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DISCLAIMER 

This  r e p o r t  was prepared as an account o f  work sponsored by 

t h e  Un i ted  Sta tes  Government. N e i t h e r  the  Un i ted  S ta tes  n o r  t h e  

Un i ted  Sta tes  Department o f  Energy, no r  any of  t h e i r  employees, 

no r  any o f  t h e i r  c o n t r a c t o r s ,  subcont rac tors ,  o r  t h e i r  employees, 

makes any warranty ,  expressed o r  imp l i ed ,  o r  assumes any l e g a l  

r e s p o n s i b i l i t y  f o r  t h e  accuracy, completeness o r  use fu lness  o f  any 

in fo rmat ion ,  apparatus,  p roduc t  o r  process d isc losed,  o r  represents  

t h a t  i t s  use would n o t  i n f r i n g e  pr iva te ly -owned r i g h t s .  



The f o l l o w i n g  s tudy  i s  t h e  r e s u l t  o f  a request  t o  t h e  Geo-Heat Center 

f o r  Technica l  Ass is tance.  

INTRODUCTION 

The Co l l ege  I n d u s t r i a l  Park (CIP) i s  l o c a t e d  t o  t h e  no r thwes t  o f  t h e  

O I T  campus. 

f l ows  through an open d i t c h  t o  t h e  south o f  t h e  Park. Being aware o f  

t h i s ,  City personnel  have requested t h e  Geo-Heat Center des ign a d i s -  

t r i b u t i o n  network f o r  t h e  Park t o  e v e n t u a l l y  u t i l i z e  an e s t i m a t e d  600 

GPM o f  t h e  130°F waste water .  

Waste wa te r  f rom t h e  O I T  campus geothermal h e a t i n g  system 

Geothermal wa te r  f rom each campus b u i l d i n g  i s  d ischarged i n t o  s to rm 

d r a i n s  which a l s o  c o l l e c t  s u r f a c e  r u n  o f f  f rom p a r k i n g  l o t s ,  r o o f s  and 

grounds. Waste water  temperatures a re  g e n e r a l l y  between 120°F and 130°F, 

however, i t  may drop as l ow  as 90°F when m i x i n g  occurs w i t h  l a r g e  amounts 

o f  su r face  run  o f f .  

Peak h e a t i n g  l o a d  requi rements f o r  t h e  O I T  campus a re  es t ima ted  t o  be 

17.8 X 10 Btu/hour  f o r  567,000 square f e e t  o f  space. Peak f l o w  r a t e  

o f  geothermal f l u i d  t o  s a t i s f y  t h i s  l o a d  i s  t hen  593 GPM based on a n e t  

60°F temperature d i f f e r e n t i a l .  Three w e l l s  a r e  a v a i l a b l e  t o  supp ly  t h e  

necessary f l o w  and a r e  s p e c i f i e d  i n  Table 1. 
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TABLE 1 

O I T  GEOTHERMAL WELL DATA 

Well No. 

2 
5 
6 

Var i  

r a t e  

Depth ( F t )  

1,288 
1,716 
1,805 

Temperature ( F) F1 ow Rate( GPM) 

180" 
192" 
192" 

200 
450 
400 

b l e  sp d d r i v e s  a re  conn t i t o  each pump which r e s u l t s  i n  f l o w  

v a r i a t i o n s  from 50 t o  600 GPM depending on space h e a t i n g  r e q u i r e -  

ments from summer t o  w i n t e r  months. 

A Li th ium-Bromide Absorp t i on  C h i l l e r  (185 t o n )  was i n s t a l l e d  i n  1980 

t o  p r o v i d e  space c o o l i n g .  

550 GPM and d ischarges 170°F water  t o  t h e  s torm d r a i n s  d u r i n g  summer 

months. 

The c h i l l e r  r e q u i r e s  a cons tan t  f l o w  r a t e  o f  

Separat ion o f  geothermal f l  i uds from s u r f a c e  r u n  o f f  w i l l  be accompli  shed 

by approx ima te l y  1985 acco rd ing  t o  M r .  W.M. Douglass, Dean o f  A d m i n i s t r a t i o n .  

M i n i  t u n n e l s  w i l l  be i n s t a l l e d  t o  each b u i l d i n g  from t h e  main l o o p  t u n n e l  

which c i r c l e s  t h e  campus. Separat ion o f  geothermal f l u i d s  (see F i g u r e  1 )  

i s  e s s e n t i a l  f o r  end use a f t e r  campus h e a t i n g .  P a r t i c l e s ,  motor  o i l  and 

l o w e r i n g  o f  temperature make t h e  waste water  u n d e s i r a b l e  f o r  use i n  o t h e r  

h e a t i n g  systems. 

COLLEGE INDUSTRIAL PARK OPERATING DEMAND 

The proposed system f o r  t h e  Co l l ege  I n d u s t r i a l  Park shou ld  be developed 

i n  seve ra l  phases. The f i r s t  phase would supp ly  e x i s t i n g  tenan ts  on 



T r a c t s  3 and 4 o f  B l k  2 f o r  which heat  loads can be c a l c u l a t e d .  Heat 

l oads  f o r  p o t e n t i a l  t enan ts  on o t h e r  t r a c t s  a re  e s t i m a t e d  based on 

b u i l d i n g  des ign assumptions and b u i l d a b l e  l a n d  area. 

A permanent ly i n s u l a t e d  p i p e  shou ld  be i n s t a l l e d  up t o  t h e  e x i s t i n g  

tenan ts  s i z e d  t o  accomodate t h e  d i s t r i b u t i o n  network f o r  t h e  e n t i r e  

park.  

f o r  t h e  f i r s t  customers. 

I n s u l a t e d  p i p i n g  i s  necessary due t o  t h e  low f l o w  r a t e s  r e q u i r e d  

Heat l o a d  demand f o r  Q u a l i t y  Components, I n c .  on T r a c t  4 ,  B l k  2 has been 

c a l c u l a t e d  t o  be 650,000 Btu/hour  a t  peak, r e q u i r i n g  56.6 GPM o f  geo- 

thermal f l o w  assuming 115°F i n  and 95°F o u t .  

w i l l  r e s u l t  i n  l ower  f l o w  r a t e  requi rements.  

geothermal f l u i d  i s  supp l i ed ,  t h e  f l o w  r a t e  c o u l d  be reduced t o  app rox ima te l y  

35 GPM. 

u n i t  hea te rs  f o r  t h e  shop area. 

o f  c o n v e r t i n g  t h e  h e a t i n g  system f o r  t h e  Q u a l i t y  Components, I n c .  b u i l d i n g  

t o  geothermal. 

Higher  d e l i v e r y  temperatures 

For example, i f  130°F 

A hea t  pump i s  c u r r e n t l y  used f o r  o f f i c e  space and propane gas 

Appendix A g i ves  a p r e l i m i n a r y  a n a l y s i s  

Heat ing requirements f o r  proposed b u i l d i n g s  on t h e  22 o t h e r  t r a c t s  were 

based on b u i l d a b l e  l a n d  area as shown on F igu re  2. 

were used t o  e s t i m a t e  peak h e a t i n g  l o a d s :  

The f o l l o w i n g  assumptions 

1. I n s i d e  design temperature = 65°F. 

2 .  

3. C e i l i n g  i n s u l a t e d  R7. 

4 .  

5. Window area = 30% o f  w a l l  area. 

Outs ide design temperature = 0°F. 

Wal ls c o n s t r u c t e d  o f  masonry and f i r .  



6.  Normal i n f i l t r a t i o n .  

7. Domestic wa te r  h e a t i n g  = 10% o f  space h e a t i n g  requi rements.  

Based on t h e  abov,e assumptions, i t  was determined t h e  u n i t  peak h e a t i n g  

l o a d  i s  20 Btu/hour  - square f o o t  f o r  bo th  space and domest ic water  

h e a t i n g .  

w i t h  a 15°F approach temperature t o  t h e  65°F i n s i d e  des ign temperature 

f o r  f o r c e d  a i r  h e a t i n g  systems. 

Flow r a t e  requirements were determined assuming a A T  = 50°F 

I n d i v i d u a l  b u i l d i n g  systems would c o n s i s t  o f  two p i p i n g  loops,  i n t e r -  

s e c t i n g  a t  a heat  exchanger. 

t h e  main d i s t r i b u t i o n  network would c o n s i s t  o f  a smal l  boos te r  pump, 

temperature c o n t r o l  Val ve and p l  a t e  heat  exchanger. The b u i  1 d i n g  1 oop 

would c o n s i s t  o f  a c i r c u l a t i n g  pump, t e r m i n a l  equipment and p l a t e  h e a t  

exchanger. 

more common s h e l l  and tube designs, p rov ides  t h e  s u p e r i o r  thermal per-  

formance r e q u i r e d  f o r  low temperature a p p l i c a t i o n s  such as t h i s .  

i s  impor tan t  t o  no te  t h a t  t h e  temperatures i n v o l v e d  w i l l  r e q u i r e  t h e  use 

o f  some non-standard equipment i n  t h e  area o f  water  t o  a i r  h e a t  exchangers 

Th is  w i l l  t e n d  t o  i nc rease  t h e  c o s t  o f  t h e  h e a t  exchangers o v e r  t h a t  o f  

s tandard  h o t  wa te r  h e a t i n g  equipment. However, t h e  e f f e c t  on t h e  t o t a l  

system c o s t  w i l l  n o t  be s i g n i f i c a n t .  

The geothermal l oop ,  c o n t a i n i n g  wa te r  from 

The p l a t e  t ype  exchanger, w h i l e  somewhat more expensive than  

It 

Table 2 ,  Design Capaci ty  summarizes t o  des ign energy t o  be s u p p l i e d  t o  

the' Co l l ege  I n d u s t r i a l  Park. 

t o  be f u r n i s h e d  by 869 g a l l o n s  pe r  minute o f  130°F geothermal wa te r .  

T h i s  amounts t o  21.75 m i l l i o n  B t u  pe r  hour 



TABLE 2 

DESIGN CAPACITY FOR COLLEGE 
INDUSTRIAL PARK TRACTS 

T r a c t  

B l k  1 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
15 
16 
17 
18  

B l k  2 
1 
2 
3 
4 
5 

B u i l d a b l e  
Area 

(square ft) 

35,403 
30,456 
35,618 
43,518 
79,765 
49,898 
38,172 
38,915 
58,879 
44,416 
32,603 
46,970 
49,141 
66,180 
92,304 
50,439 
33,844 

118,128 

15,751 
18,243 
17,235 
32,633 
58,156 

Peak Heat 
Lgad 

( X  10 B tu /h )  

' 0.71 
0.61 
0.71 
0.87 
1.60 
1 .oo 
0.76 
0.78 
1.18 
0.89 
0.65 
0.94 
0.98 
1.32 
1.85 
1.01 
0.68 
2.36 

28.3 
24.4 
28.5 
34.8 
63.3 
39.9 
30.5 
31 .1 
47.1 
35.5 
26.1 
37.6 
39.3 
52.9 
73.8 
40.4 
27 . l  
94.5 

0.32 12.6 
0.37 14.6 
0.35 13.9 
0.65 26.1(56.6)* 
1.16 46.5 

T o t a l s  1,086,667 21.75 869 .O 

Higher  supp ly  temperatures c o u l d  r e s u l t  i n  p r o p o r t i o n a t e l y  1 ower f l o w  

r a t e s .  As t h e  number o f  park  customers inc rease,  i t  may be d e s i r a b l e  t o  

cons ide r  a convent iona l  f i r e d  peak ' h e a t i n g  b o i l e r .  

DESCRIPTION OF DISTRICT HEATING NETWORK 

F igu re  3, P i p i n g  Layout f o r  C I P ,  shows des ign p ipe  s i z i n g  t o  supp ly  130°F 

*Ca lcu la ted  f l o w  r a t e  based on r e t r o f i t  des ign (Appendix A) .  



.,I 

Segment 
Yumber 

Bare (P8)  

1 

Insul (FRP 

2 - 7  

Bare (PB) 

1 2 - 7  

D Q 
N omi n a 1 

Segmen t D i  am F1 ow Rate 
Number ( i n )  (GPM) 

D 
Pipe 

I D  OD 
( i n )  

\ 

3.834 4.167 

8.22 8 .42  

7.347 7.986 

PB 
1 

FRP 
2 - 7  

D 
Jacket  

I D  OD 
. ( i n )  

11.78 12.24 

HL 

T o t a l  
( B t u / h )  

138,410 

27,760 

D 
ominal 
Di am. 
0 

4 

8 

8 

A! 

( F )  (F).--.- 

Min imum 
AT 
Peak 
Load Lcad 

2 .3  1 3 . 3  

0 . 6  2 . 8  

4 100 

a 100 

TABLE 3 

SUPPLY P I P E  HEAD LOSS (PHASE 1 )  

T C V HF L 

( F )  ( f t / s e c )  ( f t / 1 0 0  f t )  ( f t )  ( p s i )  

Head Loss T o t a l  F r i c t i o n  
Temperature C o e f f i c i e n t s  V e l o c i t y  F r i c t i o n  Length Head Loss 

140 

140 

k 
Pipe Insul 
(Btu, .2 /  
M 

1 .s  

2 . 3  

1.5 

- 

L 

6 

0.12 

6 

- 

150 2.6 

150 0 .6  

TABLE 4 

P I P E  HEAT LOSS (PHASE 1 )  

k 

Jacket  Soil  

6 

1 .o 

6 

h 

Conduc- 
tance 

2 

2 

2 

T 

Water 
0 

140 

140 

1 40 

L 

Length 
0 

1580 

1115 

1115 

_____ 

0.52 

0.02 

tiL/LF 
H e a t  
Loss 

{Btu/h/LF)  

87.6 

2 4 . 9  

178.3 
6 

1580 3.50 

1115 0.08 

198,800 1 4 . 0  1 20.0 



TABLE 5 

SUPPLY P I P E  HEAD LOSS (PHASE 2) 

.., 

D Q T C V HF L 
Nominal Head Loss 

Segment Diam Flow Rate Temperature C o e f f i c i e n t s  V e l o c i t y  F r i c t i o n  Length 
Number ( i n )  (GPM) ( F )  ( f t / s e c l  ( f t / l o o  f t )  ( f t )  

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

1 1  
12 
13 
14 

4 
8 
8 
8 
8 
8 
8 
6 
6 
6 
6 
6 
6 
3 

100 
81 6 
781 
71 8 
6 78 
61 9 
56 1 
474 
392 
366 
30 1 
221 
168 
35 

140 
130 
130 
130 
130 
130 
130 ._ 
130 
130 
130 
130 
1 30 
130 
130 

150 
150 

150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 

2.8 
6.2 
5.9 
5.4 
5.1 
4.7 
4.2 
6.1 
5 .O 

4.7 
3.9 
2.8 
2.2 
4.4 

0.64 
1.33 
1.23 
1.05 
0.94 
0.80  

0.66 
1.76 
1 .24 
1.09 
0.76 
0.43 
0.26 
2 .oo 

1580 
2 35 
145 
75 
80 
350 
2 50 
2 50 
5 46 
52 8 
142 
21 3 
80 
435 

T o t a l  Friction 
Head L o s s  

( P s i  1 .-- 

38 

1 . 3 4  

0.76 
0.34 
0.32 
1.19 
n .-71 

1.88 

2.89 
2.46 
0 .46  

0.39 
0.39 

3.72 

22.55 



. I /  

TABLE 5 

SUPPLY P I P E  HEAD LOSS (PHASE 2 )  

C V HF L 
Head Loss T o t a l  F r i c t i o n  

D Q T 
Nominal 

Segment D i  am Flow-Rate Temperature C o e f f i c i e n t s  V e l o c i t y  F r i c t i o n  Length Head Loss 
Number ( i n )  (GPM) ( F )  ( f t / s e c )  ( f t / 1 0 0  f t )  ( f t )  ( p s i  ) 

1 

2 
3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

13  

14 

4 

8 

8 
8 

8 

8 
8 

6 

6 

6 

6 

6 

6 

3 

100 

81 6 

781 

71 8 

678 

61 9 

561 

474 

392 

366 

30 1 
221 

168 

35 

140 

130 

130 

130 

130 

130 

130 

130 

130 

130 

130 

130 

130 

130 

150 

150 
150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

2.8 

6.2 

5.9 

5.4 

5.1 

4.7 

4.2 

6.1 

5.0 

4.7 

3.9 

2.8 

2.2 

4.4 

0.64 

1.33 

1.23 

1.05 

0.94 

0.80 

0.66 
1.76 

1.24 

1.09 

0.76 

0.43 

0.26 

2 .oo 

1580 

2 35 

145 
75 

80 

350 
2 50 

2 50 

5 46 

52 8 

142 

21 3 

80 

435 

4.38 

1 .34  

0.76 

0.34 

0.32 

1.19 

0.71 

1.88 

2.89 

2.46 

0.46 
0.39 

0.09 

3.72 

22.55 



TABLE 6 

DISCHARGE P I P E  HEAD LOSS (PHASE 2 )  

D Q T C V HF L 

Nominal Head Loss T o t a l  F r i c t i o n  
Segment Diam Flow Rate Temperature C o e f f i c i e n t s  Ve loc i  t F r i c t i o n  Length Head Loss 
Number ( i n )  ( GPM) (F) ( f t /secSj  ( f t / 1 0 0  f t )  ( f t )  ( p s i )  

2 

3 

4 

5 
6 

7 
8 

9 

10 

11 

12 

13 

14 

3 

3 

6 

6 

6 

6 
6 

6 

6 

8 

8 

8 

8 

53 

88 

151 

191 

2 50 

30 8 

395 

477 

503 

56 8 

6 48 

700 

869 

130 

130 

130 

130 

130 

130 

1 30 

130 

130 

130 

130 

130 

130 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

2 . 4  

4.0 

1.9 

2.5 

3.2 

4.0 
5.1 

6.1 

6.5 

4.3 

4.9 

5 .3  

6.6 

0.68 

1.74 

0.21 

0.33 

0.54 

0.79 

1 .25 

1.78 

1.96 

0.68 

0.87 
1 .oo 
1.49 

2 35 

145 
75 

80 

350 

2 50 

250 

5 46 

52 8 

142 

21 3 

80 

700 

0.68 

1.08 

0.07 

0.11 

0.80 

0.85 

1.34 

4.15 

4.43 

0.41 

0.79 

0.34 

4.47 

19.52 



TABLE 7 

P I P E  HEAT LOSS (PHASE 2 )  

Segment 
Number 

I n s u l (  FRP] 

1 
2 

3 

4 

Bare ( P B )  
1 

2 

3 
4 

-_ 
0 

ominal 
Oiam. 
( i n )  

8 
8 

6 

3 

4 

8 

6 

3 

D 
Pipe 

IO 
-1, 

8.22 

8.22 

6.26 

3.22 

3.834 

7.347 

5.643 

2.932 

00 
L 

8.42 

8.42 

6.44 

3.36 

4.167 
7.986 

6.134 

3.241 

0 
Jacket 
0 OD 

( i n )  

i 

k 
'i pe 
Btu,  
h/f, 

2.3 

2.3 

2.3 

2.3 

1.5 

1.5 

1.5 

1 .5  

- 

I n s u l  
' t2 /  
n) 

0.12 

0.12 

0.12 

0.12 

6 .OO 

6 .OO 

6.00 

6.00 

k 

Jacket 

1 .o 
1 .o 
1 .o 
1 .o 

6.0 

6.0 

6.0 

6.0 

Sol 1 

6 

6 

6 

6 

6 
6 

6 

6 

h 

Con duC - 
tance 

2 
2 

2 

2 

2 

2 

2 

2 

T 

130 

130 

130 

130 

140 

130 

130 

1 30 

L 

Length 
0 

940 

1115 
1794 

400 

1430 

1115 

1794 

400 

HL/LF 
Heat 
Loss 

(Btu/h/LF 

23.1 
23.1 

18.5 

13.7 

129.2 

165.6 

124.7 

61 .4 

HL 

To ta l  
(Btu/h)  

21,710 

35,790 

33,190 

5.480 

184.740 

184,640 

223,710 

24,560 

___- 
AT 
Peak 
Load 
0 

0.1 
0.1 

0.2 

0.1 

0.5 
- 

3.7 

0.5 

1.4 

0.5 

2.8 

AT 
Minimum 

Load 
(F)  

5 .O 
1 .o 
2.1 

1.2 

9.3 

18.5 

5.2 

13.9 

5.2 

27.9 



geothermal f luid t o  the t r ac t s  l i s t e d  in Table 2 .  

segment veloci t ies  and heat losses for  Phases 1 & 2 are l i s t e d  in Tables 

3 t h r o u g h  7 .  

Supply pipe head loss ,  

The supply pipe in the C I P  i s  constructed in two phases. Phase 1 i s  

direct  buried insulated FRP, 8 inch diameter a n d  1115 feet  in length 

including segments 2 t h r o u g h  7 on Figure 3 .  

would supply existing customers located on Tracts 3 & 4 ,  Blk 2 ,  ap- 

proximately 100 GPM geothermal f lu id  a t  peak load. Waste water from 

these customers would be disposed of t o  natural drainage. Insulated 

piping i s  necessary due t o  design s ize  (8")  and  low flow rates (100 GPN) 

Temperature losses for  insulated piping would be approximately 0.6"F 

a n d  base pipe, 40°F a t  design conditions. 

temperature losses o f  2.8"F and 2O.O"F respectively for insulated and 

base pipe as shown on Table 4 .  

I n i t i a l l y ,  t h i s  pipeline 

Minimum flow rates would have 

Phase 1 geothermal f luid supply i s  from Cornett Hall where water i s  

separated from storm drains a t  four temperature limiting valves located 

n e a r  the c e i l i n g  as shown i n  Figure 5.  Discharge temperature a t  these 

valves i s  140°F a t  an estimated peak flow rate  o f  u p  t o  100 GPM. Water 

flows by gravity from the valves t o  a 2,000 gallon vertical  storage t a n k  

ins ta l led  in Room 105,  Cornett Hall. 

valve, a common collection and storage t a n k  i s  necessary from which the 

water can be pumped t o  the C I P .  

Since flow rates vary from each 

Figure 4 shows the storage t a n k  and  pump arrangement. 

a t  140°F gravity flows from the four temperature l imiting valves (Figure 

Geothermal water 



5 )  t o  t h e  s to rage  tank .  A 2.0 hp c e n t r i f u g a l  pump d e l i v e r s  100 

GPM o f  geothermal wa te r  t o  t h e  C I P .  

s i d e  o f  t h e  pump ma in ta ins  a cons tan t  wa te r  l e v e l  i n  t h e  tank  as 

t h e  supp ly  v a r i e s .  

i n  t h e  Park m a i n t a i n s  o p e r a t i n g  pressure t o  customers. 

f o u r  i n c h  d i  r e c t  b u r i e d  bare p o l y b u t y l  ene p i  p e l  i ne i s  recommended 

f o r  c a r r y i n g  t h e  geotherma water  f rom Corne t t  H a l l  t o  t h e  C I P .  

T h i s  p i p e  comes i n  40 f o o t  l e n g t h s  w i t h  hea t  f u s i o n  used a t  t h e  

j o i n t s ,  thus i n s t a l l a t i o n  s r a p i d  and low c o s t .  

A globe va l ve  on t h e  d i scha rge  

A pressure c o n t r o l  v a l v e  a t  t h e  d i scha rge  p o i n t  

A temporary 

Phase 2 would c o n s i s t  o f  i n s t a l l i n g  1794 f e e t  o f  s i x  i n c h  and 400 

f e e t  o f  t h r e e  i n c h  f o r  t h e  remainder o f  t h e  Park as shown on F i g u r e  

3. 

would p a r a l l e l  supply  p i p i n g  and c o n s i s t  o f  1135 f e e t  o f  e i g h t  i n c h ,  

2079 f e e t  o f  s i x  i n c h  and 380 fee t  o f  t h r e e  i n c h  d i r e c t  b u r i e d  

p ipe .  Head l o s s  and corresponding v e l o c i t i e s  f o r  bo th  supp ly  and 

d i scha rge  p i p i n g  a re  l i s t e d  by segments on Tables 5 and 6 .  Design 

c o n d i t i o n  p i p e  h e a t  l o s s  and corresponding temperature l osses  f o r  

Phase 2 a re  l i s t e d  on Tab le  7 f o r  b o t h  i n s u l a t e d  and bare p i p i n g  i n  

t h e  Park. 

h e a t i n g  system. Geothermal f l u i d  waste wa te r  i s  es t ima ted  t o  be 

separated f o r  a l l  BIT b u i l d i n g s  by 1985. T h i s  waste wa te r  w i l l  be 

c o l l e c t e d  from t h e  u t i l i t y  t u n n e l  nea r  C o r n e t t  H a l l  as shown on F i g u r e  

1.  

Discharge p i p i n g  would a l s o  be i n s t a l l e d  d u r i n g  Phase 2 ,  which 

Phase 2 geothermal supp ly  i s  f rom t h e  e n t i r e  OIT campus 

A permanent ly i n s t a l l e d  i n s u l a t e d  e i g h t  i nch ,  main geothermal p i p e  - 
l i n e  f rom t h e  O I T  u t i l i t y  t unne l  t o  t h e  C I P  shou ld  be planned f o r  1985. 



The routing would be the same as the four inch temporary supply pipe- 

1 ine. 

CAPITAL COSTS 

Table 8 summarizes the capital  and operating costs.  Total capital  cost  

i s  estimated to  be $44,220 for  Phase 1 .  

ins ta l la t ion  and backfil l  o f  the pipelines. 

This does not include excavation, 

TABLE 3 

SUMMARY OF CAPITAL & OPERATING COSTS 
DISTRICT HEATING SYSTEM 
COLLEGE IHDUSTRIAL PARK 

CAPITAL COSTS PHASE 1 

Cornett Hall 

Steel pipe suspended from cei l ing;  
1 1/2" - 170' ,  2 "  - 265', 4 "  - 40'  diameter. 

Storage t a n k  ins ta l led  (2000 gallons) 

Centrifugal booster pump ins ta l led  ( 2  h p )  B&G 
se r ies  1510 type 6 ,  u n i t  106T. 

Control s and Val ves . 

Supply P i  pel i ne 

Pol ybutyl ene bare p i  pe , 1580 ' of 4" d i  ameter 
(material cost only) $3.05/LF. 

CIP Distribution Pipeline 

FRP insulated pipe, 115' o f  8" diameter 
(material cost only) $21.98/LF. 

$ 4,340 

1,500 

1,000 

3,000 

4,820 

24,510 



C I P  D i s t r i b u t i o n  P i p e l i n e ,  c o n t ' d :  

Pressure c o n t r o l  va lve,  4" g lobe va l ve  

S u b t o t a l  
,Contingency @ 10% 

TOTAL CAPITAL COST 

$ 1,050 

$40,220 
4,000 

$44,223 

Cost o f  t h e  c e n t r i f u g a l  boos te r  pump was quoted by Ray Bozlee, 

L a r r y  H a r r i n g t o n  Company, I nc . ,  P o r t l a n d  (228-4324). Po lybu ty lene  

p i p i n g  m a t e r i a l  cos ts  from Don McGlinchy, Western Rahn Corp. (415) 

471-8856, and FRP p i p i n g  from Rovanco, J o l i e t ,  I l l i n o i s .  

U n i t  m a t e r i a l  cos ts  for p i p i n g  a r e  shown on Table 9.  

TABLE 9 

UNIT  P I P E  COSTS 

D 
Nomi n a l  Bare PB* Bare FRP I n s u l a t e d  PB I n s u l a t e d  FRP 

D i  am. Sept. 1981 May 1980 Sept. 1981 May 1980 
2 1.45 5.34 8.00 
3 3.22 4 . 5 5  10.14 9.97 

4 5.29(3.05**) 5.84 13.36 11.98 

6 11.27 9.05 21.05 16.37 

8 19.09 13.62 30.32(25.02**) 21.98 

*SDR11 Resin Desig. 4121, work ing  a t  190°F, 70 p s i  w i t h  surges up 

t o  100 p s i .  I n s u l a t i o n  i s  i socyanura te .  

**Working a t  140°F, 50 p s i  c o s t  f o r  4 i n c h  bare quoted $3.05 and $25.02 

f o r  8 i n c h  i n s u l a t e d  w i t h  2 t o  1 s a f e t y  f a c t o r  on pressure d e l i v e r e d  

FOB Klamath F a l l s  ( 2  October 81 ) .  



~ l l  o t h e r  costs a r e  based on t h e  1981 Means Mechanical & E l e c t r i c a l  

Cost Data. 
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FIGURE 3. SUPPLY PIPING LAYOUT FOR INDUSTRIAL PARK 
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APPENDIX A 

Q u a l i t y  Components, Inc.  

R e t r o f i t  t o  Geothermal 
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