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PHASE I 

FEAS7BILTTY STUDY OF R E S I D E N T l A L  

AND CObNERC7AL DISTRICT lfEAT7NG USING 

EX7ST7k!G ltrATER SllPPLY SYSTEAIS 

ABSTRACT 

A p r e l i m i n a r y  study o f  t h e  f e a s i b i l i t y  o f  us ing  e x i s t i n g  d r i n k i n o  
water supply systems t o  p rov ide  h o t  water f o r  hea t inq  purposes t o  a t v n i c a l  
lUl-home s u b d i v i s i o n  has been undertaken. This p r e l i m i n a r y  s tudy  has 
centered  on ( i )  types o f  mun ic ipa l  water system desions and e f f e c t s  o f  
system design upon hea t ing  use; ( i i )  methods o f  us ing  low-to-moderate 
temperature water f o r  hea t ing  purposes and p o s s i b l e  i n s t i t u t i o n a l  b a r r i e r s ;  
( i i i )  i d e n t i f i c a t i o n  and d e s c r i p t i o n  o f  a t y p i c a l  r e s i d e n t i a l  community 
s u i t a b l e  f o r  h o t  water heat ing ;  ( i v )  e v a l u a t i o n  o f  thermal losses i n  the  
un insu la ted  main d i s t r i b u t i o n  system from the  main pumping s t a t i o n  havina 
assumed geothermal hea t inq  t o  the  subd iv i s ion ;  ( v )  e v a l u a t i o n  o f  thermal 
losses i n  the  un insu la ted  s t r e e t  mains i n  the  subd iv i s ion ;  ( v i )  e s t i m a t i o n  
of s i z e  and c o s t  of t he  pumping s t a t i o n  main heat  exchancler t o  surmly 
geothermal energy t o  t h e  d r i n k i n g  water;  ( v i i )  s i z i n g  o f  ind iv ic i t ra l  
house h e a t  exchangers; ( v i i  i )  pumping and power requirements t o  supply 
the  increased water f l o w  r a t e  through t h e  s u b d i v i s i o n  s t r e e t  water  d i s t r i -  
b u t i o n  l i n e s ;  and ( i x )  pumpina and p ip inc l  requirements t o  provide heatincl 
water f low f rom the  s t r e e t  l i n e s  t o  a t y p i c a l  residence. From the  r e s u l t s  
ob ta ined thus f a r ,  i t  would appear t h a t  t he  use o f  e x i s t i n a  un insu la ted  
water supply systems w i l l  be advantageous i n  many communities havinrl  nearby 
1 ow- to-modera t e  temperature qeothermal resources. 



I NT Rr3 DUCT I 0 N 

Distr ic t  heating with geothermal enerqy has been very slow in develop- 

ing in t h e  United States.  A niajor factor hindering i t s  development i s  the 

high cost o f  providing h o t  water distribution t h r o u g h o u t  a community, 

c i ty  or subdivision. A unique approach t o  distribution o f  the hot  water 

within a prospective using community i s  t o  u t i l i ze  the existing potable 

water supply distribution system, It; simplest fom,  such a scheme involves: 

1 .  Supply o f  geothermal f luid via an insulated pipeline (new) 

t o  a central heat exchanger a t  a potable water pumping main 

station or substation. 

2. Supply of thermal energy from the geothermal f luid t o  the 

potable water supply via a central heat e x c h a n o w  with the 

potable water a t  a higher pressure t h a n  the geothermal 

f lu id .  

Distribution o f  heated potable water throughout  the using 

community t h r o u g h  the existing distribution mains with flow 

as needed t o  t h e  individual thermal user’s  heat  exchanger and 

return, via suppleniental pumping, t o  the s t r e e t  distribution 

I ink. 

Workable systems only in communities with s ignif icant  water 

3. 

4. 

useage rates to  maintain a suff ic ient ly  hiqh water temperature 

in the main distribution l i n e s  -- a large commercial, 

industrial or agricultural use near the end o f  the existing 

water supply piping system would be ideal.  

i 
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The Phase I i n v e s t i g a t i o n  was intended t o  p rov ide  a p r e l i m i n a r y  

exariiination o f  a number o f  f a c t o r s  o f  importance t o  the  proposed d i s t r i c t  

oi* community heat ing  scheme us ing  the  ex i s t i nc l  water  supply i n c l u d i n g  

energy loss r a t e  f rom un insu la ted  p i p i n g  

a d d i t i o n a l  pumping energy 

approximate cos t  o f  tho  main heat  exchanger a t  t h e  water  

treatment/pumping s t a t i o n ,  and 

approximate c o s t  o f  i n s t a l l e d  equipment a t  us ing  p o i n t s .  

S p e c i f i c  cond i t i ons  t o  be considered inc luded a ranrje o f  tem?eratures 

from 90°F - 140°F w i t h  heat  pumps t o  be used a t  t he  lower  temperatures f o r  

bo th  heat ing  and a i r  cond i t i on ing .  

Phase I work were: 

Basic quest ions t o  be answered i n  the  

- Are t y p i c a l  community water systems so designed as t o  be a b l e  

to be used when f i l l e d  w i t h  a heated water  stream, and a re  these 

capable o f  r e c i r c u l a t i o n  w i t h  reasonable m o d i f i c a t i o n s  t o  

min imize the  AT througout  the  system? 

What would be needed a t  domestic o r  coinrnercial s i t e s  t o  

a p p r o p r i a t e l y  e x t r a c t  heat? 

''0 Gener i ca l l y ,  what a re  the  i n s t i t u t i o n a l  b a r r i e r s ?  

What a re  the  genera l i zed  economics o f  a d i s t r i b u t i o n  and 

heat ing  system o f  t h i s  type? 

The study thus f a r  has produced some of t h e  answers t o  these quest ions;  

i t  has inc luded a l l  f a c t o r s  and quest ions o r i g i n a l l y  in tended t o  be studied,  

b u t  some o f  these have n o t  been pursued t o  t h e  e x t e n t  t h a t  may be des i red .  

I n  p a r t i c u l a r ,  i n s t i t u t i o n a l  b a r r i e r s  have been t r e a t e d  i n  a cu rso ry  way, 

and the genera l i zed  economic study i s  n o t  y e t  complete. Nonetheless, 
0 
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a l l  r e s u l t s  of the  study t o  da te  a r e  very  encouraaing. 

a re  discussed i n  the  f o l l o w i n g  sec t ions .  

These r e s u l t s  

I .  TYPICAL WATER SYSTEMS 

City water system layou ts  a r e  o f  two general types --  a s i n g l e  main 

l i n e  design o r  a dual  l oop  design. These a r e  dep ic ted  i n  F igu re  1. As 

a general r u l e  a c i t y  having a popu la t i on  o f  l e s s  than 30,000 w i l l  have 

a s i n g l e  main system; a c i t y  w i t h  a popu la t i on  of more than 30,000 w i l l  

have a dua l - loop type  main system. 

I n  general ,  t h e  dual  l oop  system i s  more r e a d i l y  adaptable t o  d i s t r i c t  

hea t ing  because o f  t h e  occurence o f  communities ( s u b d i v i s i o n s )  o r  commercial 

cen te rs  a long one o f  t h e  cross-connect ing sub-mains. Th is  a l l ows  supoly 

from one s i d e  of  t he  l oop  w i t h  downstream f l o w  through the  oppos i te  s ide.  

Often a s u b d i v i s i o n  w i l l  have a complete i n t e r n a l  l oop  a t tached t o  one 

of t h e  cross-connect ing sub-mains. 

The s i n g l e  main system wi l l  have fewer complete loops. I n  general ,  

i t  w i l l  n e c e s s i t a t e  a d d i t i o n  o f  a downstream l i n e ,  such as t h e  d o t t e d  

one i n  F igu re  (1 .a ) .  

d i s t r i c t  hea t ing  due t o  t h e  common occurance of p u b l i c  r ights-of-way, 

a l l e y s ,  e t c . ,  w i t h  minimal o r  no l and  a c q u i s i t i o n  expense. 

E i t h e r  system, however, can u s u a l l y  be adapted f o r  

c 
The m a t e r i a l s  commonly used i n  o l d e r  p u b l i c  water  systems a r e  c a s t  

i r o n a n d  concrete.  

o f  i n t e r e s t  i n  t h i s  study. 

c h l o r i d e  p i p i n g  which i s  s t r u c t u r a l l y  s e n s i t i v e  t o  temperature and probab ly  

n o t  s u i t a b l e  f o r  use w i t h  water above 100°F, b u t  a l a r g e  percentage of t he  

systems i n s t a l l e d  i n  western communities d u r i n g  the  p a s t  10-15 years  use 

abestos-cement p i p e  which should p resen t  no problems. 

E i t h e r  of these i s  i n s e n s i t i v e  t o  the modest temperatures 

Some o f  t h e  newer systems u t i l i z e  p o l y v i n y l -  

% 63 
r 
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Treatment/Pumpinq 
Sta t i  on 

Treatment/Pumping 
S t a t i o n  

( a )  S i n g l e  r l a in  (b)  Dual-Loop Vain 
c 

F igu re  1. Typ ica l  City Nater  D is t r i bu t i on  Hain,, L ine 
Designs. 
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11. METHODS OF USE 

The h o t  water resource i n  the  temperature range o f  t h i s  s tudy i s  s u i t a b l e  

f o r  e i t h e r  ( i )  space heat ing  by d i r e c t  heat  exchange w i t h  s imple w a t e r - t o - a i r  

heat  exchangers o r  ( i i )  space heat ino  by means o f  heat  pumps; t h e  choice 

i s  p r i m a r i l y  a f u n c t i o n  o f  t he  temperature o f  t he  f l u i d  a t  t h e  us ing  p o i n t .  

The r e l a t i v e l y  low temperature e f f e c t i v e l y  precludes a i r  c o n d i t i o n i n ?  

app l i ca t i ons ,  s ince  the  lower l i m i t  of p r a c t i c a l  generator  temperatures f o r  

any of  t he  absorp t ion  c y c l e  r e f r i g e r a t i o n / a i r  c o n d i t i o n i n g  devices c u r r e n t l y  

a v a i l a b l e  i s  cons iderab ly  above 150°F. 

D i r e c t  Heat Exchange Space Heat ing 

From a p r a c t i c a l  v iewpoint ,  f o rced  ho t  a i r  hea t ing  systems should have a 

minimum lower  temperature l i m i t  o f  about 100°F, and t h i s  d i c t a t e s  an approx i -  

mate lower  l i m i t  o f  about 115°F on t h e  i n l e t  f l u i d  temperature f o r  a water-  

t o - a i r  heat  exchanger f o r  d i r e c t  space heat ing.  Consequently, i n  view of 

t he  140-1 50°F resource maximum temperature, we have considered water s ide  

temperature drops o f  15"F, 25°F and 3 5 O F  o n l y  f o r  d i r e c t  space heat ing .  

These temperature changes c o n t r o l  t he  mass f l o w  r a t e  r e q u i r e d  f o r  a g iven 

residential thermal load, and this in turn is a major variable in deterrriina- 

t i o n  o f  t h e  pumping power and temperature degradat ion i n  t h e  d i s t r i b u t i o n  

l i n e s .  Host o f  t he  pressure loss ,  pump power and thermal loss paramet r ic  

2 s tud ies  of t h i s  r e p o r t  were undertaken f o r  d i r e c t  heat  exchange space heat ing.  

Heat' Pump Space Heat ing 

An e f f i c i e n t  water source system heat  pump (cu r ren t  o f f - t h e - s h e l f  model) 

would p rov ide  an economical approach t o  us ing  warm water i n  the  50°F t o  

100°F temperature range. 

performance o f  a u n i t  o f  t h i s  type  i s  g iven as F igu re  2 ;  the  approximate 

na ture  a r i s e s  due t o  e x t r a p o l a t i o n  t o  h ighe r  source temperatures than fu rn i shed  

A n  approximate p l o t  o f  the  c o e f f i c i e n t  o f  

-63 

i 
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by the  manufacturer.  

i s  approximately 3.45; a t  80°F supply t h e  C.O.P. i s  approximately 3-55.  

A t  70°F water sunply enerqy temperature, t h e  C.O.P. 

Con t ras t i ng  t h i s  w i t h  a h i g h l y  e f f i c i e n t  a i r - t o - a i r  heat  pump system 

( c u r r e n t l y  a v a i l a b l e  model) t he  17°F a r h i e n t  a i r  temperature C.O.P. i s  

approximately 2.0, and t h i s  increases t o  ahout 2.6 a t  an amhient a i r  tempera- 

t u r e  of 30°F. 

weather i n  much o f  t h e  n a t i o n  hav ing  geothermal energy; they  a r e  merely 

c i t e d  as examples 

C l e a r l y ,  these ambient t e m w r a t u r e s  a r e  h i g h  f o r  w i n t e r  

o f  what i s  considered t o  be very  e f f i c i e n t  and economical 

hea t ing  i n  much o f  t h e  coun t ry  w i t h  a i r - t o - a i r  heat  pumps. 

I n s t i t u t i o n a l  B a r r i e r s  

The o n l y  b a r r i e r  t h a t  we have considered i s  t h a t  concerning t h e  r e t u r n  

of t h e r m a l l y  spent water  t o  t h e  po tab le  water  d i s t r i b u t i o n  system. \.le 

have found no r e s t r i c t i o n s  on t h i s  by e i t h e r  t h e  s t a t e  o r  l o c a l  agencies i n  

South Caro l ina ,  o t h e r  than t h e  requirement n o t  t o  v i o l a t e  t h e  contaminat ion/  

i m p u r i t y  l e v e l s  es tab l i shed  by the  U.S. Environmental P r o t e c t i o n  Aqency f o r  

d r i n k i n g  water.  A copy o f  t h e  EPA requirements i s  i nc luded  i n  t h e  appendix. 

For the  d i r e c t  heat exchange space hea t ina  a p p l i c a t i o n ,  a two p ipe  

system would be used t o  supply t h e  h o t  water  f rom t h e  s t reet ,  main t o  the  

heat  exchanger(s) ,.in t h e  residence and then pump t h e  used f l u i d  back i n t o  

the  s t r e e t  main. 

e n t i r e  system would be sealed w i t h  no reason f o r  con taminat ion  a f t e r  t h e  

system i s  p u t  i n t o  opera t ion .  Any subsequent f a i l u r e  would s imp ly  r e s u l t  i n  

water loss wi th  no contaminat ion o f  t h e  po tab le  water  system. 

I n  t h i s  case, a magnetic d r i v e  pump would be used and t h e  
,' 

There a r e  p o s s i b l e  contaminat ion  problems assoc ia ted  w i t h  t h e  heat 

pump space hea t ing  approach. Use o f  a s i n g l e  w a l l  po tab le  w a t e r - t o - r e f r i a e r a n t  

f l u i d  heat  exchanger would n o t  be an acceptable approach, s ince  a l e a k  cou ld  

r e s u l t  i n  o i l  and f r e o n  contaminat ion o f  t h e  water s u p p l y  system. Th is  
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problem has not been resolved, but we are formulating a conceptual design 

utilizing a double-jacket water-to-water-to-freon heat exchanqer. 

approach, heat exchanger failure on either side would contaminate an isolated 

fluid only. 

In this 

Such designs are currently being implemented in solar hot water 

systems using silicone oil to heat the potable water supply, and these 

designs are being granted plumbing code approvals. 

I I I. TYPICAL RESIDENTIAL COMMUNITY 

To "fixtt a residential area for study, we chose a real residential 

subdivision of 140 homes with its exist-inq water supply piping. 

community is known as Idlewild, and it is a part of the Greenville, S.C.,  

metropolitan area, but we think that the street piping size, lenrlths and 

This 

interconnections, as well as the water flow requirements, are typical o f  

small residential areas. This community is served by a dual-loop main 

city water system, a n d  there i s  a rather large industrial user of water 

(Michelin Tire factory) just downstream resulting in a water through-flow 

six-to-seven times as large as the consumptive residential flow. 

layout i s  given in Figure 3 .  

The piping 

The Ashyore Branch road water line i s  a 16-inch cast iron line connecting 

Part the two main dual-loop lines (not shown) of the Greenville water system. 

of the Idlewild community lies on each side of the Ashmore Branch road 

16-inch water line; the major part is on the south side of this line. 

A large percentage of the street distribution lines are 2-inch diameter; 

this raises the obvious question concerning the cost of pumping sufficient 

water for house heating through these small lines along relatively loncl 
streets. Note that street lengths in this community are on the order of 1000 ft. 



F i  gure 3. Idlecvild Community. 

0 

9 
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An equally obvious concern i s  the thermal loss or temperature dewadation 

road i s  rather steady due to  the nature of the downstream industrial use, 

and th i s  total  flow averages 2'15,000 gallons per day. Dividing th i s  amonrl 

the 140 houses i n  the residential sector yields 1536 aallons per house-day. 

This would provide approximately 18,680 Btu/hr-house, or 2/3 of the desian 

heating requirement. 

While we have not analyzed the average daily cyclic heating requirement 

nor have we examined the cyclic or hourly industrial water flow rates ,  t h i s  

overall energy balance consideration appears to be suitable for  feasibi1it.v 

aialyses. 

adequate for  heating; part o f  the load i n  the coldest weather would be supplied 

by a topping system using fossi l  fuel or e l ec t r i c  heat. 

For much of the heatin? season, the hot  water supply would be 

o f  the water in these buried, uninsulated pipes. 

considered i n  detail  in sections V and  VI11 of th i s  report. 

These problems are 

Before undertaking any o f  the engineering analyses related t o  supply 

of heating f lu id ,  the thermal load must be established. 

1639 sq. f t .  residence in th i s  community, the 9"F, 15 mph wind desian heat 

load calculated using standard ASHRAE procedures i s  approximately 28,OOCJ Btu/hr. 

Based on actual water use records, the average daily consumption of the 140-home 

community i s  34,405 gallons per day. 

consumptive flow of 2413 gallons per day. 

ture change o f  35°F i n  a house heat exchanger, this f l o w  ra te  would s u ? p l y  

only about 10% o f  the design heatin? load; more precisely a b o u t  72,000 S t u l d a y .  

Fortunately, the through-flow in the 16-inch sub-main along Ashmore Branch 

For a typical 

This represents an  average household 

Assuming a maximum water ternpera- 

i 
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I V .  THERHAL LOSSES BETWEEN PUMPING STATIOPI AND R E S I D E N T I A L  S I T E  
+iJ 

The I d l e w i l d  community i s  l oca ted  approxiniately 16.64 m i l e s  from the  

main water treatment/pumping s t a t i o n .  I t  i s  between t h e  two main l i n e s  o f  a 

dua l - loop system; one o f  these l i n e s  begins w i t h  30-inch diameter p i p e  

w h i l e  the  o t h e r  begins w i t h  42-inch diameter pipe. The 30- inch i n i t i a l  

diameter main l i n e  normal ly  supp l i es  t h i s  community throuqh t h e  i n t e r -  

connect ing 16-inch l i n e  along Ashmore Branch road. 

The supply system cons is t s  of 

( 1 )  4.4 m i  o f  30- inch pipe, 

( 2 )  1.0 m i  o f  24- inch p ipe,  
( 3 )  3.61 m i  o f  20-inch p ipe,  

( 4 )  6.17 m i  o f  12- inch pipe, and 
( 5 )  1.5  m i  o f  16- inch p i p e  

i n  the  o rde r  l i s t e d .  All p i p i n g  i s  c a s t  i r o n .  The  16- inch p i w  downstream 

o f  the 12- inch  p i p e  seems i l l o g i c a l ,  b u t  t h i s  r e s u l t e d  from growth of t h e  

sys tem . 
'The temperature degradat ion occur in?  -in t h i s  16.68 m i l e  d i s tance  

depends h e a v i l y  upon t h e  f l o w  r a t e  which i s  va ry ing  and c e r t a i n l y  n o t  

p r e c i s e l y  known a t  any p o i n t  i n  the system. 

supply system has an average f l o w  o f  23 x l o 6  g a l l o n s  per  day. 

The t o t a l  G r e e n v i l l e  water 

P r o r a t i n 9  

t h i s  between t h e  two main l oop  l i n e s ,  we assigned a f l o w  o f  3.32 x lo6 lbm/hr 

. t o  t he  30-inch ( i n i t i a l  s i z e )  l o o p  main. 

useage upstream o f  I d l e w i l d  by a l i n e a r  decrease w i t h  d i s tance  expression. 

Since I d l e w i l d  i s  near t h e  end o f  t h i s  l oop  and has a t o t a l  f l o w  of 2.16 x l V 5  

lbm/hr, t h e  l i n e a r  expression f o r  t h e  f l o w  a t  any d i s tance  L f rom the  t r e a t -  

rnent/pumping s t a t i o n  ;s 

For s i m p l i c i t y ,  we modeled tho! 



Using equat ion (1 )  t o  determine the  mid-po in t  mass f l o w  r a t e  i n  each 

s i z e  pipe, the temperature drop over each sec t i on  was c a l c u l a t e d  by the  

s teady-s ta te  conduct ion shape f a c t o r  method. The heat  t r a n s f e r  r a t e  f rom 

a g iven l e n g t h  L o f  p ipe  b u r i e d  i n  homogeneous s o i l  hav ing a cons tan t  p i p e  

sur face  temperature TI and s o i l  sur face  temperature T2 i s  

where : k = s o i l  thermal c o n d u c t i v i t y  

L = Pipe l e n g t h  

S = conduct ion shape f a c t o r  

The s o i l  c o n d u c t i v i t y  i s  dependent upon bo th  s o i l  t ype  and mois tu re  

conten t .  

C W h r - f t - O F .  

f t - O F ,  a va lue repo r ted  f o r  e a r t h  w i t h  42% mois tu re  --  very  wet!  

Values of  k repo r ted  i n  the  l i t e r a t u r e '  range from 0.3 t c  1.0 

For t h e  present  c a l c u l a t i o n ,  we used a va lue of  0.62 Btu /hr -  

The a n a l y t i c a l  r e s u l t  f o r  the  shape f a c t o r  S f o r  an i n f i n i t e l y  long  

c y l i n d e r  w i t h  i t s  c e n t e r l i n e  a un i fo rm d i s tance  2 below the  sur face  o f  the  

s o i l  and hav ing a rad ius  r i s  

as g iven in "most  heat  t r a n s f e r  t e x t s . 2  

o r  

An energy balance on the  f l u i d  f l o w i n g  through t h e  p i p e  i s  

See, f o r  example, Y .  Rzheysky and G. Novik,  "The Physics o f  Rocks," p. 143, 
which r e p o r t s  values o f  approx. 0.4 t o  0.75 B tu /h r - f t - "F .  
See, f o r  example, "Elements o f  Transpor t  Phenomena" by L.E. Sissom and 
D.R. P i t t s ,  McGraw H i l l ,  1972, p. 137. 

63 
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Using this  t o  obtain a crude approximation over  each pipe section, 

we obtain for  a 3- f t  buried d e p t h  with TI equal t o  135°F and T2 equal t o  

OOF, the fol  lowinq resul ts :  

Pipe Section 

1 

2 

3 

4 

5 

Totals 

Lenath 

23,280 f t  

5,280 f t  

19,049 f t  

32,568 f t  

7,920 f t  

I 
Diameter (AT) f l  uid 

30" 2. 00°F 

24" 0.33"F 

20" 2.89"F 

12" 5.35"F 

16" 4.74"F 

88,440 f t  15.82"F 
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While t h i s  i s  a rough approximat ion,  the  use o f  t he  very  h i q h  k 

value assures us t h A t  t h i s  an upper l i m i t  o f  t h e  thermal d e w a d a t i o n  t h a t  

would occur. A more probable va lue of I; i s  about 0.5 Btu/hr - f t -OF.  

Assuming a geothermal resource o f  15r)OF a t  t h e  pumping s t a t i o n  i n d i c a t e s  

t h a t  135°F water would be a v a i l a b l e  f o r  hea t ing  i n  the  r e s i d e n t i a l  community 

16.68 m i l e s  away. Th is  i s ,  o f  co!irse, a r a t h e r  extreme case. Most com- 

mun i t i es  hav ing nearby geothermal resources a re  much sma l le r  than the  c i t y  

we were cons ider ing ,  and the  thermal degradat ion i n  t h e  main d i s t r i b u t i o n  

l i n e  should be cons iderab ly  l e s s  than i n  the  case presented. 

p a r t i c u l a r  t h e  approximate 5°F temperature l o s s  associated w i t h  t h e  f i n a l  

1.5 m i l e s  o f  16- inch pipe; t h i s  would be more n e a r l y  t h e  s i t u a t i o n  f o r  a 

Note i n  

smal l  town. 

V .  THERMAL LOSSES IN UNINSULATED SUBDIVISION STREET DISTRIBUTION LINES 

As i n  the  main system d i s t r i b u t i o n  l i n e ,  t he  losses i n  t h e  un insu la ted  

subd iv i s ion  s t r e e t  water l i n e s  depends upon p ipe  depth, p i p e  diameter,  s o i l  

c o n d u c t i v i t y ,  p ipe  sur face  (water )  temperature and s o i l  sur face  temperature. 

I n  add i t i on ,  we have employed a 4X f a c t o r  t o  the  f l o w  r e q u i r e d  f o r  hea t ing  

the  houses a long a s t r e e t  so t h a t  the  thermal degradat ion due t o  e x t r a c t i o n  

of  energy fo r  house heat ing  w i l l  n o t  o v e r l y  reduce t h e  temperature a long a 

g iven s t r e e t ;  o therwise the  end houses a long the  s t r e e t  would be unable t o  

e f f e c t i v e l y  use the  f l u i d .  I n  a d d i t i o n  t o  t h e  preceding f a c t o r s  a f f e c t i n g  

J t h e  conduct ive heat t r a n s f e r  r a t e ,  t he  

t o t a l  f l o w  r a t e ,  

0 l e n g t h  o f  s t r e e t ,  and 

d i s tance  between houses 

n a l l  a r e  f a c t o r s  i n f l u e n c i n g  t h e  f l u i d  temperature decay by conduct ion i n  the  

un insu la ted  l i n e s .  
.w 
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Since many o f  t h e  s t r e e t s  have 2- inch  d i s t r i b u t i o n  l i n e s ,  s tudy  

focuses on t h i s  s i ze .  

t o  cons ider  

C l e a r l y  a paramet r ic  study i s  necessary. Me chose 

3 supply water temperatures --  135"F, 125"F, and 115"F, 

house l o t  w id ths  f rom 80 t o  140 ft, 

a s t r e e t  l e n g t h  of 1000 f t  ( n o t  c r i t i c a l  t o  paramet r ic  study -- 
causes some end e f f e c t ) ,  

a s i n g l e  d i s t r i b u t i o n  l i n e  depth o f  3 ft, 

thermal c o n d u c t i v i t i e s  f rom 0.3 t o  1.0 B t u / + r - f t - " F ,  

a s o i l  sur face  temperature o f  O'F, 

a hea t ing  l oad  o f  18000 Btu/hr-house, 

a 4X water f l o w  f a c t o r  

A paramet r ic  s tudy  of t he  water  temperature decay due t o  s teady-s ta te ,  

conduct ive  heat t r a n s f e r  was c a r r i e d  o u t  us ing  t h e  shape f a c t o r  approach o f  

equat ion  ( 5 )  and assuming t h e  p i p e  sur face  temperature t o  be t h e  same as 

t h e  water supply temperature. 

These d e p i c t  t h e  temperature loss due t o  conduct ion t o  t h e  s o i l  p e r  1900 f t  

of s t r e e t  l e n g t h  as a f u n c t i o n  o f  house spacing and s o i l  thermal c o n d u c t i v i t y  

w i t h  a l l  o t h e r  parameters f i x e d .  

The r e s u l t s  a r e  g i ven  i n  F igures  4, 5, and 6. 

O f  course, as t h e  supply water  temperature 

diminishes, t h e  mass f l o w  r a t e  increases t o  p rov ide  t h e  same hea t ing  t o  

each house, and t h e  thermal degradat ion d imin ishes .  Also,  t h e  c l o s e r  t h e  

house spactng, t h e  lower  t h e  temperature conduct ive  decay. 
il 

VI. SIZE AND COST OF M A I N  HEAT EXCHANGER 

An es t imate  o f  t he  s i z e  and c o s t  of t h e  main heat  exchanger t o  supply 

@ thermal energy t o  t h e  d r i n k i n g  water  a t  t h e  water  treatrnent/pumping s t a t i o n  

i s  a necessary element f o r  a c o s t  s tudy  o f  t he  t o t a l  system. 

u n i t  i s  dependent upon 

S i z i n g  of t h i s  
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135°F Supp ly  Temperature 
0°F Ground Temperature 

2 5 O F  Water-Air-Heat Exchancle AT 
3 feet  Main Depth 

HOUSE Spacing (ft) 

Figure 4. Temperature Loss i n  Uninsulated Street  !dater Lines 
For 1 3 5 O F  Supply  !dater Temperature. 
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L 
(u 
9. 

a 
L 
aJ 
P 

I- 
5 

125°F Supply Temperature 
O°F Ground Temperature 
25°F Water-Air-Heat Exchange AT 

3 f e e t  Main Depth 
2 i n c h  S t r e e t  Main 
18,030 Btu/Hr-House 

4X Flow Fac to r  

House Spacing (ft) 

F i g u r e  5. Temperature Loss i n  Un insu la ted  S t r e e t  \* later L ines  
Fo r  125°F Supply !dater Temperature. 
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11 5°F  ‘Supply 
0°F Ground Temperature 

15°F Water-Air Heat Exchange AT 
3 feet  Main Depth 
2 i n c h  Street  Main 
18,090 Btu/Hr-House 

4X Flow Factor 

90 I QQ I I Q  - I20 130 

House Spacing (f t)  

Figure 6. Temperature Loss i n  Uninsulated Street  Water Lines 
For 115°F Supply Water Temperature. 
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c o n f i g u r a t i o n - t y p e  o f  heat exchanger 

h o t - s i d e  geothermal f l u i d  temperature 

co ld -s ide  supply temperature, and 

c o l d - s i d e  e x i t  temperature (hea t ing  f l u i d  f o r  res idences) .  

All df t h e  f l u i d  temperatures a r e  dependant upon l o c a l  cond i t i ons ,  b u t  

t o  determine ranges o f  main heat exchanger s i z e  and cos t ,  a paramet r ic  

study was.car r ied  ou t .  The bas ic  design was s t i p u l a t e d  t o  be a she l l -and-  

tube u n i t ,  which i s  g e n e r a l l y  considered t o  be t h e  most p r a c t i c a l  l a r q e  heat 

exchanger design. The ranges of parameters s tud ied  were: 

Geothermal f l u i d  supply temparature -- 160 - 2OC1"F 

Cold s i d e  f l u i d  d ischarge temperature -- 115 - 135°F 

Cold s i d e  f l u i d  supply temperature -- 45°F 

Overa l l  heat t r a n s f e r  c o e f f i c i e n t  

110 - 170 ( Btu/ h r -  f t2- O F ) ..- 

S h e l l  s i d e  f l u i d  passes -- one and two 

The heat exchanger s i z e  c a l c u l a t i o n  begins w i t h  the  c a l c u l a t i o n  o f  t he  

Log Mean Temperature D i f f e r e n c e  de f i ned  by 

where t h e  temperatures a r e  as d e f i n e d  f o r  a coun te r f l ow  heat exchanger i n  

,- t h e  f o l l o w i n g  sketch. 
- 

\ 

\ 2 



To proceed, we assumed 

1. T = 135"F, 
C 1  

2. Tc = 45°F 
2 

b 
125°F o r  115°F 

10°F 

Then from c h a r t s  i n  standard heat t r a n s f e r  t e x t s ,  F values f o r  one- and 

two- s h e l l  pass shel l -and- tube heat exchangers can be ob ta ined w i t h  t h e  

spec i f i ed  temperatures, and then t h e  t o t a l  heat t r a n s f e r  i s  g i ven  by 

q = UAF(AT),,,, ( 7 )  

The t o t a l  q t o  be supp l i ed  by the  h e a t  exchanger i s  t h e  produc t  o f  t o t a l  

f l o w  r a t e ,  s p e c i f i c  heat, and temperature r i s e  p rov ided by the  heat  

exchanger, 

q = h C  (T - T  ) 
P c1  c2 

The"mass f l o w  r a t e  i s  ob ta ined from the  thermal l o a d  and f l u i d  AT a t  t h e  

residences,  AT)^^^^^, v i z  

(3) 
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where we have inc luded  t h e  O X  f low fac to r .  

i n c l u d i n g  f l u i d  AT a t  t h e  residences, a l l  temperatures a t  t h e  main heat 

exchanger and a value o f  U, t h e  combinat ion o f  equat ions (7 ) ,  (8)  and ( 9 )  

perm i t  c a l c u l a t i o n  o f  t h e  heat exchanger area A. 

For a s p e c i f i e d  s e t  o f  c o n d i t i o n s  flQ 

Parametr ic r e s u l t s  a r e  g iven i n  F igures  7, 8, 9, 10, 11, and 12. These 

show t h e  main heat exchanger s i z e  f o r  a 140 house r e s i d e n t i a l  hea t ing  system 

under t h e  e a r l i e r  assumptions of (i) 2 / 3  o f  t h e  design hea t ing  l o a d  o f  

28,000 Btu/hr-house supp l i ed  by t h e  h o t  water and ( i i )  a 4X f l o w  f a c t o r  

used t o  p revent  excessive temperature decay a long a g i ven  s t r e e t .  

Cost  es t imates  have been ob ta ined f o r  carbon s t e e l  heat  exchangers 

us ing  t h e  usual power-law s c a l i n g  f a c t o r  a p p l i e d  t o  repo r ted  c o s t s  of u n i t s  

2 t o  5 t imes t h e  s i z e  needed i n t h e  present  a p p l i c a t i o n .  I n  1979 d o l l a r s ,  

the  range o f  main heat exchanger c o s t  on a p e r  home bas is  f o r  t h e  140 home 

community i s  f rom $320 t o  $760. Th is  c o s t  i s  more dependent upon the  

geothermal f l u i d  supply temperature than any o t h e r  v a r i a b l e .  

An i n t e r e s t i n g  f e a t u r e  o f  these r e s u l t s  i s  t h a t  t h e  heat exchanger 

s i z e  and c o s t  inc rease w i t h  decreasing po tab le  water  d ischarge temperature. 

T h i s  i s  because the t o t a l  thermal r e s i d e n t i a l  l oad  remains constant,  

hence f o r  a g iven U,'which a l s o  f i x e s  v e l o c i t i e s ,  t h e  t o t a l  heat exchange 

a r e a  increases w i t h  decreasing e x i t  c o l d  s i d e  ( p o t a b l e  water)  temperature. 

T h i s  paramet r ic  s tudy  should be extended t o  i n c l u d e  (i) 140" and 150°F 
~ 

geothermal f l u i d  supply temperatures and (ii) higher  po tab le  water  d ischarge 
e 

temperatures, where poss ib le ,  from t h e  main heat  exchancler. 
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Figure 7. Main Heat Exchanger Size as a Function o f  Geothermal 
Fluid Supply  Temperature and U Value, 135°F Cold 
Side Outlet, One Shell Side Pass. 
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Figure 8. Main Heat Exchanger Size as a Function of Geothermal 
Fluid Supply Ternperature and U Value, 135°F Cold 
Side Outlet, Two Shell Side Passes. 
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F l u i d  Supply Temperature and U Value, 125°F Cold 
Side O u t l e t ,  One She l l  Side Pass. 
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Figure 10. Main Heat Exchanger Size as a Function of Geothermal 
Fluid Supply Temperature and U Value, 125°F Cold 
Side Outlet, Two Shell Side Passes. 
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F i y r e  1 1 .  F.lain Heat Exchanger Size as a Function of Geothermal 
Fluid Supply Temperature and U Value, 115°F Cold 
Side Outlet, One Shell Side Pass.  
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Figure 1 2 .  Main Heat Exchanger Size as a Function o f  Geothermal 
Fluid Supply Temperature and U Value, 115°F Cold 
Side Outlet, Two Shell Side Passes. 
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V I I .  SELECTION AND S I Z I N G  OF INDIVIDUAL HOUSE HEAT EXCHANGERS 

For d i r e c t  space heat ing,  t h e  s imp les t  house system m o d i f i c a t i o n  

w u l d  r e s u l t  when the  e x i s t i n g  heat ing  u n i t  i s  a fo rced  h o t  a i r ,  c e n t r a l  

hea t ing  system. 

a d d i t i o n  of a c ross f l ow  f inned tube w a t e r - t o - a i r  heat exchanger i n  t h e  

e x i s t i n g  fu rnace system r e t u r n  a i r  plenrium o r  o t h e r  s u i t a b l e  ductwork 

l o c a t i o n ,  and ( i i )  a m o d i f i c a t i o n  t o  i nc rease t h e  blower speed and/or s i z e  

t o  accommodate .the increased f l o w  r e s i s t a n c e  due t o  the  a d d i t i o n a l  heat 

exchanger. 

I n  t h i s  case, t h e  m o d i f i c a t i o n  would c o n s i s t  o f  ( i )  t h e  

E x i s t i n g  c e n t r a l  systems i n c l u d i n g  a i r  c o n d i t i o n i n g  may r e q u i r e  a 

boo ts t rap  d u c t  and blower a d d i t i o n  t o  p rov ide  t h e  necessary f l o w  r a t e  f o r  

t he  added heat exchanger pressure drop. 

havinu vce-bel t d r i v e  blower systems can be mod i f i ed  by changing e u l l e y  

s i zes  and d r i v e  motors -- newer fu rnace systems us in?  i n t e g r a l  blower/motor 

u n i t s  can o f ten  be increased i n  motor speed e l e c t r i c a l l y ;  o the rw ise  these 

r e q u i r e  a boo ts t rap  added blower. In e i t h e r  case, t h e  added w a t e r - t o - a i r  

heat exchanger should be upstream o f  t h e  fu rnace hea t ing  u n i t  s ince  opera t i on  

o f  b o t h  w i t h  t h e  arrangement reversed would  r e s u l t  i n  s i g n i f i c a n t  fu rnace 

heat be ing  supp l i ed  t o  t h e  h o t  water, a ve ry  undes i rab le  e f f e c t .  

I n  Veneral, o l d e r  furnace systems 

I n  t h e  absence of a c e n t r a l  f o rced  a i r  system, two o t h e r  p o s s i b l e  

.designs appear t o  be s u i t a b l e .  The f i r s t  o f  these would be t h e  i n s t a l l a t i o n  

of 'baseboard w a t e r - t o - a i r  f r e e  convec t ive  u n i t s  o f  t h e  type commonly used i n  

hydroponic c e n t r a l  h o t  water s.ystems. 
r 

The h o t  water  supp l i ed  through t h e  

d i s t r i c t  hea t ing  system must n o t  be mixed i n  any way w i t h  a c e n t r a l  h o t  

water house hea t ing  system, however. The baseboard heaters  must be used 

o n l y  w i t h  t h e  po tab le  water. Also,  t h e  use o f  room-sized fo rced  a i r  w a l l  

convectors, such as be ing  in t roduced by some o f  t h e  s o l a r  hea t ing  equipment 

manufacturers, appears t o  be an a t t r a c t i v e  supplemental system concept. 
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To g e t  an idea o f  system cos ts ,  we d i r e c t e d  our  a t t e n t i o n  p r i m a r i l y  

t o  t h e  add-on w a t e r - t o - a i r  heat  exchanger f o r  e x i s t i n q  fo rced  a i r  c e n t r a l  

systems. 

a study of t h e  s i z e  o f  u n i t  needed. 

ven t iona l  c ross- f low,  f inned- tube t ype  w i t h  t h e  h o t  water  i n  t h e  tubes. 

The values o f  parameters used i n  the  analyses were: 

I n  every  case, a new heat  exchanger i s  requ i red ,  and we conducted 

The u n i t  desiqn considered was t h e  con- 

Using t h e  Log Mean Temperature D i f f e r e n c e  o f  equat ion  ( 5 )  t oge the r  

w i t h  equat ion  ( 7 )  and F - fac to rs  f rom t h e  heat t r a n s f e r  l i t e r a t u r e  f o r  

c ross- f low,  f inned- tube heat exchanaers w i t h  b o t h  f l u i d s  unmixed, t he  

r e q u i r e d  su r face  area f o r  t h e  18,667 Btu /hr  thermal l oad  can be ca l cu la ted .  

A s e t  o f  computations cove r ing  t h e  above l i s t e d  ranges o f  system parameters 

was c a r r i e d  out,  and t h e  r e s u l t s  a r e  summarized i n  F igures  13, 14, and 15. 

VI I I .  STREET HATER L I N E  PUMP !IC REQU I REFlErlTS 

The increased water f l o w  r a t e  through r e l a t i v e l y  small  d i s t r i b u t i o n  

l i n e s  w i t h i n  t y p i c a l  r e s i d e n t  a1 areas cou ld  r e s u l t  i n  a s i o n i f i c a n t  added 

pump power requirement. Th i s  increased water f l o w  r a t e  w i l l  be an i n e v i t a b l e  

consequence of  us ing  t h e  water  supp1.v system f o r  hea t inq  purDoses. I t 

should be noted t h a t  i n  t h e  community considered i n  t h i s  study, t he  f i x  

f l o w  f a c t o r  i s  a p p l i e d  t o  a f l o w  r a t e  t h a t  has been increased by a f a c t o r  o f  

6 above t h e  consumptive f l o w  -- t h e  f l o w  i s  then about 24. t imes t h e  normal 
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r e s i d e n t i a l  f l o w  r a t e !  

r a i s e s  t h e  ques t i on  o f  increased pumping power. 

The preponderance o f  2- inch l i n e s  i n  t h i s  community 

Because o f  t h e  l a r g e  d i f f e r e n c e s  i n  f l o w  r a t e  throuah t h e  va r ious  

l i n e s  and because o f  t h e  decreasing na tu re  o f  t h e  f l o w  a long  a g i ven  s t r e e t  

due t o  consumptive r e s i d e n t i a l  f l ow ,  manual computations o f  t h e  pumpincr 

power a r e  ve ry  ted ious .  Consequently, a computer prooram i n  F o r t r a n  I V  

has been prepared t o  c a r r y  o u t  these c a l c u l a t i o n s .  

f low c h a r t  i s  g iven  as F i c p r e  16, and a complete l i s t i n r l  o f  t h e  nrosran  i s  

inc luded i n  t h e  appendix. 

The computer program 

B r i e f l y  s t a t e d  t h i s  proaram reads t h e  f o l l o w i n g  i n fo rma t ion :  

1 .  

2. 

3. 

4. 

5. number o f  houses i n  sub -d i v i s ion ,  YH 

6. 

d e n s i t y  p and v i s c o s i t y  LI o f  t h e  water  

r e l a t i v e  roughness e o f  t h e  p ipe  

amount o f  water r e q u i r e d  p e r  house f o r  heat inn ,  QH 

amount o f  water r e q u i r e d  pe r  house f o r  consumption, QD 

number o f  houses on a s e c t i o n  o f  p ipe ,  H, and pipe  s e c t i o n  

l e n g t h  and diameter, L and D 

7. a program c o n t r o l  number w h i c h  i n d i c a t e s  the e q u a t i o n  used t o  

c a l c u l a t e  water  f l o w  r a t e  

The community i s  d i v i d e d  i n t o  sec t i ons  t h a t  c o n s i s t  o f  l enq ths  of p i p e  

between houses. 
c 

The i n f o r m a t i o n  o f  6 and 7 above i s  " read- in "  f o r  each s e c t i o n  of 

p ipe. Dependin? upon t h e  c o n t r o l  number read, the proaram w i l l  use a 

spec i f i ed  equat ion  t o  c a l c u l a t e  t h e  water f l o w  r a t e  i n  t h a t  p i p e  sec t i on .  

The water consumed by t h e  house a t  t h e  end o f  t h e  s e c t i o n  i s  sub t rac ted  t o  

o b t a i n  t h e  f low r a t e  f o r  t h e  n e x t  p i p e  sec t ion .  



. 

' Figure 16. Pump Nork Computer 
. Flow Diagram, Street 

Distribution L i  nes e 

. .  

.- . _... . ._ ._ _ _  . .- --.. --- 
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'* F i g u r e  16. ( C o n t i n u e d )  Pump !Jork Computer Flow Diagram, Street 
D i s t r i b u t i o n  Line3. 



36 

Once t h e  f l o w  r a t e  

i s  c a l l e d .  The subrout 

f o r  a l e n g t h  of 

ne c a l c u l a t e s  f 

roughness and then the  f r i c t i o n  f a c t o r .  

p ipe  has been ca l cu la ted ,  a subrout ine  

r s t  t h e  Reynolds Flurnber and r e l a t i v e  

The Darcy-Neisbach equat ion i s  

used t o  f i n d  the  f r i c t i o n  head l o s s  i n  f e e t .  

t h e  s e c t i o n  i s  found from t h e  f r i c t i o n  head loss. 

requirements f o r  each s e c t i o n  a re  summed t o  o b t a i n  t h e  horsepower reau i red  

t o  pump t h e  water through t h e  sub-d iv is ion .  

The pumping power requ i red  f o r  

These pumping power 

Th is  computer program was app l i ed  t o  the  e n t i r e  community o f  I d l e w i l d .  

The c o n d i t i o n s  used were: 

The water temperature was 735'F 

The thermal l oad  was 18,667 Btu/hr-house 

The consumptive water f l o w  r a t e  was 246 qa l l ons  per  day per 

house 

The water f l o w  r a t e  used was f o u r  t imes t h a t  requ i red  t o  s a t i s f y  

se lec ted  thermal load  (2 /3  o f  des ign hea t ing  l oad ) ;  t h i s  would 

prevent  excessive thermal d e w a d a t i o n  as t h e  f l u i d  moves t h e  

l e n g t h  o f  each s t r e e t .  

- The t o t a l  community f l o w  r a t e  l e s s  t h a t  f o r  t h e  15 houses 

serv iced by t h e  l i n e  a long Mackenzie D r .  (under t h e  same 4 X  

f a c t o r )  i s  used a t  t he  beginning s e c t i o n  a long Parkston Ave. 

(down t o  Cro f ton  D r . ) .  

a p p l i e d  a t  each s t r e e t  branch take -o f f .  

fo l lowed a long I d l e w i l d  Ave., w i t h  t h e  f i n a l  s e c t i o n  between 

Cro f ton  D r .  and Ashmore Branch Rd. c a r r y i n g  the  t o t a l  community 

f low r a t e ,  l e s s  t h a t  for t h e  15 houses serv iced by t h e  l i n e  

a long Mackenzie D r .  

P Appropr ia te  reduc t i ons  i n  t h i s  f low were 

The reverse  procedure was 
* 
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A comparable procedure was used f o r  t h e  f i f t e e n  houses serv iced 

by t h e  l i n e  a long Flackenzie Dr. A r e t u r n  l i n e  (6 - inch)  was 

assumed t o  be i n s t a l l e d  connect ing Melrose C t .  and P icardy  B r .  

supply  l i n e s  back t o  t h e  76- inch l i n e  a long Ashmore Branch Rd. 

The t o t a l  pumping power f o r  the  community under these c o n d i t i o n s  i s  32 .3  hp. 

Since t h e  t o t a l  comniunity conta ins  140 houses, t h e  s u p p l y / r e t u r n  pumpinq i n  

the s t r e e t  mains r e q u i r e s  approxi t i iately 0.231 hp r)er housc?, on t h e  averaoe. 

Assuming a 60 percent  purnnino e f f i c i e n c y ,  t h i s  pumpin? power i s  t h e  ecl i r ivalent 

o f  5 .25% o f  t h e  thermal energy supp l ied  t o  each house. 

IX. PUMPING AND POWER REQUIREMENTS FOR THE ADDED FLOIJ SYSTEM FOR A 
TYPICAL RESIDENCE 

To p r o v i d e  a thermal water  f l o w  and r e t u r n  a t  each res idence,  t h e  

conceptual  des ign t h a t  we se lec ted  c o n s i s t s  o f  separate supply and r e t u r n  

l i n e s  f rom t h e  s t r e e t  water main t o  t h e  r e s i d e n t i a l  heat exchanrler. To 

p r o v i d e  t h e  r e q u i r e d  f l o w  r a t e  and t o  r e - i n j e c t  t h e  t h e r m a l l y  used water 

. into t h e  s t r e e t  main, a magnetic d r i v e ,  sealed pump would be i n s t a l l e d  

i n s i d e  each house, j u s t  downstream o f  t h e  heat exchanger-. 

The c o n f i g u r a t i o n  t h a t  we considered i s  f o r  a house set-back o f  

75 f e e t  f rom the  s t r e e t  main and approx imate ly  25 f e e t  o f  supply l i n e  f rom 

the  house foundat ion  t o  t h e  heat  exchanger use p o i n t .  

'i n c l  udes 

The p i p i n g  system 

e 200 l i n e a r  fee t  o f  t u b i n g  

one pump 

one gate va lue ( i n  supply l i n e )  

one check va lve  ( i n  r e t u r n  l i n e )  

i 
Y 
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t I 

Pipe 
S i z e  3/ 4 1 / , I '  3/8" 1 / @ "  

-_I 

35" AT 0.662 1.9 5.2 18.3 

25" AT 1.71 4.7 13.5 44.8 

15" A T  7.18 19.6 55.4 199.0 

9 5 90" bends 

the  heat exchanger which has a v a r i a b l e  e q u i v a l e n t  l e n g t h  o f  

1.43 ft, 2.61 f t  o r  6.68 ft dependina upon the  f l o w  r a t e  

one t h r o t t l i n g  f l o w  c o n t r o l  va l ve  which i s  t h e  eau iva len t  o f  

a gate valve.  

The system i s  dep ic ted  schemat ica l l y  i n  F igure  17. 

The r e s u l t i n g  head loss i n  t h e  p i p i n g  was c a l c u l a t e d  f o r  t he  t h r e e  

ho t  supply temperatures, 135"F, 1 2 5 " F ,  115"F, and f o r  copper tubi i icl  s i zes  

o f  3/4",  1/2" ,  3/8", and 1 /4" .  The head loss i n  the t u b i n q  and f i t t i n o s  

was added t o  t h e  heat exchanger head loss t o  o b t a i n  t h e  o v e r a l l  f r i c t i o n  

head loss  i n  t h e  house supply system. 

w i t h  t h e  f low r a t e s  t o  o b t a i n  t h e  power r e q u i r e d  t o  pump t h e  water back 

i n t o  t h e  main d i s t r i b u t i o n  system. 

These losses  were used i n  con junc t i on  

A t a b l e  of these values i s  shown below: 

Table 1. Punpinq Power f o r  House P ip ing .  M u l t i p l y  Values 
by t o  Obtain Horsepower. 

i 
1: 
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I . Y  1 

Street !lain 

Figure 17. Schematic of Individual Residential Piping System. 
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T o t a l  S o l i d s  
T u r b i d i t y  
Color  
NkaJ . in i ty  
Cal. c ium 
Magnesium 
Hardne s 8 

Sodiurn 
I r o n  
C h l o r i d e s  
P 13 
lrLanganesc 
Copper 
Zinc  
*Flu orid e 

Po t ass i u m  
*Mercury 
*Chromium 
*Cadmium 
*Lead 
*hr s c n i  c 
*Earlurn 
Cyanide 
*Selenium 
* S i l v e r  
MBAS 
CCE 
*Nitrate 

c N i t r i t e  
P ho s p  nat e 
S u l f a t e ,  
Odor 

LMITS ESTAELISBED ACCORDING TO ' . 
U. S . ENVIRONMElTTAL PROTECTION AGEXCY 

INTERIM PRMARY DRIRKING WATER STANDAKDS 

500 ppm 
5 t . u .  
15 C . U .  

N o . e s t .  limits 
No e s t .  limits 
No e s t .  l i m i t s  
No e s t .  l i m i t s  
(0-50 ppm S o f t )  
(51-100 ppm Med.-Hard) 
(101-200 ppm Hard) 
No e s t .  l i m i t s  
0 .  3 pprn 
250 ppm 
6.5-8.5 pH u n i t s  a c c e p t a b l e  
0.05 ppm 
1.0 PPm 
5.0 ppn 
Con t ro l l ed  (0.7-1.0 ppm) 
N a t u r a l  (1 .6  ppm) 
No es t .  limits, 
2.0 ppb 
0.05 ppm 
0 .01  ppm 
0.05 ppm 
0.05 ppm 
1.0 ppm 
0 . 2  p p m  
0 .01  ppm 
0.05 ppm 
0 .5  pprn 

' 0 .2  ppm 
10 PPm 
1 PPm 
No est .  limits 
250 Ppm 
3 t . 0 .  

PEST IC ?: D E S 
Hydrocarbons : 

A l d r i n  
Chlordane 
DDT 
D i e l d r i n  
* Endr in  
Heptachlor  
Heptachlor  
Epoxide 
*Lindane 

0 .001  ppm 
0.003 p p ~ u  
0.05 ppm 
0.001 ppm 
0.0002 pprn 
0.0001 ppm 

0.0001 ppm 
0.0004 ppm 

*Methoxychlor 0.10 pprn 
*Toxaphene 0.005 ppm 

Organophosphate 
& Carbamate: 0 . 1  ppm (pa ra rh ion )  

HERBICIDES 
*2,4-D C.1 ppm 
2,4,5,T 0.002. ppm 

* 2 , 4 , 5  TP (Silvex)O.Ol 

ppm - parts per million 
ppb = parts p e r  b i l l i o n  
t.u. f~ turbidity units 
C.U. = c o l o r  units 

'I t.0. = t h r e s h o l d  odor 

" I c d i c a r e s  maximum contaminant l eve ls .  
t h e  U .  S. Public Heal th  Service, 1973. 

All o t h e r  parameters  e s t a b l i s h e d  by 

DWS 
rev. 7/23/76 
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