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i- 
SUMMARY 

The p u r p o s e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  t h e  cos t  and f e a s i -  

b i l i t y  o f  r e t r o f i t t i n g  t h e  National Orange Show F a c i l i t i e s  t o  

use  g e o t h e r m a l  h e a t  i n s t e a d  of n a t u r a l  gas for h e a t i n g .  ' 

Because  of t h e  l i m i t e d  u s a g e  of t h e  smaller f a c i l i t i e s  t h e  

s t u d y  w a s  l i m i t e d  t o  t h e  c o n v e r s i o n  o f  t h e  s i x  major b u i l d i n g s :  

Domed, Hobby, C i t r u s ,  Auditorium, R e s t a u r a n t  and Commerc iaT .  2 
i 
I '  

T h e r e  were several  basic  p r o b l e m s  a s s o c i a t e d  w i t h  t r y i n g  t o  

deve1op.a cost e f f e c t i v e  d e s i g n .  A major problelii is  t h a t  most 

of t h e  b u i l d i n g s  are u s e d  on  a v e r y  l imi t ed  b a s e s .  

t i c a l l y  reduced t h e  amount of s a v i n g s  t h a t  c o u l d  be u s e d  t o  

'amortize t h e  r e t r o f i t  cost .  Ano the r  problem is  t h a t  t h e  

b u i l d i n g s  are s p r e a d  o v e r  a la rge  area and so t h e  below grade 

p i p i n g  cos ts  were h i g h .  F i n a l l y ,  a l l  of t h e  b u i l d i n g s  e x c e p t  

f o r  t h e  Aud i to r ium have  d i rec t  gas f i r e d  h e a t e r s  t h a t  would 

r e q u i r e  a l l  new t e r m i n a l - h e a t i n g  sys 

r; 

T h i s  dras- 

k 

I -  
Lv 

. I n  order t o  l i m i t  t h e  re t rof i t  cost ,  t h e  r e t r o f i t  s y s t e m  w a s  

d e s i g n e d  t o  h a n d l e  less t h a n  t h e  p e a k  l o a d ,  T h i s  seemed 

ropiate  b e c a u s e  t h e  f a c i l i t y  m i g h t  n o t  e v e n  be i n  o p e r a t i o n  

when a p e a k  load cond i o n  o c c u r e d .  

could be used t o  s u p p  e n t  t h e  g e o t h e r m a l  s y s t e m  if n e c e s s a r y .  

The f o l l o w i n g  symmary o w s  t h e  c a l c u l a t e d  urid d e s i g n  peak 

l o a d s :  
1 

L- 
u 
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HEATING LOADS 

BUILDING CALCULATED RETROFIT DESIGN 
PEAK Lx)AD PEAK LOAD 

BTUH ,BTUH 

1 '  * . DOMED 449,000 300 , 000 
HOBBY 1,676 , 000 1,200.000 

CITRUS 1 , 261,000 900 9 000 

AUDITORIUM 1,193,000 900,000 

RESTAURANT 1,116,000 800 , 000 
d 
I '  
d.. COMMERCIAL 2,013,000 1,500,000 

TOTAL 7 , 708,000 5,600,000 ' 1  G 
* I  

Because  of t h e  h i g h  c e i l i n g s ,  a downdra f t  t y p e  of r e v o l v i n g  f a n / k o i l  

. u n i t  was used i n  t h e  Domed, Hobby, and Commercial b u i l d i n g s .  H o r i z o n t a l  
L 

blow f a n / c o i l  u n i t  heatelswere used  i n  t h e  C i t r u s  B u i l d i n g .  Hot water 

coi ls  were i n s t a l l e d  i n  t h e  e x i s t i n g  R e s t a u r a n t  s y s t e m s  t o  r e p l a c e  t h e  ' ' . e x i s t i n g  d u c t  h e a t e r s .  The Aud i to r ium h a s  a n  e x i s t i n g  hot water h e a t i n g  

s y s t e m  and  o n l y  r e q u i r e d  a c o n n e c t i o n  t o  t h e  e x i s t i n g  ho t  wale'r d i s t r i b -  

t i o n  system. 

Cost o f . t h e  proposed r e t ro f i t  is as  follows: 

b- 

System 1 - - - - .. - - .. - - - - - - - - $171,500 

' Domed, Hobby & C i t r u s  

$143,200 

Audi to r ium,  Restaurant  & Commercial 

TOTAL $314,700 ' 

L 
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i I  

_I INTRODUCTION 

The purpose of t h i s  s t u d y  was t o  d e t e r m i n e  t h e  cost and f e a -  Lo 
s i b i l i t y  of r e t r o f i t t i n g  t h e  National Orange  Show F a c i l i t i e s  

to u s e  g e o t h e r m a l  h e a t  i n s t e a d  o f  na tQra l  gas. T h i s  s t u d y  is 

a part  o f  a much larger g e o t h e r m a l  s t u d y  i n v o l v i n g  tlie devblop-  

k 

L* 

ment of a h e a t i n g  d is t r ic t  for a nurnber of f a c i l i t i e s  i n  t h e  
i area around t h e  N a t i o n a l  Orange  Show s i te .  . .  

Lm 
* 7  r e q u i r e d  f o r  t h i s  f a c i l i t y  t h e  v a r i o u s  b u i l d i n g s  o n  t h e  s i t e  

Lk were s t u d i e d  t o  determine t h e i r  i n d i v i d u a l  u i r e m e n t s .  T h i s  

In  o r d e r  t o  determine t h e  probable q u a n t i t y  o f  g e o t h e r m a l  water 

p o r t i o n  of t h e  s t u d y  is d i s c u s s e d  i n  C h a p t e r  2 ,  " F a c i l i t i e s  

Study."  C h a p t e r  3, " P r e l i m i n a r y  Des ign"  d e s c r i b e s  t h e  v a r i o u s  

d e s i g n  c o n s i d e r a t i o n s  and costs  a s  well a t h e  r e a s o n s  for t h e  

d e s i g n  s e l e c t e d .  The economics  of t h e  p r  ject ure d i s c u s s e d  

i n  C h a p t e r  4 w i t h  t h e  f i n a l  conclusions and recommendat ions  

being presented . i n  C h a p t e r  5 .  

b 
L 

li 
4 '  

Dur ing  t h e  course of problem arose ik 
B u i l d i n g  and 

t h e  b u i l d i n g .  The f i n a l  s t a t u s  of t h e  Audito-  

rium h a s  n o t  y e t  been  d e t e r m i n e d  o f o r  t h e  p u r p o s e  o f  t h i s  

s t u d y  t h e  Aud i to r ium was assumed be r e p a i r a b l e  or would be 

replaced. I t  was also assumed t i n  e i t h e r  case h e a t i n g  

would be provided b y  a h o t  water sys t em.  
La+- ' 

&- 
+d ' i  

! (  
1 'La 1-1 
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Show g r o u n d s  

are f a i r l y  t y p i c a l  a f  a rge coun ty ’  f a i r g r o u n d .  These 

f ac i l i t i e s  c o n s i s t  of t f o l l o w i n g  b u i l d i n g s :  Domed, Hobby 

C i t r u s ,  Swing Auditorium, R e s t a u r a n t ,  ommercial, A r t  G a l l e r y  

A d m i n i s t r a t i o n .  I n  a d d i t i o n  t h e r e  are t h e  N o r t h  and  

S o u t h  Stands for t h e  S tad ium,  r e s t r o o m b u i l d i n g s  and storage 

f t h e  v a r i o u s  elements c a n  be s e e n  i n  , s h e d s .  The locat 

i t e  p l a n  o f  F i g u r e  2-1. L 
Because o.f t h e  t o f  r e t r o f i t t i n g  t h e  b u i l d i n g s  f o r  geo- 

’ thermal h e a t .  t a l l  b u i l d i n g s  a n  t h o s e  w i t h  small  loads 

were n o t  i n c l u d e d  in t h e  a l y s i s .  The b u i l d i n g s  t h a t  were 

not e v a l u a t e d  f o r  t h e  ge ermal re t rof i t  were: S tad ium 

S t a n d s ,  A d m i n i s t r a t i  r y  and restrooms. 

Two si te  v i s i t s  were made t o  g a t h e r  i n f o r m a t i o n  on t h e  faci- 

l i t i e s  and  t h e i r  usage. s p e c t i o n  of t h e  f a c i l i t i e s  along 

w i t h  t h e  re e drawings p 

n d  a n n u a l  gas consumpt ion .  

c tua l  g r o u n d s  i n g  area were also i n s p e c t -  

a p p r o p r i a t e  r o u t i n g  for  t h e  

h o t  water l i n e s .  

Ly 2-1 

6 i  
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BUILDING DESCRIPTIONS 

General 

u 

A b r i e f  d e s c r i p t i o n  o f  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  and 

usage f o r  e a c h  b u i l d i n g  is c o n t a i n e d  i n  t h i s  section. 

F i g u r e  2-2 p r o v i d e s  a conven ien t  reference f o r  t h e  s ize  and  

s h a p e  of. e a c h  of t h e  b u i l d i n g s  being e v a l u a t e d .  I n  a d d i t i o n ,  

t h e  bar g r a p h  c o n t a i n e d  i n  F i g u r e  2-3 shows t h e  h o u r s  of 

usage for e a c h  f a c i l i t y  on a month ly  b a s i s .  The usage d a t a  

I 
l.L 

bt 
I '  

b 
t '  

was o b t a i n e d  from t h e  month ly  e v e n t s  c a l e n d a r  p u b l i s h e d  by 

L t h e  Orange Show. Actual usage w i l l  v a r y  from y e a r  t o  y e a r  

t '  d e p e n d i n g  on t h e  actual e v e n t s  t h a t  are booked. 

Domed B u i l d i n g  

Area of t h i s  b u i l d i n g  is a p p r o x i m a t e l y  12,000 f t 2  and it is 

122 feet i n  d i a m e t e r ' a n d  38 f e e t  h i g h .  The p e r i m e t e r  w a l l  is 

f i v e  f e e t , h i g h  and c o n s t r u c t e d  of concrete b l o c k .  The roof is 

a g e o d e t i c  dome t y p e  of s t r u c t u r e  c o n s t r u c t e d  Of alwninum 

and htts about one i n c h  of c e l l u l o s e  i n s u l a t i o n  s p r a y e d  on t h e  

i n s i d e  surface.  Around t h e  bottom edge of t h e  roof t h e r e  are 

t r a n s l u c e n t  f i b e r g l a s s  p a n c l s i n  p l a c e  of t h e  aluminum p a n e l s .  

An o p e n i n g  i n  t h e  top of t h e  dome 

f l o m  of t h e  s t r u c t u r e  is cohcrete, 

The Domed B u i l d i n g  is u s e d  m a i n l y  for  wedding receptions and 

mall shows s u c h  a s . t h e  a n t i q u e  d o l l  show. 

and  var ious m e e t i n g s  h e l d  i n  t h e  b u i l d i n g .  I t  is most 

f r e q u e n t l y  u s e d  o n  S a t u r d a y s  s t a r t i n g  i n  t h e  day  t i m e  and  con- 

L 

I '  
b 

. *  

O c c a s i o n a l l y  d a n c e s  

1 ;  
hmm 



A - 11,844 f t 2  

I 
DOME BUILDING 

AHBA = 42,900 f t 2  

I '  CITRUS BUILDING COMMERCIAL BUILDING 
4ir 
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t i n u i n g  into t h e  e v e n i n g  h o u r s .  Except  f r the e l e v e n  days of 

t h e  Orange Show i t  is t y p i c a l l y  used abou t  once a week. Total  

usage d u r i n g  t h e  h e a t i n g  season w a s  estimated a t  245 hours. 

H e a t i n g  is accompl i shed  by four  s p a c e d  a r o u n d  ,the 

I '  p e r i m e t e r  of t h e  b u i l d i n g .  The  h t l a t i n g  system u s e s  a l l  o u t s i d e  
. .  

air .  . C o o l i n g  is accompl i shed  w i t h  f o u r  s p l i t  s y s t e m s .  The f a n /  
ipL 

coil u n ' i t s  are . i n s i d e  t h e  b u i l d i n g  near t h e  discharge gr i l les  

for the f u r n a c e s .  No o u t s i d e  a i r  is s u p p l i e d  t o  t h e  f an /co i l  
k l  L u n i t s .  Each of t h e  f o u r  f u r n a c e s  is rated at  245,000 BTUH 



t 

10 - u n i t  h e a l e r s ,  200,000 U T U l I  o u l p u l .  

2 - u n i t  heaters,  20,000 BTUII o u t p u t .  



Heating is b a s i c a l l y  accomplished w i t h  six gas spuco hcatcrs 

located a l o n g  t h e  side of t h e  room. Equipment r a t i n g s  are as 

follows: 

(1 - u n i t  heater's, 100,000 RTUH o u t p u t .  

2 - u n i t  hea te rs ,  400,000 BTUH o u t p u t .  

Total, O u t p u t  1,200,000 BTUH. 

l i  
O r i g i n a l l y  t h e  f o u r ,  100,000 BTUH heaters wi'rc installed and 

found  to  be i n a d e q u a t e .  

added l a t e r .  A gas r a d i a n t  ea te r  is located a t  t h e  west 

e n t r a n c e .  C o o l i n g  i n  the b u i l d i n g  is p r o v i d e d  by e v a p o r a t i v e  

coolers. 

The t w o  400,000 BTUIi heaters were 

Audi torim 

2 The area of t h e  b u i l d i n g  is 43,200 f t  

wide, 2 4 0  feet long, and (it3 1 ' w t  tall. IC' b u i  Iiiing is ;i 

s i d i n g .  I n s u l a t i o n  con s o 1' 1'' urc t'hunt! 11 .t tic! r o o t  and  

f i be rg la s s  bat  0 1 -  the w a l l s .  TllC 

floor is c o n c r e t e .  

The Aud i to r ium is used  for  v a r i o u s  concerts, s h o w s  a n d  closed 

c i r c u i t  t e l e v i s i o n  tbven . I t  is sonic?t  irn(!:-; uscad d u r i r i p  t h e  

week,  b u t  t h e  e v e n t s  l i i rge ly  o c c u r  durint:  t h e  wtwkctrid and i n  

t h e  e v e n i n g  hours. 'I'ht? b u i  ICli111: W i t s  b;lclly diltlliL~~,t*d by ail i i i  P-. 

I r4 
E l  



Heatink 1s accompl i shed  by n b o i l e r  usiti(1: hot wi i tc?r '  :ind 23 hot.  

water u n i t  h e a t e r s  spaced around t h e  perimeter. The b o i l e r  is 

rated a t  2,400.000 BTUH o u t p u t ,  cool ing is p r o v i d e d  by evapora-  

t i v e  cooling u n i t s .  

1- 
R e s t a u r a n t  

, 

I '  The R e s t a u r a n t  h a s  a larpc  d i n i n g  room wid s m i i 1  
&" 2 T h e ' a r e a  of t h e  large d in in&;  room is 1 0 , 6 1 4  l 't .  

d i n i n g  room. 

wide ,  183 f e e t  long ,  and  18 f'ecxt h i g h .  The arca of t h e  srnnl l  - z d i n i n g  room is 3264 f t  , i t  is 51 feet w i d e ,  6 4  feet lotip,  and 

18 f e e t  h i g h .  Both  t h e  l a rge  d i n i n g  room and small d i n i n g  

room are s t r u c t u r a l l y  v e r y  s i m i l i a r  w i t h  t h e  m a i n  difference 

being  t h a t  t h e  l a r g e  d i n i n v  room h a s  a s t age  a t  o n e  end. The . 

rooms are e s s e n t i a l l y  metal :>iding w i t h  a covcbring of wa l l  

board or acoust ic  t i  l e .  A 90 i n c h  high cuticrcbte wal I is l o c a t o d  

bt tnea th  t h e  largt? window i l t * t a i L h  i I I  I ht* ri i t i  i tic: rooins. C t b i  1 i u g s  

i n  b o t h  rooms cons i s t  of p1ast . i  o u s t  icul t i  I C  covm- 

i n g .  The f l o o r s . a r e  concretrb itnd the 1;irgc d i n i i i g  ruo11i is 

c a r p e t e d .  . V i n y l  t i l t ?  c 

room. 

IC 

LE 
u= 
i! 
L-, 
L 

I. 
Lm 
Le 

Heating is accompl i shed  by d u c t  I 'ur*nilce$i. Each d i n i n g  room 

h a s  i ts  own a i r  h a n d l e r .  A i r  c o r i d i t i o n i n g  is a l s o  p r o v i d e d  and 

t h e  co i l s  are i n  t h e  d u c t s  downstreum 01' thi! d u c t .  h e a t e r s .  Thc? 

small d i n i n g  room e r a t e s  o n  a1 o u t s i d e  a i r .  Hc$atitig season 

u s a p e  is est imate  o bit 855 h o u r s .  

k 

n [d 
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Commerical B u i l d i n g  

he area of t h i s  b u i l d i n g  i s  ill, 

Commerical B u i l d i n g  

he area of t h i s  b u i l d i n g  i s  ill, 520 

\ 

2 f t  . I t  is 173 

240 feet long, and 4 0  f e e t  t a l l .  T h e  b u i l d i n g  is u 

s t r u c t u r e  of metal cons t ruc t ion  w i t h  17 leet h i g h  s 

c o n s i s t i n g  of 10 f e e t . o f  cement block and 7 ltiet o f  I :  

feet widc ,  

y u o n s e  t t ypc? 

de  w a l l s  

s h e e t  metal 

T h e r e  is n o , i n s u l a t i o n  i n  t h e  b u i l d i n g  and i t  h a s  a concrete 

f l o o r .  A ridge ven t i l a to r  r u n s  thca l e n g t h  of t h e  b u i l d i n p .  

Lj 

L T h e  C o m m e r c i a l  B u i l d i n g  is' used  m a i n l y  l o r  s h o w s  ;ind s a l e s  t h a t  

k e  'place s p o r a d i c a l l y  d u r i n g  t h e  y e a r .  The e v e n t s  i n c l u d e  gun  

shows, m o t o r c y c l e  s h o w s  l e a t h e r  s a l e s ,  i i n d  swap mcacl;s. Lungt . l is  

of t h e  e v e n t s  v a r y  from one e v e n i n g  up t o  two w e c k s .  Uccause ol' 

a l a r g e  show t h e  December usa t r e  was v e r y  h i g h .  

Heat ing is a c c o m p l i s h e d  w i t h  t w t ? l v e  smn1 1 gat; u n i t  hc>atc?r 's .  

T h e s e  h e a t e r s  are suspeiided from 

hu 

t h e  b u i l d i n p .  N o  coolirig i s  ~ I Y J V  li: 
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HEATING REQUIREMENTS 

- Gencral 

Prior t o  deve lop inp  a des ign  or performing a n  ccoiioniic 

a n a l y s i s ,  i t  was n e c e s s a r y  t o  detcrmiiic the a n t i c i p a t c d  

gas usage for e a c h  b u i l d i n g  i t s  well as thta p e a k  h e a t i n g  

load. A f t e r  t h e  i n i t i a l  i n v c s t i g a t i o r l  0 1  i t 1  I 0 1 '  t , h k  b u i l d -  

, i n g s  i t  was decided t h a t  o n l y  t h c  six m a i n  b u i l d i n g s  would 

be eva lua ted  for  t h e  g e o t h c r i n u l  r e t r o f i t .  T h e  r e m a i n i n g  

s t r u c t u r e s  h a d  n i i n i m a l  u s u p c .  Thctre  is i l l s o  sotw piis usagt? 

b y  por tab le  b o o t h s  d u r i n p  c e r t a i n  e v e n t s  b u t  t h i s  u s e  also 

seemed t o  be small e n o u p h  t o  ignore.  For p u r p o s e s  of t h i s  

s t u d y  a l l  of t h e  gas  u s ; a g ~  was u s s i g n e d  t o  t h c  six inaii1 

b u i l d i n g s  - Domed, Hobby,  C i t r u s ,  A u d i t o r i u t n ,  Ilcstauraut 

and C o m m e r c i a l .  

Gas Usage 

T h e  gas usage of t h e  facility w:is  o b t a i n c d  froin t h e  u t i l i t y  

b i l l s .  B o t h  t h e  R e s t a u r a n t  and  the. COmIlc>l.c:iitl U u i l t l i a g  

h a v e  submete r ing  and t h e  m o n t h l y  g a s  usugc! w a s  ob ta in ' cx l  

from t h e  records t h a t  a r e  m n i n t i t i n c d  by t h e  Orange Show 

p e r s o n n e l .  W i t h  t h i s  i n f o r m a t i o n  t h e  r e t n u i n 1 n p  usage w a s  

ass igned  to  t h e  o t h e r  f o u r  b u i l d i n p .  Tht: c a l c u l a t i o n s  are 

located i n  A p p e n d i x  C and a c h a r t  01' the monthly gas usago 

is contained i n  Fipurb 2-4 .  
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a s e d  on weather data  and the t.ypc? 0 1 '  c:onstrtrction t t w  

peak d e s i g n  loads were dctcrmined l o r  c:aeh bui Idinlr.  S i n c e  
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GENERAL - .  0 

PRELIM I NARY DES I GN 

I 

1 R e t r o f i t t i n g  t h e  f a c i l i t i e s  u t  t h e  National Orange Show so 
lis- t h a t  t h e y  c o u l d  be heated w i t h  geo the rma l  f l u i d s  p r e s e n t e d  
t l  I -  s e v e r a l  problems. One of t h e s m o s t  s i g n i l i c n n t  p roblems was 

t h e  l a c k  of i n f o r m a t i o n  r e g a r d i n g  t h e  geothermal s o u r c e .  

The e x i s t i n g  w e l l  is p r o d u c i n g  water u t  a t e m p e r a t u r e  of 

145'F. T h i s  water is a m i x t u r e  f lowing from v a r i o u s  pro-  

d u c i n g  layers  and c o n t a i n s  both h o t  and  cold water. While  

+!# .. 

i t  does i n s u r e  t h a t  t h e  water w i l l  be a t  least  145'F, t h e  

d i l u t i o n  problem p r e v e n t s  t h e  a c c u r a t e  assessment of t h e  

a c t u a l  t e m p e r a t u r e  and mineral c o n t e n t  of t h e  f i n a l  water 

s o u r c e  t o  be u s e d  when a new w e l l  is 

The o t h e r  problems deal t  w i t h  t h e  f a c i l i  i t se l f .  Because  

p. of t h e  size o f  t h e  g r o u n d s ,  t h e  b u i l d i n g s  are s p r e a d  o v e r  a 

large area. T h i s  r e q u i r e s  e x t e n s i v e  underground p i p i n g  r u n s .  

Also, e x c e p t  for t h e  Aud i to r ium t h e  e x i s t i n g  s y s t e m s  are gas 

f i r e d  w h i c h  r e q u i r e s  t h a t  a l l  new t e r m i n a l  h e a t i n g  

equipment  be i n s t a l l e d .  An a d d i t i o n a l  problem is t h e  l imi t ed  

usage of t h e  f a c i l i t i e  The l i m i t e d  gas u s a g e  r e l a t i v e  t o  

t h e  p e a k  load requirem s makes i t  d i  i c u l t  t o  d e s i g n  a 

cost e f f e c t i v e  s y s t e m .  

.L 
i: 
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S t i l l  a n o t h e r  problem was t h e  d i s p o s a l  of t h e  g e o t h e r m a l  

f l u i d s .  G e n e r a l l y  t h e  s p e n t  f l u i d s  are r e t u r n e d  t o  t h e  

p r o d u c i n g  zone t h r o u g h  an in jec t ion  well. Again ,  b e c a u s e  

o f  t h e  l i m i t e d  usage i t  would be d i f f i c u l t  t o  j u s t i f y  t h e  

L expense. 

A s  a r e s u l t ,  i t  was d e c i d e d  t o  r e t u r n  t h e  u s e d  f l u i d  t o  

t h e  g e o t h e r m a l  main.  The small r e d u c t . i o n  i n  t e m p e r a t u r e  

t h a t  would n o r m a l l y  occur s h o u l d  n o t  credte any s i g n i f i c a n t  

problem downstream. T h i s  is c e r t a i n l y  t r u e  f o r  t h e  l i n e  

g o i n g  a l o n g  Arrowhead Avenue. T h e  main g o i n g  a l o n g  M i l l  

Street c o u l d  have  a problem o n  weekends.  I f  t h e  college 

had  o n l y  a minimal  load and  t h e  Orange  Show had a large 

load c o n n e c t e d  to t h  11 S t r e e t  main ,  a s u b s t a n t i a l  d r o p  

in t e m p e r a t u r e  would be e x  i enced  by t h e  geothermal 

f l u i d s  g o i n g  t o  t h e  col le  

L 
L P r i o r  t o  s t a r t i n g  on t h e  

' f i n a l  d e s i g n ,  t h i s  problem u l d  be rev iewed.  I f  i t  

a p p e a r s  t o  be a problem a t  t h e  t i m e ,  t h e  d i s c h a r g e  l i n e  

for t h e  g e o t h e r m a l  f l u i d  w i l l  have  to  be c o n n e c t e d  t o  t h e  

Arrowhead Avenue main.  

SYSTEM DESIGN 

General 

b 

a p p r o a c h e s  were i n v e s t i g a t e d .  I t  was 

up t h e  b u i l d i n g  i n t  t w o  g r o u p s  as 

. .  3-2 



own i n  Figure 3-1. T h i s  would allow t h e  Dome ,  Hobby 

and C i t r u s  b u i l d i n g  t o  be s u p p l i e d  t h r o u g h  a g e o t h e r m a l  

connection on M i l l  Street and  t h e  Aud i to r ium,  Commercial 

and Res taurant  b u i l d i n g s  t o  be s u p p l i e d  from Arrowhead 

Avenue. 
t i  

u 
A s c h e m a t i c  o f .  t h e  M i l l  Street s y s t e m  i s  c o n t a i n e d  i n  

F i g u r e .  3-2 and  t h e  Arrowhead Avenue s y s t e m  i n  F i g u r e  3-3. 

Special  e m p h a s i s  was g i v e n  to r e d u c i n g  t h e  system cost 

1 :  

s i n c e  operating h o u r s  were r e l a t i v e l y  s h o r t .  

summer t i m e  need f o r  h o t  water for t h e  r e s t a u r a n t ,  p r o v i s i o n s  

were included t o  p r e h e a t  t h e  domestic h o t  water. 

Because of t h e  

& 
li- 

L 

i- 
k- 
L- 

L- 

1 Sequence  of Operat i o n  

The M i l l  Street s c h e m a t i c  i s  shown i n  F i g u r e  3-2 and t h e  

s e q u e n c e  o f  o p e r a t i o n s  s a s  follows: 

1.. I f  a n y . b u i l d i n g  c a l l s  f o r  h e a t i n g ,  pump (F7) 

b- w i l l  s t a r t .  

2. If  the Domed Bldg. is c a l l i n g  for heat,,pump (P12) 

w i l l  s t a r t .*  

3. I f  e i t h e r  t h e  Hobby or C i t r u s  B u i l d i n g  c a l l s  f o r .  

heat ,pump (P9) w i l l  & t a r t  tts well us pump(s) 

d/or  (P11). 

e t h e r m o s t a t s  w i l l  be used and i f  pump 

(P7) cannot p r o v i d e  s u f f i c i e n t  h e a t i n g  i t  w i l l  

s t o p  and  pump ( P 8 )  will s t a r t .  

I- 

3-3 

1 .  



- 



I 

MILL STREET SYSTEM SCHEMATIC 

1 HOBBY I 
BLDG. 

I CITRUS 1 1 BLDG. 1 
FAN/COIL UNIT 
TYP ( 4 )  

L 
w 175O 

145OF 

PLATE H . X .  L 
L 
1 ’  . L- 

DOMED L Fl 
L 
L 
L 

FIGURE 3-2 
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mode t h e  pumps w i l l  o p e r a t e  c o n t i n u o u s l y  and 

three-way v a l v e s  w i l l  be used  t o  c o n t r o l  temper-  

a t u r e .  

. 6 .  When no f u r t h e r  h e a t i n g  is r e q u i r e d  a l l  pumps . 

w i l l  s t o p .  

* I f  o n l y  t h e  Domed B u i l d i n g  is o p e r a t i n g , p u m p  

(P9) w i l l  n o t  be r e q u i r e d  b e c a u s e  a t  t h e  r e d u c e d  

f l o w  ra te  t h r o u g h  t h e  h e a t  e x c h a n g e r  t h e  p r e s s u r e  

d r o p  w i l l  be  less t h a n  1 p s i .  

& 
I '  

The Arrowhead Avenue s c h e m a t i c  is shown i n  F i g u r e  3-3 and hL 
9 '  

t h e  s e q u e n c e  o f  o p e r a t i o n s  is as  follows: 

1. I f . t h e  t e m p e r a t u r e  of t h e  p r e h e a t  t a n k  d r o p s  

t o  135OF,pumps (P4) and (P2) w i l l  s t a r t .  

k 

. 2 .  , When t h e  t e m p e r a t u r e  i n  the p r e h e a t  t a n k  r e a c h e s  

145'F t h e  pumps w i l l  s t o p .  

3.  I f  e i t h e r  d i n i n g  room r e q u i r e s  h e a t i n g  b o t h  pumps 

(P2) and (P3) will s t a r t .  

4 .  I f  e i t h e r  t h e  Audi tor ium or t h e  Commercial b u i l d i n g  

r equ i r e  h e a t i n g p u m p s  (P1) and ( P 5 )  w i l l  s t a r t .  

Pump ( P 2 )  w i l l  s t o p  i f  i t  was o p e r a t i n g .  

5 .  .Pumps (P6) and/or (P13)  w i l l  s t a r t  i f  t h e i r  respec- 

t i v e  b u i l d i n g  is i n  a h e a t i n g  mode. 

ong as t h e  b u i l d i n g s  are  i n  a h c u t i n g  mode t h e  

a p p r o p r i a t e  pumps w i l l  o p e r a t e  c o n t i n u o u s l y  and 

three-way v a l v e s  w i l l  be  used  t o  c o n t r o l  s p a c e  

t e m p e r a t u r e .  
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Heat Exchanger s  

P l a t e  h e a t  e x c h a n g e r s  were used  b e c a u s e  of t h e i r  c o r r o s i o n  

r e s i s t a n c e ,  ease o f  c l e a n i n g ,  good h e a t  t r a n s f e r  character- 

i s t i c s  and  lower cost. Because  of th .ese  c h a r a c t e r i s t i c s  

p l a t e  h e a t  e x c h a n g e r s  have almost become t h e  s t a n d a r d  for  

g e o t h e r m a l  a p p l i c a t i o n s .  

I '  Lm 

.k  
L 
L Pipe  

A l l  p i p i n g  below g r a d e  w i l l  be p r s i n s u l a t e d  f i be r  g l a s s  

r e i n f o r c e d  p las t ic .  Above grade t h e  p i p i n g  s h o u l d  be steel ' 

i n  order t o . p r o v i d e  t h e  necessary d u r a b i l i t y .  The s teel  

p i p i p g  u s e d  on t h e  geo the rma l  side of t h e  sys t em s h a l l  be 

F u s e c o a t e d  .to p r e v e n t  corrosion. 

be i n s u l a t . e d  and s u i t a b l y  jacketed where  spec i f i ed .  

Q 

L 
A l l  of t h e  s teel  p i p e  s h a l l  ' L- 

I '  

L- 
T e r m i n a l  Heating U n i t s  

The o n l y  b u i l d i n g  h a v i n g  a h o t  water s y s t e m  is t h e  Audi tor ium.  

The e x i s t i n g  f a n / c o i l  u n i t s  would r ema in  and t h e  new h o t  water 

d i s t r i b u t i o n  sys t em would s i m p l y  by-pass  t h e  e x i s t i n g  boi ler .  8.: 
b 
u .  

Both  a i r  h a n d l e r  s y s t e m s  i n  t h e  R e s t a u r a n t  would be f i t t e d  , 

w i t h  h o t  water c o i l s  i n  p l a c e  of t h e  e x i s t i n g  d u c t  f u r n a c e s .  
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f '  

Because  of t h e  h i g h  roofs and t h e  large areas of c o v e r a g e ,  

r e v o l v i n g  u n i t  h e a t e r s  would be u s e d  i n  t h e  Domed, Hobby 

and Commerdial B u i l d i n g s .  These  downdraf t  t y p e  of heaters  

would h e l p  to reduce t h e  normal s t r a t i f i c a t i o n  t h a t  o c c u r s  

Y 
w i t h  h i g h  c e i l i n g s .  An example of t h i s  h e a t e r  is shown i n  

Figure 3-4. 

t '  

LL 

The C i t r u s  B u i l d i n g  h a s  a r e l a t i v e l y  low. ,  f i n i s h e d  c e i l i n g  

(23 f t ) .  T h i s  made t h e  r e v o l v i n g  u n i t  heaters  less at t rac-  

t i v e .  

c o r n e r  of t h e  room and t h e  middle  o f  e a c h  side.  

I n s t e a d  h o t  water u n i t  heaters were p l a c e d  i n  each 

Pumps 
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ECONOMIC STUDY 

L 

GENERA1 

The purpose of t h e  economic s t u d y  was t o  d e t e r m i n e  t h e  economic  

impact of conver t ing  t h e  Orange Show f a c i l i t i e s  from gas t o  

I '  g e o t h e r m a l  e n e r g y .  I n  t h e  d e s i g n  p o r t i o n  of t h i s  report t h e  

problem o f  d e v e l o p i n g  a cost e f f e c t i v e  s y s t e m  w a s  d i s c u s s e d .  The 

l i m i t e d  h o u r s  of o p e r a t i o n  were c i t e d  a s  a major problem. 1 '  

L 

G 
f l  

RETROFIT COST 

Every  e f f o r t  was made t o  make t h e  d e s i g n  a s  i n e x p e n s i v e  as 

possible  i n  k e e p i n g  w i t h  a moderate level of o p e r a t i n g  and  

maintenance costs . '  The d e t a i l e d  cost estimate i s  c o n t a i n e d  i n  

Appendix D. Al though t h e  stimates are somewhat r o u g h  t h e i r  

a c c u r a c y  is f e l t  t o  be a d e q u a t e  f o r  t h e  l e v e l  o f . o v e r a l 1  i n f o r -  

m a t i o n  a v a i l a b l e .  The e s t i m a t e d  costs are a s  f o l l o w s :  

i '  

hL- 
t i  

Lib 

Irk 
1 '  

L 
L System 1 - I n c l u d e s  t h e  Domed, $171,500 

Hobby and C i t r u s  B u i l d i n g s .  

Sys tem 2 - I n c l u d e s  the A u d i t o r i u m ,  $143,200 

Restaurant  a n d  Commercial  B u i l d i n g s ,  

T o t a l  Retrofit  C o s t  3314,700 

Because of t h e  r e l a t i v e l y  h i g h  number o f . h o u r s  of o p e r a t i o n  

t h e  Restaurant  was b e l i e v e  t o  have  t h e  b e s t  c h a n c e  of recover- 

n g  t h e  cost of t h e  g e o t h e r m a l  r e t r o f i t .  The cost of t h e  

R e s t a u r a n t  r e t ro f i t  is $45,500. T h i s  i n c l u d e d  large enough 

p ip ing  t o  allow t h e  a d d i t i o n  of t h e  Aud i to r ium and Commercial 

B u i l d i n g  a t  a later date .  

'.c) 
' 

L 
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The main expense was t h e  below g r a d e  p i p i n g  t h a t  amounts  t o  

a p r r o x i m a t e l y  34% of t h e  t o t a l  cost .  

NET OPERATING AND MAINTENANCE COSTS - 
e r s u s  Geothermal  C o s t  . 

Future e n e r g y  costs were based on  t h e  data o b t a i n e d  from t h e  

a l i f o r n i a  Energy  Cornmission S t a f f  Repor t  e n t i t l e d ,  " C a l i f o r n i a .  

t w  
M 

Energy  Prices 1980-2000.1' 

f a c i l i t y  u sed  a p p r o x i m a t e l y  40,000 therms .  

usage c a n  be r e p l a c e d  w i t h  geotherm h e a t .  

D u r i n g  t h e  p a s t  y e a r  t h e  Orange  Show 

N o t  a l l  of t h e  gas 

I t  is n o t  p r a c t i c a l  
! I  

I '  t o  retrofit some of t h e  mal l  b u i l d i n g s  and i s o l a t e d  uses. Also 

t h e  k i t c h e n  in t h e  R e s t a u r a n t  w i l l  c o n t i n u e  t o  u s e  g a s  f o r  food  

p r e p a r a t i o n  and some water  h e a t i n g .  Based o n  ou r  i n v e s t i g a t i o n  

i t  was estimated t h e  80% of t h e  g a s  c o u l d  b 

t h e r m a l  h e a t .  

The cost of geothermal t h e r m s  h a s . n o t  been  d e t e r m i n e d  s i n c e  n o t  

even t h e  t e m p e r a t u r e  o t h e  f l u i d  is known a t  t h i s  t i m e .  Based 

on d i s c u s s i o n s  w i t h  t h e  San B e r n a r d i n o  Water Depar tment  t h e  cost  

of g e o t h e r m a l  t h e r m s  w a s  e s t i m a t e d  t o  be  SOX of t h e  cost  of a 

gas therm.  

G- 
L- 
6 :  

!& 

t- 
< t  . k;l 

i 

is t h a t  t h e  g e o t h e r m a l  t h e r m s  pr? d i r e c t l y  a t t r ibuta-  
'.? 

w h e r e a s  t h e  as t h e r m s  are o n l y  75% a s s i g n a b l e  d ? ! .  

t o  t h e  h e a t i n g  p r o c e s s  because of combust ion  and  stand-by losses. 
Jk;l 
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a l c u l a t i o n s  for t h e  s a v i n g s  i n  e n e r g y  cost achieved by con- 

ned i n  Appendix D, These  

n t y  year period s t a r t i n g  i n  

t ed  u s i n g  a 10% d i s c o u n t  factor. 

would be $186,00,0. T h i s  

s n o t  compare f a v o r a b l y  w i t h  t h e  re t rof i t  cost .of  $314,000. 

were $52,000. T h i s  does 

Ocost of t h e  required re t rof i t .  

This retrofit cost could be lowered e v e n  more i f  no p r o v i s i o n s  

were to  be made for f u t u r e  e x p a n s i o n  and  i f  t h e  r e l a t i v e l y  

small discharge c o u l d  be r o u t e d  i n t o  Warm Creek.  

. 

t h a t  had t o  be made in t h e  

refinement r e s u l t i n g  from t h e  

s t i r n a t i o n  o f  t h e  e lectr ical  e n e r g y  and  m a i n t e n a n c e  costs  d i d  n o t  

seem j u s t i f i e d  a t  this t i m e .  

i 
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CONCLUSIONS AND RECOMMENDATIONS 

The c o n c l u s i o n  comes as  no s u r p r i s e  as it was r e c o g n i z e d  as  a 

major problem during t h e  design p h a s e .  The l i m i t e d  h o u r s  of 

usage and t h e  h i g h  cost o f  r e t r o f i t t i n g  p r e v e n t s  t h e  

e n e r g y  sav ings  from j u s t i f y i n g  t h e  change .  A s  p r e v i o u s l y  s t a t e d ,  

t h e  f a c t  t h a t  most '!o.f  t h e  b u i l d i n g s  have  g a s  h e a t i n g  u n i t s  r a t h e r  

t h a n  h o t  water and t h e  long p i p e  r u n s  make t h e  r e t r o f i t  cost 

kyy 

L 
u i t e  h i g h .  A $374,000 r e t r o f i t  would o n l y  p r o v i d e  a p r e s e n t  

, 
v a l u e . s a v i n g s  of $186,000 based  on  a t w e n t y  year p e r i o d .  

If a demonstration program were d e s i r e d , t h e  b e s t  o p t i o n  would 

be t o  r e t r o f i t  o n l y  t h e  R e s t a u r a n t .  

h a s  a d o m e s t i c  h o t  water l o a d  and would be r e l a t i v e l y  close t o  

t h e  g e o t h e r m a l  ma in  along Arrowhead Avenue. A r e t r o f i t  cost of 

$45,500 s h o u l d  r e s u l t  i n  a p r e s e n t  v a l u e  s av ings  of a p p r o x i m a t e l y  

$52,000,. The cost of t h e ' r e t r o f i t  c o u l d  b e  r e d u c e d  somewhat more 

d e p e n d i n g  on t h e  f i n a l  design cri teria.  

I t  is used  q u i t e  f r e q u e n t l y ,  

i 
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