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ABSTRACT 

Direct-use geothermal p r o j e c t s  a r e  i n  progress 
i n  northeastern C a l i f o r n i a  a t  Wendel i n  Lassen 
County, Greenv i l le  i n  Plumas County, Big Bend i n  
Shasta County and a t  Cedarv i l le  and For t  Bidwell  
i n  Modoc County. .These low- t o  moderate-tempera- 
t u r e  p ro jec ts  range from space heat ing t o  hybr id  
geothermal-biomass e l e c t r i c a l  power generation. 
Space heat ing systems a t  both Ind ian Va l ley  Hospi- 
t a l  i n  Greenv i l le  and a t  For t  Bidwell  Ind ian Res- 
e rva t ion  became operat ional  i n  1983. Other pro- 
j e c t s  are i n  var ious stages o f  development and de- 
s ign.  These p r o j e c t s  i l l u s t r a t e  the ex ten t  t o  
which geothermal resources may be u t i l i z e d  t o  re -  
p lace demands on conventional power suppl ies.  

I NTRODUCT I ON 

A number o f  small communities i n  nor theastern 
C a l i f o r n i a  are suppor t ing the evaluat ion and de- 
velopment o f  geothermal resources as a l t e r n a t e  
energy supplies. The loca t ions  of these p r o j e c t s  
a re  shown on F igure 1. The fo l low ing  sect ions 
present the var ious communities and s p e c i f i c  pro- 
j e c t s ,  together w i t h  the c h a r a c t e r i s t i c s  o f  the 
ind iv idua l  resources and the s tatus of resource 
development and f a c i l i t y  system design. 

WENDEL, LASSEN COUNTY 

Geoproducts Corporation spudded t h e i r  second 
w e l l  (WEN-2) i n  the Wendel-Amedee KGRA on A p r i l  10, 
1984. The d r i l l i n g  and t e s t i n g  o f  t h e i r  i n i t i a l  
discovery w e l l  (WEN-1) was o u t l i n e d  by Juncal and 
others (1982). Results o f  a 500-point s o i l  mer- 
cury survey, r e i n t e r p r e t a t i o n  o f  geophysical data, 
s t r u c t u r a l  modeling, and analys is  o f  a v a r i e t y  of 
remote sensing formats were used i n  s i t i n g  of t h i s  
second w e l l  approximately one m i l e  from WEN-1. 
The we l l  was completed t o  5050 f t  on May 12 and 
i n i t i a l  w e l l  t e s t i n g  has demonstrated good produc- 
t i o n .  WEN-2 i s  the second step i n  a f i e l d  devel- 
opment program which w i l l  supply f l u i d  f o r  hy- 
b r i d  geothermal-biomass e l e c t r i c a l  generation. 

An important development i n  the conversion o f  
WEN-1 from an exp lo ra to ry  t o  a product ion w e l l  has 
been the gran t ing  by the Lahontan Regional Water 
Q u a l i t y  Control Board o f  a permi t  t o  discharge 800 
gpm o f  geothermal f l u i d  to  the surface. The gen- 
e r a l l y  good water q u a l i t y  of WEN-1 along w i t h  i t s  

benef ic ia l  use i n  he lp ing  t o  mainta in  waterfowl 
h a b i t a t  supported the d i c i s i o n  t o  g ran t  on ly  the 
second surface disposal permi t  f o r  geothermal e f -  
f l u e n t  i n  the State o f  C a l i f o r n i a .  I t  i s  a n t i c i p a -  
ted t h a t  WEN-2 w i l l  have water of s i m i l a r  q u a l i t y .  

GREENVILLE, PLUMAS COUNTY 

To date, two low-temperature geothermal pro- 
j e c t s  have been undertaken i n  the town o f  Green- 
v i l l e .  A d i rec t -use  p r o j e c t  i s  planned f o r  the 
Greenv i l le  School System. A p ro jec ted  800 t o  
1000 f t  w e l l  was spudded i n  March 1984 a t  the 
Greenv i l le  High School. I f  an adequate resource 
i s  tapped by the w e l l ,  plans c a l l  f o r  r e t r o f i t  o f  
the e x i s t i n g  space/water heat ing systems a t  both 
the High School and the adjacent Elementary 
School. 

A second d i rect -use p r o j e c t  has been success- 
f u l l y  completed a t  Ind ian Val ley Hosp i ta l .  The 
exp lo ra t ion  and d r i l l i n g  program began i n  l a t e  
1982. Imagery analys is  and f i e l d  reconnaissance 
located a p rev ious ly  unmapped f a u l t  which served 
as the primary d r i l l i n g  ta rge t .  The f a u l t  zone 
was in tersected by the w e l l  on the h o s p i t a l  
grounds. Subsequent 7-day pump t e s t i n g  confirmed 
t h a t  the w e l l  i n  t h i s  shal low reservo i r  i s  capa- 
b l e  o f  producing 300 t o  500 gpm (capaci ty  1.5 t o  
3 gpm/ft drawdown) o f  116OF water from f rac tu red  
metavolcanic rocks o f  Devonian age (S ie r ra  Buttes 
Format ion) . 

As p a r t  o f  the heat ing system implementation a t  
the h o s p i t a l ,  a surface discharge permi t  was ob- 
ta ined f o r  80 gpm o f  geothermal water. 
m i t  was granted by the Central Va l ley  Regional 
Water Q u a l i t y  Control Board and represents both 
an environmental ly sound and t e c h n i c a l l y  cost -  
e f f e c t i v e  means o f  d isposal .  

Th is  per- 

The heat ing load a t  the Ind ian Val ley Hospi ta l  
cons is ts  o f  a s i n g l e  s t o r y  hosp i ta l /nurs ing  care 
f a c i l i t y ,  an ou t -pa t ien t  c l i n i c ,  and o f f i c e  b u i l d -  
ing. E l e c t r i c  res is tance equipment provided a l l  
space heat ing requirements, and the domestic ho t  
water system i s  both e l e c t r i c  and propane. 

The ob jec t ives  o f  the engineering design were 
t o  use the 116O~ geothermal f l u i d  t o  d isp lace  re- 
l i a n c e  on e l e c t r i c  and propane heat ing,  t o  use 
minimum f low requirements so as no t  t o  i n t e r f e r e  
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Figure 1 .  index map o f  northeastern C a l i f o r n i a  showing locat ion  of 
pro jec t  s i t e s  o f  Wendel, Greenvi l le ,  Cedarv i l l e ,  Big Bend, 
and For t  Bidwell where low- t o  moderate-temperature geo- 
thermal resources a r e  being developed and used for a l t e r n a t e  
energy systems. 
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w i t h  a nearby spa w e l l  and t o  provide opt ions f o r  
heat ing expanded hosp i ta l  and re la ted  f a c i l i t i e s . ,  

The design se lected and i n s t a l l e d  i s  based on 
the use o f  two McQuay Templ i f ie r  heat pumps, one 
t o  prov ide a 140°F ho t  water loop f o r  space 
heat ing and the other  t o  prov ide a 18OoF hot  water 
loop f o r  domestic hot water heating. 
i s  conveyed t o  s i x  a i r  handl ing u n i t s  i n  the hos- 
p i t a l  and ho t  water c o i l s  i n  the o f f i c e  b u i l d i n g  
and c l i n i c .  A package heat pump u n i t  was in -  
s t a l l e d  t o  prov ide both heat ing and coo l ing  i n  the 
surgery and emergency care areas. 

Hot water 

Load demands are  p r e c i s e l y  matched t o  f l u i d  
f low from the w e l l  by the use o f  a v a r i a b l e  speed 
motor c o n t r o l l e r  and a temperature sensor located 
i n  the discharge stream o f  the heat pumps. A l l  
space and ho t  water heat ing demands are  met by an 
average 50 gpm f low from the w e l l .  

The heat ing system became f u l l y  operat ional  on 
January 5, 1984. It i s  expected tha t  ne t  e l e c t r i c  
energy savings a t t r i b u t a b l e  t o  the system w i l l  a- 
mount t o  approximately 280,000 kwh per month which 
has been suppl ied by PGEE. 

CEDARVILLE, MODOC COUNTY 

An exp lo ra t ion  program conducted i n  the Cedar- 
v i l l e  area o f  Surprise Val ley has culminated i n  a 
cooperat ive e f f o r t  between the loca l  school d i s -  
t r i c t  and two p r i v a t e  w e l l  owners t o  u t i l i z e  geo- 
thermal water f o r  space/water heating a t  the l o c a l  
High School and Elementary School and poss ib ly  
o ther  community and p r i v a t e  bu i ld ings .  
t i o n  e n t a i l e d  geophysical and imagery ana lys is ,  
va l ley-wide water chemistry analys is ,  a s o i l  
mercury survey, reconnaissance f i e l d  mapping, and 
extens ive temperature logging i n  a l l  access ib le  
we1 1s. 

Explora- 

D r i l l i n g  and pump t e s t i n g  has been completed on 
two w e l l s ,  1100 and 1800 f t  deep, which produce 
approximately 13OoF water from f ractured basa l t  i n  
the hanging w a l l  o f  the range f r o n t  f a u l t .  Exten- 
s ive  c a l c i t e  ve in ing  has sealed the system from 
above . 

A f e a s i b i l i t y  study on heat ing the two schools 

System cons t ruc t ion  may be under- 
has been completed and includes pre l im inary  engin- 
eer ing  design. 
taken i n  summer 1984, pending a grant  from the 
C a l i f o r n i a  Energy Commission. 

B I G  BEND, SHASTA COUNTY 

A t  the Ind ian Springs School i n  the town o f  B ig  
Bend, resource exp lo ra t ion  was completed and a 
space/water heat ing system designed. The school 
i s  located approximately 4000 f t  southeast of the 
18OoF B ig  Bend Hot Springs which discharge along 
the banks and beneath the channel o f  the P i t .  R iver  
The Hot Springs e f f l u e n t  i s  o f  very poor q u a l i t y  
w i t h  1914 ppm t o t a l  d isso lved s o l i d s  (TDS), 1 ppm 
arsenic  and 32 ppm boron. A s teeply  d ipp ing  f a u l t  
t rending N45W was located by imagery ana lys is  and 
f i e l d  reconnaissance and traced i n t o  the area o f  
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the school. Th is  s t r u c t u r e  i s  marked by hydro- 
thermal a l t e r a t i o n  and extens ive c a l c i t e  ve in ing  
along i t s  t race;  there are a t  l e a s t  f i v e  separate 
springs over a d is tance o f  approximately one mi le .  

D r i l l i n g ,  o f f s e t  from the t race  o f  the f a u l t  on 
t.he school proper ty ,  encountered a sect ion of Jur-  
ass ic  pyroc las t ics ,  a r g i l l i t e s  and vo lcan ic  con- 
glomerates. Production i n  the rock i s  from p r i -  
mary p o r o s i t y  w i t h i n  several conglomerate layers.  

Pump t e s t i n g  of the w e l l  produced 123OF water 
and ind ica ted  a capaci ty  o f  2 gpm/ft drawdown a t  a 
discharge r a t e  o f  280 gpm. 
p l o t s  from the t e s t  revealed a boundary, probably 
a f a u l t  though poss ib ly  a pinch-out, which a f fec ts  
the drawdown curve. The f l u i d  produced by the w e l l  
i s  o f  excel l e n t  qual i t y  ( b e t t e r  than the present 
co ld  water source), meeting a l l  T i t l e  22 requ i re -  
ments w i t h  a TDS content  of 223 ppm. An appl ica-  
t i o n  f o r  sur face disposal i s  pending. 

Analysis o f  Horner 

The heat ing system a t  the Ind ian Springs School 
cons is ts  o f  a c lassroom/of f ice b u i l d i n g  and a t -  
tached audi tor ium and swimming pool completely 
heated w i t h  e l e c t r i c  res is tance equipment. Ad- . 

jacent  f a c i l i t i e s  which are a l s o  p a r t  o f  the pro- 
j e c t  inc lude the superintendent home and a s t a f f  
duplex heated by propane and e l e c t r i c  res is tance 
w a l l  u n i t s .  Domestic ho t  water i s  a l s o  heated by 
e l e c t r i c  res is tance equipment. 

The pre l im inary  engineering design i s  based on 
d i r e c t  use of the except iona l l y  clean geothermal 
f l u i d s  i n  low s i l h o u e t t e  fan c o i l  u n i t s  and i n  the 
domestic ho t  water systems and the swimming pool. 
The pool change-over r a t e  and/or c h l o r i n a t i o n  
schedule w i l l  e'nsure compliance w i t h  State h e a l t h  
codes. F l u i d  w i l l  be conveyed t o  the f a c i l i t i e s  
i n  a 4-inch pre- insulated main from the w e l l  and 
suppl ied by a 7.5 hp submersible pump. The system 
i s  expected t o  d isp lace a net  re l iance on e l e c t r i c  
energy, suppl ied by PGEE, o f  approximately 500,000 
kwh annual ly .  F ina l  engineering design w i l l  begin 
i n  Ju ly ,  and the system i s  expected t o  be opera- 
t i o n a l  by December 31, 1984. 

FORT BIDWELL, MODOC COUNTY 

A number of geothermal p r o j e c t s  are planned on 
the F o r t  B idwel l  Ind ian Reservation i n  nor thern 
Surpr ise Val ley.  
w e l l  d r i l l e d  i n  1981 i s  capable o f  producing ap- 
proximately 150 gpm o f  sustained ar tes ian  f low,  
determined by a 40-day constant head t e s t .  How- 
ever, i t  immediately diminished the adjacent "Hot 
Springs" when al lowed t o  f l o w  ( the "Hot Springs" 
are a c t u a l l y  an a r t e s i a n  we l l  d r i l l e d  i n  the 
1920's(?) which produces from corroded casing). 
Due t o  the des i re  t o  f i n d  a shal low resource w i th -  
ou t  dep le t ing  the community-used ho t  spr ing,  a 
second w e l l  was s i t e d  and d r i l l e d  i n  1983. The 
s i t i n g  was based on imagery analys is ,  a v a i l a b l e  
temperature gradient  logs, s o i l  mercury p r o f i l i n g ,  
and f i e l d  mapping. 

A h i g h l y  transmissive geothermal 

To date, the w e l l  has been d r i l l e d  t o  700 f t  
and, through a novel completion i s  ab le t o  produce 



Gertsch and Juncal 

150 t o  200 gpm (ar tes ian)  of 85OF water and 400 t o  
450 gpm (ar tes ian)  o f  97OF water from the same 
we l l .  Th is  was accomplished by br ing ing  the sec- 
ond casing back t o  the surface and cementing i t  
on ly  about 50 f t  up from the shoe. 
a r t e s i a n  zone t o  be produced through the annular 
space between the second s t r i n g  and the ho le  w a l l  
(competent basa l t )  and the f i r s t  casing s t r i n g .  
The second a r t e s i a n  zone i s  then produced through 
the second casing. P o t e n t i a l l y ,  t h i s  could be 
done again if another product ion zone i s  reached. 
The water q u a l i t y  from the two zones i s  exce l len t  
and the water w i l l  be used f o r  i r r i g a t i o n  (85OF 
zone) and aquacul ture (97OF zone). The e a r l i e r  
thermal w e l l  (116OF) i s  present ly  being used f o r  
space heat i ng . 

This  a l lows an 

The heat ing load a t  the For t  B idwel l  Ind ian 
Reservation cons is ts  o f  three load centers. Near- 
e s t  the w e l l  (approximately 500 f t )  a re  f i v e  
apartment u n i t s ,  an ad jo in ing  medical c l i n i c  and 
adjacent s t a f f  house; a l l  heated w i t h  e l e c t r i c  
res is tance equipment. About 1000 f t  from the w e l l  
i s  the t r i b a l  community center, w i t h  a propane 
c e n t r a l  f i r e d  u n i t .  About 1500 f t  from the w e l l  
i s  a new gymnasium w i t h  e l e c t r i c  res is tance u n i t  
heaters. A l l  domestic water heat ing i s  by e lec-  
t r i c  res is tance heaters. 

The o b j e c t i v e  o f  the engineering design e f f o r t  
was t o  d isp lace  cur ren t  heating sources w i t h  the 
minimum poss ib le  f l u i d  f l o w  from the w e l l  so as 
no t  t o  adversely a f f e c t  thermal spr ing  flows and 
t o  preserve system expansion opt ions.  
design was based, therefore,  on the use of package 
heat pump u n i t s  i n  each of the load centers w i t h  

The system 

115OF geothermal f l u i d  brought t o  the u n i t s  o f f  a 
b i n c h  uninsulated PVC main. Freon c o i l s  were i n -  
ser ted i n t o  e x i s t i n g  equipment i n  the apartments, 
s t a f f  house, c l i n i c ,  and community center ,  w h i l e  
new u n i t  heaters w i t h  f reon c o i l s  were i n s t a l l e d  
i n  the gym. F l u i d  f low requirements for the en- 
t i r e  system are provided by a 30 gpm a r t e s i a n  f l o w  
from the we1 1. I n  each o f  the load centers ,  
plumbing was provided f o r  us ing the c lean geother- 
mal f l u i d  d i r e c t l y  i n  the domestic ho t  water sys- 
tems, pending f i n a l  EPA approval f o r  such use. A 
5 hp c e n t r i f u g a l  booster pump and a 200 g a l l o n  i n -  
su la ted storage capaci ty  i s  provided i n  the pump 
house f o r  when the  domestic ho t  water system can 
be used. 

The heat ing system became opera t iona l  on Decem- 
ber 22, 1983. When f u l l y  u t i l i z e d  the  system w i l l  
d isp lace  about 300,000 kwh annual ly .  The t o t a l  
cos t  o f  the system was approximately $140,000. 
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