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i tu tes  t h e  F i n a l  

r a n t  DE-FG03- 
a t e r  Treatment 
he  s tudy  team 

temper a t  u r e  
> y a n a e r o b i c  

d i g e s t e r s  a t  t h e  San Bernardino Wastewater Treatment P l a n t  . The 
geothermal  f l u i d  would r e p l a c e  t h e  methane c u r r e n t l y  burned t o  
f u e l  t h e  d i g e s t e r s ,  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 ,  "Summary and 
Conclusions." 

L 

I n  order t o  a s c e r t a i n  po t i a l  uses for geothermal 
energy w i t h i n  t h e  t r ea tmen t  p l a n t ,  Sc ience  App l i ca t ions ,  Tnc. 
( S A I )  examined des ign  and ope 
selected poten 
R e s u l t s  o f  these stem descri 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 p rocesses  are p r e s e n t  i n  Chapt "Prel irninary 
Design," Chapter 4 discusses the economic analyses conducted by 
SA1 on t h e  s i x  eng inee r ing  d e s i g n  cases prepared i n  Chapter 3. 

The  e n v i r o n m e n t a l  s e t t i n g  o f  t h e  p r o j e c t  and a n  
a n a l y s i s  of t h e  environmental  impacts  t h a t  w i l l  result from 
c o n s t r u c t i o n  and o p e r a t i o n  of t h e  geothermal h e a t i n g  system are 
d i scussed  i n  Chapter 5 ,  "Environmental Analysis." Chapter 6 
p r e s e n t s  a Resource Development P l a n  prepared by C a s c a d i a  
Ex'ploration Corporat ion.  I d e s c r i b e s  t h e  s t e p s  t h a t  t h e  San 
Bernardino Municipal Water par tment  could follow i n  order t o  



u t i l i z e  t h e  resource .  A p re l imina ry  w e l l  program and rough cost  
es t imates  for 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 re  
included.  Chapter 7 ,  "Implementation Plan",  p rov ides  t h e  Water 
Depar tment  w i t h  a program and s c h e d u l e  for imp lemen t ing  a 
geothermal system t o  s e r v e  t h e  wastewater t r ea tmen t  pla 

Regulatory,  f i n a n c i a l  and l e g a l  issues t h a t  w i l l  impact 
t h e  p r o j e c t ,  are presented  i n  t h e  Appendix, "F ina l  Report - 
I n s t i t u t i o n a l  Issues," by Cou l t e r  Stewart and Associates. I n  
a d d i t i o n ,  s i n c e  pub l i c  acceptance  of t h e  project is impor tan t ,  an 
o u t l i n e  qf a P u b l i c  Awareness Program is included.  

f 
b 
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RY AND CONCLUSIONS 

tempera ture  geothe  f San Bernardino Waste- 
water Treatment P ed 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 presented  i n  term f p re l imina ry  
e n g i n e e r i n g  , d e s i g n ,  economic a n a l y s i s ,  i n s t i  anal i s s u e s ,  
environmental  impacts,  r e source  development, and system implemen- I '  L t a t i o n .  

1 .  

2.1 PRELIMINARY ENGINEERING DESIGN 

On an average  a a l .  basis,  2 1  m i l l i o n  g a l l o n s  per  day 
(MGD) of domestic and ind  i a l  wastewater are processed by t h e  
t r ea tmen t  p l a n t  . I n  a d d i t i o n  t o  primary and secondary t r ea tmen t  
O f  a l l  wastewater, 3.0 MGD unde rgo  t e r t i a r y  t r e a t m e n t  for 
rec lamat ion  as  p rocess  water, w wn and i r r i g a t i o n  water .  

L 
& 

L 
i; 

c 
e; 
L 

An i n v e s t i g a t i o n  o f  des ign  and o p e r a t i o n  of t h e  

p l a n t  and a review of t h e  l i t e r a tu re  revea led  t h e  e x i s t e n c e  of 
numerous u s e s  for t h e  lower tempera ture  geothermal resource 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 tabulated and 
eva lua ted ,  i nc lud ing  s ludge  d i g e s t e r  h e a t i n g ,  s ludge  d i s i n f e c -  
t i o n ,  s ludge  d ry ing  and grease melting; The t w o  a l t e rna t ive  heat 

elected as having potential  a p p l i c a b i l i t y  a t  t h e  San 
g e  d ry ing  and d i g e s t e r  s ludge  hea t ing .  
udge d ry ing  t o  be* c l e a r l y  uneconamic 

he  c u r r e n t  geothermal s tudy .  

however, appears t o  be a v i a b l e  use  
eothermal heat . Pre l imina ry  d e s i g n s  

systems t o  h e a t  anae rob ic  digesters us ing  

L w e l l .  The f i v e  a l t e r n a t e  d e s i g  i s t e d  below w i l l  r?rovide 
geothermal f l u i d  from two e x i s t i n g  

2-1 
iJ 



hea t ing  i n  place of t h e  e x i s t i n g  methane-fueled boiler t o  one 
digester, as  w e l l  a s  r e p l a c e  both methane-fueled b o i l e r  systems, 
when t h e  p l a n t  improvement project desc r ibed  i n  S e c t i o n  3.1.2 is 
carried o u t .  

Case 1: U s e  Meeks Et Daley W e l l  No, 66 t o  heat one 

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

Case 3: U s e  Meeks t Daley Well No, 5 9  t o  h e a t  one 

Case 4: U s e  Meeks & Daley W e l l  No. 59 t o  heat  two 

Case 5: D r i l l  a new product ion  w e l l  a t  t h e  pLant s i t e  

d i g e s t e r  . 
digesters. 

digester. 

digesters . 
and use  it t o  heat two d i g e s t e r s .  

If geothermal heat us ing  one of t h e  f i v e  d 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  digesters, 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- 
nee r ing  d e s i g n s  described 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  the1 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  mun ic ipa l  development would provide  
cheaper energy than  p r i v a t e  development, s i n c e  100% deb t  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 a x e s .  

2-2 



ncluded hea t ing  
e l l  No. 66  and 

p r o p e r t y  t o  heat two d i g e s t e r s .  
t e f f e c t i v e ,  t h e  l a t te r  
ce is provided and t 

e x i s t i n g  w e l l  is f r  r e q u i r i n g  temperatures’  
i n  excess of  100°F. 

cost  l i m i t  for 
n a l y s e s  d i d  n o t  impact 

longer  cost  

t pessimistic 
assumptions . . 

2.3 INSTITUTIONAL ISSUES 

The i n s t i t u t i o n a l  issues of importance inc lude  t h e  
l e g a l ,  f i n a n c i a l  and r e g u l a t o r y  r a m i f i c a t i o n s  of t h e  proposed 
p r o j e c t .  T legal s t a tus  o wning, developing and u t i l i z i n q  
geothermal is  unclea  cause t h e  State of C a l i f o r n i a  
d e f i n e s  a g a1 re source  as  t h e  heat of t h e  ear th ,  w h i l e  
separately def i mine ra l  deposits as i n c l u d i n g  m i n e r a l  waters 

and geothermal urces. The re fo re ,  t o  avoid l ega l  en tangle-  
men t s ,  water r d s u r f a c e  r i g h t s  and 
mineral rights veloping  and us ing  a 

j ec t  on t h e  Federa l  
1 Loan Guarantee P gram (GLGP), t h e  

DOE/HUD Innova t ive  r a n t  Program and s Urban Development 
appropr i a t ed  funding. 
should be s tud ied :  if 



programs should be explored. The o n l y  f u l l y  opera- 
t i o n a l  State funds  are t h e  Energy Account and Resources Account 
of t h e  Energy and Resources Fund; however, l i m i t e d  f u n d i n g  and 
t h e  mul t i t ude  of u s e s  for these funds make t h e s e  ques t ionab le  
sources .  I f  t h i s  f inanc ing  does n o t  m a t e r i a l i z e ,  the  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 ,  s e r i o u s  though t  should be g iven  t o  u t i l i z -  
i ng  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 i  mma and provide  
g r e a t e r  local  controls.  

Approval o f  d i f f e r e n t  a s p e c t s  of t h e  p 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  a g e n c i e s ,  depending 
upon t h e  actual des ign  of t h e  p r o j e c t .  The permi l i s t e d  i n  
Table 2.1 may be r equ i r ed  t o  implement geothermal p rocess  h e a t  a t  
t h e  wastewater treatment p l a n t .  The P e r m i t  t o  D r i l l  from 
C a l i f o r n i a  Div is ion  of O i l  and Gas w i l l  be required for a l l  
project  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 

M i n i s t e r i a l  San Bernardino Encroachment 
County Engineers  Permit 

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

D i s c r e t i o n a r y  San Bernardino Cond i t iona l  
Planning Commission Development Permit 

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

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

Water W e l l  Pe rmi t  

Regional Water Q u a l i t y  Waste Discharqe 
Control Board Requirements 

2-4 



2.4 ENVIRONMENTAL IMPACTS 

The proposed p r o j e c t  w i l l  have no adverse  impa 
topography, s o i l s  or climate of  t h e  San Bernardino a r e a  
t h e  p r o j e c t  c o n f i g u r a t i o n  se ed inc lude  i n j e c t i o n  of  
mal f l u i d s  a t  low pressure, 
w i l l  be low. The r i s k  from any p r o j e c t  a1 

c t  on t h e  
. Should 

geother-  
a c t i v i t y  

t e r n a t  i v e  
is n e g l i g i b l e .  

n t  e m i s s i o n s  from t h e  t r e a t m e n t  p l a n t  
a c t u a l l y . w i l 1  decrease becaus 
W i l l  decrease. During c o n s t r  
w i l l  be gene ra t ed  by excavat ion  of p ipe  trenches and foundat ions .  
The impact w i l l  be temporary and minor. The impact of t h e  
p r o j e c t  on groundwater q u a l i t y  should  be n e g l i g i b l e .  

g i c  environment w i l l  be 
i n s i g n i f i c a n  e g l i g i b l e  effects  on t h e  
economics, and h i s t o r i c a l  
resources of San Bernardino. A n e g a t i v  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 is Daley W e l l  
No. 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  cross t h e  
road; however, 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  fou r  w e e k s .  
Increased  n o i s e  l e v e l s  are n o t  anticipated dur ing  operation of 
t h e  project,  b u t  heavy c o n s t r u c t i o n  equipment, such  a s  backhoes 
and d r i l l i n g  r i g s ,  w i l l  c r e a t e  an impact for approximately t w o  
months. 

w i l l  r e s u l t  i n  t h e  
conse rva t ion  about  5.5 x l o 9  BTU 

ura l  g a s  and a i n  t h e  Water Depart- 
m e n t ' s  c u r r e n t  annual  energy 20,000 per  d i g e s t e r  



2.5 RESOURCE DEVELOPMENT 

A workable product ion  well w i l l  be selected, and an 
i n j e c t i o n  well may be s e l e c t e d  f o r  t h e  project. ased on t h e  
prelim’inary informat ion  a v a i l a b l e ,  which i n c l u d e s  temperature, 
f l o w  rate and water chemis t ry ,  t h e  Meeks & Daley W e l l  No. 66  
appears t o  be an adequate  product ion  w e l l ;  however, more informa- 

’ t i o n  on its phys ica l  c o n d i t i o n ,  as w e l l  a s  on any i n s t i t u t i o n a l  
and f i n a n c i a l  ramifications of us ing  t h e  w e l l ,  must be ga thered  
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  W e l l  No. 59,  a warm water w e l l  about one-fourth of 
a m i l e  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  i t s  own product ion  
w e l l .  

Before selecting t h e  l o c a t i o n  for a p o t e n t i a l  i n j e c t i o n  
w e l l ,  microseismic and o t h e r  geological data m u s t  be analyzed. 
If a n  i n j e c t i o n  w e l l  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 
pressure i n t o  sedimentary format ions ;  t h e r e f o r e ,  induced seis- 
m i c i t y  is un l ike ly .  

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 
logging  a c t i v i t i e s  a l so  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  o f  eve ry  par t ic i -  
pant,  if 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  fash 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  f inanc ing  is a v a i l a b l e ,  t h e  p r o j e c t  may 
beg i n  . 

S e l e c t i o n  of d r i l l i n g  s i t e s  w i l l  be aided g r e a t l y  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  B i v i  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 s u c c e s s f u l ,  a second w e l l  
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  
s u c c e s s f u l ,  a second w e l l  w i l l  have 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 f o r  i n j e c t i o n .  

on of Mines and Geology. 

After a d e t e r m i  n of  w e l l  h i d  temperatures,  
chemis t ry  and f low 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  3 i s p o s a l  permits are ob ta ined ,  a des ign  con- 
t ractor  p i l l  be s e l e c t e d  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 l e a d  times, i.e., heat  exchangers,  w i l l  be ordered  as  
soon as poss ib l e .  

Cons t ruc t ion  w i l l  begin when t h e  required 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 t h e n  t h e  
en 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 i nuous .  
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3. PRELIMINARY DESIGN 

P re l imina ry  Design work accom- 
p l i c a t i o n s ,  Ific. f o r  t h e  C i t y  of San 

Bernardino. d iv ided  i n t o  three major s e c t i o n s .  
The f i r s t ,  P n overview of t h e  c u r r e n t  

o Wastewater Treatment 
A l t e r n a t i v e s ,  v a r i o u s  

a t  known t o  e x i s t  i n  t h e  
t e n t i a l l y  v i a b l e  heat 
c t i o n  3.3, P re l imina ry  

Des igns ,  presents system d e s c r i p t i o n s  and equipment specifica- 
t i o n s  f o r  u t i l i z a t i o n  of g e  ermal energy w i t h i n  t h e  p r o c e s s e s  
selected a s  v i a b l e  i n  S e c t i o n  3.2. 

3.1 PLANT DESIGN 

3.1.1 Cur r e n t  

Wastewater Treatment P l a n t  
p r o c e s s e s  about  2 1  m s per day (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  imar'y and secondary t r e a t m e n t  of a l l  wastewater , and 
t e r t i a r y  t r e a t m e n t  of 3.0 MG i c h  is reclaimed for process, 
washdown and i r r i g a t i o n  purpos F igure  3-1 is a l a y o u t  of t h e  
p l a n t  showing major p r o c e s s  areas nd F i g u r e  3-2 p rov ides  a 
s i m p l i f i e d  flow am for t h e  t n t  p l a n t  (Reference  3.1). 

t h e  t r e a t m e n t  p l a n t  v i a  t h e  three 
sewer l i n e s  a s  shown i n  F igure  3-2. The wastewater undergoes 
p r e l i m i n a r y  t re  ment i n c o r p o 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 as r a g s ,  s t icks and o t h e r  d e b r i s .  These a r e  
mechanica l ly  removed, and depos i t ed  i n t o  c o l l e c t i o n  b i n s  for 
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Figure 3-1. Site Plan, City of San Bernardino Wastewater 
Treatment Plant (From Reference 3.1) 



Figure 3-2. Schematic Flow Diagram, City of San Bernardino 
Wastewater Treatment Plant (From Reference 3.1) 



s a n i t a r y  d i s p o s a l .  Also,  removal  i s  accompl i shed  by 
p re -ae ra t ion ,  a p rocess  by r ,  under p r e s s u r e ,  is bubbled 

through t h e  raw wastewater urage f loatable  m a t e r i a l  and 
s e t t l e a b l e  material t o  s e p a r a t e  more r e a d i l y .  

Following p re l imina r  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  m a t e r i a l s  are allowed t o  
separate. 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 s o l i d  m a t e r i a l ,  
b o t h  set , t led s l u d g e  and skimmings,  -1s removed f o r  f u r t h e r  
t r e a t m e n t ,  t o  be discussed la ter .  The l i q u i d  p o r t i o n ,  or 
e f f l u e n t ,  then  flows t o  t h e  a e r a t i o n  system t o  b 
t rea tment .  

Seconaary t r ea tmen t  processes are b i o l o g i c a l  processes 
i n  which l i v i n g  a e r o b i c  (free oxygen demanding) micro-organisms 
feed on t h e  suspended o r g a n i c  material n o t  removed dur ing  primary 
t r ea tmen t .  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  
p rocess ,  which attempts t o  d u p l i c a t e ,  a t  a r a p i d l y  accelerated 
ra te ,  t h e  n a t u r a l  breakdown of organic matter i n  a moving body Of 

water by provid ing  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  Aera to r s  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 )  t o  
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 f o r  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  a e r a t i o n ,  t h e  mixture  of  primary e f f l u e n t  and 
a c t i v a t e d  s ludge  flows t o  a Secondary Clar i f ie r  ( F i n a l  Clar i f ie r  
i n  F igure  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 again 
al'lowed t o  se t 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  e x c e s s i v e  amount of s o l i d s  
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accumulates  and h a s  t o  be removed. is waste a c t i v a t e d  s ludge  
is  t r e a t e d  w i t h  t h e  s o l i d  mate removed d u r i n g  p r i m a r y  
t r ea tmen t .  

The secondary e f f l u e n t  then  flows t o  t h e  Chlor ine  
Contact  chamber and s d i s in fec t ed  by c h l o r i n a t i o n .  I n  t h i s  
process, l i q u i d  chlo e is evaporated i n t o  i ts gaseous s ta te ,  
t h e  g a s  is i n j e c t e d  a t  a t ro l l ed  ra te  i n t o  a water supply ,  and 
t h i s  c h l o r i n e  s a t u r a t e d  r is  allowed t o  mix wi th  t h e  secon- 
d a r y  e f f l u e n t .  S u f f i c i e n t  d e t e n t i o n  t i m e  for thorough c h l o r i n e  
c o n t a c t  i9 t hen  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. 

reated for a t h i r d  
t i m e  a t  t h e  t e r t i a  a d d i t i v e s  are i n t r o -  

e r i a l  remaining i n  t h e  
actor Clar i f ier  , t h e  

e f f l u e n t  passes throug r for p o l i s h i n g  and 
r ina ted  aga in  and 

made a v a i l a b l e  for in -p lan t  u s e  and i r r i g a t i o n .  A hold ing  pond 
is used t o  s tore  a d d i t i o n a l  water for  freeway landscaping  and 
g o l f  course i r r i g a t i o n ,  o f f - s e t t i n g  f resh water u s e  a t  these 
f ac i l i t i e s .  

The s ludges  and other  s o l i d s  collected throughout  t h e  

t r e a t m e n t  process are pumped €rom their  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 t h e y  are concen t r a  through s e t t l i n g  . 
T h i s  th ickened  s ludge  t h e n  is p esters. Diges t ion  
is a b i o l o g i c a l  p anae rob ic  (absence  of 

m s  t o  feed on t h e  organics. Processes 
k down 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 g a s  is collected 
r ious in -p lan t  eng ines  which d r i v e  

t h e  w e l l  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  

ested s ludge  and methane gas. 

w i t h  one b e l t  press. 
mJ 

I 
c4 
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3.1.2 Proposed P l a n t  Improvements 

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  o n c l u d e d  t h a t  
aeration process wi th in  t h e  p l a n t  aust d t o  allow 
p r o c e s s i n g  of t h e  p l a n t ' s  28 MGb' u l t i m a t e  
(Reference 3.2). The fo l lowing  improvement 

a. Aera t ion  - I n s t a l l  new g a s  and e l e c t r i c a l l y  d r i v e n  
blowers,  mod i 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  bubble d i f f u s i o n .  

b. Thickening - Thicken primary s ludge i n  primary 
c la r i f ie rs  and pump d i r e c t l y  t o  d i g e s t e r s ,  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  dewa 
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 .  

The above proposed improvements c u r r e n t l y  are beinq 
cons idered  for approval  by EPA and other funding agencies .  If 
approved, des ign  work w i l l  beg in  i n  1981 and c o n s t r u c t i o n  should 
be completed i n  1984. 

3.2 INVESTIGATION OF ALTERNATIVES 

There are numerous p o t e n t i a l  u s e s  for low 
geothermal heat w i t h i n  wastewater t r ea tmen t  f a c i l i t i  I n  t h i s  
s e c t i o n ,  p o t e n t i a l  uses are t a b u l a t e d  based on a review of t h e  

1 i . t e r a t u r e .  The h e a t  u ses  are e v a l u a t e d ,  and t h o s e  uses consi-  
de red  p o t e n t i a l l y  v i a b l e  f o 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 fu r the r  a n a l y s i s .  
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3.2.1 Alternat ives  Considered 

A review of  t h e  l i t e ra ture  was performed t o  de termine  
a l t e r n a t i v e  uses or l o w  temperature  heat w i t h i n  t y p i c a l  waste- 
water ' t rea  l a n t s .  Table 3-1 - p r e s e n t s  a summary of t h e  
results. P 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  
h e a t i n g ,  s l u  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  Table 3- 
de te rmine  its corn i t h  t r ea tmen t  D sses i n  use  a t  
t h e  San Bernardino Treatment P l a n t .  

The San B e r n a f d i n o  p two h igh - r  a t e  
anae rob ic  digesters i n  which t h e  are hea ted  and mixed t o  
enhance t h e  d i g e s t i o n  proce  . The s ludge  is  maintained a t  
t empera tures  between 90 and O O F ,  w i t h i n  t h e  Mesophilic range. 
One digester 1s heated by a methane-fueled bo i le r ,  whi le  t h e  
other d i g e s t e r  r e c e i v e s  its heat from in -p lan t  engine  jacket 
coo l ing  systems. Theref e, t h e  s ludge  d i g e s t e r  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 l a n t .  

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 h e s  8% l i q u i d  and 2% so l ids .  
I t  m u s t  remain i n  t h e  beds for 60 days  b e f o r e  evapora t ion  and 
drainage have decreased its ' s ture  content  t o  about 50%. 

Sludge has been shown t o  be d i  ected if stored for 60 days  at 
68'F (Reference  3.3).  The re fo re ,  t h e  sludge d ry ing  beds a r e  
performing a dua l  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  is 
trucked off s i te  for cornpositing i c h  ac t s  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 disin'fect by hea t ing  a l t e r n a t i v e  i n  
Table 3-1 is n o t  compat ible  wi th  an Bernardino p l a n t .  

AS expla ined  a , s ludge  d ry ing  c u r r e n t l y  is accom- 
p l i s h e d  in dry ing  beds  and wi th  one belt p r e s s  i n  t h e  8an 
Bernardino plant .  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 -  
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Table 3-1. Low Temperature Heat Uses - Typical Wastewater 
Treatment Plant 

HEAT USE 

1. Sludge Digester Heating 

2. Sludge Disinfect ion 
a. Pasteuri t a t i  on 
b. Composting 

3. Sludge Drying 

4. Grease Melt ing 

TEMPERATURE RANGE 

85-1OOF (Mesophilic) 
120-135F (Thermophi 1 i c)  

158F 
131F 

125-1 300F 

205F 

REFERENCES 

3 .3 ,  3 .4  

3 .3  

3 .5  

3 .4  
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f '  
b 

t i v e  methods of s ludge  dewater ing m u s t  be implemented (See u 
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 lu 'dge  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  
t h e r e f o r e  compatible  w i t  r na rd ino  p l a n t .  

The San Bernardino plant  does  n o t  have a g r e a s e  mel t ing  
process .  The p l a n t  g municipal  waste and has  v e r y  
few i n d u s t r i a l  customers.  ore, t h e  c h a r a c t e r  of t h e  scum 
and grease t o  e processed wi thout  
any hea t ing .  mel t ing  a l t e r n a t i v e  
i n  Table  3-1 is incompatible  wi th  t h e  San Bernardino p l a n t .  

3.2.2 Compatible Al te rna t ives  

na t ive  h e a t  u s e s  h i c h  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 plant are d i g e s t e r  s ludge  
h e a t i n g  and s ludge  drying.  Each of these uses w i l l  be  exDlored 
f u r t h e r  i n  t h i s  sect ion.  

3.2.2.1 Digester Sludge Heatinq 

d of p r o v i d i  h e a t  t o  t h e  two high- 
sters is shown in Figure 3-3. A t  t h e  

San Bernardino plant ,  t h e  two h igh - ra t e  anae rob ic  d i g e s t e r s  a r e  
kep t  a t  a tempera ture  o f  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 h e a t  exchanqer where 
t h e  s ludge  picks up  heat and is r e tu rned  t o  t h e  d i g e s t e r .  Two 
h e a t i n g  s y  are i n  use and each is capab le  of s e r v i n g  t h e  
peak needs 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 d i g e s t e r  methane-fueled b o i l e r  t o  

t o  155OF. Th i s  water is passed through a s p i r a l  p l a t e  
re i t s  h e a t  is t r a n s f e r r e d  t o  s ludge  

r side of the exchanger. The water is  
cooled t o  .14S°F  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 

d reuse . 
Y 
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Figure 3-3.  Digester Heating System Schematic 
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The o t h e r  system (bottom of  F igure  
2-1) o b t a i n s  its h e a t  from t h e  c g jackets of  n a t u r a l  gas- 
and d i g e s t e r  methane-fu c h  are used t o  d r i v e  p l a n t  
a i r  blowers.  Steam f r  ackets is condensed i n  a 
s h e l l  and t u b e  h e a t i n g  t h e  water t o  135OF. 
The water is c i  e-in-pipe h e a t  exchanger where 
i t s  h e a t  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 t h e  tube  s i d e  of  
t h e  exchanger. The water  is cooled t o  115OF 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  t i n g  systems described, t h e  one 
us ing  t h e  methane-fueled b er l e n d s  i tself  most r e a d i l y  t o  

n t  by geothermal e rgy .  A geothermal w e l l  c o u l d  
y r e p l a c e  t h e  me thane - fue led  b o i l e r ,  f r e e i n g  t h e  

methane p rev ious ly  consumed for er in -p lan t  uses. Geothermal 
water  is  a v a i l a b l e  a t  tern of  120 t o  145OF from wells 
w i t h i n  3200 f e e t  o f  t h e  These tempera tures  are  
c e r t a i n l y  tec  l l y  s u f f i c i e n t  t o  p r o v i d e  h e a t  t o  s l u d g e  
ranging i n  temperature from 90 to 100OF. 

ed fcx using geother -  
mal water from Meeks & Daley Well 1 6 6  a t  145OF t o  d i s p l a c e  b o i l e r  
de r ived  h e a t .  The i n s t a l l e d  c o s t  o f  p i p e ,  valves ,  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  d i sp laced  each year by t h e  geothermal 

h e a t ,  which has  a c u r r e n t  v a l u e  of about  $20,000 per  year .  Based 
on t h e s e  p re l imina ry  costs, d i g e s t e r  hea t ing  wi th  geothermal 
- f l u i d s  h a s  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  S e c t i o n  3.3, 

nd-bottom d r y i n  s are used for s ludge  
d ry ing  a t  t h e  San Bernardino p l a n t .  These beds are c u r r e n t l y  
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handl ing maximum sludge 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- 
mented. As discussed i n  S e c t i  3.1.2, a d d i t i o n a l  mechanical de- 

water ing w i t h  b e l t  presses 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  o e p l a n t .  The use  of heat for 
d ry ing  may a l s o  c o n t r i b u t e  t o  i n c r e a s i n g  t h e  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 ,  if t h e  s ludge  can be d r i ed  
s u f f i c i e n t l y ,  it may have commercial v a l u e  a s  a f u e l  or f u e l  
supplement. 

. A pre l imina ry  i n v e s t i g a t i o n  was conducted t o  determine 
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  us ing  1 tempera ture  water a s  a h e a t  
source ,  The d r y e 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 ho t  water c o i l s  t o  heat 
d ry ing  a i r  (Reference 3.5) .’ Pre l imina ry  d i q c u s s i o n s  were held 
w i t h  t h e  l a r g e s t  manufacturer of cont inuous  through c i rcu la t ion  
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 o  
low t o  be practical  as a h e a t  source f o r  s l u d g e  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  f o 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  o rde r  o f 1 9 O 0 F  or above (Reference 3.6) .  

A process  schematic, shown a s  F i g u r e  3-4, was devised  
t o  provide  190°F water for a sludge d r y e r .  I n  t h i s  process, 
geothermal water is used t o  heat t h e  water /s ludqe heat exchangers  
described i n  S e c t i o n  3.2.1. The h igh  tempera ture  heat (220OF) 
from t h e  engine  jackets,  which was being used for diges te r  
h e a t i n g  ( v i a  an in t e rmed ia t e  water l o o p ) ,  is passed through a new 
h e a t  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 t s  heat t o  
produce d ry 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 f o r  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  c i rcumstances ,  s u f f i c i e n t  blower eng ines  are running t o  
r e s u l t  i n  2.5 m i l l i o n  BTU per hour of heat being a v a i l a b l e  t o  t h e  
dryer v i a  t h e  engine  j a  ea t  exchange sy . The d rye r  
manufacturer  estimates t h 170°F d ry ing  a i r ,  approximately 
2500 BTU w i l l  be r equ i r ed  t o  evapora t e  one pound of water from 
t h e  s ludge.  Therefore, about  1000 pounds per hour of water can 
be removed using 2.5 m i l l i o n  BTU per hour.  

: 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 (80% mois tu re )  t o  290 

pounds per hour o f  d r i e d  product  (10% m o i s t u r e ) .  The i n s t a l l e d  
cost  of  t h e  d rye r  p ip ing  and h e a t  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 a s  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  
$14,000 per year .  T h i s  r e s u l t s  i n  a simple payback of  14 years ,  
n e g l e c t i n g  o p e r a t i n g  and maintenance c o s t s  of  t h e  d r y e r .  There- 

fore,  s ludge  d ry ing  using t h e  concept  of F igure  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  w i t h  d r y e r  manufac turers ,  it is  
clear t h a t  s ludge  d ry ing  e f f i c i e n c y  i n c r e a s e s  ve ry  r a p i d l y  w i t h  
increased  d ry ing  a i r  tempera ture  (References  3 - 6 ,  3 - 7 )  . In 
a d d i t i o n ,  f l a s h  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 o f  t h e  c u r r e n t  geothermal  
s tudy ,  should s ludge  d ry ing  capacity 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  h igher  tempera- 
ture  exhaus t  gas from blower d r i v e r s  and d r i e d  s ludge  be con- 
s ide red  as  p o t e n t i a l  heat sou rces  for conveyor and/or cage m i l l  
s ludge  dryers.  
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_ _  

il PRELIMINARY DESIGN 

As r epor t ed  i n  S i on  3.2, d i g e s t e r  hea t ing  appears t o  
be a v i a b l e  use  for t h e  low tempera ture  geothermal energy  known 

t h e  San Bernardino Wastewater Treatment P l a n t .  I n  
p re l imina ry  d e s i g n s  w i l l  be presented  for systems 

robic 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, Meeks & Daley Well 6 and Meek & Daley Well #59 

( a l s o  known as t h e  R ive r s ide  W e l l ) ,  nd from a proposed new w e l l .  
These d e s i g n s  w i l l  p rovide  hea t ing  i n  p l a c e  of t h e  e x i s t i n g  
methane-fueled b o i l e r  t o  one d i g e  e r e  Should t h e  p l a n t  improve- 
ment project desc r ibed  i 3.1.2 be approved, a second 
methane-fueled boiler and s p i r a 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 e  jacket heat exhangd system. 
The re fo re ,  d e s i g n s  a l so  w i l l  be p resen ted  f o r  r e p l a c i n q  both 

methane- fue led .boi le r  systems w i t h  geothermal hea t ing  systems. li 
For convenience,  the  v a r i o u s  a l t e r n a t i v e  des igns  have 

been organized  i n  terms of t h e  geothermal product ion  w e l l  t o  be 
used ,  and t h e  number of i g e s t e r s  t o  be heated.  Table 3-2 below 
summarizes t h e  g e n e r a l  characterist ics of each design case. u 

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

Number of 
Product ion  Well 

E3 
se 1 Meeks & Daley #66 

Case 2 Meeks & Daley #66 2 
Case 3 M e e k s  6r Daley # 5 9  1 

2 Case 4 Meeks & Dal 
Case 5 2 

The l o c a t i o n  n well and s a s s o c i a t e d  
P ip ing  i n  r e l a t i o  d i n 0  Waste er Treatment 
P l a n t  is  shown- in  F igure  3-5.- Meeks & Daley Well # 6 6  is l o c a t e d  

* 
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t h e  g r e a t e s t  d i s t a  p l a n t  ( 3 3 0 0  fee t ) ,  however it 

of geothermal prod 

Tc 

A p ip ing  and i rumentat ion diagram ( P & I D )  appea r s  a s  
F i g u r e  3-6 for hea t ing  one anaerobic  digester wi th  geothermal 
l i q u i d  fro t h e  e x i s t i n g  Meeks & Daley W e l l  # 6 6 .  The symbols 
used for a P&ID ' s  i n  t h i s  r e p o r t  are i d e n t i f i e d  i n  Table 3-3. 
I n  Case 1, 155 gpm of geothermal l i q u i d  a t  145OF is  pumped from 
t h e  w e l l  us ing  a mul t i - s tage  v e r t i c a l  w e l l  pump wi th  a d i s c h a r g e  
pressure of 4 5  ps ig .  Th emperature ,  p r e s s u r e  and f low 
rate  are measured us ing  above ground carbon steel 
p i p i n g ,  p r i o r  t o  i t s  being t r a n s  d v i a  3300 feet of bu r i ed  
4-inch diameter p l a s t i c  (FRP) pipe t o  t h e  
t r e a t m e n t  p l a n t  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 ed i n  a PVC or FRP 

jacket.  The geothermal water loses approximately 1 ° 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 s p i r a l  p l a t e  heat  exchanger, where it g i v d 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  tempera ture  of d i g e s t e r  
s ludge  which is  c i r c u l a t i n g  o t h 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 Geothermal/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  bur ied  and bare 
FRP p i p e  t o  an i n j e c t i o  Depending upon i t s  q u a l i t y ,  t h e  
water may be blended w i  atment plant  t e r t i a r y  water for u s e  
i n  i r r i g a t i o n  systems or d i scha rged  t o  t h e  San ta  Ana River fn 
l i e u  of i n j e c t i o n  . 

1 

i 
., 
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(To/From Existing Boiler/Heat 
Exchanger System) I 

Heat Exchanger 
(Spiral Plate Type) 

New Injection Well 
P: 25 psig 
T: 122F 

Existing Production We1 1 
Meeks & Daley #66 
Pump Capacity: 155 GPM 
Discharge P: 45 psig 
Discharge T :  l45F 

Figure 3-6. Piping and Instrumentation Diagram - Design Case 1 
(Heating One Digester with Meeks 6 Daley #66) r 
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& Table 3-3 .  Key to Drawing Symbols 

@ Centrifug 

DQ Gate Valve 

N Check Valve 

H Globe Valve 

8 Well Pump Motor 

@ Locally Mounted Temperature Gage 

@ Locally Mounted Pressure Gage 

@ Locally Mounted Flow Indicator/Totalizer 

---- Existing Piping and Equipment 

Proposed Piping and Equipment 



i 1 

3.3.2 Desiqn Case 2 - Meeks st Daley Well #66/Twer D i g e s t e r s  

The P&ID f o r  hea t ing  two anaerobic  d i g e s t e r s  wi th  
geothermal l i q u i d  from Meeks & Daley Well #66 appears  as  Figure  
3-7. As i n  Case 1, geothermal l i q u i d  is pumped from t h e  w e l l  t o  
geothermal/sludge 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 n ject  ion  w e  or t o  surface 
d i s c h a r g e  and/or use .  

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 equ i r ed  is s u b s t a n t i a l l y  l a r g e r  than  for 
Case 1. The v e r t i c a l ,  mu l t i - s t age  w e l l  pump h a s  a c a p a c i t y  of  
310 gpm and a d i scha rge  pressure of  40 p s i g .  The product ion  
p ip ing  is bur ied  6 i n c h  diameter  FRP w i t h  a one i n c h  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 ip ing  is bur i ed  6 
inch  diameter  ba re  FRP. Because of t h e  h igher  flow r a t e s  i n  Case 
2 ,  t h e  geothermal l i q u i d  o n l y  l o s e s  0.5OF between t h e  product ion  
wellhead and t h e  geothermal/s ludge h e a t  exchangers  . Two s p i r a l  
p l a t e  h e a t  exchangers  wi th  200 f t  of a r e a  each are r equ i r ed  t o  
h e a t  both 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 lobe  v a l v e s  on 
t h e  co ld  s i d e  of  each exchanger. 

3.3.3 

2 

Design Case 3 - Meeks t Daley W e l l  #59/0ne Diges t e r  

F igure  3-8 p rov ides  t h e  P&ID f o r  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 scussed  i n  
Chapter 7 of t h i s  r e p o r t ,  t h e  temperature of  t h e  produced l i q u i d  
from W e l l  #S9 has  been measured a t  between 115 and 135'F. 
Add i t iona l  tempera ture  measurements of  t h i s  w e l l ,  i nc lud inq  a 
tempera ture  p r o f i l e  ve r sus  d e p t h ,  w i l l  be  completed by t h e  
Ca l i fo rn ia  Div i s ion  of Mines and Geology (DMG) i n  1981. Pendinq 
a v a i l a b i l i t y  of 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  
Well 859 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  120OF. 
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Existing Production Well 
Meeks d Daley 166 
Pump Capacity: 310 gpn 
Discharge P: 40 psi9 
Discharge T = 145F 

Nm Injection Hell 
Injection P: 27 pslg 

T = 123F 

Figure 3-7. Piping and Instrumentation Diagram - Design Case 2 
(Heating 2 Digesters Using Meeks & Daley Well #66) 
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F R P t  4" FRP U/G 

I I 

Exist ing Production We1 1 
Weeks 8 Daley #59 
Pump Capacity: 310 gpm 
Discharge P: 60 psig 
Discharge T: 120F 

. 
New Geot herma 1 /S 1 udge 

Heat Exchanger 
(Spiral  P la te  Type) 

P = 30 psig 
Q = 1 . 5 ~ 1 0 ~  Btu/hr 
A = 400 ft2 

New In jec t ion  Well 

T: 109F 
P: 21 psig 

Figure 3-8. Piping and Instrumentation Diagram - Design Case 3 
(Heating One Digester with Meeks f Daley #59)  
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The design co ept for Case 3 is ident i ca l  to the Case 
1 concept. However, because of the lower geothermal temperature 
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d i g e s t e r  obta ins  heat  from combustion of methane gas i n  a hot  
water boiler, and t h e  o ther  d i g e s t e r  is  heated from water heated 

S e c t i o n  3 . 1 . 2  have been completed (1983), both d i g e s t e r s  w i l l  be 
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Rmrp Capac?ty: 620 gpm 
Discharge P: 36 psig 
Dfschargo 1: 120F 

Figure 3-10. Piping and Instrumentation Diagram - Design Case 5 
(Heating 2 Digesters Using New Production Well) 



F 1  

f l  

L 

eng ines ,  t h a t  d r i v e  t h e  p s 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 e n g i  sp laced  by geothermal 
d i g e s t e r  hea t ing  could t h i s  f u e l  supply ,  
r e s u l t i n g  i n  a re t h e  p l a n t .  

o d e l i v e r  1.5 m i l l i o n  
BTU/hr of h e a t  t o  1 4  i lers  o p e r a t e  about  

. one - th i rd  of  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 res 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 ,  e thane  f u e l  i n p u t  pe r  
b o i l e r  per year  is 5.5 x l o 9  BTU/yr. 

Each d i g e s t e r  

If geothermal h e a t  i s  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 o n a l  5 . 5  x 1 0  

BTU/yr of methane w i l l  be mad a v a i l a b l e  t o  f u e l  pu 
Use o f  t h i s  methane w i l l  conserve 5.5 x 10' BTU/yr or 

55',000 therms of natura l  g a s  c u r r e n t l y  used t o  f u e l  t h e  pum? 
engines .  S i m i l a r l y ,  i f  wo d i g e s t e r s  are geothermally hea ted  I 

' engines .  

a t e l y  110,000 t h e  s of n a t u r a l  g a s  can be conserved. 
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ECONOMIC A N A L Y S I S  i& 
csd iJ 

An economic l y s i s  of t h e  d e s i g n s  p r e s e n t e d  i n  
$ 1  Chapter 3 was conducted ermine t h e  economic f e a s i b i l i t y  of u us ing  geothermal h e a t  a astewater Treatment 

P l a n t .  The s p e c i f i c  c a  bed b r i e f l y  below. 
@ h  

Case 1 - y Well 866 t o  heat one 

,Case 2 - Using Meeks 

li 
d i g e s t e r  a t  t 

I )  

L Case 3 C59 t o  heat one 

Case 4 Using Meeks & Daley Well 859 t o  h e a t  two 

Case 5 - D r i l l i n g  a new product ion  w e l l  a t  t h e  

f Case 6 (P) - l o p s  t h e  r e source  
for t h e  purpose of s e l l i n g  heat  t o  t h e  
Water Depar tment  ( i .e .8  Case  5 w i t h  
p r i v a t e  ownership) 

d i g e s t e r  a t  the p l a n t .  

d i g e s t e r s  a t  

1 ,  

L 

d i g e s t e r s  . 
c 

i d  

e 
ment would own.al1 f a c i l i t i e s ,  while i n  Case 6 a p r i v a t e  e n t i t y  
would  own t h e  f a c i l i t i e s  and se l l  energy tQ t h e  Water Department 

$ 1  

u 
L 

ing t h e  GEYSER 

r l y  S ta tements  
8 )  of Expenses a statements and 

on investment  
model a l s o  can 

be used t o  calculate t h e  current price of energy t h a t  would be 
e t  

ij 
Id- 
id 4-1 



required t o  make the project economically feasible ,  Another 
important feature of t h e  model is t ha t  it enables the caDital 
cost  l imitation for the project t o  be calculated, i n  other words, 
t ha t  amount of investment which the Water Department cannot 
exceed, and . s t i l l  have a prof i table  internal r a t e  of return a t  
the required discount rate.  

Several important var w can have an 
impact upon the economic feasibi  

0 Discount Rate 
o L i f e  of the Investment 
o Volume of Energy Used 
o Price of Alternative Energy 
o Capital Costs 
o Operating & Maintenance Costs 
o Energy Costs ( for  operating pumps) 

0 Inf la t ion Rates. 

A discussion of t h e  economic variables u t i l i z e d  for 

I o In te res t  Rate % 

t h i s  analysis is  presented below. A s e n s i t i v i t y  analysis was 
performed for each var ible  i n  each case. c 

t 
t 
i 
i 

o Discount Rate - The discount ra te ,  which is  the 
same a s  t h e  return on investment or internal r a t e  
of return,  typical ly  accounts for both inf la t ion  
and an acceptable return on investment. Since the 
Water Department, a s  a public  service, is not a 
prof it making enterpr ise ,  t h e  discount r a t e  would 
account for in f la t ion  and recovery of capi ta l :  
deprec ia t ion .  The  d i scount  r a t e  s e l ec t ed  a s  
appropriate for t h e  San Bernardino Water Department 
was 10%. On t h e  other hand, t h e  discount r a t e  
selected for t h e  private entrepreneur was much 
higher -- 30% -- i n  order t o  secure an adequate 

o ther  p r i v a t e  companies pursuing geothermal 
investments) . 
return on investment  (similar t o  tha t  required by 

! 

4-2 
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o Life of Investment - The expected l i f e  of an 
t is  twenty yea r s ,  although var ious  

components may have different  l i f e  expectancies. 
Pipe might  be expected t o  l a s t  50 years, pumps 1 0  
years and heat exchangers 15-20 years, The well 
could g i v e  out a f te r  1 0  years, although, given the’ 
long h is tor ies  of the e x i s t i n g  wells, t h i s  s i tua-  
t i o n  is not expected. I n  order t o  account for 
replacement capi ta l ,  an additional $20,000 ( i n  1981 
dol la rs )  is appropriated a f te r  1 0  years i n  order t o  

exchangers i n  each case. 

each case, the volume of 
energy was t h a t  amount determined necessary 
according t o  engineer ing s p e c i f i c a t i o n s .  T h i s  
amount is not  expected to  vary. Nevertheless, a 
s e n s i t i  analysis was provided for reference 
purpose The volume of energy changes requires 
engineering design changes which impact capi ta l  
costs  and operating costs.  

1 

Gi 

c; 
h; 

o Price of Energy - The price of energy r e f l ec t s  the 
current price of the al ternat ive energy. I n  t h i s  
case, natural  gas from Southern California Gas Co., 
which is currently $ . 3 8  therm. 

0 Price Inf la tor  for Energy - T h i s  is an important 
variable. I f  natural  gas pr ices  were deregulated 
completely, . the decontrolled price currently would 
be $ . 6 0  per therm. Natural gas  pr ices  are  schedul- 
ed t o  be completely decontrolled by 1985. For a l l  
base cases, it is assumed tha t  energy pr ices  w i l l  
escalate  20% per year for 5 years and then 10%/yr 
thereaf ter .  . T h i s  appears t o  be a conservative 
f igure i n  l i g h t  of price escalations i n  recent 
ykars which are  heavily dependent on fuel cost  
e s c a l a t i o n s  a t t r  ib,utable t o  p r i c e  increases  by 
OPEC 

o Capital Costs - Capital costs  were calculated based 
upon the engineering designs i n  Chapter 3 us ing  the 
Process P lan t  Construct ion Estimating Standards 
fxom Richardson Engineering, a long  w i t h  quoted 
pr ices  from vendors. An estimate was prepared for 
each case and a 10% contingency factor applied. A 
capi ta l  cost  escalator of 10%/yr is applied w i t h  
regard t o  replacement capi ta l .  Capital costs  for 
each case are displayed i n  Table 4-1. 

o Operating & Maintenance - O&M costs  were broken 
dowri i n t o  two ca tegor ies :  opera t ing  c o s t s ,  
including service, par t s  and labor; and energy 

i ‘  

ki 

L 
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CASE 
1 I COST CATEGORIES CASE 

2 

L 
f 
f 
t Table 4-1. Capital Cost Summary ($1,000~) - San Bernardino 

Wastewater Treatment Plant Geothe 
Study, January 1981 Price Level 

a1 Feasibility 

CASE 
3 

t 
E 
L 4 

I 40 I 40 40 

I Piping I 84 I 91 68 

24 ViExchi ng er s I 12 I 24 

13 

~ 

232 225 225 

I Pumps I 9 1  l 3  
40 I 40 40 Management & Engineering 

TOTAL 

10%. Conti ngency 

Total Cost 

185 

19 

204 229 204 

L i 
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costs.  The operating costs  have an inf la tor  of 1 0 %  
per year .  The ene rgy  c o s t s  ( e l e c t r i c a l  fo r  
pumping) have in f l a to r s  of 20% for 5 years and 10% 
t h e r e a f t e r ,  which a re  the  same a s  t h e  p r i c e  
i n f l a t o r  fo r  na tu ra l  gas.  The opera t ing  and 
maintenance costs  vary i n  each case according t o  
design c r i t e r i a .  

o In t e re s t  Rate - The in t e re s t  r a t e  used is similar 
t o  tha t  for municipal revenue bonds, approximatelv 
12%.  The i n t e re s t  r a t e  for a private entrepeneur 
is the Prime Rate, currently 19  3/4%. I t  might  be 
possible t o  achieve a lower in t e re s t  r a t e  for a 
municipal en t i ty .  The 12% ra t e  is conservative and 
depends upon t h e  market for municipal geothermal 
bonds, for which there is no prior experience i n  
California . 

o % Debt - The project w i l l  be one-hundred percent 

pr ivate  development, 50% debt, 50% equity financing 
is assumed. 

Fnergy Costs - The pumps w i l l  be driven by e l ec t r i c  
power from Southern California Edison a t  a current 
pr ice  of 106 per Kwh. Electr ic  power est imates  
vary according t o  horsepower requirements, which, 
i n  turn,  vary according t o  design requirements. 

debt  financing for the municipal en t i ty .  For 

o 

" I  4 .2  

L i  
I n  each of the s i x  cases, t h e  proposed system was found 

t o  be more cost  e f fec t ive  than u t i l i z i n g  natural gas. Table 
4-2 displays the expected return on investment, pr ice ,  and 
cap i t a l  cos t  mitat ions for each base case. 

pr ice  of energy displaced by geothermal heat a s  
iable ,  the cases are  ranked i n  order of economic i; 

f eas ib i l i t y ,  a s  follows: 



\ 
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B a s e  Case Summaries - Conceptual Geothermal 
Systems for San Bernardino Water Department 

INTERNAL RATE 1 
OF RETURN 

lb 

I 
Q\ 

CAPITAL COST - 1  LIMIT - $1000~ 
PRICE 

$/THERM 

T a b l e  4 . 2  

66.56% 

81.30% 

34.58% 

BASE CASE 

.24 633 

22 653 

.34 296 

Case 1. M&D-#66, 1 DigesteP 

Case 2. M&D #66, 2 Digester 

- 
Case 3. M&D 159, 1 Digester 

Case 4. M&D #59, 2 Digesters 

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

Case P(6). P r i va te  Investor, 
-Case 5 

39.39% 1 .  t.25 $365 

125.11 % 

20.00% 

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

r r 



Price of Energy L Case 

Case 2 $.18/therm L Case 5 
J i  Case 4 $.24/therm 

Case 1 
Case 3 $.32/therm 
Case P 

u 

b 
t '  

i; T ost of enerqy 

(natural gas) to make 
the price currently paid by the Water Department ($.38/therm). 
Therefore providing digester heat from geothermal energy exhibits 
superior economics in all cases studied. 

t 
r a  

It should all the municipal cases iJ provided cheaper energy nt, because a 
municipality does not need to make 
100% debt financing is utilized and the municipality does not bi have to pay taxes. 

I4 

ts investment 

1 '  

.Case 2 (heating two h the existing Meeks tG 

(drilling a new well on the property) 

appears more cost 
ns which cannot be 

iJ 
Daley Well 1 6 6 )  and Case 
are the most Although Case 
effective, Case 5 is attractive for two r 
quantified in the economic anal 

L 
lli 
- I  

s freed for potentially 
in excess of 

ti 

f ,  e case assump- 
L analyses for 

each of the key variables involved with regard to price and 
Li capital cost limit. 

d 
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Return on Investment 

Price 

Capital Cost Limit . 

Table 4.3 Base Case 1 

50.97% 

$.252/therm 

$365,484 

Heeks 81 Daley Well #66 
Nea ti ng One Digester 

Interest Rate 

4-8 . 
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SENSITIVITY ANALYSIS 
Case 1 . 

I ’I 1 PRICE 1 CAPITAL I 
$/ COST CHANGE I N  VARIABLE 

BC = BASE CASE I THERM I 
I 

~~ 

Discount Rate . 5% $.23 I $41 7 I 

Li fe  o f  Investment 

I n  teres t Rate 
B 

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

In f la tor )  

Operating Cost 
In f la tor  BC 

20% 1 .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 4-9 



Table 4.4 Base Case 2 

Meeks & Daley Well #66 
Heating Two Digesters 

Return on Investment 

Pricb 

Capital Cost Limit 

$ .180/ therm 

742,068 

Lr 

c 

L 
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SENS IT IV ITY ANALYSIS 

CHANGE EN VARIABLE 
BC = BASE CASE 

* \ 

Price Inflator - Assume 20% 
increase in 1st 5 years; 
10% thereafter for Base Case 4-11 



Table 4.5 Base Case 3 

Meeks & Daley #59 
Heating One Digester 

Return ,on Investment 

Price 

Capital Cost Limit , 

~~ 

Price Inflator 20%/10% 

Operating Cost Inflator 10% 

Energy Cost (Pump) Inflator 20%/10% 

Capital Cost Inflator 10% 

22.42% 

$ .329/therm 

$268,515 
- 

i 
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& 

L; 
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BC = BASE CASE 

* 
Price Inflator - Assume 20% 
Increase in 1st 5 years; 
10% thereafter for Base Case 4-13 



# 

-tm 

LJ able 4.6 Base Case 4 t 

eeks & Daley #59 & 

i 
Heating Two Digesters 

I 

il Price $ .239 

Capital  Cost L imi t  $632,983 
* 

In terest  Rate 

CI 
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i 
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Case 4 

CHANGE IN VARIABLE 
BC = BASE CASE 

(=Energy Cost 
Inflator) 

I nf 1 a tor 

* 
Price Inflator - Assume 20% 
increase i n  1st 5 years; 

' d  
t 
- 7  10% thereafter for Base Case 4-15 
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Table’4.7 Base Case 5 

Drilling a New Well on the 
S i t e  t o  Heat Two Digesters 

Life of Investment 20 years 

Vol ume of Energy 
~ 

Price of Energy I $.38/therm I 
I Capital Cost I $248,860 

Operating Cost (1st  y r )  

Interest  Rate 12% 

$5 , 800/yr 

% Debt 100% 

Energy Cost (Pumps) $9 , 800 

Price Inf la tor  20%/10% 

Operating Cost Inf la tor  

I Capital Cost Inf la tor  10% 

All Variables Remaining Constant 

Return on Investment 

Price $ .223/ therm 

Capital Cost L i m i t  $652,504 

I ’  

ips 
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~~ 

CHANGE IN VARIABLE 
BC = BASE CASE 

I 

PRICE CAPITAL 

THERM 
COST 

$/loo0 
$/ 

i 

BC 12% 
20% 

t 

.22 653 
27 436 

' d  
G 

Operating Cost 5% 
Inflator BC 10% 

f i  

b 

.21 685 
22 653 

SENSITIVITY ANALYS IS 
Case 5 

Discount Rate 5% .21 I $747 

Interest Rate 8% I .20 I 840 

Price Inflator * 
(=Energy Cost 

Inflator) C 

20% I .2a I 499 
* 
Price Inflator - Assume 20% 
increase in 1st 5 years; . 
10% thereafter for Base Case 4-17 



Table 4.8 Base Case P 
A Private Investor Develops the Resource 
under Conditions for Base Case 5 

Return on Investment 

Price 

Capital Cost Limit . 

I 

I I 

34.58% 

$ .337/ therm 

$296,025 

Capital Cost 

i- 

L 
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[ i  SENS IT1  VITY ANALYSIS 
ise P Y 

c1 

ii 

CHANGE I N  VARIABLE 
BC = BASE CASE 

In teres t  Rate 

Pr ice  I n f l a t o r  * 

100% I . . I  1 870 1 
*Price Inf la tor  - Assume 20% increase i n  1 s t  5 years; 10% theredfter  f o r  

Base Case 4-19 
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1 -  A reassuring observation from Cases 2 and 5 is that variances I 

t., ._ energy to the extent that it is no longer cost competi I 

the existing fuel cost. Even if the inflator (the v L 

I-- 
8% thereafter, the price of energy is still less th L 

1 L 

L 

L indicated in t sensitivity analysis do not impact the 

i 

the highest impact) is lowered to 15% for the firs 

c- Using these conservative parameters, it appears that 
i the project i s  clearly cost competitive i 

f utilizing a private developer, is cost comp 
circumstances and is only uncompetitive under the most pessi- 

I 

b 
i 
c 
t 
6 

mistic assumptions. 

In addition, in all of the sensitivity tests, the 

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. 

capital cost limitation is higher than the prepared capital cost 

4-20 
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5 .  ENVIRONMENTAL ANALYSIS  

I n  t h i s  Chapter, an a n a l y s i s  of t h e  environmental  
impacts  which w i l l  r e s u l t  from c o n s t r u c t i o n  and o o e r a t i o n  o f  t h e  
geothermal  h e a t i n g  system d e s c r i b e d  i n  Chapter 3 ,  "P re l imina ry  
Design",  are d i s c u s s e d .  Chapter, 5 is d i v i d e d  i n t o  two main 
s e c t i o n s ;  S e c t i o n  5.1 d i s c u s s e s  t h e  environmental  s e t t i n q  of t h e  
p r o j e c t  and Sectiop 5.2 describes t h e  expec ted  impacts  on t h e  
e n v i r o n m e n t  from t h e  San  B e r n a r d i n o  Geothermal Wastewater 

I 
Treatment  Project. 

5.1 ENVIRONMENTAL SETTING 

i; 

L, 
L 

The environmental  s e t t i n g  o f  t h e  San Bernardino area,  
i n  terms of p h y s i c a l ,  b i o l o g i c a l  and socioeconomic character- 
i s t ics ,  is p r e s e n t e d  i n  t h i s  s e c t i o n .  Two documents were used as  
pr imary  s o u r c e s  for t h i s  data  and should be c o n s u l t e d  f o r  more 
d e t a i l e d  i n f o r m a t i o n .  They a re  t h e  San B e r n a r d i n o  V a l l e y  

Wastewater Manaqement F a c i l i t i e s  Plan:  Phase I Volume 1 E x i s t i n g  
- Cond i t ions  (Reference  5.1) and t h e  F i n a l  Environmental  Impact 

Report: San Bernardino Fac i l i t i e s  P lan  (Reference  5 . 2 ) .  

5.1.1 Phys ica l  Environment 

f *  id The p h y s i c a l  environment is d i s c u s s e d  i n  terms of 

e ,  air q u a l i t y ,  water L-esouL-ces 
1 

topography, s o i l s ,  geology,  c l i  
and water q u a l i t y .  

5.1 .lo 1 Topography 
4 

f t o p o g r a p h i c a l  f e a t u r e s ,  i n c l u d i n g  moun- 
rses and a l l u v i a l  p l a i n s ,  are e v i d e n t  i n  
roposed project q u r e  5-11. The Sari 

t h e  n o r t h w e s t  t h e  Sari B e m a r d i n 0  

I 

ij 

if 
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Mountains t o  t h e  n o r t h  are separated by Cajon Pass  and t h e  San 
Andreas F a u l t .  The San Bernardino Mountains reach  a maximum 
e l e v a t i o n  of 1 1 , 5 0 2  feet  a t  Moun an  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  
are d i s t r i b u t e d  throughout t h e  
o r i g i n a t e  i n  t h e  m o u n t a i n s  a 
Depos i t ion  by the  Santa  Ana Rive 
t o  t h e  larger a l l u v i a l  f a n s  i n  t h e  
Smaller' ' fans and a l l u v i a l  plains,  inc luding  
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  west, 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  

e e k  have cont r ibu ted  

The S o i l  Cbnservat ion ,Service has  i d e n t i f i e d  21 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  ree major grou based on s o i l  
c h a r a c t e r i s t i c s ,  slope and er n. Group 1 s o i l s  are found on 

l b i  

L 
li 

a1 f a n s  and p l a i n s  and c o n s i s t  of deep, 
no development i n  t h e  prof i le .  They a 

t e r i z e d  by moderately r a p i d  pe rmeab i l i t y  and a slow runoff  ra te .  
The proposed geothermal p r o j e c t  w i l l  be cons t ruc t ed  i n  these 
Group 1 s o i l  t ypes .  Group 2 s o i l s ,  found on older a l l u v i a l  Eans 
and terraces, cbnsist  of s i l t y  or sand loam i n  t h e  surface l a y e r  

r :  . with c lay  l o a m - i n  t h e  s u b s o i l s  and sub raturn; the lower horizons 
Id c o n t a i n  c l a y  pan. These s o i l s  show a 

h a z a r d ,  good d r a i n a g e  c h a r a c t e r i s t  and m o d e r a t e  t o  slow 
pe rmeab i l i t y .  Group 3 s o i l s ,  located on c r y s t a l l i n e ,  sedimentary 
and g r a n i t i c  b&drock, are found i n  t h e  Chino H i l l s ,  a t  t h e  base 
of t h e  San Gabriel and Jurupa  Mountains, and i n  small a r e a s  a long 
t h e  ' San Bernardino-Riverside ounty l ines .  These s o i l s  are w e l l  

I S  d r a i n e d ,  w i t h  moder t o  moderately rapid p e r m e a b i l i t y  
L wi th in  t h e  'subsoils.  

E 
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b 

& 



i 
t 
1 5-1.1.3.  Geology b 

L 
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1 
The geology o f  t h e  San Bernardino area 

Beginning w i t h  marine d e p o s i t i o n ,  igneous i 
a c t i v i t y ,  t h e  basic bedrock of t h e  area has 
phism, r epea ted  u p l i f t ,  eros '  
m o u n t a i n s  and  h i l l s  s u r r o u n  I 

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 b 

d e p o s i t i o n  a t  t h e  mountain bases 

I '  

i L 

L 

t '  

, 

h 
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  

L 
t 
t 

s i z e  and numbe o f  f a u l t s ,  i n c l u d i n g  t h e  San Andreas, t h e  San 
J a c i n t o ,  which s t h e  most a c t i v e ,  and a number of 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  coun ty  has  ex9er- 
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 earthquakes i n  the  San Bernard ino  area are  a l s o  shown i n  
Figure 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 greater on t h e  
Richter  Scale; f i v e  have been a t t r i bu ted  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 i n c e  1923, f o u r  a d d i t i o n a l  seismic 
e v e n t s  o f  magnitude greater t h a n  6 have occur red  i n  t h e  San 
Bernardino area. I n  view o f  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 s o c i a t e d  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  k 
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  
fa i lures .  

5.1.1.4 Climate 
I 

I 
1, 
1 

The climate i n  San Bernardino is semi-arid, w i t h  h o t ,  
d r y  summers and c o o l ,  p e r i o d i c a l l y  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  o f  t h e  San Gabriel and San Bernardino Mountains and 
Pac i f ic  Ocean, t h e  p r i n c i p a l  me teo ro log ica l  factor impact ing t h e  
weather is t h e  presence  o f  a semipermanent e a s t e r n  Pac i f i c  h i g h  
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  s torms  i n  
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t h e  P a c i f i c  from moving ashore;  maximum d a i l y  temperatures  
average  between 87 and 95OF. I n  t h e  w i n t e r ,  t h e  ce l l  s u b s i d e s  
and the  ocean ic  s torms  move o n t o  l and ;  maximum 
average  between 63 and 71°F. Annual p r e c i p i t a t i o n  ave rages  13 
inches ,  however, less than  15% of t h i s  t o t a l  f a  
through October.  The p r e v a i l i n g  wind pa t te  ea b reeze  - 
l and  b reeze  regime, a l though s t r o n g  n o r t h e a  
i n f r e q u e n t l y  whip th rough  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  

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  -- about  70% m i x t u r e  o f  
carbon monoxide, o x i d e s  o f  n i t r o g e n  and hydrocarbon 
w i t h  t h e  remainder be ing  a complex mix 
sources .  I n  t h e  w i n t e r ,  t h e  greatest  p problems are 
carbon monoxides and o x i d e s  of 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 ear ly  morninq 
hours .  The combinat ion o f  l onge r  d a y l i g h t  h o u r s  and b r igh te r  
sunsh ine  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 ta  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 of 
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 Coast  A i r  Basin.  
The p r i n c i p a l  reason  f o r  ozone be ing  cons ide red  t h e  most serious 
p o l l u t a n 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  G r i n c i p a l  i r r i t a n t  i n  smog. E m i s s i  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 causes 
emiss ions  and smog-forming a tmospher ic  c o n d i t i o n s  i n  t h e  LOS 
Angeles - Orange County coastal  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 pass ing  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  of smog and is poor through- 
o u t  t h e  upper Santa  Ana Basin.  
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Table 5-1. 1978  Air Quality Monitoring Data in S 
Violations of State Standards and Annual Maximum 

dioxide refer to ‘the 24-hour standard; 
were not violated. 

the l-hour standards for these contaminants 



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  
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 
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 . ,  , 

The South Coast A i r  Basin,  i nc lud ing  San Bernardino,  
has been projected by t h e  Southern C a l i f o r n i a  Assoc ia t ion  of 
Government's A i r  Q u a l i t y  Management P lan  ( A Q M P )  be i n  v i o l a -  
t i o n  of ambient a i r  q u a l i t y  s t a n d a r d s  by 198 
projected t o  be i n  compliance w i t h  t h e  n a t i o n  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 t a t e  s t anda rds .  
S t a t e  and f e d e r a l  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 of carbon monoxide emiss ions ;  b u t ,  even w i t h  
a 43% 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 is  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 w i t h  n a t i o n a l  s t a n d a r d s  for  ozone,  CO and NOx by 
1987 . 
5.1.1.6 Water Resources and Water Q u a l i t y  

The p r i n c i p a l  watercourse  i n  t h i s  a r e a  is  t h e  San ta  
Ana R ive r ,  which has  a d r a i n a g e  area of 854 sq. m i .  River  flow 
c o n s i s t s  pr imari ly  of win te r  storm runoff  and sewage t r e a t m e n t  
f a c i l i t y  discharges.  The San ta  Ana R ive r ,  M i l l  C r e e k  and L y t l e  
Creek c o n t r i b u t e  80% of t h e  s u r f a c e  in f low,  which e i the r  i s  
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 e x p o r t ,  or percolates through the stream beds t o  t h e  
water tab le .  Groundwater, which has been t h e  p r i n c i p a l  sou rce  of 
water for  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 product ion  was pumped from t h e  b a s i n s ,  which are 
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Lj replenished by runoff from the mountains, infiltration from 
stream flows and irrigati waters, artificial recharge, precipi- 
tation, and wastewater discharges. 

Water quality throughout the San Bernardino Valley 
Municipal Water District is generally good, with an average total 
hardness (CaC03).of 167 mg/l and total 3 lids (TDS) of 
287 mg/l. Since the groundwater's mo 1 use is as 
drinking water, the Santa Ana Regional uality Control 
Board set water quality objectives consi drinking water 
standards. Surface water quality data 978 averaqed 
mean TDS levels less than 250 mg/l. Nitrate-nitrogen levels were 
greater than 1.0 mg/l and water hardness varied from moderately 
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 
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this water is generally high. 

5.1.2 Biological Environment 

L 
h 

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

5.1.2.1 Flora 

L 

In general, five different plant 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 

i 
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t o  about  5000 fee t  c o n t a i n  sou F i n a l l y ,  t h e  
montane c o n i f e r o u s  fores t  community is found from 5000 t o  9000 
feet  i n  t h e  San Bernardino Mountains. 

The e x i s t e n c e  of r i p a r i a n  p l a 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  role  i n  s t a b i l i z i n g  
stratum and banks,  t h u s  p r e s e r v i n g  t h  
and surface flows throughout  t h e  ar 
h a b i t a t  p r o v i d e s  s h e l t e r ,  wate 
w i l d l i f e .  t h ighe r  e l e v a t i o n s ,  a1 
predominate ,  w h i l e  i n  t h e  lower e l e v a t i o n s ,  C a l i f o r n i a  sycamore 
and mule f a t  are  t h e  dominant species.  

T r a n s i t i o n  zones,  which p rov ide  more 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  of t h e  two es. Dominant 
species from each ommunity r e s u l t  f l o r a l  d i v e r s i t y  
t h e n  e i the r  adjace 

itd 

L 

Most of  t h e  l and  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 urban and a g r i c u l t u r a l  u s e  t 
i nc lud ing  c i t r u s  a l y p t u s  windbreaks r e s i d e n t i a l  
l andscap ing ,  b u i l d i n g s  and suppor t ing  s e r v i c e s  such as  roadways. 
Na tu ra 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. 

San Bernardino County has  mo 
E 
I; 
L 
iJ 

p l a n t  species t h a n  any o t h e r  county  i n  t h e  
A l i s t i n g  of t h e  endangered f l o r a  can be found i n  ndix Table 

2 of Reference 5.2 .  

5.1.2.2 Fauna - 
he  d i v e r s i t y  of atures,  m i c r o c l i m a t i c  

zones and v e g e t a t i o n  communi t ies  provides a g r e a t  v a r i e t y  of 



w i l d l i f e  hab i t a t s .  The r i p a r i a n  h a b i t a t s  s u p p o r t  t h e  most 
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  

T r a n s i e n t  s p e c i e s ,  owls ,  hawks, b a t s ,  r o d e n t s  and racoons.  
p o p u l a t i o n s  i n c l u d e  bobcats, c o y o t e s  and m u l e  dee Amph i b  i a n  
and rep t i le  s p e c i e s  are a l so  p r e s e n t .  A se fauna is 
a l s o  p r e s e n t  i n  t h e  montane c o n i f e r o u s  forest  i c h  supports 
many o f  t h e  species t h a t  f r e q u e n t  
chamise c h a p a r r a l ,  chaparral and sou the rn  oa 
moderately d i v e r s e  fauna i n c l u d i n g  b i r d s ,  ro  
The c o a s t a l ' s a g e  scrub has a ' less  d i v e r s e  fauna ,  w i t h  mos t ly  
b i r d s ,  r o d e n t s  and repti 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 r d s  and l i z a r d s .  Detai led species 
l i s t i n g s  can be found i n  Appendix Table 3 of  Referen 

The C a l i f o r n i a  Department o f  F i s h  and G a m e  has desig- 
na ted  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  the area. 
They a r e  t h e  S tephen ' 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  

Bernardino Mountains, wh i l e  t h e  former is r e p o r t e d  t o  occur  near  
urbanized areas i n  t h e  San ta  Ana River  Basin.  

species is conf ined  t o  montane, forested areas o f  t h e  San .c 
5.1.3 Socioeconomic Character is t ics  

The socioeconomic charac te r i s t ics  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  use ,  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 
t 
f '  
b 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 u s e  a re  

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 agri-  
c u l t u r a l  l a n d s  account  for t h e  m a j o r i t y  o f  l and  use ,  amountinq t o  

I 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  r e p o r t  "Land Use: E a s t e r n  D i v i s i o n ,  San Bernardino 

c o r  
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County, 1975," from 1974 t o  1995, 9 ,  converted 
from undeveloped and a g r i c u l t u r a l  l a n  of urban land  
use .  The l a r g e s t  i n c r e a s  t h e  residen- 
t i a l  l a n d  u s e  c a t e g o r y  c t u r i n g  l a n d  u s e  n e x t .  
Agr i cu l tu ra l  and undevel ch comprised 52% of a l l  
land  i n  t h e  East a l l e y  i n  1974, were expec decrease .  

5.1.3.2 Economic A c t i v i t y  

The economic base of d in0  County is 
o r i e n t e d  h e a v i l y  toward manufa l e s a l e  and r e t a i l  
trade,  s e r v i c e s  and government. Whe t e d  w i t h  t h e  economy 
of C a l i f o r n i a  a s  a whole, t h e  ecbn area is more 
g r e a t l y  i n f l u e n c e d  by government ale manufacturing 
a c t i v i t y  accounts  f o r  less of t h  t a t i o n  is a l s o  
important  t o  t h e  economic base d ion of the 560 
a c r e  S o u t h e r n  P a c i f i c  R a i l r o a  i o n  y a r d  and t h e  
mig ra t ion  of s e v e r a l  motor t r  1s t o  t h e  a r e a .  
Nor ton  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  
h o s p 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 c a p i t a  personal  income t h e  unty 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  returns,  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 tax r e t u r n -  

5.1.3.3 Popula t ion  
I 

Popula t ion  i n  San Bernardin increased  13.2% 
from 1970 t o  Between 1977 and v e r s i d e  - Sari 

Bernardino - SMSA experienced t h e  larqest  popu la t ion  
i n c r e a s e  of  any SMSA in C a l i f o r n i a .  o rd ing  t o  e s t i m a t e s  by 
t h e  S o u t h e r n  Ca l ' i fo rn i a  9 s s o c i a t i o n  o vernments ( S C W  I 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 
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f '  county  is expected t o  grow 24.3% between 1980 and 1990 and 11.2% 
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 program Li 
aimed a t  ba lanc ing  employment w i t h  popu la t ion  i t h e  county  by 

t 

I 
t 
i 

5.1.3.4 C u l t u r a l  Resources i 
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reducing t h e  o v e r a l l  l e n g t h  and numbgr o f  commu 
Angeles County and by promoting economic v i t  w i t h i n  t h e  
reg ion .  I f  t h i s  program can  be imple 
local  economic base and local  indus t r i ' a l  an 
ment w i l l  be affected s i g n i f i c a n t l y .  

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  
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  , t h e  a r e a  is r i c h  i n  
c u l t u r a l  r e sources .  Records a t  t h e  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 es  h a v e  b e e n  
i d e n t i f i e d  . 

ENVIRONMENTAL IMPACTS OF PROPOSED ACTION 

The environmental  impacts which may r e s u l t  from t h e  San 
Bernardino Geothermal Wastewater Treatment P l a n t  P r o j e c t  are  
d iscussed  i n  t h i s  s e c t i o n .  The s e c t i o n  i s  organized  s i m i l a r l y  t o  
S e c t i o n  5.1 t o  a l low ready  c r o s s - r e f e r e n c i n g  between t h e  two 
sect ions .  

5.2.1 Impacts on Phys ica l  Environment 

5.2 

The proposed p r o j e c t  w i l l  have no adve r se  impact on 
topography, s o i l s  or climate of 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 

t 
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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  h a z a r d s  have been e v a l u a t e d  for 
t h e  proposed geothermal  system - seismic hazard  and subs idence .  
Experiments  conducted i n  e To1 i n  Colorado (3ef- 

e r e n c e  5 . 3 )  u s e d  h i g h  r e s s u r e  wa i n i e c t i o n  t o  t r i g 9 e r  
earthquakes. I n  t h e s e  exper iment  i n i 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  
showed t h a t  r educ ing  i n j e c t i  ho ld  l e v e l  

s i y n i f  i c a n t l y  reduced t h e  p 
v i t y .  I f  i n j e c t i o n  is used i n  t h i s  oroyject, 
seismic a c t i v i t y  w i l l  be low because  i 
f l u i d  w i l l  be done a t  t h e  o r e v a i l i n q  low Dressures i n t o  Dorous 
s t r a t a .  

bW 
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i d  haza rd  from the 

are  current ly  
pumped from t h e  The  TroDose3 

e r e f o r e ,  t h e  

rmal f l u i d s  

produced,  which  sho ence 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 

he San S e r n a r  

Wastewater Trea tment  P l a  
proposed oroject.  ~ i 9 e s  r e n t l v  used t o  

f l u i d s .  The f u e l * a  b o i l e r  w i l l  be d i  
n e  t hane  w i l l  be  d i v e r t e  umos which 

c u r r e n t l y  u s  n a t u r a l  g 
p r o j e c t  w i l l  be t o  decrease n a t u r a l  g a  
abou t  5 1/2  m i l l i o n  cub  
lower a i r  e m i s s i o n s  from c 
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During c o n s t r u c t i o n  of t h e  project ,  excava t ion  o f  D i o e  
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  u 
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 i g h  of-way between 
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 
both  temporary and minor. 

5.2.1.3 Water Q u a l i t y  

The proposed proj t should have no impact on ground- 
water q u a l i t y .  One p r o j e c t  a l t e r n a t i v  
A l l  f l u i d s  produced f o r  h e a t  removal 1 be i n j e c t e d  i n  
same r e s e r v o i r  from which t h e y  wer 

One a l t e r n a t i v e  t o  i n j e c t i o n  is t o  mix t h  
thermal f l u i d  w i t h  t h e  secondary o f f l u e n t  from t h e  
San Bernardino Wastewater Treatment  P p l a n t  c u r r e n t l y  
discharges approximately 15,000 gpm of treated 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  t r e a t m e n t  for 
i n - p l a n 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 
155 and 610 gpm of s p e n t  geothermal  f l u i d  should have a minimal 
impact on t h e  q u a l i t y  of these p l a n t  discharges.  

5.2.2 Impacts on B i o l o q i c  Environment 

, 

The impact of t h e  proposed p r o j e c t  on the  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 low 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  p r o j e c t  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 o f  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 g i c  
environment w i l l  be i n s i g n i f i c a n t .  



5.2.3 

project w i l l  have 
n e g l i g i b l e  impacts on  land use ,  economics. and popula 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 
cu l tu ra l  resources, c i r c u l a t i o n ,  noise a gy consumption are 
d iscussed  below. 

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

T h e  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  p roposed  
project will be l o c a t e d  on p rev ious ly  d i s t u r b e d  a r e a s  a t  t h e  
w a s t e w a t e r  treatment p l a n t  and/or  e x i s t i n g  p i p e l i n e  r i g h t s -  
of-way. e ,  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 sources  is expected. 

5.2.3.2 C i r c u l a t i o n  

I n  t h e  even t  t h a t  Meeks an #56  is  chosen 
f o r  geothermal f l u i d  product ion ,  t h e  ine lght-of-way 

. c r o s s  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  

Orange Show Road was about  19,000 i n  1977. 

ments w i l l  be made 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  

road for two t o  four  weeks. The average d a i l y  t r a f f i c  v o l  
4 

T h i s  nega t ive  
O n  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  duration, and ar 

t e r n a t e  r o u t e s .  

5.2.3.3 Noise 

The main n o i s e  impact of t h e  proposed p r o j e c t  w i l l  be 
d u e  t o  heavy c o n s t r u c t i o n  equ ipmen t  s u c h  a s  backhoe 's  and  
d r i l l i n g  r i g s .  These noise impacts  w i l l  be temporary. I n j e c t i o n  
well d r i l l i n g  is expected t o  take less t h a  One month and 
t r ench ing  and b a c k f i l l i n g  should be accompli in less than two 
months. 



During operation of the project, no increased noise 
levels are anticipated. 

5.2.3.4 Impact on Energy Consumption 

Implementation of the proposed projec 
saving about 5 1/2 million cubic feet of natura 
bic digester heated. In addition to reducing the City of San 

. Bernardino Water Department's annual energy costs bv $20,000 Der 
digestor heated, a significant quantity of natural gas will be 
conserved. 

5.1 
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6. RESOURCE DEVELOPMENT PLAN 

The Resource Development P lan  p resen ted  i n  t h i s  Chapter 
d e s c r i b e s  t h e  steps which t h e  San Bernard ino  Municipal Water 
Department shou 0 u t i l i z e  geothermal  process 
heat i n  t h e i r  r>lant.  A DreliminarY w e l l  
program and roug t estimates f o r  t h e  p roduc t ion  and i n j e c t i o n  
wells a l s o  are b s i n c e  many unknown v a r i a b l e s  
a r e  i n v o l v e d  e l l  s p e c i f i c a t i o n s ,  t h e  c o s t  
estimates a r e  o gures .  The Meeks  and D a l e Y  W e l l  
No. 66 is proposed as t h e  c a n d i d a t e  p roduc t ion  w e l l .  

I n  o rde r  t o  ach ieve  t h e  goal of t h e  Resource Develop- 
ment P lan ,  which is t o  p rov ide  g u i d e l i n e s  f o r  t h e  rapid implemen- 
t a t i o n  of geothermal energy i n  t h e  wastewater t r e a t m e n t  p l a n t ,  
t h e  fo l lowing  s b j e c t i v e s  m u s t  be f u l f i l l e d :  

Eva lua 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  of e San B e r n a r d i n o  g e o t h e r m a l  
resource .  

o P lan  of r e s o u r c e  development. 

o P re l imina ry  w e l l  program and c o s t  estimates. 

6.1 EVALUATION OF THE MEEKS AND DALEY WELL 

n 1966, t h e  now d e f u n c t  R. and W. D r i l l i n g ,  Inc .  
South Arrowhead nea r  C e n t r a l  &venue i n  San 

Bernard ino  for I Meeks and Daley Water Company. The w e l l ,  
referred t o  a s  t Meeks and Daley Well No. 66,  produces  thermal 
water a t  temper es of about  138OF. The San Bernardino Board 
of  Water Commissioner reposed us ing  t h i s  w e l l  a s  a P roduc t ion  
w e l l  for t h e  geo the r  h e a t i n g  of t h e  s ludge  d i g e s t e r s  a t  t h e  
wastewater t r e a t m e n t  p l a n t  located about  one-half  m i l e  sou th  of 



t h e  w e l l .  An e v a l u a t i o n  o f  t h e  p r e s e n t  s t a t u s  of t h e  M e e k s  and 
Daley W e l l  No. 66 was conducted t o  de te rmine  i t s  s u i t a b i l i t y  for 
use  as a product ion  w e l l .  

6.1.1 Assemble and Analyze Data Ava i l ab le  f o r  t h e  W e l l  

t 

Ir 

i 

t 
E v a l u a t i n g  t h e  s t a t u s  of  t h e  w e l l  m u s t  b e g i n  by 

assembling and ana lyz ing  a v a i l a b l e  d a t a ,  i nc lud inq  t h e  d r i l l e r '  s 
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  of b i 

h 

k 

t h e  Meeks and Daley Well No. 66. 

6.1.1.1 Dr i l l e r ' s  Log and D r i l l i n q  and Completion Informat ion  
T i  

L 
A d r i l l e r ' s  l o g  o f  t h e  Meeks and Daley W e l l  No. 66 was 

made a t  t h e  t i m e  t h e  w e l l  was d r i l 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 
F igure  6-11, 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 d e p t h  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  
dep th  

f '  
Li The d-iameter of t h e  w e l l  is  20 inches .  Accordinq t o  a 

r e p r e s e n t a t i v e  of Timescal Water Company i n  Corona, 6 1  f e e t  O f  

12-inch diameter column appear i n  t h e  top  p o r t i o n  of t h e  w e l l ,  
fo l lowed by 160 feet  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  o f  2 4 3  feet w i t h i n  t h e  w e l l .  S ince  o n l y  1.5 
inches  of c l e a r a n c e  e x i s t  between t h e  w e l l  c a s i n g  and t h e  pump, 
it i s - 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  w i thou t  removing t h e  pump. 

t 
t 
L 
L 
I The w e l l  was cased  throughout  t h e  d e p t h  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  

L i s  
i 

6-2 t 

L 



I; 

L 
u 
& 

I: 

STATE #E-96bb 

60.0 feet  West of A r t h  of Central Avenue 

0 Ft. 
60 Ft.  
64 Ft.  
210 Ft .  
220 Ft.  
244 Ft. 
255 Ft. to 262 Ft .  brown c l a y  and gravel  
262 Ft .  t o  280 Ft.  brown c l a y  
280 Ft.  t o  290 Ft. 
290 Ft. t o  310 Ft.  

Ft. t o  315 Ft.  sand and gravel  
brown c l a y  an 

31 0 
315 Ft. to 351 Ft.  

Ft .  t o  379 F t -  b lue c l a y  and 
b lue c l a y  

351 
379 Ft,  t o  385 F t *  

F t . .  t o  387 Ft. brown sand, f i n e  
F t .  t o  398 Ft .  b lue  f i n e  sand, t i g h t  

385 
387 
398 Ft.  t o  415 Ft.  

Ft .  t o  450 Ft .  41 5 
450 Ft.  t o  461 Ft. 
46 1 Ft. t o  467 Ft .  b lue sandy c l a y  

c l a y  w i t h  gravel  streaks 

cemented sand and gravel  

467 to 503 Ft.  b lue sandy c l a y  w i t h  gravel  
503 t o  570 Ft. brown sand and gravel  
570 t o  575 F t *  brown sand and gravel  - up to 4 inches 
575 Ft. to 612 Ft. brown sandy c l a y  
61 2 Ft.  to 
617 F t *  t o  
635 Ft. t o  ve l  - up t o  4 inches 
695 - F t i  
703 Ft. 

79 1 Ft,  cemented sand and pea gravel  
80 1 Ft.  t i g h t  sand and small gravel  
809 Ft. . to sand and gravel  - up t o  4 inches 
867 Ft. t o  sand and gravel  - t i g h t ,  c lean 
885 Ft. t o  sand, pea gravel  - t i g h t  w i t h  c l a y  
930 Ft .  t o  sand and gravel  , small 
93 9 Ft.  to 955 Ft. sand and gravel  and rocks 
955 F t  . to 967 F t .  sand,‘si 1 t w i t h  streaks of  c l a y  
967 Ft .  to 975 Ft .  brown and b lue c l a y  

745 Ft .  

Driller’s Log 
No. 66 

Meeks and Daley Well 



HEEKS AN0 OALEY WATER COHPANY 
( Con t i nued ) 

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

Tzrnpera ture : . 120°F 

Perforated w i t h  M i  1 Is Mechanical Kn i fe  

23" x 3/8" 8 1 ade 

Perf o r a  t i ons 

503- f t .  to 5 7 5 - f t .  - 8 cuts i2" 
5 7 5 - f t .  t o  6 3 5 - f t :  - 4 cuts ? 12" 
6 3 5 - f t .  t o  7 4 5 - f t .  - 8 C u t s  ,S 12" 
745- f t .  to 791- f t .  - 4 cuts 4 12" 
791- f t .  to 9 s - f t .  - a cuts 3 1218 

Figure 6-1 (Cont'd): Driller's Log from Meeks and 
Daley Well No. 66 

6- 4 



a l l  ho t  and c o l d  
ca l  Kn i fe  wi th  a 2-1/2 inch  by 3/8 
zones above t h e  7 

g r a v e l  l a y e r )  

nd and cobbles 

as a l l u v i a l  v a l l e y  f i l l  deposits such as t h o s e  
ch  of  t h e  San B e r n a r d i n o  V a l l e y  ( D u t c h e e  and 

Garrett,  1963). 6 is l o c a t e d  On Or 

v e r y  near  t h e  .Loma Linda Fau l t .  The San J a c i n t o  FaCtlt, which 

Bernardino Val ley ,  para l le l s  
t h e  Loma Linda F a u l t  a s very  near  t h e  

The Meeks and Daley W e l l  No. 

l l i n g  f l u i d s  were u e n  h o l e  or e r i c  l o g s  were 

af ter  it was dr- i l led ,  and a flowage of 2000 g a l l o n s  per m i n u t e .  
(gpm) was recorded ( v e r b a l  communication w i t h  Lar ry  Rowe,  1980) .  

6.1.1.2 Water Analyses  

I n  May, 1980, Geo 
d a water a n a l y s i s  on samples taken  from t h e  Meeks and 

Daley Well No. 66. The r e s u l t s  of t h i s  a n a l y s i s  and t h e  water 
chemis t ry  a n a l y s i s  performed i n  March-April, 1979 by Edward S. 

Babcock and Sons, Inc .  of R i v e r s i d e  are d i sp layed  i n  Table 6-1. 
The well appears t o  c o n t a i n  s l i g h t l y  t o  moderately a l k a l i n e  
water. 

I 

I 
Sodium and c h l o r i d e  seem t o  be t h e  most concent ra ted  ' 



Table 6-1. Analyses of Water Samples from the 
Meeks and Daley Well No. 66 

Edwards S. Babcock and 
Geothermal Surveys, Inc. Sons, Inc. 

Tested May 1980 , Tested March-April 1979 
r 

Sodium mg/l 112 114 
Potassium mg/l 1.2 2 
Calcium mg/l 5 5 
Magnesium mg/l 2.4 1 -  

> 

- Silica mg/l 27 
- 21 
- 18 

Sulfate mg/l - 31 

-Total Dissolved Solids - 360 
Chloride mg/l - 120 

(at 18OOC) mg/l 
PH 7.0 8.7 

i 
A 

t 
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6.1.1.3 , 

e it was d r i l l  
g water l e v e l  of  feet 

of 12O0F; as sh  n 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  c e r t a i n  i n t e r v a l s ,  t h e  well began t o  f low 
ar tes ian a t  a rate of  1,350 ture  was 13S°F 
t o  140OF. Geothermal Surve 
i n  May 1980; t h e  resu l t s  ar nd i n  F igu re  
6-2. The w e l l  was f l o w i  e s i a n  a t  t h e  time t h e  
thermal survey  appeared t o  
be r e s p o n s i b l e  11 being i so thermal .  As shown i n  t h e  
thermal l o g  i n  logged t o  a depth  of 
160 feet .  Se 1 a t t e m p t s  were made by GSI t o  
probe t o  a g 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 l  program phase.  The i n a b i l i t y  of 
t h e  t empera tu re  probe t o  reach  d e p t h s  g r e a t e r  than  160 f e e t  may 
be expla ined  by one or more of  t h e  f a c t o r s  l i s t e d  below: 

a. The well is b l o c  d by an  unknown o b s t r u c t i o n  a t  
160 feet  such a s  d e b r i s  i n  t h e  w e l l ,  p a r t i n q  or 
buckl ing i n  t h e  c ing ,  rock i n  ' the c a s i n g ,  etc. 

thermal  survey may have been too e x c e s s i v e  t o  a l low 
t h e  temperature-  probe t o  d rop  below a dep th  of 160 

probe was unable  t o  q e t  p a s t  t h e  
pump equipment which Meeks and Daley set i n s i d e  t h e  

i 
u 
ii 

lltl 

r tesian flow of t h e  well a t  t h e  t i m e  o f  t h e  I 

1; 

fd 
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Meeks and Daley 
Well t 6 6  

May 2 2 ,  1980 
Temperature Gradient Log 
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L 

A more complete thermal a n a l y s i s  and a de termina t ion  of 
t h e  cond i t ion  of  t h e  w e l l  bore  m u s t  be performed i n  o rde r  t o  
a s c e r t a i n  completely t h e  p r e s e n t  s t a t u s  of t h i s  ho le .  

6.1.2 

A de te rmina t ion  m u s t  be made o f  t h e  a d d i t i o n a l  da ta  
which should be collected i n  o rde r  t o  assess t h e  cond i 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 Addi t iona l  Chemical Analyses 

Lr 

i ’  
b0 

I 
I 
L 

f 
I, 

b 
Although t h e  two water chemistry ana lyses  run on w e l l  

samples appear t o  be s u f f i c i e n t  t o  determine t h e  chemical n a t u r e  
of t h e  water, i f  p o s s i b l e ,  a t  l eas t  one a d d i t i o n a l  water sample 
should h e  obtained for a d d i t i o n a l  a n a l y s i s  o f  t h e  s i l i c a  ion  
concent ra t ion .  Only one s i l i ca  de te rmina t ion  h a s  been 
s p e c i a l  p recau t ions  are necessary  when making s i l i c a  determina- 
t i o n s .  I n  a d d i t i o n ,  t h e  s i l i c a  v a l u e s  from t h e  No. 66 W e l l  might  
be compared w i t h  t hose  of  o t h e r  w e l l s  i n  t h e  v i c i n i t y ,  s i n c e  
s i l i ca  concen t r a t ions  can be used t o  i n f e r  geothermal r e s e r v o i r  
temperatures .  

$ 

I 

t 
rL 

6.1.2.2 Determine Physical  Condition of t h e  W e l l  c 
Before a d e c i s i o n  can be made on employing W e l l  No. 66 

as a product ion w e l l  f o r  t h i s  o j e c t ,  t h e  phys ica l  cond i t ion  of 
t h e  w e l l  m u s t  be assessed by using e i t h e r  a f e e l e r  gauge i n s t r u -  
ment, e l e c t r o n i c  caliper log  or a TV l og  or phstolog.  I n  o rde r  
t o  determine t h e  cond i t ion  of * t h e  cas ing  and t h e  open ho le ,  t h e  
Meeks and Daley pumping equipment m u s t  be removed. Once t h i s  is  
accomplished, a feeler gauge instrument ,  which measures t h e  
diameter of t h e  ho le ,  can be run down t h e  l e n g t h  of t h e  w e l l  t o  
determine i f  any blockages,  o b s t r u c t i o n s  or caving e x i s t .  

t 
L 
L 
I e, 

L 
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a 
i 

t 

CI! 

i 
usua l ly  stops a t  t h e  1 - i n  t h e  summer. When flow s tops,  t 
estimate as  t o  t h e  tr temperature' g r a d i e n t .  Ar tes ian  flow 

lu b'e measured and g r a d i e n t s  c a l c u l a t e d .  

f 
The compensated neut rQ og (CNL) , which 'can be run i n  cu 

t 
either cased or uncased l iqu id- f  ed p r imar i ly  t o  
' d e n t i f y  p6rous formation ros i ty  '(Schlum- 

erger, 1972).  Usually,  gamma ray log t h a t  

d holes,  is 

L* 

1 

Lri 

L 
a ids  i n  sepa ra t ing  t h e  sand 1 ers from* t h e  sha le  or 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 no t  f r a  res, t h e  a 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 
important  and ma c i l i t a t e  l o c a t i n g  t h e  zones of hot  water 

i n t o  the w e l l .  

source t o o l ,  
appropriate for  t h i s  application, s i n c e  no r a d i o a c t i v e  source  
t o o l s  can be used i n  C a l i f o r n i a ' s  groundwater system. 
measures t h e '  amount of gamma ' decay i n  t h e  l i tho logy ,  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 spinner  survey may be run t o  determine t h e  zones of 
water e n t r y  i n t o  t h e  w e l l .  S ince  the w e l l  is perforated from a 
dep th  of 503 feet t o  t o t a l  depth,  t h e  sp inner  survey would t e l l  
which zones i n  t h i $  i n t e r v a l  are water producing horizons.  With 

t h i s  information,  a temperature  survey could be run t o  determine 
t h e  cold water and warm water zones. Then t h e  cold water zones 
could be sealed off t o  prevent  warm and co ld  water from mixinq 
wi th in  t h e  w e l x .  

6.1.2.4 
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t 
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1 
1 Once t h e  i n v e s t i g a t o r  has decided which ' w e l l  surveys L 

and 1 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  must be 
developed. A pro to type  w e l l  tes t  program f o r  t h e  Meeks and Daley t 

L 
Well No. 66 appears i n  Sec t ion  6.5. 
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6.2 EVALUATION OF THE GEOTHERMA 

I n  a d d i t i o n  t o  eva lua t ing  W e l l  No. 66, t h e  geothermal 
r e source  o f  t h  e n t i r e  area should be inves t iga t ed .  The geo- 
thermal eva lua t ion  should inc lude  l i t e r a t u r e  review; s t u d i e s  of 

s u r f a c e  geophysics ,  and geochemistry;  and an 
a ta  generated by t h e  recource  eva lua t ion  s tudy.  

i f o r n i a  D i v i s i o  and Geology (DMG) is  
i n i t i a t i n g  a geothermal assessment s tudy  i n  San Bernardino a s  

waters o f  C a l i f o r n i a ;  L e  oungs of DMG was contac ted  
information about  their  t h e  assessment.  The 
o r i g i n a l  p l a n  and estimated c o s  ermal r e source  evalua- 
t i o n  were d r a f t e d  p r i o r  t o  SAI's knowledge of t h e  l s  work. I n  
o rde r  t o  avoid any d u p l i c a t i o n ,  t h e  areas i n  i ch  DMG is 
planning t o  conduct work are noted. 

6.2.1 

the i r  program t o  i n v e s t i g a t e  t h e  

ermal r e source  e v a l u a t i o n  
should be a thorough l i t e r a t u r e  search i n  order t o  determine t h e  

he geologic ,  hydro logic ,  geochemical and geophysical  
d a t a  base which 'a l ready e x i s t s .  Data gathered dur ing  t h i s  search 
may preclude the need for cer tain surveys  and assist i n  t h e  
i n t e r p r e t a t i o n  of  o the r  data  collected dur ing  t h e  course  of t h e  - 

e v a l u a t i o n  program. 

t u r e  survey,  
ill n o t  be n e c e s s a r y .  

I n f o x m a t i o n  and Doc nve r  , whose firm, 
Cascad i a  Explora t ion  nen t  t e c h n i c a l  
l i t e ra ture  and d a t a .  
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6.2.2 Geologic Mapping 

The San Bernardino geothermal a c t i v i t y  is thought  t o  be 
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  o f  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 a u l t  systems, such as  
t h e  San Andreas, San J a c h t o  and Loma Linda Fau l t s .  

U t i l i z i n g  t h e  d a t a  generated from aer ia l  photo surveys,  
f i e l d  mapping data ,  and information a s s i m i l a t e d  from the  geo log ic  
l i t e r a t u r e ,  a f a u l t  map and a geo log ic  map of t h e  area has  been 
prepared. The DMG has s t u d i e d  an orthophotoquad s h e e t  of t h e  
C i t y  and prepared a f a u l t  map using information gleaned from 
t h e 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 old 

r epor t s .  DMG's  map shows a s t rong  r e l a t i o n s h i p  between t h e  
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 

Surface  and downhole geophysiical  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 geophysical  
t echniques  for geothermal e x p l o r a t i o n  are temperature g r a d i e n t  
surveys,  e lec t r ica l  surveys,  pas s ive  seismic surveys ,  and g r a v i t y  
surveys . 

The DMC p l a n s  some geophysical  work i n  t h e  San Bernar- 
d ino  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 rea tment  p l a n t  i n  southern  San Bernardino and i n  t he  
Harlem Spr ings  and Arrowhead Spr ings  areas. Although no magnetic 
surveys are being performed 2n t h e  c u l t u r e d  areas o f  San Bernar- 
d ino  due  t o  t h e  magnetic i n t e r f e r e n c e  presented  by automobiles,  
p i p e l i n e s ,  etc.,  a magnetic survey i n  t h e  more remote Arrowhead 
Spr ings  area is being considered.  

6-14 
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t o  i n t e r p r e t  t h e  no i se  anomalies shown by t h e  microearthquake 
survey when a great deal of c u l t u r a l  no i se  is p r e s e n t ,  conducting 
pass ive  seismic surveys i n  San Bernardino may be impractical i f  
too much urban n o i s e  e x i s t s .  

A survey should made , howe t h e  prev ious  
seismic work which has be formed i n  t h e  San Bernardino area. 
For example, Hadley and s (1974) s t u d i e d  microearthquake 
d i s t r i b u t i o n  i n  t h e  area i n  order t o  de t a i l  t h e  microseismicity 
of t h e  region.  Allen,  et.al. (1965) compiled da ta  from over 

0 ear thquakes i n  Southern C a l i f o r n i a  t o  determine r e l a t i o n -  
J 

between seismicity and geologic  s t r u c t  

6.2.3.4 Temperature Gradient Surveys 

Temperature g r a d i e n t  - measurements are a u s e f u l  geo- 
physical method for d e f i n i n g  a geothermal resource.  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  t o  great 
depths  and then  plotted 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  four  
temperature  g r a d i e n t  measurements may be adequate  t o  determine 
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 Bernardino 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  Div is ion  of Water Resources i n  Sacramento dur ing  t h e  
planning s t a g e s  of t h e  temperature  g r a d i e n t  survey. I f  none are 
a v a i l a b l e ,  three or four  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 approximately 100 feet t o  500 feet. 

As par t  of t h e i r  geothermal assessment work, t h e  Cali- 
f o r n i a  Diviqion of Mines and Geology p l a n s  t o  locate accessible 
h o t  wells and s p r i n g s  i n  t h e  San Bernardino area and perform 
temperature  measurements, which w i l l  ,be t abu la t ed  and incorpo- 
rated i n t o  a model of t h e  local geothermal r e s e r v o i r  scene. 

6-16 
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& 6.2.4 Geochemistry 

1 1  
L I P '  

u Geochemica t k 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 w e l l s  and s p r i n g s ,  followed by 

i; chemical ana lyses  o t h e  samples nd i n t e r p r e t a t i o n  of t h e  
results. The da ta  gathered t h e  minimum 
t e m p e r a t u r e  e x p e c t e d  a t  d e p t h ,  making i n f  ces a b o u t  t h e  

chemical characteristics of waters a t  depth, and determining t h e  
source of recharge water. The r a t i o s  omponents i n  t h e  water 
samples can be u t i l i z e d  i n  chemical errnometry t o  e s t i m a t e  

L 

t h e  minimum r e s e r v o i r  temperature  of t h e  geothermal system. 

DMG p l a n s  t o  conduct a w e l l  survey of  accessible 
thermal  wells i n  San B e r n a r d i n o ,  c o l l e c t  geochemica l  water 
samples and prepare a map.showing t h e  l o c a t i o n s  of w e l l s  and t h e  
chemistry of t h e  water samples 

Two phases of t h e  geochemical survey -- water ,  geochem- 
i s t r y  and mercury s o i l  geochemistry -- are recommended for t h e  
San Bernardino geothermal resource  development plan.  

6.2.4.1 Water Geochemistry and Geotherrnometry 

The DMG p l a n s  t o  conduct a w e l l  inventory  and gather 
water chemistry data from as many w e l l s '  a s  p o s s i b l e  i n  San 
Bernardino. I n  conducting t h i s  survey,  more information can be 
obta ined  on t h e  e x i s t e n c e  an o c a t i o n s  of warm wells, water 
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 cons t i -  
t u e n t s  of t h e  water, and t h e  depth  of thermal water c i r c u l a t i o n .  

) I  
t 

il I n  a d d i t i o n ,  t h e  DMG hopes t o  conduct some chemical 

j' 



A review of  t h e  l i t e r a tu re  should be performed t o  
locate o the r  work i n  t h i s  area. For example, a p o r t i o n  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 a n a l y s i s  showed a 
r e s e r v o i r  temperature  of  120OC from t h e  Arrowhead ,Sp r ings  area. 
The geothermal g r a d i e n t  of  t h e  San Bernardino area had been 
determined t o  be 31OC per ki lometer  w i t h  a dep th  o f  c i r c u l a t i o n  
of  3.3 kilometers ( Jarzabek ,  1980).  

6.2.4.2 Mercury S o i l  Geochemical Surveys 

A mercury s o i l  geochem'ical survey o f  t h e  San Bernardino 
a r e a  is recommended. The d iscovery  of excess  mercury i n  t h e  s o i l  
o f t e n  i n d i c a t e s  a s t rong  c o r r e l a t i o n  wi th  geothermally a c t i v e  
r eg ions  ( 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  excess ive  man-made contaminat ion 
e x i s t s  o r  i f  t h e  geothermal system lacks  mercury, then  it is 
ques t ionab le  whether t h e  mercury s o i l  survey w i l l  provide an 
accu ra t e  de te rmina t ion  of t h e  l o c a t i o n  of geothermal upwellinq. 

I n  conducting t h e  survey,  s o i l  samples are c o l l e c t e d  a t  
P o i n t s  t ha t  are evenly d i s t r i b u t e d  a c r o s s  t h e  survey area, then  
d r i ed ,  s ieved  and analyzed. A t h i n  gold f i l m  Hg d e t e c t o 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 descr ibed  more completely 
i n  Phelps  and Buseck (1980) and M a t l i c k  and Buseck (1975).  

I 

6.2.5 Analys is  of Data 

The d a t a  g e n e r a t e d  i n  t h e  e v a l u a t i o n  o f  t h e  San 
Bernardino geothermal resource  m u s t  be analyzed and i n t e r p r e t e d  
i n  o rde r  t o  develop a p re l imina ry  geologic  r e s e r v o i r  model o f  t h e  
p o t e n t i a l  resource.  The n a t u r e  of  t h e  resource  and a s d e s c r i p t i o n  
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of t h e  surface and subsurface geothermal man i fe s t a t ions  mus t  be 
determined so t h a t  a qeologic  picture of t h e  a r e a  can be as- 

sembled, and t h e  geothermal resources  can be r e l a t e d  t o  t h e  
geology. I 

A f t e r  a s s i r n i l a t i n  t a r  p o t e n t i a l  s i t e s  for 
production and i n j e c t i o n  wells need t o  be suggested. Then, 
p re l iminary  boundaries of t h e  San Bernardino geothermal r e s e r v o i r  
can be o u t l i n e d ,  u s ing  data from t h e  geothermal assessment 
program. 

6 . 3  PLAN OF RESOURCE DEVELOPMENT 

The Resource Development l a n  presented i n  t h i s  section 
recommends avenues f o r  s e l e c t i n g  workable product ion w e l l  and 
i n j e c t i o n  w e l l  f o r  t h e  San Bernardino geothermal process  heat 
wastewater treatment p l a n t .  

about the  p r o p e r t i e s  of t h e  w e l l .  e temperature (135OF) and 

be an  adequate product ion w e l l ,  However, c e r t a i n  well surveys,  
such  as an electronic c a l i p e r  l o  a photolog and a feeler gauge, 
should be run t o  determine t h e  phys ica l  i t i o n  of the  w e l l  and 
whether it is i n  adequ e shape for u s e  production well. 

I n  a d d i t i o n ,  t h e  i n s t i t u t i o n a l  and f 
be w e l l  m u s t  be weighed bef 
t h i s  well is used t o  produce i r  

during p a r t  of t h e  year ,  t h e  C i t y  would have t o  d ispose  of t h e  



excess water when t h e  Meeks and Daley Company does no t  need it. 
The C i t y  a l s o  must  consider  whether t h e  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 

Cer ta in  a l t e r n a t i v e s  t o  using t h e  Meeks and Daley No. 
66 a s  a production w e l l  do e x i s t  and should be analyzed by t h e  
City. Some of these a l t e r n a t i v e s  a r e  discussed i n  t h i s  s ec t ion .  

&.The Ci ty  of Riverside has  r i g h t s  i n  a w a r m  w e l l ,  t h e  
Meeks and Daley No. 59,  which is  loca ted  about one-fourth m i l e  
no r theas t  of t h e  sewage p l a n t  near Hillcrest Avenue. The water 
chemistry f o r  No. 59, taken from t h e  water q u a l i t y  f i l e s  of t h e  
San Bernardino Val ley Municipal Water D i s t r i c t ,  is described i n  
Table 6-3. Water temperatures  are between 116OF and 136OF, and 
t h e  water chemistry is similar t o  t h a t  of t h e  No. 66 W e l l  (Table  
6-11, except  t h a t  it is much more concentrated i n  b icarbonate  and 
less concentrated i n  chloride and t o t a l  d i sso lved  s o l i d s .  One 

poss ib l e  advantage of t h e  Meeks  and Daley No. 59 is t h a t  River- 
s i d e  u s e s  t h i s  water,  so p o t e n t i a l l y  San Bernardino could remove 
t h e  hea t  from t h e  water fo r  t h e  sewage d i g e s t e r  and r e t u r n  t h e  
cooled water t o  Riverside.  I n  t h i s  way, t h e  C i t y  of San Bernar- 
d in0  would not  heed t o  d ispose  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 information m u s t  be obtained 
before  dec id ing  either t o  use or reject t h i s  w e l l  a s  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 ty  could decide t o  d r i l l  
i ts  own production w e l l ,  r a t h e r  than use  an a l r eady  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 p a r t y ' s  w e l l  would not  e x i s t .  
The C i ty  could d r i l l  t h e  w e l l  on t h e  l a r g e  p a r c e l  of land it owns 
a t  t h e  wastewater t reatment  p l a n t .  Also, t h e  C i ty  may be a b l e  t o  
reach a mutually acceptab le  agreement w i t h  t h e  Nat iona l  Orange 
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Table 6-3. hemical and Physical Water Analysis from 

Meeks and Daley Well No, 59* 

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

Sodium mg/l 75-116 

Potassium mg/l 2 

Calcium mg/l 5 

nesium mg/l 1 

li 
L 

ita mg/l u / 

Carbonate mg/l 18 

IJ 46-125 

Sulfate mg/l 23-28 

Chloride mg/l 36-103 

Total Dissolved Solids 225 

w 



Show which owns a l a r g e  parcel of land a d j a c e n t  t o  Meeks and 
Daley Well No. 660 One l i a b i l i t y ,  however, is t h a t  t h e  new w e l l  
may p roduce  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  
p r o j e c t  . 
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 other  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 Bernardino m u s t  be an 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  t h e  sewage 
t rea tment  p l a n t ,  t h e  f a u l t  network must be s tud ied  c l o s e l y  be fo re  
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 product ion w e l l  i n  which co ld  water is produc 
w e l l  might  be traded t o  Meeks and Daley for W e l l  No 
cold  w e l l  could be used as an i n j e c t i o n  w e 1  
product 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  
environmental issues are considered c a r e f u l l y .  

6.3.4 Prepare a W e l l  Program and Cos t  Es t ima tes  f o r  Produc-  
t i o n  and I n j e c t i o n  Wells 

A w e l l  program and c o s t  estimates of d r i l l i n g  and 
logging a c t i v i t i e s  must be prepared f o r  t h e  product ion and 
i n j e c t i o n  w e l l s  which w i l l  s e rve  t h e  San Bernardino Wastewater 
Treatment P lan 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  determine where t h e  warm 
water producing s t r a t a  are loca ted .  If t h e  resource  is loca ted  
a t  200 feet  o r - l e s s ,  f o r  example, it may be adv i sab le  t o  d r i l l  a 
new hole .  I n  t h i s  case, a shal lower h o l e  could avoid t h e  co ld  
water l a y e r s  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 wi th  co ld  water l a y e r s .  I t  a lso 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. 

t 
t 
t 

66 as a backup w e l l .  

i 
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iminary w e l l  program for 
along with cost  esti-  

mates 'for t h e s e  services, whic t a i n e d _  by a te lephone 
survey. The cost f i g u r e s  should be used f o r  pre l iminary  esti- u '  mating purposes only ,  because too many w e  parameters and 

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

u 

u 
0 

u 
u 
U 
u 
0 
G 

1. Determine t h e  p r e s e n t  cond i 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 
pump o u t  of t h e  w e l l  - approximately $2,000. 

B. i t i o n  of  cas ing .  

t o  suspend too l s  - - $400 per day, p l u s  $2.10 per m i l e  
150 m i l e  round t r i p .  

r gauge down w e l l  

- 3. Run TV l o g  or Photolog - $285 - $395 for 
1000 f t .  minimum p l u s  $30 - $35 per hour 
for two man c 

4 .  Hole caliper ( if  cas ing  is  seen t o  be 
damaged) - $300. 

5.  Sonar j e t  ( t o  c l e a n  pe r fo ra t ed  cas ing  i f  
necessary)  - $1150 (200 f t .  of 20-inch 

C. Well l o g s  tests t o  run on Meeks and Daley 
W e l l  No. 6 6  a f t e r  v e r i f y i n g  t h e  w e l l  t o  be i n  
good physica 

1. Temperature $560 - $770, minimum 

( takes  about 3-6 hours) .  

depth  of  200 f t .  

Gamma r a y  l o g  - $340 - $740. 

Compensated neut ron  l o g  - $1340. 3. 

ump test - $5,000 - $10,00 
I t  
b 
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2. Product ion/Inject ion W e l l  D r i l l i n g  Costs 
L L 

LJ 
i '  t 
1 
1 
i 

.A. 12-inch diameter 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, p l u s  expendables. 

1500 f t .  depth - $130,000 t o  $150,000. 

3. Slim Hole Wells ( fo r  Resource Evaluat ion Purposes) 

B. 10-inch diameter w e l l  d r i l l e d  and completed a t  

A. 6-inch t o  7-inch bore  wi th  5-inch cas ing  - 
assume 1000 f t .  deep w e l l  - $16 - $ l 8 / f t .  - 
$16,000 - $18,000, p lus  expendables. 

6.4.1 Contacts  

The following w e l l  surveying and w e l l  logging companies 
were contacted by te lephone t o  o b t a i n  estimates on t h e  costs t o  
perform tests on t h e  Meeks and Daley W e l l  No. 66: r 

\ 

1. 

2. 

3. 

4. 

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

Schl  umberger 
E l  Centro Depot 

Contact: Steve Garcia 

Yorba Linda 

Contact: Brad Challacombe 

W e l l  Surveys 
Oxnard 

Contact: C l a r k  Wigley 

L 
k 

Waterwell Redevelopers, Inc.  1 

i 

(714) 344-6520 

(714) 779-2425 

(805) 647-3281 

r L The following w e l l  d r i l l i n g  companies were telephoned t o  de te 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 .  h 

1 

t 

L, 
t 
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D r i l l i n g  Coo i" 
Contact: S i l l  Province 

NOTE: McCalla D r i l l i n g  Company bought o u t  t h e  R&W 
D r i l l i n g  Corn any t h a t  o r i g i n a l l y  d r i l l e d  t h e  

McCalla 
a l s o  has  t h e  d r i l l i n g  equipment and some of t h e  
w e l l  r eco rds  from t h e  R&W D r i l l i n g  Company. 

,b 
C 
u 

Meeks and Da P ey  W e l l  No. 66 i n  1966. 

2. Moreno Val ley  D r i l l i n g  Se rv ice  
Bloomington 

Contact:  Marvin Fernandez 
(714)  877-0220 

. NOTE: Th i s  d r i l l i n g  ny h a s  t h e  c a p a b i l i t y  of  
d r i l l i n g  shal low h o l e s  only ,  t o  a maximum of 120 
f e e t  i n  depth.  

3 .  Yost W e l l  D r i l l i n g  and Pump Se rv ice  
San Bernardino 

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

6.5 CONCLUDING REMARKS k 
T h i s  Resource Development P lan  w i l l  assist t h e  C i t y  o f  

San Bernardino i n  choosing a workable s i t e / a l t e r n a t i v e  f o r  a 
product ion  w e l l  and r e i n j e c t i o n  w e l l  for t h e  Wastewater Treatment 
p l a n t .  

p lan .  Much of t h e  work a s s o  t ed  wi th  t h i s  p l an  h a s  a l r e a d y  
been completed by t h e  C a l i f o r  D iv i s ion  of Mines and Geology 
and t h e  San Bernardino Municipal Water Department. The c o s t s  
shown i n  Table 6-4 are e s t i  tes  for completing resource  develop- 
ment planning.  

The cos t  schedule  shown i n  Table 6-4 p r e s e n t s  a rough .  
estimate of the c o s t  of implementing t h e  t h r e e  phases  of t h i s  u 

I 

i E 
e I .  
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I Table 6-4. Schedule of Costs to Complete Resource Development Plan 

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) 
1 Analyses of Water From Well 

Analyses of Temperature Data 1 
Determine Additional Data to 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 3 

Mapping 
Analysis of Aerial Photographs 3 
Field Checking 1 
Prepare a fault Map and Geologic Map) 

Gravity Survey 
El ectri cal Surveys 
Passive Seismic Surveys 
Temperature Gradient Surveys (est. 4 to 5 holes)) 

Geophysics 

Geochemistry 
Water Geochemistry and Geothermometry) 

Mercury Soi 1 Geochemical Surveys 
Analysis of Data 

PLAN OF RESOURCE DEVELOPMENT 
Analysis o f  Using Meeks and Daley No. 66 for 
Production We1 1 

Analysis of Alternatives to the Meeks and Daley 
Well No. 66 

Analysis of Potential Injection Well Sites 

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

6-26 

UBTASK 
COSTS 

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

(one 
(one 
1 200 

$ 4,000 
$ i,5oa 

$ 1,ooc 

$ 2,OOC 

$ 70C 

$ 1,50C 

STIMATED COST 
IF ENTIRE TASK 

:ompleted by 
later Dept. 

;14,300 

Zompl eted by 
IMG 

:ompl eted by 
IMG 

To be Completed 
by DMG 

Completed . by 
DMG 

$ 5,700 

$ 5,200 

w L  
t 

1 

L 
L 
I, 
L 
t 
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U 
/ 

7 .  IMPLEMENTATION PLAN 

T h i s  Implementation P l a n  provides  t h e  Water Department 
w i t h  a program and schedule  for implementing a geothermal system 
t o  se rve  t h e  wastewater t reatment  p l a n t  The development of geo- 
thermal energy is a m u l t i d i s c i p l i n a r y  problem which requires t h e  
i n t e r a c t i o n  of va r ious  groups ncluding engineers ,  g e o l o g i s t s ,  
d r i l l e r s ,  management and government agencies ,  I n  order  f o r  t h e  
p r o j e c t  t o  progress i n  a t imely  fashion,  each s e c t o r  must  be 
coordinated w i t h  every o ther .  The o v e r a l l  p rocess  f o r  imple- 
mentation is diagrammed i n  F i g u r e  7-1, t h e  schedule  is provided 
i n  F i g u r e  7-2 and a diagram of c o s t  v s  time is provided i n  F igu re  
7-3 . 

Li 
L 
L 

Work has a l ready  been s t a r t e d  t o  o b t  f inanc ing  for 
the  proposed p r o j e c t  . T h i s  c r i t i c a l  a c t i v i t y  t be completed 
before s i g n i f i c a n t  a d d i t i o n a l  work on t h e  p r o j e c t  may begin. As 

shown i n  Figure 7-2 once project f inanc ing  has  been obtained 
(Item 1) and a f i n a l  r e soume  development p lan  completed (Item 

li 

II 

I; 

21 ,  t h e  product ion w e l l  d r i l l  s i tes w i l l  be selected, 

The C a l i f o r n i a  D i v i s i o n  o f  Mines and Geology i s  
performing a r.esource assessment of San Bernardino, including 
a n a l y s i s  of s e i s m i c i t y ,  r e s i s t i v i t y ,  g r a v i t y  and w e l l  f l u i d  d a t a  
collected i n  the v i c i n i t y  of t h e  wastewater t reatment  p l a n t .  
DMG’s d a t a  are being made a v a i l a b l e  t o  t h e  Water Department, 
inc luding  temperature logs  of e x i s t i n g  wel ls ,  in order t o  help 
w i t h  t h e  s e l e c t i o n  of d r i l l i n g  sites. 

Certain permi ts  and nvironmental documents m u s t  be 
obtaine-d before  d r i l l i n g  may begin. Since t h i s  p r o j e c t  is no t  
exp lo ra to ry ,  p r i o r  t o  obta in ing  a permit t o  d r i l l ,  a Condi t ional  
Development Permi t  (F igure  7-2, Item 4 )  or an exemption t h e r e t o  
plus  an accompanying environmental dQCUment,either an exemption, 
nega t ive  declaraFion o r  EIR ,  is required from t h e  C i ty  which is 
t h e  l ead  agency i n  t h i s  case.  

\ 7-1 
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Figure 7-2. Project Schedule 
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I’ wells w i l l  require 
k, 

(DOG) (See Appendix “ I n s t ‘ i t u t i o n a l  Issues“ by Coulter S tewar t  & 

Assoc ia t e s ,  I n c  It  would be prudent  t o  a i n  permits for 
three wells a t  is t i m e  be 1 probably t a k e  
30-40 days  ( F i  

During t h e  period t h a t  t h e  Water Department is obtain- 
ing  t h e  two permits d i s c u  above, a c o n t r a c t o r  w i l l  be 
selected on a compe t i t i ve  b i  r i l l  t h e  proposed wells 

7-2, I t e m  5 )  . Th on w e l l  w i l l  be d r i l l e d  
s i t e  of t h e  wast  a tment  p l a n t ,  usinq r e s o u r c e  

informat  ion  he  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  is  n o t , s u i t a b l e  
for produc t ion ,  a s  an  i n j e c t i o n  
w e l l .  I f  t h e  w e l l  is s u c c e s s f u l ,  a second w e l l  may have t o  be 
d r i l l e d  for i n j e c t i o n  pur I f  t h e  w e l l  on t h e  Water 

d w e l l  w i l l  be 
n t  t o  t h e  Meeks  and 

\ 

Daley w e l l ,  

ratures above 
about 120°F, t h e  w ( F i g u r e  7-2, Item 8 )  

for approximatgly two w e e k s  t o  de te rmine  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  of f l u i d  and t h e  chemical c o n s t i t u t a n t s  of the 
f l u i d .  I f  n e i t h e r  w e l l  is s u  u l ,  t h e  Water Department may 
choose t o  n e g o t i a t e  wi th  Meeks Dgley f o r  t h e  u s e  of Well $66  

or d r i l l  a t h i r d  well. 

Onc w e l l  h a s  been i d e n t i f i e d ,  t h e  
Water Department m u s t  determine t h e  opt imum method of geothermal 
water d i s p o s a l  t o  be used for proposed project. Depending 
upon t h e  d i s p  s a l  method se , a d d i t i o n a l  p e r m i t s  may be 

If i n j e c t i o n  of s p e n t  geothermal f l u i d  is contemplated 
a n  a d d i t i o n a l  permit (Waste Discharge Requirements) is required 



from t h e  Santa  Ana Regional Water Q u a l i t y  Control Board ( F i g u r e  
7-2, Item 1 0 ) .  The s t a t u t o r y  process inq  t i n e  or t h i s  permit is 
120 days.  The Santa  Ana Board w i l l  c a l l  upon t h e  State  Heal th  
Department, t h e  County Environmental Health S e r v i c e s  Agency and 
t h e  San Bernardino Val ley  Municipal Water Distr ic t  f o r  review and 
comment. The County Department of Environmental Health S e r v i c e s  
is empowered t o  issue a permit f o r  water wells u n l e s s  t h e  
C a l i f o r n i a  Div i s ion  of O i l  and G a s  s p e c i f i c a l l y  i n c l u d e s  each 
w e l l  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  t h e  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 h  the e x i s t i n g  
wastewater treatment plant  e f f l u e n t  or t e r t i a r y  water wi thout  
s i g n i f i c a n t l y  chang ing  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 hen  no Water Q u a l i  Permi ts  w i l l  be 
required. For t h e  purposes  o f  t h i s  Implementation P lan  it was 
assumed t h a t  i n j e c t i o n  w i l l  be r e q u i r e d ,  *as  t h i s  a l t e r n a t i v e  has 
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 Requi rements  are 
being ob ta ined ,  t h e  Water Department w i l l  select a f i n a l  des ign  
c o n t r a c t o r  by compet i 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  s y s t e m  d e s i g n  a f t e r  t h e  n e c e s s a r y  p e r m i t s  h a v e  b e e n  
obta ined  ( F i g u r e  7-2, I t e m  1 2 )  . 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  d e s i g n  p r o c e s s  as  
necessary .  

An a d d i t i o n a l  permit m u s t  be obta ined  before construc- 
t i o n  may begin ( F i g u r e  7-2, Item 1 3 ) .  A de ta i led  d e s c r i p t i o n  Of 
p e r m i t t i n g  requi rements  is presented  i n  t h e  Appendix. A Street 
C u t  Pe rmi t  from t h e  C i t y  Street Div i s ion  w i l l  be r equ i r ed  for 
l a y i n g  p ipe  down any street or sidewalk.  With these and a l l  
other pe rmi t s  necessary  for t h e  proposed project,  p rocess ing  
‘times can be minimized by keeping t h e  a g e n c i e s  up t o  d a t e  on 
a c t i v i t i e s ,  so t h e y  are  aware of  s c h e d u l i n g  r e q u i r e m e n t s .  
Contact  w i t h  p e r m i t t i n g  a g e n c i e s  e a r l y  i n  t h e  p r o c e s s  is  recom- 
mended. App l i ca t ions  should be submit ted on a t i m e l y  b a s i s  
pu r suan t  t o  t h e  s t a t u t e s  concerning each p e r m i t . .  

7-6 . 



e which w i l  
to a pad suppor t ing  t h e  heat exchangers  (s 
Pre l imina ry  Des ign) ,  which, i n  t u r n ,  are connected t o  p i p e  
e n t e r i n g  t h e  d i g e s t e r s .  After t h e  geothermal f l u i d  has been 
u t i l i z e d ,  it is piped us ing  un insu la t ed  f iberglass  r e i n f o r c e d  
p las t ic  p ipe  t o  an i n j e c t i o n  w e l l  other p o i n t  Of discharge. 
The pipe is placed i n  t r e n c h e s  three f e e t  deep  and three f e e t  
wide, which are then  back f i l l e d .  

Var ious  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  required. Depending upon t h e  f i n a l  d e s i g n ,  some 
a s p h a l t  paved streets may have t o  be t o r n  up and repaved. The 
p las t ic  p i p e  is  ve ry  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 v e r y  s t r a i g h t f o r w a r d  and no unusual problems are 
a n t i c i p a t e d  wi th  c o n s t r u c t i o n .  

After' c o n s t r u c t i o n  h a s  been completed, t h e  system w i l l  
be s tar ted up and tested i n  order t o  de termine  if a l l  of t h e  

ts  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  17). 
tem w i l l  be debugged u n t i l  commerc ia l  o p e r a t i o n  i s  

t; 
cont inuous.  

d l  u 
f 
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CONCLUSIONS AND 

The principal legal, regulatory and financing issues confront- 
ing the San Bernardino b?astewater Treatment P1 Geothernal 
Project revolve around the three issues of hot ter source, 
geothermal water qual 

project would consist 
property, whose hot w 
535 ppm TDS) to blend 
affecting the volume 
discretionary permit 
permit from the Calif 
Sect could conceivabl 
accrue to the Sever F 

From a legal, reg oint the ideal 

ity (less than 
thout matediallg 

Since the local 
a great deal upon the future pri 
gas price forecast has been prepared and included in the financing 
section. It concludes that the price of natu 
from the present 38c per therm to 6 8 ~ - 7 6 ~  per 
post April 1977 natural gas prices are decont 

acceptance. 
or reimbursed from local funds. 

1 gas will rise 
berm by 1985 when 

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

Therefore a Public Awarenes,s Pro- 

1 



QUARTERLY REPORT 

San Bernardino Project 

. PERMITS : 

As many as si rmitting agencies could 
approving six different aspects of this projec 

a) City of San Bernardino Planning De 

b) City of San Bernardino Street Depa 

. 

c) .'Comty of San Bernardino Engineering 

d) San Bernardino County Health Department 

e) California State Department of Transportation .. 

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

g) Californ a Division of Oil Sr Gas 

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

The key project 

a) Well location 

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 f b a l  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 PERKITS : 
' Encroachment: If County or State rights of wa are crossed 

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 Qther lead agency an environmental impact report can b 

by a plpeline carrying geothermal water to or from t K e Wastewater 
A permit fee is paid to the appropriate 

If there is 

2 



i 
Street Cut: If the project involves layin 

gtreet or sidewalk, a Street Cut Permit mugt fi 
from the San Berna din0 City Street Departplent. 
dependent upon the surface area of t 

DISCRETIONARY PERMITS: 
Conditional Development Permit 

require a conditional development pe 
made administratively within the department. . I f  a Conditional 
Development Permit is required, an environmental document must 

Pipe down a city 
t be obtained 
A fee is charged 

may or may not 
detemination is 

Commission subject to appeal to 
required then no environmental d 

Environmental Review: 

1, Within 45 days. after accepting an application as complete, 
the lead agency must decide whether the project will 
need an EIR or negative declaration. 
is negative, I the exemption is granted. 

If this decision 

2, Within 105 days a decisio a negative decl 

of geothermal resources be drilled,-operated, mahtained and 



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

.I 
1 
L 

L j  Any person, including any individual, firm, corporation, or 
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 a detailed definition of 
.Geothermal Energy-Legal Status see the appropriate section of this 

in California, 

notice is required for prospect wells, development wells, temper- 
ature observations wells, low temperature wells d water disposal 
wells. 

by the following: 

g, reworking or abandoning a geothe 
e of Intention shall be submitted to the 

Oil & Gas and approval received. 

f 

ffice (in this case Long Beach) of the i 
Such 

The Notice of Inten e figure 4,l) shal 

a) Designation o nt (figure 4.2) 

b) Indemnity or ~ Bond (figure 4.3) 

c) An Application Fee t 
' I  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 drillin , redrilling, maintain- 
supervisor an individual indemnity bond in the sum of two thousapd 
dollars ($2,000) for each well less than 2,000 feet deep, ten 
thousand dollars ($10,000) for each well 2,000 feet deep or deeper 
but less than 5,000 feet.... 

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

The fee schedule per well as presented in section 1932 of 
Title 14 of the California Administrative Code is: 

ing or abandoning of any low temperature we1 'I shall file with the 

11 

In the case of 
. 

a) $25-less that 250' 

b) $200 - 250' to 1000' 
c) $500 7 more than 1000' deep 

A low temperature goethermal well is defined in the same 

Pro- code section 1920..1 as a well drilled to discover, evaluate, 
duce or utilize law-temperature geothermal fluids where the f uids 
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 Publ.ic Resources Code, Section 3715.5. 

L Exploratory Projects - Environmental Review: 

A Geothermal exploratory projecf is defined in Sec L 
of the California Public Resources Code as ''a project composed of not L 

i 4 



more than six (6) wells and associated drilling and tes 
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 capable 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 st submit a 
complete project 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: 

f 

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 (s) and 
B)A statement of whether or not the projbct is compa- 
tible with existing zoning and State and local plans 
as described in the Division's application instructions . 
for geothermal exploratory projects 5 

of the environmental setting; D) A description of i probable short term and long term environmentgl effects 
of the project1 
to the project sponsor which mitigate the project's 
probable environmental effects; 
any significant adverse environmental impacts which the 
project sponsor cann 

3. A statement that the 
tional environmental information the Division may need 

CEQA . 

C) A description 

E) A description of measures acceptable 

F) A description of 

ees to provide addi- 

' to complete y environmental documents required by 

The Division must determ 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 



1 
t 

b) Negative Declaration - 30-60 days L 
c) Environmental Impact Report - 135 days 

The Division is currently processing its first low temper- 
ature geothermal exploratory project application for the City of 

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 previously in Section 3. 

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

, Susanville. Thics should provide an interesting benchmark for how 

The Division evaluates the environmental information sub- 

Li 

! -  

L 

c 

b 
L 

Whether the drilling project is exploratory or development, 
f once the environmental determination has been issued 

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- 
priate lead agency, the applicant should submit the Notice of L 

The Division issues its final decision on the project in a 

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 

k 

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

Insurance Co. of the West (Carolyn Stone) 2565 @mino Del Rio South f 

San Diego, Ca. ($20) 

San Diego, Ca. 92108 ($100) t 
$5,000 bond i 

L 

L 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) 
mento, (916) 929-2741 ($30) i 

k 
f 6 



in0 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 Bern 
ment of Environmental Health Services. 

The County Code in these matters has been 
of San Bernardino by reference and BS such 
for enforcement within the City. 

Procedurally there is only a day or tw 
at the County. 
well site, depth, volume of water, quality of water and other well 
specifics including who will drill the well. 

with the basin management plan and the State Healt Department for 
comments on the domestic water impacts of injectio into the specific 
zone. 
impact on the basin management plan,the County trill then issue a 
permit. 

ment can present the injection 
Department and the S B W  for their comments in advance of the 
application to the County. 
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 hQt 

din0 County Depart- 

dopted by the City 
County is responsible 

nvolved in processing 
The inforrriation presented to the County includes 

The County will ask the SBVPWD for comments o =onfomity 

Assuming there is no degredation of domestic water and no 

Coordinating these comments could take a few weeks. 
Therefore once the planning is corrylete the City Water Depart- 

well plan to the State Health 

With these comments available at the 

1 

. .  

c 

e 1  4 
1 
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DISCRETIONAY PERMITS CONTINUED : 
Water Quality Discharge Pernit: State, Regional, Water 

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

Th ere are four ways to dispose of the 
They are: 

a) Blend with tertiary/irrigation water 

b) Discharge to wastewater treatment 

c)  Direct disch ge to a new point entering 

d) Reinj ec t ion 

tributary; and 

1. Same aquifer 
2. Different aquifer 

No Water Quality Discharge Permit is required if the geother- 

No Discharge Permit is required if the geothermal water is 

mal water is of suitable quality to blend with the tertiary water 

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 Wate 
need not apply to the Water Quality Control Board for 
Discharge Permit, 

t o  Discharge must be filed with the Santa Ana Regional Water 
Quality Control Board in Riverside, California. 
tion (see form 200 & 200 Appendix figures 5-2, 5-3) contains the 
following information: 

supply 

If the standards are projected to be exceeded an Application 
Such an applica- 

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 six 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. 

For a permit to discharge directly into a stream or tributary 
the same procedure outlined above is followed, 

If reinjection of the geothermal water is 
applicant must file Form 200 with the Regional Board to obtain 

The Regional 

templatedB the 
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Waste Discharge Requirements . 
of a completed pplication. 

Department acts as a c 
agency to the Santa An 

Regional Board for a W 

mation reqyired is the 
. same as indicated above, .By s ter Quality Control 

I '  Board must act on this applicat 0 days afte 

.of the above p s the County 
L 

Itant but not necessarily a permitting 

A fee is required time application is made to the 
ional Water Quality Control Board. 

charge Permit or for Waste Discharge . (See figure 5-41 L 
L 
IJ 

1 
i: 

b 

orflia Public Code defines Geothermal 
Resources as follows: PRC S 

"For the purposes of this c Geothermal Resources 
shall mean the natural heat of the earth, the energy, in 
whatever form, below he surface of the earth present in, 
resulting from, or c ated by, or which ,may be extracted 
fr h natural heat, and all minerals in solution or 
ot 
associated gases and steam, in whateve 
surface of the earth, but excluding oi 
other hydrocarbon substances ." 

oducts obtained from naturally heated fluitls, brines, 
o m ,  found below the 
h3vdrocarbon gas or 

urces Code also defines a mineral reservation 
when state lands are involved as follows: PRC Section 6407, 
as amended, 

"Mineral deposits reserved to the state shall include all 
(mineral deposits in lands belonging to, or which may become, 
the propert 

carbon and geothe 
and their compoun 
salts and mineral uranfum, trona and geothermal 
res our ces 'I . 

of the state, including but not limited to oil 

es, sodium, gold, silver, metals 
x i ,  alkali earth, sand, clay, gravel, 

and gas, ot K er gases including but not limited to, non hydro- 

f i  
The legal' right to own, develop and utilize geothermal energy 

The State of Calif- 'for direct heat purposes ie not a t  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 

by various parties involved in the development of the Geysers Geo-' 
thermal Steam Field in northern California. 
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. 

eothermal resources. 
The federal and state courts have ru f ed in three cases brought 

These cases all dealt 

Th'e questiors can-be framed as follows: 



Is Geothermal Energy a mineral or is it water? 

Is Geothermal Energy s s 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 

1-Pariani vs. The State of California (Final Decision 

2-United States vs Uidm Oil Company of California (Final 

are : 

in the California Court of Appeals, May 20, 1980) 

Decision in the 9th Circut Court of Appeals 1977) 

3-Geothermal Kinetics Inc. vs .Union Oil Company of Calif- 
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 controlslowns the geothermal resource. 
surface estate owners and those who possess water ri hts but not 
mineral rights cannot interfer with the exploration f or 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&he 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.. . .1970.. . .Steam Act.. ."was never intended to make 
the surface of the lands subject to a variety of industrial. develop- 
ments without the 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 fo 
the fact thqt 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., 
groundwater at 100' vs. geothermal water at 1,500'. 

Conversely 

Surface Rights: Rights of the surface owner have been 

The memo states "There is 

It would seem that the greater 
. 
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b 
: The Calif 

Reso 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 sltitude of occurrence." 

PROJECT COO 

"Low temperature geothermal well means a well 
L" 

As indicated in the attached Progress Report 82,  a number of 

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 onsit 
California Dvision of Mines & G and the Geoheat Center of 
the Oregon Institute of Technology. 

State Agencies and Federal Programs have been focused on helping \ 

c 
isits to Sari Bernardino of the 

i; 

i i  



FINANCING THE PROJECT 

INTRODUCTION 

There are potentially a number of public and private options 
available to finance the S a n  Bernardino Water Depsrtments Waste- 

. water Treatment Plant Geothermal Project. Vhich 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 government. Private funding can come 
via tax exempt 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 infornation 
was sumarized and presented in full to the San Bernardino Water 
Department by Coulter Stewart 6r Associates, Inc. in a report on 
December 1, 1980. The financial information is summarized on the 
following page. (See chart) 

The financial problems 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 additiona1”funds were raised from EDA and the City. 
result was abouf $5.5 million available to the project. 
problem is when preliminary en ineering estimates were completed 
we needed at total of $8.3 mil f ion, 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 1% initiative, willing to try raising that 
amount through bonds or other conventional financial mechanisms 
available to cities. This problen: was further complicated by DOE 
wishing to cut about $700,000 more out of their original committ- 
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 problerr,, i.e. the drilling fund 

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

. No attempt is made here 

The first s t e p  taken in identifying v i a b l e  funding approaches 
an dnalysis of existing direct heat geothermal projects 

. 

This 

The end 
The 

. 

S t  

“Resolution: The Boise Warm Springs Water District committed 

The balance was raised through 
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% ' Total - . -  Location 
1. Madison County, Idaho $3,422 500 $1,677,025 49% 

NA 2. Elko 
3. Pagosa Springs, Colo $1,364,280 $1,111 ,o 81% 

0 .  Brawley, California $3,783,895 $3,546,897 94% 

5. Warm Springs, Montana $ 995,108 85% 

6. Sandy, Utah $ 478,312 56% 

7. Draper, Utah . 72% 

8. Susanville, alifornia* $2 , 03 99% 

9. Boise City, Idaho 55% 

NA 

NA 

lO.Reno, Nevada 

11.El Centro, California 
12.ffelly Hot Springs,Ca.* $ 514,729 $ 473,303 92: 

cana, Texas $1,074,860 80% 

th Falls, Oregon 66% 

15.Marlin, Texas 593,550 792 

ld.Philips, South Dakota ,205,804 782 

17.Haskou C 62Z 

I 

18.Pierre, South Dakota $ 538,500 75% 

19.K18math Falls, Oregon $ 267,254 $ 209,000 78% 

20.Dos Palmas $ 363,000 63% 

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

by the Chair- 
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being private capital will increase the price per therm of 
delivered energy even though it enjoys the benefit of assuming 
total risk of failure in drilling for water of the right temper- 
ature and quantity. The proposed cut of $700,000 in DOE funds 
is not yet resokved." 

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 70% 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. .The critical question 
raised by this point centers around the issue of continued avail- 
ability of federal Departnent 
heat geothermal energy 'projects. 

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. 

f Enerey funds to support direct 

Uncertainty over existing DOE funding comes at a time when 

DEPARTKENT OF ENERGY PROGWS 

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, and the geothermal loan 
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- 

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 Administration or 
Congress to put them back. 

Use,r Coupled Confirmation Drillinp Program: This program is cotn- 
petitive and involves a sliding X,  of cost sharing by the Depart- 
ment of Energy and the applicant depending upon project success. 
The minimum reimbursement is 20% and the maximum (in the event of 
total project failure) is 9 0 % .  The proponent pays all costs and 

program which would have been used for 90% 
With these funds 
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is reimbursed by the DOE for the appropriate X .  This program 
attempts to "share the risk" of reservoir confirmation and devel- 
opment well siting. One licitation ha ready been held under 
this program and a second solicitation h een tabled. This 
program seems designed for private secto 
accept some risk of project fa 

I' 
plicants who can 

L 
IiJ 

t! 
L 
L 
u 
k' 

Urban Development Action Grants: he U S .  Department of Housing 
and Urban Deve'lopment gives an a 
qualifying cities in applying fo er the Urban 
Develo ment Action Grant Program. 

T K is progra ables a qualifying loca ent to apply . 
for a grant whic 11 then be used to cover up t o  25% of the 
total irrevocabl itted capital dollats 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 

energy priority to 

either the HUD Innovative Gr 
Action Grant Program describ 

Development 

he City then loans 
rate of interest and 

to achieve project 

about 6 months. 

d is intended for use 
ing implemented on 

a demonstration project basis. 
and untried or involved with special circumstances. 
of the project s uld be transferable to other impacted communities 
and able to meet ommon Community Development needs. 

Such a project should be unique 
The results 

Both the UDAG and Innovative Grant Programs are applied 
for through the local government entity. 
, 



STATE OF CALIFORlIIA OPTIONS 

ASSEMBLY BILL 2973 (Tideland Oil Revenues): In 1980 the legis- 
lature enacted this *measure which allocates the States Tideland 
Oil Revenues among certain programs. 
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 biL1. Monies can be spent on certain energy 
projects 'from an Energy Account which w i l l  terminate December 
31, 1981 unless an Energy Department is created or the State 
Energy Commission has been reorganized by the legislature or 
governor (PRC See 6217 (e) ). In any event the money reverts to 
the General Fund in 1984 unless the Energy Fund is 
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 from the Energy 
Account for energy projects are (PRC Sec 26401 (e)(1)(2)(3) ) :  

One new program, the Energy . 

Both the Energy 

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

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

"(17) Programs.for geothermal resources as 

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 accessjed 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. 

ASSEMBLY BILL 1905 (BLN 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 revenues among counties of origin and two state agencies- 
The Energy Commission and the Resources Agency. 

but as yet the State Controller and the B M  have not been qble to 
separate the Geothermal Lease revenyes from other mineral rights 
revenues involving BLM leases. 

I 

The amount of money involved has been estimated at $9 million 

The money if and when it is 
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allocated will ies of origin (eg 
Sonoma',Lake. and Mendocino 0% each to the Resources 

es Agency will allocate 
annual budget. The Energy 
the money in the form of 

hern-al resources. I 1  

pment of geothe e revenues 
shall be expended. for 

(1) Resources 
(2)  Local and 

' .mitigate the adverse impacts of the development 
of geothermal resources,and the adoption of ordin- 
ances, reguhtions and idelines to implement 
such measures. 

nental monitoring. 
on 0f.geothemal resource 

elements, or rmal components of energy ele- 
ments, for inclusion in the local general plan, 
zoning and other ordinances, and related planning 
and environmental documents, 

(4) Collecting baseline dat and conducti 

( 5 )  Preparation o 

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

diction that are ttributable to the geyelopment 
or production of othermal resources. 

(2) Monitoring and inepecting geothermal'facflities 
'and related activities to assure compliance with 
applicable l a w ,  regulations and ordinances. 

(3)  Identifying, researching and implementing- feasible 
xceasures that will mitigate the adverse impacts of 
such devefoprqent or production. 

(4) Planning, constructin , providing, onerating, and 
that are necessitate 
opment or production. 

( 5 )  Undertaking projects 

and electrical generation applications: 
(6) Undertaking projects for the enhancement, restora- 

tion, or preservation of natural resources, includ- 

maintaining those pub !? ic services and facilities . 

y and result from such devel-' 

ng the technical 
and economic-feasibility of geothermal direct heat ~ 
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ing, but not imited to, water development, 
water quality improvement, fisheries enhancement, 
and park and recreation facilities and areas." 

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

ASSEXBLY 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 general 
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 IRS 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 Son Bernardino Water Bepart- 
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. 
& Sec 260?2(6)(1). 
this point, has been requested.. 

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 Conrmi- 
ssion. 
Qr 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 

See PRC Sec 26003(c). 
A ruling from the State Attorney General on 

Special provisions allow for small projects (those under $1 

The Authority is required to "take final action to approve 

, 
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oes smoothly, assuming three mon e bonds, project 
finance money should be available ths after appli- 
cation is made to the Authority. 

indicate that a geothermal project butes hot water 
to customers, at least 75X of which are c entities, would 
qualif for the tax exempt bond s endent ruling 

addition, the 
small size of the project may ass 

A cursory review of tax status to date would 

would g e required to assure such 

U '  LOCAL OPTIONS 

BANKS: If t 
t h e o v e  groun 
a bank through a lease back 
until such time as the eqbi 
which point it would revert 
finance the gumps and hea 

' The remainder of the 

f i  
b4 

b < '  from the sewer fund as a 
surface activities) 

if all the variables 

t and would be set 

itutional, were 
us minimized. 

ser coupled con- 
ted to privately 

1 '  

\ !  

Development Financing in California Under AB74" states the local 
"industrial development authorities are expected 
purely as conduit financing vehicles with no mana 

L 
'd 
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other responsibilities with respect to the projects financed." 
The governing body may declare itself or appoint the board of 
directors of the Authority ..." Such an Authority would function 
like other limited purpose local agenpies created by state law 
such as parking authorities, housin authorities and redevelop- 

such agencies. 
Act of 1960 

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 r,ot 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. 

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 a 
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 financing. 
noted the project must be located wholly within the political 
boundaries of the Industrial Development Authority 
City-County or County. 

ment authorities but without the add f tional responsibilities of 
In passing the California Industrial Developm 

Many activities are specifically 

It should be noted that t E e City has 

Some question may arise on just where transmission stops 

A company is defined as "a 

However if Industrial Development Bonds are used for wells 

It should be 

be it City, 
In addition there are company liquidity, 
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company size and pro Unfortunately a pment 
Financing Act (AB741 is now written public agencies such as 
municipal utilities cannot apply directly to the local Industrial 
Development Authority. The act could be amended to allow special 
districts and municipal utili es to take direct advantage but 
the original proponents of th 
an idea. 

PRIVATE PARTIES: If a priva 
phases of project development one or more federal tax incentives 
may be available to the priva 
eligible for the 25% combined 
'energy (15%) fax .credit; the 
drilling costs such as site preparation, drilling overhead, con- 
struction, etc.; and depletion allowances. These incentives can 
substantial 
in a geothe 
and develops the entire p 

Geothermal proj ects are 
(10%) m d  alternative 

e x p e n s m  of intangible 

affect the desireability of private participation 
lic entity owns the resources 
ese benefits a 

ADDITIONAL CONSIDERATIONS ' 

PROJECT SIZE: Project size can ect the choice of 
options significantly,assuming that all other factors are contro- 
lled. 
per year in natural gas costs are avoided, the payback on capital 
(not including interesc and O&M) would be five years. 
the initial project soall could well improve the overall chances 
for a successful denonstration'of direct heat applications of 
geothermal energy at the San Bernardino Wastewater Treatment 
Plant. / 

If, for example, the total cost is $200,000 and $40 ,000  

Keeping 

GAS PRICE ANALYSIS AND PROJECTION TO 1985: 
financing decision is the prospective price of natural gas,. which 
is now used to heat the digesters at the Wastewater Treatment 
Plant. 
has been prepared by Coulter H. Stewart specificall 
San Bernardino b[astetJater Treatment Plant Geotherma 
Study Pro j ect . 

The following charts and discussion present an assessment 
of current and future natural gas prices under various assump- 
tions and their anticipated impact on the San Beqardina Waste- 
water Treatment Plant Geothermal Project. 

A key factor in the 

This special Gas Price Analysis and Projection to 1985 
for the 
Feasibility 3; 

I (See chart on 

- 
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PRESENT DELIVERED PRICES FEBRUARY 1, 1981 

PG&E Socal Priori: ty - 

t '  

b 

LJ 
f 

L 

1 - Lifeline 
Average 

$3.07 
3.88 

. .  

I 

$3.11 i 
3.43 

2 -  4.46 3.57 

+ .  3 & 4 Residual oil 4.29 3.50 
Middle distillates 4.58 3.80 

5 4.04 3.50 

(. 
I 

L 

PRESENT SOURCE AND WELL HEAD PRICE OF CALIFORNIA GAS 

I 
Sources Percentage Price b 

California 15% $2.50 

Canada 20% 4.94(April 1, 1981) 

Southwest 102 10% 2.67 

103 2% 6.00-7.00 

Old 53% 1.00 

At the present tine all natural gas consumed 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.. 
12-13% 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 oneewould 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. 

thus be faced with 50% of its gas still price controlled at about 
$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 fron 8-9X 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 

Assuming 1985 decontro1,Southern California Gas Conpany will ' 

Assuming a modest 15% price rise per year above the 
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be $63/b 

BTU or 6 8 ~  per 
is decontrolled, the 
gas is also decon- 
oil immediately upon 

40Q% to Over 

econtrolled in + .4 x $1.70 = 
.68/million 

The San Bernardino Wastewater Treatment plant boilers will 
use 5.5 billion BTU's of na 

ment in 1985 dollars will b 
cost savings could be used 
incurred by the project. 

ternal price factors as sudden cut off in a major portion of 
domestic oil supplies from OPEC countries or a dramatic break in 
the world oil price, 
are on the decline, vulner 

The foregoing account such ex- 

Since U.S. oil imports from OPEC nations 
ility to this threat should lessen. 

t the present time, 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. The loan guarantee 
program is relevant if private p ticipation is involved. If 
not, the two HUD programs should e explored. The Water Depart- 
ment can ask the City Department f Community Development to 
submit an ansolicited proposal' t HUD under the Innovative 
Grant Program to see if HUDwil1 issue such a grant. 
program can be applied for quarterly beginning January 31st. 
Each such application is treated separately and can be 
and presented through the City partment of Community 
ment . 

e City uses a UDAG grant in conjunction with an Indus- 
trial Development, Authority pursuant to the California Industrial 
Development Authority Act, 1980, the total project bonding limit 
can rise to $20 million and mainta$n the tax ex 

me UDAG 

23 



The only fully operational state funds at the moment are 
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. 
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. 

Energy Fund could be competitively bid for the remaining 502 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. 

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 dilarmaand provide greater local con- 
trols as would the availability of State Energy Resource Fund 
nonies. 

should be introduced now to access t K i s  years unencumbered balance. 

The Energy Commission and the Resources Agency should 

This assumes the 

In any case, given the limited 

If the project were funded from a variet of sources com- 
bining UDAG ( 2 5 % )  and City Sewer Fund ( 2 5 2 )  t t en the Bosco Bill 

Serious thought should also be given locally to the estab- 

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 impleciented in San Bernardino. 

The project itself is small enough so as to not have any 
significant impact upon employment, taxes, public service$ or the 
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need for social service s rograms. Rates for sewer 
service, however, could be affected if anticipated energy cost 
savings are realized and passed th ough to the consumer. 

PUBLIC,AWARENESS PROGRAM: 
has an opportunity to greatly impact the public 
geothermal energy. Since nost re nts of the Inland Empire 
probably think geotherma i; sphere of reference both 
perlg dasigned program can go a long 
geot ermal energy and making it rele 

By citing it's historical 
Harlem and Arrowhead Hot Spring 

of possible end uses for c 
purposes. 

Such a program should 
operated by local Water Department or city staff, where ever 
possible, and be implemented throu 
possible to achieve maximum citize 

L 

The San Bernardino Wa 

I i  
I Plunge, San Bernardino can IAy the foundation for a full discussion 

industrial and residential 

a multi-media approach, be 

many public forums, as i, 
L following: 

erage. 
A listing of primary goals and object s can include the 

of local residents 

mal- energy 
Educate the project area res 
operators about the importan 
wastewater trea 

B - Program Objectives: 
1 - UFilize multi-me 

tional material 
2 - Utilize local staff to pr 

displays etc. concerning 
wastewater treatment plan 

3 - Utilize diverse public an 
the educational material 

2 

b 
u 
cl 

L 
PRO DESCRIPTION: There is a great 
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, Japan, Iceland, the 

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

25 

A number of private companies and public 
roduced films on the application of geothermal 

energy for bot K electric and direct heat purposes. While San 

used for eit R er direct heat or electric purposes elsew 8 ere in 
Phillipines and New Zea H and exist and would be very educational. 

is being 

Such films could be presented as special energy programs in - m J  d 
r 
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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 Geothermal 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 (Geyserssworld 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 of slides, charts, 
graphs, reports and booklets are available from the Idaho National 
Energy Laboratories h EGG in Idaho, the Geoheat Center at the 
Oregon Institute of Technology and Union Oil Company. 

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- 

PROGRAH CONTENT: 
at a minimum contain information an the historical use of eeo- 

Any Geothermal Public Awareness Program should 
v -  - 

thermal energy locally in the San Bernardino area; the nature of 
the geothermal resource, including system controls either fault 
or magma3 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. 

PROGRAM TIMING*: 

- Task Duration Month 
1 - Final Design and Buy Off 1 month February 
2 - Training .Personnel 1 month March 
3 - Arrange Calendar 2 weeks April 
4 - Make Presentation 3 months April-June 

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  ~onths 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 ti 3 completed in the Spring and Summer. Thus only 3.0 
months for Presentations would be required. Press related 
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 department funds. 

Like- 

In the event that public funding is not made available 
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Figure 3 . 4  

TITLE 14 15101 

W 
1 1  
L! 

15101. Class 1: Existing Facilities. 

Class 1 consists o f  the operation, re rs 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 olving such things 
as interior partitions, plumbing, and elec cal conveyances; 

(b) Existing facilities of both investor and publicly owned 
utilities used to provide electric paw , sewerage, 
or other public utility services: 

U 
I: 
i l l  

61 
u 
u lass 2: Rep 

Class 2 consists o lacement or re 
structures and facilities 1 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) Replacement 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. u 
Class 3 consists of construction and location of limited 

numbers of new, small facilities or structuresj installation of 
small new equipment and facilities in small strtlctures; and the 
conversion of existing small structures from one use to another 
where only minormodifications are made in the exterior of the 
structure. The numbers of structures described in this section 
are the naximum allowable within a two year period. 
this exemption include but are not limited to: 

extensions of 

kl 
L 
L 

Examples of 

(d) Wate in, sewage, electrical, gas and .other utility 
sonable length to serve such construction. 



Figure 3.5 

ENVIRONMENTAL REV1 ITTEE 
OF THE 

CITY OF SAN BERNARDINO, CALIFORNIA 

300 North "D" Stree t ,  City Hall 
San Bernardino, California 

NEGATIVE DECWTIOPJ 

19 
Clerk of the  Board of Supervisors 
175 West 5th S t ree t  
San Bernardino, CA 92415 

The Environmental Review Conunittee of the  City of San Bernardino, California, 
f ter described development at i t s  meeting of 

ificant effect on the  environment. 
and found t h a t  on the  basis  of t he  i n i t i a  study the project 

A copy of the i n i t i a l . s t u d y  for t h i s  project  is attached hereto and by 
reference made a part  thereof. 

ENVIRONMENTAL REVIEW COMMITTEE OF THE 
CITY OF SAN-BWZNARDINO, CALIFORNIA 
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RESOURCES AGENCY Of CALIFORNIA Figure 4.1 
u 
I 
I I ~moa3106~1/80) DEPARTMENT OF CONSERVATION 

DIVISION OF OIL AND GAS 

Notice of lntentio Drill a Geothermal Resources Well 
(SUBMIT IN DlJPlICA TE) 

bd' 

Telephone Number 

The appropriate drilling fee, an indemnity or cash bond, a complete drilling program, and a parcel map showing the operator's sur 
face rights, mineral rights, and the location of the proposed well must accompany this notice. 

Location of \\ell: meters along section/property line, and meters 'it right angles to 

said line from the corner of section/property or 
ILbmfW,  rcmu cr* r n l  l & R * m .  

clo.. <VI r n l  

Location of \\ell: meters along section/property line, and meters 'it right angles to 
ILbmfW,  rcmu cr* r n l  l & R * m .  

said line from the corner of section/property or 
clo.. <VI r n l  

Elevation oi prepared site abovelbelow sea level: 

Is the surface loca!ion or intended productive interval within 100 feet of property boundary? 

meters. 
).e- 'me 

( C N m  r V I  - I 
I 

[ ]  [l 
If well is to be directionally drilled, show proposed coordinates [irom surface location) at total depth: 

meters and -meters -. 
tlrhr t * n  rLwlVtm, 

PROPOSED CASING PROGRAM 

that is meters above grourd All depth measurements taken from top of 
t D m *  1 f k n w  R O I ~  T&. 01 ad& du*rgl  

I 

Intended zune I s 1 of completion: - . Estimated total depth: meters. 
tUm. &sth udelyrrtrdpnwrrl 

ENVIRONMENTAL INFORMATION 
(SEE REVERSE SIDE) 

if a governmental agency has prepared'an environmental document, please submit a copy of the document with this notice or 
supply the following information: 

Gokrrnment Agency: Contact Person 

' 14 Address: - Phone: ( 1 

Doc tment t i t l r .  S.C.H. No.: u 
Submitted in compliance with Section 3724, Division 3, Chapter 4, Public Resources Code. 



ENVIRONMENTAL INFORMA TION L1- 
The California Environmental Quality Act ICEQA) applies to the project describpd in the information on the front oithe notice 

if the project could have a significant impact on the environment..' To approve a project subject to CEQA, the Divkion of Oil 
and Cas must consider the need for either a Notice of Exemption, a negative declaration, or a finalenvironmental impact report. 
If none of the& documents exists or if an operator is seeking approval for a project involving six 16) or fewer exploraton wt4k 
(including temperature obsewatrbn wells), the m a t o r  shall contact the Division of Oil and Gas CEQA Unit as won as possible. 
The phone number is (916) 445-9686. The address is 7416 Ninth Stmt, Room 1376-35, Sacramento, Califarnia 98.514. 

f 
- 

FORMS 
OGG114 OGGl21 

MAP CARDS CEE BOND 

I 

GEP (I 
(14 SP) EXEMPT NEG. M C  , E.IR 

CLASS- SCH. NO.-- 

L 
P 
L 

FOR DlVlStON USE ONLV 

API WELL NO. t 

t 
f 
f 
L 

Ls i- 
t 

t 



Figure 4 . 2  
RNlA 

ERVAI ION 

AND GAS 
1418 NINTH STREET. ROOM 1x118. SACRAMENTO 

DESIGNATION OF AGENT FOR INDIVIDUAL OR PARTNERSHIP 

In compliance with Section 3721, Division 3, Public Resources Code, notice is hereby given and ..................... 
(4 We) 

................................. - 
of ......,.........----.--------, state of -____ ---- .---.---.----, have t p p i n d ,  8UthOriZed urd 

hereby certify that --..-.----- 
II. we) 

ernpowered C-.-C-.I-..--.---.-.. ........ ---I---- -------- 

whose a d d m  is _._-__._._____-- -.---- 

State of California, m-.- _________._C..._I agent for the State of California* _--.I.--- 

upon whom all orders, notices and p r o m s  undu the provisions of said act m 

This notice revokes rU former appointmenu made for said purpose. 

IN WITNESS WXEILEOP ___________-___l_ -have cigncd this certificate this .._-_I_--_. &y of,-- 

-.- ---_.---___-__-- , 
(?o~aJ &ddra )  pol  (Zip Code) 

(my.uur) 

\ 

-_I___ 19,- 
(1. =a) 

- 
(Name and Tall.) 

(Signature) 

Witnar: 

--I 

( SignmNre) 

Agents acceptance: 

Accepted . . . . .  ._... -----.--..-...-- 
(Si gnatun) See. 3721. Every Owner or operator of m y  

well shall designate an t, giving his post ofiice 
address, who resides ha =Stat, upon whom may 
k u r d  dl otden, aoticts, and procrssts of the 
rupurisor, 1 board, or my court of law. Evay 

notify the N rvisor, ii writing, of such termini- 
tion,.md & operations are discanfinucd, shall 

t 

t h g  8ll 8gCllt Shd, Within five 
of m y  such agarq, 

appoint 8 new 8gCnL 

NOTE: An operator may appoint’himself as agent. 

Should rhc oworr or operator dling thii lorn chose to appoint more than one agent, the phnsc. “the State of W i o r n k ”  should bt d e k d  
and tht e;xt arm for which the D p t  u to. bc appointed should be inrutod. A scepurtc form mwc bc dlcd for each a p t .  
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Figure 4 . 3  A 
STATE OF CALIFORNIA BOND NO. ..................... 

2 
b 

li 
1' 
L 

INDIVIDUAL GEOTHERMAL RESOURCES WELL 
INDEMNITY BOND 

(SEE INSTRUCTIONS ON REVERSE SIDE FOR APPLICABLE MOUNT) 

Know All Yen by These Presents: 

WE 

n a t  I ,  

as principal. and ' 0 corporation 

organlctd and elirting under mnd by virtue of the laws of the STATE O F  
and aulhodted to trknaact surely krcinesc h e  STATE OF CALlFORNIA. as surety. a n  held and linnly bound 
unto the STATE OF CAI-lfORNIKin the THOUSAND AND N0/100 DOLLARS 
(S......,000.W) IawIul money of lhe United States of Amenca. to  be paid to the amid State of Cmlifomia. lor which 
payment, well and truly lo be made. we h n d  ourselves. oor hcin. executors and aucmsorc', jointly and severally. 
firmly by these presents. 

THE CONDlllON OF THE ABOVE OBLIGATION IS SUCH THAT, 

WHEREAS. aaid pnncipal 

Of ..................................... 

about to a q u i n  ownemhip or operation. drill. d r i l l .  deepen. neiniain. or abandon a 

............... -temperature geothermal resources well designated es .................. . . . .  Sec. .. 
1W.L I l a d  

T . .  . . .  R B. 0 k c a n d  is required lo lile thi8 bond in connection therrwic); rn accordance with 
Sections 3723.5 and 3725 to 3729. inclusi\e. of Chapter 4 of Division 3 of the Public Resources Code of the State 
of Calilorniu 

NOU,. THEREFORE, i f  w i d  . . . .  .......... ....................... 

the above bounden principal. shall well .nd l ~ l v  comply with all !he provlSionS of Chapter 4 (commencing with 
Section 3700bol Division 3 of the Public Resources Code and ahall,oky all lawful orders 01 the State Oil and Cas 
Suprrvi-or. or his district deputy or deputies. i f  not appealed ms provided in that ChaplCr, 01 upon mflirmsnce thereof 
b) the Geolhemul Resources Board, i f  appealed thereto. and rhal l  pay all charger. costs. and expenses incurred 
by thr supervisor or his digtrict deputy or deputies in respect of such well or the pmperty of said principal. or 
assessed aedinst such well or .the property of such principal. in pursurnce of the provisions of m i d  chaptrr. then 
lh i r  obligation shali k vod, otheiwire. i t  shall remain in lull force and rffect. 

c 
G 

I 



NOtARIZAtlON OF THE WREN: 

STATE OF CALlFOXNlA 
COUNTV 01 

5. 

6. 

7. 

B 

Oa thia ......_........ day of 

berole me, 
A Notuy Public in and k r  mid County md State. personally appeared 

I ._-...... . in the year 19 ......__... 
.......... ""..............*.."................"""...,-............".."" ................ .................- ".. 

.......... " .................... " ...... ".. " ........ ..................... ............... .... " .... 
e a m e  is subscribed to the oilhin anstnunmat 

as b e  of 

, and 8cknowkdged (0 me that he subscribed the name 

Of thereto and his  own cume .a .................. 
....... " " ......................................................... .. .......... .. .. ................ 

....................................... .. ............................................. .. .... 
nu- P a w  L m4 k. W d  C m l v  U. Yme 

INSTRUCTIONS 

The aurcIy on Ihe &nd M8y k M y  WNYY W-y IiCaIMOd in cdihi8. 

The u&ufum ol the urory ma: be aorrird. 

I1 b e  principal is eorporetion.che olpomte real mus1 be aflimd 

I1 &e principals M parhers. their indivihal nmes shall appear in &e b& 01 tho bond villi the recital that 
they qe parmers wmpo.in& 8 fim, r d  numind m ' d  lim. 

The n m c  01 the pnncipd 41 r~ll llic derignution r d  number 01 the well ut the bond muat agree ear f ly  
rib &+her shown m the notice 01 mfartion to acpuiw ovnrrrhip or operation, drill, ndnll, deepen. pmmm,tly 
dm Ihc cerinl. ot mbandon. 

A b n d  rontmnin~ 8 UrcCllatiOn clutut- at fhe option ol the at~erp is  01 .aepIaffe. L 

8. Apptiooblc m(Mc 
C 0 - d ~  la h i @ - f ~ a p a a f ~ ~  WN ......................... ....,.................................~,000 
Cowrde h l o w - f ~ a f u t e  well: 

ICES rhiw, 2,000 lu-I total depth ......................................................... $ 2,000 

at least 5.000 kef but h cha 1y).ooO I& Idel depth .......................... $JrS,oOO 
PI k a s t  2,000 leet but lrrr than 5@0 ket tobl depth ....................... ;... $10,000 

d leost 1o.OOO lwt or &anta toto1 drpth .................... ....-.... ............... &?S.oOO 

NOTE: In lieu of an individual iadtmnity bond. s penon nw, with the wdtten approval of the Supervisor. file casb 
' bond or securities in the rpproprirtr mount u p n c r i b d  in Scctfon 3728.5. Division 3 of ch8 public 

Recourra Code. 

i 

t 



RESOURCES AGENm bF WKIRNU 
DEPARTMENT OF CO(JSERVATON 

DIVISION OF OIL AND QAS Figure 4.4 A 

ENVIRONMENfAL CHECKLIST FORM 

11. ENWRONMENTAL lMPACTS . 
(Explanations of all “yes” .nd “maybe” answers nre required on attached m B . 1  

YES MAYBE No 
I. Earn. Will the propod result in: 

B; 

i; 

a. Unstable Qafth conditions or in changes in gedogic urbstructures? - - -  
b. Dtsruptions, displacements, compaction or overcovering of the noif? -7- 

c. Change in topography or ground d a c e  reli - - -  
d. The destruction, covering or modificatton of a - - -  
e. Any increase in wind w water erosion of soils. dther on or off the - - -  I ’  

1. Changes in depositton or erosion of beach rands, or changes In siltation, deposition or erosion which may modify the 

g. Exposure of people or property to geologic hazards such as earthquakes, landslides, mudsl i .  g d  fallure, or srmilar 

channel of a mer or stream or the bed of the m a n  or any bay, inlet or lake? - - -  id 

L 
iQI b. The creation of objectionable odors? , - - -  

I‘ 
1; , drainage partems or the rat - - -  

L 
L. 
u 

t i  

hazards’ - - -  
2 Alr. Will the proposal result in: 

I ‘  a. Substantial air emissions or dethabon of ambient air qualityr) - - -  

c. Alteration of nir movement. wsture or temperature, or any climate. either bcally or - - -  
3. Water. Will the proposal result in: 

of water move - - -  

c. Alterations to the come or ~&VU of flood waters? 

d. Change &I the amount of surface water in any water body? 

e Discharge into surface waters, or in m y  alteration of rurface water quality. 

- - -  
- - -  

ng but not wmited to temperature. 
dissolved oxygen or turbidity7 -7- 

of lhe direction or rate of flow of ground waters? - -  
in the quantity of ground waters, either through direct additions or withdrawals or through - - -  aquifer by cuts or excavations? 

h. Substantal reduction m the amount of water otherwise available for public 

Exposure of people or property to water related 

species, & e ot a 

7-- 

- - -  
4. Plant Lite. Wiu the proposal result in: 

a. Change in the diversity . vas. mops, and aqua? 
plants)? - - -  

r.(Cd 
It; 

b. 

c. Introduction of new species of plants nto an area, or in a barrier to the normal replenishment of existing species? 

Reduction of the numbers of any unique, rare or endangered rpecies of plants? - - -  
- - - 



I 

B L 
YES MAYBE No 

r 
i 

d. Reduction in acreage of any agncuhwal crop? - - -  
5 Animal Life. Will the proposal result m: LI 

a. Change in the diversity of species, or numbers of any specles of amrnais (birds, land animals including reptiles. fish and cf 
i - - -  shellfish. benthic organisms or insects)? 

b. Reduction of the numbers of any unque. rare or endangered species of animals? L - - -  
c. Introduction of new speaes of ammalo into an area. 01 result in a barrier to the migrabon or movement of ammais? 

d. hterioratmn Wexisting fish or wildlrte habitat? 
- - - 
- - -  

6. Nolre. Will the proposal result in: 

f 
t 
k 

L - - -  
- - -  

a. increases in existing noise levels? 

b. Exposure of people to severe no~se levels? 

7. Ught a d  Glare. Will the proposal produce new l i h t  or glare ? 

8 Land Use. Will the proposal result in a substantla1 alteratton of the present or planned land use of an area? 

9 Natural Rerourcer. Will proposal result in: 

a Increase in the rate of use of any natural resources? 

b. Substanbal depletron of any nonrenewable natural resource? 

I - - -  

L - - -  
- - I  

L. 10 Risk of Up8et Does the proposal involve a risk of an explosion or the release of hazardous substances (mciud 
not limited to, oil PesticideS, chemcals or radtabon) in the event of an accident or upset conditions? 

Population. WfII the proposal alter the locatton. dstnbution. density. or growth rate of the human population of F- -?ea? 

Housing. Will the proposal affect existing hous~ng, or create a de&nd for additional housing? 

- - -  
11 

12 

13. TrrnsportaUon/Circubtion. Will the proposal result In: 

- - -  
- - -  L 

a. 

ti 

Seneration ot substantial addttional vehicular movement? 

Eftects on extsting parking facilities. or demand for new parking? 
- - -  
- - -  

a. 

ti 

Seneration ot substantial addttional vehicular movement? 

Eftects on extsting parking facilities. or demand for new parking? 
- - -  
- - -  

I -  

t 

L.* I .  

c. Substantial impact upon eusting transportation systems? 

Alterations to present patterns of circuiabon or movement of people and/or goods? 

Alterations to waterborne. rail or air traffic? 

Increase in traffic hazards to motor vehtcles. bicyclists or pedestnans? 

- - -  
d - - -  
e. 

I 
- - -  
- - -  

14 
any of the following areas: 

Publlc Servlces. WIII the proposal have an effect upon. or result in a need for new or altered governmental services in L 
- - -  a Fue protection? 

b Police protection? 

c. Schools? 

- - -  I 

-7- L d Parks or other recreational facilitfes? 

e. Maintenance of public faulibes, including roads? 
7-- 

1. Other governmental services? - - -  
15 Energy. Will the proposal result in: 

F 
t 
b 

- - -  1 -  
ii 

a Use of substanttat amounts of fuel or energy? 

b. Substantial hCwaSe in demand upon existing sources of energy. or require the development of new sources of energy? - - - 
t 
I 
b 

16. UtillUIS. wl11 the proposal result 8n a need for new systems, or substantial alterations to the follwng utilities: 

- - -  a Power or natural gas? 

- I t  
b. Communications systems? - -  
c. Water? - - -  
d Sewer or septic tanks? - - -  

i 
ei 

/ 



e. Storm water drainage? 

1. W i  waste and disposal? 

17. Human Health. Will the proposal resa in: 

a. Creation of any health hazard or potential health hazard (excluding mental health)? 

b. Exposure of people to potential health hazards? 

le .  Aesthetkr WJItheproposalreoultin(heobstNction01.nyree?icviclteO1viewopentothepublic,orwilltheproposal 
result in the creation of an aesthetWly offensive $ite open to publ~c view? 

C 
YES MAYBE No - - -  

I .  - - -  

- - -  
19. Recmatlon WJI the proposal result.m an impgct upon the ouality oc quanbty Of existw recreationel OppOrtWties? - - - 
20. Archeologltal/Hlsto~l. Will the proposal result in an alteration of a signiticant archeological or historical site, SmrCtUre, object or building? - - -  

1 I  

b 21. Mandatory nndlngs of Qgnlfltmnce. 

a. Does the project have the potential to degrade the quality of the environment, substantially reduce the habitat of a 
fish or wildlife species. caua a fish or wildlie papulation to drop below self sustaining levels. threaten to eliminate a plant or 
animal community, reduce the number or restrict the range of a rare or endangered piant 01 animal or eliminate important 
examples of the major periods of Caliiomia history or prehistory? - - -  

b. Ooes the project have the potental to achieve short-term. to the disadvantage of long-term. environmental goals? (A 
short-term impact on the environment is one 
will endure well into the future.) 

c. Does the project have impacts which are individually limited. but cumulatrvely considerable? (A project may impact 
on two or more separate resources where the impact on each resource is relatively small, but where the effect of the total of 
those impacts on the enwronment is significant.) 

d. Does the project have environmental effects which will cause substantial adverse effects on human beings either directly or indirectly? - - -  

occurs in a relatively brief, defhiwe period of time wile 10 - - -  
- - -  

111. DISCUSSION OF ENVIRONMENTAL EVALUATION 

I 

n 

rb*r 

Y 

Date Checklist Prepared By : 

ly. DETERMINATION 

On the basis of this initial evaluation: 

\ , I flnd the proposed project COULD NOT have a significant effect on the environment. 8nd 

I flnd that although the proposed project could have a significant effect on the environment, ' 

the mitigation measures described on an attached sheet have &en 

ECURAT'oN will be pePared. 
be * significant effect in @lis case because 

to the project. A NEGATIVE DECLARATION WILL BE PREPARED. 

i d  L-> I find the proposed project MAY have a significant effect on the ewonmnt,  and an ENVIRONMENTAL IMPACT REPORT is required. 

Date 
iJ 

GEOTHERMAL C E.0.A UNIT SUPERVISOR 



RESOURCES AGENCY OF CALIFORNIA 
DEPARTMENT OF CONSERVATION 
DlWSlON OF OIL AND GAS 

\A\?E OF OPERATOR 

NOTICE OF DETERMINATION 

OPERATOR REPRESENTATIVE 
I 

Figure 4 . 5  f 

-i 

1 
i 
(u 

TO: SECRETARY FOR RESOURCES I 

L 1416 NINTH STREET, R O O M  1311 
SACRAMENTO, CALIFORNIA 95814 

I 

PROJECT DESCRIPTION 
PROJECT TITLE: 

L* WELL NAME61 AND NUMBER(S1 

L 

Lj 

i 

PHONE NUMBER l')l\'l5lOh CObTACT : 

- 
the Division of Oil and Gas, Depanmenf of Conservation, has approved the above-dexribed project and has made the following determina- 
tions: 

The project a will, E will not, have a significant effect on the environment. 

; An Environmental Impact Report was prepared for the project pursuant to the provisions of CEQA. 

, . .4 Vegative Declaration was prepared for the project pursuant to the provisions of CEQA. A copy of the Negative Declaration 
I \  attached. 

A Stdternent of Overriding Considerations 0 was, 0 was mt, adopted for this project. A copy of the Statement is attached. 

1 
I 

-_ i 
I 

i 
5TATE CLLARIkG HOUSE NUMBER L 

& State at and Gas Supetwkw 

(MZGIOC PROJECT NUMBER DA E: 
OCSlSOI 3-79-DWRR-5C r 

6 

I Clr 



Operator 

Fleld or CRA 

Name ( h s a n w b n r ) l u l g r r p ~ n - ~ u l y p r ) .  
L 

il 

Well Designation 

R. B.&M. *nhl Sec. T. 

stmt Mdrew 

3. Last produced: ,19- 

The proposed work is as follows: 

f ‘  



\ Figure 5.1 P. 

Order No. 79-83 (NPDES No. CA 0105392) - continued Page 3 
C i t y  of San Bernardino 

A. Effluent Limitations 

1. a. The discharge of w a s t e s  containing const i tuent  concentrations 
i n  excess of the  following l imi t s  is prohibited: 

WS' Emission Rate1 Concentration L i d  t 

Constituent S e r i a l  NO. Average Average . Average Average 

Oxygen Demand (3178 kglday) (4766 kglday) 

(3178 &/day) (4766 kg/day) 

(1483 kg/day) 

Discharge 30-Day 7-Day 30-Day 7-Day 

Biochemical 001 7006 lbs/day 10S08 lbslday 30 mg/l 4 s  mgll 

Suspended Solids 001 7006 lbslday 10508 lbs/day 30 mg/l 4s  mg/l 

Ammonia-Nitrogen 001 3269 lbs/day --_ 14 mg/l -- 

1. b. The discharge of wastes containing const i tuent  concentrations 
i n  excess of t he  following limits i s  prohibited: 

Constituent 

F i l t r a b l e  Residue 

Total  Hardness (as CaC03) 

Chloride 

' Sodium 

Sul fa te  

Boron 

Fluoride 

Total  Nitrogen 

lBased on 28 MGD 

Discharge 4-Month Average 4-Month Average 
S e r i a l  No. Mass Emission Rate Concentration Limits 

00 1 

001 

001 

001 

001 

001 

001 

001 

124,933 lbs/day 535 mg/l 
(56,668 kglday) 

50,207 lbs/day 215 ng / l  
(22,773 kg/day) 

19,849 l b d d a y  8s mg/l 
(9,003 kg/day) 

(9,003 kg/day) 

19,849 lbs/day 85 mg/l 
(9,003 kglday) 

(53 kg/day) 

(106 kg/day) 

(2,970 ke/day) 

19,849 lbslday 85 mg/l 

117 lbslday 0.5 mg/l 

234 lbs/day 1.0 mg/l 

6,550 lbslday . 28 ng/ l  

I, 
L 
L 
L 
t 
i 
b 
L I, 

I 
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B 

3 (NPDES No. CA 0105392) - continued Page 4 
City of San Bernatdino 

C. The discharge of wast 
residue concentration 
t r a t i o n  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 constituent concentrations 
i n  excess of t he  following l i m i t s  is prohibited: 

Discharge Maximum Daily 

exceeds the 4-umnth average concen- 

Constituent S e r i a l  No. Maximum Mass Emission R a t e  Concentration Limit 

Arsenic 12 lbs/day (5 kg/day) 0.05 mg/l 
233 lbs/day (106 kg/day) 
2 lbs/day (1 kg/day) 

12 lbs/day ( 5  kg/day) 
47 lbs/day (21 Icg/day) 
233 lbs/day (106 kg/day) 
47 lbs/day (21 kg/day) 

I 1  

I* 

1: 

1: 

Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Manganese 
Mercury. 
Selenium 
Si lver  
Zinc 

I1 

I1 

*I 

I: 

tI  

0.5 lb/day (0.2 kg/day 

1168 lbs/day (530 kglday) 

The pH of the discharge s h a l l  a t  a l l  times be w 
6.5 and 8.0 pH units. 

There s h a l l  be n o a i s i b l e  o i l  and grease i n  the  

The waste discharge s h a l l  be, a t  a l l  times, an 
and oxidized Wastewater. 
disinfected i f  a t  some location i n  thd  treatment process the  median 
number of coliform organisms does not  exceed 23 per 100 milliliters. 
The median value s h a l l  be determined from the  bac ter io logica l  r e s u l t s  
of t he  'last 7 days f o r  which a 

The 30-day f low-weighted 
suspended so l ids  concen t 
than f i f t e e n  percent (15 
in f luent  concentrations. 

2 lbs/day (1 kg/day) 0.01 I' 

12 lbslday (5 kg/day) 0.05 :: " 

5.0 

2. 

3. 

4. 
The wastewater shall be considered adequately 

yses have bee 

=age biochemica 
ions of t h e  discharge s h a l l  no t  be grea te r  

day flow-wefghted average 

B. Receiving Water Limitations 

1. Whenever ther on-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 
ind ica ted ' in  Monitoring and Reporting Program No. 79-83. 

The discharge s h a l l  not alter the color of t h e  receiving water. 2. 
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Figure 5 . 3  
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SblRCB FORM 200 APPEfIDIX 

Provide information i n  categories checked only 

I. Project Description 

u” 
A. Location 

1. Point(s) o f  discharge (includes p uses 
of reclaimed water), 

fol lowing i f appl i cab1 e: 

a, Any area t o  be dredged and any are-a t o  be f i l l ed  
b, For mining operations, description o f  mineral commodity, 

operation, nature of operation. 
c. For petroleum refinerie 

as required by E.P.A. 
d. For reclaimed water use, i n d i  

and party responsible for  quality when delivered t o  point of 
use or appl i cat i  on. 

e. For subdivisions,  submit subdivision map and vicinity map, 
and provide information on public enti ty i f  required. 

f. For animal confinement f ac i l i t i e s ,  indicate number, species, 
and gender of animals, design o f  fac i l i ty  and waste contain- 
ment faci 1 i ties or measures. 

r project locati and description, tncluding the 

ki 
G 
u 
L 

3. We1 Is ,  drainage courses, surface waters, and nearby structures. 

Volume of Flow o f  Waste Discharge B. 

1. Present volume (cubic yards) or  flow i n  mgd. 

2. Design vol  (cubic yards) or  floJr i n  mgd. 

. Variations flow or volume. 

4. Total capacity of solid waste di  

C. Quality o f  Waste Discharge 

1 , Provide 1 aboratory analysi 

Provide ‘cherni 
chemi ca 1 s. 

ny associated toxi c 

3. Describe physical pr 

u n t s  and typ 
o f  .turbidity i f  proj 



.. D. Water Supply 

1. Source 

2. Quality 

3. Average quantity 

E. Other Approvals 

.- I List al l  other public agency approvals and permi 
any necessary Division of O i l  and Gas approval. 

requi red, including 

F. Contacts 

Provide names, addresses, phone number 
responsible for maintaining project an 
including landowners, lessees, agents or  op 
is a mining operation, rlaim holders, 

6. CEQA/NEPA 

Provide a copy of f ina l  EIR/EIS or  negative declaration i f  pre 
If not, s ta te  why exempt. 

H. F i l i n g  Fee 

Provide information to determi ne .correct fee, 5 n accordance wi t h  
SWRCB Forms 201 and 202, 

11. Treatment and Disposal 

A. Treatment 

1. Describe type or processes o f  treatment and capacity 

2: For experimental treatment projects, describe tes t  results, similar 
projects, evaluation of .similar projects. 

8. General Disposal Information 

1. Describe method of disposal of treated wastes and other wastes 
from operation, including d r i l l i n g  muds and dredge spoil , if 
applicable, and including any storage and transmission facilities. 
For ocean discharges include depth and length o f  outfall and 
diffuser. 

2. Describe the means of disposal for  wastes other than  those i n  
application. 

C. Liquid Uaste Dfscharge.to Land Surface (Pond and Spray Disposal) 

1 . Describe area size. 

a 



C 
E; 
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2. Design c r i t e r i a  and d e t a i l s  including loading r a t e s ,  odor prevention, 
s o l i d s  removal, and disposal capacity o f  land. 

3. Depth t o  

4. - Groundwater qual i ty, 

5. Soi l  p r o f i l e  and permeab 

e u 
t; 

Annual rainfall and preva direct ions . 
. Evaporation or  evapotranspiration rates.  

8. For spray disposal only 

a. In s t i t u t iona l  arrangements f a r  control ,  
b. 
c. Geologic and agr icu l tura l  information. 

S t a t e  and local  health department controls ,  

i; D. 

h: 
bi 
P 

1 . Percolation tests. 

2, Disposal design c r i t e r i a  and d e t a i l s  

E. 

l y  w i t h  evaluation procedures i n  l a t e s t  
Waste Discharge Requirements f o r  Nonsewer- 

I I I . Recei vi ng Water Ihf orma ti on 

A. 

1. Describe stream f low va”9ume and 

8. Ocean Discharge 

2. . Pre-di scharge moni t o r i  ng. 

Indus t r ia l  Process or Municipal Bay or  Estuary Discharge 

Enhancement of ‘beneficial  uses over than i n  absence of discharge. 

C. 

4 .  

u 
t i  d ’  

bi I 
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L d  
I V .  Planning Information f 

A. 

B. 

C. 

0. 

E. 

F. 

Flood Protection 

Prwide information required t o  assess protection of f ac i l i t y  from 
floods. 

Erosion 

Provide information required to  assess erosion and s i l t a t ion  of 
project area during construction and operation. 

Surface Water Control 

Provide information concerning runoff protection and storm drainage 
control for  project area. 

s p i i l  Plan 

Prepare'and submit a technical report on spill preve 
contingency measures. 

and 

1 

Mi n i  ng Opera ti ons 

For mining operations, describe reclamation or rehabilitation program 
for project area a f t e r  closure. 

Proposed Devel opments * 

For developments containing more than th i r ty  dwelling u n i t s  and 
w i t h  lo t s  containing less t h a n  20,000 square fee t  net area, a report 
shall .be submitted on the conditions i n  the area of the development 
including: 

1. 

2. 

3. 

4. 

1 

b 
Quality of 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  o f  the boundary of 
the proposed development must be sampled and analyzed for 
"standard water chemistry"), 

Exis t ing  or planned land use w i t h i n  600 f ee t  of the boundaries 
of the detelopment, dwelling density (uni ts/acre) , 
Distance t o  community sewer systems, and 

Whether failures o f  the disposal systems have occurred and 
whether such fai lures  are due to  inadequate design, construction 
or mi n tenance. 

L 
t 
I 
i 
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COULTER STEWART & ASSOCIATES, INC. COULTER STEWART & ASSOCIATES, INC. 
4409 VISTA WAY 

DAVIS, CALIFORNIA Qb616 
0 16 - 758-0320 

___I._ 

4409 VISTA WAY 
DAVIS, CALIFORNIA Qb616 

0 16 - 758-0320 

PROJECT STATUS REPORT 

November 3, 1980’ 
Report No. 1 
Report Period : 
1 October 80 - 
31 October 80 

CUNTLCT TITLE : 

San Bernardino Municipal Water Department 
Geothemal Process Heating F 
Waste water Treatment Plant. 

’CONTRACTOR NAME : 

CouLter Stewart & Associates, Inc. 
4409 Vista Way, Davis, Ca. 9 

CONTRACT PERIOD: 

ibilit). Study- 

1 October 1980-16 April 1981 

I 

\_ 

1. Contract Objective: Assess social, financial, ‘legal and 
regulatory institutional feasibility of the proposed process 
heating projekt. 
Assist Board in overall project coordination. 

2. Technical Approach: 
held meetings with persons fr various state local 
agencies which may exercise a 
authority over the proposed p ject. Have prepared one 
press release, for Water Department approval and gathered 
information on financial options. 

Agencies thus far contacted 

San Bernardino Water D 
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 

. 
Prepare Geothermal Awareness Program. 

Have gathered materials fr 

iscretionary or minhterial 



1 

\ i 
B 

trnent of Energy 
U . S .  Department of Housing and Urban Development 

L 

e. 

3. Schedule/Tasks: 
currently ahead of the original schedule and is expected to 
complete its work by 1 February 1981. 

4, Problems: None 

Coulter Stewart b Associates Inc. is 

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: The contractor has spent 11. 
performance of the activities described in # 
this reporting period. 

5 days in the 
2 above during 

1 

t 
i- 
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u Figure 6.2 A 

~OULTER ST T & ASSQCIATES. 1 
4409 VISTA WAY 

9 16 - 758-0320 
' DAVIS. CALIFORNIA 95616 

PROJECT STATUS REPORT 

December 1 ,  1980 

Report Period : 
1 November - 

CONTRACT TITLE: 

Waste Water Treatment Plant 

CONTRACTOR NAME : 

CONTRACT PERIOD: 

1 October 1980- 

t 



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 legal issues. 

Co.ulter Stewart & Associates, Inc. took the lead in' coordin- 
ating the onsite San Bernardino visit of the four man Resource 
Assessment Team from the State Division of Nines and Geology 
operating under the DOE - State Coupled Program. 
CS & A,Inc. klso 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 tor 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 Utilities Association 
City of Santa Clara 
California Legislature 
Geothermal Resources.Counci1 
U.S. Court of Appeals 
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 

4. Problems: None 
. t 'work by 1 February 1981. 

1 L 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. Coordina- f '  
tion with ap ropriate Local,' State and Federal agencies and L 

6. Hours/Days: The Contractor spent 96 hours or 12 days per- i 
i 

Programs wil P continue. 
c forming the act-ivities described in f2 above during this period. 

i 
b 

t 
13 L 
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Figure 6.3A 

COULTER STEWART & ASSOCIATES. INC. 
4409 VISTA WAY 

DAVIS. CALIFORNIA 85616 
9 16 - 768-0320 

PROJECT STATUS REPORT 

January 2 ,  1981 
Report No. 3 
Report Period: 
1 December 1980- 
30 December 1980 

CONTRACT TITLE: 

Geothermal Process Keat Feasibil i ty Study- 
Waste water Treatment Plant. 

I San Bernardino Municipal a t e r  Department 

CONTRACTOR N M :  

Coulter Stewart & Associates, Inc. 
4h09 Vista Way, Davis, Ca. 

CONTRACT PERIOD: 

1 October 1980-16 A p r i l  1981 

1. Contract Objective: Assess social ,  f i n  a l *  legal  and 
regulatory ins t i tu t iona l  f eas ib i l i t y  of the proposed process 
heating projec8. 
Board i n  overall  project coordination. 

2. Technical Approach: 
sections and forwarded then t o  the Water Departaent for  submittal 
t o  USDOE. 
with the Water Departnent and have gathered additional information 
from federal ,  Ttate and private sources concerning the v i ab i l i t y  
to  the various options. 

Agencies contacted th i s  time period 
USDOE - Geothemal Loan G 
%DOE - Idaho Operators Office 
California Division of Mines & Geo 
California Division of O i l  & Gas 
California Energy Commission 
California,l$unicipa1 Utilities Association 
State  Treasurers Office 
California Legislature 
sank of Azerica 
Bank of California 
San Bernardino Later Departnent 

95616 

Prepare Geothermal Awareness Program. A s s i s t  

Have finalized the permitting and legal  

Have narrowed the financing options i n  conjunction 

\ 



I 

3. Schedule/Fasksi Coulter Stewart & Associates should complete 
its work by 1 February 1981. 

4. Problem: 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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