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I F i n d  e n c l o s e d  t h e  f i n a l  r e p o r t  f o r  Gran t  No .  DE FG 48 7912800430 
of t h e  Appropriate Technology Smal l  G r a n t s  Program. T h i s  g r a n t  
w a s  f o r  t h e  p e r i o d  Nov. 15, 1979 t o  Nov. 15, 1981 and e v e r y  e f for t  
is made here t o  have  t h i s  r e p o r t  t o  you by  t h e  l a t t e r  date.  

The p r imary  c a p i t a l  e x p e n s e s  and c o n s t r u c t i o n  have been per formed 
f o r  t h e  g r a n t  program. A heat exchanger  b u i l d i n g  w i t h  a l l  equipment  
and controls  h a s  been  c o n s t r u c t e d  and h e a t  c i r c u i t s  l e d  t o  t h r e e  
b u i l d i n g s  on t h e  Colorado T i m b e r l i n e  Academy campus. A series of 
e x p e r i m e n t s  h a s  been  conduc ted  t o  d e t e r m i n e  t h e  e x p e c t e d  rate 
of h e a t  l o s s  f o r  p a n e l s  a t  t h e  t e m p e r a t u r e  of  t h e  geo the rma l  waters 
of t h e  P i n k e r t o n  H o t  S p r i n g s .  

U n f o r t u n a t e l y ,  t h e  ob jec t ive  of hav ing  t h e  s p r i n g  water r e r o u t e d  
has  n o t  been  m e t .  The Colorado Highway Department agreed ( n o t  i n  
w r i t i n g  unfortunately) t o  r o u t e  t h e  s p r i n g  water pas t  a chosen  

f l o c a t i o n  i n  i n s u l a t e d  p i p e  t o  t h e  o r i g i n a l  waste l o c a t i o n  of 
t h i s t o r i c a l  u s e ,  t h u s  e n d i n g  t h e  p r e s e n t  "temporary" s i t u a t i o n  of 

s p r i n g  r o u t i n g  due  t o  cons t ruc t ion  of a highway i n  1977. The 
I matter of w h e t h e r  or n o t  t h e  s p r i n g s  w i l l  e v e n t u a l l y  be r o u t e d  
I as  promised h i n g e s  on avai lable  c o n s t r u c t i o n  f u n d s  w i t h  t h e  CDH. 

1 The p r o j e c t  is n o t  w i t h o u t  good r e s u l t s  and a u s e f u l  e f f o r t  toward 
I completion, however. The p a n e l  h e a t  l o s s  t e s t s  were s u c c e s s f u l l y  

r u n  and summarized. Classes on t h e  geothermal r e s o u r c e  were conducted  L 
a t  Co lo rado  T i m b e r l i n e  Academy , and CTA s t u d e n t s  were able  t o  o b s e r v e  

1 t h e  e f for t  th roughou t  t h e  p e r i o d .  T h e  heat exchange t a n k  h a s  been  
I heated by  o t h e r  means and t h e  c i r c u i t s  tested for  t h e i r  c a p a b i l i t i e s .  

o v e r  t h e  course of t h e  w i n t e r  d u r i n g  c o l d  wea the r  w i t h  t h e  a l te rna te  
t a n k  heat s o u r c e  t o  assess t h e  per formance  of t h e  s y s t e m  when t h e  
geothermal waters are r o u t e d  th rough  it .  Pa r t  of t h e  l a s t  payment 
f o r  this g r a n t  w i l l  be s p e n t  on  t h e  n e c e s s a r y  v a l v i n g ,  etc t o  allow 
c o n n e c t i o n  o f  t h e  geothermal waters when r e r o u t e d .  
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I The p r e s e n t  p l a n  is t o  conduct  a series of data c o l l e c t i o n  e x p e r i m e n t s  
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ABSTRACT 

T h i s  T e c h n i c a l  Repor t  d e s c r i b e s  t h e  e f f o r t s  t o  e s t a b l i s h  a greater p o o l  . of knowledge i n  t h e  f i e l d  of l o w  t e m p e r a t u r e  heat t r a n s f e r  f o r  t h e  a p p l i -  
cation of geothermal  s p r i n g  waters t o  s p a c e  h e a t i n g .  

A comprehens ive  set of  h e a t  l o s s  e x p e r i m e n t s  i n v o l v i n g  p a s s i v e  r a d i a n t  
h e a t i n g  p a n e l s  is conduc ted  and  t h e  r e s u l t s  p r e s e n t e d  i n  an  e a s i l y  i n t e r p r e t -  
a b l e  form. Among t h e  c o n c l u s i o n s  are t h e  f a c t s  t h a t  h e a t i n g  a 65-70 Fo 
s p a c e  w i t h  90-100 Fo l i q u i d s  is a p r a c t i c a l  a i m .  The r e s u l t s  are compared 
w i t h  t h e  much lower  ra tes  p u b l i s h e d  i n  t h e  American S o c i e t y  o f  H e a t i n g  
R e f r i g e r a t i o n  and A i r  C o n d i t i o n i n g  E n g i n e e r s  SYSTEMS , 1976.  

A h e a t  exchange chamber c o n s i s t i n g  o f  a 1000 g a l l o n  t h r e e  compartment,  
i n s u l a t e d  and  b u r i e d  t a n k  is c o n s t r u c t e d  and  a control and pumping b u i l d i n g  
e r e c t e d  over t h e  t a n k .  The t a n k  is i n t e n d e d  t o  h a n d l e  t h e  f l o w  o f  
g e o t h e r m a l  waters from P i n k e r t o n  H o t  S p r i n g s  a t  50 GPM p r i o r  t o  t h e  w a s t -  
i n g  of t h e  s p r i n g  water a t  a d i s p o s a l '  l o c a t i o n .  Approximately 375,000 
BTU p e r  h o u r  s h o u l d  b e  a v a i l a b l e  for  h e a t i n g  assuming a 15 Fo d r o p  i n  
water t e m p e r a t u r e .  

A combina t ion  o f  t h e  p a n e l  h e a t  l o s s  e x p e r i m e n t s ,  c o n s t r u c t i o n  of t h e  
h e a t  exchange  devices and ongoing  c o l l e c t i o n  of h e a t  l o s s  numbers a d d s  
t o  t h e  knowledge a v a i l a b l e  t o  e n g i n e e r s  i n  s i z i n g  l o w  t e m p e r a t u r e  h e a t  
s y s t e m s ,  u s e f u l  i n  b o t h  s o l a r  and geo the rma l  a p p l i c a t i o n s  where s o u r c e  
t e m p e r a t u r e  may b e  o f t e n  below 110 FO. 
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INTRODUCTION 

The P i n k e r t o n  H o t  S p r i n g s  are located N o r t h  of Durango, Co lo rado  
a p p r o x i m a t e l y  13 m i l e s  a t  t h e  p r e s e n t  Co lo rado  T i m b e r l i n e  Academy. 

The h i s t o r y  of t h e  u s e  of these s p r i n g  waters h a s  been for  spa and 
swimming pool u s e s  as  t h e  P i n k e r t o n  H o t  S p r i n g s  Resort and t h e  

E l  Rancho E n c a n t a d o  i n  t h e  1950's and 1960's. The s p r i n g  f e l l  o u t  
of any u s e  o f  any k i n d  i n  t h e  1970's and now is s i m p l y  emptying 
upon t h e  g rounds  of Colorado  T i m b e r l i n e  Academy and w a s t i n g  i t s  
hea t  t o  t h e  atmosphere. 

h e a t i n g  p u r p o s e s  c o u l d  serve t o  lower  g r e a t l y  t h e  heat needs  of 
Co lo rado  T i m b e r l i n e  Academy and i ts  25 b u i l d i n g s  w i t h  p r o p e r  a p p l i c a t i o n  
of l o w  t e m p e r a t u r e  h e a t i n g  t echno logy .  Any s y s t e m  t o  be developed  
c o u l d  be augmented by s o l a r  co l lec tors  e tc ,  as t h e  heat range is 

The  p o t e n t i a l  of 375,000 BTU's  p e r  hour  a v a i l a b l e  f o r  space 

a s i m i l a r  one  i n  which t o  operate. 

w i t h  t h i s  f u t u r e  u s e  i n  mind. I n  a d d i t i o n  i n f o r m a t i o n  c o u l d  be c o l l -  

s imilar  projects.  T h e r e  are a large number of l o w  t e m p e r a t u r e  w a r m  
geothermal s o u r c e s ,  as w e l l  a s  a number of l o w  t e m p e r a t u r e  s o l a r  
a p p l i c a t i o n s  t h a t  s u c h  knowledge c o u l d  be appl ied  to .  

Sys tems Company were tested f o r  t h e i r  per formance  i n  t h e  heat r e g i o n  
of i n t e r e s t .  These  p a n e l s  were f l a t  p l a t e  aluminum w i t h  a coppe r  
t u b i n g  a f f i x e d  t o  t h e  back.  A number of w e l l  d i s t r i b u t e d  heat r u n s  
were made t o  d e t e r m i n e  a re la t ion  be tween  t h e  BTU p e r  hour  p e r  s q u a r e  
foot  t o  b e  e x p e c t e d  from such  p a n e l s  and t h e  d i f f e r e n c e  between a i r  
t e m p e r a t u r e  and p a n e l  t e m p e r a t u r e .  The re  is l i t t l e  commercially 
a v a i l a b l e  data on  such  heat t r ans fe r .  Forced  h y d r o n i c  c o n v e c t o r s  
t y p i c a l l y  have  described t h e  h e a t  l o s s  character is t ics  i n  a similar 
manner. The expe r imen t  c o n t i n u e s  by  i n s t a l l i n g  p a s s i v e  p a n e l s  i n  
one  c a b i n  of 1 2  b y  24 f o o t  dimension and t w o  d i f f e r e n t  t y p e s  of 
forced c o n v e c t o r  i n  t w o  o ther  i d e n t i c a l  c a b i n s ,  t o  compare t h e  

per formance  of these heaters a t  l o w  t e m p e r a t u r e s  w i t h i n  30 Fo of 
t h e  ambient  a i r  t e m p e r a t u r e .  

The p r o p o s a l  made t o  t h e  A p p r o p r i a t e  Technology Program w a s  made 
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The p r imary  c a p i t a l  e x p e n d i t u r e  of t h i s  p r o j e c t  is  t h e  
f c o n s t r u c t i o n  of  a h e a t  exchange t a n k  and pump and c o n t r o l  room. 
T h i s  cons i s t s  o f  a 1000 gal lon concrete b u r i e d  t a n k ,  i n s u l a t e d  t o  
R-16 on f i v e  s i d e s  w i t h  a 5 f o o t  by 8 f o o t  house  b u i l t  on t h e  t o p .  
T h i s  house  e n c l o s e s  t h r e e  comple te  h e a t i n g  l o o p s  c o n s i s t i n g  of 

pump, heat exchange r ,  p i p i n g ,  h e a t i n g  ' dev ice ,  expans ion  t a n k ,  
water meter, hour  meter, d i f f e r e n t i a l  t e m p e r a t u r e  t h e r m o s t a t ,  
p r e s s u r e  gauges ,  a i r  release v a l v e s ,  and e x t e n s i v e  thermometry 
i n  t h e  h e a t e d  b u i l d i n g s  and on t h e  h e a t i n g  c i r c u i t s  t hemse lves .  
The c o n s t r u c t i o n  o f  t h i s  p o r t i o n  consumed t h e  t i m e  of one i n d i v i d u a l  
and  sometimes t w o  f o r  f o u r  months. 

I n i t i a l  tes t  were t h e n  run  t o  d e t e r m i n e  what h e a t  l o s s  rates 
c o u l d  b e  e x p e c t e d  i n  s i t u  from t h e  t h r e e  h e a t i n g  sys t ems .  These  
i n i t i a l  sets of data w i l l  be expanded on i n  coming y e a r s  t h rough  
a c o n t i n u i n g  e f f o r t  a t  t h e  Colorado  T i m b e r l i n e  Academy. 

C o u r s e s  i n  e n e r g y  and geothermal  a p p l i c a t i o n s  were o f f e r e d  a t  
t h e  Co lo rado  T i m b e r l i n e  Academy i n  t h e  S p r i n g  of 1981 and F a l l  
o f  1981. Notes from t h a t  c o u r s e  are i n c l u d e d  w i t h  t h e  r e p o r t  
i n  t h e  appendix .  The r e s u l t  o f  t h e s e  c o u r s e  o f f e r i n g s  w a s  a 
h e i g h t e n e d  i n t e r e s t  i n  t h e  geo the rma l  r e s o u r c e  f l o w i n g  across t h e  
s c h o o l  p r o p e r t y  by some o f  t h e  s t u d e n t s  i n v o l v e d ,  A d d i t i o n a l l y ,  
a geo the rma l  p r e s e n t a t i o n  w a s  made a t  t h e  Energy F a i r  i n  Durango 
on  September  25,~26 and 27 1981, 

Another  i m p o r t a n t  p a r t  of t h i s  g r a n t  program w a s  e d u c a t i o n a l .  

Funds from t h i s  g r a n t  w e r e  also u s e d  t o  col lect  i n f o r m a t i o n  
from and v i s i t  Pagosa  S p r i n g s  Colorado  and i ts  u n d e r  c o n s t r u c t i o n  
p r o j e c t  f o r  geo the rma l  h e a t i n g .  A l s o  t h e  Ouray, Colo rado  geothermal  
r e s o u r c e  w a s  v i s i t e d  as w e l l  as t h e  small  local  s p r i n g s .  
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REPORT CONCLUSIONS 

The p r o p o s a l  f o r  t h e  g r a n t  f o r  t h i s  p r o j e c t  w a s  w r i t t e n  as 
a P r o j e c t  Development P r o p o s a l ,  d e f i n e d  i n  t h e  1979 Program Announce- 
m e n t  t o  ' "br ing a concep t  t h rough  t h e  d e s i g n ,  assembly and  l a b o r a t o r y  
scale t e s t i n g  i n  order t o  d e t e r m i n e  i ts  t e c h n i c a l  f e a s i b i l i t y  and 
p o t e n t i a l  use" .  "A p r o p o s a l  i n  t h i s  c a t e g o r y  s h o u l d  examine a s p e c i f i c  
ene rgy  problem and d e v e l o p  a s o l u t i o n .  T h i s  c a t e g o r y  i n c l u d e s  s t u d i e s  
i n v e s t i g a t i o n s ,  and developement  of hardware ,  s y s t e m s  or  o t h e r  means 
f o r  e x p e r i m e n t a l  or o p e r a t i o n a l  tests." 

U s i n g  t h e  above d e f i n i t i o n  a s  a g u i d e ,  t h e  f u n d i n g  by DOE h a s  
been v e r y  s u c c e s s f u l .  Co lo rado  T i m b e r l i n e  Academy h a s  i n s t a l l e d  on 
its campus a h e a t  exchange  f a c i l i t y  f o r  t h e  p u r p o s e  of  h e a t i n g  b u i l d i n g  
s p a c e  w i t h  geo the rma l  ene rgy .  The equipment f o r  t h e  heat exchange 
b u i l d i n g ,  t a n k ,  d i s t r i b u t i o n  sys t em,  and test equipment and  r e c o r d i n g  
d e v i c e s  have  been  p r o c u r e d  and or c o n s t r u c t e d  w i t h  t h e  g ran t  f u n d s ,  
and are s u c c e s s f u l l y  o p e r a t i o n a l .  T h i s  is a cap i t a l  inves tmen t  t h a t  
CTA would n o t  have  been  l i k e l y  t o  make on its own i n  t h e  n e a r  f u t u r e  
due  t o  a v e r y  s t r i n g e n t  o p e r a t i n g  budget  t h a t  just meets o p e r a t i o n  
and main tenance  w i t h  l i t t l e  l e f t  f o r  c a p i t a l  e x p e n d i t u r e .  Thus,  t h e  
program h a s  a l l o w e d  CTA t o  have  i n  p l a c e  a geo the rma l  h e a t i n g  sys t em 
t h a t  can  g u i d e  f u t u r e  b u i l d i n g  c o n s t r u c t i o n ,  once  data  from t h e  
sys t em is g a t h e r e d  and c o n c l u s i o n s  drawn, as  t o  methods of u s i n g  t h e  

geo the rma l  waters f o r  f u r t h e r  h e a t i n g .  
An i m p o r t a n t  a s p e c t  o f  t h e  p r o j e c t  development i d e a  is t h e  

u t i l i z a t i o n  of t e c h n i q u e s  t h a t  are  f irst  conce ived  through much 
t h o u g h t  and d i s c u s s i o n ,  t h e  e x i s t i n g  mater ia l s  marke t  examined f o r  
a d a p t a b l e  components,  and  t h e  assembly o f  those components i n  a way 
assumed t o  b e  e f f e c t i v e .  To t h i s  end t h e  p a n e l  heat  loss expe r imen t s  
were v e r y  v a l u a b l e .  The l i t e r a t u r e  o n  low t e m p e r a t u r e  h e a t  t r a n s f e r  
is scarce, and  i n  t h e  case of ASHRAE i n f o r m a t i o n  seems t o  c o n t r a d i c t  
o u r  f i n d i n g s .  The r e s u l t s  of t h o s e  e x p e r i m e n t s  gave  u s  a 5 e t t e r  
i d e a  of what  c o u l d  be e x p e c t e d  i n  t h e  i n s t a l l e d  h e a t i n g  sys tems a t  
water t e m p e r a t u r e s  o f  90 d e g r e e s  F. The p l o t t e d  r e s u l t s ,  a p p e a r i n g  
elsewhere i n  t h i s  r e p o r t ,  are d e r i v e d  from a g r e a t  deal of experimen- 
t a l  d a t a .  While  n o t  as  r e l i a b l e  as  d a t a  t h a t  might  have  been g a t h e r e d  
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i n  a n a t i o n a l  l a b o r a t o r y ,  t h e  most i m p o r t a n t  i n g r e d i e n t  o f  any  
e x p e r i m e n t ,  r e p r o d u c i b i l i t y ,  is t h e r e  f o r  any  o n e  t o  test .  

of p r o v i d i n g  space h e a t  t o  t h e  CTA d w e l l i n g s  b e g i n s ,  t h e  f o u n d a t i o n  
making s u c h  c o l l e c t i o n  p o s s i b l e  e x i s t s .  The c o n s t r u c t i o n  of t h e  

p h y s i c a l  h e a t  c o l l e c t i o n  b u i l d i n g  was a t i m e  consuming and  r e a s o n a b l y  
d i f f i c u l t  t a s k  and  is s a t i s f a c t o r i l y  complete. The f u t u r e  co l l ec t ion  
o f  da t a  w i l l  be a s i m p l e  t a s k .  

Whi le  much data  r ema ins  t o  be g a t h e r e d  as  t h e  ongoing process 
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Introduction 

During June of 1981, a series of low temperature heat 

transfer experiments were conducted. The purpose of these 

experiments was to acquire low temperature heat transfer data 

that is not readily available in current engineering handbooks 

(ASHRAE) or any other commercial literature. Low temperature 

data was necessary in order to determine the feasibility of using 

the Pinkerton Hot Springs for space heating at Colorado 

Timberline Acadamy (CTA). 

Hypothesis 

A heated panel transfers heat to or from a room by 

convection and radiation. Convect.ion transfer is assumed to be 

the heat transferred by convection in BTUs per hour per square 

foot per farenheit degree difference between the air and panel 

temperatures. Given current ASHRAE experimental data for 

convection heat transfer for given temperature differences 

between air and panel temperatures ranging from 15OF to 65OF one 

would expect to find BTU output ranging from 8 BTU/ft2/hr/OF to 

60 BTU/ft2/hr°F for 650F (refer to graph - Passive Total Heat 
Transfer by Cu/A1 Panels to Quiescent Air). 
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4 Given current ASHRAE experimental data for radiation i T 

I transfer - BTU output for the same temperature difference range - 
one would expect to find heat output ranging from 11 BTU/ft2 to 

70 BTU/ft2/hr/OF. 

' _  

1 . 7  

The combined heat transfer from a panel to a room can be 

determined by adding the convective heat transfer and the radiant 

heat transfer. From the given ASHRAE data one could expect total 

heat transfer for the given temperature differences to range from 

26 BTU/hr/ft2/OF to 124 BTU/hr/ft2/OF. 

Mater i a1 s 

I #  

I i 

r - - l  
b '  

~ 

i 
1 

The radiating panels used in this experiment were supplied 

by San Juan Solar - a local solar installer. The panels consist , 
I 

I of 3/8" soft copper refrigeration tubing fastened to an aluminum 
~ 

j 
I 

sheet (2'x4') with a silicone cement. 

looped back and forth lengthwise on the aluminum sheet and spaced 

4" on center. 

silver and the opposite side is painted black. 

The copper tubing is 

I 
1 

I *  

The side on which the CU tubing is fastened is 

~ t. 
1. 

A l s o  used in the experiment were the following; two gate 

valves, two 0-60 psi pressure gauges, one flow meter, two lengths 

of 25' water hose, various thermometry, hygrometer, and a sling 

psychrometer . 
1 

Set-up ' 

The experiments were run in a small 8 '  x 25' room of the 

main lodge at CTA. I 

I 
i 
i Four of the San Juan Solar radiating panels were set up in 
i 

series (system) approximately 1-2' from the back wall of the 
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0' robm. Within the series, two panels had the painted black side 

facing the wall and two had that same side facing into the room. 

Two gate valves and two 0-60 psi guages were placed at each 

end of the system (gate valves preceded guages in each case). 

One flow meter was placed at the supply end of the system 

(this meter proved to be inaccurate at the experimental flow 

rates - 1 - 1.5 gpm). 
The experiments were also run setting one side of the panels 

Copper tubing by itself - without against fiberglass insulation. 

the aluminum panels attached - was a third experimental test. 
For all three experiments, the hot water was supplied by the 

hot water heater in the main lodge at CTA. The "return line" was 

simply discharged. 

Procedure 

For all the experimental tests, the main supply of hot water 

was heated to 1500F. 

attained was 1440F. 

Drawing water from this, the hottest water 

Once this temperature was reached, the main hot water heater 

was turned off so that experimental data could be collected from 

1440F to approximately 850F. 

As the hot water flowed in and out of the system, input and 

output temperatures were taken. 

area of the panels, a value of BTU/hr/ftZ/OF was derived. 

Using 32 ft.2 as the surface 

[gpm x 8.34 x T x 601 - 32 ft2 = [BTU/hr/ft2/OF] 

3 



Inpht pressures and output pressures were also taken to estimate 

friction loss within the system. A flow rate given in gallons 

per minute was calculated using a five gallon bucket. (fill time 

4 5 = gpn) 

Results 

Data for each of the experiments was compiled showing the 

following: ambient air (wet and dry bulb), relative humidity, 

input and output temperature, input and output pressure, gallons 

per minute (gpm), change in temperature (Delta T) and change in 

pressure (Delta P). 

In order to compare and contrast the ASHRAE experimental 

data with the data collected at CTA, the data collected at CTA 

was arranged in order to easily make correlations. 

A) Panels Uninsulated at 1.0 G.P.M. 

As expected, the BTU output of the panels went down as the 

temperature difference between input fluid temperature and 

ambient air decreased. For these experiments, the input 

temperature varied from a high of 1330F to a low of 800F with 

simultaneous output temperatures ranging from 1140F to 760F 

respectively. 

Experimentally obtained, the maximum BTU output of the 

panels occured at an input temperature of 132OF and an output 

temperature of 109OF ( T = 23OF). Given an ambient air 

temperature of 77OF, the temperature difference between the input 

fluid and the ambient air was 55OF. 

total heat transfer was 396 BTU/hr/ft2. 

The BTU/hr/ft2 of passive 
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I. A minimum, experimentally obtained, BTU output occurred with 
r- an input temperature of 830F and an output temperature of 850F ( T 

= 30F). 

temperature difference between the input fluid and the ambient 

air was 150F. 

20 BTU/hr/f t2. 

Given an ambient air temperature of 710F, the 

The BTU/hr/ft2 of passive total heat transfer was 

Within the temperature range that this experiment was most 

concerned with (91oF - 86OF input temperatures), the resultant 

heat transfer ranged from 20 BTU/hr/ft2 to 313 BTU/hr/ft2. At an 

input temperature of 860F and an output temperature of 85OF the 

minimum BTU output was 20 BTU/hr/ft2 (ambient air = 71°F, 

relative humidity = 43%) At an input temperature of 90°F and an 

output temperature of 74OF, the maximum BTU output was 313OF ~ 

-4 

j -  
(ambient air = 650F, relative humidity = 41%). 

1 

B) Panels Uninsulated at 1.25 G.P.M. 

For these experiments, the input temperatures varied from a 

high of llO°F to a low of 830F with simultaneous output 

temperatures ranging from 900F to 810F respectively. 

Experimentally obtained, the maximum BTU output of the 

panels occurred at an input temperature of llO°F and an output 

t,. temperature of 900F ( T= 200F). Given an ambient air 

i '  

L 
temperature of 67OF, the temperature difference between the input 

fluid and the ambient air was 430F. 
I 

The BTU/hr/ft2 of passive 
I 

total heat transfer was 391 BTU/hr/ft2. 

A minimum BTU output occurred with an input temperature of 
1 

860F and an output temperature of 850F. Given an ambient air 



temperature of 710F, the temperature difference between the input 

fluid and the ambient air was 15OF. 

total heat transfer was 20 BTU/hr/ft2. 

The BTU/hr/ft2 of passive 

Within the temperature ranges that this experiment was most 

concerned with (910F - 36OF input temperatures) the resultant 
heat transfer ranged from 20 BTU/hr/ft2 to 215 BTU/hr/ft2. (The 

existing conditions when 20 BTU/hr/f t2 was reached have been 

described.) At an input temperature of 90°F and an output 

temperature of 7g°F, the maximum BTU output was 215 BTU/hr/ft2, 

(ambient air = 810F, relative humidity = 32%). 

C) Panel Insulated One Side at 1.0 G.P.M. 

Here, the input temperature varied from a high of 1330F to a 

low of 850F with simultaneous output temperatures ranging from 

1250F to 83OF respectively. 

Experimentally obtained, the.maximum BTU output of the 

panels occurred at an input temperature of 1180F and an output 

temperature of 107OF ( T= llOF). Given and ambient air 

temperature of 74OF, the temperature difference between the input 

fluid, and the ambient air was 440F. 

total heat transfer was 215 BTU/hr/ft2. 

The BTU/hr/ft2 of passive 

A minimum BTU output occurred with an input temperature of 

850F and an output temperature of 830F ( T = 20F). Given an 

ambient air temperature of 74OF, the temperature difference 

between the input fluid and the ambient air was ll°F. The 

BTU/hr/ft2 of passive total heat transfer was 30 BTU/hr/ft2. 

6 



I 

! E *  4 Within the temperature range that this experiment was . 

mostconcerned with, the resultant heat transfer ranged from 39 

BTU/hr/ft2 to 98 BTU/hr/ft2. (The existing conditions when 39 

i 
1 

I 

BTU/hr/ft2 exchange rate was reached have been described.) At an 
I 
I t  I '  

: r  relative humidity = 65%). 
I i- 

input temperature of 91OF and an output temperature of 86OF, the 

maximum BTU output was 98 BTU/hr/ft2 (ambient air = 72OF, 

' t  

D) Equivalent Length of Copper Tubing at 1.0 G . P . M .  

The input temperatures varied from a high of 144OF to a low i: 
of 940F with simultaneous output temperatures ranging from 1120F 

to 80°F respectively. 

' I  The maximum, experimentally obtained, BTU output occurred at 

an input temperature of 1440F and an output temperature of 1120F 
i t  

1 
( T= 320F. Given an ambient air temperature of 75O;  the ~ 1-  

I 

1 temperature difference between the input fluid and the ambient ' 

r -  The BTU/hr/ft2 of passive total heat transfer was air was 690F. 

500 BTU/hr/ft2. 
I y I ; I.. 

A minimum BTU output occurred at an input temperature of 

940F and an output temperature of 840F ( T = 1OoF). Given an 

ambient air temperature of 780F, the temperature difference 

between the input fluid and the ambient air was 16OF. The 

BTU/hr/ft2 of passive total heat transfer was 156 BTU/hr/ft2. 

1 

' J  
$ 1  

I 

BTU output values were not experimentally obtained for the 

1 1  temperature ranges that this experiment was concerned with. But 
I_: 

, some can be estimated using the prepared graph. Given an ambient 

~ I . air of 700F and input temperatures of 91°F and 860F, the 

I '  
7 



* tem'perature difference between .ambient air and input temperature 

would range from 21°F to 16OF. Given these temperature 

differentials the BTU output would range from 152 BTU/hr/ft2 to 

112 BTU/hr/f t2 respectively. 

Comments 

The panel tests gather enough data to be reasonably 

conclusive. The actual rates of heat loss for a passive panel of 

this type in some cases correlate with ASHRAE guidelines, and in 

some cases prove ASHRAE to be consuivstive by a factor of 4 to 5.  

A conventional heat system is sized with a duty factor less 

than one, say .2 to .3. Thus a boiler would be sized for a 

higher heat supply requirement, the steady state heat loss would 

be made up in 12 minutes to 20 minutes of each hour. This 

indicates that for a constant source, such as geothermal water, 

heating 60 minutes per hour,a higher heat loss  figure nay be 

reliable. Whether such a correlation with ASHRAE is real is 

suspect, but allows for a channel consolidating our information 

and that of ASHRAE. 

It is evident that for low temperature heat loss, surface 

area is critical. The excellent results obtained from bare pipes 

support this and the better radiators may well be simply 

assemblages of "plumbers delight" attached to dwelling ,walls. 

Pagosa Springs, Colorado, geothermal heating systems in place 

many years bear this out with their myriad pipe manifold systems. 

The interface between supply pipe and panel is critical. 

The panels tested used silicone as a cementing medium in this 



region. It is likely that a cloth covered pipe manifold would 

have better heat exchange characteristics. 

The heat loss numbers, when applied to a standard building 

are still short of heat requirements. For instance, a standard 

CTA cabin may use heat at 25,000 BTU/hr. at design temperature. 

This would require 100 to 200 sq. ft. of panel, an impossibility 

given the wall status. (It is noteworthy that the 200 sq. ft. 

floor would have been an ideal source, with implanted slab 

heating). As a result, the main heating experiment turns to 

active forced convection radiators rather than passive. 
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HEAT EXCHANGER BUILDING 

Dur ing  t h e  months o f  J u l y  and August ,  1981, t h e  geo the rma l  s p a c e  
h e a t i n g  sys t em w a s  c o n s t r u c t e d .  

a c q u i r e d  from Four C o r n e r s  Pre-Cas t .  The t a n k  is p a r t i t i o n e d  i n t o  
t h r e e  compartments  w i t h  5" ABS c o u p l i n g s  - i n  each  b a f f l e  and two s h o r t  
o u t s i d e  w a l l s  - b e i n g  t h e  o n l y  means  of free f l o w .  The t a n k  is i n s u l a t e d  
by 2" Thermax i n s u l a t i n g  b o a r d  on a l l  f o u r  s i d e s  and t h e  bot tom. 

A c o n t r o l  and pump h o u s e , w a s  b u i l t  u s i n g  t h e  t a n k  as  a f o u n d a t i o n .  
The s t r u c t u r e  is 96" i n  l e n g t h ,  60" i n  w i d t h ,  and h a s  a f r o n t  e l e v a t i o n  
of 96" and a 48" rear e l e v a t i o n .  The pump house  is f u l l y  i n s u l a t e d  
and  equ ipped  w i t h  115 VAC. (3 w a l l  o u t l e t s ,  1 c e i l i n g  l i g h t )  

A c l o s e d  l o o p  s p a c e  h e a t i n g  sys t em w a s  d e s i g n e d  and b u i l t .  I n  
t h e  pump house ,  there are t h r e e  l o o p s  t h a t  s u p p l y  t h r e e  b u i l d i n g s .  
The plumbed l o o p s  u s e  p r o p y l e n e  g l y c o l  as t h e  h e a t  t r a n s f e r  f l u i d  w i t h  
T e e l ,  5 s p e e d ,  c i r c u l a t i n g  pumps c i r c u l a t i n g  t h e  f l u i d .  Each l o o p  
is equ ipped  w i t h  two 0 - 60 p . s . i .  p r e s s u r e  guages ,  t w o  g a t e  v a l v e s ,  
o n e  f i l l  v a l v e ,  one a i r  p u r g e  v a l v e ,  one  f l o w  meter, one  f i v e  ga l lon  
e x p a n s i o n  t a n k ,  and 50' of L s o f t  coppe r  r e f r i g e r a t i o n  t u b i n g  is used  
as t h e  h e a t  exchange method. ( t h e  t u b i n g  is suspended  as  a c o i l  i n  t h e  
thermal  w a t e r )  

A s p e c i a l ,  c o n c r e t e ,  96" x 60", 4 t o n ,  1000 g a l l o n  t a n k  w a s  

As p a r t  o f  t h e  geo the rma l  s p a c e  h e a t i n g  e x p e r i m e n t ,  a l l  t h r e e  l o o p s  
are f u l l y  mon i to red  by v a r i o u s  f o r m s  of thermometry.  A d i g i t a l  r e a d o u t  
thermometer  m o n i t o r s  s u p p l y  and r e t u r n  t e m p e r a t u r e s  of a l l  three l o o p s  
and ,  i n  a d d i t i o n ,  m o n i t o r s  c o n t r o l  house  t e m p e r a t u r e .  A d i f f e r e n t i a l  
c o n t r o l  thermometer  is  used  t o  mon i to r  t h e  t e m p e r a t u r e s  of t h e  s u p p l i e d  
g e o t h e r m a l  water and each  o f  t h e  t h r e e  b u i l d i n g s  b e i n g  h e a t e d .  
p a r i c u l a r  d i f f e r e n t i a l  t h e r m o s t a t  is based on  a 3OF t e m p e r a t u r e  
d i f f e r e n t i a l .  T h e r e f o r e ,  t h e  c i r c u l a t i n g  pumps are t u r n e d  on when t h e  
t e m p e r a t u r e  d i f f e r e n c e  between s u p p l y  f l u i d  and b u i l d i n g  t e m p e r a t u r e  
is g r e a t e r  t h a n  3'F. When t h e  same t e m p e r a t u r e  d i f f e r e n c e  is e q u a l  t o  
o r  less t h a n  3OF, t h e  pumps are a u t o m a t i c a l l y  t u r n e d  o f f .  

T h i s  
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RESULTS TO DATE 

A s  of t h e  w r i t i n g  o f  t h i s  r e p o r t  i n  November of 1981, t h e  
h e a t  exchange r  b u i l d i n g  h a s  been c o n s t r u c t e d  and is comple te  i n  
a l l  a s p e c t s ,  t h e  p i p i n g  and c o n t r o l s  h a v i n g  been t e s t e d .  

i ;  r 
< I  

The p a n e l  h e a t  l o s s  e x p e r i m e n t s  have  p r o v i d e d  a v a l u a b l e  base 
of knowledge t o  base any f u t u r e  h e a t  s o u r c e  c o n s t r u c t i o n  a t  
Co lo rado  T i m b e r l i n e  Academy t h a t  would i n t e n d  t o  u t i l i z e  t h e  

geo the rma l  s o u r c e .  

- 

: 

U n f o r t u n a t e l y ,  o f  c o u r s e ,  t h e  s p r i n g s  have  n o t  b e e n r e s t o r e d  , 
. _  t o  t h e i r  o r i g i n a l  c o u r s e  as y e t  and as such  are u n a v a i l a b l e  f o r  
~- c o n t i n u e d  e f f o r t s  i n  t h e  per formance  o f  t h e  equipment  i n  t h e  h e a t  

exchange r  b u i l d i n g .  I t  is hoped t h a t  t h e  Co lo rado  Department of 
Highways w i l l  r e s o l v e  t h i s  dilemma for CTA i n  t h e  n e a r  f u t u r e .  
An e n g i n e e r e d  p i p e l i n e  r o u t i n g  w a s  s u b m i t t e d  t o  t h a t  o r g a n i z a t i o n  
i n  t h e  S p r i n g  of 1980 t o  f a c i l i t a t e  t h e  c o n s t r u c t i o n  o f  such  a 
p i p e  f a c i l i t y .  N o  ac t ion  h a s  been fo r thcoming  from them as  y e t .  

We are  v e r y  o p t i m i s t i c  abou t  t h e  b e n e f i c i a l  e f f e c t s  of  t h e  

h e a t i n g  available from t h e  P i n k e r t o n  H o t  S p r i n g s ,  and CTA w i l l  
p u r s u e  t h e  g a t h e r i n g  of d a t a  o n  t h e  i n s t a l l a t i o n  a s  soon as  t h e  

I 

I 

q 
1 -2 



V I  - 
ONGOING DATA GATHERING 

The mater ia ls  are i n s t a l l e d  and t h e  equipment  p r o c u r e d  f o r  
t e s t i n g  and making  i t  p o s s i b l e  t o  col lect  a great d e a l  of  u s e f u l  
d a t a  o v e r  a p e r i o d  of a few y e a r s  by t h e  s t u d e n t s  and f a c u l t y  of 
t h e  Co lo rado  T i m b e r l i n e  Academy. The re  are  v e r y  f e w  i n s t a l l a t i o n s  
i n  t h e  c o u n t r y  t h a t  would c o n s i d e r  t h e  u s e  o f  9l0 F water f o r  s p a c e  
h e a t i n g .  The p o t e n t i a l  f o r  s u c c e s s  o f  water a t  t h i s  t e m p e r a t u r e  w a s  
made o b v i o u s  i n  t h e  p a n e l  h e a t  l o s s  t e s t  expe r imen t s .  

o c c u r  th rough  classes and s t u d e n t  p r o j e c t s  a t  Colorado  T i m b e r l i n e  
Academy. T h i s  document w i t h  i t s  e x t e n s i v e  a p p e n d i c e s  i t  meant t o  
b e  a compi led  i n t r o d u c t i o n  t o  any s t u d e n t  o r  t e a c h e r  t h a t  would 
wi sh  a t  some f u t u r e  p o i n t  t o  become i n v o l v e d  i n  t h e  geo the rma l  
h e a t i n g  p r o j e c t .  

h a v i n g  p r o v i d e d  t h e  i n i t i a l  f a c i l i t y  f u n d s ,  t h e  p r o j e c t  s h o u l d  be 

I t  is a n t i c i p a t e d  t h a t  t h e  p r o c e s s  c o n t i n u a l  data  g a t h e r i n g  w i l l  

N o  a d d i t i o n a l  r e q u e s t s  w i l l  b e  made o f  t h e  Department o f  Energy ,  
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APPENDIX 

Excerpts from the ASHRAE (American 
Refrigeration and Air Conditioning 
on Panel Heating and Cooling. 

Society of Heating, 
Engineers), section 



APPENDIX 

A c t u a l  r e s u l t s  of pane, tests i n  grap,,ical form 
and a sample of the d a t a  format  u s e d .  
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APPENDIX 

Calibration of the sensors used in the heat 
exchanger building, derived through interpolation 
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I T°F Resistance 

2 . 9810 
3 9567 

34 9323 
5 9080 
6 8837 
7 8594 
8 8350 
9 8107 
0 7864 

4 1  7620 
7437 
7253 

44 7070 
6887 vi 6704 

4 7 6520 
48 6337 

6154 
5970 ' 5 1  5830 
5690 
5550 

1 54 5410 
' 55 ' 5270 

5130 
4990 

~ 58 4850 
j i s 9  4710 

i 3 0  4603 
6 1  4497 

, :92 4390 
133 4283 
-6 4 4177 
65 4070 

3963 k; 3856 
68 3750 

3667 
3583 

7 1  3500 
72 3417 

3334 
3250 

HELIOTROPE SENSOR CALIBRATION 
3000 Ohm @ 25°C 

registered professional engineer 
civil & solar engineering 

T°F Resistance TOF Resistance TOF Resis?. TOF Resist. 

76 3084 120 1132 164 476 208 220 ~. 

77 3000 121 1106 165 468 209 217 
78 2936 122 1080 166 459 210 213 
79 2871 123 1058 167 451 211 209 
80 2807 124 1035 168 443 212 204 
8 1  2743 125 1013 169 435 
82 2678 126 991 170 427 
83 2614 127 969 1 7 1  418 
84 2549 128 946 172 410 
85 2485 129 924 173 402 
86 2420 130 902 174 394 
87 2369 131 879 175 386 
88 2318 132 864 176 378 
89 2267 133 849 177 372 
90 2216 134 835 178 367 
9 1  2165 135 820 179 361 
92 2113 136 806 180 355 
93 2062 137 791 1 8 1  350 
94 2011 138 776 182 344 
95 1960 139 761 183 338 
96 1920 140 747 184 332 

141 733 185 327 97 1880 
98 1840 142 720 186 321 
99 1800 143 706 187 315 
100 1760 144 692 188 310 

. 1 0 1  1720 145 679 189 304 
102 1680 146 665 190 298 
103 1640 147 651 1 9 1  293 
104 1600 148 637 192 287 
105 1568 149 624 193 281 
106 1536 150 613 194 275 
107 1504 1 5 1  602 195 271 
108 1472 152 591 196 267 
109 1440 153 580 197 263 
110 1408 154 569 198 259 
111 1376 155 558 199 255 

156 547 200 252 112 1344 
113 1310 157 536 201 248 
114 1285 158 525 202 244 
115 1259 159 517 203 240 
116 1234 160 509 204 236 
117 1208 161 500 205 232 
118 1183 
119 1157 

162 492 
163 484 

206 228 
207 224 3167 

64 ptarmigan lane durango, colorado 81301 0 (303) 247-0088 

-- ~ ..Y. ,e?> 
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APPENDIX 

': 
Formal notes used in the Colorado Timberline Academy 

i Geothermal Heating classes 



GEOTHERMAL NOTES 

T h i s  p a c k e t  of i n f o r m a t i o n  w i l l  p rove  u s e f u l  t o  anyone i n t e r e s t e d  i n  
t h e  f i e l d  o f  a p p l i c a t i o n  of  ene rgy  s y s t e m s  i n  general  and geo the rma l  
ene rgy  i n  p a r t i c u l a r .  

Every e f f o r t  h a s  been made t o  s i m p l i f y  as much as p o s s i b l e  a l l  t h e  
c o n c e p t s  i n v o l v e d  i n  what c a n  be a v e r y  d i f f i c u l t  s u b j e c t .  Some 
e n g i n e e r s  spend y e a r s  s t u d y i n g  t h e  nuances  o f  thermodynamics and h e a t  
t r a n s f e r  i n  an  e f f o r t  t o  u n d e r s t a n d  j u s t  what is  goirgon.  T h a t  s h o u l d  
n o t  b e  a barr ier  t o  anyone s e e k i n g  t h e  s i m p l e  answers .  

P o s s i b l y  some o f  t h o s e  a n s w e r s  are c o n t a i n e d  i n  t h e s e  n o t e s .  

The u s e  of  geothermal  ene rgy  is n o t  a new i d e a  as  w i t h  so la r  or wind 
ene rgy .  The re  have  been c i v i l i z a t i o n s  t h a t  have  had a v e r y  good g r a s p  
of t h e  wonderfu l  r e s o u r c e  a v a i l a b l e  i n  h o t  water from t h e  e a r t h  for  
t h o u s a n d s  of  y e a r s .  
I n  t h e  Durango area t h e  Mountain U t e  i n d i a n s  and t h e i r  a n c e s t o r s  knew of 
t h e  h o t  s p r i n g s  of t h e  Animas V a l l e y  and made summertime p i l g r i m a p e s  t o  

f 

t h e  bet ter  s p r i n g s .  
A l a rge  h o t e l  once  s t o o d  a t  Tr imble  Lane and w a s  a s t o p  on t h e  D & R N  
R a i l r o a d .  T h i s  h o t e l  w a s  b u i l t  a round t h e  supposed  b e n e f i t s  of t h e  
T r i m b l e  H o t  S p r i n g s ,  t h e r a p e u t i c  or  o t h e r w i s e .  A f t e r  t h e  h o t e l  a h o t  
s p r i n g  p o o l  e x i s t e d  f o r  many y e a r s  a t  Tr imble .  
The P i n k e r t o n  H o t  S p r i n g s  Spa w a s  once  a large swimming  pool f i l l e d  by 
t h e  f l o w  from t h e  P i n k e r t o n  S p r i n g s .  T h i s  p o o l  empt ied  o u t  o n t o  t h e  
h i l l s i d e  east  of  t h e  Golden Horseshoe  Lodge. T h e r e  w a s  once a complex o 
o u t d o o r  p o o l  ( n o t  t h e  p r e s e n t  one) ,  and i n d o o r  p o o l  i n  t h e  "rainbow 
b u i l d i n g " ,  and Durangoans can t e l l  you s tor ies  abou t  t h e  heritage and  
t h e  f u n  t h e y  had a t  P i n k e r t o n  when t h e y  were young. 
O t h e r  h o t  s p r i n g s  w i t h  s p e c t a c u l a r  s e t t i n g s  i n  t h e  mounta ins  e x i s t  a t  
Ouray,  Dunton, Ridgway, Wolf Creek  P a s s ,  Pagosa  S p r i n g s ,  and a b e a u t y  
eas t  o f  V i l l a  Grove, n o r t h e a s t  of Saguaehe.  
h o u r s  or less  from Durango. 

N e e d l e s s  t o  s a y  t h e  w o r l d ' s  search f o r  ene rgy  is making u s  look a t  these 
as  more t h a n  j u s t  p l a y - p l a c e s ,  and  e v a l u a t e  them f o r  t h e i r  h e a t i n g  poten-  
t i a l .  

A l l  of these are t w o  
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ENERGY 

Energy  takes many forms,  and  t h e  s t u d y  o f , i t  can ge t  v e r y  complicated. 

Most p e o p l e ,  however, are  o n l y  r e a l l y  in te res ted  i n  o n e  t h i n g ,  is it  
t h e r e  o r  n o t ,  and is there enough of  i t .  

The ene rgy  w e  need t o  examine is  main ly  j u s t  heat .  Heat c a n  be d i s t i n -  
g u i s h e d  by t h e  p r e s e n c e  or lack of t e m p e r a t u r e  t o  m o s t  peop le ,  b u t  there  

is a l o t  more t o  it  t h a n  t h a t .  We are p r i n c i p a l l y  i n t e r e s t e d  i n  t h e  t y p e  
of heat called k i n e t i c  e n e r g y ,  meaning it is d o i n g  something a n d  is  t h e r e .  

F i r s t  Law o f  Thermodynamics- (Thermodynamics is t h e  science of how heat 

c h a n g e s  and  moves). -Although e n e r g y  can  be t ransformed back and f o r t h  
and a l l  a round t h e  t o t a l  amount is  neve r  d i m i n i s h e d .  

Second Law of Thermodynamics- T h i s  l a w  u n o p t o m i s t i c a l l y  s ta tes  t h a t  t h e  
u n i v e r s e  is s l o w l y  r u n n i n g  down. I t  e s s e n t i a l l y  s a y s  
t h a t  even though ene rgy  d o e s n t  d i s a p p e a r ,  i n  do ing  
work for  u s  i t  gets broken  i n t o  such  s m a l l  pieces 
you r e a l l y  canno t  u s e  w h a t s  l e f t  ve ry  e a s i l y .  
( i . e .  t h e  ene rgy  is  around b u t  you need a v e r y  
good n e t  t o  catch i t )  

H e a t  F l o w -  H e a t  c a n  do i ts  w o r k  on s o m e t h i n g  t h r o u g h  three basic a n d  
s i m p l e  mechanisms. 

R a d i a t i o n -  The sun  is  good a t  t h i s .  To g e t  heat from p o i n t  A t o  B 

e l e c t r o m a g n e t i c  waves,  o r  r a d i a t i o n  can  be used .  T h i s  
method of  heat  t r a n s f e r  c a n  o c c u r  i n  a vacuum as  e a s i l y  

a s  i n  t h e  a i r ,  u s u a l l y  easier.  The  s u n ' s  heat comes t o  
u s  th rough  r a d i a t i o n  and n e e d s  no  a i r  molecules  o r  ether 
along t h e  way t o  h e l p  it. 

hea t  a n  o b j e c t  t h a t  it t o u c h e s  b y  p a s s i n g  the  h e a t  from 
molecu le  t o  molecu le  i n  t h e  s u b s t a n c e .  

Conduct ion-  Something t h a t  is w a r m ,  an  object of some s o r t ,  c a n  

Heat o n e  end of 
a pan and t h e  o ther  end soon w a r m s .  T h a t  is c o n d u c t i o n .  
Some t h i n g s  conduc t  be t te r  t h a n  o t h e r s ,  and t h e  best 
e lec t r ica l  c o n d u c t o r s  are  t h e  best heat  c o n d u c t o r s ,  gold 
being:  hig: 



force f l o w s  t o  a n o t h e r  p l a c e ,  t h a t  is c o n v e c t i o n .  Convec- 
t i v e  c u r r e n t s  i n  a l e a k y  house  are o f t en  called "drafts".  
A f a n  c a n  be added t o  t h e  scheme t o  c a u s e  forced c o n v e c t i c  

The sun  can  s t i k e  t h e  pavement of a s t reet  on  a n i c e  day  and heat i t  
t h r o u g h  rad ia t ion .  The ground unde r  t h e  pavement w i l l  be w a r m e d  a f t e r  
a w h i l e  th rough  c o n d u c t i o n .  And t h e  a i r  above t h e  pavement w i l l  be w a r m e d  

t h r o u g h  n a t u r a l  r i s i n g  c o n v e c t i o n .  If t h e  pavement is s h i n y ,  some re- 
r a d i a t i o n  c a n  o c c u r  t o  s t r ike  some other o b j e c t  and s t a r t  t h e  process 
o v e r  a g a i n .  

Measurement of Heat- 
T h e r e  are t w o  ways ,  u n i t s ,  t o  measure how much h e a t  there  is somewhere ' in  
someth ing .  One  is a m e m b e r  of t h e  metric sys t em-  t h e  calorie. 

One  calorie w i l l  raise one  gram of water ( o n e  m i l l i l i t e r )  one  
degree C e n t i g r a d e .  

One  thousand  calor ies  w i l l  raise one kilogram of water ( o n e  l i t e r )  
one degree c e n t i g r a d e .  

One thousand  ca lor ies  c a n  a lso raise one  gram of w a t e r  one  thousand  
degrees C e n t i g r a d e  

A t housand  calories is o f t e n  cal led a Kilocalor ie  o r  a Calorie and 
r e c e i v e s  a l o t  o f  a t t e n t i o n  f r o m  p e o p l e  on d i e t s .  - 
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I n  t h e  s p a c e  t h a t  C e n t i g r a d e  g o e s  from 0 t o  100 

Thus 180 Fo o c c u r  i n  1 0 0  C o .  o r  a Co is 180/100= 9 /5  of a FO. 
S i n c e  t h e  Co s t a r t ed  a t  0 when t h e  Fo w a s  a l r e a d y  a t  32 ,  you must add 
t h a t  i n  a n y  c o n v e r s i o n ,  t h u s  Fo= 5 / 5  C" + 32O 

and (Co=  5/9  (Fo-32O)) 

F a h r e n h e i t  goes  from 32 t o  212 

Heat Q u a n t i t y -  A g a l l o n  of  water weighs 8 . 3 4  pounds.  ( F i g u r e  o u t  why 

a q u a r t  o f  water, a t  32 ounces  o r  t w o  pounds m u l t i p l i e d  by f o u r  
d o e s n t  q u i t e  make t h a t  come o u t  r i g h t ) .  
Every g a l l o n  p e r  minu te  f lowing  p a s t  a p i p e  h a s  8 . 3 4  BTUs of  
e n e r g y  fo r  e a c h  d e g r e e  F. 
Ten g a l l o n s  p e r  m i n u t e  of  water a t  95O F must have  more ene rgy  
t h a n  t e n  g a l l o n s  per minu te  a t  65' F. I n  fact:  

95O-65' = 3 0 ° ,  lOgpm = 8 . 3 4  x 10= 8 3 . 4  pounds p e r  minu te ,  
30' x 8 3 . 4  pounds x 1 BTU/pound/Fo = 2502 BTU/minute 
We u s u a l l y  care abou t  BTU/HOUR 
2502 x 60 = 150,120 BTU/HOUR 

S i n c e  t h e  a v e r a g e  medium i n s u l a t e d  house  needs  about 30,000 t o  50,000 

BTU/ h o u r  t o  s t a y  warm on  a c o l d  w i n t e r  day ,  i f  w e  c a n  f i g u r e  a way t o  

1 "  get  t h a t  9 5 O  t o  65' h e a t  d r o p  pumped i n t o  a house  w e  can  h e a t  a f e w .  

P i n k e r t o n  Spr ing -  f l o w s  a t  about 55 g a l l o n s  pe r  m i n u t e ,  depending on t h e  

r u n o f f  s i t u a t i o n ,  e tc .  The water of P i n k e r t o n  S p r i n g  s t a y s  abou t  95' F 
y e a r  a round.  I f  a way c a n  b e  d e v i s e d  t o  yank h e a t  f rom t h a t  water down 
t o  70° F (human b e i n g s  t e n d  t o  t h i n k  t h a t  is  t h e  lower l i m i t  o f  " h e a t " ) ,  
how much ene rgy  is i n  t h e  P i n k e r t o n  S p r i n g ?  

55  g a l l o n s  p e r  m i n u t e  x 8 . 3 4  pounds p e r  g a l l o n  x 25' F d rop  ( o r  d e l t a )  
x 1 BTU p e r  pound p e r  d e g r e e  F= 

t .  

i 
1 

1 
L 

= 11 ,468  BTU p e r  minu te  
6 0  x 1 1 , 4 6 8  = 688 ,050  BTU/hour ( f rom 55x60=3300 g a l l o n s  or 27522 pounds of 

water 1 I L,. 
' ( '  Thus t h e r e  is c o n c e i v a b l y  ( and  t h a t  is a l l  numbers are good fo r -conce iv ing  

enough h e a t  i n  t h e  h o t  s p r i n g s  t o  h e a t  twenty  30 ,000  BTU/hour homes, and 
p o s s i b l y  one v e r y  l e a k y ,  o l d  and p o o r l y  i n s u l a t e d  l o d g e  b u i l d i n g .  T h a t  is 
why w e  have  t h e  t a s k  of u s i n g  t h e  s p r i n g s  i n  t h e  f i r s t  p l ace .  
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The  Key- is  t o  ge t  t h a t  v a l u a b l e  h e a t  o u t  and i n t o  t h e  a i r  of t h e  room 
w e  happen t o  be l i v i n g  and  s t u d y i n g  i n .  We arent  s u r e  how w e l l  t h a t  w i l l  
work. I t  is n o t  l i k e  g o i n g  t o  t h e  plumber and hav ing  t h e  h o t  water h e a t  
i n s t a l l e d .  Most space h e a t i n g  s y s t e m s  and domes t i c  h o t  water h e a t i n g  
s y s t e m s  i n  t h e  wor ld  need ,  or a t  l ea s t  have  grown accustomed t o ,  much 
h i g h e r  t e m p e r a t u r e s  t o  work. H o t  water base board s y s t e m s  when f i r e d  b y  

a gas bo i l e r  arc made t o  work a t  170 t o  180' F and when t h e  r ad ia to r s  
get  c lear  down t o  120' F,  t h e  water is  s e n t  back t o  t h e  r ad ia to r  fo r  
rewarming. You can  c a l c u l a t e  based on  wha t  you have  j u s t  l e a r n e d  how 
much more h e a t  is avai lable  from such  t e m p e r a t u r e s .  

A t  70° F i n  a room, each g a l l o n  of 180' w a t e r  h a s  

(180-70) x 8.34 = 751 BTUS 
a t  70' F i n  a room, each ga l lon  of 95' water h a s  

(95-70) x 8.34 = 209 BTUS 
T h i s ,  c o u p l e d  w i t h  t h e  f ac t  t h a t  most t e c h n o l o g i c a l  gadgets  are b u i l t  f o r  
t h e  h i g h e r  t e m p e r a t u r e s ,  makes t h e  cha l lenge  comple te .  

The s h o r t  summary of s i m p l e  numbers above show how o n e  c a n  eas i ly  go abou t  
d e c i d i n g  i f  what h e  w a n t s  i n  someth ing  is there and i f  t h e  amount is r i g h t  

T h e r e  is no  magic, w i t c h c r a f t ,  o r  o t h e r w i s e  m y s t e r i o u s  t e c h n i q u e ,  j u s t  
numbers. 

T h e r e  are a l o t  of o ther  n u m e r i c a l  l e s s o n s  t o  be l ea rned  la ter .  
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The a p p l i c a t i o n  of ene rgy  t o  a s p a c e  f o r  h e a t i n g  or t o  supp ly  h o t  
water u s u a l l y  r e f l e c t s  o n l y  p a r t  o f  t h e  s t o r y .  D e s t i n a t i o n  o r  end 
u s e  e n e r g y  is  o f t e n  o n l y  a f r a c t i o n  of  t h e  ene rgy  t h a t  was set 
i n t o  mot ion  t o  get t h a t  end p r o d u c t .  

An e lectr ical  power p l a n t  b u r n s  coal o r  n a t u r a l  gas, o r ,  sometimes,  
atoms, t o  p roduce  e lec t r ic i ty  th rough  t h e  s p i n n i n g  of  a large t y p e  
of t u r b i n e  first developed  by L o u i s  Nunn i n  T e l l u r i d e ,  Cplorado ,  
who l a t e r  s o l d  h i s  i d e a  t o  a f e l l o w  named George Westinghouse.  The 
coal,  f o r  i n s t a n c e ,  t h a t  is burned  must h e a t  a bo i l e r  which makes 
steam, which overcomes f r i c t i o n  and momentum t o  s p i n  a generator 
t u r b i n e .  G e n e r a l l y ,  abou t  65% of t h e  BTUs i n  t h a t  coal are l o s t  
t h r o u g h  waste h e a t  o f  t h e  steam, f r i c t i o n ,  etc. and 35% of  t h e  
e n e r g y  is a v a i l a b l e  a t  your  house  f o r  e l e c t r i c i t y .  T h i s  d o e s  n o t  
c o u n t  t h e  ene rgy  u s e d  i n  mining t h e  c o a l ,  t r a n s p o r t i n g  it i n  t r u c k s  
o r  t r a i n s ,  b u i l d i n g  t h e  t r a n s p o r t  ne twork ,  or t h e  i n e f f i c i e n c i e s  
i n  a p p l i a n c e s  such  as  your  e lectr ical  moto r s .  

A r e f r i g e r a t o r  motor ,  f o r  example,  is t y p i c a l l y  abou t  60% e f f i c i e n t .  
T h i s  means t h a t  t h e  e l e c t r i c i t y  g o i n g  i n  c o u l d  be 100 w a t t s ,  b u t  
o n l y  60 w a t t s  o f  " s h a f t  power" are a v a i l a b l e  f o r  t h e  compressor .  
The f r e o n  c o o l i n g  p r o c e s s  is  a b o u t  40% e f f i c i e n t ,  so  t h a t  f o r  
t h o s e  60 w a t t s  a t  t h e  compressor ,  o n l y  24 w a t t s t o f  "cold" are 
created (more h e a t  t h a n  c o l d  is c r e a t e d ! ) .  

Thus t h e  100 w a t t s  a t  t h e  power p l a n t  i n  coal is 35 w a t t s  a t  your  
h o u s e  is 8 .4  w a t t s  o f  " c o l d  power", or 91.6% o f  t h e  b t u s  i n  t h a t  
coal went t o  "en t ropyf '  u n l e s s  there  are " w a s t e  heat recovery" 
d e v i c e s  somewhere i n  t h e  sys tem.  (Add t o  t h i s  t h e  f a c t  t h a t  t h e  
f r o s t  free r e f r i g e r a t o r  h a s  h e a t i n g  e l e m e n t s  i n  t h e  f r e e z e r  compart-  
m e n t  w a l l  and t h e  o u t e r  w a l l  t o  m e l t  ice and p r e v e n t  condensa t ion ,  
and  t h e  ene rgy  p o r t i o n  t h a t  a c t u a l l y  c o o l s  your  l e t t u c e  compared 
t o  t h a t  g e n e r a t e d  t o  cool your  l e t t u c e  c a n  be less t h a n  2%). t 

1. . 
You c a n  see t h a t  e f f i c i e n c y  is a v e r y  i m p o r t a n t  s u b j e c t .  i' 

L E f f i c i e n c y  is d e f i n e d  as: Energy o u t  

r 
Energy I n  

100  w a t t s  o u t  of  a power p l a n t  p roduc ing  35 w a t t s  f o r  your u s e  
a t  your  house  is 35% e f f i c i e n t .  

E f f i c i e n c y  is a t r i c k y  s u b j e c t  and t h e  o b j e c t  of many arguments 
by p e r s o n s  who see t h i n g s  b e i n g  d i f f e r e n t l y  i n v o l v e d  i n  a p r o c e s s .  

F o r  I n s t a n c e :  C a l c u l a t i o n s  have  been per formed t o  show t h a t  t h e .  
aluminum ( a  t e r r i f i c a l l y  c o s t l y  material ,  ene rgy  w i s e )  in a so l a r  
col lector ,  p l u s  t h e  g l a s s ,  s teel ,  coppe r ,  hydroca rbons  ( p l a s t i c s  
e t c = )  c a n  e a s i l y  u s e  more ene rgy  t h a n  t h e  d e v i c e  would be e x p e c t e d  

L 
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t o  s a v e  i n  i ts l i fe t ime.  Tha t  seems i m p o s s i b l e .  How c a n  an  ene rgy  
s a v i n g  d e v i c e  cost more i n  ene rgy  t h a t  i t  s a v e s ?  The p r i c i n g  of 
ene rgy  is n o t  t h e  same p e r  b t u  everywhere.  G a s o l i n e  h a s  t h e  h i g h e s t  
p r i c e  p e r  b t u  of most f u e l s .  The aluminum p l a n t  is o f t e n  near a 
large h y d r o e l e c t r i c  dam, l i k e  t h e  Grand Cou lee  i n  Washington, and 
p a y s  a v e r y  l o w  cost  p e r  k i l o w a t t  hour  f o r  i ts  power, p e r h a p s  
one  t e n t h  what you pay a t  your  home. 

Of c o u r s e  i f  money is your  y a r d s t i c k ,  one  comparison r e s u l t s .  
If BTUs are your  y a r d s t i c k  a n o t h e r  comparison r e s u l t s .  

One compares  a commodity t h a t  t h e  government c a n  p r i n t  more o f  
a t  w i l l ,  t h e  o t h e r  a h e r i t a g e  t h a t  h a s  o n l y  a l i m i t e d  l i f e  on  
t h i s  ea r th ,  as  s u g g e s t e d  by t h e  F i r s t  Law of Thermodynamics. 

O n e  rapires pocketbook compar isons ,  t h e  o ther  r e q u i r e s  p e r s o n a l ,  
m o r a l i t y  compar i sons ,  n o t  done v e r y  o f t e n .  

T h i s  is i m p o r t a n t  i n  any d i s c u s s i o n  o f  a geo the rma l  p r o j e c t  f o r  
a number o f  r e a s o n s :  

1. Geothermal  ene rgy  is  o f t e n  u s e d  n e a r  its s o u r c e  and t h u s  

2. Geothermal  e n e r g y  o f t e n  o c c u r s  i n  t e m p e r a t u r e s  t h a t  are 

v e r y  e f f i c i e n t  i n  terms of t r a n s p o r t a t i o n ,  etc. 

v e r y  close t o  a p p l i c a t i o n  t e m p e r a t u r e  i n  b u i l d i n g s .  

3. The l o w  t e m p e r a t u r e s  o f  t h e  P i n k e r t o n  H o t  S p r i n g s  r e q u i r e  
a great d e a l  of a t t e n t i o n  t o  e f f i c i e n c y ,  s i n c e  most of  
t h e  h e a t  can  e a s i l y  be l o s t  and some u n i n s u l a t e d  spot.  

4 .  The t e c h n o l o g y  developed  by man for  h o t  water h e a t i n g  
d o e s  n o t  i n c l u d e  such  l o w  t e m p e r a t u r e s .  The c o m p e t i t i v e  
m a r k e t p l a c e  b e i n g  what it is ,  t h o s e  h i g h  t e m p e r a t u r e  
devices' are p r o b a b l y  t h e  most e f f i c i e n t  t h rough  a t t r i t i o n ,  
(maybe). Anyth ing  w e  choose  t o  use  i n  t h e  CTA p r o j e c t  
w i l l  need  a f r e s h  e v a l u a t i o n  f o r  its e f f i c i e n c y .  

Fo r  v a r i o u s  thermodynamic reasons, i n e f f i c i e n t  s y s t e m s  wipe o u t  
t e m p e r a t u r e  i n e f f i c i e n c i e s  f a r  more q u i c k l y  t h a n  t o t a l  h e a t  i n e f f -  
i c i e n c i e s .  Tha t  means h i g h  g r a d e  h e a t  is c o n v e r t e d  t o  l o w  g r a d e  
h e a t  w i t h  no  t r o u b l e  a t  a l l .  

S t a r t i n g  w i t h  o n l y  95' F water makes t h i s  a d i f f i c u l t  fact .  
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B e f o r e  
t o  jus 

NUMBERS 

w e  d i s c u s s  t h e  e x a c t  p a r t i c u l a r s  of t h i s  p r o j e c t ,  w e  need  
d e l u g e  o u r  b r a i n s  w i t h  a l o t  o f  numbers t o  h e l p  i n  compar ing  

apples  w i t h  o r a n g e s .  

One Cub ic  Foot  Water = 62.4  pounds 

O n e  G a l l o n  Water = 8.34 pounds 

7.48 G a l l o n s  Water = One Cubic  Foot  

One G a l l o n  per Minute  = 500 pounds p e r  hour  

1000 Watt-hours  = 3412 BTUs 

1 Horsepower = 746 Watts 

1 BTU = 252 calor ies  

1 pound p e r  s q u a r e  i n c h  = 2 .3  f e e t  o f  water head  

1 ca lor ie  = 4.19 J o u l e s  

(= .252 Calor ies)  - 

1 dyne = F o r c e  r e q u i r e d  f o r  f l y  t o  do one pushup 

Watts = V o l t s  x Amperes 

K i l o w a t t - h o u r s  = V o l t s  x Amperes x T o t a l  t i m e  ( h r s ) /  
= Watts x T o t a l  t i m e  / 1000 

1000 



APPEND I X 

S e l e c t e d  samples  of CTA s t u d e n t s  r e p o r t s  f o r  
t h e  a s s ignmen t  " w r i t e  a p r o p o s a l  w i t h  costs f o r  
t h e  use  o f  t h e  P i n k e r t o n  H o t  S p r i n g s  a t  CTA". 
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APPENDIX 

Specific data  on the Pinkerton Hot Springs 
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155 PINKERTON HOT SPRINGS . f  c : Located approximately 14 mi les  n o r t h  o f  Durango a long  U.S. Highway 550 a t  t h e  Golden Horeshoe Resor t  
i r e  a group o f  s p r i n g s  known as t h e  P l n k e r t o n  Hot  Spr ings. 

LOCATION: The i o c a t l o n  of t h e  f o l l o w i n g  s p r i n g s  were determined: 

: Lat i tude: 37°26*5011N,: Longi tude:  107°48*1791W.; T. 37 N., R. 9 W., Sec. 25 ab, N.M.P.M.; La  

Lat i tude: 37°27*5819N.: Longitude: i07°48*1811W.; T. 37 N., R. 9 H., Sec. 25 a, N.M.P.M.; La P i a t a  

L a t l t u d e :  37°27'0711N.: Longitude: 107O48*20f1W.; T. 37 N., R. 9 W . ,  Sec. 25 ba, N.M.P.M.; 

Lat i tude:  37°27*099fN.; Longitude: 1O7O48*2l19W.; T. 37 N., R. 9 W., Sec. 25 bar N.M.P.M.; 

unty;  Hermosa 7-1/2 minute topograph ic  quadrangle map. 

r l n  B 
&&:Hermosa 7-1/2 minute topograph ic  quadrangle map. 

: 
unty;  Hermosa 7-1/2 minu te  topograph ic  quadrangle map. 

: 
ermosa 7-1/2 minu te  topograph ic  quadrangle map. 

r -  

k n e r a l :  Spring A (Fig. 108) i s  located Just east o f  the highway right-of-way and t o  t h e  south o f  t h e  r e s o r t  
Mound Spr ing  

As t h e  name imp l i es ,  mound s p r i n g  f l o w s  from t h e  
L l t t l e  Mound Spr ing  i s  l oca ted  seve ra l  

The new sect ion of U.S. 550 under c o n s t r u c t i o n  i n  1977 passes t h e  base 
The c o n s t r u c t i o n  o f  t h i s  new s e c t i o n  o f  road  has dest royed Spr ing  8. 

s. 
ed approximately 1,500 f t  northwest of Spr ing  A. 

large mound approximately 100 f t  above the  road (Fig. 109).  
f ee t  nor th  of Mound Spring. 
and L l t t l e  Mound Spr ings.  

Spring B was l o c a t e d  9 0 0  t o  1,200 f t  west of Spr ing  A I n  t h e  t r e e s  and bushes. 

b l q y  and Hydrology: 
;emained a cons tan t  3 Z o C ,  and i t s  d i scha rge  was 54 gpm. 

Type w i t h  a h i g h  c o n c e n t r a t i o n  o f  i r on .  - 
Spring A was sampled in the f a l l  of 1975, January, 1976, and A p r i l  1976. The temperature 

The d i s s o l v e d  s o l i d s  of t h e  waters v a r i e d  f rom 
' a low o f  3,300 mg/l t o  a h igh o f  3,990 mg/l, and the  waters.are .%_ a mixed sodium-calcium, c h l o r i d e - b i c a r b o n a t e  

I .  : . _ .  
? I  
. .  



+ 
Spflng 8 was sampled only once. I t s  temperature was 33OC w l t h  a d l scha rge  of  20 gpm. The d l s s o l v e d  

s o l i d s  was not determlned, b u t  t h e  f i e l d  measurement of conductance.was 6,000 mlcromhos. The waters  a r e  
a sodlum-bicarbonate t y p e  w l t h  a ve ry  h l g h  c o n c e n t r a t i o n  o f  I ron .  

The waters o f  t h l s  spr lng have a temperature o f  32OC and t h e  d ischarge o f  t h e  s p r l n g  

The waters  of t h l s  s p r f n g  were n o t  sampled f o r  complete chemlcal a n a l y s i s  o f  
F l e l d  measurements showed t h a t  t he  spr lng had a temperature of 26'C, an es t lma ted  d i scha rge  

* + -  

Mound Warm Sprlng: 
I S  54 gpm. The waters c o n t a i n  app rox lma te l y  3,800 mg/l o f  d l s s o l v e d  s o l i d s  w l t h  a h l g h  i r o n  con ten t .  

L i t t l e  Mound SDrlng: 
dissolved so l ids.  
of 2 gpm, a pH of 7.0, and a conductance o f  5,500 mlcromhos. 

Surrounding a l l  f o u r  s p r l n g s  a re  l a r g e  aprons o f  i r o n - r i c h  sediments. 

These spr ings are l oca ted  on t h e  south s i d e  of t h e  La P l a t a  Mountains and C o a l  Bank H i l l ,  a pass i n  
t h e  La P la ta  Mountains. The waters emerge from c o l l u v l a l  and a l l u v i a l  d e p o s i t s  o v e r l y i n g  t h e  M i s s i s s i p p i a n  
L e a d v l l l e  Llmestone. 

The La P la ta  Mountains and t h e  San Juan Mounains, immediately t o  t h e  east,  were cen te rs  o f  e x t e n s i v e  
volcanic a c t l v i t y  I n  middle T e r t i a r y  t i m e r  - A l t h o u g h  no v o l c a n l c  r o c k s  a r e  found near these sp r ings ,  t hey  
occur on l y  a few mi les t o  the north. While not shown on the accompanying geologic map (Fig. 110), t h e  L e a d v i l l e  
Ltmestone appears t o  be f a u l t e d  i n  t h e  v i c i n i t y  o f  t h e  sp r ings .  Moyer and o t h e r s  (1961) s t a t e  t h a t  t h e  
.waters emerge from a f a u l t  t r a n s v e r s e  t o  t h e  v a l l e y .  Any e x p l a n a t i o n  o f  t h e  occurrence of  these  thermal  
waters must expla in  the h i g h  c o n c e n t r a t i o n  of d i s s o l v e d  i r o n  and e v a p o r i t e  m lne ra l  mat ter  i n  t h e  waters.  
K l i go re  and Clark (1961, p. 235) have shown t h a t  a t h i n  sect ion o f  e a r l y  Pa leozo ic  l imestones and sandstones 
under l ies the  Pinkerton Hot Springs, none of whlch contain large amounts o f  r e a d i l y  soluble minerals, espec ia l l y  
iron. However, t h e  o v e r l y i n g  r e d  sandstones, shales, s i l t s t o n e s  o f  t h e  Hermosa Group do. I n  a d d i t i o n ,  
formations w i t h i n  the Hermosa group c o n t a i n  l a r g e  amounts of  e v a p o r i f e  m ine ra l s .  Contact  o f  t h e  thermal  
Waters w i th  these  u n i t s  would e x p l a i n  t h e  o r i g i n  of  t h e  m ine ra l  m a t t e r  i n  t h e  thermal waters. 

Figure 109.--Mound Spring a t  Pinkerton Hot 
Springs. 
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+ r  , ( Relter  (1975) has shown t h l s  p a r t  of western Colorado t o  have a hea t  flow between 2.0 and 2.5 hea t  

f ' w  unl ts .  The source of t h e  hea t  Is unknown b u t  may be r e I a t e d . t o  t h e  v o l c a n l c  r o c k s  found I n  t h e  La 
F I t a  and San Juan Mountalns. Recharge of the  thermal water I s  b e l i e v e d  t o  occur  v l a  deep c l r c u l a t l o n  a long  
f - u l t  zones from t h e  La  P l a t a  Mountalns. 

: 

y i e l d s  an es t lma ted  temperature of  78°C for Spring 
A and Mound Spr ing.  

x lng  Model: Slnce temperature-dependent e q u f l l b r a t l o n  between t h e  thermal  waters  and quar t z  may c o n t r o l  
e s i l i c a  content o f  the spring, the quartz mixlng model i s  appl lcable.  Use t h l s  model f o r  Sp r ing  A y i e l d s  

an estlmated subsurface temperature o f  127OC t o  133'C w l t h  a co ld-water  f r a c t l o n  of 81 t o  82 percent .  A 
temperature o f  139OC w l t h  a co ld-water  f r a c t l o n  o f  84 pe rcen t  was es t ima ted  for  Mound Spr lng  (Table 4).  

e es t ima ted  va iues a re  w l t h l n  t h e  range o f  va lues t h a t  c o u l d  r e s u l t  f rom normal a n a l y t i c a l  e r r o r .  

ria-K and Na-K-Ca Geothermometers: The Na-K geothermometer y l e l d e d  a subsur face temperature e s t l m a t e  O f  
231°C t o  234OC for Spring A, and 234OC t o  235°C for  Mound Spr lng. The Na-K-Ca geothermometer y i e l d e d  an 

I n  bo th  Ins tances  I re Na-K estlmate Is t oo  h lgh because the  value o f  the term, log &a/Na Is g r e a t e r  t h a n  0.5. I n  a d d l t l o n ,  
La rge  t r a v e r t l n e  and calclum carbonate deposits near the  h o t  s p r i n g s  suggest t h a t  b o t h  t h e  Na-K and Na-K-Ca 
geothermometer es t lma tes  a r e  too  h lgh .  

/';ncluslon: The l n s l g n l f l c a n t  v a r l a t l o n  I n  flow, mlneral content, and su r face  temperature of t h e  warm s p r l n g  
c Jggests t h a t  It Is not ma te r ia l l y  a f fected by seasonal metereologlcal condltlons. Moreover, t h e  fluctuations 

stlmated temperature o f  202°C t o  206°C for Spring A End 206°C t o  207OC f o r  Mound Spr ing.  

Of t he  VarlOUS geothermometer model estimates a r e  w e l l  w i t h i n  t h e  range of va lues  t h a t  c o u l d  r e s u l t  from 
normal ana I y t  1ca I e r r o r s .  

subsur face temperatures between 75' and 125OC (Table 4).  

:-. 
Canslderatlon o f  t he  mlxlng model and sl l l c a  geothermometer r e s u l t s  and m l x l n g  model p r e c f s l o n  suggests 

- .  

! -: 
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156 TRIPP AND TRIMBLE WARM SPRINGS 

156 TRIMBLE HOT SPRING 

' ' r  v 

LOCATION: Lat i tude: 37°23v28"N.; Longltude: 107°50v5211W.; T. 36 N., R. 9 W., Sec. 15 bb, N.M.P.M.; La  P l a t a  

rNERAL: T r i m b l e  Hot Sp r ing  I s  l oca ted  epproxfmate ly  9.25 m l l e s  n o r t h  of Durango J u s t  o f f  U.S. Highway 
550. A t  the present t ime the spr lng i s  unused and j u s t  barely flows. I n  t h e  p a s t  t h l s  s p r l n g  f e d  t h e  l a r g e  
fiwimming poo l  l o c a t e d  t o  t h e  south. 

f IOLOGY AND HYDROLOGY: The 
waters  c o n t a i n e d  3,340 mg/l o f  d i s s o l v e d  m ine ra l  ma t te r  and a r e  a ca l c ium s u l f a t e  type. 

[-he u n d e r l y i n g  r e d  beds o f  t h e  Paradox Format ion (F ig .  110). 

' Moyer and others (1961) have desc r ibed  a n o r t h e a s t - t r e n d i n g  f a u l t ,  downthrown o n ' t h e  no r thwes t  s ide,  
I-'ossing t h e  va l l ey  near t h e  sp r ings .  They s t a t e  t h a t  t h e  s p r i n g s  emerge a long  t h i s  f a u l t  zone. K l l g o r e  
! id Clark  (1961) show t h i s  and other f a u l t s  I n  the v i c i n i t y  reachlng t o  basement rocks.  The o r i g i n  o f  t hese  
'lliermal waters i s  unknown but may r e s u l t  from deep c i r c u l a t i o n  and updip flow a long  f a u l t s  i n  t h e  San Juan 
bas in.  

ounty;  Hermosa 7 1/2-mInute topograph ic  quadrangle map. 

The s p r i n g  i s  I n s i d e  a smal l  rock  house (F ig .  111). 

T h l s  s p r i n g  had a temperature o f  36OC and a d i scha rge  o f  l e s s  t h a n  one gpm. 

The 'Yaters, a l t hough  i s s u l n g  from c o l l u v l a l  depos i t s  a t  t h e  base o f  t h e  c l i f f ,  a r e  assoc ia ted  w i t h  

t 
1 

156 TRlPP HOT SPRING 

' -  )CATION: 
8 ,unty; Hermosa 7 1/2-minute topograph ic  quadrangle map. 

Lat i tude:  37°23*30"N.; Longitude: 107°50f5211W.; T. 36 N., R. 9 W., Sec. 10 cc, N.M.P.M.; La P l a t a  
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;,~f&.:~ TMs spring Is located less than 200 ft north of the Trlmble Hot Sprlng, approxlmately 9.25 m i l e s  L-f Durango off U.S. Hlghway 550. The spring 1s located In the big tin bulldlng behlnd the house (Flg. 
: t 2 ) .  The sprlng was sampled from a concrete-llned trough In the metal bulldlng. 

;CJL@Y AND HYDROLOGY: Temperature: 44°C; Dlscharge: not determined; Total DI ssolved Sol Ids: 3,240 mg/l; 
f l~ l  um-sod I um su I fate type. 

Llke the Trlmble Hot Spring waters, these waters come from colluvlal deposits overlylng the red beds 
.t the Paradox Formation. 

(. 

.CI .c. JTHERMOMETER ANALYSES OF TRIMELE AND TRIPP HOT SPRINGS: 

~illca Geothermometer: The sillca content of these sprlngs does not approach the solubl iltles of amorphous 
zlica, chalcedony, crlstobal Ite, or quartz. Therefore, appl lcation of any of these s i  I ica geothermometers 
, i l l  yield unreliable results. 

uix1n Model- The amorphous silica solublllty at the warm springs surface temperature (36°C t o  44"C),  143 
&*Is much higher than the silica content of the thermal water ( 6 9  t o  7 2  mg/i). This discrepancy 
ray  be caused by mlxing of the thermal water and relatively dilute groundwater. 

The mxphous-silfca mixlng d e l  yields a subsurface temperature estimate of 30°C t o  4OoC with a cold-water 
fraction of 39 t o  4 7  percent of the spring flow (Table 4 ) .  

uaX and Na-K-Ca Geothermometers: The Na-K and Na-K-Ca geothermometers yield subsurf ace temperature estimates 
af 197OC to 198OC and 97OC to 99"C, respectively (Table 4 ) .  The Na-K geothermometer estimate Is too high 
pecause the term log k a / N a  exceeds 0.5. In addition, the low surface temperature and flow (less than 
I gpm) and the lack of substantiatlon of such high subsurface temperatures by the other geothermometers 

P' * 
suggest that both the Na-K and Na-K-Ca estimates are unrel iable. 

183 



Table  1. 
in Colorado. 

Pinkerton Hot Springs: Spring A 
Location: 37'26'50"N. Lat i tude ;  107°48'17"W. Longitude; 

Phys ica l  P r o p e r t i e s  and Chemical Analysis  of Thermal Waters ! 

T. 37 N, , R. 9 W., 
Sec. 25 ab, N.M.P.M., La P l a t a  County 

- 9 3 120 Arsenic  (As), (uG/L): / -\ 

O s d O )  3,000 ., -- Boron (B), (UG/L): 

Calcium (ca) , (MG/L) : 2<Q 510 

Cadium (Cd) , (UG/L) : 0 0 

Chloride ( C l )  , (MG/L) : 17Q 1,000 
Fluor ide  (F) , (MG/L) : Y. 5 2.1 

I r o n  (Fe), (UGP'L): O 4,400 

Li thium (Li) , (UG/L) : *gn 2,500 

Magnesium (Mg) , (XG/L) : ' 2 5  79 
470 Manganese (b) , (UG/L) : h 

Date Sampled 
1/76 - 

2,800 
- 

560 

1,000 

4,000 

69 

490 

1.9 

- 

4/76 
- 

2,800 
- 

530 

1,000 

3.9 
4,500 

- 
. 72 

480 
0 '  - - w 

Mercury (Hg), (UG/L) : 

Phosphate (POcr) 

.- Nitrogen (N) ,  (MG/L): * e l  0.10 0.01 * ' O  

Ortho d i s s .  as P, (MG/L) : I 05 0.05 0.01 0.07 
Ortho, (MG/L) : I 1s 0.15 0.03 0.21 

0 - 0  
Potassium (K) , (MG/L) : 69 -120 110 120 
Selenium (Se) , '(uG/L) : - - / 

I 
I - S i l i c a  @ i o 2 ) ,  (MG/L): S r  28 28 29 

i Sodium (Na) , (MG/L) : 7% 750 690 7 20 
690 610 540 

1 
I 

S u l f a t e  (SO4), (MG/L) : 

Alkalini tj 

I 

- - Zinc (zn) , (UG/L) : Ib 0 

I _ _  As Calcium Carbonate, (MG/L) :7"'\ 1,340 1,330 1,250 i 

j .. As Bicarbonate ,  (MG/L) : P5x 1,630 1,620 1,520 
I 

Noncarbonate, (MG/L): 23  260 350 370 
T o t a l ,  (MG/L) : 7% 1,600 1,700 1,600 

S p e c i f i c  conductance 
(Micromohs) ; 5,600 6,060 5,930 

Total disso lved  
33Eb 3,990 3,880 3,770 

1 1  

Hardness 

1 
, I  

i- 

S O ~ S  (ms), ~ x G / L ) :  
pH, F i e l d  e. - 6.5 6.4 

: Id Discharge (gpm) : 3 0  54 54 54 .._ 
Temperature (OC) : 5 4  32 32 32 

&marks: Located south of r e s o r t ' a n d  approx. 50 f e e t  east of U.S. 550, 

0 1  1 
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' : Table  1. 

in Colorado. 

P inker ton  Hot Springs: Spring B 
Locatio;: 37°27'58"N. Lat i tude ;  107°48'18''W. Longitude; 

Phys ica l  P r o p e r t i e s  and Chemical Analysis of Thermal Waters 

- 

I o r  

( T. 37 N., R. 9 W., ' -  Sec. 25 a, N.M.P.M., La P l a t a  County 

Arsenic  (As), (uG/L): 

Boron (B), (UG/L): 

Cadium (Cd) , (UG/L) : 

calcium (ca) , (MG/L) : 

Chlor ide  ( C l )  , (MG/L) : 
Fluor ide  (F) , (MG/L) : 

Iron (Fe), (UG/L): 

Li thium (Li) , (UG/L) : 

Magnesium (Mg) , (MG/L) : 

. Manganese (Mn) , (UG/L) : 

Mercury (Hg) , (UG/L) : 

Nitrogen (N) , (MG/L) : 

Phosphate (PO4) 

.. Ortho, (MG/L) : 

Ortho d i s s .  as P, (MG/L): 

Potassium (K) , (MG/L) : 

- J  Selenium (se), (uG/L): 

~ Silica (SiOz),  (MG/L): 

. Sodium (Na) , (MG/L): 

S u l f a t e  ( S O 4 ) ,  (MG/L) : 

Zinc (Zn), (UG/L): 
Alkalinity 

1 ,  As Calcium Carbonate, (MG/L) : 

As Bicarbonate ,  (MG/L) : 

Noncarbonate, (MG/L) : 

T o t a l ,  (MG/L) : 
S p e c i f i c  conductance 

T o t a l  d i sso lved  
s o l i d s  (TDS) , (MG/L) : 

pH, F i e l d  

! Hardness 

' 1 (Mfcromohu) : 

I 
f Discharge (gpm): 

Temperature (OC) : 

Date Sampled 
9/75  

' 160 

3,000 
0 

530 

990 
- 

4,400 

2,800 

71 
53 0 

0 
. -  

0.01 

- .  

0.04 
l 

120 

0 
t 
! 

7 20 i 

- 

b 20 i 

33 i 
I 

- Remarks: Located approx. 1200 f e e t  w e s t  of Spring A . i  I I 
L 81 
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$3 tol2..rado. 

Pinker::n Hot Springs: Mound Spring 
.Location: 37°27'07"N. Lat i tude;  107°48'20'V. Longitude; 

?bysic31 Properc ies ' and  Chemical Analysis of Thermal Waters 

i 6 * c  

I ,  T. 37 N. , R. 9 W. , '\ 
f -  
I 

See. 25 ba, N.Y.P.M., La P l a t a  County 

Date Sampled / '  

, , -  
! .  9/75 1/76 
I -Arsenic (As), (UG/L) : 180 - i 

Cadiun (Cd), (UG/L): 0 
' f  Boron (81, (CG/L): 6,G;) 3,000 

Calcium (ca), (xG/L): 550 550 

L - 
i 

I "  C i lo r fde  ( C l )  , (XG/L) : 1,000 1,000 

I' 

i -  
1 .  

Fluor ide  (F) , (XG/L) : 2.1 1.9 

I r o n  (Fe), (UGYL): 4,100 4,200 
- f .; Lithium (L i )  , (UG/L) : 2,800 

.Xagnesfum (Mg) , (MG/L) : 74 68 
Xanganese (Mn) , (UG/L) : 500 490 

0 - Mercury (Hg) , (UG/L) : 
Nitrogen (N) , (MG/L) : 0.06 . o  
Phosphate ( P O 4 )  
. Ortho diss. as P, (MG/L) : 0.01 0.03 

Ortho, (MG/L) : 0.03 0.09 
%Potassium (K) , (MG/L) : -120 120 

0 - Selenium (Se) , (UG/L; : 
S i l i c a  @ioz) ,  (MG/L) : 29 28 

Sodium (Na) , (XG/L) : 730 710 

S u l f a t e  ( S O 4 ) ,  (XG/L) : 620 600 
10 - Zinc (Zn) , (UG/L) : 

Alkdlini t y  As Calcium Carbonate, (MG/L) : 1,340 1,320 : i  I As Bicarbonate ,  (MG/L) : 1,630 1,610 

' I  Noncarbonate, (MG/L): 340 330 
1,700 

: i  

S p e c i f i c  conductance 
5,600 6,050 (Micromohs) : 

Total d i s so lved  
s o l i d s  (TDS) , (?IG/L) : 3,940 3,880 

- Hardness 

L T o t a l ,  (MG/L) : 1,700 

j t. 
- 6.5 t .  pH, Fie ld  

' i  

: [  ! a. 30 29 
i 
I Remarks : 

Discharge (gpm) : 8E 5E 

4/76 
- 

2,900 

550 

900 

3.0 
4,300 

-. 
72 

480 
- 
0 

0 
0 

120 
- 

28 

710 

650 
- 

1,330 
1,620 

1,700 

5,890 

3,840 

' 6.4 

SE 
29 
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!able 1. 
In Colorado. 

P h y s i c a l  P r o p e r t i e s  and Chemical Analysis of Thermal Waters 

Primble Hot Spring 
Location: 37°23'28"N. La t i tude ;  107°50'52t'Ww. -Longitude; T. 36 N., R. 9 w., 
S'ec. 15 bb, N.M.P.M., La P l a t a  County 

,-.7 ' 
L ,  

Date Sampled 
9 / 7 5  

Arsenic (As), (UG/L): 

Boron (B), (UG/L): 
Cadium (Cd) , (UGJL) : 

Calcium (ca) , (MG/L) : 

I _. Chloride ( C l )  , (MG/L) : 

Fluor ide  (F) , (MG/L) : . .  
Iron (Fe), (UG/L): 
Lithium (Li) , (UG/L) : [- 

t 
Magnesium (Mg) , (MG/L) : 

Manganese (Mn) , (UG/L) : 

Mercury (Hg) , (UG/L) : 
Nitrogea (N) , (MG/L) : 

Phosphate (PO4) 
Ortho d i s s .  as P. (MG/L): E. Ortho, (MG/L) : 

_ -  
Potassium (K) , (MG/L) : 

Selenium (Se) , (UG/L) : 

S i l i c a  @io2),  (MG/L) : 
Sodium (Na) , (MG/L): 
S u l f a t e  (so4), (MG/L): 

Zinc (zn), (UG/L): 

Alkalinity 
As C a l c i u m  Carbonate, (MG/L) : 

As Bicarbonate,  (MG/L) : 

Noncarbonate, (MG/L) : 

T o t a l ,  (MG/L) : 

S p e c i f i c  conductance 

Hardness 
1- 
i* 

f -  
1 

1 f (Micromohs) : 

i T o t a l  dissolved 

i pB, F i e l d  

L 

solids (TDS) , (HG/L) : 
f 

i - 
f Discharge (gpm) : 

f 
Temperature (OC) : f .  s ,  
Remarks : 

1,400 

0 

510 

220 

2.7 
50 

1,600 
42 

80 
- 0  

0.08 

0.02 

0.06 
47 

0 

72 

510 .. 

' 1,400 , < -. 
10 

108 
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' Tr ipp  Hot Spring 

Tab le  1. 
i n  Colorado. 

P h y s i c a l  P r o p e r t i e s  and Chemical Analysis  of Thermal. Waters 

Location: 3?023'30"N. La t i tude ;  107°50 '52 '~.  Longitude; T. 36 N., R. 9 W., 
Sec. 10 CC, N.M.P.M., La P l a t a  County 

' I  
Date Sampled 

9 / 7 5  

17 
1,500 

0 

I 470 
220 

Arsenic  (As), (uG/L): 

Boron (B), (UG/L): 

Cadiurn (Cd) , (UG/L) : 

Calcium (ca) , (MG/L) : 
Chlor ide  ( C l )  , (MG/L) : 

Fluor ide  (F) , (MG/L) : 
I r o n  (Fe), (UGIL) :  

r- 
! 

1- I 

2.7 

10 r Lithium (Li )  , (UG/L) : . 1,600 
41 

80 
Magnesium (Mg) , (MG/L) : 

Manganese (W , (UG/L) : 

Mercury (Hg) a (UGJL) : 0 

I 
Nitrogen (N) , (MG/L) : 0.16 
Phosphate (PO4) 

Ortho diss. as P, (HG/L): 0.05 1. Ortho, (MG/L) : 0.15 

I 
I 

47 
0 

69 
500 

1,400 

20 

810 As Calcium Carbonate,  (XG/L) : 

988 As Bicarbonate ,  (MG/L) : 

Noncarbonate, (MG/L) : 530 
T o t a l ,  (MG/L) : 1,300 

S p e c i f i c  conductance 
(Micromohs) : 3,900 

solids (TDS) , (?fG/L) : 3,240 
* pH, Fie€d - 

Discharge (gpm) : - 

Potassium (K) , (XG/L) : 

Selenium (Se) , (UG/L) : 

S i l i c a  (Sio2) ,  (MG/L) : 

Sodium Wa) , (MG/L) : 

S u l f a t e  (SO,), (MG/L) : 

i 
! 

! 
I Zinc (Zn), (UG/L): 
I 
L Aikalini t y 

Hardness 

. T o t a l  d i s so lved  

-4 Temperature ( OC) : 44 8 

Remarks: , 

109 - 



APPENDIX 

Genera l  s u p p o r t i n g  d a t a  base f o r  t h e  P i n k e r t o n  
H o t  S p r i n g s  i n c l u d i n g  supposed  t h e r a p e u t i c  b e n e f i t s  
economic p o t e n t i a l ,  and a d e s c r i p t i o n  of t h e  Pagosa  
S p r i n g s  p r o j e c t .  
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36 NINERAL WATERS OF COLORAM) 
. . I  

CARBONIC ACID AND ALKALtNE CARBONATES AND 
BICARBONATES 

. .  L 

4 

Most cold iiiiiicral springs contain cnrbon dioridc or carbonic- 
ncid giLs i n  fiWiLtcl* or 1%. proportion.. T h y  thas bccoliic carbon- 
atctl waters uiilew sonic othcr iiigrcdicnt is suflicicntly. proiniiieiit 
to fix its own cliaractci- iipon tlic watcr. Tliosc containiiig nii csccss 
of this gi1.5 liavc RII iicid rcaction wlicn filsst drawn, ani1 an ncidu- 
loiis, piiirgciit, but vciy agrccablc tistc. It givcs to watcr a briglit 
aiid piquant sparkle, aiid is tlic gas iiscd in charging all of our 
nyiithctic artificial watcrs-“E;cltxer,” “soda,’! “Vichy,” ctc. . It 
is ulso prcsciit in inilny wiiics. I n  modcratc doscs carbonic acid 
proinotes tllc flow of siilivil, tends to  allay iiausca aiid gastric irri- 
tahility, aids digestion, assists in rciidering tlie fliiids of the body 
aIkiili1lc, proinotcs diiiresis, aiid imparts a sensc of well bcing. The 
carbonic-acid watc1.s arc often bettcr boim by tlic stoniacli than 
any othcr forin of drink, mid they form n pleasant mediuin for the 
adininistration of milk to fcvcr patients. 

The Alkdi?ie Curboaatos give clinractw to tlic‘irnportaiit alka- 
line group of mincral watcrs. Tlicy coiisist of tlic carbonatts of . 
calcinm, iron, lithium, magiiesinm, potassinm, and sd i i im . .  They . ( 
arc freqiwitly n.sociatcd. with carbonic acid, whicl~, greatly ill‘ 
creasing their soliibili ty, forins with tlicin thc bicar1)onatcs. Thcst: 
salts have so many characters in colnmon that it. sccms proper to 
coiisidcr thcin in onc groiip, aftcrwiuvl observing thcir individual , 

propcities. Thoiigh apt to  bc acid in reaction wlicn first tnlrcn 
from the fountnin, owing to tlie prcscnce of carbonic anliydridc,’ 
yct tlicir  actio^ in tho systcin is dwitys that of alltalics. Tliey form 
a very cfficacions and spccdy rcmccly in the treatment of acid dys- 
pepsin and flntalcnee. ‘rhcy also nct as stoiwichics, if givcli brforc 
riic:ils, by stiiniilnting tlin pcptic glnnils. TTaviiig n ilini*etic tcn- 

tlic iirine, illit\ arc of great scrvicc in fcvcrs, rlicninatisin, gollt, 
vcsicd irritaiion, dial)ctcs, etc. I n  Riiropc they IMVC 1011g licld 
high favor in tho trcatmcnt of mctritis arid lciicori*lmh, BR wcll as 
othoF foinnla polvio iliaordew. T$’li(rn combinod with sdinoa, RS 

t1wy eitcri nrc, f o i m ~ n g  tlic great nl1cnllnc-aal\na pmp of watem, 
thcy are of mnch valiic in catarrlial conditions of the gastro- 
i ~ i t c ~ t i ~ i i ~ l  tract with cngorgciiicnt of tlic portal systcm. They I i n w  
fiirilicr brcii foiind nscfiil in o1mit.y. Whcn associatccl with iron, . 

of their action is iiianifoliI1y cxtcnilcd (vidc iron). 

i 
. ’  I 

. } 
. 

i 

dctit*y, thct idI~iiIi11~ c;1rI)aIiiltctI \\vat.ciw t(!l1d to coiTcct. itciditnY of 

t 

i 

i 

t 
i 
t .  
’ 

const itiit ing thc inucli-prized alkali~ic-chnlybcat~ groiip, tlic range i 

I 
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Carbonnto of cnIchm-Tlic fiiniiliar “chalk mistiire”‘ of ,the 
drug storcs is largely composed of this substance. It posscscs 
scvcrnl propertics not obscrvcd in tlic ot.hcr carbonatcs. Althougli 
i ~ ~ ~ ~ a l i n c  in act.ioii, it is not  cvaciiaiit, biit in large iloscs is to 
cliiisc constipation. I n  virtue of this action tlic calcic watcrs ham 
bcen nscd wiih mniicli SIICCCSS in cliroriic diarrhea. Thcrc is also 
rcasoii to believe thitt uric acid, gram1 and calculi may be disinte- 
gratccl and climiiintcd iiiidcr tlicir frcc asc. 

Carbmtntc of Zithiitnz.-Thc carbonate of litliiiiiii is sparingly, 
the bicarboiiatc frccly, ~tolirblo i i i  watcr. Solutions of lithia aye 
iilkaline. Tliese salts arc fontid in a considcrablc nnnibcr of min- 
crnl waters in various proportions. Somc of those most cstcrisiwly 
advertiscd contain Icss tlinii half a grain to tlic gallon, and may 
1)c rcgai-dcd as practkally iiicrt so f a r  as this siihsttlnec goes. 
Liiliia owes its virtiics to tlic fiict that i t  unites rcndily with uric 
acid forming tlic urate of lithia-a fmcly soli~blc coinpoiind which 
pnsscs readily from tlic system. For  this reason it finds its most 
iinportnnt application in discitscs characterized by the nrie-acid 
dintlicsis, othc!rwisc Itnowii as uricidn., litl~n?mia, or litliinsis. It 
is iiof ably iiscful in cases of uric-acid, sand, gravel and ciilclili, aiid 
in gout nnd rhcnniatoid arthritis. It is also stated to  bc of vdiie 
i i i  phosplliit.ic deposits in the appendix, a11d in concretions, 
tophi, ctc. 

~ n r ~ , o n n t c  of mallncsizcir~.-~lliis is pcrliaps tho most‘ cfficicn t 
of tlic antacids. T t  is milclly ;tlltalinc in reaction. Pcrliaps its bcst 
c*fFccts nrc obsrrwd in acid eriictatioiis, and pyrosis, and in sick 
licndaclics, espccially wlicii diic to or nceoinpanicil by constipation. 
Tt is also of viiliic in clicclting tlic foonnation of iiric-acid gravcl 
iind citlctili. 

I7otcissiirI)i.-l’liis salt is usnally fonnd in tlic 
forin of tlic I>ipil~bonntc. It posscsscs antacid, dinrctic, and anti- 
lithic cffccts in connectioii with tlic othcr allralics, but claims no 
individniil or  pcculinr virtiics. 

Cat*bonato of sodiitm-Tlio carbonate of sodium mrty be t d m  
tho ~~Jtctiidnril of the alkaline cai~l~oiintcs foiind in mincral wtcrs .  

This salt, or the bicnrbonntc, occi~ix with grcntcr fi:cqntwy, and, 
as 8 riilc, in Iiirgcr quailtitics t11it1) tlicr oilicr compounds of this 
clinmctci*. Tn tlic liotly it is found in t&?, blood a i d  s;iliva, giving 
to tlicsc fluids tlicir dlkiilinity. It also occiiw i n  thc urine, the 
ly~iipli, tlw ccpliiilo-mcliidinn fliiid, and in bone. Its fiiiictiou in 
iiiitrition is rather ncccssol=y tlinii csscat.in1. Wntcrs coiitiiiniiig 
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CHAPTER IV 

RADIUN AS A CURATIVE AGENT IN MINERAL WATERS 
- 

. INTRODUCTORY BY R. D. QEORCE 

TIIERAPEUTICS OF ILIDIOACTIVE WATTEBS BY JOHN SATTERLY 
AND R. T. ELWORTXSY 

THERAPEUTIC VALUE OF RADIOACTIVE MINERAL WATERS 

Physicians, sciciitists and laymen freely admit that, in  many 
instaiiccs, the curative effects of certain inineral watcrs cannot, be * .  

esplaincd by refcreiice to the inineral contents of tliosc watcrs as 
sliowri by the most careful eliornical aiialyses. It is custolnary to 
refer to the c1i;inge of surroundings, the rcst fd conditions at the . 
spas, and the psychologicill influence iindcr which the paticnts live, 
as B suficieiit cxplanation of the beneficial results which appear to 
be out of 1i;irinoiiy with the medicinal valw of the clicmical con- 
tents of the waters. It is, liowcvei*, a provcii fact, apart altogctlier 
froiii ’the espcriciices of patients at spring resorts, that crrtairi 
chcinicals adininistered in doscs of extrerncly sinall size will, in 
tiine, producc rcsults quite out of proportion to the amount of such 
clriig or clicinical takeii into tlic systcm. (Scc p. 34 of this report.) 

3 

The study of certain ductless glands long snpposed to be func- 
tionlcss, and the study of certain bodics not linown to be glandultir 
in character or function hsvc provcd the extrcine scnsitivcncss of 
the Iiuinaii system, and the fact that illfinitely sinall amounts of 
certain sccrctions inay profr~undly uffcct tlic well being and func- 
tioiiing of the liurnan inacliine. Ccrtiiin foods arc fomid to contain 
infinitcly srllilll qiiantitics OF certain vitally iicccssary ingrcdiciits 
(vitainincs) without which the inost perfect functioning of the 
animal systcni woiild I)c iin~iossible. 

Is i t  not possiblu that a part, perhaps a very important part, 
of tho usospcctoil tliid iuioxplrtincd virtuow of oertuin niaornl 
w t e r s  may I m  directly duo to t l ~ c  subtle influcnce of rudioclctivity 1 
‘1%~ study of nicliuin iIs a curative agent litis proved beyolid contro- 
vcrsy its cflcclivcircss in the trciltluci1t of certain clisctiscs, iiotably 
cii11ccl*, itlicl its iiifiuencc up011 certain 1)otlily f i tncths .  If 1)nt a 
s111i111 fr;iction of tlie Iicirling i\Vorli a! tributed to radium by rcputa- 
blo physiciaiis aiid surgcoiis is properly so crcdi ted, wc 81.0 obliged 

I 

.. . . 
* 47 

to acknowledge tlic great powcr of vcry sinall quantity of thc 
~‘leniciit, sincc tlic t,otiiI timowit, of riidiiilil liitlicrto iisctl by tlic 
cii tiro incdical profcssion would ScitrCCly cvcccd in wcight R Hay’s 
dosagc of ccrtaii: grosser diwgs for 8 single paticnt. 

The following puragraplis arc copicd froiii Xiicral  Springs o t 
Canada, Par t  I. Tlic Radioactivity of Some C;ili:itlitln blincral 
Springs, by John Stittcrly and R. T. Elworthy, Cnnada 1)cpartment 
of Nines, Milles Branch, 131111. 16, pp. 50-65, 1017. 

MINERAL WAITERS OF COLORADO 

THE THERAPEUTICS O F  RADIOACTIVE WATERS 

It imy be intercsting to ontliiie the main results of invcstiga- 
tions coiiccrning the tlicrapcutic valiie of r;idioactive waters, 
nlthongh the grcatcr part of such work lias bccii doiic using artifi- 
cially prcparcd radioactive solution, i1SI1i1lly niaiiy times more active 

In  the first place an iiicrcasccl activity of all the proccsaes of 
nutrition and inetabolisni occtirs. Inorcnscd oxidation is evidenced 
by a rise in the pcrcentiige of all uriiinry snlicls otlicr than tlic 
cliloridcs, arid a considcrablc mult iplicatiuii of tlic rcd blood cells 
Iins bccn nftcn obscrvcd. TXfl’crence of opinion esists ns to the 
qiicstioii of the bactericidal cffccts of radium and its dcrivativcs. 
Sonic authoyities have denied any siicli clfccts, yct trcnt.nlcnt a t  
niith has shown an antibacterial cff’ect in the cas-@ of gonococci. 
~ ~ i u i n  eninnation ccrtainly I I U S  powcr to stiinnlite tlie elimina- 
tioii of tosiiis. 

Uiidcr tlic influence of rndiiim eiriaiiatioii the insolnble soclimn 
monourate can be changed into a soluble monourate, which subsc- 
qiicntly decomposes into aiiinioilin. and cnrbon diosidc. Worli upon 
pitticlits W~IOSC blood coiitnincd uric acid has sliowii that a siiiiiliir 
proccss takes place in the l l l ~ n ~ a n  body when treatincut in i l l1 

4 6  cliiiinatoriiini” is givcn. 
 lie c1iic.f agent in tlie tlicraicutic iisc of watcrs is radiwn 

cinanil lion. 
‘1’Jicrc arc five ways of absorbin:: emanation : 

1. T11ro11glt the I1111gs. 
, 2, Thi’ouyli tho cligcstive organs. 
. 3. ‘l’li~*~iig1i tlio skill. 

4. ‘~‘~iroiig~i tlic iiicdiiim of ~ c r c i i t  fori& of illjcction. 
5. ‘lllil*ollKIi the ~11iplo~~i1~11t  of loci11 ~ ipp l i~ i t t i~ i i s  cstcriifillp. 
111 tlic first, C‘as~ tllc cliicf soiircc of 1 1 1 ~  ciiiiiiiiitioii \\ .OIII~I 1)c tlic 

P s C S  wliicli iirc SO oftwi cvolvctl fro111 springs. ‘ l ‘ l i c~~  ~ I S C S ,  piisscd 
into the air of a s\1itiiblc roniii, coilstitutc it ~ i i  “iiiliaIatol~i~im.” 

t h i  IiiItliriilly foiilld solutions. 
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Thc liing is tlic quickcst iiicdium of absorption and discharge, 
and tlic radiiini ciriaiintioii dissolvcs in tlic blood to a ccrtaiii cxtciit. 
1~’rotn tlic blood i t  can eiitcr thc organs and tissue cells. The most 
satisfactory coiidition will arrive .when tlic blood is saturated with 

Tlic sccond incthod of absorption will bc adoptcd when waters 
containing radium or cinaiintion arc drunk. I n  this way the emana- 
tion pciictratcs the stomtidi and intestincs, atid iliIPuscs into the 
capillnrics of the lympli and portal win,  and much of the cniana- 
tioii inibibcd rcaclics tlic arterial blood. I n  tlic case of inhalation 
the ciiiaiintion is much inore rapidly absorbed, but it is retained 
oiily as long as it is brcathcd, wliilc in tlie clriiilc ciire emanation is 
introduced iiito the systcin, aiid solid decomposition products arc 
deposited, which will continue to scnd oiit the radiations which are 
tlic valuable agciits. 

I n  mnny cascs, rclativcly strong radium solutions are irijcctcd 
into paticiits, tliough siicli trcatni it hardly comes within the prov- 
incc of n;iturnl witer thcrapy. 

Bcsidcs iiilidiiig raclioiictive air, and drinking radioactivc 
WiitCr, a vwicty of 1):itlis iisiiig rndionctivc wiltcr liir\tc ~ C C I I  ilcviscil, 
tliough tlic qucstioii of alw-wption by tlic sltiii is B much discussccl 
oiic. Tlic majority of authors agrce that cnianation does not gct’  
into tlic organism through the skin, but it exclusively gcls into the 
blood tlirougli the lungs. 

IIowcvcr, others iirguing on tlic grounds of tlicir cspcricncc 
statc that if Iiatlis arc tiiltcii for sutliciciitly loiig tilnc, considcrchlc 
cinanstioii is absorbcd. . 

ciliiti1atio1i. 

T H E  USE OF T H E  RADIOACTIVE WATERS A T  BATH, ENGLAND’ 

It inay be of iiitcrcst to oiitlinc the various ways iii which the 
spriiig waters a t  I h t h  are utilizcd for tlicrapcutic tiwatmcnt. Bath 
is the oldest iiliil  inost fiii1ioiis Ii~i11tIi resort in tIic British ISICS. 

Tllerc are tlircc hot springs at Bnth: 
(1) Tlic King’s Spring rises in tlic King’s Bath, which is 

siirrouncled by biiildings of peat liistoric intcrcst. Rdioactivc 
wtitcrs arc sorvcd from a fountuin in tlie famous pump rooin wliich 
iu supplied direat from tho 1Ciiig’s Spring; (2) ‘l‘lio IIetlillg spring 
which supplies both drinltiiig wltter aiid swimming baths in tlic old 
Royal or Ilctling baths; aiid (3) the Cross spring wliiall \vas tlie 
filshioiiiildc h t l i  of the scvcii tceiitli cciitiii*y, wIiCii Pcpys bat1iecI 
tl1crc. . .  

l”Xoteu on the Thcrapeutlcs of Radlurn ln the Bath \Vatera.”‘ Compllod 
by John liatton, Dlrcctor of tho Ilaths. 

L L  
J 
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Since Sir  William Ramsay’s rcport on tlic rmlioacthity of tlic 
nath waters, showing that they were the iiiost activc in Great I M -  
uin, the latcst inctliods liavc k c n  eniploycd to utilize this propc~ty.  

It has bccn stated thnt raclioactivc ivatcrs may bc uscd in thruc 
W,ZYS :-by illhaling tlic gilscs given oi‘f from thc hot waters; by 
drinking tlic watcr, aiid by estciiial application in the forin of 
baths. Each oiic of thcsc mctliods is eiiiploycd n t  Bath. 

A Radium Inliulatoriu~n has bcen opcncd in wliicli apparatus 
is installed ivliercby tlic radioactive waters of tlie I-Iot Springs may 
bc inlialcd 01. usccl for special spi’ays iii a fincly atomized forin. 
The gnscs from the springs arc also supplicd in  conjunction with 
tlic wntcrs. The watcrs are atoinizcd by s t e m ,  air, or by tlic gases, 
containing considerable aiiioiiiits of emanation evolved from tlie 
springs. 

Nasal sprays and douches, mid ear and eye sprays are also 
given. 

Tlic rndioactivc watcrs arc s c h d  for drinking in tlic grand 
piimp rooin, and during the suiniiicr scason a t  tlic Colonaclc fonn- 
titi11 io the h t i t l l t e  gnrctnls. 

Tlic QIICC~IS biitli iid joining tlic grand pniiip root11 itnil the NCIV 
Royal ljatlis, afford cvcry coiiwnience for all kinds of baths in tlic 
wdioactivc natci?i. Tlic high tcmpcraturc a t  iihicli tlie water issues 
from tlic s p r i i i g H 9 ”  C. or 120” F.-enables baths and donclics 
to be given without any ncccssity for artificial heating. 

Thcrc arc dccp baths wi tli iirrtmgimcii ts for lowering liclplcss 
pnticnts iiito tlic wntcrs, all ltiiids oQ recliiiiiig baths, doiiclics, niiil 
douclic-iiinssagc butlis, such ns arc cinploycd at Ais-lcs-Bnins, 1’1oiii- 
bicrcs, aiid olhcr fniiious European spas. 

Bcsiclcs tlicse, tlicrc nrc large niid w d l  iippoiiitcd swimming 
baths. 
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XIXI. LITIIIUM CONTENT 

By mcms of thc spectroscope the prcscncc of Iitiiium was noted 
in 111 of the waters analyzed. In only twelve waters, however, 
did. the lithiu~n spcetrum appear bright enough to warrant tho 
scpnratiou of the litliium. Siiice the nmonnt separated amounted, 
in soine cases, to less than one milligram per liter, it is safely 
assumcd tllat wlicre a trace of lithium is reported the amount 

more than one milligram-per liter. , : ,  ;, 
. ,  . . .  . . .  . . .  . - '  . . .  . . . . . . . . . . .  . .  

. .  
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High in Iron and . 1 High in  Chloride Aluminum 

s o .  67 at old Colorado SO. 33. Lron Spring ' near Crested . Butte. 
SO. 205, aftneral Creek 

SlJring near 
. Silverton. 

SO. 96. Ironton Park 
Spring. . 

, SO. 41, on Soda Creek 

I :  
I ;  High in Bicarbonate 

Salt  works. . So. Park. 
NO. 4 Near 
No. 3 1 Austin 

1-10. 2.1 on Grape Creek 
T ~ .  35, s t  or Crisman so. 5 4  
10. 65, odges' Spring 

KO. 214 In 
NO. 216 Steamboat 
XO. 217 Springs 
40. 220 Group 
To. 221  

1 *To. 211 

1 .  

I 
\ 

Hlgh in Alkall 3fetals I Hlgh In Lithium 

S0.'60 In Pinlierton 

'Xo.  6 7 C t  the old Colo- 
rado Sal t  
Works i n  So. 
Park. 

S O .  
so .  
so. 
S O .  
S O .  
so. 

229 near Trlmble 
331 Wagon mhee 
535 1 Gap. 

3fiscellaneous High In Sulphur 

so.  73--61.0 mg..per L. 
So. 74-51.1 mg. per L. 
XO. 75-59.3 mg. per L. 
The above three are 
all f rom the Doughty 
Group. 

SO. 84-61.09 mg. per L. 
Xear Hygiene. 

NO. 105-77.95 mg. Per 
L. Xack Spring. 
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X o  t e 
. -  

I n-ishcd to comply with the request of Professor C h i s  that he 
be perniittcd to read the proof of his part of the report, but I regrrt 
that fhc urgency for irninediate actioii in the pri!iting of the rcpc1r.t 
made this impossible. 

R. D. GEORGE. 
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OURANGO, LA PLATA COUNTY 

47-51. Tliesc ivanii  springs are 011 ihe 1'iiil;crtoii ranch i i i  

the Las Aiiim;is Valley, about lialf way between Triiiible a i 1 1 1  

lioc1;wood. They arc west of tlie rvagoii road, and are coiirciiiciit 
to the Deiivcr and Rio Grii1ide Rililtt-ay. 

The rock forinations of the iinmcdiatc iieigliborlioocl arc (if' 
Paleozoic age, bnt prc-Canibrian rocks outcrop a short distniit.l? 
to the north. Tlie eleratioi: is about 7,500 feet. 

Tlic grcup iiicliidcs five largc spriiigs and several sinalltar oiia~\. 
all issuing froin a. saiiclstoiic foimiatioii. Tlic waters of oiily I*.\II 

of tlie springs were analyzed, lint radioactivity tests were ilia~la* 

on those of five springs. Tlic two n-ntcrs analyzcd arc similar i n  
most rcspccfs, bnt the north spring coiitili1is 20 piirts of Iitliitiiii 
clilorirlc per inillioii, aiid in this respect is oiic of tlic tliree liiyii- 
est in tlic Stale. 

Practically iiotliiiig ha.. bcrii done to devclop tlic spi-iiig !A- 

hcnltli o r  pleasure resort purposes. 

ELOORADO SPRINGS, BOULDER COUNTY . 

52. Tlierc are several cold springs aiicl one warin spring wliirli 
is \v.\-eakly inineralized. The rocks are the nptnrncd S ~ I ~ ~ S ~ O ~ W S  i i  i i d  

shales of the Carboiiifcrous formatioiis. The warm spriiig Iiii. it 

flow of about 12 gillloiis pcr minnte.  lie waters &.e usccI i i i  a 
large swimming pool, Tlie spriiigs are developed by a good hotd. 
smiiumiiig pools, bath Iiouses, pleasure ground and cottages. . 

FAIRPLAY. PARK COUNTY - 
53. T'l'trrnt S p r i ~ g .  Soutli a i d  southwest of the t o m  of F,:ir- 

play, Park Coiiiity, there stretclies a broad alluvial area on bo111 
sides of Fouimiilc Creek, a tribntary of tlie South Platte. ' l ' l i ~  

snrfacc of the allnvinl plniii is soincwliat hilly and. in plaees is mt 
by rilvines. Tlie spring comes froiii a side hill in a small gti1l.h. 
The floly is e ~ t i ~ i i t i t d , i ~ t  250 to  300 gnlloas per minnte. The w a t v v  
is but x~cakly mineralized, aiid lias a tCiiipernture of 79' F. 

GLENWOOD SPRINGS, GARFlELD COUNTY 

6-4-G4. Tlie Glciirvoocl Spriiigs ;ire located tm-arc1 the t ' i I"* ' I ' ' l  

em1 of Garfirld County mi both sicks of tlic Graiitl Rivcr, 1~.1!1 

most highly niiiic.i*;ilizccl waters of tlic Stiitr. aiid are wdl ~liiiI.~~*al 
with gases. ( 'ilrboi1 ciinsidc ncciirs in c.oiisidcr;iblc cxccss atid liy*11.11- 
geii sulpliitlc is prcscnt in all tlie spriug n-atcrs. The tcmperi~t1lr~* of 

above i l i t l  I W ~ O I Y  t11c 111011t11 of Roiiriiig ~ol.1;. ~ l i e y  iim i l 1 1 1 0 i i ~  I I V  

I .  

I ,  ; i .. t .'I 
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NUMBER 47 . 

PINKERTON SPRINGS-N. W. PINKERTON SPRING 

Location-On Pinkerton Ranch, 4% miles north of Trimble. 

MINERAL WATERS Ob COLORADO 201 
NUMBER 50 

NORTH PINKERTON S P R I N G  

Location-Between Trimble nnd Roclrwood. 

I Radioactivity 

I Curies Ra Emanation per llter x 

PtIache Unfts per liter, Water, 0.2. 

Water, 0.73. 

I 
111 111 grams 
per liter 

mllllon 
35.3 

634.3 
1310.4 

COa None 
Trnco 
9 3 5 s  

Constltuents Formula AP1mxdtnateiy parts per 

mea "..........I..... .............................-.... sio, 

PllosPhte ................................................ 

Iron Fc 
Iron oxide . ..........-.... ......................... Fe.ol 

cnlclanl Cn 
Aramesium nrg 
I'otnssi~m ....................._..._..........._........ 11 120 Sodium Na I,fthillm _-..--. Li 

................................................. Slllphate SO, 
Dicnrbonate HCO, 
Csrbonato .-....-..- 
Cl1lorido .................... .. ............................. c1 

...................................... 
.................................. 

....................................... ................... - .......... ............ ............ ........ ................ 
..I 

dllllminum ............................-.. A1 

Arnnganese  in in Allminum oxide ................................AI, 0 , 1 Trace ..- ......... 
............ None 

537.5 21.94 

2.51 
.......................................... 636.1 22.64 

.40 

100.00 

.................................... ................ ............................................ 
37.2 2.51 

..................................... ............... 
3.4 

Total .1?50.0 
- - ............ 

Reacting 
value 

Percentage 
............. 

10.80 
17.60 ............ ............ 
21.60 

I PINKERTON SPRINGS, POOL SPRING 

Location-Durango. 

Radioactivity 

Curies Ra Emanation per liter x lO-l", Water, 0.27. 

hlache Units per liter. Water, 0.07.' 
i 

Hypothetical Cornblnatlons 

PINKERTON SPRINGS, CEDAR S P R I N G  

Location-Durango. 

Radloactivlty 

Curics Ra Emanation pcr liter x 10JO, Water, 10.10. * .  
JIache units per liter, Mater, 2.73. 

. .  

. .  
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. SOUTHEAST PINKERTON SPRING 

Location-Duran go. 
R.ate of Flow-3 gal. per minute. Temperature-.. .............. 
Class of Water-Sodic. calcic, bicarbonated, muriated, sulphated, alka- 

lhie-saline. ferruginous. carbondioxated. 
Blllligrams 

per liter 
Reactin$ Approxlmately value 

Formula parts per Constituents million percenta c” 

11.08 
Silica .Sios 

638.2 
1200 16.40 
None .cos 

Phosphate .Po, 957.6 22.52 
Chloride ......................... .c1 

2 9  

.......................... 38.0 ...... 
Sulphate .. , ..................... .SO; 
Ricarbonlto ................... .HCOJ Carbonate ...................... ...... ...................... Trace ..... 1 

Iron ............................. . r e  ...... 
Muminurn ....................... .A1 ...... ...... 

36.6 2.31 

- . m  . 
14.1 ....... 

None 
48S.2 20.32 

* 1.71 
25.15 

...... 
80 

694.5 
hTot run ...... - - 

4141.2 4.2 100.u9 
Oxygen in Fc,O, ..................... 

7 

Total ...... 4143.0 

.................... Iron osid!! .r elus 
Aluminum oxide ............... .Also, I 
BIanganeso ...................... .mi 
Calcium ......................... .Ca 
Bfagnesiurn ..................... .3k 
Potassium ........................ ..K 
Sodium ........................... .Na 
Lithium .......................... .Li 

. Concentration value ....... .120.00 Excess carbon dioxide. ..... 432.7 

Arsenic, As Evaporation solids .3;s1; 
Strontium, Sr Oxygen consnrning capacity-. 2-14 

Hydrogen sulphide, H!,S.. ... None Iron precipitated .......... Trace 
..................... ....... ................... 

Hypothetical Combinations 
~ ~ i l l i g r a m s  ier liter, approxilnately parts per million 

.............. ... Lith. chlor., LiCl.. Calc. bicarb.. Ca(HCO,),. .Cj?-* 
Pot. chlor., ICCl.. ........... 152.6 Iron and alum. oxides. 
Sod. clilw., NaCI.. ......... .1459.0 Fe,O,. AIIO,. .................. 
Sod. sulph.. Xa,SO ,......... S9.6 Calc. silicate, CaSiO ,........ .... 
brag. sulph., 1fgso4 ......... 181.2 Silica, sio, ................. 3E.O .............. Calc. sulph.. CaSO, .......... 613.7 Jfang. oxide. Mn,O 
Calc. carb., CaCO; .............. bras. bicarb., BIg(HCO,),.. ..... 
Ferrous bicarb.. Fe(HCO,),. . 31.4 Sod. bicarb.. XaHCO,. ....... - Z34.1 

[fL ; I ;  : 1 . .  ..................................................... Total ..J14:-o 

- 

! 
I . 

j Properties of Reaction in Per Cent 



Before discussing the preliminary des ign ,  i t  would be worthwhile t o  
' ' ' point out the major differences between the original proposal and  the 

current design. 

i n  estimated cost of the heating system. 

problems which were not anticipated a t  t h e  s t a r t .  

1 )  

These differences a re  the major reasons for  the increase 

These have a lso created several 

Originally i t  had been planned t h a t  existing wells and the new well 

d r i l l ed  by the Colorado GeolGgical Survey would be used i n  the heating 

sys tern. 

The f i r s t  well d r i l l ed  by the Colorado Geological Survey, 0-2, 

produces geothermal water a t  about 12OoF which i s  too cool f o r  

practical use. 

Several factors have coinbi ned to e l  i m i  nate t h i s  Fossi b i  1 i ty . 

Additionally, t h i s  well has developed a s ignif icant  
c 

leak due to what appears to  be problems i n  completion; if i t  were to, 

be med, the cost  of repairs would have t c  be determined. 

second well, P-1, dr i l led by the S ta te ,  produces small quantities 

of cool water, a t  112OF, and is therefore also'impractical for  the pro- 

posed heating system, I t  may be possible t o  perforate t h i s  well a t  . 

a depth closer t o  the surface, t o  produce water a t  a suff ic ient  

flow ra te  and temperature; the cos t  of t h i s  operation is being 

investigated. 

a t  140°F, which i s  of h i g h  enough temperature; however, the limited 

flow ra t e  of 250 gpm is insuf f ic ien t .  The other wells a v a i l a b l e  fo r  

use are  of questionable value due t o  t h e i r  extended age and the i r  

uncertain physical condition, and due to a lack of knowledge as 

t o  the producing zone within which they are  completed. Therefore, a 

new hot water well or  wells may be required. 

The original proposal had cal led for  the d i rec t  u t i l i za t ion  o f  the 

The 

' .  . 
1 .  

The existing County Courthouse well produces water 

. 

2) 

geothermal fluids fo r  the heating medium. 

was made by the advisory committee that  a clean circulating f luid 

However, the decision 

I 1 f '  
I f  I a -  * ._ - . . . _. - . .. -.. ....._-_----. -.--.- _- - . .  -. ..- 



I 
+ c c  should be used. 

ut i l iz ing supplcrncntary heat exchange equipment. 

Thus a c lose- loop heating system has been designed 

This equipment was 
( *  ‘I 

not expected t o  be necessary when the proposal was prepared and i t s  

costs were not included. 

The number of users has increased s ignif icant ly  and  the heating load 3)  

for the system has very close to  doubled.  Thus the pipeline s i z e  has 

increased to  accommodate the additional flow. 

differences i n  number of users, design flow ra t e ,  and annual hea t  

load between the proposal and the present design. 

poses, Tables 2 ,  3, and 4 have been included t o  document the flow 

requirements of a l l  users. 

Table 1 shows the 

For reference pur-  

c 

/*. The increase i n  cost of the project i s  due primarily wi-tk-the decision 

I t o  go w i t h  a closed loop heating system and the s ignif icant  number of new 

users. Additionally, the wells d r i l l e d  by the Colorado Geological Survey 
_ .  

and those available to  project are insuff ic ient  fo r  the system needs. 

r - .  The additional costs can be at t r ibuted t o  the need for h e a t  exchange 

equipment and new geothermal production wells. However, these costs are 
t, * 

par t ia l ly  of fse t  by the money originally allocated fo r  a reinjection well and 

the reduction i n  the cos t  estimate for the pipeline. 

shows the cost breakdown from the original proposal and current design. 

The  following tab le  L ‘ 

Cost Sreakdown fo r  the Pro.ject 

Proposa 1 Current Design I , c  

1 I; 
p i  pel ine $399,000 $334 ,loo* 
Injection Well 95,000 -0- 

Hea t Exchange €qui pment - -0- - 

opposed t o  an  insulated l i n e  as planned i n  the proposal. 

80,000 Pumps and Instrumentation 49,800 50,000 

121,000 
, $543,800 $585,100 

* The current design i s  based on u s i n g  an uninsulated return l ine  as 

1 I Production Me11 -0- 

I 



p 
9 

?- P, * e r  4 
I t  should be pointed out t h a t  only $547,000 has  been allocated by 

DOE for  the construction o f  th i s  portion of the project. 

t o  reduce the above costs  i n  several areas which may prove acceptable. 

I t  i s  possible r ,  \" 

r: 

.- 

For instance, the heat exchanger cost given i s  based on the design flow 

ra t e  of 1800 gpm needed i n  the future; th i s  cost can be reduced t o  $73,500 
, 

i f  the design flow r a t e  i s  reduced to  the 1000 gpm that  i s  expected t o  

be needed fo r  the f i r s t  years.  Then, the additional heat exchangers could 

be purchased as  needed. 

f o r  the production well is  based on future needs; a savings o f  between 

$20,000 to $40,000 could be obtained i f  only the necessary production wells 

are dr i l led  a t  t h i s  time. 

I n  the same manner, the $80,000 estimated cost 

c 



+- 

Table 1. Di ffcrcnccs Be twccn Proposal And Prcscnt Dcsiqn 

1. 
c . 

Publ  i c Buildings 
Businesses 
Resi den t i  a1 

NUMDER OF USERS 
4 

Proposal 

12  
22 
23 

Present Des* 
p-7 

10 
54 
63 

DESIGN FLOW RATE IN GALLONS PER MINUTE uC"i ,%~l 

Proposzl Present Desiqn 

379 
' 1  

Publ i c B u i  1 dings 
Businesses 372 1055" 
Resi dent i  a1 138 378 

TOTALS 902 1812 
* Includes an additional 100 gpm not  accounted f o r  i n  survey 

392 

ANNUAL HEAT LOAD IN lo6 BTU/YR 

+. Proposal Present Design 
12,400 11,900 

Businesses ' 11,900 33,000 
Publ i c Bui  l d i  ngs 

Resident ia l  4,300 11,800 

28,600 56 ,7 00, '. :; , !: '3 TOTALS 1 
i 



1- 

. '  

i' I 

I 

I+oiosa 1 Ncw Es t i  lucl t e  Business Code 7\nriual Average Peak Aririuaf Average Peak Corrmcn t s 
. . *  

No. Heat F l o ~  Rate Flow Heat Flow F1 ow 
Rate Load Rate Rate on . Lodd GPI.1 

GPM GPM Map B 106 tu /yr  GPN d ? h r  

Museum . 
Forts t Service 

Jr. High School 
Sr. High School , -  

Elementary 
Bus Garage 

/ "  

Courthouse 

Town Hall 
Housing Corp. 

I 

9 .  County Shop 
i i c  Town Shop 

10 93 
25,34 486 

92,93 
94 1 6 3 6 3  

157 

132 256 

112 61 7 
- 3227 

145 672 
- 652 

, .a5 
4.5 

3.0 
13.5 

58.0 203 .O 

2.3 

.5 .6  
29.4 

8.0 

19.6 
102.9 

6.1 21.35 
5.9 20.65 

31 3 
663 

6669 

266 1 

626 

939 

2.9 
6 

61 

24.3 

5.7 

8.6 

10 
21 Two buildings.  

d i f f e r e n t  hea- 
ing costs  fror 
f i rs t  t im 

21 3 

85 Old f igure  Wac 
f o r  only 12% 
of building 
heating * 

Not now i n -  
cl uded 

20 

30 
Not now i n -  



Ttlt)l(! 3 --. - .-- 
UUS I NLSSCS ON OR I C1 NAL PROI'OSAL - 

New E s t  i mi t c  - Yroposa 1 
Bus i ness Code m n v e r a g e  fkab  A n n u a l  Average Peak Cori t7ts  ! 

4 * ,  No. Heat F1 ow Flot; Heat F1 ow F1 ON i i I  on . Load Rate Rate Load Rate Rate i 

Map 106 G PM GPM iPt /yr  GPM GPM 
B tu /yr  

I 

S i  lver Dollar 4 89 .81 2.8 125 1.14 4 
J's Mart 6 244 2.2 7.7 1001 9.1 32 
Circle K 1 159 1.5 5.25 159 1.4 5 
A1 's Cafe 8 75 .7 2.45 31 3 2.86 10 
San Juan Motel 2 3181 29.0 101.5 . 2348 21.4 75 
Dr. Davis 26 318 2.9 10.1 188 1.71 6 
30 Gels 27 222 2 .o 7 .O 94 0.86 3 
Harvey's Motel 28-30 909 8.3 29.0 1315 12 42 
Pioneer I4es t 31 91 .83 2.9 94 0.86 3 
Trading Post 32 44 .41 1.4 125 1.14 4 
So la r  Mal 1 33 227 2.07 7.2 1722 15.7 55 
Uni ted  Farm 64 125 1.14 4 .O 188 1.71 6 
Goodmans 95 409 3.73 13.1 470 4.3 15 
Jscki s h  Drugs 125 227 2.07 7.2 
Total  Sports  119 333 3.03 10.6 940 8.6 30 

118 363 3.31 . 11.6 282 2.6 9 La Canting 
Universal Phone 105 227 2.07 7.25 
Methodist Church 158 782 7.1 .25 
Al ley ' s  160 181 1.65 5.8 188 1.7 6 

, Gambles & Groc. 137 1363 12.4 43.4 1566 14.3 50 
Conoco Service 
S ta t ion  142 327 3 .O 10 :5 1753 16 56 
Pagosa Hotel 

444 4.05 14.2 Spa Motel 

TOTALS 11,921 108.74 372.0 16,126 147 515 . 

c 

c 1 

, Johnson Chevrolet 136 1818 16.6 58.1 2473 22.6 79 

* Bldg. 545 4.97 ' 8.47 

- .  i 
! 
c 

L 
11 

I 



Code No. Annual Heat Load - Flow Rate (GPF.1) Bus i ness Average Peak ' 4 '  on Map 106 Btu/yr 

G r i f f i t s  
Ri ver Center 
Colo. Cdn Sports 
San J u a n  Chevron 
New Horizon Book 
B i  ggi ns 
Pagosa Lodge, Masons 
Church  of Christ 
Bakery 
Larson Law Office 

Roys Hair Care 
Mortuary 
Parish Hall 
Rectory 
Catholic Church 
Natural Gas Office 
Adobe 
Bank 
Pagosa Bar 
Barber Shop 

3, 5 
7 
9 

1 8  
22 
23 
38 
45 
51 
96 

104 
106 
107 
108 
109 
110 
111 
114 
117 
120 

39 1 
187 
187 
34 1 

778 
187 

187 
187 

1001 

125 
1589 

137 
31 3 
156 

3.4 
1.71 
1.71 
3.11 

7.1 
1.71 

1.71 
1.71 

9.14 

1.14 

1.25 
2.86 
1.43 

14.5 

1 2  
6 
6 

11 

25 
6 

6 
6 

32 

4 
51 
5 

10 
5 

5 
16 

62 
5 

35 
15 
30 

5 
. 80 

7 
15 

' j  

I 
! 



PRELIMIIMRY DESIGN, PAGOSA SPRIflGS CCOTHERMAL PROJECT 
.___ I__- 

+ r  * 

General 

For the proposed closed dis t r ibut ion system, two independent loops have 

been identified. 

carry 500 GPll  and will  extend west from the Courthouse, i n  an existing easement, 

to  the Elementary School. The second loop will eventually carry 1300 GPM e a s t  

from the Courthouse. This l i ne  wil l  be sau-tk o f  Pagosa S t r ee t  i n  an ex is t ing  

easement i n  the a l ley.  

Highway U.S. 160, where i t  will branch i n t o  a l i ne  about 700 f e e t  

long heading west and a l ine  a b o u t  1,400 f e e t  long head.ing east .  

These a re  shown i n  Figure 1. The f i r s t  loop i s  t o  eventually 

\;' ,*; \ , . 

A t  the Museum the l ine  will  t u r n  south and cross 

, t .  

P i p e  
.f 

Two types of pipe have been considered. The f i r s t  i s  an asbestos-cement 
4 

( A - C )  type p i p e  and the second is a fiberglass type p i p e .  

purchase costs of each a re  as follows: 

The estimated 

f -  - .  
i . .  b 

Asbestos-Cement 

Diameter Insulated Uni n su l  a ted 1 * 
$3.00/LF 
$4 .OO/tF 
$6.00/LF 
$a. 50/LF 

1 

t 6- i n c h  $ 9.21/LF 
8- i ncn $1 4.23/LF 

1 2-i ncn $24.33/LF 
! 10-i ncfi $18.25/LF 

I .  * 

! Fiberglass 

$1 1 .27/LF $4.37/LF 

10-i nch $24.71 /LF $11.27/LF i 12-inch $30.59/LF $14.58/tF 
The lengths and diameters required for each loop, which are designed t o  
allow for  future expansion of the system, a re  as follows: 

10-i nch 1,650 f ee t  1,650 feet 
8- i nch . 1,000 f ee t  1,000 f e e t  

1 E-inch 1,000 fee t  1,000 f e e t  
10-i n c h  ' 2,850 f ee t  2,850 feet 
8- i nch 200 fee t  200 f e e t  c 

6- i nci 2,100 feet  2,100 f ee t .  

6- inch 
8- i nch $1 7.77/LF $a. 31?LF 

West Loop 

East Loop 

L 



* 

. 



4 ‘ based or1 insuldting only the hot l i n e ,  and leaving the return l i n e  uninsulated, 

the total  cost of the asbestos-cement type pipr! would be about $190,000 and 

the cost  of the f iberglass  type p ipe  would be about $270,000. 

The insulated p i p e  i s  a n  A-C pipe l ined with a smooth e p o v  core, a1 1 

?< of which is-surrounded by polyurethane foam and encased in  a larger  A-C 

pipe. 

acceptable fo r  meeting the permissible temperature loss c r i t e r i a .  

Information, provided by Johns-Manville, indicates  the pipe will be 
’ 

The pipe in s t a l l a t ion  would consis t  of laying the supply and return l ines‘ 

,:.separated by about a foot ,  i n  the same trench. The p i p e  need only be 
t. . .: ’ . .  ‘ 

’. buried 2 t o  3 f e e t  dekp.-”: Anticipated in s t a l l a t ion  costs  ‘could be expected 

to  be about 75 percent of the pipe cost .  This cos t  f o r  the A-C type p i p e  - 
.”-- 

c 

could be about $140,000. 

The  following assumptions were made i n  calculat ing the heat loss through % 

the pipeline f o r  the design case: 
. , -: , 

I , - 1  6 .  

’ I  
Soi 1 temperature: 2OoF -.. 
Soi 1 conducti v i  ty : 12 Btu/hr-in 
Return and supply p ipe  

separation: 1 f o o t  
Supply temperature: 137OF .. 1 
Return temperature 1 10°F . @ 

I 

I The following i s  the heat loss w i t h  these assumptions. These 
! ’  

assumptions would have t o  be considered worst case;  therefore the heat loss I 

1 wil l  i n  a l l  probabili ty be less.  These values a r e  for  the concrete asbestos; t. * 

the f iberglass  values would be comparable. 
Concrete-Asbestos P ipe  

Pipe Di amc t e r  Insulated 
i L 

(SupPlyJ 
f 6- i nch 24 B t u / h r / f t  
L 8- i nch 23 B t u / h r / f t  

10-i nch 33 B t u / h r / f t  
20-i nch 42 B t u / h r / f t  I.1 

I 

Uninsulated . 
( Re t u r n )  

138 Btu/hr/ft‘. . 

154 Btu/hr/ft 
162 Btu/hr/ft 
171 Btu/hr/ft 



. 
P i p e  I l imcter  -” Insu la t t ?d  I nsul a tcd 

6- i nch 29 Btu/hr / f t  21 Btu/hr/ft  
8-i nch 28 B t u / h r / f  t 20 Btu lhr j f t  

10-i nch 41 Btu/hr / f t  29 Utu/hr/ft 
12-i nch 51 Btu /hr / f t  36 Btu/hr/ft 

* a ‘  

Supply Re turn 

T h e  conclusions reached from u t i l i z ing  these values indicate that  the 

supply temperature will  drop less  than l 0 F .  However, t h e  temperature of 

water in the return portion of the pipeline could be lowered by 6OF if an 

uninsulated pipe is  used. 

loss i s  l e s s  than l0F.  

I f  the return pipe is  insulated,  the temperature 

The potential heat saving by insulating t h e  return pipeline i s  . 

6 11.200 X 10 Btu/yr, equivalent t o  20 percent of the e n t i r e  heat load o f  

the system. I f  t h i s  heat could be u t i l i zed  i t  would be valued a t  over 
.”..’ , i . ,.! . 

$24,09O/year. 

however, will be i n  the conservation o f  the geothermal resource, since the 

annual f low r a t e  from the geothermal reservoir could t h e n  be reduced by ‘ 

. 

L , .  i i : , .  ; . 

0 

. .  
I 

5. The real potential  benefit  i n  insu la t ing  the return pipeline, 

1 
1 

10 t o  20 percent. The exact value of the change i n  the reservoir flaw r a t e  

will be dependent upon the pumping scheme and the heat exchange equipment. ‘ .  

Pumps 
1 
j 
j 

Total maximum flow o f  water i n  the f u l l - s i z e  system is anticipated t o  be 

i 1800 GPM. One s e t  of pumps servicing both loops could be used. There should 
! <  

i d  be a standby pump t o  allow f o r  some maintenance f l e x i b i l i t y .  

punips could be used with one o r  two operating as  needed and the t h i r d  one as a 

standby. 

Three 900 GPN 

IC 
For more pumping f l e x i b i l i t y ,  four 600 GPM pumps could be used , .  with up t o  I 

L three opera t i  ng simultaneously and the remaining one to  be used for standby. 
I 

1 ,  Prel i minary analysis i ndi ca tcs t h a t  the required pumping head w i  I1 

be Jbout 120 fee t .  Typical pump purchase cos ts ,  including motors, would be: ; I, 
4-600 GPM - 30 ti .P.  @ $1,50O/each = $6,000 
3-900 GPM - 40 H. P. 0 $1,80O/each = $5,400 

? 

f 

! I, 
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Putnp controls  wi l l  also bc raquired. The simplest control would be a s e t  of 

. 

' 'linii t swi tcties t o  t u r n  the pumps on or off as reqirired by the demand. > 

Variable speed pumps would provide some advantages ,  b u t  have not been 

thoroughly examined. However, they will require J more cos t ly  and sophisticated 

control sys tern. 

Sys tern Opera t i  on 

Brief ly ,  the system will operate as follows: Figure 2 i s  a schematic 

d i  agrsm of the sys tern. 

A. Clean water i n  the closed loop will  be heated by geothermal water, 

v i a  the heat exchangers. 

i n t o  the r iver  a f t e r  i t  leaves the heat exchanger. 

The geothermal water wil l  be discharged 
0 . "  

. .+ 

B. The clean water will  be continuously c i rcu la ted  i n  the loop, by 

means of the pumps. 

demand . 
A t  the  terminal point o f  the supply l i ne ,  a pressure drop will be 

induced, creating a pressure d i f fe ren t ia l  between supply and return 

l i ne .  

The amount being c i rcu la ted  is  deterniined by 

1 C. 

I: * D. The users will  have a thermostatically control led solenoid valve 

i n  l i n e  w i t h  t he i r  u n i t  i n s i d e  of  t he i r  own b u i l d i n g s .  

The pressure drop between the supply and return l ine  will allow a 

constant flow th rough  the user's system. A small ,  manually operated 

globe valve could control the r a t e  of flow t o  each user, o r  a more 

I E. 

'. . 
1 .  : a 

I * 
?.- . 

1 [; 
i : 

1 f ,  

' 1  
' ..  . . cos t ly  flow regulator codld be placed i n  the use r ' s  l ine .  

' f. A meter i n  the l i ne  would record usage and serve  a s  a basis for 

b i l l i n g .  

control and meteri 

method is  shown i n  Table 6. 

Figure 3 i s  a schematic diagram of the  anticipated 

of the geothermal f l u i d .  The cost  of t h i s  j L 
ik  1 

1 

._. . .. .. _- 
"-fl, ,. - -. __  - .  . 
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Figure 2. Schematic Diagram of Heating System . 
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Table 6 

Estimated Cost o f  Meterinq System and Fap FiZ? 
F -' f a @ .  ;',..* c . d ;  e' /.v.* 

L .  

cost  I tem 

Block Valve 
Constant Flow Valve 
Terrperature Control Valve 
\la t e  r Meter 
Therms t a  t i  c Control * 
Block Valve 

P i p i n g  t o  and From House, 140'** 
Trenching 

$ 28.00 
33 .OO 
75 .OO 
60 .OO 
-0- 

28.00 

$224 .OO 

210 .oo 
200.00 



RETROFITTING REQUIREMENTS FOR RES1 DENCES ' 
f - +  

I ude ,. - . . , . . .  . . . .  . . - .  . -  . . I. ,a,, , .:. . . .  .. . .-. . .  

- + 

. . .  
There are four  bas i c  approaches, ou t l ined  below, for  r e t r o f i t t i n g  ' 

the p r i v a t e  residences. The par t i cu la r  heat ing system t o  be  used w i l l  be 

each heat ing scheme is  a l s o  presented. The costs presented  excl 

the cost  f o r  flow control  and metering requirements. 

. :  . . .  
* .  

I .  

determined on an individual basis.  The estimated r e t r o f i t t i n g  cost f o r .  , ' ' .-. I. 

5\ 

_. . 
.- I 
. .  1. Heating coil i n  ex i s t ing  forced-ai r sys tern 

. -  * .  -rn . .  Coil c o s t  
P i  p i  ng 
T h e m s t a t i c  Contro 
Labor LUU - 

.. 
TOTAL $520 

2. Baseboard Radiators 
._ 

R a r l i a + n c  -fir+ 

. .  ~ . . .  . .* ..:. . .  . . .  
. . .  . -. z e . i .:;;-. . T. 

... 
. .  

I .  

50 

100 . .  
en n 

. r " " r o C V I  b U 3 C  v220 $99 
. Piping 50 * b  

Thermostatic Con&;!' 100 - 700 

TOTAL $3070 

Heating Units  $1 850 

Labor 

3. Cabinet Convector. 
........... 

Pin+  nn 

..... -...;. _.. ?. . .,- 
' : :  .. . . ;..-; .*._ '- ..*- ; 

Labor ...... . .  ... 

~ - - - - --..-. y ,  
, Z.., .. ) ' .  

. .  

Heating sys tern 

1 Materials  and labor  
L- Piping 

1.: Heating Cost 

I 

Thennostatic Controls 

TOTAL fi ~1 

. ,. . .  . . . . . . . .  
&. : . .  

$1 200 $1/ft2 
50 . 

100 
170 

$1 520 
- 



P I P E  FLUID INSULATION HEAT HEAT PIPE ANNUAL ENERGY INSULATION SIR 
OIAmETER TEMP. "F INSTALLED LOSS Jfl LOSS S LENGTH LOSS SAVED - COST . 

I O F  ( Y  CS/NO ) BTU/HR-FT BTU/HR-Ff FT r n m m  . mrntnu'  
( 4 )  . .  (2) ( 3 )  

I N  
(1 1 

10.0 13,041 6 112 NO 142 182 21 00 2547 2239 

6 137 NO ... 231 2100 3457 3024 . 13,041 13.5 

.' 
308 6 112 YES 22 0 . 8  2100 

6 137 YES 29 ... , 2100 

8 112 YES 21 ... 1200 

8 137 YES 28 0 . 0  1200 

433 
8 112 NO 158 200 1200 1601 1433 12,276 . 6.8 

168 
12,276 9.2 8 137 NO 0 . .  . 255 1200 2173 1934 

239 
55,125 5.9 10 112 . NO 167 ' 217. 4500 6512 5612 

10 112 YES 900 . . o l  4500 

137 NO 0 . 0  276 * 4500 8838 7529 55,125 7.8 
30 . i .  

10 
YES 4 1  . e .  4500 1309 

i5,mo 4.8 
10 137 
12 112 NO 176 233 1000 1555 1308 

12 137 ' NO b o 0  297, 1000 2110 1748 
247 12 112 YES 37 . O b  1000 

12 137 YES 51 b o b  1000 

15,830 6.4 

362 

I .I 

( 1 )  
( 2 )  Same c o n d i t i o n 8  a8  (1). Computed from shape f a c t o r  S = 2 x P i  / (arccoeh(2  x Depth / Diameter))  

( 3 )  Uses annual aursraqs tamparature o f  42 O F  

( 4 )  Computed per NBS RSS 113 u s i n g  natural gas a s  t h e  d i s p l a c e d  f o s s i l  fuel  Q $3.8S/ITlmElTU d e l f v e r e d  
and a d i s c o u n t  rate  o f  I($ a l o n g  with  8 f u e l  e e c a l a t i o n  r a t e  of 7%. 

Condi t ione  a8 presented  i n  preliminary p lan  

Other c o s t s  a8 s t a t e d  
I 

. CONCLUSION: P I P I N G  TO BE INSULATED SHOULD BE 6" SUPPLY AND RETURN ALONG U I T H  8" and 10" * .  SUPPLIfS 
* FOR A COST OF $93483 AND AN ANNUAL SAVINGS OF 14726 fllll8TU 

8 
? 
I 



NOT I CE i 
! f h i 5  * r e p o r t  was p r e p a r e d  t o  document work s p o n s o r e d  by t he  U n i t e d  S t a t e s  
: Government.  Neither the  U n i t e d  S t a t e s  no r  i t s  a g e n t ,  t h e  U n i t e d  S t a t e s  

Depar tment  of Energy ,  n o r  any F e d e r a l  employees ,  n o r  any o f  t h e i r  c o n t r a c t o r s ,  
: s u b c o n t r a c t o r s ,  o r  t he i r  employees ,  makes any  w a r r a n t y  e x p r e s s e d  o r  i m p l i e d ,  o r  

assumes  any  1 ega’l 1 i a b i  1 i t y  o r  r e s p o n s i  b i  1 i t y  f o r  the a c c u r a c y ,  compl e t e n e s s  , 
or  usefulness of any i n f o r m a t i o n ,  a p p a r a t u s ,  p r o d u c t  o r  p r o c e s s  d i s c l o s e d ,  o r  
r e p r e s e n t s  t h a t  i t s  use would n o t  i n f r i n g e  upon p . r i v a t e l y  owned rights.  

,. ! Reference t o  a company o r  p r o d u c t  nane d o e s  n o t  imp ly  a p p r o v a l  o r  
! ; recommendat ion of t h e  p r o d u c t  by t h e  Co lo rado  G e o l o g i c a l  Su rvey  o r  t h e  U.S. 

i 

I 

Nany t h a n k s  t o  t h o s e  res idents ,  o f f i c i a l s  and business p e o p l e  o f  Ourango,  
. Glenwood S p r i n g s ,  Idaho  S p r i n g s  . and Ouray,  who so w i  11 i n g l y  p rov ided  

Al though t h e y  were so numerous a s  t o  preclude 
ile hope t h a t  the  r e p o r t  

I f  i t  d o e s ,  i t  
0 i s  D r i r n a r i l y  b e c a u s e  of t he  a s s i s t a n c e  o r  t h e  h e l p  of t he  people i n  t h o s e  

! 

! 

Depar tment  of Energy t o  t he  e x c l u s i o n  of o t h e r s  t h a t  may be s u i t a b l e .  

AC K H 0 ‘A L E D G ;I E NT S 

i n f o r m a t i o n  f o r  t h i s  r e p o r t .  
naming them a l l  here ,  t h e i r  h e l p  i s  most a p p r e c i a t e d .  
a c c u r a t e l y  r e f l e c t s  the c o n d i t i o n s  and g o a l s  a t  t h e  f o u r  s i tes .  

,. a r e a s ,  who know i t  best .  
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The S t a t e  of Co lo rado  seems t o  have  s i g n i f i c a n t  g e o t h e r m a l  e n e r g y  p o t e n t i a l .  
Geothermal  e n e r g y  u s e  c a n  h e l p  c o n s e r v e  o t h e r  r e s o u r c e s .  

I n  o r d e r  t o  more a c c u r a t e l y  d e f i n e  what t h e  g e o t h e r m a l  p o t e n t i a l  is, a d e t a i l e d  
1 a n a l y s i s  o f  s p e c i f i c  s i tes  was c o n s i d e r e d  t o  be n e c e s s a r y .  F u r t h e r m o r e ,  such  

a n a l y s e s  c a n  p r o v i d e  i d e a s  and i n f o r m a t i o n  t o  p o t e n t i a l  u s e r s ,  d e v e l o p e r s  and  I 

o t h e r s  i n  t h e  deve lopment  p r o c e s s  t o  h e l p  s t i m u l a t e  g e o t h e r m a l  deve lopment .  
j I A d d i t i o n a l l y ,  g e o t h e r m a l  e n e r g y  o f f e r s  o p p o r t u n i t i e s  f o r  economic development ,  
I p a r t i c u l a r l y  as e n e r g y  becomes a n  e v e r  l a r g e r  and more i m p o r t a n t  pa r t  of  

b u s i n e s s e s l  o p e r a t i n g  c o s t s .  The a n a l y s e s  can  a l s o  h e l p  i d e n t i f y  c o n s t r a i n t s  
t o  g e o t h e r m a l  e n e r g y  development  and s u b s e q u e n t l y  s u g g e s t  s o l u t i o n s .  F i n a l l y ,  
i n f o r m a t i o n  a b o u t  t h e  p o t e n t i a l  and t h e  l i m i t a t i o n s  t o  deve lopment  can  h e l p  
f e d e r a l  and s t a t e  governments  d e s i g n  and implement programs t h a t  h e l p  i n c r e a s e  
g o e t h e r m a l  e n e r g y  use .  

i 
I 
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~ ! Scope o f  R e p o r t  

T h i s  s t u d y ,  c o n d u c t e d  by t he  Co lo rado  G e o l o g i c a l  Survey  unde r  c o n t r a c t  w i t h  t h e  
U.S. Depar tment  of Energy ,  h a s  a n a l y z e d  t h e  p o t e n t i a l  o f  f o u r  p r o s p e c t i v e  
g e o t h e r m a l  deve lopment  s i t e s  i n  Co lo rado  and p r e p a r e d  h y p o t h e t i c a l  p l a n s  f o r  
t h e i r  deve lopment .  These  p l a n s  a r e  c e r t a i n l y  n o t  t h e  o n l y  p o s s i b l e  o n e s ,  b u t  
are meant t o  s e r v e  p r i m a r i l y  as examples .  S i n c e  t h e s e  p l a n s  h a v e ,  however ,  
been p r e p a r e d  u s i n g  i n f o r m a t i o n  and i d e a s  d e r i v e d  l a r g e l y  f rom r e s i d e n t s  and 
o f f i c i a l s  a t  t h o s e  s i tes ,  as w e l l  as p u b l i s h e d  r e p o r t s ,  it is b e l i e v e d  t h e y  are 
r e a s o n a b l y  r e a l i s t i c  and  i n  t u n e  w i t h  l o c a l  c o n d i t i o n s .  

The s t u d y  h a s  i n c l u d e d  t h e  i n v e s t i g a t i o n  of s e v e r a l  b road  areas for each  s i t e .  
The f i r s t  area of i n v e s t i g a t i o n  w a s  t h e  s i t e  i t s e l f :  i t s  g e o g r a p h i c ,  

~ p o p u l a t i o n ,  economic ,  e n e r g y  demand c h a r a c f e r i s t i c s  and t h e  a t t i t u d e s  of i t s  
. r e s i d e n t s  r e l a t i v e  t o  g e o t h e r m a l  deve lopment  p o t e n t i a l .  S e c o n d l y ,  t h e  r e s o u r c e  ' L1. p o t e n t i a l  was d e s c r i b e d ,  t o  t h e  e x t e n t  i t  was known, a l o n g  w i t h  i n f o r m a t i o n  

c o n c e r n i n g  any  e x p l o r a t i o n  o r  deve lopment  t h a t  h a s  been c o n d u c t e d .  The t h i r d  
. item i n v e s t i g a t e d  was t h e  p r o c e s s  r e q u i r e d  f o r  deve lopment .  The re  are  

f i n a n c i a l ,  i n s t i t u t i o n a l ,  e n v i r o n m e n t a l ,  t e c h n o l o g i c a l  and  economic c r i t e r i a  
f o r  deve lopment  t h a t  must be  known i n  o r d e r . t o  r e a l i s t i c a l l y  gauge t h e  p o s s i b l e  
development .  Us ing  t h a t  i n f o r m a t i o n ,  t h e  n e x t  c o n c e r n ,  t h e  g e o t h e r m a l  e n e r g y  -' p o t e n t i a l ,  w a s  t h e n  a d d r e s s e d .  P l a n n e d ,  proposed  and p o t e n t i a l  development  are  

; a l l  d e s c r i b e d ,  a l o n g  w i t h  a p o s s i b l e  s c h e d u l e  f o r  t h a t  deve lopment .  An 
as ses smen t  of t h e  deve lopment  o p p o r t u n i t i e s  and c o n s t r a i n t s  a r e  i n c l u d e d .  

The summary s e c t i o n  d e s c r i b e s  t h e  f i n d i n g s  of a l l  f o u r  comple t e  s i t e  a n a l y s e s .  
T e c h n i c a l  m e t h o d o l o g i e s  are  d e s c r i b e d  i n  t h e  Appendix.  

~ i .  
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A. OURANGO S I T E  

The s i t e  f o r  t h i s  s t u d y  i s  l o c a t e d  i n  La ' P l a t a  County i n  Sou thwes t  Co lo rado  
i (Fig.  A - 1 ) .  S t  inc ludes  t h e  a r e a  f rom t h e  P u r g a t o r y  S k i  a r e a  n o r t h  of  t h e  C i t y  
' o f  Ourango t o  just s o u t h  of t h e  Bodo I n d u s t r i a l  Pa rk .  The Animas River,  "River 

Of S o u l s , "  f l o w s  t h r o u g h  the  V a l l e y  and p r o v i d e s  w a t e r  f o r  i r r i g a t i o n ,  i n d u s t r y  
and d o m e s t i c  use. T h e  t e r r a i n  v a r i e s  f rom t h e  rugged S a n  J u a n  rdountains  on t h e .  
north t o  the mesas on t h e  s o u t h .  The  e l e v a t i o n  r a n g e s  r a n g e s  f rom 64aO t o  9400 

, . f e e t .  About 23 miles s o u t h  o f  t h e  s i t e  i s  t h e  S o u t h e r n  Ute I n d i a n  R e s e r v a t i o n  
and beyond t h a t ,  t he  New Mexico S t a t e  l i n e .  

'Access t o  t he  n o r t h ,  e a s t  and west i s  o b s t r u c t e d  by mounta in  p a s s e s  t h a t  a r e  
prone t o  b l i z z a r d s ,  s l ides  and i c y  r o a d s  i n  winter  ( t w o - l a n e  Highways 550 and 

. 160 s e r v e  the a r e a ) .  To the s o u t h ,  where t h e  t e r r a i n  f l a t t e n s ,  a c c e s s  i s  
ed s i e r  . 

:The C i t y  of Ourango h a s  an  a v e r a g e  8214 annual  d e g r e e  d a y s  and an a v e r a g e  low 
t e m p e r a t u r e  of 11°F ( C u n i f f ,  e t  a l ,  1979) .  The growing s e a s o n  a v e r a g e s  117 

. days and is  a b o u t  90 - 120 d a y s  f o r  a p p l e  and p e a r s  and o t h e r  f r u i t  c r o p s  grown 
, . i n  t he  n o r t h e r n  p a r t  o f  t h e  s t u d y  a r e a  and a b o u t  150 d a y s  f o r  more 

1979). The mean annua l  p r e c i p i t a t i o n  of t h e  C i t y  of Durango i s  1 9  inches and 
the mean annual  t e m p e r a t u r e  i s  28°F i n  J a n u a r y ,  67" i n  J u l y  ( D i v i s i o n  o f  
Commerce and Devel oprnent , 1974) .  

, - .  Land Use and O w n e r s h i p  - The f e r t i l e  v a l l e y  just  n o r t h  of t h e  C i t y  of Durango 
( . was once  p r i m a r i l y  a g r i c u l t u r a l  b u t  i s  now l a w - d e n s i t y  r e s i d e n t i a l  w i t h  a few 

s c a t t e r e d  commercial  e s t a b l  ishments. Fur ther  n o r t h  t o  t h e  P u r g a t o r y  Sk i  r e s o r t  
i s  some v e r y  1 ow d e n s i t y  res ident  i a1 devel  opment , a y e a r - r o u n d  1 uxury 

~ r e c r e a t i o n  r e s o r t  and a few r e s t a u r a n t s ,  l o d g e s ,  a s k i - r e n t a l  shop  and a 
pri v a t e  b o a r d i n g  s c h o o l .  

The C i t y  of Durango c o v e r s  a b o u t  2 ,182  a c r e s  o f  l a n d .  Sou th  o f  t h e  C i t y ,  t h e  
Bodo I n d u s t r i a l  Pa rk  c o n t a i n s  a b o u t  240 a c r e s .  The v a l l e y  n o r t h  o f  the C i t y  
has a b o u t  3500 a c r e s  of  d e v e l o p a b l e  l a n d  ( D a l l a s  Reyno lds ,  per. comrn., 1979) .  
Much o f  the l a n d  a d j o i n i n g  the study area a t  t h e  n o r t h  i s  N a t i o n a l  F o r e s t  Land, 
as shown i n  Figure A-2.  County-wide,  o n l y  abou t  40 percent o f  t h e  l a n d  i s  
p r i v a t e l y  owned ( T a b l e  A - 1 . )  N i t h i n  t h e  s t u d y  a r e a ,  much o f  t he  undeveloped  
land i s  u n d e v e l o p a b l e ,  e i t h e r  s t e e p  s l o p e s  o r  f l o o d  p l a i n .  T h e  ownership 

, R S t r a i n t s . a n d  g e o l o g i c a l  c o n d i t i o n s  r e s t r i c t  t h e  l a n d  a v a i l a b l e  f o r  expans ion .  

i 

' 

f r o s t - r e s i s t a n t  c r o p s  such a s  a l f a l f a  and p o t a t o e s  (Cap Al len ,  pers. comm., i 
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I TABLE A - 1  

LAND OLlNERSH I P i.! i E 
/ I  

. 

i s  1 Number of Acres and Percent o f  County 

UTE 
TRIBAL 

TOTAL PRIVATE U.S.F.S. B.L.M. LANDS STATE MUNICIPAL 

366 421,312 394; 537 29,344 202,953 14,980 3,240 

: Del Duca, e t  a1 , 1975 

39.5% 37% 2.8% 18.8% 1.4% . 3% 

1 .  

P o p u l a t i o n  - The  p o p u l a t i o n  o f  La P l a t a  County i s  growing.  T h e  1970 p o p u l a t i o n  
of 19,199 grew t o  an e s t i m a t e d  27,500 i n  1977, an  i n c r e a s e  o f  43  perecent 
(Johnson,  1979).  W i t h i n  t h e  C i t y  o f  Durango,  the  p o p u l a t i o n  grew from 10,333 

' t o  an e s t i m a t e d  12,240, an  i n c r e a s e  of 23.8 p e r c e n t  ( D i v i s i o n  o f  Comrnerce and 
Development,  1978). About 16,500 o r  60 percent o f  t h 2  c o u n t i e s  p o p u l a t i o n  i s  

.estimated t o  be l o c a t e d  i n  Durango and t h e  u r b a n i z i n g  ( J o h n s o n ,  1979).  

About 4447 d w e l l i n g  units a r e  e s t i m a t e d  t o  be i n  t h e  c i t y ,  w i t h  2829 o f  these 
s i n g l e - f a m i l y  homes, 192 m o b i l e  homes, 8U6 a p a r t m e n t s ,  and 620 rooms. About 
850 u n i t s ,  n e a r l y  a l l  s i n g l e - f a m i l y ,  a r e  l o c a t e d  i n  t h e  n o r t h e r n  p a r t  of t h e  
s tudy  a r e a  ( P h i l l i p s ,  B r a n d t ,  Reddick ,  1979) .  The p o p u l a t i o n  i n  Duranyo i s  
expec ted  t o  grow t o  21,460 by the y e a r  2U00. The n o r t h e r n  s t u d y  a r e a  i s  

Brandt ,  R e d d i c k ,  1979) .  E x t r a p o l a t i n g  t o  t h e  y e a r  2020 i n d i c a t e s  a t o t a l  of 

I Econofny - The economy o f  La P l a t a  County i s  d i v e r s e ,  i n c l u d i n g  tourism and 
r e c r e a t i o n  , a g r i c u l t u r e ,  wood p r o d u c t s  and o t h e r  manuf a c t u r i  ng , c o n s t r u c t i  on , 
government and mining (San J u a n  Reg iona l  Commission, 1978) .  T h e  mining  
a c t i v i t y  t h a t  b r o u g h t  the f i rs t  permanent  s e t t l e r s  i n t o  t h e  a r e a  h a s ,  however,  
dec l ined  ( D i v i s i o n  o f  Business R e s e a r c h ,  U n i v .  of  C o l o r a d o ,  1978).  Only two 

~ I coal mines and no h a r d  rock  mines a r e  c u r r e n t l y  p r o d u c i n g  (San J u a n  Regional 
Cornmission, 1978).  An abundance  of h i g h  q u a l i t y  c o a l  i n  t h e  coun ty  c o u l d  
encourage  s i g n i f i c a n t  min ing ,  b u t  i s  c o n s t r a i n e d  by the l a c k  of a r a i l  sys t em 

. and the  h i g h  c o s t  of t r u c k i n g  c o a l  ( J a n e t  S c h u l t z ,  pers. comm., 1979).  
Development of go1 d , si  1 ver, c o p p e r ,  n a t u r a l  g a s ,  and c o a l  r e s o u r c e s  p r imar i  l y  
under F e d e r a l  owner sh ip  o f f e r s  p o t e n t i a l  but i s  determined by F e d e r a l  l e a s i n g  
and perini t t  i ng pol i c i  es. 

L i g h t  m a n u f a c t u r i n g  is  encouraged  as a way t o  d i v e r s i f y  t he  economy. Table  A-2 
shows t h e  rnanufac tu re r s  c u r r e n t l y  i n  the  a r e a .  The  t y p e s  and rnaynitude of 
I a n u f a c t u r i n y  a c t i v i t i e s  a r e  l i m i t e d  by t h e  r emoteness  o f  t h e  a r e a  from l a rge  
poPu1at ion centers and t h e  l a c k  of  r a i l  t r a n s p o r t a t i o n .  There i s ,  however, q 
large r u r a l  marke t  i n c l u d i n g  f o u r  I n d i a n  r e s e r v a t i o n s ,  f i ve  c o u n t i e s ,  and t en  
m n i c i p a l i t i e s .  

I n  La Plats County and s u r r o u n d  ng c o u n t i e s ,  a g r i c u l t u r e  i s  a s i g n i f i c a n t  parr;  
Of the  ecOnOnly, c o n t r i b u t i n g  a b o u t  10.9 p e r c e n t  of t h e  r e g i o n a l  income i n  1970. 

t 

I 
I 

, f o r e c a s t  t o  u l t i m a t e l y  s u p p o r t  a t o t a l  o f  1,760 d w e l l i n g  u n i t s  ( P h i l l i p s ,  

41,410 p e r s o n s  w i t h i n  t he  s t u d y  a r e a .  
0 .  

i 1 -. 

L 
I '  
4 -  

1 1  
I >  
~ 

- 5 -  L 



r y  Deans,  hay ,  whea t ,  and c o r n  f o r  g r a i n  and s i l a g e  a r e  t he  pr imary  f i e l d  
c rops .  Small  amounts  o f  r y e ,  beer b a r l e y ,  p o t a t o e s ,  o a t s ,  broomcorn,  seeds, 
fruits: y e g e t a b l e s ,  and s u g a r  beets a r e  a l s o  grown ( D i v i s i o n  of Business 

e s e a r c h ,  U n i v e r s i t y  of C o l o r a d o ,  1975) .  i l o s t  c r o p s  a r e  e x p o r t e d .  W i t h i n  t he  
tudy  a r e a  a r e  c h e r r y ,  p e a r ,  and a p p l e  o r c h a r d s .  A p l anned  i r r i g a t i o n  p r o j e c t ,  
he Animas-La Plats p r o j e c t ,  would enhance t h e  a g r i c u l t u r a l  p r o d u c t i o n ,  b u t  i s  

being met w i t h  s i g n i f i c a n t  o p p o s i t i o n  (Ron S h o r t ,  pers. comrn., 1979) .  

L ives tock  p r o d u c t i o n  i n  t h e  r e g i o n  includes c a t t l e ,  p i g s ,  and sheep, w i t h  s a l e s  
c o n t r i b u t i n g  a b o u t  5.5 percent of t h e  R e y i o n ' s  1970 income ( O i v i s i o n  of 
Usiness R e s e a r c h ,  U n i v .  of C o l o r a d o ,  1975) .  Most of  t h e  l i v e s t o c k  i s  e x p o r t e d  
to f e e d l o t s  or  m a r k e t s  o u t s i d e  t h e  r e g i o n .  A g r i c u l t u r e  h a s  been d e c l i n i n g ,  
Fesurnably  because  of d e c l i n i n g  p r o d u c t  p r ices  and i n c r e a s i n g  l a n d  c o s t s ,  w i t h  
land i n  g r e a t  demand f o r  s u b d i v i s i o n s  (San J u a n  Regional  Commission, 1978).  

I 

! 

limber h a s  h i s t o r i c a l l y  been a s i g n i f i c a n t  segment of the  r e g i o n ' s  economy, 
with most of t he  timber on p u b l i c  l a n d  ( O i v i s i o n  of Business Res2arch, Univ. o f  
Colorado,  1975)  , b u t  road1  ess a r e a  s t u d i e s  and w i  1 derness des i g n a t  ions have  
l imi t ed  t he  a v a i l a b i l i t y  o f  timber from t h e s e  f e d e r a l  l a n d s .  Wood p r o d u c t s  
manufac tured  i n  La P l a t a  County ' a r e  used ma in ly  i n  t he  a c t i v e  l o c a l  
c o n s t r u c t i o n  i n d u s t r y  (San  J u a n  Reg iona l  Cornmission, 1978) .  

Government, w h o l e s a l e  and r e t a i l  t r a d e s  and s e r v i c e s  a r e  t h e  l a r g e s t  s o u r c e s  of 
j o b s  i n  t h e  Region.  The C i t y  of Durango i s  the  c e n t e r  of t he  R e g i o n ' s  tour is t  
a c t i v i t y ,  a s  well a s  i t s  service center  and La P l a t a  County s e a t .  Scen ic  and 
h i s t o r i c a l  a t t r a c t i o n s  such a s  t h e  Mesa Verde I n d i a n  R u i n s ,  t he  Narro\$ Gauge 
R a i l r o a d ,  o l d  m i n i n g  towns ,  t h e  P u r g a t o r y  ski r e s o r t ,  the  Tamarron r e s o r t  
development and s p e c t a c u l a r  mounta in  v i s t a s  encourage  some 1 m i  11 i o n  v i s i t o r s  
t o  t h e  a r e a  e a c h  y e a r  ( P h i  11 ips ,  B r a n d t ,  Redd ick ,  1 9 7 8 ) .  Conven t ions  and skiers 
a r e  a t t r a c t e d  by s c h e d u l e d  j e t  service t o  La P l a t a  a i r p o r t .  S k i  buses b r i n g  
skiers from a11 around t h e  Sou thwes t .  About 658 comnerc i a l  e s t a b l i s h m e n t s  were 
l o c a t e d  i n  La P l a t a  County i n  1975 ,  w i t n  592 of  t h o s e  w h o l e s a l e  and  r e t a i l  
trade and s e r v i c e s  a s  shown on T a b l e  A-3 (U.S. Bureau o f  t he  Census, 1977).  In 
1974, there  were 47 h o t e l s  and m o t e l s  i n  t h e  C i t y  of  Durango ( U i v i s i o n  o f  
Bus iness  R e s e a r c h ,  Univ. o f  C o l o r a d o ,  1 9 7 5 ) ,  a l o n g  w i t h  numerous r e s t a u r a n t s .  

1 1 

* I  

1 s t ecnn ica l  f i e l d s .  

The F t .  Lewis C o l l e g e  a t  Ourango i s  a n o t h e r  f a c i l i t y  t h a t  i s  i m p o r t a n t  t o  the 
economy of t h e  a r e a ,  w i t h  s tudents  c o n t r i b u t i n g  t o  t h e  a r e a ' s  economy and 
i n c r e a s i n g  t h e  a t t r a c t i v e n e s s  o f  t h e  a r e a  by add ing  t o  t h e  e d u c a t i o n a l  and 
CUI t u rd  o p p o r t u n i t i e s  f o r  residents. San J u a n  e a s i  n Vo-Tech S c h o o l ,  about  30 

' miles west of Durango, a v o c a t i o n a l - t e c h n i c a l  s c h o o l ,  a t t r a c t s  s tudents  f rom 
tne s t u d y  a r e a  and p r o v i d e s  a t r a i n e d  l a b o r  f o r c e  t o  the  r e g i o n  i n  many 

1 I .  



TABLE A-2 

0 INDUSTRIES 
OURANGO STUDY AREA 

1977 

Tempera tu re  No. 
s IC Requ i red  o f  
Code O C  Empl o y e e s  M a n u f a c t u r e r  - 

Bas in  Co-op f n c . '  2048 274 15 
! Basin  Pack ing  Co. ' 2011 177 5 

2752 149 5 
2791 149 

B u r n e t t  C o n s t r u c t i o n  Co. 3273 66 35 
! : C a b i n e t s  by Ralph  Thomas 2434 0 5 

C i t y  Market Bakery 2051 232 175 
Coca-Col a 8 o t  t 1 i ng Co. 2086 77 35 
Cooper P u b l i c a t i o n s  Inc .  ' 2721 149 5 
Culhane Inc .  2099 150 5 
Design 111 249 9 93 5 
Double E a g l e  Ranch Inc .  3961 93 5 

' Durango Coca-Cola B o t t l i n g  Co. 2086 77 35 
Durango Hera ld  Inc .  2711 149 35 

Duranyo Ornamental  I r o n  Inc .  3446 0 5 

Durango U.S.A. 3949 93 5 
Eag le  Block Co. 327 1 2 04 5 
Graden E l e v a t o r  & Feed 2048 274 5 

Jackson-David B o t t l i n g  Co. 2086 77 3s ~ 

Las Animas Wood P r o d u c t s  2431 93 5 
Mesa Paving  Co. 2951 260 35 

- O l i g e r  S h e e t  M e t a l s  3444 93 5 

P r i n t  Shop The  2752 149 5 

Rocky Mountain Do l l  House Co. 3944 0 5 
Rocky iqountai n G1 a s s w a r e  3231 649 5 

San J u a n  Lumber Co. 242 1 93 175 
Tell u r ide  I r o n  Works 3532 0 35 
Townsend Enterprises 3589 1371 5 
T r e a s u r e  Tunnel 391 1 93 5 

i ... 
I 

L. 
1- 

2751 149 

3444 93 
11 

2 04 7. 121 

3448 0 
3449 93 

2761 149 
Redfield Co. Durango Optics 383 2 0 175 i.. 

1_1: 

i: 
II 
1.. 

3229 1427 

3915 0 
3999 93 



r 1 '  

TABLE A-2 CONT. 
I 

I * 
Temperature No. * e  

S i c  Required of 

. T r i - S t a t e  P r i n t i n g  8 2751 149 5 
& Basin O f f i c e  Supply 2761 149 

' Tritec S o l a r  I n d u s t r i e s  Inc.  3433 93 5 
3564 0 

, 93 3822 
Uni ted  S t a t i o n e r y  L 3065 93 5 

Watts Jewel ry  Coo 3911 93 5 

t lanufac turer  - Code O C  Employees 

: ;  

& Confec t ionery  Coo 

Source: Cuni f f ,  e t  a l ,  1979 

TABLE A-3 

Number of Business  Es tab l i shments  by I n d u s t r y  i n  La P l a t a  County 
1975 

A g r i c u l t u r a l  S e r v i c e s  6 
M i n i  ng 8 
Contrac t  Cons t ruc t ion  62 
Manufacturing 20 
T r a n s p o r t a t i o n  and Other 

P u b l i c  U t i l i t i e s  22 
Who1 e s a l  e Trade 32 

192 R e t a i l  Trade 
Finance,  Insurance and 62 

Real E s t a t e  S e r v i c e s  206 
49 N o n c l a s s i f i a b l e  Establ  ishments 

TOTALS 658 

i 

I -  
i 

I 

Source: U.S. &ureau of the Census 

Washington, D.C. ,  1977. 

I County Business  P a t t e r n s ,  1375,  Colorado 

i 
L. 

i 
I... 
i. . 

- a -  



The c o n s t r u c t i o n  i n d u s t r y  i s  a c t i v e ,  w i t h  h o u s i n g  c o n s t r u c t i o n  a t  an a l l - t i m e  
high. However, b e c a u s e  SeaSOna'l o r  v a c a t i o n  homes a r e  such a s i g n i f i c a n t  p a r t  
of .the homes b e i n g  b u i l t ,  yea r - round  h o u s i n g  s h o r t a g e s  a r e  a s e r i o u s  problem. 
M u s i n g  p r o j e c t s  i n  p r o c e s s  or proposed  i n c l u d e  180 u n i t s  on 90 acres i n  t he  
nor the rn  Animas Val 1 e y  bei  ng d e v e l  oped by Hennen Shavi  ny Cream Corp. , Rockwood 
Estates be ing  d e v e l o p e d  a d j a c e n t  t o  t he  Tamarron R e s o r t  and an 8 0 - a c r e  
development i n  t h e  n o r t h e r n  Animas V a l l e y .  A new shopp ing  c e n t e r  i s  planned t o  
be l o c a t e d  n e a r  t he  I n d u s t r i a l  Park  and i n t e n s i v e  commercial  development  f o r  
the r i v e r f r o n t  a r e a  w i t h i n  t h e  C i t y  of Ourango i s  b e i n g  proposed  by the C i t y  
(Da l l a s  Reyno lds ,  p e r s .  comm., 1979) .  

Mi th in  t h e  commuting a r e a ,  o r  a l l  o f  La P l a t a  County and t h a t  p a r t  of Hontezuma 
County e x t e n d i n g  a b o u t  3i) miles w e s t ,  a t o t a l  of 7 ,537 p e r s o n s  were i n  t he  
l abor  f o r c e  i n  1970.  O f  t h o s e ,  5.8 percent were unemployed. As shown i n  T a b l e  
A-4, 20 p e r c e n t  were i n  r e t a i l  t r a d e  and 13.3 percent were i n  services and 
misce l l aneous  ( C o l o r a d o  D i v i s i o n  of  Commerce and Development ,  1978) .  The  rnajor 
a p l o y e r s  i n  t h e  commuting a r e a ,  a r e  a l l  l o c a t e d  w i t h i n  t he  s t u d y  area .  

Energy Demand - The n a t u r a l  g a s  consumpt ion  i n  t h e  s t u d y  a r e a  was i n v e s t i g a t e d .  
k shown on T a b l e  A-5, the  3,417 Ourango r e s i d e n t i a l  c u s t o m e r s  averaged  a b o u t  
150 MCF of  n a t u r a l  g a s  f o r  r e s i d e n t i a l  use per cus tomer  p e r  y e a r ,  o r  >bout 232 
,%F of n a t u r a l  g a s  o r  155 m i l l i o n  Btu 's  per residence f o r  b o t h  r e s i d e n t i a l  and 
commercial s p a c e  and h o t  w a t e r  h e a t .  The  t o t a l  commercial  e n e r g y  consumed was 
about .93 o f  the  t o t a l  r e s i d e n t i a l  consumpt ion .  The a v e r a g e  c o s t  f o r  
r e s i d e n t i a l  consumpt ion  o f  n a t u r a l  g a s  i s  $2.80 per m i l l i o n  B t u  and abou t  
51d.00 per m i l l i o n  B t u  f o r  e l e c t r i c i t y  (Co lo rado  P u b l i c  U t i l i t i e s  Commission, 
1979). The f o r e c a s t  demand, based  on consumpt ion ,  i s  2.12 x 
year  2020 f o r  r e s i d e n t i a l  and commercial  uses. 

'-- The a c t u a l  i n d u s t r i a l  e n e r g y  consumpt ion  i s  more t h a n  t h e  r e p o r t e d  i n d u s t r i a l  
n a t u r a l  g a s  s a l e s  b e c a u s e  s m a l l  i n d u s t r i a l  users a r e  c l a s s i f i e d  by the  n a t u r a l  
gas supplier as "commerc ia l"  and b e c a u s e  i n d u s t r i a l  users may be u s i n g  I-, d d d i t i o n a l  fuels.  

f n  some p a r t s  of t he  s tudy  a r e a ,  n a t u r a l  g a s  i s  not a v a i l a b l e .  An example is 
the n o r t h e r n  p a r t  of  t h e  v a l l e y  where e l e c t r i c i t y  o r  p ropane  a r e  used f o r  h e a t .  
To accoun t  f o r  t h e  s u p p l e m e n t a l  o r  a l t e r n a t i v e  use o f  f u e l s  o t h e r  t h a n  n a t u r a l  
W S ,  t h e  the rma l  e n e r g y  demand was c a l c u l a t e d  based  on h e a t i n g  d e g r e e  days and 
extreme low t e m p e r a t u r e s .  These e s t i m a t e s  i n d i c a t e  t h a t  a b o u t  1.67 x IC12 
Btu's of  the rma l  e n e r g y  would be r e q u i r e d  by the  y e a r  1984 and abou t  2.55 X 

B t u ' s  would be r e q u i r e d  by t h e  y e a r  2000, f o r  a l l  uses. T h e  Tamarron 
hart e n e r g y  demand was a s s e s s e d  i n d e p e n d e n t l y  because  i t  IS  a major ene rgy  
mrket  t h a t  i s  v e r y  n e a r  the  geothermal  r e s o u r c e  a r e a  and i s ,  fu r the rmore ,  

to  be -037 x 1OI2 B t u ' s  by 1984 and .lo8 x 1012 Btu's by t h e  y e a r  2000 
( C U n i f f ,  e t  a1 , 1979)  

' l rb l i c  Issues - T h e  a t t i t u d e s  and g o a l s  of  the  i e s i d e n t s  o f  an a r e a  p l a y  a 
!sfye P d r t  i n  t he  events  t h a t  o c c u r  there .  I n  t h i s  a r e a ,  t h e  n o r t h e r n  p a r t  i s  

a r e a  most p r o x i m a t e  t o  s u r f a c e  m a n i f e s t a t i o n s  of  hydro the rma l  a c t i v i t y .  
;"though once an a g r i c u l t u r a l  v a l l e y ,  t h e  development  now i s  predominant ly  

I 'Gw-dcnsitY r e s i d e n t i a l ,  w i t h  some s c a t t e r e d ,  b u t  l a r g e ,  energy-consuming 
f ccln3ercial e s t a b l i s h m e n t s .  The  s o u t h e r n  p a r t  of . t h e  s t u d y  a r e a ,  that p a r t  
i removed froin geothermal  r e s o u r c e s ,  i s  i n d u s t r i a l  . New indt is t ry  i s  

, 

Btu's by t he  

. 

~ f 
I i a t l t  upon e l e c t r i c i t y  f o r  h e a t .  The e n e r g y  demand f o r  Tamaron was e s t ima ted  



TABLE A-4 

.LABOR DATA FOR COMMUTING AREA 

1970 1977 
Est i mat e 

1 
.Employment Ca tegory  No P e r c e n t  No Percent 

A g r i c u l t u r e  
Mini ng 
Con t rac t  C o n s t r u c t i o n  
Manufactur ing 
T r a n s p o r t a t i o n  & 

P u b l i c  U t i l i t i e s  
Who1 e s a l  e T r a d e  
R e t a i l  T rade  
F i n a n c i a l ,  I n s u r a n c e  

and Real E s t a t e  

760 
140 
5 18 
372 

463 
157 

1,577 

258 

10.1 
1.9 
6.9 
4.9 

. 6.1 
2.1 

20.9 

3.4 

7 66 6.5 
65 0.6 

594 5.0 
666 5.6 

434 3.7 
282 2.4 

1,093 17.7 

336 2.9 
S e r v i c e s  and 
Miscell aneous  
Government ( F e d e r a l ,  

1,000 13.3 2,749 23.3 

15.0 15.8 1,768 - S t a t e  and L o c a l )  1,189 7 

s .- TOTAL EMPLOYMENT 7,101 94.2 11,108 94.1 
, .  

' JNEMPLOY MENT 436 5.8 7 00 5.9 

I TOTAL LABOR FORCE 7,537 100.0 11,808 100.0 

Source: D i v i s i o n  of Coromerce and Development ,  S t a t e  o f  C o l o r a d o ,  
Department  o f  Local  A f f a i r s ,  1978. 

I TABLE A-5 

NATURAL GAS SALES 
O U R  A N  GO 

1977 

Comrnerci a1 I n d u s t r i  a 1  

16 

Tota l  R e s i d e n t i a l  
Ctr s t oner  s Mcf No. Cus tomers  Mcf No. Cus tomers  Mcf No. Customers  I 

1 L 3,905 513,783 3,417 482,803 472 90,158 

1 I Source: P e o p l e ' s  N a t u r a l  Gas Co., Durango,  C o l O . ,  1979 

i i: . 
- 10 - 
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1 
, {- ' being encouraged to  locate there I n  preference t o  other area. The middle portion 
~ 8 f s  the City Of Durango, w i t h  primarily comniercial and residential  uses. 
I :. 

, .  

! 

f lo d r a s t i c  changes a r e  a n t i c i p a t e d ,  s ince  these  p a t t e r n s  a r e  de l ibera te .  L i g h t  
Nnufacturing i s  being encouraged i n  order  t o  d i v e r s i f y  t h e  economy, A st rong 
& s i r e  t o  preserve the q u a l i t y  of l i f e  in the  a rea ,  without s ign i f i can t  
ppu la t ion  g r o w t h ,  i s  apparent. T h i s  d e s i r e ,  combined w i t h  t he  
previously-establ ished economic p a t t e r n s ,  seems 1 i ke ly  t o  assure the  
continuation of t h e  r ec rea t ion  and  tourism focus. A cont inua t ion ,  therefore ,  of  
current development pa t t e rns  and l a n d  use po l i c i e s  can be an t ic ipa ted .  T h i s  
includes a sparse  r e s i d e n t i a l  development and some new commercial f a c i l i t i e s  i n  
the northern sec t ion ,  the l imi t a t ion  of i n d u s t r i a l  s i t e s  t o  t he  indus t r ia l  
park, and some increase  dens i ty  w i t h i n  Durango. 

J 

1 ; ' 'Geothermal Resource Evaluation 

Pinkerton, Trimble and T r i p p  Hot S p r i n g s  a r e  the  sur face  expressions of the  
geothermal resource f o r  t h i s  Jevel opment s i t e .  The cha rac t e r i  s t i c s  o f  t h e  
springs t h a t  were i d e n t i f i e d  by t he  Colorado Geological Survey i n  resource 
assessment work (Bar re t t  and Pear l ,  1976 and Pear l ,  1979) a r e  shown on Tables 
A-6, A-7 and A-8. Since t h a t  inventory was conducted, a highway cut has 
severed the  s p r i n g  conduit a t  Pinkerton Hot S p r i n g s ,  changing the  location of 
the discharge. Analyses t h a t  were performed by t he  Colorado Geol. Survey 
indicated h i g h  enough temperatures f o r  space heat ing and o ther  uses requiring 

~ 1979). However, these  es t imates  cannot be confirmed without a d d i t i o n a l  
information. Some addi t iona l  explora t ion  'work was preformed by the Colorado 
Geol. Survey i n  t h e  summer of 1980 and the  data  a r e  being evaluated (2.H. 
Pearl, per. comm., 1980).  

Current Uses of Geothermal Eneray - There i s  apparent ly  no geothermal energy 
currently i n  use i n  t h i s  a rea ,  A t  one t ime,  Pinkerton Hot S p r i n g s  and Trimble 
Hot S p r i n g s  supplied water t o  swimming pools t h a t  were popular w i t h  res idents  
and visi tors i n  the  area.  A home heating system and a greenhouse were 
constructed a t  T r i p p  Hot S p r i n g s  t o  us2 geothermal f l u i d  b u t  were n o t  used. A 
System h a s  been designed f o r  Timberline Academy a t  Pinkerton Hot S p r i n g s  t o  use 
Seothermal heat.  A g r a n t  was awarded by the  U.S.  Department of  Energy f o r  
constructing such a system as soon as the  S t a t e  Highway Department res tores  the  

, Spring f low (Cap  Allen,  pers. comm., 1 9 7 9 ) .  The'owner of the  Trimble Hot 1 ! L- Springs has a l s o  ind ica ted  he wi l l  cons t ruc t  a geothermally-heated resort; and  
i I S  a l s o  well aware of t he  poten t ia l  f o r  ex tens ive  usz of t he  geothermal energy 

throughout the  area (Rudy Baer, pers. comm., 1979) .  

I 

, 

. .  similar temperatures a n d  about .04-,05 x 10l2 Btu's of usable energy (Pearl ,  

* t.. 
, 

L- 
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TABLE A-6 
' t  r 

GEOTHERMAL R E S O U R C E  CHARACTERISTICS 
TR I P P / Til I Hd LE: / P I i.1K E R T  ON / 140U N i) 

* *  

Total 

Sol i d s  Temperature 
Spr i  ny Di ssol ved Surf ace 

Location mq/L C" 
or 

. Mells 

TrimDle 36N,9d,Sec. 15 3340 36 

Tr i p p  36N,9g,Sec. 10 3240 44 

32 

33 

* -  , .  3700-3980 < .  I ,  Pinkerton A 37N,9W,Sec. 25 .- .i 
6 37N,9W,Sec. 25 NA 

Mound 37N,9W,Sec. 25 . 3800 32 

L i t t l e  Mound 37N,9W,Sec. 25 NA 26 
i I -  

[ Source: Bar re t t  and Pear l ,  1976 

Total 
Current 

Discharge 
qpm 

<1 

NA 

54 

2u 
54 

2 



TABLE H-8 
i r 

* O i s s o l v e d  Mineral Content o f  Thermal Waters  i n  S t u d y  Area 
: .  . 
I .  

a r s e n i c  ( u g / l )  
w o n  ( u g / l )  
Cadiurn ( u g / l )  
Calcium ( W I )  
Ch lo r ide  (mg/ l )  
f l u o r i d e  (mg/ l )  
i ron  ( u g / l )  
Lithiurn ( u g / l )  
Magnesium (mg/1) 
Hanganese (mg/ l )  
Hercury ( u s /  1 ) 
Nitrogen (mg/ l )  
Phosphate (mg/l ) 
Potassium (mg/i ) 
Seleniurn (mg/ l )  
S i l i c a  m g / l )  
Sodium t m g / l )  
S u l f a t e  (mg/ l )  

A1 kal i n i  t y  
I Zinc ( u g / l )  

P i n k e r t o n  ' 

Hot S p r i n g s  

120.0 
3,000.0 

0.0 
510 . 0 

1,000.0 
2.1 

4,400.0 
2,500.0 

79.0 
470.0 

0.0 
0.10 
0.05 

120.0 
0 

28.0 
750.0 
690.0 

0 

as Calcibrn Carbonate  (mg/l ) 
as  Bica rbona te  (mg/ l )  

Hardness 
Noncarbonate (mg/l ) 
Total  ( m g / l )  

S p e c i f i c  Conductance 
Total D i s s .  S o l i d s  (mg/ l )  
Ph, F i e l d  
O i  scha rye  (gpm) 

' Temperature (c )  
Oate Sampled 

1,340.0 
1,630.0 

260 .O 
1,6C)O.O 
5,600 
3,990 

6.5 
54.0 
32 

9/7 5 

' _  Source: B a r r e t t  and P e a r l ,  1976 

T r i m b l  e 
H o t  S p r i n g s  

17.0 
1,400.0 

0.0 
510.0 
220.0 

2.7 
50.0 

1,61)0.0 
42.0 
80.0 

0.U 
0.08 
0.02 

47 .O 
0 

72.0 
510.0 

1,400.0 
10.0 

894 . 0 
1,090.0 

550.0 
1,400.0 
4,400 
3,340 

36 
9/75 

- 
1 E  

Tr i pp 
Hot S p r i n g s  

1 7  .O 
1,500.0 

0.0 
470.0 
220. 0 

2.7 
10.0 

1,600.0 
41.0 
80.0 

0.0 
0.16 
0.05 

47.0 
0 

69.0 
500.0 

1,400.0 
20.0 

810.0 
988 . 0 

530.0 
1,300.0 
3,900 
3,241) - - 

44 
9/7 5 



n . 

Tne rnannef i n  which geothermal energy can be developed i s  dependent upon 
andi t ions  a t  the  spec i f ic  s i t e .  The most inf luent ia l '  of these. are  described 
=el ow. 

Financial - To finance the federal  geothermal projects ,  several  avenues are  
;ussible. Some grants  have been a v a i l a b l e  such a s  the one Timberline Academy 
,,,ill receive t o  develop a simple geothermal heating system f o r  the main school 
fac i l i t i es .  Since the Trimble project i s  no t  imminent, no financing 
arrangements have as yet  been indicated,  b u t  presumably, the project  w i l l  be 
financed w i t h  pr ivate  funds .  As another a l t e rna t ive ,  t o  develop and manage 
these and other projects  i n  l i eu  of a n  interested pr ivate  energy developer, a 
wecia1 d i s t r i c t  or cooperative could be establ ished among potent ia l  users. 
Levies could be assessed, revenue bonds issued, or grant funds or loans,  
vi vate or government, obtained. 

Al though U.S. Dept. of Energy grants for  development are  n o t  current ly  widely 
j r a i  1 ab1  e ,  other federal  sources may' be tapped , where t h e i r  mandates coincide 
K i t h  the proposed geothermal energy development. For example, areas impacted 
by energy development as well as economically depressed areas  are  ta rge t  areas 
for Federal agencies such a s  the U.S. Housing and  Urban Development Department 
jnd the Farm Home Administration under the U.S. Department of Agriculture. 

Leasing and Permit t ing - To es tab l i sh  the r ight  t o  develop the energy, a 
prospective developer must e i ther  own or lease the geothermal r igh ts  and the 
land  surface t o  be used and must have r igh ts  t o  the water containing the heat 

I .  i f  the water i s  t o  be consumed. No leases  on public l a n d  w i t h i n  the  study area 
; hdve been issued. To d r i l l  a well requires  S ta te  permits (Coe and Forman, 

bproval by La P-lata County w o u l d  a lso be required for  a geothermal development 
i outside Ourango c i t y  l imi t s  and  by the b u i l d i n g  department i f  within the C i t y .  

& p e n d i n g  u p o n  the s i z e ,  magnitude of impacts and consistency of use, approval 
i:. my require from a week t o  s ix  months. A s ign i f icant  land development review 
' Wins  w i t h  a sketch plan for  preliminary review. I t  i s  submitted t o  cer ta in  

. State agencies and t o  the planning commission f o r  t h e i r  review, i s  discussed a t  
' J public hearing and t h e n  i s  considered by t h e  Board o f  County Commissioners. 

I n  La P l a t a  County,  res idents  prepare t h e i r  own land and resource management 
program. Thus, any new development would have t o  conform t o  the  goals of the 
Wrrent res idents  i n  t h a t .  region (Dallas Reynolds, pers. comm. , 1979) .  

Requirements - The procedure fo r  exploring for  geothermal energy ' 
1s aimed toward learning more a b o u t  the  magnitude of heat,  the  s i ze  of the 
reservoir, possible reservoir  depths, and su i tab le  well locat ions.  I t  would !- usually begin w i t h  a preliminary exploration program including geologic 

1-: c ! ' r J lua t ion ,  seismic t z s t s ,  possibly more geochemical analyses and  d r i l l i n g  and  
a n a l y z i n g  gradient holes. A f e a s i b i l i t y  study i s  usually conducted t o  

I +erlnine whether the investment seems t o  be warranted and  f i n a l l y  a t e s t  well 
1 \or wells) i s  d r i l l e d  and tes ted.  Depending u p o n  the magnitude of t h e  energy 
'- !c%nd and  the production of the wel l ,  the t e s t  well may be used as a 

;reduction well and/or a d d i t i o n a l  wells may be d r i l l ed .  

1 '  
1 

- 1973). 

1 -  

1: . 
l i t t l e  i s  k n o w n  a b o u t  the geothermal resources i n  t h i s  area t o  conjecture 
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spec i f ic  t e c h n i c a l  r e q u i r e m e n t s  or e n g i n e e r i n g  d e s i g n .  S i n c e  t h e  
d iSsofved  sol i d s  c o n t e n t  i s  n o t  p a r t i c u l a r l y  h i g h ,  no e x o t i c  t r e a t m e n t  i s  
I n d i c a t e d  5 0  f a r .  The key q u e s t i o n  i s  whether t h e  w a t e r  i s  h o t  enough t o  use 

, as aR i n d e p e n d e n t  s o u r c e  o f  h e a t  ( a b o u t  60°C (140°F) i s  g e n e r a l l y  r e q u i r e d ) .  
t f  the w a t e r  produced  is  n o t  n e a r  t h e  60°C t e m p e r a t u r e ,  i t  c o u l d  s t i l l  be a 
. , s l ~ a b l e  r e s o u r c e  by u s i n g  h e a t  pumps o r  b o i l e r s  t o  b o o s t  the h e a t  produced.  

j i s p o s a l  of t he  f l u i d  i n  a manner t o  p r o t e c t  ground and s u r f a c e  w a t e r  q u a l i t y  
be e i t h e r  by r e i n j e c t i o n  i n t o  a n o t h e r  wel l ,  s u r f a c e  d i s p o s a l  o r  use o f  t h e  

*otherma1 f l u i d ,  depend ing  upon the  q u a l i t y  o f  t he  f l u i d ,  t he  s t a n d a r d s  of t he  
stream o r  underground a q u i f e r ,  a s  determined by the  Water Q u a l i t y  C o n t r o l  
g i v i s i o n .  Or a downhole h e a t  exhcange r  t h a t  would e x t r a c t  t h e  h e a t  froin i n s i d e  
the wel l  might  be s u i t a b l e .  

Environmental  C o n s i d e r a t i o n s  - Pending  a d e t a i l e d  s t u d y ,  e n v i r o n m e n t a l  e f f e c t s  
of geothermal  deve lopment  a r e  n o t  d e f i n a b l e .  R e p o r t s  do i n d i c a t e  t h a t  t h e  
e x i s t i n g  s p r i n g  d i s c h a r g s  h a s  damaged t rees  (Cap Al len ,  p e r s .  comm., 1979) .  
This  i m p l i e s  t h a t  c a r e f u l  h a n d l i n g  o f  t h e  r e s o u r c e  would be needed i f  t he  f l u i d  
recovered e x h i b i t e d  c h a r a c t e r i s t i c s  s i m i l a r  t o  t h o s e  of t he  s p r i n g .  T h i s  a l s o  
i n p l i e s  t h a t  by p r o p e r l y  c o n t r o l ' l i n g  t he  f l u i d  w i t h  a w e l l ,  fur ther  
environmental  damage c o u l d  be avo ided .  I n  any c a s e ,  t h e  S t a t e ' s  p e r m i t t i n g  
system i s  d e s i g n e d  t o  a s s u r e  t h a t  n e i t h e r  t he  g roundwate r  s o u r c e s  o r  s u r f a c e  
water s o u r c e s  w i  11  be degraded .  

Other e n v i r o n m e n t a l  c o n c e r n s  i n c l u d e  s o i l ,  w i l d l i f e ,  w i l d l i f e  h a b i t a t ,  p l a n t  
I' l i f e ,  l and  d i s t u r b a n c e ,  damage t o  t h e  e c o s y s t e m  a s  a whole and soc io -economic  
1 Impacts. Air p o l l u t i o n  i s  a n o t h e r  m a t t e r  o f  h i g h  c o n c e r n  f o r  geo the rma l  

develonent .  Noxious g a s e s  m u s t  b e  precluded from p o l l u t i n g  the a i r .  The 
F .  Colorado Air Q u a l i t y  C o n t r o l  D i v i s i o n  i s  c h a r g e d  w i t h  a s s u r i n g  t h a t  s t a n d a r d s  
I are met and w i t h  issuing p e r m i t s  f o r  d i s c h a r g i n g  a i r  p o l l u t a n t s ,  where 
'k w p r o p r i a t e .  Development of  geo the rma l  e n e r g y ,  i f  p r o p e r l y  done ,  i s  r e 1  a t i v e l y  

env i ronmen ta l ly  benign .  

1-1 I n d i r e c t l y ,  geo the rma l  deve lopment  c o u l d  e f f e c t  e n v i r o n m e n t a l  damage by 
cncouraginy economic development  and p o p u l a t i o n  growth i n  l o c a t i o n s  where t h e  
energy i s  a v a i l a b l e .  So f a r ,  t h e  a v a i l a b i l i t y  o f  geo the rma l  e n e r g y  i s  n o t  a 
primary d e t e r m i n a n t  f o r  i n d u s t r i a l  l o c a t i o n  d e c i s i o n s  and s h o u l d  n o t  a t t r a c t  
massive and r a p i d  growth i n  t he  f o r e s e e a b l e  fu tu re .  Further, t h e  C i t y  and 
County have  e s t a b l  i shed  t h e  mechanism f o r  p r e v e n t i o n  o f  development  i n  

i hazardous a r e a s  and for review and c o n t r o l  o f  new d e v e l o p m m t .  

since a c c o r d i n g  t o  t h e  Co lo rado  D i v i s i o n  o f  d a t e r  R e s o u r c e s  the w a t e r  i n  t he  
I Ar)inas River has  n o t  been c o m p l e t e l y  a l l o c a t e d ,  some w a t e r  i s  p r o b a b l y  

d v a i l a b l e  f o r  deve lopment .  I f  t h e  geo the rma l  r e s e r v o i r  i s  a t r i b u t a r y  t o  t h e  
r i ' ' e r ,  o b t a i n i n g  some of these w a t e r  r igh ts  would a s s u r e  c o n t r o l  o f  the  
'WJthernal  f l u i d .  I f  the geothermal  r e s e r v o i r  i s  n o t  t r i b u t a r y ,  o n l y  1 / 1 0 0 t h  
of  the e s t i m a t e d  w a t e r  u n d e r l y i n g  t h e  'land c o n t r o l l e d  by t he  d e v e l o p e r  c o u l d  be 
c r t f a c t e d  i n  any one  y e a r .  Water r i g h t s  m i g h t  a l s o  b e  p u r c h a s e d ,  and a p l a n  of  
a u W e n t a t i o n  f i l e d  t o  subs t i tu te  w a t e r  f o r  t he  geo the rma l  f l u i d ,  o r  t he  wa te r  
c J u l d  be r e i n j e c t e d  i n  a r e i n j e c t i o n  well a f t e r  reinoving t h e  h e a t .  

. 

. -  

Most d i r e c t  nega t i -ve  impac t s  can be avo ided .  
* .  
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[- t :Economic Considerat ions - According t o  s t u d i e s  by the  New Mexico Energy 

competit ive with natural  gas  i n  t he  very near fu tu re .  When transmission 
l , cJsts are reduced, when r e t r o f i t t i n g  c o s t s  a re  eli ininated ( a s  i n  nerq 
; i ,:ructures) and when geothermal energy i s  compared w i t h  the  cos t  of e l e c t r i c i t y  

1 ,ndicated t h a t  a l a rge  energy user  such as the  Tamarron Resort ,  which i s  only 
I g o u t  2 miles  from the  resource,  could use geothermal. energy a t  a much lower 

I 

I L$stitJute, ‘ t he  cos t  t o  develop geothermal fo r  t he  e n t i r e  town of Ourango would 

I I gr propane, t he  geothermal energy i s  considerably More economical. Analyses 

i 
! 

a s t  of e l e c t r i c i t y  (Cuniff ,  e t  a l ,  1979) .  

potential Uses o f  Geothermal Energy 

1 
! 

j i  t 

! The pr incipal  uses fo r  geothermal energy i n  t he  Durango area a r e  fo r  space and 
. Mater heating. Numerous oppor tuni t ies  a r e  a v a i l a b l e  f o r  u s i n g  geothermal 

mergy. New res iden t s  and an  a c t i v e  t o u r i s t  business mean a l a r g e  demand f o r  
hot water and space heat.  In a r e s o r t  a r e a ,  space and  water heat ing needs a re  

. large r e l a t i v e  t o  t he  population. Those l a rge  f a c i l i t i e s  located nearest t he  
’ resource a reas  would allow fo r  use o f ‘ t h e  energy w i t h  a m i n i m u m  of transmission 

c o s t s .  Among these  a r e  the  Tamarron Resort ,  which h a s  320 condominium u n i t s  
plus r e s t a u r a n t s ,  a lodge, s a u n a ,  indoor swimming pool, and conference 

1 -  f a c i l i t i e s  (Stan Madsworth, pers. comm. , 1 9 7 9 ) .  The nearby Rockwood 
& subdivision could a l s o  use the energy, the  e l imina t ion  of the  need f o r  

. r e t r o f i t t i n g  i n  new s t r u c t u r e s  enhancing the  economic v i a b i l i t y  of such a 
project. Since i n  both cases ,  geothermal energy i s  competing w i t h  expensive [ ., ~ e lec t r ica l  hea t ,  i t  could be considerably l e s s  expensive f o r  b u i l d i n g  owners. 
Just how much inoney could be saved can be determined only through a detai led 
dnalysi s. 

There are other  l a rge  f a c i l i t i e s  more d i s t a n t  from the  resource areas t h a t  
could use t h e  energy. These include State-owned bui ldings such as the  National 
Guard bui l d i  ng , Highway Department b u i  1 d i  n g s  and F t .  Lewi s Col 1 ege b u i l d i n g s ,  
h i c h  could use t h e  energy fo r  space and  water heat.  The commercial, smaller 
public and r e s i d e n t i a l  b u i l d i n g s  i n  Durango could eventua l ly  a l s o  convert to 
geothermal energy. 

Industrial  users  could provide a market f o r  t he  geothermal energy, as  well, and 
i n  turn, low-cost energy could help a t t r a c t  new industry.  The exis t ing 
industries w i t h  temper-ature requirements commensurate w i t h  t h e  estimated 

A s  industr ia l  
demands grow, more i n d u s t r i a l  uses of geothermal energy could e found. The 
t o t a l  energy demand i n  Durango i s  fo recas t  t o  be about 2.5 x IO1’ 6 t u  by the 

. .  

I -  

1 .  lieotherma1 resources temperatures a r e  l i s t e d  on Table A-9 .  

k c l o p i n g  the energy i s  dependent upon the various cons idera t ions  t h a t  have 
indicated.  Steps required and  a poss ib le  schedule f o r  developing the  

Wthermal energy a re  shown on Figure A- 3 .  

c 
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f-' . TABLE A-9 
,*I ' 
! d f 

.(I, GEOTHERMAL E N E R G Y  

Our ango , Col o r  ado 

r 
0 EXISTING POTENTIAL INDUSTRIAL PROCESS USERS OF 

1976 

S t a n d a r d  Number Low-grade 
I n d u s t  r i a1 o f  Heat  Requi r e d  

I ndu s t r y C l a s s i f i c a t i o n  P l a n t s  ( 1oB t u ' s ) * ' '.. 
2 .44 B o t t l e d  and Canned 2086 

1 

2.06 
.16 
.28 
14 

3% 

S o f t  D r i n k s  
P r e p a r e d  Foods 
C o n f e c t i o n a r y  P r o d u c t s  2065 

f ieat  Pack ing  
Sawmil l s  and P l a n i n g  Mills 2421 

2048 1 
1 

- 2011 1 
1 

Food P r e p a r a t i o n s  (honey)  2099 1 

SOLIRCE: Coe and S o l a r  Energy Resea rch  I n s t i t u t e  

FIGURE A-3  

DURANGO SITE 
SCENARIO FOR DEVELOPMENT 

I 

Act i v i  t y  1981 1982 1983 1984 1985 iga6 1987 1988 
I 

P r e l i m i n a r y  g e o p h y s i c s  --- 
. Grad ien t  h o l e s ,  e v a l .  

Feas. studies f o r  
space h e a t i n g  

Leases 
' I  Permi ts  f o r  t e s t  well 

D r i l l  t e s t  wel l ,  e v a l  . ' i  
Permit  t o  dev,  s y s t e m  
Water r i g h t s  

1 [ R i g h t s  of way 
Loan or bond 

I Design s y s t e m  
Construct sys t em 
I n s t a l l  i n  new s t r u c t u r e ,  

t hen  r e t r o f i t  e x i s t i n g  
Permit t o  dev. well 

------ 
I -0 -  

I -- ---- -- --- -- 
0-  -- --- ----- ----- 

- 0 -  

-0  

0 -  
' Oev. t e s t  well 

-0- , I - Heat on l i n e  (.07 x B t u ' s / y r . )  

"J*s. mean a v e r a g e  p l a n t  s ize  [: 
! 

. - 1 7 -  

; L  
_- -.--- 
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ZcJelopinent O p p o r t u n i t i e s  and C o n s t r a i n t s -  There a r e  o p p o r t u n i t i e s  f o r  
;ete\oprneflt of geothermal energy i n  t h e  Durango area .  For t he  most p a r t ,  they 

The e s t i m a t e d  one m i l l i o n  v i s i t o r s  i n  t he  
each y e a r - u s e  s u b s t a n t i a l  amounts of h e a t  and hot  w a t e r .  In a d d i t i o n  some 

light i n d u s t r l a l  uses may be p o s s i b l e ,  i n c l u d i n g  t imber drying.  Those 
Irructures  n e a r e s t  t h e  known geothermal a r e a s  seem t o  a f f o r d  t h e  most 
Konomical means f o r  development and, given t h e  a l t e r n a t i v e s ,  seem t o  s t a n d  a 
4Jod chance of i n c u r r i n g  s i g n i f i c a n t  sav ings  on f u e l  b i l l s .  There a r e ,  
Muever, s e v e r a l  c o n d i t i o n s  t h a t  have l i m i t e d  geothermal development. 

f i r s t  c o n s t r a i n t  t o  such development i s  t h e  lack  of in format ion  about  t h e  
resource and about t h e  economic f e a s i b i l i t y .  Secondly,  u n l e s s  a p r i v a t e  user  

developer should become i n t e r e s t e d  i n  developing t h e  r e s o u r c e  i n  t h e  a r e a ,  
&?other major c o n s t r a i n t  w i l l  be the  lack  of f ront -end  f u n d s .  S ince  Durango i s  
mt a t a r g e t  c i t y  for  e i t h e r  economic development or f o r  energy impact f u n d s ,  
pl tent ia l  f e d e r a l  g r a n t  programs or a f e d e r a l  ly-guaranteed loan  seem t h e  most 
p l a u s i b l e ,  were t he  comnunity or a c o o p e r a t i v e  t o  i n i t i a t e  a p r o j e c t .  The l a s t  
a n s t f a i n t  and the  most d i f f i c u l t  ' to  overcome i s  t h e  v i r t u a l  l a c k  of an 
tntrepreneur,  e i t h e r  p r i v a t e  or government, who i s  aware o f  t he  energy and i t s  
v ~ l u e  and w i l l i n g  t o  devote  t ime and e f f o r t  t o  s e e  i t  developed. Unti l  such a 
prson t a k e s  on the  t a s k ,  e i t h e r  f o r  personel  b e n e f i t  or t h e  good of t he  
a l m u n i t y ,  or both,  the  energy w i l l  l i k e l y  remain underground. 

around the  t o u r i s t  i n d u s t r y .  

. 

. _  
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I NTRODUCT I ON 

Tho potcntlal fw use of geothermal energy In Colorado seems to be substantial. 
As described by Oarrott and Pmrl (19781, at least 56 separate areas have 
curface msnlfcstatlons of hydrothermal (hot water) resources. In a i  I ,  somo 
120 thermal springs and wells with tempwatures over 20°C have been located. 
These have surface temperatures ranging from 20°C In several areas to a 
high of 83OC at Hortense Hot Spring southwest of Buena Vista. Using the 
technique of geochemical model ing, subsurface temperatures estimated for 
all the 56 areas are between 20°C and slightly over 200°C. The discharge 
rate is from 1 gal Ion per minute (gpm) at a number of springs to 2,263 g p m  
at Glenwood Springs. Contrary to popular opinion, some waters are quite 
pure, with the total dissolved solids ranging from 84 mg/l at Eldorado Springs 
southwest of Boulder to a high of 21,500 mg/l at Glenwood Springs (8arrett 
and Pearl, 1976). Figure 1 shows the resource areas. 

The term llgeothermaI energy" is a term that means d i f ferent th ngs to di f feren t 
people. To some, it means an exotic resource that might a t  some point in 
the distant future, after an enormous technological breakthrough, contribute 
to the energy supply. To others it is a f l u i d  in which to swim or bathe, 
either simply for pleasure or for improvement of one's health and keli-being. 
To an increasing number it means a practical, environmentally compatible 
energy resource that can, right now, help to relieve an overdependency upon 
fossil fuels. 

Expressed most concisely, geothermal energy is 'Ithe natural heat, steam, 
and hot waters of the earth's interior." (Pearl, 1972). It is, in fact, 
a practical energy resource which is readily usable with existing technology. 
Although techniques for using heat that is not conSained in f l u i d ,  known 
as hot dry rock, are in the developmental stage, geothermal steam and hot 
water have been used for many years. Lardarello, Italy, has generated elec?rlcity 
with geothermal resources since 1904. Wairakei, New Zealand, and the Geysers 
in California have more recently begun generating electricity. In 1975 
worldwide geothermal generating capacity was estimated to be 1100 MWe (The 
Futures Group, 1975). Reykjavik, in southern Iceland, uses natural hot water 
to heat 11,000 houses, plus some greenhouses and sw I m pool s (Zoega, 1974). 

. In Hungary geothermal energy is used to heat homes, greenhouses, cattle 
stal Is, pigsties, chicken buses, hospitals, garages, machine shops, municipal 
buildings, factories, as well as f o r  hot water  supplies and for cooling 
and drying of agricultural products (Boldizsar, 1974). Other areas using 
geothermal energy are Japan and Russia, and,. in the United States, Bolse, 
Idaho, Klamath falls, Oregon, and Pagosa Springs, Colorado. Facilities 
in there areas demonstrate that the technology and know-how are  readily 
available for using geothermal resources. 

In the United States, geothermal energy is considered to have significant 
potential, both for the generation of electricity and for use as direct 
heat, although estimates of the specific amounts vary widely. As a result, 
recent Federal policies have been Initiated to encourage geotherma I development. 
In 1970 the U.S. Congress passed the Geothermal Leasing Act to allow for 
issuance of geothermal leases on Federal lands (PL 91-5811. In 1974 the 
Federal Energy Research Development and Damnstration Act was adopted, prov i ding 
the mandate for geothermal programs fhat incl ude resource assessment, p !ann I ng 
and system development (PL 93-4101. Among the planning programs i s  the 
Southwest Regional Geothermal Development Operations Research Project, of 
which thls study is a part. 

> 
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TABLE 1 (Cont.) 

i 

I ,-- 
1 
t i  

s 
4 

Thermal Areas 

Sp I ash I a n d  35 1.5 5OO(N) 75 .0776 .0047 

. Dutch Crowley/Stinking 1.52 200(S) 65 .0257 .0015 
Dexter/Mclntyre 36/37 1 . 2  lOOO(F) 35 .0339 .0020 

Area I Temp. Useab I e 
Extent Thickness. ( O C )  Total Btu Btu 
(rn12) (st.) (mtdpolnt) (1015) (1015) 



TABLE 1 

L s Resource Assessment 
r r) 

\ o f  

Hydrothermal  Resources I n  Colorado 

by Jay 0 .  D i c k  and H f c h a r d  H. P e a r l  

February,  1978 (unpub l l shed)  

Temp. E s t  imatad 
. A rea l  ( " C )  Es t ima ted  Useable 

Thermal E x t e n t  Thickness ( m i d p o i n t  T o t a l  8 t u  B t u  
S p r i n g  Areas ( m i 2 1  ( f t . 1  of  e s t t m a t e )  ( 1  015) ( 1  015) 

Jun i per  1 1.01 200(S) 63 .0163 .0009 
1.3 500(N) 55 .0428 .0026 
0.5 1000 (F 1 138 .1110 .0067 

C r a l g  2 
R o u t t  3 
Steamboat 4 .52 250(S) 70 .0122 .0007 
Brand 's  Ranch 5 0.36 200(S) 49 .0039 . 0002 
H o t  Sulphur 6 1.35 599 (N  1 75 .0698 .0042 
Haystack B u t t e  7 1.54 300(S) 40 .0174 ,0010 
E l d o r a d o  8 0.35 1 OOO( s 1 35 .0099 .0006 
Idaho 9 1.12 lOOO(F) 80 .1260 .0076 
D o t s e r o  10 0.84 250(S) 39 .0075 .0005 
Glenwood 1 1  1.32 250(S) 65 ,0279 .0017 (-. South Canyon 12 0.1 1000 ( S  1 75 .0103 .0006 

Conundrum 15 0.45 500(N) 45 .0106 .0006 
'-- Cement Creek 16 . 1.1 150(S) . 45 .0078 .0005 

Ranger 17 . 1 . 1 1  150(S) 45 ,0078 .0005 
! Rhodes 18 1.53 1000(F) 35 .0432 .0026 

H a r f s e l  19 0.87 500(N) 70 .0409 .0025 
Cottonwood Creek 20 1.38 1000 (F 1 170 .3894 .0234 
M t .  P r i n c e t o n  21 3.14 lOOO(F) 200 1.0632 .0638 
Browns Canyon 22 3.23 1500 ( S b F  1 100 .7291 .0438 
Poncha 23 2.19 1000(F) i45 .5150 .0309 
We1 l s v i  I l e / S w i s s v a l e  0.94 240(S) 40 .0085 ,0005 

Penny (Avalanche)  13 1.61 lOOO(F) 75 .1670 .0100 
Co lone l  Chinn 14 1.55 200(S) - 51 .0181 .0011 

24/25 
Canon C I  t y  26 0.52 lOO(S) 50 .0029 .oooz 
Freemont N a t a t o r l u m  27 1.0 220(S) 43 .0095 .0006 

: '  
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STATUS OF - GEOTHERMAL DEVELGPMENT -- I N COLORADO 
3 

Geothermal resources already contrlbute to Colorado's enargy supply. In 
fact, since the early 1 9 0 0 ' ~ ~  practical uses of geothermal resources have 
been cormon In Pagosa Springs, in Southwest Colorado. Residents there have 
uscd hot-water wells to heat nuierous buildings, Including the County Court 
House, schools, churches, the newspaper offlce, a liquor store, 2 hotels, 
2 service stations, a drugstore, .and a bank, as well as for the swimming 
pool and spa. Although the corrosion of heating system equipment, along 
with the low price and availability of natural gas Induced the conversion 
of scme geothermal systems to natural gas, 12 wells are still in use. (Dick . 

and Galloway, unpublished report, 19781. A list of the known wells is found 
in the Appendix. 

Where resources are in use in other parts of the State, most are used for 
swimning pcols cr baths. A fen wells a- springs serve other purposes, however, 
among them space heating and agriculture, including greenhouses, a fish 
farm and algae-growing. Table 3 shows the known users and uses in geothermal 
resource areas throughout the state. 

Interest in developing the geothermal resources in Colorado has grown since 
the beginning of the 1970 's .  Because of the problem of transporting the 
energy to the user, most of the recent interest has been in geothermal power 
generation. Toward this end, some leasing and exploration activity have 
occurred. 

L .  high enough. temperatures for power generat i on i n on I y a 'few areas, g i ven 
today's economic criteria. Efforts toward the development of low-temperature 

! uses such as space or water heating of industrial or agricultural process i 
I use x) far seem minimal. However, several planning and pre I imi nary engineering 

studies emphasizing these uses are either completed or underway. Judging "\I . 
from conversations with potential developers throughout the state, interest 
i s  growing. I f  a planned development of a district heating system In the 
town of Pagosa Springs i s  funded by the Department of Energy, this may we1 I 
be the f lrst step *toward s i gn I f i cant deve lopment of the low-temperature 

f -. 

i' 
r 
! 
, It is commonly believed, however, that Colorado's resources offer 

. 

1 geothermal resources throughout Colorado. 

, 





TABLE 10 
CATEGORY I 1 1  B 

AREAS OF IIOGERATE POTENTIAL 

' Es t i  m a t  e,d 
E s t i m a t e d  U s a b l e  E n e r g y  

E s t i l n a t e d  2020 E s t i m a t e d  U s a b l e  A v a i l a b l e  P e r  
1975 2020 

Y e a r  For E s t i n i a t s d  N a t u r a l  G a s  E s t i m a t e d  N a t u r a l  Gas E n e r g y  
Owel 1 i n g  Denland Owel 1 i n g  Demand 12 A v a i l a b l e  30 Y e a r s  

1975 

U n i t s  12 U n i t s  U s e  - A r e a  Name- Number 
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