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1. INTRODUCTION 

s t h e  Fin-1 
i n o  and its two 
Coul ter  Stewart & 

ater  Treatment  
h e  s t u d y  team 

tempera tu re  
wo h i g h - r a t e  primary a n a e r o b i c  

P l a n t .  The 
y burned t o  

f u e l  t h e  digesters. A summary of t h e  w o r k  accomplished on t h e  
f e a s i b i l i t y  s t u d y  i s  p r e s e n t e d  i n  Chapter 2 ,  ASummary a n d  
Conclusions." 

Gran t  DE-FG03- 

e n t i a 1  u s e s  for geothermal 
energy  w i t  h i  p p l i c a t i o n s ,  Inc .  
( S A I )  examin n of t h e  f a c i l i t y  and 

s for a d d i t i o n a l  s tudy .  
R e s u l t s  of system descr i n s  and 
equipment s p e c i f i c a t i o n s  for u t i l i z i n g  geothermal  ene  i n  t h e  

selected processes are "Pre l imina ry  
Designon Chapter 4 d i s c u s s e s  s conducted by 
S A 1  on t h e  s i x  e n g i n e e r i n  repared i n  Chapter 3. 

t i o n  of t h e  geothermal heat 
5 ,  "Environmen 

p r e s e n t s  a R e s o u r c e  Development  epared by Cascadia 
E x p l o r a t i o n  Corpora t ion .  d e s c r i b e s  t h e  steps t h a t  t h e  San 
Bernardino Municipal Wat par tment  could  follow i n  order t o  

u 
1-1 



- 

I*d u t i l i z e  t h e  resource .  A pre l imina ry  w e l l  program and rough c o s t  
estimates fo'r t h e  p r o d u c t i o n  and i n j e c t i o n  w e l l s  a l s o  a r e  
included.  Chapter 7 ,  "Impleme a t i o n  Plan",  p rovides  t h e  Water 
Depar tment  w i  . a program a s c h e d u l e  f o r  implemen t ing  a 

geothermal system t o  s e r v e  t h e  wastewater t r ea tmen t  p l a n t .  

Regulatory,  f i n a n c i a l  and legal  i s s u e s  t h a t  w i l l  impact 
t h e  projec are presented  i n  t h e  Appendix, " F i n a l  Report . -  
I n s t i t u t i o n a l  Issues,' by Coul te r  S tewar t  and Assoc ia tes .  I n  
a d d i t i o n ,  s i n c e  p u b l i c  acceptance of t h e  project is  important ,  an 
o u t l i n e  qf a P u b l i c  Awareness Program is included.  

1-2 

I 



2. SUMMARY AND CONCLUSIONS 

u 
i t y  s t u d y  for u t i l i z i n g  low 

1 h e a t  i n  the- C i t y  of San Bernardino Waste- 
water Trea are summariz i n  t h i s  Chapter.  For ease 
of d i s c u s s i o n ,  t h e  s tudy  is nted  i n  terms of pre l imina ry  
e n g i n e e r i n g  * d e s i g n  I economi n s t i t u t i o n a l  i ssues ,  
environmental  impacts, resource I and system implemen- 
t a t i o n .  

2.1 PRELIMII~ARY ENGINEERING DESIGN 

n average a 1. basis,  2 1  l l i o n  g a l l o n s  per day 
(MGD) of domest ic  and ind i a l  wastewater a r e  processed by t h e  
treatment plant .  I n  a d d i t i o  
o f  a l l  wastewater, 3.0 M unde rgo  t e r t i a r y  t r e a t m e n t  for  
r e c l a m a t i o n - a s  p rocess  wate down and i r r i g a t i o n  water. 

des ign  and o p e r a t i o n  of t h e  
u r e  revea led  t h e  existence of 

lower tempera ture  geothermal r e source  known 
t o  e x i s t  near t h e  p l a n t .  P o t e n t i a l  uses were t a b u l a t e d  and 
eva lua ted  I i nc lud ing  s ludge  d i g e s t e r  h e a t i n g  I s ludge  d i s i n f e c -  

The two a l t e r n a t i v e  heat 
e6 selected having p o t e n t i a l  a p p l i c a b i l i t y  a t  t h e  San 

re  s ludge  d ry ing  and d i g e s t e r  s ludge  h e a t i n g -  
oved s ludge  d ry ing  t o  be c l e a r l y  uneconomic 

of t h e  c u r r e n t  geothermal s tudy .  

v e r ,  appea r s  t o  be a v i a b l e  use  
ture  geothermal h e a t .  P re l imina ry  d e s i g n s  

were developed for systems t o  h e a t  anaerobic  d i g e s t e r s  us ing  
geothermal f l u i d  from two e x i s t i n g  wells and from a proposed new 
well. The f i v e  alternate d e s i g n s  l i s t e d  below w i l l  p rovide  

' on ,  sludge drying and grease melting. 

I 
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hea t ing  i n  p l a c e  ing methane-fueled i l e r  t o  one 

when t h e  p l a n t  improvement p r o j e c t  described i n  Sec t ion  3.1.2 is 
carried o u t .  

d i g e s t e r ,  as  well as r e p  t h  methane-fueled b o i l e r  systems , LJ 

Case 1: Use Meeks & Daley W e 1  

Case 2: U s e  .Meeks  & Daley W e l l  No, 66 t o  h e a t  .two 

Case 3: Use Meeks & Daley Well No. 59 t o  h e a t  one 

Case 4: U s e  Meeks & Daley W e l l  N o .  5 9 '  t o  h e a t  two 

Case 5: D r i l l  a new production w e l l  a t  t h e  p l a n t  s i t e  

d i g e s t e r  . 
d i g e s t e r s .  , 

d i g e s t e r .  

digesters. 

and use it t o  h e a t  two d i g e s t e r s .  

If geothermal h e a t  us ing  one of t h e  f i  e s i g n s  can be 
s u b s t i t u t e d  for burning methane t o  heat t h e  d i g e s t e r s ,  t h e  
methane could be d i v e r t e d  t o  f u e l  other equipment, such a s  t h e  

pumps a t  t h e  sewage i n f l u e n t  pumping s t a t i o n  c u r r e n t l y  d r i v e n  by 
n a t u r a l  gas engines .  Therefore, n a t u r a l  gas  consumption a t  t h e  
p l a n t  could be reduced s i g n i f i c a n t l y .  

2 .2  ECONOMIC ANALYSIS 

An economic a n a l y s e s  was performed on t h e  f i v e  engi- 
neer ing  d e s i g n s  desc r ibed  i n  S e c t i o n  2.1 and a s i x t h  case, i n  
which a p r i v a t e  e n t i t y  deve lops  t h e  geothermal r e source  and sells 
energy t o  t h e $  Water Department. I n  each case, t h e  proposed 
system was more cost  e f f e c t i v e  than  u t i l i z i n g  n a t u r a l  gas .  
R e s u l t s  a lso i n d i c a t e d  t h a t  munic ipa l  development would provide  
cheaper energy than  p r i v a t e  development, s i n c e  100% debt  f inanc-  
ing is u t i l i z e d  and m u n i c i p a l i t i e s  do no t  have t o  pay t axes .  

2-2 



.The most promising g i n e e r i n g  de  n s  i n c l u d e d  h e a t i n g  
two digester ng Meeks & Daley W e l l  No. 66 and 
d r i l l i n g  a new w e l l  p rope r ty  t o  h e a t  two digesters. 

h t h e  former appears t o  be more c o s t  e f f e c t i v e ,  t h e  l a t t e r  
a c t i v e  because an autonomous r e source  is provided and t 

e x i s t i n g  w e l l  is  freed for p o t e n t i a l  uses r e q u i r i n g  tempera tures  Y 

r e  c o n d u c t e d  on key 
and c a p i t a l  cost l i m i t  fo r  

each case.. Varian e a n a l y s e s  d i d  n o t  impact 
p r i c e  of energy t o  t h e  e x t e n t  t h a t  it was no longer  cost 

compe t i t i ve  w i t h  t h e  e x i s t i n g  e l  cost. Even t h e  worst  c a s e  -- 
u t i l i z i n g  a p r i v a t e  ' cost compet i t ive  under most 
c i rcumstances  and on e t i t i v e  under t h e  most pessimistic 
assumptions . . e .  

2.3 INSTITUTIONAL ISSUES 

The i n s t i t u t i o n a l  ssues of importance inc lude  t h e  

l e g a l ,  f i n a n c i a l  a ry r a m i f i c a t i o n s  of t h e  proposed 
project. Th of owning, eve loping  and u t i l i z i n q  
geothermal e y is unclear  be he State of C a l i f o r n i a  
d e f i n e s  a ge 1 resource  as heat of t h e  ear th ,  w h i l e  
separate ly  d mineral depos i t s  as including mineral waters 
and geother urces, Therefore, t o  avoid lega l  entangle-  
ments,  water * h t s  should be developed and surface r i g h t s  and 
mine ra l  r i g h t  ould be ob ta ined  before developing and us ing  a 
low t ratur.e' geothermal resource. 

ek ing  f inanc ing  for t h e  project on t h e  Federal 
's Geothermal Loan Guarantee Program (GLGP) ,  t h e  

DdE/HUD Innova t ive  G r a n t  Program and BUD'S Urban Development 
Action Grant  Program have au tho r i zed  and appropr i a t ed  funding. 
If p r iva t e ' . pa r t i ' c ipa t ion  is involved,  GLGP should be s t u d i e d :  i f  



n o t ,  H U D ' s  programs should be explored.  The o f u l l y  opera- - 
t i o n a l  S t a t e  funds are t h e  d Resources Account Lr 
of t h e  Energy and Resource imited funding and 
t h e  m u l t i t u d e  of u s e s  for f u n d s  make these ques t ionab le  
sources. I f  t h i s  f i nanc ing  does n o t  m a t e r i a l i z e ,  t h e  C a l i f o r n i a  
A l t e r n a t i v e  Energy Source Financing Au thor i ty  is another  ap- 
proach. I n  a d d i t i o n ,  serious though t  should be g iven  t o  u t i l i z -  
i n g  a local I n d u s t r i a l  Development Author i ty .  These l a s t  two 
o p t i o n s  would s i m p l i f y  t h e  funding source d and provide  
g r e a t e r  local controls .  

Approval of d i f f e r e n t  a s p e c t s  of r o j e c t  .could 
involve  s i x  s e p a r a t e  c i t y ,  county and State 
upon t h e  actual des ign  of t h e  p r o j e c t .  The pe rmi t s  l i s t e d  i n  
Table 2.1 may be required t o  implement geothermal process heat a t  
t h e  wastewater t r ea tmen t  p l a n t .  The P e r m i t  t o  Drill from 
California  Div is ion  of O i l  and Gas w i l l  be required f o r  a l l  
p r o j e c t  a l t e r n a t i v e s .  

TABLE 2.1 
Pe rmi t t i ng  Requirements 

TYPE AGENCY PURPOSE 

Minis te r  i a l  San Bernardino 
County Engineers  

Encroachment 
Pe rmi t  

San Bernardino Street C u t  
C i t y  Street Div i s ion  P e r m i t  

Planning Commission Development Pe rmi t  

C a l i f o r n i a  Div i s ion  of Permit t o  D r i l l  
O i l  and Gas 

San Bernardino Department 
of Environmental Health 
S e r v i c e s  

Regional Water Q u a l i t y  Waste Discharqe 
Control  Board Requ i remen t s  

D i s c r e t i o n a r y  San Bernardino Condi t iona l  

Water W e l l  P e r m i t  

Ld 
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2.4 ENVIRONMENTAL IMPACTS 

The proposed p r o j e c t  w i l l  have no adverse  impact on t h e  
topography, s o i l s  climate of t h e  San Bernardino a rea .  Should 
t h e  p r o j e c t  c o n f i  i o n  of geother- 
m a l  f l u i d s  smic a c t i v i t y  

t a l t e r n a t i v e  

LJ 

t m e n t  p l a n t  

ill decrease. During c o n s t r u c t i o n  of t h e  project ,  however, d u s t  
ill be gene ra t ed  by e x c a v a t i  t r e n c h e s  and foundat ions.  

The impact w i l l  be tempora and minor. The impact of t h e  
roject  on groundwater q u a l i t y  should be n e g l i g i b l e .  

a c t u a l l y L w i l l  dec rease  becaus 

b i o l o g i c  environment w i l l  be 
i n s i g n i f i c a n t .  The p r o j e c t  i g i b l e  effects  on t h e  
economics, l and  u s e ,  popul and c u l t u r a l  and h i s t o r i c a l  
resources of San Bernardino g a t i v e  impact may be f e l t  on 
t r a f f i c  c i r c u l a t i o n  on Orange Show Road, i f  Meeks & Daley W e l l  
N o .  66 is chosen, s i n c e  t h e  p i p e l i n e  right-of-way w i l l  c r o s s  t h e  
road: however, t h e  i n t e r f e r e n c e  w i l l  l a s t  on ly  two t o  four  w e e k s .  
Increased  n o i s e  l e v e l s  are n o t  anticipated dur ing  o p e r a t i o n  Of 

w 

t h e  project ,  b u t  heavy c o n s t r u c t i o n  equ ipmen t ,  such  a s  backhoes 
and d r i l l i n g  r ig s ,  w i l l  c r e a t e  an impact for 
months. 

8 

F i n a l l y ,  t h e  p sed p r o j e c t  w i l l  r e s u l t  i n  t h e  

conse rva t ion  of a s i g n i f  a n t  q u a n t i t y  -- about  5 .5  x 10' BTU 
per year  -- of  n and a r educ t ion  i n  t Water Depart- 
m e n t ' s  c u r r e n t  energy c o s t s  of $ 2 0 , 0  per digester 
hea ted  . 
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2.5 RESOURCE DEVELOPMENT L 
' A  workable product ion  w e l l  w i l l  be  selected, and an 

i n j e c t i o n  w e l l  may be s e l e c t e d  for t h e  project. Based on t h e  
p re l imina ry  informat ion  a v a i l a b l e ,  which i n c l u d e s  tempera ture ,  
flow rate  and water chemis t ry ,  t h e  Meeks 6 Daley Well No. 66 
appears t o  be an adequate product ion  w e l l ;  however, more informa- 
t i o n  on its p h y s i c a l  c o n d i t i o n ,  as  " w e 1 1  as on any 
and f i n a n c i a l  ramifications of us  t h e  w e l l ,  mu6 
before a de te rmina t ion  is  reached Other  a l t e r n a t i v e s  do e x i s t ,  
such  as  us ing  Well No. 59, a warm water w e l l  about  one-fourth of 
a mile from t h e  p l a n t ,  or t h e  C i t y  d r i l l i n g  its own product ion  
w e l l .  

Before s e l e c t i n g  t h e  l o c a t i o n  f a p o t e n t i a l  
w e l l ,  microseismic and other  geological da ta  m u s t  be analyzed. 
If an i n j e c t i o n  well is r e q u i r e d ,  f l u i d s  w i l l  be i n j e c t e d  a t  low 

, p r e s s u r e  i n t o  sedimentary formations;  therefore, induced seis- 
i m i c i t y  is u n l i k e l y .  

A w e l l  program and cost  estimates of d r i l l i n g  and 
logging a c t i v i t i e s  a lso m u s t  be prepared for both t h e  product ion  
w e l l  and i n j e c t i o n  w e l l s  selected t o  s e r v e  t h e  p l a n t .  

2.6 SYSTEM IMPLEMENTATION 

The development of geothermal energy is a m u l t i d i s c i -  
p l i n a r y  endeavor r e q u i r i n g  close c o o r d i n a t i o n  of eve ry  par t ic i -  
p a n t ,  i f  t h e  ' p r o j e c t  is t o  p r o g r e s s  i n  a t i m e l y  f a sh ion .  
C u r r e n t l y  t h e  most c r i t i c a l  p r o j e c t  a c t i v i t y  is t o  o b t a i n  
f inanc ing .  Once t h e  financ'ing is  a v a i l a b l e ,  t h e  project may 
beg i n .  

S e l e c t i o n  of  d r i l l i n g  sites w i l l  be aided grea t ly  by 
t h e  r e s o u r c e  a s s e s s m e n t  of San B e r n a r d i n o  c u r r e n t l y  b e i n g  
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conducted by t h e  C a l i f o r n i a  Div i s ion  of Mines and Geology. If 
t h e  f i r s t  w e l l  d r i l l e d  by t h e  C i t y  is successful, a second w e l l  6, 
may have t o  be d r i l l e d  for i n j e c t i o n .  I f  t h e  f i r s t  w e l l  is n o t  
successful, a second w e l l  w i l  t o  be d r i l l e d  and t h e  f i r s t  
w e l l  may be used for i n j e c t i o n .  

After a d e t e r m i n a t i o n  o f  w e l l  f l u i d  t e m p e r a t u r e s ,  
chemis t ry  and flow rates is  made, t h e  most economical method of 
s p e n t  geothermal water d i s p o s a l  w i l l  be selected. Once t h e  
necessa ry  f l u i d  d i s p o s a l  permits are ob ta ined ,  a des ign  con- 
tractor w i l l  be selected by compe t i t i ve  b i d  and w i l l  s t a r t  
des ign ing  t h e  geothermal h e a t i n g  system. Major equipment w i t h  
extended lead times, i . eOr  heat exchangers ,  w i l l  be ordered as  
soon as possible. 

Cons t ruc t ion  w i l l  begin when t h e  r equ i r ed  permits have 
been ob ta ined  and t h e  f i n a l  des ign  has been f i n i s h e d .  After 
c o n s t r u c t i o n  has been completed, t h e  system components w i l l  be 

started up and tested t o  i n s u r e  proper  o p e r a t i o n ,  and then  t h e  
e n t i r e  system w i l l  be run u n t i l  commercial o p e r a t i o n  is con- 
t inuous . 



3. PRELIMINARY D 

ummarizes P re l imina ry  Design work accom- 
p l i s h e d  by Sci App l i ca t ions ,  Ific. f o r  t h e  C i t y  of San 
Bernardino ,. The Chapter d iv ided  i n t o  three major s e c t i o n s .  
The f i r s t ,  P l a n t  Design, ov ides  an overview of t h e  c u r r e n t  
des ign  and o p e r a t i o n  of t h e  S 
P l a n t .  I n  S e c t i o n  3.2, Inve = n a t i v e s ,  v a r i o u s  
p o t e n t i a l  u s e s  for t h e  g e o t  t known t o  e x i s t  i n  t h e  
treatment, .  p l a n t  are explored ,  and t h e  p o t e n t i a l l y  v i a b l e  heat 
uses are selected for  a d d i t i o n a l  dy. Sec t ion  3.3, P re l imina ry  
Designs,  p r e s e n t s  system d e  n s  and equipment s p e c i f i c a -  
t i o n s  f o r  u t i l i z a t i o n  of geothermal energy w i t h i n  t h e  p rocesses  
selected a s  v i a b l e  i n  Sec t ion  3.2, 

3.1 PLANT DESIGN 

ater Treatment P l a n t  
MGD) of domestic and 

i n d u s t r i a l  wastewater on an average annual  basis.  The process 
i n c l u d e s  pr imafy and secondary t r ea tmen t  of a l l  wastewater, and 
t e r t i a r y  t r ea tmen t  of 3.0 MGD =h is  r e c l a i m e d  for DL-OCeSSI 

washdown and i r r i g a t i o n  purpose F igure  3-1 is a l a y o u t  of t h e  
p l a n t  showing major process a r e a s  and Figure  3-2 p rov ides  a 
s impl i f i ed  f low diagram for t h e  treatment plant  (Reference 3.3;). 

t r ea tmen t  p l an t  v i a  t h e  three 
sewer l i n e s  as  shown 3-2. The wastewater undergoes 
p re l imina ry  t r ea tmen t  i n c  r a t i n g  bar s c r e e n s  which c o l l e c t  
s c r e e n i n g s  such a s  r a g s ,  and other d e b r i s .  These  a r e  
mechanical ly  removed, i t e d  i n t o  c o l l e c t i o n  b i n s  for 



F i g u r e  3-1. Si te  P l a n ,  C i t y  of San Bernardino Wastewater 
Treatment P l a n t  (From Reference 3.1) 
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s a n i t a r y  d i s p o s a l .  Also,  g r i t  removal  i s  accompl i shed  by  __ 
pre -ae ra t ion ,  a p rocess  by which a i r ,  under p r e s s u r e ,  is bubbled I 
through t h e  raw wastewater t o  encourage floatable m a t e r i a l  and 
sett leable material t o  separate more r e a d i l y .  

Following p re l imina ry  t r ea tmen t ,  t h e  wastewater flows 
t o  primary t r ea tmen t  where o r g a n i c  materials are allowed t o  
s e p a r a t e .  T h i s  is accomplished by reducing t h e  v e l o c i t y  of t h e  
wastewater i n  t h e  Primary Clar i f iers ,  so t h a t  these subs t ances  
w i l l  s e p a r a t e  from t h e  water c a r r y i n g  them. The l i d  m a t e r i a l  I 

b o t h  set,tled s l u d g e  and  skimmings,  i s  removed for f u r t h e r  
t r ea tmen t ,  t o  be d i scussed  la te r .  The l i q u i d  p o r t i o n ,  or primary 
e f f l u e n t ,  t h e n  flows t o  t h e  a e r a t i o n  system t o  begin  secondary 
t rea tment .  

Secondary t r ea tmen t  processes are b i o l o g i c a l  p rocesses  
i n  which l i v i n g  a e r o b i c  ( f ree  oxygen demanding) micro-organisms 
feed on t h e  suspended o rgan ic  m a t e r i a l  n o t  removed dur ing  primary 
t rea tment .  The San Bernardino p l a n t  u s e s  t h e  a c t i v a t e d  s ludge 
process, which attempts t o  duplicate,  a t  a r a p i d l y  a c c e l e r a t e d  
ra te ,  t h e  n a t u r a l  breakdown of o r g a n i c  ma t t e r  i n  a moving body of 
water by providing an aqueous environment,  a c o n s t a n t  source of 
food, and an adequate oxygen supply  for proper  maintenance of t h e  
feeding  microbks. T h i s  is  accomplished i n  t h e  Aerators by 
in t roduc ing  a c u l t u r e  of micro-organisms ( a c t i v a t e d  s ludge )  to 
t h e  primary e f f l u e n t ,  a long w i t h  large q u a n t i t i e s  of a i r  for 
r e s p i r a t i o n  of t h e  microbes and for t u r b u l e n t  mixing of t h e  
primary e f f l u e n t  and a c t i v a t e d  s ludge.  

After aeration, t h e  m i x t u r e  of primary e f f l u e n t  and 
a c t i v a t e d  s ludge  f lows t o  a Secondary Clar i f ier  ( F i n a l  C l a r i f i e r  
i n  F i g u r e  3-2). A t  t h i s  p o i n t ,  se t t leable  m a t e r i a l s  are aga in  
aliowed t o  set t le  and t h e  a c t i v a t e d  s ludge  is pumped back t o  t h e  
a e r a t i o n  system. Gradual ly ,  an excess ive  amount of s o l i d s  

-- 
L.i 
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accumulates  and has t o  be r waste a c t i v a t e d  s ludge  
W i s  t r e a t e d  w i t h  t h e  s o l i d  ma te r i a l  removed d u r i n g  p r i m a r y  

treatment. 

The secondary e f  t h e  Chlor ine  
Contact# chamber and ion .  I n  t h i s  
process, l i q u i d  c h l o r i n e  is evaporated i n t o  its gaseous s t a t e ,  
t h e  g a s  is i n j e c t e d  a t  a contr ed ra te  i n t o  a water supply ,  and 

allowed t o  mix wi th  t h e  secon- 
i c i e n t  d e t e n t i o n  t i m e  f o r  thorough c h l o r i n e  

c o n t a c t  is then  allowed, and f i n a l l y  t h e  e f f l u e n t  is d ischarged  
t o  an o u t f a l l  on t h e  Santa  Ana River Wash. 

A p o r t i o n  of t h i s  f i n  reated f o r  a t h i r d  
t i m e  a t  t h e  t e r t i a r y  p l a n t ,  wh i v e s  a r e  i n t r o -  
duced t o  he lp .  remove any s u s  maining i n  t h e  
e f f l u e n t .  After chemi Clar i f ier  , t h e  
e f f l u e n t  -passes throug p o l i s h i n g  and 
then  i n t o  a s t o r a g e  Reservoi  ated aga in  and 
made. a v a i l a b l e  for in -p lan t  and i r r i g a t i o n .  A holding pond 
is  used t o  store a d d i t i  ter f o r  freeway landscaping  and 
g o l f  course i r r  i g a t i  s e t t i ng  f r e s h  water u s e  a t  t h e s e  
f ac i l i t i e s .  

The s l u d g e s  and other s o l i d s  collected throughout  the 

t r e a t m e n t  process are pumped from t h e i r  v a r i o u s  c o l l e c t i o n  p o i n t s  
t o  t h e  Thickeners ,  where they  are concen t r a t ed  through s e t t l i n g .  
T h i s  t h i ckened  s ludge  then  is pumped t o  t h e  Digesters. D iges t ion  
is a b i o l o g i c &  cess t h a t  uses l i v i n g  anae rob ic  (absence  of 

e oxygen) mic rganisms t o  feed on t h e  o rgan ic s .  Processes 
own t h e  o r g a n i c  m a t e r i a l s  i n t o  . The methane gas is collected 

0 f u e l  v a r i o u s  in -p lan t  eng ines  which d r i v e  
s, whi le  t h e  well d i g e s t e d  s ludge  is  d r i e d  

a tmosphe r i ca l ly  on 1 5  sand-bottom Drying Beds and mechanical ly  

by h e a t i n g  and- 

w i t h  one b e l t  pr8ss. 
L J  
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3.1.2 Proposed P l a n t  Xmprovements hp: 
A r e c e n t  a n a l y s i s  of t h e  San Bernardino Wastewater 

T r e a t m e n t  P l a n t  c o n c l u d e d  t t a i n  s o l i d s  h a n d l i n g  and 
a e r a t i o n  p rocesses  w i t h i n  t h e  d t o  allow 
p r o c e s s i n g  of t h e  p l a n t ' s  ma te  d e s i g n  c a p a c i t y  
(Reference 3.2). The fol lowing improvements were recommended: 

a. Aeration - I n s t a l l  new gas and e l e c t r i c a l l y  d r i v e n  
blowers,  modi fy  t h e  d i s t r i b u t i o n  ne twork  and 
i n s t a l l  f i n e  bubbl 

b. Thickening - Thicken pr imary s ludge  i n  primary 
c l a r i f i e r s  and pump d i r e c t l y  t o  digesters, u s e  
d i s s o l v e d  a i r  f l o a t a t i o n  t o  t h i c k e n  s e c o n d a r y  
s ludge  . 

c. D i g e s t i o n  - R e h a b i l i t a t e  and expand e x i s t i n g  
anaerobic  d iges t e r  complex. 

d. Dewa te r ing  - I n c r e a s e  m e c h a n i c a l  d e w a t e r i n g  of 
s ludge  by adding more b e l t  press c a p a c i t y  and 
supplement w i t h  e x i s t i n g  d ry ing  beds. 

e. Disposal  - Truck  dewatered s ludge  t o  l a n d f i l l  or 
have it removed by s o i l  amendment c o n t r a c t o r .  

I 

The above proposed improvements c u r r e n t l y  are being 
cons idered  for approval  by EPA and o t h e r  funding agencies .  I f  

approved, des ign  work w i l l  begin i n  1981 and c o n s t r u c t i o n  shou ld  
be completed i n  1984. 

3 - 2  INVESTIGATION OF ALTERNATIVES 

There are numerous p o t e n t i a l  uses for low tempera ture  
geothermal heat wi th in  wastewater t r ea tmen t  f ac i l i t i e s .  I n  t h i s  
s e c t i o n ,  p o t e n t i a l  uses a r e  tabula ted  based on a review of t h e  

l i t e r a tu re .  The heat u s e s  are eva lua ted ,  and t h o s e  u s e s  consi- 
d e r e d  p o t e n t i a l l y  v i a b l e  fo r  t h e  San  B e r n a r d i n o  Wastewater 
Treatment P l a n t  are selected for f u r t h e r  a n a l y s i s .  

LJ 
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3.2.1 A l t e r n a t i v e s  Considered 

A review of t h e  l i t e ra ture  was performed t o  determine 
a l t e r n a t i v e  uses for low temperature heat w i t h i n  t y p i c a l  waste- 
water 'treatment p l a n t s .  Table  3-1 * p r e s e n t s  a summary of t h e  
r e s u l t s .  P n t i a l  h e a t  use8 i d e n t i f i e d  inc lude  s ludge  d i g e s t e r  
hea t ing ,  sl e d i s i n f e c t i o n ,  s ludge  d ry ing  and g r e a s e  mel t ing .  
Each p o t e n t i a l  h e a t  use  shown i n  T l e  3-1 was screened t o  
de termine  i ts  com i l i t y  wi th  trea e n t  p rocesses  i n  u s e  a t  
t h e  San Bernardino ewater Treatment P 

The  San  B e r n a r d i n o  p u t i l i z e s  two h i g h - r a t e  
anae rob ic  d i g e s t e r s  in which t h e  c o n t e n t s  are hea ted  and mixed t o  
enhance t h e  d i g e s t i o n  process. The s ludge  is maintained a t  
tempera tures  between 90 and 1 OF, w i t h i n  t h e  Mesophilic range. 
One d i g e s t e r  1s heated  by a methane-fueled boi ler ,  whi le  t h e  
other d i g e s t e r  r e c e i v e s  i ts h e a t  from in -p lan t  engine  jacket 
coo l ing  systems. Therefore, t h e  s ludge  d iges  h e a t i n g  a l ter-  
n a t i v e  is compatible  w i t h  t h e  San Bernardino p 

Anaerobic s ludge  d i s i n f e c t i o n  a t  t h e  San Bernardino 
p l a n t  is c u r r e n t l y  ac s ludge  d ry ing  beds. The 
s ludge  pumped t o  t 98% l i q u i d  and 2% so l ids .  
I t  must  remain.  i n  60 days  before evapora t ion  and 
d r a i n a g e  have decreased its mois tu re  c o n t e n t  t o  about  50% . 
Sludge h a s  been shown t o  be d i s i n f e c t e d  if stored for 60 days  a t  
68OF (Reference 3.3). The re fo re ,  t h e  s ludge  d ry ing  beds a r e  
performing a dual  role by provid ing  d i s i n f e c t i o n  as  w e l l .  T h a t  
p o r t i o n  of the' s ludge  which is dewatered i n  a b e l t  p r e s s  i s  
t r u c k e d  off s i te  for  composi t ing,  which acts t o  d i s i n f e c t  t h i s  
s ludge  f r a c t i o n .  The d i s i H f e c t i o n  by h e a t i n g  a l t e r n a t i v e  i n  
Table 3-1 is not compatible w i t h  t h e  San Bernardino p l a n t .  

As expla ined  ab e,  s ludge  d ry ing  c u r r e n t l y  is accom- 
p l i s h e d  i n  d ry ing  beds and with one b e l t  prebs i n  t h e  San 
Bernardino p l a n t ,  However, as p l a n t  i n f l u e n t  i n c r e a s e s ,  a l t e r n a -  



Table 3-1. Low Temperature Heat Uses - Typical Wastewater 
Treatment Plant 

I 

HEAT US€ 

1. Sludge Digester Heating 

2. Sludge Disinfection 
a. Pasteurization 
b. Composting 

3. Sludge Drying 

4. Grease Melting 

TEMPERATURE RANGE 

85- 1 OOF ( Mesop h i 1 i c ) 
120-.135F (Thermophi 1 i c) 

158F 
131F 

1 25- 1 300F 

205F 

REFERENCES 

3.3, 3.4 

3.3 

3.5 

3.4 



b, t i v e  methods of s ludge  dewater ing m u s t  be implemented (See 
S e c t i o n  3.1.2). '  Therefore ,  t h e  San Bernardino Water Department 
is i n t e r e s t e d  i n  exp lo r ing  p o t e n t i a l l y  v i a b l e  methods of s ludge  
d e w a t e r i n g :  t h e  s l u d g e  d r y i n g  a l t e r n a t i v e  i n  T a b l e  3-1 i s  
therefore compatible  wi th  t h e  San Bernardino 

The San Bernardino p l a n t  does  n o t  have a grease mel t ing  
process .  The. p l a n t  ng municipal  waste  and has ve ry  
f e w  i n d u s t r i a l  custo fore ,  t h e  character of t h e  scum 
and grease t o  t h a t  it can be processed wi thout  
any hea t ing .  Based I t h e  g r e a s e  mel t ing  a l t e r n a t i v e  
i n  Table 3-1 is incompatible  w i t h  t h e  San Bernardino Vlant .  

3.2.2 Compatible A l t e r n a t i v e s  

The .two a l t e r n a t i v  heat u s e s  which have p o t e n t i a l  
a p p l i c a b i l i t y  a t  t h e  San Bernardino p l a n t  are d i g e s t e r  s ludge  
hea t ing  and s ludge  drying.  Each of t h e s e  uses w i l l  be exDlored 
f u r t h e r  i n  t h i s  section. 

3.2.2.1 

The current method of provid ing  heat t o  t h e  t w o  high- 
ra te  primary anaerobic  digesters is  shown i n  F igure  3-3. A t  t h e  
Sari Bernardino p l a n t ,  t h e  two high-rate  anaerobic  digesters a r e  
kep t  a t  a temperature of 90-100°F, which is maintained by 
c i r c u l a t i n g  s ludge  from t h e  d i g e s t e r  t o  a heat exchanger where 
t h e  s ludge  p i c k s  up heat and is re turned  t o  t h e  digester. Two 
h e a t i n g  system$ are i n  use and each is  capable  of s e r v i n g  t h e  

peak needs of  e i t h e r ' d i g e s t e r  (1.5 m i l l i o n  BTU/hr). The f i r s t  
system (see Figure  3-3) uses a digester methane-fueled b o i l e r  t o  

5°F. T h i s  water is passed through a s p i r a l  p l a t e  
nger where its heat  is t r a n s f e r r e d  t o  s ludge 

c i r c u l a t i n g  on the other side of t h e  exchanger. The water is  
cooled t o  145OF and r e tu rned  t o  t h e  b o i l e r  for r e h e a t i n g  and 
reuse . 
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Figure 3-3.  Digester Heating System Schematic 



The other d t i n g  system (bottom of F i g u r e  
W 2-1) ob ta ins  i t s  b e a t  e coo l ing  jackets of n a t u r a l  gas- 

,and digester methane-fueled eng ines  which are used t o  d r i v e  p l a n t  
a i r  blowers. - Steam from engine  jackets is  condensed i n  a 
s h e l l  and tube  exchanger,  reby  hea t ing  t h e  water t o  135OF. 
The water- is c i r c u l a t e d  t O  + a  pipe-in-pipe h e a t  exchanger where 
i t s  heat i s . t r a n s f e r r e d  t o  s ludge  c i r c u l a t i n g  on t h e  t u b e  s i d e  of 
t h e  exchanger.  I The water is cooled t o  11S0F and r e tu rned  t o  t h e  
condenser f o r  r e h e a t i n g  and reuse .  

. Of t h e  two d i g e s t e r  h e a t i n g  systems described, t h e  one 
us ing  t h e  methane-fueled boiler l e n d s  i tself  most r e a d i l y  t o  
displacement  by geothermal ener  A geothermal w e l l  could 
e s s e n t i a l l y  r e p l a c e  t h e  metha  f u e l e d  b o i l e r ,  f r e e i n g  t h e  

. methane p rev ious ly  consumed for other  in-p lan t  uses, Geothermal 
water is a v a i l a b l e  a t  temperatures of  1 2 0  t o  145OF from wells 
w i t h i n  3200, f e e t  of t h e  d i g e s t e r s .  These tempera tures  a r e  
c e r t a i n l y  t e c h n i c a l l y  s u f f i c i e n t  t o  p r o v i d e  hea t  t o  s l u d g e  
ranging i n  temperature from 90  t o  100OF. 

i 

i n a r y  a n a l y s i  s prepared for u s i n g  geother-  
mal water from ks L Daley We 6 a t  145OF t o  d i s p l a c e  b o i l e r  
de r ived  heat.  The i n s t a l l e d  cos t  of p i p e ,  va lves ,  f i t t i n g s  and 
equipment is approximately $150,000. Approximately 5.5 b i l l i o n  
BTU of methane would be displaced each year by t h e  geothermal 

hea t ,  which h’as a c u r r e n t  v a l u e  f about  $20,000 per year .  Based 
on these p re l imina ry  costs ,  d i g e s t e r  h e a t i n g  w i t h  geothermal 
f l u i d s  has  a 7-8 year  simple payback per iod .  Therefore ,  , t h e  
concept  w i l l  be pursued i n  more d e t a i l  i n  Section 3.3. 

3.2.2.2 Sludqe Drying 

and-bottom d ry ing  beds are  used for sludge 
d ry ing  a t  t h e  San Bernardino p l a n t .  These beds a r e  c u r r e n t l y  
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handl ing maximum s ludge  q u a n t i t i e s ;  as wastewater flows con t inue  - 
t o  i n c r e a s e ,  a l t e r n a t e  means of s ludge  dewater ing w i l l  be imple- LJ 
mented. As discussed  i n  Sec t ion  3.1.2, add i t iona l  mechanical de- 
water ing w i t h  b e l t  presses is being planned t o  i n c r e a s e  t h e  
s ludge  dewater ing c a p a c i t y  of t h e  p l a n t .  The use of heat for 
d ry ing  may also c o n t r i b u t e  t o  i n c r e a s i n g  p l a n t ' s  s ludge  
handl ing c a p a b i l i t y .  I n  a d d i t i o n ,  i t h e  s l u d g e  can be d r i e d  

s u f  f ic l y ,  it may have commercial 
supple  . 

. A pre l imina ry  i n v e s t i g a t i o n  was conducted t o  de te rmine  
which t y p e s  of commercially a v a i l a b l e  d r y e r s  might  lend  them- 
s e l v e s  t o  s ludge  d ry ing  u s i n g  low temperature water a s  a heat  

source .  The d rye r  t ype  which appeared most compatible is t h e  
cont inuous  through c i r c u l a t i o n  type  using h o t  water co i l s  t o  heat 
d ry ing  a i r  (Reference 3.5) .' Pre l imina ry  d i p c u s s i o n s  were held 

w i t h  t h e  largest  manufacturer of cont inuous  througb c i r c u l a t i o n  
d r y e r s  ( i .e. ,  conveyor d r y e r s )  t o  develop  an understanding of t h e  
technical  requirements of t h e  d r y e r .  These i n i t i a l  d i s c u s s i o n s  
concluded t h a t  geothermal tempera tures  of 1 2 0  t o  145OF were t o 0  
low t 0  be p r a c t i c a l  as a heat source  f o r  s ludge  dry ing .  The 

minimum p r a c t i c a l  d r y i n g  a i r  t e m p e r a t u r e  fo r  s l u d g e  d r y i n g  
appears  t o  be about  170°F, which would require water tempera tures  
on t h e  order o f  190°F or above (Reference 3.6) .  

A process  schematic, shown a s  F igure  3-4, was devised  
t o  provide  190°F water for a s ludge  d r y e r .  I n  t h i s  process, 
geothermal water is used t o  heat t h e  water/sludge heat exchangers 
described i n  S e c t i o n  3.2.1. The h igh  temperature h e a t  (220OF) 

from t h e  engine  jackets, which was being used for digester 
hea t ing  ( v i a  an intermediate water l o o p ) ,  is passed through a new 
heat exchanger t o  produce water a t  190°F, which is piped t o  a 
c o i l  i n  a conveyor d rye r  where t h e  water r e l i n q u i s h e s  i ts  heat t o  
produce dry ing  a i r  a t  170OF. 
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A pre l imina ry  payback a n a l y s i s  was prepared for s ludge  
d ry ing  using t h e  scheme shown i n  F igure  3-4. Under normal p l a n t  
ope ra t ing  circumstances,  s u f f i c i e n t  blower eng ines  are running t o  
r e su l t  i n  2.5 m i l l i o n  BTU per hour of h e a t  being a v a i l a b l e  t o  t h e  
d rye r  v i a  t h e  engine  jacket h e a t  exchange s y s  The d r y e r  
manufacturer e s t i m a t e s  t ha t  wi th  17OOF dr,ying a approx imately 
2500 BTU w i l l  be re red t o  evapora t e  one pound of water from 
t h e  sludge. Theref 8 about  1000 pounds per hour of water can 
be removed using 2.5 m i l l i o n  BTU per hour.  

L; 

: Using these parameters ,  a conveyor d r y e r  could conve r t  
1290 pounds per hour of b e l t  press paste ( 8 0 %  moisture) t o  290 

pounds per  hour of d r i e d  product  (10% moisture). The i n s t a l l e d  
c o s t  of t h e  d rye r  p ip ing  and heat exchanger r equ i r ed  t o  accom- 
p l i s h  t h e  above would be approximately $200,000 [Reference 3.6) . 
Assuming t h e  dried product can be used as  a " s o l i d  f u e l "  w i t h  a 
v a l u e  of $ 1  per m i l l i o n  BTU, t h e  s o l i d  f u e l  would be worth about  
$148000 per  year .  T h i s  r e su l t s  i n  a s imple payback of 1 4  y e a r s ,  
neg lec t ing  ope ra t ing  and maintenance costs of t h e  d r y e r .  There- 
f o r e ,  s ludge  dry ing  using t h e  concept  of F i g u r e  3-4 is p r e s e n t l y  
uneconomic and w i l l  be pursued no f u r t h e r  i n  t h i s  s tudy .  

Based on d i s c u s s i o n s  wi th  dryer manufac turers ,  it is. 
clear t h a t  s ludge d ry ing  e f f i c i e n c y  increases very  r a p i d l y  w i t h  
increased d ry ing  a i r  temperature (References  3.6, 3 .7 )  . I n  

a d d i t i o n ,  f l a sh  d ry ing  of s ludge  i n  cage m i l l  d r y e r s  us ing  d r i e d  
s ludge  as  t h e  f u e l  is being used i n  t h e  U.S. (References  3.3, 

3.8). Although o u t s i d e  t h e  scope af t h e  c u r r e n t  geothermal 
s tudy ,  should s ludge  d ry ing  c a p a c i t y  a t  t h e  San Bernardino p l a n t  
con t inue  t o  be exceeded, it is recommended t h a t  higher  tempera- 
ture  exhaus t  g a s  from blower d r i v e r s  and d r i e d  s ludge  be con- 
sidered as p o t e n t i a l  heat sources f o r  conveyor and/or cage m i l l  
s l udge  d r y e r s .  

G 
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3.3 PRELIMINARY DESIGNS 
LJ 

A s  r epor t ed  i n  S e c t i o n  2 ,  d i g e s t e r  hea t ing  appears  t o  
be a v i a b l e  u s e  for t h e  low tem a t u r e  geothermal energy known 
t o  exis t  near  t h e  San Bernardino Wastewater Treatment  P l a n t .  I n  

l i m i n a r y  d e s i g n s  w i l l  be presented  for systems 
t o  h e a t  a c d i g e s t e r s  us ing  geothermal f l u i d  from two 

e k s  & Daley W e l l  166 and Meeks & Daley W e l l  # 5 9  

Rive r s ide  Well), and from a proposed new w e l l .  
1 provide  hea t ing  i n  p l a c e  of t h e  e x i s t i n g  

methane-fueled boiler t o  one d i g e s t e r .  Should t h e  p l a n t  improve- 
. ment project d e s c r i  3.1.2 be approved, a second 

methane-fueled boiler and sp i ra l  heat exchanger w i l l  be i n s t a l l e d  
i n  p a r a l l e l  w i t h  t h e  e x i s t i n g  i n e  j a c k e t  heat exhang6 system. 
Therefore ,  d e s i g n s  a lso w i l l  presented for  r e p l a c i n g  both 

methane- fue led .boi le r  systems w i t h  geothermal hea t ing  systems. 

arious a l t e r n a t i v e  d e s i g n s  have 
been organized i n  f the .  geothermal product ion  w e l l  t o  be 

used ,  and t h e  number of d i g e s t e r s  t o  be hea ted  Table  3-2 below 
summarizes t h e  g era1 character is t ics  of each s i g n  case. 

TABLE 3-2 

A l t e r n a t e  Design Case C h a r a c t e r i s t i c s  

Number of 
Product ion Well Digesters Served 

Case 1 Meeks & Daley #66 1 
Case 2 Meeks 61 Daley 466 2 
Case 3 Meeks & Daley t 5 9  1 
Case 4 Meeks & Daley 159 2 
Case 5 N e w  Well 2 

a t i o n  of  each proposed produc n w e l l  and i t s  a s s o c i a t e d  
p ip ing  i n  r e l a t i o n s h i p  t o  t h e  San Bernardino Wastewater Treatment 
P l a n t  is shown i n  F igure  3-5. Meeks & Daley Well 466 is located 

U 
/ 
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t h e  ' g r e a t e s t  d i s t a n c  from t h e  p l a n t  (3300 f e e t ) ,  however it 
b, produces t h e  h o t t e s t  l i q u i d  5OF). By contrast ,  a new w e l l  

d r i l l e d  on t h e  t r ea tmen t  p l a  
of geothermal product ion  p w h i l e  t h e  temperature  of  t h e  
water from t h a t  w e l l  is 

3.301 

A p ip ing  and in s t rumen ta t ion  d ram (P&ID)  appears  a s  
Figure  3-6 f o r  hea t ing  one anaerobic  digester w i t h  geothermal 
l i q u i d  f r o  l e y  Well t66. The symbols 
used for a re i d e n t i f i e d  i n  Table  3-3. 
I n  Case 1, 155 g 5OF is pumped from 
t h e  w e l l  us ing  a mul t i - s t age  p w i t h  a discharge 
pressure of p s i g .  The l i q  tempera ture ,  p r e s s u r e  and f low 
ra te  are m above ground carbon steel 
p i p i n g ,  p r i o r  t o  its being t r a n s  d v i a  3300 feet of bur ied  
4-inch diameter f i b e r g l a s s  r e i n f o  p l a s t i c  (FRP) pipe t o  t h e  
t r ea tmen t  p l a n t .  The FRP p i p e  is f a c t o r y  i n s u l a t e d  w i t h  a one 
inch  t h i c k n e s s  of polyure thane  foam encased i n  a PVC or FRP 

jacket. The geothermal water loses approximately l 0 F  du r ing  i t s  
t r a n s p o r t  t o  t h e  t r ea tmen t  p l a n t .  

Upon a r r i v a l  a t  t h e  p l a n t ,  t h e  geothermal f l u i d  enters 
a 200 ft2 spiral plate heat exchanger, where it g i v e s  .up 1.5 
m i l l i o n  BTU/hr of heat t o  i n c r e a s e  t h e  temperature of digester 
s ludge  which is c i r c u l a t i n g  on e o t h e r  s i d e  of t h e  exchanger. 
The geothermal l i q u i d  l e a v e s  t h  othermal/Sludge h e a t  exchanger 
a t  124OF and is t r a n s p o r t e d  v i a  a 4 inch d iameter  bu r i ed  and bare 
FRP pipe t o  an i n j e c t i o n  well. Depending upon i t s  q u a l i t y ,  t h e  
water may be blended with t r ea tmen t  p l a n t  t e r t i a r y  water for use  
i n  i r r i g a t i o n  systems or discharged  t o  t h e  Santa  Ana River i n  
l i e u  of i n j e c t i o n .  

U 



Figure 3-6. Piping and Instrumentation Diagram - Design Case 1 
(Heating One Digester with Meeks & Daley #66) CI CI 



Table 3-3 .  Key to Drawing Symbols 

@ Centrifugal Pump 

PQ Gate Valve 

N Check Valve 

H Globe Valve 



3.3.2 Design Case 2 - Meeks  6 Daley W e l l  #66/TWO D i g e s t e r s  

The P&ID for h e a t i n  wo anaerobic d i g e s t e r s  w i t h  
geothermal  l i q u i d  from Meeks & ppears as  F igure  
3-7. A s  i n  Case 1, othermal  l i q u i d  is pumped f 
geothermal/s ludge h e a t  exchangers  where h e a t  is t r a n s f e r r e d  t o  
d i g e s t e r  s ludge  and then  piped t o  an  i t i o n  w e l l  or t o  surface 
d i s c h a r g e  and/or u s e  . 

S i n c e  Case 2 i n v o l v e s  h e a t i n g  two d i g e s t e r s ,  t h e  
r e s u l t i n g '  equipment r e q u i r e d  is s u b s t a n t i a l l y  larger than  for 
Case 1. The ver t ica l ,  multi-stage w e l l  pump h a s  a c a p a c i t y  of 
310 gpm and a d i s c h a r g e  pressure o f  4 0  p s i g .  The p roduc t ion  
p i p i n g  is bur i ed  6 i nch  d iameter  FRP w i t h  a one inch  polyure thane  
foam c o a t i n g  and a PVC jacket ,  and i n j e c t i o n  p i p i n g  is b u r i e d  6 
inch  d iameter  bare FRP. Because of t h e  h ighe r  flow ra tes  i n  Case 
2 ,  t h e  geothermal  l i q u i d  o n l y  loses 0.5.OF between t h e  p roduc t ion  
wellhead and t h e  geothermal/s ludge h e a t  exchangers .  Two s p i r a l  
p la te  h e a t  exchangers  w i t h  200 f t  of area each are r e q u i r e d  t o  2 

h e a t  bo th  d i g e s t e r s .  Geothermal l i q u i d  f low c o n t r o l  between 
exchangers  is  provided by manually a d j u s t i n g  t h e  g l o b e  v a l v e s  on 
t h e  co ld  s i d e  of each exchanger.  

3.3.3 Design Case 3 - Meeks t Daley W e l l  #59/0ne D i g e s t e r  

F igu re  3-8 p r o v i d e s  t h e  PbID for a system t o  h e a t  one 
anae rob ic  d i g e s t e r  from Meeks & Daley W e l l  #59. As d i s c u s s e d  i n  
Chapter 7 of t h i s  r e p o r t ,  t h e  temperature o f  t h e  produced l i q u i d  
from W e l l  #59 h a s  been measured a t  between 115 and 135OF. 
Add i t iona l  tempera ture  measurements of t h i s  w e l l ,  i n c l u d i n g  a 
temperature p r o f i l e  versus  d e p t h ,  w i l l  be completed by t h e  
Cal i forn ia  Div is ion  of Mines and Geology (DMG) i n  1981. Pendinq 
a v a i l a b i l i t y  o f  t h e  DMG d a t a ,  it was c o n s e r v a t i v e l y  assumed t h a t  
W e l l  #59 w i l l  c o n s i s t a n t l y  produce l i q u i d  a t  120°F. 
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Pump Capacity: 310 gpm 
Discharge P: 40 psig 
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Figure 3-7. Piping and Instrumentation Diagram - Design Case 2 .  
(Heating 2 Digesters Using Meeks & Daley Well # 6 6 )  
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New I n j e c t i o n  Well 
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Figure 3-8. Piping and Instrumentation Diagram - Design Case 3 
(Heating One Digester with Meeks & Daley # 5 9 )  c 6' 



The des ign  r Case 3 is  i d e n t i c a l  t o  t h e  Case 
U 1 concept .  However, because of  t h e  lower geothermal tempera ture ,  

i n  Well C 5 9 ,  larger sumps and heat exchangers  a r e  required. 
Liquid is pumped te  of 310 gpm w i t h  a 
d i s c h a r g e  pressur mal water loses about 
0.2OF w h i l e  t r a v e l i n g  through a 2400 foot long ,  4 i n c h  diameter, 
i n s u l a t e d  FRP p i p e l i n e  . 

qu id  is  then  passe  hrough a 400 ft2 sp i r a l  
p l a t e  h e a t  exchanger,  where it g i v  p 1.5 m i l l i o n  BTU/hr and 
10°F.  D iges t e r  s ludge  c i r c u l a t i n g  on t h e  other s i d e  of t h e  h e a t  

ure by 1 O O F .  The cooled 
v i a  a 4 i nch  d iameter ,  800 

w i n j e c t i o n  11 01: s u r f a c e  
d i scha rge .  

3.3.4 

The P&ID f o r  h e a t i  i g e s t e r s  w i t h  f l u i d  from 
Meeks & Daley Well 159  is  shown i n  F i g u r e  3-9. The Case 4 des ign  
concept  is i d e n t i c a l  t o  Case 2. The lower geothermal temperature 
of Well a59 n e c e s s i t a t e s  l a r g e r  geothermal flow rates and heat 
exchanger areas than  Case 2. 

. Geothermal l i q u i d  is pumped t o  t h e  surface a t  t h e  rate 

Of 620 gpm wi th  a d i s c h a r g e  head of 50 p s i g .  The f l u i d  loses 
about O.l*F as  it flows through 2400 eet of 6 inch  diameter 
i n s u l a t e d ,  b u r i e d  FRP p i  l i t s  near  t h e  d i g e s t e r s  
w i t h  half  going t o  each ft2 spi ra l  p la te  h e a t  ex- 
changers .  The geotherma ped v i a  a 6 inch diameter  

i n j e c t i o n  well or s u r f a c e  d i s c h a r g e ,  

3-23 



w 
I 
h) 
Ip FRP 

CAS. 
- 

Existing Production Well 
Weeks 8 Daley 659 
Punp Capacity: 620 ~ p n  
Discharge P: 50 psig 
Discharge T: 120F 

fhu Injectim &ti  
lnJcct1an P: 21 psi9 

Figure 3-9. Piping and Instrumentation Diagram - Design Case 4 
(Heating 2 Digesters Using Meeks & Daley Well #59) 



hd 

w a s t e w a t e r  t reatment  o l a n t  

assumed t o  be located near t h e  n o r t h e a s t  co rne r  of t h e  p l a n t  
p r o p e r t y ,  about  800 f e e t  from t h e  d i g e s t e r  a r e a .  

The P&ID for Case 
des ign  concept  for Case 
for Case 4 .  The on1 I t  'from t h e  
proposed w e l l  being a i n s t e a d  of 
t h e  2400 f o o t  d i s t a n c e  

c u r r e n t l y  is pro  
d i g e s t e r  o b t a i n s  h e a t  from combustion of  methane g a s  i n  a h o t  
water boiler, and the  other d i g e s t e r  is  heated water heated 

eated by combustion of digester-produced methane i n  boilers.  

from t h e  d i g e s t e r s  t o  t h e  Arrowhead i n f l u e n t  
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Figure 3-10. Piping and Instrumentation Diagram - Design Case 5 
(Heating 2 Digesters Using New Production Well) 



b, 
eng ines ,  t h a t  d r i v e  t h e  pumps. These pumps are c u r r e n t l y  d r i v e n  
by n a t u r a l  gas-fueled engines ,  Methane d i s p l a c e d  by geothermal 
d i g e s t e r  hea t ing  could be used t o  s u  
r e s u l t i n g  i n  a r educ t ion  i n  n a t u r a l  ga  nsumption a t  t h e  p l a n t .  

s designed t o  d e l i v e r  1.5 m i l l i o n  
BTU/hr o f  h e a t  t o  145OF water .  The b o i l e r s  o p e r a t e  about  
one- th i rd  o f  t h e  hours  i n  a t y p i c a l  y e a r ,  a t  an e f f i c i e n c y  of 
approximately 80% which re n a f u e l  i n p u t  of about  1.9 
m i l l i o n  BTU/hr; t h e r e f o r e ,  t h e  t o t a l  methane f u e l  i n p u t  per  
b o i l e r  per  year  is 5.5 x l o g  BTU/yr. 

Each d i g e s t e r  b 

If geothermal h e a t  is used t o  h e a t  one d i g e s t e r ,  
9 t he reby  d i s p l a c i n g  one b o i l e r ,  then  an  a d d i t i a n a l  5.5 x 10 

BTU/yr of methane w i l l  be  made a v a i l a b l e  t o  f u e l  pump d r i v e r  
engines .  U s e  of t h i s  methane w i l l  conserve 5.5 x l o 9  BTU/yr or 
55,000 therms of n a t u r a l  g a s  c u r r e n t l y  used t o  f u e l  t h e  pump 
engines .  S i m i l a r l y ,  i f  two d i g e s t e r s  a r e  geothermally heated 
approximately 110,000 therms of na tu ra l  g a s  can be conserved. 
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4. ECONOMIC ANALYSIS 

LJ 
An economic analysis of the designs presented in 

Chapter 3 was conducted to determine the economic feasibility of 
using geothermal heat at t San Bernardino Was water Treatment 
Plant. The specific cases ed are describe briefly below . 

Case 1 aley Well #66 to heat one 

.Case 2 ell #66 to heat two 

Case 3 - Using Meeks & Daley Well #59 to heat one 

Case 4 - Using Meeks & Daley Well #59 to heaf two 

Case 5 Drilling a new production well at the 

Case 6 (P) - private entity develops the resource 
or the purpose of selling heat to the 

Water Department (i.e., Case 5 with 
private ownership) . 

digesters at the plant. 

digester at the plant. 

digesters at the plant. 

plant site to serve two digesters. 

In Cases 1-5, the City of San Bernar no Water Depart- 
ment would own.al1 facilities, while in Case 6 a private entity 
would own the facilities and sell energy to the Water Department 
at the treatment plant. 

as completed using the GEYSER 
rmal Energy Yearly Statements 
rojects income statements and 
pute the return on investment 

he project. The model also can 
be used to calculate the current price of energy that would be 



required t o  make t h e  project economically f e a s i b l e .  Another 

c o s t  l i m i t a t i o n  for t h e  project t o  be c a l c u l a t e d ,  i n  other words, 
t h a t  amount of investment which t h e  Water Department cannot  
exceed, and s t i l l  have a prof i table  i n t e r n a l  r a t e  of r e t u r n  a t  
t h e  required d i s c o u n t  rate. 

important  feature of t h e  model is t h a t  it e n a b l e s  t h e  c a p i t a l  LJ 

Severa l  important  v a r i a b l e s  l i s ted  below can have an  
impact upon t h e  economic f e a s i b i l i  of t h e  project. 

0 Discount Rate 
o L i f e  of t h e  Investment 
o Volume of Energy Used 
0 Price of A l t e r n a t i v e  Energy 
o C a p i t a l  Costs 
o Operating & Maintenance Costs 

o Energy Costs ( fo r  operating pumps) 
0 I n t e r e s t  Rate 
0 I n f l a t i o n  Rates. 

A d i s c u s s i o n  of t h e  economic v a r i a b l e s  u t i l i z e d  for 
t h i s  a n a l y s i s  is presented  below. A s e n s i t i v i t y  a n a l y s i s  was 
performed f o r  each v a r i b l e  i n  each case. 

o Discount Rate - The d i s c o u n t  ra te ,  which is t h e  
same a s  t h e  r e t u r n  on investment or i n t e r n a l  ra te  
of r e t u r n ,  t yp ica l ly  accounts  f o r  both i n f l a t i o n  
and an acceptable r e t u r n  on investment .  S ince  t h e  
Water Department, as  a public s e r v i c e ,  is n o t  a 
p r o f i t  making e n t e r p r i s e ,  t h e  d i s c o u n t  r a t e  would 
account  f o r  i n f l a t i o n  and recovery of  c a p i t a l :  
d e p r e c i a t i o n .  The d i s c o u n t  r a t e  se lec ted  a s  
a p p r o p r i a t e  f o r  t h e  San Bernardino Water Department 
was 10%. On t h e  other hand, t h e  d i s c o u n t  r a t e  
selected for t h e  p r i v a t e  en t r ep reneur  was much 
higher  -- 30% -- i n  order t o  s e c u r e  an adequate 
r e t u r n  on investment  (similar t o  t h a t  required by 
o t h e r  p r i v a t e  compan ies  p u r s u i n g  g e o t h e r m a l  
inves tments )  . 

h, 
4-2 



o L i f e  of Investment - The expected l i f e  of a n  
i n v e s t m e n t  i s  t w e n t y  y e a r s ,  a l t h o u g h  v a r i o u s  
components may have d i f f e r e n t  l i f e  expec tanc ie s .  
P ipe  might be expected t o  l a s t  50 y e a r s ,  pumps 1 0  
y e a r s  and heat exchangers 15-20 y e a r s .  The w e l l  
could g i v e  o u t  a f t e r  10 y e a r s ,  a l though,  g iven  t h e  
long h i s to r i e s  of t h e  e x i s t i n g  w e l l s ,  t h i s  s i t u a -  
t i o n  is n o t  expected.  I n  order t o  account  for 
replacement capi ta l ,  an a d d i t i o n a l  $20,000 ( i n  1981 
dol la rs )  is appropr i a t ed  a f te r  1 0  years i n  o rde r  t o  
replace pumps and/or heat exchangers  i n  each case .  

0 Volume of Ene L case, t h e  volume of 
e n e r g y  was t h a t  amount d e t e r m i n e d  n e c e s s a r y  
a c c o r d i n g  t o  e n g i n e e r i n g  s p e c i f i c a t i o n s .  T h i s  
amount is n o t  expected t o  vary.  Neve r the l e s s ,  a 
s e n s i t i v i t y  a n a l y s i s  was provided f o r  r e f e r e n c e  
purposes.  The volume of energy changes r e q u i r e s  
engineer ing  des ign  changes which impact c a p i t a l  
costs and o p e r a t i n g  c o s t s .  

o P r i c e  of Energy - The p r i c e  of energy ref lects  t h e  
c u r r e n t  p r i c e  of t h e  a l t e r n a t i v e  energy.  I n  t h i s  
case, n a t u r a l  gas from Southern Cal i fornia  Gas Co.,  
which is c u r r e n t l y  $ .38  therm. 

o Price I n f l a t o r  for Energy - T h i s  is an important  
v a r i a b l e .  I f  na tu ra l  gas p r i c e s  were de requ la t ed  
completely,  . the  d e c o n t r o l l e d  price c u r r e n t l y  would 
be $.60 per  therm. Natura l  gas prices are  schedul -  
ed t o  be completely d e c o n t r o l l e d  by 1985. For a l l  
base cases, it is  assumed t h a t  energy prices w i l l  
escalate 20% per  year  for 5 y e a r s  and then  10%/yr  
t h e r e a f t e r .  T h i s  appears  t o  be a c o n s e r v a t i v e  
f i g u r e  i n  l i g h t  of p r i c e  e s c a l a t i o n s  i n  recent 
y'ears which are h e a v i l y  dependent on f u e l  c o s t  
e s c a l a t i o n s  a t t r  ib ,u tab le  t o  p r i c e  i n c r e a s e s  by 
OPEC. 

C a p i t a l  Cos t s  - Capital  c o s t s  were c a l c u l a t e d  based 
upon t h e  eng inee r ing  des igns  i n  Chapter 3 us ing  t h e  
Process P l a n t  C o n s t r u c t i o n  E s t i m a t i n g  S t a n d a r d s  
fxom R i c h a r d s o n  E n g i n e e r i n g ,  a l o n g  w i t h  q u o t e d  
prices from vendors.  An e s t i m a t e  was prepared f o r  
each case and a 10% cont ingency f a c t o r  app l i ed .  A 
c a p i t a l  c o s t  e s c a l a t o r  of 10%/yr  is app l i ed  w i t h  
regard  t o  replacement  c a p i t a l .  C a p i t a l  c o s t s  for 
each case are d i sp layed  i n  Table 4-1. 

o 

o Operat ing & Maintenance - 0&M c o s t s  were broken 
down i n t o  two c a t e g o r i e s :  o p e r a t i n g  c o s t s ,  
i nc lud ing  service, p a r t s  and l a b o r ;  and energy 
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Table 4-1. Capital Cost Summary ($1,000~) - San Bernardino 
Wastewater Treatment Plant Geothermal Feasibility 
Study, January 1981 Price Level 

40 

68 

24 

CASE CASE 
1 2 COST GATEGORI ES 

40 80 80 

84 43 43 

49 49 49 

I 
I 

I 
1 

I 

Heat Exchangers 

Pwnps 

Management & Engineering 

TOTAL 

We1 1 I 40 I 40 

12 24 

9 13 

40 40 

185 208 

Piping 

10% Conti ngency 

Total Cost 

I 84 I 91 

19 21 

204 229 

CASE CASE CASE - CASE I 4 1 3 5 1 P(6) 
I I I 

I I 1 

13 I 18 I 13 13 
I I 

40 I 40 I 40 I 40 

255 248 248 
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b) 

c o s t s .  The o p e r a t i n g  co$ts have an i n f l a t o r  of 10% 
per y e a r .  The e n e r g y  c o s t s  ( e l e c t r i c a l  f o r  
pumping) have i n f l a t o r s  of 20% f o r  5 y e a r s  and 10% 
t h e r e a f t e r ,  wh ich  a r e  t h e  same a s  t h e  p r i c e  
i n f l a t o r  f o r  n a t u r a l  gas .  T h e  o p e r a t i n g  and 
maintenance c o s t s  vary  i n  each case according t o  
des ign  c r i t e r i a .  

o I n t e r e s t  Rate - The t e r e s t  r a t e  used is  similar 
t o  t h a t  for municipal  revenue bonds, approximately 
12%. The i n t e r e s t  ra te  f o r  a p r i v a t e  en t repeneur  
is t h e  Prime Rate, c u r r e n t l y  19 3/4%. It  might be 
p o s s i b l e  t o  achieve  a lower i n t e r e s t  ra te  for  a 
municipal  e n t i t y .  The 1 2 %  rate is c o n s e r v a t i v e  and 
depends upon t h e  market for  municipal  geothermal 
bonds, for  which there is no prior experience i n  
C a l i f o r n i a .  

o % Debt - The p r o j e c t  1 be one-hundred ??=cent 
For debt f inanc ing  for t h e  municipal  e n t i t y .  

p r i v a t e  development, 50% deb t ,  50% e q u i t y  f inanc ing  
is assumed. 

Energy Cos ts  - The pumps w i l l  be d r i v e n  by e lectr ic  
power from Southern C a l i f o r n i a  Edison a t  a c u r r e n t  
price of lo$!! per Kwh. Electric power e s t i m a t e s  
va ry  according t o  horsepower requi rements ,  which, 
i n  t u r n ,  va ry  according t o  des ign  requirements .  

0 

4.2 RESULTS 

I n  each of t h e  s i x  Cases,  t h e  proposed system was found 
t o  be more cost  e f f e c t i v e  than  u t i l i z i n g  n a t u r a l  gas .  Table 

4-2 d i sp l ays  t h e  expected r e t u r n  on investment ,  price,  and 
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BASE CASE I '  

9 

Table 4 . 2  Base Case Summaries - Conceptual Geothermal 
Systems for San Bernardino Water Department 

I I 1 '  I i 

INTERNAL RATE 1 PRICE 1 CAPITAL COST 
OF RETURN I $/THERM LIMIT - $1000~ 

Case 1. M&D-#66, 1 DigesteP 39.39% $.25 

Case 2. M&D #66, 2 Digester 

Case 3. M&D #59, 1 Digester 

$365 
-~ 

125.11% .18 742 

20.00% .33 269 

Case 4. M&D #59, 2 Digesters 

Case 5. D r i l l i n g  On Site, 
2 Digesters 

Case P(6).  Pr ivate Investor, 
=Case 5 

66.56% .24 633 

81.30% .22 653 

34.58% .34 296 

I n te rna l  Rates o f  Return were calculated using 95% f inancing rather  
than 100% i n  order t o  avoid extremely high IRR's which are d i s t o r t i v e  
fo r  the purpose o f  analysis f o r  Cases 1-5. 

. 



Table 4.3 Base Case 1 

Meeks & Daley Well #66 
eating One Digester 

I Volume o f  Energy 

I Life of Investment I 20 years 1 
54,750 thermslyr ~ 

.I Capital cost 

1 I Price of 'Energy 1 $ .38/ therm 

$203,800 

Operating Cost (1st yr) 

Interest Rate 

$3,000 

12% 

Energy Cost (Pump) Inflator 20%/10% 

Capital Cost Inflator 10% 

All Variables Remaining Constant 

1 Return on Investment I 50.97% I 
I $ .252/therm I 



Case Price of Ener 

Case 2 $.18/therm 
Case 5 
Case 4 
Case 1 $.25/therm 
Case 3 $.32/therm 
Case P $ .34/therm 

The table s s that the required of energy 
(natural gas) to make the project feasible i ases below 
the price currently paid by the Water Department ($.38/therm). 
Therefore providing digester heat from geothermal energy exhibits 
superior economics in all cases studied. 

It should be noted that all the municipal cases 
provided cheaper energy than private development, because a 
municipality does not need to make a return on its investment, 
100% debt financing is utilized and the municipality does not 
have to pay taxes. 

Case 2 (heating two digesters with the existing Meeks & 

Daley Well # 6 6 )  and Case 5 (drilling a new well on the property) 
are the most promising. Although Case 2 appears more cost’ 
effective, Case 5 is attractive for two reasons which cannot be 
quantified in the economic analysis; 

1) an autonomous resource is provided, and 

2) the Meeks and Daley well is freed for potentially 
higher uses which require temperature in excess of 
100°F. 

Tables 4-3 through 4-8 display the base case assump- 
tions for Cases 1 through 6, as well as sensitivity analyses for 
each of the key variables involved with regard to price and 
capital cost limit. 
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SENSITIVITY ANALYSIS 
Case 1 

.50 -- 
Capital  Cost $1 50,000 .21 

1 PRit/"' 1 CAPITAL I 
COST CHANGE I N  VARIABLE 

51 5 
-- 

BC = BASE CASE 1 THERM I $/lo00 I 

Operating Cost 5% 
I nf 1 a t o r  BC 10% 

Discount Rate 

.24 , 382 

.25 365 

20% I .33 I 245 I 
Pr ice  I n f l a t o r  * 
(=Energy Cost 

I n f  1 a t o r )  

20% I .31 I 287 I 
* 

Price  I n f l a t o r  - Assume 20% 
increase i n  1 s t  5 years; 
10% thereafter f o r  Base Case 

b, 
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'I 

I 

Discount Rate ' 10% 

Life of Investment 20 years 

Vol ume of Energy 

Price o f  Energy $ .38/therm 

Capital Cost ' $229,155 

Operating Cost (1s t  yr) 

Interest  Rate 

1 09 , 500 t herms/yr 

5 , 800 

12% 

% Debt 100% 

Price Inflator 20%/10% 

Operating Cost Inf la tor  10% 

Capital Cost Inflator 10% 

Energy Cost (Pumps) 5 , 900/yr 

Energy Cost (Pump) Inflator 20%/10% 

All Variables Remaining Constant 

Return on Investment 

Price . 

Capital  Cost L i m i t  . 

$ .180/ therm 

742 , 068 

i 
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SENSITIVITY ANALYSIS 
Case 2 

I PRICE 1 CAPITAL 
$1 COST CHANGE IN VARIABLE 

BC = BASE CASE I THEKM I $/io00 

Discount Rate 5% $.17 $847 
BC 10% .18 742 

20% .20 591 
Life of Investment 10 years .26 394 

BC 20 .18 74 2 

Volume o f  Energy 70,900 therms .28 390 
BC 109,500 .18 742 

150,000 .13 1,100 
Price of Energy $ .20/therm -- 209 

BC -38 .18 74 2 
.60 -- 1,303 

Capital Cost $200,000 .17 -- 
I 

BC 229,155 .18 742 

Operating Cost $4,000 /yr .17 770 
BC 5,800 .18 742 

7,000 .19 722 

BC 5,900 .18 742 
8,000 .20 691 

300,000 .21 -- 

Energy Cost (Pumps) $4,000 /yr .16 785 

Interest  Rate 
BC 12% 

.22 495 
Price Inf la tor  * 15%/8% 
(=Energy Cost 

Inf la tor)  
BC 20%/10% 

30%/15% .12 1.514 

Operating Cost 
Inf la tor  BC 10% 

20% .24 588 
* 
Price Inf la tor  - Assume 20% 

increase i n  1 s t  5 years; - 
10% thereafter for  Base Case 4-11 



Table 4.5 Base Case 3 

Energy Cost (Pump) I n f l a t o r  

Capital  Cost I n f l a t o r  

Meeks & Daley #59 
Heating One Digester 

In te res t  Rate 

20%/10% 

10% 

Capitai  Cost L i m i t  

A1 1 Variables Remaining Constant 

1 Return on Investment 22.42% 1 I 

$268,515 

I Price  I $.329/therm I 
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CHANGE I N  VARIABLE 
BC = BASE CASE 

Discount Rate 

PRICE CAPITAL 
$1 COST 

THERM $/loo0 

$1 70,000 
BC 203,000 

250,000 

Capital Cost 

Operating Cost $3,00O/Yr 

BC 4,800 
6.000 

Energy Cost (Pumps) 

.30 -- 

.33 268 

.36 -- 

.30 297 

.33 268 

.34 250 

I n  teres t Rate 
BC 

Operating Cost 5% 
I n f l a t o r  BC 10% 

20% I .41 I 1 80 

.31 295 
33 268 

Pr ice  I n f l a t o r  * 
(=Energy Cost 

I n f l a t o r )  I 

BC 

30% / 1 5% I 77 I 589 

* 
Pr ice  I n f l a t o r  - Assume 20% 

increase i n  1 s t  5 years; 
10% thereaf te r  f o r  Base Case 

cd 
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Table 4.6 Base Case 4 
Meeks & Daley #59 
Heating Two Rigesters 

Life of Investment 20 years 

Volume of Energy 

Price . of Energy 
I 

109 500 t herm/yr 

$ .38/ them 

Capital Cost 

Operating Cost (1s t  y r )  

$255 100 

$5,80O/yr 

Energy Cost (Pumps) $1 1 800/yr 

Price Inflator 20%/ 1 0% .I Operating Cost Inf la tor  

Interest  Rate 

% Debt 

~~ 

12% 

100% 

Energy Cost (Pump) Inflator 

Capital Cost Inflator 

4-14 

20%/10% 

10% 

Return on Investment 

Price 

Capi ta l  Cost L i m i t  

* 
1 49.06% 

$ .239 

$632,983 



Case 4 

CHANGE IN VARIABLE 
BC = BASE CASE 

PRICE CAPITAL 
$/ COST 

THERM $/loo0 

Discount Rate 5% 

BC 10% 

Life of Investment 

$.23 $729 
.24 633 

Capital Cost 

13,000 
Interest  Rate 8% 

.25 603 

.22 826 
BC 12% 

20% 
Price Inf la tor  * - 75%/8% 

.24 633 

.29 41 6 

.28 450 

20% I .30 1 473 
* 
Price Inf la tor  - Assume 20% 

increase i n  1 s t  5 years; 
10% thereafter for  Base Case 4-15 

(=Energy Cost BC 20%/10% 

30%/15% 
Opera ti ng Cost 5% 
I nf la  t o r  BC 10% 

Inf la tor)  .24 633 
.18 1,314 
.23 667 
.24 633 



Table 4.7 Base,Case 5 

Dr i l l ing  a New Well on the 
- Site to Heat Two Digesters 

Life of Investment 

Volume of  Energy 

I Discount Rate I 10% 

20 years 

109,500 therms 
~ 

Price of Energy 

Capital Cost 

$.38/therm 

$248,860 

Operating Cost (1st  y r )  

Interest Rate 

% Debt 

Energy Cost (Pumps) 

Price Inf la tor  

$5,80O/yr 

12% 

100% 

$9,800 

I 20%/10% 

Capital  Cost Inf la tor  

Operating Cost Inf la tor  I 10% I 

I 10% 

Energy Cost (Pump) Inf la tor  I 20%/10% 

Return on Investment 

Price 

Capital Cost L i m i t  

$ .223/ therm 

$652,504 

All Variables Remaining Constant 



Case 5 

350,000 
$4,000 /Y r Opera ti ng Cost 

BC 5,800 
7,000 

BC 9,800 
Energy Cost (Pumps) 7,00O/yr 

11,000 

12% 
20% 

In teres t Rate 8% . 

I PRICE I CAPITAL 
$/ COST CHANGE IN VARIABLE 

.26 -- 

.21 681 
.22 653 
.23 6 34 
.20 71 9 
.22 653 
.23 624 
.20 840 
.22 653 
.27 436 

BC = BASE CASE I THE-W 1000 

Price Inf la tor  * 15%/8% 
(=Energy Cost BC 20%/10% 

30%/15% 
Inflator)  

.27 465 

.22 653 

.16 1,346 
Operating Cost 5% 
Inflator  BC 10% 

.21 685 
‘.22 653 

20% I .28 1 499 
* 
Price Inf la tor  - Assume 20% 

increase i n  1st 5 years; 
10% thereafter for Base Case 4-17 



Table 4.8 Base Case p 
A Private Investor Develops the Resource 
under Conditions f o r  Base Case 5 

Life of Investment 

Vol ume of Energy 

Price of Energy 

Capital Cost 

20 years 

109,500 thers/yr 

$.38/year 

$248,860 

Operating Cost (1s t  y r )  

Interest  Rate 

% Debt 

Energy Cost (Pumps) 

Price Inflator 

$5 , ~ O O / Y  r 

19.75% 

50% 

$9,80O/y r 

I 20%/10% 

Capital Cost Inflator 

Operating Cost Inf la tor  I 10% 

1 0% 

Energy Cost (Pump) Inflator I 20%/10% 

I 

Price 

Capital Cost L i m i t  

$. 337/ therm 

$296,025 

AT1 Variables Remaining Constant 

8 
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$ENS IT1 VITY ANALYSIS 
Case P 

1, 
> PRICE 

$/ 
THE 

, CHANGE IN VARIABLE CAPITAL 

$/7 000 
COST I 

Discount Rate " 20% 1 $.25 I $467 I 

$200,000 
BC 248,860 

300,000 
$4 , 000 /yr 

Capital Cost 

Opera ti ng Cost 
BC 5,800 

7 , 000 
Energy Cost  (Pumps) $8,000/yr 

BC 9,800 
12,000 

BC 30% .34 296 
40% .43 207 

.29 -- 

.34 296 

.38 -- 

.33 307 

.34 296 

.34 288 
- .32 31 2 

.34 296 

.36 276 

Life of Investment 

Volume o f  Energy 

Price' of Energy 

20% .36 268 

Interest  Rate 
BC 19.75 I .34 I 296 I 

50% 

15.00 .32 31 4 I I 1 

34 296 

- -  I 

25 .OO I .35 I 277 I 

Opera ti ng Cost 5% .33 304 
Inf la tor  BC 10% e 34 , 296 



A reassuring observation from Cases 2 and 5 is that variances 
indicated in the sensitivity analysis do not impact the price of 
energy to the extent that it is no longer cost competitive with 
the existing fuel cost. Even if the inflator (the variable with 
the highest imp 1 is lowered to 15% for the first 5 years and 
8% thereafter, t 'ce of energy is still less than $.38/therm. 

Using these conservative parameters, it appears that 
the project is clearly cost competitive. Even the worst case, 
utilizing a private developer, is cost competitive under 'most 
circumstances and is only uncompetitive under the most pessi- 
mistic assumptions. 

In addition, in all of the sensitivity tests, the 
capital cost limitation is higher than the prepared capital cost 
estimates, except when the price of energy is reduced to $.20/ 

therm (a most unlikely event). Most of the capital cost limits 
appear to be remarkably high, due in most part to the impact of 
energy cost inflation and inflation in general. For example, 
expenditures of $50,000 in 1981 will be $125,000 in 1986 with a 
20% inflation factor, As long as the interest rate on debt is SO 
much lower than energy price inflation, the investment will 
provide a very high internal rate of return in the form of lower 
energy costs, 

Ld 
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50 ENVIRONMENTAL A N A L Y S I S  

an a n a l y s i s  of t h e  environmental  
impacts which w i l l  resul t  from c o n s t r u c t i o n  and o 9 e r a t i o n  of t h e  
geothermal hea t ing  system described i n  Chapter 3 ,  "Pre l iminary  
Des ign" ,  are d i s c u s s e d  . Chapter o two main 
s e c t i o n s ;  S e c t i o n  5.1 discusses t h  t i n q  of. t h e  

p r o j e c t  and Sec t ion  5.2 describes t h e  expected impacts on t h e  
e n v i r o n m e n t  from e San B e r n a r d i n o  Geothermal Wastewater  
Treatment Project. 

5.1 ENVIRONMENTAL SETTING 

The environmental  s e t t i n g  of t h e  San Bernardino a r e a ,  
i n  terms of p h y s i c a l ,  b i o l o g i c a l  and socioeconomic c h a r a c t e r -  
istics, is presen ted  i n  t h i s  s e c t i o n .  Two documents were used a s  
primary sources  for t h i s  d a t a  and should be consul ted  for more 
d e t a i l e d  i n f o r m a t i o n .  They a r e  t h e  San  B e r n a r d i n o  V a l l e y  
Wastewater Management F a c i l i t i e s  Plan: Phase I Volume 1 E x i s t i n g  
Condi t ions  (Reference  5.1) and t h e  F i n a l  Environmental Impact 
Report: 

5.1.1 Phys ica l  Environment 

San Bernardino Fac i l i t i e s  Plan  (Reference 5 . 2 ) .  

The p h y s i c a l  nvironment is d i scussed  i n  terms of 
topography, s o i l s ,  geology,  c l i m a t e ,  a i r  q u a l i t y ,  water r e s o u r c e s  
and water qual i ty  . 
5.1.1.1 Topographx - 

A v a r i  og raph ica l  f e a t u r e s ,  i nc lud ing  moun- 
t a i n s ,  h i l l s ,  ercourses and a 
t h e  v i c i n i t y  t h e  proposed P t ( F i g u r e  5-1).  The Sari 

G a b r i e l  Mounta ins  t o  t h e  n o r t h w e s t  and t h e  San B e r n a r d i n o  
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Mountains t o  t h e  n o r t h  a r e  sepa ra t ed  by Cajon Pass and t h e  San 
LJ Andreas F a u l t .  The San Bernardino Mountains reach  a maximum 

e l e v a t i o n  of 11,502 feet a t  Mount San Gorgonio, t h e  h i g h e s t  peak 
i n  Southern C a l i f o r n i a .  Seve ra l  other h i l l s  a esser mountains 
are d i s t r i b u t e d  throughout  t h  watercourses 
o r i g i n a t e  i n  t h e  m o u n t a i n s  o Bad lands .  
Deposi t ion by t h e  Santa  Ana River and 1 C r e e k  have c o n t r i b u t e d  
t o  t h e  larger a l l u v i a l  f a n s  i n  t h  i n o  Val ley .  
Smaller f a n s  and a l l u v i a l  p la ins ,  i n c  i p a  P l a i n  i n  
t h e  s o u t h e a s t  and t h e  Fontana P l a i n  t o  t h e  w e s t ,  a l so  have 
r e s u l t e d  from d e p o s i t i o n  by v a r i o u s  creeks and waterways. 

5.1.1.2 S o i l s  

The S o i l  Conservat ion S e r v i c e  has  i d e n t i f i e d  2 1  s o i l  
a s s o c i a t i o n s  i n  t h e  San Bernardino Val ley  Area. These assoc ia-  
t i o n s  have been d iv ided  i n t o  three major group based on s o i l  
c h a r a c t e r i s t i c s ,  s l o p e  and eros n. Group 1 s o i l s  are found on 
recent a l l u v i a l  f a n s  and p l a i n  n s i s t  of deep, permeable 
s o i l s  having no development i n  t h e  p r o f i l e .  They a r e  charac- 
t e r i z e d  by moderately rapid pe rmeab i l i t y  and a slow r u n o f f  r a t e .  
The proposed geothermal p r o j e c t  w i l l  be conqtructed i n  these 
Group 1 so i l  types .  Group 2 s o i l s ,  found on older a l l u v i a l  f a n s  
and terraces, cbnsist of s i l t y  or sandy loam i n  t h e  s u r f a c e  l a y e r  
w i t h  c l a y  loam i n  t h e  subsoi l s  and s u b s t r a t u m ;  t h e  lower ho r i zons  
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5.1.1.3 Geology 
LJ 

The geology o f  t h e  San Bernardino area is q u i t e  v a r i e d .  
Beginning wi th  marine d e p o s i t i o n ,  igneous i n t r u s i o n  and v o l c a n i c  
a c t i v i t y ,  t h e  basic bedrock of  t h e  area h a s  undergone metamor- 
phism, repeated u p l i f t ,  e r o s i o n  and deformat ion  t o  create t h e  
m o u n t a i n s  and  h i l l s  s u r r o u n d i n g  t h e  San B e r n a r d i n o  V a l l e y .  

E r o s i o n  of  t h e  m o u n t a i n s  r e s u l t e d  i n  f l u v i a l  and a l l u v i a l  
d e p o s i t i o n  a t  t h e  mountain bases and on t h e  v a l l e y  f loor .  

One o f  t h e  most s i g n i f i c a n t  n a t u r a l  f e a t u r e s  is  t h e  
s i z e  and number of  f a u l t s ,  i nc lud ing  t h e  San Andreas, t h e  San 
J a c i n t o ,  which is t h e  most a c t i v e ,  and a number o f  minor f a u l t s  
( F i g u r e  5-2). The southwes tern  p o r t i o n  of t h e  county  h a s  ex?er- 
ienced l a r g e  ea r thquakes  h i s t o r i c a l l y .  The known e p i c e n t e r s  of 
major ea r thquakes  i n  t h e  San Bernardino area a r e  also shown i n  
F igu re  5-2. From 1890 t o  1923, t h e  San Bernardino area exper- 
ienced f i v e  major seismic e v e n t s  estimated a t  6 or g r e a t e r  on t h e  
R i c h t e r  Scale; f i v e . h a v e  been a t t r i b u t e d  t o  t h e  San J a c i n t o  F a u l t  
and one t o  t h e  San Andreas. S ince  1923, f o u r  a d d i t i o n a l  seismic 
e v e n t s  of  magnitude g r e a t e r  t h a n  6 have occur red  i n  t h e  San 
Bernardino area. I n  view of t h i s ,  f u t u r e  e v e n t s  can  be expected 
t o  occur .  Ground r u p t u r e ,  shaking and l i q u e f a c t i o n  are p o t e n t i a l  
h a z a r d s  a s soc ia t ed  w i t h  seismic a c t i v i t y .  O t h e r  p o t e n t i a l  
g e o l o g i c  h a z a r d s  i n c l u d e  s u b s i d e n c e ,  l a n d s l i d e s  and s lope  
f a i l u r e s .  

5.1.1.4 C l i m a t e  
1 

The climate i n  San Bernardino is  semi-arid, w i t h  h o t ,  
d ry  summers and cool ,  periodically r a i n y  w i n t e r s .  I n  a d d i t i o n  t o  
t h e  i n f l u e n c e  of t h e  San Gabriel and San Bernardino Mountains and 
P a c i f i c  Ocean, t h e  p r i n c i p a l  me teo ro log ica l  f a c t o r  impacting t h e  
weather is t h e  presence  of a semipermanent e a s t e r n  Pacif ic  h igh  
p r e s s u r e  ce l l .  During t h e  summer, t h i s  system p r e v e n t s  storms i n  

c 
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t h e  P a c i f i c  from moving a s h o r e ;  maximum d a i l y  t e m p e r a t u r e s  
average  between 87 and 95OF. I n  t h e  w i n t e r ,  t h e  ce l l  
and t h e  oceanic s torms  move o n t o  l and ;  maximum d a i l y  
average  between 63 and 71°F. Annual pr 
inches ,  however, less t h a n  15% of t h i s  t o t a l  f a 1  
through October.  The p r e v a i l i n g  wind p a t t e r n  is t h e  sea b reeze  - 
l and  b reeze  r e g i  8 a l though s t r o n g  n o r t h e a s  r l y  Santa  Ana winds 
i n f r e q u e n t l y  whip through t h e  n o r t h e r n  moun 

5.1.1.5 A i r  Q u a l i t y  

n s  and deserts. 

The n e t  d a i l y  i n p u t  o f  a i r  p o l l u t a n t s  i n  t h e  San 
Bernardino Va l l ey  is  f a i r l y  c o n s i s t e n t  -- abou t  70% mix tu re  Of 
carbon monoxide, o x i d e s  of n i t r o g e n  and hydrocarbons from cars,  
w i t h  t h e  remai e r  be ing  a complex mix tu re  s t a t i o n a r y  
sources .  I n  t h e  w i n t e r ,  t h e  g r e a t e s t  p o l l u t i o n  problems are 
carbon monoxides and o x i d e s  o f  n i t r o g e n  due  t o  t h e  s u r f a c e  
i n v e r s i o n s  and a i r  s t a g n a t i o n  d u r i n g  t h e  n i g h t  and e a r l y  morning 
hours .  The combinat ion of longe r  d a y l i g h t  hour s  and b r i g h t e r  
sunshine  i n  t h e  summer c a u s e s  a r e a c t i o n  t h a t  forms more of t h e  

photochemical smog. Table 5-1 p r e s e n t s  a i r  q u a l i t y  da t a  for San 
Bernardino and v i c i n i t y .  

Photochemical o x i d a n t  is  probably  t h e  most s e r i o u s  
contaminant  problem. The San Bernardino area e x p e r i e n c e s  some O f  

t h e  h i g h e s t  ozone c o n c e n t r a t i o n s  i n  t h e  South Coas t  A i r  Basin.  
The p r i n c i p a l  reason  for ozone be ing  cons ide red  t h e  most serious 
po l lu t an t  is t h a t  ozone is  t h e  m a n i f e s t a t i o n  of photochemical 
smog and t h e  p r i n c i p a l  i r r i t a n t  i n  smog. Emissions i n  t h e  San 
Bernardino area aggrava te  t h e  c o n d i t i o n ,  b u t  t h e  main c a u s e s  are 
emiss ions  and smog-forming atmospheric  c o n d i t i o n s  i n  t h e  LOS 
Angeles - Orange County c o a s t a l  p l a i n  area which cause  ozone t o  
form i n  t h e ’ d r i f t i n g  a i r  mass p a s s i n g  over  San Bernardino.  Poor 
v i s i b i l i t y  is another  m a n i f e s t a t i o n  o f  smog and is poor through- 
o u t  t h e  upper Santa  Ana Basin.  
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Table 5-1. 1978  A i r  n i tor ing  Data i n  Study Area - 
Vio la t ions  of State Standards and Annual Maximum 
Hourly A es 

L/ 

Ozone Carbo Sulfur Nitrogen Monitoring - 
Monoxi dea Oioxidea Oioxide Stat ion 

Ri vers i de 179 0.39 

San Bernardino 163 0.36 

183 0.42 

Red1 ands 165 0.39 



Suspended p a r t i c u l a t e  mat ter  and s u l f a t e  a r e  a l s o  

c h e m i c a l l y  from s u l f u r  d i o x i d e  e m i s s i o n s .  T h i s  p o l l u t a n t  
c o n c e n t r a t e s  i n  Fontana, where t h e  p r i n c i p a l  sou rce  is probably  a 
steel  m i l l . ,  

s e r i o u s  p o l l u t a n t s .  S u l f a t e  is a p a r t i c u l a t e  contaminant  formed bi 

The South Coast A i r  Bas in ,  i nc lud ing  San Rernardino,  
has been pro je  ou the rn  C a l i f o r n i a  Assoc ia t ion  of 
Government's ' A i  ement P l a n  ( A Q M P )  t o  be i n  v i o l a -  
t i o n  o f  ambient a i r  q u a l i t y  s t a n d a r d s  by 1987. The County is 
p r o j e c t e d  t o  be i n  compliance wi th  t h e  n a t i o n a l  NO2 s t anda rd  i n  
1987, b u t  i n  v i o l a t i o n  of t h e  more s t r i n g e n t  s ta te  s t anda rds .  
State  and federal  motor v e h i c l e  c o n t r o l  programs should  assist 
t h e  s t e a d y  decrease o f  carbon monoxide emiss ions ;  b u t ,  even w i t h  
a 4 3 %  decrease, t h e  County s t i l l  may n o t  meet t h e  n a t i o n a l  
s t a n d a r d s .  However, i f  t h e  proposed AQMP is adopted and imple- 
mented, it i s  claimed t h a t  t h e  e n t i r e  South Coast Bas in  w i l l  be 
i n  compliance wi th  n a t i o n a l  s t a n d a r d s  f o r  ozone, CO and NOx by 
1987 . 
5.1.1.6 Water Resources and Water Q u a l i t y  

The pr incipal  watercourse  i n  t h i s  a r e a  is t h e  San ta  
Ana River ,  which h a s  a d r a i n a g e  area of  8 5 4  sq. m i .  River  f low 
c o n s i s t s  p r i m a r i l y  o f  w in te r  storm runoff  and sewage t r e a t m e n t  
f a c i l i t y  d i s c h a r g e s .  The San ta  Ana R ive r ,  M i l l  C r e e k  and L y t l e  
C r e e k  c o n t r i b u t e  80% o f  t h e  s u r f a c e  inf low,  which e i t h e r  is 
d i v e r t e d  for domestic use ,  i r r i g a t i o n ,  a r t i f i c i a l  groundwater 
r echa rge  and export ,  or percolates through t h e  stream beds t o  t h e  
water t ab le .  Groundwater, which h a s  been t h e  p r i n c i p a l  sou rce  o f  
water f o r  economic development i n  t h e  area,  is pumped from a 
l a r g e  b a s i n  bordered by t h e  San Gabriel  and San Bernardino 
Mountains and t h e  Badlands as  shown i n  F igu re  5-3. I n  1976, 83% 
of  t o t a l  water p roduc t ion  was pumped from t h e  

5-8 

b a s i n s ,  which are  

G 



2 td 

m
 I v1 



- replenished by runoff from the mountains, infiltration from 
stream flows and irrigation waters, artificial recharge, precioi- 
tation, and wastewater discharges. 

Lad 

Water quality throughout the San Bernardino Valley 
Municipal Water District is generally good, with an average total 
hardness (CaCO of 167 mg/l and total dissolved solids (TDS) of 
287 mg/l. S e the groundwater's most beneficial use is as 
drinking water, the Santa Ana Regional Water Quality Control 
Board set water quality objectives consistent with drinking water 
standards. Surface water quality data from 1973-1978 averaqed 
mean TDS levels less than 250 mg/l. Nitrate-nitrogen levels were 
greater than 1.0 mg/l and water hardness varied from mo3erately 
hard to hard. Since 1972, the San Bernardino Valley Municipal 
Water District has been importing water from the California Water 
Project to replenish groundwater basins, sell to retail water 
producers and store in the groundwater system. The quality of 

this water is generally high. 

5.1.2 Biological Environment 

The diverse elevational range and topography of the San 
Bernardino Valley area which includes flat, desert-like terrain, 
undulating foothills and steep mountain slopes, supnorts a 
complicated vegetation community and a variety of wildlife 
habitats. 

5.1.2.1 Flora 

In general, five different Dlant communities occur in 
this area. Beginning at the foothills, coastal saqe scrub 
predominates to 3000 feet. From 3000 to 5000 feet, chamise or 
greasewood is the dominant species. Chaparral, which is denser 
and shrubbier, occurs in the same altitudinal ranqe on moister 
slopes and heavier soil. The more sheltered valleys and canyons 

Gd 
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t o  abou t  5000 fee t  c o n t a i n  sou the rn  oak woodland. F i n a l l y ,  t h e  
V montane c o n i f e r o u s  st community is  found from 5000 t o  9000 

feet i n  t h e  San B e r  no Mountains. 

The e x i s t e n c e  of r i p a r i a n  p n t  communities a long  t h e  
beds of t h e  t r i bu ta r i e s  and major washes of t h e  San ta  Ana River  
p l a y s  a c r i t i c a l  r o l e  i n  s t a b i l  
stratum and banks,  t h u s  p r e s e r v i n g  t h  t he  groundwater 
and surface flows throughout 
h a b i t a t  p r o v i d e s  
w i l d l i f e .  A t  

predominate ,  wh 
and m u l e  f a t  are t h e  dominant s p e c i e s .  

T r a n s i t i o n  zones,  whi p rov ide  more b i t a t  d i v e r s i t y  
. occur  a t  t h e  i n t e r f a c e  o f  t h e  two p l an t  communities. Dominant 

species from each  community r e s u l t  i n  h ighe r  f l o r a l  d i v e r s i t y  
t h e n  e i ther  a d j a c e n t  community. 

Most of t h e  land  on t h e  f l o o d p l a i n  below t h e  mountains 
and f o o t h i l l s  is developed urban and a g r i c u l t u r a l  u s e ,  
i n c l u d i n g  c i t r u  roves  w i t h  l y p t u s  windbreaks r e s i d e n t i a l  
l andscap ing ,  bu ng s e r v i c e s  such a s  roadways. 
N a t u r a l  v e g e t a t i o n  c o n s i s t s  of in t roduced  annual  qrasses and 
weeds. 

n Ber n t y  h a s  more rare  and endanqered 
p l a n t  species t h a  county  i n  t h e  S ta t e  of C a l i f o r n i a .  
A l i s t i n g  of the endangered f l o r a  can  be 

2 of Reference 5.2.  

5.1.2. 

- topographic  fea tur  I microclimatic 
and v e g e t a t i o n  i t i e s  p rov ides  a g r e a t  v a r i e t y  of 



The r i p a r i a n  h a b i t a t s  suppor t  t h e  most ~. w i l d l i f e  h a b i t a t s .  

species, owls, hawks, ba ts ,  r o d e n t s  and racoons.  T r a n s i e n t  
p o p u l a t i o n s  inc lude  bobcats, c o y o t e s  and mule deer. Amphibian 
and r ep t i l e  species are a l so  p r e s e n t .  
a l so  p r e s e n t  i n  t h e  montane c o n i f e r o u  
many of t h e  species t h a t  f r e q u e n t  t h e  r i p  
chamise chaparral ,  c h a p a r r a l  and sou the rn  a k  woodland suppor t  a 
modera te ly  d i v e r s e  fauna inc lud ing  b i r d s ,  r o d e n t s  and rept i les .  
The coastal  sage  scrub h a s  a less d i v e r s e  fauna ,  wi th  mostly 
b i r d s ,  r o d e n t s  and rep t i les .  Urbanized and a g r i c u l t u r a l  areas 
c o n t a i n  common r o d e n t s ,  b i rds  and l i z a r d s .  Deta i led  species 
l i s t i n g s  can be found i n  Appendix Table 3 of  Reference 5.2. 

d i v e r s e  f a u n a ,  i n c l u d i n g  b e e - e a t i n g  and i n s e c t i v o r o u s  b i r d  Ll 

The C a l i f o r n i a  Department of F i sh  and G a m e  h a s  des ig-  
na t ed  a s  rare two species w i t h  p o p u l a t i o n s  l i v i n g  i n  t h e  a r e a .  
They are t h e  S tephen l s  Kangaroo R a t  (Dipodomys s t e p h e n s i )  and t h e  
S o u t h e r n  Rubber Boa ( C h a r i n a  b o t t a e  u m b r a t i c a ) .  The l a t t e r  
species is conf ined  t o  montane, forested areas of t h e  San 
Bernardino Mountains, whi le  t h e  former is reported t o  occur  nea r  
urbanized areas i n  t h e  San ta  Ana River Basin.  

5.1.3 Socioeconomic C h a r a c t e r i s t i c s  

The socioeconomic c h a r a c t e r i s t i c s  p r e s e n t e d  i n  t h i s  

s e c t i o n  i n c l u d e  l and  u s e ,  economic a c t i v i t y ,  popu la t ion  and 
c u l t u r a l  r e sources .  

5.1.3.1 Land 'Use 

E x i s t i n g  l and  use  p a t t e r n s  and p r o j e c t i o n s  of use  are 
p resen ted  i n  d e t a i l  i n  bo th  r e f e r e n c e s .  R e s i d e n t i a l  and a g r i -  
c u l t u r a l  l a n d s  account  f o r  t h e  m a j o r i t y  of l and  use ,  amountinq t o  
70% of t h e  developed area. According t o  Southern C a l i f o r n i a  
Ed i son ' s  report  "Land U s e :  E a s t e r n  Q i v i s i o n ,  San Bernardino 

L 
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County, 1975," from 1974 t o  1995, 9,125 s w i l l  be conver ted  
c, from undeveloped an i c u l t u r a l  l and  f o ' m  of urban l and  

use.  The la rges t  i o occur  i n  t h e  res iden-  
t i a l  l a n d  u s e  ca  u r i n g  l a n d  u s e  n e x t .  
A g r i c u l t u r a l  and undeveloped l a n d ,  ch comprised 52% of a l l  
l and  i n  t h e  East V a l l e y  i n  1 4 ,  were expected t o  decrease. 

5.1.3.2 Economic A c t i v i t y  

The economic base of t h e  San Bernardino County is 
o r i e n t e d  h e a v i l y  toward m a n u f a c t u r i n g ,  wholesale  and r e t a i l  
trade,  s e r v i c e s  and government. When c o n t r a s t e d  w i t h  t h e  economy 

r n i a  a s  a whole, t h e  econom of t h i s  area is  more 
f luenced  by government emplo t, w h i l e  manufactur ing 

a c t i v i t y  a u n t s  for  less of t h e  base. a n s p o r t a t i o n  is  a l so  
impor tan t  t h e  economic base due t o  mple t ion  of t h e  560 
acre  S o u t h e r n  P a c i f i c  Ra i l road  c l a s s i f  n ya rd  and t h e  
m i g r a t i o n  of s e v e r a l  motor t r u c k i n g  t e r  1s t o  t h e  area. 
N o r t o n  A i r  Force Base and t h e  new V e t  A d m i n i s t r a t i o n  
hosp i t a l  c o n t r i b u t e  t o  t h e  s i g n i f i c a n t  m i l i  and governmental  
p a y r o l l  . 

Per  cap i ta  pe r sona l  income i n  t h e  County i n  1976 
amounted t o  $5;692,  a 40.7% i n c r e a s e  over  1972 l e v e l s .  Based on 
s t a t e  income t a x  r e t u r n s ,  San Bernardino County ranked t w e l f t h  
among t h e  s ta te ' s  58 c o u n t i e s  i n  median income per t a x  r e t u r n .  

3 . 3 Popu la t ion  
I 

Popu la t ion  i n  San Bernardino County i reased 13.2% 
from 1970 t o  1978. Between 1977 an 1978 t h e  R erside - Sari 

Bernardino - O n t a r i o  SMSA exper ienced  t h e  l a rges t  popu la t ion  
i n c r e a s e  of any SMSA i n  C a l i f o r n i a .  4ccording t o  estimates by 
t h e  Southern C a l i f o r n i a  4 s s o c i a t i o n  of Governments ( S C R G ) ,  t h e  

popu la t ion  w i l l  con t inue  t o  i n c r e a s e  from 1980 t o  2000. The 

V 
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county  is expected t o  grow 24.3% between 1980 and 1990 and 11.2% 

aimed a t  ba lanc ing  employment wi th  popu la t ion  i n  t h e  county by 
reducing t h e  o v e r a l l  l e n g t h  and number o f  commuter t r i p s  t o  L o s  
Angeles County and by promoting economic v i t a l i t y  with-in t h e  
reg ion .  I f  t h i s  program can be impleme 
local  economic base and loca l  i n d u s t r i a l  commercial 
ment w i l l  be a f f e c t e d  s i g n i f i c a n t l y .  

5.1.3.4 C u l t u r a l  Resources 

between 1990 and 2000. SCAG c u r r e n t l y  is d i r e c t i n g  a proqram b 

I 

Due , t o  t h e  h i s t o r i c a l  backqround w i t h  i n f l u e n c e  from 
n a t i v e  I n d i a n s ,  Spanish m i s s i o n a r i e s ,  Mexicans, Mormon home- 
s t e a d e r s  and Anglo-American s e t t l e r s ,  t h e  a rea  i s  r i c h  i n  
c u l t u r a l  resou.rces.  Records a t  t h e  San Bernardino County Museum 
i n d i c a t e  t h a t  4 0  s i g n i f i c a n t  a r c h e o l o g i c a l  s i t e s  have been 

i d e n t i f i e d .  

5.2 ENVIRONMENTAL IMPACTS OF PROPOSED ACTION 

The environmental  impacts which may r e su l t  from t h e  San 
Bernardino Geothermal Wastewater Treatment  p l a n t  p ro jec t  are  
d i scussed  i n  t h i s  s e c t i o n .  The s e c t i o n  is  organized  s i m i l a r l y  t o  
S e c t i o n  5.1 t o  allow ready  c ross - r e fe renc inq  between t h e  two 
sect ions .  

5.2.1 Impacts on P h y s i c a l  Environment 

The proposed project w i l l  have no adve r se  impact on 
topography, s o i l s  or climate o f  t h e  San Bernardino a r e a .  The 
P r o j e c t ' s  impact on geology,  a i r  q u a l i t y  and water q u a l i t y  are 
d i s c u s s e d  below. 
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5 . 2 . 1 . 1  Geologic  Hazards 

Two p o t e n t i a l  q e o l o g i c  haza rds  have been e v a l u a t e d  f o r  
t h e  proposed g seismic hazard and subs idence  
Experiments co  1 i n  Colorado (rtef- 
e r e n c e  5.3) j e c t i o n  t o  t r i g q e r  
ea r thquakes .  I n  these experiment  h e  f l u i d s  were i n j e c t e d  a t  
p r e s s u r e s  t h a t  caused f r a c t u r i n g  r o c k s ,  The experiment  a l s o  
showed t h a t  reducing i n j e c t i o n  p r e s s u r e  below a t h r e s h o l d  l e v e l  
s i g n i f i c a n t l y  reduced t h e  p r o b a b i l i t y  of  induced  seismic a c t i -  
v i t y .  I f  i n j e c t i o n  is used i n  t h i s  b r o j e c t ,  t h e  r i s k  o €  i n d u c i n q  
seismic a c t i v i t y  w i l l  be low because i n j e c t i o n  of geothermal  
f l u i d  w i l l  be done a t  t h e  p r e v a i l i n q  low Dressu res  i n t o  ~ o r o u s  
s t r a t a .  

tJ 

Subs idence  i s  n o t  a Doten  l o g i c '  hazard from t h e  
proposed p r o j e c t .  Over 2 a c r e - f e e t  of water  are c u r r e n t l y  
pumped from t h e  San Serna  b a s i n  each y e a r .  T h e  ?rooosed 
p r o j e c t  w i l l  pump y 7 5  t o  300 A F  per y e a r .  T h e r e f o r e ,  t h e  
.imQact of  t h e  p r o j  on subs idence  w i l l  be n e q l i q i b l e .  If t h e  

proposed p r o j e c t  i n c l u d e s  in jec  n of  a l l  geothermal  f l u i d s  
. produced,  which should reduce r i s k  of subs idence  t o  a 

n e g l i g i b l e  l e v e l .  

5.2.1.2 A i r  Quality Imoacts 

a i r  p o l l u t a n t  emiss ion  from t h e  San S e r n a r d i m  
l a n t  w i l l  dec  a s e  as a r e s u l t  of t h e  

progosed o r o j e c t .  Diqester-produced methane c u r r e n t l v  u s e 3  t o  
f u e l  a b o i l e r  w i l l  be d i s p l a c e d  by h o t  qeothermal  f l u i d s .  The  
rnethane w i l l  be d i v e r t e d  t o  f u e l  e n g i n e  d r i v e n  numm which 
c u r r e n t l y  u s e  n a t u  f o r  f u e l .  The r e s u l t  o f  t h e  
p r o j e c t  w i l l  be t o  r e a s e  n a t u r a l  g a s  Surnirlg a t  t h e  b l a n t  by 

about  5 1 / 2  m i l l i o n  c u b i c  f e e t  Der y e a r .  T h i s  w i l l  r e s u l t  i n  
lower a i r  emis s ions  from o l a n t  o p e r a t i o n s .  

progosed o r o j e c t .  Diqester-produced methane c u r r e n t l v  u s e 3  t o  
f u e l  a b o i l e r  w i l l  be d i s p l a c e d  by h o t  qeothermal  f l u i d s .  The  
rnethane w i l l  be d i v e r t e d  t o  f u e l  e n g i n e  d r i v e n  numm which 
c u r r e n t l y  u s e  n a t u  f o r  f u e l .  The r e s u l t  o f  t h e  
p r o j e c t  w i l l  be t o  r e a s e  n a t u r a l  g a s  Surnirlg a t  t h e  b l a n t  by 

about  5 1 / 2  m i l l i o n  c u b i c  f e e t  Der y e a r .  T h i s  w i l l  r e s u l t  i n  
lower a i r  emis s ions  from o l a n t  o p e r a t i o n s .  



During c o n s t r u c t i o n  of t h e  p r o j e c t ,  excava t ion  of piDe 

t r e n c h e s  and founda t ions  w i l l  cause temporary g e n e r a t i o n  of d u s t  

1 t h e  w e l l  and p l a n t ,  and a t  t h e  p l a n t  i t s e l f .  T h i s  impact w i l l  be 
I i n  t h e  immediate v i c i n i t y  o f  t h e  p i p e l i n e  r iqht-of-way between 

I 

bo th  temporary and minor. 

1 5.2.1.3 Water Q u a l i t y  

The proposed project should have no impact on ground- 

_- 
id 

water q u a l i t y .  One project  a l t e r n a t i v e  i s  t o  i n j e c t  s p e n t  f l u i d .  
A l l  f l u i d s  produced f o r  h e a t  removal w i l l  be i n j e c t e d  i n t o  t h e  
same r e s e r v o i r  from which t h e y  were removed. 

One a l t e r n a t i v e  t o  i n j e c t i o n  i s  t o  mix t h e  s o e n t  qeo- 
thermal f l u i d  wi th  t h e  secondary or uen t  from t h e  
Sari Bernardino Wastewater Treatment P l a n t .  The p l a n t  c u r r e n t l y  
d i s c h a r g e s  approximately 15,000 gpm of t r e a t e d  e f f l u e n t  t o  t h e  
San ta  Ana River and 2,000 gpm from t e r t i a r y  t r e a t m e n t  €or 
i n -p l an t  and freeway i r r i g a t i o n  uses .  The a d d i t i o n  of between 

1 155 and 610 gpm of  s p e n t  geothermal  f l u i d  should have a minimal 

I 
impact on t h e  q u a l i t y  of these p l a n t  d i s c h a r g e s .  

5.2.2 Impacts on B io loq ic  Environment 

The impact o f  t h e  proposed project on t h e  n a t u r a l  
b i o l o g i c  environment w i l l  be i n s i g n i f i c a n t .  The p i p e l i n e s  from 
e x i s t i n g  wells t o  t h e  p l a n t  s i t e  w i l l  f o l l o w  e x i s t i n g  r i g h t s -  
of-way which have been p r e v i o u s l y  d i s t u r b e d  f o r  p i p e l i n e  i n s t a l -  
l a t i o n .  The 'remainder of project  work w i l l  occur  w i t h i n  t h e  
wastewater t r e a t m e n t  p l a n t  boundar ies .  As t h e  p l a n t  h a s  been 
p r e v i o u s l y  l a n d s c a p e d ,  t h e  impact of t r e n c h i n g ,  f o u n d a t i o n  
excava t ion  and i n j e c t i o n  w e l l  d r i l l i n g  on t h e  n a t u r a l  b i o l o q i c  
environment w i l l  be i n s i g n i f i c a n t .  
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5.2.3 u 
I t  is  expected t h a t  t h e  proposed project w i l l  have 

n e g l i g i b l e  impacts on l and  use ,  economics and popu la t ion  of t h e  
San Bernardino area. The a n t i c i p a t e d  impacts of t h e  proje'ct on 
c u l t u r a l  r e s o u r c e s , . c i r c u l a t i o n ,  n o i s e  and energy  consumption are 
d i s c u s s e d  below. 

5.2.3.1 Impacts on C u l t u r a l  Resources  

The f a c i l i t i e s  t o  be c o n s t r u c t e d  i n  t h e  qroposed 
project w i l l  be located on p r e v i o u s l y  d i s t u r b e d  areas a t  t h e  
wastewater t r  e n t  p l a n t  and /o r  e x i s t i n g  p i p e l i n e  r i g h t s -  
of-way. no s i g n i f i c a n t  impact on h i s t o r i c a l  or 
c u l t u r a l  r e s o u r c e s  

5.2 -3.2 C i r c u l a t i o n  

I n  t h e  e v e n t  t h a t  Meeks  and Daley W e l l  # 5 6  is chosen 
for geothermal  f l u i d  p roduc t ion ,  t h e  p i p e l i n e  right-of-way w i l l  

. cross Orange Show Road. Trenching a c t i v i t i e s  and p i p e l i n e  
i n s t a l l a t i o n  w i l l  i n t e r f e r e  wi th  motor v e h i c l e  t r a f f i c  on t h i s  
road for two t o  fou r  weeks .  The average  d a i l y  t r a f f i c  volume on 
Orange Show Road was about  19,000 i n  1977. T h i s  n e g a t i v e  impact 
on t r a f f i c  c i r c u l a t i o n  w i l l  be of s h o r t  d u r a t i o n ,  and arrange-  
ments w i l l  be made w i t h  t h e  C i t y  T r a f f i c  Department t o  a s s u r e  
t h a t  motoris ts  can  r each  t h e i r  d e s t i n a t i o n s  by a l t e r n a t e  r o u t e s .  

5.2.3.3 Noise 

The main noise  impact o f  t h e  proposed project w i l l  be 
o h e a v y  c o n s t r u c t i o n  e q u i p m e n t  s u c h  a s  b a c k h o e ' s  and 

d r i l l i n g  r i g s .  These n o i s e  impacts w i l l  be temporary. I n j e c t i o n  
w e l l  d r i l l i n g  is expec ted  t o  take less than  one month and a l l  
t r e n c h i n g  and b a c k f i l l i n g  should be accomplished i n  less t h a n  two 
months. W 
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Ld During ope; ion of the project, no increased noise 
levels are anticipated. 

5.2.3.4 Impact on Energy Consumption 

Implementation of the proposed project will result in 'I 

saving about 5 1/2 million cubic feet of natural gas per anaero- 
bic digester heated. In addition to reducing the City of San 
Bernardino Water Department's annual energy co.sts bv $20,000 Der 
digestor heated, a significant quantity of natural gas will be 
conserved. 
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6 .  RESOURCE DEVELOPMENT PLAN 

c, 
The Resource Develo t Plan  presented i n  t h i s  Chapter 

describes t h e  s t e p s  which San Bernardino Municipal Water 
Department should follow i n  ord o u t i l i z e  qeothermal process 
heat i n  t he i r  wastewater t r e a t  p l a n t .  A Drel iminary w e l l  
program and roug st estimates for t h e  prod ion  and i n j e c t i o n  
wells a l s o  are , s i n c e  ma nknown v a r i a b l e s  

d i n  t h e  p r o j e c  e l l  s p e c i f i c a t i o n s ,  t h e  cos t  
e s t i m a t e s  a r e  on ly  p re l imina ry  f i g u r e s .  s and Daley W e l l  
No. 66 is proposed a s  t h e  cand ida te  product ion  

The Me 

n order t o  achieve  t h e  goal of t h e  Resource ,Develop- 
ment P lan ,  which t o  provide  g u i d e l i n e s  for t h e  r ap id  implemen- 
t a t i o n  of geothe 1 energy i n  t h e  wastewater t r ea tmen t  p l a n t ,  
t h e  fol lowing o b j e c t i  m u s t  be f u l f i l l e d :  

0 Evalua t ion  of t h e  Meeks  and Daley No. 66 W e l l .  

o E v a l u a t i o n  San B e r n a r d i n o  g e o t h e r m a l  

o P l a n  of r e source  development. 

o Pre l iminary  well program and c o s t  e s t i m a t e s .  

resource .  l 

6.1 EVALUAT OF THE MEEKS AND DALEY WELL 

I n  1966r  t h e  now d and W. D r i l l i n g ,  Inc .  
d r i l l e d  w e l l  on South Arrowhead near  C e n t r a l  venue i n  San 
Bernardino for t h e  Meeks and Daley Water Compa The w e l l ,  
referred t o  a s  t h e  Meeks and Daley Well No. 66 ,  produces thermal  

t e r  a t  tempera tures  o f  about  138OF. The San Bernardino Board 
r Commissioners proposed us ing  t h i s  w e l l  a s  a product ion  
r t h e  geothermal heat g of t h e  s l u d g e  digesters  a t  t h e  

t e d  about one-half  mile south  of 

9 

wastewater ' t r ea tmen t  p lan t  1 



t h e  w e l l .  An evalua 
Daley W e l l  No. 66 was conduct  
use as a product ion  w e l l .  

CJ 

l o g ,  water chemis t ry  a n a l y s i s ,  temperature l o g s ,  and conversa- 
t i o n s  wi th  loca l  pe r sons  who are  knowledgeable on t h e  s t a t u s  o f  
t h e  Meeks  and Daley Well No. 66. 

6.1.1.1 Dr i l le r ' s  Log and D r i l l i n g  and Completion Informat ion  

A d r i l l e r ' s  l o g  o f  t h e  Meeks  and Daley Well No. 66 was 
made a t  t h e  time t h e  w e l l  was d r  l e d  i n  May 1966, b u t  no 
l i t h o l o g i c  l o g  is  a v a i l a b l e .  According t o  t h e  d r i l l e r ' s  l o q  (see 
Figure  6 - l ) ,  t h e  w e l l  o r i g i n a l l y  was d r i l l e d  t o  a dep th  o f  975 

f e e t .  D i s c u s s i o n s  w i t h  a number o f  k n o w l e d g e a b l e  p e r s o n s  
r evea led  t h a t  subsequent ly  t h e  w e l l  was b a c k f i l l e d  from 700 f e e t  
t o  975 f e e t  because poor water q u a l i t y  was encountered a t  t h i s  
depth .  

The diameter of  t h e  w e l l  i s  20 inches .  According t o  a 
r e p r e s e n t a t i v e  o f  Timescal Water Company i n  Corona, 6 1  f e e t  Of  

12-inch diameter column appear i n  t h e  t o p  p o r t i o n  of t h e  w e l l ,  
fo l lowed by 160 f e e t  o f  10-inch d iameter  column. A pump and some 
o t h e r  equipment owned by t h e  Meeks and Daley Water Company is 
l o c a t e d  a t  a dep th  of 243 f e e t  w i t h i n  t h e  w e l l .  S ince  on ly  1.5 

. i n c h e s  of c l e a r a n c e  ex is t  between t h e  w e l l  c a s i n q  and t h e  pump, 
it is d i f f i c u l t  t o  p u t  a probe or any o t h e r  i n s t rumen t s  down t h e  
w e l l  wi thout  removing t h e  pump. 

,The w e l l  was cased  throughout  t h e  dep th  of t h e  h o l e  
w i t h  20-inch d iameter  6 gage c a s i n g .  The c a s i n g  was p e r f o r a t e d  
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STATE RE-96bb 

60.0 feet West o f  f Centra 1 Avenue 

0 Ft .  
60 Ft. 
64 Ft .  
210 Ft .  
220 Ft. to 244 Ft. b lue c l a y  and gravel 
244 Ft. to 255 Ft. gravel and rock - up to  4 inches 
255 Ft. t o  262 Ft. brown c l a y  and g 
262 Ft. to  280 Ft. brown c l a y  
280 Ft. t o  290 Ft. small gravel 
290 Ft. t o  310 Ft. brown c l a y  and gravel 
31 0 Ft. t o  315 Ft .  sand and gravel 
315 Ft. to 351 F t *  brown c l a y  and 'gravel 
35 1 Ft .  t o  ' 379 Ft. b lue c lay  and sand w i t h  streaks 
379 Ft .  t o  385 Ft. blue c l a y  
385 ft.. t o  387 Ft .  brown sand, f i n e  
387 Ft. t o  398 Ft .  b lue f i n e  band, t i g h t  
398 Ft. to 415 Ft. b lue c lay  w i t h  gravel streaks 
415 Ft. t o  450 Ft .  b lue  sandy c lay  
450 Ft. to 461 Ft. cemented sand an 
46 1 Ft. to 467 Ft .  b lue  sandy c lay  
467 Ft. t o  503 Ft. b lue sandy c lay  w i t h  gravel 
503 Ft. t o  570 Ft. brown sand and gravel 
570 Ft. t o  5 f 5  F t *  brown sand and gravel  - up to 4 inches 
575 Ft. to 612 Ft. brown sandy c l a y  
61 2 F t .  t o  617 Ft. b lack s t i c k y  c lay  

695 Ft. 
617 Ft. 

695 Ft r  t o  t i g h t  sand, small gravel, brown c lay  
703 Ft. . t o  t i g h t  sand and small gravel 
745 Ft. to s i l t ,  f i ne  sand w i t h  b lue c lay  
79 1 Ft. t o  cemented sand and pea gravel 
801 Ft. to t i g h t  sand and small gravel 
809 Ft .  to  sand and gravel - up t o  4 inches 
867 Ft. to 885 Ft. sand and gravel - t i g h t ,  clean 
885 Ft. t o  930 Ft. sand, pea gravel - t i g h t  w i t h  c lay  
930 Ft .  t o  939 F t *  sand and gravel, small 
939 Ft .  t o  955 F t *  sand and gravel and rocks 
955 Ft. t o  967 f t *  sand, s i l t  w i t h  streaks of  c l a y  
967 Ft. t o  975 F t *  brown and b l u e  c lay  

t o  635 Ft. brown c l a y  
gray sand and gravel - up t o  4 inches 635 Ft, ' t o  

Figure 4-3.. riller's Log f Meeks and Daley Well 
No. 66 



HEEKS AN0 OALEV UArER COMPANY 
(Con t i nued ) 

S t a t i c  Water Level:  May 24, 1966 - 6 9 . 0 '  

Tempera tu r e  : . ?2OoF 

Perforated wi th  M i l l s  Mechanical 'Knife 

2i" x 3/8" Blade 

503- ft. 
5 7 5 - f t .  
6 3 5 - f t .  
745 - f  t . 
791- f t . 

Perforat  ions 

to 5 7 5 - f t .  - a e i214 

7 4 5 - f t .  - a cuts ,S 1211 

to gss-f t .  - a a 1211 

to  635- f t :  - 4 cuts ? 12" 

to  791-ft .  - 4 cuts 3 12" 

Figure 6-1 (Cont'd): Driller's Log from Meeks and 
Daley Well No. 66 
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a t  a l l  ho t  and cold 

zones above t h e  700 

b, cal Knife w i t h  

sand and cobbles 

be c l a s s i f i e d  as a l l u v i a l  v a l l e y  f i l l  d e p o s i t s  such as  those 
b l a n k e t i n g  much of t h e  San B e r n a r d i n o  V a l l e y  (Du tchee  and 
Garrett,  1963). The Meeks and Daley Well No. 66 is located on or 
ve ry  near t h e  -Loma L t. The Sari J a c i n t o  F a b l t ,  -which 
s t r ikes  northwestward e Sari Bernardino Val ley,  p a r a l l e l s  
t h e  Loma Linda F a u l t  and passes  very  near t h e  w e l l .  

NO 11 was d r i l l e d  wi th  a cab 
i d s  were use ectric l o g s  were 
he w e l l  was cased. The w e l l  was pumped f o r  72 hours  

af ter  it was d r . i l l ed ,  and a flowage of  2000 g a l l o n s  per  m i n u t e .  
(gpm) was recorded (ve rba l  communication with Larry Rowe, 1980) .  

6.1.1.2 Water Analyses 

I n  May, 1980, Geoth I Inc.  of Pasadena 
performed a water a n a l y s i s  a n  samples taken from t h e  Meeks and 
Daley Well No. 6 6 .  The results of t h i s  a n a l y s i s  and t h e  water 
chemistry a n a l y s i s  performed i n  March-April, 1979 by Edward S. 

Babcock and Sons, Inc.  of Riverside are d isp layed  i n  Table  6-1. 
The well appears t o  c o n t a i n  l i g h t l y  t o  moderately.  a l k a l i n e  
water. sodium .a d c h l o r i d e  seem t o  be t h e  most concentrated 
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thermal Surveys, Inc.  
Tested May 1980 

r 

Sodium m g / l  1 1 2  
Potassium m g / l  1 . 2  

Magnesium m g / l  2.4 

Carbonate m g / l  - .  

I C a l c i u m  m g / l  5 

s i l ica  m g / l  27 

Bicarbonate m g / l  - 
S u l f a t e  mg/l - 

- T o t a l  Dissolved S o l i d s  - 
1 - 
i 
i Chlor ide  m g / l  

( a t  18OOC) m g / l  
PH 7.0 

I 

Edwards S. Babcock and 
Sons, Inc.  

Tested March-April 1979 

1 1 4  
2 
5 
1 
- 

21 
18 
31 

120 
360 

8.7 
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ur r ing  i n  less 
od q u a l i t y ,  is  
a l e y  Company. 

u 

i n d i c a t i o n  t h  

6.1.1.3 

A t  t h e  Daley W e l l  
No. 66 had a s ta  e l  of  69 f 
of 120°F, as shown on t h e  d r i l l e r ' s  l og  i n  
t h r e e  y e a r s  ago a t  certain in te rva ls ,  t h e  w e l l  began t o  flow 
ar tes ian a t  a rate ater temperature was 135OF 
t o  140OF. SI) attempted a thermal l o g  
i n  May 19'80; t h e  results -2  and i n  Figure 
6-2. The artesian a t  t h e  t i m e  t h e  
thermal sur appeared t o  
be r e spons ib l  hermal. As ehown i n  t h e  
thermal log  ogged t o  a depth of 
160 f e e t .  re made by GSI t o  
probe t o  a greater depth.  T h i s  p e n e t r a t i o n  problem m u s t  be 

' i n v e s t i g a t e d  f u r t h e r  i n  t h e . w e l 1  program phase. The i n a b i l i t y  of 
t h e  temperature  probe t o  reach depths  g r e a t e r  than 160 f e e t  may 
be explained by one or more of  t h e  f a c t o r s  l i s t e d  below: 

a. The w e l l  n unknown o b s t r u c t i o n  a t  
i n  t h e  w e l l ,  p a r t i n q  or 

buckling i n  t h e  cas ing ,  rock i n  ' the cas ing ,  etc. 

b. The a r tes ian  flow of t h e  well a t  the t i m e  of  t h e  
thermal survey may have been too excessive t o  allow 
t h e  tempera ture-probe  t o  drop  below a depth of 160 

~ f e e t .  

c. The temperature  probe was unable t o  g e t  p a s t  t h e  
equipment which Meeks and Daley se t  i n s i d e  t h e  

. 

4 d  
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Table Thermal Survey Data from Meeks and 
Daley Well No. 
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-_  

LJ A more comp e thermal a n a l y s i s  and a determination of 
t h e  condi t ion of t h e  w e l l  bore m u s t  be performed i n  order t o  
a s c e r t a i n  completely the 'present  s t a t u s  of t h i s  hole.  

8 .1 .2  

which should be co l lec ted  i n  order t o  assess the condi t ion of t h e  
w e l l  and l e a r n  more about t h e  geology of t h e  area.  

6.1.2.1 Additional Chemical Analyses 

b 

Although t h e  two water chemistry analyses  run on well 
samples appear t o  be s u f f i c i e n t  t o  determine t h e  chemical na ture  
of t h e  water, if poss ib le ,  a t  least  one add i t iona l  water sample 
should be obtained for add i t iona l  ana lys i s  of t h e  s i l i c a  i o n  
concentration. Only one s i l i ca  determination has  been made and 
spec ia l  precaut ions a r e  necessary when making s i l i ca  determina- 
t i ons .  I n  addi t ion ,  t h e  s i l i c a  va lues  from the No. 66 W e l l  might  
be compared w i t h  those of o ther  wells i n  t h e  v i c i n i t y ,  s i n c e  
s i l i ca  concentrat ions can be used t o  i n f e r  geothermal r e se rvo i r  
temperatures. 

6.1.2.2 Determine Physical Condition of t h e  W e l l  

Before a dec is ion  can be made on employing W e l l  No. 66 

as a production w e l l  for t h i s  p r o j e c t ,  t h e  physical  condi t ion of 
t h e  w e l l  mus t  be assessed by using either a feeler gauge i n s t r u -  
ment, e l e c t r o n i c  caliper log or a TV log  or  photolog. I n  order 
t o  determine t h e  condi t ion of t h e  casing and t h e  open hole ,  t h e  
Meeks and Daley pumping equipment must  be removed. Once t h i s  is 

accomplished, a feeler gauge ins t rumen t ,  which measures t h e  
diameter of t h e  hole ,  can be run  down t h e  length o f  t h e  w e l l  t o  
determine i f  any blockages, obs t ruc t ions  or caving e x i s t .  



In  addi t ion ,  an  e l e c t r o n i c  caliper log,  used t o  measure 
t h e $ c o n d i t i o n  of t h e  casing, can be lowered i n t o  t h e  well. AS 

t h e  log is raised, d a t a  is transmitted t o  a caliper graph on t h e  
su r face ,  which pr0duces.a  curve reveal ing t h e  depth a t  which t h e  

bi 

c a s  
can 
120  
c a s  

ing has been worn s p l i t  or cracked The t h i r d  method t h a t  
be used is a TI7 g or photolog, which ,a camera w i t h  a 

O ang le  l e n  is lowered i n t o  t h e  ' ,  11 .to photograph t h e  
ing. , I f  t h  e l l  water is reasonably c l e a r ,  s t e r e o  p i c t u r e s  

bf breaks, oversized per fora t ions ,  or scale depos i t s  can be 
obtained t o  an accuracy of one-tenth of 

? *  

* *  I n  order to study t h e  logic  chara 
geologic formation or formations producing t h e  water, a pump test 
can be run, however t h e  w e l l  m u s t  be i n  a s t a t i c ,  not  a r t e s i a n ,  
condition. By t a r t i n g  t h e  pump and allowing t h e  w e l l  t o  flow, 
t h e  operator  can eva lua te  how much water t h e  w e l l  is 

pump tes t  was 

6.1.2.3 W e l l  Loss 

is  a cased w e l l ,  no 
a1 or electric log  

r e s i s t i v i t y , c a n ' b e  r u n ,  however, well survey methods which can be 
used include a temperatur ed neutron log, gamma 

a downhole 
method used t o '  ughout t h e  
hole. After t h e  w is cleaned and reconditioned, i f  necessary,  
a new temperatur run  to t h e  bottom depth i n  order 
t o  obta in  an acc a d i e n t .  I f  t h e  well cont inues t o  

a t u r e  g rad ien t  w i t h  meaningful resul ts  
cannot be . o  be poss ib le  t o  make an 



estimate as  t o  t h e  t r u e  tempera ture  g r a d i e n t .  Artesian flow 
u s u a l l y  ' s t o p s ,  a t  t h e  w e l l  i n  t h e  summer. When f low s t o p s ,  
temperatures can be measured and g r a d i e n t s  c a l c u l a t e d .  

The compensated n e u t r o  log  ( C N L )  , which can be run i n  
e i ther  cased or uncased l i q u i d - f  ed h o l e s ,  is  used primar 
i d e n t i f y  porous format ions  and determ heir  p o r o s i t y  ( S  

berger, 1972 Usual ly ,  t h e  CNL is 1: h a gamma ray log t h a t  
a i d s  i n  s e p a r a t i n g  the  sand layers f r  shale  o r  clay layers. 
I n  a geothermal area, i f  t h e  h o t  water is produced from sand 
l a y e r s  and n o t  fractures, t h e  b i l i t y  t o  make  t h i s  d i s t i n c t i o n  is 
impor tan t  and may f a c i l i t a t  l o c a t i n g  t h e  zone f h o t  water 
e n t r y  i n t o  t h e  well. 

non-nuclear' source  t o o l ,  t h e  gamma ray l o g  is 
a p p r o p r i a t e  f o r  t h i s  a p p l i c a t i o n ,  s i n c e  no r a d i o a c t i v e  sou rce  
t o o l s  can be used i n  C a l i f o r n i a ' s  groundwater system. The l o g  
measures t h e  amount o f  gamma decay i n  t h e  l i t h o l o g y ,  which is 
compared t o  t h e  percentage  of n a t u r a l l y  occur r ing  r a d i o a c t i v e  
mine ra l s  i n  each s t ra ta .  

A sp inne r  survey  may be run t o  de te rmine  t h e  zones of 
water e n t r y  i n t o  t h e  w e l l .  S ince  t h e  w e l l  is p e r f o r a t e d  from a 
depth  o f  503 f6et t o  t o t a l  dep th ,  t h e  sp inne r  survey  would t e l l  
which zones i n  t h i s  i n t e r v a l  are water producing hor izons .  With 
t h i s  in format ion ,  a temperature survey  could be run  t o  determine  
t h e  c o l d  water and warm water zones. Then t h e  co ld  water zones 
could be sealed o f f  t o  p reven t  warm and c o l d  water from mixinq-  

6.1.2.4 Prepare and Conduct 'wel l  T e s t  Program 

Once t h e  i n v e s t i g a t o r  has- decided which w e l l  su rveys  
and l o g s . t o  use  i n  t e s t i n g  t h e  w e l l ,  a w e l l  tes t  schedule  m u s t  be 
developed. 
Well N o .  66  appears i n  S e c t i o n  6.5. 

A p ro to type  w e l l  tes t  program f o r  t h e  Meeks and D a l e Y  

- 
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6.2 EVALUATION OF THE GEOTHERMAL RESOURCE 

I n  a d d i t i o n  t o  e v a l u a t i n g  Well No, 66,  t h e  geothermal 
r e s o u r c e  of t h e  e n t i r e  area should e i n v e s t i g a t e d .  The geo- 
thermal e v a l u a t i o n  should i n c l u d e  1 r a t u r e  review: s t u d i e s  of 
photo geology,  s u r f a c e  geophys ics ,  and geochemistry; and an 
a n a l y s i s  of t h e  d a t a ' g e n e r a t e d  by t h e  r e s o u r c e  e 

i n i t i a t i n g  a geothermal assessment  s t u  
e i r -  program t o  i n v e s t i g a t e  

L e s  Youngs o 
ribout the i r  work pla 

o r i g i n a l  p l a n  and estimated costs 
, t i o n  were drafted prior t o  SAI's knowledge of t h e  DMG's work. I n  

order t o  avoid any d u p l i c a t i o n ,  t h e  areas i n  which DYG is  
p lann ing  t o  conduct  work are noted.  

6.2.1 Library Research 

i n i t i a l  s tage .of a geothermal  r e s o u r c e  e v a l u a t i o n  
should  be a thorough l i t e r a t u r e  s e a r c h  i n  order t o  de termine  the 
n a t u r e  of the  g e o l o g i c ,  hydrologic I geochemical and geophys ica l  
data base which' alread e x i s t s .  Data ga the red  d u r i n g  t h i s  search 
may p r e c l u d e  t h e  need for c e r t a i n  su rveys  and a s s i s t  i n  t h e  
i n t e r p r e t a t i o n  of other data  r i n g  t h e  c o u r s e  of t h e  
e v a l u a t i o n  program, 

u r e  survey ,  
a n o t h e r  l i t e r a t u r e  s e a r c h ,  11 n o t  be n e c e s s a r y .  
However, i f  ded, a comp s e a r c h  of a v a i l a b l e  
g e o l o g i c  l i t e r a t u r e  can  be produced by Ms. Kay C o l l i n s ,  Applied 
I n f o r m a t i o n  and  D o c u m e n t a t i o n ,  I n a ,  n v e r  , whose f i rm ,  
Cascadia E x p l o r a t i o n ,  p r e v i o u s l y  ass 
l i t e r a t u r e  and data .  

. 



6.2.2 Geoloqic Mapping 

The San Bernardino geothermal  a c t i v i  
f a u l t  c o n t r o l l e d  and t h e  e x i s t e n c e  of thermal  wells and s p r i n g s  
is related t o  t h e  l o c a t i o n s  of  t h e  major f 
t h e  San Andreas, S 

U t i l i z i n g  t h e  data  genera ted  from 
f i e l d  mapping data, and information a s s i m i l a t e d  from t h e  geo log ic  
l i t e r a t u r e ,  a f a u l t  map and g e o l o g i c  map of t h e  area h a s  been 
prepared . .  The DMG h a s  s t u d i e d  an orthophotoquad s h e e t  o f  t h e  
C i t y  and prepared a '  f a u l t  map us ing  informat ion  gleaned from 
the i r  l i t e r a t u r e  survey. The map shows t h e  f a u l t s  i n  t h e  San 
Bernardino area and t h e  l o c a t i o n s  of 60 h o t  water wells .from o l d  

r e p o r t s .  DMG's map shows a s t r o n g  
l o c a t i o n  of  t h e  thermal wells and t h e  f a u l t s .  

6.2.3 Geophysics 

Sur face  and downhole geophys ica l  methods are u s e f u l  i n  
d e l i m i t i n g  t h e  geothermal r e s e r v o i r  and y i e l d i n g  data on subsur- 
f a c e  thermal dynamics. Some of  t h e  commonly used geophys ica l  
t echn iques  f o r  geothermal e x p l o r a t i o n  are tempera ture  g r a d i e n t  
Surveys,  e lectr ical  surveys ,  p a s s i v e  seismic surveys ,  and g r a v i t y  
surveys .  

The DMC p l a n s  some geophys ica l  work i n  t h e  San Bernar- 
d i n o  area, such as  r e s i s t i v i t y  soundings around t h e  l o c a t i o n  Of  

t h e  sewage t r ea tmen t  p l a n t  i n  southern  San Bernardino and i n  t h e  
Harlem Spr ings  and Arrowhead Spr ings  areas. Although no magnetic 
surveys  are being performed i n  t h e  c u l t u r e d  areas of 8an Bernar- 
d ino  due t o  t h e  magnetic i n t e r f e r e n c e  p resen ted  by automobiles ,  
p l p e l i n e s ,  etc. ,  a magnetic survey  i n  t h e  more remote Arrowhead 
Spr ing s area is being considered.-  



6.2.3.1 Gravity Survey . . 

i n 0  Valley was 
compiled and analyzed by Willingham (1968) using a two-dimen- 
s i o n a l  ana lys i s  o t h e  g r a v i t y  d a t a  t o  approximate t h e  e x t e n t  of 
t h e  basement rock below the  a l l  f t h e  v a l l e y  and 
locate the  pos i t i on  of major f a  

from t h i s  study. 
t h e  Willingham (1968) g r a v i t y  surve r e a t  dea l  of accur- 
acy . Add it iona l  subsur face c e t a i l e d  g r a v i t y  
s t a t i o n s  ,are required t o  provi  i n t e r p r e t a t i o n  
of t h i s  d a t a  ( F i f e ,  e t . a l . ,  1976). 

I 

The DMG has out l ined  gravi ty '  surveys 
i n  t h e  Arrowhead Springs and Harlem Springs a r e a s  of San Bernar- 

s t u d i e s  is recommended. 

Electrical techniques are usefu rmal explora- 
t i o n  because many geothermal a r e a s  are anomalouslY 

high e l e c t r i c a l  conduct ivi ty  (Combs and Muffler, 1972). Usually 
hot water has  a g rea t e r  d i sso lv ing  power, is  more s a l i n e  and 
the re fo re ,  more' e l e c t r i c a l l y  conductive than i n  a r e a s  i n  which 
cool  water is present  1, 1 9 7 2 ) .  The DMG is 

an Bernardino 
assessmen No f u r t h e r  

electrical  surve 
* 

6.2.3.3 

hys i ca l  or geologic 
evidence 8 microear i n  determining the  
g ross  l i m i t s  a c t i v e  f a u l t  

' planes  ( an i ,  1972) .  Howeverr s t is d i f f i c u l t  

0'13 



hid 
t o  i n t e r p r e t  t h e  n o i s e  anomal ies  shown by t h e  microear thquake  
survey  when a great  deal of c u l t u r a l  n o i s e  is p r e s e n t ,  conduct ing  
p a s s i v e  seismic su rveys  i n  San Bernard ino  may be impractical i f  
too much urban n o i s e  e x i s t s .  

A su rvey  shou made, however, of t h e  p r e v i o u s  
seismic work  which has be rformed i n  t h e  San Bernard ino  area. 
For example, Badley and bs (1974) s t u d i e d  microear thquake  
d i s t r i b u t i o n  i n  t h e  area i n  order to d e t a i l  t he  microseismicity 
of t h e  r eg ion .  Al len ,  et.al. (1965) compiled da ta  from over  

ea r thquakes  i n  Southern C a l i f o r n i a  t o  de te rmine  r e l a t i o n -  
between s e i s m i c i t y  and g logic s t r u c t u r e .  

6.2.3.4 Temperature Grad ien t  Surveys 

Temperatute  g r a d i e n t  measurements are a u s e f u l  geo- 
p h y s i c a l  method for d e f i n i n g  a geothermal  r e source .  Temperature 
g r a d i e n t s  are measured i n .  shallow holes ,  e x t r a p o l a t e d  to grea t  
depths  and t h e n  plot ted on a contour  map t o  show t h e  l i m i t s  of a 
geothermal f i e l d  (Meidav and Tonani ,  1975) . Three t o  f o u r  

. t empera tu re  g r a d i e n t  measurements may be adequa te  t o  de te rmine  

I 

t h e  depth t o  t h e  geothermal  source .  

The e x i s t e n c e  of w e l l s  s u i t a b l e  for t h i s  purpose  i n  t h e  
San Bernard ino  area should be determined by c o n t a c t i n g  t h e  
C a l i f o r n i a  D i v i s i o n  of  Water Resources  i n  Sacramento d u r i n g  t h e  
p l ann ing  stages of t h e  t empera tu re  g r a d i e n t  survey .  I f  none are 
a v a i l a b l e ,  three or f o u r  shallow g r a d i e n t  holes  w i l l  need t o  be 

d r i l l e d  t o  depths  of approximate ly  100  feet t o  500 feet. 

As part  of t h e i r  geothermal assessment  w o r k ,  t h e  Cali- 
f o r n i a  Div iq ion  of Mines and Geology p l a n s  t o  locate accessible 
h o t  wells and s p r t n g s  i n  t h e  San Bernard ino  area and perform 
tempera tu re  measurements, which w i l l  be ' t a b u l a t e d  and incorpo-  
rated i n t o  a model of t h e  loca l  geothermal r e s e r v o i r  scene.  

CI 
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6.2.4 

e c h n i q u e s  of g e o t h e r m a l  e x p l o r a t i o n  
involve  water sampling of thermal  s p r i n g s ,  followed by 
chemical a n a l y s e s  o n t e r p r  e t a t  i on  of t h e  

r e s u l t s .  The 
temperature e x p e c t e d  a t  d e p t h ,  a b o u t  t h e  
chemical characteristics of waters a t  depth, and de termining  t h e  
source  of recharge wa r .  The r a t i o  components i n  t he  water 
samples can be u t i l i z e d  i n  chemica thermometry t o  e s t i m a t e  
t h e  minimum r e s e r v o  emperature  of t h e  geotherm 

conduct a w e l l  su rve  
B e r n a r d i n o ,  c o l l e c t  g 

samples- and prepare a. map showing 
chemis t ry  of the water 

Two phases o 

ocations of wells and t h e  

emical survey  -- water, geochem- 
i s t r y  and mercury so i l  geochemistry -- are recommended for t h e  
San Bernardino geothermal r e source  development p lan .  

6.2 .4 .1  Water Geochemistry and Geothermometry 

The DMG p l a n s  t o  conduct a w e l l  inventory  and gather 
water chemistry a ta  from a nY w e l l s  a s  p o s s i b l e  i n  Sari 
Bernardino. I n  nduct ing t h  rvey I  more informat ion  can be 
ob ta ined  on t h e  e x i s t e n c e  a 
l e v e l s  or a r t e s i a n  flow i n  we1 t r e n d s  i n  t h e  chemical c o n s t i -  
t u e n t s  of t h e  t h e  dep th  of ther i r c u l a t i o n .  

d u c t  some chemical 
t r y  a n a l y s i s  



I 

W 
A review of t h e  l i t e r a t u r e  should be performed t o  

locate other work i n  t h i s  area.  For example, a por t ion  of t h e  
work of Jarzabek (1980) involves a geochemical reconnaissance of 
thermal waters  along t h e  San J a c i n t o  F a u l t  zone i n  San Bernar- 
dino. Wells were sampled and a geothermometry ana lys i s  showed a 
r e se rvo i r  temperature of 120OC from’ t h e  Arrowhead -Springs area.  
The geothermal grad ien t  of t h e  San Bernardino a rea  had been 
determined t o  be 31OC per kilometer w i t h  a depth  of circulation 
of 3.3 kilometers (Jarzabek, 1980). 

6 . 2.4.2 Mercury S o i l  Geochemical Surveys 

A mercury s o i l  geochemical survey of t h e  San Bernardino 
area  is recommended. The discovery of excess mercury i n . t h e  s o i l  
of ten ind ica t e s  a strong c o t r e l a t i o n  w i t h  geothermally a c t i v e  
regions ( M a t l i c k  and Buseck ,  1975) .  A reconnaissance mercury 
survey should be run  i n i t i a l l y  t o  determine t h e  o v e r a l l  d i s t r i b u -  
t i o n  of mercury i n  t h e  area. I f  excessive man-made contamination 

I 

I 

I 

e x i s t s  or i f  t h e  geothermal system lacks mercury, t h e n  it is 
quest ionable  whether the  mercury s o i l  survey w i l l  provide an  
accurate determination of t h e  loca t ion  of geothermal upwelling. 

I n  conducting t h e  survey, s o i l  samples a r e  co l l ec t ed  a t  
po in t s  t h a t  a r e  evenly d i s t r i b u t e d  across  t h e  survey a rea ,  then 
d r i e d ,  sieved and analyzed. A t h i n  gold f i l m  Hg de tec to r  
instrument is used t o  measure t h e  amount of Hg i n  ppb contained 
i n  t h e  s o i l  sample, T h i s  technique is described more completely 
i n  Phelps and Buseck  (1980) and Matlick and Buseck  (1975). 

I 

6.2.5 Ana lys i s  of Data 

The  d a t a  g e n e r a t e d  n t h e  e v a l u a t i o n  o f  t h e  Sari 

Bernardino geothermal resource m u s t  be analyzed and interpreted 
i n  order t o  develop a preliminary geologic r e se rvo i r  model of t h e  
p o t e n t i a l  resource. The na ture  of t h e  resource and a desc r ip t ion  
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of t h e  s u r f a c e  and subsu r face  geothermal  m a n i f e s t a t i o n s  must be 
determined so t h a t  a geo log ic  p i c t u r e  of e area can be as- 
sembled, and t h e  geothermal r e s o u r c e s  c be related t o  t h e  
geology. 

After a s s i m i l a t i n g  a ,  p o t e n t i a l  s i t es  f o r  
product ion  and i n j e c t i o n  wells need t o  be suggested.  Then, 
p r e l i m i n a r y  boundaries  of t h e  San B nard ino  geothermal r e s e r v o i r  
can be o u t l i n e d  using data  f r  t h e  geothermal assessment  

cj 

program. 

6.3 PLAN OF RESOURCE DEVELOPMENT 

/ 

The Resource Development P lan  presented  i t h i s  s e c t i o n  
recommends avenues f o r  s e l e c t i n g  a workable product ion  w e l l  and 
i n j e c t i o n  w e 1  for t h e  San Bernardino geothermal  p rocess  heat 
waste water t r ment plant.  

6.3.1 

The Meeks and Daley Well No. appears t o  be a 
s u i t a b l e  c a n d i d a t e  f o r  t h e  sewage p l a n t  product ion  
w e l l ,  based on t h e  scan ty  informat ion  t h a t  is already a v a i l a b l e  
about  t h e  p r o p e r t i e s  of t h e  w e l l .  The tem rature (135'F) and 
t h e  f l o w  of t h e  water ( abou t  875+ gpm) , as 1 as t h e  desirable 
water chemistry p r o p e r t i e s ,  i n d i c a t e  t h a t  t h e  No. 66  Well would 
be an adequate product ion  w e l l .  However, c e r t a  w e l l  S U r V e Y S f  

s u c h  a s  an e l e c t r o n i c  caliper log ,  a photolog an feeler gauge I 
should be run  t o  determine t h e  phys i  o n d i t i o n  of t h e  w e l l  and 
whether it is n adequate  shape for s a product ion  well. 

I n  a d d i t i o n ,  i n s t i t u t i o n a l  and f i n a n c i a l  ramif ica-  
t i o n s  of us ing  t h e  w e l l  m u s t  be weighed b e f o r e  a d e c i s i o n  is  
reached. S ince  8 well is used t o  p a t i o n  water 
du r ing  par t  o f  he C i t y  would 
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cs’ excess water when t h e  Meeks and Daley Company does  n o t  need it. 
The C i t y  a l s o  must cons ide r  whether t he  r e n t a l  c o s t  charged by 
t h e  Meeks and Daley Company for use of t h i s  w e l l  is economical. 

6.3.2 

C e r t a i n  a l t e r n a t i v e s  t o  us ing  t h e  Meeks and Daley No. 
66 as  a product ion  w e l l  do e x i s t  and should be analyzed by t h e  
Ci ty .  Some of these a l t e r n a t i v e s  are d i s c u s s e d  i n  t h i s  s e c t i o n .  

&.The C i t y  of  R ive r s ide  h a s  r i g h t s  i n  a w a r m  w e l l ,  t h e  
Meeks and Daley NO. 5 9 ,  which is l o c a t e d  about  one-fourth m i l e  
n o r t h e a s t  of t h e  sewage p l a n t  near  Hillcrest Avenue. The water 
chemis t ry  for No. 59 ,  t aken  from t h e  water q u a l i t y  files of t h e  
San Bernardino Valley Municipal Water District, is described i n  
Table 6-3. Water tempera tures  are between 116OF and 1360F1 and 
t h e  water chemis t ry  is similar t o  t h a t  of t h e  No. 66 Well (Table 
6-11, excep t  t h a t  it is much more concen t r a t ed  i n  b i ca rbona te  and 
less concen t r a t ed  i n  chloride and t o t a l  d i s s o l v e d  s o l i d s .  One 
p o s s i b l e  advantage of t h e  Meeks and Daley No. 59 is t h a t  River- 
side uses t h i s  water, so p o t e n t i a l l y  San Bernardino could  remove 
t h e  heat  from t h e  water for t h e  sewage digester and r e t u r n  t h e  . 
cooled water t o  Rivers ide .  I n  t h i s  way, t h e  C i t y  of San Bernar- 
d i n o  would n o t  heed t o  d i s p o s e  of t h e  w e l l  water, as would be t h e  
case w i t h  t h e  No. 66 w e l l .  More informat ion  must be ob ta ined  
b e f o r e  dec id ing  eithelc t o  use  or reject  t h i s  w e l l  as  a v i a b l e  
candidate. 

AS a’second a l t e r n a t i v e ,  t h e  C i t y  could decide t o  d r i l l  
i ts own product ion  w e l l ,  rather than  use  an a l r e a d y  e x i s t i n g  
w e l l .  I n  t h i s  case, t h e  expenses  and i n s t i t u t i o n a l  f a c t o r s  
involved i n  paying t o  use  another  party’s w e l l  would n o t  e x i s t .  
The C i t y  could d r i l l  t h e  w e l l  on t h e  large parcel of l a n d  it owns 
a t  t h e  wastewater t r ea tmen t  p l a n t .  Also, t h e  C i t y  may be able to 
reach a mutua l ly  acceptable agreement w i t h  t h e  Na t iona l  Orange 

6-20 



Table 6-3. Chemical and Physical Water Analysis from 
Meeks and Daley Well No. 59* 

L, 

Temperature: 47OC - 58OC 
116OF - 136.4OF 

Sodium mg/l 75-116 

. Potassium mg/l 2 

Calcium mg/l 5 

1 

- 
18 

46-125 

Sulfate mg/l 23-28 

Chloride mg/l 36-103 

Total Dissolved Solids mg/l 225 

PH 8.5 



Show which owns a large parcel of l and  a d j a c e n t  t o  Meeks and 
Daley Well No. 66. One l i a b i l i t y ,  however, is t h a t  t h e  new well 
may p r o d u c e  water w i t h  a n  i n a d e q u a t e  t e m p e r a t u r e  f o r  t h i s  
project .  

6.3.3 P o t e n t i a l  I n j e c t i o n  W e l l  Sites 

Microseismic and o t h e r  g e o l o g i c a l  d a t a  which  a r e  
a v a i l a b l e  for San Bernard ino  must be ana lyzed  before s e l e c t i n g  
t h e  l o c a t i o n  of a p o t e n t i a l  i n j e c t i o n  w e l l .  S ince  t h e  San 
J a c i n t o  and Loma Linda f a u l t  systems are so close t o  the  sewage 
t r e a t m e n t  p l a n t ,  t h e  f a u l t  network must be s t u d i e d  c l o s e l y  before 
t h e  i n j e c t i o n  w e l l  s i t e  is selected. Should t h e  C i t y  decide t o  
d r i l l  a p roduc t ion  well i n  which cold water is  produced, . . the  cold 

. w e l l  m i g h t  be.  traded t o  Meeks  and Daley for W e l l  No. 66,  or t h e  
cold w e l l  could  be used as an i n j e c t i o n  w e l l  i n s t e a d  of a 
p roduc t ion  w e l l .  These d e c i s i o n s  should  n o t  be made u n t i l  a l l  
envi ronmenta l  i s s u e s  are cons ide red  c a r e f u l l y .  

6.3.4 Prepare a Well Program and Cost Est imates  for  Produc-  
t i o n  and I n j e c t i o n  Wells 

A w e l l  program and cost  e s t i m a t e s  of d r i l l i n g  and 
logg ing  a c t i v i t i e s  must be prepared for t h e  p roduc t ion  and 
i n j e c t i o n  w e l l s  which w i l l  s e r v e  t h e  San Bernard ino  Wastewater 
Treatment  P l a n t .  A w e l l  log program should be conducted on t h e  
Meeks and Daley No. 66 t o  attempt t o  de te rmine  where t h e  warm 
water producing s t ra ta  are located. If  t h e  resource is  located 
a t  200 feet  or l less ,  for example, it may be a d v i s a b l e  t o  d r i l l  a 
new hole. I n  t h i s  case, a shallower hole could  avoid the  cold 
water layers t h a t  may e x i s t -  deeper i n s i d e  t h e  w e l l  and cause  
mixing of t h e  warm water w i t h  cold water l a y e r s .  I t  a l so  may be 
a good idea t o  d r i l l  a new w e l l  and use  t h e  Meeks and Daley No. 
66  as a backup w e l l .  

I 
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6 04 PRELIMINARY WELL W 
program f o r  

both t h e  product ion c o s t  esti- 

. mates ‘for these s e r v i c e s  ta ined  by a telephone 
survey, The c o s t  ,figure preliminary esti- 
mating purposes only,  because arameters and 

p r o j e c t  s p e c i f i c a t i o n s  are unknown. 

1. Determine t h e  present  condi t ion  o f  t h e  Meeks and 
Daley Well No. 66. 

A. Have Meeks and Daley Company p u l l  t h e i r  water 

B. T e s t s  for i t i o n  of c a s i n  

* 

e l l  - approximately $2,000. 

i c k  ‘ t r u c k  t o  suspend t o o l s  - 
$330 - $400 per day, p lus  $2.10 per m i l e  
over 150 mile round t r i p .  

2. Run feeler gauge down w e l l  - $265. 

3. Run TV log or Photolog - $285 - $395 f o r  
1000 f t .  minimum p l u s  $30 - $35 ‘per hour 
for two man crew ( takes  about 3-6 hours) . 
damaged) - $300. 

4 .  Hole ca 

5 .  Sonar j e t  ( t o  c lean  per fora ted  casing if 
$1150 ( 2 0 0  f t .  of 20-inch 

- $770, minimum 
depth of 200 f t .  

4 .  Pump test - 



2. P r o d u c t i o n / I n j e c t i o n  Well D r i l l i n g  L d  
A. 12-inch d i ame te r  w e l l  d r i l l e d  and completed - 

assume 700 f t .  deep  well - $50 - $60 per f t .  - 
$35,000 - $42,000, plus  expendables .  

B. 10-inch d i ame te r  w e l l  d r i l L e d  and completed a t  
1500 f t .  d e p t h  - $130,000 t o  $150,000. 

3. S l i m  Hole Wells (for Resource Eva lua t ion  Purposes)  

A. 6-inch t o  7-inch b o r e  w i t h  5-inch c a s i n g  - 
assume 1000 f t .  deep  w e l l  - $16 - $18 / f t .  - 
$16,000 - $18,000, p lus  expendables .  

6.4.1 Contacts 

The fo l lowing  w e l l  su rvey ing  and w e l l  l ogg ing  companies 

were c o n t a c t e d  by t e l ephone  t o  obtain estimates on t h e  costs t o  
perform tests on the Meeks and Daley W e l l  N o .  66:  

1. McCullough (N.L. I n d u s t r i e s )  
(213)  537-9330 
Contact: Bob I r v i n  

E l  Centro Depot 

Contact: S t e v e  Garcia 

Yorba Linda 

Contact: Brad Challacombe 

Oxnard 

dontact:  C l a r k  Wigley 

2 . Schlumberger 

(714)  344-6520 

3. Waterwell Redevelopers ,  Inc.  

(714)  779-2425 

4. Well Surveys  

(805)  647-3281 

The fo l lowing  w e l l  d r i l l i n g  companies were te lephoned t o  d e t e r -  
mine costs of d r i l l i n g  an i n j e c t i o n  w e l l .  
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I .  McCalla Bros. Pump and D r i l l i n g  Co. 
Redlands 
(714)  793-2913 
Contact :  B i l l  

NOTE: McCalla D r i l l i n g  Company bough o u t  t h e  RtW 
D r i l l i n g  Company t h a t  o r i g i n a l l y  d r i l l e d  t h e  
Meeks and Daley Well No. 66 i n  1966. McCalla 
also h a s  t h e  d r i l l i n g  equipment and some of t h e  
w e l l  r e c o r d s  from t h e  D r i l l i n g  Company. 

2. Moreno V a l l e y  D r i l l i n g  Se 
Blooming ton 
(714) 877-0220 
Contact :  Marvin Fernandez . 

NOTE: T h i s  d r i l l i n  company h a s  t h e  c a b i l i t y  Of 
d r i l l i n g  sha l low h o l e s  on ly ,  t o  a maximum o f  120 
f e e t  i n  depth .  

3 .  Yost W e l l  D r i l l i n g  and Pump S e r v i c e  
San Bernard ino  

Contact: J .R.  Yost,  
(714)  884-0913 

6.5 CONCLUDING REMARKS 

-l 

T h i s  Resource Development P lan  w i l l  assist t h e  C i t y  o f  
San Bernard in6  i n  choosing a workable s i t e / a l t e r n a t i v e  f o r  a 
p roduc t ion  w e l l  and re in jec t ion  w e l l  f o r  t h e  Wastewater Treatment 
plant.  
estimate of t h e  cost  of implementing t h e  t h r e e  phases  of t h i s  

Much o f  t h e  work a s s o c i a t e d  w i t h  t h i s  p l a n  h a s  a l r e a d y  
been completed by t h e  C a l i f o r n i a  D i v i s i o n  of Mines and Geology 
and t h e  San Bernard ino  Municipal  Water Departmen The costs 
shown i n  Tab le  6-4 are estimat ce develor?- 
ment p lanning .  

The cost schedu le  shown i n  Table  6-4 presents a r o u g h .  

. p lan .  
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Table 6-4 .  Schedule of Costs to  Complete Resourcc 

TITLE 

EVALUATION OF THE MEEKS AND DALEY WELL NO. 66 
Assemble and Analyze Data Available for  the Well 

Driller's Log and Drilling and Completion Information) 
Analyses of Water From Well 
Analyses of Temperature Data 

Determine Additional Data t o  be Obtained for the Well 
Additional Chemical Analyses 
Determine Physical Condition. of the Well 
Types of Well Logs Which May be Useful 
Prepare and Conduct Well Test Program 

EVALUATION OF THE GEOTHERMAL RESOURCE 
Library Research and Analysis of Literature 1 

Mapping 
Analysis o f  Aerial Photographs 1 
Field Checking 1 
Prepare a Fault Map and Geologic Map) 

Gravity Survey 
E l  e c t r i  cal Surveys 
Passive Seismic Surveys 
Temperature Gradient Surveys (est .  4 t o  5 holes)) 

Geophysics 

Geochemistry 
Water Geochemistry and Geothermometry) 

Mercury Soi 1 Geochemical Surveys 
Analysis of Data 

PLAN OF RESOURCE DEVELOPMENT 
Analysis of Using Meeks and Daley No. 66 fo r  
Production We1 1 

Analysis of Alternatives t o  the Meeks and Daley 
Well No. 66 

Analysis of Potential Injection Well S i tes  

Prepare a Well Program and Cost Estimates for 
Production and Injection Wells 

I 

Ievelopment Plan 

UBTASK 
COSTS 

i 300 
i 4,000 
i 3,000 
; 7,000 

lone 
?one 
6 200 

$ 4,000 
8 1,500 

$ 1,000 

$ 2,ooc 

$ 70C 

$ 1,50C 

3TIMATED COST 
IF ENTIRE TASK 

Compl e ted by 
Mater Dept. 

$14,300 

Completed by 
DMG 

Compl eted by 
DMG 

To be Completed 
by DMG 

Completed by 
DMG 

$ 5,700 

$ 5,200 
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7 . IMPLEMENTATION PLAN 

T h i s  Implementation Plan provides the Water Department 
with a program and schedule €or implementing a geothermal system 
to serve the wastewater treatment plant, The development of geo- 
thermal energy is a multidisciplinary problem which requires the 
interaction of various groups including engineers, geologists, 
drillers, management and government agencies. In order for the 
project to progress in a timely fashion, each sector must be 
coordinated with every other. The overall process for imDle- 
mentation is diagrammed in Figure 7-18 the schedule is provided 
in Figure 7-2 and a diagram of cost vs time is provided in Figure 
7-3 . 

Work has already bee tatted to obtain financing for 
the proposed droject. T h i s  c cal activity must be completed 
before significant additional work on the project may begin. A s  

shown in Figure 7-2 once project financing has been obtained 
(Item 1) and a final reso ce development plan completed (Item 
2), the production well drill sites will be selected. 

The California Division of Mines and Geology is 
performing a resource assessment of San Bernardino, including 
analysis of seismicity, resistivity, gravity and well fluid data 
collected in the vicinity of the wastewater treatment plant. 
DMG's, data are being made available to the Water Department, 
including temperature logs of sting wells, in order to help 
with the selecti of drilling sites. 

mits and environmental documents must be 
obtained before drilling may begin. Since this project is not 
exploratory, prior to obtaining a permit to drill, a Conditional 
Development Permit (Figure 7-2, Item 4) or an exemption thereto 
plus an accompanying environmental document, either an exemption, 
negative declara$ion or EIR, is required from the City which is 
the lead agency in this case. 
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Any and a l l  product io  wells w i l l  r e q u i r e  
a Permit  t o  D r i l l  from t h e  Ca o r n i a  Divis ion of O i l  and Gas 
(DOG) (See Appendix " I n s t  es" by Coulter 
Associates, Inc.)  It  would be prudent  t o  t a i n  permi ts  for 
three w e l l s  a t  t h i s  t i m e  because t robably t a k e  
30-40 days  ( i gu re  7-2, Item 6 ) .  

c, 

During t h e  per iod  t h a t  t h e  Water Department is obtain-  
ing t h e  two permits d iscussed  c o n t r a c t o r  w i l l  be 
selected on a compet i t ive  b i  ill t h e  proposed w e l l s  
(F igu re  7-2, Item 5 ) .  The f i r s t  on w e l l  w i l l  be d r i l l e d  
a t  t h e  s i t e  of t h e  wastewater t rea tment  p l a n t ,  usinq resource 
information t o  select a s i te  t h e  p l a n t  p rope r ty . .  T h i s  is  
e s s e n t i a l l y  a ris . I f  t h e  w e  n o t  . s u i t a b l e  
for  product ion ,  i l e  i f  needed an i n j e c t i o n  
w e l l ,  I f  t h e , w e l l  is successful, a second w e  y have t o  be 
d r i l l e d  for injec I f  t h e  w e l l  on t h e  Water 

no t  success fu l  second w e l l  w i l l  be 
d r i l l e d  on t h e  Or e n t  t o  t h e  Meeks and 

emperatures above 
ure 7-2, Item 8 )  

f o r  approximatGly two w e e k s  t o  determine its a b i l i t y  t o  produce 
l a r g e  q u a n t i t i e s  1 c o n s t i t u t a n t s  of t h e  

ar tment  may 
of W e l l  #66 

/ 

t i f i e d ,  t h e  
geothermal 

. water d i s p o s a l  t o  .b Depending 
its may be 

l u i d  is contemplated 
an  a d d i t i o n a l  permit (Waste Discharge Requirements) is requi red  

7-5 



id 
from t h e  Santa Ana 
7-2, Item 1 0 ) .  The st h i s  permit is 
120 days. The Santa Ana S t a t e  Health 
Department, t h e  County Environmental Health Se rv ices  Agency and 
t h e  San Bernardino Val ley Municipal Water D i s  t for  review and 
comment. The County Department of En B e a l t h  Se rv ices  
is empowered t o '  i s s u e  a permit f w e l l s  u n l e s s  t he  
C a l i f o r n i a  Div is ion  of O i l  and Gas l l y  inc ludes  each 
well t o  be d r i l l e d  i n  i ts D r i l l i n g  Permit. I f  geothermal 
f l u i d  is of su i tab le  q u a l i t y  t o  be blended w i t  e e x i s t i n g  
wastewater t rea tment  p l a n t  e f f l u e n t  or t e r t i a r y  water without  
s i g n i f i c a n t l y  changing  t h e  c o m p o s i t i o n  or q u a l i t y  of t h a t  
e f f l u e n t ,  t h  o n t r o l  Boa rmits w i l l  be 
required.  F on Plan  it was 

r n a t i v e  has assumed t h a t  e c t i o n  w i l l  b 
t h e  l a r g e s t  impact on p r o j e c t  schedule.  

During t h e  per iod t h a t  Waste Discharge Requirements are 
being obta ined ,  t h e  Water Department w i l l  selec a f i n a l  des ign  
c o n t r a c t o r  by competi t ive bid.  The c o n t r a c t o r  w i l l  commence t h e  
f i n a l  sys t em d e s i g n  a f t e r  t h e  n e c e s s a r y  permits  have  been  
obtained (F igure  7-2, I t e m  12 )  . Major equipment, w i t h  extended 
lead times, w i l l  be ordered a s  e a r l y  i n  t h e  des ign  p rocess  as  
necessary  . 

An a d d i t i o n a l  permit m u s t  be obtained before construc-  
t i o n  may begin (F igure  7-2, Item 1 3 ) .  A d e t a i l e d  d e s c r i p t i o n  Of 
permi t t ing  requirements is presented i n  t h e  Appendix. A Street 
C u t  P e r m i t  from t h e  C i t y  Street Divis ion w i l l  be required for 
l ay ing  p ipe  down any reet or sidewalk. With these and a l l  
o t h e r  permits necessa for t h e  proposed project, process ing  
times can be minimized by keeping t h e  agencies  up  t o  d a t e  on 
a c t i v i t i e s ,  so t h e y  a re  aware of s c h e d u l  ng r e q u i r e m e n t s .  
Contact w i t h  pe rmi t t i ng  agencies  e a r l y  i n  t h e  p rocess  is recom- 
mended. Appl ica t ions  should be submi t t ed  on a t ime ly  basis  
pursuant  t o  t h e  s ta tu tes  concerning each permit .  L 



The Water D ar tment  w i l l  compe t i v e l y  select a con- 
bs tor  t o  c o n s t r u c t  t h e  prop ter t h e  f i n a l  des ign  

been completed and a l l  c r u c t i o n  pe rmi t s  have been re- 
ceived.  (F igu re  7-3, Item 1 4 ) .  e system w i l l  be cons t ruc t ed ,  
and i n j e c t i o n  w e l l  d r i l l  1 -  

The system b a s i c a l l y  c o n s i s t s  of p r e i n s u l a t e d  fiber- 
g l a s s  r e in fo rced  p las t ic  pipe which w i l l  run from t h e  well head 
t o  a pad support ing t h e  h e a t  exchanger (see Section 3 . 3 1  
Pre l iminary  Design),  which, i n  t u r n ,  are connected t o  pipe 
e n t e r i n g  t h e  d i g e s t e r s .  A f t  t h e  geothermal f l u i d  has  been 
u t i l i z e d ,  it is piped using i n s u l a t e d  f iberglass  r e in fo rced  
p las t ic  p ipe  t o  an i n j e c t i o n  w e l l  or o the r  p o i n t  of discharge.  
The p ipe  is  placed enches t h r e e  feet deep and three f e e t  
wide, which are then  back f i l l e d .  

Various v a l v e s  and gages w i l l  be i n s t a l l e d  i n  t h e  
system as  requi red .  Depending upon t h e  f i n a l  des ign ,  some 
asphalt paved streets may have t o  be t o r n  up and repaved. The 
p las t ic  p ipe  is very  l i g h t  and is e a s i l y  i n s t a l l e d .  The system 
should be ve ry  s t r a igh t fo rward  and no unusual problems are  
a n t i c i p a t e d  w i t h  cons t ruc t ion .  \ 

After' c o n s t r u c t i o n  has been completed, t h e  system w i l l  
be s t a r t e d  up and t e s t e d  i n  order to  determine i f  a l l  of t h e  
components and subsystems are o p e r a t i o n a l  ( F i g u r e  7-2, I t e m  1 7 ) .  
The s y s t e m  w i l l  be  debugged n t i l  commercial o p e r a t i o n  i s  
cont inuous.  
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CONCLUSIONS AND 

The princip nancing issues confront- 
ing the San Bernardino Vastewater Treatnent Plant Geothermal 
Project revolve around the three issues of hot er source, 
geothermal water quality and method of disposal. 

project would consist f a new geothermal well located on the plant 
property, whose hot er is of good ough quality (less than 
S35 ppm TDS) to blend with the plant fluent without materially 
affecting the voltme o otal effluent. Insthis case only one 
discretionary permit i equired, the geothermal well drilling 
permit from the California Division of Oil and Gas. Such a pro- 
ject could conceivably be financed from cost savings which would 
accrue to the Sever Fund as natural gas is displaced as the pri- 

From a legal, re latory and financing sta int the ideal 

nary fuel for heating the digesters, r 

oject must utilize s 
and be reinjected in the legal, pem-itting 

esource some 

and financing issues multiply. 

a great deal upon the future price of natbral gas,a special natural 
gas price forecast has been prepared and included in the financing 
section. 
from the present 3 8 ~  per therm to 68~-76c per therm by 1985 when 
post April 1917 natural gas prices are decontrolled. 

acceptance. 
or reimbursed from local funds. Therefore a Public Awareness Pro- 
gram is presented for impleEentation. 

.Financing the project depends upon project size, hence the 
cost. The larger the project, the greater the need to turn to 
outside fundingsources such as State and Federal Grants and loans 

are disucssed in detail. External financing sources involve their 
own costs due to such factors as interest, 
Larger projects tend to be forever developin'g but never quite 
developed. 
significantly as nat 

Since the local financing fe the project depends 

It concludes that the price of natural gas will rise 

The key social issue posed by this project is that of public 
This is especially true if the project must be financed 

or Development Authority Revenue Bonds. Twelve financing options I 
timing and coordination. 

As project cost is reduced, project viability increases 
1 gas cost savings can then be applied to 



QUARTERLY REPORT 

San Bernardino Project 

PERMITS : 

As many as six permitting agencies could be involved in 
approving six different aspects of ,this project. They are: 

a) City of San Bernardino Planning Department 

b) City of San Bernardino Street Department 

c) .'Comty of San Bernardino Engineering 

d) San Bernardino County Health Department 

fornia State Department of Transportation 

f) California Regional Water Quality Control Board- Santa 
Ana Region 

g3 California Division of Oil & Gas 

The extent to which each of these agencies would become involved 
depends upon the final design of the total project. 
variables are: 

The key project 

a) Well location 

b) Pipeline route 

c) Method of disposal of geothermal water 

d) Chemistry of geothermal water 

e) Type of well 

No attempt will be made here to anticipate the final project 
configuration or,composition. Rather the requirements and procedure 
concerning each permit will be presented. The easy to obtain permits 
or "ministerial" permits are described first. The "discretionary" 
permits are presented second. 

MINISTERIAL PEWITS: 
If County or State rights of way are crossed 

by a pipeline carrying geothermal water to or from the Wastewater 
treatment plant an. encroachment permit must first be obtained 
from either the County Engineer or the State Department of Trans- 
portation District Office. 
agency. Such a perhit can be issued within 2-8 weeks. 
no Other lead agency an environmental impact report can be required. 

' Encroachment: 

A permit fee is paid to the appropriate 
If there is 

2 



Street Cut: If the project involves laying pipe down a city 

A fee is charged' (J street 01: sidewalk, a Street Cut Permit must first be obtained 
from the San Bernardino City Street Department. 
dependent upon the surface area of the actual cut. 

DISCRETIONARY PERMITS : , 

Conditional Development Permit: The project may or may not 
re a conditional development permit. Such a determination is 

made administratively within the department. If a Conditional 
Development Permit is required, an environmental document must 
also be prepared pur onmental Quality 
Act (CEQA)* 

The Conditiona the Planning 
If no permit is 

then no environmental document is required by the City. 
on subject to appeal to the City Council, 

Environmental Review: The environmental, document is prepared 
bv the Environmental Review Committee (ERC) composed of representa- 
tion from the Planning Department, Building & Safety Department 
and Engineering. Depending upon 
can:l) grant a categorical ex 
visions as contained in Title 
Section 15101, 15103, 15104 o 
(see attached 3 . 4 )  ; 2) Issue 
that the project will "Not have a significant effect on the enviro- 
nment", and that any potentially significant effects can be mitigated 
by certain measures". 
form 3.5; 3) Require that an Environmental Impact Report be prepared 
for the project if any significant environmental impacts are expected 
to result from the project. 

timelimits upon lead agencies for making the environmental decisions , 

required under CEQA. 
Sections 15054.2 and 15054.3 of e California Adminis 
They are summarized as followsr 

1. Within 45 days after accepting an applicat 

Such a decision is issued on the attached 

Assembly Bill 884, whch be n 1978, ihposes strict 

These time limits are set forth in Title 14, 

the lead agency must decide whether the project will 
need an EIR or negative declaration. 
is negative, the exemption is granted. 

If this decision 



_- - 
and ebandoned in such manner as to safeguard life, health, property 
and the public welfare, and to encourage maximum economic recovery." 

other association, intending to drill for or utilize geothermal 
resources must first obtain a drilling or operating permit from 
the State Oil and Gas Supervisor. For 8 detailed definition of 
Geothermal Energy-Legal Status see the appropriate section of this 
report - 

Prior to drilling, reworking or abandoning a geotherm 
in California, a Notice of Intention shall be submitted to the 
appropriate district office (in this case Long Beach) of 
California Division of Oil & Gas and approval received. 
notice is required for prospect wells, development wells, temper- 
ature observations wells, low tempera e wells and water disposal 
wells. 

by the following: 

Any person, including any'individual, firm, corporation, or 

the 
Such 

The Notice f Intent (see figur shall be accompanied 

a) Designation of Agent (figure 4.2) 

b) Indemnity or Cash Bond (figure 4.3) 

c) An Application Fee 

The bonding requirements for a low temperature geothermal 
well are set forth in Sec. 3725.5 of the California Public Resources 
Code: "Any person who engages in the drilling, redrilling, maintain- 
ing or abandoning 
supervisor an ind 
dollars ($2,000) for each well less than 2,000 feet deep, ten 

et 100,000 dollar bond can be filed, if desired, 
covering operations involving more than one well. 
low temperature wells that would not be necessary 

Title 14 of the California Administrative Cod9 is: 

any low temperature well shall file with the 
dual indemnity bond in the sum of two thousand 

ollars ($10,000) for each well 2,000 feet deep or deeper 
I t  an 5,000 feet.... 

In the case of 

The fee schedule per well as presented in section 1932 of 

a) $25-less that 250' 

b) $200 - 250' to 1000' 
r- 

c) $500 7 more than 1000' deep 

A low temperature goethennal well is defined in the same 
code section 1920.1 as a well drilled to discover, evaluate, pro- 
duce or utilize low-temperature geothermal fluids where the fluids 
will be used for their heat value". 

If an 
applicant desires to drill an exploratory well or wells as opposed 
to a development well, the California Division of Oil & Gas not only 
issues the drilling permit but also becomes the "lead agency" for 
compliance with the California Environmental Quality Act (CEQA). 
See California Publdc Resources Code, Section 3715.5. 

of the California Public Resources Code as "a project composed of not 

Exploratory Projects - Environmental Review: 

A-Geothermal exploratory project is defined in Section 21065.5 

4 



more than six (6) wells and sssociated drilling and testing 
equipment, whose chief and original purpose is to evaluate the 
presence and characteristics of geothermal resources prior to 
commencement of a geothermal field development project as defined 
in Section 65928.5 of the Government Code: 'Wells included within 
a geothermal exploration project must be located at least one- 
.half mile from geothermal development wells which are ca able of 
producing geothermal resources in commercial quantities. 

If the project is exploratory by law the division "shall 
complete all its responsibilities pursuant to the California 
Environmental Quality Act, including public and agency review and 
approval or disapproval of the project, within 135 days of accep- 
tance of a complete application for such project". 

In such an exploratory project the applicant must submit a 
complete praject and environmental description to the Sacramento 
Office of the Division of Oil & Gas before the drilling request 
NO1 is sent to the district office in Long Beach. This procedure 
for completing the CEQA requirements before submitting the NO1 
took effect in October 1980. A complete application, pursuant to 
Section 1683.4 of the California Administrative Code, shal1,include: 

(J 

B 

1. A statement declaring that the purpose of the proposed 
project is to discover or evaluate the presence of 
geothermal fluid and that the surface location of each 
well in the project is at least one-half mile from the 
surface location of an existing well capable of pro- 
ducing geothermal fluid in commercial quantities. 

2. The following information in narrative form: A) A 
description of the project including,a regional map 
showing the location of the proposed well (6)  and 
B)A statement of whether or not the project is compa- 
tible with existinn zoninz and State and local plans 
a& described in thz Division's application instkuctions . 
for geothermal exploratory projects; 
of the environmental setting; 
probable short tern and long term environmental effects 
of the projecti 
to the project sponsor which mitigate the project's 
probable environmental effects; 
any significant adverse environmental impacts which the 
project sponsor cannot mitigate. 

tional environmental information the Division may need 
to complete any 

C) A description 
D) A description of i E) A description of measures acceptable 

F) A description of 

3 .  A statement that the sponsor agrees to provide addi- 

ronmental documents required by 

The Division must determine within 30 days of receipt of the 
application whether or not it is complete and, if so, whether the 
project will require a Notice of Exemption, a Negative Declaration 
or an EIR. 

issuing a final decision after acceptance of the application: 
The Division usually adheres to the following timetable in 

a) Exemption - lOdays 
5 



b) Negative Declaration - 
c) Environmental Impact Report - 135 days 

30-60 days 
L9J 

The Division is currently processing its first low temper- 
ature geothermal ex loratory project application for the City of 
Susanville. 
the Division will treat such applications. 

The Division has no jurisdiction beyond the drilling site, 
Therefore other elements of the total project such as distribution 
lines, heat exchangers and disposal methods (other than wells) 
should be considered as part of the development project and would 
require environmental documents from the/City as the "lead agency" 
along the lines indicated pre3iously in Section 3. 

mitted by the applicant against the "Environmental Checklist Form". 
(see form 4.4) 

Thics s K ould provide an interesting benchmark for how 

The Division evaluates the environmental information sub- 

Whether the drilling project is exploratory or development, 
once the environmental determination has been issued 
priate lead agency, the applicant should submit the Notice of 
Intent to Drill as previously described, Office of the Division 
of Oil & Gas for a drilling permit. (see form 4.1) 

"Notice of Determination". (see form 4.5) 

by the appro- 

The Division issue's its final decision on the project in a 
I 

If the applicant wishes to rework or abandon an existing well 
' capable of producing geothermal energy in commercial quantities, a 
"Rework/Supplementary Notice"is filed with the district office . 
(see form 4.6) No environmental documentation need be filed. 

SURETY COMPANIES 

$2,000 bonds forllow-temperature wells 

Fireman's Fund Insurance Co. (John W. Cowley) Walnut Creek,Ca ($20) 
Industrial Indemnity Co. (J.F. Teghtmeyer) P.O. Box 80965, 

Insurance Co. of the West (Carolyn Stone) 2565 amino Del Rio South 
San Diego, Ca. ($20) 

San Diego, Ca. 92108 ($100) 

$5,000 bond 

The Ohio Casualty Insurance Co. (John F. Bryan) 350 Sansome St. 

United States Fidelity and Guaranty Co., 650 Howe Ave., Sacra- 
San Francisco, Ca. 94104 ($25) b 
mento, (916) 929-2741 ($30) 

6 
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Water Well Pernit: The San Bernardino County Department of 

Environmental Health Services is empowered to issue a permit for 
water wells. 
extraction or injection of water whether hot or cold. 
does not apply to geothermal development and injection wells if 
the California Division of Oil & Gas "explicitly includes" each 
geothermal development and injection well in its permit. 
water injection well not covered in the Division of Oil & Gas as 
permit must receive a permit from the San Bernardino County Depart- 
ment of Environmental Health Services. 

of San Bernardino by reference and as such the County is responsible 
for enforcement within the City. 

at the County. 
well site, depth, volume of water, quality of water and other well 
specifics including who will dr'ill the well. 

with the basin management plan and the State Health Department for 
comments on the domestic water impacts of injection into the specific 

. zone. Assuming there is no degredation of domestic water and no 
impact on the basin management plan,the County will then issue a 
permit. Coordinating these corntents could take a few weeks. 

. Therefore once the planning is coxrFlete the City Water Depart- 
ment can present the injection 
Department and the S B W  for their comments in advance of the 

time application is made to the County Environmental Health Services 
Agency the injection well permit should be issued almost immediately. 

Specifically their permit requirements cover the 
This permit 

Any hot 

The County Code in these matters has been adopted by the City 

Procedurally there is only a day or two involved in processing 
The information presented to the County includes 

The County will ask the SBVWD for comments on conformity 

well plan to the State Health 

With these comments available at the ,application to the County. 



DISCRETLONAY PERMITS CONTINUED: 

Quality Control Boards. 
geothermal water,once it has been used. 

Water Quality Discharge Permit: State, Regional, Water 
There are four ways to dispose of the 

They are: 

a) Blend with tertiary/irrigation water 

b) Discharge to wastewater treatmen 

c) 

d) Reinjection 

Direct discharge to a new point 
tributary; and 

1. Same aquifer 
2. Different aquifer 

ering a stream or 

No Water Quality Discharge Permit is required if the geother- 
mal water is of suitable quality to blend with the tertiary water 
supply 

No Discharge Permit is required if the geothe 
blended with the existing wastewater plant effluent provided that 
there is no significant change in the composition (TDS, salinity, 
chemicals, etc.) or the quantity of that effluent. 

In other words the San Bernardino Wastewater Treatment Plant 
is already permited to discharge 18 million gallons per day of 
effluent at 535 ppm TDS into the Santa Ana River. (For effluent 
limits See figure 5-1). If the addition of geothermal water does 
not degrade the quality of water leaving the plant i.e. cause the 
TDS limit to be exceeded then the San Bernardino Water Department 
need not apply to the Water Quality Control Board for a Water 
Discharge Permit. 

If the standards are projected to be exceeded an Application 
to Discharge must be filed with the Santa Ana Regional Water 
Quality Control Board in Riverside, California. Such an applica- 
tion (see furm 200 & 200 Appendix figures 5-2, 5-3) contains the 
following information : 

a) Project sponsor 
b) Discription of project = location, facilities 
c) Type of discharge 
d) Quantity of waste 
e) Source of Water Supply 
f) Environmental Impact Report (Document) 

Form 200 must be filed with the Regional Board six months 
prior to the time such a discharge would begin. 
Board then notifies the United States Environmental Protection 
Agency (EPA). At the end of the s i x  month period a National Pollu- 
tant Discharge Elimination System Permit to Discharge can be issued. 
Such a permit is issued by the Regional Water Quality Control Board 
on behalf of the E.P.A. 

The Regional 

For a permit to discharge directly into a stream or tributary 

If reinjection of the geothermal water is contemplated, the 
the same procedure outlined above is followed. Ld 
applicant must file Form 200 with the Regional Board to obtain 



Waste Discharge Requirements. 
same as indicated above. By statute, the Water Quality Control 
Board niust act on this application within 120 days after receipt 
of a completed application. 

During each of the above permit reviews the County Health 
Department acts as a consultant but no ecessarily a permitting 
agency to the Santa Ana Regional Water ality Control Board. 

A fee is required at the time application is made to the 
Regional Board for a Waste Discharge Permit or for Waste Discharge 
Requirements. (See figure 

The information required is the 
'bi 

, .  

LEGAL STATUS : 

The Califo ia Public Resour 
Resources as follows: PRC Section 6903, 

"For the purposes of Geothermal Resources 
shall mean the natural e earth, the energy, in 
whatever form, below the surface of the earth present in, 
resulting from, or created by, or which may be extracted 
from such natural heat, and all minerals.in solution or 
other products obtained from naturally heated fluids, brines, 
associated gases and steam,' in whatever form, found below the 
surface of the earth, but excluding oil, hydrocarbon gas or 
other hydrocarbon substances." 

The Public Resources Code also defines a mineral reservation 
when state lands are involved as'follows: PRC Section 6 4 0 7 ,  
as amended, 

"Mineral deposits reserved to the state shall include all 
mineral deposits in lands belonging to, or which may become, 
,the property of the state, inclu 
and gas, ather gases including b 
carbon and geothermal gases, sodium, gold, silver, metals 
and their compounds, alkalt, alkali earth, sand, clay, gravel, 
salts and mineral waters, uranium, trona and geothermal 
resources" . 

g but not limited to oil 
ot limited to, non hydro- 

The legal right to own, develop and utilize geothermal energy 
The State of Calif- for direct heat.purposes is not at all clear. 

ornia, as can be seen from the above definitions, treats geothermal 
resource as the heat of the earth and separately defines mineral 
deposits as including mineral waters and geothermal resources. 

The federal and state courts have ruled in three cases brought 
by various parties involved in the development of the Geysers Geo- 
thermal Steam Field in northern California. These cases all dealt 
with the issues of ownership of and access to the geothermal resource. 
These issues necessitated a clarification of the definition of 
geothermal energy so that the courts could answer the question of 
resource control. b*i Th'e questiorscm be framed as follows: 
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Is Geothermal Energy a mineral or is it water? 

Is Geothermal Energy suis generus i.e., unique unto itself? 

Does ownership of the geothermal resource vest with surface 
owner, mineral; or water rights control and ownership? 

Mineral vs. Water Rights:The three guiding California cases 
are : 

l-Pariani vs,. The State of California (Final Decision 
in the California Court of Appeals, May 20, 1980) 

2-United States vs. UmonOil Company of California (Final 

3-Geothermal Kinetics, Inc. vs.union Oil Company of Calif- 

Decision in the 9th Circut Court of Appeals 1977) 

ornia (Final Decision of the 3rd District Appellate Court). 

In short these cases conclude that the geothermal steam resource 
at the Geysers is distinct from the local groundwater, is in fact 
chemical laiden and toxic and is utilized similarly to coal, oil 
or gas and as such is a mineral., Therefore whoever controls/owns 
the mineral estate controls/owns the geothermal resource. 
surface estate owners and those who possess water rights but not 
mineral rights cannot interfer with the exploration for and extrac- 
tion of the geothermal resource at the Geysers. 

obscured as well but a recent decision memo from the Department 
of Interior Office of the Solicitor sheds light on the rights of 
surface owners to protect against encroachment brought on by geo- 
thermal development and use as it concerns lands patented under 
the Stock-Raising Homestead Act of 1916. 
nothing in the law that permits a lessee of the government to 
utilize the surface of the leased area for anything other than 
the mining or the removal of geothermal resources. Hence, utili- 
zation of the lands for greenhouse purposes would not be consistant 
with the scope of the rights reserved to the United States or its 
lessees". 
the surface of the lands subject to a variety of industrial- develop- 
ments without tfie land owner's consent or without the payment of 
compensation or other consideration." 

To avoid any legal entanglements concerning the development 
and use of a low temperature geothermal resource the rights to water, 
surface and mineral should be obtained. Water is included due to 
the fact that it is not only the transportation medium for the direct 
heat resource but also is not always chemically distinct from the 
local groundwater even when heated. 
the chemical difference the greater the argument for definition as 
a mineral. Likewise the more distinct the sources of water i.e., 

Conversely 

Surface Rights: Rights of the surface owner have been 

The memo states "There is 

The. .'. .1970. . .Steam Act.. ."was never intended to rnake 

It would seem that the greater 

groundwater at 100' vs. geothermal water at 1,500'. LJ  
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Low Temperature Geothermal Well: The California Public 
Resource Code Section 3703 .1 deiines a low temperature geothermal 
well as follows: 
drilled in a geothermal resource area for the purpose of pro- 
ducing geothermal resources, as defined in section 6903, from 
which fluid can be produced which have value by virtue of the heat 
contained therein and have a temperature that is no more than the 
boiling point of water at the altitude of occurrence." 

PROJECT COORDINATION: 

State Agencies and Federal Programs have been focused on helping 
San Bernardino determine the extent of its geothermal resource and 
the technical, financial and legal aspects of its use. 

Coulter Stewart & Associates, Inc. has coordinated much of 
this effort including the onsite visits to San Bernardino of the 
California Dvision of Mines & Geology and the Geoheat Center of 
the Oregon Institute of Technology. 

"Low temperature geothermal well means a well 

As indicated in the attached Progress Report #2, a number of 

cwl 
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INTRODUCTION 

There are potentially a number of public and private options 
available to finance the San Bernardino Water Departments Waste- 
water Treatment Plant Geothermal Project. L?hich option or combi- 
nation of options proves viable for this project depends upon a 
number of factors including: project size and cost; availability 
of money; resource risk; technical risk; value of natural gas 
displaced; payback ability of the participating party or parties; 
and project management. 

either the federal or state govenment. Private funding can come 
via tax exenpt municipal revenue bonds, bank loans or equity 
investors. This report discusses twelve federal, state and local 
financing options and their varying levels of viability and appli- 
cability to the San Bernardino project. 
to anticipate the possibility of funding from any program not now 
in existance. 

considers 
around the country. In November 1980 the U.S. Department of Energy 
sponsored a semi annual review in Las Vegas, Nevada of the twenty 
direct heat projects in progress throughout the United States. A 
great deal of useful information was presented by each project 
team concerning their respective projects such as resource infor- 
mation, lessons learned and certain fiscal data. This information 
was sunrmarized and presented in full to the San Bernardino Water 
Department by Coulter Stewart & Associates, Inc. in a report on 
December 1, 1980. The financial information is summarized on the 
following page. (See chart) 

The financial problercs surrounding the Boise District Heating 
Project are very instructional. Their position is therefore pre- 
sented verbatum from the DOE November 1980 proceedings as follows: 
"Problem: Our original project was proposed to be about $ 9 . 5  
nillion but DOE offered to provide only $4.9 million. 
necessitated that the project be cut back and at the same time 
some additional funds were raised from EDA and the City. 
result was about $5.5 million available to the project. 
problem is when preliminary engineering estimates were completed 
we needed at total of $8.3 million, or $2.8 million more than we 
had, and the City did not have that kind of funds nor was the City 
Council, because of the.l% initiative, willing to try raising that 
amount through bonds or other conventional financial mechanisms 
available to cities. This problem was.further complicated by DOE 
wishing to cut about $700,000 more out of their original comitt- 
ment . 
$625,000 toward the $2.7 million of which they have obligated and 
spent about $265,000 on new piping. 
an LID to serve the CBD mall area ($300,000) and a drilling fund 
of about $2 million to develop production wells. This resolution 
has raised the spectre of another problen, i.e. the drilling fund 

Public funding can come in the form of grants or loans from 

Mo attempt is made here 

The first step taken in identifying viable funding approaches 
an analysis of existing direct heat geothermal projects 

. 

This 

The end 
The 

I 1  

"Resolution: The Eoise Warm Springs Water District committed 
LJ The balance was raised through 
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EXISTING DIRECT HEAT PROJECTS 

-- bJJ 

DOE Location - 
1. Madison County, Idaho $1,677,025 

NA 2. Elko 
3. Pagosa Springs, Colo $1,111,000 

4. Brawfey, California $3,546,897 

5. Warm Springs, Montana $1,166,755 $ 995,108 

6. Sandy, Utah $ 856,200 $ 478,312 

7. Draper, Ut 

8. Susanville, California* 

9. Boise City, Idaho 

lO.Reno, Nevada 
11.El Centro, California NA 

12.Kelly Hot Springs,Ca.* $ 514,729 $ 473,303 

13.Corsicana, Texas $1,074,860 $ 861,650 

14.Klamath Falls, Oregon $1,547,183 

lS.Marlin, Texas $ 593,550 $ 466,820 

16.Philips, South Dakota $1,205,804 $ 936,199 

17.Haskou County, South D. $ $ 250,925 

18.Pierre, South Dakota $ 718,000 ~ $ 538,500 

19.Klhmath Falls, Oregon $ 267,254 $ 209,000 

20.Dos Palmas, California $ 575,266 $ 363,000 

x 
49% 
- 

81% 

94% 

85Z 

56% 

722 

992 

552 

92X 

80% 

66% 

79% 

78X 

622 

751 

78% 

63% 
~ 

* Both of these projects are in the California 1st Congressional 
District which until January 1981, was represented 
man of the House Public Works Committee. 

by the Chair- 
) 
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being private capital will increase the price per therm of 

total risk of failure in drilling for water of the right temper- 
ature and quantity. 
is not yet resolved." 

It is interesting to note that of the twenty existing projects, 
seventeen of which provide useful financial information, the average 
Department of Energy committed share of that funding is 75%. 
Six projects are below 702 and six projects are above 80% in DOE 
share. This would indicate a high reliance by the project 
sponsors be they private or public entities upon direct financial 
support from the U.S. Department of Energy. 
raised by this point centers around the issue of continued avail- 
ability of federal Departnent of Energy funds to support direct 
heat geothermal energy projects. 

Uncertainty over existing DOE funding comes at a time when 
the State of California has taken steps to increase the availabil- 
ity of public and private funds for alternative energy, including 
geothermal direct heat. Two Revenue Bond Authority Acts, and two 
special energy lease revenue distribution funds provide possible 
sources of funds for the San Bernardino Wastewater Treatment Pro- 
ject. The various programs, including local financing, are dis- 
cussed below. 

- delivered energy even though it enjoys the benefit of assuming 
L d  

The proposed cut of $700,000 in DOE funds 

The critical question 

DEPARTPENT OF ENERGY PROGRAM 

INTRODUCTION 
The United States Department of Energy has been actively 

supporting the development of geothermal energy for several years. 
During that time a number of programs 
use by a project sponsor at every phase of a project. 

fication and prefeasibility, loan programs for detailed feasibility, 
resource confirmation and construction, 
guarantee program. 

programs and the detailed feasibility program. They are not in a 
position to yet utilize the GLGP and the Office of Management and 
Budget has withdrawn funding from the resource and construction 
loan programs. ' 

have been developed for 

There are technical assistance programs for resource identi- 

and the geothermal loan 

San Bernardino is taking advantage of the technical assistance 

Drilling Loan Program: The#Energy Security Act-of 1980 authorized 
$5 million for this 
loans to reservoir confirmation drilling projects. 
removed in fall 1980, it is now up to the Reagan AOministration or 
Congress to put them back. 

program which would have been used for 90% 
With these funds 

User Coupled Confirmation Drilling Program: This program is com- 
petitive and involves a sliding X of cost sharing by the Depart- -. 

LJ ment of Energy and the applicant depending upon project Success. 
The minimum reimbursement is 2OX, and the maximum (in the event of 
total project failure) is 90%. The proponent pays all costs and 



is reimbursed by the ropriate X. This program 
attenpts to "share th confirmation and devel- 
opment well siting. One solicitati already been held under 
this program and a second solicitation has been tabled. This 
program seems designed for private sector applicants who can 
accept some risk of p 

for this program. 

ond solicitation, due in 
similar district heating 

systems. 
It is anticipate ould work into 

Development Action Grant Program. 
This program enables a qualifying local government to apply , 

for a grant which will then be 
total irrevocably committed ca tal do1lal.s of a project. A 
project is defined as one undertaken by the private sector which 
will positively affect the economic base, tax base and employment 
base of the given impacted community. 

the money to the private entity at a flexible rate of interest and 
payback period. 
profitability.' 

sed to cover up to 25% of the 

Assuming the application is successful the City then loans 

These two items are varied to achieve project 

The total application p cess takes about 6 months, 

Innovative Grant Program: This H'W g 
share on the part of the local government and is intended for use 
where innovative concepts and methods are being implemented on 
a demonstration project basis 
and untried or involved with special circumstances. 
of the project should be transferable to other impacted communities 
and able to meet comon Community Development needs. 

for through the local government entity. 

Such a project should be unique 
The results 

Both the UDAG and Innovative Grant Programs are applied 
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ASSEMBLY BILL 2973 ideland Oil Revenues): In 1980 the legis- 
lature enacted this measure which allocates the States Tideland 
Oil Revenues among certain programs. One ne~7 program, the Energy 
and Resources Fund, is authorized to receive $120,000,000. 

The monies from this fund are to be allocated each year in 
the annual budget bill. 
projects 
31, 1981 unless an Energy Department is created or the State 
Energy Commission has been reorganized by the legislature or 
governor (PRC Sec 6217 (g) ) .  In any event the money reverts to 
the General Fund in 1984 unless the Energy Fund is extended by 
specific action in the Budget Act and by statute. 

Account and the Resources Account of the 
Energy Resources Fund are applicable to geothermal energy projects. 
The statutory criteria which guides allocations 
Account for energy projects are (PRC Sec 26401 (2) ( 3 )  1 : 

Monies can be spent on certain energy 
from an Energy Account which will terminate December 

Both the Energy 

rom the Energy 

"(1) Have the greatest potential for reducinp the use 
of oil and natural gas to produce energy. 
(2) Have the greatest potential for transferability 
and widespread use throughout the state by the year 
1990. 
(3) Have the highest degree of feasibility" 

From the Resources Account (PRC Sec. 26403 (17) 1: 

"(17) Programs for geothermal resources assessment". 

It is further the intent of the legislature that "the funds 

If in any given year there are 

from the Energy and Resources Fund be used only for short term 
projects and not'for any ongoing programs*'. (PRC Sec 26401 (b). 

funds unallocated in this 
account they can be accessed with special urgency legislation if 
such action is taken prior to their reverting back to the General 
Fund or rolling forward to the next fiscal year. As the State 
budget crisis worsens, however, such special requests will face 
stiff competition. 

I 

' ASSEMBLY BILL 1905 ( B W  Lease Revenues): This piece of legislation 
was signed by Governor Brown as an urgency measure on May 30,1980. 
This law provides for the distribution of certain state revenues 
received by the State Controller from the State's share of royalty 
and bonus payments derived from BLM leases of geothermal rights 
to private operators at the Geysers, California. The legislation 
sets forth a formula and establishes general criteria for alloca- 
ting these revenue6 among counties of origin and two state agencies- 
The Energy Commission and the Resources Agency. 

separate the Geothermal Lease revenues from other mineral rights 
revenues involving BLH leases. 

The amount of money involved has been estimated at $9 nillion - 
but as yet the State Controller and the BLF have not been able to bid 

The money if and when it is 



allocated will be distribute 0% to counties of origin (eg 
Sonoma',Lake. and Mendocino Co ies) and 30% each to the Resources 
Agency and Energy Commission. The Resources Agency will allocate 
the money from a special fund in the annual budget. 
Commission is required to distribute the money in the form of 
"grants to local jurisdictions having otherma1 resources I' 

(Sec. 3822, PRC Div 3 Chiipt. 6). 
These nonie er a 5 year period or 

roughly $2 milli 5/86. On this basis 
the Energy C o m i  $700,000 available each 
year for 5 years 

The followi on of grant 
funds by the Energy Commissi 

The Energy -6, 

"(a) With respec ich develo- 
pment of geothe contemplated, the revenues 
shall be expended.for the following planning activities: 

(1) Resources assessment and exploration technology. 
(2) Local and regional planning and policy develop- 

ment and implementation necessary for compliance 
wi.th programs required by local, state or federal 
laws and-regulations, 

.mitigate the adverse impacts of the development 
of geothermal resources,and the adoption of ordin- 

such measures. 

Gerital monitoring. 

elements, or geothermal components of energy ele- 
ments, for inclusion in the local Eeneral plan, 
zoning and other rdinances and related planning 
and environmental. 

(b) With respect to any 1 iction in which geo- 
thermal resources are being developed or are in 
production, the revenues shall be expended for the 
following activities: 
(1) Administrative costs incurred by the local juris- 

diction that are attributable to the development 
or production of geothermal resources. 

(2) Monitoring and inspecting geotheqnal facilities 
ities to assure compliance with 

applicable l a w  regulations and ordinances. 
(3) Identifying, researching and implementing feasible 

aeasures that will mitigate the adverse impacts of 
such development or production. 

(4) Planning, constructin , providing, operating, and 
that are necessitated by and result from such devel- 
opment or production. 

( 5 )  Undertaking projects demonstrating the 
and economic feasibility of geothermal 
ahd electrical generation applications. 

(6) Undertaking projects for the enhancement, restora- 
tion, or preservation of natural resources, includ- 

(3)  Identification of feasi measures that will 

A ances, regulatio and guidelines to implement 

(4) Collecting base1 e data and conducting environ- 

( 5 )  Preparatgon or revision o geothermal resource 

I 

, land related act 

maintaining those pub E ic services and facilities ' 

b, 
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ing, but not limited to, water developnent, 
water quality improvement, fisheries enhancement, 
and park and recreation facilities and areas." -. 

Presumable the grant monies available to the Energy Comission 
will be awarded on a competitive basis for proposals submitted in 
response to requests for proposals under criteria t o  be developed 
in the Spring of 1981. 

ASSEYaLY BILL 2324 (California Alternative Energy Source Financing 
Authority Act): The California Alternative Energy Source Financing 
Authority was created in 1980 to provide the state with an alterna- 
tive method of financing projects which utilize certain alternative 
sources of energy as defined. 
ble to utilize the Authority. 

ized by the legislature to issue up to $200,000,000 in bonds, notes 
and bond anticipation notes to finance alternative energy projects. 
The bonds are tax exempt revenue bonds not backed by the full faith 
and credit or taxing power of the state, but rather by the genera€ 
revenues of the Authority unless otherwise specified in the bond 
resolution. 

the Authority with a project and funding re uest. The Authority 
would obtain a ruling from Bond Counsel and 9 or the XRS on the tax 
exempt status. The Authority would then sell the bonds, which are 
backed ultimately by the project revenues and project sponsor (par- 
ticipating party). 
proceeds from the bond sale to the participating party to carry out 
the project. 
party to construct or develop a project which the Authority would 
own until such time as the bonds are redeemed. 

poration, partnership, firm or other entity or group of entities 
engaged in operations within this state which requires financing pur- 
suant to the terms of this division to aid and assist in the promotion 
of alternative energy sources in the state!' (PRC Sec 26003 (c). 

that a question exists as to whether the San Bernardino Water Depart- 
ment could qualify as a participating party and could use energy 
cost savings as project revenues to make the necessary payments to 
principal and interest and other charges. See PRC Sec 26003(c) 
& Sec 260?2(d)(1). A ruling from the State Attorney General on 
this point, has been reque-sted.- 

Special provisions allow for small projects (those under $1 
nillion) to be aggregated into one larger issue, say $10 million. 
If this approach were-used additional time would be spent waiting 
for other projects to develop. 

The Authority itself is composed of the State Treasurer 
(Chairman), State Finance Director, State Controller, Chairman of 
the Energy Commission and Chairman of the Public Utilities Comi- 
ssion. 
or disapprove of the issuance of bonds or notes to lend financial 
assistance to participating parties within 60 days of the receipt 
by the Authority of a request from such participating party for 
such action." It would seem that if everything 

Geothermal energy projects are eligi- 

The California Alternative Energy Financing Authority is author- 

The typical Participating entity (project sponsor) would approach 

The Authority then typically will loan the 

The Authority can also contract with the participating 

A participating party is defined as "any person, company, cor- 

Both the State Treasures Office and Bond Counsel have indicated 

The Authority is required t o  "take final action to approve 
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oes s hly, assumin hree months 
Finance money should b 
cation is made to the Authority. 

indicate that a geothermal project which distributes hot water 
to customers, at least 75% of whi are public entities, would 
qualify for the tax exempt bond s tus. An independent ruling 
would be required to assure such a finding. 
small size of the project m assure eligib 

A cursory review of tax status r 

In addition, the 

LOCAL ,OPTIONS 

a bank through a lease back of t 
until such time as the equipment is paid off by the Sewer Fund at 
which point it would revert to the Water Board. 
finance the pumps and heat exchangers. 

This method could 

The remainder of the equipment could then be financed directly 
the sewer fund as a stan capital improvement project. 

(subsurface activities) 
rtment and would be set 

sable if all the variables 
were fixed, each risk,both te institutional, were 

If a bank becomes 
s to make use of the 

is should be 
ment of Energy and 

ermal projects. They 
a municipality. There 

may be a way to prop up a lease back with this program. Usually 
however, the GLGP only gets involved in large (over $10 million) 
projects involving pr5vate parties. Like the user coupled con- 
firmation drilling program the GLGP is nore suited to privately 
sponsored projects. 

- AB74 (California Industr p e n t  Financing Act): Certain 
cities and counties in Califohia can now issued their own local 
tax exempt industrial development revenue bonds to assist local 
industry and energy projects pursuant to legislation passed in 
1980. One study A Blueprint for Financing Geothermal District 
Heating in California. . . . A Discussion Draft says "Only 
Charter cities can issue revenue bonds for direct heat geothermal 
development, 

Development Financing in California Under AB74" states the local 

purely as conduit financing vehicles with no management or 

A bond counsel memorandum entitled "Summary of Industrial 

industrial development authorities are expected to function I 1  
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other responsibilities with respect to the projects financed." 
The governing body may declare itself or appoint the board of 

like other limited purpose local agencies created by state law 
such as 
ment authorities but without the additional responsibilities of 
such agencies. 

In passing the California Industrial Development Act of 1980 
the legislature "finds that the alternative method of financing 
provided in this title will benefit economically distressed areas 
of the state and localities which are making diligent efforts to 
maintain and provide services to existing companies and to pre- 
vent the loss of existing jobs.'' "This method of financing ..... 
will benefit those projects which are partially funded by a job 
creation grant from the U.S. Department of Labor, Housing and 
Urban Development or Economic Development Administration ..." 
(Govt. Code Title 10, Sec. 91501). 

The Legislature sets forth the criteria to be utilized in 
determining whether this financing method can be utilized in 
sections 91502.1 and 91503 of the Government Code. 

In short projects must offer employment benefits, energy or 
other resources utilization benefits and consumer benefits. 
Eligible activities are industrial uses including assemblying, 
fabricating, manufacturing or processing activities with respect 
to any products of agriculture, forestry, mining or manufacture. 
Energy activities are development, production, collection, con- 
version, storage, conservation, transmission, transportation or 
conveyance but - cot distribution. 
excluded except sewage or solid waste disposal activities "if the 
property acquired is suitable for one or more of the activities 
described" above. (Calif. Govt. Code Sec. 91503(a)(b). 

Therefore it would appear that if the City of San Bernardino 
created an Industrial Development Authority which meets the guide- 
lines of AB74 as far as energy projects are concerned, a private 
company working with the Water Department could carry out the 
entire project with tax exempt bond financing as lon as distri- 
bution were not involved. 
the capability to issue industrial development bonds now but may 
need to amend its ordinance to incorporate the energy elements 
of AB74. 

Some question may arise on just where transmission stops 
and distribution begins. Another question would be whether energy 
conversion includes heat exchangers. 
person, partnership, corporation whether for profit or not, trust, 
or other private enterprise of whatever legal form for which 
project is undertaken or proposal to be undertaken pursuant to 
this title or which is in possession of property owned by an 
authority, and may include more than a single enterprise." (Calif. 
Government Code Sec. 91503(g). 

and transmission pipelines and a bank lease purchase is used for 
the heat exchanger retrofit that leaves only the distribution 
line (if any) for internal sewer fund fihancing. 
noted the project must be located wholly within the political 
boundaries of the Industrial Development Authority , be it City, 
City-County or County. In addition there are company liquidity, 

directors of the Authority ..." Such an Authority would function L, 
parking authorities, housing authorities and redevelop- 

Many activities are specifically 

It should be noted that t a e City has 

A company is defined as "a 

a 

However if Industrial Development Bonds are used for wells 

It should be 
bid 
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Unfortunately a 
Financin Act (AB74) is now written public agencies such as 
municipaf utilities cannot apply directly to the local Industrial 
Development Authority. The act could be amended to allow special 
districts and municipal utilities to 
the original proponents o 
an idea. 

PRIVATE PARTIES: If a pr arty becomes invo 
phases of project develop incentives 
may be available to the p 1 projects are 
.eligible for the 25% combined bu alternative 
energy (15%) tax'creditr the current expensing of intangible 
drilling costs such as site preparation, drilling overhead, con- 
struction, etc.; and depletion allowances. These incentives can 
substantially affect the de ability of private participation 
in a geothermal project. I public entity owns the resources 
and develops the entire pro 9 se benefits a utilized. 

- d J  
take direct advantage but 

the bill are not 

PROJECT SIZE: 
options signi ing that all other factors are contro- 
lled. 
per year in natural gas costs are avoided, the payback on capital 
(not including interest and 0&M) would be five years. 
the initial project small could well improve the overall chances 
for a successful deaonstration of direct heat applications of 
geothermal energy at the San Bernardino Wastewater Treatment 
Plant. 

If, for example, the total cost is $200,000 and $ 4 0 , 0 0 0  

Keeping 

A key factor in the 
e of natural gas,. which 
astewater Treatment 
d Projection to 1985 

d t e r  H. Stewart specifically for the 
ter Treatment Plant Geothermal Feasibility 

discussion present an assessment 
aatural gas rices under various assump- 

ticipated impac on the San Bernardino Waste- 

Study Project. 

A key factor in the 
e of natural gas,. which 
astewater Treatment 
d Projection to 1985 

has been prepared by Coulter H. Stewart specifically for the 
San Bernardino t[ast 
Study Project. 

of current and future natural gas 
tions and their anticipated impac 
water Treatment Plant Geothermal Project, 

ter Treatment Plant Geothermal Feasibility 

The following discussion present an assessment 
rice6 under various assump- 
on the San Bernardino Waste- 

owing page) 



, 

PRESENT DELIVERED PRICES FEBRUARY 1, 1981 

PG&E Socal Priority - 

1 - Lifeline $3.07 $3.11 
Average 3.88 3.43 

2 -  4.46 3.57 

* .  3 6r 4 Residual oil 4.29 3.50 
Middle distillates 4.58  3.80 

5 4.04 3.50 

PRESENT SOURCE AND WELL HEAD PRICE OF CALIFORNIA GAS 

Sources Percentage Price 

California 15% $2.50 

Canada 20% 4.94(April 1, 1981) 

Southwest 102 10% 2.67 

103 2% 6.00-7.00 

Old 532 1.00 
I 

I 

At the present tine all natural gas consummed in California, 
except the 103 gas and the Canadian gas, is still under some form 
of price control subject +to annual price adjustments for inflation 
plus an additional inflatdr.. 
12-132 per year depending on the category. 

in January 1985. 
per million BTU or slightly less than the average equivalent price 
of oil to the refinery. 
before 1985 one would expect the price to rise toward the world 
price of oil. 

In 1985, 40% of California's gas supply will still be under 
contracts signed before April 1977 and unless specifically decon- 
tolled, will remain low priced (i.e. $1.00 1980 plus 9Xlyear). 
prices are figured on a basis of per million BTU. 

Assuming 1985 decontro1,Southern California Gas Conpany will 

$1.70 and 50% of its gas uncontrolled at or close to the then world 
oil price. 
existing average $36/barrel world oil price, the 1985 price should 

This ranges from 8-92 per year to 

Natural Gas prices are scheduled to be completely decontrolled 
The current decontrolled price is roughly $6.00 

Thus if natural gas prices are decontrolled 

All 

thus be faced with 50% of its gas still price controlled at about 
-. 

LJ Assuming a modest 15% price rise per year above the 
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over $10 mill ion BTU, 

Th 
system fo r  a commercial user should-be ,5 x 
$5.85/million BTU plus $1 . OO/mi 
t o t a l  ro l l ed  i n  re ta i l  p r i c  l l i o n  BTU o r  68c per 

The sooner the p r i c  i s  decontrolled, the 
t h i s  pr ice  w i l l  be a gas i s  also decon- 
, the pr ice  w i l l  tra o i l  imed ia t e ly  upon 

By 1990 the gas pr ice  w i l l  have increased 400% t o  over 

If the Socal gas mix i s  40% old gas and 60% decontrolled i n  

removal. 
$14/million BTU as old contracts are depleted, 

1985, the ro l l ed  i n  re ta i l  pr ice  would be .6  x $10 3. .4  x $1.70 = 
$6.68 plus $1.00 f o r  transmi d o n  and d is t r ibu t ion  o r  $7 68/million 
BTU's or  76c per therm, 

The San Bernardino Wastewater Treatment plant  boi lers  w i l l  
use 5.5 b i l l i o n  BTU's o 
of 3 8 ~  per therm, the c 
76C per therm, the c 
1985. I f  the e n t i r e  
bo i le rs  can be backed out,  the co 
ment i n  1985 dol lars  w i l l  be $37, 
cost savings could be used t o  f i n  
incurred by the pro jec t ,  

The foregoing 
te rna l  pr ice  factors  as sudden cut off 
domestic o i l  supplies from OPEC countries o r  a dramatic break i n  
the world o i l  p r ice ,  
are on the decline,  vulnerab 

One therm - lxlO5BTU's. 

Since U.S. o i l  imports from OPEC nations 
i t y  t o  t h i s  th rea t  should lessen, 

SUMMARY 

A t  the present t i m e ,  the only federal  programs with money 
already authorized and appropriated are the Department of Energy 
Geothermal Loan Guarantee Program, the Department of Housing and 
Urban Development (HUD) Innovative Grant Program and the HUD 
Urban Development Action Grant Program, 

is  relevant i f  p r iva te  par t ic ipa t ion  i s  involved. 
e two HUD programs should be explored. 

an unsol ic i ted proposal' t o  HUD under the Innovative 

The loan guarantee 
I f  

The Water Depart- 
ask the City Department of Community Development t o  

pragram can be applied f o r  quarter ly  beginning January 31st , 
Each such application i s  t rea ted  separately and can be prepared 
and presented through the City Department of Community Develop- 
ment. 

I f  the City uses a UDAG grant i n  conjunction with an Indus- 
tria1,Development'Authority pursuant t o  the California Indus t r ia l  
Development Authority Act, 1980, the t o t a l  project  bonding l i m i t  
can r ise t o  $20 mil l ion and maintain the tax exempt status. 

Program t o  see i f  H U D w i l l  i s sue  such a grant.  The WAG 
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The only fully operational state funds at the moment are c the Energy Account and Resources Account of the Energy and 
Resources Fund. If time is of the essence to the San Bernardino 
Water Department a budget change pro osal or special legislation 

Failing.that an amendment should be proposed to the budget bill 
to incorporate the project in the coming fiscal year. 

have annually about $700,000 a piece under .the Bosco Bill to 
allocate sometime after the Spring of 1981. This assumes the 
State Controller releases the BLM lease revenues, the date for 
which at this writing is uncertain. 
funds available and the multitude of potential uses this source 
is questionable. 

If the project were funded from a variety of sources com- 
bining UDAG ( 2 5 % )  and City Sewer Fund (25%) then the Bosco Bill 
Energy Fund could be competitively bid for the remaining 50X for 
project administration, permitting, public works and exploration 
activities. However the more complicated and numerous the fund- 
ing sources, the harder it is to keep any project on a consistant 
and coherent schedule and hence the greater the likelihood of 
delays and cost overuns. 

The California Alternative Energy Source Financing Authority 
which was authorized on January 1, 1981, should be operational by 
April or May of 1981. This Authority should be approached for 
answers to any questions concerning the eligibility of the San 
Bernardino Project to benefit from Revenue bond financing through 
the Authority. 

This project is a good one from the standpoint of risk 
and ability to pay and hence this option should be pursued if the 
Energy and Resources Fund dries up. 

Serious thought should also be given locally to the estab- 
lishment of an Industrial Development Authority which could be 
further restricted to alternative ener y projects. In this case ’ 

to be project sponsors or the Water Department should consider 
working with a private company to develop and lease back the pro- 
ject. 
Company size limitations may prove excessive however and therefore 
should be investigated thoroughly. 

simplify the funding source dilemnaand provide greater local con- 
trols as would the availability of State Energy Resource Fund 
monies. 

should be introduced now to access t K is years unencumbered balance. 
The Energy Commission and the Resources Agency should 

In any case, given the limited 

either the Act should be amended to a1 f ow certain public agencies 
In this way a whole range of tax incentives can be realized. 

Both the California Authority and the Local Authority would 

SOCIAL ISSUES 

The Wastewater Treatment Plant Geothermal Project poses only 
one major social issue - Public Awareness and Acceptance. There- fore this section will concentrate on a Public Awareness Program - 

that can be impleniented in San Bernardino. 
The project itself is small enough so as to not have any 

significant impact upon employment, taxes, public services or the 
Lid 
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need for social service support programs. 
service, however, could be affected if anticipated energy cost 
savings are realized and passed through to the consumer. 

PUBLIC,AWARENESS PROGRAM: 
has an opportunity to greatly impact the public awareness of 
geothermal energy. Since most residents of the Inland Empire 
probably think geothermal is something remote from their 
sphere of reference both g e ~ ~ ~ ~ ~ ~  cally and functionally, a pro- 
perlg designed program can go a long way ds demystifying 
geot ermal energy and making it relevant e local citizenry. 

By citing it's historical u ardino at Urbita, 
Harlem an6 Arrowhead Hot Springs 
Plunge, San Bernardino can ltly the foundation for a full discussion 
o f  possible end uses for comercial, industrial and residential 
purposes. 

Such a progran should in lude a multi-media approach, be 
operated by local Water Department or city staff, where ever 
possible, and be implemented through as many public forums as 
possible to achieve maximum citizen coverage. 

following: 

Rates for sewer 

-u 
The San Bernardino Water Department 

dry and the Colton 

A listing of primary goals and objectives can include the 

Public Awareness Program 

A - Program Goals: 
about the availability and usefulness 
mal energy 

operators about the importance of the specific 
wastewater treatment plant geothermal project 

B - Program Objectives: 
1 - Ufilize multi-media approach to present educa- 

tional material 
2 - Utilize local staff to present briefings, talks, 

displays etc. concerning geothermal energy and the 
wastewater treatment plant project 

3 - Utilize diverse public and media forums to present 
the educational material 

1 - Educate the greatest n 
2 - Educate the project area residents and business 

of local residents 

PROGRAM DESCRIPTION: 
mation available in a variety of forms which can be made available 
to San Bernardino. 
agencies have 

Bernardino is unique in the country in proposing to use geothermal 
energy to heat the digesters at the Wastewater Treatment Plant, 
films which resent the ways in which geothermal energ 

California, Nevada, Ore on, Idaho, Mexico, Japm, Iceland, the 

meetings of local civic groups like the League of Women Voters, 

25 

There is a great deal of geothermal infor- 

A number of private companies and public 
roduced films on the application of geothermal 

While San energy for bot K electric and direct heat purposes. 
used for eit K er direct heat or electric purposes elsew g ere in 
Phillipines and New Zea K and exist and would be very educational. 

is being 

Such films could be presented as special energy prograns in W 



Kiwanis, Rotary, Inland Action, Chamber of Commerce and others. 
Perhaps the Water Board would like to sponsor a special meeting 
for local elected and appointed officials and other interested 
parties. 

The local cable television stations should be encouraged 
. to run special educational shows including a film with a brief 
discussion of the San Bernardino Project afterward. 

Such efforts.could be enhanced by both pre and post pub- 
licity in the form of newsletter items, meeting announcements, 
press releases or general news stories in all the local daily 
and weekly newspapers and radio stations. 

radio stations in both Spanish and English 
ject and the geothermal energy source available to San Bernardino. 

ment,and 
to handle the presentation of information under this program. 
Five city and Water Department employees can be provided with an 
orientation and background material on geothermal energy and 
San Bernardino project. 
ponsibility for presenting the GeotQermal Awareness Program to the 
groups and through the forums described herein. 

Individual films are available from the Argonne National Labs 
(direct heat), the State Department of Water Resources, the 
Natomas Company (Geysers,world wide and direct heat), Union Oil 
Company (technical), JETRO (the Japanese Trade Organization), 
Mitsubishi International Corp, Pacific Gas and Electric Company, 
Phillips Petroleum Co., Lawrence Livermore Laboratory (Imperial 
Valley), and the Geothermal Resources Council (direct heat). 

Other information materials in the form o f  slides, charts, 
graphs, reports and booklets are available from the Idaho National 
Energy Laboratories & EGG in Idaho, the Geoheat Center at the 
Oregon Institute of Technology and Union Oil Company. 

G 

Talk shows and special interviews can be held on the local 

Local staff fron city departments, including the Water Depart- 
any existing public relations personnel should be trained 

to emphasize the pro- 

the 
These persons could then rotate the res- 

PROGRAN CONTENT: 
at a minimum contain information on the historical use of geo- 
thermal energy locally in the San Bernardino area; the nature of 
the geothermal resource, including system controls either fault 
or magma; the technology for developing and utilizing the resource; 
the various ways in which the resource is being used and can pro- 
vide useful heat or electric energy; the various places around 
the world that are currently using geothermal energy; the enviro- 
nmental and other technical issues involved in large vs. small 
scale use of geothermal resources; and the specifics of energy 
cost tradeoffs between fossil fuels and geothermal energy. 

Any Geothermal Public Awareness Program should 

PROGRAM TIMING*: 

- Task Duration Month 
1 - Final Design and Buy Off 1 month February 

3 - Arrange Calendar 2 weeks April 
4 - Make Presentation 3 months April-June 
2 - Training-Personnel 1 month March L 

Totals 5.5 months Feb. -July 
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*Conceiveably items 1 and 2 could be shortened to two weeks 
each thereby dropping the project duration to 4.5 months which 
would enable it to be implemented before summer vacation. 
wise the program could be run in the fall of 1981 with tasks 
1 & 2 & 3 completed in the Spring and Summer. Thus only 3.0 
months for Presentations would be required. 
activities could go forward at any point. 

SUMMARY: 
to cover the capital costs of developing geothermal energy in 
San Bernardino such a public awareness program would be crucial 
in building support for local remedies such as the use of General 
Obligation Bonds, the Industrial Development Authority Revenue 
Bonds or departnent funds. 

Like- 

Press related 

( 

In the event that public funding is not made available 
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TITLE 14 

.L.' 

Figure 3.4 

ES AGENCY 15101 

15101. Class 1: Existing Facilities. 

Class 1 consists o f  the operation, repair, maintenance or 
minor alteration of existing public or private structures, facil- 
ities, mechanical equipment, or topographical features, involving 
negligible or no expansion of use beyond that previously existing: 
including but not limited to: 

(a) Interior or exterior alterations involving such' things 
as interior partitions, plumbing, and electrical conveyances; 

(b) Existing facilities of both investor and publicly owned 
utilities used to provide electric power, natural gas, sewerage, 
or other public utility services: 

15102. Class 2: Replacement or Recons 

Class 2 consists of replacement or reconstruction of existing 
structures and facilities where the new structure will be located 
on the same site as the structure replaced and will have substant- 
ially the same purpose and capacity as the structure repiaced, 
including but not limited to: 

( c )  Replacenent or reconstruction of existing utility systems 
and/or facilities involving negligible or no expansion of capacity. 

15103. Class 3: New Construction or Conversion of Small Structures- 

numbers of new, small facilities or structures; installation of 
small new equipment and facilities in mall structures; and the 
conversion of existing small structures from one use to another 
where only minor-modifications are made in the exterior of the 
structure. The numbers of structures described in this section 
are the maximum allowable w i t h i n  a two year per iod .  
this exemption include but are not limited to: 

extensions of reasonable length to serve such construction. 

Class 3 consists of construction and location of limited 

Examples of 

(d) Water main, sewage, electrical, gas and other utility 



Figure 3.5 

ENVIRONMENTAL REVIEW 
OF THE 

CITY OF SAN BERNARDINO, CALIFORNIA 

300 North "D" Street ,  City Hall 
San Bernardino , California 

NEGATIVE DECLARATION 

19 
Clerk of the Board of Supervisors 
175 West 5th Street  
San Bernardino, CA 92415 

The Environmental Review Committee of the City of San Bernardino, California, 
reviewed the  hereinafter described development at i t s  meeting of 

and found tha t  on the basis of the  i n i t i a l  study the project 
w i l l  not have a significant effect on the environment. 

PROJECT NAME: 

LOCATION AND NAME OF DEVELOPER AND/OR DEVELOPMENT: 

PROJECT DESCRIPTION: 

MITIGATION MEASURES, IF ANY, To AVOID POTWTIALLY SIGNIFICANT EFFECTS: 

A copy of t h e  i n i t i a l .  study fo r  t h i s  project i s  attached hereto and by 
reference made a part thereof. 

ENVIRONMENTAL REVIEW COMMITTEE OF THE 
CITY OF SAN BERNARDINO, CALIFORNIA 

\ 

Secretary 



RESOURCES AGENCY OF CALIFORNIA Figure 4.1 
b m  ooG1m (lleo) DEPARTMENT OF CONSERVATION 

DlVlSlON OF OIL AND GAS 

Notice of lntention to Drill a Geothermal Resources Well 
fSU8MlT IN DUPLICATEJ 

1 

Signature Date Telephone Number 

face rights, mineral rights, and the location of the proposed well must accompany this notice. 
The appropriate drilling fee, an indemnity or cash bond, a complete drilling program, and a parcel map showing the operator's sur 

meters at right angles 10 meters along section/property line, and I i h l  rwn J 
I I L m N D n '  IC- ma mri 

Location of \\ell: 

or said line from the 

Elevation oi prepared site abovelbelow sea level: 

Is the surface location or intended productive interval within 100 feet of pe r t ybunda~?  r1 L: 

li well is to be directionally d 

corner of section/ property 
.c-.o.. nul m, 

meters. 
I*, IA  

(Cnw rw me I 

/ 

and -meters .-. 
.I*INI"In 

meters 
tanrrm 1 

PROPOSED CASING PROGRAM 

Goiernment Agency: Contact Person 

h., Address: - Phone: ( ) 

Dol m w n t  title. S.C.H. No.: 

Submitted in compliance with Section 3724, Division 3, Chapter 4, Public Resources Code. 



ENVIRONMENTAL INFORMATION 

The California Environmental Quality Act ICEQA I applies to the project described in the information on the front d the notice 
if the project could have a signikant impact on the environment..' To approve a project su&ect to CEQA, the Divkion of O i l  
and Gas must consider the need for either a Notice of Exemption, a negative declaration, or a finalenvironmental impact rppnrr 
If none of the& documents exists or if an operator is seeking approval for a project involving six (6) or fewer exploraton ~1415 
(jncluding temperature observation wells), the operator shall contact the Division of Oil and Gas CEQA Unit as soon as possible 
The phone number is (916) 445-9486 The adress is 1416 Ninth S t e t  Room 1316-35 Sacramento, California 98514. 

FORMS GEP # 
MAP :& CARDS FEE BOND 1 (14 SP) 

OGGll4 OGG121 

FOR DIVISION USE ONLY 

API WELL NO. 

EXEMPT I NEG.DEC. I E.IR 
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Figure 4.2 
.TATS OF CALIFORNIA 

OLPAAtY N.EAVATION 

DIVISION L AND GAS 
1416 NINTH STREET. ROOM 1 ~ 1 6 .  SACRAMENTO e5811 

DESIGNATION OF AGENT FOR INDIVIDUAL OR PARTNERSHIP 

In compliance with Section 3721, Division 3, Public Resources Code, notice is hereby given and .................. (4 .I*) .._ 
hereby certify that ".."....".. ".... .... --.. - -..----- - 

(1. w.) 

- 
(Nmme mnd Tltld 

(Signature) 

NOTE: An operator may appoint'himdf as agent. 

Should thr owncr or oprrrcor filing I b  form choose to appoint more than one ycnt, the phrue, "the State of Wifomi&" ahodd be deleted 
and the eaact arc1 for which the. rgent u 8o.k rppainfcd ahould be inwnd. A rtparace form must be filed for uch 8-L 

I 



Figure 4 . 3  A 
BOND NO. ..................... STATE OF CALIFORNIA 

INDIVIDUAL GEOTHERMAL RESOURCES WELL 
INDEMNITY BOND 

(SEE INSTRUCTIONS ON REVERSE SIDE FOR APPLICABLE AMOUNT) 

Know All Men by These Presents: 

WE 

That 1. 

pnncipal. mnd a corporation 

organized a d  histing ~ d c r  and by virtue of the I a n  of the STATE OF 
and mudtorired to tfanL8El aurely business in the STATE OF CALIFORNIA. u surety. are held md fimly b u n d  
unto the STATE OF CALIFORNIA i n  the aula of .....#............,.....,..........,. THOUSAND AND NO/IOO DoLLARs 
(S.. .,...000. 00) lawful m y  of !he United States of Amenca. to k paid (0 the  sa id  State of California. for which 
p.vacac. well and truly to be e a d e .  we bind ourelm. our heirs, executors und ~UCNISOIP. jointly and sevcrully. 
firmly by these prcrmta.  

THE CONDITION O F  THE ABOVE OBLIGATION I S  SUCH THAT, 

WHEREAS. said pnncipal i s  about IO .quire ownership or operation. drill. ndnll. deepen. maintain. or abandon a 

. .  .Sec.. , - tempa.ture geothennsl resources well designated D S  . . . . . . . . . . . . . . . . .  

T. . . .  R 
Sections 3723.5 and 3725 to 3729. inclusite. of Chaptn 4 of Division 3 of the  Public Resources Code of the State 
of Califomid 

NOU. THEREFORE. i V  ar id  .................. . , . . . I  .................... 

the above bounden principal. shall  well  and trvlv comply with all the ons of Chapter 4 (commencing with 
Section 3700, of Division 3 of the Public Resources Code and shall  obey all lawful orders of the State Oil and Gas 
Supcrvi+or. or his district deputy 8 1  deputies. i f  not appealed n provid& in chat chapter, or upon affinnancc thereof 

the Geothetmal Rcswrces Board. i f  appealed thereto. and shall  pey all charges, costs. and expenses incurred 
& &e supervisor or his district  deputy or deputies in r s p e c t  of such well or the property of sa id  principal. or 
assessed  agdinat such well of the property of such principal. in pursuance of chc provisions of said chaptrr. then 
this obhgalion shali be wid.  olheiwisc. i t  bhvll remain in full force and effect. 

IN WITNESS UHEREOF. the seal and signature of the sa id  princi 

B. L M.,.and is required lo file th i s  bond in connection therewith in accordance with 

i s  hereto affixed n d  the corporate seal and 
name of the sa id  surely i s  hereto affixed and attested by its duly authorized at 

California. L i s  day of 19 

.............. ._.-.. ..__..I ............................ 

.............................................. ...................................... 

iSEAL OF SURETY) .................................................................................... 



IYOIARIZATION OF TU& SURETY: 

STATE OF CALIFORNIA 
CouNtr w 1 

1. 

2. 

3. 

4. 

S. 

6. 

7. 

1. 

B 

00 chis .............. by Of ................................... ...l....... b IhC Ye81 19 ....""".e 

before me. ......... -" ............ * ..-.." ........... ........................... ".."".. 
A Notary Public ia and b r  said Covnty .ad State. penonally .ppcared 

......................................... .................................... 
known to me to be Uw pc- h o s e  ame Is subscribed (0 the within inslntmcnt 

0s the 

of 

Of 

,0nd aclnmkdgcd to me that he subscribed the name 

themto and his own n m c  os ...."............ 
....................... .......... ".." .... .. ...... " .............................................................. I 

................ " .............. *..- ." .... ... . ... ...... ".._ .... 
am- p a t e  ~r .nl m wiFZ& u sui. 

INSTRUCTIONS 

The unty on lhe bond m y  k My 8UNry C W p M y  lkmmed caf ihia.  

The oignarvro of fhe urory a101 bo notmrird. 

//'be prinupd i8 4 wrporatia,thc corpomte reel mu8l be dtimd 

/ I  be  principal* w pstmm. their indvidrel name. dall appear in the be of fhc hmd with the recital lbsr 
they are purneta composing a f i la,  r d  nianind u i d  lira. 

Thr namr 01 Le principul as well am the dedputim a d  m m b a  ol the well m the bond must agree exactly 
with that ahom on the notice 01 intention fo scquirr 00nrr.hip or opaution. drill. ndrill. derprn. prmrnently 
alter the coring. or ohdon. 

A h d  Confdu'ning 4 onccllrtion dmmr at the option oi the uret$ ie mot acceptable. 

Low-tapuulurc well i m  E wcll hom which ffuid pmDbced b 8  4 I&~afurr  bat i s  10 mom fh;n fhe boilid 
point at be altifude olommence. 

Applicable mane 
C o m a e  la  hifi-taspsohno -11 .............................................. ..................$~z5.ooo 
Cowage bu lar-fa!pcrafurs wofl: 

CIS than 2,000 leet rota1 &pth ......................................................... S 2,000 
ut hwrt 2.000 feet but Irra chan S,OOO ket tor01 depfh ....................... ;... $10,000 
.I loost 5.000 Ieer bw k s  f l n ~  NJ.000 i d  rolal &prh .......................... $iS,ay) 
et I d  1o.OOO lset or #meter mal depth ........................ ................... $25.000 

I f  a w!l Is ~ U P M O ~  A r deph nqulrin# hI#18r bond cownqo, r l h r  
rider .ceci/yinq wppIram(o1 couomg. or mew bond i s  nquind.  

NOTE b lieu ofm individual indemnity bond, 0 person nw. with &e written mppmnl of the Supervisor.file cash 
' bond or .rmritirc in (be sppmprietr mount u Fmcribd in Section 37285. Division 3 of 1h0 Public 

Rerouzces Code. 



RESOURCES AGENCY OF CAWORNU 
DEPARTMENT OF CONSERVATlON 

DIVISION OF OIL AND QAS Figure 4.4 A 

ENVIRONMENTAL CHECKLIST FORM 
DATE FILED 

- b  

II. ENVIRONMENTAL IMPACTS 
(Explanations of all "yes" and "mybe" answers are requhd On attached 8hfM.9.) 

YES MAYBE No 

a. Unstable earth conditions or in changes in 7 - -  

b. Disruptions, di - - -  
c. Change in topography or ground sudace relif features7 - - -  

I. €am. will the p r o p d  result kr: 

d. The destruction, covering or modifitton of any unique geologic or physical fealures7 

Any increase in wind I water erosion of rails, either on or off the site? 

channel of a mer or stream or the bed of the m a n  or m y  bay. inlet or lake? 

-7- 

e. 

1. Changes in depwitron or erosion of beach sands, or changes in siltation, deposition or erosion which may fIWdi8Y the 

- - -  
- - - -  

g. Exposure of people or properly to geolog~~ hazards urch as earthquakes. landslides. mudsf i .  ground failure, or similar 
hazards? - -  
2 Air. Will the proposal result in: 

a. Substantial air emissions or dethabon of ambient air quatity? - -  
b. The creation of objectionable odors? - -  
c. Alteration of air movement, moisture or temperature, of any chanoe in climate. either regionally7 7 -  

3. Water. Will the proposet result e: 
a. Changes in currents. or the course or direction of watar movements. in 

b. Changes in absorption rates, drainage patterns or tho rate and amount of sufface water runoff7 

c. Alterations to the course or (low of lbod waters? 

d. Change in the amount of surface water in any water body? 

e Discharge into sutiace waters, or in any afteration of surface water quality, lnduding but not ymited to tempem 

Alteration of Ihe direction or rate of (low of QIouod waters? 

or hesh waters? - -  
7 -  

- -  
-7 

dissolved oxygen or turbidity7 - -  d 

1. 

g. Change in the quantity of ground waters. either #uough dim additions or withdrawals 01 through inWcePtion o? an 

- -  
@Quifer by cuts Of excavations? - -  

h. 

i. 

Substantal reduction in the amount of water otherwise available for public water sup#&? _.-  - 
Exposure d people ot pro& to water retared hstams such as or tidal waves7 - -  

4. piant Life. Will the proposal result h: 
11 

a. Change in the diversity of species, or nun?ber of any rpecies of plants (including trees. shrubs. grass, sops. and aquatic 

Reduction of the numbers of any unique. rare of endangered rpecies of plants? 

plants)? , 7-- 

b. 

c. Introduction of new 6pecies of plants into an ~ 6 8 .  or h a bamer to the normal replenishment of existing species? 

- - -  
- - 



d. Reduction in acreage of any agricultural crop? 

5 Anlmal We. Will the proposal result w: 

a. Change in the diversity of species, or numbers of any 8pecles of animals (birds. land animals including reptiles, fish and 
shellfish. benthic organisms or insects)? 

b. Reduction of the numbers of any unque. rare or endangered species of animals? 

c. Introduction of new species of uumals into an area. or result in a barrier to the migration or movement of animals? 

d. Oeterbratron toexisting fish or wildlie habtat? 

6. Noise. Will the proposal result in: 

a. Increases in existing noise levels? 

b. Exposwe of people to revere Muse levels? 

7. Ught and Glare. Will the proposal produce new l i h t  or dare ? 

8 Land Uw. Will Ihe proposal result ma substanttal alteratton of the present or planned land use of an area? 

9 Natural Re8omrs. II dropom1 result in: 

a Increase in the rate of use of any natural resources? 

b. Substantial deplebon of any nonrenewable natural resource? 

10 Risk of Upset. Does the proposal involve a risk of an explouon or the release of hazardous substances (including, but 
not limited to, oil. pesticides. chemicals w radiatron) in the event of an acculent or upset conditms? 

11 Population. Will the proposal alter the location. distribution. density. or g r M h  rate of the human population of an area? 

12 Wourlng. Will the proposal affect existing houung. or create a demand for amtional housing? 

13. TransportatlonlClttulation. Will the proposal result in: 

' 

a. Generation of substantial additional vehicular movement? 

b Effects on existing parking facilittes. or demand for new parking? 

c. Substantial nnpaci upon existing transportaton systems? 

d Alterations to present patterns of circulation OT movement of people andlor goods? 

e. Alterations to waterborne. rail or air traffic? 

t Increase in traffic hazards to motor vehtcks, bicyclists or pedestnans? 

14 Pubk  Sewkea WJI the proposal have an effect upon, or result in a need for new or altered governmental services in 
any of the following areas: 

a Fue protection? 

b Police protecbon? 

E. Schools? 

d Parks or other recreational facilitles? 

e. Maintenance of public faalities. including roads? 

1. Other governmental services? 

15 Energy. Will the proposal result m 

a Use of substanw amounts of fuel or energy? 

b. Substanm u m w e  in demand upon existing sources of energy, or require the development of new sources of energy? 

16. lJWues. will the PrOPOal result in a need for new systems. or substantial alterations to the following utilities: 

a Power or natural gas? 

b. Communications systems? 

c. Wateff 

d Sewer or septic tanks? 

B 
MAWE No 
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e. Storm Water drainage? -u 1. Solid waste 8nd disposaV 

17. Human Hdth. Will the proposal result h 
a Chation of m y  heatth hazard or potential health hazard (dxdudinq mental health)? 

b. Exposure of people to potential health hazards? 

36. Aesthetk& WJI the proposal result m the obstwction of any v* vista or View open to the public. or will the p~oposal 
result in the creation of an aesthetically offensive rite open to @IC 

19. Recreation. WJI the p r d  result in an impect upon the Wbty or quanbly of existing recreational OppOttunities? 

20. ArcheologlcallHistorlul. Will the proposal rewlt in @n alteration of a signifiicant u c h e o r ~  or historical rite, structwe. 
object or building? 

21. Mandatory Flndlngr of $lgnlfluntr. 

a. Does the proiect have the potential to degrade the qualii of the environment. substantially reduce ?he habitat of a 
fish or wildlife species. cause a fish or Wildlife population to drop below reH wstaining levels, threaten to eliminate a plant or 
animal community, reduce the number or restric( the range of a rare or endangered plant or animal or eliminate important 
examples of the major periods of Caliomca history or prehistory? 

b. boesthe prect have the potential to achieve rhofi-tenn, to the disadvantage of long-term, environmental goals? (A 
short-term impact on the ewonment is one which occurs in a relatively brief, definitwe penod of time while long-term impacts 
will endure well into the future.) 

c. Dces the project have impacts which are individually limited. but cumulatively considerable? (A project may impact 
on two or more separate resowc~s where the impact on each resource is relahvely small, but where the effect of the total of 
those impacts on the environment is IrignificanL) 

d. Does the project have environmental effects which will cause substantial adverse effects on human beings either 
directly or indirectly? 

111. DlSCUSStON OF ENVIRONMENTAL EVAlUATW 

C 

- - -  

- - -  

- - -  
- - -  
- - -  

Date Checklist Prepared By: 

Iy. DETERMINATION 

On the basis of this initlal evaluation: 

. I find the p r w d  project COULD NOT have significant effect on th;e environment, and a NEGATIVE DECLARATION Will be prepared. 

, I find that although the proposed project could have a $ignifiint effect on the envir&ment, there will not be a signifant CffeCi h this Case because 
the mitigation measures desaibed on an attached sheet have Men 

I find the proposed project MAY have a significant effect on the environment, and an ENVIRONMENTAL IMPACT REPORT is required. 

to the project. A NEGATIVE DECLARATION WILL BE PREPARED. 

Date 
GEOTIERMAL C.E.Q.A. UNIT SUPERVISOR 



Figure 4 . 5  REXWRCES AGENCY OF CALIFORNIA 
DEPARTMENT OF CONSERVATION 
DIVISION OF OIL AND GAS 

NOTICE OF DETERMINATION 

TO: SECRETARY FOR RESOURCES 
1416 N I N T H  STREET, R O O M  1311 
SACRAMENTO, CALIFORNIA 95814 

PBOjECT DESCRIPTION: 
PROJECT TITLE: I WELL N A M E 6 1  A N D  NUMBER(S) 

FIELD COUNTY/CITY 

SECTIOY(S),TO\,lr;SHIPiS),AND RANGE(S1; B & M 

I 
\A\?E OF OPERATOR OPERATOR REPRESENTATIVE 

K P A T O R  ADDRESS OPERATOR PHONE NUMBER 
t 

PROJECT ABSTRACT. 

I)IVI5lOh CObTACT : PHONE NUMBER 
- 

The Division of Oil and Gas, Departmenf of Conservation, has approved the a b o v d e x r i b e d  project and has made the following determina- 
tions: 

The project 0 will, [3 will not, have a significant effect on the environment. 

L >  . An Environmental Impact Report was prepared for the project pursuant to the provisions of CEQA. 

, . A Yegative Declaration was prepared for the project pursuant to the provisions of CEQA. A copy of the Negative Declaration 
IS attached. 

A \tdemeni of Overriding Considerations D was, 0 was not, adopted for this project. A copy of the Statement is attached. 

5TATE CLLARINC HOUSE NUMBER kiv 
Stare chl and Gas Sumisor 

OGCIOC PROjECT NUMBER 
C>CSl5013-79-DM’RR-5C 1 

DA TE 



Oprator 

Fteld or CRA 

Name P a w n w b m i n ~ r r p l ~ - p ? 3 1 1 a r ~ )  

3. Last produced: *19- 
IPmdurthn in k&h. 01 sal. /min 

Well Designation 

COUW * 

street Address 

The proposed work is as follows: 

c, 
\ 

H e  this mprt b duplicate wlh the appmprh?e geothemul district ofice. 
7 



Figure 5.1 A 

Order No. 79-83 (NPDES No. CA 0105392 Page 3 
* City of San Bernardino 

A. Effluent Limitations 

1. a. 

Constituent 

Biochemical 
Oxygen Demand . 

Suspended Solids 

Axnonia-Nitrogen 

1. b. 

Constituent 

The discharge of wastes containing constituent concentrations 
in excess of.the following limits is prohibited: 

? W S  Emission Rate1 Concentration Limit 
Discharge 30-Day 7-Day 30-Day 7-Day 
Serial No. Average Aver age . Average Average 

001 7006 lbs/day 10508 lbs/day 30 mg/l 45 mg/l 
(3178 kg/day) (4766 kg/day) 

(3178 kglday) (4766 kglday) 

(1483 kg/day) 

001 7006 lbslday 10508 lbs/day 30 mg/l 45 mg/l 

14 mg/l 00 1 3269 lbs/day _-- 

The discharge of wastes containing constituent concentrations 
in excess of the following limits is prohibited: 

Discharge 4-Month Average 4-Month Average 
Serial No. Mass Emission Rate Concentration Limits 

Filtrable Residue 

Total Hardness (as CaC03) 

Chloride 

Sodium 

Sulfate 

Boron 

Fluoride 

Total Nitrogen 

lBased on 28 MGD 

00 1 

001 

001 

00 1 

001 
\ 

001 

001 

001 

124,933 lbs/day 
(56,668 kg/day) 

50,207 lbs/day 
(22,773 kg/day) 

19,849 lbs/day 
(9,003 kg/day) 

19,849 lbslday 
(9,003 Idday) 

19,849 lbs/day 
(9,003 kg/day) 

117 lbs/day 
(53 kg/day) 

535 mg/l 

215 ng/l 

85 mg/l 

85 mg/l 

85 mg/l 

0.5 mg/l 

234 lbs/day 1.0 mg/l 
(106 kglday) 

6,550 lbs/day . 28 ng/l 
(2,970 kg/day) 
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No. 79-83 (NPDES No. CA 0105392) - continued Page 4 
City of San Bernardino 

-(i 

1. C. The discharge of wastes containing a 4-month average f i l t r a b l e  
residue concentration which exceeds the 4-month average concen- 
t r a t ion  of f i l t r a b l e  residue i n  the water supply by more than 
230 mg/l is prohibited. 

. 1. d. The discharge of wastes containing consti tuent concentrations 
i n  excese of t he  following limits is prohibited: 

Constituent 

Arsenic 
Barium 

CobalF 
Copper 
Cyanide 
Iron 
Lead 
Manganese 

, Mercury 
Selenium 
Si lver  
Zinc 

Discharge Maximum Daily 
S e r i a l  No. Maximum Mass Emission R a t  Concentration Limit 

0,05 mg/l 
I 1  

001 12 lbs/day (5 kgjday) 
W I  233 lbs/day (106 kg/day) L O  
W l  0.01 

I1 0.2 

0.2 *I 7 lbs/day (21 kg/day) 
I1 70 lbs/day (32 kg/day) 0.3 
0) 12 lbslday ( 0.05 l1 

I 1  0.05 '* 
8 )  0,002 'I 

0.05 '' I' 12 lbsfday (5 kg/day) 

0.05 l1 
' 9  

W' 

B l  

0 

11 

It lbs/day (106 kg/day) 1.0 

I* 2 lbsjday (1 kg/day) 0.01 'l 

1) 1I 1168 lbs/day (530 kg/day) 5.0 

2. The pH of the discharge s h a l l  a t  a l l  times be within 
6.5 and 8.0 pH units. 

There s h a l l  be no v i s i b l e  o i l  and grease i n  the  discharge. 3. 

4. 

5. 

The w a s t e  discharge s h a l l  be, a t  a l l  times, an adequately disinfected 
and oxidized wastewater. 
disinfected i f  a t  some location i n  the  treatment process t h e  median 
number of coliform organisms does not  exceed 
The median value s h a l l  be determined from t h  
of the  'last 7 days f o r  which analyses have been comp 

The 30-day f low-weighted average biochemical oxygen 
suspended so l ids  concentrations of t h e  discharge s h a l l  no t  be grea te r  
than f i f t e e n  percent (15%) of the  30-day flow-weighted average 

The wastewater shall be considered adequately 

3 per 100 milliliters. 
actefiological r e s u l t s  

in f luent  concintra t ions . 
1 

B. Receiving Water Limitations 

1. Wheniver there 5s a non-storm induced flow i n  the Santa Ana River a t  
Alabama Street, Redlands, the  discharge s h a l l  not cause the  dissolved 
oxygen t o  be depressed below 5.0 mg/l t o  be measured a t  S ta t ion  B 
indicated' i n  Monitoring and Reporting Program No. 79-83. 

The discharge s h a l l  not alter the color of t he  receiving water. 
tJ 

2. 



STATE OF CKIfDRNIA 
n i E  RESOURCES ACENCV OF CALIFORNIA 

CALIFORNIA REGIONAL WATER QUAUlV CONTROL WARD 

I 
Figure 5.2 

REPORT OF W a x  OISCCWARCE 
Pursuant b Oirlrbn 7 01 mS $uta Wafer Code 

(A) R E P O R f C m  
Oirchtrgef 

(Owner of Facility, y l u n k l ~ l l ~ ,  County, Olrtrkt, F~nn 01 IndlrlQJI) 

FOR USE OF REGIONAL WARD 

WRCB Form ZW Rcc'dL-, 

Duty Fee: 

latter  b 
Olrhtrpc:  

WRCO FORYtOO (RLV.7 - 711/75) 

\ 
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Figure 5.3 

SWRCB FORM 200 kPPEClDIX 

Provide information i n  categories checked only 

I *  Project Description 

A. Location 

1. Point(s) of discharge (includes points of application and uses 
of reclaimed water), 

Facility or project locatio nd description, including the 
f o l  lowing i f  appf i cab1 e: 

a. ' Any area t o  be dredged and any area to  be f i l l ed  
b. For mining operations, description of mineral commodity, 

opera ti on, nature of operati on. 
c. For petroleum refineries, provide "process factor" information 

as required by E.P.A. 
d. For reclaimed water use, i n d i  

use or  application. 
e. For subdivision ubmit subdivision map and vicinity map, 

and provide i n f  
f .  For animal confinement fac i l i t i es ,  indicate number, species, 

and gender of animals, design of  fac i l i ty  and waste contain- 
ment f a c i l i t i e s  or  measures. 

e source of reclaimed water 
. and party responsible for quality when delivered t o  p o i n t  o f  

t i on  on public enti ty i f  required. 

3. klells, ,drainage course surface waters 8 and nearby structures. 

B. Volume of Flow of Waste Discharge 

1. Present valume (cubic yards) or flow i n  mgd. 

2. Design volume (cubic yards) or  flo;.r i n  mgd. 

3. Variations i n  flow or volume. 

4. Total capacity o f  solid waste isposal si te i n  cubic yards. 

C. Quality of Waste Discharge 

1. Provide laboratory ana the discharge.. 

2. Provide chemical 

3. Describe physical prope 

4. List amounts and types of material discharged, including estfmates 
volves dredging or dredge soil  disposal. 

any associ a ted taxi c ma teri a1 s o r  
chemi ca Is. 

u 



B 
- 2- 

D, Water Supply 

1. Source 

2. 'Quality 

3. Average quantity 

E. Other Approvals 

List a l l  other publ ic  agency approvals and permits required, including 
any necessary Division of O i l  and Gas approval . 

F. Contacts 

Provide names, addresses, phone numbers 
responsible for  maintaining project and waste treatment fac i l i ty ,  
including landowners, lessees, agents or  operators, and, i f  project 
is a mining operation, .claim holders. 

d t i t les of persons 

6. CEQA/NEPA 

Provide a copy of final EIR/EIS o r  negative declaration i f  prepared. 
If not, s t a t e  why exempt. 

H. F i l i n g  Fee 

Provide information t o  determine .correct fee, i n  accordance wi th  
SWRCB Forms 201 and 202. 

Treatment and Disposal 

A. Treatment 

1, Describe type o r  processes of treatment and capacity 

2; For experimental treatment projects, describe test results, similar 
projects, evaluation of similar projects, 

B. General Disposal Information 

1. Describe method of disposal of treated wastes and other wastes 
from operation, including dr i l l ing muds and dredge spoil, !f 
applicable, and including any storage and transmission fac i l i t i es .  
For ocean discharges include depth and l e n g t h  o f  outfall  and 
di f f user. 

2. Describe the means of disposal for wastes other t h a n  those i n  
application. 

C. Liquid Waste Dfscharge.to Land Surface (Pond and Spray Disposal) 

1. Describe area size. 

G 
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U 
2, Design cri teri a and detai  1 s including loading r a t e s ,  odor prevent! on, 

solids removal, and disposal capacity o f  land. 

Depth t o  groundwater. 

4. - Groundwater t p l i  ty. 

5. Soi l  p r o f i l e  and permea 

6. Annual r a i n f a l l  and p r  

7. Evaporation or evapotranspiration rates.  

8, For spray disposal only . 

a. Ins t i t u t iona l  arrangements fo r  control , 
b. S t a t e  and local  health department controls ,  
C. Geologic and agr icu l tura l  information. 

D. Subshrface Disposal 

1 , Percolation tksts. 

2. Disposal design c r i t e r i a  and de ta i l s .  

E. Sol id  Waste Disposal S i t e s  

Supply a l l  information to  comply w i t h  evaluation procedures i n  latest  
edition of SWRCB publication “Waste Discharge Requirements for Nonsewer- 
ab le  Waste Disposal ‘ t o  Land - Disposal S i t e  Design and Operation 

I I I . Recei vi ng Water Ihf orma ti on 

A. Liquid Waste Discharge t o  Lakes or Water Courses 

1. Describe stream flow vo7 and variabil$ty* 

2. Provlde water qua l i t y  analyses 

3. Determfne downstream beneficial  uses. 

8. Ocean Discharge 

sc r ibe  d i lu t ion  r a t i o  and 

2. Pre-di scharge moni t o r i  ng. 

Indus t r ia l  Process or Municipal Bay o r  Estuary Discharge 

Enhancement of ‘beneficial  uses over than i n  absence of discharge. 

C. 

U 



1v. Planning Information 

A. 

B. 

C. 

D. 

E. 

F. 

-4- 

D 

G 
Flood Protection 

Provide information required t o  assess protection of fac i l i ty  from 
f 1 oods . 
Erosion 

Provide information required to  assess erosion and s i l t a t ion  
project area during construction and oper 

I 

Surface Mater Control 

Provide information concerning runoff protection an 
control for  project area. 

Prepare' and submit a technical report on spill preventio 
contingency measures. 

M i  n i  ng Opera ti ons 
I 

-For mining operations, describe reclamation or  rehabilitation program 
for project area a f t e r  closure. 

Proposed Developments 

For developments containing more than thir ty  dwelling units and 
w i t h  lo t s  containing less than 20,000 square feet net area, a report  
shal l 'be  submitted on the conditions i n  the area of the development 
including:  

1. Quality o f  groundwater i n  the area (insofar as possible, wells 
w i t h i n  the development and w i t h i n  600 feet  of the boundary of 
the proposed development must be sampled and analyzed for 
"standard water chemistry"), 

2. E x i s t i n g  or planned land use w i t h i n  600 f ee t  of the boundaries 
of the delelopment, dwelling density (units/acre), 

3. Distance t o  comunity sewer systems, and 

4. Whether failures of the disposal systems have occurred and 
whether such failures are due to  inadequate design, construction 
or maintenance. 

I 



Figure 6.1A 

DAVIS. CALlFORNlA 95618 
0 16 - 758-0320 

PROJECT STATUS REPORT 

November 3 ,  1980' 
Report No. 1 
Report Period: 
1 October 80 - 
31 October 80 

CONTRACT TITLE: 

San Bernardino Municipal Water Department 
Geothenr-a1 Process Heating Feasibility Study- 
Waste water Treatment Plant. 

'CONTRACTOR NAME: 

Coulter Stewart & Associates, 
4409  Vista Way, Davis, Ca. 95616 

CONTRACT PERIOD : 

1 October 1980-16 April 1981 

1. Contract Objective: Assess social, financial, 'legal and 
regulatory institutional feasibility of the proposed process 
heating projekt. 
Assist Board in overall project coordination. 

. 

Prepare Geothermal Awareness Program. 

2.  Technical Approach: Have ga red materials from and 
held meetings with persons from various state and local 
agencies which may exercise a discretionary or ministerial 
authority over the proposed project. Have prepared one 
press release, for Water Department approval and gathered 
information on financial options. 

Agencies thus far contacted .include: 

. 

San Bernardino Water Department 
San Bernardino Planning Department 
California Division of Oil and Gas 
California Energy Commission 
California State Treasure 
California State Legislature 
San Bernardino Department of Public Works u 

10 
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U.S. Department of Energy 
U.S .  Department of Housing and Urban Development 

3. Schedule/Tasks: Coulter Stewart & Associates Inc. is 
currently ahead of the original schedule and is expected to 
complete its work by 1 February 1981. 

4. Problems: None 

5 .  Plans: During the coming month work will continue on 
defining the optimum path through the regulatory maze and 
identifying financial options. An assessment of the legal 
framework will begin as will an outline for the Geothermal 
Awareness Program. 

6. Hours/Days: 
performance of the activities described in # 2  above during 
this reporting period. 

The contractor has spent 11.5 days in the 

11 



/ Figure 6.2 A 

- i d  

u 

COULTER STEWART & OCIATES. INC. 
4409 VISTA W"" . 

CONTRACTOR NAME : 

CONTRACT PERIOD: 

1 October 1980- 1 

~ 

I 

i 
I 

I 
I 

I 

2-U.S. vs. Union O i l  Company I 
I 

3-Geothermal Kinetics vs.UnionOi1 Company 
4-Conover Memo 



B 

The sections of the report dealing with the permit procedures 
were circulated and reviewed by the appropriate permitting 
agency. Comments will be incorporated in the final draft. 

Additional interviews and meetings were held concerning the 
status of various financing options and lega1,issues. 

Coulter Stewart & Associates, Inc. ok the lead in coordin- 
ating the onsite San Bernardino visit of the four man Resource 
Assessment Team from the State Division of Mines and Geology 
operating under the DOE - State Coupled Program. 
CS & A,Inc. blso coordinated the onsite visit of the Oregon 
Institute of Technology Geoheat Center-Technical Assistance 
Team. 
nardino Geothermal Advisory Committee meeting of November 17th. 

Prepared a summary of the DOE Geothermal Direct Heat Application 
Program Summary, November 1980 for Water Department management 
review. 

Agencies contacted this time period include: 

This meeting was held in conjunction with the San Ber- 

I 

/ 

Earl Warren Legal Institute 
Santa Ana Regional Water Quality Control Board 
California Division of Mines & Geology 
California Division of Oil & Gas 
San Bernardino Planning Department 
San Bernardino Water Department 
State Treasures Office 
California Municipal Utiliti'es Association 
City of Santa Clara 
California Legislature 
Geothermal Resources.Counci1 

U.S. Department of Energy 
San Bernardino Economic Development Council 
California Energy Commission 

3. Schedule/Tasks: Coulter Stewart & Associates Inc. is currently 
ahead of the original schedule and,is expected to complete its 
work by 1 February . 1981. 

4. Problems: None 

5. Plans: Permitting and legal sections of the report will be 
finalized. Financing section will be drafted for review. Geo- 
thermal Awareness Program will be held in abeyance. 
tion with ap ropriate Local,' State and Federal agencies and 

6. Hours/Days: The Contractor spent 96 hours or 12 days per- 

U.S. Court of Appeals .. 

Coordina- 

Programs wil P continue. 
g the activities described in f 2  above during this period. 

13 



Figure 6 . 3 A  

COULTER STEWART & ASSOCIATES, INC. 
4409 VISTA WAY 

DAVIS, CALIFORNIA 91616 
016 - 788.0320 - W  

PROJECT STATUS REPORT 

January 2, 1981 
Report No. 3 
Report Period: 
1 December 1980- 
30 December 1980 

CONTRACT TITLE : 

San Bernardino Eunicipal Water Department 
Geothermal Process Heating Feasibility Study- 
Waste water Treatment Plan 

CONTRACTOR N M :  

Coulter Stewart & Associates, Inc. . 4409 Vista Way, Davis, Ca. 95616 

CONTRACT PERIOD: 

1 October 1980-16 April 1981 

1. Contract Objective: Asses ial, financial, legal 2nd 
regulatory institutional feasibility of the proposed process 
heating projecs. 
Board in overall project c 

2. Technical Approach: Ha the remitting and leea1 
sections and forwarded then to the Water Depdrtnent for submittal 

with the Water Department and have gathered additional information 
from federal, Ftate and private sources concerning the viabilit27 
to the various options. 

Agencies contacted this time period include: 

Prepare Geothemal Awareness Program. Assist 

to USDOE. Have narrowed the financing options in conjunction I 

i 
I 

USDOE - Geothemal Loan Guarantee Prograr? 
'JSDOE - Idaho Operators Office 
California Division of Mines & Geology 
California Division of Oil & Gas 
California Energy Commission ' 

California Iknicipal Utilities Associa tion 
State Treasurers Office 
California Legislature 
Bank of Azerica 
Bank of California 
San Bernardino Eater Departnent 



1 bi' 3. Schedule/Taskst Coulter Stewart & Associates should complete 
its work by 1 February 1981. 

4. Problems: None 

5. Plans: During January work will be done on the financing 
options. 

6. Hours/Days: 
in this period. 

The contractor has spent 10.5 days or 84 hours 
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