i c k e l .  
A l loys  conta in ing both copper and n i c k e l  are p a r t i c u l a r l y  suscept ib le  t o  a t tack  
by d isso lved su l f ides .  

U 
(e)  Calcium, Ca 

Corrosion o f  most s t r u c t u r a l  mater ia ls  i s  no t  in f luenced 
by the presence o f  d issolved calcium. 
hand, tend t o  reduce corros ion ra tes  by forming a b a r r i e r  between the subst rate 
metal and the geothermal f l u i d ,  b u t  are undesirable from a heat t rans fe r  standpoint .  

Calcium carbonate scales, on the other  

( f )  Magnesium, Mgtt 

The format ion o f  magnesium s i l i c a t e s  tends t o  p ro tec t  the metal 

from corros ion by forming a b a r r i e r  between the metal and the geothermal f l u i d .  
The magnesium s i l i c a t e s  scales are  d i f f i c u l t  t o  remove from heat ing c o i l s ,  however, 
and should be avoided where possible.  

+ 
(9) Sodium, Na', and Potassium, K 

Except f o r  t h e i r  effects on the e l e c t r i c a l  conduct iv i t y  of  the 
geothermal f lu id ,  these a l k a l i  metal ions do n o t  con t r i bu te  t o  e i t h e r  corros ion o r  
sca l ing.  

- 
(h) S i l i c a ,  Si02 

S i l i c a  i n  s o l u t i o n  tends t o  r e t a r d  corros ion and the scales 
form p ro tec t i ve  bar r ie rs .  
be avoided. 

However, the scales decrease heat t rans fe r  and should 
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C, 4, Conversion t o  Geothermal ( R e t r o f i t )  (cont.)  

Erosion can be caused by the suspended s o l i d s  i n  the water. The 

main supply tank should s e t t l e  ou t  most o f  these s o l i d s  i n  the Susanvi l le  system. 

The heat ing c o i l s  i n  the Susanvi l le pub l i c  b u i l d i n g  system should be 
c a r e f u l l y  checked t o  see i f  unprotected unions 

c o i l s  w i t h  i r o n  headers should be replaced w i th  heat ing c o i l s  which are a l l  aluminum. 

between galvanized i r o n  and copper 
have been used. I f  present, they should be replaced w i t h  protected unions, and P 

5. Environmental Considerations 

The environmental e f f e c t s  are primar l y  associated w i t h  the 

resource development - the d r i l l i n g ,  ext ract ion,  and disposal o f  the geotherma 
water (discussed i n  Section A-2) .  

the p ipe l i nes  so as t o  have minimal impact dur ing const ruct ion on normal City 

t r a f f i c  on the major s t reets .  
easements along s t r e e t s  wi thout  sidewalks. 
Main and Lassen Streets w i l l  the l i n e  have t o  be located i n  the main pavement 
area. 

I n  addi t ion,  care has been taken t o  route 

I n  general, the p i p e l i n e  w i l l  be located i n  
Only i n  a two block area around 

The Park o f  Comnerce w i l l  be located i n  an e x i s t i n g  a g r i c u l t u r a l /  

i n d u s t r i a l  zone o f  the c i t y ,  an area w e l l  su i ted  f o r  growth. Greenhousing already 

e x i s t s  here. The in teg ra ted  meat processing p l a n t  w i l l  be a t o t a l l y  contained and 
cont ro l led  i ndus t r y  so t h a t  the usual odor problems associated w i t h  l i v e s t o c k  
product ion and processing w i  11 be avoided. 

6. Impact o f  Resource Temperature on Design 

The resource temperature has a major impact on the design. A t  

temperatures down t o  165"F, two opt ions are poss ib le  t h a t  are n o t  ava i l ab le  a t  
lower temperatures. 
i s o l a t e d  from the geothermal by the use o f  p l a t e  heat exchanges. Second, the 

geothermal water can be used t o  heat the serv ice h o t  water. 
i s  usual ly  spec i f i ed  as heated t o  140°F-(Reference 3 ) .  About 10% o f  the 

energy consumption o f  the pub l i c  bu i l d ings  i s  f o r  serv ice hot water. 

F i r s t ,  the b u i l d i n g  heat ing water loop can be economically 

Service h o t  water 
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C,  6, Impact of Resource Temperature on Design (cont . )  

The cost of the geothermal system i s  strongly dependent on the 
geothermal flow rate .  
Higher flow means more wells, larger pipes, larger tanks, larger pumps i n  general, 
larger and more costly equipment. 
"allowable" temperature drop  in the geothermal wherever i t  i s  used. 
in a concurrent plate heat exchanger, the required geothermal flow rate a t  a 
given heat load i s  determined from the (1 )  return ho t  water temperature from 
building plus a 10°F approach, and ( 2 )  the in le t  geothermal temperature. 
the a i r  side controls in building heating coi ls ,  the return h o t  water temperature 
will stay about  constant for any given building. 
ra te  wi 11 increase rapidly with decreasing geothermal temperature. 

The lower the temperature, the higher the flow rate required. 

Flow rate  i s  directly dependent on the 
Therefore, 

Since 

Therefore, geothermal flow 

Most large service water heaters for  public buildings in Susanville 
are of the indirect type. Steam or h o t  water i s  used to heat the service h o t  
water by means of an external or internal heat exchanger. The geothermal flow 
i s  directly proportional t o  the difference between the geothermal temperature 
and the return water temperature o f  110°F plus 10°F, or 120°F for an external 
counter flow heat exchanger. For the internal type, the flow rate  i s  proportiona 
to the difference between the geothermal temperature and the service hot  water 
temperature plus lO"F, o r  150°F. 

The heat load t h a t  can be obtained from a building terminal heating 
unit, such as a heating co i l ,  decreases rapidly w i t h  the ho t  water temperature 
entering the coil b u t  i s  much less  sensit ive t o  the ho t  water flow rate  (Figure 
C-4). With  165°F water, 70 to  80% o f  the heat load could be obtained from the 
coils depending on the entering a i r  temperature (EAT).  
70%. A t  14OoF, i t  is 40 to 65%. Using 50% as a practical l imit ,  geothermal water 
a t  150°F would be used directly i n  the coi ls  instead of heat exchanging w i t h  the 
h o t  water 1 oop. 

A t  150"F, this drops t o  50 t o  

The air side thermal resistance of the heating coils controls the 
rate  of heat transfer that  can be obtained w i t h  a fixed s ize  coi l .  The a i r  flow 
i s  also normally operated a t  a constant flow rate in a given system. Therefore, 
beyond a certain water flow rate ,  the heat o u t p u t  from a coil is insensitive t o  
an increase flow. To demonstrate this  effect ,  the heat o u t p u t  versus water side 
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C ,  6, Impact of Resource Temperature on Design (cont.) 

flow ra te  was calculated for  an "averaged" fan coi 
(Figure C-5). T h i s  "averaged" coil represents the 
"F that  can be obtained for  a l l  the coi ls  i n  the h 
300 to  400 gpm, increasing the water side flow has 
output. 

for  the h i g h  school 
overall BTU per hour per 
gh school. Above about 
l i t t l e  effect  on total  heat 

Taking into account these factors which are sensitive to  geothermal 
temperature, the Pub1 i c  Building System design flow rates versus temperature 
were calculated (Table C-7). 

Table C-7 
Parametric Public Building System Design 

Geothermal Temperature 
Design Parameter 150°F 165°F 185°F 225" F 

Peak Flow Rate, GPM 1,044 1,780 1,080 600 
Maximum System Pressure, p s i g  110 115 108 105 
Minimum Building Supply Pressure, p s i g  60 65.8 60.5 50.8 
Minimum Building Supply Temperature, "F  146 161 180 21 8 
Downhole Pump Motor, HP 175 292 175 92 

These flows were used to  size and cost the system parametrically. 
The drop i n  system flow rate  a t  the 150°F des ign  point ref lects  two major changes 
i n  the system design. 
d i rect ly  i n  the b u i l d i n g  terminal heating u n i t s  and i t  is not used to heat the 
service hot water. 
provided by the 150°F water. 

As stated before, a t  150°F, the geothermal water i s  used 

Therefore, a lower percentage of the total  heat load is  

The Park of Commerce design was only investigated a t  the 150°F design 
point, the most probable geothermal production temperature. 
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C, Susanvi l le  Design Studies (cont.) 

7. Use o f  Heat Pump t o  Replace Bo i l e rs  

A heat pump i s  b a s i c a l l y  an e l e c t r i c a l l y  powered Rankine cyc le  
machine which can, under c e r t a i n  condi t ions,  compete w i t h  f o s s i l - f u e l e d  hot  
water heaters ( b o i l e r s ) .  The compet i t ion i s  an economic one. The higher i n i t i a l  

( c a p i t a l )  cost  o f  the heat pump i s  paid back i n  a sho r t  t ime by the lower annual 
operat ing cost  o f  the heat pump, provided there i s  a cheap supply o f  low t o  moderate 
temperature water. 

added t o  by the compressor work, produces the requi red heat load i n  the condenser. 

The water i s  the source o f  heat t o  the evaporator which, when 

Hot water heaters ( b o i l e r s )  and heat pumps were compared a t  a 
6 m i l l i o n  BTUH heat load on the basis o f  the average annual cost .  The annual 

cost  i s  the sum o f  the annual operat ing cost  plus the c a p i t a l  recovery cost  f o r  
the equipment over i t s  l i f e .  The assumption i s  t h a t  the equipment w i t h  the 
lowest annual cost  i s  best. 

The se lec t i on  between a l t e r n a t i v e s  i s  dependent on (1)  the annual 

operat ing hours f o r  the equipment, (2 )  the performance o f  the heat pump - COP, 
and (3)  the value o f  c a p i t a l  - ROR (Figures C-6 and C-7). For p u b l i c  p ro jec ts  
w i t h  low i n t e r e s t  rates, the heat pump would be selected i n  most cases w i t h  150°F 

temperature source and 185°F output t o  the load. For higher values o f  c a p i t a l  

(30%), the s e l e c t i o n  i s  more s e n s i t i v e  t o  pro jected u t i l i z a t i o n  and heat pump 
performance. 

8. Approaches t o  I n t e g r a t i n g  the Heat Pump I n t o  the Bu i l d ing  System 

I n i t i a l  studies o f  the geothermal r e s e r v o i r  a t  Susanvi 1 l e  estimated 
a poss ib le  temperature range from 150°F t o  240°F, w i t h  the lower temperature 
being more l i k e l y  t o  occur. 
the heat pump i n t o  the geothermal heat ing d i s t r i c t  using two d i f f e r e n t  resource 
temperature ranges, moderate (185OF) and low (150OF). 

Therefore, i t  was decided t o  i nves t i ga te  i n t e g r a t i n g  

The reasons f o r  using the heat pump were t o  (1) t ry  t o  decrease the 
o v e r a l l  f l ow  ra te ,  thus saving the associated c a p i t a l  costs o f  more wel ls ,  reduce 
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C ,  8. Approaches to Integrating the Heat Pump I n t o  the Building System (cont. 

A t  185"F, the plate heat exchanger can be used t o  isolate  the 
heating system from the geothermal water. 
across the geothermal side of the plate heat exchanger. The 150°F water leav 
the plate heat exchanger enters the heat pump evaporator. When the heat pump 
i s  turned on, the geothermal temperature i s  further lowered to 125°F. On the 
heating loop-side of the plate heat exchanger, the temperature of the heating 

A 35°F temperature drop i s  taken 

loop-water i s  raised from 145°F t o  165°F. 
condensers where i ts  temperature i s  raised further t o  185°F. The 185°F water 
then enters the building heating system and emerges a t  a temperature of 145°F. 
In some cases, the geothermal water may be incompatible with the copper fan coi ls  
and the fossi l  fuel boilers. For buildings designed t o  be heated with geothermal 
water direct ly ,  and for  buildings to be completely re t rof i t ted  w i t h  new fan coi ls ,  
the 185°F could be used directly.  
to  be retained, the use of heat pumps to replace the boilers load was investigated. 
A schematic of such an arrangement i s  shown in Figure C-8. 

The 165°F water enters the heat pump 

For buildings i n  which oi l - f i red peaking was 

For the 185°F temperature, geothermal could be used t o  displace 
such a large percentage of the yearly heat load t h a t  the use of the heat pump was 
not  economical. 
and raising the heat looping out le t  temperature t o  within a 5°F approach t o  the 
geothermal temperature (180°F) instead. 
operating cost were found t o  favor a direct heating system, even when all  buildings 

conversion costs were cons i dered . 

The economics would favor putting in a larger plate heat exchanger 

The capital cost of the system and annual 

For a 150°F resource temperature, several alternative heat pump 
schemes were examined. First, a centrally located heat pump which would peak 
the ent i re  public building system w i t h  185°F water i n  colder weather was 
investigated. W i t h  th i s  
system, under conditions of relatively mild weather, 150°F water would bypass 
the central heat pump p l an t  and would be used directly t o  heat the buildings. 

Figure C-9 is a schematic diagram of such a system. 
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C, 8, Approaches t o  I n t e g r a t i n g  the Heat Pump I n t o  the Bu i l d ing  System (cont.)  

The heat pumps would be o f f .  

150°F geothermal water would bypass the Publ ic B u i l d i n g  Energy system and be sent 
d i r e c t l y  through the heat pump evaporator(s) .  

A t  some predetermined outs ide temperature, the 

Heat pumps i n  ser ies were found t o  have a higher o v e r a l l  coe f f i c i en t  

o f  performance (COPH) than a s ing le,  l a r g e r  heat pump. Therefore, f o r  t h i s  

cen t ra l  p lant ,  a minimum o f  three heat pump modules would be i n s t a l l e d  i n  ser ies.  
These heat pumps could be operated sequent ia l ly .  F i r s t ,  a s i n g l e  heat pump would 

be operated, w i t h  progress ive ly  more heat pumps being turned on as the heat ing 
demand increased. 
would then cons is t  o f  whatever geothermal water was i n  the p i p i n g  system when 
the bypass valves were switched. 
the discharges from a l l  the bui ld ings.  
and have the temperature ampl i f ied.  
temperature of  the water out  o f  the condenser would be 185°F. 

The water being c i r c u l a t e d  i n  the p u b l i c  b u i l d i n g  energy system 

This water would be about 140°F a f t e r  mixing o f  
I t  would enter  the heat pump condenser(s) 

With a l l  three heat pumps operating, the 

This heat pump cen t ra l  p l a n t  would have t o  be s ized f o r  the peak 

hour l y  heat load i n  order t o  d isp lace a l l  the f o s s i l  f u e l  i n  the system. This 
would r e q u i r e  three 6,500,000 BTUH machines i n  ser ies,  a t  an i n s t a l l e d  cost  o f  
around $390,000. 

system, s ince i t  i s  a r e c i r c u l a t i o n  system. This sytem has good p o t e n t i a l  when 
appl ied t o  a compact p r o j e c t  where the r e s e r v o i r  and the  bu i l d ings  a r e  located 
very c lose t o  each other.  For the Susanvi l le  Publ ic  B u i l d i n g  Energy System, no 
economic advantage could be shown. 

Insulated r e t u r n  l i n e s  would have t o  be considered f o r  t h i s  

For the  150°F resource temperature, i n i t i a l  system economic s tud ies 

favored a c e n t r a l l y  located heat pump f o r  a l a r g e  heat user w i t h  high b u i l d i n g  
conversion costs. Lassen Union High School f i t s  t h i s  descr ip t ion.  

A t  Lassen Union High School, as an example, three approaches were 

studied f o r  the i n t e g r a t i o n  of t he  heat pump i n t o  the  system. Option I 
(Figure C-10) has the heat pump i n  p a r a l l e l  w i t h  the loads. The heat pump 
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C y  8, Approaches t o  I n t e g r a t i n g  the H e a t  Pump I n t o  the Bu i l d ing  System (cont.)  

would be sized t o  handle the t o t a l  h igh school load. The geothermal water 

would f low d i r e c t l y  through the system, prov id ing about 50% o f  the design 
heat load (BTUH). 
the evaporator and the b u i l d i n g  water would be r e c i r c u l a t e d  through the 

condenser. The heat pump could be t h r o t t l e d  t o  provide va r iab le  output from 
50% t o  100% of design. The advantages o f  operat ing a t  p a r t  load are t h a t  
less geothermal f low i s  required i n  the evaporator and the heat pump uses 
less power (Sect ion C-10). 
t i o n .  

when i t  i s  running. 

i n  se r ies  w i t h  the loads. 

arrangement, the i n l e t  temperature t o  the evaporator would be 130°F, as opposed t o  
150°F f o r  Option I. Therefore, the evaporator leav ing temperature and r e f r i g e r a n t  
evaporator temperature would be lower than f o r  Option I, a t  p a r t  load. 

produces a lower COP and, therefore,  more e l e c t r i c  power i s  needed t o  produce 
the output load (Appendix C). This arrangement has the disadvantage o f  r e q u i r i n g  

more e l e c t r i c a l  power t o  provide the t o t a l  augmented energy requirements over the 
heat ing season. 

On co lder  days, the geothermal f l o w  would be d i ve r ted  t o  

No new heat ing c o i l s  are required w i t h  t h i s  op- 
The serv ice hot  water can be supplied by the b o i l e r  o r  t he  heat pump 

Option I 1  (Figure C-11) has the heat pump condenser and evaporator 
When the heat pump i s  f i r s t  turned on w i t h  t h i s  

This 

Since t h i s  i s  a f low-through system, r e c i r c u l a t i o n  pumping power i s  
no t  needed except when using the standby b o i l e r .  
has the advantage o f  normally no t  r e q u i r i n g  e l e c t r i c a l  power f o r  r e c i r c u l a t i o n .  
The serv ice h o t  water energy would be provided by the steam b o i l e r  when the heat 
pump i s  n o t  operating. 

Therefore, t h i s  arrangement 

When the  heat pump i s  operat ing a t  f u l l  load, the performance w i l l  
be about the same as f o r  Option I (COP = 6.5) because the discharge temperature 
from the terminal  heat ing u n i t s  w i l l  be c lose t o  150°F, and the system f l ow  r a t e  
w i l l  be the same. 
p o i n t  a few days ou t  o f  the year. 

However, the heat pump would on ly  operate a t  t h i s  deisgn 
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C, 8, Approaches t o  I n t e g r a t i n g  the Heat Pump I n t o  the Bu i l d ing  System (cont.)  

The t h i r d  op t i on  (Figure C-12) would use the heat pump as a cascade 

t o  the heat ing energy obtained from the flow-through o f  the 150°F geothermal 

water. 
i n  the e x i s t i n g  b u i l d i n g  c o i l s  whenever heat ing i s  required. 
heat pump (4,000,000 BTUH) would be ava i l ab le  f o r  augmentation. 
would have i t s  own s e t  o f  c o i l s  and an independent r e c i r c u l a t i o n  system. 
added b u i l d i n g  heat requi red on co lder  days would be obtained from heat suppl ied 
by the heat pump t o  add i t i ona l  c o i l  surface area a t  h igher ho t  water i n l e t  
temperatures. 

I n  t h i s  system, a geothermal f low o f  up t o  245 gpm would be used d i r e c t l y  
I n  addi t ion,  a smal ler  

This heat pump 
The 

This heat pump could be operated from 20 t o  100% o f  i t s  design load 

(800,000 t o  4,000,000 BTUH) using a va r iab le  geothermal f low ra te .  

ob ta in  the same h igh  performance a t  design (COP = 6.5), the o v e r a l l  geothermal 
f l o w  would have t o  be higher than f o r  Options I o r  11, 513 gpm versus 415 gpm. 
The heat pump would operate w i t h  a constant 150°F temperature i n p u t  t o  the 

However, t o  

evaporator. 

The disadvantages o f  
be added t o  the bu i l d ings  and rec 

t h i s  system 
r c u l a t i o n  1 

are t h a t  new heat ing c o i l s  must 
nes must be added f o r  these new 

c o i l s  from the condenser t o  and from each bu i l d ing .  

disadvantages outweigh the operat ing cost  advantage. 
bu i ld ing,  t h i s  sytem might be the prefer red arrangement. The s e r v i c e  h o t  water 

would be heated by b o i l e r  steam whenever the heat pump was o f f ,  o r  operat ing a t  
too low a temperature. 

For a r e t r o f i t  system, these 

For a new, s ing le,  l a rge  

For the r e t r o f i t  o f  Lassen Union High School, Option I i s  the prefer red 
system because i t  w i l l  have the lowest operat ing cost,  i t  i s  the eas iest  t o  contro l ,  
and i t  i s  the eas iest  and l e a s t  c o s t l y  t o  i n s t a l l .  
selected f o r  the f i n a l  design p o i n t  presented i n  Section B .  

This arrangement was the one 

Although Lassen Union High School was studied i n  the most d e t a i l ,  
other bu i ld ings,  the County Court House i n  p a r t i c u l a r ,  are amenable t o  i n s t a l -  

l a t i o n  o f  a heat pump. 

9. Maximizing Heat Pump Performance 

*Determination of Optimum Cycle 
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The Rankine cyc le  using the r e f r i g e r a n t  R-114 i s  the basic cyc le  

chosen fo r  the heat pump. Vapor re f r i ge ran t  leav ing the evaporator i s  com- 

pressed and has i t s  temperature and pressure increased. 
compressor, the vapor i s  condensed and heat i s  extracted i n  a heat exchanger. 

This heat i s  what i s  provided t o  the load. Upon leav ing the condenser, the now 

1 i q u i d  r e f r i g e r a n t  i s  expanded and has i t s  temperature and pressure lowered , 
becoming a two-phase l i q u i d  and vapor mixture. This mix ture i s  vaporized i n  

the evaporator, removing heat from the geothermal f l u i d .  
ready t o  begin the cyc le  again, i n  the compressor. 
condenser plus the heat added by compressing the r e f r i g e r a n t  i s  the heat provided 
t o  the load. 
basic heat pump cyc le  and i t s '  operat ion.  

Upon leaving the 

The r e f r i g e r a n t  i s  now 
The heat removed i n  the 

Appendix C provides a more de ta i l ed  technica l  d iscussion of the 

The o v e r a l l  c o e f f i c i e n t  o f  performance i s  a measure o f  the heat pump 
I t  i s  def ined as the r a t i o  o f  the heat ext racted from the condenser performance. 

t o  the e l e c t r i c  power requi red t o  operate the machine. The maximum theore t i ca l  

heat t h a t  can be t rans fe r red  from the geothermal resource t o  the load i s  c a l l e d  
the "Carnot c o e f f i c i e n t  o f  performance'' and i s  def ined as the r a t i o  o f  the 
condenser temperature t o  the d i f f e rence  between the condenser and evaporator 
temperature. The actual  COP i s  always less than the Carnot COP. 

I f  the COP can be increased, less e l e c t r i c i t y  i s  used and more heat 
can be t rans fe r red  t o  the load. Subcooling the r e f r i g e r a n t  out  o f  the condenser 
adds add i t i ona l  heat t o  the load. Staging the machine reduces the losses associated 

w i t h  the f a c t  t h a t  no work i s  recovered i n  the expansion process. I n t e r c o o l i n g  a lso 
helps reduce losses caused by no work recovery i n  the expansion process and helps 
superheat the  vapor l eav ing  the compressor, adding more heat t o  the load. 
gat ion o f  a l l  three methods o f  increas ing the COP shows t h a t  a s i n g l e  stage 

machine w i t h  i n t e r c o o l i n g  and subcooling s u b s t a n t i a l l y  increases the heat pump 
performance. Appendix C provides a more d e t a i l e d  discussion o f  the heat pump 
cyc l  e opt  i m i  za ti on. 

I n v e s t i -  

Determination o f  the Optimum Evaporator E x i t  Temperature 

Since the c o e f f i c i e n t  o f  performance o f  any heat pump i s  a func t i on  
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C, 9, Maximizing Heat Pump Performance (cont.)  

of the evaporating temperature, i t  i s  necessary t o  opt imize the ho t  water 

temperature e x i t i n g  the  evaporator i n  order t o  minimize the annual cost  o f  the  
heat ing system. 

the f i r s t  law o f  thermodynamics t o  the system t o  ob ta in  ef f ic ienc ies.  This i s  
f requent ly done f o r  many thermodynamic systems, and gives meaningful r e s u l t s  
when comparing two systems w i t h  l i k e  inputs  and l i k e  outputs having s i m i l a r  
i r r e v e r s i b i l i t i e s  associated w i t h  them. 
inputs  and d i f f e ren t  outputs, a second law of thermodynamics based e f f e c t i v e -  
ness i s  the pre fer red  parameter (Reference 10). 

maximum useful work t ranspor t  associated w i t h  energy and the surroundings, is  
an equiva lent  measure regardless o f  the q u a l i t i e s  o f  the  energies being ccmpared. 

The normal method o f  opt imiz ing a heat ing system i s  t o  apply 

When comparing systems w i t h  d i f f e r e n t  

Avai lab le energy, which i s  the 

When h igh q u a l i t y  energy, such as f o s s i l  f u e l ,  i s  converted t o  a 
low q u a l i t y  energy, w i t h  no product o ther  than low q u a l i t y  energy, i r r e v e r s i b i l i -  
t i e s  (des t ruc t ion  o f  ava i l ab le  energy) occur. The usual f i r s t  law o f  thermo- 
dynamics e f f i c ienc ies  do n o t  r e f l e c t  the a v a i l a b i l i t y  loss s ince energy and not  
a v a i l a b i l i t y  i s  conserved. The second law o f  thermodynamics ef fect iveness does 
r e f l e c t  the i r r e v e r s i b i l i t i e s  associated w i t h  a change o f  q u a l i t y  o f  energy. 

Geothermal energy, which i s  energy a t  temperatures r e l a t i v e l y  c lose 
t o  t h a t  o f  the surrounds, i s  thermodynamically d i f f e r e n t  from conventional 

energy sources such as f o s s i l  f u e l ,  hydroe lec t r i c ,  nuclear, e tc .  The d i f ference 
ar ises  from the f a c t  t h a t  the  ava i l ab le  energy of a geothermal resource i s  sub- 
s t a n t i a l l y  lower than i t s  energy as commonly defined, whereas conventional 

energy sources have ava i l ab le  energy and energy values q u i t e  close. Thus, when 
comparing a geothermal resource w i t h  a conventional energy source, the ef fect iveness 
gives more meaningful r e s u l t s .  
use o f  energy resource t o  be evaluated, whereas f i r s t  law e f f i c i e n c i e s  do no t  

(Reference 11 ) . 

, evaporator leav ing  temperature i s  125°F f o r  a geothermal resource temperature 
of 150°F, when prov id ing  h o t  water a t  185°F. Appendix C gives the de ta i l ed  r e s u l t s  
o f  the analys is .  

I n  add i t ion ,  the ef fect iveness al lows the optimum 

An analys is  based on the above idea shows t h a t  the optimum 
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C, Susanvi l le  Design Studies (cont.)  

10. Indust ry  Survey o f  Comnercially Avai lab le Heat Pumps 

The major U. S. manufacturers o f  vapor compression r e f r i g e r a t i o n  
equipment were contacted i n  order t o  determine the a v a i l a b i l i t y  o f  heat pump 
equipment and the  equipment costs. 

budget costs, c o e f f i c i e n t  of performance, power requirement and s i z e  were requested 
o f  the various manufacturers. 

Informat ion regarding component se lect ion,  

The fo l l ow ing  design p o i n t  was s p e c i f i e d  f o r  the manufacturers 
6 (1) R-114 as the r e f r i g e r a n t ,  (2) condenser heat lead o f  500 tons ( 6  x 10 

BTU/Hr), (3 )  condenser i n l e t  temperature o f  150"F, (4) condenser leav ing 
temperature o f  185"F, and (5) evaporator i n l e t  temperature o f  150°F. The 
evaporator leav ing temperature was s p e c i f i e d  t o  be 125°F based on thermodynamic 
considerat ions.  I n  addi t ion,  the manufacturers were requested t o  i nves t i ga te  
using two o r  more heat pumps arranged s e r i a l l y .  

Table C-8 l i s t s  the manufacturers contacted. These are the major 
U. S. heat pump manufacturers. 
A t  t h i s  time, f o r e i g n  heat pump a v a i l a b i l i t y  i s  unknown. 

No f o r e i g n  heat pump manufacturers were contacted. 

Trane Co., General E l e c t r i c  and Dunham-Bush responded negat ively.  
Both Trane Co. and DunhamBush s ta ted  t h a t  they do no t  manufacture heat pumps 
i n  the 500 ton category i n  our temprature range. 

they make only  rec ip roca t ing  machines which w i l l  n o t  work w i t h  R-114. 
General E l e c t r i c  responded t h a t  

Table C-9 l i s t s  those manufacturers who responded w i t h  the 
desired informat ion.  
Ferformance o f  the three l i s t e d ,  and the lowest budget cost .  
has the lowest COP and the h ighest  budget cost .  
s i m i l a r  t o  t h a t  o f  York's, bu t  a s i g n i f i c a n t l y  lower budget cos t  than t h a t  o f  York. 
However, Car r i e r ' s  budget cost  i s  s t i l l  about a f a c t o r  o f  1.8 greater  than t h a t  o f  
Wes t i  nghouse. 

The Westinghouse Temp l i f i e r  has the h ighest  C o e f f i c i e n t  o f  

York's heat pump 
C a r r i e r ' s  heat pump has a COP 
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C, 10, Indust ry  Survey o f  Commercially Avai lab le Heat Pumps (cont.)  

Westinghouse and Car r i e r  a l so  provided some of f -des ign performance 

data. The o v e r a l l  C o e f f i c i e n t  o f  Performance versus condenser leav ing water 
temperature f o r  the Westinghouse Temp l i f i e r  i s  presented i n  Figure C-13. 
50% load, the o v e r a l l  COP i s  s t i l l  6.0. Also shown i s  the requi red compresser 

motor power f o r  both Westinghouse and Car r i e r  as a func t i on  o f  condenser leav ing 
temperature. 
machine requires 22% more power a t  design and 40% more power a t  50% load. 
re la t i onsh ips  o f  condenser leav ing temperature t o  condenser output load and 
evaporator (geothermal ) f l ow  r a t e  a re  presented i n  Figure C-14. 

Even a t  

Both curves decrease a t  about the same rate,  although the CArr ier  
The 

11. In tegrated Geothermal P ro jec t  - Publ ic  and Pr i va te  

A unique aspect o f  the Susanvi l le  Geothermal Energy System i s  the 
simultaneous development o f  the heat ing system f o r  the pub l i c  bu i l d ings  and a 

p r i v a t e  Park o f  Commerce t o  increase the u t i l i z a t i o n  o f  the geothermal water. 

The City of Susanvi l le would develop and own the cen t ra l  geothermal u t i l i t y  
p l a n t  which would provide 300°F steam, 200°F ho t  water, and 150°F ho t  water t o  

the i n d u s t r i a l  and a g r i c u l t u r a l  users under a p r i c i n g  s t ruc tu re  which would pay 
back the loan, cover a l l  operat ing costs, and insure t h a t  the geothermal energy 

costs would always be s i g n i f i c a n t l y  less than equivalent f o s s i l  energy costs. 
Also, the r a t e  o f  i n f l a t i o n  o f  geothermal energy cos ts  would be c o n t r o l l e d  and 
kept much lower than the uncontro l led fossi l  energy costs.  

The Park o f  Comnerce was def ined and then designed only  f o r  one 

The design studies t h a t  went i n t o  designing the cen t ra l  p l a n t  
These studies inc lude 

resource temperature - 150°F. 

f o r  the Park o f  Comnerce are described i n  Appendix B. 

determination o f  the b u i l d i n g s '  heat ing and cool ing loads, determining the 
process heat ing and coo l i ng  loads and load d i s t r i b u t i o n ,  designing the energy 
cascade f o r  each indus t r y  t o  minimize the geothermal f l o w  r a t e  required, and s i z i n g  
and cost ing an a l l - f o s s i l - f u e l e d  cen t ra l  p l a n t  t o  compare w i t h  the geothermal p lan t .  

The o v e r a l l  i n teg ra ted  design has been discussed 
' i n  Section B.  
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C y  11, Integrated Geothermal Pro jec t  - Public and Pr iva te  (cont . )  

U. S. Commercial Heat Pump Manufacturers 

Table C-8 
Commercial Heat Pump Manufacturers Contacted 

Manufacturer Date Contacted 
1.  Trane Company 9 May 1978 
2. Car r ie r  Corporation 10 May 1978 
3. Dunham-Bush Corpora t i  on 10 May 1978 
4. General Electric Corporation 10 May 1978 
5. York Division, Borg-Warner Corporation 11 May 1978 
6. Wes ti nghouse Corporation 15 May 1978 

Table C-9 
Responses from Commercial Heat Pump Manufacturers 

Manufacturer Response 
Westinghouse Corporati on Model TPE-079 Temp1 i f ier  

System COP-6.1 
Power Requirement - 286 K W I  
Evaporates Flow Rate - 400 gpm 
Condenser Flow Rate - 350 gpm 
Budget Cost - $86,000. 

Model 17FA Single  Piece 
Sys tem COP-5.2 
Power Requirement - 350 KWI 
Evaporates Flow Rate - 400 gpm 
Condenser Flow Rate - 350 gprn 
Budget Cost - $155,000. 

Ca rr i er Corpora t i on 

York Division 
Borg-Warner Corporation 

Model M225B 
Sys tem COP-5.1 
Power Requirement - 380 KWI 
Evaporates Flow Rate - 400 gpm 
Condenser Flow Rate - 350 gpm 
Budget Cost - $200,000. 
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D. SUSANVILLE SYSTEM ECONOMIC ANALYSIS 

The parametric economic analys is  was based on the  comparison o f  the two 
basic a l t e rna t i ves  f o r  prov id ing heat ing energy a t  Susanvi l le:  
use the e x i s t i n g  f u e l  o i l  and propane systems, o r  ( 2 )  develop a geothermal heat- 
i n g  system w i t h  f o s s i l  o r  e l e c t r i c  heat pump peaking. I n i t i a l l y ,  a t h i r d  a l te rna-  

t i v e  was considered - t h a t  o f  a t o t a l l y  geothermal system t o  provide f o r  the t o t a l  
heat ing load. However, analys is  showed t h a t  t h i s  system was n o t  as economical as 

an augmented system and there fore  i t  was dropped from t h e  comparison. 
if there would be s u f f i c i e n t  r e t u r n  t o  pay back the low i n t e r e s t  loan, the r a t e  of 

(1 )  continue t o  

To determine 

r e t u r n  on the  added investment i n  the geothermal system was determined f o r  the non- 
p r o f i t  municipal  e n t i t y  t h a t  would own and operate the  system. 
i s  8%. 

This i n t e r e s t  r a t e  

Exact w e l l  costs, f lows, temperatures, and b u i l d i n g  r e t r o f i t  costs are 
unknown. 
f e a s i b i l i t y .  
350 t o  700 gpm, and w e l l  cos t  from $50,000 t o  $175,000 per  w e l l .  

Therefore, a parametric study was conducted t o  evaluate economic 
Temperatures were var ied from 150 t o  225°F. Flow was var ied from 

It was 
determined t h a t  $150,000 could be spent on b u i l d i n g  r e t r o f i t  costs wi thout  
adversely a f fec t i ng  favorable economics f o r  the pub l i c  bu i l d ing  system alone. 

Another important var iab le  i n  the economic analys is  i s  i n f l a t i o n .  
operat ing costs - f u e l ,  labor,  replacement p a r t s  - are assumed t o  i n f l a t e  a t  a 
constant r a t e  over the twenty- f ive year l i f e  of the p r o j e c t  for both the 
e x i s t i n g  system and the geothermal system. The i n f l a t i o n  r a t e  i s  var ied from 
0 t o  10% w i t h  7% the predic ted value. 

A l l  

This economic analys is  i s  c l a s s i f i e d  as a before-tax analys is  (because i t  
i s  f o r  a non-pro f i t  municipal organizat ion)  and assumes t h a t  a l l  the cost  o f  the 
geothermal system would be pa id  back. I n  cases where a p r o j e c t  receives govern- 
ment support on the development o f  the  resource,and the investment t h a t  must be 
recovered i s  less, a more favorable r a t e  o f  r e t u r n  can be ant ic ipated.  
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The p u b l i c  b u i l d i n g  system alone w i l l  provide a r a t e  o f  r e t u r n  o f  8 t o  
10% over the parametric range w i t h  a 150°F resource. 

pump a t  the h igh school has several bene f i c ia l  e f fec ts ,  but  improved economics 
i s  n o t  one o f  them. 

f o r  the p u b l i c  b u i l d i n g  system would increase t o  12-16%. 
a heat pump would no t  be used a t  the h igh school. 

The a d d i t i o n  o f  a heat 

With higher resource temperatures (185-225"F), the ROR 
A t  these temperatures, 

The impact o f  the u t i l i z a t i o n  o f  the e f f l u e n t  from the p u b l i c  b u i l d i n g  
- system i n  the Park o f  Commerce w i t h  a 150°F resource i s  discussed i n  Section B. 

1. Basis f o r  Economic Analysis 

There are fou r  major unce r ta in t i es  i n  the economic analysis o f  
the Susanvi l le  Geothermal Energy System - (1) the geothermal f l o w  r a t e  t h a t  w i l l  
be obtained per wel l ,  which a f f e c t s  the number o f  product ion w e l l s  required; 

(2) the geothermal temperature, which a f f e c t s  the s i ze  o f  geothermal components 
and type o f  system ( d i r e c t  use, i n d i r e c t  w i t h  a p l a t e  heat exchanger, type of 
augmentation, and amount o f  augmentation); ( 3 )  w e l l  costs per  product ion o r  
r e i n j e c t i o n  wel l ,  which i s  a func t i on  of the cost  per foo t ,  the depth o f  the 

wel l ,  and d r i l l i n g  success; (4 )  t h e  cos t  t o  r e t r o f i t  the p u b l i c  bu i ld ings,  
which i s  dependent on the remaining usefu l  l i f e  o f  the b u i l d i n g  and the e x i s t i n g  
hea t i  ng sys tern. 

Susanvi l le 's  product ion we l l s  w i l l  be a maximum o f  1000 f e e t  
deep. 
o f  350-450 gpm, o r  500-700 gpm f o r  product ion wells,and double those f lows 
f o r  i n j e c t i o n  wel ls.  Since the geothermal temperature could be anywhere i n  

the range o f  from 150 t o  239"F, the temperatures o f  the systems evaluated are 
150, 165, 185, and 225°F. Based on the Bureau o f  Reclamation's data f o r  s i m i l a r  
programs, and using Klamath F a l l s  data'as a minimum, the we l l  costs are var ied 
f r o m  $50 t o  $175 per  f o o t  ($50,000 t o  $175,000 per  1,000 f o o t  we l l ) .  These wel l  

costs are assumed the same f o r  product ion o r  i n j e c t i o n  wel ls .  Bu i l d ing  
conversion costs are an t i c ipa ted  i n  the $150,000 t o  $415,000 range, depending on 

The geothermal f l o w  r a t e  per w e l l  was assumed t o  be e i t h e r  i n  the range 

83 



D, 1, Basis for  cconomic Analysis (cont.)  

the geothermal temperature u t i l i z e d  and improvements made n e x i s t i n g  bu i l d ings .  

This economic evaluat ion assumes t h a t  any amount over $150,000 would be obtained 
from separate funds n o t  d i r e c t l y  chargeable t o  the geothermal p r o j e c t  economics. 

system designed t o  provide 23.4 m i l l i o n  BTU/Hr and 4.07 x l o l o  BTU/Yr, based on the 
i n s t a l l e d  equipment. 
b o i l e r s  would escalate a t  7 t o  10% per  year from a 1978 p r i c e  o f  $.50 per gal lon.  
It i s  a lso assumed (based on data from the Ca l i f o rn ia  P a c i f i c  U t i l i t y  Company) 
t h a t  the e l e c t r i c  r a t e  w i l l  escalate a t  7 t o  10% per year from a 1978 p r i c e  f o r  

The i n i t i a l  parametric economic analysis was based on a geo-heating 

I t i s  assumed t h a t  the fuel o i l  used i n  the peaking 

a l a rge  commercial user o f  $0.04 per k i lowatt-hour.  Maintenance cost  i s  a lso 
assumed t o  increase a t  the same r a t e  due t o  labor  costs and other  factors .  The 
p r o j e c t  l i f e  i s  assumed t o  be 25 years and the value o f  money f o r  a pub l i c  e n t i t y  
s e t  a t  8 t o  10% f o r  municipal revenue bonds. 

The cost  o f  equipment such as piping, pumps, tanks, and heat exchanger 
i s  obtained d i r e c t l y  from manufacturers and a l l  costs are i n  1978 d o l l a r s .  
estimated b u i l d i n g  conversion costs i s  an educated guess using Klamath F a l l s  
experience. The cos t  o f  engineering, fee, and contingency i s  32% o f  the subtota l  
of c a p i t a l  cos t  items. This i s  an estimate based on engineering judgement and 
experience of the authors and other  invest igators .  

The 

The same assumptions were used for the i n teg ra t i on  o f  the Park o f  

Commerce i n t o  the o v e r a l l  system. However, t h i s  economic analysis was performed 
on ly  fo r  the 150°F resource temperature. 
t h i s  type are accurate t o  The operat ing cos t  estimates should have about 
the same accuracy. 

I n  general, c a p i t a l  cost  estimates o f  
20%. 

2 .  A1 te rna t i ves  f o r  Susanvi l l e  

The economic analys is  used i n  t h i s  study i s  based on a comparison 
t o  two basic a l t e r n a t i v e s  f o r  p rov id ing  the energy requi red f o r  heat ing the pub l i c  

bu i l d ings  and operat ing the Park o f  Comnerce. These basic a l t e r n a t i v e s  are 
(1) an a l l - f o s s i l - f u e l e d  system, and ( 2 )  a geothermal system w i t h  some form o f  
peaking augmentation - e i t h e r  f o s s i l  bo i l e rs ,  e l e c t r i c  heat pumps, wood 
bo i l e rs ,  o r  some combination o f  the three. 
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D, 2 ,  A 

a funct 
divided 
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ternatives for Susanville (cont 

The rate  of return for the geothermal alternatives i s  therefore 
on of the difference between the capital costs of the alternatives 
by the difference between the annual operating costs of the alterna- 
Inflation i s  considered in calculating the rate  of return. The rate  

of return presented i s  a "before tax" ROR because the owning insti tution i s  
to  operate on a non-profit basis. 
tax credi t ,  s t a t e ,  local, and federal taxes, are not  involved in the 
determination of before t a x  ra te  of return. 

Items such as depreciation, investment 

3. Impact of Resource Temperature on Economics 

For Susanville's public buildings, the alternative of replacing the 
existing fossil-fueled heating system w i t h  a geothermal heating system with 
fossil  boiler peaking was evaluated over the temprature range of the study 
and as a function of well cost and fuel inflation rate.  The in i t i a l  results 
for a 700 gpm/well flow rate and 7% fuel inflation rate showed the system 
to meet the 8 to  10% ROR c r i t e r i a  for economic feas ib i l i ty  over a broad range 
( F i g u r e s  D-1 and D-2). 
well t o  350 gpm is to  drop the ROR by 1.5 to 2.0% depending on the design p o i n t .  
For example, Table D-1 presents the impact a t  15OOF with a $175,000 cost per well. 

The impact of dropping the flow rate  per production 

Table D-1 

Resource Temperature = 150°F 
Well Cost = $175,00O/Well 

Impact of Well Flow Rate on Public B u i l d i n g  ROR 

. Rate of Return for  
Geothermal W i t h  

Energy I n f  1 a t i  on 
Rate (%) 

Fossil Fuel Peakinq 
700 gpm/Well 350 gpm/Well 

0 3.8 2.2 
7 10.4 8.6 

10 13.2 11.4 
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D, Susanvi l le  System Economic Analysis (cont.)  

4. Impact o f  Heat Pump A1 te rna t i ves  

For Susanvi 11 e Pub1 i c  Bui 1 dings , no economi c advantage could be 
shown f o r  any o f  the a l t e r n a t i v e s  considered (Sect ion C.8.). 
Park of Commerce the heat pump can be shown t o  economically displace f o s s i l  
f u e l  water heaters (Section C-7). The use o f  a heat pump i n  a r e t r o f i t  case 
i s  d i f f i c u l t  t o  economically j u s t i f y  i f  the e x i s t i n g  b o i l e r s  a re  i n  good working 
cond i t i on  and do no t  need t o  be replaced. Such i s  the case a t  the Lassen Union 
High School even though the heat load i s  l a r g e  enough t o  j u s t i f y  a heat pump. 

However, i n  the 

For example, a t  the same design p o i n t  used i n  the previous sec t i on  
Therefore, the heat (D.3) ,  the f o s s i l  f u e l  system has no c a p i t a l  cos t  penal ty.  

pump a l t e r n a t i v e  shows a s l i g h t  b u t  d e f i n i t e l y  lower ROR because the lower annual 

operat ing cos t  does no t  compensate s u f f i c i e n t l y  f o r  the h igher  i n i t i a l  c a p i t a l  
cos t  (Table D-3). 

Table D-2 

Rate of Return 
For Replacing the E x i s t i n g  A l l - F o s s i l  Fuel System 

Resource Temperature = 150'F 
Well Cost = $175,00O/Well 

Geo t h e m  1 
With Fossil Heat Pump a t  Energy 

I n f l a t i o n  Fuel Peaking High School 
Rate (%) 700 gpm/Well 350 gpm/Well 700 gpm/Well 350 gpm/Well 

0 3.8 2.2 2.8 1.4 

7 10.4 8.6 9.2 7.8 

10 13.2 11.4 12.0 10.4 , 

However, the ROR i s  s t i l l  w i t h i n  the acceptable range and the heat pump op t ion  can be 
selected fo r  reasons o the r  than economic ones. Such reasons inc lude decreased 

dependency on f o s s i l  f u e l  and greater  geothermal system operat ing range f o r  expansion 
a t  the same geothermal f low o r  f u l l  l oad  operat ion a t  lower geothermal f low. 
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D, Susanville System Economic Analysis (cont.) 

5. Additional Options fo r  Susanville 

In addition t o  the use of heat pumps i n  the Park of Commerce to  
replace fossil-fueled boilers, wood-burning boilers were considered. 
detailed economics of this alternative were not worked out due to  the "softness" 
of available data b u t  i n i t i a l  resul ts  looked favorable. 

The 

A new product called "Woodex" is  now being marketed. 
being produced i n  Redding, California, across the mountains from Susanville. 
fuel will produce about 8500 BTU/Lb and currently would cost  $28 to $29 per ton 
delivered to  Susanvi 1 le. 
about 50% of the current fuel o i l  cost a t  Susanville. 

I t  i s  currently 
This 

The energy cost  would be $1.7 per mil 1 ion BTU, 

Stoker type boilers used t o  burn  the wood product are  more expensive 
than the packaged oil-fired boilers. 
ment which could cut these costs significantly.  
Johnston F1 u i  d i  zed Bed Boi lers of Ferryburn, Mi chi gan , has recently entered the 
market. 

New fluidized bed boilers are  under develop- 
One such boiler, produced by 

6. Possible Economic Impacts of the National Enerqy Act (November 1978) 
On the Susanvil l e  Geothermal Energy System 

Until the National Energy Act was passed i n  November 1978, the 
incentives for  attracting private capital fo r  exploration and product development 
for  hydrothermal resources were much less  than those fo r  competing natural resource 
development. 
were progressing and receiving the incentives 

Even while other newer, more exotic energy forms (solar fo r  example) 
needed, geothermal lagged behind. 

The f ive Acts that  make up the 1978 National Energy Act -- The 
Public Uti l i ty  Regulatory Policies Act o f  1978 (PL 95-617), the Energy Tax Act 
of 1978 ( P L  95-618), the National Energy Conservation Policy Act ( P L  95-619), the 
Power Plant and Industrial Fuel Use Act of 1978 ( P L  95-620), and the Natural Gas 
Policy Act of 1978 (PL 95-621) -- go a long way toward fostering a climate i n  
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D, 6, Possible Economic Impacts o f  the  Nat ional  Energy Act (November 1978) 
' On the Susanvi l le  Geothermal Energy System (cont.  ) 

Proposed Amendments t o  PL 93-410 Loan Guarantee Program 

a. Author ize SBA, REA, HUD, and Farmers Home Admin is t ra t ion 
t o  make geothermal loan guarantees. 

b. Author ize guarantees f o r  90% o f  p ro jec t  costs ( r a t h e r  
than the  cur ren t  75%) f o r  publicly-owned bodies 
(mun ic ipa l i t i es  and cooperatives) and f o r  small business 

concerns. 

Proposed Amendments t o  Nat ional  Energy Conservation P o l i t y  Act 

a. Include geothermal space heat ing i n  grants,  secondary 
f inancing, and loan insurance programs. 

b. Inc lude geothermal i n  programs f o r  grants t o  hospi ta ls ,  
schools, government bu i ld ings,  and pub l i c  care f a c i l i t i e s .  

c. Author ize increase i n  HUD and Farmers Home Admin is t ra t ion 

loan l i m i t s  f o r  geothermal heat ing and coo l ing  equipment. 
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E. APPLICATION PLANNING 

The best procedure toward development o f  the Susanvil l e  Geothermal 
Energy System i s  t o  demonstrate the v i a b i l i t y  o f  the resource and concept 
by designing, constructing and t e s t i n g  the f i r s t  module o f  an integrated 
system (Figure E-1). 
f o r  development o f  the Public Bui ldings Energy System, i n i t i a l l y  r e t r o f i t t i n g  
17 bui ld ings f o r  geothermal heating, and (2) a concurrent comnercial/private 
development o f  a Park o f  Comnerce, i n i t i a l l y  providing an augmented geothermal 
energy system f o r  the f i r s t  increment o f  the integrated meat production p lan t  
and f i v e  acres o f  greenhouse. 

It would consist  o f  two elements: (1)  a f i e l d  experiment 

Funding f o r  these elements would come f rom d i f f e r e n t  sources. The f i e l d  
experiment module i s  the cornerstone o f  the system. D e f i n i t i o n  and development 
o f  the resource during the f i e l d  experiment great ly  reduces the unknowns and 
r i s k s  involved. Because o f  concern over uncertaint ies, i t  i s  f e l t  t h a t  Federal 
involvement during t h i s  phase o f  development i s  warranted. 
has proposed t o  the U. S. Department o f  Energy t h a t  they pa r t i c i pa te  j o i n t l y  
w i th  the City i n  the f i e l d  experiment on a cost shared basis (WE PON ET-78-N-03- 
2047). The City and the Department o f  Energy are cu r ren t l y  negot iat ing a contract  
t o  t h i s  end. As soon as the r i s k s  are minimized and the resource proven adequate, 
private/comnercial developers w i  11 be encouraged t o  begin implementation of the 
Park o f  Comnerce, financed separately. Also, as soon as any p a r t  o f  the system 
i s  operational and revenue i s  generated, the problems of obtaining p r i va te  
f inancing f o r  expansion are minimized considerably. Options f o r  methods o f  
f inancing are discussed i n  Section F. 

The City o f  Susanvi l le 

Figure E-2 depicts the design, construction, and i n s t a l l a t i o n  schedule 
recomnended. If the f i e l d  experiment i s  i n i t i a t e d  i n  1979, i n  less than three 
years a f t e r  s t a r t  date Susanvi l le could have an integrated energy system 
serv ic ing 17 publ ic  bui ldings, f i v e  acres o f  greenhouse, and a meat production 
f a c i l i t y .  
and publ ic  f inancing f o r  system expansion, and the system could be generating 

revenue f o r  payback, expansion, and other c m u n i t y  projects. Given successful 
we l l  d r i l l i n g  and indicat ions tha t  the system module i n s t a l l a t i o n  i s  proceeding 
on schedule, t h i s  a c t i v i t y  could begin even sooner. 

By the end o f  1981, they could be successful ly negot iat ing f o r  p r i va te  
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F. U.S. BUREAU OF RECLAM TION DR N SUSANVILLE LLING PROGRAM 

passed. Under I n  1974 Pub l ic  Law 94-156 was t h i s  law, Congress can 

author ize the  Bureau o f  Reclamation t o  engage i n  a comprehensive resource 
analys is  f o r  the e x p l i c i t  b e n e f i t  o f  a community. 

The City o f  Susanvi l le  requested t h a t  the U.S. Bureau o f  Reclamation 

(BuRec) a i d  i n  de f i n ing  the resource i n  and around the City. 

ava i l ab le  by Congress and the  work began i n  1975. Since t h a t  time, numerous 

temperature grad ien t  and t e s t  holes have been d r i l l e d  searching f o r  the  h o t t e s t  
temperatures and the boundaries o f  t h e  reservo i r .  The puzzle pieces are begin- 
n ing t o  fit together and, a t  t h i s  w r i t i n g ,  add i t iona l  t e s t  holes are being 

d r i l l e d  i n  order t o  f i l l  i n  in format ional  gaps and t e s t  the hypotheses already 
formulated from e x i s t i n g  data. BuRec plans t o  f i n i s h  these t e s t  holes i n  May. 
Lawrence Berkeley Laboratory (LBL) has been performing pump t e s t s  and moni tor ing 
w e l l s  i n  Susanv i l le  s ince e a r l y  December and w i l l  a s s i s t  the BuRec i n  i n t e r p r e t i n g  

the data. I f  more t e s t  holes are needed, i t  w i l l  become ev ident  a t  t h i s  time. 

If  not,  a coherent hypothesis o f  the  rese rvo i r  w i l l  be ava i l ab le  about 1 June 1979. 

Funds were made 

It w i l l  be h e l p f u l  t o  the reader t o  r e f e r  t o  the  map on t h e  page fo l l ow ing  
t h i s  d iscuss ion (page 98 ) .  I t  i s  d iv ided roughly i n t o  three geographic areas. 

These areas group e x i s t i n g  wel ls ,  t e s t  holes, and temperature grad ien t  holes i n t o  
what are be l ieved now t o  be r e l a t e d  temperatures and sources. 
approximate 1 o c a t i  ons o f  cur ren t  t e s t  ho le  d r i  11 i n g  . 
what are be l ieved t o  be f a u l t  blocks. 

C i r c les  represent 
The heavy 1 i nes represent 

They are a t  d i f f e r e n t  e levat ions between 
the  wel ls ,  from west t o  east. 
i n  rock along which adjacent rock surfaces are  d i f f e r e n t i a l l y  displaced. The 

hypothesized f a u l t  b locks c o r r e l a t e  w e l l  w i t h  what i s  known about geology i n  
t h i s  reg ion and f o l l o w  the t rend o f  f a u l t  pa t te rns  known t o  e x i s t  there. It i s  
poss ib le  t h a t  these f a u l t  b locks are  n o t  impermeable and there  may be some CM- 

munication between these th ree  areas. 

Fau l t  b locks are  rock masses bounded by f rac tu res  

There are th ree  poss ib le  sources o f  Susanv i l le ' s  subsurface ho t  water. 
I t  could e x i s t  because underground water i s  c i r c u l a t i n g  w i t h i n  a f a u l t  zone, o r  
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F, U.S.  Bureau o f  Reclamation D r i l l i n g  Program i n  Susanvi l le (cont.)  

there could be a res idual  magma heat source under Susanvi l le t h a t  i s  heat ing 
the water, 
the no r th  o f  Susanvi l le i s  an aqu i fe r  t h a t  i s  f lowing hot water i n t o  the 
Susanvi l le area. 
r e f u t e  t h i s  theory. 
t e s t  holes, t h a t  would i n d i c a t e  t h a t  water might be f lowing i n  from the north.  
If the water t o  the  no r th  seems cooler,  i t  would i n d i c a t e  t h a t  there i s  c losure 
and one o f  the other reasons f o r  t he  hot  water i s  probable. 

But the most l i k e l y  reason i s  now thought t o  be t h a t  somewhere t o  

The BuRec's new t e s t  holes, t o  the north,  should support or  
I f  the holes i n d i c a t e  h o t t e r  temperatures than previous 

The f l o w  o f  hot  water from the no r th  i n t o  Susanvi l le  has very p o s i t i v e  
use system and i t s  economics. impl icat ions f o r  a d i r e c t  

1. I f  the f l ow  
i s  no t  a problem and l i f e  

s constant ly  rep len 
o f  t h e  system could 

shing, deplet ion o f  the rese rvo i r  
exceed 30 years. 

2. I f  the h o t  water i s  f lowing i n ,  conceivably the temperature of 
the resource could increase w i t h  pumping as stagnant water i s  removed. 

3 .  I f  the rese rvo i r  i s  constant ly  replenishing, subsidence would not  
be a problem. Indeed, i n j e c t i o n  o f  the f l u i d  would no t  be necessary (o r  even 

des i rab le) .  The q u a l i t y  o f  the' water i s  so good (500-600 pa r t s  per m i l l i o n  
dissolved s o l i d s )  t h a t  i t  could be sold f o r  i r r i g a t i n g  the a r i d  farmland 
surrounding Susanvil l e .  

4. I f  the h o t t e s t  water i s  t o  the north,  there are more p o s s i b i l i t i e s  
f o r  d r i l l i n g  on land already owned by the City. 

included i n  the f i r s t  module would be shorter,  hence less cos t l y .  
P ipe l ines t o  the pub l i c  bu i l d ings  

Recent pump t e s t s  i n  the Susanvi l le  area p o i n t  t o  b e t t e r  permeabi l i ty  than 
o r i g i n a l l y  predicted. 
w e l l  w i thout  a f f e c t i n g  other we l l s  i n  the general area. 

mean fewer we l l s  needed f o r  the system. 

I t  may be poss ib le  t o  pump as much as 1000 gpm from one 
The greater  f low ra tes  
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F, U.S. Bureau o f  Reclamation D r i l l i n g  Program i n  Susanvi l le  (cont . )  

Par t  o f  t h e  i n t r i g u e  and fac ina t i on  (and exasperation) w i t h  working i n  

geothermal energy i s  t r y i n g  t o  f i n d  out  what, indeed, i s  under the ground where 

the human eye cannot venture. Susanvi l le  i s  on the b r i n k  o f  t h i s  d isc losure.  
The t e s t  holes are, no doubt, approved and i n  progress. I t  i s  u n l i k e l y  t h a t  

these holes w i l l  n o t  add much t o  our present knowledge. The d r i l l i n g  r e s u l t s  
w i l l  he lp  t o  e i t h e r  de l ineate c losure on the temperature contours already ob- 
ta ined (and on t h a t  basis LBL w i l l  be able t o  p r e d i c t  temperatures and f low 
r a t e s  t h a t  w i l l  be possible),  o r  the d r i l l i n g  r e s u l t s  w i l l  i nd i ca te  h o t t e r  
temperatures t o  the n o r t h  and ho t  water f low ing  i n t o  Susanvi l le.  By 1 June 

1979, we w i l l  know t h a t  answer. 
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G. INSTITUTIONAL CONSIDERATIONS BEARING ON ACCEPTANCE AND IMPLEMENTATION 
OF GEOTHERMAL ENERGY USE I N  SUSANVILLE 

An informal random survey o f  Susanvi l le c i t i z e n s  and o f f i c i a l s  conducted 

i n  the summer o f  1978 pointed t o  the fo l l ow ing :  

a. 

from special  i n t e r e s t  groups o r  o ther  c i t i z e n  fact ions.  

The community’s a t t i t u d e  i s  p o s i t i v e  - no problems an t i c ipa ted  

b.  Local pe rm i t t i ng  i s  s t ra ight - forward and i t  i s  expected t h a t  

Lassen County w i l l  handle pe rm i t t i ng  as expedi t ious ly  as i t  has i n  the past. 

c. 
system are under the con t ro l  o f  the City and County. 

A l l  r i g h t s  o f  way f o r  the f i r s t  module o f  the proposed energy 

d .  Previous environmental impact work ind icates no problem o r  
c o n f l i c t  w i t h  proposed energy system. 

e. There are no known i n s t i t u t i o n a l  impediments t o  implementation 
a t  t h i s  time. 

1. I n s t i t u t i o n a l  Development 

The successful development and use o f  geothermal energy f o r  the 
inhabi tants  o f  d’-comnunity i s  c r i t i c a l l y  dependent upon the object ives and 
r e s t r i c t i o n s  establ ished by or found inherent  i n  t h a t  comnunity. 

The City o f  Susanvi l le  i n i t i a t e d  plans f o r  geothermal development by 
es tab l i sh ing  two p r i n c i p a l  ob ject ives.  These have remained unchanged since e a r l y  
1974, and have been re-emphasized by City o f f i c i a l s  i n  recent conferences on t h i s  
P ro jec t  . 

0 TO DEVELOP new j o b  oppor tun i t i es  i n  the p r i v a t e  employment sectors. 

.TO DEVELOP a l t e r n a t e  sources o f  revenue i n  l i e u  o f  f u r t h e r  

increases i n  r e s i d e n t i a l  taxes. 
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G, 1, I n s t i t u t i o n a l  Development (cont.)  

A t  the same time, two r e s t r i c t i o n s  were a i d  down. 

The development and u t i l i z a t i o n  o f  the geothermal energy f o r  

the b e n e f i t  o f  the community must be under the l o c a l  con t ro l  
o f  the c i t i z e n s  and t h e i r  e lected o f f i c i a l s .  

.The r e l a t i v e l y  high l o c a l  tax ra te ,  narrow tax  base ( l a r g e l y  
r e s i d e n t i a l )  and low assessed value o f  the City combine t o  
preclude using the General Fund, (taxes) o r  General Ob l i ga t i on  
Bonds as a means o f  primary o r  secondary se rv i c ing  o f  P ro jec t  
f inancing. 

These object ives and r e s t r i c t i o n s  c l e a r l y  1 i m i  t opt ions f o r  approaches 

t o  so lu t i ons  t o  the community's problems and have requi red considerat ion o f  sources 
of f inanc ing outs ide o f  the community. 
the P ro jec t  l e d  the City t o  explore f inanc ing through State and Federal agencies. 

J u s t i f i c a t i o n  f o r  Federal assistance requi red d e f i n i t i o n  o f  how many "Susanvi l les" 
could poss ib ly  b e n e f i t  from a prototype p ro jec t .  A study o f  p o t e n t i a l  communities 
i nd i ca ted  the p o s s i b i l i t y  o f  160 "Susanvi l les" i n  the t h i r t e e n  Western States 
(discussed i n  Section E). 

Consequently, the prototype aspects o f  

2. Candidate Structures 

Options f o r  i n s t i t u t i o n a l  s t ruc tu res  f o r  implementation and operat ion 
were invest igated. The opt ions were constrained by the prev ious ly  s ta ted object ives 
and r e s t r i c t i o n s ,  and were evaluated f o r  effect iveness, degree o f  l o c a l  con t ro l ,  
l e g a l i t y ,  p r a c t i c a b i l i t y  o f  f inancing, and revenue generation and f l o w  t o  the 
community. 

The primary candidate i n s t i t u t i o n a l  s t ruc tu res  f o r  implementation o f  
the Susanvi 11 e Geothermal Energy Sys tern are: 

C i  ty-County Energy Department f o r  government grant o r  cont ract .  
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G ,  2, Candidate Structures (cont . ) 

Non-Profi t  Corporation - p lus - P r i va te  Developer w i t h  C i t y  

buy-out through lease-purchase agreement f o r  a c q u i s i t i o n  of 
the p r i v a t e  equi ty .  This w i l l  permit  use o f  geothermal loan 
guarantee program - plus - comnercial/revenue bond f inanc ing 
f o r  the long term. 

@Cornuni ty  c o n t r o l l e d  municipal u t i l i t y  d i s t r i c t  when con- 

vent ional  u t i l i t y  operations, i nc lud ing  expansion without 
the GLGP, are warranted. 

These options could be separate o r  used i n  a ser ies as the system developes. 

3. Extensive Search fo r  Financing 

The City has been fo r tuna te  t o  be able t o  depend upon the BuRec 
t o  continue t o  perform the h igh r i s k  resource exp lo ra t i on  under PL 94-156. 
However, as i nd i ca ted  before, the f inanc ing of the implementation of the energy 
system has been d i f f i c u l t  t o  def ine and obtain.  The City and i t s  i ndus t r y  
associates have conducted an extensive search f o r  t h i s  p r o j e c t  f inancing. 

Options s t i l l  under considerat ion include: 

* A  p r i v a t e  developer agreement w i t h  the City f o r  commercial 

development o f  t he  Park o f  Commerce, once the resource i s  proven. 

Bank f inancing p lus long-term f inancing through revenue bonds 
p lus geothermal loan guarantee program f o r  t he  major elements 
of the development. 

Technical Assistance funding from the  C a l i f o r n i a  Department of 
Housing and Community Devel opment and U .  S .  Economic Devel opment 
Agency. 

Municipal F a c i l i t i e s  Grant f o r  a p o r t i o n  o f  the Park o f  Commerce 

from the Farmers Home Administrat ion and poss ib ly  s i m i l a r  addi- 
t i o n a l  support from the Economic Development Agency. 
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G ,  3 ,  Extensive Search f o r  Financing (cont.) 

Resource acquisition support from California  Energy 
Commission. 

. A  cost-shared development of an energy system module w i t h  
the U . S .  Department of Energy. 

A major development i n  th is  area has been the agreement between the 
City and the Carson Development Co. of Sacramento for  the development of the Park 
of Comnerce. Carson has been assist ing the City i n  resource rights acquisition and 
planning for the Park development. This development i s  contingent upon the defini- 
tion of the Susanville Reservoir. This i s  a key element of  the City's proposa'l 
for a PON project. 

The GLGP,  as currently structured, has imposed two additional 
res t r ic t ions on small communities who desire a degree of local control. 

a. A municipality has had an effective interest  differential  on 
taxable borrowings -- this has recently been accounted for i n  the new amendment 
t o  the GLGP under P.L. 95-238. 

b. Under the GLGP,  any proceeds/profit earned by the lender 
must be taxable. The conventional non-taxable municipal or general o b l i g a t i o n  
or revenue bond issued by a municipal government will no t  qualify for a guaranty. 
NOTE: The issue of taxabili ty is decided by the IRS, and the taxes are paid by 
the lender. 
of Montreal believe that a c i ty  cannot. direct ly  issue G.O. or revenue bonds and 
qual i fy  for a guaranty. 

unique nonprofit corporate (NPC) structure for  the City of Burbank and adapted 
this structure for  Susanville and other small c i t i e s  i n  California. Dean Witter 
& Co. subsequently proposed to the City, offering financial advice and expressing 
interest  i n  underwri t ing taxable revenue bonds for  the City's project. 

Financial insti tutions such as the Bank of America, UCB,  and the Bank 

In response to  this  s i tuat ion,  the Dean Witter & Co. developed a 
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G, 3, Extensive Search f o r  Financing (cont.)  

A reasonable s ized energy system, financed using the GLGP, requires 

p r i v a t e  investment p a r t i c i p a t i o n  i n  the  25% l o c a l  equi ty .  A l l  f i n a n c i a l  e n t i t i e s  

have recommended t h a t  the City search f o r  such p r i v a t e  p a r t i c i p a t i o n  f o r  t h i s  
approach t o  funding the Pro ject .  

A government grant  would obviate o r  reduce the need f o r  such p r i v a t e  

p a r t i c i p a t i o n  and enable the City t o  r e t a i n  a commensurate higher degree of l o c a l  
con t ro l  w i t h i n  the community. 
vate p a r t i c i p a t i o n  w i l l  be necessary, e i t h e r  through revenue bonds o r  another 
f inanc ing mechanism. 

Eventual ly, the government w i l l  p u l l  out  and p r i -  

A non-prof i t  corporat ion,  s p e c i a l l y  structured, can q u a l i f y  t o  issue 
taxable revenue bonds. 
by Dean Wi t te r  & Co. on t h i s  matter.  
ment o r  other sub-ent i ty  o f  the City, the  County, or  a J o i n t  Power Agency of both. 
This requi res t h a t  the Board of D i rec to rs  contain representat ion of, say, the 
e lec to ra te  ( l o c a l  c i t i z e n s )  as w e l l  as from the  City Council and the County 
Board o f  Supervisors. 
GLGP guaranties and s t i l l  maintain s i g n i f i c a n t  l o c a l  con t ro l .  

Informal op in ion from q u a l i f i e d  bond counsel was obtained 
This NPC must no t  be deemed t o  be a depart- 

Through t h i s  special  s t ructure,  c i t i e s  could q u a l i f y  f o r  

Informal response from the Attorney General I s  o f f i c e ,  the 
L e g i s l a t i v e  Counsel and the  PUC s t a f f  i nd i ca ted  t h a t  the State Cons t i t u t i on  
and l e g a l  precedence author izes a General Law c i t y  such as Susanvi 1 l e  t o  

f u r n i s h  heat, l i g h t ,  and power t a  i t s  inhabi tants  (and those i n  the v i c i n i t y ) .  
Local p r i c i n g  con t ro l  i s  re ta ined  i n  the community provided energy i s  not  
t ransmi t ted and s o l d  i n t e r -  o r  i n t r a - s t a t e  t o  other  communities. 

4. City Geothermal Po l i cy  Revisions 

Through discussions wi th c i t i z e n s  and r e p o r t i n g  through the 
media, i t  has become obvious t h a t  the ever growing cost  o f  home heat ing has 
become a c r i s i s .  Of note, s i n g l e  fam i l y  residence heat ing b i l l s  have 
exceeded $300 per month. This c r i s i s  was brought before the CA PUC and County 
o f f i c i a l s ,  and a " s t r i k e "  was waged against  the u t i l i t y  company by the community 
o f  Westwood, near Susanvi l le.  
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G ,  4, City Geothermal Policy Revisions (cont . ) 

In order to  address this ssue and i t s  poss ble impact on future 
changes in priority o f  application f o r  the energy system, the Planning Commission 
was requested t o  review the Ci ty ' s  Geothermal Policy for possible amendment 
to  address residential heating and priori t i e s  for pipeline routing. The 
Commission took the position t h a t  residential heating should be given emphasis 
b u t  only when i t  is economically feasible. 
s t ree ts  and alleys rather than  under the sidewalks. These and other refinements 
were recommended by the Commission t o  the Council. A revised Policy was adopted 
by the Council in May 1978. 

Pipelines are t o  be placed in the 

5. City and County Regulatory Documentation 

The City's regulations for environmental review and for  zoning, and 
the Overall Economic Development Plan for  Lassen County have been obtained and 
are  avai 1 ab1 e for  review. These annual reports contain elements descri bi ng the 
City's Geothermal Project. Such documentation, along with the required pub1 i c  
participation, are formulated under EDA guidelines and are required in order to 
qual i fy for  EDA grants. 

I n  summary, the local permitting process will include the following 

. I f  the Project i s ,  a t  least  i n  part ,  financed through DOE PON 
Or GLGP f i nanci ng , the C i  ty Environmental Review Comni t t ee  ( E R C )  
w i  11 review the DOE environmental assessment for  compl iance wi t h  
State and 1 oca1 requirements. 

elements: 

0 I f  no Federal funding or  guaranty i s  involved (highly improbable), 
the ERC must review the Project t o  determine i f  a Draft EIR i s  
required. 
and submitted for  review i n  accordance w i t h  the City's Procedures. 

I f  required, and EIR will be prepared by the Project 

The engineering and systems layout and r e t r o f i t  plans will be 
reveiwed by the Planning Comnission and approved by the Council. 
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G, 5, City and County Regulatory Documentation (cont.) 

A l l  p i p e l i n e  r o u t i n g  i s  on City property ( w i t h  a small p o r t i o n  
t h a t  can a1 t e r n a t e l y  be routed over p r i v a t e  property) ,  hence 

pe rm i t t i ng  w i l l  occur through the City (and any p r i v a t e  e n t i t i e s  

i nvol ved) . 
0 The County w i l l  be responsible, through b u i l d i n g  permits, f o r  

,. 

r egu la t i ng  the hookup o f  the candidate County f a c i l i t i e s .  

Beyond BuRec exp lo ra t i on  a c t i v i t i e s ,  the County w i  11 be 
responsible f o r  p e r m i t t i n g  of geothermal we l l s .  
a c t i v i t i e s ,  i nc lud ing  temperature gradient  holes bu t  sho r t  of 
geothermal wel ls,  have been approved i n  Wendel on the basis of a 

negative dec larat ion.  
be approved w i t h  special  a t t e n t i o n  t o  preclude o r  accommodate 
in ter ference,  if  any, w i t h  e x i s t i n g  water we l l s  i n  the area. 

Geothermal product ion and i n j e c t i o n  we l l s  must be permit ted 

Explorat ion 

Production and i n j e c t i o n  wel ls  must 

through the C a l i f o r n i a  D i v i s i o n  o f  O i l  and Gas under C a l i f o r n i a  
Geothermal regulat ions.  Review by o the r  State agencies f o r  non- 
e l e c t r i c  app l i ca t i ons  i s  coordinated by the C a l i f o r n i a  Geothermal 
Resources Board. 
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H. TECHNOLOGY TRANSFER 

The t r a n s f e r a b i l i t y  o f  t he  technology of heat pumps as appl ied t o  low 

temperature hydrothermal resources has been assessed f o r  twelve communities i n  
the Western U.S. Based upon these representat ive communities, i t  has been e s t i -  

mated t h a t  such apprec iat ion could be considered f o r  about 70% o f  the hydrothermal 
s i t e s  i n  the U.S. (approximately 160 s i t e s  according t o  the Nat ional  Geophysical 
and Solar  T e r r e s t r i a l  Data Center). 

The greatest  degree o f  t r a n s f e r a b i l i t y  o f  the heat pump technology w i l l  
occur i n  communities t h a t  can p lan f o r  a reasonable degree o f  cascading. Current 
s tud ies a re  cons is ten t l y  p o i n t i n g  t o  the desi r a b i  1 i t y  o f  cascading f o r  greater 
load u t i  1 i z a t i o n  fac to rs  and improved economics. 

I n  a d d i t i o n  t o  improved load  u t i l i z a t i o n ,  a number of o the r  fac to rs  
are important i n  cascaded hydrothermal appl icat ions:  

Theore t i ca l l y ,  the m u l t i p l e  users required f o r  cascading can 
ob ta in  low-cost f inancing through conventional economic/rural 
development sources when sponsored by a community. 

Competent business managers consider ing new loca t i ons  f o r  branch 
p lan ts  des i re  the labor  base and services t h a t  on ly  a comnunity 
can o f f e r .  

 maximum load u t i l i z a t i o n  and an establ ished base heat ing load are 

most r e a d i l y  a v a i l a b l e  from the greater  densi ty  o f  housing and 

commercial f a c i l i t i e s  i n  a community, espec ia l l y  when combined 
w i t h  an agri-business park. 

Geothermal resources can be inexpensively explored by a comnunity 

under PL94-156. Requests should be made d i r e c t l y  t o  the U.S. Bureau 
of Reclamation. 

1. Candidate S i tes  

As a representat ive group, twelve candidate s i t e s  were selected f o r  

evaluat ion o f  t r a n s f e r a b i l i t y  o f  t he  heat pump technology. 

on the basis o f  knowledge o f  s i t e s  c u r r e n t l y  under a c t i v e  considerat ion f o r  geo- 

thermal developments. The Susanvi l le p r o j e c t  has been included as a basel ine. 
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hav 

i c a t  

Two parametr ic c r i t e r i a  have been used t o  assess the p o t e n t i a l  

on o f  the heat pump t o  each of the s i t e s .  The c r i t e r i a  are: 

a. The heat pump can be app l ied  f o r  space heat ing t o  a s i t e  

ng a geothermal f l u i d  temperature o f  165"F, (74°C)  o r  less.  

b. The heat pump can be app l ied  t o  a s i t e  f o r  process energy 
t h a t  requi res 23OoF, ( 1 1 0 ° C )  o r  less.  

It should be noted t h a t  i n  m u l t i p l e  app l i ca t i on  s i t e s ,  there may be 
an economic t rade-o f f  f o r  heat pumping a cascaded f l u i d  between c e r t a i n  appl ica- 

t i o n s  i n  l i e u  o f  d r i l l i n g  add i t i ona l  we l ls .  
analysis.  This would expand the number o f  p o t e n t i a l  s i t e s .  

This requi res a s i t e - s p e c i f i c  

The candidate s i t e s  a re  as fo l lows:  

*Boise, ID - A l a r g e  b u i l d i n g  complex heat ing d i s t r i c t * .  

Br idgeport ,  CA - A p o t e n t i a l  agri-business park and heat- 
d i s t r i c t  f o r  S ta te  and l o c a l  pub l i c  f a c i l i t i e s .  

Desert Hot Springs, CA - A p o t e n t i a l  agri-business park 
and heat ing d i s t r i c t .  

OEdgemont, SD - A heat ing d i s t r i c t .  

~ K e l l e y  Hot Springs, CA - A planned p r i v a t e  agri-business park. 

0 Klamath Fal ls ,  OR - Heating d i s t r i c t s  and i n d u s t r i a l  park. 

~ L a k e p o r t ,  CA - A p o t e n t i a l  agri-business park. 

*Lakeview, OR - A planned p r i v a t e  agri-business park. 

~Mamnoth Lakes, CA - A heat ing d i s t r i c t .  

*Mountain Home, ID - A p o t e n t i a l  agri-business park. 

* " D i s t r i c t "  does n o t  necessar i ly  designate a "special  d i s t r i c t "  i n  the l o c a l  
governmental sense. 
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H ,  1 ,  Candidate Sites (cont.) 

*Northeast Oregon Geothermal Project - A master p lan  for  
geothermal developments i n  Union and Baker Counties, Oregon, 
(heating d i s t r i c t s  and agri-business parks) .  

0 Susanville, CA - A municipal heating d i s t r i c t  and agri-business 
pa rk ,  the baseline s i t e .  

Each s i t e  has been evaluated as t o  the degree of matur 
engineering and economic p l a n n i n g  required to make an assessment of 

n 
appl i ca- 

tion of the heat pump technology t o  the s i t e .  
a PRDA, a PON application has been prepared, or another similar level of study 
ef for t  has been conducted, then the s i t e  has been considered t o  be ready for  
assessing the application of the heat pump. 
s i te for the heat pump was conducted independent of the assessments of application 
t o  space heating or to process energy. 

I f  a s i t e  has been evaluated under 

The evaluation of readiness of the 

Table H-1 lists the candidate s i t e s  and the published temperature 
or temperatures of geothermal fluids t h a t  flow (or are projected t o  flow) from 
the primary source or  sources a t  each s i t e .  
the su i tab i l i ty  o f  heat pump application for  space heating and for  process energy 
is indicated by a "+" or ''-'I as appropriate. 
seen that  about  70% of the s i t e s  can be considered for  heat pump application and 
are ready for  s u c h  assessment. Based on this, it can be generalized that heat 
pumps should be evaluated for a large percentage o f  hydrothermal s i t e s  i n  the U. S. 

Using the aforementioned c r i t e r i a ,  

In reviewing Table H - 1 ,  i t  can be 

2. Potential Impediments 

There are potential limitations i n  t ransferrabi l i ty  -- some of 
which are  related t o  hydrothermal resource ut i l izat ion i n  general. However, 
some of these general limitations directly affect  the ab i l i t y  to define a firm 
market for  the higher technology and capital intensity of a heat-pumped energy 
system. Some of the more important limitations are summarized as follows: 
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H ,  2 ,  Potential Impediments (cont.) 

Typical "geothermal" communi ties are  small (.~5000 population) 
w i t h  a corresponding 1 imited assessed value and bonding 
capacity ; they cannot risk general funds  for speculative 
leasing prior to exploration and thereby are  i n  a non- 
competitive position w i t h  "outside" private speculators. A 
community cannot directly uti1 ize the Geothermal Loan Guaranty 
Program (GLGP). Such ut i l izat ion by a community requires a 
special, undemonstrated insti tutional structure. 

.There is a lack of pr ic ing policy and precedent for  direct  
ut i l izat ion.  
heat pump. 

T h i s  directly affects market definition for  the 

Fending clar i f icat ion and definit ive regulations for  the 1978 
National Energy Act, incentives for  attracting private capital 
for  exploration and product development for  hydrothermal re- 
sources have been less than those for  competing natural resource 
development. 
this si tuation. 

Hopefully, the National Energy Act will improve 

There is  a disparity of definit ion o f  hydrothermal resources 
from state-to-state and a coincident disparity i n  tax laws a t  
bo th  the State and Federal levels. 
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Table H-1 
Potent ia l  Technology Transfer Assessment 

Candidate Si tes 

Boise, Idaho 

Bridgeport , Cal i f o r n i  a 
n 

Desert Hot Springs, Ca l i f o rn ia  

Edgemont, South Dakota 

Kel ley Hot Springs, Ca l i fo rn ia  

Klamath Fal ls ,  Oregon 

-1 
d 

0 

Lakeport, Ca l i fo rn ia  

Mammoth Lakes, Ca l i fo rn ia  

Mountain Home, Idaho 

Northeast Oregon Geothermal Project, La Grande, 0. 

Susanvi 1 1 e, Cal i f o r n i  a 

Approximate 
Geothermal F lu id  
Temperature O F  

165 

120-1 50 

150-180 

127 

240 

70-230 

90-1 30 

340 

260-350 

90-240 

150 

Heat Pump 
Appl icat ion 

Space Process 
Heat 

- 
\ 

+ 
+ 
+ 
- 
t 

+ 
- 
- 
+ 
+ 

(67%) 

Energy 

+ 
+ 
+ 
+ 
- 
t 

+ 
- 

- 
+ 
+ 

(75%) 

Status o f  
Pro ject  f o r  
Assessment 

+ 
- 
+ 
+ 
t 

t. 

- 
t 

+ 
- 
+ 

(67%) 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 
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APPENDIX A 

CANDIDATE PUBLIC BUILDINGS FOR 
CONVERSION TO GEOTHERMAL 
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TABLE I 

SumARY OF CANDIDATE PUBLIC BUILDING CONVERSIONS 

Lassen Memorial Hospt ia l  

Hosp i ta l  Warehouse 

Hosp i ta l  Annex 

County Heal th  Center 

County We1 f a r e  

County Shop 

Ci ty Shop 

Diamond View School 

City H a l l  

U.S. Post O f f i c e  

Masonic Temp1 e 

U.S. Forest  Serv ice 

County Court House 

City & County J a i l  

Washington School 

Lassen Union High School 

Lassen High School O f f i c e  

d 
d 

Square 
Feet 

16,000 

1,400 

12,500 

5,000 

18,800 

8,400 

4.1 00 

33,150 

5,700 

5 , 700 

6,800 

18,100 

22,000 

7,050 

11,600 

3,200 

To ta l  
Heat 
Load 

10  Btu-Hr 

2.03 

-12 

.95 

.3 

1.28 

.68 

.33 

1.95 

.52 

.32 

.36 

.61 

1.26 

1.24 

.50 

6.45 

.21 

6 

Geo 
Heat 
Load 

l o 6  Btu-Hr 

1.22 

.12 

.57 

.2 

.83 

.68 

.33 

1.17 

.31 

.19 

.22 

.40 

.76 

.74 

.3 

3.87 

.21 

F1 ow 
gpm 

102 

8 

49 

15 

32 

68 

16 

98 

20 

16 

18 

23 

63 

62 

25 

41 5 

14 

Conversion Process t o  Geothermal 

D i r e c t  connection t o  e x i s t i n g  h o t  water system (Fig. 1) 

New h o t  water f an  c o i l s  requ i red  (F ig .  1 ) 

Replace e x i s t i n g  rad ia to rs ;  h o t  a i r  o r  f i nned  convector op t i on  (F ig .  3) 

D i r e c t  connection t o  e x i s t i n g  h o t  water system (Fig. 1) 

Replace e x i s t i n g  rad ia to rs ;  h o t  a i r  o r  finned convector op t i on  (Fig. 3) 

Connect geo-water t o  e x i s t i n g  h o t  water system (Fig. 4)  

New h o t  water  f a n  c o i l s  requ i red  (Fig. 2) 

D i r e c t  connection t o  e x i s t i n g  h o t  water system (F ig.  4)  

Extensive mod i f i ca t i on  i n c l u d i n g  rep lac ing  r a d i a t o r s  were convectors (F ig .  5) 

D i r e c t  connection t o  e x i s t i n g  h o t  water system (F ig.  1 )  

D i r e c t  connection t o  e x i s t i n g  h o t  water system (F ig .  1 )  

Add h o t  water c o i l s  t o  e x i s t i n g  h o t  a i r  duc t i ng  (F ig .  6 )  

Replace evaporative coolers  w i t h  heat pump (F ig .  7) 

Add ho t  water c o i l s  t o  e x i s t i n g  ho t  a i r  duc t i ng  (F ig .  8 )  

Connect geo-water t o  e x i s t i n g  h o t  water system (F ig .  4)  

Heat pump (F ig.  9) o r  d i r e c t  geo-water opt ions (F ig .  10) 

Add h o t  water c o i l s  t o  e x i s t i n g  h o t  a i r  duct ing (F ig .  6) 



I-1.a & c Lassen Memorial Hospital and Emergency Addition 

Design Conditions 

Heat Load Hospital = 1,600,000 BTUH 
Heat Load Addition = 426,000 BTUH 
Total Heat Load = 2,026,000 BTUH 
Cooling Load Total = 631,000 BTUH 
Average Temp. Drop = 3OoF 
% Design Heat Load with Geothermal = 60% 
Design Geothermal Flow Rate 

Bui 1 ding Description 

This hospital was built in 1959 of frame and stucco construction. 

= 102 gpm 

The emergency facility is an add-on. The building has about 16,000 square 
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L .  

Heating i s  provided by a forced a5r hot water system. Hot water i s  

(heatjng coils).  Service hot water is produced i n  a hot water/service hot 

1 to October 15. 

water system (ACME Flow Cold: 

ndividual  un 



I i 

.b. Hospital Complex Warehous 

f cement block. I t  has approximately 



7- 

1 

1 I-1.d Hospital Annex (Old Hospital) 

! 

Design Conditions 

Heating Load = 950,000 BTUH 
Total Cooling Load = 55,000 BTUH 

% Design Heat Load w i t h  Geothermal = 60% 
Design Geothermal Flow Rate 

I Average Temperature Drop = 30°F 

= 49 gpm 

Bui ld ing  Description 

T h i s  bu i ld ing  is an older bui ld ing  w i t h  1 and 2 story frame and stucco 
construction. The hospital has 29 beds. The equipment room is located i n  a 
basement section. T h i s  room contains a single steam boiler used to  provide 
steam t o  older steam radiators located throughout  the bui ld ing .  The bui ld-  
i ng  has about 12,500 square feet  of space. 

I 



Heating System 

The basic system consists of a low pressure (9 psi, 235OF) steam 
boiler (National B47) and older steam radiators. Service hot water is pro- 

d by a steam/hot water heat exchanger located next to the boiler. The 
er operates on C-2 fuel oil. *. 

Cool i ng Sys tern 

The 4.6 tons o f  cooling in the building is provided by a total of 
eight window units manufactured by Chrysler. These units would not be 
rep1 aced. 

Conversion to Geothermal 

A totally new heating system should be considered for this building. 
Two candidate systems, shown in Figure 3, are forced air and new convectors. 
The forced air option would utilize the space afforded by the high ceilings 

ucts and would require installation of a new geo-waterjair coil 
existing equipment room. The new convector option would con- 

steam/H20 heat exchanger and replacement 
Id steam radiant heaters. The last option would most probably 

ovation required. 
utilized as re- 

sely require installation of 

I .  
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1-1 .e County Health Center i 
i 
1 

Design Conditions 

Heat Load = 300,000 BTUH 
Cooling Load = 228,000 BTUH 
Average Temperature Drop = 30°F 
% Design Heat Load w i t h  Geothermal = 65% 
Design Geothermal Flow Rate 

Bui 1 di ng Descri p t i o n  

T h i s  building was b u i l t  i n  1978 for use as a day care center for 

I 

1 
I 

, 

<= 15 gpm 

I 

~ 

I 

1 the county. I t  i s  single story w i t h  frame and stucco construction. T h i s  

I I building has about 5,040 square f ee t  of space. I t  is  located on a hillside 
above the current hospitals . 
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Heating System 

The bui 1 di ng i s  heated forced air hot water system. Hot water 
d hot water boiler (Jackson-Chruch SDF i s  heated in a oi l  

. C-2 fuel oi l  i s  u 
u 

Coo 1 i ng Sys tern 

Cooling is provided by a 19 ton Carrier system (Model 06EV022). No 

\ 



1-2 County We1 fare Bui 1 d i  ng 

i 

Design Conditions 

Heat Load = 1,280,000 BTUH 
Average Temperature Drop = 60°F 
% Design Load w i t h  Geothermal = 65% 
Geothermal Flow Rate = 32 gpm 

Bui 1 ding Description 

The Roosevelt building is an older two story concrete bui lding.  I t  
has approximately 18,800 square feet. The equipment room is i n  a basement. 
The current heating system is inadequate. Some areas of the bu i ld ing  are  
too hot  while others are too cold. 
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n the system by an old low pressure steam system 
ich are inoperative. The boiler is an 

is unknown. The boiler burns 

Cooling System 

None 

Conversion o f  Geo therma 1 

ally new heating system should be considered for this building. 
e systems, shown in Figure 3, are forced air and new convectors. 

The forced aSr option would utilize the space afforded by the high ceilings 
ducts and would require installation o f  a new geo-water/air coil 
existing equipment ro 

versely require installation of a 
The new convector option would con- 



1-3 County Shop Complex 

Design Conditions 

Heat Load = 680,000 BTUH 
Average Temperature Drop = 20°F 
% Design Load w i t h  Geothermal = 100% 
Geothermal Flow = 68 gpm 

Buid l ing  Description 

T h i s  insulated steel  frame bui ld ing  i s  used for maintenance on 
county vehicles. 
coils. The main shop area, w i t h  large floor t o  ceiling metal garage doors, 
is heated by a radiant floor system. The bu i ld ing  has approximately 8400 
square feet .  The current propane water heater is located i n  an equipment 
room a t  the rear of the bui lding.  

I t  has a few offices and storage rooms heated by fan 
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uilding heating system was desig 
onsists o f  a propane 

series o f  pipes emb 

fop geothermal water; 

shop concrete floor and to the 



1-4 City Shop 

Design Conditions 

Heat Load = 330,000 BTUH 
Average Temperature Drop = 4OoF 
% Design Heat Load with Geothermal = 100% 
Geothermal Flow Rate = 16 gpm 

This concrete block building i s  about one a l f  the s ize  of the county 
shop b u t  serves a similar purpose. The building i s  approximately 4100 
square feet .  
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1-6 Diamond View School 

Design Conditions 

Total Heat Load = 1,950,000 BTUH 
Average Temperature Drop = 30°F 
% Design Heat Load w i t h  Geothermal = 60% 
Geothermal Flow Rate = 98 gpm 

Bui 1 di  ng Descri ption 

T h i s  large (33,150 square feet)  elementary school is of modern frame 
construction and has large heated hallways and enclosed cluster areas. I t  
has a modern zonal heating system w i t h  thermostats i n  each classroom. The 
equipment room i s  located i n  the front cluster of rooms i n  a corner o f  
the Lassen Workroom. 
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Heating System i 
1 
i 

I The building is heated w i t h  a forced air  zonal hot  water system. 
A Burnam Ray hot water boiler is fired by C-2 fuel oi l .  
provides heat for servi 
heat exchanger. The ma 

T h i s  boiler also 
1 
I hot water by means of a hot water to  service water 

boiler i s  shutoff f rom June through August and 
ice hot water i s  supplied with a small electrica ter heater. The 

tern i s  designed for 185'F hot  water to  the heating coils. , 
~ 

Cooling System 

None 
I 
I 

eate some problems 
room is  located off 

I 



1I.A-1 City Hall and Annex 

Design Conditions 

Heat Load = 520,000 BTUH 

Average Temperature Drop = 4OoF 
% Design Heat Load w i t h  Geothermal = 60% 
Geothermal Flow Rate = 20 gpm 

Bui  1 ding Descri p t i  on 

T h i s  older concrete block bu i ld ing  houses the c i ty  offices, the c i ty  
council room, and the c i ty  police department. The bu i ld ing  has approxfmately 
5,700 square feet  i n  two stories. The equipment room is located i n  the 
basement. 
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The heating system i n  the bu i ld ing  was originally designed for radiant 
am heating. In 1950, i t  was converted to  a hot water system w i t h  the 
tallation o f  a US Radiator Co. (Model 25-7) hot water boiler. However, 

any of the steam radiators are s t i l l  used as terminal heating units. About 
% of the total  heating load is provided by electrical resistance heating i n  

system is designed to  operate w i t h  18OOF hot water. 

None 

Conversion t o  Geothermal 

The current heating system should be extensively modified, as shown i n  
5. The hot water (steam) radiators should be replaced w i t h  convective 

ould be improved by changing the 
and expansion t a n k  and by providing 

a duct for outside combustion air. 



II.A.2 U.S. Post Off ice 

Design Conditions 

Heat Load = 320,000 BTUH 

Cool ing Load = 240,000 BTUH 
Average Temperature Drop = 30°F 
% Design Heat Load with Geothermal = 60 
Geothermal Flow Rate = 

Building Description 

This cement block b u i l  
story plus a basement. The equipment room i s  i n  the basement. 
___ 

! 
i 
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II.A.3 Masonic Temple and Sanitat ion D i s t r i c t  Of f ice 

, 

Design Conditions 

Heat Load = 360,000 BTUH 
Average Temperature Drop = 30°F 
% Design Heat Load w i th  Geothermal = 60% 
Geothermal Flow Rate = 18 gpm 

Building Description 

This older (1924) cement block and cut stone bui ld ing i s  used as 
a meeting h a l l  and houses the sani ta t ion d i s t r i c t  of f ices.  
6800 square fee t  i n  two floors. 

It has approximately 

I 
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II.A.4 U.S. Forest Service 

Design Conditions 

Heat Load = 610,000 BTUH 
Average Temperature Drop = 4OoF 
% Design Heat Load Geothermal = 65% 
Geothermal Flow Rate = 23 gpm 

Bui 1 d i  ng Descri p t i  on 

T h i s  two story bu i ld ing  is constructed of cement block on the 
f i r s t  f loor ,  which is partly used for parking,  and i s  frame construction 
on the second f loor ,  which houses the offices. The to ta l  occupied building 
space is about 18,100. 
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II.A.7a County Courthouse 

Design Conditions 

Heat Load = 1,260,000 BTUH 
Average Temperature Drop = 3OoF 
% Design Heat Load Geothermal = 60% 
Geothermal Flow Rate = 63 gpm 

BuSlding Description 

T h i s  old three and one-half story uilding was constructed of 
cement block i n  1915.. I t  has a f 
feet. The equipment room is i n  t n t .  T h i s  room contains the old 
steam equipment which has been converted t o  a hot water system. 





City and County Jai l  

Design Conditions 

Heat Load = 1,240,000 BTUH 
Average Temperature Drop = 3OoF 
% Design Heat Load w i t h  Ge 
Geothermal Flow Rate = 62 

I 

This  single story bu i ld ing  houses the j a i l  fac i l i t i es  for both 
the ci ty  and the county and is  a modern structure b u i l t  around 1968 

ent block. The b u i l d i n g  has about 7050 square feet  of floor space. 

Heating System 

Heat is suppl ied t o  the bu i ld ing  by a forced a i r  hot water system. 
A Burnham hot water boiler burns C-2 fuel oi l .  T h i s  boiler runs a l l  year 

Cool i ng system 

d a i r  hot water Similar to  the Forest 



1I.A-8 Washington School 

I 

I 
Design Conditions 

Heat Load = 500,000 BTUH 
Average Temperature Drop = 3OoF 
% Design Heat Load w i t h  Geothermal = 60% 
Geothermal Flow Rate = 25 gpm 

Building Description 

This  elementary school was b u i l t  i n  1948 of concrete  and frame/ 

I 
I 

stucco construct ion.  The bu i ld in  conta ins  about 11,600 square feet i n  
one f l o o r .  The bui lding is being based out  as a school and is being 
considered f o r  use as pub l i c  o f f i c e s  f o r  the city or county. 

i 
i 
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1I.B-la Lassen Union High School 

FRONT VIEW 

REAR VIEW 

Design Condi t i  ons 

Heat Load = 6,540,000 BTUH 
Average Temperature Drop = 32°F 
% Design Heat Load with Geothermal = 50% 
Geothermal Flow Rate = 415 gpm 
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Bui 1 d i  ng Descr ip t ion 

This l a rge  h igh school complex consis ts  o f  seven major bu i ld ings .  
(Figure 11) 
U n i t  1 contains the  admin is t ra t ion  o f f i c e s  and classrooms and i s  a l a rge  
"V" shaped b u i l d i n g  fac ing  onto Main Street .  
conta in ing the  music center, student center, and the l i b r a r y .  
o f  t h i s  b u i l d i n g  i s  the  Boy's Gym. 
the Southwest corner o f  t h i s  bu i ld ing .  
U n i t  2 and i s  p r i m a r i l y  a classroom bu i ld ing .  To the l e f t  o f  U n i t  3 i s  the  
G i r l ' s  Gym (Un i t  4). To the r i g h t  i s  the auto, ag r i cu l tu re ,  and wood shops 
(Un i t  5). To the  r i g h t  o f  U n i t  1 i s  a classroom b u i l d i n g  (Un i t  6) which 
was the o r i g i n a l  h igh school bu i ld ing .  This b u i l d i n g  has i t s  own heating 
system. Next t o  U n i t  6 i s  a greenhouse which could a lso  be adapted t o  
geothermal. 

These bu i l d ings  are a l l  s i ng le  s to ry  frame and stucco construction. 

Behind t h i s  b u i l d i n g  i s  Un i t  2 
To the l e f t  

The heating p l a n t  equipment room i s  i n  
U n i t  3 i s  located r i g h t  behind 

Heating System 

Un i ts  1 through 5 and the  Boy's Gym are heated by the steam 
b o i l e r s  located i n  the Boy's Gym. 

Bo i le rs ,  Type C, which burn P300 f u e l  o i l  (C-3). Addit ional ly, the  Boy's 
Gym and t h e  Shop have d i r e c t  f i r e d  space heaters which burn C-2 f u e l  o i l .  
15 ps ig  steam produced on the b o i l e r  p l a n t  i s  p iped t o  Un i ts  1 through 5 
where i t  i s  heat exchanged w i t h  a r e c i r c u l a t i n g  ho t  water loop. The ho t  
water i s  used f o r  space heating e i t h e r  i n  the  heat ing c o i l s  i n  the forced 
a i r  systems or  w i t h  a small amount o f  modern convect ive baseboard heaters. 

The b o i l e r  room contains two Kewanee 

Service ho t  water for the  boys and g i r l s  showers i s  heated by 
steam c o i l s  i n  l a rge  ho t  water tanks. (940 gal lons i n  the boys gym.) 

Cooling System 

None 
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Conversion t o  Geothermal 

U t i l i z a t i o n  o f  a heat pump was discussed i n  d e t a i l  i n  Sect ion B w i t h  

schematic opt ions shown on pages 68 and 70. I n  add i t i on  t o  a heat pump, 

candidate conversion systems could u t i l i z e  the geo-water d i r e c t l y  i n  the 
e x i s t i n g  ho t  water system. 
u t i l i z e s  the  geo-water on ly  c i r c u l a t e d  through the cent ra l  equipment room 
wh i le  the  other  suppl ies geo-water t o  each bu i ld ing .  

Two such systems are shown i n  Figure 9; one 
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1I.B-lb Lassen Union High School District Office 

Design Conditions 

Heat Load = 210,000 BTUH 
Average Temperature Drop = 30°F 
% Design Heat Load w i t h  Geothermal = 100% 
Geothermal Flow Rate = 14 gpm 

Building Description 

The small frame building (3240 square f e e t )  is  located i n  the 
Southeast corner o f  the high school complex. 
w h i c h  is poorly insu la ted .  

I t  i s  a small office building 

Heating System 

This modern building i s  heated by two uni ta ry  forced a i r  d i r e c t  
f i r e d  heaters (Lennox 68). These heaters burn propane. 

Cool i ng Sys tern 

An evaporative cooler  mounted on the roof i s  used t o  provide cooling 
i n  the forced a i r  system. 

Conversion t o  Geothermal 

Hot water heating coils would be added t o  the forced a i r  ducting 
i n  this system. 
t o  t o t a l l y  remove the dependence on propane f o r  the building. 

The c o i l s  would be s ized  t o  handle the peak heat load 
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Figure  1 .  Candidate Approach f o r  Adaptation o f  Hot Water B o i l e r  Systems 
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FIGURE 2 
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FIGURE 3 

Candidate Approach - Hot Air 
And Finned Convector Options 
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FIGURE 4 

Candidate Approach - Geo-Water 
Connection t o  Exist ing System 
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FIGURE 5 

Candidate Approach - City H a l l  
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FIGURE 6 
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FIGURE 7 

Candidate Approach - Heat Pump 
I n s t a l l a t i o n  t o  County Court House 
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FIGURE 8 

Candidate Approach - Geo-Water 
Coil Addition to Air Duct 
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FIGURE 9 

18OOF TORRIVENTS - 1,400,000 BTUH 

Candidate Approach - Lassen Union High School 
Geothermal Heat Pump System 

15OOF 

95 gpm 
' 

- 6,540,000 BTUH - QTOTAL 

STANDBY 
BO1 LER 

SERVICE HOT WATER 
1,000,000 BTUH 

1 

I 1 

1 1 1 8 0 0 ~  1 - R T  160OF 
WALL CONVECTORS 
380,000 BTUH 38 gPm 

n 1 lOOF lOOOF 

I I I  
GEO - I N  CONDENSER 

1 a 0 F  6,540 ,OOG BTUH 415 gpm 
I I n 

b 
4 + EVAPORATOR 415 gPm t-! 

123OF 

GEO - OUT 5,530,000 BTUH 148OF 

Q = 3,760,000 BTUl 3- 
-50F 

145OF 
215 gpm 

RECIRCULATION PUMP 

150°F 
67gpm 

100 gym 
,520F 

154 



FIGURE 10 
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Candidate Approach - D i r e c t  Connection t o  
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APPENDIX B 

PRELIMINARY PARK OF COMMERCE DESIGN 
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1.0 GENERAL DESCRIPTION 

The Park of Comnerce (P .O .C . )  industries were selected a f t e r  a sur- 
vey by the Fred Longyear Company on companies which would be interested i n  
relocating or s ta r t ing  new businesses i n  Susanvil l e .  
were selected. A greenhouse operation producing potted plants and a hog 
and rabbit feed and meat production f ac i l i t y  producing meat products and 
animal by-products. A complete description and the energy requirements of 
these complexes is  presented i n  Section II.A.5. 

Two businesses 

2.0 BUILDING HEATING AND COOLING LOADS 

The industry survey defined the s ize  and types of buildings and 
greenhouses which would be used i n  the P.O.C. 
were used to calculate the heating and cooling loads for these structures.  
i n  Susanvi 1 1 e. 

Industry and ASHRAE data 

The greenhouse heating loads were calculated us ing  design data 
provided by the U.S. Department of Agriculture (Reference 12)  i n  conjunction 
w i t h  Susanville weather data. The total  heating load is a combination of 
conduction and inf i l t ra t ion  heat losses. The same climatologfical data 
used i n  the design o f  the public b u i l d i n g  systems applies (Section II.A.3). 
The  basic 1.25 acre module would have a design heat load o f  4.0 mil l ion 

BTUH . 

The heating and A/C loads for  the meat production f ac i l i t y  were 
calculated based on design data for  insulated steel  b u i l d i n g s .  
heated b u i l d i n g s  would have a total  design heat load between 2.0 and 
4.0 million BTUH depending on the ventilation requirements, and the 
number of windows and doors. The larger value was selected for  the 
system design. 

The six 
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3.0 PROCESS HEATING AND REFRIGERATION LOADS 

The greenhouse i n d u s t r y ' s  on ly  process heat ing load i s  f o r  s o i l  
s t e r i l i z a t i o n .  
because i t  assed t o  be small r e l a t i v e  t o  the other loads. I t  should 

be considered i n  pore d e t a i l  i n  the next design i t e r a t i o n .  
loads f o r  the meat product ion f a c i l i t y  were suppl ied by the p o t e n t i a l  
developers. However, these numbers are pre l iminary a lso and would be 

r e f i n e d  i n  the  next design phase. 

This load requires 180°F temperatures and was not  included 

The process heat 

The r e f r i g e r a t i o n  loads f o r  the 
slaughter and break operations were a1 so spec 
the other  loads were ca lcu lated from indus t r y  
are presented i n  Table A-6 and A-7 i n  Section 

f i e d  by the developer whi 
design data. These loads 
I I . A . 5 .  

e 

4.0 ENERGY CASCADE 

For the meat product ion indust ry ,  the t o t a l  energy load was d i v ided  
among the various processes using data co l l ec ted  by the i ndus t r y  (Reference 9), 
p a r t i c u l a r l y  f o r  the s laughter and break operation. 
the development o f  an energy cascade f o r  the geothermal system t o  e f f i c i e n t l y  
u t i l i z e  the resource - maximizing the temperature drop and minimizing the 
f low (Figure 1) .  

These data were used i n  

The slaughter and break operat ion requi res the highest temperatures, 

therefore i t  heads the l i s t  i n  the cascade. From t h i s  operation, the 178°F 
e f f l u e n t  i s  used f o r  feed d ry ing  i n  a tunnel dryer, and space condi t ion ing 
(heat ing) o f  the metal bu i l d ings .  The e f f l u e n t  would leave t h i s  i ndus t r y  
a t  an average o f  about 112°F. 

The greenhouse heat ing system was a lso designed t o  maximize the 
u t i l i z a t i o n  o f  the geothermal resource. The system was designed so t h a t  
60% o f  the design hour l y  heat load could be provided by 150°F geothermal 

water. The remaining load would be obtained by increas ing the temperature 
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Figure 1. In tegrated Meat P lant  Energy Cascade ' 



o r  a f o s s i l  fue led hot  water b o i l e r .  
d iv ided i n t o  seven ( 7 )  gable connected un i t s ,  24 f e e t  wide and 325 f e e t  
long. 
end w i t h  the heat ducted by a cen t ra l  p ipe down the middle. Commercial 
data was used t o  se lec t  two c o i l s  i n  ser ies and e i g h t  PVC heat ing pipes 
located under the benches as the  best approach f o r  these greenhouses 
(Figure 2).  
acre module. 

Each 1.25 acre greenhouse module i s  

These u n i t s  would be serviced by a heat ing system i n s t a l l e d  i n  each 

There would be a t o t a l  o f  14 o f  these systems f o r  each 1.25 

The 150°F geothermal water would heat the output a i r  t o  about 

A design 
76°F and have an e f f l u e n t  temperature o f  95°F. 
190°F would heat t he  output a i r  t o  85°F and leave a t  98°F. 
f low r a t e  o f  6.25 gpm per heat ing system would be required. 

o f  greenhouses could be heated w i t h  350 gpm. 

The peaked ho t  water a t  

F ive acres 

5.0 CENTRAL PLANT DESIGN 

Using the energy requirement and energy cascade data, the cen t ra l  
u t i l i t y  p l a n t  f o r  the P.O.C. was designed f o r  the two basic a l t e rna t i ves .  
An a l l  f o s s i l  fueled system was designed using o i l  f i r e d  b o i l e r s  t o  pro- 
v ide the energy requirements (Figure 3 ) .  For energy conservation, t h i s  
system was designed w i t h  r e c i r c u l a t i o n .  The s i z e  and cos t  o f  the  major 

components i n  the system are presented i n  Table 1. The t o t a l  i n t t a l l e d  

cost  f o r  the major equipment i s  est imated from manufacturers data t o  be 
about $370,000. 

The geothermal system was designed t o  use the  e f f l u e n t  from the 
pub l i c  bu i l d ings  t o  maximize the  u t i l i z a t i o n  o f  t he  resource. The r e s u l t s  

o f  the conceptual design are shown i n  Section II.B.2., Figure 8-4, i n  t h i s  

system, the p u b l i c  b u i l d i n g  e f f l u e n t  i s  used as feed water t o  the 
b o i l e r s  and t o  the heat pump s e r v i c i n g  the  greenhouse indust ry .  The s i z i n g  
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and cos t ing  o f  the  major equipment produced a t o t a l  i n s t a l l e d  equipment 
cost,,including one add i t iona l  product ion well,, o f  $750,000 (Table 2) o r  about 
twice t h a t  f o r  the  f o s s i l  fue led system. 

However, a comparison o f  the  annual operat ing cost  o f  the two a l te rna-  
t i v e  cent ra l  p lan ts  (Table 3)  shows a cos t  saving o f  about $225,000 per 
year w i t h  the  geothermal system wi thout  consider ing i n f l a t i o n .  This cos t  
savings i s  due t o  s i g n i f i c a n t  displacement o f  f o s s i l  f u e l  energy use - 
$415,000 down t o  $145,000 per year i n  going t o  the geothermal system. On a 
simple 1978 cost  basis, t h i s  savings would payback the added nvestment 

i n  the geothermal cent ra l  p lan t  i n  l ess  than two years. 
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Figure 2. Greenhouse Energy Cascade 
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TAG llRJOR 
No. EQUIMNT 

HEATERS 6 BOILERS 

- 

E-1 O i l  F i red Heater 
* " "  8-2 

E- 3 " " I, 

8-4 O i l  F i red Bo i le r  

WIIP/IIOTORS 

P-1 Pump/btors 

P-2 

P- 3 

I O  I, 

I, (0 

-I 

TANKS - cn 
ui 

T-1 Fuel O i l  Storage 
It I, I, T-2 

T-3 I, ,I It 

T-4 Return Water Storage 

TABLE 1 

EQUIPMENT LIST & CAPITAL COST 
CONCEPTUAL FOSSIL PLANT 

INSTALLED 
UNITS - EFF . SIZE - -  CAPACITY 

16,000,000 0.8 2O.OOO.000 BTUH 

( 8  

10,000.000 0.8 12.500.000 BTUH 

4.50 0.60 7-112 ' HP 

4.50 0.60 7-112 HP 

4.50 0.60 7-112 HP 

20,000 

,I 

64,200 

20,000 Ga 1 

64,200 0 

CAPITAL COST 
1978 S 

50,000 

50,000 

50,000 

56,000 

1,600 

1,600 

1,600 

9.200 

20,000 

INSTALLATION 
COST 

25.000 

25.000 

25.000 

28.000 

400 

400 

400 

1.200 

2,600 

TOTAL 
COST 

75,000 

75.000 

75,000 

84,000 

2.000 

2.000 

2.000 

10,400 

10,400 

10,400 

22.600 

MAJOR EQUIPMENT TOTALS 258.400 110.400 368,800 



TABLE 2 

EQUIPMENT L I S T  & CAPITAL COST 
CONCEPTUAL GEOTHERMAL PLANT 

TAG 
No. - 

MAJOR 
EWIPMENT 

INSTALLATION 
COST 

INSTALLED CAPITAL COST 
EFF. S IZE  U M T S  1978 S - -  CAPACITY TOTAL COST 

HEATERS/BOILERS 

O i l  F i red Heater 
I, I, " 

O i l  F i red Boi ler  

Heat Pump 

E- 1 

8-2 

8- 3 

8-4 

13.100,OOO 0.8 16,500,000 BNH 47 ,Ooo 

47 .Ooo 

10.000,OOO 0.8 12,500,000 56,000 

5.775.000 6.8 6,000,000 86,000 

23.500 

23.500 

28.000 

43.000 

70.500 

70.500 

84,000 

129,000 

PUHPS/HOTORS 

Downhole Pump 

Boost Purap 

Boost Pump 

P- 1 

P-2 

P-3 

18 0.6 

12 0.6 

12 0.6 

30 HP 10,500 

20 HP 2.000 

20 HP 2,000 

2.600 

500 

500 

13,100 

2,500 

2.500 

TANKS 

&-Storage 

Effluent Storage 

Fuel O i l  Storage 

- 
T- 1 

T- 2 

T- 3 

350,000 Gals 93.500 

350.000 93.500 

20,000 9,200 

8 

12.200 

12.200 

1,200 

105.700 

105,700 

10.400 

350.000 

350,000 

20,000 

WELLS 

P r o d u c t i o n  

- 
w- 1 350 350 GPM 130.000 25,000 155.000 

173.000 750,500 576.700 MAJOR EQUIPMENT TOTALS 



OPERATING COST ITEM 

FUEL OIL COSTS 

12 Fuel O i l  

ELECTRIC COSTS 

Circulat ion Pumps 

Dormhole Pumps 

Heat Pump 

OPERATION 6 WINTEMNCE 

Hiinpower 

Equipment Replacement 

TOTALS 

COST 
FACTOR 

$3.57/106 BN 

$ll,07/lO6 BTU 

$1 4,400/%n 

5% o f  Equip. 

TABLE 3 

OPERATING COST COMPARISON 
OF 

FOSSIL & GEOTHERMAL CENTRAL PLANT 

FOSSIL FUELED PLANT 

ITEM - UNITS - COST - 

116.200 X l o 6  BN/YR 415,000 

68.7 X l o6  BTU/YR 

2 

258,400 

800 

Men 28,800 

$ 13,000 

457,600 

GEOTHERMAL PLANT 

UNITS COST - - ITEM 
_. 

40.700 X l o6  BN/YR 145.000 

122 x lo6 BTU/YR 1.400 

91.8 x lo6 BTU/YR 1 .OOo 
1700 X lo6 BTU/YR 18.800. 

3 

455,200 

Men 

$ 

43.200 

22,800 

232.200 



APPENDIX C 

HEAT PUMP TECHNOLOGY 
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1 .O INTRODUCTION 

A heat pump i s  a device which i s  used t o  t r a n s f e r  heat from a lower 

temperature t o  a h igher  temperature u t i l i z i n g  a waste heat source and energy. 
I n  a vapor compression heat pump, an e l e c t r i c  motor d r ives  a compressor which 
ex t rac ts  the heat from the lower temperature source and "pumps" i t  t o  the 
h igher  temperature s ink.  
c o e f f i c i e n t  o f  performance. 
def ined as the  heat ou t  of the condenser r a t i o e d  t o  the e l e c t r i c  power requ i red  
t o  operate the machine. It i s  defined i n  t h i s  fashion because when operat ing 
i n  the heat ing mode the heat ou t  of the condenser i s  the usefu l  energy produced. 
By v i r t u e  o f  the f a c t  t h a t  heat i s  added t o  the machine a t  the low temperature 
source, the heat pump can a lso  a c t  as a r e f r i g e r a t o r .  The c o e f f i c i e n t  o f  per- 
formance f o r  coo l ing  i s  def ined as the  heat i n t o  the evaporator d i v ided  by the 
e l e c t r i c  power input .  Since the heat ou t  o f  the condenser i s  the sum o f  the 
heat i n t o  the  evaporator p lus the  compressor work, the c o e f f i c i e n t  o f  performance 
f o r  heat ing i s  equal t o  the coef f i c ien t  o f  performance f o r  coo l ing  p lus one. 
For the remainder o f  t h i s  repor t ,  c o e f f i c i e n t  o f  performance w i l l  r e f e r  t o  

the c o e f f i c i e n t  o f  performance fo r  heating, unless otherwise stated, and 
w i l l  be abbreviated COP. 

A measure o f  the heat pump performance i s  the  
The c o e f f i c i e n t  o f  performance f o r  heat ing i s  

The theo re t i ca l  maximum COP t h a t  can be a t ta ined  i s  the so-ca l led Carnot 
COP and i s  the condenser temperature d i v ided  by the  d i f fe rence between the  
condenser and evaporator temperatures. 
as the actual  COP d iv ided by the  maximum COP. 

A heat pump e f f i c i e n c y  can be def ined 

2.0 SELECTION OF WORKING FLUID 
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Table 1 l i s t s  the  var ious heat pump working f l u i d s  considered. The 
f i r s t  f o u r  are Freons. There are many o ther  poss ib le  working f l u i d s ,  bu t  

these candidates were chosen based on previous experience. Table 2 l i s t s  
the c r i t i c a l  p roper t ies  o f  the  candidate working f l u i d s .  



TABLE 1 

POTENTIAL WORKING FLUIDS FOR HEAT PUMPS I N  150-225OF RANGE 

Refr igerant Refr igerant Chemical 
Designation Name Formula 

R-22 Chlorodifluoromethane CHCl F2 

R-114 D i  c h l  o ro te t ra f  1 uoroethane c2c1 2F4 
R-115 Chloropentafluoroethane C2F5C1 

R-600a Isobutane 'qH1 0 

R-32 Methylene f l uo r ide  CH2F2 

R-717 Amnon i a NH3 

TABLE 2 

CRITICAL POINT CONSTANTS FOR POTENTIAL WORKING FLUIDS FOR 
HEAT PUMPS 

pC "C 
TC - 

Ref r i  geran t -6T - p s i a  f t 3 / l b  

R-22 204.8 721.9 0.0305 

R- 32 173.1 833.3 0.040 
R-114 294.3 473 0.0275 
R-115 175.9 457.6 0.0261 
R-600a 275.0 529.1 0.0725 
R-717 , 271.4 1657.0 0.068 
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I n  order t o  determine the best working f l u i d ,  a computer model simula- 
t i n g  the basic heat pump cyc le  was developed. 
diagram and shows the  bas ic  components. The numbers correspond t o  s ta te  po in ts  
shown on a general ized temperature-entropy diagram, shown i n  Figure 2. Based 

on a parametr ic study o f  the var ious candidate working f l u i d s  under the 
probable condi t ions encountered a t  Susanvi l le  , R-114 was selected as the best 
working f l u i d .  It i s  i n t e r e s t i n g  t o  note t h a t  Westinghouse uses R-114 i n  i t s  
Templ i f ier  a t  these temperatures. Car r i e r  uses e i t h e r  R-114 o r  R-11. 

Figure 1 i s  a heat pump block 

3.0 PERFORMANCE STUDIES 

I n  add i t i on  t o  i n v e s t i g a t i n g  var ious working f l u i d s ,  the e f f e c t  o f  sub- 

cool ing was invest igated.  
upon heat pump performance. 
leav ing  temperature w i t h  r e s u l t s  shown f o r  both no subcooling and subcooling. 
The evaporator i n l e t  temperature (equal t o  the geothermal resource temperature) 
was 15OOF. The condenser leav ing  temperature (temperature t o  the load) was 

185OF. The condenser i n l e t  temperature (temperature from the load) was 15OOF. 

A t  an evaporator leav ing  temperature o f  140°F the bas ic  cyc le  COP i s  3.8. 
subcooling, the COP increases by 18% t o  4.5. 
temperature o f  8OoF the bas ic  COP i s  1.9. 
2.2. Also shown i s  the  requ i red  motor power versus evaporator leav ing  temperature. 
The motor power increases w i t h  decreasing evaporator leav ing  temperature, 
wh i l e  the COP decreases i n  an inverse fashion. 

The add i t i on  o f  a subcooler has a marked e f f e c t  
F igure 3 shows COP p l o t t e d  against  evaporator 

With 
For an evaporator leav ing  

Subcooling increases i t  by 15% t o  

Once the bas ic  cyc le  and r e f r i g e r a n t  were establ ished, various methods 

I n  general, there o f  increas ing the heat pump performance were invest igated.  
are three main thermodynamic losses. The f i r s t  i s  caused by the sometimes 
la rge  superheat produced i n  the compressors. The second i s  caused by the 
work loss  since no energy i s  recovered i n  the expansion process. There i s  a lso  
a loss  due t o  non- isentropic expansion. R-114 does n o t  have a l a rge  superheat 
loss, therefore i t  i s  no t  very  important. Methods o f  reducing the remaining 
two losses were invest igated.  
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Figure 2. Generalized Freon T-S Diagram 
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Figure 4 shows a portion of a temperature-entropy diagram for  R-114, 
The basic cycle w i t h  ideal compression i s  shown for our temperature range. 

by the s ta te  points 1-4-5-E-1, where 1-4 is  compression, 4-5 is  condensation, 
5-E is  expansion and E-1 i s  evaporation. 
5-B-E is  the loss due t o  the loss of available work i n  the two phase expansion 
process. Minimizing the area 5-B-E will make the actual cycle approach more 
of a Carnot cycle, and increase the COP. 
since this translates directly t o  reduced operating costs. 
loss of magnitude Te(SE-S5) can be reduced by using an expander closely 
approaching isentropic expansion. 

The area outlined by the s ta te  points 

I t  is desirable t o  increase the COP 
Also, a t h r o t t l i n g  

As shown i n  Figure 4 a number of possibi l i t ies  arise for  reducing the 
area 5-B-E. 
out of the condenser t o  point A ,  adding heat t o  the load and reducing the loss 
triangle t o  A-B-D. 
since the condenser i n l e t  water is fixed a t  150°F and a 6°F minimum approach 
temperature is  needed. 
poin ts  A t o  6 t o  preheat the vapor from 1 t o  2 before compression. 
loss triangle is reduced further. T h i s  produces a superheat horn out of the 
compressor. T h i s  does not cause a large increase i n  compressor power since 
the constant-pressure l ines i n  the superheated vapor region for  R-114 are 
roughly parallel .  T h u s ,  the heat from points A t o  6 is added t o  the compressor 
i n l e t  and is  f inal ly  transferred t o  the load through t h e  desuperheat section of 
the condenser, 3-4. The net effect is t o  reduce the area o f  the loss triangle. 

Subcooling t o  the load lowers the temperature of the refrigerant 

Subcooling t o  the load cannot be carried beyond p o i n t  A 

Intercool i n g  transfers the heat represented between 
T h u s ,  the 

Subcooling from A t o  6 can be accomplished by using an external coolant 
supply. T h i s  reduces the loss triangle,  b u t  a t  the same time, tha t  heat 
i s  los t  from the system, which is  not useful. Finally, combining the inter- 
cooling and subcooling w i t h  an external cooling supply, points A-6-B, reduces 
the loss triangle t o  nothing. However, some heat i s  st i l l  los t  from the system. 

In addition t o  the above methods of reducing the loss triangle,  staged 
compression, improves performance. The refrigerant i s  par t ia l ly  expanded t o  
an intermediate pressure. The vapor is  added t o  the compressor a t  the 

175 



BASIC CYCLE (1 -4-5-E-1) 
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Figure 4. Comparison o f  Cycle Options a t  the Design Point  
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intermediate stage wh i le  the remaining l i q u i d  i s  expanded t o  the evaporation 
pressure. 
T-S diagram f o r  R-114 i n  F igure 5. 

compressor stages i s  used. 
such a machine. The r e f r i g e r a n t  ou t  o f  the compressor i s  subcooled from 
7 t o  8 ( o r  8'  depending upon temperature) and expanded from 8 (o r  8 ' )  t o  
9 ' .  
a t  4. 
Compression takes place i n  stages from 2 t o  3 and 4 t o  5. 
option, i n te rcoo l i ng  before the f i r s t  stage, instead o f  subcooling, can be 
done. 
i n  Figure 5. The d i f f e rence  i s  t h a t  heat i s  added a t  the compressor i n l e t  
2 t o  2 ' ,  w i t h  compression 2 '  t o  3' and 4' t o  5 ' ,  and the heat being pu t  back 
i n t o  the load i n  the desuperheater instead o f  i n  the subcooler. Subcooled 

load r e j e c t i o n  cyc le  (Figure 6) has a s l i g h t l y  h igher  COP than the  i n t e r -  
cooler  staged cyc le  because of the  inherent  canpressor i n e f f i c i e n c i e s  i n  

the l a t t e r .  However, subcooling t o  the  load i s  n o t  always feas ib le ,  
depending upon the condenser water i n l e t  temperature. 

This w i l l  reduce the loss  t r i a n g l e .  Staging i s  represented i n  the 

I n  addi t ion,  i n te rcoo l i ng  between 
Figure 6 i s  a schematic block diagram showing 

The vapor i s  separated i n  an economizer and sent t o  the compressor 
In te rcoo l i ng  i s  down w i t h  l i q u i d  from 10 t o  11 against  vapor from 1-2. 

As an add i t i ona l  

This i s  shown i n  block diagram form i n  F igure 7 and on T-S coordinates 

4.0 COMPARISON OF COMPUTER DESIGNED COMMERCIAL HARDWARE PERFORMANCE 

Computer models o f  a l l  o f  the  above methods o f  reducing the cyc le  
losses were run. 
f o r  the  var ious methods compared t o  comnercial data. 

Figure 8 shows COP versus evaporator leav ing  water temperature 

Car r i e r  and Westinghouse 
both use subcooling and in te rcoo l ing .  The bas ic  one stage cyc le  w i t h  subcooling 
i s  shown as lower l i m i t  on performance. The bas c two-stage cyc le  w i t h  sub- 
cool ing increases the performance by about 15 t o  18%. One and two-stage cycles 
w i th  subcooling and i n t e r c o o l i n g  shows increases o f  45% t o  60% i n  COP over 
the two-stage cyc le w i t h  subcooling. Westinghouse R-114 r e s u l t s  l i e  roughly 
10% below the  computer designed one and two-stage cyc les w i t h  subcooling and 

in te rcoo l i ng .  Car r i e r  R-114 i s  20% below the one and two-stage cyc les w i t h  
subcooling and i n t e r c o o l i n g  a t  130°F evaporator leav ing  temperature and i s  
10% below a t  10O0F. The reason one and two-stage cycles w i t h  subcooling and 
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intercool i n g  become essentially identical is because the loss triangle of the 
top stage becomes very t iny  for two-stage compression. The above results are 
demonstrated further in Figure 9 ,  where compressor motor power is plotted 
against evaporator leaving temperature. The same results apply.  Thus, 
significant increases i n  COP, and hence a reduction i n  operating costs, can 
be demonstrated by subcooling and intercooling a single stage machine. 

The difference between the computer designed d a t a  and the manufacturers 
data cannot be precisely explained because detai ls  on the manufacturer 
equipment were n o t  available. The computer model d i d  not account for pressure 
drop i n  the refrigerant loop, and an optimum compressor efficiency was used. 
In addition to  these two factors,  the c m e r c i a l  equipment appears to  have less 
than optimum heat transfer surface for  intercooling and subcooling. A combination 
of a l l  these factors accounts for the higher performance of the computer 
designed machine. 

5 .O REPLACEMENT OF THROTTLE VALVE WITH WORK PRODUCING EXPANDER 

Even w i t h  subcooling and intercooling, a small loss triangle will remain, 
as shown i n  Figure 4. 
i n  the evaporator. 
could be uti l ized to  extract the remaining enthalpy and reduce the loss 
t r i ang le  further. S ign i f i can t  improvements i n  COP can be made f o r  expander 
efficiencies greater t h a n  about 50%. With an expander efficiency of 75% 
about $5,000 i n  operating cost per year could be saved for a 5 million BTUH 
machine w i t h  7% inflation i n  fuel costs per year, a 25 year l i f e ,  and 20% value 
of capital ,  the expander could add about $35,000 capital cost t o  the machine 
and s t i l l  be an economical alternative.  

T h i s  occurs because of the required approach temperature 
A work producing expander, helping to  drive the compressor, 

A two phase expander which will operate a t  75% efficiency and can be 
coupled t o  the compressor e i ther  as a direct  or  geared drive, does not exis t  
today. Many design problems would have t o  be overcome w i t h  this two-phase 
turbine. However, a 75% ef f ic ien t  turbine for  this purpose maybe possible 
i n  the near future as technology advances are made. 

182 



~~ 

5 MILLION BTUH LOAD 
185°F AT CONDENSER INLET 
150°F AT CONDENSER OUTLET r 150°F AT EVAPORATOR INLET 

7001 ONE STAGE CYCLE SUBCOOLING 

TWO STAGE CYCLE SUBCOOLING 

DL w 
3: 
0 
n 

e 
0 
v, 
vt w 

\ AND INTERCOOLING 
200 -+ - WESTINGHOUSE 'TEMPLIFIER' (R-114) 

0 I I I I I 1 I 
80 90 100 -310 120 130 140 

EVAPORATOR LEAVING TEMPERATURE "F 

Figure 9. Comparison o f  Power Requirement Between Commercial 
Heat Pumps and Computer Designed Heat Pump 

183 



6.0 SELECTION OF OPERATING POINT FOR A GEOTHERMAL HEAT PUMP 

The coe f f i c i en t  o f  performance of any heat pump w i th  f i x e d  condenser 
enter ing and leaving temperatures and f i x e d  evaporator enter ing temperature i s  
a funct ion o f  evaporator leaving temperature. Therefore, i t  i s  necessary t o  

the annual optimize the evaporator leaving temperature i n  order 
opera t i ng cost . 

t o  minimize 

One o f  the reasons f o r  performing t h i s  study s t o  determ ne the 
f e a s i b i l i t y  o f  operating a heat pump a t  Susanvil le. A comparison, thus, must 
be made between the geothermal d i r e c t  heating system and the geothermal assisted 
heat pump system. When making such comparisons, e f f i c i enc ies  based upon the 
F i r s t  Law o f  Thermodynamics give meaningful resu l ts  only when such systems have 
l i k e  inputs and l i k e  outputs. Avai lable energy, which i s  the maximum useful 
work t ransport  associated w i th  energy and i t s  surroundings, i s  an equivalent 

measure regardless o f  the q u a l i t i e s  o f  the energies being compared. 
energy, and no t  avai lab le energy, i s  conserved, F i r s t  Law e f f i c i enc ies  do no t  

Since 

r e f l e c t  the loss i n  avai lable energy, o r  i r r e v e r s i b i l i t i e s ,  i n  a heating system. 
The major i r r e v e r s i b i l i t y  i n  a heating system i s  the requirement t h a t  heat 
be transferred across a tempeature di f ference. 
close t o  t h a t  o f  the surroundings, i s  thermodynamically d i f f e r e n t  from conventional 
energy sources. 
r e f l e c t s  the losses i n  avai lable energy when comparing heating systems w i th  

d i f fe ren t  inputs and outputs (Reference 11 ). 

Geothermal energy, a t  temperatures 

Effectiveness , based upon the Second Law o f  Thermodynamics , 

Figure 10 i s  a schematic block diagram showing the geothermal d i r e c t  
heating system (GDHS) being compared w i th  the geothermal assisted heat pump 
system (GAHPS). For t h i s  comparison, the fo l lowing assumptions are made: 

(1) The a v a i l a b i l i t y  o f  the geothermal f l u i d  leaving the heating system 
i s  a t  the s ink condit ions. This i s  the same as assuming t h a t  the f l u i d  i s  d is-  
carded, and has no useful energy remaining. This assumption does not  change 
the discharge temperature a t  which the maximun effect iveness occurs , but i t  

does r e s u l t  i n  an effect iveness t h a t  i s  s l i g h t l y  low. 
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i n f  

(2) The geothermal f l u i d  leav ing the d i r e c t  heat ing system i s  
2d t o  the  heat ing temperature (TH) . 
n i  t e  area heat exchanger, i n  r e a l  i ty  , the e r r o r  i s  smal 1 . 

1 though t h  s would requ i re  an 

(3)  For the geothermal ass i s ted  heat pump system, the heat pump i s  
assumed t o  r e q u i r e  twice the e l e c t r i c a l  i n p u t  o f  a Carnot heat pump operat ing 

between TH and TL where TL i s  the temperature a t  which the geothermal f l u i d  
i s  re jected.  
e f fect iveness E = 0.3 assumed are t y p i c a l  o f  U.S. averages today. 

The heat pump effect iveness, EHP = 0.5 and the  power p l a n t  

PP 

Ef fect iveness i s  def ined as the increase i n  ava i l ab le  energy of the 
desired output r e l a t i v e  t o  the decrease i n  ava i l ab le  energy o f  the input .  

Geothermal D i r e c t  Heating System (GDHS) 

Geothermal D i r e c t  Heating System ef fect iveness S: 

'R aR 

where To i s  the s ink  temperature, TH i s  temperature a t  which the heat ing occurs, 
QH i s  the heat added a t  TH, hR i s  the geothermal flow rate,  and aR i s  the ava i l a -  
b i l i t y  o f  the geothermal resource f l u i d .  The a v a i l a b i l i t y  i s  the c l a s s i c a l  ava i l a -  
b i l i t y  f unc t i on  for usefu l  work obtainable from a steady f low system. 

aR = hR - ho - To (SR - So)  

where hR i s  the enthalpy a t  the resource temperature, ho i s  the enthalpy a t  the 
s ink temperature, sR i s  the entropy a t  the resource temperature and so i s  the 
entropy a t  the s ink temperature. The requi red geothermal f l o w  r a t e  i s :  

- Q" 

'p (TR - THJ mR - 

where TR = resource temperature, and C = heat capaci ty  o f  the resource. 
P 
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\ 
Geothermal Assisted Heat Pump System (GAHPS) 

The ef fect iveness f o r  the geothermal ass is ted heat pump system i s  
g i  ven by: 

m 
R a~ + ~ A R  ~ A R  

where I ~ A R  aAR i s  the ava i l ab le  energy o f  the a l te rna te  energy resource and i s  
given by: 

The requi red geothermal f l ow  r a t e  i s  given by: 

Figure 17 i s  a p l o t  o f  e f fect iveness versus evaporator o u t l e t  temperature 
(Teo) f o r  a heat pump de l i ve r ing  heat from a resource a t  TR = 150°F t o  a heating 
d i s t r i b u t i o n  system a t  TH = 185°F. Also p l o t t e d  i s  the geothermal f l ow  r a t e  
versus evaporator o u t l e t  temperature. 
maximum ef fec t i veness  occurs a t  about T,, = 125"F, w i t h  a f l ow  r a t e  of about 
325 gpm. This maximum evaporator o u t l e t  temperature, besides y i e l d i n g  the  
best thermodynamic performance o f  the  system, a l s o  y i e l d s  the best o v e r a l l  

u t i l i z a t i o n  o f  the energy resources used. A previous law analys is  based on 
conservation o f  energy ind ica ted  t h a t  the  optimum evaporator o u t l e t  
temperature occurred a t  about 115°F. 

From the f i gu re ,  i t  can be seen t h a t  the 

Figure 12 i s  a comparison o f  the Geothermal Assisted Heat Pump System 

For the 185OF geothermal 
(GAHPS) w i t h  the  Geothermal D i r e c t  Heating System, f o r  two d i f f e r e n t  geothermal 
temperatures , p l o t t e d  against  resource temperature. 
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resource, the curves for the GAHPS and GDHS merge t o  a single curve a t  a 
heating temperature o f  about 150°F. Thus only when heating temperatures 
greater t h a n  about 165°F are needed does the GAHPS show a clear advantage w i t h  
185°F resource. Note that  i n  the above analysis, i t  i s  assumed that  only 
heat i s  being supplied (no cooling) and that  i s  why the two curves merge. For 
the 150°F resource, the GAHPS i s  clearly superior for heating temperatures 
greater than about 135OF. I t  i s  also shown that  the o i l  f i red furnace and 
the electr ical  resistance heating are much less effective i n  the uti l ization 
of energy i n  th i s  temperature range. 
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