
.._; . . .  

MARYVALE TERRACE: GEOTHERMAL RESIDENTIAL 

DISTRICT SPACE HEATING AND COOLING 

D.H.WHITE -PRINCIPAL INVESTIGATOR 
L. A. GOL DS TONE - PROJECT MANAGER 

work performed for 
US.DEPARTMENT OF ENERGY 
SAN FRANCISCO OPERATIONS OFFICE 
OAKLAND, CALIFORNIA 

ARIZONA SOLAR ENERGY COMMISSION 
and 

DEPARTMENT OF CHEMICAL ENGINEERING 

THE UNIVERSITY OF ARIZONA 
Tucson, Arizona 85721 

I 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



-- 

E 

e 

f 

e 

e 

e 

e 



3 

3 

a 

DISCLAIMER 

N e i t h e r  t h e  U n i v e r s i t y  of A r i z o n a ,  n o r  t h e  Ar i zona  S o l a r  Energy  

Commission, n o r  t h e  Un i t ed  S t a t e s  Department  o f  Energy ,  n o r  any  of t h e i r  

employees o r  c o n t r a c t o r s ,  make any w a r r a n t y ,  e x p r e s s  o r  i m p l i e d ,  or assume 

any l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  o r  

u s e f u l n e s s  of  any i n f o r m a t i o n  p r e s e n t e d  i n  t h i s  document.  

b 

s 

i 



3 

a 

a 

ACKNOWLEDGE MEN T S - 

Many i n d i v i d u a l s  c o n t r i b u t e d  t o  t h i s  s tudy .  Recogn i t ion  i s  extended t o  

D r .  David Wolf f o r  h i s  t e c h n i c a l  c o n t r i b u t i o n s .  La r ry  Goldstone w a s  p r o j e c t  

manager f o r  t h i s  s t u d y  and o t h e r  f u n c t i o n s  of t h e  p r o j e c t .  

Other c o n t r i b u t o r s  i n c l u d e d  Alex Chung, Rafael  iriontoya and T i m  Rowe. I n  

a d d i t i o n ,  r e c o g n i t i o n  i s  extended t o  t h e  Arizona Bureau of  Geology and Mineral 

Technology - Geothermal Group f o r  i t s  s u p p o r t  and a d v i c e .  We are a l s o  

g r a t e f u l  f o r  i t s  p rov id ing  o f f i c e  space f o r  about  two y e a r s .  

a 

3 

E 

ii 

b 



3 

3 

3 

3 

ABSTRACT 

A preliminary study of the technical and economic feasibility of 

installing a geothermal district heating and cooling system is analyzed for 

the Maryvale Terrace residential subdevelopment i n  Phoenix, Arizona. The 

development consisted of 557 residential houses constructed by the John F. 

Long Realty Company. The study was undertaken as a model for analyzing 

district heating and cooling systems for new residential developments. The 

design heating load was estimated to be 16.77 million Btu/hr and the design 

cooling load was estimated to be 14.65 million Btulhr. Average annual energy 

use for the development was estimated to be 5,870 million Btu/yr and 14,650 

million Rtulyr for heating and cooling, respectively. Competing fuels are 

natural gas for heating arid electricity for cooling. 

A geothermal resource is assumed to exist beneath the site at a depth of 

Five production wells producing 1000 gpn each of 220OF geotheraal 6000 feet. 

fluid are required. Total estimated cost f o r  installing the system is 

$5,079,300.  First year system operations cost (including debt service) is 

$974,361. The average annual geothermal heating and cooling cost per hoae is 

estimated to be $1,750 as compared to a conventional system annual cost of 

$1,145. F u r t h e r ,  t h e  c o s t  of geothermal  h e a t i n g  and cooling is estimated to 

be $47.50 per dllion Btu when debt service is included-and $6.14 per sillion 

Btu when only operating costs are included. Operating (or fusl) costs for 

P 

B 

conventional heating and cooling are estimated t o  be $15.55 per million Btu. 
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The space heating and cooling of residential districts by systems which 

use geothermal energy is under investigation as one possible use of geothermal 

resources. A district heating and cooling system is defined by the U.S. 

Department of Energy as an energy system that generates thermal energy from 

one or more central plants to service a multiple number of buildings and 

customers with thermal service through a piping distribution network and, when 

possible, a storage facility. The piping system may extend throughout an 

entire urban area or may be limited to a single neighborhood. A geothermal or 

heat pump district heating o r  cooling system can be considered under this 

definition. 

Space cooling constitutes a significant percentage of all energy used for 

space conditioning in Arizona. In southern Arizona, the demand for space 

cooling occurs during the summer f rom the beginning of Xay through the end of 

September. In northern Arizona, wintertime heating is also quite 

significant. Therefore, the use of geothermal energy in Arizona for district 

space heating and/or cooling may result in reduced consumption of fossil fuel 

energy and decreased peak power requirements. 

a 

Geothermal district space heating is practiced i n  such  places as Boise, 

Idaho and Klamath Falls, Oregon and also in the countries of New Zealand, 

Iceland, Japan and others. However, little experience has been gained in 

using geothermal energy for space cooling and refrigeration. Both space 

3 heating and space cooling systems using geothermal sources are feasible from a 

technical viewpoint, and implementation of a space conditioning system is more 

dependent on economic considerations. 

The John  F. Long Realty Company of Phoenix, Arizona supplied information 

regarding ?.iaryvale Terrace, a development which began construction in the f a l l  

1 
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o f  1980. The f o l l o w i n g  s t u d y  was performed i n  o r d e r  t o  p r e l i m i n a r i l y  assess 

the r e l e v a n t  f a c t o r s  i n  d i s t r i c t  h e a t i n g  and c o o l i n g .  

PROJECT DESCRIPTION 

General I n f o r m a t i o n  

Maryvale Terrace i s  a development of 557 s i n g l e - f a m i l y  homes. Its shape  

i s  b a s i c a l l y  s q u a r e ,  one-half  m i l e  (0.8 km) on e a c h  s i d e  ( s e e  F i g u r e  1 ) .  The 

development i s  l o c a t e d  i n  no r thwes t  Phoenix,  Arizona. The p r o p e r t y  i s  l e v e l  

w i th  a maximum e l e v a t i o n  change of o n l y  10 f t  (3.0 n) o c c u r r i n g  between t h e  

n o r t h w e s t  and t h e  southwest  c o r n e r  of t he  development.  

The Maryvale Te r race  r e c e i v e s  7.44 i n c h e s  of r a i n f a l l  a n n u a l l y ;  a v e r a g e  

r e l a t i v e  humid i ty  i s  37 p e r c e n t .  

40.6"C) i n  t h e  summertime and from 38' t o  75'F (3.3O-23.9OC) i n  t h e  

Temperatures range from 60' t o  105'F (15.6'- 

w i n t e r t i m e .  The ave rage  number of h e a t i n g  d e g r e e  days i s  1215 and c o o l i n g  

d e g r e e  days i s  4015. 

A 220°F (104OC) r e s o u r c e  is assumed t o  e x i s t  a t  a d e p t h  of 6000 f t  (1830 

m) benea th  t h e  s i te .  The sa l t  c o n t e n t  OE t h e  geo the rma l  water i s  e s t i m a t e d  t o  

be 1000 ppm, t h e  r e s e r v i o r  volune i s  assumed t o  be large enough t o  p r o v i d e  a t  

l eas t  50 years of  c o n t i n u o u s  service w i t h o u t  s i g n i f i c a n t  d e t e r i o r a t i o n .  The 

r e s e r v o i r  a s sumpt ions  w e r e  n e c e s s a r y  because  r e s o u r c e  e x p l o r a t i o n  had not  been 

performed on o r  n e a r  t h e  s i te .  However, the  d e t a i l e d  i n f o r m a t i o n  on 

geo the rma l  r e s o u r c e s ,  as g iven  i n  t h e  r e p o r t  on Geothermal Development P lan  : 

Maricopa County, p r o v i d e s  ample ev idence  tha t  geothermal  r e s o u r c e s  ex i s t  

th roughou t  a e t r o p o l i t a n  Phoenix. The t e c h n i c a l  and economic r e s u l t s  of t h i s  

s t u d y  might  be  t r a n s f 2 r a b l e  t o  o t h e r  p o s s i b l y  more f a v o r a b l e ,  geothermal  s i t e s  

i n  Arizona. 

'Ihe s o u r c e s  of ene rgy  which geotherinal e n e r g y  had t o  compete w i t h  i n  t h i s  

l o c a t i o n  were n a t u r a l  g a s  f o r  h e a t i n g  and e l e c t r i c i t y  f o r  c o o l i n g .  

2 
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Geo t hermal  Sys ten Inve s t i g  a t ed 

F i g u r e  2 i s  a f low diagram of t h e  system i n v e s t i g a t e d  f o r  t h r y v a l e  

Te r race .  It i s  c a p a b l e  of d e l i v e r i n g  e i t h e r  h e a t i n g  o r  c o o l i n g  water t o  each 

home, b u t  b o t h  cannot  be s u p p l i e d  a t  t h e  saae t i m e .  The s y s t e m  a l s o  canno t  

s u p p l y  domes t i c  h o t  water. The c a p i t a l  expense of c o n s t r u c t i n g  a system which 

would supp ly  a l l  of t h e s e  o p t i o n s  w a s  found t o  be p r o h i b i t i v e l y  expens ive .  

The proposed s y s t e m  uses  geothermal  energy t o  h e a t  o r  c o o l  water which i s  

c i r c u l a t e d  t o  each  home f o r  h e a t i n g  and coo l ing .  To hea t  water ,  g e o t h e r n a l  

f l u i d  i s  c i r c u l a t e d  through a h e a t  exchanger where i t  t r a n s f e r s  some of i t s  

e n e r g y  t o  less c o r r o s i v e  w a t e r ;  water  i s  cooled by p a s s i n g  geothermal  f l u i d  

th rough  l i t h i u m  bromide water  a b s o r p t i o n  c h i l l e r ,  a geothermal-dr iven c o o l i n g  

u n i t .  The h e a t e d  o r  cooled water is then pumped t o  each home v i a  a p i p i n g  

s y s t e n  ( s e e  F igu re  1 ) .  For s i m p l i c a t i o n  and c l a r i t y ,  t h e  p i p e s  c o n n e c t i n g  t h e  

homes t o  t h e  mains are not shown i n  t h e  f i g u r e .  

Wi th in  each  hone a f an  c o i l  coinbination h e a t i n g  and c o o l i n g  u n i t  w i l l  do 

t h e  a c t u a l  h e a t i n g  or c o o l i n g .  In t h e  h e a t i n g  mode, t h e  f an  c o i l  u n i t  ex- 

t r a c t s  h e a t  from t h e  water c i r c u l a t i n g  th rough  i t ,  t h u s  wani ing the houses .  

In the cooling node, heat from the home is absorbed by  the circulating water ,  

t h z r e b y  c o o l i n g  t h e  home. 'Ihe water i s  then  r e t u r n e d  t o  e i t h e r  t h e  h e a t  

exchanger  o r  t h e  a b s o r p t i o n  c h i l l e r  v i a  t h e  d i s t r i c t  p i p i n g  system. 

Heat ing and Cooling Loads 

Maximum h e a t i n g  and c o o l i n g  l o a d s  were 30,100 Btu/hr  (8.82 kw) and 26,300 

Rtu/hr  (7 .71 kw), r e spec t ive ly ,  :or a n  a v e r a g e  home i n  H a r y v a l e  Terrace. It 

was assumed t h a t  t h e r e  would be times when e v e r y  home i n  t h e  development would 

need i t s  e n t i r e  maximum h e a t i n g  o r  c o o l i n g  l o a d ,  i . e .  a load f a c t o r  of 1.0. 

T h e r e f o r e ,  t h e  t o t a l  maximum h e a t i n g  and c o o l i n g  l o a d s  f o r  the 557 homes a r e  

16.77 m i l l i o n  B tu /h r  (4920 kw) and 14.65 m i l l i o n  Btu/Iir ( 4 2 9 0  kw) ,  
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A r ev iew was made of f a n  c o i l  u n i t  l i t e r a t u r e  t o  de t e rmine  t h e  t y p i c a l  

t e m p e r a t u r e  d i f f e r e n c e  between i n l e t  and o u t l e t  wa te r  i n  each  mode of 

o p e r a t i o n .  These t empera tu re  changes were then  compared w i t h  t y p i c a l  

o p e r a t i n g  t e m p e r a t u r e s  of t h e  l i t h i u m  bromide-water a b s o r p t i o n  c h i l l e r s  and 

t h e  heat exchanger  could p rov ide .  & s i g n  t e m p e r a t u r e  d i f  fereiice of 8'F 

( 4 . 5 ' 0  f o r  c o o l i n g  and 12'F ( 6 . 7 ' 0  f o r  h e a t i n g  were chosen f o r  t h e  f a n  c o i l  

u n i t s .  Under t h i s  d e s i g n ,  a f low ra te  of 6.575 gpm ( 0 . 4 2  l / s e c )  o r  5.02 gpm 

(0 .32  l / s e c )  would be r e q u i r e d  t o  p rov ide  t h e  ave rage  hone w i t h  i t s  maximum 

c o o l i n g  o r  h e a t i n g  l o a d ,  r e s p e c t i v e l y .  

?he s e l e c t i o n  O E  t h e  in-hone f a n  c o i l  u n i t s  was t h e n  made. It was 

d e c i d e d  t h a t  c e n t r a l  a i r  h a n d l e r s  would be used s i n c e  they  are more e f f i c i e n t  

and less e x p e n s i v e  than  s m a l l e r  roon-size u n i t s .  .Use, o n l y  one u n i t  would be 

needed i n  each home. The Yazaki 304 Mini Handler was t h e  recommended u n i t  f o r  

the  a v e r a g e  home. Each would r e q u i r e  215 W of e l e c t r i c  pow2r and p rov ide  mors 

t h a n  t h e  d e s i g n  h e a t i n g  l o a d .  The d e s i g n  c o o l i n g  l o a d  would a l s o  be f u l l y  m e t  

by t h e s e  u n i t s .  

D i s t r i b u t i o n  P ip ing  System 

A two-pipe d i s t r i b u t i o n  s y s t e m  was chosen t o  carry t h e  h e a t i n g  o r  c o o l i n g  

water t o  the homes. Trig two-pipe d i s t r i b u t i o n  system c o n s i s t s  of one  s u p p l y  

p i p e  and one r e t u r n  p i p e .  While a two-pipe system has =ore i n h e r e n t  

d i s a d v a n t a g e s  than  a fou r -p ipe  sys t em,  t h e  lower c a p i t a l  c o s t  of t h e  two-pipe 

system made I t  a o r e  a t t r a c t i v e .  

The major d i s a d v a n t a g e s  of two-pipe systems are  i t s  i n a b i l i t y  t o  supp ly  

h e a t i n g  and c o o l i n g  wa te r  a t  t h e  same time arid the f a i r l y  l o n g  time i t  takes 

b 

t o  change o v e r  froin one mode of  o p e r a t i o n  t o  the o t h e r .  Four-pipe systams do 

h 
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no t  have t h e s e  d i s a d v a n t a g e s ,  bu t  t hey  are almost  two- th i rds  more e x p e n s i v e .  

One- and t h r e e - p i p e  s y s t e m s  were no t  c o n s i d e r e d .  

'!%e d e c i s i o n  t o  use a two-pipe s y s t e m  also a f f e c t e d  the a b i l i t y  t o  supp ly  

h e a t  f o r  domes t i c  ho t  water purposes .  Heat € o r  domes t i c  ho t  watzr  c a n n o t  be  

s u p p l i e d  when a two-pipe system is  o p e r a t i n g  in t h e  c o o l i n g  node. D o m e s t i c  

h o t  water h e a t i n g  cou ld  be s u p p l i e d  by add ing  a t h i r d  d i s t r i b u t i o n  p i p e ,  which 

would act  as a h e a t i n g  c o i l  f o r  a h o t  water t a n k  i n  each home. However, t h e  

e s t i m a t e d  c o s t  o f  h e a t i n g  domes t i c  h o t  water p e r  hone p e r  month w a s  less t h a n  

$10.00. S u f f i c i e n t  energy s a v i n g s  t o  cover  t h e  c o s t  of a separate d o m e s t i c  

h o t  wa te r  d i s t r i b u t i o n  s y s t e m  and pumping r equ i r emen t s  were no t  e x p e c t e d .  

The c e n t e r  of t he  wes te rn  boundary was chosen as t h e  l o c a t i o n  of t h e  

c e n t r a l  h e a t i n g  and c o o l i n g  p l a n t  ( s e e  F i g u r e  2 )  s i n c e  i t  was assumed t h a t  

most home buye r s  would not want t o  be l o c a t e d  near any l a r g e  b u i l d i n g s .  In 

a d d i t i o n ,  t h e  c o o l i n g  towers  l o c a t e d  a t  t h e  c e n t r a l  p l a n t  would make s o n e  

n o i s e  which would a l s o  d i c t a t e  l o c a t i n g  t h e  p l a n t  on t h e  development 

perimeter.  

The p i p i n g  system would run a long  easements  wherever p o s s i b l e  and a long  

s t r ee t s  where easements  were not  a v a i l a b l e .  

The d i a m e t e r s  of t h e  main p i p e l i n e s  were chosen on t h e  basis of a maximum 

f l u i d  v e l o c i t y  of 8 f t / s e c  (2 .b  d s e c )  and t h e  maximua f low ra te  t h a t  t h e y  

would c a r r y .  Commercial s t e e l  p i p e  w a s  chosen f o r  t h i s  system due t o  i t s  

the rma l  and mechanical  p r o p e r t i e s .  

The maximum working p r e s s u r e  and t empera tu re  would be 80 p s i g  (550 kPa) 

A l l  and lGO°F (71°C) .  

of t h e  p i p i n g  would be i n s u l a t e d  wi th  u r e a t h a n e  faam covered by a s h e a t h  of 

s h e e t  n e t a l  aluiuinum. I n s u l a t i o n  wr~u ld  be r e q u i r e d  p r i m a r i l y  t o  p r e v e n t  tht3 

c o o l i n g  water from warning up as i t  flowed through t h e  system.  re h e a t  

'Ilie minimum workin2 t e m p e r a t u r e  would be 45'F (7°C).  

7 
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t r a n s f e r  would occur  d u r i n g  t h e  h e a t i n g  mode t h a n  d u r i n g  t h e  c o o l i n g  mode due 

t o  t h e  l a r g e r  t empera tu re  d i f f e r e n t i a l  between t h e  water w i t h i n  t h e  p i p e s  and 

t h e  s o i l .  The amount of h e a t  t r a n s f p r  d u r i n g  t h e  c o o l i n g  mode would be more 

i m p o r t a n t ,  however, s i n c e  t h e  c o s t  of c o o l i n g  t h e  watsr i s  h i g h e r  t han  t h e  

c o s t  of h e a t i n g  i t .  "lie amount of h e a t  t r a n s f e r  t h e  p i p i n g  system would a l l o w  

when i n s u l a t e d  t o  s p e c i f i c a t i o n s  would be n e g l i g i 3 l e  when compared t o  t h e  

t o t a l  h e a t i n g  o r  c o o l i n g  l o a d s .  The h e a t  t r a n s f e r  c o e f f i c i e n t  f o r  t h e  h e a t  

areas would be reduced t o  0.5 

i n s u l a t i o n .  

Bu t /h r - f t '  7 a t  150°F (1 .58 W/m 2 a t  6 6 O C )  by t h e  

Table 1 summarizes t h e  l e n g t h  and c o s t s  of  p i p e s  of d i f f e r e n t  d i a m e t e r s  

t h a t  t h e  sys t em would r e q u i r e .  

be used t o  connec t  t h e  homes t o  t h e  mains. Each house was assumed t o  be an  

a v e r a g e  of 60 f t  (18.3 in) away f r o n  t h e  mains. 

t h e  c o s t  of 557 ene rgy  use meters a t  $50 each  must be added. This t o t a l  i s  

then  i n c r c a s e d  by 50 p e r c e n t  t o  cove r  t h e  c o s t  of hookup. 

m e t e r i n g  and hookup c o s t  Ls e s t i m a t d  t o  be $570,914. 

Pumping Requirements f o r  District  P ip ing  System 

One-inch i n s u l a t e d  commercial s tee l  p i p e  would 

I n  a d d i t i o n  t o  p i p i n g  c o s t s ,  

To ta l  p i p i n g ,  

Computations of t h e  pumping r equ i r emen t s  were based on f r i c t i o n a l  l o s s e s  

a l o n e  as no p r e s s u r i z a t i o n  o r  e l e v a t i o n  changes would occur  w i t h i n  t h e  two- 

p i p e  system once a s t e a d y  s t a t e  was e s t a b l i s h e d .  The t o t a l  power r e q u i r e d  by 

a 

3 
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TABLE 1. COST OF DISTRICT PIPING SYSTEM (COEIMERCLAL STEEL P I P E )  

D i  ame t e r Length Cost p e r  Unit Length 
i n  c m  f t  m Sift $/m 

Cost 
$ 

9 

5 

9 

b 

3 

5 

8 

10 

13 

15 

18 

21 

66 ,840  20,378 

24,360 7,427 

15,960 4,866 

9 ,720  2,963 

940 287 

2,400 732 

3 ,360  1,024 

3,540 1,079 

T o t a l  P i p e  Cost 
Meters 

Hookup c o s t  ( e s t . )  
TOTAL COST 

.83 2.72 

1 .77  5.80 

3.59 11.78 

5.19 17.03 

12.03 40.62 

12.38 40.62 

14.6 46.13 

16.43 53.90 

$ 55,477 

43,117 

57 ,296  

50,446 

11 ,308  

29,712 

47 ,241  

58 ,162  

$352,759 
$ 27,850 
$380,609 
$190,305 
$570,914 

- 

-~ 

P 

3 

3 

a 

t h e  system w a s  c a l c u l a t e d  i a  t h e  fo l lowing  way: 

For each  l e n g t h  of  p i p e ,  t h e  f o l l o w i n g  q u a n t i t i e s  were d e t e r m i n e d :  

( a )  a f low ra te  e q u a l  t o  t h e  f low ra te  l e a v i n g  t h a t  segment of  t h e  main 

p l u s  80 p e r c e n t  of t h e  d i f f e r e n c e  between t h e  f low rates  a t  each  end 

of t h e  p i p e ,  i .e. ,  

f l o w  r a t e  = f low ra te  out + 0.8 x ( f l o w  rate  in - f l o w  ra te  ou t )  

( h )  a Reynolds number and f r i c t i o n  f a c t o r  based on colnmrrcial s t ee l  p i p e .  

(c)  a minor l o s s  c o e f f i c i e n t .  

( d )  t h e  head l o s s  due t o  f r i c t i o n  and minor l o s s e s .  

( e )  t h e  power f o r  t h a t  segment of p i p e .  

Assuming a puup e f f i c i e n c y  of  0 . 7 2 ,  an e l e c t r i c  motor e f f i c i e n c y  of 0.9 
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and a 25 p e r c e n t  o v e r d e s i g n ,  a l l  of which were assumed i n  a l l  pumping 

3 

P 

P 
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b 

b 

a 

a 

c a l c u l a t i o n s  f o r  t h i s  p r o j e c t ,  t h e  power r e q u i r e d  t o  d r i v e  t h e  watzr th rough  

the sys t em would be 236 kw. A s  s t a t e d  p r e v i o u s l y ,  a f low r a t e  of  6.57 gpm 

(0 .42  l / s e c )  would be r e q u i r e d  t o  p rov ide  an a v e r a g e  hone w i t h  i t s  maximum 

c o o l i n g  l o a d ;  f o r  t h e  557 homes, a pumping c a p a c i t y  of 3660 gpm (231 l / s e c )  

would be r e q u i r e d  a t  an ave rage  head of 221 f t  ( 6 7 . 4  m). A P e e r l 2 s s  

h o r i z o n t a l  s p l i t  case s i n g l e - s t a g e  pump would be recommended f o r  t h e  d i s t r i c t  

c i r c u l a t i o n  pumping system. This pump was des igned  f o r  water and c lear  

l i q u i d s  w i t h  t e m p e r a t u r e s  up t o  300°F ( 1 4 9 O C )  and i t ' s  pumping c a p a c i t y  can be 

as h i g h  as 5000 gpm (315 l / s e c ) .  T h e r e f o r e ,  t h e  d i s t r i c t  pumping requirement  

would be f u l l y  m e t  by t h i s  u n i t .  The c u r r z n t  p r i ce  of t h i s  pump w a s  $ 2 4 , 9 0 0 .  

L i  t h i  um Brorni de-IJa t er Absorpt ion Chi 11 ers 

Based on c o s t ,  a v a i l a b i l i t y ,  r e l i a b i l i t y  and maintenance,  a b s o r p t i o n  

c o o l i n g  u n i t s  were p r e f e r r e d  over  the Rankine vapor-compression c y c l e  € o r  t h e  

system c o n s i d e r e d  f o r  t h e  Naryvale Terrace p r o j e c t .  F igu re  3 shows t h e  

a b s o r p t i o n  c o o l i n g  c y c l e  and F i g u r e  4 shows a schematic of t h e  g e o t h e r a a l  

a b s o r p t i o n  c o o l i n g  system. One of t h e  most common a b s o r p t i o n  c o o l i n g  s y s t e m  

i s  t h e  l i t h i u m  bromide (Li-Br) system, which c h i l l e r s  would be used t o  c h i l l  

t h e  c o o l i n g  water. 

commercial ly  i n  t h e  s i z e  r e q u i r e d  by Maryvale Terrace. 

Other t y p e s  of a b s o r p t i o n  chillers ware n o t  a v a i l a b l e  

Li thium bromide-wat2r a b s o r p t i o n  u n i t s  made by Trane Company and Gr r i e r  

C o r p o r a t i o n  were i n v e s t i g a t e d .  The machines from Carrier Corpora t ion  were 

judged t o  be t o o  small and too  i n e f f i c i e n t  f o r  u s e  i n  t h i s  p a r t i c u l a r  sys t em,  

as they are not € o r  use wi th  a low t empera tu re  s o u r c e  of h e a t .  Using C a r r i e r  

Corpora t ion  machines ,  a c o e f f i c i e n t  of  performance (COP) of on ly  0.49 could be  

expec ted .  However, two Trane ABSC11.4 s i n g l ?  s t a t e  a b s o r p t i o n  c h i l l e r s  , 

a 

s e l e c t e d  a c c o r d i n g  t o  methods g i v e n  i n  t h e  Trane C5 ABS-2 c a t a l o g  of 

10 
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low t e m p e r a t u r e  a b s o r p t i o n  c h i l l e r s ,  could be used t o  c h i l l  t h e  c o o l i n g  

sc 

d 

s 

b 

water. They p rov ided  t h e  en t i re  c o o l i n g  load  of 14.65 MBtu/hr ( 4 2 9 0  kw) b u t  

d i d  no t  p r o v i d e  any e x c e s s  c a p a c i t y .  The d e s i g n  t empera tu re  d i f f e r e n c e  

ach ieved  i s  4.4OC ( 8 O F ) .  Each machine r e q u i r e d  15.3 kw f o r  a COP of 0.719 a t  

maximum o p e r a t i n g  c o n d i t i o n s .  The geothermal  water powering t h e  machine 

e n t e r e d  a t  200°F (93.3"C) and e x i t e d  a t  191°F (88.3OC).  A geothermal  f l u i d  

flow ra te  of 4530 gpm ( 2 8 6  l / s e c )  water was n e c e s s a r y  to  supp ly  t h e  r e q u i r e d  

heat. ?he i n s t a l l e d  c o s t  of t h e  c o o l i n g  u n i t  was $ 4 2 0 , 0 0 0 .  

The p a r t i a l  l oad  h e a t  r equ i r emen t s  were no t  e s t i m a t e d  as Trane d i d  no t  

b e l i e v e  t h e  d e t e r m i n a t i o n s  could have been a c c u r a t e l y  performed without  t h e  

u s e  of t h e i r  computer models. The P a n e  Company would have made a p a r t i a l  

l o a d  a n a l y s i s  of t h e  system bu t  t h i s  was no t  r e q u e s t e d  of them. 

Cooling Towers 

The a b s o r p t i o n  machines r e q u i r e  30.0 MBtu/hr (10.27 kW) of c o o l i n g  tower 

'Ihe c o o l i n g  towers  needed t o  supp ly  7200 gpm (454 .2  l / s e c )  of 85'F c a p a c i t y .  

(29 .4  O C )  c o o l i n g  water. A Marley  454-302 two-cel l  c o o l i n g  tower w a s  s e l e c t e d  

t o  meet t h i s  need. 'Ihe c o o l i n g  tower r e q u i r e d  153.2 kw of e l ec t r i ca l  power t o  

r u n  a t  f u l l  c a p a c i t y  and could have been i n s t a l l e d  on an a l r e a d y  existing 

c o n c r e t e  pad f o r  a p p r o x i n a t e l y  $80,000. Its dimensions were 48 f t  (14.6 m) 

l o n g ,  29 f t  (8.8 m) wide,  and 18 f t  ( 5 . 5  m) high.  3 

C i r c u l a t i o n  Pump 

The c i r c u l a t i o n  pump between t h e  a b s o r p t i o n  c h i l l e r  and t h e  h e a t  

exchanger  would have d r i v e  4530 gpn ( 2 8 6  l / s e c )  t h rough  a head l o s s  of 

approx ima te ly  50 f t  ( 1 5 . 2  m) and would r e q u i r e  abou t  82.4 kw of e l e c t r i c a l  

power a t  maximm l o a d .  llie P e e r l e s s  h o r i z o n t a l  s p l i t  case s i n g l s - s t a g e  pump 

was a g a i n  recommended as t h e  c i r c u l a t i n g  pump between t h e  a b s o r p t i o n  c h i l l e r  

and t h e  h e a t  exchanger .  This pump d e l i v e r s  water  w i th  a maxinun t empera tu re  

1 3  
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of 300°F (149OC) a t  a ra te  of 4500 gpm. 

He a t  Exchanger 

The p r i c e  of t h i s  pump w a s  $24,900. 

'Ihe h e a t  exchanger  p r o v i d e s  20.38 XBtu/hr (5970 kw) o f  geot!iermal h e a t  t o  

t h e  200°F (93.3OC) c i r c u l a t i n g  water a t  a r a t e  of 5530 gpn (286 l / s e c ) .  

geo the rma l  water was assumed t o  be a t  220°F (104.4'C) p r i o r  t o  e n t e r i n g  t h e  

heat exchanger .  

d i f f e r e n c e  would be ma in ta ined  between the two f l u i d s .  Within t h e  h e a t  

The 

It was assurnect t h a t  a c o n s t a n t  20°F ( l l . l ° C )  t e m p e r a t u r e  

exchange r ,  a n  expec ted  t empera tu re  d rop  of 9'F (5°C) and a r e q u i r e d  flow r a t e  

of  4530 gpin (286 l / s e c )  were p r e d i c t e d  fo r  t h e  geothermal  b r t n e .  

As s t a t e d  p r e v i o u s l y ,  a f low rate of 5.02 gpm (0.32 l / s ec )  would be 

r e q u i r e d  t o  p rov ide  a home w i t h  i t s  maxiinum h e a t i n g  l o a d ;  €or  557 homes, a 

pumping c a p a c i t y  of 2800 gprn (176.4 l / s e c )  would be r e q u i r e d .  ?he h e a t  

exchanger  would have provided 16.77 MBtu/hr (4920 kw) oE g e o t h e r n a l  h e a t  t o  

t h e  160°F (71.1"C) h e a t i n g  water f lowing a t  a ra te  o i  2796 gpn (176.4 

l / s e c ) .  Since t h e  h e a t  l oad  d u r i n g  t h e  w i n t e r  would be s n a l l e r  t han  t h a t  oE 

t h e  summer and t h e  t empera tu re  d l f i f r r e n c e  would be much s r e a t e r  -6OOF (33.3"C) 

vs.  20°F (11.l0C) a much saal ler  geotherrnal flow ra te  would be r e q u i r e d  d u r i n g  

the w i n t e r .  A f low rate  of 2000 gpn (126 l / s e c )  could p rov ide  t h e  n e c e s s a r y  

h e a t  f o r  w i n t e r  h e a t i n g .  

I n  t h e  p r o c e s s  and power i n d u s t r i e s  and r e l a t e d  a c t i v i t i e s ,  many h e a t  

exchange r s  are purchased as o f f - t h e - s h e l f  i t e m s ,  and s e l e c t i o n  i s  made on the 

b a s i s  of c o s t  and s p e c i f i c a t i o n s  f u r n i s h e d  by t h e  v a r i o u s  manufac tu re r s .  

Since t h e  Naryvale Terrace geothermal  system was a !nore s p e c i a l i z e d  

a p p l i c a t i o n ,  a p a r t i c u l a r  d e s i g n  w a s  needed f o r  t h e  h e a t  exchanger  Setween t h e  

b r i n e  s o u r c e  and t h e  a b s o r p t i o n  c h i l l e r .  T l i r r e fo re ,  t h e  price of t h e  h e a t  

exchanger  had t o  be e s t i m a t e d .  

1 4  
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Only heat exchangers that met the heat-transfer requirements were 

considered for selection. By forcing the fluids through the heat exchanger at 

higher velocities the overall heat-transfer coefficient was increased, but 

this higher velocity results in a larger pressure drop through the heat 

exchanger and higher pumping costs. If the surface area of the exchanger were 

increased, the overall heat-transfer coefficient, and hence the pressure drop, 

need not be so large. 

The shell and tube counterflow heat exchanger was selected as the primary 

heat exchanger for the Maryvale Terrace geothermal system. 

transfer coefficient was determined to be 264 Btu/ft2/'F (1500 w/m2/0C). 

this counterflow heat exchanger, the log-mean temperature difference is 80°F 

(26.7OC). It was assumed that the average water velocity in the 2-in-ID tubes 

was 1.2 ft/sec, the calculated total flow area is 8.35 ft2 for the brine flow 

rate. The number of tubes per pass is 383. The surface area is 0.393 

An overall heat 

For 

ft 2 /tube-ft. 

Therefore, the computed length of tube for this exchanger is 49.67 ft. 

The final design choice is: 

Number of tubes per pass = 383 

Number of passes = 1  

Length of tubes per pass = 49.67 ft 

The primary heat exchanger was a standard shell and tube type with the 

brine inside the tubes. The scaling of the inside of the tubes due to the 

brine would need to be cleaned periodically by chemical means in the same 

manner that boilers are now cleaned. The price of this heat exchanger was 

estimated at $180,000. 

1Ja t er Treat men t 

Generally speaking, three symptoms of water-caused troubles were found. 

1 5  
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The first was a reduction in heat transfer rate. In this case, the formation 

of an insulating deposit on a heat transfer surface generally reduced the 

cooling or heating capacity of the equipment. 

water flow, which resulted from a partial or complete bl-ockage of pipelines or 

other openings. The third symptom was damage to, or destruction of, the 

equipment. This may have resulted from corrosion of metals. It may also be 

caused by excessively rapid wear rates of moving parts such as pumps, shafts, 

or seals. 

The second symptom is reduced 

Since the Maryvale Terrace cooling equipment was similar to a system at 

the University of Arizona, the matter of water treatment could have been 

handled in the same way. A typical water treatment scheme for a large cooling 

tower system might include scale control by means of a controlled bleed and 

alkalinity reduction by automatic pH-controlled sulfuric acid feed combined 

with corrosion control. The latter was obtained by feeding a mixed inhibitor 

with a concentration on the order of 50 ppm, with an efficiency that would 

depend both upon the maintenance of pH within a very narrow range and on 

periodically controlled chlorination with chlorine gas for slime control. At 

the University of Arizona the chemicals needed for water treatment f o r  the 

cooling tower and chilled water loop cost between $1,000 and $2,000 per 

year. The cost of water treatment for the Maryvale cooling system was 

estimated to be in the same range. 

Production Well - Reinjection Well Piping System 

A production well-reinjection well piping system was designed using the 

following assumptions as concrete data was unavailable. It was assumed that: 

(a) each production well could produce 1000 gpm (63.1 l/sec) of 220°F 

(104.4  O C )  geothermal brine and would be approximately 6000 ft 

(1800 m) deep. 

1 6  
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( b )  a minimum d i s t a n c e  of 1320 f t  (400 m) between p r o d u c t i o n  wells. 

( c )  e a c h  r e i n j e c t i o n  w e l l  cou ld  he  approx ima te ly  4000 f t  (1200 m) deep  

and cou ld  hand le  approx ima te ly  2200 gpm (70 l / s e c )  . 
( d )  a m i n i m a  d i s t a n c e  of 1320 f t  (400 m) between r e i n j e c t i o n  w e l l s .  

( e )  no minimum d i s t a n c e  would be r e q u i r e d  between p r o d u c t i o n  wells and 

r e i n j e c t i o n  w e l l s .  

F i v e  p r o d u c t i o n  wells and two r e i n j e c t i o n  wells w e r e  needed t o  s u p p l y  t h e  

ene rgy  r e q u i r e d  t o  meet t h e  m a x i m u m  l o a d .  ' k e  w e l l  l o c a t i o n s  as proposed f o r  

t h i s  system are shown i n  F igu re  6 and p i p i n g  r e q u i r e m e n t s  are shown i n  

Table 2. 

Pumping f o r  Well P i p i n g  System 

The maximun power n e c e s s a r y  t o  d r i v e  t h e  geo the rma l  b r i n e  th rough  th i s  

system would be 109.4 kw, based on f r i c t i o n a l  l o s s e s  and a p r e s s u r e  d r o p  of 25 

f t (7 .6  m) a c r o s s  t h e  h e a t  exchanger .  E l e v a t i o n  changes and p r e s s u r i z a t i o n  

were no t  c o n s i d e r e d  i n  t h i s  computat ion.  

TABLE 2 : PIPE FOR MINIPI~I PRODUCTION-REINJECTION WELL SYSTEM 

Mamete r  Length 
i n  c m  8 f t  m 

6 16 3963 1297 
8 
10 
12 
16 

21 
26 
31 
41  

1320 
660 
1320 
330 

40 3 
20 1 
4 0 3  
10 1 

The p i p e s  froin t h e  p r o d u c t i o n  wells t o  t h e  h e a t  exchaogcrs  requir- .d  

i n s u l a t i o n  t o  r educe  h e a t  l o s s e s  t o  0.5 B t u / h r / t ^ t *  a t  150°F (1.58 w!m2 a t  

6 6 O C ) .  

R e i n j e c t i o n  We11 Pumps 

The Peerless h o r i z o n t a l  s p l i t  case n u l t i - s t a g e  pump was s e l e c t e d  as the 
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EXPLAN AT1 ON 

Reinjection well --- 6 inch I .  D. 
X Production well 

Central plant 
8 inch I .  D. 

IO  inch 1.D. 
12 inch 1. D. 
16 inch I.D. 

---- 
......... 
..-..- - 

Arrows show direction of fluid flow 

SCALE'/ Inch = 400feet 

F i g u r e  5:  P r o d u c t i o n - R e i n j e c t i o n  Well P i p i n g  System 
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reinjection pump. This pump was designed for water and clear liquids with 

temperatures as high as 300°F ( 1 4 9 O C ) .  

reinjection well. The price for the pump was $40,500.  

Production Well Pumping 

One pump was required for each 

A variety of methods are available for providing geothermal fluids to an 

above-ground system. Artesian wells provide surface water naturally and some 

non-artesian wells can be induced to flow without pumping. However, wellhead 

pumps are necessary for non-flowing wells and are desirable for wells that are 

self flowing. An important advantage to pumping a self-flowing well is that 

pressure on the liquid is maintained, SO downhole flashing and scaling are 

minimized. Also, by not allowing the fluid to flash, the pump discharge 

temperature can be much higher than the surface temperature of a self-flowing 

well. 

Vertical turbine pumps have been used for many years in domestic and 

irrigation-water supply applications and have been successfully used in 

geothermal wells. Vertical turbine pumps increase fluid pressure by the 

centrifugal force imposed on a liquid by a shaft-driven impeller. Vertical 

turbine pumps are recommended for applications of the type described in this 

report. 

The actual pumping requirement for the production wells was not directly 

computed as the expected pumping depth was not known. 

the actual pump setting was to drill a well or infer a depth from similar 

wells in the area. Unfortunately, actual well data was not available in the 

hlaryvale Terrace area. Rather, well conditions were assumed based on a 

reasonable expectation of well characteristics in Arizona. It is probable 

that such production wells would have required a 200 horsepower pump, which 

would have allowed for 100 feet of system head and d pumping depth of 700 

The only way to know 
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f e e t .  The assumption was made i n  o r d e r  t o  estimate t h e  c a p i t a l  c o s t  f o r  an 

adequa te  s i z e  pump and t o  estimate annual  o p e r a t i n g  c o s t s .  A 200 horsepower 

pump manufactured by Johnston w a s  e s t i m a t e d  t o  c o s t  $50,000. 

Table 3 p r o v i d e s  a summary of e l ec t r i ca l  power r equ i r emen t s  f o r  summer 

and w i n t e r  o p e r a t i o n .  

TABLE 3. M A X I M U M  ELECTRICAL POWER REQUIREMENTS 
( a l l  v a l u e s  i n  kw) 

Device S u m e  r Winter 

C e n t r a l  Air Handlers  119.8 -100 

D i  s t r i c t  Pumps 23 6 -180 

Absorp t ion  C h i l l e r s  30.6 0 

Cooling Tower 153.2 0 

C i r c u l a t i o n  Pump 82.4 0 

Well S y s t e a  Pumps 109.4 50 

P r o d u c t i o n  Well Pumps 29 8 -- 676 - 
TOTAL 1,407.4  -628 

D e f i c i e n c i e s  

All of the c a l c u l a t i o n s  i n  t h i s  r e p o r t  xere based on ave rage  h e a t i n g  and 

c o o l i n g  l o a d s  of 30,100 Btu /h r  (8.8 kw) and 26,300 B tu /h r  (7 .7  kw) p e r  home. 

I f  s t a r t - u p  c a p a c i t i e s  were not i n c l u d e d  i n  t h e s e  v a l u e s ,  t h i s  a n a l y s i s  must 

be c o n s i d e r e d  i n a p p l i c a b l e  u n l e s s  t h e  load  f a c t o r  changes from 1.0 t o  act  as a 

c o r r e c t i o n  f a c t o r .  
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Example: I f  t h e  ave rage  h e a t i n g  and c o o l i n g  l o a d s  were i n c r e a s e d  by 25 

p e r c e n t ,  t h i s  a n a l y s i s  would s t i l l  be c o n s i d e r e d  c o r r e c t  i f  t h e  l o a d  

f a c t o r  may be assumed t o  be = 0.8 . 1 
1 + .25 

I n  p r a c t i c e ,  t h e  l a r g e r - d i a m e t e r  p ipe  mains would have c o n s i s t e d  of two 

smaller p i p e s  t o  f a c i l i t a t e  t h e  hookup of t h e  homes a d j a c e n t  t o  them. The 

a c t u a l  d i s t r i c t  pumping r equ i r emen t  was t h e r e f o r e  d b i t  l a r g e r  (up t o  10 

p e r c e n t )  more t h a n  t h e  c a l c u l a t e d  v a l u e .  

The d e c i s i o n  t o  use a two-pipe system i n s t e a d  of a fou r -p ipe  s y s t e m  

e l i m i n a t e d  t h e  p o t e n t i a l  energy s a v i n g s  of s u p p l y i n g  b o t h  h e a t i n g  and c o o l i n g  

d u r i n g  t h e  pa r t s  of t h e  yea r  when bo th  a r e  r e q u i r e d .  A fou r -p ipe  s y s t e m  could 

have s u p p l i e d  b o t h  ho t  and co ld  water  and cou ld  a l s o  h e a t  wa te r  f o r  d o m e s t i c  

pu rposes  b y  means of a small water-to-water h e a t  exchanger  i n  e v e r y  home. 

No r e s e r v e  c a p a c i t y  w a s  s u p p l i e d  f o r  t h e  a b s o r p t i o n  c h i l l e r s .  Excess 

o v e r d e s i g n  may have been o b t a i n e d  by t h e  use of a load  f a c t o r  of 1.0 €OK t h i s  

a n a l y s i s .  

PRELIMINARY E C O N O H I C  ANALYSIS 

Table 4 p r e s e n t s  a sumnary of t h e  e s t i m a t e d  c o s t s  t o  i n s t a l l  a d i s t r i c t  

h e a t i n g  and c o o l i n g  s y s t e m  f o r  Ndryvale Terrace. The t o t a l  s y s t e m  c o s t  was 

e s t i m a t e d  t o  be $5,081,300. It was assumed t h a t  t h e  p r o j e c t  was f i n a n c e d  o v e r  

20 y e a r s  a t  16 percent i n t e r e s t .  Annual d e b t  s e r v i c e  r e q u i r e d  a monthly 

payment of $70 ,694  O K  $848,328 p e r  y e a r .  

In  a d d i t i o n  t o  d e b t  s e r v i c e ,  annual  o p e r a t i n g  and n a i n t e n a n c e  c o s t s  were 

e s t i m a t e d  a t  one p e r c e n t  o f  t h e  i n v e s t z e n t  c o s t ,  o r  $50,813 p e r  year. 

Operat ing c o s t s  wcre based on a cominercial e l ec t r i ca l  ra te  of ,045 c e n t s  per 

k i l o w a t t  hour .  It was f u r t h e r  assumed t h a t  t h e  c o o l i n g  s y s t z m  was a t  

e q u i v a l e n t  f u l l  l oad  o p e r a t i o n  f3r 1000 h o u r s  and t h a t  the h e a t i n g  system was 

a t  e q u i v a l e n t  f u l l  Load o p e r a t i o n  € O K  350 hours  d u r i n g  each  yea r .  8ascd up011 
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t h e s e  a s s u m p t i o n s ,  the annua l  e l ec t r i ca l  c o s t  f o r  c o o l i n g  was e s t i m a t e d  t o  be 

$63,330 and f o r  h e a t i n g  was $9,890. Table 5 summarizes t h e  annua l  payments 

r e q u i r e d  f o r  t h e  o p e r a t i o n  of a geothermal  d i s t r i c t  h e a t i n g  and c o o l i n g  

system. The t o t a l  e s t i m a t e d  c o s t  f o r  annua l  system o p e r a t i o n  w a s  $974,361. 

TABLE 4 :  CAPITAL COST SlMMARY 

ITEM COST 

A. Wells and we l lhead  equipment 
1. P roduc t ion  w e l l  ( 5 )  C? $420,000 $2,100,000 

4. R e i n j e c t i o n  w e l l  pump ( 2 )  @ $40,500 a i  ,000 

2. P r o d u c t i o n  w e l l  pump (5 )  @ $50,000 250,000 
3. R e i n j e c t i o n  w e l l  ( 2 )  12 $280,000 560,000 

Sub t o t  a1 

B. Heat Exchanger and Cool ing  U n i t  

1. P r i m a r y  h e a t  exchanger ( 1 )  @ $180,000 $ 180,000 
2. Absorp t ion  c h i l l e r  ( 2 )  $ $210,000 420,000 

4. C i r c u l a t i n g  pump ( 2 )  @ $25,900 49,800 
3 .  Cooling tower (1 )  @ $80,000 ao , ooo 

Sub t o t a1 

C. District  P i p i n g  and Pump 

1. District p i p i n g  system 
2. Dis t r ic t  pump (5 )  Ca $24,000 

$2 ,991 ,000 

$ 730,800 

$ 571,000 
124,500 

Subto t a l  $ 695,500 

TOTAL EQUIPMENT COSTS $4 ,418 ,300 

D. Overhead Costs: 

1. Eng inee r ing  ( @  10%) 
2. Contingency ( i n f l a t i o n  @ 5%) 

$ 442,000 
2 2  1,000 

TOTAL COSTS $ 5,079,300 
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Debt Service 
Maintenance Costs 
Cooling Electrical Cost 
Water Treatment 
Heating Electrical Cost 

$848,328 
50,813 
63,330 
2,000 
9,890 

TOTAL $974,351 

Based on ASHRAE data, it was estimated that an average Phoenix home with 

gas heat and mechanical refrigeration spends approximately $1,145 per year for 

space heating and cooling. For the 557 homes in Haryvale Terrace, annual 

utility bills were estimated at $637,765 using conventional energy systems. 

In order f o r  the geothermal developer to cover his annual costs, each 

homeowner was required to pay $1,750 per year for geothermal heating and 

cooling. Further, the cost of geothermal heating and cooling is estimated to 

be $47.50/NBtu including debt service. However, geothermal operating costs 

are calculated to be $6.14 per million Btu as compared to $15.55 per nillion 

Btu for conventional heating and cooling systems. The majority of the 

geothermal system expense is in the capital costs. The cost of the geothermal 

system, though saving fossil fuel energy, does not save the homeowner any 

money, nor does it provide a profitable alternative to conventional heating 

and cooling methods in todays energy market. 

PRONISING NEW TECHNOLOGIES 

Organic Rankine Cycles 

A conventional vapor compression refrigeration machine, powered by a 

geothermally fired organic Rankine cycle, was being developed by the Barber 

Nicholas Engineering Co. of Arvada, Co.  which uses R-11 as both the working 

fluid and the refrigerant. Preliminary tests of a 77-ton (271 kw) solar 
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powered prototype were conducted at the Los Alamos Scientific Laboratory, 

National Security and Resources Center. During these tests, its overall 

C.O.P. was approximately that of LiBr - H20 absorption machines. 

advantage is that it extracted 25 percent more energy per unit of mass of hot 

fluid, so that only 80 percent of the flow rate required by LiBr - H20 

absorption machines was needed to provide the same amount of cooling. 

It's major 

Ammonium Nitrate-Water Absorption Refrigeration 

In batch mode operation, this process has extracted 45 percent more 

energy per unit of mass of hot fluid and obtained a 19 percent larger C.O.P. 

than LiBr - H20 absorption refrigeration. Continuous operation of this 

process has not yet been achieved due to difficulties produced by the 

continuous crystallization and subsequent dissolving involved. 

Heat Recovery for Heating, Ventilation and Air Conditioning (HVAC) Systems 

Commercial and institutional buildings are usually provided with powered 

ventilation systems. Exhaust-conditioned air from inside a structure is 

replaced continuously with fresh outside air, which must then be treated to 

bring it within the design limits for temperature and humidity. The exchange 

of conditioned inside air for outside air requires a considerable expenditure 

of energy. Even in well-insulated buildings, ventilation losses of heat are 

proportionately larger than heat gains and losses through the building's 

exterior skin. Therefore, there are decisive economic advantages to be 

realized by providing some means of reclaiming the thermal energy in the 

conditioned exhaust air. Heat pipe heat exchangers are well suited for 

reclaiming such energy. 

Wick design for heat pipes can be very simple since they can be gravity 

assisted, and consequently, made at lower cost. For example, if the purpose 

is to recover heat during the heat season, i.e., the season when the outside 
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t e m p e r a t u r e  i s  lower than  t h e  i n s i d e  t e m p e r a t u r e ,  and h e a t  p i p e s  may be 
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i n s t a l l e d  w i t h  t h e  condenser  end of t h e  h e a t  p i p e s  ( i . e . ,  t h e  o u t s i d e  a i r  end)  

h i g h e r  t h a n  t h e  e v a p o r a t o r  end of t h e  h e a t  p i p e s ;  t h e  r j t u r u  of t h e  condensa te  

can  then  be a s s i s t e d  by g r a v i t y .  
I 

The same systzm can be used with s l i g h t  m o d i f i c a t i o n  f o r  e n e r z y  s a v i n g s  

d u r i n g  t h e  c o o l i n s  season  as wel l .  "his can be ach ieved  by s imply i n v e r t i n g  

the h e a t  p i p e s  so t h a t  d u r i n g  t h e  c o o l i n g  s e a s o n s  t h e  exhaus t  s i d e  of t h e  h e a t  

p i p e  i s  h i g h e r  t h a n  t h e  end e x t e n d i n g  t o  t h e  o u t s i d e .  Hence, t h e  e n e r g y  

s a v i n g  o v e r  t h e  years may be c o n s i d e r a b l e .  

Heat Pumps ---- 
For h e a t i n g  arid c o o l i n g  P U K ~ O S C S ,  h e a t  p u s p s  are being used q u i t e  

s u c c e s s f u l l y  and e f f i c i e n t l y  ( s e e  s p e c i f i c  r e p o r t  o n  c o o l i n g  s y s t e m  p repa red  

on t h i s  p r o j e c t ) .  Heat pumps are c o n v e n t i o n a l  vapor  coinpression rsf r i g r r a t i o n  

machines which can d r i v e  h e a t  from a r e a s  of lower t empera tu re  t o  areas of 

h i g h e r  t e m p e r a t u r e .  Ihe C. 0. P.  ' s of t h e s e  machines i n c r e a s e  as t h e  d i  Ef e r e n c e  

between t h e s e  two t empera tu res  d e c r e a s e s .  

If a SOU KC^ of wa te r  a t  65-SOoF (18.3-26.6OC) i s  a v a i l a b l e ,  t h e  h e a t  pump 

would be v e r y  a p p r o p r i a t e  t o  u se  i n  b o t h  t h e  w i n t e r t i m e  and summertime. In  

the w i n t e r t i m e ,  t e m p e r a t u r e s  o u t s i d e  drop  as nuch as 30°F (16.7'C) and 

t h e r e f o r e  t h e  e f f i c i e n c y  of an a i r  s o u r c e  heat pump d rops  a i g n i f  i c a n t l y  s i n c e  

i t  h a s  t a  es t ract  h e a t  from a Source w i t h  a t e m p e r a t u r e  l e s s  than 70°F 

(21.  l 0 C ) ,  t h e  recotmended space t e m p e r a t u r e .  I n  t h e  suinmertirae t h e  problem i s  

r e v e r s e d  and t h e  h e a t  pump has  t o  re jec t  h e a t  t o  h i g h  a n b i e n t  t e m p e r a t u r e s  

which a r e  q u i t e  o f t e n  above 100°F (37.8'C). n u s ,  t h e  h e a t  pump becomes less 

e f f i c i e n t  a t  times when one r e q u i r e s  no re  h e a t i n g  o r  c o o l i n g .  T h e r z f o r e ,  a 

c o n s t a n t  t e m p e r a t u r e  s o u r c e  of water i n  the range of 65-80°F (18.3-26 .63C) 

s e r v i n g  as a h e a t  s o u r c e  i n  t h e  w i n t e r t i m e  and a hea t  s i n k  i n  the  summertime 
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would make t h e  sys t em more e f f i c i e n t .  In a d d i t i o n ,  c o n s t a n t  h e a t i n g  o r  

c o o l i n g  o u t p u t  would be  provided and smaller h e a t  pumps would be r e q u i r e d .  

CONCLUSION 

The a p p l i c a t i o n  of geothermal  ene rgy  h a s  been s u c c e s s f u l  f o r  c e n t u r i e s  i n  

a few areas. Now, w i t h  t h e  e v s r - e s c a l a t i n g  p r i ce  of fossil f u e l  ene rgy  

r e s o u r c e s ,  g e o t h e r a a l  ene rgy  i s  becoming an impor t an t  ene rgy  r e s o u r c e .  

G e n e r a l l y  s p e a k i n g ,  € o r  a system l i k e  t h e  h r y v a l e  Terrace h e a t i n g  and c o o l i n g  

sys t em,  t e c h n i c a l  problems can be so lved  by a p p l y i n g  s o l u t i o n s  ach ieved  

th rough  p r e v i o u s  e x p z r i e n c e  i n  c o n v e n t i o n a l  h e a t i n g  and c o o l i n g  systems.  In 

o t h e r  words, t h e  Maryvale Terrace geo the rma l  h e a t i n g  and c o o l i n g  system i s  

s i i n i l a r  t o  many c o n v e n t i o n a l  water h e a t i n g  and a b s o r p t i o n  c o o l i n g  s y s t e m s ,  

w i t h  t h e  o n l y  e x c e p t i o n  be ing  t h e  h e a t  sou rce .  A t t e n t i o n  shou ld  be focused 

no t  o n l y  on t h e  s y s t e m ' s  d e s i g n ,  bu t  a l s o  on t h e  economical comparison between 

t h e  Xaryvale  Te r rxe  geothermal  s y s t e m  c o s t s  and c o n v e n t i o n a l  h e a t i n g  and 

cool i l lg  c o s t s .  

Research done on t h e  Xaryvale Terrace g e o t h e r a a l  s y s t g n  shows promise as 

a t e c h n i c a l l y  f e a s i 5 l e  p r o j e c t  which h a s  t h e  c a p a c i t y  t o  r e p l a c e  nonrenewable 

e n e r e y  s o u r c e s  w i t h  g e o t h e r a a l  energy.  The dominat ing f a c t o r s  i n  a geothermal 

h e a t i n g  and c o o l i n g  system are t h e  d r i l l i n g  c o s t s ,  the annua l  l o a d  f a c t o r  and 

t h e  c a p i t a l  i n v e s t n e n t .  On t h e  o t h e r  hand,  water q u a l i t y ,  s i t e  l o c a t i o n  and 

pumping d e p t h  are o t h e r  f a c t o r s  d i i c h  i n € l u e n c e  t h e  c o s t  of a geo the rma l  

s y s t e m .  A s  t echno logy  deve lops  t o  reduce d r i l l i n g  c o s t s  and hand le  wa te r  w i t h  

c o r r o s i v e  p r o p e r t i e s ,  t h e  i n f l u e n c e  oE t h e  f a c t o r s  mentioned above will 

change. Although t h e  Naryvale Terrace geo the rma l  h e a t i n g  and c o o l i n g  system 

c u r r e n t l y  a p p e a r s  t o  be uneconomic, i t  may prove t o  be w e l l  worth t h e  

i n v e s t n e n t  a t  some f u t u r e  time. 
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Anomalously s h a l l o w  d e p t h  - u n u s u a l l y  or  u n e x p e c t e d l y  s h a l l o w  dep th .  

Basin-range g raben  bound by deep f a u l t s  - an a r e a  u s u a l l y  t e n  t o  hundreds  of  
kmL i n  area t h a t  has  been down dropped a l o n g  deep f a u l t s  r e l a t i v e  t o  
the s u r r o u n d i n g  moun ta ins ;  t h e  g rabens  become f i l l e d  w i t h  s e d i m e n t s  t o  
become v a l l e y s .  

Curie-depth - t h e  d e p t h  a t  which rocks  become ho t  enough t o  l o s e  t h e i r  
magne t i c  p r o p e r t i e s ,  - 525OC. 
s u r f a c e  are an i n d i c a t o r  of geothermal  r e s o u r c e  p o t e n t i a l .  

Curie  t e m p e r a t u r e  w i t h i n  5-10 km of t h e  

Deep c i r c u l a t i o n  - t h e  n a t u r a l  movement o r  f low of ground w a t e r ,  as a r e s u l t  
of c o n v e c t i o n ,  whereby i t  descends and becomes h e a t e d  a t  d e p t h  and t h e n  
rises toward t h e  s u r f a c e .  

Deep s e d i m e n t - f i l l e d ,  f a u l t e d  b a s i n  - see b a s i n  - r ange  g raben .  

Depth of Curie- isotherm a n a l y s i s  - t e c h n i q u e  used t o  estimate d e p t h  t o  t h e  
Cur i e  t e m p e r a t u r e .  

Hot d r y  r o c k  p r o d u c t i o n  - a method f o r  e x t r a c t i n g  u s e f u l  h e a t  i n  a d e e p  d r y  
h o l e ;  accomplished by f r a c t u r i n g  t h e  ho t  rock  between two deep  h o l e s ,  
and pumping c o l d  f l u i d  i n t o  one and b r i n g i n g  hot  f l u i d  o u t  o f  the  
o t h e r .  

Geothermometer - a n  empir ical  f o r m u l a ,  based on t h e  t empera tu re -dependen t  
s o l u b i l i t y  of  c e r t a i n  m i n e r a l s ,  used f o r  e s t i m a t i n g  deep  f l u i d  
t e m p e r a t u r e s  i n  a geo the rma l  r e s e r v o i r .  

M a g n e t o t e l l u r i c  s u r v e y  - a n  e l e c t r o m a g n e t i c  method i n  which n a t u r a l  e lec t r ic  
and magne t i c  f i e l d s  are measured. Hodels of t h e  c r u s t  can t h e n  be  
c o n s t r u c t e d  and r e s i s t i v i t i e s  a t  g r e a t  d e p t h  can be p r e d i c t e d .  

Major r ange  bounding f a u l t s  - f r a c t u r e s  o r  f r a c t u r e  zones a l o n g  which 
moun ta ins  havs r i s e n  r e l a t i v e  t o  down dropped g rabens .  

Shallow magmatic i n t r u s i o n  - a body of magma t h a t  has  i n t r u d e d  i t s  way upward 
i n t o  s h a l l o w e r  c r u s t .  

Na-K-Ca g e o t h e m o m e t e r  -- ( a l s o ,  q u a r t z  geothermometer ,  chalcedony 
geothermometer)  - s e e  geothermometer.  

T e c t o n i c  h i s t o r y  - t h e  c y c l e  t h a t  re la tes  t h e  l a r g e r  s t r u c t u r a l  f e a t u r e s  of 
t h e  E a r t h ' s  c r u s t  t o  g r o s s  c r u s t a l  movements and t o  t h e  k i n d s  of r o c k s  
t ha t  form i n  t h e  v a r i o u s  s t a g e s  of developments  of t h e s e  f e a t u r e s .  
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