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KLAMATH FALLS GEOTHERMAL DEVELOPMENT 

HAROLD DERRAH 

CITY OF KLAMATH FALLS 

The C i t y  of Klamath F a l l s  has  been involved i n  
the  development of a Geothermal Heating D i s t r i c t  
s i n c e  1976. 
j e c t  h a s  cen te red  around development of proper 
s t a t u t o r y  a u t h o r i t i e s  on t h e  S t a t e  l e v e l ,  devel-  
opment of l o c a l  l e g i s l a t i o n  provid ing  f o r  hea t -  
ing  d i s t r i c t  r u l e s ,  r e g u l a t i o n s  and rates, dev- 
e loping  marke t ing  a s p e c t s ,  s ecu r ing  r e source  
areas, master p l a n  development and t h e  construc- 
t i o n  of a geothermal demonst ra t ion  p r o j e c t .  
Development of proper  s t a t u t o r y  a u t h o r i t y ,  both 
on a S t a t e  and l o c a l  l e v e l ,  h a s  provided f o r  t h e  
passage, through t h e  a p p r o p r i a t e  l e g i s l a t i v e  
bodies  , of l a w s  s p e c i f i c a l l y  i d e n t i f y i n g  author- 
i t i e s  f o r  l o c a l  involvement i n  geothermal dev- 
elopment and a l s o  provid ing  convent iona l  u t i l i t y  
f inanc ing  as  a mechanism t o  f inance  f r o n t  end 
c o s t s  f o r  development of t h e  p r o j e c t .  The C i ty  
of Klamath F a l l s  has ,  fur thermore ,  t aken  i t  on 
as a l o c a l  p r i o r i t y  t o  s e c u r e  proper r e source  
a r e a s  t o  i n s u r e  t h e  f u t u r e  development f o r  t h e  
t o t a l  urban h e a t i n g  system. 

The C i t y ' s  involvement i n  t h e  pro- 

STATE STATUTORY AUTHORITY 

During the  1977 Oregon S t a t e  L e g i s l a t i v e  s e s s i o n ,  
t h e  C i t y  of Klamath F a l l s  wrote  and proposed t o  
t h e  sponsorsh ip  of its l o c a l  r e p r e s e n t a t i v e s  
c e r t a i n  b i l l s  a l lowing  f o r  t h e  es tab l i shment  by 
the  C i t y  of a Geothermal Heating D i s t r i c t .  Those 
laws which w e r e  subsequent ly  passed by t h e  Oregon 
S t a t e  Senate  and House of Represen ta t ives  have 
become i d e n t i f i e d  w i t h  t h e  Oregon Revised S t a t u t e s  
Chapter 523. 

The purpose of t h e  S t a t e  S t a t u t e s  w a s  t o  i d e n t i f y  
and make a v a i l a b l e  t o  incorpora ted  c i t i es  t h e  
necessary l e g a l  mechanisms f o r  development of a l l  
f a c e t s  of development of  a Geothermal Heating 
D i s t r i c t .  Contained w i t h i n  O.R.S. 523 are t h e  
d i r e c t  s t a t u t o r y  a u t h o r i t i e s  provid ing  f o r  a 
c i t y ' s  involvement w i t h i n  t h e  d i s t r i c t  hea t ing  
development. The s t a t u t e s  f u r t h e r  provide  f o r  
the  mechanism of provid ing  t h e  h e a t i n g  r e source  
on a day-to-day b a s i s .  

The fo l lowing  i s  a summary of the  main po in t s  
w i th in  O.R.S. 523 which p rov ide  t h e  C i t y  with t h e  
t o o l s  f o r  development, o p e r a t i o n  and maintenance 
of t h e  system. The s t a t u t e s  provide ,  i n  a d d i t i o n  
t o  t h e  o v e r a l l  a u t h o r i t y ,  t h a t  a C i t y  may purchase 
buy o r  lease p rope r ty  f o r  t h e  development. 'Ilt. 

goes one s t e p  f u r t h e r  and provides  t h a t  a City may 
condemn p rope r ty  f o r  u se  wi th in  t h e  D i s t r i c t .  
This p a r t i c u l a r  a u t h o r i t y  would be q u i t e  u s e f u l  i n  
s ecu r ing  p rope r ty  f o r  w e l l  development a t  f a i r  
market v a l u e  as determined, i f  necessa ry ,  through 
a condemnation cour t  case. The condemnation auth- 
o r i t y  can a l s o  be  used f o r  t h e  secu r ing  of  proper- 
t y  f o r  t h e  i n s t a l l a t i o n  of p ipe  l i n e ,  h e a t  exchan- 
g e r  bu i ld ing  and f o r  any o t h e r  a s s o c i a t e d  purpose 
involv ing  t h e  hea t ing  d i s t r i c t .  

The Oregon Revised S t a t u t e s  a l s o  provide  f o r  bond- 
i n g  a u t h o r i t y  f o r  t h e  development of a hea t ing  
d i s t r i c t .  That bonding a u t h o r i t y  ex tends  i t s e l f  
t o  t h e  use  of revenue bonds and gene ra l  o b l i g a t i o n  
bonds. This  w i l l . b e  a p a r t i c u l a r l y  u s e f u l  t o o l .  
f o r  t h e  development of t h e  t o t a l  d i s t r i c t  a f t e r  
completion of t h e  demonstration p r o j e c t .  The 
C i ty  has undertaken surveys  of C i t y  r e s i d e n t s  t o  
determine t h e i r  d e s i r e  t o  receive t h e  r e source .  
That survey  ind ica t ed  t h a t  over 70% of t h e  survey 
p a r t i c i p a n t s  des i r ed  t o  r e c e i v e  t h e  geothermal 
f l u i d .  Corresponding wi th  t h a t  survey ,  t h e  ques- 
t i o n  was asked whether t h e  r e s i d e n t s  would be 
w i l l i n g  t o  pas s  and/or bond themselves t o  rece ive  
t h e  energy resource .  The r e s u l t s  of t h a t  ques t ion  
w a s  over 60% a f f i r m a t i v e  t o  bond o r  t a x  themselves 
i n  order  t o  have t h e  geothermal r e source  a v a i l -  
a b l e .  The bonding a u t h o r i t y  a l s o  has  been extend- 
ed t o  p rov ide  f o r  t h e  s e l l i n g  of Bancrof t  Bonds 
f o r  geothermal expansion. This is a t r a d i t i o n a l  
mechanism where l o c a l  Improvement Districts a r e  
e s t a b l i s h e d  f o r  c e r t a i n  areas w i t h i n  t h e  Ci ty  and 
through a p u b l i c  hear ing  process  those  i n d i v i d u a l s  
may i n i t i a t e  improvements w i th  funding t o  come 
from assessment a g a i n s t  t h e i r  p roper ty .  Bancroft  
Bonds and General Ob l iga t ion  Bonds are seen  as a 
s i g n i f i c a n t  f u t u r e  revenue potentia:  i n  t h a t  trad- 
i t i o n a l l y  i n t e r e s t  rates f o r  such bonds h a s  been 
i n  t h e  area of 6% because of t h e  munic ipa l  t a x  
deferment a s p e c t s  of t h e  bond. 

The Oregon Revised S t a t u t e s  a l s o  p rov ide  t h a t  t h e  
C i t y  may e s t a b l i s h  an  a p p r o p r i a t e  rate s t r u c t u r e .  
The rate s t r u c t u r e  is t o  be  decided on the l o c a l  
l e v e l  by t h e  l o c a l  governing body o r  o t h e r  boards,  
as appoin ted  by t h e  governing body. The rates may 
be  e s t a b l i s h e d  i n  any manner which t h e  l o c a l i t y  
d e s i r e s .  Cur ren t ly  t h e  C i ty  i s  developing  its 
ra te  s t r u c t u r e  t o  be handled on a BTU consumption 
b a s i s .  Under cu r ren t  Oregon Pub l i c  U t i l i t i e s ,  
Commissioner r u l e s  and r e g u l a t i o n s ,  t h e  C i ty  would 
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b e  exempted from P.U.C. c o n t r o l  i n  a l l  f a c e t s ,  in -  
c luding  rates, of  t h i s  ope ra t ion  of  a hea t ing  d i s -  
t r i c t .  

O.R.S. 523 a l s o  provides  t h a t  a C i ty  may l e v y ,  
when approved by t h e  r e s i d e n t s  of t h e  C i t y ,  an  ad- 
valorem t a x  f o r  development, maintenance and oper- 
a t i o n  of a geothermal  hea t ing  d i s t r i c t .  The t ax ing  
a u t h o r i t y  s t a t u t e  a l s o  provides  f o r  c o l l e c t i o n  and 
enforcement methods f o r  hea t ing  d i s t r i c t s .  The 
t ax ing  a u t h o r i t y  may a l s o  be extended f o r  t h e  re- 
t i rement  of p r i n c i p a l  and i n t e r e s t  f o r  any bond- 
i n g  or  outs tanding  indebtedness  which t h e  d i s t r i c t  
encounters .  

Other  o p e r a t i o n a l  a s p e c t s  covered i n  O.R.S. 523 
inc lude  t h e  g ran t ing  of emergency powers, t h e  
a b i l i t y  t o  apply  f o r  f inanc ing  t h r o u g h . g i f t s  and 
g r a n t s ,  t h e  r i g h t  t o  e n t e r  i n t o  coope ra t ive  .agree- 
ments, t h e  a u t h o r i t y  t o  perform dra inage  work, 
t h e  r i g h t  t o  e s t a b l i s h  s e r v i c e  c o n t r a c t s ,  t h e  
r i g h t  to e n t e r  i n t o  inter-governmental  agree-  
ments, es tab l i shment  of f o r e c l o s u r e  processes  
and s t a t u t o r y  a u t h o r i t y  d e f i n i n g  admin i s t r a t ion ,  
i nc lud ing  t h e  e l e c t i o n  of  t h e  board of d i r e c t o r s ,  
t h e  r i g h t s  of i n i t i a t i v e  and referendum, and t h e  
r i g h t  t o  c a l l  f o r  a s p e c i a l  e l e c t i o n .  

DEVELOPMENT OF LOCAL AUTHORITY 

I n  a d d i t i o n  t o  t h e  C i t y ' s  a c t i v e  involvement i n  
t h e  development of t h e  S t a t e  a u t h o r i t y  f o r  oper- 
a t i o n  of t h e  hea t ing  d i s t r i c t ,  t h e  Ci ty  has  under- 
taken  on i t s e l f ,  through a g ran t  w i t h  t h e  Oregon 
Department of Energy, t h e  development of a l o c a l  
Geothermal Management Ordinance. The purpose 
of t h e  l o c a l  ord inance  i s  t o  s p e c i f i c a l l y  d e f i n e  
the r u l e s  and r e g u l a t i o n s  under which t h e  C i ty  
w i l l  o p e r a t e  i t s  hea t ing  d i s t r i c t ,  us ing  t h e  
S t a t e  S t a t u t e s  as a gene ra l  b a s i s  f o r  l o c a l  in-  
volvement i n  t h e  development of a hea t ing  d i s -  
t r i c t .  Again, t h e  l o c a l  ord inance  i s  t o  l a y  ou t  
t h e  s p e c i f i c s  of t h e  ope ra t ion  which t h e  C i ty  
is under tak ing  wi th  t h e  development a s  a pro- 

. v i d e r  of t h e  geothermal hea t ing  r e source .  The 
l o c a l  management ord inance  w i l l  p rovide  and de- 
f i n e  t h e  means, types  of rates, f e e s  and charges  
that  w i l l  b e  a s soc ia t ed  wi th  t h e  hea t ing  d i s t r i c t .  
The management ord inance  w i l l  p rovide  f o r  a hear- 
i n g s  process  and a n o t i f i c a t i o n  p rov i s ion  f o r  
t h e  es tab l i shment  of rates,  f e e s  and charges  and 
f o r  any f u t u r e  i n c r e a s e s  of such charges.  The 
hea r ings  process  w i l l  i nc lude  a pub l i c  hear ing  
a f t e r  s u f f i c i e n t  n o t i c e  and pub l i ca t ion  has  been 
made t o  a l low pub l i c  i npu t  t o  t h e  C i ty  Council 
b e f o r e  i t  i n i t i a t e s  any rates,  f e e s  o r  charges .  

The management ord inance  f u r t h e r  provides  f o r  
t h e  es tab l i shment  of d i s t r i c t  boundaries .  A l -  
though under O.R.S. 523 t h e  C i ty  l i m i t s  boundar- 
ies would be  i d e n t i f i e d  as t h e  d i s t r i c t  bound- 
aries, t h e r e  is  t h e  p o s s i b i l i t y  t h a t  t h e  bound- 
aries may exceed t h e  C i ty  l i m i t s  boundaries  f o r  
t h e  d i s t r i b u t i o n  of t h e  r e source  t o  non-incor- 
pora ted  areas. 
e s t a b l i s h  t h e  d i s t r i c t  boundaries  by at tachment  
of map and d i r e c t  r e fe rence  through t h e  passage 

The management ord inance  would 

of t h e  ordinance.  The Geothermal Management 
Ordinance a l s o  e s t a b l i s h e s  what would be refer- 
enced as t h e  Geothermal District  Resource Data 
Center .  The Data Center ' s  main purpose w i l l  be 
t o  r e c e i v e  d a t a  concerning t h e  geothermal d i s t r i c t  
and p r i v a t e  ind iv idua l  w e l l s  ope ra t ing  w i t h i n  t h e  
d i s t r i c t .  The purpose of t h e  d a t a  c o l l e c t i o n  
would b e  t o  ana lyze  and eva lua te  t h e  geothermal 
r e s e r v o i r .  The under ly ing  reasoning  behind t h e  
purpose of t h e  Data Center  i s  t o  provide  a manage- 
ment mechanism of t h e  r e s e r v o i r  t o  t h e  b e n e f i t  
of a l l  u s e r s ,  whether t h e  d i s t r i c t  o r  p r i v a t e  
ind iv idua l s .  Such informat ion  t o  b e  c o l l e c t e d  
by t h e  D i s t r i c t  Resource Data Center  w i l l  i nc lude  
pumping f i g u r e s ,  drawdown measurements, a l l  d r i l l  
l o g s ,  r eco rds  of we l l  complet ions,  d i s p o s a l  meth- 
ods,  r e i n j e c t i o n  informat ion  and records  of any 
a l l eged  w e l l  i n t e r f e r e n c e .  Add i t iona l ly ,  t h e  
ord inance  as  now d ra f t ed  w i l l  r e q u i r e  t h e  com- 
p l e t i o n  of  an  annual  well survey.  The survey  
w i l l  b e  mai led t o  a l l  r e g i s t e r e d  w e l l  owners 
w i t h i n  t h e  d i s t r i c t  and w i l l  r eques t  up-date of 
s i g n i f i c a n t  w e l l  ope ra t ion  c h a r a c t e r i s t i c s  of t h e  
foregoing.  

The management ordinance a l s o  provides  f o r  a n  
a p p l i c a t i o n  procedure f o r  connect ion t o  t h e  d i s -  
t r i c t .  The procedure provides  f o r  an  a p p l i c a t i o n  
t o  be  made t o  t h e  Publ ic  Works Department and f o r  
a d e c i s i o n  t o  be made by t h e  Pub l i c  Works Di rec to r  
o r  h i s  au thor ized  r ep resen ta t ive .  Any dec i s ion  
denying connec t ion  must be accompanied by w r i t t e n  
f i n d i n g s  and may b e  appealed t o  t h e  Ci ty  Council 
f o r  f i n a l  and binding dec i s ion .  Such connect ion 
w i l l  a l s o  b e  inspec ted  and done i n  accordance wi th  
s t anda rds  provided f o r  i n  t h e  management ordinance.  

The ord inance  provides  f o r  t h e  e n t e r i n g  i n t o  a 
c o n t r a c t  w i th  ind iv idua l s  wishing t o  r e c e i v e  t h e  
s e r v i c e .  The s e r v i c e  p rov i s ion  of t h e  ord inance  
provides  f o r  a s e r v i c e  d e p o s i t  and s e r v i c e  charges .  
The s e r v i c e  charges  w i l l  be  developed on a metered 
BTU b a s i s  and broken o u t  i n t o  s i n g l e  r e s i d e n t i a l ,  
mult i - family r e s i d e n t i a l  and commercial s t r u c t u r e s .  
The meter ing  w i l l  be accomplished through t h e  
e x i s t i n g  C i t y ' s  water meter reading  and w i l l  be  
b i l l e d  ou t  on e x i s t i n g  water b i l l  forms. The 
computer programming and sof tware  has  a l r eady  
been developed t o  provide  f o r  a geothermal  s e r v i c e  
charge.  

Other areas included w i t h i n  t h e  management ordin-  
ance inc lude  t h e  appointment of a l o c a l  o f f i c i a l  
as t h e  C i ty  r e p r e s e n t a t i v e  concerning t h e  opera- 
t i o n  of  t h e  hea t ing  d i s t r i c t ,  p rov i s ion  and in-  
s p e c t i o n  of non-d j s t r i c t  geothermal f a c i l i t i e s ,  
annexat ion  t o  t h e  d i s t r i c t ,  low income r e t r o f i t t -  
i n g  a s s i s t a n c e ,  t h e  t i e - i n  of non-geothermal 
hea t  sou rces  f o r  peaking purposes ,  t h e  f i l i n g  of 
impact assessment  s ta tement  on t h e  e x i s t i n g  and 
f u t u r e  w e l l s  i n  r e l a t i o n s h i p  t o  r e s e r v o i r  in -  
f l uences ,  s u r f a c e  d ischarge  and municipal  cour t  
a u t h o r i t y  f o r  non-compliance of t h e  ord inance .  
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DERRAH 

MARKETING 

The C i t y  has  been concerned about  t h e  development 
of an urban h e a t i n g  d i s t r i c t  from t h e  marketing 
a s p e c t  and s p e c i f i c a l l y  i ts  concern c e n t e r s  wi th  
a l r e a d y  developed areas. The concern w i t h  t h e  
developed areas is b a s i c a l l y  w i t h  t h e  r e t r o f i t t i n g  
c o s t s  which t h e  i n d i v i d u a l  proper ty  owner w i l l  have 
t o  absorb i n  o r d e r  t o  b e  connected t o  t h e  system. 
Within t h e  Klamath F a l l s  area, i n  t h e  r e s i d e n t i a l  
a r e a s ,  t h e  p r o p e r t y  t u r n s  t o  new owners on a average 
of once every f i v e  y e a r s .  With t h a t  tu rnover ,  t h e  
i n d i v i d u a l s  w i l l  have t o  b e  a b l e  t o  amor t ize  t h e  
r e t r o f i t  investment  w i t h i n  t h a t  per iod of t i m e  o r  
assume t h a t  by connec t ion  t o  t h e  geothermal system 
t h e  proper ty  sale w i l l  i n c r e a s e  enough t o  o f f s e t  
t h e  r e t r o f i t  investment .  Because of t h i s  concern, 
t h e  Ci ty  has  been a c t i v e  i n  two areas which a r e  
t a x  i n c e n t i v e s  and revolv ing  r e t r o f i t  l o a n s .  
During t h e  1979 l e g i s l a t u r e ,  t h e  Ci ty  a g a i n  went 
t o  t h e  Oregon S t a t e  Senate  and House of Represent- 
a t i v e s  and proposed t o  a p p r o p r i a t e  sub-committees ' 

l e g i s l a t i o n  f o r  t a x  i n c e n t i v e s  f o r  geothermal 
h e a t i n g  d i s t r i c t s .  The l e g i s l a t i o n  provided f o r  
$l,OO~ state income tax c r e d i t  f o r  t h e  r e t r o f i t  
c o s t  f o r  connec t ion  t o  a geothermal h e a t i n g  d i s -  
t r i c t .  A d d i t i o n a l l y ,  t h e  C i t y  proposed 
r e d e f i n i n g  p r e v i o u s l y  passed l e g i s l a t i o n  f o r  t a x  
i n c e n t i v e  f o r  development of o t h e r  a l t e r n a t i v e  
energy forms. 
a d d i t i o n a l  $1,000 c r e d i t  on t h e  s ta te  income 
t a x e s  f o r  geothermal h e a t i n g  d i s t r i s l t  connect ion.  
I n  t o t a l ,  then,  under both programs, t h e r e  would 
be  a v a i l a b l e  a maximum of a $2,000 s t a t e  t a x  
c r e d i t  f o r  r e t r o f i t  c o s t s  f o r  connect ion t o  a 
geothermal h e a t i n g  d i s t r i c t .  

That  r e d e f i n i t i o n  allowed f o r  an 

The o t h e r  aspec t  which t h e  C i t y  has  e s t a b l i s h e d  
f o r  connect ion t o  t h e  h e a t i n g  d i s t r i c t ,  is t h e  
es tab l i shment  of r e v o l v i n g  l o a n  fund f o r  r e t r o f i t  
c o s t s .  The r e v o l v i n g  l o a n  fund w i l l  p rovide  f i n -  
ancing t o  d i s t r i c t  r e s i d e n t s  who d e s i r e  t o  connect 
up t o  t h e  system. The C i t y  w i l l  make a v a i l a b l e  
a loan t o  cover r e t r o f i t  c o s t s  f o r  connect ion 
t o  t h e  system. The l o a n  w i l l  be  secured by t h e  
proper ty  and recorded a g a i n s t  t h e  b e n e f i t t e d  
property.  A t  t h e  t i m e  of  t h i s  paper ,  the i n t e r e s t  
rate f o r  such l o a n s  has  been n o t  o f f i c i a l l y  
decided upon b u t  w i l l  b e  i n  t h e  range of 3% t o  
8%. With t h e  low i n t e r d s t  rate on t h e  l o a n ,  i t  
is seen  as a v e r y  a t t r a c t i v e  marketing t o o l  f o r  
proper ty  owners t o  u s e  i n  absorb ing  r e t r o f i t  c o s t s ,  

RESOURCE AND MASTER PLAN DEVELOPMENT 

I n  developing t h e  t o t a l  urban h e a t i n g  d i s t r i c t ,  
resource  area i d e n t i f i c a t i o n  h a s  been undertaken 
to  a l i g n  itself w i t h  t h e  Master Plan  Development 
w i t h  p r i o r i t y  areas i d e n t i f i e d  and a t i m e  t a b l e  
f o r  development a s s o c i a t e d  w i t h  those  p r i o r i t y  
a r e a s .  The purpose of t h e  Master Plan is t o  
i d e n t i f y ,  as i n d i c a t e d  above, resource  a r e a s ,  
p2pe r o u t i n g ,  n e c e s s a r y  GPM peaking p lan ,  whether 
geothermal o r  convent iona l  energy and s t o r a g e  
l o c a t i o n s .  Perhaps t h e  most s i g n i f i c a n t  area 
w i t h i n  t h e  Master Plan  w i l l  be  i d e n t i f i c a t i o n  of 
p o t e n t i a l  r e s o u r c e  a r e a s .  With t h a t  in format ion  
i n  hand, t h e  C i t y  w i l l  be  a b l e  t o  go o u t  and 

a t tempt  t o  s e c u r e  t h e  necessary  proper ty  and water 
r i g h t s  t o  provide t h e  s p e c i f i e d  s u b - d i s t r i c t s  
wi th  t h e  resource .  Below, i n  F igure  I,  you w i l l  
see t h e  t e n t a t i v e  d i s t r i c t  boundary w i t h  e s t a b l i s h -  
ed p r i o r i t y  a r e a s  and a l s o  t h e  t i m e  t a b l e  
development of t h o s e  areas, 

Heat i ng Pis tri ct Boundaries 

f o r  

I 
I 

District PrioritL Time o f  Development 

0-2 years 
2-5 
5-10 

30-15 
>15 
> 20 

The s u b - d i s t r i c t ' b o u n d a r i e s  i n  t h e  urban a r e a s  
were l o c a t e d  under t h e  fo l lowing  cr i ter ia :  
I) Natura l  topography f e a t u r e s ;  2) Man made 
f e a t u r e s ;  3) P o l i t i c a l  boundaries;  4 )  Land use. 
Natura l  and man made f e a t u r e s  were t h e  primary 
c o n t r o l l i n g  items. These included t h e  two l a k e s ,  
Link River ,  3 b r i d g e s ,  t h e  main r i d g e  l i n e ,  r a i l -  
road c r o s s i n g  and a n  i r r i g a t i o n  c a n a l .  
t h e s e  i t e m s  would be c o s t l y  t o  c r o s s  and f o r  t h i s  
reason  t h e  l o c a l  d i s t r i b u t i o n  boundaries  wi th in  a 
s u b - d i s t r i c t  were a l igned  and t h e  boundaries  dev- 
eloped. Product ion ahd r e s o u r c e  areas w e r e  loca-  
t e d  and analyzed w i t h i n  t h e  above cri teria under 
a n  a d d i t i o n a l  set of criteria which a r e  as fol lows:  
1) 
p i p e l i n e  l e n g t h s ;  2)  E leva t ion  head t o  provide 
g r a v i t y  feed wherever p o s s i b l e ;  3) A v a i l a b i l i t y  
of p u b l i c  land f o r  development; 4 )  Information 
on geothermal f l u i d  e x i s t i n g  and/or  a d j a c e n t  t o  
t h e  site. With t h e  culminat ion of t h e  phys ica l  
hardware items r e q u i r e d  and i d e n t i f y i n g  of the 
e x i s t i n g  land informat ion  relative t o  geothermal 
development, t h e  C i t y  has  t h e  b a s i c  t o o l s  i n  which 

Any of 

Proximity t o  u s e r s  i n  o r d e r  t o  buy a supply of 
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t o  i n i t i a t e  t h e  development of t h e  t o t a l  u rban  
hea t ing  d i s t r i c t .  

DEMONSTRATION PROJECT 

The fo l lowing  is a summary of t h e  Conceptual Design 
Report  and t h e  proposed Geothermal Heat ing D i s t r i c t  
P r o j e c t  awarded t o  t h e  C i t y  of Klamath F a l l s  under 
PON EG-77-N-03-1553 t o  des ign ,  c o n s t r u c t  and in-  
i t i a t e  ope ra t ion  of a geothermal space  hea t ing  d i s -  
t r i c t .  The d i s t r i c t  u t i l i z a t i o n  p r o j e c t  is  f o r  a 
C i ty  owned and opera ted  system se rv ing  14 c i t y ,  
county,  s ta te  and f e d e r a l  o f f i c e  bu i ld ings .  The 
p r o j e c t  i s  e s s e n t i a l l y  broken down i n t o  t h r e e  
phases  which inc lude  es tab l i shment  of w e l l s ,  con- 
s t r u c t i o n  of a d i s t r i b u t i o n  l i n e  and t h e  r e t r o -  
f i t i n g  of t h e  e x i s t i n g  bu i ld ings .  

The product ion  area t o  produce t h e  geothermal waters 
f o r  t h e  hea t ing  of t h e  d i s t r i c t  is  t o  b e  i n  t h e  
v i c i n i t y  of t h e  Old F o r t  Road area which is f u r t h e r  
descr ibed  i n  t h e  Conceptual Design Report .  The 
product ion  a r e a  i s  loca ted  wi th in  t h e  second 
l a r g e s t  KGRA, as r epor t ed  by t h e  U.S. Geological  
Survey. The p r o j e c t  w i l l  involve  two product ion  
w e l l s  of approximately 1 ,000 '  deep wi th  an e s t -  
imated product ion of 500 g a l l o n s  pe r  minute  each. 
The a n t i c i p a t e d  temperature  from t h e  product ion 
wells is  220°F, and t h e  r equ i r ed  f low f o r  t h e  14  
b u i l d i n g s  i s  768 g a l l o n s  pe r  minute .  The estim- 
a t  d peak load f o r  t h e  14  bu i ld ings  i s  15.326 x 
1 0  % BTU pe r  hour. 

Each product ion  w e l l  w i l l  be  o u t f i t t e d  wi th  a 
7 . 5  h.p. t u r b i n e  pump wi th  v a r i a b l e  speed d r i v e .  
Each well and pump w i l l  b e  enclosed by a 10 '  x 
10' w e l l  head bui ld ing .  The geothermal  waters  
w i l l  be  t r anspor t ed  4,060' t o  t h e  v i c i n i t y  o f  t h e  
County Museum and t h e  C i ty  F i r e  S t a t i o n .  The 
geothermal  waters w i l l  b e  t r anspor t ed  by s i n g l e  
8" diameter  s teel  p ipe  w i t h  ure thane  wrap in-  
s u l a t i o n  and placed i n  a conc re t e  tunnel .  The 
tunne l  w i l l  be  58" x 38". The tunne l  w i l l  be  
i n s t a l l e d  i n  1 0 '  s e c t i o n s  wi th  removable tops  f o r  
easy  maintenance and f u t u r e  expansion. The tunne l  
w i l l  be  placed i n  e x i s t i n g  pub l i c  rights-of-way 
and,  wherever poss ib l e ,  w i l l  become a p a r t  of t h e  
s idewalk s u r f a c e  t h a t  c u r r e n t l y  e x i s t s .  

The conc re t e  tunnel  was chosen f o r  t h e  fo l lowing  
reasons  : 

1. 

2. 

3.  

4. 

It w i l l  p rovide  a s te r i le  environment, 
e l imina t ing  o u t s i d e  co r ros ion  f a c t o r s  
which, through p a s t  experience,  has  been 
t h e  main co r ros ion  f a c t o r  i n  t h e  Klamath 
F a l l s  area. 

Provide  f o r  an  extended l i f e  c y c l e  from 20 
y e a r s  t o  70 yea r s .  

Provide  easy a c c e s s i b i l i t y  for maintenance 
i n  t h e  f u t u r e .  

The tunne l  is  designed f o r  easy expansion 
f o r  f u t u r e  p ipe  l i n e s  f o r  d i s t r i b u t i o n  of 
t h e  resource  i n t o  t h e  o t h e r  p a r t s  of t h e  
urban area. 

The s teel  p ipe  i n  a conc re t e  tunne l  i s  insu la t ed  
wi th  2 i n .  of r i g i f  f i b e r g l a s s  i n s u l a t i o n  
(K - . 3 2  BTU-in/ft 
s tee l  p ipe  i n  an FRP p r o t e c t i v e  covering i s  in-  
s u l a t  d wi th  2 in .  of u re thane  foam (K - .25 BTU- 
i n / f t '  - OF - h r )  . 

- OF - h r )  and t h e  bur ied  

Expansion of t h e  s t e e l  p ipe  is  con t ro l l ed  by 
"Flex ionics"  expansion j o i n t s  (bel lows type)  . 
Flex ion ic s  con t ro l l ed - f l ex ing  expansion j o i n t s  
t a k e  p re s su res  up t o  300 p s i  and have temperature  
l i m i t s  of -20 t o  8000F. These u n i t s  may be e i t h e r  
s i n g l e  o r  d u a l  a c t i n g  w i t h  welding ends.  The d u a l  
expansion j o i n t s  are fu rn i shed  wi th  an  anchor base  
and can b e  employed f o r  a p p l i c a t i o n  where l a r g e  
amounts of any combination of t h e  t h r e e  b a s i c  
movements; i . e . ,  a x i a l  movement, la teral  def lec-  
t i o n  and angular  r o t a t i o n ,  cannot  b e  absorbed by 
a s i n g l e  expansion j o i n t .  

Bellows type  expansion j o i n t s  were s e l e c t e d  over 
expansion loops  because of t h e  l i m i t e d  space  
a v a i l a b l e  i n  developed streets, less head l o s s  
and c o s t  e f f e c t i v e n e s s .  

A t  t h e  end of t h e  geothermal l i n e ,  a c e n t r a l i z e d  
h e a t  exchanger bu i ld ing  30' x 40' w i l l  be  used t o  
house two p l a t e  heat. exchangers .  The two p l a t e  
h e a t  exchangers w i l l  then  t r a n s f e r  t h e  hea t  from 
t h e  geothermal  l i n e  t o  a c losed  loop  domestic 
water l i n e .  I n  a d d i t i o n  t o  t h e  two h e a t  ex- 
changers ,  a hea t  exchange bu i ld ing  w i l l  i nc lude  
two v e r t i c a l  t u rb ine  c i r c u l a t i o n  pumps of 50 h.p. 
capable  of pumping 400 g a l l o n s  pe r  minute each. 
To handle  surge$ and expansions,  a 1,000 ga l lon  
p res su re  and su rge  tank  w i l l  b e  housed a t  t h e  
c e n t r a l  h e a t  exchange bu i ld ing .  A te lemet ry  
system c o n t r o l l i n g  pumping requi rements ,  hea t ing  
requi rements  and t h e  a p p r o p r i a t e  f low f o r  those  
requi rements  w i l l  be  t h e  b a s i c  c o n t r o l  system 
which a l s o  w i l l  b e  housed i n  t h e  c e n t r a l  hea t  
exchange bu i ld ing .  

The c o n t r o l  system f o r  t h e  p r o j e c t  is ou t l ined  i n  
t h e  a t t a c h e d  Figure  2 and descr ibed  as fol lows:  

1. The f low i n  t h e  primary geothermal  f l u i d  
supply  l i n e  is  r egu la t ed  by t h e  pneumatic 
b u t t e r f l y  va lves  (V-1 and V-2) loca t ed  on 
t h e  r e j e c t  s i d e  of t h e  h e a t  exchangers 
which are con t ro l l ed  by o u t s i d e  a i r  temp- 
e r a t u r e  (Ti )  temperature  (T2) v i a  Receiver- 
Con t ro l l e r  #l. Closing of c o n t r o l  va lves  
V - 1  and/or  V-2 r e s u l t s  i n  increased  press-  
u r e  i n  t h e  primary supply l i n e  which, i n  
t u r n ,  is  r e l ayed  t o  a p r e s s u r e  c o n t r o l  reg-  
u l a t o r  l oca t ed  a t  t h e  product ion  pump, re- 
duc ing  t h e  pumping rate of t h e  v a r i a b l e  
speed / f lu id  d r i v e  deep w e l l  v e r t i c a l  tu r -  
b i n e  pumps (TP1 and TP2). A r educ t ion  i n  
p re s su re  due t o  opening of  va lves  r e s u l t -  
i n g  from a drop i n  o u t s i d e  a i r  temperature  
(TI) and geothermal  r e t u r n  f l u i d  temper- 
a t u r e  (T2) causes  t h e  p r e s s u r e  c o n t r o l l e r  
t o  i n c r e a s e  t h e  pumping ra te .  
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2. The f low i n  t h e  secondary c losed  loop  is 
regu la t ed  by t h e  tempera ture  and p r e s s u r e  
d i f f e r e n c e  between t h e  supply and r e t u r n  
l i n e s .  The most remote p o i n t  i n  t h e  system, 
a t  t h e  County Courthouse complex, w i l l  be  
t h e  c r i t f c a l  l o c a t i o n .  I n  o rde r  t o  provide  
s u f f i c i e n t  h e a t  t o  s u b s c r i b e r s ,  t h e  p ipe  
tempera ture  l o s s  t o  t h i s  po in t  w i l l  be kept  
t o  a minimum Of -3'F. and t h e  p r e s s u r e  t o  a 
minimum of 60 p s i .  

51 I- m 

m 

N 

'3 3.  The supply  tempera ture  i n  t h e  c losed  second- 
a r y  loop i s  c o n t r o l l e d  on t h e  b a s i s  of 
measured o u t s i d e  a i r  tempera ture  (T i )  and 
hea t ing  water r e t u r n  tempera ture  (T3). 
ce ive r -Con t ro l l e r  #2 w i l l  a c t i v a t e  pneu- 
mat ic  g lobe  va lves  V-3 and/or V-4 t o  open 
when o u t s i d e  a i r  tempera ture  (T1)and hea t -  
ing  water r e t u r n  tempera ture  (T3) drop. 
The r e s u l t  i s  a r educ t ion  of p re s su re  i n  
t h e  h e a t i n g  water supply  (P1) and r e t u r n  
(P2) l i n e ,  caus ing  a n  inc reased  pumping 
ra te  of the v a r i a b l e  speed / f lu id  d r i v e  
v e r t i c a l  t u r b i n e  c i r c u l a t i o n  pumps (CP1 
and CP2). 

Re- 
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4. Rece iver -Cont ro l le r  113 r e g u l a t e s  t h e  pre- 
s s u r e  i n  t h e  c losed  loop network through 
t h e  ba lanc ing  g lobe  va lve  V-5 when sens ing  
supply p r e s s u r e  (PI) and r e t u r n  p re s su re  
( P 2 ) .  
are maintained t o  subsc r ibe r s .  

This  a s s u r e s  t h a t  des ign  p res su res  

5. F a i l u r e s  i n  pumps o r  p i p e l i n e s  and unusual 
f low rates, tempera tures  o r  p re s su res  w i l l  
be  monitored by a master f low c o n t r o l l e r  
(MCL). This  i nc ludes  t h e  p re s su res  i n  t h e  
p i p e l i n e  as w e l l  as t h e  expansion tank. 
The master f low c o n t r o l l e r ,  under these  
c i rcumstances ,  w i l l  s h u t  down t h e  pumps i n  
e i t h e r  p ipe  system and sound an alarm i n  
t h e  hea t  exchanger /cont ro l  bu i ld ing .  This  
alarm w i l l  be  monitored i n  t h e  F i r e  S ta t ion .  

6 .  Examples of p o s s i b l e  c r i t i ca l  s i t u a t i o n s  
would b e  a " f u l l y  open" i n d i c a t i o n  from a 
c o n t r o l  v a l v e  under low h e a t  load con- 
d i t i o n s ;  a r educ t ion  i n  p i p e l i n e  p re s su re  
under h igh  pumping rates (due t o  a rup tu re ) ;  
o r  a drop  i n  supply  temperature (caused by 
a c losed  v a l v e  o r  stopped pump). 

A f t e r  t h e  geothermal waters have c i r c u l a t e d  
through t h e  two s teel  p l a t e  exchangers,  t h e  water 
w i l l  be r e i n j e c t e d  i n t o  an  e x i s t i n g  w e l l  i n  t h e  
v i c i n i t y  of t h e  County Museum. The c e n t r i f u g a l  
i n j e c t i o n  pump of 20 h.p.  w i l l  be  i n s t a l l e d  f o r  
i n j e c t i o n .  

The c losed  loop  domestic p ipe  w i l l  supply t h e  
f o u r t e e n  bu i ld ings  a t  an  es t imated  temperature 
of 2000F. The l i n e  w i l l  c o n s i s t  of 8", 6" and 
3" 'RFP p ipe  which w i l l  be d i r e c t l y  bur ied  along 
t h e  p ipe  rou te .  

The secondary l i n e  w i l l  then  provide  s e r v i c e  t o  
t h e  U . S .  Post  Of f i ce ,  S t a t e  Employment Of f i ce ,  
S t a t e  Welfare Of f i ce ,  C i t y  H a l l ,  C i ty  H a l l  Annex, 
C i t y  Jail ,  County Courthouse, Veterans Memorial 
Bui ld ing ,  County J a i l ,  County Courthouse Annex, 
County L ib ra ry ,  County Courthouse Extension, 
County Museum and C i ty  F i r e  S t a t i o n .  

The c a p i t a l  c o s t  of t h e  in tended  system is as 
fo l lows  and more d e t a i l e d  c o s t s  are a t t ached  i n  
F i g u r e  3 .  

A. Wells and Well Head Equip. $ 169,772 
B. P ipe  Lines  835,293 

197,506 C.  Heat Exchanger F a c i l i t i e s  
Sub to ta l  $ 1,242,571 

D. Engineering & T n f l a t i o n  197,429 
TOTAL $ 1,400,000 
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TOTAL COST SUEMhRY 

Case Ia 
(8". 6" S t e e l  P i p e l i n e  on Concrete Tunnel) 

c o s t  - Item - 
A .  I4ells and I:ell  Head Equipment: 

1. Productioh v e l l  (2) @ $38,898 . . . . . . . . . . . . . . .  $ 77.796 
2 .  Production wel l  pumps (2) @ $41,988 . . . . . . . . . . . .  8 3 , 9 7 6  
3.  I:cll head bui ld ings  (2)  @ $3,500. . . . . . . . . . . . . .  7 , 0 0 0  
4 .  P o w r  hook-up in bui ld ings  (2)  @ $500 . . . . . . . . . . .  1,000 

Subtota l  4 J69.272 

B .  Dis tr ibut ion Piping  Network: 

5 .  Prinary supply p i p e l i n e  (8" s t e e l  i n  concrete  tunnel) . . .  506,175 
6 .  Secondary supply p i p e l i n e  (E", 6" 6 3" FRP.Direct buria l )  329,118 

Sub to t a l  - 835.293 

C. Neat Exchanger Building: 

7 .  

9 .  
a.  

P l a t e  heat  exchangers (2)  @ $14.000 . . . . . . . . . . .  28.000 
Control s y s t e n ,  wiring. e t c .  ( b a s i c )  . . . . . . . . . . .  44.537 
Circulat ion pump (2)  @ $13,691 . . . . . . . . . . . . . .  27,382 

10. Expansion/surge tank . . . . . . . . . . . . . .  5 , 0 0 0  
1 1 .  Bui ld ing ,  including i n s t a l l a t i o n  of equipment . . . . . . .  90,000 
12 .  Inject ion well (museum) . . . . . . . . . . . . . . . . .  
13.  I n j e c t i o n  well pump . . . . . . . . . . . . . . . . .  2,587 

Subtota l  $ J91,_50$ 

Total Equipment 6 I n s t a l l a t i o n  Costs $ 1,202,571 

D .  Overhead Costs: 

Admin. 6 Engineering @ 10% . . . . . . . . . . . . . . . .  120,260 

Continzcncy ( i n f l a t i o n  @ 5X) . . . . . . . . . . . . . . .  77,169 

Toto1 Cost $ 1 , 4 0 0 , 0 0 0  

Figure  3. 

The es t imated  equiva len t  annual  c o s t  of c a p i t a l  
f o r  t h i s  system, based on a 20-year l i f e  and 6.5% 
i n t e r e s t ,  wi th  t h e  i n c l u s i o n  of ope ra t ion  and 
maintenance c o s t s ,  are $201,601. Using an  ex- 
panded system hea t  load  f o r  11 commercial b locks ,  
t h e  es t imated  c o s t  of t h e  geothermal  energy i s  
$0.29/therm through a 20-year pe r iod .  The equiv- 
a l e n t  annual  c o s t  f o r  n a t u r a l  g a s  over  t h e  same 
20-year per iod  i s  $662,291, which is based on 
Oregon Department of Energy p r o j e c t i o n s .  
amounts t o  an  average annual  c o s t  of n a t u r a l  gas  
of $0.94/therm, o r  335% higher  than  geothermal. 

This  

The p r o j e c t  s i z e  and f u t u r e  p l ans  f o r  t h e  Geo- 
thermal  Heat ing District cal ls  f o r  expansion t o  
bo th  commercial and r e s i d e n t i a l  u se r s .  Such 
expansion,  i n  a l l  l i k e l i h o o d ,  s h a l l  b e  pred ica ted  
on v o t e r  approval  f o r  bond i s s u e s  f o r  cons t ruc t ion  
funding . 

STATUS 

The C i ty  has  c u r r e n t l y  completed t h e  d r i l l i n g  of 
two product ion  we l l s .  Well #l h a s  been d r i l l e d  
t o  a depth  of 360' and cased w i t h  12" cas ing .  
The pump tes t  has  been concluded wi th  t h e  r e s u l t s  
of 224OF water and 780 ga l lons  p e r  minute. 
s ta t ic  w a t e r  level drop a t  t h e  780 g a l l o n  per  
minute pumping ra te  was 70' .  

The 

a q u i f e r  and i n t e r c e p t  deep a q u i f e r .  I n  d r i l l i n g  
t o  900 ' ,  no i n d i c a t i o n  was found of t h e  deep 
a q u i f e r ,  s o  t h e  190' t o  240' zone w a s  pe r fo ra t ed  
wi th  f lows  no t  being determined a t  t h i s  t i m e .  
Temperature g rad ien t s  i n d i c a t e  2250F wi th  heavy 
f lows i n  t h a t  product ion zone. 

The major  mi les tones  contemplated w i t h i n  t h e  
p r o j e c t  were t h e  cons t ruc t ion  of t h e  wells,  in-  
s t a l l a t i o n  of t h e  geothermal l i n e ,  cons t ruc t ion  
of t h e  h e a t  exchanger bu i ld ing  and cons t ruc t ion  
of t h e  d i s t r i b u t i o n  l i n e .  

The fo l lowing  a r e  t h e  c u r r e n t l y  proposed start up 
and complet ion d a t e s  f o r  each of t h e  major m i l e -  
s t ones .  

S t a r t  Up Completion 

Cons t ruc t ion  of Wells 8/79 1/31/80 
I n s t a l l a t i o n  of Geo. Lines  12/15/79 8/15/80 
Constr .  of Heat Ex. Bldg. 4/30/80 8/15/80 
Constr .  of D i s t .  Lines  4/30/80 10/31/80 

COST 

The c o s t s ,  as r e i t e r a t e d  he re in ,  f o r  t h e  p r o j e c t  
are s t i l l  c u r r e n t  based on e x i s t i n g  knowledge. 
We have explored t h e  c o s t  w i th  v a r i o u s  s u p p l i e r s ,  
and they  have ind ica t ed  t h a t  we are s t i l l  i n  
l i n e  wi th  today ' s  market. 

The only  real  c o s t  v s .  a c t u a l  expendi ture  t o  be 
r e l a t e d  a t  t h i s  time is  f o r  t h e  product ion  w e l l s .  
A s  s t a t e d  i n  t h e  Cost Summary, t h e  product ion  
w e l l  estimate is $77,796. 
two product ion  w e l l s  and a l s o  abandoned one w e l l  
where equipment w a s  l o s t  and not  a b l e  t o  be 
secured  from t h e  w e l l .  The es t imated  c o s t  of 
t h e  product ion  w e l l s  i s  t o  b e  $65,000. 

The C i ty  has  d r i l l e d  

The C i ty  was a b l e  t o  o b t a i n  a c o s t  s av ing  by 
implementing a program where i t  l eased  t h e  d r i l l  
r i g ,  h i r e d  l i censed  d r i l l e r s  and purchased 
s u p p l i e s  such as cas ing  and d r i l l i n g  mud d i r e c t -  
l y .  The C i ty  d i d  bid t h e  d r i l l i n g  of t h e  we l l s  
on a normal c o n t r a c t u r a l  b a s i s  and t h e  b i d s  re -  
ce ived  were i n  excess  of $135,000. 

W e l l  #2 has  been completed t o  900' wi th  t h e  
producing zone from 190' t o  240'. The o r i g i n a l  
i n t e n t  of Well 112 was t o  break  through t h e  lower 
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