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ABSTRACT 

Lake E ls inore  has been designated by the C a l i f -  
o r n i a  Energy Commission as one o f  f i v e  P r i o r i t y  I 
Resource Areas i n  the State based on phys ica l  re-  
source c h a r a c t e r i s t i c s ;  e x c e l l e n t  economic devel- 
opment fac to rs ;  an in-p lace d i s t r i b u t i o n  system; 
and economic and a d m i n i s t r a t i v e  i n s t i t u t i o n s  and 
p o l i c i e s .  I n  1982, the C i t y  of Lake E ls inore  de- 
veloped an Energy Element which places importance 
on energy conservation and the  development o f  a l -  
termat ive energy sources. The ensuing geothermal 
assessment program i s  designed t o  lead t o  the 
successful development and u t i l i z a t i o n  o f  the geo- 
thermal resource by 1990. Resource assessment 
conducted i n  Phase I o f  the study included l i t e r a -  
ture/data review, imagery ana lys is ,  f i e l d  recon- 
naissance and logging of access ib le  we l ls .  A 
c ross-cu t t ing  s t r u c t u r e  (Channel f a u l t )  between 
the Glen I vy  and Nor th E ls inore  f a u l t s  appears t o  
c o n t r o l  the ex ten t  o f  thermal f l u i d s  i n  the near- 
surface. Optimal d r i l l i n g  s i t e s  a re  i d e n t i f i e d  
for Phase I I  reservo i r  ana lys is  and development. 

I NTRODUCT I ON 

The Lake E ls inore  geothermal resource i s  char- 
ac te r ized  by the f o l l g w i n g  phys ica l  parameters: 
temperatures above 50 C, sha l low w e l l  depths (400- 
500 f t  w i t h  thermal water be ing pumped a t  150-200 
f t  depths), low t o t a l  d isso lved s o l i d s  (TDS = 300- 
750 ppm), and w e l l s  located i n  the immediate area 
o f  p o t e n t i a l  app l i ca t ion .  Economic development 
f a c t o r s  include: abundant i n d u s t r i a l  and commer- 
c i a l  zoned land i n  the area of the known resource, 
la rge  labor base, low land pr ices ,  a pro-growth 
community a t t i t u d e ,  the  p o t e n t i a l  f o r  d i r e c t  eco- 
nomic benef i t s  i n  a community w i t h  h igh  unemploy- 
ment and low median income, and an e x i s t i n g  pipe- 
l i n e  system i n  the community center .  The C i t y  has 
an Energy Element and Energy Assessment i n  i t s  new 
General Plan which i d e n t i f y  the geothermal re-  
source and prov ide p o l i c y  for u t i l i z a t i o n ,  p a r t i -  
c u l a r l y  w i t h i n  an establ ished redevelopment pro- 
j e c t  area. The main goal of the assessment and 
eva lua t ion  of the geothermal resource i s  t o  lead 
t o  i t s  d i r e c t  use as an economic base f o r  indus t ry  
and communi t y  growth. 

PHYSICAL SETTING 

Lake E ls inore  i s  located i n  the northwestern- 

most ext remi ty  o f  the Peninsular Range prov ince 
( f i g .  1)  w i t h  the Santa Ana Mountains (E ls inore  
Mountains) on the southwest s ide  o f  the lake and 
the P e r r i s  Block (Temescal Mountains) on the 
northeast. Between the two mountain chains l i e s  
the E ls inore  f a u l t  zone t h a t  defines the E ls inore  
trough i n  t h i s  region. 

This geothermal anomaly i s  one o f  several f a u l t  
r e l a t e d  features o f  the E ls inore  f a u l t  zone. 
Other thermal anomalies i n  t h i s  zone inc lude Glen 
Eden, Temecula and Mur r ie ta  Hot Springs, Agua 
T i b i a  and Agua Ca l ien te  Springs and a group o f  
thermal w e l l s  a t  O c o t i l l o .  The E ls inore  f a u l t  
zone extends southward i n t o  Mexico as the Laguna 
Salada f a u l t  zone t h a t  i s  associated w i t h  the 
Cerro P r i e t o  geothermal f i e l d .  

St rat igraphy 

The basement complex, o r  subjacent rocks, i n -  
clude the Bedford Canyon Formation, the Santiago 
Peak vo lcanics and the,p lu ton ic  rocks of the 
southern C a l i f o r n i a  b a t h o l i t h .  The Bedford Canyon 
Formation and the Santiago Peak vo lcanics cons is t  
o f  a v a r i e t y  o f  s i l i c i f i e d ,  low-grade metamorphic 
vo lcanic  and sedimentary rocks. The vo lcan ic  
rocks range from metamorphosed basa l t  t o  r h y o l i t e ,  
but  are p r i m a r i l y  in termediate i n  composition and 
inc lude brecc ia,  agglomerate, t u f f  and t u f f  
brecc ia.  The Bedford Canyon Formation consis ts  of 
metamorphosed shale, graywacke, and porce lan i te .  
These metamorphic sequences are in t ruded by Jur-  
assic-Cretaceous p lu tons of g ranod ior i te ,  quar tz  
monzonite, quar tz  d i o r i t e  and gabbroic composition. 
Where exposed i n  the p r o j e c t  area, these i n t r u -  
s ives are genera l l y  h i g h l y  weathered d i o r i t e s  and 
are s e l e c t i v e l y  c u t  by s i l i c e o u s  dikes and l a t e r  
c a l c i t e  veins. 

The superjacent rocks are l i m i t e d  i n  ex ten t  and 
inc lude the e a r l y  T e r t i a r y  Mart inez and Si lverado 
Formations o f  f ine-gra ined marine sedimentary se- 
quences of sandstone, l imestone, s i l t s t o n e ,  c l a y  
shale and l i g n i t i c  coal  and the Quaternary fan- 
glomerates, te r race  deposi ts  and younger a l l u v i a l -  
c o l l u v i a l  sequences. The marine formations are 
exposed a t  the nor theast  corner of the v a l l e y  and 
i n  the v i c i n i t y  o f  Nor th E ls inore .  The e a r l y  
Pleistocene Pauba Formation includes non-marine 
sandstone, conglomerate, s i l t s t o n e  and c lay  t o  a 
maximum thickness beneath Lake E ls inore  of approx- 
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imately 660 m (2200 f t ) .  
deposi ts are present i n  the E l s i n o r e  t rough and a t  
North Els inore and around the lake; these deposi ts 
are genera l ly  a t h i n  veneer o v e r l y i n g  the base- 
ment complex. 

The Quaternary a l l u v i a l  

St ructure 

Figure 1. Regional index map o f  the Lake E ls ino re  area showing major t ec ton i c  
blocks and f a u l t  zones i n  t h i s  p o r t i o n  o f  southern C a l i f o r n i a .  

ia tes,  1978, 1980). 

North E ls ino re  f a u l t  i s  t raced by l i t h o l o g i c  
d i s c o n t i n u i t i e s  along i t s  s t r i k e  and by f rac tu res  
developed i n  a l l uv ium i n  North E ls ino re  du r ing  the 
1918 San Jac in to  earthquake (Engel, 1959, p. 52). 
The f a u l t  p lane i s  near ly  v e r t i c a l  and d isp lace-  
ments are p r i n c i p a l l y  s t r i k e - s l i p .  

The E ls ino re  f a u l t  zone c o n s t i t u t e s  one of  the 
major t ec ton i c  elements o f  the San Andreas f a u l t  
system i n  southern C a l i f o r n i a  ( f i g .  l), being 
traced from Corona southward i n t o  Mexico. The 
E ls ino re  f a u l t  zone forms a prominent s t r u c t u r a l  
boundary between the Santa Ana Mountains and the 
P e r r i s  Block. It i s  topographica l ly  well-marked 
along most o f  i t s  length by l i n e a r l y  a l igned 
r idges, swales, sags and f a u l t  scarps. 

I n  the Lake E ls ino re  area ( f i g .  2) ,  the E l -  
s inore f a u l t  zone includes the Nor th E ls ino re  and 
Glen Ivy f a u l t s  w i t h i n  the P e r r i s  Block, the W i l -  
domar f a u l t  marking the southwest edge o f  the 
P e r r i s  Block and the W i l l a r d  f a u l t  marking the 
northeast edge o f  the Santa Ana Mountains. 
W i l l a r d  and Wildomar f a u l t s  mark t h e  boundaries of 
the E ls ino re  trough. Beneath Lake Els inore,  the 
v a l l e y  i s  a complexly f a u l t e d  graben formed by 
movement on a ser ies of  p a r a l l e l ,  en echelon 
northwest- t rending f a u l t s  t h a t  inc lude the Sedco, 
Burckhal t e r  and Lake f a u l t s  (Harding-Lawson Assoc- 

The 

Glen Ivy f a u l t  trends southeastward from the 
Glen I vy  Hot Springs toward Lucerne and Lake E l s i -  
nore. 
d iscont inuous, occurr ing as en echelon zones o r  
i n t e r s e c t i n g  a t  acute angles. Displacements on 
t h i s  f a u l t  a re  r i gh t -ob l i que ,  w i t h  the southwest 
s ide downthrown r e l a t i v e  t o  the nor theast  s ide  a- 
long the t race  j u s t  no r th  o f  the C i t y  o f  Lake E l -  
s inore (C leve l i n  H i l l s )  a t  the lake margin. The 
f a u l t  i s  probably v e r t i c a l  t o  nea r -ve r t i ca l  w i t h  
about 300 t o  400 f t  v e r t i c a l  displacement s ince 
the lower Pleistocene i n  the v i c i n i t y  o f  Lucerne. 
The f a u l t  i s  pro jected southeastward beneath Lake 
E ls ino re  based on geophysical surveys (Harding- 
Lawson Associates, 1978, 1980). This f a u l t  appears 
t o  be an e f f e c t i v e  b a r r i e r  separat ing the  zone of  
thermal waters from the p r i n c i p a l  ground water 
basin a t  shallow depths beneath Lake E ls ino re .  

Segments of t h i s  f a u l t  zone are s h o r t  and 

Wildomar f a u l t  zone i s  marked by prominent a- 
l ignment o f  sags, f a u l t - l i n e  scarps and d isp laced 
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Figure 2. S t ruc tura l  features i n  the v i c i n i t y  of Lake E ls inore  shown i n  map view (on l e f t )  and i n  
general ized cross-sect ion view (on r i g h t ) .  Wifz - W i l l a r d  f a u l t  zone; Wofz - Wildomar 
f a u l t  zone; L f  - Lake f a u l t ;  B f  - Burckhalter f a u l t ;  S f  - Sedco f a u l t ;  G l f z  - Glen I v y  
f a u l t  zone; NEfz - Nor th E l s i n o r e  f a u l t  zone. L - Lucerne; E - C i t y  o f  Lake Els inore;  
EJ - E ls inore  Junction. Generalized s t ra t ig raphy  i n  cross sec t ion  includes lake and 
f l o o d p l a i n  deposi ts  (shading), under ly ing Pauba Formation (no pa t te rn) ,  and under ly ing 
basement complex (dot ted) .  

outcrops and def lected stream channels. More than 
three m i l e s  of r i g h t - l a t e r a l  o f f s e t  i s  noted i n  
P le is tocene sediments by Kennedy (1977, p. 8). 
The f a u l t  plane i s  near ly  v e r t i c a l  t o  v e r t i c a l .  

W i l l a r d  f a u l t  zone i s  composed o f  a subpara l le l  
ser ies  o f  discontinuous nor thwest -s t r i k ing ,  east -  
d ipp ing  high-angle normal f a u l t s .  Th is  zone marks 
the boundary o f  the Santa Ana Mountains w i t h  bo ld  
l i n e a r  topographic expression a t  the bedrock- 
a l luv ium contact  o r  i s  expressed as l i t h o l o g i c  
d i s c o n t i n u i t i e s  w i t h i n  the bedrock. 

Transverse f a u l t s  a r e  recognized i n  t h i s  area. 
For example, the Temescal and Lucerne f a u l t s  a r e  
i d e n t i f i e d  northwest o f  Lake Els inore,  and w i t h i n  
the Santa Ana Mountins, the Stewart and H a r r i s  
f a u l t s  t rendgenera l l y  northward. I n  p a r t i c u l a r ,  
the Stewart and H a r r i s  f a u l t s  have trends t h a t  
a re  e s s e n t i a l l y  o n - s t r i k e  w i t h  transverse l inea-  
ments i d e n t i f i e d  by imagery analys is  i n  the 
v i c i n i t y  o f  the C i t y  o f  Lake E ls inore  and Lakeland 
V i l l a g e  ( f i g .  2).  These transverse elements a r e  
here i n f o r m a l l y  designated the Channel f a u l t  zone. 
F igure 2 i l l u s t r a t e s  the geometric r e l a t i o n s h i p  
between the  northwest-trending s t r i k e - s l i p  f a u l t s  
o f  the E ls inore  f a u l t  zone and the graben formed 
by the Channel f a u l t  zone. 

Se ismic i ty  

Microseismic a c t i v i t y  measured 0.5 events per 
day, increas ing southward along the E ls inore  f a u l t  
zone (Langenkamp and Combs, 1974). A magnitude 6 
earthquake i n  1910 located southwest o f  the C i t y  

was repor ted by Richter  (1958). Other a c t i v i t y  
has genera l l y  been o f  less  than magnitude 4.5 
(Hileman and others,  1973) along the f a u l t  zone 
between Lake E ls inore  and the Agua T i b i a  Mountains 
on the southern Rivers ide County boundary. 
segment o f  the  E ls inore  f a u l t  zone i s  h i s t o r i c a l l y  
character ized by r e l a t i v e l y  quiescent a c t i v i t y .  

Th is  

GEOTHERMAL RESOURCE 

H i s t o r i c a l  Development 

Ear ly  repor ts  (Waring, 1915) describe numerous 
hot  spr ings issu ing  i n  the  area now occupied by 
the downtown p o r t i o n  o f  the C i t y  of Lake Els inore.  
A h i s t o r y  o f  once t h r i v i n g  balneolog ica l  a c t i v i t y ,  
f i r s t  us ing the na tura l  ho t  springs and then 
shal low we l ls ,  began i n  1888 when a la rge  bath 
house was b u i l t  near the r a i l r o a d  depot. I n  the 
e a r l y  18gO's, a canal was cu t  passed the spr ings 
t o  d i v e r t  lake water northward t o  the c i t r u s  
groves near Corona; most of the springs ceased t o  
f l o w  and shal low w e l l s  were dug t o  access the ho t  
water. Later  known as E ls inore  Hot Springs and 
then as Lakeview Inn Hot Springs, the f i r s t  bath 
house has s ince been included i n  the H i s t o r i c a l  
Register and now houses an ant ique shop. 

Bundy's E ls inore  Hot Sprin,gs, l a t e r  known as 
Wrenden Hot Springs, included a ho te l  and guest 
cottages suppl ied w i t h  warm s u l f u r  water f o r  d r i n k -  
ing  and bathing. By 1915, the o r i g i n a l  spr ing  had 
f a i l e d  and was replaced by a shal low w e l l .  

I n  1926, the C i t y  o f  Lake E ls inore  d r i l l e d  two 
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ho t  we l l s  and constructed a c i t y  d i s t r i b u t i o n  sys- 
tem ( f i g .  3) f o r  p u b l i c  consumption and t o  supply 
the mineral  bath houses. These we l l s  were each 
450 f t  deep and y ie lded  42OC (108OF) waters. Be- 
cause o f  the h igh f l u o r i d e  content (5 mg/l) i n  the 
thermal waters, the C i t y  constructed a separate 
(dual) p i p e l i n e  system t o  ca r ry  hot  mineral  water 
i n  the e a r l y  1960's. By 1965 when the p i p e l i n e  
was completed, most o f  the r e s o r t  owners, however, 
had d r i l l e d  t h e i r  own w e l l s  and few users were 
ava i l ab le  f o r  the p i p e l i n e  system. This  dual p ipe- 
1 i ne  was abandoned on ly  as recen t l y  as 1981. 
two municipal  we l l s  are capable o f  pumping the 
thermal water a t  500 gpm each. 

The 

'. ' '.! 

Figure 3 .  C i t y  o f  Lake E ls ino re  showing extent  o f  
e x i s t i n g d u a l  p i p e l i n e  d i s t r i b u t i o n  sys- 
tem i n s t a l l e d  i n  e a r l y  1960's. 

Approximately eighteen lake-bottom spr ings have 
been i d e n t i f i e d  i n  the northwest end o f  the lake 
dur ing geophysical surveys (Harding-Lawson Assoc- 
ia tes,  1978, 1980). They are associated w i t h  
f a u l t s  tha t  cross the lake bed; however, t h e i r  
temperature and water q u a l i t y  are unknown. 

Well and Thermal Gradient Data 

The main focus of  the exp lo ra t i on  program i n  
Phase I has been the c o l l e c t i o n  o f  temperature 
data from a l l  accessible wel ls .  Although 30 we l l s  
were located and 16 subsequently logged, no sup- 
p o r t i n g  data such as d r i l l e r ' s  logs, l i t h o l o g i c  
logs, completion records, water chemistry o r  pump 
t e s t  r e s u l t s  were a v a i l a b l e  f o r  the m a j o r i t y  o f  
the wel ls .  
unfor tunate ly  abandoned w i t h  submersible pumps 
s t i l l  i n  place, which l i m i t e d  logging t o  the depth 
o f  the check va lve i n  the discharge l i n e .  

Add i t i ona l l y ,  most o f  the w e l l s  were 

Figure 4 shows temperature logs from two we l l s  

E - 2 6  W a t t  81 E - 2 9  Hans H o t e l  

10 115 125 135OF 100 110 12OoF 
0 

100 

2 0 0 -  

300- 

, , 

F igure 4 Temperature gradient  p r o f i l e s  o f  w e l l  
E-29 a t  Hans Hotel and w e l l  E-26, the 
Watt #1 w e l l .  E-29 measured a t  20-f t  
i n t e r v a l s  t o  depth o f  290 f t ;  E-26 
measured a t  10 - f t  i n t e r v a l s  t o  170 f t .  

w i t h i n  the main zone o f  anomalous temperatures. 
The h o t t e s t  we l l  (E-29) shows an i r r e g u l a r  grad- 
i e n t  averaging 8.5OF/lOO f t  which p r o j e c t s  t o  fa r  
above the mean annual a i r  temperature, r e f l e c t i n g  
the shallow f l ow  o f  thermal water i n  t h e  area. 
P r o f i l e  E-26 i s  from an a r tes ian  w e l l  ( 3  gpm), 
approximately 60 f t  h o r i z o n t a l l y  and 6 f t  v e r t i -  
c a l l y  (lower) from E-89. 
curves suggests a 115 F aqu i fe r  a t  60 t o  80 f t  
depth, which may occur a t  o r  near the bedrock/ 
a l l uv ium contact .  
140 and 200 f t  i n  E-29 i s  probably due t o  slow 
v e r t i c a l  movement, w i t h  some warming of  f l u i d  
w i t h i n  the w e l l  bore, between the a r t e s i a n  aqui-  
f e r  a t  80 f t  depth and another a q u i f e r  o r  f r a c -  
t u r e  zone o f  lower pressure around 150 f t  depth. 
I t  should be noted t h a t  E-29 i s  one of  the few 
w e l l s  i n  use i n  the area, and the temperature 
curve may i n  p a r t  be af fected by recent pumping, 
al though the w e l l  had no t  been pumped f o r  over 24 
hours p r i o r  t o  logging. 

Comparison of the two 

The depressed g rad ien t  between 

The gradient  data from var ious w e l l s  were used 
t o  const ruct  a subsurface temperature p r o f i l e  f o r  
a v e r t i c a l  sect ion ( f i g .  5). Th is  p r o f i l e  passes 
through downtown Lake E ls ino re  and i s  p a r a l l e l  t o  
and contained w i t h i n  the Channel f a u l t  zone. Well 
temperatures t o  both the east and west of  t h i s  
sect ion,  p a r t i c u l a r l y  the l a t t e r ,  drop o f f  marked- 
l y .  The most s i g n i f i c a n t  temperature d i s t r i b u t i o n  
fea tu re  i s  the asymmetry o f  the isotherms t o  the 
n o r t h  o f  t he  Watt we l l ,  which i s  near the  s i t e  of 
the now defunct Lake E ls ino re  Hot Springs. This 
p r o f i l e  suggests t h a t  waters cool  r a p i d l y  t o  the 
south from the zone of  major upwel l ing,  probably 
due t o  mix ing w i t h  the co ld  water regime con- 
t r o l l e d  by the lake. To the n o r t h  l a t e r a l  f low 
w i t h  conductive coo l i ng  may be more important.  
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Figure 5. Subsurface temperature p r o f i l e  
Lake E ls inore  p a r a l l e l  to  Main 
as c o n t r o l  po in ts  t o  cons t ruc t  

The geometry o f  the isotherms probably r e f l e c t s  
f r a c t u r e / f a u l t  con t ro l  w i t h  the h ighest  near-sur- 
face temperatures occurr ing i n  the area o f  i n t e r -  
sec t ion  between the lake-bounding Glen Ivy  f a u l t  
and the  Channel f a u l t  ( f i g .  3) .  Zones o f  l a t e r a l  
f l o w  may be loca l i zed  by f r a c t u r i n g  o r  contact  
r e l a t i o n s h i p s  between d i f f e r e n t  l i t h o l o g i c  u n i t s .  
F i e l d  reconnaissance i d e n t i f i e d  extens ive c a l c i t e  
ve in ing  w i t h i n  s i l i c e o u s  d ikes c u t t i n g  the 
d i o r i t e ,  suggesting f r a c t u r e  permeab i l i t y  c o n t r o l -  
l e d  by l i t h o l o g y .  

L i t t l e  geochemical data are ava i lab le ;  however, 
the  thermal waters a re  character ized by sodium as 
the major c a t i o n  and sulphate, ch lo r ide ,  and b i -  
carbonate var ious ly  proport ioned, though genera l l y  
greater  than 20% ( i n d i v i d u a l l y )  o f  the t o t a l  
anions. F luor ide  i s  present i n  a l l  o f  the thermal 
waters i n  concentrat ions ranging from 0.3 t o  6.0 
ppm. S i l i c a  values are  a v a i l a b l e  f o r  on ly  a few 
o f  the waters and range from 32 t o  61 ppm. TDS 
are  genera l l y  i n  the range o f  250 t o  400 mg/l. 

The main conclusion t o  be drawn from the water 
chemistry i s  t h a t  mixing between thermal and non- 
thermal waters has occurred ex tens ive ly  and non- 
un i fo rmly .  
from severa l  w e l l s  suggest a s u b s t a n t i a l l y  h o t t e r  
f l u i d  e x i s t s  a t  depth. 

The r e l a t i v e l y  h igh  s i l i c a  values 

The presence of s i g n i f i -  
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c a n t l y  d i f f e r e n t  water types from w e l l s  i n  c lose  
prox imi ty  i s  l i k e l y  due t o  mix ing w i t h i n  a complex 
hydro log ic  system i n v o l v i n g  discontinuous s t r u c -  
t u r a l  and s t r a t i g r a p h i c  condui ts  between the sur-  
face water regime of the lake, the co ld  ground 
water system and the upward moving thermal waters. 

CONCEPTUAL GEOTHERMAL SYSTEM MODEL 

The deep geothermal r e s e r v o i r  a t  Lake E l s i n o r e  
i s  probably w i t h i n  f rac tu red  granod ior i te  a t  
depth w i t h i n  the E ls inore  trough, w i t h  the f i n e -  
grained sediments w i t h i n  the Pauba Formation pos- 
s i b l y  a c t i n g  as a reservo i r  cap. This  area has 
been shown by geophysical surveys t o  be exten- 
s i v e l y  c u t  by high-angle f a u l t s  ( f i g .  2) .  D r i l l -  
i ng  w i t h i n  the lake bed has revealed r e l a t i v e l y  
h i g h  gradients  w i t h i n  the  upper 1800 f t  o f  bas in 
sediments (average 20/100 f t ) .  

Thermal waters from depth heated by deep c i r c u -  
l a t i o n  i n  a zone o f  h igh  heat f low may be expect- 
ed t o  migrate v e r t i c a l l y  through h igh  permeab i l i t y  
pathways such as f a u l t s  and f a u l t  in te rsec t ions .  
Wi th in  the C i t y  o f  Lake E ls inore ,  the near-surface 
occurrence o f  ho t  water i s  loca l i zed  by the Channel 
f a u l t ,  which f0rms.a graben i n  the narrow zone 
between the Glen Ivy  and Nor th E ls inore  f a u l t s .  
The purpose o f  the present study.has been t o  d e l i n -  

4 4 5  



Juncal, B e l l  and F i s s o r i  

eate low r i s k  d r i l l  s i t e s  f o r  d i r e c t  use. From 
t h i s  conceptual model, locat ions near the i n t e r -  
sec t i on  o f  the Glen I vy  and Channel f a u l t s  are 
p r i o r i t y  i n  order  t o  minimize d r i l l i n g  depths and 
maximize temperatures. 
completion dec is ions w i l l  r equ i re  ca re fu l  con- 
s i d e r a t i o n  o f  the complex hydrogeology. 

Casing p o i n t  and w e l l  
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