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ABSTRACT 

The Pagosa Spr ings Geothermal D i s t r i c t  Heat ing System was conceptua- 
l i z e d ,  designed, and cons t ruc ted  between 1979 t o  1984 under the  U.S. Depart- 
ment o f  Energy Program Oppor tun i ty  Not ice  (PON) program t o  demonstrate the  
f e a s i b i l i t y  f o r  u t i l i z i n g  moderate temperature geothermal resources f o r  
d i rec t -use  app l i ca t i ons .  
space hea t ing  t o  p u b l i c  bu i l d ings ,  school f a c i l i t i e s ,  residences, and com- 
merc ia l  establ ishments a t  cos ts  s i g n i f i c a n t l y  lower than cos ts  o f  a v a i l a b l e  
convent ional  f ue l s .  The Pagosa Spr ings p r o j e c t  encompassed a f u l l  range o f  
t echn ica l ,  i n s t i t u t i o n a l ,  and economic a c t i v i t i e s .  Geothermal r e s e r v o i r  
eva lua t ions  and t e s t i n g  were performed, and two produc t ive  440°F geo- 
thermal supply we1 1 s were success fu l l y  d r i l l e d  and completed. Transmission 
and d i s t r i b u t i o n  system design, cons t ruc t ion ,  s ta r tup ,  and opera t ion  were 
achieved w i t h  minimum d i f f i c u l t y .  

The Pagosa Spr ings system success fu l l y  prov ides 

The geothermal system opera t ion  du r ing  the  f i r s t  two hea t ing  seasons 
has been f u l l y  r e l i a b l e  and w e l l  respected i n  the  community. 
has proven t h a t  low t o  moderate-temperature waters can e f f e c t i v e l y  meet re -  
qu i red  hea t ing  loads, even f o r  harsh winter-mountain environments. 
p r i n c i p a l  d i f f i c u l t y  encountered has been i n s t i t u t i o n a l  i n  na ture  and cen- 
t e r s  on the  o b t a i n i n g  o f  the  geothermal p roduc t ion  we l l  permi ts  and the  ad- 
j u d i c a t e d  water r i g h t s  necessary t o  supply the  geothermal h o t  water f l u i d s  
f o r  t he  f u l l  ope ra t i ng  l i f e  o f  the  system. 

The p r o j e c t  

The 
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1.0 INTRODUCTION 

1.1 OBJECTIVES 

1.1.1 U.S. Department o f  Energy "Program Oppor tun i ty  No t i ce "  (PON) 
P r o  g rams 

P r i v a t e  sec to r  use o f  geothermal energy f o r  d i r e c t  heat  purposes 

w i t h i n  the  Un i ted  Sta tes  has been l i m i t e d ,  y e t  t h e r e  i s  a l a r g e  p o t e n t i a l  

market f o r  thermal energy i n  such areas as i n d u s t r i a l  processing, a g r i -  

business, and space and water hea t ing  o f  commercial and r e s i d e n t i a l  b u i l d -  

ings. Technical and economic i n f o r m a t i o n  i s  needed t o  a s s i s t  i n  i d e n t i f y i n g  

p rospec t i ve  d i r e c t  heat  users and t o  match t h e i r  energy needs t o  s p e c i f i c  

geothermal rese rvo i r s .  Technological u n c e r t a i n t i e s  and assoc ia ted  economic 

r i s k s  have in f l uenced  p o t e n t i a l  user percept ion  o f  p r o f i t a b i ' l  i t y  t o  t h e  

p o i n t  o f  l i m i t i n g  p r i v a t e  investment i n  geothermal d i r e c t  heat  app l i ca -  

t i ons .  

I n  September 1977 and A p r i l  1978, t he  Department o f  Energy, D i -  

v i s i o n  o f  Geothermal Energy (now the  D i v i s i o n  o f  Geothermal and Hydropower 

Technologies), issued two Program Oppor tun i ty  Not ices (PONS). These s o l  i c i -  

t a t i o n s  were part  o f  DOE'S national geothermal energy program plan,  w h i c h  

had as i t s  goal t he  near-term research and development o f  hydrothermal re -  

sources by the  p r i v a t e  sector.  Encouragement was g iven t o  the  p r i v a t e  sec- 

t o r  by DOE o f f e r i n g  t o  share a p o r t i o n  o f  t he  f ron t -end f i n a n c i a l  r i s k  i n  

a l i m i t e d  number o f  f i e l d  experiment p ro jec ts .  A f t e r  compe t i t i ve  evalua- 

t i ons ,  twenty-three PON p r o j e c t s  were se lec ted  from the  two.Project  Oppor- 

t u n i t y  Not ice  S o l i c i t a t i o n s .  Subsequent events caused f o u r  o f  these pro- 

j e c t s  t o  withdraw from the  program. 

Th is  r e p o r t  documents the  DOE Direct-Use Geothermal PON P r o j e c t  

a t  Pagosa Springs, Colorado. 
1 



1.1.2 Demonstration P r o j e c t  

The o b j e c t i v e  o f  t h i s  p r o j e c t  was t o  demonstrate the  techn ica l  

and economic f e a s i b i l i t y  f o r  u t i l i z i n g  moderate temperature geothermal 

resources f o r  space heating. 

Pagosa Springs, Colorado, i n i t i a t e d  the  design, cons t ruc t i on ,  and opera t ion  

o f  a geothermal-based d i s t r i c t  hea t ing  system t o  serve t h e  core  business 

area, Municipal  and Archu le ta  County p u b l i c  bu i l d ings ,  Archu le ta  School 

D i s t r i c t  Jo in t -50  school bu i l d ings ,  and a d d i t i o n a l  r e s i d e n t i a l  bu i l d ings .  

To accomplish t h i s  ob jec t i ve ,  t h e  Town o f  

1.2 PRE-PROJECT BACKGROUND 

Pagosa Springs 'is l o c a t e d  i n  t h e  San Juan Basin i n  the  south- 

western Colorado mountains approximately 300 m i les  southwest o f  Denver and 

60 m i l e s  eas t  o f  Durango; t h i s  l o c a t i o n  i s  shown i n  F igu re  1-1. Pagosa 

Spr ings i s  t h e  County sea t  o f  Archu le ta  County, Colorado, and had a 1983 

s e r v i c e  popu la t i on  o f  about 1,500. H i s t o r i c a l l y ,  t h e  reg iona l  economy has 

been c l o s e l y  t i e d  t o  bo th  tour ism and t o  the  u t i l i z a t i o n  o f  i t s  n a t u r a l  r e -  

sources, i n c l u d i n g  mining, a g r i c u l t u r e  and wood products. 

Natural  h o t  waters 'of t h e  Pagosa Springs area have been used 

s ince  t h e  e a r l y  1800's. 

te rs , "  and used the  h o t  spr ings  f o r  med ic ina l  purposes and r e l i g i o u s  cere- 

monies. When wh i te  s e t t l e r s  came t o  the  reg ion  i n  the  l a t e r  1800's they a l -  

so used t h e  spr ings  f o r  med ic ina l  purposes as w e l l  as f o r  a r e c r e a t i o n a l  no- 

v e l t y .  

community of Pagosa Springs and t h i s  began na tu ra l  h o t  water hea t ing  i n  the  

area. 

Ind ians  named the  area Pagosa, meaning " b o i l i n g  wa- 

Between 1900 and 1910 t he  f i r s t  h o t  water w e l l  was d r i l l e d  i n  the  

The main h o t  s p r i n g  i s  l o c a t e d  south of downtown Pagosa Springs 

and across the  San Juan River.  

Colorado and i s  25 t o  30 f e e t  i n  diameter. 

Th is  s p r i n g  i s  t he  l a r g e s t  h o t  s p r i n g  i n  

A t  136OF and w i t h  a discharge 
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o f  300 t o  700 gpm ( B a r r e t t  and Pear l  , 1976; Lynn, 1978) , Pagosa Hot Springs 

i s  n e i t h e r  the  h o t t e s t  nor  h ighes t  f l o w i n g  h o t  sp r ing  i n  Colorado. 

t h e r e  i s  no h o t  s p r i n g  i n  the  S ta te  t h a t  has bo th  g rea te r  temperatures and 

discharge, i n c l u s i v e .  

sec t i on  o f  r a i l r o a d  i r o n  i n t o  the  h o t  spring. 

f e e t  p r i o r  t o  becoming entangled i n  t r a v e r t i n e  depos i ts  (Crouse, 1977). 

However, 

I n  the  1950's the  l o c a l  b lacksmi th  lowered a 30- foo t  

The i r o n  descended over 100 

During t h e  e a r l y  1900's h o t  w e l l s  began t o  be d r i l l e d  i n  t h e  

area t o  u t i l i z e  n a t u r a l  h o t  water f o r  space heating. The f i r s t  w e l l  d r i l l e d  

i n  Pagosa Springs was t h e  present  Adobe I n n  Well ( f o rmer l y  the  Pagosa Hotel  

o r  Los Banos Hotel 1. There a re  30 known h o t  w e l l s  i n  Pagosa Springs and o f  

these 13 were be ing  used p r i o r  t o  the  c u r r e n t  p r o j e c t ;  seven were operat ion- 

a l  b u t  n o t  i n  use, and t e n  have been abandoned. Many o f  t he  o l d e r  w e l l s  a re  

no longer  i n  good opera t i ng  c o n d i t i o n  due t o  l a c k  o f  b r i n e  chemistry con- 

t r o l ,  which has l e d  t o  excessive sca le  and co r ros ion  o f  w e l l  and p i p i n g  sys- 

tems. F igu re  1-2 presents t h e  l o c a t i o n s  o f  t he  m a j o r i t y  o f  t h e  h o t  w e l l s  i n  

the  area. As o f  1980, a number o f  t he  h o t  w e l l s  i n  downtown Pagosa Springs 

were s t i l l  be ing  used t o  heat commercial businesses and pub1 i c  b u i l d i n g s ;  

o the rs  were merely used t o  m e l t  snow i n  the  w i n t e r  o r  f o r  a e s t h e t i c  tour ism 

purposes. 

u t i l i z i n g  the  h o t  waters ( o r  have i n  the  pas t ) .  

F igu re  1-2 a l s o  shows t h e  h o t  w e l l s  and which b u i l d i n g s  a r e  

I n  the  m i d s t  o f  energy shortages, and r a p i d l y  i nc reas ing  conven- 

t i o n a l  f u e l  costs,  the  Town o f  Pagosa Springs, Archuleta County, and Archu- 

l e t a  School D i s t r i c t  Jo in t -50  o f f i c i a l s  recognized the  p o t e n t i a l  f o r  t h e  

low-cost u t i 1  i z a t i o n  o f  the  a rea ' s  hydrothermal resource through the  estab- 

l i shment  o f  a p r o f e s s i o n a l l y  designed and cons t ruc ted  d i s t r i c t  hea t ing  sys- 

tem t h a t  would consol i d a t e  the  o lder ,  mu1 t i p l e  i n d i v i d u a l  systems. 

fore, these e n t i t i e s  j o i n t l y  a p p l i e d  f o r  U.S. DOE cost-shared fund ing  under 

There- 
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KEY AND INDEX TO FIGURE 1-2 

I I Flowl ine  from o p e r a t i n g  w e l l  t o  b u i l d i n g  ( schemat i c )  
- - - -  F l o w l i n e  from non-ope ra t ing  w e l l  t o  b u i l d i n g  (Schematic)  

Hot w e l l  i n  o p e r a t i o n  

o Hot w e l l  n o t  i n  use  o r  abandoned 

B u i l d i n g  p r e s e n t l y  u t i l i z i n g  h o t  water 

n B u i l d i n g  f o r m e r l y  u t i l i z i n g  h o t  w a t e r  

HOT WELLS 

1 
2 
3. 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Cour thouse  Well  
County-2 W e l l  

.Texaco Well 
Poma-2 Well 
City-1 Well 
Amoco Well 
Bank Well 
Adobe I n n  Well 
Brown Well 
Montroy Well 
Rumbaugh W e l l  
Me thod i s t  Church Well 
High Schoo l  Well 
S a n d e r s  Well 
Spa Motel-1 
Spa Motel-:! 
Spa Motel-3 
S p r i n g  I n n  Well 
County-3 Well 
City-2 W e l l  
R e x a l l  Well 
Phone Company Well 
School  D i s t r i c t - 2  Well 
County Garage  Well 
School  D i s t r i c t - 3  Well 
P e r k i n s  W e l l  
C a t c h p o l e  Well  
Pagosa Hot S p r i n g s  

- 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
P 
9 
R 
S .  
T 
U 
V 

BUILDINGS 

County Cour thouse  
Texaco S t a t i o n  
Poma B u i l d i n g  
B u h l e r ' s  Garage 
Gunrunners  CB * 
C i t i z e n s  Bank 
Adobe I n n  
Wilsey P r o f e s s i o n a l  B u i l d i n g  
Pagosa Sun Bui . lding 
Pagosa H a r d w a r e  
J a c k i s c h  Drugs 
S u p e r i o r  Aut omo t i v e  
C a t h o l i c  Church 
P a r i s h  H a l l  
Me thod i s t  Church 
Old Higli School  
Spa Motel  - bathhouse  
Spa Mote l  - poo l  
U n i v e r s a l  Telephone Company 
County Garage 
S p r i n g  I n n  Motel  
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t h e  PON program t o  e s t a b l i s h  such a system. 

DOE was executed i n  June 1979 and the  p r o j e c t  began the rea f te r .  

1.3 PROJECT SCOPE 

The coopera t ive  Agreement w i t h  

The o r i g i n a l  p r o j e c t  scope inc luded the  f o l l o w i n g  component 

tasks: 

--Eva1 ua te  and develop the  hydrothermal resource us ing  e x i s t i n g ,  
p rev ious l y  d r i  11 ed geothermal we1 1 s. 

--Design and cons t ruc t  a geothermal-based d i s t r i c t  hea t ing  system 
t o  e f f e c t i v e l y  serve the  core  c o m e r c i a l  sector,  t he  mun ic ipa l  
and county bu i l d ings ,  school b u i l d i n g s  and se lec ted  r e s i d e n t i a l  
areas. 

- - A t t r a c t  and develop the  se rv i ce  u t i 1 , i z a t i o n  r a t e  necessary f o r  
t he  system t o  be c o s t - e f f e c t i v e  as compared t o  a l t e r n a t e  fue l s .  

The p r o j e c t  scope changed on ly  s l i g h t l y  du r ing  the  course o f  t he  p r o j e c t  de- 

velopment. New produc t ion  w e l l s  were d r i l l e d  t o  c e n t r a l l y  supply the  new 

system w i t h  adequate geothermal resource f low; second, s i g n i f i c a n t  e f f o r t s  

have been requ i red  t o  e s t a b l i s h  ad jud ica ted  water r i g h t s  f o r  these produc- 

t i o n  w e l l s  under Colorado Water Law; and t h i r d ,  t he  s i z e  o f  t he  i n s t a l l e d  

system was reduced, due t o  esca la t i on  o f  cos ts  du r ing  the  course of t he  pro- 

j e c t .  This e l im ina ted  p r a c t i c a l l y  a l l  r e s i d e n t i a l  serv ice .  

1.4 GROWTH POTENTIAL 

The cons t ruc ted  system has es tab l i shed  a t roub le - f ree ,  w e l l -  

respected opera t ion  d u r i n g  the  pas t  two hea t ing  seasons. The p u b l i c  sec to r  

b u i l d i n g s  were the  f i r s t  t o  u t i l i z e  the  system du r ing  the  1982-1983 w i n t e r  

season. Based on t h a t  demonstrated successful operat ion,  a d d i t i o n a l  school 

b u i l d i n g s  and several p r i v a t e  sec to r  hookups were achieved f o r  t he  1983- 

1984 season. 

1985. 

U t i l i z a t i o n  i s  expected t o  grow t o  c u r r e n t  system capac i t y  by 
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I n  add i t i on ,  t h e  f o l l o w i n g  new uses a re  be ing  considered: 

- -L igh t  i n d u s t r i a l  greenhouse space heating. 

--Process hea t ing  f o r  Styrofoam manufacture. 

--Snow and i c i n g  c o n t r o l  o f  c u r r e n t l y  unsafe road i n t e r s e c -  
t i ons. 

--Snow and i c i n g  c o n t r o l  o f  a Shopping Center pa rk ing  l o t .  

The Town o f  Pagosa Springs i n tends  t o  u t i l i z e  the  developed geothermal re -  

source and associated energy supply t o  promote a d d i t i o n a l  tour ism a c t i v i t y  

and t o  promote the  l o c a t i n g  o f  new businesses t o  the  area. 

8 



2.0 SUMMARY 

The o b j e c t i v e s  o f  t he  Pagosa Springs Geothermal p r o j e c t  were t o  

eva lua te  and develop the  Pagosa Springs hydrothermal resource, and subse- 

quent ly  design, cons t ruc t ,  and i n i t i a l l y  operate a geothermal-based d i s t r i c t  

hea t ing  system t o  serve t h e  Pagosa Springs community. The techn ica l ,  i n s t i -  

t u t i o n a l ,  and economic f e a s i b i l  i t i e s  o f  d i rec t -use  geothermal energy u t i l  i- 

z a t i o n  f o r  t h i s  type  o f  system cou ld  then be demonstrated based on concre te  

program experience and on documented, f u l l - s c a l e  ope ra t i ona l  performance. 

The necessary a c t i v i t i e s  t o  success fu l l y  accomplish these ob- 

j e c t i v e s  a r e  presented i n  Table 2-1, which serves as an e f f e c t i v e  summary 

f o r  t he  p r o j e c t  and f o r  t h i s  repo r t .  

The p r o j e c t  as f i n a l l y  completed was c o n s i s t e n t  w i t h  the  pro- 

posed system and the  program ob jec t ives .  

concepts were modif ied,  and improved as the  component task complet ions 

Cer ta in  o f  t he  o r i g i n a l  p r o j e c t  

progressed. These changes included: 

--The d r i l l i n g  o f  new produc t ion  w e l l s  t o  supply t h e  system w i t h  
geo f lu ids  r a t h e r  than t o  u t i l  i z e  p rev ious l y  e x i s t i n g  we l ls .  
E x i s t i n g  w e l l s  e i t h e r  lacked capac i t y  o r  temperature, o r  were 
i n  poor ope ra t i ng  cond i t i on ;  

waters from user systems. Even though geothermal water q u a l i t y  
i s  comparat ively high, H2S concent ra t ions  would have been cor -  
r o s i v e  t o  copper found i n  most user systems; 

--A p l a t e  heat  exchanger was u t i l i z e d  t o  i s o l a t e  t h e  geothermal 

--Substant ia l  system c o s t  esca la t i ons  fo rced  a reduc t i on  i n  sys- 
tem se rv i ce  area. Th is  e l i m i n a t e d  most r e s i d e n t i a l  services;  

--Water r i g h t s  iss’ues, p r i n c i p a l l y  concerns f o r  poss ib le  i n t e r -  
ference w i t h  p rev ious l y  e x i s t i n g  w e l l  f lows, may l i m i t  t h e  u l t i -  
mate capac i t y  o f  t he  system. 
o f  t h i s  repor t .  

Th is  i s  n o t  reso lved as o f  t he  da te  
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TABLE 2-1 

SUCUARY-PAGOU SPRINGS GEOTHERWAL DISTRICT HEATING PRQlfCT 

I ,  
t a n p l e t l o n  Date 

January 1980 

A c t l v l t y  

The h y d r o g c o l o g l c r l  r c g l r  and p r o d u c t l o n  c h a r a c t e r i s t i c s  o f  the Pagosa 
S p r i n g s  geothewl rcsenolr were rssessed u t i l i z i n g  h i s t o r i c a l  e v i -  
dence. review of c x l s t l n g  g e o l o g i c a l  and  hydro logica l  r a p p i n g  and re=. 
ports. and h y d r o l o g i c a l  flw t e s t i n g  of s e l e c t e d  e x i s t i n g  wells. 

Pennlts werc o b t a l n c d  and two w e l l s .  P E 3  and PS-5. were s u c c e s s f u l l y  
d r i l l e d  and comple ted  f o r  f u l l - s c a l e  product ion .  Depths were to 300 
f e e t  aRd 275 f e e t .  PespeCtive1y. A third bell produced f n s u f f f c i e n t  
w a t e r  and tarperature and was abandoned. D r a l l i n g  d l f f i c u l t i e s  were 
exper ienced  due to l a r g e  r i v e r  bed b o u l d e r s  encountered  I n  the d r i l l  
h o l e  a t  sha l low well depths. 

Product lon  wells PS-3 and PS-5 were h y d r o l o g i c a l l y  flow t e s t e d  and the 
o v e r a l l  rcsenoir e v a l u a t e d  f o r  i ts ab1 11 t y  to s u p p o r t  the proposed 
d i s t r i c t  h e a t l n g  system. 
gpa a t  131aF and 1200 m a t  14d°F. r e s p e c t i v e l v .  

Product ion  c a p a b i l i t i e s  were p l a c e d  a t  600 
I n t e r f e r e n c e  4th 

Resource hssers- 
u n t - E x l s t i n g  
Yells 

P m d u c t l o n  Yell 
D r i l l i n g  and 
tanpletion 

e 

Smaer 1980 

Product lon Yell 
T e s t i n g  and 
A s s e s w n t  

February  1981 

e x i s t i n g  wells was noted. 
'3080 mg/1. 

Yater G a l i t y  was g w d  r l t h  TDS l e v e l s  of 

Envi romenta l  As- 
sessment  and 
P e m i  t t i n g  

July 1979 An t n v i r o n w n t a l  a s s e s s m e n t  I n d i c a t e d  no  s l g n l f l c a n t  a d v e r s e  impacts  
of water quallw and alr q u a l i t y  were r n t i C i p a t c d  as a r e s u l t  o f  the 
proposed a c t i v i t l c s .  The Colorado D e p a m t  o f  H e a l t h  p e m l t t e d  sur- 
face d i s p o s a l  of the cooled  geothermal f l u i d  to the San J u a n  River. 

Design h e a t  load basis was e s t a b l l s h e d .  and geotherml w a t e r  q u a l i t y  
and m a t e r i a l s  were e v a l u a t e d  f o r  c o m p a t i b i l i t y .  
was specif ied t o  i so la te  geoflulds fraa systeco users. I n s t r u m e n t a t i o n  
and c o n t r o l s  were speclfied to a c h i e v e  optimum system VerfotxIance and 
extend the geothermal reservoir life. 
Bld  d o c w n t s ,  i n c l u d i n g  p lans  and s p e c l f l c a t l o n s ,  and o u a l i t y  a s s u r a n c e  
requi rements  were i s s u e d  to c o n t r a c t o r s  th rough open b i d d i n g  process .  
Project was reduced  i n  scope due t o  h i g h e r  than expec ted  c o s t .  Conrrac- 
tors were selected on t h e  b a s i s  of p r i c e  and q u a l l f i c a t i o n s .  P r o j e c t  
proceeded on s c h e d u l e  and acceptance  tests were completed i n  l a t e  1981. 
Fina l  s a r t u p  was n o t  achieved  u n t l l  F a l l  1982 due t o  w a t e r  r i g h t s  ques- 
t ions .  a d d l t i o n a l  system expans ion  was completed i n  & g u s t  1983 t o  
access r d d i t i o n a l  c u s t a a e r s .  

S u b s t a n t i a l  d l f f l c u l t y  was encountered  I n  o b t s l n i n g  product ion  p e n u l t s  
from the Colorado State Water Englneer .  T h l s  I s  n e c e s s a r y  f o r  o b t a i n l n g  
a d j u d i c a t e d  water r lghts  In  Colorado Y a t e ~  Court. P e m n e n t  product ion  
pemits have n o t  been obta ined  to d a t e .  System o p e r a t e d  w i t h  temporary 
one-year p e n n l t s  f o r  the 1982-1983 and 1983-1984 h e a t i n g  s e a s o n s  w h i l e  
a d d i t i o n a l  well data were c o l l e c t e d .  

The c o n s t r u e t e d  s y s t e !  e s t a b l i s h e d  t rouble- f ree .  well-respected opera-  
t i o n  d u r i n g  the 1982-1383 and 1983-1984 h e a t i n g  seasons .  
good exper ience .  a d d i t i o n a l  c u s t m e r s  hookups are  being  r e a l i z e d .  

The g e o t h e w l  system I S  m r k e t i n g  heat-energy to cus tomers  a t  a c o s t  
less t h a n  80% o f  c u r r e n t  n a t u r a l  gas c o s t  service to t h e  a r e a .  
l i t a t i o n  f a c t o r s  i n c r e a s e  through i n c r e a s e d  cus tomer  a t u c h w n t .  charged  
r a t e s  can be d e c r e a s e d  f u r t h e r .  Studies perfor rwd by ICF. Inc. Ind i -  
c a t e d  a t t r a c t i v e  p r i v a t e  sector development p o t e n t i a l .  

Extens ive  e f f o r t s  were made. through A d v i s o y  Cosml t tees  and collrPunlty 
a e e t i n g s .  t o  convey to the p u b l l c  t h e  a d v a n a g e s  of t h e  g e o t h e m l  sys- 
tem to the coamunlty. These were g e n e r a l l y  well rece ived .  F o m l  
d e d i c a t i o n  ceremonies  with tours were h e l d  i n  February  1982. In  1982. 
b u r y  and ArSMIatCS. InL. the prime c o n t r a c t t n g  e n g i n e e r  won the Con- 
s u l t i n g  Engineers .  Councl l  of Colorado 6 r a n d  k a r d  i n  Statewide Engl- 
n e e r i n g  Excel lence  CcPrpetition. 

A p l a t e  h e a t  exchanger  

Based on t h i s  

As u t l -  

Sys+ap Design December 1980 

October  1982; 
SuPmer 1983 

Bldding. Con- 
s t r u c t i o n  and 
s t a r t u p  

Ongoing I n s t l  t u t i o n a l  
Issues-Yater 
Rights  

1982-1984 

1982-1984 

Operat ional  
Experience 

E c o n m l c  Analysis 

Pub1 ic k a r e n e s s  
and Education 

Continuous 
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3.0 CONCLUSIONS AND RECOMMENDATIONS 

The Pagosa Springs geothermal p r o j e c t  has encompassed a broad 

range o f  t echn ica l ,  i n s t i t u t i o n a l  and economic a c t i v i e s .  

cumented experience i s  d i r e c t l y  app l i cab le  t o  f u t u r e  geothermal develop- 

ment and the  program's s p e c i f i c  r e s u l t s ,  conclusions, and recommendations 

Much o f  t h i s  do- 

should prove use fu l  t o  the  economic u t i l i z a t i o n  o f  s i m i l a r  resources a t  

o t h e r  geographic l oca t i ons .  

a re  presented below, organized i n  techn ica l ,  i n s t i t u t i o n a l ,  and economic 

The p r i n c i p a l  conclusions and recommendations 

categor ies.  

3.1 Technical Conclusions and Recommendations 

--The Pagosa Springs geothermal r e s e r v o i r  i s  capable o f  suppor t i ng  
subs tan t i a l  d i s t r i c t  hea t ing  system energy u t i l i z a t i o n .  Produced 
r e s e r v o i r  water temperatures o f  131OF t o  149OF have been con- 
f irmed. 

water can e f f e c t i v e l y  p rov ide  space hea t ing  f o r  d i ve rse  system 
customers such as p r i v a t e  sec to r  businesses, schools, churches, 
and f o r  pub l i c ,  municipal ,  and p r i v a t e - r e s i d e n t i a l  b u i l d i n g s .  
Su s t a n t i a l  f o s s i l  f u e l  energy savings, o f  t h e  range o f  23 X 

--The cons t ruc ted  geothermal system u t i 1  i z i n g  135OF t o  14OoF 

10 !I Btu annual ly,  i s  be ing  r e a l i z e d  as a r e s u l t .  

--The p r o j e c t  has proven t h a t  low t o  moderate temperature waters 
can e f f e c t i v e l y  meet r e q u i r e d  hea t ing  loads, even f o r  harsh 
winter-mountain environments w i t h  low temperatures i n  t h e  range 
O f  -3OOF t o  -4OOF. 

--Candidate i n d u s t r i a l  processes which can e f f e c t i v e l y  u t i l i z e  
these moderate temperature opera t i ng  ranges should be cons ider -  
ed f o r  d i rec t -use  geothermal app l i ca t i on .  

--The system, as designed and constructed, i s  n o t  complex, h i g h  
technology. 
s u p p l y / d i s t r i b u t i o n  systems. 
operated by municipal  water p l a n t  personnel. 

f u n c t i o n  o f  seasonal hea t ing  demands, a re  impor tan t  and can e f -  
f e c t i v e l y  conserve r e s e r v o i r  1 ongevi ty through increased system 
e f f i c i e n c y .  
were n o t  u l t i m a t e l y  i n s t a l l e d  i n  the  Pagosa case. 

It i s  r a t h e r  s i m i l a r  i n  na ture  t o  t y p i c a l  water 
It can, there fore ,  be success fu l l y  

--Production w e l l  f l o w  c o n t r o l s  which r e g u l a t e  producing f l ows  as a 

Although designed f o r  t he  system, these c o n t r o l s  
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--Excel l e n t  c o n s t r u c t i o n  management, adequate system ‘‘as b u i l t ”  
documentation, and development o f  e f f e c t i v e  s t a r t u p  and opera t i ng  
manuals i s  essen t ia l  t o  t h e  successful  ope ra t i on  and longterm 
maintenance o f  t he  opera t i ng  system. 

--Process design and m a t e r i a l s  s e l e c t i o n  must cons ider  geothermal 
water q u a l i t y  co r ros ion  and/or s c a l i n g  c h a r a c t e r i s t i c s  i f  long- 
term, t r o u b l e - f r e e  system opera t i on  i s  t o  be maintained. 

--The geothermal system opera t ion  has been t r o u b l e - f r e e  and we1 1- 
respected i n  t h e  community . Re1 i ab i  1 i ty and dependabi 1 i ty has 
been e x c e l l e n t ;  no se rv i ce  i n t e r r u p t i o n  a t t r i b u t a b l e  t o  the  
geothermal system has been experienced. Th is  i s  mandatory f o r  
con t inued p u b l i c  acceptance and f o r  ach iev ing  cont inued hookups 
o f  new customers. 

- - S i m p l i c i t y  o f  design i s  an e s s e n t i a l  i n g r e d i e n t  t o  t h i s  t r i u b l e -  

- -P red ic t i ng  the  ex is tence o f  geothermal f l u i d  underground, and 

f r e e  operat ion.  

e s p e c i a l l y  q u a n t i f i c a t i o n ,  i s  n o t  r e l i a b l e  even i n  c l o s e  prox- 
i m i t y  t o  e x i s t i n g  we l ls .  The on ly  dependable way t o  determine 
the  ex is tence o f ,  and t o  q u a n t i f y ,  geothermal sources i s  by means 
o f  t e s t  holes. 

I n  t h i s  p r o j e c t ,  a new w e l l  l o c a t e d  on ly  30 f e e t  f rom a pre- 
v i o u s l y  d r i l l e d  t e s t  w e l l  produced f l u i d  10°F c o o l e r  than had 
been ob ta ined from the  t e s t  w e l l  a t  comparable depth. 
new w e l l  l o c a t e d  350 f e e t  southwest o f  t he  f i r s t  one d i d  n o t  
produce f l u i d  q u a n t i t y  o r  temperature comparable t o  t h e  f i r s t  new 
w e l l ,  no r  as expected from geo log ica l  a n a l y s i s  o f  t h e  substrata.  
The w e l l  cou ld  n o t  be used and was cemented up. A t h i r d  new w e l l  
l o c a t e d  180 f e e t  eas t  of t h e  f i r s t  one, and about 30 f e e t  south 
o f  an e x i s t i n g  o l d  w e l l  produced much g rea te r  q u a n t i t y  o f  f l u i d s  
than e i t h e r  o f  them, 17*F h o t t e r  and a t  a depth cons iderab ly  
l e s s  than p r e d i c t e d  by geo log ica l  ana lys i s  o f  t h e  substrata.  

A second 

- - D r i l l  i n g  geothermal we l ls ,  p a r t i c u l a r l y  a r t e s i a n  we1 1 s ,  presents 
problems and s i t u a t i o n s  n o t  encountered i n  usual water w e l l  d r i l -  
l i n g .  Th is  a p p l i e s  n o t  o n l y  t o  the  temperatures and pressures 
i n v o l v e d  b u t  a l s o  t o  t h e  subsurface s t r a t a  which may have been 
a f f e c t e d  by the  geothermal cond i t ions .  Anomalies f rom usual geo- 
l o g i c  s i t u a t i o n s  should be expected. 
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3.2 I n s t i t u t i o n a l ,  Environmental, and Const ruc t ion  Management Con- 
c lus ions  and Recommendations 

--Obtaining the  appropr ia te  permi ts  f o r  t h i s  system r e q u i r e d  the  
i n t e r f a c i n g  w i t h  m u l t i p l e  S ta te  agencies i n c l u d i n g  the  Colorado 
Department o f  Natural  Resources, S ta te  Engineer 's O f f i c e ;  Colo- 
rad0 O i l  and Gas Conservation Commission; Colorado Department o f  
Health, A i r  and Water Q u a l i t y  Control  D iv i s ions ;  and, i n  c e r t a i n  
instances, S ta te  l e g i s l a t o r s  regard ing  proposed l e g i s l a t i o n .  
Most o f  t he  permi ts  were r e a d i l y  obtained and i f  done i n  a sys- 

them 
ma 1 

temat ic  and organized way, the  e f f o r t  r e q u i r e d  t o  secure 
should n o t  be considered a d e t e r r a n t  t o  p o t e n t i a l  geothe 
developers. 

- - In  Western Un i ted  Sta tes  regions, t he  water r i g h t s  i ssue 
h i q h l y  v i s i b l e  and extremely impor tan t  t o  t h e  pub l i c .  S 

i s  
nce 

geothermal energy i s  a developing energy source w i t h  new i m p l i -  
c a t i o n s  f o r  water use pa t te rns ,  t he  r e g u l a t o r y  a u t h o r i t y  govern- 
i n g  water p e r m i t t i n g  has n o t  always been c l e a r l y  i d e n t i f i e d .  
Rigorous e f f o r t s  should be extended t o  i n s u r e  t h e  successful  and 
t i m e l y  r e s o l u t i o n  o f  p e r m i t t i n g  issues. 

--Keeping S ta te  agencies and l o c a l  government bodies informed on 
t h e  progress o f  t he  p r o j e c t ,  and p a r t i c u l a r l y  about w e l l  d r i l l -  
ing,  i s  o f  g rea t  value i n  a s s i s t i n g  var ious  p e r m i t t i n g  and ap- 
p rova l  requ i  rements. 

and leave many holes regard ing  t h e i r  i n t e r p r e t a t i o n .  Plan on 
spending more t ime than i n i t i a l l y  a n t i c i p a t e d  i n  d e a l i n g  w i t h  
these. 

--Many o f  t he  laws and r e g u l a t i o n s  p e r t a i n i n g  t o  geothermal a re  new 

Precedence has n o t  always been s e t  f o r  these new laws. 

--Keeping the  p u b l i c  informed o f  p r o j e c t  progress i s  impor tan t  f o r  
successful acceptance, and t o  minimize erroneous i n f o r m a t i o n  and 
rumors. I n te rv iews  by media repo r te rs  f r e q u e n t l y  r e s u l t  i n  par-  
t i a l ,  m is lead ing  i n fo rma t ion  be ing  pub l ished o r  broadcast. 
f u l l y  w r i t t e n  news re leases  a re  best,  b u t  even then media space 
o r  t ime l i m i t a t i o n s  r e s u l t  i n  e d i t i n g  which o f t e n  changes t h e  
context .  I f  a t  a l l  possible,  a person should be designated t o  
communicate w i t h  the  media and the  p u b l i c  on a r e g u l a r  basis.  

Care- 

--If possible,  a l o c a l  c o n t r a c t o r  w i t h  i n t e r e s t  i n  t h e  p r o j e c t  
should be used. Since the  c o n t r a c t o r ' s  r e p u t a t i o n  w i l l  be under 
c lose  sc ru t i ny ,  i t  i s  l i k e l y  he w i l l  do a b e t t e r  job.  

by c o n t a c t i n g  the  owner o f  t h e i r  two o r  t h ree  most recen t  jobs. 
Past r e p u t a t i o n  may n o t  always be accurate. 

--Extensive background checks should be made on a l l  c o n t r a c t o r s  

13 
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3 .3  Economic Conclusions and Recommendations 

--The Pagosa Spr ings system i s  u t i l i z i n g  a moderate temperature 
resource t o  r e l i a b l y  and economical ly supply heat  energy i n  
d i rec t -use  a p p l i c a t i o n  f o r  space hea t ing  purposes. 

t i o n  would s u b s t a n t i a l l y  improve the  economics o f  t he  o v e r a l l  
system s ince  geothermal systems are  c a p i t a l  in tens ive .  

d i rec t -use  geothermal u t i l i z a t i o n  economical ly a t t r a c t i v e  i n  t h e  
Pagosa Spr ings se rv i ce  region, p rov ided the  prospec t ive  u s e r ' s  
needs match up w e l l  t o  t h e  Pagosa Springs moderate 135OF t o  
14Q°F water temperatures. 

- -Add i t iona l  l i g h t  i n d u s t r i a l ,  year-around process heat  u t i 1  i z a -  

- -P r i va te  sec to r  economic i n c e n t i v e s  c u r r e n t l y  e x i s t  t o  make 
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4.0 PROJECT DESCRIPTION 

4.1 TASK BREAKDOWN 

F igu re  4-1 pr -sents  the  p r i n c i p a l  tasks and subtasks nd the  

schedule f o r  complet ion o f  these tasks. 

t he  program was extended up t o  two years  beyond normal p r o j e c t  complet ion 

dates due t o  l e g a l  c o n s t r a i n t s  r e l a t i n g  t o  the  p e r m i t t i n g  and the  ad jud i -  

c a t i o n  o f  water r i g h t s  f o r  t he  geothermal p roduc t ion  we l ls .  

4.2 ORGANIZATION AND PARTICIPATION 

The Town of Pagosa Springs, t he  l e a d  proposer and prime cont rac-  

The f i n a l  complet ion schedule f o r  

t o r ,  and p r o j e c t  associates Archuleta County and Archu le ta  County School 

D i s t r i c t  50-Joint  c o n s t i t u t e d  the  p r o j e c t  team under the  Cooperative Agree- 

ment e f f o r t .  Messrs. Fred Ebeling, County Planning Admin is t ra to r ,  and W i l -  

l i a m  Ray, Jr., Worthe Crouse, Ronald Backus, and Joe Dan Mart inez,  Pagosa 

Springs Town o f f i c i a l s ,  were the  Geothermal Program Managers d u r i n g  the  pro- 

j e c t  timeframe. I n  add i t i on ,  t he  f o l l o w i n g  subcontractors were ins t rumenta l  

t o  the  success o f  t h e  p r o j e c t ;  

--Coury and Associates, Inc.  
- -Chaffee Geothermal Ltd. 
--Hydro-Triad Ltd. 
--Hydrosciences, Inc. 
--B&B D r i l l i n g ,  Inc. 
--Petroleum Engineers, Inc. 
--Roseberry P1 umbing and Heating, Inc. 
--Triad-Western,Inc. 
--Sam Maynes, A t to rney  (Water Law) 

An o rgan iza t i on  c h a r t  showing the  p a r t i c i p a t i n g  organ iza t ions  and p r i n c i -  

pals,  and the  r o l e s  they performed, i s  presented i n  F igu re  4-2. 
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Figure 4-1. Major Project Task and Work Schedule 

WORK SCHEDULE 
- 

1980 1981 TASK DESCRIPTION 1979 1982 1983 1984 
~~ ~ 

PHASE I 
1. Environmental Assessment 
2. Resource Assessment, Hydrological 

3. 

4.  Preliminary Engineering Design and 

5. Economic Pricing Evaluation 
6. Water Rights Evaluation 
- PHASE I1 
1. Production We1 1 Dri 11 i ng and Completion 
2. Production Well Testing and Assessment 
3 .  Final Engineering Design, Cost Estima- 

ting, and Economic Analysis 
4. Bid Document Issuance 
5. Environmental Permitting and Water 

Rights Applications 
- PHASE I11 
1. Transmission, Distribution and Dis- 

posal Systeni Construction 
2. 

Public Buildings 
3 .  Methodist Church System Expansion 
4. Startup and Acceptance Testing 
- PHASE IV 
1. 

2. Public Awareness and Education 
3 .  Final Report 

Analysis and Testing 

Survey 

Cost Estimate 

Public Meetings, Homeowner and Business 

User Adaptation/Retrofit o f  Schools and 

System Performance Evaluation and Water 
Rights Testing 

, 



FIGURE 4-2 -- PROJECT O R G A N I Z A T I O N  

Sam Maynes 
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4.3 COST BREAKDOWN 

The c o s t  breakdown'for t he  p r o j e c t  i s  presented i n  Table 4-1. 

The i n i t i a l  program budget was es t imated  a t  $963,200. Due t o  h igher  than 

a n t i c i p a t e d  produc t ion  w e l l  costs,  program delays, c o n s t r u c t i o n  c o s t  i n -  

f l a t i o n ,  and s i g n i f i c a n t  expendi tures f o r  water r i g h t s  a c q u i s i t i o n ,  t he  

f i n a l  program expendi tures were $1,487,620. The Town o f  Pagosa Spr ings 

c o s t  shared t o  the  e x t e n t  o f  $274,620 i n  the  form o f  p roper t y  r i g h t s - o f -  

way, i n - k i n d  serv ices ,  and c o n s t r u c t i o n  m a t e r i a l s  and labor .  Table 4-1 

presents the  budget expendi tures by task f o r  t he  p r o j e c t  as o f  June 1984. 

Table 4-1. PROGRAM BUDGET SUMMARY 

I .  
11. 
111. 
I V .  
V. 

V I .  

* Inc ludes  $115,500 o f  i n - k i n d  f a c i l i t y  values c o n t r i b u t e d  t o  the  p r o j e c t  
by Pagosa Springs. 
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5.0 RESOURCE ASSESSMENT 

5.1 PRE-PROJECT ASSESSMENT 

P r i o r  t o  the  c u r r e n t  p r o j e c t ,  t he  geothermal resources a t  Pagosa 

Spr ngs were analyzed e x t e n s i v e l y  over t h e  p a s t  50 years  p r i m a r i l y  by 

government f inanced p r o j e c t s  and u n i v e r s i t y  research programs. 

geo log ica l  s tud ies  have been undertaken by Wood and o the rs  (19481, Dunn 

(19641, H a i l  (19651, and more r e c e n t l y  by the  Colorado Geological  Survey, 

Colorado School o f  Mines and Chaffee Geothermal, Ltd. Under c o n t r a c t  t o  the  

Colorado Geological  Survey the  Geophysics Fund, Inc., a subs id ia ry  o f  t h e  

Colorado School o f  Mines Geophysical Department, conducted ex tens ive  d i p o l e -  

d i p o l e  and d ipo le -b ipo le  ( r o v i n g  d i p o l e )  e l e c t r i c a l  r e s i s t i v i t y  s tud ies  

w i t h i n  a two-mile r a d i u s  o f  Pagosa Springs. Under the  same c o n t r a c t  they 

a l s o  undertook a v i b r o s e i s  survey which r e s u l t e d  i n  quest ionable r e s u l t s .  

The Colorado Geological  Survey a l s o  d r i l l e d  and temperature probed s i x  shal-  

low temperature g rad ien t  w e l l s  throughout the  Pagosa Springs area. 

Exp lo ra t ion ,  Inc., Geothermal Branch, a l s o  temperature probed and computer 

modeled these same temperature g rad ien t  wel ls.  Chemical a n a l y s i s  and geo- 

thermometry modeling has been done on t h e  Pagosa Hot Springs and several  

h o t  w e l l s  throughout town. The Geophysics Fund, Inc. conducted a d e t a i l e d  

s o i l  mercury survey o f  t he  Pagosa Springs area under c o n t r a c t  t o  the  Colo- 

D e t a i l e d  

Amax 

rado Geological  Survey. 

Under c o n t r a c t  t o  t h e  U.S. Department o f  Energy, t he  Colorado 

Geological Survey d r i l l e d  two e x p l o r a t i o n  geothermal w e l l s  d u r i n g  the  summer 

o f  1978. Downhole geo log ica l  and geophysical data were a l s o  acqu i red  du r ing  

these operat ions.  I n  summary, ex tens ive  geo log ica l ,  geophysical,  and hydro- 

geo log ica l  s tud ies  were conducted p r i o r  t o  the  i n i t i a t i o n  o f  t he  geothermal 
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program. The f o l l o w i n g  discussions summarize those f i nd ings .  

a )  Geothermal resources a t  Pagosa Springs a r e  known t o  e x i s t  by 
sur face  man i fes ta t i ons  a t  Pagosa Hot Springs and h o t  water w e l l s  
throughout the  area. 
e a r l y  1900's t o  heat commercial businesses and pub1 i c  bu i l d ings ,  
m e l t  snow and de- ice s t r e e t s ,  and f o r  a e s t h e t i c  t ou r i sm purposes 
F igu re  1-2, p r e v i o u s l y  presented, shows the  l o c a t i o n s  o f  t h e  ma- 
j o r i t y  o f  h o t  w e l l s  i n  t h e  area. Temperatures o f  these w e l l s  
range from 93OF t o  153OF, w i t h  most w e l l s  averaging 131OF. 
Depths o f  t h e  h o t  w e l l s  range from 85 t o  468 fee t ,  w i t h  an 
average depth be ing  300 t o  400 fee t .  
e i t h e r  t h e  Dakota Sandstone o r  t he  Mancos Shale which are  d ip -  
p i n g  t o  the  northeast.  Because o f  t h  s n a t u r a l  d ip ,  w e l l s  i n  
the  eas tern  p o r t i o n s  o f  town a re  much deeper than those t o  t h e  
southwest. D ipp ing  Dakota Sandstone s capped by impermeable 
Mancos Shale and t h i s  causes a r t e s i a n  f l o w  i n  a l l  h o t  w e l l s  i n  
Pagosa Springs. 

The town o f  Pagosa Spr ings i s  l o c a t e d  w i t h i n  the  San Juan Basin 
which i s  bounded t o  the  n o r t h  and eas t  by the  San Juan Mountains 
o f  vo l can ic  and sedimentary o r i g i n .  The geology o f  Pagosa 
Springs i s  cha rac te r i zed  by outcrops o f  Mancos Shale and Dakota 
Sandstone d i p p i n g  t o  the  no r theas t  a t  46' t o  50'. The d ip -  
p i n g  sedimentary u n i t s  a r e  the  r e s u l t  o f  t h e  Archu le ta  A n t i -  
cl inori .um, a reg iona l  t e c t o n i c  fea tu re  west o f  Pagosa Springs. 
A t  t he  c r e s t  o f  t he  a n t i c l i n o r i u m  are  sma l le r  a n t i c l i n a l  fea- 
t u r e s  t h a t  a l t e r  t h e  reg iona l  dip. Two m i l e s  southwest o f  
Pagosa Springs i s  an ex tens ion  o f  t h e  Nacimiento F a u l t  zone 
which t rends  from no r th -cen t ra l  New Mexico i n t o  the  San Juan 
Basin. Loca l l y ,  t h e  Nacimiento F a u l t  u p l i f t s  t h e  Dakota Sand- 
stone i n t o  con tac t  w i t h  the  younger Mancos Shale. There a r e  
several  smal le r  f a u l t s  sp lay ing  i n  a n o r t h e r l y  d i r e c t i o n  f rom 
the  Nacimiento Fau l t .  F igu re  5-1 i s  a geo log ic  map o f  Pagosa 
S p r i  ngs. 

A t  Pagosa Springs 1300 t o  1500 f e e t  o f  Upper Cretaceous t o  Upper 
T r i a s s i c  sediment r e s t s  unconformably on Precambrian igneous and 
metamorphic rocks. 
area i s :  

These h o t  w e l l s  have been used s ince  the  

A l l  h o t  w e l l s  produce from 

The geo log ic  column o f  t h e  Pagosa Spr ings 

T e r t i a r y  I n t r u s i v e s  (exac t  age o f  emplacement n o t  known)-- inter-  

Lewis Shale (Upper Cretaceous)--clay shale w i t h  t h i n  sandstone 

Mesaverde Formation (Upper Cretaceous)-- interbedded t h i n  sand- 

Mancos Shale (Upper Cre taceous) - - l igh t  t o  dark calcareous shale. 
Dakota Sandstone (Upper Cretaceous ) - -qua r t z i  t i c  sandstone w i t h  

Morr ison Formation (Upper Cretaceous)--variegated t o  wh i te  sand- 

mediate t o  s i l i c i c  dikes. 

beds. 

stone w i t h  dark shale. 

dark shale. 

stone. 
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Wanakah Formation (Upper Jurassic)--gypsiferous limestone and 

Entrada Formation (Upper Jurassic)--quartz sandstone. 
Dolores Formation (Upper Triassic)--red shale w i t h  sandstone. 
Precambrian (age unknown)--several igneous and metamorphic 

shale. 

units. 

b )  The Colorado Geological Survey obtained samples from wells and 
springs i n  the region and performed standard geothermometry 
modeling t o  estimate reservoir temperatures a t  depth. The best 
estimate of subsurface reservoir temperatures was calculated a t  
176OF t o  302OF. 
well d r i l l ing  were projected a t  up t o  16OOF. 

Isotopic determinations for  oxygen-18 and deuterium performed 
on the geothermal f luids  indicated the f luids  were meteoric i n  
o r i g i n  and were n o t  trapped i n  place f o r  several million years. 

Reservoir temperatures obtained through 

c )  

d )  T r i t i u m  analysis of wells indicated geothermal f luids  have a 
residence time greater t h a n  25 years. 

e )  S1 ightly anomalous concentrations o f  soil mercury a t  Pagosa 
S p r i n g s  indicated presence of low-temperature geothermal re- 
sources. 

f )  Both dipole-dipole and dipole-bipole e lectr ical  r e s i s t i v i ty  sur- 
veys indicated a well-defined zone of low re s i s t i v i ty  probably 
representing the area of the .reservoir feeding the hot springs. 
Mapped resul ts  of these surveys are presented i n  Figures 5-2 and 
5-3. 

g )  * Colorado Geological Survey temperature gradient wells t o  measure 
The average ther- temperature profiles are shown i n  Figure 5-4. 

mal gradient of the earth i s  35OC/km (approximately 2.9OF/lOO 
f e e t ) ;  many of the gradient holes a t  Pagosa Springs were i n  ex- 
cess of 100°C/km (6.5'/100 f ee t ) .  
flow for the Western United States i s  1.5 Heat Flow Units (HFU). 
Some gradient holes have heat flow values i n  excess of 4.0 HFU 
and nearly a l l  gradient holes have twice normal heat flow 
Val ues. 

Average t e r r e s t r i a l  heat 

h) Chemical analyses o f  geothermal fluids from wells indicated a 
consistent and re la t ively good quality geothermal fluid.  Analy- 
ses results are presented in Table 5-1. 

i )  The Colorado Geological Survey dr i l l ing program conducted i n  
1978 dr i l led two wells o f  640 fee t  (observation well 0-2) and 
1475 fee t  (production well P - 1 ) .  The deeper well produced only 
113OF water and temperatures were n o t  significantly increased 
w i t h  depth. 
P-1. 

Figure 5-5 i l l u s t r a t e s  the temperature profile of 
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Data Points 
-40-  Lines of equal  appartn! 

r e s i s t i v i t y  [Ohm-rnet i rs j  . 

Figure 5-3. Mapped Results of a Dipole-Dipole Electrical Resistivity 
Survey at Pagosa Springs, Colorado ( Kel 1 er , 1977). 
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Table 5-1. Chenical analyses of Pagosa Hot Spring and selected 
hot water wells in Pagosa Springs, Colorado (Barrett 
and Pearl, 1.976). All units are in mg/l unless 
oEherwise n o t e d .  

constituents 

Date Sampled 

Sodium 
Pot ass ium 
Calcium 
Magnesium 
Silica 
Chloride 
Fluoride 
Arsenic 
Boron 
Cad ium 
Iron 
Lit h ium 
Manganese 
Mercury 
Nitrogen 
Se 1 en i um 
Sulfate 
Z i n c  
Bicarbonate 

PH 
Temperature (OC) 
Total Dissolved 

Discharge (gpn) 
Solids 

P a g o s a  
Hot 
Spring 

8 / 7 5  

790  
90 

230 
25 
54 
180 
4.3 

0.12 
1 .8  
-0- 

0 . 0 8  
2.9 

0 . 2 3  
0.0001 

0 . 0 2  
-0- 

1400 
0.01 

855 

6.5 
58 

3200 

265 

Courthouse 
Well 
(ill) '  

Spa 
Mot el- 1 

( t15)  

8 / 7 5  

7 8 0  
8 9  

25 
52 

170 
4.5 

1.8 
-0- 

0.02 
2.8 

0.27 
-0- 

0.01 
-0- 

1500 
0.01 

858 

250 - 

0.093 . 

6.5 
56 

3300 

8 / 7 5  

780 
91  

- 23C 
24 
51 

160 
4.4 

0.08 
1.9 
-0- 

0.21 
2.9 

0.25 
-0- 
-0-. 
-0- 

1600 
0.01 

753 

6.5 
53 

3320 
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S t a t i c  Cond 

P r o f i l e  of Well P - 1  Conducted Under Shut-In,  
t i  ons. 
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5.2 

i 

j )  Groundwater f l o w  i n  t h e  Mancos Shale i s  t h e  r e s u l t  o f  i n t e r -  
g ranu lar  and f r a c t u r e  po ros i t y .  The Dakota Sandstone f l ows  a re  
con f ined  and a re  t h e  r e s u l t  o f  f r a c t u r e  po ros i t y .  
Springs may be an area o f  reg iona l  d ischarge from t h e  Dakota 
Sandstone. A t heo r i zed  c ross-sec t ion  o f  p o s s i b l e  water movement 
i n  t h e  Dakota Sandstone, south o f  Pagosa Springs, i s  shown i n  
F igu re  5-6. 

Pagosa 

k )  Previous, m u l t i p l e  w e l l s  producing s u b s t a n t i a l  water f l ows  i n -  
d i ca ted  the  geothermal resource was e n t i r e l y  s u f f i c i e n t  t o  sup- 
p o r t  ex tens ive  d i s t r i c t  hea t ing  system development. The exac t  
r e s e r v o i r  model d e s c r i b i n g  the  resource was n o t  known. 

PRE-DRILLING ASSESSMENT 

Hydrosciences, Inc., a Denver-based hydrogeol o g i c a l  company, 

conducted p r e l i m i n a r y  hyd ro log i ca l  t e s t i n g  and eva lua ted  the  geothermal re -  

s e r v o i r  system beneath t h e  town o f  Pagosa Springs as p a r t  o f  t he  pre- 

d r i l l i n g  assessment. The main o b j e c t i v e s  o f  Hydrosciences'.reservoir t e s t -  

i n g  program were t o  determine a q u i f e r  c h a r a c t e r i s t i c s  such as t ransmiss iv -  

i t y ,  permeab.il i t y  and the  storage c o e f f i c i e n t ,  t o  model t he  r e l a t i o n s h i p s  

between the  l o c a l  ground water system and t h e  geothermal heat  source, t o  

p rov ide  est imates o f  r e s e r v o i r  l i f e .  and t o  p r o j e c t  f e a s i b l e  p roduc t i on  f l o w  

ra tes .  

To a s c e r t a i n  t h e  most r e l i a b l e  r e s e r v o i r  model, Hydrosciences 

designed a two-step t e s t i n g  plan. 

conducted on the  Colorado Geological  Survey's w e l l  0-2 w h i l e  mon i to r i ng  re -  

s e r v o i r  response and pressure e q u i l i b r a t i o n  a t  w e l l s  P-1, County-2, Court- 

house, Buhler, Edmonds (Montroy), Methodist  Church, Giordano-1 (Spa Motel-  

l ) ,  Town 1, and several  d ischarge vents a t  t h e  Pagosa Hot Spring. A f t e r  

t h e  pu lse  t e s t  a 24-hour f l o w  and recovery t e s t  was a l s o  run  on w e l l  0-2. 

The f u l l ,  comprehensive d iscuss ion  o f  t he  t e s t i n g  d e t a i l s  i s  g iven  i n  

P r o j e c t  Report No. 2, Hydrosciences, Inc., October 1979. 

A s e r i e s  o f  shor t - te rm pu lse  t e s t s  were 
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San Juan River d i p  8O-1Oo 3 a1 1 uv ium 

1 Dakota Sandstone 

Figure 5-6. Theorized Cross-Section of Poss ib l e  Groundwater Movement i n  
the Dakota Sandstone, South of Pagosa Spr ings ,  Colorado. 
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Based on t h e  a n a l y s i s  and i n t e r p r e t a t i o n  o f  t he  a v a i l a b l e  da ta  

de r i ved  from these tes ts ,  Hydrosciences made the  f o l l o w i n g  conclusions: 

I n  o rde r  t o  p rov ide  the  des i red  q u a n t i t y  o f  h o t  water r e q u i r e d  
f o r  a maximum planned peak demand o f  2000 gpm i t  would be 
necessary t o  d r i l l  new produc t ion  we l ls .  No s i n g l e  e x i s t i n g  
w e l l  can supply 2000 gpm. 

Based on i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  o f  one 24-hour f l o w  t e s t  
o f  w e l l  0-2, i t  can be s t a t e d  t h a t  on a continuous bas is  w e l l  
0-2 would be capable o f  y i e l d i n g  500 gpm f o r  a p e r i o d  o f  25 
years  w i t h  a c a l c u l a t e d  reduc t i on  i n  pressure a t  t he  wel lhead 
o f  about 105 f e e t  (45.5 p s i ) .  
s t i l l  a l l o w  t h e  w e l l  t o  f l o w  a t  the  l a n d  surface, b u t  t h e  a v a i l -  
ab le  pressure head w i l l  o n l y  be ten  f e e t  (4.3 p s i ) .  
0-2 were a l lowed t o  f l o w  a t  750 gpm, the  wel lhead pressure was 
es t imated t o  g radua l l y  d e c l i n e  t o  zero pressure ( l a n d  sur face  
datum) a f t e r  about e i g h t  years  o f  cont inuous f low. A t  a con- 
t inuous  f l o w  r a t e  o f  1000 gpm the  wel lhead pressure was e s t i -  
mated t o  d e c l i n e  t o  zero pressure ( l a n d  sur face  datum) w i t h i n  
one week o f  f low. When the  wel lhead pressure f a l l s  below t h e  
l a n d  sur face  datum i t  would be necessary t o  i n s t a l l  a pump i n  
t h e  w e l l  t o  ma in ta in  f l o w  o u t  o f  t h e  w e l l  bore. 

Th is  pressure reduc t i on  would 

I f  w e l l  

The probable maximum y i e l d  o f  w e l l  0-2 under pumping c o n d i t i o n s  
would be 350 gpm o r  less ,  assuming a maximum l i f t  o f  200 fee t ,  
because o f  the  l i m i t a t i o n s  on the  pump s i z e  and l i f t  capac i t y  
a t  maximum drawdown posed by the  7 1/2-inch OD w e l l  casing. 

Based upon the  behavior o f  t he  f l o w  t e s t  o f  w e l l  0-2 and i n t e r -  
p r e t a t i o n  o f  t he  f l o w  t e s t  data, i t  appears t h a t  t he  l o c a l  sub- 
sur face  f l o w  system i n  the  Mancos Shale and Dakota Sandstone a t  
the  geothermal "ho t  spot"  near Pagosa Spr ings behaves anal o- 
gously t o  porous media. 
l i k e l y  i s  c o n t r o l l e d  by t h e  i n t e r s e c t i o n  o f  two o r  t h r e e  major 
1 i n e a r  s t r u c t u r a l  features.  The zone o f  f r a c t u r i n g  (perhaps 
several  hundred t o  a thousand f e e t  i n  w id th )  w i t h i n  t h i s  f r a c -  
t u r e  i n t e r s e c t i o n  area i s  be l i eved  t o  be so w e l l  developed and 
ex tens ive  t h a t  the  rock m a t r i x  mass i n  t h e  area t ransmi t s  f l u i d s  
i n  the  same manner as porous media. 

That i s ,  the  l o c a l  h o t  s p r i n g  area 

The average temperature o f  t he  discharge water from w e l l  0-2 
d u r i n g  the  24-hour f l o w  t e s t  was a f a i r l y  cons tan t  119OF. 
Water o f  138OF i s  a v a i l a b l e  f rom the  Courthouse Well which 
r e p o r t e d l y  f lowed cont inuous ly  a t  150 gpm f o r  a p e r i o d  o f  24 
hours du r ing  a s h o r t  t e s t  by personnel o f  Coury and Associates, 
Inc. 
these w e l l s  t h a t  m igh t  occur du r ing  long-term per iods  o f  con- 
t inuous  flowing/pumping a re  unknown. 

The poss ib le  changes i n  discharge water temperature from 

The r e l a t i o n s h i p  between the  geothermal r e s e r v o i r  system i n  the  
Mancos Shale and the  Dakota Sandstone beneath Pagosa Springs 
and t h e  ac tua l  source o f  t he  geothermal heat  a t  depth i s  un- 
known. 
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Mu1 t i p l e  theo r ies  were p r o j e c t e d  t o  model t h e  geothermal reser -  

v o i r  a t  Pagosa Springs b u t  i t  i s  n o t  d e f i n i t e l y  known which model i s  c o r r e c t  

o r  which p o r t i o n s  o f  d i f f e r e n t  models t i e  together  i n t o  the  ac tua l  geother- 

mal system. It has been s u f f i c i e n t l y  proven t h a t  t he  geothermal r e s e r v o i r  

i n  the  area i s  probably a secondary r e s e r v o i r  r e s t r i c t e d  t o  f r a c t u r e s  

throughout the  Dakota Sandstone and lower Mancos Shale. Where the  pr imary 

geothermal r e s e r v o i r  i s ,  and how t h e  waters m ig ra te  t o  Pagosa Springs, has 

n o t  been p o s i t i v e l y  determined. One model t heo r i zes  t h a t  h o t  waters may 

ascend the  Nacimiento F a u l t  zone and mix w i t h  ground water i n  t h e  Dakota 

Sandstone and Mancos Shale. Cold ground water would mask the  h o t  waters 

w h i l e  moving them under Pagosa Springs. A second model p r o j e c t s  t h a t  h o t  

waters a re  c a r r i e d  t o  the  sur face  a t  Pagosa Springs v i a  a f a u l t  which sp lays  

from the  Nacimiento Fau l t ,  o r  from d i k e  swarms t o  the  eas t  and south. A 

t h i r d  model p r o j e c t s  the  heat source may be eas t  o f  town. T e r r e s t r i a l  heat  

i s  ascending the  Dakota Sandstone enough t o  man i fes t  thermal waters a t  t h e  

surface. None o f  t he  above models i n  themselves adequately e x p l a i n  the  doc- 

umented r e s e r v o i r  c h a r a c t e r i s t i c s ,  however. 

The p r e - d r i l l  i n g  eva lua t ions  suggested t h a t  no geo log ic  i n t r u -  

s ions are p r o v i d i n g  heat  t o  the  rese rvo i r s .  It was judged more l i k e l y  t h a t  

t h e  geothermal system may o r i g i n a t e  i n  t h e  Precambrian c r y s t a l  1 i ne basement 

complex and then migra te  t o  Pagosa Springs v i a  the  Dakota Sandstone and 

Mancos Shale sedimentary un i t s .  

na tu re  o f  t h i s  system i s  whether the  thermal water i s  f l o w i n g  l a t e r a l l y  

through the  Dakota Sandstone and Mancos Shale o r  i s  f e d  v e r t i c a l l y  t o  the  

shal low r e s e r v o i r  v i a  f rac tu res .  Locat ion  o f  h o t  water w e l l s  i n  the  town 

o f  Pagosa Springs i n d i c a t e s  the  l a t e r a l  e x t e n t  o f  the  thermal water i s  very 

One o f  t he  major quest ions regard ing  the  
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l i m i t e d  as shown by w e l l s  which have encountered c o l d  water j u s t  on t h e  per-  

i f e r y  o f  downtown. Also, t he  e l e c t r i c a l  r e s i s t i v i t y  surveys (F igures  5-2 

and 5-3) t r aced  the  l i m i t e d  area o f  known h o t  water we l ls .  L a t e r a l  geo- 

thermal movement would be w i t h i n  the  depth and pene t ra t i on  o f  t he  d ipo le -  

b i p o l e  survey and the  s a l i n e  chemistry o f  geothermal f l u i d s  should e a s i l y  

a l l o w  de tec t i on  by e l e c t r i c a l  r e s i s t i v i t y  surveys; t h i s  was n o t  t h e  case, 

however e 

Another s t rong  argument f o r  a system c o n t r o l l e d  by a v e r t i c a l  

f e a t u r e  i s  t he  h igh  f l o w  encountered i n  the  Dakota Sandstone i n  w e l l  P-1, 

b u t  n o t  i n  0-2 on ly  88 f e e t  away. The v e r t i c a l  f e a t u r e  encountered i n  P-1 

i s  probably a small displacement v e r t i c a l  f a u l t  which may be e i t h e r  t h e  

major condui t ,  as suggested by i t s  s t rong  c o n t r o l  over pressures i n  a l l  

thermal w e l l s  and spr ings,  o r  i t  may be one o f  many re la ted ,  in te rconnected  

v e r t i c a l  f a u l t s .  I f  t h i s  type  of f a u l t  were t o  cont inue w e l l  i n t o  t h e  base- 

ment, i t  would e x p l a i n  why high, h o t  f lows were n o t  encountered i n  basement 

rocks. The h igh  volume, h o t  water migh t  be r e s t r i c t e d  t o  f a u l t  zone(s) and 

then mix w i t h  c o l d  ground water over l a r g e r  volumes o f  t he  aqu i fe rs .  

Hydrosciences proposed t h a t  based upon the  behav io r  o f  t h e  w e l l s  

d u r i n g  t h e  f l o w  t e s t  and subsequent ana lys i s  and i n t e r p r e t a t i o n  o f  t h e  data, 

t h a t  t he  l o c a l  geothermal r e s e r v o i r  system i s  h i g h l y  f r a c t u r e d  and ac ts  as a 

porous medium i n  a r e l a t i v e l y  narrow zone near the  i n t e r s e c t i o n  o f  two o r  

more major f r a c t u r e  ( " f a u l t " )  systems which i n t e r s e c t  underneath Pagosa 

Springs. The r e l a t i o n s h i p  o f  t he  geothermal r e s e r v o i r  ( i  .e., t he  shal low, 

porous-media p o r t i o n  which provides h o t  water t o  l o c a l  w e l l s  l e s s  than 700 

f e e t  i n  depth) w i t h  the  geothermal heat source a t  depth i s  n o t  c e r t a i n ,  b u t  
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i s  be l ieved t o  be a type o f  convect ion c e l l  w i t h  a c i r c u l a t i o n  p a t t e r n  w i th -  

i n  the  f r a c t u r e  system by cont inuous discharge o f  h o t  water a t  the  Pagosa 

Hot Springs and underneath the  San Juan R iver  Va l l ey  i n  the  a l luv ium. A 

convect ion c e l l  cou ld  exp la in  the  cause o f  a h igher  temperature f l u i d  zone 

becoming isothermal o r  inversed w i t h  depth as i s  t he  case i n  w e l l  P -1  (F ig -  

u re  5-51. The recharge probably o r i g i n a t e s  as p e r c o l a t i o n  from snow m e l t  

and p r e c i p i t a t i o n  i n  the  outcrop areas o f  t he  Dakota Sandstone and migra tes  

downdip toward town. 

As seen from the  above discussion, many theo r ies  have been pro- 

j e c t e d  t o  model the  geothermal r e s e r v o i r  a t  Pagosa Springs and each has i t s  

own de f i c ienc ies .  

n i f i c a n t  f l o w  has been c o n t i n u a l l y  withdrawn from the  r e s e r v o i r  f o r  the  pas t  

50 years. A d d i t i o n a l l y ,  t he  pas t  h i s t o r i c a l  use has been s u f f i c i e n t  f o r  the  

heat ing  needs of the  proposed d i s t r i b u t i o n  system. 

5.3 DRILL S ITE SELECTION 

None o f  t he  e x i s t i n g  theo r ies  a f f e c t  the  f a c t  t h a t  s ig -  

Based on the  p re -p ro jec t  knowledge and the  p r e - d r i l l i n g  re -  

source assessment, two product ion w e l l s  were d r i l l e d  on s i t e d  l and  immedi- 

a t e l y  south o f  the  Archuleta County Courthouse. 

immediate p rox im i t y  of  a l ready e x i s t i n g  w e l l s  P - 1  and 0-2 such t h a t  subsur- 

face cond i t i ons  were we l l  known. The new s i t e  was chosen based on objec- 

t i v e s  t o  penetrate the  Dakota Sandstone f o r  product ion f lows a t  depths o f  

250 t o  300 feet .  

l a t e r  questioned), and i t s  c e n t r a l  l o c a t i o n  t o  the  d i s t r i b u t i o n  system were 

a l s o  impor tant  c r i t e r i a  i n  the  l o c a t i n g  process. F igu re  5-7 shows the  se- 

l e c t e d  d r i l l i n g  s i t e  r e l a t i v e  t o  the  Core business area, t he  County Court- 

house, and the p r i n c i p a l  Town geographic fea tures  i n c l u d i n g  the  Pagosa Hot 

The new s i t e  was i n  the  

Pub l i c  ownership o f  t he  s i t e  and the  wel l - resource (bo th  
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Figure 5-7. Location of wells drilled by this Project (PS-3, -4, 
and -5) and Wells Drilled Previously by the Colorado 
Geological Survey (P-1 and 0-2). Also shown are the 
Landowners Within 100 Feet o f  the New Wells. 

PAGOSA SPRINGS, COLORADO 
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Hot Spr ings and the  San Juan River.  

we l ls ,  i t  became apparent t h a t  the produc t ion  we l l  s i t e  was i n  r e a l i t y  

l o c a t e d  on the  Lynn f a m i l y  p r i v a t e  l a n d  and a l a n d  exchange was then 

executed t o  l e g a l l y  assume ownership o f  the w e l l s  f o r  t he  geothermal 

sy s tem . 

Subsequent t o  the  d r i l l i n g  o f  t he  two 

35 



6.0 ENVIRONMENTAL ISSUES 

6.1 PRE-DR I LL 

An environmental assessment o f  t he  impacts o f  e s t a b l i s h i n g  a 

geothermal d i s t r i c t  hea t ing  system a t  Pagosa Springs was completed i n  1979 

by Coury and Associates, Inc.; t h i s  study concluded t h a t  t h e  impacts re -  

s u l t i n g  f rom such a system would be minimal and t h a t  any s p e c i f i c  issues 

o f  concern cou ld  be reasonably m i t i ga ted .  

o f  p roduc t ion  w e l l  d r i l l i n g ,  u t i l i z a t i o n  o f  e x i s t i n g  we l l s ,  c o n s t r u c t i o n  

The r e p o r t  addressed t h e  e f f e c t s  

of t he  d i s t r i b u t i o n  and c o l l e c t i o n  system, and t h e  d isposa l  o f  t h e  spent 

f l u i d s .  P o t e n t i a l  impacts o f  t h e  system on geology, s o i l s ,  water resources, 

a i r  q u a l i t y ,  noise, f l o r a  and fauna, human environment ( l a n d  use, socio- 

economics, and s a f e t y ) ,  and archaeology were a l l  considered i n  t h e  review. 

The assessment high1 i g h t e d  the  f o l l o w i n g  po in ts :  

--The o v e r a l l  impact o f  t h e  phys i ca l  and human environment should 
n o t  be s i  gn i  f i c a n  t . 

--The geothermal resource i n  the  area has been u t i l i z e d  f o r  
decades; the  proposed system does n o t  sharp ly  change t h e  e x i s t i n g  
environment and c u r r e n t  res iden ts  a re  a l ready  acc l imated  t o  the  
proposed a c t i v i t y .  

- -E f fec ts  o f  d r i l l i n g  and c o n s t r u c t i o n  a c t i v i t i e s  w i l l  be minor 
and temporary; sur face  disturbances w i l l  be r e s t o r e d  a t  p r o j e c t  
comp 1 e t  i on. 

- - D r i l l i n g  and c o n s t r u c t i o n  no ise  w i l l  be m i t i g a t e d  t o  t h e  e x t e n t  

--The p o t e n t i a l  f o r  sur face  water contaminat ion f rom d i s t r i b u t i o n  

poss ib le  and w i l l  p r i m a r i l y  be k e p t  t o  daytime hours. 

system leakages w i l l  be minimized by e f f e c t i v e  design p rac t i ces .  

--Disposal o f  t he  coo led  geothermal f l u i d  w i l l  be by discharge t o  
the  San Juan R ive r  o r  through r e i n j e c t i o n  t o  the  producing 
aqu i fe r .  
d ischarged t o  the  San Juan R ive r  f o r  several decades, and t h i s  
discharge has caused no no t i ceab le  adverse e f f e c t s  t o  the  env i -  
ronment and and water q u a l i t y  standards have been met. 
t he  new system w i l l  u t i l i z e  o r  rep lace  e x i s t i n g  we l l s ,  cont inua- 
t i o n  o f  sur face  discharge i s  an t i c ipa ted .  

Water o f  s i m i l a r  q u a l i t y  and q u a n t i t y  has been sur face  

Since 
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- - A i r  q u a l i t y  w i l l  no t  be adversely a f f e c t e d  by the  p r o j e c t .  The 
pr imary source o f  H2S gas i s  from the na tu ra l  h o t  spr ings  and 
seeps. Since geothermal f l u i d  p roduc t ion  o f  the  new system w i l l  
be comparable t o  f l o w  o f  e x i s t i n g  we l ls ,  t he re  should be no 
s i g n i f i c a n t  increase i n  H2S l eve l s .  

--Groundwater p roduc t ion  r a t e s  i n  e x i s t i n g  we l ls ,  n o t  t i e d  t o  o r  
rep laced ‘by the  new system, should no t  be s i g n i f i c a n t l y  a f fec ted .  
Adjud icated Water R igh ts  w i l l  be obta ined through the  Colorado 
Department o f  Natura l  Resources, S ta te  Engineer ’s  Of f i ce .  

6.2 POST-DRILL 

Subsequent t o  the  geothermal resource assessment performed i n  

1979 and 1980, two produc t ion  w e l l s  t o  supply the  d i s t r i c t  hea t ing  system 

were d r i l l e d  and completed. No s i g n i f i c a n t ,  new environmental impacts were 

exper ienced as a r e s u l t  o f  t h i s  p r o j e c t  requirement. 

Since the  discharge o f  cooled f l u i d s  t o  the  San Juan R iver  was 

comparable i n  q u a l i t y  and q u a n t i t y  t o  prev ious discharges which were t o  be 

rep laced by the  new we l ls ,  t he  Colorado Department o f  Heal th,  Water Q u a l i t y  

Contro l  D iv i s ion ,  approved the  sur face discharge o p t i o n  and d i d  n o t  r e q u i r e  

a formal NPDES discharge permit .  

F i n a l l y ,  t he  impact o f  t he  new product ion w e l l s  on nearby e x i s t -  

i n g  w e l l s  became a v i s i b l e  and p u b l i c  i ssue i n  l a t e r  p r o j e c t  stages. 

wa te r -p roper t y  r i g h t s  o f  those w e l l  owners have been p ro tec ted  and adjud ica-  

t i o n  procedures f o r  r i g h t s  from the  new w e l l s  are i n  progress. 

A l l  
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7.0 INSTITUTIONAL ISSUES AND PERMITS 

7.1 PRIVATE 

The Pagosa Springs p roduc t i on  w e l l s  were o r i g i n a l l y  l o c a t e d  such 

t h a t  t h e  produc t ion  we l ls ,  t ransmiss ion  p ip ing ,  heat  exchanger-control 

house, d i s t r i b u t i o n  p i p i n g  and t h e  d isposa l  p i p i n g  were a l l  on p u b l i c  lands  

and p u b l i c  r ights-of-way; there fore ,  no purchase o r  l e a s i n g  o f  l a n d  o r  

r ights-of-way was i n i t i a l l y  pursued o r  required. Midway through t h e  pro- 

j e c t ,  i t  was r e a l i z e d  t h a t  o r i g i n a l  county p l a t t i n g  maps had been m is in -  

t e r p r e t e d  and, as a consequence, the  produc t ion  w e l l s  were l o c a t e d  on p r i -  

va te  land. 

such t h a t  c l e a r  t i t l e  was establ ished. 

lease agreements were necessary d u r i n g  t h e  d u r a t i o n  o f  t h e  p r o j e c t .  

7.2 CITY/COUNTY 

The Town then exchanged p u b l i c  l a n d  f o r  t h i s  p r i v a t e l y  h e l d  l a n d  

No o t h e r  p r i v a t e  a c q u i s i t i o n s  o r  

P e r m i t t i n g  a t  t h e  l o c a l  l e v e l  was n o t  s i g n i f i c a n t .  No spec ia l  

c i t y  o r  county zoning permi ts  were required. 

7.3 STATE 

The p r i n c i p a l  p e r m i t t i n g  agency governing geothermal energy de- 

velopment d u r i n g  the  p r o j e c t  t imeframe (1979-1984) was the  Colorado O i l  and 

Gas Conservation Commission. The Colorado S ta te  Water Engineer, Groundwater 

Section, p rov ided i n p u t  t o  t h e  O i l  and Gas Commission r e l a t e d  t o  t h e  pro- 

t e c t i o n  o f  groundwater and sur face  water suppl ies.  

l e g i s l a t i o n  was changed i n  1984 and the  Sta te  Engineer now governs geother- 

mal developments s i m i l a r  t o  the  Pagosa Spr ings p r o j e c t .  

Colorado Geothermal 

For  p roduc t i on  w e l l s  PS-3, PS-4, and PS-5, d r i l l i n g  permi ts  were 

ob ta ined from the  O i l  and Gas Commission. 
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I f  t h e  geothermal w e l l  i s  on s ta te ,  federa l ,  o r  p r i v a t e  lands, 

these permits must be f i l e d  w i t h  the  S ta te  o f  Colorado. General Rule 

G303(a) of Colorado's "Rules and Regulat ions f o r  t he  Development and Pro- 

duc t i on  o f  Geothermal Resources" s ta tes  as fo l lows:  

Before any person s h a l l  commence opera t ions  f o r  the  
d r i l l i n g  o f  a we l l ,  such person s h a l l  f i l e  w i t h  the  
D i r e c t o r  an a p p l i c a t i o n  on GT Form 2, f o r  a pe rm i t  
t o  d r i l l ,  a long w i t h  a f i l i n g  and se rv i ce  fee  of 
Seventy-Fi ve Dol 1 a r s  (75.00), and must secure t h e  
D i r e c t o r ' s  approval be fore  proceeding w i t h  such 
o p e r a t i  on. 

I n  accordance w i th  General Rule G303(a), GT Form 2 ' s  (geothermal d r i l l i n g  

pe rm i t s )  were f i l e d  w i t h  the  Colorado O i l  and Gas Conservation Cornmission 

on A p r i l  28, 1980 and July 18, 1980. 

Property boundaries a t  Pagosa Springs a r e  very  c l o s e  t o  the  w e l l  

s i t es .  D r i l l i n g  s i t e s  were very  r e s t r i c t i v e  and a l l  w e l l  s i t e s  were l o c a t e d  

w i t h i n  20 t o  30 f e e t  o f  p roper t y  l i n e s .  General Rule G318(a) o f  Colorado's 

"Rules and Regulat ions f o r  t he  Development and Product ion o f  Geothermal Re- 

sources" s ta tes  as fo l lows:  

.....p rov ided  and except t h a t  i n  d r i l l i n g  t o  a known 
common source o f  supply t h a t  i s  l e s s  than a depth o f  1000 
f e e t  below t h e  surface, t he  w e l l  s h a l l  be l o c a t e d  n o t  
l e s s  than 100 f e e t  from any lease l i n e ,  and n o t  l e s s  than 
150 f e e t  from any o the r  p roduc ib le  geothermal resources 
we l l ,  o r  d r i l l i n g  w e l l ,  i n  s a i d  source o f  supply, unless 
au thor ized  by order  o f  t h e  Commission; ..... 

I n  o rde r  t o  conform w i t h  General Rule G318(a), a waiver was requested from 

the  Colorado O i l  and Gas Conservation Commission. This Commiss on granted 

t h e  Pagosa Springs Geothermal P r o j e c t  a waiver based on w r i t t e n  permission 

from the  surrounding landowners t o  d r i l l  w i t h i n  100 f e e t  o f  t h e  r p roper t y  

1 ines. 
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Upon completion of d r i l l ing  operations the appropriate forms 
e 

and permits must again be f i led  w i t h  the State regulatory agencies. General 

Rule G306(a) of Colorado's "Rules and Regulations f o r  the Development and 

Production of Geothermal Resources" s ta tes  as  fol1 ows: 

Within sixty (60)  days a f te r  the completion or 
recompletion of any well, the owner or operator 
shall transmit t o  the Director the well completion 
or recompl etion report and log, GT Form 5.. . . . 

In accordance w i t h  G306(a), well completion permits were f i led  for PS-3, 

PS-4, and PS-5 on September 17,  1980. 

Since only one well was determined t o  be unsuccessful, aban- 

General Rule 6305 donment and plugg ng procedures were relatively easy. C )  

requires a GT Form 4: Sundry Notices t o  be f i led  w i t h  the O i l  and Gas Con- 

servation Commission, and t o  include the following information: 

. . . ..a report on the operation shall be f i led  w i t h  
the Commission on GT Form 4..... The abandonment de- 
t a i l s  shall include an account of the manner i n  which 
the abandonment o r  plugging work was carried out, i n -  
cluding the nature and quantities of materials used i n  
plugging and the location and extent (by depth) of the 
plu&gs of different materials; records of the amount, 
s ize and location (by depth) of casing and j u n k  l e f t  in 
the well; and a detailed statement of the volume and 
weight of mud f luid used. No plugging report will be 
approved until p i t s  have been f i l l ed  and location cleared 
and restored t o  the satisfaction of the Director. 

GT Form 4 was f i led  on September 17 ,  1980. 

Originally, permanent production well permits for PS-3 and PS-5 

were also t o  be obtained through the Oil and Gas Commission. In 1982, those 

permit applications were denied due t o  objections by the State Engineer; 

those objections were advanced due t o  potentials f o r  water-right interfer-  

ences. Because of legis la t ive changes, a l l  future permitting will be di- 

rectly through the State Engineer only. During the 1982-1983 heating 
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season, a temporary nine-month produc t ion  permi t  was issued. Again, du r ing  

the  1983-1984 hea t ing  season, a second temporary product ion pe rm i t  was 

granted cond i t i ona l  on the  performing of a geothermal system t e s t i n g  program 

designed t o  i d e n t i f y  i n t e r f e r e n c e  which the new system may have on prev ious-  

l y  e x i s t i n g  w e l l s  w i t h  es tab l i shed water r i g h t s .  Appendix 1 presents the  

r e s u l t s  o f  t h a t  t e s t i n g  e f f o r t ,  wh i l e  Appendix 3 summarizes the  data f rom 

a second t e s t  p e r i o d  du r ing  1984 and 1985. 

The o v e r a l l  water r i g h t s  i ssue i s  a complex, v i s i b l e  issue, es- 

p e c i a l l y  i n  the  a r i d  Western Uni ted States,  and pro fess iona l ,  l e g a l  and en- 

g inee r ing  c o n s u l t a t i o n  i s  recommended a t  a l l  p r o j e c t  stages. Legal issues 

r e l a t i n g  t o  r e s e r v o i r  model ing and tes t i ng ,  u t i l i z a t i o n  o f  water r i g h t s  f rom 

e x i s t i n g  we l ls ,  h i s t o r i c a l  b e n e f i c i a l  use o f  ad jud ica ted  f lows from e x i s t i n g  

w e l l s  and t ransference o f  r i g h t s  t o  new we l l s  a l l  p layed a r o l e  i n  the  de- 

n i a l  o f  the  permanent p roduc t ion  permi ts  f o r  the  Pagosa system. 

the  course o f  the  p r o j e c t  development, Pagosa Springs town management, a long 

w i t h  the  engineer 's  consu l tan t  team, cont inuously  communicated w i t h  S ta te  

o f f i c i a l s .  

f i c i a l s .  A t  var ious  times, l ack  o f  d e f i n i t i o n  w i t h  respect  t o  S ta te  Agency 

r e g u l a t i o n  and decision-making a u t h o r i t i e s  has compl i c a t e d  the process. 

A l l  p a r t i e s  a re  c u r r e n t l y  cooperat ing t o  reso lve  t h i s  impor tant  issue such 

t h a t  the system can operate e f f i c i e n t l y  and a t  design capac i ty  i n  the  fu- 

tu re .  

f o r  F a l l  1984. 

Throughout 

A t  one po in t ,  verbal  p roduc t ion  approval was g iven t o  Town o f -  

The ad jud i ca t i on  o f  water r i g h t s  f o r  the Pagosa system i s  scheduled 

In order  t o  discharge geothermal f l u i d s  t o  the  San Juan R ive r  

du r ing  d r i l l i n g  operat ions,  and on a long-term product ion bas is ,  the  appro- 

p r i a t e  environmental permi ts  had t o  be f i l e d  w i t h  the  Colorado Department 

o f  Health, Water Q u a l i t y  Contro l  D iv i s ion ,  g ran t i ng  Pagosa Spr ings a waiver  
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o f  the  requ i red  discharge permits.  

waiver of t h i s  pe rm i t  means t h a t  t he  Town of Pagosa Springs can discharge 

geothermal e f f l u e n t  t o  the  San Juan R ive r  f o r  an indeterminate  amount o f  

t ime, p r o v i d i n g  t h a t  t h e  volume o f  f l u i d s  and t o t a l  d i sso l ved  s o l i d s  

(mineral  con ten t )  does n o t  increase measurably over t h e  ensuing years. 

7.4 FEDERAL 

Such a waiver was obtained. The 

A p r o j e c t  environmental r e p o r t  was prepared f o r  t he  U.S. Depart- 

ment o f  Energy. 

mal. 

That e f f o r t  concluded t h a t  p r o j e c t  impacts would be m i n i -  

D e t a i l s  o f  t h a t  r e p o r t  a r e  discussed i n  g rea te r  d e t a i l  i n  Chapter 6. 

42 



8.0 PRODUCTION DRILLING AND LOGGING 

8.1 SUMMARY 

Dur ing  June-August 1980, two geothermal w e l l s  were d r i l l e d  t o  

approximate depths o f  300 f e e t  and then cased w i t h  9 5/8-inch produc t ion  

casing. Targeted produc t ion  r a t e s  f rom each o f  t he  two geothermal w e l l s  

were 135OF f l u i d s  a t  500 gpm. 

t o  supply the  demands o f  the  f i r s t  phase o f  t he  mun ic ipa l  h e a t i n g  d i s t r i c t .  

From d r i l l i n g  records o f  two geothermal w e l l s  a t  Pagosa Springs d r i l l e d  by 

t h e  Colorado Geological  Survey, i t  was determined t h a t  t he  lower  geothermal 

a q u i f e r  i n  t h e  Dakota Sandstone was most s u i t a b l e  f o r  l a rge -sca le  produc- 

t i o n .  

t he  Mancos Shale does n o t  y i e l d  adequate f l o w  r a t e s  and has s i g n i f i c a n t  

impact upon the  pr ivately-owned geothermal w e l l s  i n  town. 

These produc t ion  r a t e s  would be s u f f i c i e n t  

D r i l l i n g  records o f  the  s t a t e  w e l l s  show t h a t  t h e  shal low a q u i f e r  i n  

Extensive d r i l l i n g  d i f f i c u l t i e s  were encountered i n  w e l l  PS-3 

due t o  l a r g e  amounts o f  r i v e r  g rave ls  and boulders a t  shal low depths. 

d r i l l i n g  r i g  used i n  t h i s  j o b  would have been adequate t o  d r i l l  a 26-inch 

bore  i n  boulders i f  the  d r i l l e r  had been aware o f  d r i l l i n g  cond i t ions .  The 

d r i l l e r  d i d  n o t  have a s u f f i c i e n t l y  l a r g e  K e l l y  t o  handle a 26-inch b i t  and 

consequently " t w i s t - o f f s "  were numerous. 

e f f o r t s ,  PS-3 reached a t o t a l  depth of 300 feet .  Reservoir  t e s t s  showed 

a r t e s i a n  produc t ion  r a t e s  o f  600 gpm a t  131OF. 

was encountered than an t i c ipa ted ,  t he  good f l o w  r a t e s  proved t h i s  w e l l  t o  

be a success. 

The 

A f t e r  f o u r  weeks o f  con t inua l  

Though a lower  temperature 

Reservoir  t e s t i n g  o f  t he  Dakota Sandstone a q u i f e r  i n  w e l l  PS-3 

showed minor i n t e r f e r e n c e  w i t h  t h e  Pagosa Hot Spr ing  and pr ivately-owned 

h o t  water w e l l s  i n  town. I n  o rde r  n o t  t o  impact o the r  h o t  water we l l s ,  PS-4 
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was s i t e d  several hundred f e e t  southwest o f  t h e  known geothermal anomaly. 

Geologists r e a l i z e d  the re  was a g rea te r  "dry-hole" r i s k  a t  t h i s  l o c a t i o n ;  

however, they f e l t  t he re  was s u f f i c i e n t  evidence t o  i n d i c a t e  chance f o r  

success and t h a t  p roduc t ion  f lows may n o t  s i g n i f i c a n t l y  impact e x i s t i n g  h o t  

water w e l l s  i n  town. 

boulders and a 26-inch b i t ,  as i n  PS-3; a d d i t i o n a l  problems were t h e  r e s u l t  

o f  vandalism. T h i r t y  t o  f o r t y  pounds o f  c a s t  i r o n  and s t e e l  scrap had been 

dumped down the  borehole t o  a depth o f  37 f e e t  w h i l e  d r i l l i n g  opera t ions  had 

been down f o r  t he  n igh t .  It took t h r e e  days t o  d r i l l  o u t  t h i s  s tee l  and 

c lean up the  borehole. 

1980, a f t e r  twelve days o f  d r i l l i n g .  Because l a r g e  f l o w  r a t e s  a t  e leva ted  

temperatures were n o t  encountered i n  PS-4, r e s e r v o i r  t e s t i n g  was n o t  

conducted. Cumulative f l o w  r a t e s  o f  228 gpm a t  118OF were the  t o t a l  

S i m i l a r  d r i l l i n g  problems were encountered w i t h  

A t o t a l  depth o f  299 f e e t  was reached on July 16, 

' produc t ion  o f  t h i s  we l l .  

q u a n t i t i e s  o f  geothermal f l u i d s  i t  was considered a ' 'dry holel 'and t h e r e f o r e  

plugged and abandoned. 

Because t h i s  w e l l  d id  n o t  produce s u f f i c i e n t  

Because o f  inadequate t o t a l  geothermal product ion,  a t h i r d  w e l l  

was requ i red  t o  meet the  eng ineer ing  s p e c i f i c a t i o n s  requ i red  f o r  a municipal  

hea t ing  d i s t r i c t .  

a t e l y  behind the  County Courthouse i n  an area where i t  was "known" geother- 

mal f l u i d s  would be encountered. 

a t o t a l  depth o f  274 f e e t  was reached i n  the  Dakota Sandstone aqu i fe r .  

s e r v o i r  t e s t s  on w e l l  PS-5 y i e l d e d  produc t ion  a t  1,200 gpm w i t h  temperatures 

of 149OF. 

and g rea tes t  f l o w i n g  geothermal w e l l  i n  t h e  Pagosa Springs area. 

To reduce "dry ho le"  r i s k s ,  w e l l  PS-5 was s i t e d  immedi- 

A f t e r  o n l y  ten  days o f  d r i l l i n g  opera t ions  

Re- 

These f l o w  r a t e s  and temperatures make PS-5 bo th  the  h o t t e s t  
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Resul ts  o f  the d r i l l i n g  program dur ing  the  summer o f  1980 a t  

Pagosa Spr ings were successful. Two successful  w e l l s  were d r i l l e d  w i t h  com- 

b ined f low r a t e s  grea ter  than 1,500 gpm. Well PS-3 has a p roduc t ion  temper- 

a t u r e  o f  131OF and PS-5 has temperatures o f  149OF. Product ion r a t e s  o f  

these w e l l s  a re  s u f f i c i e n t  t o  supply the  demands o f  a munic ipa l  hea t ing  d i s -  

t r i c t  f o r  the  Town o f  Pagosa Springs. 

8.2 ORGANIZATION 

Product ion w e l l s  PS-3, PS-4, and'PS-5 were d r i l l e d  by B&B D r i l -  

l i n g  Company, Grand Junct ion,  Colorado. Technical management o f  d r i l l i n g  

a c t i v i t e s  was prov ided by Chaffee Geothermal, Ltd., Petroleum Engineers, 

Inc., and Coury and Associates,Inc. The temperature l ogg ing  was performed 

by the  Town o f  Pagosa Springs, ass i s ted  by Chaffee Geothermal, Ltd., and 

Coury and Associates, Inc. 

8.3 DRILLER BIDDING, SELECTION, AND CONTRACT 

A b i d  package was sent  t o  q u a l i f i e d  d r i l l i n g  con t rac to rs  i n  May 

1980. Two con t rac to rs  responded w i t h  b i d s  which were then evaluated on the  

bas i s  o f  cost ,  con t rac to r  equipment, and prev ious experience. Based on t h a t  

evaluat ion,  the  d r i l l i n g  c o n t r a c t  was awarded t o  B&B D r i l l i n g  Co., Grand 

Junct ion,  Colorado. Under the  cont rac t ,  the d r i l l i n g  ' con t rac to r  was reim- 

bursed as fo l lows:  

- - D r i l l i n g - r e l a t e d  expendable i tems were p a i d  a t  ac tua l  cost ;  

- -Mob i l i za t i on  and demobi l i za t ion  cos ts  were p a i d  on bas is  o f  

- - D r i l l i n g ,  standby w i t h  -crew, and standby w i thou t  crew was p a i d  

$.75/mile from Casper, Wyoming. 

on predetermined agreed-to hou r l y  charge basis.  

8.4 DRILLING SUMMARY 

The we l l  was d r i l l e d  w i t h  a Speedstar 2,000 d r i l l  r i g  equipped 

w i t h  a 5 X 10 mud pump and Gardner-Denver 667 a i r  compressor. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

The general d r i l l i n g  procedures f o r  d r i l l i n g  w e l l s  PS-3, PS-4 

PS-5 were as fo l lows.  

Construct  d r i l l  pad, excavate mud p i t s  and f l o w  l i n e s ,  and s e t  36-inch 
c u l v e r t  t o  the  top  o f  t he  Km. 

Move i n  r o t a r y  t o o l s  and r ig-up.  

D r i l l  a 6 3/4-inch p i l o t  h o l e  t o  30 f e e t ,  o r  through the  r i v e r  bou lders  
and several f e e t  i n t o  the  Km. 

Ream the ho le  t o  30 f e e t  w i t h  a 6 3/4-inch p i l o t / l 2  1/4- inch c u t t e r .  
Ream again w i t h  a 12 1/4-inch p i l o t / l 7  1/2-inch c u t t e r .  
should be t o  30 f e e t  w i t h  a 

Set 30 f e e t  o f  20-inch conductor p ipe  and cement w i t h  2 yards  o f  Redi- 
mix. WOC. 

D r i l l  o u t  cement i n  conductor p ipe  w i t h  17 1/2- inch b i t .  

D r i l l  a 6 3/4-inch p i l o t  ho le  t o  80 feet .  
w i t h  a 6 3/4-inch p i l o t / l 2  1/4- inch c u t t e r  b i t .  
p i l o t / l 7  l / 2 - i n c h  c u t t e r .  

Set and cement 80 f e e t  o f  13 3/8-inch sur face  cas ing  w i t h  100 sx o f  
c l a s s  "B" + 2% CaCl add i t i ve .  
o b t a i  ned. 

D r i l l  o u t  cement i n  sur face  cas ing  w i t h  12 1/4- inch drag b i t .  

Pressure-up cas ing  w i t h  100 p s i  t o  t e s t  cas ing  j o i n t s .  

Pick up 12 1/4- inch b i t  and d r i l l  o u t  5 f e e t  o f  formation. 
seat w i t h  100 p s i  f o r  1 hour. 
I f  pressure bleeds o f f ,  r i g -up  t o  squeeze. 

Pick up RTTS packer and go i n t o  w e l l  t o  75 f e e t  and s e t  packer. 
20 sx o f  c l a s s  "B" cement and squeeze cas ing  shoe. 
p s i  du r ing  squeeze. WOC 12 hours. 

P ick up 12 1/4- inch b i t  and d r i l l  o u t  bore t o  85 feet .  
seat t o  100 ps i .  Resqueeze i f  does n o t  t es t .  

A f t e r  o b t a i n i n g  a good t e s t ,  weld a 14-inch casinghead f l ange  onto sur-  
face cas ing  and nipple-up BOP, r o t a t i n g  head, b l o o i e  l i n e  and the  r e -  
mainder o f  t he  d r i l l i n g  stack. 
used t o  c o n t r o l  the w e l l  du r ing  the  remainder o f  d r i l l i n g  operat ions.  

The f i n a l  ream 
17 1/2- inch p i l o t / 2 6 - i n c h  c u t t e r  b i t .  

Ream the  bore t o  80 f e e t  
Ream w i t h  12 1/4- inch 

Grout cas ing  annulus i f  r e t u r n s  are n o t  

Text cas ing  
Observe pressure gauge f o r  l e a k - o f f .  

Pump 
Do n o t  exceed 250 

Retes t  cas ing  

F igu re  8-1 shows t h e  d r i l l i n g  stack 
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3" - Mud line (horizontal) 
3" - Butterfly valves 

Manometerfpressure 

11" 

Head 

Orifice plate 
8" - k o o i e  line 

14' - 500011 Blowout preventer 

14" - Casinghead flange 

--u 13-3f8" - Surface casing 

Figure 8-1. Drilling Stack Assembly for Downhole Fluid Control in 
Geothermal Wells PS-3, PS-4 and PS-5, Pagosa Springs, 
Colorado. 
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15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24 

25. 

26. 

27. 

28. 

29. 

D r i l l  a 6 3/4- inch p i l o t  bore t o  125 f e e t  o r  through t h e  shal low h o t  
water a r t e s i a n  aqu i fe r .  
l i n e  w h i l e  d r i l l i n g  cont inues. 

L e t  t he  format ion produce through the  b l o o i e  

Ream the  bore w i t h  a 6 3/4- inch p i l o t / l 2  1/4- inch c u t t e r  b i t  t o  125 
fee t .  

Run a shor t - te rm (12 t o  24 hours)  f l o w  t e s t  t o  determine .if t h e  shal low 
aqu i fe r  meets the  produc t ion  c r i t e r i a .  I f  not,  con t inue d r i l l i n g  op- 
e ra t ions .  

There a r e  two op t i ons  f o r  con t inued d r i l l i n g .  The produced fo rmat ion  
water can be a l lowed t o  f l o w  d u r i n g  d r i l l i n g  and tu rned t o  the  f l o w  
l i n e  v i a  t h e  bloo.ie l i n e  or heavy mud can be mixed and c i r c u l a t e d  t o  
k i l l  t he  f lows.  Herein, d r i l l i n g  under s t a t i c  w e l l  c o n d i t i o n s  i s  de- 
scr ibed. However, t h i s  method i s  n o t  necessa r i l y  recommended because 
any a d d i t i o n a l  h o t  water f lows can be e a s i l y  majked d u r i n g  d r i l l i n g .  

Mix and c i r c u l a t e  13.5 #/ga l  d r i l l i n g  mud u n t i l  t he  wel lhead pressure 
has been reduced t o  "0" ps i .  

Continue m i x i n g  and c i r c u l a t i n g  heavy d r i l l i n g  mud w h i l e  d r i l l i n g  a 
6 3/4- inch p i l o t  bore t o  235 fee t ,  o r  the  t o p  o f  t h e  Kd. 

Ream the  bore  t o  235 f e e t  w i t h  a 6 3/4- inch p i l o t / l 2  1 /4 - inch  c u t t e r  
b i t .  

While t h e  w e l l  i s  under s t a t i c  c o n d i t i o n s  s e t  235 f e e t  ( o r  t o  the  top 
of t he  Kd) of  9 5/8- inch p roduc t i on  cas ing  w i t h  100 sx o f  Class "B" 
cement + 2% CaC1. Grout  annulus i f  r e t u r n s  are  n o t  obtained. 

With an 8 3/4- inch b i t  repeat  s teps 9 through 13. 

A f t e r  o b t a i n i n g  a good t e s t ,  t h read  a 9 5/8- inch/ lO- inch swedge i n t o  
the  top  cas ing  c o l l a r  and n ipp le -up  a 10- inch master valve,  BOP, ro -  
t a t i n g  head, b l o o i e  l i n e ,  casinghead f lange, etc., as i n  s tep  14. 

Re-enter t h e  w e l l  w i t h  a 6 3/4- inch p i l o t  b i t  and d r i l l  o u t  the  Kd t o  
300 f e e t ,  o r  u n t i l  adequate h o t  water p roduc t ion  i s  achieved. A l l  pro- 
duced f l u i d s  can be tu rned ou t  t he  b l o o i e  l i n e .  

When adequate p roduc t i on  i s  achieved t r i p - o u t  o f  t he  w e l l ,  shu t - i n  the  
master va l ve  and nipple-down the  d r i l l i n g  stack.  

Move o f f  r o t a r y  t o o l s .  

Open the  w e l l  and l e t  produce f o r  12 t o  24 hours t o  c lean  o u t  borehole. 

Conduct ex tens i ve  r e s e r v o i r  t e s t i n g  on the  235-foot t o  300- foot  
producing zone. 

The d r i l l i n g  a c t i v i t i e s  f o r  t he  th ree  w e l l s  a r e  summarized i n  Table 8-1. 
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TABLE 8-1 
DRILLING SUMMARY 

PS-3 PS-4 PS-5 

Date Spudded: 
Date Completed: 

6/19/80 7/ 8/80 7/22/80 
7/ 2/80 7/16/80 7/31/80 

Depth o f  20-inch Conductor Pipe: 18' 26.5' 7.' 

Depth o f  9 5/8-inch Product ion Casing: 230' -- 200 ' 
Depth o f  13 3/8-inch Surface Casing: 84' 50 ' 80 ' 

To ta l  Depth 300 299 ' 274' 

Boul ders/Mancos Shale Contact: 24 ' 16' 18 ' 
Mancos Shale/Dakota Sandstone Contact 234 201 ' 200 ' 

Cumulative Flow: 
Temperature : 

Sustained Flow: 
Temperature: 

835 gpm 228 gpm 1000 gpm 
13OoF 118OF 148OF 

600 gpm -- 
13loF -- 1200 gpm 

149OF 

8.5 COMPLETION 

During w e l l  d r i l l i n g  on PS-3, d i f f i c u l t i e s  were encountered 

us ing  a 26-inch b i t  i n  l a r g e  boulders. 

i n c h  conductor p ipe through t h e  boulders a d r i l  l -and-dr ive  technique was 

I n  o rder  t o  exped i te  s e t t i n g  the  20- 

used by d r i l l i n g  a 17 1/2-inch bore and f o r c i n g  sec t ions  o f  20-inch conduc- 

t o r  p ipe  down w i t h i n  the c o l l a p s i n g  borehole wal l .  

of cas ing  had been fo rced  down t o  ground l e v e l  then another sec t i on  was spot  

welded onto the  conductor p ipe  a l ready  i n  t h e  hole. 

When f o u r  t o  f i v e  f e e t  

As can be seen i n  F ig -  

u re  8-2, t he  f i n a l  conductor p ipe was on ly  s e t  t o  a depth o f  18 f e e t  and 

t h e  Mancos Shale d i d  n o t  beg in  u n t i l  24 f e e t .  From d r i l l i n g  r e p o r t s  o f  t h e  

Colorado Geological Survey's w e l l s  P - 1  and 0-2, the f i r s t  h o t  water f lows 

were a n t i c i p a t e d  from 90 t o  100 f e e t  i n  depth. Therefore, t he  13 3/8-inch 

surface p ipe was s e t  and cemented a t  84 f e e t  so as t o  c o n t r o l  and k i l l  the 

f lows when they were encountered. 

a t  110 f e e t  w i t h  f l o w  r a t e s  o f  660 gpm a t  temperatures o f  138OF. 

The f i r s t  p roduc t ion  zone was encountered 

A 
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A 

232 ' 

t 

= Open hole 

8-314" bore 

30 

Figure 8-2. 

' TD 

4 

I 

t 
0 

WELL PS-3 

( a l l  flows are 
cumulative) 

Reservoir test: 600gpm 
131 F 

Conductor p i p e  

26" bore 
20" casing 

Boulders 
24 ' 

Mancos Shale 
- 

/ sur:;;: 13-3/ 8" i1:a.p casing 

c------ 110' 
. 660ggm 

138 F 

Production casing 

12%" bore 
9-5 / 8" cas ing 

d 232' 
1 

[&cos S;ale 50ggm - 234 
Dakota Sandstone 
7 241' 

500ggm 
249' 126 F 

650ggm 
131 F 

270'-300 ' 
835ggm I 130 F 

Completion and Casing Profile of Well PS-3, Pagosa Springs, 
Colorado 
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12 1/4- inch bore was then d r i l l e d  t o  t h e  Mancos Shale/Dakota Sandstone 

con tac t  a t  234 f e e t  and 9 5/9-inch produc t ion  cas ing  was'set and cemented. 

Due t o  the  competence o f  t he  borehole w a l l  i n  t he  Dakota Sandstone, t h e  

produc t ion  zone was l e f t  uncased as open-hole from 232 f e e t  t o  the  t o t a l  

depth o f  300 fee t .  

By p r o j e c t i n g  a l o o  reg iona l  up-dip t o  the  southwest o f  t he  

subsurface format ions, p roduc t ion  zones a t  90 t o  100 f e e t  i n  PS-3 cou ld  

occur as shal low as 30 t o  50 f e e t  i n  w e l l  PS-4 ( tangent  l o o  x 400 f e e t  

o f  l a t e r a l  d i s tance  = depth shal lower  than PS-3). Very cau t ious  opera t ions  

were undertaken d u r i n g  d r i l l i n g ,  s e t t i n g  and cementing the  26.5 f e e t  o f  

conductor p ipe  and t h e  50 f e e t  o f  13 3/9-inch sur face casing. D r i l l i n g  

cont inued through t h e  shal low f l o w  zone a t  80 f e e t  and t o  t h e  Mancos/Dakota 

con tac t  a t  201 fee t .  Since the  shal low f l ow  zone was much smal le r  and 

c o l d e r  than i n  PS-3 i t  was decided t o  cont inue d r i l l i n g  i n  t h e  Dakota 

Sandstone and n o t  s e t  9 5/8- inch p roduc t i on  casing. A t  285 t o  290 f e e t  o f  

depth, extremely hard  d r i l l i n g  c o n d i t i o n s  occurred. To ta l  f l ows  o f  on l y  

228 gpm a t  118OF had been encountered by 299 f e e t  so the  w e l l  was c l a s s i -  

f i e d  a "dry  ho le"  and abandoned. Class B + 2% CaC1 cement, weighing 17.5 

pounds/gallon was pumped i n t o  PS-4 t o  a depth o f  195 f e e t  t o  form a s o l i d  

cement p lug  back t o  w i t h i n  30 f e e t  o f  t h e  surface. When t h e  cement had 

hardened, ten sacks o f  b a r i t e  were dumped i n t o  the  upper 30 f e e t  o f  t h e  

13 3/8- inch sur face cas ing  and a s t e e l  cap was welded over  t h e  we l l .  

Well PS-5 was d r i l l e d  and completed very s i m i l a r  t o  PS-3. The 

20- inch conductor p i p e  was d r i l l ed -and-d r i ven  w i t h i n  a 17 1/2- inch bore. 

Due t o  very d i f f i c u l t  d r i l l i n g  c o n d i t i o n s  i n  the  r i v e r  boulders on l y  seven 

f e e t  o f  conductor p i p e  cou ld  be set. As i n  PS-3, 80 f e e t  o f  13 3/8- inch 

sur face cas ing was s e t  and cemented and then the  shal low produc t ion  zone 

was encountered a t  99 f e e t  (300 gpm a t  138oF). A s  shown i n  F igu re  8-3, 
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80 ' 
0 
0 L 

. 

E 

PS-5 

(all flows are 

Reservoir test: 1200ggm J& 149 F 

,:v/.-ypyp by// cumulative) 

2 - Conductor pipe 
Boulders 

18' 
rancos Shale t 

26" bore 
20" casing 

Surf ace casing 
17%'' bore 

Production casing 

12%' bore 
200' 9- 518" casing 

8-3 /4 "  bore 

Figure 8-3. Conipletion and Casing Profile of Well PS-5, Pagosa Springs, 
Colorado. 
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t he  9 5/8- inch produc t ion  cas ing was s e t  i n  the  Dakota Sandstone and an 

8 3/4- inch open ho le  was d r i l l e d  t o  a t o t a l  depth o f  274 fee t .  

water f lows were encountered a t  269 f e e t  w i t h  p roduc t ion  r a t e s  o f  1200 gpm 

a t  149OF. 

Massive h o t  

On w e l l s  PS-3 and PS-5 a threaded cas ing  c o l l a r  was welded onto 

the  top  o f  the  9 5/8-inch produc t ion  casing. Then a 9 5/8- inch/ lO- inch 

swedge was threaded i n t o  the  c o l l a r  and a 10- inch casinghead f lange was 

threaded onto the  swedge (F igure  8-4). A 10- inch i r o n  w i t h  brass workings 

slab-gate va lve  i s  b o l t e d  onto the  casinghead f l ange  and t h i s  i s  used as a 

master valve. A second i d e n t i c a l  water we l l  va lve  i s  p laced on the  master 

va lve  f o r  a backup sa fe ty  system. 

sembly i s  a "T" w i t h  a b l i n d  f lange which i s  used as an elbow t o  t u r n  pro-  

duced f l u i d s  t o  a b l o o i e  l i n e  f o r  t es t i ng .  

On top o f  the  wel lhead complet ion as- 

Upon complet ion o f  p i p e l i n e  

cons t ruc t i on  an elbow was be b o l t e d  onto the sa fe ty  va lve  and i n  t u r n  

welded onto the  connect ing p ipe l i ne .  

Add i t i ona l  d r i l l i n g  d e t a i l s ,  we l l  t e s t i n g  procedures, d r i l l i n g  

f l u i d s  u t i l i z e d ,  and o the r  w e l l  se rv i ce  i n fo rma t ion  are  discussed i n  f u l l  

d e t a i l  i n  P r o j e c t  Report No. 7, Chaffee Geothermal, Ltd., November 1980. 

8.6 STIMULATION METHOD--Not Appl icable.  

8.7 WELL LOGGING SUMMARY 

S t ra t i g raphy  ana lys is  was performed on PS-3, PS-4, and PS-5. 

Temperature l ogg ing  was performed on PS-3, PS-4, and County Well No. 1. 

F igure  8-5 represents  the  s t r a t i g r a p h i c  sec t i on  o f  Product ion Well PS-5, 

based on d r i l l  c u t t i n g s  and sample descr ip t ions .  The format ions found i n  

each o f  the  th ree  w e l l s  were s i m i l a r .  
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wu 10" - Ring gaske t  

S a f e t y  v a l v e  
-10" - s l a b  g a t e  

- Ring gaske t  
n 

Master v a l v e  ti( -10" - slab gate 

- Ring gaske t  

10" - Casinghead flar?ge 

Figure 8-4. We1 1 head Completion Assembly f o r  Geothermal 
Wells PS-3 and PS-5, Pagosa Springs,  Colorado. 
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River gravels and 
boulders up to 12" - 
18" in diameter. 
Apparently not a 
welded zone as in PS-3 
and PS-4, but numerous 
travertine chips through- 
out cuttings. 

Dark gray, fine-grained, 
soft, fissle shale. 

AGE 

Lenses of very clayish, 
muddy shale. 

8 

Light gray to white, 
medium-grained, extremely 
hard, quartzitic sandstone 

FORMATION THICKNESS 
(feet) 

!ua ternary 

Upper 
ketaceous 

Alluvium 

Kancos 
Shale 

Dakota 
Sands tone 

18 . 

182 

74 

LITHOLOCY DEPTH 
(feet) DESCRIPTION 

18 

200 

274 

Figure 8-5. Stratigraphic Section o f  Well PS-5.  
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Shallow r 
aquifer 
(138'F) 

Knl 
Kd P S - 4  - 

PS-4 - 

1 

P S - 4  - 

Figure 8-6. Temperature P r o f i l e s  f o r  Hot  Water Wells a t  Pagosa 
S p r i n g s ,  Colorado. 
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The value o f  temperature g rad ien t  l ogs  i s  t h e i r  r e l e v a n t  temper- 

a t u r e  p r o f i l e s  compared t o  borehole cond i t ions .  F igu re  8-6 shows t h e  tem- 

pe ra tu re  p r o f i l e s  f o r  w e l l s  PS-3, PS-4, and County-1. To date, a tempera- 

t u r e  p r o f i l e  has n o t  been measured f o r  w e l l  PS-5. Because o f  w e l l  P S - 5 ' s  

c l o s e  p r o x i m i t y  t o  County-1 ( l e s s  than 30 f e e t ) ,  i t  i s  p r o j e c t e d  t h a t  t he  

upper 100 f e e t  has an i d e n t i c a l  temperature g rad ien t  p r o f i l e  as t h a t  f o r  

County-1 as shown i n  F igu re  8-6. 

The temperature g rad ien t  f o r  w e l l  PS-3 i s  very  h i g h  (34.5OF/ 

100 f e e t )  above the  shal low h o t  water a q u i f e r  and then becomes isothermal 

throughout the  remainder o f  t he  Mancos Shale (Km). 

Dakota Sandstone (Kd) beg in  t o  e leva te  again b u t  s u r p r i s i n g l y  n o t  u n t i l  over 

30 f e e t  o f  t h e  fo rmat ion  has been penetrated. 

shows s i m i l a r  temperature p r o f i l e s  o n l y  a t  much lower abso lu te  temperatures 

and gradients.  Though t h e  County-1 w e l l  i s  o n l y  115 f e e t  deep i t  has a very  

s i m i l a r  temperature p r o f i l e  w i t h  i nc reas ing  temperatures up to ,  and through, 

t h e  shal low a q u i f e r  and then apparent ly isothermal i n t o  t h e  remainder o f  

t he  Mancos Shale. 

t r u e  and accurate geothermal temperature gradients,  they do n o t  show abso- 

l u t e  temperatures. Inadequate e q u i l i b r a t i o n  t imes d i d  n o t  a l l o w  t h e  down- 

ho le  temperatures t o  s t a b i l i z e  p r i o r  t o  t h e  temperature logs. 

Temperatures w i t h i n  the  

The temperature log o f  PS-4 

Though the  temperature log shown i n  F igu re  8-6 represent  
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9.0 RESOURCE TESTING 

9.1 HYDROLOGIC TESTING 

The o b j e c t i v e s  o f  t h e  1980 hyd ro log i c  t e s t i n g  program were t o  

p rov ide  i n fo rma t ion  on the  fo l l ow ing :  

1 )  

2 )  

Estimates o f  t h e  a q u i f e r  c h a r a c t e r i s t i c s  o f  t he  geothermal 
r e s e r v o i r  system and r e s e r v o i r  1 i f e .  

I n t e r f e r e n c e  e f f e c t s  between the  two new p roduc t i on  w e l l s  and 
the  pressure reduc t ions  t h a t  would occur a t  se lec ted  f l o w  r a t e s  
necessary t o  meet t h e  p r o j e c t e d  needs o f  t h e  hea t ing  system. 

3) P o t e n t i a l  e f f e c t s  o f  long-term produc t ion  from the  new w e l l s  
on e x i s t i n g  "ho t  water"  we l ls .  

4 )  Fu ture  mon i to r i ng  requirements f o r  d e t e c t i n g  and e v a l u a t i n g  
p o s s i b l e  changes i n  t h e  geothermal r e s e r v o i r  system and 
assessing p o t e n t i a l  impacts on o the r  we1 1 s. 

The s t a t e d  o b j e c t i v e s  were accomplished by c o l l e c t i n g ,  ana lyz ing  and i n t e r -  

p r e t i n g  f i e l d  data f rom 12- and 72-hour f l o w  t e s t s  conducted a t  each o f  

t he  produc t ion  we l ls ,  PS-3 and PS-5, and from a 7-day m u l t i w e l l  f l o w  t e s t  

conducted a t  bo th  w e l l s  simultaneously. 

t e s t s ,  pressure gages (100 p s i )  were i n s t a l l e d  a t  p roduc t i on  w e l l s  PS-3 and 

PS-5 and se lec ted  observa t ion  w e l l s  throughout the  town, i n c l u d i n g  County 

P r i o r  t o  the  i n i t i a t i o n  o f  t h e  f l o w  

#1, Town, Buhler,  Edmonds, Super io r  Automotive and t h e  Method is t  Church 

w e l l .  For each f l o w  t e s t ,  pressure reduc t ions  versus t ime were moni- 

tored. I n  add i t i on ,  t h e  water l e v e l  f l u c t u a t i o n s  were monitored a t  t he  

Pagosa Hot Spr ing  throughout the  t e s t i n g  program us ing  s t a f f  gages i n s t a l  l e d  

i n  the  main pool. 

l e c t e d  o r i f i c e  p l a t e s  and a manometer i n s t a l l e d  near the  c o n t r o l  valve. 

Short- term f l o w  t e s t s  (up t o  12 hours) were planned f o r  t h e  

The discharge from each t e s t  w e l l  was measured us ing  se- 

upper (Mancos Shal e)  and 1 ower (Dakota Sandstone) zones t h a t  woul d be pene- 

t r a t e d  du r ing  t h e  d r i l l i n g  o f  each produc t ion  we l l .  The f l o w  t e s t s  were 
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conducted t o  o b t a i n  a general idea o f  t he  produc t ion  c a p a b i l i t i e s  o f  each 

zone and t o  show the  e f f e c t s  on nearby e x i s t i n g  "ho t  water'' w e l l s  and the  

Pagosa Hot Spring. I f  e i t h e r  o f  t he  f l o w  t e s t s  i n  the  upper zone would have 

adversely a f f e c t e d  nearby we l ls ,  the  t e s t s  would have been te rmina ted  be fo re  

t h e  scheduled f l o w  p e r i o d  had elapsed. 

f low t e s t  were determined by p r o j e c t i n g  data c o l l e c t e d  d u r i n g  "pulse" t e s t s ,  

where f l o w  r a t e s  were increased du r ing  each one ( 1 )  hour pu lse  step. Dur ing  

the  d r i l l i n g  o f  bo th  PS-3 and PS-5, f l o w  t e s t i n g  i n  the  upper zone d id  cause 

immediate reduc t ions  i n  pressure i n  nearby observat ion w e l l s  and the  Pagosa 

Hot Spring. 

and completed i n  the  lower zone, the  Dakota Sandstone, where s u f f i c i e n t  

q u a n t i t i e s  o f  water o f  s u i t a b l e  temperature were obtained. 

a t  PS-3 and PS-5 f o r  t he  120-hour f l o w  t e s t s  were chosen a t  600 and 1,150 

gpm, respec t i ve l y .  Dur ing the  f l o w  t e s t  a t  PS-5 (1,150 gpm), i t  was neces- 

Discharge r a t e s  f o r  each shor t - te rm 

Therefore, t he  t e s t s  were stopped and the  w e l l s  were d r i l l e d  

The f l o w  r a t e s  

n t a i n  a cons tan t  f l o w  r a t e  near sary t o  open t h e  gate va lve  completely t o  ma 

the  end o f  t he  tes t .  

Subsequently, 72-hour f l o w  t e s t s  were performed a t  each produc- 

t i o n  w e l l  i n  o rder  t o  o b t a i n  b e t t e r  est imates o f  the  a q u i f e r  c h a r a c t e r i s t i c s  

o f  the  r e s e r v o i r  system i n  t h e  v i c i n i t y  o f  t he  produc t ion  we l ls .  P r i o r  t o  

the  s t a r t  o f  t he  72-hour f l o w  t e s t  a t  w e l l  PS-3, the  s t a t i c  pressure read- 

i ngs  a t  w e l l s  PS-3 and PS-5 were 47.3 and 49.3 ps i ;  respec t i ve l y .  For  t h e  

72-hour f l o w  t e s t  a t  w e l l  PS-5, the  s t a t i c  pressure readings a t  w e l l s  PS-3 

and PS-5 were 47.5 and 49.7 p s i ,  respec t i ve l y .  The f l o w  r a t e s  a t  PS-3 and 

PS-5 were chosen a t  425 and 800 gpm, respec t i ve l y .  

r a t e l y  t o  o b t a i n  i n fo rma t ion  on t h e  c h a r a c t e r i s t i c s  o f  each w e l l  i n  t h e  

event the  e n t i r e  hea t ing  system f l o w  requirement would be taken from a 

s i n g l e  we l l .  

Each t e s t  was run  sepa- 

These est imates o f  a q u i f e r  c h a r a c t e r i s t i c s  cou ld  then be used 
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t o  p r e d i c t  pressure reduc t ions  versus t ime over extended per iods  o f  t ime 

as we77 as f o r  d i f f e r e n t  f l o w  rates.  

I n  a d d i t i o n  t o  t h e  72-hour f l o w  t e s t s  a t  t he  produc t ion  we l l s ,  a 

7-day m u l t i w e l l  f l o w  t e s t  was made by f l o w i n g  PS-3 and PS-5 simultaneously 

a t  se lec ted  f l o w  r a t e s  o f  212 and 700 gpm, respec t i ve l y ,  and pressure reduc- 

t i o n s  were monitored a t  t he  produc t ion  we l l s ,  se lec ted  observa t ion  w e l l s  

and the  Pagosa Hot Spring. 

t h e  s t a t i c  pressure readings a t  w e l l s  PS-3 and PS-5 were 47.5 and 49.4 p s i ,  

respec t i ve l y .  The m u l t i w e l l  t e s t  was conducted t o  show the  i n t e r f e r e n c e  

e f f e c t s  t h a t  would occur between the  two w e l l s  when bo th  w e l l s  would be used 

P r i o r  t o  the  s t a r t  o f  t he  m u l t i w e l l  f l o w  t e s t ,  

t o  supply water f o r  t h e  c e n t r a l  hea t ing  system. 

Dur ing  the  12- and 72-hour f l o w  t e s t s  a t  PS-3 and PS-5 and t h e  

7-day m u l t i w e l l  t e s t ,  t h e  temperature o f  t h e  discharge waters was mon i to red  

a t  reasonable t ime i n t e r v a l s  by f i e l d  personnel u s i n g  a glass-mercury 

thermometer. 

l a t i v e l y  cons tan t  a t  13loF and 149OF, respec t i ve l y .  

d i f f e r e n c e  o f  18OF between the  p roduc t i on  we l l s ,  t he  discharge r a t e s  f o r  

t he  hyd ro log i ca l  a n a l y s i s  were ad jus ted  t o  p rov ide  adequate q u a n t i t i e s  o f  

water t h a t  would meet the  design h e a t i n g  requirements. 

The temperature measurements a t  PS-3 and PS-5 remained r e -  

Because o f  t h e  

A f t e r  t he  12- and 72-hour and m u l t i w e l l  f l o w  t e s t s  were per-  

formed, the  approp r ia te  t e s t  w e l l t s )  were shu t - i n  and pressure recovery i n  

the  t e s t  w e l l s  and se lec ted  observa t ion  w e l l s  were monitored u n t i l  t h e  w e l l s  

had recovered t o  w i t h i n  a minimum of 95% o f  s t a t i c  pressure heads. 

on the  analyses and i n t e r p r e t a t i o n  o f  data c o l l e c t e d  d u r i n g  the  12- and 72- 

hour and 7-day m u l t i w e l l  f l o w  t e s t  a t  w e l l s  PS-3 and PS-5, t h e  f o l l o w i n g  

conc7usions are presented: 

Based 
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The c a l c u l a t e d  average values o f  t r a n s m i s s i v i t y  a t  p roduc t ion  
w e l l s  PS-3 and PS-5 are  17,270 and 23,100 gpd/ f t ,  r espec t i ve l y .  

Measured temperatures o f  t h e  discharge waters from produc t ion  
w e l l s  PS-3 and PS-5 remained cons tan t  d u r i n g  the  t e s t i n g  program 
a t  131OF and 149OF, respec t i ve l y .  

Ca lcu la t i ons  o f  t he  " l i f e  o f  t he  r e s e r v o i r "  a t  p roduc t ion  w e l l  
PS-3 a t  selected, continuous f l o w  r a t e s  o f  200 and 400 gpm i n -  
d i c a t e  t h a t  the  w e l l  can be f lowed a t  these r a t e s  f o r  a p e r i o d  
o f  100 years  w i t h o u t  t h e  necess i ty  o f  i n s t a l l i n g  a pump, under 
cond i t i ons  the  same as du r ing  the  f l o w  t e s t .  However, t he  theo- 
r e t i c a l  c a l c u l a t i o n s  show t h a t  t he re  i s  o n l y  8.4 p s i  o f  pressure 
head remaining a t  the  w e l l  a f t e r  100 years  a t  t he  h ighe r  f l o w  
r a t e  o f  400 gpm. 

Ca lcu la t i ons  o f  t h e o r e t i c a l  pressure reduc t ions  a t  p roduc t i on  
w e l l  PS-3 a t  f l o w  r a t e s  o f  200 and 400 gpm i n d i c a t e  t h a t  more 
than 100 p s i  (231 f e e t )  o f  pressure head w i l l  be a v a i l a b l e  a f t e r  
100 years  and, there fore ,  t h e  r e s e r v o i r  system w i l l  n o t  be de- 
p le ted .  

Ca lcu la t i ons  o f  t he  " l i f e  o f  t he  r e s e r v o i r "  a t  p roduc t i on  w e l l  
PS-5 a t  a selected, continuous f l o w  r a t e  o f  700 gpm i n d i c a t e  
t h a t  t he  w e l l  can be f lowed a t  t h i s  r a t e  f o r  a p e r i o d  o f  a t  
l e a s t  25 years  w i t h o u t  t he  necess i ty  o f  i n s t a l l i n g  a pump, 
whereas, a t  a' h ighe r  f l o w  r a t e  o f  1,400 gpm, t h e  pressure a t  
w e l l  PS-5 would drop t o  zero i n  a ma t te r  o f  minutes. 
t he  pressure heads a v a i l a b l e  us ing  a f l o w  r a t e  o f  700 gpm a re  
very  near l a n d  surface. Therefore, depending on t h e  w e l l  
e f f i c i e n c y ,  i t  may be necessary t o  i n s t a l l  a pump a f t e r  f l o w i n g  
the  w e l l  f o r  several years. 

However, 

Ca lcu la t i ons  o f  t h e o r e t i c a l  pressure reduc t ions  a t  p roduc t ion  
well PS-5 a t  f l o w  r a t e s  o f  700 and 1,400 gpm i n d i c a t e  t h a t  more 
than 80 and 30 ps i ,  respec t i ve l y ,  o f  pressure head w i l l  be 
a v a i l a b l e  a f t e r  100 years  and, there fore ,  t he  r e s e r v o i r  system 
w i l l  n o t  be depleted. 

Ex t rapo la ted  est imates o f  pressure reduc t ions  i .ndicate t h a t  bo th  
PS-3 and PS-5 cou ld  be f lowed simultaneously a t  system design 
r a t e s  o f  200 and 700 gpm, respec t i ve l y ,  f o r  approximately 50 
years w i t h o u t  having t o  i n s t a l l  a pump a t  e i t h e r  we l l .  However, 
t he  pressure heads a t  bo th  w e l l s  would be very  near l a n d  sur face  
a t  t h a t  time. 

It i s  impor tan t  t o  r e a l i z e  t h a t  t he  c a l c u l a t i o n s  o f  " r e s e r v o i r  
l i f e "  do n o t  account f o r  a d d i t i o n a l  pressure reduc t ions  a t  t he  
produc t ion  w e l l s  t h a t  may occur due t o  wi thdrawals from nearby 
"ho t  water'' we l l s .  
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9) Ca lcu la t i ons  o f  t h e o r e t i c a l  pressure reduc t ions  i n d i c a t e  t h a t  
PS-3 and PS-5 cou ld  be f lowed a t  equal r a t e s  o f  300 gpm f o r  
approximately 100 years  w i t h o u t  i n s t a l l i n g  a pump; but, a t  
h ighe r  r a t e s  o f  1,000 gpm each, t he  pressures a t  t h e  p roduc t i on  
w e l l s  would drop t o  zero w i t h i n  a few days. However, a f l o w  
r a t e  o f  1,000 gpm a t  each w e l l  cou ld  p o s s i b l y  be withdrawn pro- 
v ided the  proper pumps were i n s t a l l e d  near the  bottom o f  t h e  

.casing i n  each we l l .  The " l i f e  o f  t h e  reservo i r , "  i n  t h i s  i n -  
stance, would depend on the  added s t r e s s  imposed on t h e  rese r -  
v o i r  system as f r a c t u r e s  are  dewatered i n  t h e  o v e r l y i n g  s t r a t a  
i n  the  v i c i n i t y  o f  t he  produc t ion  we l ls .  

10) Ca lcu la t i ons  o f  t h e o r e t i c a l  pressure reduc t ions  w h i l e  f l o w i n g  
bo th  p roduc t ion  w e l l s  s imultaneously a t  a r a t e  o f  300 gpm i n -  
d i c a t e  t h a t  more than 90 p s i  (208 f e e t )  o f  pressure head w i l l  
be a v a i l a b l e  a f t e r  100 years  and, there fore ,  t h e  r e s e r v o i r  sys- 
tem w i l l  n o t  be depleted. However, i f  bo th  w e l l s  a re  f lowed 
a t  a continuous r a t e  o f  1,000 gpm, i t  i s  p o s s i b l e  t h a t  t he  re -  
s e r v o i r  system c o u l d  be dep le ted  a f t e r  many years  o f  pumpage 
depending on t h e  w e l l  e f f i c i e n c y  and the  presence o f  boundaries, 
i f  any, i n  the  r e s e r v o i r  system. Nonetheless, i n  a l l  l i k e l i -  
hood, t h i s  w i l l  n o t  occur because the  produc t ion  w e l l s  w i l l  no t  
be f lowed cont inuous ly ,  24 hours per  day, f o r  t he  time p e r i o d  
simulated. 

11) F i e l d  data c o l l e c t e d  d u r i n g  t h e  1980 hydro log i c  t e s t i n g  program 
i n d i c a t e  t h a t  t he  nearby "ho t  water' '  w e l l s  and t h e  Pagosa Hot 
Spr ing  a r e  a f f e c t e d  t o  some degree, regard less  o f  t he  f l o w  r a t e s  
a t  PS-3 and PS-5. 
d e c l i n e  a r e  d i r e c t l y  r e l a t e d  t o  t h e  f l o w  r a t e  (i.e., w i thdrawal )  
a t  t he  produc t ion  w e l l  and the  t ime per iod,  w i t h  some w e l l s  a f -  
f e c t e d  t o  a g rea te r  e x t e n t  than others.  

The pressure reduc t ions  and water l e v e l  

9.2 1983-1984 FIELD TESTING FOR WATER RIGHTS PURPOSES 

The one-year 1983-1984 produc t ion  pe rm i t  f o r  PS-5 was gran ted  

t o  the  Town by the  Colorado S ta te  Engineer 's O f f i c e  con t ingen t  on t h e  prepa- 

r a t i o n  and the  per fo rming  o f  a geothermal system t e s t  plan. The t e s t  p l a n  

o b j e c t i v e s  were as fo l l ows :  

--Document geothermal system opera t i ona l  data t o  e s t a b l i s h  the  
impor tan t  system opera t i ng  var iab les ,  and t o  f a c i l i t a t e  the  
long-term opt im ized performance o f  t he  system, i n c l u d i n g  
geothermal w e l l  wi thdrawals,  heat exchanger performance, 
energy requirements, and user energy demand. 

--To the  e x t e n t  poss ib le ,  document da ta  showing the  impact o f  
PS-5 and PS-3 geothermal w e l l  wi thdrawals on o t h e r  a l ready  
e x i s t i n g  h o t  water w e l l s  represent ing  a cross s e c t i o n  o f  w e l l s  
i n  t h e  Pagosa Springs geothermal rese rvo i r .  
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--Document PS-5 and PS-3 geothermal withdrawal requirements 
related t o  ambient weather conditions, including heating 
degree days. 

--Document operational characterist ics of the geothermal dis- 
tribution system, as a function of h o t  water and cold water 
return temperatures, and a s  related t o  heating degree days 
and ambient weather conditions. 

--The t e s t  objectives d i d  not include reservoir evaluation, pro- 
jections of geothermal reservoir l i f e ,  or projections of long- 
term impacts on nearby wells. 

Results of the in i t i a l  t e s t s  are presented i n  Appendix 1, and they are d i s -  

cussed in Section 26, Production System Performance, and i n  Section 29, 

Distribution System Performance. The results of l a t e r  tes t s  are summarized 

i n  Appendix 3. 

9.3 WATER CHEMISTRY--ANALYSIS OF CORROSION AND SCALING POTENTIALS 

Water chemistry samples of the Pagosa Springs resource were ob- 

tained and evaluated for materials compatibility purposes by Radian Corp- 

oration, Austin, Texas. 

a t i o n  are as follows: 

The key conclusions of t h a t  water chemistry evalu- 

--Hydrogen sulfide levels of the resource water preclude the 
use of copper or copper-alloy materials i n  p i p i n g  in contact 
w i t h  geothermal fluids. 

--For the pH range noted (6 .6  t o  7.3), the corrosion o f  carbon 
steel i s  largely a function of chloride i o n  concentration, 
dissolved oxygen, and temperature. Corrosion rates of carbon 
steel in similar f luid ranged from 6 to  16 mils per year. 
These corrosion rates are constant w i t h  time and are based 
on the absence of oxygen. 

--Contamination of the geothermal fluid by atmospheric oxygen 
i s  to be strongly avoided, as general corrosion rates can i n -  
crease up to tenfold. 

--Vented tanks should be avoided. 

--External protection of buried carbon steel pipe from aerated 
groundwater i s  recommended. 
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--High strength,  low a l l o y  s t e e l s  and 12 C r  s t a i n l e s s  may be 
suscep t ib le  t o  s u l f i d e  s t r e s s  c rack ing  (SSC) i f  they a r e  under 
stress.  

--Given s u i  tab1 e precaut ions,  carbon s t e e l  w i  11 be general l y  
s u i t a b l e  f o r  use. 

--CPVC and PVC (a l though marginal due t o  temperature) may be 
s u i t a b l e  f o r  c e r t a i n  system components. 

- -Fiber r e i n f o r c e d  p l a s t i c  p ipe  w i t h  e i t h e r  p o l y e s t e r  o r  epoxy 
r e s i n  i s  a l s o  a t t r a c t i v e .  

--The Pagosa f l u i d  conta ins  enough s u l f a t e  t o  be aggressive t o  
those cement grades n o t  r a t e d  f o r  s u l f a t e  service.  

--Carbon s t e e l  should be acceptable f o r  va l ve  bodies, b u t  i n -  
t e r n a l s  should be co r ros ion  r e s i s t e n t ,  f o r  example, T316 o r  
A l l o y  20. Seals o f  a u s t e n t i t i c  s tee l ,  v i t o n ,  o r  a TEE polymer 
should be s a t i s f a c t o r y .  

--Heat exchanger m a t e r i a l s  T316 s t a i n l e s s  or I nco loy  825 should 
be appropr iate;  t he  l a t t e r  i s  about one - th i rd  more expensive. 

--Buna and V i t o n  gasket m a t e r i a l s  a re  recommended. 

--Calcium carbonate s c a l i n g  tendencies o f  t he  geothermal f l u i d  
i s  judged as l i g h t  and gypsum s c a l i n g  and s i l v e r  s c a l i n g  
should n o t  be a problem. 

--For t h e  secondary loop, any competent water t rea tment  vendor 
can d e f i n e  a s p e c i f i c  t reatment program, i f  required, t o  ade- 
quate ly  p r o t e c t  t he  system. 

64 



10.0 DISPOSAL DRILLING AND LOGGING 
e 

Since no disposal well was drilled f o r  this project, this 

Section is not applicable. 
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11.0 DISPOSAL TESTING 

No disposal testing was performed for  th i s  project; therefore, 

this Section i s  n o t  applicable to  the Pagosa Springs project. 

J 
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12.0. APPLICATION ANALYSIS 

The primary objective of the Pagosa Springs d i s t r i c t  heating 

system project i s  to  provide low cost space heating and possibly h o t  water 

heating services to businesses, public b u i l d i n g s ,  and residences served by 

the new system. T h i s  objective d i d  not change d u r i n g  the course of the 

project. 

The basic temperature and flow characterist ics of the two pro- 

duction wells were established through the resource testing e f for t s  (Section 

9.0). Subsequent t o  t h a t  determination, analyses were performed to  verify 

t h a t  the proposed applications and heating loads could be addressed w i t h  the 

established geothermal resource. Temperature and flow requirements of pro- 

posed users were reviewed and checked against the heating source and the 

proposed techno1 ogy. 

The attractiveness of geothermal space heating had previously 

been demonstrated dur ing  the several decades of individual well water use 

a t  Pagosa. The current project e f for t s  were technically more rigorous i n  

nature. Figure 12-1 i l lus t ra tes  the different types of space heating 

systems f o r  residential ,  commercial, and public buildings, and outlines each 

system's applicable temperature operational range. 

production we1 1 temperatures are entirely adequate for  normal 

heating and 100°F t o  llO°F hot water heating needs. 

confirmed dur ing  the successful two-year t e s t  operation of the system. 

The 13loF t o  149OF 

7OoF space 

This has been 

Other secondary l i g h t  industrial process-oriented applications 

were periodically considered dur ing  the course o f  the project development. 

These process applications were limited i n  scope by the low to moderate 
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Temperature Boos fer . Surface and 
Heating 0 (heat pump) Large downhole heat 

Chillers Cooling (Special) exchongen (Special) 

I Heat Pumos 1 1 - domestic 1 Cooling (absorb. 
e--- - - ' Direct 

- 
'", 
c) u 

(&all ,8 commercial) residential 1 (hot I water) * 
tc-r t o i r o n i n g  

I 'Baseboard Cokectors * 

'Forced Air Hot Rttr Coils - 
Radian? Panels 

Figure 12-1. Temperature Ranges for Different Space Heating and Cooling 
Methods. 

resource temperature range of the resource. Analyses of these secondary 

uses were conceptual i n  nature and were based on identified, future poten- 

t i a l  uses of the resource which m i g h t  enhance b o t h  the economic attractive- 

ness of the installed system and create additional employment o p p o r t u n i -  

t i es  i n  the region. Detailed engineering and economic assessments of these 

aplications were no t  performed. These secondary uses included: 

--Heating of new, large public swimming pools as p a r t  of developing 

--Space heating of greenhouses. 

--Shopping center p a r k i n g  l o t  snow melting. 

--Snow and ice melting for  unsafe public intersection. 

--Styrofoam manufacturing process heating. 

tourism faci l i t ies .  
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13.0 OBTAINING USER COMMITMENT 

13.1 SUtuiMARY--INITIAL STRATEGY 

From t h e  onset o f  t h e  p r o j e c t ,  t he re  was c l e a r  r e c o g n i t i o n  by 

p r o j e c t  p a r t i c i p a n t s  t h a t  h igh  u t i l i z a t i o n  o f  t he  system w i l l  be necessary 

f o r  t he  system t o  be economic. To c o n f i r m  the  p o t e n t i a l  f o r  t h i s  necessary 

u t i 1  i z a t i o n ,  t he  i n i t i a l  proposal e f f o r t s  i d e n t i f i e d  commercial, pub1 i c ,  and 

p r i v a t e  candidate users. Later,  d u r i n g  p r e l i m i n a r y  design e f f o r t s ,  candi-  

date users were contac ted  by ques t ionna i re  t o  he lp  a s c e r t a i n  t h e i r  i n t e r e s t  

i n  hooking up t o  t h e  system. 

quest ionnaire.  

of program budget monies was s e t  as ide  f o r  f i f t y  $1,000 gran ts  t o  he lp  de- 

f r a y  cos ts  customers migh t  i n c u r  t o  t i e  i n t o  the  system. 

, l a t e r  de le ted  due t o  program budget cons t ra in t s .  

F igu re  13-1 presents a copy o f  t h i s  con tac t  

As i n c e n t i v e  f o r  customers t o  hook up t o  t h e  system, $50,000 

Th is  o f f e r i n g  was 

. As p a r t  o f  t he  i n i t i a l  con tac t ,  heat- load analyses were encour- 

aged; b u i l d i n g  f u e l  use was documented by type (wood, n a t u r a l  gas, f u e l -  

o i l  ). F i n a l l y ,  candidate users were encouraged t o  b r i n g  i n  convent ional  

fue l -use  h i s t o r i e s  t o  he lp  q u a n t i f y  t h e i r  probable geothermal needs and t o  

s e t  as ide  approp r ia te  geothermal demand capac i t y  f o r  t h e i r  service.  

Dur ing  f i n a l  design stages, p rospec t ive  users were then asked 

t o  s i g n  l e t t e r s  o f  i n t e r e s t  t o  reserve space on the  system. 

presents such an agreement. 

F igu re  13-2 

Throughout t h i s  e n t i r e  p r o j e c t  e f f o r t ,  t he  p o t e n t i a l  b e n e f i t s  

f o r  hooking up t o  the  system were disseminated through the  l o c a l  media, 

through adv isory  committee p a r t i c i p a n t s ,  and i n  p u b l i c  meetings. 

O r i g i n a l  energy p r i c i n g  e f f o r t s  by Pagosa Springs Town o f f i c i a l s  

es t imated  d e l i v e r e d  energy cos ts  o f  $3.35 pe r  m i l l i o n  Btu. 

Agreements were developed i n  1981-1982, a copy o f  which i s  presented i n  

F i n a l  User 
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Date t 
In te rv iewerr  

N a m e  : Phone r 

1v1nllinp Address: 

( w h e r e  can be reached dur inn  
t h e  day) 

Address of  Buildinn t o  be r e t r o f i t t e d :  
Lot Block 

S t r ee t .  Niimbe r 
Is t h e  sDollcant t h e  owner - or r e n t e r  ? 

TVDe of Buildinn res idence  one bus iness  commercial 
abartments multl-commercial - church 
other :  desc r ibe  

Approximste s q u a r e  footmre I sq. f t .  

(p lease  descr ibe as f u l l y  as poss ib l e  

Does t h e  app l i can t  cons ider  t h e  bu i ld ing  to be a d e q u a t e l y  
Insulated? 

Is the a p d l c a n t  in te res ted  In usinn tzeothermal f o r  water hea t inn  
Durpose ? 

Is the  nrmlicant I n t e r e s t e d  i n  havlnn R heat-load a n n l y s i s  done 
on the b u l l d i n p ?  ae s no 

If v c s  when can the RDblIcsnt:  b r i m  his/her l a s t  1 2  months h e a t i n r  
b i l l s ?  

If yes, whst is t.he b e s t  d a y ( s )  and time t o  have an i n s r e c t i o n  of 
t h e  house cl m e ?  

Figure 13-1. Geothermal User I n i t i a l  Contact Sheet 
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PClR fBE OF THI! PACOSA~SPRINGS 
GEOTHTRI!AL PUNICIPAI. t l E A T I N C  DISTRICT. 

. 

I. 

for t h e  b u l l d i m  loca ted  at: 

, dn hereby &e aanl ibnt ion t,o 
(nlerm D r h t  mme) 

. hnok on t n  t h e  Pmasa durlngs Geotharmsl nuntctpd Heating D i s t r i c t  
. -  

. tree t nddreas l o t  block 

and hereby w e e  t o  t he  fo1lor inu TERM AND CONXTIONSi  

I r m e e  that 1 -11 D l U C h 8 s e  b 8 f  *om th Town'a g e o t h e d  
m u n i c i o r l  hea t ing  d i a t r i c t  rhen such hart beoooes a r d k b l a  
to me. md thereafter rill pay f n r  such  host  rant l i ly  rt rates 
t o  be determined frnn t i m e  t o  tima b t  t h e  Town. : 
f.nuree t o  comply w i t h ,  ud I understnnd thst I rlll be bound 
by suoh rules and reaula t lons  r o r  the g e o t h r m r l  aunloipil 
henting d i s t r i c t  aa t h e  Town may adokt d mnd froe t i m e  
to tire. 
1 understand, t h a t  by s i p n l r w  t h i s  Preliminary Anreement, I . 
rill brcnme e l i a i b l e  fnr u e r  r e t r o f l t  aasiatmnce. This aasiatnnce 
w i l l  include th r n l l o r i n a  material rt no cos t  to  me: ths cor- 
n r r t i - n  atop: curb stoD: flow aont ro l  matart a o t a r i a ~  davice, 
and t h e  I n l e t  and o u t l e t  pipes  from the d i 8 t r l b u t l o n  mains t o  my 
bulldlnu f n r  A d i s t M c e  not t n  exoeed on. hundred (100) feet .  
Further.  t h e  Tavn rill supply t o  =e at  no onat  toahnioat ass i s tance  
to determine s w c l f i a  equipment, msterlal rrnd i n a t a l l a t i n n  
techniques I rill need t o  r e t r o i i t  t he  l n t a r i o r  of my buildimz. 
me t o t a l  d o l l a r  equivalent  o r  t h l a  umor r e t r o f i t  ass i s tance  
shall nnt  a tcsed  one thouamd d o l l a r #  ($1.000.00). The Torn reserves  
t h e  r i n h t  t o  i n s t a l l  inlet and o u t l o t  1llu8 from the d i s t r i b u t i o n  
l i n e a  t n  r a t  urova r t r  11- and t o  b i l l  tho  ooat ot!.muah i n s t a l l a t i o n  
A r m i n s t  my. r a t r o r l t  asslataace d l o o a t i a o ~  . .*. 
1 understnnd that t h e  ooet of inatalllag the  a r t e r i d  supplied b r  
the Tarn for user r e t r o f i t  assistance, md tb o n t i m  oost of the 
equiument, mater ia l  M d  I m t d k t i o n  o f  cetmrittiaa t h e  I n t e r l o r  
of my bu i ld ins  w i l l  be at  or orn exmpsa. 
I m e e  t h a t .  i n  the event I deoido t o  desian and i n s t a l l  m y  own 
i n t e r l n r  r e t r o f i t  system without technica l  saa ia t rnoo  from the  
Torn. I s h a l l  reoeive apuravml -5 t h e  Torn on my de8ign p r io r  t o  
beuinnlnu ins t r i l l a t ion .  and t h a t  I shill pernit periodic  l n s w c t i o n s  
an t h e  in ter ior  r e t r n f i t  durlm ins t a l l a t ion .  FAILURE TO ADHERE M 

OBLIGATION AND RESPONSIBILITY TO SUPPLY GBOTREBRK, m T  TO HY BUILD- 
ING. 
In the crtant t h a t  t h e  l n f t l d  monthb  b i l l i n n  oharrre f o r  hea t  supplied 
b t  the Tnwn*s municipd p s o t h r m d  hortlq d i s t r $ o t  sxcreds S . 7 l  
nnr thnusrnd nnl lnn8 or $3.35 psz m i l l l o o  ET&. n~ li.t& oosbfm 
t t r  ln ter inr  rotmiit of my b u ~ u i r r . ' i ~  la 4 solcooiaion 'un- 
rcarto+rrbly hiqh. I rourvo tkm,~:k~;%o .4LH11 t N o .  A m a o m i r t  In 
nitlnq. I u ~ e e  thrt in th arorrt T Z o w w o l , ' t h $ ~ - ~ a t  a f t e r  
tho Taun h u  s u p d l e d  .th. u8er r a t m f l t . & t u l a l  dmsaribed In Item 

.d3 abo-e. 1 shd l  raiDbPr89 fo th .Taw. 8kO.aptQs pf 8Uah 
mnta r lds .  

TRIS SECTXON s w ; L  RELIEVE TEE TOWN OP AW IMPLIED OR EXPLICIT 

. - _  

. .  

Pnr the Tnwnr 

Figure 13-2. ?ra.jYmirra~.\)4er.,4gieement 
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F i g u r e  13-3. Each o f  t he  f i n a l  agreements were p r o p e r l y  executed, some w i t h  

i n d i v i d u a l  mod i f i ca t i on ,  t o  s u i t  t he  customer's spec ia l  circumstance. Most 

hookups were es tab l i shed  du r ing  the  1983-1984 hea t ing  season. C u r r e n t l y  

t h e r e  a r e  n ine  users hooked i n t o  the  system, rep resen t ing  a peak l o a d i n g  of 

between 6 m i l l i o n  t o  7 m i l l i o n  Btu  p e r  hour. The c u r r e n t  users and t h e  

dates a t  which they hooked i n t o  the  geothermal system a re  g iven below: 

TABLE 13-1. PAGOSA SPRINGS GEOTHERMAL HEAT USERS 

pected t o  be hooked up t o  t h e  system i n  t h e  fu tu re .  

an a d d i t i o n a l  peak l o a d i n g  o f  approximately 3 m i l l i o n  Btu  p e r  hour. 

This would represent  

Energy cos ts  were s e t  a t  80 percent  o f  t he  ongoing p r i c e  o f  na- 

t u r a l  gas. I n  each case, energy consumption i s  measured by metered water 

use combined w i t h  an assumed o r  measured temperature d i f f e r e n t i a l .  The 

o v e r a l l  consumer response has been very good. Th is  i s  i n  l a r g e  p a r t  due t o  

very  re1  i a b l e  and dependable geothermal system opera t ion  d u r i n g  the  p a s t  two 

hea t ing  seasons. 

72 



Figure 13-3. Example--Final User Agreement 

FINAL USER AGREEMENT 

FOK THE 

PAGOSA SPRINGS 

GEOTHERMAL MUNICIPAL HEATING SYSTEM 

THIS AGREEMENT, dated this day of , 1982, 
by and between the Town of Pagosa Springs (the "Town") 
and (hereinafter referred to as the "User") sets forth 
the terms, conditions, respective responsibilities, and 
limits of  liability concerning the sale and purchase of 
geothermal energy. 

1. The User being the owner of the building(s1 and 
property located at: 

(Street) 

(Block) (Lot(s)) 

does by signing this Agreement agree to purchase geothermal 
energy from the Town, and the Town does in turn agree 
to sell such geothermal energy to the User. 

2. The User agrees to comply with and abide by the 
written rules and regulations for the Town's Geothermal 
Municipal Heating System (the "rules and regulations") 
a s  may be adopted and from time t o  time amended by t h e  
Town. A copy of s a i d  rules and regulations shall be available 
for inspection at the Town Hall during normal business 
hours. 

3. The Town has assigned to the User's property noted 
in Item 1 above an initial flow of  ### gallons per minute 
(gpm) of geothermally heated water to meet the User's 
space heating and/or domestic hot water pre-heating needs 
of the building(s1 as constructed at the time of this 
Agreement on the property listed in Item 1 above. This 
gpm assignment is an initial allocation based on the best 
information available to the Town, and may be adjusted 
up or down, by the process described in the rules and 
regulations. The Town shall deliver geothermally heated 
water at a temperature not to exceed one hundred sixty 
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degrees Fahrenheit (160 F )  and at a maximum operating 
pressure not more than one hundred fifty pounds per square 
inch (150 psi) as measured at the point where such water 
leaves the geothermal control house (located near Fifth 
Street and US Highway 160). 

4 .  The User agrees to allow periodic inspections 
of  the geothermal application within the User's building(s1 
noted in Item 1 above by the Town upon reasonable advance 
notice given to the User. The User's geothermal application 
as completed must be inspected and approved by the Town 
prior to the commencement of service. It is required that 
said application be installed i n  accord with a design 
approved by the Town; if not so installed the Town shall 
be relieved of any further obligation for service to the 
User. 

5. The User may elect to use part(s) of the heating 
system which existed in said building(s) prior to the 
geothermal application and utilize same for geothermal 
energy. Should the user so elect, the Town may require 
the User to, insofar as feasible, demonstrate to the Town's 
satisfaction that the portion of the pre-existing heating 
system being so  utilized is capable of and sufficient 
to safely withstand the temperatures and pressures of 
the geothermally heated water being delivered to said 
building(s1. Any part found by the Town to be unsatisfactory 
shall not be approved and the User shall not be allowed 
to purchase geothermal energy from the Town until such 
deficiencies are corrected. 

6. The User should elect to install and/or maintain 
a backup heating system in the building(s1 described in 
Item 1 above for emergency situations. The Town strongly 
encourages the User to do so .  I f  the User declines to 
do s o ,  the User specifically understands and agrees to 
indemnify and hold the Town harmless from any consequential 
damages, injury, or loss, resulting from such lack of 
backup heating system in the event the Town in unable 
to deliver geothermal energy for any of the reasons outlined 
in Item 14 below. 

7. The Town may furnish to the User as a part of 
this Agreement various equipment, service pipe, and other 
materials, hereinafter referred to as "exterior equipment.'' 
It is expressly understood that the User shall be responsible 
to assure that the installation of said exterior equipment 
is to be in accordacce with the manufFL:turers' written 
specifications, and tks'', the cost of instaiiing said exterior 
equipment is the sole responsibility of the User. 
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8. Beginning the first day of the month following 
the date first written above the Town shall begin charging 
the User an availability fee in order to meet operating 
expenses and t o  serve to the User the ### gpm assignment 
mentioned in Item 4 above. The availability fee shall 
be due and payable on the tenth day of the second month 
following the date first written above and the tenth day 
of every succeeding month until the User's geothermal 
application and exterior equipment has been installed 
and approved by the Town for service. The amount of the 
availability fee shall be five dollars ($5.00) per gpm 
assigned per month. 

This availability fee shall continue to be charged 
to the User until actual service is begun, at which time 
the User shall be billed for the actual BTU's consumed 
and the availability fee for the month pro rated accordingly. 
The governing body of the Town may waive payment of the 
availability fee upon showing that the User has exerted 
sufficient good faith efforts toward installing the geother- 
mal facilities and/or the exterior equipment but has not 
been able to due to unavailability of proper equipment, 
unavailability of earthwork equipment, weather conditions, 
or Acts of God which prevent completion of the geothermal 
application or installation of the exterior equipment. 

Notwithstanding any of the above, if the User is 
not capable of receiving service by July 1, 1982, the 
Town shall have the option of termination hereof without 
further obligation. If the option is exercised, the User 
shall have no further obligation to pay the monthly availa- 
bility charge. 

9 .  It is agreed that after normal service has begun, 
the User shall pay a monthly charge, based o n  BTU's consumed, 
at the rates established from time to time by the Town 
Board of Trustees (The "Town Board"). These rates shall 
be based on actual and anticipated operational, maintenance 
and other reasonable expenses. There shall also be a miminum 
monthly charge of $5.00; the User shall pay either the 
minimum monthly charge or the charge based on actual BTU's 
consumed, whichever is greater. Prior to any change in 
either the monthly charge or the monthly minimum, a public 
hearing shall be scheduled before the Town Board or its 
designee. Any User shall present evidence to the Town 
Board prior to any final action taken on such changes 
in accordance with the rules and regulations. 
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10. It is mutually understood and agreed by both 
parties that the quantity of geothermally heated water 
assigned by the Town to the User's property noted in Item 
1 above shall not be transferred to another property without 
the express hritten permission of the governing body of 
the geothermal project. A record of the gallons per minute 
assigned to said property shall be kept and maintained 
by the Town. This record is open and available for inspection 
at the Town Hall during normal business hours. It is further 
mutually understood and agreed by both parties that the 
Town's records shall be the sole and final source of informa- 
tion regarding the gallons per minute assigned to said 
property. It is further mutually understood and agreed 
that the User shall not sell, lease, give or in any other 
way convey or attempt to convey the gallons per minute 
assigned to said property without the prior written permission 
of the Town Board. 

11. The User reserves the right to voluntarily discon- 
tinue purchasing geothermal energy from the Town at any 
time, provided thirty (30) days prior written notice is 
given to the Town. If such notice is given in l ess  than 
thirty days, the User's final bill shall be determined 
by the actual amount of BTU's consumed since previous 
payment plus one month due based on the availability fee 
as defined in Item 10 above plus any and all other fees 
or charges due to the Town. In the event the User, subse- 
quent to voluntarily discontinuing service, decides to 
again purchase geothermal energy from the Town, the User 
shall be placed at the bottom of the customer waiting 
list. 

12. Penalties for late payment or non-payment of 
any fee, charge, or other payment due the Town shall be 
as required in the rules and regulations. Prior to disconnect- 
ion f o r  non-payment, notice s h a l l  bc given a rensonnb1.e 
period in advance. Such notice may be given by mail to 
the user addressed to address of  user herein or by posting 
a copy on the property or any other reasonable method. 

13. The User shall hold the Town harmless from any 
and all damage, l o s s  or injury including but not limited 
to: damages to persons, real property and personal property, 
business losses resulting from the use, application, opera- 
tion, purchase, sale or activity of the geothermal energy 
system of the Town. 

The Town assumes no responsibility as to the design 
quality of materials or quality of workmanship of the 
User's geockrmal application, nor does the Town assume 
any responsibility for leaks, material failures, mechanical 
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failures , or any other failures due to poor on inadequate 
installation of the existing heating system being converted 
to geothermal energy, or of any new equipment being installed. 
If damage results to the User's geothermal application 
due to pressures and temperatures being delivered from 
the geothermal control house in excess of system specifi- 
cations as note in Item 4 above, the Town agrees in lieu 
of any other or additional liability to pay for repairs 
and/or replacment for such materials and/or equipment 
at no cost to the User. The Town shall be subrogated to 
any i,nsurance proceeds or claims covering such loss  (es 1 . 

Further, User agrees to hold harmless the Town, its 
agents, officers and employees in the event the Town is 
not able to deliver geothermally heated water to the User 
due to power failures, injunction issued by a court of 
competent jurisdiction enjoining or limiting the Town's 
operation of the geothermal system, Acts of God, war whether 
declared or not, civil insurrection, l o s s  of municipal 
water pressure, or other circumstances beyond the control 
of the Town. Should the Town be unable to deliver geothermally 
heated water for extended periods of time, the Town may 
waive- payment of monthly user charges or availability 
fees . 

14.  This document constit!utes the entire agreement 
of the parties and supercedes any and all previous documents 
executed between the User and the Town. This Agreement 
is binding upon all successors, heirs and a s s i g n s  of both 
parties. This Agreement may be amended at any time by 
mutual written consent. 

15. The Town reserves the right upon reasonable notice 
to cease operation of the geothermal system and/or to 
cause the operation of the same to be transferred to a 
private, public, quasi-public or other appropriate entity, 
if the Town Board deems it in the best interest of the 
Town of Pagosa Springs to do so .  

16. Should any portion of this Agreement be declared 
to be invalid by a decision of any court of competent 
jurisdiction, such decision shall apply only to the portion 
involved, and shall not affect, impair or nullify this 
Agreement as a whole or any other portion thereof. 

Signature of User: 

Name of User: 

Attest: Town of Pagosa Springs 
Town Clerk 

by : 
Authorized S i g n a t u r e  

. ~ ~ ~ . - . ~  .....-. . -.- ~- -~ 77 
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14.0 SYSTEM LOADS 

The d iscuss ion  o f  system load ings  given here i s  presented i n  two 

bas i c  par ts .  F i r s t ,  t h e  i n i t i a l  sec t ions  14.1 t o  14.4 p resent  the  design 

methodology u t i l i z e d  f o r  t he  design o f  the  f u l l  capac i t y  system a t  Pagosa 

Springs. 

t o  water r i g h t s  issues. 

reduced system capac i t y  a re  presented i n  Sect ion 14.5. 

Cur ren t ly ,  however, t h e  cons t ruc ted  system capac i t y  i s  l i m i t e d  due 

System loads and est imated c o s t  savings f o r  the  

The peak l o a d  design f o r  t h e  Pagosa Springs system i s  a combined 

de terminat ion  o f  t he  peak l oad ing  o f  t he  r e s i d e n t i a l  sector,  t h e  p u b l i c  sec- 

t o r ,  and the  commercial -business sector. The s t a r t i n g  p o i n t  f o r  determining 

the  c o n t r i b u t i n g  loads o f  each o f  these components was d i f f e r e n t .  For  r e s i -  

d e n t i a l  users, the  design approach was t o  s e l e c t  a t y p i c a l l y  cons t ruc ted  

home t o  be served and t o  then c a l c u l a t e  the  peak demand based on accepted 

American Soc ie ty  of Heating, A i r  Condi t ioning, and R e f r i g e r a t i n g  Engineers 

(ASHRAE) standards. Second, f o r  t he  County and municipal  b u i l d i n g s  and f o r  

commercial bu i l d ings ,  annual, documented convent ional  f u e l  use was c o l l e c t e d  

and peak demand was c a l c u l a t e d  from t h a t  basis.  

based on a f a c t o r  o f  3.5 t imes the  annual l o a d  expressed on an hour-by-hour 

basis. 

l oad  summed t o  a r r i v e  a t  system design c r i t e r i a .  

i s  summarized i n  Table 14-1 f o r  t he  major user groups. 

geothermal water f l o w  requirement was based on a 25 Btu/pound o f  water 

energy e x t r a c t i o n  ra te .  

The peak l o a d  design i s  

I n  each case, t he  probable users were then i d e n t i f i e d  and the  peak 

The design peak heat  l o a d  

The r e q u i r e d  
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TABLE 14-1--HEAT LOAD REQUIREMENTS FOR MAJOR USER GROUPS 

User Group No. o f  Annual Heat Flow Requirement 
Users bead Annual Design 

10 B tu /y r  GPM GPM 

Res i den ti a1 63 11,800 108 3 78 

Commerci a1 * 54 33,000 30 1 1055 

Pub1 i c  10 11,900 108 379 

Tota l  56,700 517 1812 

* Inc ludes  a d d i t i o n a l  heat l o a d  expected from near-term f u t u r e  users. 

14.1 PEAK LOAD -- MAXIMUM DESIGN 

The annual heat  load, t h e  peak f l o w  ra tes ,  and t h e  annual f l o w  

A code r a t e s  f o r  each o f  t he  p o t e n t i a l  users a re  presented i n  Table 14-2. 

number f o r  each user was assigned and i s  a l s o  presented i n  Table 14-2 f o r  

l o c a t i n g  purposes on core  c i t y  mappings. 

Based on t h e  d i s t r i b u t i o n  o f  the  users r e l a t i v e  t o  the  hea t ing  

source, two independent loops were then located, as shown on F i g u r e  14-1. 

The f i r s t  loop  i s  designed t o  c a r r y  1000 gpm and extends west from t h e  

courthouse, i n  an e x i s t i n g  easement, t o  t h e  Elementary School. The second 

loop  i s  designed t o  c a r r y  1350 gpm eas t  from the  Courthouse. Actual  u t i -  

l i z e d  c a p a c i t i e s  a re  l e s s  than those l i s t e d ,  however, due t o  water r i g h t s  

issues. A summary o f  t he  s p e c i f i c  t echn ica l  approaches t o  t h e  r e s i d e n t i a l  

peak heat  l oad  c a l c u l a t i o n  i s  reviewed below. 

The i n i t i a l  step i n  de termin ing  the  expected s i n g l e  residence 

peak heat  l o a d  i s  t o  a s c e r t a i n  the  s t y l e ,  c o n s t r u c t i o n  c h a r a c t e r i s t i c s ,  and 

s i z e  o f  an "average" home. Most o f  t h e  homes i n  Pagosa t o  be heated by t h i s  

hea t ing  d i s t r i c t  a re  o l d e r  than 30 years. As such, few have adequate insu-  
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Table 14-2. Heat Load Requirements of Individual Users 

Business Annual Heat F1 ow 
Load Avera e Peak - I O 6  BTU/yr ( m j  (GPM) 

159 
2348 

125 
1001 

3'1 3 

31 3 

Circle K 
San Juan Motel 
Griffi tts 
S i l v e r  Dol la r  
River Center 

. River Center 
Al's Cafe 
Colorado Can S p o r t s  
Museum 

San Juan Chevron 
New Horizon Book 
Biggens Earn 
Fores t  Serv ice  
D r .  D a v i s  
Harvey's Motel 
Pioneer  West 
Trading Pos t  
S o l a r  Mal 1 
Masonic Hall 

Church of Christ 
Morning S t a r  Bakery 
Uni ted  Farm 
Jr .  High  School 
Sr .  High  School 
Goodrna ns 
Larsen ' s  Law Office 
Post Office 
Rays Hair Care 
Mo r t u a ry  

Par i sh  Hall 
Rectory 
Cathol ic  Church  
Natural Gas O f f i c e  
Adobe 
Town Hall 
Ci t izen 's  Bank 
Pagosa Bar 
La Cantino 
Total  Sports  

391 
187 
187 
663 
188 

1315 
94 

125 
1722 

341. 

778 
188 

6769, 
470 
187 
470 
187 
187 

1001 

125 
1589 

626 
137 
31 3 
282 
940 

1.4 
21.4 

1.1 
9.1 

2.9 

2.9 

3.4 
1.7 
1.7 
6 
1.7 

12 
0.8 
1 . l  

15.7 
3.1 

7.1 
1 . 7  

62.6 
4 . 3  
1.7 
4.3 
1 .7  
1.7s 

9.1 

1 :1 
14.5 
-5.7 
1.2 
2.8 
2.6 
8.6 

5 
75 

4 
32 

10 

10 

1 2  
6 
6 

21 
6 

42 
3 
4 

55 
11 

25 
- 6  

21 7 
15 
6 

15 
6 
6 

32 

4 
51 
20 

5 
10 
9 

30 
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Table 14-2. Continued 

Annual Heat F1 ow Bus i ness 
&oad Avera e Peak 

10 BTU/yr' (GPMj (GPM) 

Barber Shop 
TV Repair 
Montoya 
Hardware 
Jackish Drugs 
Lister B u i l d i n g  (Pagosa 

Hotel ) 
Sears 
Hub 
Mesa Verde Savings & Loan 
Court house 

Poma B u i l d i n g  
Joslen 's  Chevrolet 
Gambles & Groc. 
Middle Earth Deli 
Tax i d e my 
Conoco Service Station 
County Shop 
Pagosa Plaza 
Elementary Bus Garage 
Methodist Church 
A1 1 ey ' s 
Future B u i l d i n g  East o f  Town 
Private Residences (63 units)  

TOTAL 

156 
150 
498 

1941 
150 
471 
471 

2561 

939 
2473 
1566 

21 9 
142 

1753 
939 

2504 

782 
188 

' 3134 
11800 

1.4 5 
1.4 5 
4.5 16 

17.1 62 
1.4 5 .  
4.3 15 
4.3 15 

24.3 85 

8.6 30 
22.6 79 
14.3 50 

2 7 
1.3 5 

16 56 
8.6 30 

22.8 80 

7.1 . 25 
1.7 . 6 

28.6 . 100 
08 378 

56,658 51 7 1812 

f .  
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l a t i o n  and as a r e s u l t  heat  losses are large.  The s t r u c t u r e  on which our 

heat l o a d  f i g u r e s  are based i s  one-story w i t h  approximately 1,200 square 

fee t .  The f l o o r  sur face  area, dimensions, he ight ,  i n s u l a t i o n ,  and construc- 

t i o n  m a t e r i a l s  are impor tan t  s ince  the  heat l o a d  a n a l y s i s  used the  bas i c  

heat t r a n s f e r  r e l a t i o n s h i p  as given i n  Equation 1 t o  c a l c u l a t e  the  heat  loss 

through t h e  wa l l s ,  doors, windows, f l o o r ,  and c e i l i n g  o f  t h e  home. 

That equat ion i s  o f  t h e  form: Q = U x A x A T  ( 1 )  

where Q = Peak r e s i d e n t i a l  heat  loss i n  Btu/hour 
U = Heat t r a n s f e r  c o e f f i c i e n  i n  Btu/hour-OF-ft2 
A = Exposed sur face  area, f t  3 

AT = Temperature d i f f e r e n c e  between i n s i d e  and ou ts ide  
cond i t ions ,  OF 

A -9' design temperature was adopted based on documented weather data 

f o r  t he  area. Assuming a 7OoF i n s i d e  temperature l e v e l  , the  AT would 

equal 79OF. 

The t o t a l  ou ts ide  exposed w a l l  sur face  area o f  such a home i s  

950 square feet .  Const ruc t ion  i s  w i t h  2 x 4 ' s  suppor t ing  1/2- inch sheet- 

rock on t h e  i n t e r i o r ,  dead a i r  space, 5/8-inch plywood o u t s i d e  covered w i t h  

a wood s id ing .  Table 14-3 shows the  the w a l l  c o n s t r u c t i o n  and t h e  R values 

o f  each o f  t he  b u i l d i n g  ma te r ia l s .  

TABLE 14-3. WALL CONSTRUCTION AND RESISTANCES 

(R = hour - OF - f t 2 / B t u )  

Outside f i l m  c o e f f i c i e n t  
Outside w a l l  s i d i n g  
5/8- i  nch plywood 
A i r  space 
1/2-inch sheetrock 
I n s i d e  f i l m  c o e f f i c i e n t  

Tota l  
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R = 0.17 
R = 0.81 
R = 0.78 
R = 0.97 
R = 0.45 
R = 0.68 

3.86 



Thus, t he  R value i s  t he  r e c i p r o c a l  o f  U, o r  R = 1/U; there fore ,  t h e  over- 

a l l  hea t  t r a n s f e r  c o e f f i c i e n t  i s  0.26 Btu/hour-OF-ft*. 

w a l l s  a re  o f  2 x 4 cons t ruc t i on ,  w i t h  wood stu,dding occupying up t o  20 

percent  o f  i n t e r i o r  w a l l  space, t h e  o v e r a l l  w a l l  c o e f f i c i e n t  should be 

increased by about 10 percent, g i v i n g  a U va lue  o f  0.28. 

l o a d  c a l c u l a t e d  from Equat ion 1 i s  21,014 Btu/hour. 

Since the  

The t o t a l  peak 

S i m i l a r  computational procedures were used f o r  t h e  doors, win- 

dows, c e i l i n g ,  and f l oo r .  Windows were a l l  designated as s i n g l e  pane; c e i -  

l i n g  i n s u l a t i o n  was t o  R-11 values. 

assumed t o  equal 9.6 Btu/hour pe r  square f o o t  o f  f l o o r  surface, based on 

ASHRAE standards. 

F i n a l l y ,  ou ts ide  a i r  i n f i l t r a t i o n  was 

The sum t o t a l  home peak heat l o s s  was then found by adding t h e  

s i x  components as summarized i n  Table 14-4. The t o t a l  c a l c u l a t e d  l o s s  came 

t o  0.071 m i l l i o n  Btu/hour. 

TABLE 14-4. PROJECTED RESIDENTIAL PEAK HEATING LOADS 

Component Heat Loss 
(Btu/hour)  

Wall s 
Doors 
Windows 
F1 oo r  
C e i l i n g  
I n f i l t r a t i o n  

Tota l  

21,014 
1,559 
10,712 
15,168 
11,520 
11,520 

71,493 



14.2 ANNUAL HEATING REQUIREMENTS 

The prev ious  sec t i on  discussed the  design c o n d i t i o n s  t o  supply 

hea t ing  requirements d u r i n g  peak w i n t e r  cond i t ions .  However, i n  determin- 

i n g  the  payback p e r i o d  f o r  t he  p r o j e c t  i t  i s  a l s o  necessary t o  d e f i n e  the  

annual f u e l  consumption. Annual hea t ing  requirements a r e  r e l a t e d  t o  bo th  

the  annual degree days o f  8,416 and t h e  design hea t ing  l o a d  o f  71,493 

Btu/hour. For the  purposes o f  t h i s  study, two d i f f e r e n t  methods were u t i -  

l i z e d  and then checked f o r  consistency. The f i r s t  c a l c u l a t i o n a l  method i s  

from ASHRAE and i s  as fo l l ows :  

F = u x Nb x D x cf  x cd 

where 

F = Fuel consumption i n  therms ( 1  therm = 100,000 Btu)  
U = U n i t  f u e l  consumption ( f rom ASHRAE tab le ) .  For  our  case, 

Nb = Design hea t ing  l o a d  i n  1000 Btu/hr 
D = Number o f  degree days 
Cf  = Temperature c o r r e c t i o n  f a c t o r  
cd  = Cor rec t i on  f a c t o r  f o r  a d d i t i o n a l  degree days 

U = .00392 f o r  a 100-percent energy e f f i c i e n t  system. 

Th is  approach gave a c a l c u l a t e d  annual heat  l oad  o f  184 x l o 6  Btu/year 

o r  on an hour l y  bas is ,  a va lue  o f  21,000 Btu/hour. 

These c a l c u l a t e d  annual heat ing  requirements were then compared 

w i t h  ac tua l  hea t ing  b i l l s  from res iden ts  l i v i n g  i n  t h e  development. Th is  

e f f o r t  met w i t h  l i m i t e d  success. For homes us ing  propane, the  ac tua l  heat- 

i n g  b i l l s  were approximately 20 percent  l e s s  than the  c a l c u l a t e d  value. 

For  homes u t i l i z i n g  e l e c t r i c  hea t ing  the re  was a l a r g e r  d i f f e rence ,  o f  be- 

tween 30 t o  50 percent, between the  c a l c u l a t e d  and ac tua l  hea t ing  loads. 

The f a c t o r  between design t o  annual heat l o a d  i s  about 3.5 as 

determined from t h e  21,000 average and 71,000 peak hea t ing  loads. This fac-  

t o r  i s  used i n  c a l c u l a t i n g  the  peak f l o w  requirements i n  Tables 14-1 and 

14-2, presented prev ious ly .  
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14.3 LOAD FACTOR 

Based on t h e  seasonal hea t ing  loads and the  peak hea t ing  loads, 

as discussed i n  the  preceding sec t ions ,  t he  l o a d  f a c t o r ,  de f i ned  as t h e  

average l o a d  as percentage o f  peak load, i s  28.6 percent. 

14.4 FUEL REPLACED 

Based on t h e  above annual energy d e l i v e r y ,  t o t a l  system de- 

l i v e r y  would be 56.7 x lo6 Btu/year. 

p r i n c i p a l l y  t o  heat  l o s s  up t h e  f l u e ,  t h i s  represents an equ iva len t  re -  

placement o f  66,700 MCF o f  n a t u r a l  gas. 

Assuming 75% furnace e f f i c i e n c y  due 

14.5 SYSTEM LIMITATIONS APPLICABLE DUE TO WATER RIGHTS ISSUE 

Cur ren t  w e l l  t e s t i n g  i n d i c a t e s  t h a t  peak load, geothermal w e l l  

f l ows  may be l i m i t e d  t o  approximately 800 ga l l ons  pe r  minute. 

r e n t  user agreements and energy use e f f i c i e n c y  (see Sect ion  13.01, t he  peak 

system capac i t y  i s  9.14 m i l l i o n  Btu  pe r  hour. 

es t imated  a t  23.2 X lo9 Btu. 

p r i c i n g  s t r u c t u r e  o f  $0.52 pe r  therm, es t imated  customers savings w i l l  be 

$37,835 annual ly. 

Based on cur -  

. 

Seasonal energy d e l i v e r y  i s  

Based on a d e l i v e r e d  geothermal energy 
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15.0 PRODUCTION SYSTEM DESIGN 

15.1 OVERVIEW AND SYSTEM DESCRIPTION 

The geothermal system design c a l l s  f o r  geothermal f l u i d  t o  heat  

c i t y  water, which i n  t u r n  w i l l  be p iped t o  i n d i v i d u a l  users t o  heat  homes 

and bu i ld ings .  The geothermal f l u i d  w i l l  n o t  r e q u i r e  pret reatment  s ince i t  

w i l l  be kep t  under pressure t o  prevent  scal ing.  The c i t y  water w i l l  pass 

through i n d i v i d u a l  heat ing  u n i t s  and then w i l l  be recyc led  t o  a c e n t r a l  

l o c a t i o n  f o r  reheat ing  and reuse. The geothermal f l u i d  w i l l  be discharged 

d i r e c t l y  t o  the  r i v e r  a f t e r  heat ing  the  c i t y  water. 

o f  the o v e r a l l  design i s  shown i n  F igu re  18-1. 

15.2 PRODUCTION DESIGN OVERVIEW 

The schematic diagram 

The produc t ion  system o f  t h e  Pagosa Spr ings geothermal system 

i s  de f ined t o  i nc lude  the product ion we l l ,  the we l l  p i p i n g  and va lv ing ,  t he  

w e l l  pumps, and the  product ion system cont ro ls .  Th is  sec t i on  descr ibes the  

produc t ion  we l l  pump design and c o n t r o l s  approach. The produc t ion  we l l  de- 

s igns and associated v a l v i n g  were discussed e a r l i e r  i n  Sect ion 8.0. 

15.3 DESIGN CONSIDERATIONS AND SPECIFICATIONS 

The b i d  document inc luded techn ica l  s p e c i f i c a t i o n s  f o r  component 

hardware; as p a r t  o f  t h a t  task, the  water chemis t ry -sca l ing  and co r ros ion  

p o t e n t i a l s ,  and any unusual o r  s i g n i f i c a n t  ma te r ia l s  requirements were iden- 

t i f i e d .  Based on the  resource water chemist ry  eva lua t ions  discussed i n  Sec- 

t i o n  8.0, s c a l i n g  and cor ros ion  p o t e n t i a l s  were judged minimal i f  the  system 

i s  kept  under pressure and t h a t  concept i s  i n teg ra ted  i n t o  the  design. 

The we l l  pumps were spec i f i ed  t o  pump the  a r t e s i a n  geothermal 

f l u i d  t o  the c o n t r o l  b u i l d i n g  housing the  heat  exchangers, through the  heat  
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exchangers, and on t o  the  San Juan R ive r  f o r  d isposal .  Surface c e n t r i f u g a l  

pumps cou ld  be s p e c i f i e d  s ince  the  n a t u r a l  a r t e s i a n  pressure can supply ad- 

equate flows a t  acceptable NPSH. 

a t  90 f e e t  o f  head w i t h  an a v a i l a b l e  NPSH o f  11.5 fee t .  

and c a s t  i r o n  i m p e l l a r  m a t e r i a l s  were spec i f ied .  

i n g  the  removal o f  the  r o t a t i n g  element w i thou t  disturbance o f  t he  p i p i n g  

connections was s p e c i f i e d  f o r  ease o f  maintenance. 

Each pump was s p e c i f i e d  t o  d e l i v e r  800 gpm 

Cast i r o n  cas ing  

A s p l i t  case design a l low-  

The f l o w  from the  geothermal w e l l s  was designed f o r  c o n t r o l  by 

t h e  discharge temperature o f  t h e  c i r c u l a t i n g  f l u i d .  Th is  temperature con- 

t r o l l e r  was t o  operate a t h r o t t l i n g  va lve  on t h e  geothermal supply l i n e  t o  

ma in ta in  the  des i red  discharge temperature from the  heat  exchangers. 

design ins t rumenta t ion  and c o n t r o l  schematic f o r  the  o v e r a l l  system i s  pre- 

sented i n  F igu re  18-3. 

The 
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16.0 DISPOSAL SYSTEM DESIGN 

Reservoir  t e s t i n g  and water q u a l i t y  eva lua t i on  and discussions 

w i t h  the  Colorado Department o f  Health, Water Q u a l i t y  Control  D i v i s i o n ,  

i n d i c a t e d  t h a t  sur face  discharge o f  t he  cooled geothermal f l u i d s  was an 

acceptable and, i n  f a c t ,  t h e  p r e f e r r e d  a l t e r n a t e  f o r  t h e  disposal  of these 

f l u i d s  (see Sect ions 6.0 and 7.0). 

c l e a r l y  l e s s  complex, l e s s  energy i n tens i ve ,  and a t  l e a s t  env i ronmenta l l y  

equal t b  a l t e r n a t e s  i n v o l v i n g  r e i n j e c t i o n  o f  t he  cooled f l u i d s .  

The surface discharge o p t i o n  i s  very 

t h a t  decis ion,  t he  disposal  system i s  a s imple one con- 

mately 300 f e e t  o f  ten- inch diameter s t e e l  and asbestos 

p ipe  t o  t r a n s p o r t  t he  used waters from t h e  con t ro l -hea t  

A four - inch  s t e e l  and asbestos exchanger b u i l d i n g  t o  the San Juan River.  

concrete d r a i n  l i n e  runn ing  d i r e c t l y  from the  geothermal w e l l s  t o  t h e  r i v e r  

was a l s o  speci f ied.  A f l o w  measuring w ie r  was t o  be i n s t a l l e d  a t  the  end o f  

s i s t  

Given 

ng o f  approx 

concrete t r a n s i  t e  

t h e  l i n e  immediately p r i o r  t o  discharge t o  the  r i v e r  channel f o r  system 

mon i to r i ng  purposes. 
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17.0 TRANSMISSION SYSTEM DESIGN 

The transmission system t o  t r a n s p o r t  t he  geothermal f l u i d s  f rom 

t h e  PS-3 and PS-5 wellheads t o  the  heat exchanger c o n t r o l  b u i l d i n g  i s  

s t r a i g h t f o r w a r d  i n  design due t o  the  s h o r t  d is tance involved. 

diameter asbestos concrete l i n e  was s p e c i f i e d  f o r  t he  165-foot d is tance be- 

tween PS-5 and PS-3; from PS-3 t o  the  con t ro l -hea t  exchanger b u i l d i n g  a 

340-foot, ten- inch  diameter asbestos concrete p ipe  was s p e c i f i e d  t o  c a r r y  

t h e  maximum f l o w  from the  two we l ls .  

An e i g h t - i n c h  
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18.0 DISTRIBUTION SYSTEM DESIGN 

18.1 SELECTION PROCESS 

The d i s t r i b u t i o n  system, i n c l u d i n g  the  heat  exchangers, con- 

t r o l s ,  and the d i s t r i b u t i o n  and r e t u r n  p i p i n g  was conceptual ized and de- 

s igned according t o  the  f o l  l owing c r i  t e r i  a. 

--Geothermal f lows were minimized t o  conserve the  resource and 
t o  minimize water r i g h t s  requirements. 

c l u d i n g  the  commercial and p u b l i c  sectors  a t  lowest  d i s t r i -  
b u t i o n  system c a p i t a l  costs.  

--The system focused on se rv ing  h igh  dens i t y  heat  loads i n -  

--Geothermal waters were segregated from the  c i r c u l a t i n g  system 
se rv ing  the i n d i v i d u a l  users, a l l ow ing  the  use o f  copper 
p i p i n g  and copper hea t ing  system components which are  standard 
i n  o f f - t h e - s h e l f  hea t ing  u n i t s  and i n  e x i s t i n g  user  systems. 

--The system was designed w i t h  two independent d i s t r i b u t i o n  
1 oops which can be 'i so la ted  and each can be mai ntenanced w i t h  
t h e  o the r  i n  cont inuous operat ion.  . 

--The system was s ized  f o r  f u t u r e  expansion. 

18.2 DESIGN 

The i n i t i a l  design d e s c r i p t i o n  presented below i s  f o r  a com- 

p le ted ,  f u l l - s c a l e  system a t  Pagosa Springs. Due t o  water r i g h t s  issues and 

budget cons t ra in t s ,  p o r t i o n s  o f  the  system were de le ted  d u r i n g  cons t ruc t ion .  

For example, on l y  two o f  t he  f o u r  c i r c u l a t i n g  pumps and on ly  one heat 

exchanger were a c t u a l l y  i n s t a l l e d .  A f u l l  d e s c r i p t i o n  o f  the  system "as 

b u i l t "  i s  presented i n  Sect ions 20 through 23. 
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18.2.1 General Desc r ip t i on  

The proposed c losed d i s t r i b u t i o n  system inc ludes  two independent 

loops--one f o r  t he  eas t  s i d e  of town and the  o the r  f o r  the  west s ide- - to  

p rov ide  a sa fe ty  f a c t o r  i n  the  event o f  a p i p e l i n e  breakage. 

i s  designed t o  c a r r y  1350 gpm. 

however, i n i t i a l l y ,  i t  c a r r i e s  o n l y  500 gpm. 

pansion o f  t he  d i s t r i b u t i o n  system i n t o  the  growth areas o f  Pagosa Sprjngs. 

A schematic diagram o f  t he  o v e r a l l  design i s  shown on F i g u r e  18-1. B r i e f l y ,  

t he  system operates as fo l l ows :  

The eas t  loop  

The west loop i s  designed f o r  1000 gpm; 

This i s  t o  pe rm i t  f u t u r e  ex- 

18.2.2 

sy s tem. 

years, s 

--Clean c i t y  water i s  heated w i t h  the  geothermal f l u i d  
us ing  p l a t e  heat  exchangers. The geothermal f l u i d  
l e a v i n g  the  p l a t e  heat exchangers is then discharged t o  
the  San Juan River. 

--The c lean  heated c i t y  water i s  c i r c u l a t e d  i n  each o f  
two c losed loops by means o f  one t o  f o u r  pumps, depending 
on user demand. Each of t he  loops cons is t s  o f  l a r g e  d ia -  
meter, 6 t o  10 inch, concrete asbestos pipes, r e f e r r e d  t o  
as t r u n k l i n e s ,  and smal le r  diameter se rv i ce  p ipes  c a r r y i n g  
the  water t o  the  i n d i v i d u a l  users. Two p a r a l l e l  t r u n k l i n e s  
a r e  i n  each loop. 
t he  heated c i r c u l a t i n g  water, and an un insu la ted  r e t u r n  
t r u n k l i n e  d i r e c t s  t h e  cooled c i r c u l a t i n g  water back t o  the  
heat  exchanger. 

An i n s u l a t e d  supply t r u n k l i n e  c a r r i e s  

- - A t  t h e  te rmina l  p o i n t  o f  t h e  supply l i n e ,  i n  each loop, 
t he re  a re  f l o w  c o n t r o l  valves t o  ensure a minimal amount 
o f  h o t  water be ing  c i r c u l a t e d  a t  a l l  times. 

--The c i r c u l a t i n g  water i s  c o l l e c t e d  i n  the  r e t u r n  t r u n k l i n e  
and then rou ted  t o  t h e  heat exchangers where the  e n t i r e  
process i s  repeated. 

Component Desisn and Operat inu Cond i t ions  

Table 18-1 shows the  design opera t i ng  cond i t i ons  f o r  t he  hea t ing  

The f l o w  cond i t i ons  w i l l  n o t  be r e a l i z e d  f o r  t he  f i r s t  several  

nce i n i t i a l l y  t he  system i s  used t o  on l y  p a r t i a l  capac i ty .  
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Figure 18-1. Schematic Diagram o f  the Town Geothermal Heating 
Sys tem 
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TABLE 18-1. DESIGN OPERATING CONDITION 

Geothermal F1 u i d  C i r c u l a t i n g  F l u i d  
Pressure t 1 ow TemD. Pressure k 1 ow 

I n l e t  heat exchanger 140 30 2000 107 101 1800 

O u t l e t  heat  exchanger 114 15 2000 136 130 1800 

F igu re  18-2 shows values o f  t he 'p iezomet r i c  head, i n  ps i ,  a t  

var ious  p o i n t s  i n  the  d i s t r i b u t i o n  loops. 

t i o n  s ide  o f  t he  pump i s  a t  a pressure o f  60 ps i .  

60 p s i  s u c t i o n  pressure, c i t y  water supply i s  cross-connected i n t o  the  re -  

t u r n  l i n e s  o f  t h e  d i s t r i b u t i o n  loops  and maintained us ing  a pressure- 

reduc ing  valve. 

makeup water. 

t h e  p o s s i b i l i t y  o f  water back f low ing  i n t o  the  City water supply system. 

Pressure re lease valves and vacuum va lves  a re  a l s o  i n s t a l l e d  i n  t h e  system. 

The c i r c u l a t i n g  water a t  t h e  suc- 

To assure t h e  cons tan t  

Th is  p ressu r i zes  t h e  system and a l s o  i s  t h e  source o f  

Two back check valves a re  i n s t a l l e d  a t  t h i s  p o i n t  t o  avo id  

The pumps a t  design f l o w  r a t e s  add 70 p s i  o f  head, f o r  a n e t  

o f  130 p s i .  

heat  exchanger f u r t h e r  reduces i t  by 12.1 p s i  t o  101.0 ps i .  

i s  reduced t o  98 p s i  and 87 p s i  a t  t he  supply end o f  the  West and East  

loops, respec t i ve l y .  Th is  i s  due t o  t h e  f r i c t i o n a l  losses o f  t h e  p ipe-  

l i n e  f low. The r e t u r n  end o f  each loop  i s  60 p s i  p l u s  t h e  f r i c t i o n a l  losses  

i n  the  pipe. 

l oop  the  value i s  74.0 ps i .  

Va lv ing  and o the r  losses  drop the  pressure t o  113 p s i  and the  

The 101.0 p s i  

Th is  va lue  i s  73.0 p s i  f o r  t h e  West Loop, and f o r  t he  East 

The pressure drop a v a i l a b l e  f o r  t he  West loop i s  t h e  d i f f e r e n c e  

between 98.0 and 63.0, o r  35.0 p s i .  Th is  value i s  t he  pressure t o  be ab- 

sorbed by the  u s e r ' s  h e a t i n g  system and the  f l o w  c o n t r o l  valve. 
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The hea t ing  system w i l l  n o t  be operated a t  design c o n d i t i o n s  

f o r  t h e  f i r s t  several  years  s ince  a l l  users a re  n o t  expected t o  be on- l ine .  

Th is  does n o t  i n f l u e n c e  the  normal ope ra t i on  cond i t i ons  o r  t h e  c o n t r o l  

scheme descr ibed below. The d i s t r i b u t i o n  system operates over a broad range 

o f  cond i t i ons  t h a t  w i l l  f l u c t u a t e  d a i l y  as w e l l  as seasonally. The seasonal 

f l o w  r a t i o s  vary f rom 200 t o  2000 gpm, and da i l y  f l u c t u a t i o n s  by 250%. 

P r i n c i p a l  component design i s  as fo l l ows :  

1 )  T runk l i ne  Pipel ine--The t r u n k l i n e  p o r t i o n  o f  each o f  the  
d i s t r i b u t i o n  loops  c o n s i s t s  o f  two l a r g e  diameter p a r a l l e l  
p ipe l i nes .  
t he  users and t h e  o t h e r  r e t u r n s  the  coo led  water t o  t h e  hea t  
exchangers. 
which a r e  designed t o  a l l o w  f o r  f u t u r e  expansion o f  t he  system, 
a re  presented i n  Table 18-2 and dep ic ted  on F igu re  18-3. 

One o f  t h e  p i p e l i n e s  i s  t o  supply heated water t o  

The lengths  and diameters requ i red  f o r  each loop, 

TABLE 18-2. P I P E  S IZES AND LENGTHS FOR THE 
TRUNKLINE DISTRIBUTION LOOP 

West Loop 
S U D D ~  Y Return 

( f t i  ( f t )  

8- inch  
6 - i  nch 

10-inch 
8 - i  nch 
6- inch 

1,450 1,450 
1,000 1,000 

East Loop 

2,000 2,000 
2,300 2,300 
1,600 1,600 

2 )  Feeder Piping--Small  feeder pipes t r a n s p o r t  t he  h e a t i n g  f l u i d  
from the  main supply t r u n k l i n e  t o  the  user and then c a r r y  t h e  
cooled water i n t o  the  r e t u r n  t r u n k l i n e .  These smal le r  feeder 
l i n e s  range i n  s i z e  f rom 1 i n c h  f o r  t he  p r i v a t e  residences t o  
3 inches f o r  l a r g e r  commercial users. 
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A l l  p i p e l i n e s  are  bu r ied  below f r o s t  l i n e ,  which i s  4 f e e t  a t  
Pagosa Springs. 
b u r i e d  i n  the  same t rench w i t h  a separat ion o f  1 foo t .  
s ions t o  d r a i n  the  l i n e s ,  i n  case o f  prolonged down t imes o r  
breaks, c o n s i s t  o f  opening valves and a l l o w i n g  the  l i n e s  t o  
d r a i n  by g r a v i t y  f low. The pumps and heat  exchange equipment 
a re  l oca ted  a t  t he  low e l e v a t i o n  p o i n t  o f  the  e n t i r e  system and 
a f f o r d s  an i d e a l  l o c a t i o n  f o r  d r a i n i n g  the  system. 

Both the  supply and r e t u r n  p i p e l i n e s  are  
P rov i -  

3 )  Heat Exchangers-Two 316 SS p l a t e  heat  exchangers were speci-  
f i ed .  
capable o f  heat ing  1800 gpm o f  c i r c u l a t i n g  f l u i d  f rom 107OF t o  
136OF. 

Each exchanger i s  r a t e d  a t  13 m i l l i o n  Btu/hour and i s  

4)  C i r c u l a t i n g  Pumps--The c i r c u l a t i n g  pumps a re  r a t e d  a t  500 gpm 
and 160 f e e t  o f  head. 
pumps o f  carbon s tee l  cons t ruc t ion .  

equipment, pumps, ins t rumenta t ion ,  and c o n t r o l  equipment. The 
b u i l d i n g  i s  30 x 40 fee t ,  w i t h  a 12- foo t  c e i l i n g .  

They are  v e r t i c a l  i n l i n e  c e n t r i f u g a l  

5 )  Cont ro l  House--A c o n t r o l  b u i l d i n g  houses the  heat  exchange 

18.2.3 D i s t r i b u t i o n  Contro l  System 

The d i s t r i b u t i o n  system operates ,over a broad range o f  condi -  

t i o n s  t h a t  f l u c t u a t e  d a i l y  as w e l l  as seasonally. The main i n t e n t  o f  the  

c o n t r o l  system i s  t o  minimize bo th  the  opera t ing  cos ts  and manpower re -  

quirements t o  operate the  system. The c o n t r o l  scheme regu la tes  the c i r c u -  

l a t i n g  pumps, the  number o f  heat  exchangers i n  operat ion,  f l o w  f rom the  

geothermal we l l s ,  and temperature o f  the  c i r c u l a t i n g  water l e a v i n g  the  heat  

exchangers. The c o n t r o l  system schematic i s  presented i n  F igu re  18-2. 

The c i r c u l a t i n g  pumps are  operated based on user demand p lus  

150 gpm 

I n i t i a l  

t h a t  on 

which w i l l  be cont inuous ly  c i r c u l a t e d  through the  p i p i n g  system. 

design was f o r  the  pumps t o  operate i n  the  f o l l o w i n g  sequence; note 

y two pumps were f i n a l l y  i n s t a l l e d .  

F1 ow Rate 

150 t o  500 gpm 
500 t o  1000 gpm 

1000 t o  1500 gpm 
1500 t o  2000 gpm 

1 Pump 
2 pumps 
3 pumps 
4 pumps 

97 



L
 

aJ 
vl 
a
 

< 

L
 

aJ 
U
 
L
 
0
 

U
 

L
a

J
 

L
O

W
 

@
@

@
@

 
r

-
-

 
I I I 

v
)
 

I 
a
 

I 
5 

I 
a
 

I 
G
,
 

c
 

u
 
a
 
3
 

V
 
L
 

V
 

-
r
 

7
 

-- 

98 



' 

There i s  manual sw i t ch ing  f o r  r o t a t i n g  the  use o f  t h e  pumps. 

permi ts  an even u t i l i z a t i o n  o f  a l l  f o u r  pumps. 

Th is  f e a t u r e  

The f l o w  requirements were designed t o  be sensed by a f l o w  i n -  

d i c a t o r  on the  r e t u r n  p o r t i o n  o f  t h e  p i p i n g  network. I n  a d d i t i o n  t o  de ter -  

m in ing  the  number o f  c i r c u l a t i n g  pumps t o  be i n  operat ion,  t h e  f l o w  i n s t r u -  

ment was t o  c o n t r o l  the  number o f  heat  exchangers i n  operat ion.  

o f  l e s s  than 1000 gpm, o n l y  one heat  exchanger was t o  be i n  service.  

f lows g rea te r  than 1000 gpm, bo th  heat  exchangers should be i n  service.  

A t  f lows 

A t  

The f l o w  i n d i c a t o r  was a l s o  t o  determine t h e  number o f  geother- 

mal pumps i n  operat ion.  With f lows o f  l e s s  than 1000 gpm, one w e l l  pump i s  

t o  be opera t iona l .  

a ted  pumps a re  i n  operat ion.  

system t o  reach e q u i l i b r i u m  opera t i ng  cond i t i ons ,  a minimum c y c l e  t ime was 

A t  f lows g rea te r  than 1000 gpm, bo th  w e l l s  and associ-  

To minimize equipment wear and t o  a l l o w  t h e  

s p e c i f i e d  between on and o f f  modes o f  the  pumps and heat  exchangers. 

Flow from the  geothermal w e l l s  i s  t o  be c o n t r o l l e d  by t h e  d i s -  

charge temperature o f  t he  c i r c u l a t i n g  f l u i d .  

i s  t o  operate a t h r o t t l i n g  va lve  on t h e  geothermal supply l i n e  t o  ma in ta in  a 

constant discharge temperature from the heat exchangers. 

18.2.4 Ins t rumenta t ion  and Data C o l l e c t i o n  

Th is  temperature c o n t r o l l e r  

A c o n t r o l  panel mon i to r i ng  t h e  d i f f e r e n t  components o f  t he  d i s -  

t r i b u t i o n  system i s  l o c a t e d  i n  t h e  b u i l d i n g  housing the  hea t  exchangers 

and pumps. The panel i n d i c a t e s  which d i s t r i b u t i o n  pumps, w e l l  pumps, and 

heat  exchangers a r e  i n  operat ion.  

The f l o w  r a t e s  o f  bo th  t h e  geothermal and c i r c u l a t i n g  f l u i d s  

were t o  be measured and recorded. 

d i c a t e d  l o c a l l y  and a l s o  t o t a l i z e d  t o  a l l ow  a comparison t o  be made w i t h  

users '  meter readings t o  a c t  as a check. A t  the  heat  exchangers, t he  i n l e t  
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The f l o w  r a t e s  were designed t o  be i n -  



and outlet temperature of the geothermal and circulating fluids were de- 

signed to be measured and recorded. The geothermal fluid discharge into 

the San Juan River again was t o  be measured and recorded continuously for 

temperature and flow. 
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19.0 APPLICATION SYSTEMS DESIGN 

19.1 APPLICATION SYSTEMS OVERVIEW 

The geothermal hea t ing  system program d i d  n o t  a c t i v e l y  p a r t i c i -  

pa te  i n  t h e  design of t h e  r e s i d e n t i a l ,  commercial and p u b l i c  sec to r  users 

which hooked onto the  system. This was ins tead  performed by each i n d i v i d u a l  

customer. Nevertheless, t o  encourage an aaequate understanding o f  t he  types 

o f  systems users may need t o  use t o  augment e x i s t i n g  systems o r  f o r  new sys- 

tems necessary i n  new b u i l d i n g ,  conceptual reviews o f  user system designs 

were performed and c o s t  est imates f o r  these systems were then developed. 

These conceptual p resenta t ions  a re  g iven i n  the  f o l l o w i n g  t e x t  f o r  res iden-  

t i a l  users, commercial users, and f o r  p u b l i c  bu i l d ings .  A 2OoF temper- 

a t u r e  drop was assumed f o r  a l l  users w i t h i n  each i n d i v i d u a l  system. F igu re  

19-1 i l l u s t r a t e s  the  opera t i ng  p r i n c i p l e s  o f  t he  f o r c e d - a i r  and convec t ive  

systems discussed below. 

A. RESIDENTIAL USERS--There a re  f o u r  bas ic  approaches, o u t l i n e d  be- 

low, f o r  r e t r o f i t t i n g  p r i v a t e  residences. The cho ice  o f  which r e t r o f i t -  

t i n g  scheme t o  use f o r  each i n d i v i d u a l  home w i l l  be d i c t a t e d  by the  t ype  o f  

hea t ing  equipment i n  use. 

based on a heat demand o f  75,000 Btu/hour. 

S i z i n g  o f  t he  r e s i d e n t i a l  hea t ing  equipment was 

1 )  Heat ing C o i l  i n  E x i s t i n g  Forced-Air System--This t ype  o f  r e t r o -  

f i t  conversion i s  perhaps the  e a s i e s t  and l e a s t  c o s t l y  t o  home- 

owners. A l l  t h a t  i s  r e q u i r e d  f o r  t h i s  conversion i s  t o  rep lace  

t h e  burner element from the  furnace w i t h  a h e a t i n g  c o i l .  Th is  

type o f  conversion i s  s u i t a b l e  t o  homeowners who have e i t h e r  a 

gas o r  propane c e n t r a l  f o r c e d - a i r  system. Th is  type  o f  equip- 

ment i s  commercial ly a v a i l a b l e  and has approximate dimensions 

o f  20 inches h i g h  by 20 inches l o n g  by 2 1/2 inches deep. 
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cool Air .U 
Hot Woter Coil 

Worm Air i 
FORCED AIR 

irculating Hot Woter 

CONVECTION 

d o t i n g  Hot Woter 

HYDRONIC RADIANT FLOOR OR CEILING PANEL 

From Heof Compressor TO Heat Sink 
Source c - 

Evoporotor Condenser 

4 - 
I 

4-J Exponsion Volve 4 

HEAT PUMP 

Figure 19-1. Space-Heating Systems S u i t a b l e  f o r  Geothermal 
Applicat ions.  (Source: EG&G Idaho, Inc . )  

. 

2 )  Baseboard Radiators  -- This type o f  conversion involves  the i n -  

s t a l l a t i o n  of  small baseboard r a d i a t o r s .  Due t o  r e l a t i v e l y  low 

supply temperature,  approximately 250 l i n e a r  feet  o f  baseboard 

r a d i a t o r  w i l l  be required.  Additional p i p i n g  i s  a l s o  required 

t o  g e t  the warmed water  t o  the var ious independent r a d i a t o r s .  

This type o f  heat ing conversion would be a p p l i c a b l e  t o  homes 

which  c u r r e n t l y  have space hea te r s  i n  individual  rooms. 
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3)  Convector Un i ts -Th is  type  o f  conversion i s  s i m i l a r  t o  the  base- 

board r a d i a t o r  conversion b u t  w i t h  fan  capac i t y  t o  a s s i s t  i n  

heat exchange d i s t r i b u t i o n .  The o n l y  d i f f e r e n c e  i s  t h a t  small 

hea t ing  u n i t s  w i l l  rep lace  the  l o n g  l i n e a r  baseboards. Th is  

hea t ing  system cons is t s  o f  t h r e e  o r  f o u r  hea t ing  u n i t s  s tand ing  

about 2 f e e t  t a l l ,  3 f e e t  i n  length,  and 8 inches i n  depth. 

These u n i t s  a re  a1 so commercial ly avai  1 ab1 e. 

4) New Forced-Ai r System--An a1 t e r n a t i v e  t o  e i t h e r  the  baseboard 

r a d i a t o r s  o r  convector u n i t s  i s  t o  i n s t a l l  a new c e n t r a l  forced- 

a i r  system i n  the  home. Th is  type  o f  conversion i s  a v a i l a b l e  

t o  a l l  users who have e i t h e r  a crawl space o r  a t t i c  area i n  

t h e i r  home. 

B. COMMERCIAL USERS--The same type of conversion schemes a re  a v a i l -  

ab le  t o  commercial users. As was the  case w i t h  the  p r i v a t e  residences, t he  

approach f o r  conversion o f  t he  commercial users w i l l  be based on t h e  e x i s t -  

i n g  hea t ing  equipment. 

C. PUBLIC BUILDINGS--Six o f  t h e  p u b l i c  b u i l d i n g s  t o  be heated by 

the  system c u r r e n t l y  used h o t  water heating. 

water was heated i n  a gas furnace t o  15OoF t o  ZOOOF. The heated water 

I n  each o f  these b u i l d i n g s  

was then c i r c u l a t e d  throughout the  s t ruc tu re .  The b u i l d i n g s  us ing  h o t  water 

hea t ing  are: 

1. Town H a l l  
2. County Courthouse (new addi t i on 
3. Post O f f i c e  
4. Elementary School 
5. Middle School 
6. High School 

The h o t  water hea t ing  temperature o f  each b u i l d i n g  was lowered 

t o  14OoF f o r  the  1980-1981 win ter .  The b u i l d i n g  was then evaluated t o  
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see i f  comfortable temperatures cou ld  be maintained. 

f i t t i n g  equipment would be required. 

n e c t i n g  t h e i r  h o t  water system i n t o  t h e  supply p ipe l i ne .  

I f  so, then no r e t r o -  

The on ly  expense would be i n  con- 

I f  the  b u i l d i n g  temperature cou ld  n o t  be main ta ined a t  t he  

14OoF s e t  p o i n t ,  then t h e  temperature s e t  p o i n t  was t o  be increased u n t i l  

comfortable l e v e l s  were maintained. Using t h i s  approach the  peak heat  loads 

were t o  be ob ta ined f o r  t h e  1980-1981 hea t ing  season and converted t o  design 

cond i t ions .  The ac tua l  r e t r o f i t t i n g  equipment needs would then be known and 

the  c o s t  determined. 

u s i n g  t h e i r  e x i s t i n g  furnaces f o r  supp ly ing  peak demands. 

i n g  d u r i n g  t h e  1980-1981 w i n t e r  i n d i c a t e d  t h a t  o n l y  minimal m o d i f i c a t i o n  

would be necessary. 

These cos ts  cou ld  then be weighed aga ins t  t he  c o s t  o f  

The ac tua l  t e s t -  

19.2 ENERGY MONITORING SYSTEM-METERING 

A meter ing  scheme f o r  t he  geothermal system i s  dep ic ted  on F ig -  

u r e  19-2. The scheme c o n s i s t s  o f  two b lock  valves, one l o c a t e d  on bo th  the  

supply and r e t u r n  p i p e l i n e .  

f o r  any r o u t i n e  maintenance o r  se rv i c ing .  

a un i fo rm f l o w  o f  e n t e r i n g  t h e  home. 

usage. The the rmos ta t i c  c o n t r o l l e r  w i l l  operate a so leno id  va lve  which 

c o n t r o l s  the  f l o w  o f  h o t  water i n t o  the  house. 

Th is  a l l ows  i s o l a t i o n  o f  home h e a t i n g  systems 

A cons tan t  f l o w  va lve  assures 

A water meter i s  then used t o  measure 
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20.0 PRODUCTION SYSTEM CONSTRUCTION 

Product ion system c o n s t r u c t i o n  a t  Pagosa Springs was completed 

The f i r s t  was the  1980 w e l l  d r i l l i n g ,  complet ion i n  two separate e f f o r t s .  

and tes t i ng .  Th is  e f f o r t  was descr ibed i n  Sections 8 and 9. The second 

e f f o r t ,  which incuded i n s t a l  l a t i o n  o f  t he  produc t ion  pumps and con t ro l s ,  

occurred concur ren t l y  w i t h  the  t ransmiss ion  and d i s t r i b u t i o n  systems i n  

1981. 

The produc t ion  system as i n s t a l l e d  has th ree  s i g n i f i c a n t  

dev ia t i ons  from t h a t  designed and s p e c i f i e d  i n  the  o r i g i n a l  b i d  package. 

F i r s t ,  p roduc t ion  w e l l  PS-3 has never f o r m a l l y  been hooked i n t o  t h e  system. 

The exact reasons f o r  t h i s  a r e  n o t  e n t i r e l y  c lear .  

i s  t h a t  c u r r e n t l y  t h e r e  i s  no backup f o r  p roduc t ion  w e l l  PS-5 should t h a t  

we l l  experience f l o w  problems. Th is  c o u l d  c rea te  s i g n i f i c a n t  hardships on 

system customers i n  t h e  case o f  decreasing w e l l  product ion.  

The s i g n i f i c a n c e  o f  t h i s  

Second, a l l  p roduc t ion  fl.ow i s  c u r r e n t l y  a r t e s i a n  and ade- 

quate f o r  t he  reduced system f l o w  capac i t y  as l i m i t e d  by water r i g h t s  i s -  

sues. Product ion pump problems on PS-5 r e q u i r e d  the  removal o f  t he  c e n t r i -  

f uga l  pump f o r  maintenance and i t  has n o t  been r e i n s t a l l e d  i n t o  the  system. 

Third,  t he  produc t ion  system c o n t r o l s  were n o t  i n s t a l l e d  as spe- 

c i f i e d  i n  the  o r i g i n a l  t echn ica l  design. These produc t ion  c o n t r o l s  were t o  

au tomat i ca l l y  c o n t r o l  geothermal w e l l  f l o w  r a t e s  based on the  o u t l e t  tem- 

pera ture  o f  t he  heated c i t y  water e x i t i n g  t h e  p l a t e  heat exchanger. 

example, i f  the  heated c i t y  water t o  the  d i s t r i b u t i o n  loop was a t  lower than 

r e q u i r e d  temperature, t he  geothermal f l u i d  f l ow  r a t e  was t o  au tomat i ca l l y  

For  

.. 
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increase. 

f lows would be decreased. 

t i e d  t o  t h e  c i r c u l a t i n g  water d i s t r i b u t i o n  c o n t r o l s  which were designed t o  

au tomat i ca l l y  c o n t r o l  the water f lows t o  t h e i r  most e f f i c i e n t  l e v e l s  such 

t h a t  t he  g rea tes t  p o s s i b l e  heat energy cou ld  be ex t rac ted  from the  geo- 

thermal f l u i d .  

I f  t h e  heated water was h ighe r  i n  temperature, t he  geothermal 

Th is  c o n t r o l  system and ins t rumen ta t i on  was a l s o  

The key component t o  t h i s  c o n t r o l  system was a remotely l o -  

ca ted  microcomputer which was t o  mon i to r  and c o n t r o l  t h e  var ious  temper- 

atures,  

pressures, and f lows; t h i s  s p e c i f i c  design scheme was developed a t  Pagosa 

Spr ings'  d i r e c t i v e .  Due t o  program budget cons t ra in t s ,  however, t he  micro- 

computer was never connected i n t o  the  system. System c o n t r o l s  now are man- 

ua l  on l y  and system performance du r ing  t h e  1983-1984 season, al though very  

r e l i a b l e ,  has been l e s s  e f f i c i e n t  than would have been the  case had the  con- 

t r o l s  been i n s t a l l e d .  

The "As B u i l t "  f l o w  and ins t rumenta t ion  schematic i s  g iven  i n  

F i g u r e  20-1. 
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21.0 DISPOSAL SYSTEM CONSTRUCTION 0 

The Pagosa Spr ings d isposal  system was cons t ruc ted  as s p e c i f i e d  

i n  the  b i d  package, w i t h  two exceptions. F i r s t ,  the  p i p i n g  m a t e r i a l s  o f  

cons t ruc t i on  f rom the  p l a t e  heat  exchanger t o  the  San Juan R ive r  were 

changed from concrete asbestos t o  f i be rg lass .  

va lve  o f  the geothermal f l u i d  discharge stream i s  a manual c o n t r o l  and n o t  

automat ic as o r i g i n a l l y  designed. The c o n t r o l  systems were n o t  i n s t a l l e d  as 

o r i g i n a l l y  designed due t o  the  d e l e t i o n  o f  the  key microcomputer c o n t r o l  

component. Th is  i s  discussed i n  g rea ter  d e t a i l  i n  Sect ion 20. 

Second, the  f l o w  c o n t r o l  

109 



22.0 TRANSMISSION SYSTEM CONSTRUCTION 

The t ransmiss ion  system f o r  c a r r y i n g  geothermal f l u i d s  f rom the  

p roduc t i on  w e l l s  t o  the  p l a t e  heat  exchanger was cons t ruc ted  as s p e c i f i e d  

except f o r  one f a c t o r .  

p roduc t ion  w e l l s  t o  t h e  exchanger were changed from concre te  asbestos p i p i n g  

t o  f i b e r g l a s s  p ip ing .  

The p i p i n g  m a t e r i a l s  o f  c o n s t r u c t i o n  f rom the  
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23.0 DISTRIBUTION SYSTEM CONSTRUCTION 

The Pagosa Springs d i s t r i b u t i o n  system as cons t ruc ted  d i f f e r e d  

from the  f i n a l  design and the  o r i g i n a l  b i d  package i n  several  ways. F i r s t ,  

i t  should be noted t h a t  the o r i g i n a l  design was prepared w i t h  system objec- 

t i v e s  such t h a t  system capac i t y  cou ld  be expanded as the  system achieved 

good opera t ing  experience du r ing  e a r l y  years. 

da te  those inc reas ing  f lows; a lso ,  design drawings c o n t a i n  placement and 

space f o r  two heat  exchangers and f o u r  c i r c u l a t i n g ,  d i s t r i b u t i o n  pumps. 

I n  a c t u a l i t y ,  o n l y  one heat  exchanger and two c i r c u l a t i n g  pumps were b id .  

P i p i n g  was s i zed  t o  accommo- 

Second, t h e  i n i t i a l  b i d  cos ts  were over t h e  budgeted funds. 

Since a d d i t i o n a l  fund ing  was n o t  ava i l ab le ,  se lec ted  p o r t i o n s  o f  t he  system 

were de le ted  and the  Town performed p a r t s  o f  t he  c o n s t r u c t i o n  w i t h  in-house 

s t a f f .  For  example, t h e  c o n t r o l  room b u i l d i n g  was b i d  separa te ly  t o  save 

money; also,  the  b u i l d i n g  l o c a t i o n  was o f f s e t  approximately 20 f e e t  as com- 

pared t o  o r i g i n a l  design placement. The f i n a l  cons t ruc ted  s i z e  o f  t h e  sys- 

tem was, however, a l s o  expanded i n  two areas. The Town a p p l i e d  f o r  and r e -  

ce ived a Federal appropr ia te  technology g ran t  f o r  $50,000. Th is  was used t o  

expand the  system south t o  low-income housing u n i t s  and the Senior  C i t i z e n s '  

Center. Also, d u r i n g  A p r i l  t o  October 1983, a d i s t r i b u t i o n  system expansion 

t o  serve the  Methodist  Church and o the r  businesses on Lewis S t r e e t  was 

constructed. 

B u i l t "  drawings, Appendix 2. 

necessary t o  serve impor tan t  i n t e r e s t e d  customers and t o  thereby increase 

the  o v e r a l l  u t i l i z a t i o n  o f  t he  system. 

As noted p rev ious l y  i n  the  produc t ion  system and disposal  system 

The exac t  r o u t i n g  of t h i s  expansion i s  presented i n  the  "AS 

This Method is t  Church expansion loop was 

cases, the  c o n t r o l  systems o r i g i n a l l y  s p e c i f i e d  were n o t  i n s t a l l e d  per  the  

b i d  package due t o  t h e  d e l e t i o n  o f  t h e  microcomputer c o n t r o l  package. 
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24.0 APPLICATION SYSTEM CONSTRUCTION 
0 

Ear l y  i n  the  Pagosa Spr ings p r o j e c t ,  f i f t y  thousand d o l l a r s  

($50,000) o f  program money were designated t o  a s s i s t  i n d i v i d u a l  users t o  

r e t r o f i t  t h e i r  business o r  residence and hook the  f a c i l i t y  i n t o  the  geo- 

thermal system. 

$1,000 grants. 

t i s e  the  geothermal system, encourage p r e l  im inary  commitments t o  the  system, 

and a s s i s t  those w i t h  h igh  r e t r o f i t  costs,  a l l  t h ree  o f  which would he lp  

t h e  system achieve h igh  u t i l i z a t i o n  fac to rs .  

The money was proposed f o r  d i s t r i b u t i o n  i n  t h e  form o f  50 

The proposal o b j e c t i v e  was t o  generate i n t e r e s t  and adver- 

Dur ing  t h e  course o f  t he  p r o j e c t ,  however, t h e  program budget 

became extremely t igh t - -even f o r  t he  so le  o b j e c t i v e  o f  complet ing t h e  dis- 

t r i c t  system exc lus i ve  o f  user assistance. Therefore, r e t r o f i t  ass is tance 

was provided on ly  t o  p u b l i c  b u i l d i n g s ;  these b u i l d i n g s  a l ready  u t i l i z e d  h o t  

water heat ing  systems and r e t r o f i t  requirements were minimal. A l l  o t h e r  

user a p p l i c a t i o n  money p r e v i o u s l y  proposed was withdrawn and u t i l i z e d  t o  

complete the  remaining system cons t ruc t ion .  

The geothermal d i s t r i c t ' s  po l  i c y  i s  t o  extend d i s t r i b u t i o n  sys- 

tem l i n e s  t o  the  user p roper t y  boundary. User i n s t a l l a t i o n s  have inc luded  

bo th  h o t  water and f o r c e d - a i r  hea t ing  systems; each has performed w e l l  and 

w i t h o u t  s i g n i f i c a n t  problems us ing  these moderate temperature waters. 
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25.0 SYSTEM MANAGEMENT AND ORGANIZATION 

The Town o f  Pagosa Springs, Colorado, i s  the  so le  owner and op- 

e r a t o r  o f  the  Pagosa Spr ings Geothermal D i s t r i c t  Heat ing System. The Geo- 

thermal System Manager, designated by the  Town Manager w i t h  Town Board ap- 

proval ,  manages and operates the  system and i s  responsib le  f o r  a l l  main- 

tenance. Municipal  water system operators  and maintenance crews per form a l l  

necessary O&M funct ions.  No a d d i t i o n a l  s t a f f  personnel a re  requi red.  

Customer b i l l i n g s  are d i s t r i b u t e d  monthly; b i l l i n g s  a re  based 

on water f lows w i t h i n  the  user  f a c i l i t y .  
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26 .O 

Since product  

PRODUCTION SYSTEM PERFORMANCE 

on s t a r t u p  and acceptance t e s t  

geothermal f l u i d  p roduc t ion  has been maintained w i thout  

ng i n  F a l l  1981, 

n t e r r u p t  i o n  du r ing  

hea t ing  season periods. 

i nc lude  the  fo l low ing :  

t i o n  pump experienced v i b r a t i o n a l  problems subsequent t o  approximately s i x  

months' opera t ing  experience. 

ed under c o n t r a c t  warranty. 

f i c i e n t  t o  meet a l l  system heat  energy requirements and, even though r e p a i r -  

ed, the  pump has n o t  been r e i n s t a l l e d  i n t o  the  system. Other smal le r  opera- 

t i o n a l  problems inc luded the  d e l i v e r y  and i n s t a l l a t i o n  o f  pumps l a c k i n g  pro- 

per  packings and w i thou t  c e r t i f i e d  curves. Also, a w i r e  s t r a i n e r  l oca ted  

i n  the  l i n e  f r o m  the  geothermal w e l l s  t o  the  p l a t e  heat  exchanger i s  c o l -  

l e c t i n g  considerable shale from the  w e l l  p roduc t ion  flows. O r i g i n a l l y ,  a 

manual wash has been used t o  c lean the  screen. I n  the  fu tu re ,  t h i s  w i l l  

be changed t o  an automat ic wash conducted a t  i n t e r v a l s  o f  one t o  two hours, 

o r  as needed. 

Only minor d i f f i c u l t i e s  have been experienced and 

F i r s t ,  the  P a c i f i c  s p l i t  cas ing c e n t r i f u g a l  produc- 

The pump was taken ou t  o f  se rv i ce  and r e p a i r -  

The r e s e r v o i r  a r t e s i a n  f l ow  from PS-5 i s  suf- 

Again, i t  i s  noteworthy t h a t  systems c o n t r o l s  were n o t  i n s t a l l e d  

per  spec i f i ca t i ons ,  and system e f f i c i e n c y  de f ined a t  the  B t u  o f  heat  energy 

ex t rac ted  per  pound o f  water, has been var iab le .  This  i s  n o t  an equipment 

malfunct ion,  b u t  r a t h e r  a systems c o n t r o l  task. System e f f i c i e n c y  f o r  ex- 

t r a c t i n g  heat  i s  an impor tant  f a c t o r  when cons ider ing  long-term r e s e r v o i r  

1 i f e .  

Operator s a t i s f a c t i o n  f o r  t he  system i s  high. No unusual o r  d i f -  

f i c u l  t opera t ing  o r  maintenance problems have surfaced. 

data f o r  the p e r i o d  October 1983 t o  February 1984 are  summarized i n  Sect ions 27 

t o  29. They are  a l s o  inc luded i n  the  i n  the  specia l  r e p o r t  "Pagosa Springs Geo- 

thermal System, System Testing--October 1, 1983-February 29, 1984," which i s  a t -  

tached as Appendix 1. 

J u l y  1984 through February 1985. 

System performance 

A second s e r i e s  o f  t e s t s  were made d u r i n g  the  p e r i o d  o f  

These r e s u l t s  a re  summarized i n  Appendix 3. 
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27.0 DISPOSAL SYSTEM PERFORMANCE 

Disposal o f  the  cooled geothermal f l u i d s  i s  by sur face  discharge 

t o  the  San Juan R ive r  through approximately 300 f e e t  o f  f i b e r g l a s s  p ip ing .  

Flow c o n t r o l  i s  manual; f l o w  measurement i s  accomplished us ing  a standard 

pa rsha l l  flume. 

A l l  o f  t he  above components have performed w e l l  and w i t h o u t  d i f -  

f i c u l  ty du r ing  the  two-year performance period. 
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28.0 TRANSMISSION SYSTEM PERFORMANCE 

The geothermal f l u i d  t ransmiss ion p i p i n g  cons is t s  on l y  o f  10- 

i n c h  f i b e r g l a s s  p i p i n g  from the  PS-5 produc t ion  w e l l  t o  t h e  p l a t e  heat  

exchanger i n  the  c o n t r o l  bu i l d ing .  

d i f f i c u l t y  du r ing  the  two-season opera t i ng  per iod.  

Th is  p i p i n g  segment has operated w i thou t  
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29.0 DISTRIBUTION SYSTEM PERFORMANCE 

The geothermal d i s t r i b u t i o n  system has performed very  w e l l  and 

w i t h o u t  s i g n i f i c a n t  problems du r ing  the  two hea t ing  season periods. 

ope ra t i ona l  problems were noted du r ing  i n i t i a l  s t a r t u p  and acceptance t e s t -  

Several 

i n g  i n  l a t e  1981. 

i n  l a y i n g  t h e  t r u n k l i n e  d i s t r i b u t i o n  p ip ing .  

large-diameter asbestos-cement cons t ruc t i on ;  l a r g e  O-rings p rov ide  the  seal 

between t h e  i n d i v i d u a l  p ipe  sections. 

O-rings e i t h e r  were damaged o r  were n o t  sealed p roper l y  due t o  "s tabb ing  

methods'' used t o  b r i n g  the  p ipe  sec t ions  together. 

was soon apparent i n  the  pressur ized  p i p e l i n e  t e s t i n g ,  where h i g h  leakage 

was immediately noted. 

The f i r s t  problem r e l a t e d  t o  c o n s t r u c t i o n  techniques used 

The t r u n k l i n e  p i p i n g  i s  o f  

Dur ing  cons t ruc t i on ,  c e r t a i n  o f  t h e  

The r e s u l t i n g  poor seal  

The c o n t r a c t o r  was requ i red  t o  i d e n t i f y  and c o r r e c t  

. t h e  f a u l t y  j o i n t s  p r i o r  t o  system acceptance. 

A second problem r e l a t e d  t o  pressure f l u c t u a t i o n s  i n  the  system 

Dur ing  i n i t i a l  opera- was noted d u r i n g  f i r s t - y e a r  opera t ion  o f  t he  system. 

t i ons ,  pressure gauges recorded a con t inua l  upward creep i n  t h e  d i s t r i b u t i o n  

and c o l l e c t i o n  system pressures. 

which a re  p rese t  a t  150 ps i ,  a c t i v a t e d  au tomat i ca l l y  f o r  system p ro tec t i on .  

Review o f  t he  problem, coupled w i t h  f i e l d  inspec t ion ,  i n d i c a t e d  t h a t  c o n t r o l  

valves, which are  l o c a t e d  i n  the  f l o w  l i n e s  between t h e  supply and r e t u r n  

l i n e s ,  and which have bo th  f l o w  and, i n d i r e c t l y ,  pressure maintenance func- 

t i o n s ,  had n o t  been i n s t a l l e d .  Th is  problem has been solved and the  system 

i s  no l onger  exper ienc ing  opera t i ona l  d i f f i c u l t i e s .  

U1 t i m a t e l y ,  the  pressure re1 i e f  va lves ,  
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To summarize, t he  system has mechanical ly performed very w e l l  

du r ing  i n i t i a l  hea t ing  seasons. No s i g n i f i c a n t  opera t ion  problems have been 

experienced i n  the  pipes, pumps, and heat exchanger systems. The 316 S ta in -  

1 ess Steel  heat exchanger has performed we1 1, w i t h  approach temperatures 

c o n s i s t e n t  w i t h  design s p e c i f i c a t i o n s .  

s e r v i c e  and inspected f o r  presence of scale. 

sca le  i s  n o t  s i g n i f i c a n t ,  however. Cont ro l  systems a re  manual. They have 

operated w i t h o u t  d i f f i c u l t y ;  however, t he  d e l e t i o n  o f  automatic c o n t r o l s  has 

h u r t  day-to-day opera t i ng  e f f i c i e n c i e s  as discussed i n  subsequent sections. 

29.1 GEOTHERMAL SYSTEM OPERATIONAL EFFICIENCY 

The system has n o t  been taken from 

The good opera t ion  i n d i c a t e s  

A system e f f i c i e n c y  ana lys i s  was performed f o r  t he  October 1983- 

Th is  a n a l y s i s  was performed t o  meet requ i re -  February 29, 1984 t e s t  per iod.  

ments o f  the  one-year p roduc t ion  p e r m i t  issued by the  Colorado Department 

o f  Natura l  Resources, S ta te  Water Engineer, Groundwater Section. The t e s t -  

i n g  r e s u l t s  a re  summarized below and presented i n  g rea te r  d e t a i l  i n  Appendix 

1. 

presented i n  Appendix 3. 

29.1.1 

The data from a l a t e r  t e s t  p e r i o d  ( J u l y  1984 through February 1985) a r e  

E f f i c i e n c y  S i  gn i  f icance 

The e f f i c i e n c y  a t  which heat  energy i s  ex t rac ted  from geothermal 

waters and u t i l i z e d  throughout t h e  system i s  s i g n i f i c a n t  i n  t h a t  low heat  

u t i l i z a t i o n  e f f i c i e n c i e s  r e q u i r e  l a r g e r  geothermal f l u i d  withdrawals. This, 

i n  tu rn ,  may a f f e c t  o v e r a l l  r e s e r v o i r  pressures and r e s e r v o i r  l ongev i t y .  

Cur ren t  system opera t i ng  o b j e c t i v e s  are  t o  e x t r a c t  30 Btu  o f  

heat energy from each pound o f  geothermal water produced. 

tem opera t iona l  performance, weather data, geothermal w e l l  f l ows  and tem- 

peratures,  and the  geothermal d i s t r i b u t i o n  system, h o t  and c o l d  water f lows 

and temperatures were recorded d a i l y  d u r i n g  i n i t i a l  system opera t i on  and 

tw ice  weekly subsequent t o  system s t a b i l i z a t i o n  i n  e a r l y  1984. 

To document sys- 

I n  add i t i on ,  
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data  were taken two t imes d a i l y  du r ing  the  s p e c i f i e d  per iods  o f  October 17- 

22, 1983, and February 6-11, 1984. F i n a l l y ,  a d d i t i o n a l  a t t e n t i o n  and anal-  

y s i s  were g iven t h e  da ta  taken du r ing  the  c o l d e s t  w i n t e r  temperature p e r i o d  

o f  January 16-January 23, 1984. 

29.1.2 Resul t s  

The geothermal ope ra t i ona l  data i s  summarized i n  Table 29-1, 

The data i n d i c a t e  t h a t  t h e  which presents t y p i c a l  data from each month. 

system i s  ope ra t i ng  a t  low u t i l i z a t i o n  fac to rs .  While acknowledging t h a t  

temperature measurements may r e f l e c t  inaccuracies,  i t  i s  c l e a r  t h a t  as 

compared t o  the  opera t i ona l  goal o f  e x t r a c t i n g  heat  and thereby l ower ing  

geothermal water temperatures 3OoF, o n l y  a 16OF t o  19OF temperature 

d i f f e r e n t i a l  i s  be ing  achieved du r ing  peak demand per iods.  On many o t h e r  

occasions and e s p e c i a l l y  d u r i n g  February, the  heat  energy e x t r a c t i o n  r a t e  

was much smaller, o f t e n  o f  t he  o rde r  o f  8 B tu  per  pound o f  water. 

uary 19, which r e f l e c t e d  the  most severe hea t ing  demand o f  any day i n  the  

t e s t  per iod,  40 percent  more heat c o u l d  have been ab le  t o  have been ex t rac -  

On Jan- 

t e d  from the  geothermal f l u i d .  To accomplish t h i s  may r e q u i r e  changes i n  

t h e  c u r r e n t  system t o  a l l o w  lower  pumped c i r c u l a t i o n  rates.  

The s i g n i f i c a n c e  o f  t he  above ana lys i s  i s  t h a t  w i t h  system f l o w  

r a t e  c o n t r o l ,  geothermal w e l l  w i thdrawals  m igh t  be ab le  t o  be reduced, sub- 

j e c t  t o  system design cons t ra in t s .  

a 40 percent  g rea te r  hea t ing  l o a d  and s u b s t a n t i a l l y  improve system economics 

Conversely, t h e  Town cou ld  hook up t o  

w i t h o u t  f u r t h e r  i nc reas ing  the  requ i red  geothermal w e l l  withdrawals. 

The two one-week t e s t  per iods  o f  October 17-22 and February 6-11 

showed no s i g n i f i c a n t  v a r i a t i o n  o f  system temperatures o r  pressures w i t h  

t ime o f  day. Readings were taken a t  6:30 a.m. and 5:30 p.m. Th is  i s  a 

somewhat s u r p r i s i n g  r e s u l t  s ince  user hea t ing  demand would be expected t o  
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TABLE 29-1. PAGOSA SPRINGS GEOTHERMAL SYSTEM OPERATING DATA 

1 2 3 
Date  Lowest Degree PS-5 

Temperature Days F1 ow 

10/18/83 
10/31/83 
11/15/83 
11/30/83 

E 12/15/83 
1 /01/84 
1/19/84 
1/23/84 
1/30/84 
2/15/84 
2/29/84 

0 

35 
33 
13 
1 
4 

19 
-29 
-16 
-3 
22 
8 

16 347 
18.5 347 
33 347 
49.5 347 
45.5 347 
38.5 347 
70.5 347 
55 4 50 
43 450 
34 4 50 
37.5 450 

4 5 6 
Geo therma 1 Percent  D i s t r i b u t i o n  
Water Tem- U t i l i z a t i o n  System 

pera ture  Drop F1 ow 
( O F )  (gpm) -- 

7* .23 625 
19* e 63 450 
19" .63 450 
19" 
16 
17  
18 
5 
4 
8 
8 

e 63 4 50 
.53 450 
.56 450 
.60 450 
.16 450 
.13 450 
.26 450 
.26 450 

* Temperature d i f f e r e n c e  i s  est imated,  c o r r e c t e d  va lue  subsequent t o  gauge c a l i b r a t i o n .  

7 a 
D i s t r i b u t i o n  D i s t r i b u t i o n  

System System 
Water Temper- Energy D e l i v e r e d  
a t u r e  (Gain)  (Btu/hour)  

10 
11 
16 
16 
8 

11 
10 
7 
4 
8 
8 

3.12 
2.47 
3.6 
3.6 
1.8 
2.47 
2.24 
1.57 

.9 

1.8 
1.8 

h 



c 

vary a t  l e a s t  somewhat w i t h  time of day. As noted e a r l i e r ,  the 345 gpm 

geothermal flow r a t e  was more than adequate t o  serve current user loads 

during the peak demand per iod of January 16 t o  January 23, 1984. 
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30.0 APPLICATION SYSTEM PERFORMANCE 

30.1 PERFORMANCE SUMMARY 

R e t r o f i t  ass is tance t o  customer hea t ing  systems has been l i m i -  

t e d  t o  p u b l i c  b u i l d i n g s  w i t h  a l ready  i n s t a  

Assistance was minor and cons is ted  o n l y  o f  

Ava i l ab le  i n fo rma t ion  i n d i c a t e s  these user 

c i e n t l y  and w i t h o u t  s i g n i f i c a n t  opera t iona 
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l e d  h o t  water hea t ing  systems. 

miscel laneous p i p i n g  connections. 

systems have performed e f f i -  

p rob l  ems. 



J 

. 

37 .O CONSTRUCTION COSTS 

. 

The c o n s t r u c t i o n  cos ts  f o r  t h e  Pagosa Springs geothermal program 

a r e  presented i n  Table 31-1. 

and w e l l  d r i l l i n g  costs,  and a l s o  the  1981-1982 transmission, d i s t r i b u t i o n ,  

and disposal  system costs.  Costs r e l a t e d  t o  the  e s t a b l i s h i n g  o f  ad jud i ca ted  

water r i g h t s  and a l l  o the r  p e r m i t t i n g  a re  a l s o  included. Complete and f i n a l  

system cos ts  a re  n o t  a v a i l a b l e  as o f  t h e  r e p o r t  da te  due t o  ongoing program 

a c t i v i t i e s  r e l a t e d  t o  wa te r - r i gh ts  issues and minor equipment a d d i t i o n s /  

charges. To ta l  program cos ts  as o f  June 1984 were $1,487,620. 

These i n c l u d e  bo th  t h e  r e s e r v o i r  eva lua t i on  
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I. 

11; 

111. 

IV. 

V. 

VI. 

TABLE 31-1 
PAGOSA SPRINGS GEOTHERMAL 

PROGRAM COSTS AS OF JUNE 1984 

RESOURCE ASSESSMENT AND PRELIMINARY DESIGN 

PRODUCTION WELL COSTS 

SYSTEM FINAL DESIGN AND CONSTRUCTION 

. 
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32.0 OPERATING AND MAINTENANCE COSTS 

Operat ing and Maintenance (O&M) cos ts  i n c l u d e  those r e l a t e d  t o  

e l e c t r i c  power, l abo r ,  and r e p a i r  o r  replacement o f  mater ia ls .  

cos ts  a re  p r i m a r i l y  r e l a t e d  t o  pumping requirements; s ince  the  p roduc t i on  

w e l l s  a re  a r tes ian ,  t h e  pumping cos ts  a re  s o l e l y  d i s t r i b u t i o n  pumping costs. 

These a re  b i l l e d  on a demand bas is  and have averaged approximately $660 pe r  

month. Negot ia t ions  a re  i n  progress t o  change the  b i l l i n g  b a s i s  t o  a k i l o -  

System power 

w a t t  hour consumption basis. 

Pagosa Springs Water Department personnel operate t h e  system; 

one a d d i t i o n a l  f u l l - t i m e  employee i s  requ i red  t o  operate t h e  system. 

M a t e r i a l s  replacement cos ts  have a l s o  been minimal. Reserve 

fund ing  w i  11 be gradual l y  accumulated from opera t i ng  revenues t o  pay f o r  

long-term equipment replacement. 

The . o r i g i n a l l y  es t imated  opera t i ng  and maintenance cos ts  a r e  

presented i n  Table 32-1, and were developed on the  f o l l o w i n g  basis.  

It i s  a n t i c i p a t e d  f o r  t h e  f i r s t  several years  t h e  system w i l l  

be used t o  on l y  40 percent capac i ty  and t h e r e a f t e r  usage will i nc rease  t o  

i t s  f i n a l  design. 

d o l l a r s  f o r  bo th  p a r t i a l  and f u l l  u t i l i z a t i o n  o f  the  system. 

Fo r  t h i s  reason, O&M cos ts  have been es t imated i n  c u r r e n t  

1. Pumping--The pumping f o r  t he  c i r c u l a t i n g  l oop  w i l l  c o n s i s t  

For the  f i r s t  yea r  o f  o f  two t o  f o u r  pumps, each r e q u i r i n g  a 25-hp motor. 

operat ion,  i t  i s  est imated t h a t  one pump w i l l  be used cont inuous ly  and a 

second w i l l  be used on ly  du r ing  f o u r  months o f  t h e  year. When f u l l  capac i t y  

i s  achieved, t h e  f o l l o w i n g  i s  t he  es t imated  pump operat ion.  
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TABLE 32-1 
OPERATING AND MAINTENANCE COSTS ($/YR) 

First Year Operation Full Capacity 
(675 GPM) (1800 GPM) 

Pumping 15,600 (348,000 kWh) 23,800 (531,000 kWh) 

Maintenance 6,000 15,000 
Billing 4,000 6,000 
Treatment and Miscellaneous 2,000 4 000 

TOTAL 27,600 48,800 
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Four pumps f o r  one month 
Three pumps f o r  t h ree  months 
Two pumps f o r  s i x  months 
One pump f o r  two months 

A 1000 GPM pump r e q u i r i n g  a 20-hp motor w i l l  t r a n s p o r t  the  geothermal f l u i d  

f rom the  w e l l  t o  the  heat  exchange equipment. One such pump w i l l  be l oca ted  

a t  each o f  the  two we l ls .  When the  hea t ing  d i s t r i c t  i s  u t i l i z e d  t o  p a r t i a l  

capac i ty  f o r  the  f i r s t  year,  one pump w i l l  operate cont inuously .  A t  f u l l  

capac i t y  one pump w i l l  operate cont inuous ly  and the  second f o r  t h ree  

months. 

E l e c t r i c a l  cos ts  f o r  opera t ing  the  motors were c a l c u l a t e d  w i t h  

the  f o l l o w i n g  commercial r a t e  schedule, and assuming the  i n s t a l l e d  horse- 

power. 

2. Maintenance-From in fo rma t ion  presented i n  the  p r e l i m i n a r y  

design and subsequent d iscuss ions w i t h  the  Town o f  Pagosa Springs, a value 

o f  $15,000 was a r r i v e d  a t ,  based on the  equ iva len t  o f  one f u l l - t i m e  employee 

opera t i ng  the  system. 

3. B i l l i n g  Costs--The b i l l i n g  cos ts  w i l l  be agreed on by the  

Town, based on expenses i n c u r r e d  by the  Town i n  the  b i l l i n g  o f  t he  City 

water system. These est imates are based on the  assumption t h a t  users w i l l  

read t h e i r  own meters and a computer w i l l  be used i n  the  b i l l i n g  process. 

4. Treatment and Miscel laneous Costs--These t reatment  cos ts  

Items inc lude  chemicals f o r  c o n t r o l l i n g  algae and min imiz ing  cor ros ion .  

such as l i g h t i n g  and suppl ies f o r  a computer a re  a l s o  included. 
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33.0 SYSTEM ECONOMICS 

33.1 ECONOMIC SUMMARY 

Rigorous system economic evaluations were n o t  performed by the 

Capital cost, anticipated revenues, and Town d u r i n g  the project d u r a t i o n .  

anticipated O&M costs are presented i n  Table 33-1. 

TABLE 33-1 

Debt service i s  not a l i s t ed  expense since a l l  capital 
construction was accomplished through g r a n t  money. 

* June 1984. Total Program Cost minus DOE Program Cost 
and Municipal and School System Retrofit  assistance. 

33.2 CONSULTANT ECONOMIC ASSESSMENTS 

ICF, Inc., a Washington based consulting company, performed an 

economic evaluation of the different  DOE demonstration programs. The re- 

su l t s  o f  those evaluations, including the Pagosa Spr ings  case, are found 

. 

in the following reports: 

--Resource Assessment for Geothermal Direct Use Applications, 

DOE/ET/12099-3, Prepared by ICF, Inc., Washington, D.C. ,  and EG&G 

Idaho, Inc., Idaho Falls,  Idaho (April 1984). 

--Resource Development; System Design, Cinstruction, and Operation 

for Geothermal Direct Use Applications, DOE/ET/12099-4, Prepared 

by ICF, Inc., Washington, D.C., and EG&G Idaho, Inc., Idaho Falls,  

Idaho (September 1983). 
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APPENDIX 1 

SUMMARY REPORT 

PAGOSA SPRINGS GEOTHERMAL HEATING SYSTEM 
SYSTEM TESTING: October 1, 1983 - February 29,  1984 

Prepared For  
Town o f  Pagosa Springs,  Colorado 

For  Submittal  t o  t h e  

and t h e  
Colorado O i  1 and Gas Conservat ion Commission 

Colorado Department o f  N a t u r a l  Resources 
D i v i s i o n  o f  Water Resources 

S t a t e  Engineer 

Coury and Associates,  Inc .  
Lakewood, Colorado 80226 

March 30, 1984 
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SUMMARY REPORT 

PAGOSA SPRINGS GEOTHERMAL DISTRICT HEATING SYSTEM 
SYSTEM TESTING: October 1, 1983 - February 29, 1984 

I. INTRODUCTION AND TEST PLAN OBJECTIVES 

In October 1983, the Colorado O i l  and Gas Conservation Comnission working 
w i t h  the Colorado Divis ion of  Water Resources approved a nine-month pro- 
duc t ion  permit f o r  Pagosa Spr ings  geothermal wells PS-3 and PS-5. 
permit covered the time per iod  o f  October I983 t o  June 1984, and was con- 
d i t i o n a l  on the Town of  Pagosa Spr ings  performing add i t iona l  t e s t i n g  o f  
the geothermal system dur ing  the 1983-1984 hea t ing  season. A formal t e s t  
plan was drawn up and submi t ted  t o  the S t a t e  Engineer 's  Off ice ,  Div is ion  
of Water Resources. 
been performed c o n s i s t e n t  w i t h  p r o v i s i o n s  of  t h a t  p l an ,  t o  the extent pos- 
s i b l e  given the f i e ld  cond i t ions .  T h i s  sumnary r e p o r t  reviews the t e s t i n g  
results f o r  the time pe r iod  o f  October  1983 through February 1984. 

T h e  tes t  plan o b j e c t i v e s  a r e  a s  fo l lows:  

T h i s  

S ince  permit approval  i n  October 1983, t e s t i n g  has  

1. 

2. 

3. 

4. 

5 .  

Document d a t a ,  t o  the e x t e n t  p o s s i b l e ,  showing the impact of  PS-5 
and PS-3 geothermal we1 1 withdrawal s on o t h e r  a1 ready e x i s t i n g  h o t  
water wells r ep resen t ing  a c r o s s  s e c t i o n  o f  wells i n  the Pagosa 
Spr ings  geothermal r e s e r v o i r .  

Document PS-5 and PS-3 geothermal withdrawal requjrements r e l a t e d  
t o  ambient weather c o n d i t i o n s ,  i nc lud ing  hea t ing  degree days, 

Document geothermal system o p e r a t i o n a l  da t a  t o  e s t a b l i s h  the impor tan t  
system o p e r a t i n g  v a r i a b l e s ,  and t o  f a c i l i t a t e  the long-term opt imized 
performance of  the system, i n c l u d i n g  geothermal we1 1 withdrawal 5 ,  
hea t  exchange performance, and user energy use. 

Document ope ra t iona l  c h a r a c t e r i s t i c s  of  the geothermal d i s t r i b u t i o n  
system, a s  a func t ion  of  h o t  water  and co ld  water  re turn  tempera tures ,  
and a s  r e l a t e d  t o  hea t ing  degree  days and ambient weather condi t ions .  

The t e s t  o b j e c t i v e s  do n o t  include r e s e r v o i r  eva lua t ion ,  p r o j e c t i o n s  
o f  geothermal r e s e r v o i r  l i f e ,  o r  p r o j e c t i o n s  o f  long-term impacts 
on nearby wel l s .  
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11. SYSTEM DESCRIPTION 

The Pagosa Spr ings  geothermal d i s t r i c t  heating system provides space heat- 
i n g  to  public b u i l d i n g s ,  school f a c i l i t i e s ,  and comnercial establishments. 
A schematic diagram of the system design and controls is  shown i n  F igure  
1. During system operation, geothermal water i s  withdrawn from the h o t  
water reservoir through production well PS-5. Production well PS-3 has 
not been hooked into the d i s t r i b u t i o n  system and i s  currently shut-in. 
The geothermal waters are then directed t h r o u g h  a plate heat exchanger 
where heat i s  extracted and transferred t o  circulating City water which i s  
then pumped to  Town users. The cooled geothermal f l u i d  leaving the plate 
heat exchanger i s  discharged t o  the San Juan River i n  accordance w i t h  

Colorbdo Department of Health agreement. 

The system users individually extract  heat for  space heating purposes a t  
the i r  p o i n t  of use; the cooled water is  circulated back t o  the heat ex- 
changer and i s  then reheated by the geothermal water. 

Currently there are  nine users hooked'into the system, representing a peak 
loading of as h i g h  as 6 mil l ion  t o  7 m i l l i o n  B t u  per hour. 
equipment is  capable of extracting up  t o  30 B t u  per l b .  from the geother- 
mal waters. 

The system 

The current users and the dates a t  which they hooked i n t o  the geothermal 
system are given below: 

TABLE 1. PAGOSA SPRINGS GEOTHERMAL HEAT USERS 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

5, 1983 
12, 1983 
18, 1983 
18, 1982 
19, 1983 
31, 1983 
31, 1983 
11, 1983 
12, 1983 

The U.S. Forest Service Complex and the Pagosa Elementary School are 
expected to be hooked up  to the system i n  the future. T h i s  would repre- 
sent an additional peak loading of approximately 3 mil l ion  B t u  per hour. 
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111. GEOTHERMAL SYSTEM TESTING 

A. F i e l d  Data Taking 

The current t e s t i n g  included da ta  tak ing  from s e l e c t e d  wells and 
Pagosa Hot Spring,  as presented i n  Figure 2 and Table 2. 
da ta  were gene ra l ly  obtained i n  accordance w i t h  the o r i g i n a l  t es t  plan 
w i t h  the fo l lowing  exceptions. 
g i n a l l y  purchased by the Town d id  not  g ive  accu ra t e  flow measurement 
readings due t o  lack  of en t r a ined  suspended s o l i d s ,  due t o  lack  of gas 
bubbles,  and due t o  the d e t e r i o r a t e d  condi t ion  of  many of  the o ld ,  ex- 
i s t i n g  wells. Flow r a t e s  for PS-5 were measured by par sha l l  flume. 
Flows of other Town wells, i n  combination w i t h  o t h e r  s t reams,  were 
measured by i n s t a l l a t i o n  o f  six 90' V-notch wiers. These wiers a r e  
i n s t a l l e d  a t  var ious  l o c a t i o n s  around the Town, and the individual  
well flows a r e  no t  e a s i l y  i s o l a t e d  and a r e  t h u s  no t  a v a i l a b l e  f o r  re- 
view a t  the current time. Wier readings ' a r e  con t inua l ly  being taken, 
however. During the sp r ing  of  1984, a f t e r  space hea t ing  requirements 
have passed, the indiv idua l  wells will be s h u t  down and their respec- 

. t i v e  c o n t r i b u t i o n s  t o  the t o t a l  wier flows will be ca l cu la t ed .  
approach was d iscussed  w i t h  and approved by Chuck Liles, District 
Engineer. 

Second, well-pressure da ta  f o r  the Adobe Inn well, the Poma well, and 
the Giordano No. 1 well were not  a b l e  t o  be taken due t o  the very poor 
condi t ion  of the o r i g i n a l  we1 1 manifolding and previous ly  i n s t a l l e d  
gauges, or due  t o  t h e  absence of au thor i za t ion  t o  perform t h e  data-  
taking.  The High School well and the o ld  Methodist  Church  well are n o t  
i n  use; the High School well was frozen and was no t  a b l e  t o  be t e s t e d  
f o r  s i g n i f i c a n t  po r t ions  o f  the t e s t  period. 

The test 

First, the u l t r a s o n i c  flow meter o r i -  

T h i s  

A c i r c u l a r ,  d i a l  bourdon pressure gauge and a Marshall Type E407 ther- 
mometer were u t i l i z e d  f o r  the pressure and temperature  da ta - tak ing  
of the indiv idua l  wells. These instruments were connected u t i l i z i n g  
pre-plumbed f i t t i n g s  on the wellhead. 

B. System Impact on Surrounding Wells 

PS-5 production flows were i n i t i a t e d  on October 4 ,  1983 and were doc- 
umented throughout the t e s t  period. 
obtained f o r  PS-5 and a c r o s s  sec t ion  of  prev ious ly  e x i s t i n g  we l l s  

Pressure readings were likewise 
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INDEX TO FIGURE 2 

0 Hot well i n  ope ra t ion  

0 Hot well n o t  i n  use o r  abandoned 

HOT WELLS TC BE MONITORED 

1. County Well (Courthouse Well ) 

2. *Poma Well (Lacked Author iza t ion  W i t h o u t  
Addit ional  Support  and Modif ica t ion  

8. *Adobe Inn Well 

10. Montroy Well (Edmonds) 

11. Rumbaugh Well (Added t o  List) 

12. *Methodist Church Well 

13. High School Well 

15. *Giordano No. 1 (Spa Motel-1) 

28. Pagosa Hot Spr ings  (Level )  

29. Pagosa Spr ings  Geothermal District Heating 
System Well PS-5 

30. Pagosa Spr ings  Geothermal District Heating 
System Well PS-3 

* These wells were n o t  monitored i n  current t e s t i n g  due t o  the poor cond i t ion  
o f  the e x i s t i n g  wellhead manifolding which precluded the connecting of  t h e  
in s t rumen ta t ion  o r ,  secondly,  due t o  lack o f  a u t h o r i z a t i o n  of well owners. 
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near PS-5. These flow and pressure data a re  charted graphically 
on Figures 3 and 4; these have been smooth-curve f i t t ed  t o  i l l u s t r a t e  
the general trends of the data. 

PS-5 flow rates i n i t i a l l y  were se t  a t  395 gpm on October 4, 1983; 
there was an unplanned reduction of these rates  t o  347 gpm on Octo- 
ber 4. 
January 20, 1984. 
gpm and maintained a t  t h a t  flow through the d u r a t i o n  of the t e s t  
period. 

The pressure response to  th i s  geothermal water production for both PS- 

5 and the nearby wells and the Spring i s  as seen i n  Figures 3, 4, and 
5. All pressures dropped a t  the point of i n i t i a l  production startup. 
On January 16, a l l  wells showed consistent pressure drops which are 
not completely explainable, since PS-5 flows were n o t  increased on 
tha t  date. Weather data, which are presented i n  degree day format i n  
F i g u r e  6,  indicate tha t  very c o l d  temperatures (-16OF t o  -3OOF) 

were experienced between January 16 to.January 21, 1984. This i t s e l f  
does not explain the decreasing well pressures, however, unless flows 
from other nearby wells were ei ther  in i t ia ted  or increased substan- 
t i a l l y  d u r i n g  t h i s  period. Nearby well operations were checked. No 
such increase of flow i s  currently known, although full  knowledge of 
each well operation is n o t  available. 
these readings and which i s  potentially responsible for the noted 
pressure drop is  the possibil i ty of a malfunctioning pressure gauge. 
Pagosa Springs personnel f e l t  t h i c  to be l ike ly  a t  the time and 
changed pressure gauges i n  the January 16 t o  17 time period. 
gauge was thrown away and there i s  currently no way t o  check that 
a s  sump t i  on. 

The 347 gpm flow ra te  was then constantly maintained until 
On January 20, the flow ra te  was increased to  450 

A second possible factor g i v i n g  

The old 

Given the above analysis, there i s  no c lear  understanding regarding 
exact causes for the pressure decrease seen on January 16. 

A second decrease i n  well pressures i s  noted OR January 20; this sug- 
gests a correspondence with the increase of PS-5 production flows to  
450 gpm on t h a t  date. Again, th i s  direct  relationship i s  called into 
quest ion by the unexplained pressure decrease discussed ear l ie r  on 
January 16. Subsequent t o  January 20, a l l  well pressures and the 
S p r i n g  level stabil ized t h r o u g h o u t  the remainder of the t e s t  period. 
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Well temperature data f o r  PS-5 are  char ted  i n  F igu re  7, and are pre- 
sented as representa t ive  o f  o the r  we l l  data. No s i g n i f i c a n t  degrada- 
t i o n  of w e l l  temperatures i s  evident.  I n i t i a l  PS-5 temperatures are  

est imated t o  be of the  order  of  8OF h igh  due t o  the  u t i l i z i n g  o f  an 
unca l i b ra ted  gauge e a r l y  i n  the  tes t i ng .  

Throughout a l l  o f  t h i s  tes t i ng ,  Town o f  Pagosa Spr ings personnel have 
been i n  con tac t  w i t h  the  var ious  i n d i v i d u a l  w e l l  owners near the  PS-5 
produc t ion  we l l .  

p r e c i s e l y  measured, no s i g n i f i c a n t  f l o w  reduc t ions  i n  these sur-  

rounding w e l l s  have been documented o r  o therwise a t t r i b u t e d  t o  PS-5 
operat ion.  I n  add i t ion ,  no complaints a re  known t o  have been r e g i s -  

t e red  e i t h e r  w i t h  the  Town o r  S ta te  agencies w i t h  regards t o  impacts 

which the  geothermal system might  have had on any nearby w e l l  opera- 

t i o n  and use. 

To our knowledge, al though f lows were n o t  ab le  t o  be 

C. Goethermal System ODerational E f f i c i e n c y  

1. E f f i c i ency S i  gn i f i ca nce 

The e f f i c i e n c y  a t  which heat  ener.gy i s  ex t rac ted  from geothermal 
waters and u t i l i z e d  throughout the  system i s  s i g n i f i c a n t  i n  t h a t  
low heat  u t i l i z a t i o n  e f f i c i e n c i e s  r e q u i r e  l a r g e r  geothermal f l u i d  

withdrawals. This, i n  tur"n, may a f f e c t  o v e r a l l  r e s e r v o i r  pres- 

sures and r e s e r v o i r  l ongev i t y .  

Current  system opera t i ng  ob jec t i ves  are  t o  e x t r a c t  30 Btu o f  heat  
energy from each pound o f  geothermal water produced. To document 

system opera t iona l  performance, weather data, geothermal we1 1 
f lows and temperatures, and the  geothermal d i s t r i b u t i o n  system h o t  

and c o l d  water f lows and temperatures were recorded d a i l y  d u r i n g  

i n i t i a l  system opera t ion  and tw ice  weekly subsequent t o  system 

s t a b i l i z a t i o n  i n  e a r l y  1984. I n  add i t i on ,  t he  requ i red  data were 
taken two t imes d a i l y  du r ing  the  s p e c i f i e d  per iods  o f  October 17- 
22, 1983, and February 6-11, 1984. F i n a l l y ,  a d d i t i o n a l  a t t e n t i o n  
and ana lys is  were g iven the  data taken du r ing  the  c o l d e s t  w i n t e r  

temperature p e r i o d  o f  January 16-January 23, 1984. 

141 



c 

a. 
*' . .- .I 



2. Results 

The geothermal operational data i s  sumnarized i n  Table 3, which 
presents typical data from each month. 
cates t ha t  the desired data consistency i s  lacking. 
i f  a l l  data a re  consistent, the energy distributed to  the system 
(column 8 )  s h o u l d  increase and decrease comparably w i t h  the degree 
day data (column 3). T h i s  i s  not the case, however, as  seen by 
the calculated energy delivered on January 19. 
B t u  per hour is less  t h a n  the calculated heat delivered f o r  n u -  
merous other  days w i t h  considerably lower heating demands. 

Additionally, the calculated energy delivered decreases substan- 
t i a l l y  d u r i n g  February to  levels significantly below values i n  
October when degree day heating demands were considerably less.  
(The very low values noted on January 23 and January 30 a r e  l ike ly  
the r e su l t  of s ignif icant ly  decreased load due t o  the schools tem- 
porarily disconnecting from the system.) 
the energy delivered is dependent on flow and temperature. 

' especial ly  sensi t ive  to  accurate temperature measurement, where 
temperature variations of 1 t o  3 degrees could increase or  de- 
crease the calculated distributed energy by a s  much a s  40 percent. 
This suggests additional need f o r  calibration of temperature- 
t a k i n g  instrumentation and also suggests additional care  b e  taken 
procedurally when obtaining the temperature data. 

A review of Table 3 i n d i -  

For example, 

The 2.24 million 

The calculated value of 
I t  i s  

Flow is  t h e  other major variable ut i l ized i n  the delivered energy 
calculation. Again, additional care w i l l  have t o  be  taken to  i n -  

sure accurate flow readings a re  being obtained, b o t h  i n  flumes 
and wiers, and i n  fixed flow meter instrumentation. 

The data indicate  tha t  the system is  operating a t  low u t i l i z a -  
tion factors.  
recorded may r e f l e c t  inaccuracies, i t  i s  c lear  that  as compared to  
the operational goal of extracting heat and thereby lowering geo- 
thermal water temperatures 3OoF, only a 16OF to  19OF tem- 
perature d i f fe ren t ia l  i s  being achieved d u r i n g  peak demand peri-  
ods. 

the heat energy extraction ra te  was much smaller, often o f  the 

While acknowledging tha t  temperature measurements 

On many other occasions and especially dur ing  February, 
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TABLE 3. PAGOSA SPRINGS GEOTHERMAL SYSTEM OPERATING DATA 

1 2 
Date Lowest Degree 

Temperature Days 

10/18/83 
10/31/83 

w 11/15/83 
-P 11/30/83 

12/15/83 
1/01/84 
1 / 19/84 
1/23/84 
1/30/84 
2/ 15/84 
2 /2  9/84 

P 

35 
33 
13 
1 
4 

19 
-29 
-16 

-3 
22 
8 

16 
18.5 
33 
49.5 
45.5 
38.5 
70.5 
55 
43 
34 
37.5 

3 4 - 5  6 7 8 
PS-5 Geothermal Percent D i s t r i b u t i o n  D i s t r i b u t i o n  D i s t r i b u t i o n  
F1 ow Water Tem- U t i l i z a t i o n  System Sys tem System 

!gpm) - - '  (OF) (gpm) - ( O F )  lo6 ( B t u /  hou r 

pe ra tu re  Drop F1 ow Water Temper- Energy D e l i v e r e d  
a t u r e  (Gain) 

347 
347 
347 
347 
34 7 
347 
34 7 
450 
450 
4 50 
450 

7" 
17" 
19* 
19* 
16 
1 7  
18 

5 
4 
8 
8 

. 23 

.57 

.63 

.63 

.53 

.56 

.60 

.16 

.13 

.26 

.26 

625 
4 50 
450 
450 
450 
450 
450 
450 
450 
450 
450 

* Temperature d i f f e r e n c e  i s  est imated, co r rec ted  value subsequent t o  gauge c a l i b r a t i o n .  

11 
11 
16 
16 
a 

11 
10 

7 
4 
8 
8 

3.44 
2.47 
3.6 
3.6 
1.8 
2.47 
2.24 
1.57 
.9 

1.8 
1.8 



order of 8 B t u  per l b .  of water. On January 19, which reflected 
the most severe heating demand of any day i n  the t e s t  period, 40 
percent more heat could have been extracted from the geothermal 
fluid.  To accomplish this may require changes i n  the current 
system to  allow lower pumped circulation rates.  

The significance of the above analysis i s  tha t  w i t h  a d d i t i o n a l  
system flow rate control, geothermal we1 1 withdrawals m i g h t  be 
able t o  be reduced, subject t o  system design constraints. Conver- 
sely, the Town could hook up t o  a 40 percent greater heating load 
and substantially improve system economics w i t h o u t  further i n -  
creasing the required geothermal well withdrawals. To run a t  h i g h  

. system efficiencies will lessen the impact on nearby well owners, 
help prolong reservoir longevity,' and reduce system energy pumping 
costs. 

The two one-week t e s t  periods of October 17-22 and February 6-11 

showed no significant variation of system temperatures o r  pres- 
sures w i t h  time o f  day. Readings were taken a t  6:30 a.m. and 5:30 
p.m. 
mand would be expected to  vary a t  l eas t  somewhat w i t h  time of day. 
As noted ea r l i e r ,  the 347 t o  450 gpm geothermal flow rates were 
more than adequate t o  serve current user loads d u r i n g  the peak 
demand period of January 16 t o  January 23, 1984. 

This is  a somewhat surprising resul t  since user heating de- 

D. In i t ia l  Drawdown Data 

P roduc t ion  f l o w s  t h r o u g h  PS-5 were i n i t i a t e d  on October 4,  1983; 
i n i t i a l  flows were 395 gpm. Flows were adjusted to  347 gpm on 
October 5, 1983. Drawdown data for PS-5, PS-3, the Courthouse 
well, and the High  School well are presented i n  Figures 8 t o  13. 

A detailed hydrological analysis of these data is not  w i t h i n  the 
scope of the current tes t ing effor t ;  rather, these data represent 
backup should additional data analysis prove desirable a t  a l a t e r  
date. The unplanned change o f  PS-5 flow w i t h i n  the i n i t i a l  24- 
hour production period will add complexity to  these drawdown anal- 
yses. Figures 12 and 13 show 8-hour drawdown data collected when 
PS-5 flows were increased from 347 gpm t o  450 gpm on January 20, 

1984. Data were n o t  collected beyond eight hours; also a 600 gpm 
drawdown was n o t  performed. 
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. 
I V .  RECOMMENDATIONS FOR FUTURE TESTING 

Based on c u r r e n t  t e s t i n g  resu1ts;the f o l l o w i n g  recommendations f o r  
cont inued t e s t i n g  are  suggested: 

1. The c u r r e n t  t e s t i n g  e f f o r t  should be cont inued as planned u n t i l  
shutdown o f  t he  system i n  June 1984. 

2. S p e c i f i c  a t t e n t i o n  should be g iven bo th  t o  the  c a l i b r a t i o n  o f  
temperature and f l o w  measurement ins t rumenta t ion  and a l so  t o  the  
procedural  steps f o r  o b t a i n i n g  the  requ i red  data t o  i nsu re  the  
h ighes t  accuracy poss ib le  whi.le o b t a i n i n g  these data. 

3.  Flow measurement data us ing  the  s i x  V-notch w iers  should be 
cont inued t o  be obtained. The i n d i v i d u a l  f lows o f  these w e l l s  
should be i s o l a t e d  and q u a n t i f i e d  t o  the  g rea tes t  accuracy 
poss ib le  a t  t he  e a r l i e s t  date poss ib le ,  

4. The geothermal w e l l s  should be f l o w  t e s t e d  t o  ra tes  o f  800 t o  
1200 gpm d u r i n g  l a t e  A p r i l  t o  e a r l y  May t o  ascer ta in  impacts on 
the  r e s e r v o i r  and nearby we l ls .  These t e s t s  should be c a r e f u l l y  
planned i n  advance and performed t o  i nsu re  t h a t  the most use fu l  
t e s t i n g  i n fo rma t ion  poss ib le  w i l l  be obtained. 

These data a long w i t h  the  o the r  data c o l l e c t e d  should be summar- 
i z e d  and submi t ted t o  the  Colorado O i l  and Gas Conservation Com- 
miss ion  and the  Sta te  Eng ineer 's  O f f i c e  p r i o r  t o  J u l y  15, 1984. 

5. 
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AS-BUILT DRAWINGS 
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APPENDIX 3 

SUMMARY OF MEASUREMENTS 

ON THE PAGOSA SPRINGS GEOTHERMAL SYSTEM 

FOR THE PERIOD OF JULY 1984 THROUGH FEBRUARY 1985 

Prepared by: 
Coury and Associates, Inc. 
Lakewood, Colorado 

June 1985 
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BACKGROUND 

The Town of Pagosa Springs conducted i n i t i a l  t es t s  on the in-service 

performance of i t s  geothermal heating system d u r i n g  the period of October 

1983 th rough  February 1984. The d a t a  taken during those tes t s  are summa- 

rized i n  Appendix 1, on page 129. 

lized soon a f t e r  production rates from Well PS-5 were changed. 

shown on Figures 3 and 4 of Appendix 1 for various wells. 

of the water level in the Pagosa Hot Spr ing  (Figure 5 of Appendix 1) also 

In general, the system pressures stabi- 

This i s  

The measurements 

I 

shows a stabil izing trend. 

rectly from the Spr ing  was ini t ia ted i n  November 1983. 

continued until the flow rate from Well PS-5 was increased in la te  January. 

A t  t h a t  time the level a t  f i r s t  decreased again, b u t  then appeared t o  

s tabi l ize  w i t h i n  two or three weeks, as the t e s t  period came t o  an end. 

The level fe l l  significantly a f te r  pumping d i -  

A gradual decline 

A second t e s t  period was undertaken by the Town over the period o f  

July 1984 through February 1985. Well PS-5 was run a t  an  essentially con- 

s tant  flow rate d u r i n g  the summer.preceeding the 1984-1985 heating season. 

Dur ing  th i s  period, a d a t a  baseline was established on the basis of daily 

measurements for seven wells (including PS-5) and for the Hot Spring. 

small uncertainty exists with respect t o  this  d a t a ,  because i t  i s  not known 

i f  other wells were operated for short periods during the tes ts .  

A 

The measurements of the Spring level and  of wellhead pressures con- 

In a d d i t i o n ,  the performance of tinued d u r i n g  most of the heating season. 

the heat exchanger i n  the geothermal loop was measured a t  startup, and for 

several days thereafter. 

summarized i n  th is  Appendix 3. 

with the 1983-1984 tes ts .  

The measurements f o r  the second t e s t  period are 

Where appropriate, the results are compared 
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DATA TABULATIONS 

The original data log sheets, t h a t  were f i l l ed  o u t  i n  the f ie ld ,  were 

Some discrepancies were found t h a t  were able t o  be 

For example, d u r i n g  one time period, 

examined and organized. 

corrected by consulting w i t h  the Town. 

the temperatures as recorded on the log sheets were switched. 

cases, faulty gauges or erroneous readings were assumed. 

data show a h i g h  level of consistency. 

In other 

In general, the 

The measured values were reorganized, and then tabulated on Tables 1 

These tables show the d a t a  as presented on the log sheets, ex- th rough  4. 

cept t h a t  t h e  temperature inversions mentioned above were corrected. 

1 l i s t s  the wellhead pressures and the Spring level for the summer months of 

July and August. 

d u r i n g  the s t a r t u p  on October 4. Many measurements were made on t h a t  day t o  

keep track of the rapid changes. Table 3 summarizes the temperature read- 

ings over the following month during which conditions stabilized. Finally, 

Table 4 continues the summary of pressure readings for the end of the sum- 

Table 

Table 2 shows the temperatures around the heat exchanger 

mer, through the system startup, and for most of the heating season. 

The results are then presented graphically so t h a t  any trends can be 

more readily determined. 

1 and 2, corresponding, respectively, t o  the da ta  on Tables 2 and  3. 

ures 3, 4 and 5 summarize the pressure da ta  on Table 1. 

The temperature measurements are shown on Figures 

Fig- 

Figures 6, 7 and 

8 cover the pressure d a t a  from Table 4. 

HEAT EXCHANGER PERFORMANCE I 

The heat exchanger i s  not being loaded t o  i t s  design capac t y  because 

the number of users hooked onto  the system i s  not yet  a t  the lev 1 ant ic i -  

pated. Therefore, the reduction in temperature of the geothermal f luid,  
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between the  wel lhead and the  discharge p o i n t  f r o m  the  heat  exchanger, was 

on ly  i n  the  range o f  10°F t o  18'F d u r i n g  the t e s t  per iod.  

i s  the d i f f e rence  between the  values shown i n  the  second and t h i r d  columns 

o f  Table 3.  

reduc t ion  o f  almost 3OoF, and t h i s  was t o  occur w i t h  a f l o w  r a t e  from the  

w e l l  o f  more than double the  f l o w  r a t e  used du r ing  the  tes ts .  Thus, the  

p o t e n t i a l  heat ing  c a p a b i l i t i e s  o f  t he  system can be expected t o  be more than 

f o u r  t imes the l oad  experienced du r ing  the  tes ts .  

about double by i nc reas ing  the  f l o w  ra te ,  and then about double again by 

i nc reas ing  the temperature change. ) 

This value 

In cont ras t ,  t he  design o f  t he  system c a l l e d  f o r  a temperature 

(That i s ,  the  l oad  can 

However, i n  o rder  f o r  t h i s  h igher  r a t e  o f  heat  e x t r a c t i o n  a c t u a l l y  t o  

occur, t he  performance o f  t he  heat  exchanger must be adequate. 

performance 

exchanger i n  use would be expected t o  have a very h igh  c o e f f i c i e n t .  

were a c t u a l l y  the case, i t  would be ev ident  by a small d i f f e r e n c e  i n  tem- 

pera ture  between the  discharged geothermal water and the  loop r e t u r n  water. 

That i s ,  Columns 3 and 5 on Table 3 would show almost the  same temperature. 

The average d i f f e r e n c e  between these two columns on Table 3 i s  between 6OF 

and 7OF. 

c l o s e r  t o  l0F a t  the  hea t ing  l oad  being experienced, based on the s p e c i f i -  

ca t i ons  o f  t he  heat exchanger supp l ie r .  

The l e v e l  o f  

i s  i n d i c a t e d  by the  heat  t r a n s f e r  c o e f f i c i e n t ,  and the  heat  

I f  t h i s  

However, t h i s  temperature approach would be expected t o  be 

Several reasons cou ld  e x p l a i n  the  r e l a t i v e l y  h igh  temperature approach 

These should a l l  be c a r e f u l l y  evalu- t h a t  was measured du r ing  the  tes ts .  

ated, so t h a t  a good es t imate  can be made o f  the  system c a p a b i l i t i e s  be fore  

the  heat ing  d i s t r i c t  i s  g r e a t l y  expanded. 

be an inaccuracy i n  the  thermometers used t o  make the  measurements. These 

The s imp les t  exp lanat ion  would 

. 
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should be calibrated, and t e s t  procedures should be carefully evaluated. 

Another possible reason i s  related t o  the normal decline i n  the heat trans- 

f e r  coefficient that  i s  always experienced when the water flow rate  i s  less  

t h a n  the design value. Thus, performance would be expected to  improve sim- 

ply by increasing the flow rates. A test  should be scheduled a s  soon a s  i t  

i s  convenient t o  determine i f  this  is  the entire cause o f  the currently low 

coefficient. 

have been fouled by d i r t  o r  scale. 

mine i f  t h i s  has  occurred, and they should be cleaned i f  necessary. 

SYSTEM PRESSURES 

A t h i r d  possibil i ty i s  t h a t  the plates of the heat exchanger 

The plates should be inspected to  deter- 

The pressures across the system are shown i n  Figures 3, 4 and 5 for  

the early summer months. 

were usually made on a daily basis. In some cases, however, more t h a n  one . 

measurement was made d u r i n g  one day. 

of a l l  of the readings for t h a t  day i s  reported on the Table. 

almost two weeks elapsed w i t h o u t  any measurements being made. 

i s  shown by a dashed l ine on the Figures. 

These d a t a  are taken from Table 1. Measurements 

When th i s  occurred, an average value 

I n  one case, 

This period 

Essentially aJJ wells showed a drop  i n  pressure, t o  a new approxi-  

mately constant level, on abou t  August 7 (about 32 days after the s t a r t  of 

the t e s t s ) .  T h i s  pressure d rop  occurred because the flow rate from Well 

PS-5 was increased by about 60%, from 400 gpm t o  650 gpm. The increased 

flow rate was maintained f o r  a period of about 10 days, a f t e r  which i t  was 

returned to the 400 level. 

creased back t o  their  previous levels or, in some cases, t o  higher values. 

After t h i s  time, the pressures in general i n -  
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D u r i n g  this same period of higher flow rates from We?? P S - 5 ,  the level 

i n  the Hot Spring dropped by two to  four inches. 

Figure 5 is  inverted, so t h a t  a fa l l ing l ine  represents a fa l l ing level i n  

the Spring.)  The exact value of the drop I'n the S p r i n g  level related t o  the 

increased flow rate  is  d i f f i cu l t  t o  determine. 

on the day before the flow rate changed, indicates t h a t  the drop could have 

been four inches. 

(Note t h a t  the scale on 

Only one d a t a  point, taken 

The several prior days passed w i t h  no measurements. 

I t  is also significant,  as shown on f igures 3,  4 and 5, t h a t  the 

pressures and the S p r i n g  level quickly stabilized to  an essentially constant 

value a f t e r  the flow rate increase. The Giordano well, however, exhibited 

an ambiguous behav io r .  

c l ine,  except f o r  one low reading on day 34. 

significantly a f t e r  completion of the high flow rate tes t .  

was apparently not rea l ,  b u t  rather the resul t  of a faulty and e r r a t i c  

pressure gauge t h a t  was eventually replaced. 

I t s  pressure d i d  n o t  show the characterist ic de- 

Then, the pressure increased 

This behavior 

Figures 6 and 7 show wellhead pressures, and Figure 8 shows the Spring 

level,  for the period just before, and f o r  the four months following, the 

startup of the d i s t r i c t  heating system. 

summarized i n  Table 4, S t a r t u p  occurred on October 4 ,  which corresponds t o  

the "41 day" p o i n t  on the Figures. In  general, the pressures a l l  f e l l  fol-  

lowing  startup, and then stabil ized rather quickly a t  essentially constant 

values. I t  should be pointed o u t  again t h a t  there i s  some uncertainty w i t h  

respect t o  the impact of these d a t a  since the actual water withdrawal rates 

from the reservoir are n o t  known.  The flow a t  well PS-5 remained a t  400 

gpm. However, the average flow rates,  and day-to-day changes i n  the flow, 

from the other wells or from the Spring are n o t  known.  

These figures are based on the d a t a  

169 



3 

I n  p a r t i c u l a r ,  the  pressure a t  Well PS-5 dec l i ned  g radua l l y  over  a 

p e r i o d  o f  40 t o  50 days a f t e r  the  s ta r tup ,  and then s t a b i l i z e d  a t  about 35 

psig.  The pressure d e c l i n e  occurred sooner, and was steeper, f o r  t h e  Court- 

house and Montroy we l ls ,  b u t  these pressures s t a b i l i z e d  w i t h i n  about 20 days 

a f t e r  s ta r tup .  Th is  behavior was p a r a l l e l e d  i n  general by t h e  PS-3 and 

. Rumbaugh we l ls ,  except t h a t  the  d e c l i n e  was n o t  as steep. The School w e l l  

showed very l i t t l e ,  i f  any, pressure dec l i ne  i n  the  weeks f o l l o w i n g  system 

s ta r tup .  The data v a r i a t i o n  i s  too  g r e a t  t o  determine whether ac tua l  pres- 

sure dec l ines  occurred, o r  whether erroneous readings o r  f a u l t y  gauges were 

involved. 

l a t e r ,  b u t  t h i s  d e c l i n e  r a p i d l y  s t a b i l i z e d .  

A s p e c i f i c  .pressure d e c l i n e  d i d  occur, however, about 60 days 

The l a t t e r  behav io r  was pa ra l -  

l e l e d  a t  t he  Giordano w e l l ,  b u t  t h e  problem w i t h  t h e  pressure gauge a t  t h i s  

w e l l  makes the  data suspect. The Hot Spring, on t h e  o t h e r  hand, was essen- 

t i a l l y  unaf fec ted  by the  s ta r tup .  The l e v e l  dropped, a t  most, by one inch. 

COMPARISON WITH PRESSURE DATA FROM THE FIRST TEST PERIOD 

The r e s u l t s  o f  t h i s  second t e s t  p e r i o d  are  genera l l y  c o n s i s t e n t  w i t h  

t h e  r e s u l t s  repo r ted  i n  Appendix 1 f o r  t he  f i r s t  tes ts .  

cannot be made i n  g rea t  d e t a i l ,  however, s ince  the  f l o w  r a t e s  were n o t  t he  

same i n  bo th  cases. From Well PS-5, t h e  produc t ion  was 450 gpm dur ing  the  

f i r s t  t es ts ,  and 400 gpm d u r i n g  the  second. 

t o  a l l ow  a comparison o f  f lows from t h e  o the r  we l ls ,  o r  from t h e  Spring, 

du r ing  the  two t e s t  periods. 

The comparison 

However, no data a re  a v a i l a b l e  

Based on the  a v a i l a b l e  data, t h e  general r e s u l t s  o f  t he  two t e s t s  a re  

summarized here. A t  t he  PS-5 wellhead, the  s t a b i l i z e d  pressure was about 

30 p s i g  du r ing  the  f i r s t  t es ts ,  and about 35 p s i g  du r ing  the  recen t  res ts .  

The comparable values f o r  Well PS-3 a re  34 and 37 ps ig ;  f o r  the  Rumbaugh 
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well, they are 28 and 31 psig, respectively. A t  the Courthouse well, the 

pressure a f te r  t e s t  1 was s l ight ly  higher, a t  18 ps ig ,  compared to  the 16 

psig measured more recently. The School well was similar w i t h  values of 10 

and 8 ps ig .  

the mark dur ing  the 1984 t o  1985 tes t s ,  compared to  28 inches d u r i n g  the 

f i r s t  t e s t  period. 

The Hot Spring level appeared t o  s tabi l ize  a t  21.5 inches below 

I 
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TABLE 1.--BASELINE DATA 

WELLHEAD PRESSURES AND HOT SPRING LEVEL 

WELL 
DESIGNATION 

KEY - 

WELL NAME 

PS-3 
PS-5 
CH 
M 
R 
S 
G 
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PS-3 
PS-5 
Courthouse 
Mon t roy 
Rumba u g h 
School 
Gi ordano 



w 
U 
w 

TABLE 1 (Continued) 

DATE 

7/  6/84 
7/ 7/84 
7 /  8/84 
7/ 9/84 
7 /10/84 
7/11/84 
7/12/84 
7 /13/84 
7 /14/84 
7/15/84 

7/16/84 
7 /17/84 
7/18/84 
7/19/84 
7/20/84 

7/21/84 
7/22/84 
7/23/84 
7/24/84 
7/25/84 

WELLHEAD PRESSURES ( p s i  g)  

. I  

PS3 PS5 CH M R S G 

36 
36 

36 
36 
36 
36 
30 
36 
36 

30 
36 
36 
36 
36 

36 
36 
36 
36 

-- 

-- 

30 
30 

30 
30 
30 
30 
30 
30 
30 

30 
30 
30 
31 
28 

28 
28 
29.5 
28 

-- 

-- 

28 
28 

28 
28 
28 
28 
28 
28 
28 

28 
28 
28 
30 
30 

-- 

-- 
30 
29 
29.8 -- 

22 

23 
23 
23 
23 
23 
23 
23 
23 

23 
23 
23 
24.5 
24.5 

-- 

-- 
24.5 
24 
24 -- 

32 
32 
31 
30 
30 
30 
30 
30 
30 
30 

30 
30 
30 
30 
31.5 

31 
31 
31.5 
31 -- 

8 
8 

8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
9.5 

10 

-- 

-- 
l o  

. 9.8 
9 -- 

9 
9 

9 
9 
9 
6 
8 
8 
8 

8 
8 
8 

10 
8 

-- 
8 
9 
9.5 -- 

8/ 6/84 37 23 29.5 24.5 30 8.8 9.8 

8 /  8/84 34.5 17 27.5 22.5 27.8 6.8 9.8 
8/ 9/84 33.8 17 26.5 21.8 27.2 6.5 8 
8/10/84 32.8 1 7  27 22 27.2 6.2 9.5 

8/ 7/84 35.8 22.8 28.8 23.8 , 29.5 7 9.5 

LEVEL OF 
SPRINGS 

( inches 1 

25.5 
25.5 

25.5 
25.5 
25.5 
25.5 
25.5 
25.5 
25.5 

25.5 
25.5 
25.5 
24.8 
24 

-- 

-- 
24 
24.5 
24 -- 

23.5 
25.2 
27.2 
27.5 
27.8 
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TABLE 1 (Continued) 

WELLHEAD PRESSURES (Dsis) 

DATE PS3 PS5 CH M R S G 

8/11/84 
8/12/84 
8/13/84 
8/14/84 
8/15/84 

8/16/84 
8/17/84 
8/18/84 
8/19/84 
8/20/84 

-4 P 8/21/84 
8/22/84 
8/23/84 

w 

32.5 
32.5 
32.5 
32.5 
32.5 

32.5 
32.5 -- 
-- 

36.5 

40 
40 
40 

17 
17 
17.2 
17 
17 

17 
17 -- 
-- 
36.5 

39.2 
39.8 
37.5 

27.5 
27.5 
27.5 
27.5 
27.5 

27.5 
27.5 -- 
-- 

29.5 

30.5 
30 
30 

22 
22 
22 
22 
22 

22 
22 -- 
-- 
23.5 

25.5 
25.5 
25 

26.8 
26.5 
26.5 
26.5 
26.5 

26.5 
26.5 -- -- 
31 

33.2 
33.2 
33.5 

6.5 
6.2 
6 
6.5 
6.5 

6.8 
7 -- 
-- 

9 

10 
10.2 
10.2 

10 
10 
10 
10 
10 

11 
11 -- 
-- 
12.8 

13.5 
14 
14 

LEVEL OF 
SPRINGS 

( inches) 

27.5 
27.5 
27.5 
27.5 
27.5 

27.5 
27.5 -- -- 
26.8 

22.5 
22-5 
20.5 



0 

T I M E  - 
1007 
1008 
1013 
1015 
1017 

1020 
1023 
1027 
1033 
1039 

1053 
1055 
1057 
1100 
1105 

1110 
1115 
1120 
1125 
1130 

1135 
1140 
1145 
1150 
1155 

1200 
1230 
1240 
1245 
1250 

1305 
1310 
1315 
1320 
1325 

1330 
1335 
1340 
1350 
1355 

TABLE 2. --HEAT EXCHANGER STARTUP (OCTOBER 4, 1984 I : 
TEMPERATURE DURING THE T R A N S I T I O N  PERIOD 

PRESSURE 
, - .  TEMPERATURE BY T I M E  (OF) 

WELL WATER 

141 
141 
141 
141 
141 

141 
141 
141 
141 
141 

141 
141 
141 
141 
141 

141 
141 
141 
141 
141 

78 
140 
140 
140 
140 

140 
140 
140 
140 
140 

140 
140 
140 
140 
140 

140 
140 
140 
140 
140 

DISCHARGE 

00-  

_e- 

78 
76 
66 

65 
64 
63 
65 
64 

65 
66 
66 
67 
68 

69 
71 
73 
74 
74 

-- 
78 
81 
82 
83 

85 
90 
92 
94 
94.5 

96 
97 
86 
98 
99 

100 
100 
101 
102 
102 

LOOP SUPPLY 

128 
88 
88 
91 
93 

93 
92 
92 
92 
92 

93 
94 
94 
94 
96 

96 
97 
98 
99 
101 

102 
102 
104 
105 
106 

107 
110 
110.5 
112 
112 

113 
114 
114 
115 
115 

115 
116 
116 
117 
117 

175 

LOOP RETURN - -  * 
114 
54 
58 50 40 
62 
63 

64 
64 
63 
63 
62 

64 
65 
66 
66 
67 

68 
70 
73 
74 
74 

78 
78 

82 
83 

ai 

85 
90 
92 
93 
94 

96 
97 
97 

99 
98 

100 
100 
101 
102 
102 

56 48 
56.5 48 
57 48.5 
57.5 49 

59 50 

59 51 



P 

TABLE 2 (Continued) 

TEMPERATURE BY TIME ( O F )  PRESSURE 

TIME WELL WATER DISCHARGE LOOP SUPPLY LOOP RETURN - -  * 
7 

1400 140 103 118 103 
1405 140 103 118 103 

104 118 103 1410 140 
1415 140 105 118 103 
1420 140 105 119 104 

60 52 

1425 
1430 
1435 
1440 
1445 

140 
140 
140 
140 
140 

105 
106 
106 
106 
107 

119 
119 
119 
120 
120 

104 
104 
104 
104 
105 

107 
108 
108 
108 
109 

120 
120 
121 
121 
121 

105 
105 
105 
105 
106 

1450 
1455 
1500 
1505 
1510 

140 
140 
140 
140 
140 

61 52 

121 
121 

106 
106 
107 
107 
107 

1515 
1520 
1525 
1530 
1535 

140 
140 
140 
140 
140 

109 
110 
110 
110 
11 1 

122 
122 
122 

122 
122 
123 
123 
123 

107 
107 
107 
107 
107 

1540 
1545 
1550 
1555 
1600 

140 
140 
140 
140 
140 

111 
111 
111 
111 
111 

112 
112 
112 
113 
113 

123 
123 
123 
124 
124 

107 
108 
108 
109 
109 

1605 
1610 
1615 
1620 
1625 

140 
140 
140 
140 
140 

109 
110 
110 
110 
110 

1630 
1635 
1640 
1645 
1650 

140 
140 
140 
140 
140 

113 
114 
114 
114 
114 

124 
124 
124 
124 
124 

115 
116 
120 

125 
126 
128 

111 
113 
114 

1655 
T745 
1938 

140 
140 
140 
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DATE 

10/10/84 

10/18/84 
10/19/84 
10/20/84 
10/2 1 /84 
io/22/a4 

10/23/84 
10/24/84 
10/25/84 
10/26/84 
10/27/84 

io/28/a4 
10/29/84 
10/30/84 
10/31/84 
11/ 1/84 

11/ 2/84 
11/ 3/84 
11/ 4/84 
11/ 5/84 
11/ 6/84 

11/ 7/84 
11/ 8/84 
11/ 9/84 
11/10/84 
11/11/84 

TABLE 3--HEAT EXCHANGER OPERATION 
TEMPERATURE PROFILES OVER TIME 

TEMPERATURE BY DATE (OF) 

WELL WATER 

140 
140 

140 
140 
140 

140 

140 
140 
140 
140 
140 

-- 

-- 
140 
140 

0-  

-P 

140 -- -- 
140 
140 

140 
140 
140 
140 
140 

DISCHARGE 

125 
127 

128 
129 
130 

130 

128 
126 
126 
126 
126 

0-  

-D 

126 
128 -- -- 
124 -- 
-P 

124 
124 

124 
124 
124 
122 
123 

LOOP SUPPLY LOOP RETURN 

131 119 
132 121 

3132 120 
3133 122 
134 122 

133 122 
-- 

132 118 
130 118 

118 
118 

130 
130 
130 118 

128 118 -_ -- -- -- 
128 118 
128 118 

128 118 
128 118 
128 116 
126 116 
126 116 

177 



TABLE 4 -- SUMMARY OF OPERATING DATA (PRE- AND POST-STARTUP) 
FOR PRODUCTION WELLS PRESSURE AND HOT SPRING LEVEL 

WELL 
DESIGNATION 

PS-3 
PS-5 
CH 
M 
R 
S 
G 

178 

WELL NAME 

PS-3 
PS-5 
Courthouse 
Mon t roy 
Rumbaugh 
School 
Giordano 



TABLE 4 (Continued) 

DATE TIME RANGE* 

8/24/84 

8/25/84 

8/26/84 

8 /2 7 /84 w 
u3 

8/28/84 

8/29/84 

8/30/84 

8/31/84 

9/ 1/84 

1000 t o  1035 
1105 t o  1140 
1545 t o  1615 

805 t o  840 
1305 t o  1335 
1615 t o  1645 

730 t o  805 
1600 t o  1650 

830 t o  905 
1100 t o  1130 
1605 t o  1635 

830 t o  905 
930 t o  1005 

905 t o  940 
1630 t o  1700 

825 t o  900 
1615 t o  1645 

820 t o  855 
1610 t o  1645 

820 t o  855 
1405 t o  1440 

WELLHEAD PRESSURES ( D s i a )  

PS3 PS5 CH M R 

40 
40 
40.2 

41  
40.8 
41 

40.5 
40.5 

40 
40.5 
40 

40 
40 

40.2 
40.5 

40 
40.2 

40 
40.2 

40 
40.5 

37.5 
37.8 
37.8 

37.5 
37.5 
37.8 

37.5 
37.5 

37.8 
37.5 
37.8 

37.8 
37.5 

37.2 
37.8 

37.8 
37.5 

37.5 
37.8 

37.8 
37.3 

29.8 
29.8 
29.8 

29.8 
30 
29.5 

30.5 
30.5 

31 
30.2 
30.8 

31 
30.5 

30 
30.5 

30.8 
30.2 

31 
30.8 

30 
30 

25.5 
25.8 
25 

25 
25.5 
25.2 

25.8 
25.8 

26 
25.2 
25.2 

26 
25.5 

25.2 
25.8 

25.5 
26 

25.2 
25.2 

26 
25.8 

34 
33.2 
34.2 

34 
34 
34 

34 
34 

33.5 
33.5 
33.5 

34.2 
34.2 

33.5 
33.8 

33,5 
33.5 

33.8 
33.5 

33.5 
33.8 

S G 

9.8 
10 
10 

10.5 
10 
10 

10.5 
10.5 

10.8 
10 
10.2 

10.2 
10.2 

10 
10.5 

9.8 
10 

10 
10 

10 
10 

14 
14 
14 

14 
14 
14 

14 
14 

14.5 
14.2 
14.2 

14.2 
14.5 

14 
14.2 

12.5 
14 

11.8 
11.5 

14 
14 

LEVEL OF 
SPRINGS 

( inches 1 

20.2 
20.2 -- 

20.5 -- 

20.5 
20.5 

20.5 -- 
20.5 -- 
20.5 
20.5 

20.5 
20.5 

*This i s  the t ime p e r i o d  over which a l l  t he  readings were made, beginning w i t h  the  Well PS3 pressure 
and ending w i t h  t h e  spr ings  l e v e l .  

. " 
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TABLE 4 (Continued) 

DATE 

9/ 2/84 

9/ 3/84 

9/ 4/84 

9/ 5/84 

9/ 6/84 

9/ 7/84 

c-. 
a3 
0 

9/ 8/84 

9/ 9/84 

9/10/84 

9/11/84 

9/12/84 

9/13/84 

TIME RANGE* 

825 t o  900 
1330 t o  1403 

820 t o  855 
1500 t o  1535 

805 t o  840 

810 t o  845 -- 
820 t o  -- 
820 t o  855 

530 t o  905 
1605 t o  1640 

820 t o  855 
1605 t o  1640 

820 t o  855 
1610 t o  1645 

-.. 

820 t o  855 

-- 

LEVEL OF 
WELLHEAD PRESSURES ( p s i g )  SPRINGS 

PS3 PS5 CH M R S G ( inches ) 

40 
40.2 

40 
40.5 

40.5 

40.5 
4 1  

40.2 

40.2 

40.2 
40.2 

40.2 
40.2 

40.5 
40.8 

4 1  

40.2 

40.5 

37.8 
37.8 

37.5 
37.8 

38 

38.2 
37.8 

38.2 

38 

38 
38 

38 
38.2 

38.2 
38.2 

37.8 

37.8 

37.8 

30 
30 

29.8 
30.2 

31 

30.2 
30.2 

30 

29.5 

30 
29.8 

30.2 
30.2 

30 
30.5 

30 

30 

30 

25.8 
25.8 

25.5 
25.8 

26 

25.5 
26.2 

26.2 

25.2 

26.2 
26.2 

26 
26 

25.8 
25.5 

26.2 

25.8 

26 

33.5 
33.8 

33.5 
33.5 

33.8 

34.5 
34.2 

34.2 

34.2 

34.2 
34.2 

34.2 
34.2 

33.8 
34 

34.2 

34.8 

33.8 

10 
10 

10 
10 

10.8 

.ll 
11 

10.8 

10.5 

10.8 
10.5 

10.8 
10.5 

10 
10.2 

10.2 

10.5 

10.8 

14 
14 

14 
14 

14 

14 
14 

14.2 

14.2 

14.2 
14.2 

14.5 
14 

14 
14 

14 

14.2 

14.2 

20.5 
20.5 

20.5 
20.5 

20.4 

20.4 
20.4 

20.2 

20.5 

20.5 
20.5 

20.5 
20.5 

20.5 
20.5 

20.5 

20.5 

20.5 

*This i s  the  t ime  p e r i o d  over which a l l  t h e  readings were made, beginning w i t h  t h e  Well PS3 pressure 
and ending w i t h  t h e  springs l e v e l .  
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TABLE 4 (Continued) 

WELLHEAD PRESSURES ( p s i g )  

DATE 

9/14/84 

9/ 18/84 

9/20/84 

9/21/84 

9 /24 /84 

9/28/84 

+ 9/29/84 
E 

9/30/84 

10/ 2/84 

10/ 3/84 

10/ 5/84 

10/ 6/84 

10/ 7/84 

1 O/ 10/84 

10/11/84 

TIME RANGE* 

805 t o  840 

815 t o  850 

815 t o  855 

830 t o  905 

830 t o  905 

845 t o  935 

810 t o  845 

840 t o  915 

820 t o  855 

820 t o  855 

905 t o  930 

835 t o  910 

840 t o  915 

1600 t o  1650 

810 t o  845 

PS3 PS5 CH M 
I .  

40.5 

41.2 

40.8 

40.8 

41.2 

40.5 

40.5 

40.2 

39.2 

39 

38.5 

38.5 

38.8 

39.2 

38.5 

37.5 

37.8 

37.5 

38 

37.8 

37.5 

37.5 

37.5 

36.8 

36.5 

36 

36 

36 

36.8 

36.5 

30.2 

30 

30.2 

30 

30.2 

29.5 

29 -2 

29.5 

26.5 

22 

18.5 

19.5 

19.2 

22 

21.5 

26 

26 

26 

26 -2  

26 

25.5 

2535 

25.5 

22.2 

21  

18.2 

18.2 

18.8 

19 

18.8 

R S G 

33.2 

33.2 

33e.5 

33-5  

33.5 

33.2 

33.2 

33.2 

31.2 

31.2 

30.8 

30.2 

30.5 

31.8 

30.8 

10.8 

10 

10.2 

10.2 

10.5 

10.2 

10.2 

10.5 

10 

9.8 

8.8 

8.8 

0.8 

10.8 

10.5 

14.2 

14.5 

14.5 

14.2 

14.2 

14.2 

14.5 

14.2 

14.2 

14.2 

-- 
13 

13.2 

14.5 

14.2 

LEVEL OF 
SPRINGS 

( i n c h e s )  

20.5 

20.5 

20.2 

20.2 

-- 
20.8 

20.8 

20.8 

21  

21  

-- 

21 

21  

-- 
2 1  

*This i s  the t ime  p e r i o d  over which a l l  the  readings were made, beg inn ing  w i t h  the  Well PS3 pressure 
and ending w i t h  t h e  springs l e v e l .  



TABLE 4 (Continued) 

DATE TIME RANGE* 

WELLHEAD PRESSURES ( p s i  g)  

PS3 

10/24/84 

10/25/84 

11/ 7/84 

11/ 8/84 

11/ 9/84 

1 1 /2  6/84 

I’ 11/29/84 

11/30/84 

12 /  3/84 

12/14/84 

12/17/84 

12/18/84 

12/19/84 

1/ 2/85 

1/16/85 

I- 
03 

1620 t o  1755 

815 t o  850 

915 t o  955 

910 t o  945 

910 t o  945 

1045 t o  1120 

935 t o  1005 

_- 
1415 t o  1450 

1025 t o  1100 

825 t o  900 

935 t o  1010 

835 t o  910 

815 t o  850 

810 t o  840 

38.2 

37 

38 

38 

38.5 

38 

38.2 

38 

37.8 

37.8 

38.5 

38.2 

38 

37.2 

37.2 

PS5 CH M 

36 

36 

36 

35.8 

36 

35.2 

35.8 

35.2 

35.2 

35.2 

35.2 

35 

35.5 

35.5 

35.2 

19.2 

18.8 

19.8 

19.5 

19.2,  

19.5 

20.2 

19.8 

19.5 

20 

20 

19.8 

14.5 

19 

19.5 

17.5 

16 

18.8 

16.8 

16 

17.2 

16.2 

17 

17 

17.2 

17.2 

17 

17 

17 

17 

R S G 

30 

31.2 

30.8 

30.2 

30 

30.5 

30 

30.5 

30.5 

29.8 

30 

30.5 

31 

29.5 

31 

9 

9.2 

9.2 

9.8 

9.2 

10 

9 

10 

8.8 

7.2 

-- 
-- 
-- 

7.5 

8.2 

12  

12 

13 

13 

13 

12 

12 

12 

11.5 

8.5 

8.5 

8.8 

8 

8.5 

9 

LEVEL OF 
SPRINGS 

( inches)  

22.5 

21  

2 1  

21 

2 1  

21.5 

21.5 

21.5 

21.5 

21.2 

21.5 

21.5 

21.2 

21.5 

21.5 

*This i s  the  t ime p e r i o d  over  which a l l  t h e  readings were made, beginning w i t h  t h e  Well PS3 pressure 
and ending w i t h  t h e  spr ings l e v e l .  



TABLE 4 (Continued) 

DATE 

1/18/85 

1/2 1 /85 

1/23/85 

1/25/85 

1/30/85 

2/ 1/85 
w 
03 

2/ -/85 

2/ 6/85 

. 2/ 8/85 

2/11/85 

2/13/85 

2/19/85 

TIME RANGE* 

815 t o  850 

805 t o  840 

810 t o  845 

1000 t o  1055 

820 t o  900 

830 t o  905 

815 t o  850 

1305 t o  1340 

815 t o  850 

830 t o  905 

1100 t o  1135 

-- 

WELLHEAD PRESSURES (ps ig)  

PS3 PS5 CH M R S G 

37.5 

37.5 

37.8 

37.2 

37.8 

37.2 

37 

38 

37.5 

37.2 

37.5 

37.5 

35.5 

35.5 

35.2 

35.2 

35.8 

35.5 

35.5 

35.8 

35.2 

35 

35.5 

35.5 

19 

19.2 

18.8 

19.2 

18 

18.5 

18.8 

19.5 

18.2 

18 

17.5 

17.8 

16.8 

17.2 

16.5 

17.2 

17.2 

17 

17.5 

17.2 

15 

13.8 

14 

16.5 

30.5 

30.8 

30.5 

30.2 

31.2 

31 

31.2 

30.8 

30.8 

30.8 

30 

31 -5  

8.2 

8.2 

8.8 

8.5 

8.5 

-- 
8 

8.2 

8.5 

-- 
8.2 

9 

9 

9 

8.8 

8 

8 

9 

6 

8 

18 

-- 
38 

39 

LEVEL OF 
SPRINGS 

( inches)  

21.5 

21.5 

21.5 

21 

21.5 

21.5 

21.5 

21.5 

21.5 

21.5 

21.5 

21.5 

*This i s  the t ime  p e r i o d  over which a l l  t he  readings were made, beg inn ing  w i t h  t h e  Well PS3 pressure 
and ending w i t h  t h e  spr ings  l e v e l .  
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