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C CHAPTER I ‘

&- 0 °  INTRODUCTION * '.

. 1

!

AN Cy

In afflﬁent countries:like Canada¥%an édequate; depend-.

’éble'water supply has . always been tagen for, granted.

-of the industrial sector and the consequent pollution

fndeedy fresh sources of water supply - have been rela-
tively easy to ‘tap and hence the population has .becéme

used to a tather generous supply of good quality water.

« .

.
.

4
k!
'

i ! 1 ’

However, ‘during the last ‘decade or EQ, with the expiosion
of

water sources, the municipalities have been forced to

. L4

take.a second look at their existing water supply net-

»

\

\

n

-

works. Instead of spending’enormous sums .of tax dollars7'

into tapping new sources, municipél engineers ° have
, . Lo . - ' . . N . - '
attempted various.methods to maximize the output from an

existing source. These "endeavours generally -recognize

_the need for a better‘~comprehension Qf the hydrauficp

' a

of a water distribution §y§tem and the _necdssity of a

. .

thorough planning of future extensions and/or improve-

A * M . N + P
\ ¢! LA »
‘

mehts. (2), | -
. . -

s
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The various companies marketing computer programmes have

introduced different packages for the analysis of watgr"

distribution networks.(8) - Most of thése programnes

require” tedious procedures forfbonst}ucting the initial

models, e.g., any change such as the addition of ' a pipe

o

. . . o s . T
‘or a booster pump," would warrant reestablishing ‘the

P

, , ‘ .
loops, nodes an@ circuits. Furthermore, any change in
the input conditions (water disctharge, etcv) necessitates

a new simulation. While these drawbacks represent

-~ 0
3,

definite problems in the available p;éérammes, the main’

N

difficulty lies in the‘prepéraﬁion of the  input ‘date.

i

This is due to the fact that these packages require the

construction of certain loops from the existing water

supply networks; the water demands arelassignéa and the

analysis is based on assumed pipe criteria. Thus, a . few
conmplications arise, e.g. which pipes*to\rgtéin for ' the

loops; how- to calculate the water discharges at the

‘ﬁodes; how to arrihé[at the proper pipe constants; how to

tahaiyée the results from the computer simulation. The

¥

prése study tackles these problems and introduces a

- . 1)
: . , ) !
comprehensive, 'systematic: methodology for the model
. . R v ' RN

construction ‘and analysis.”  To ensure ,the effective
eliﬂ&nétion of some of the deficiences encountered in the

exiStind péckages and to optimize computer time,-«thé

.

'Q expertiée of .the | computer specialists of "Lalonde,

e

i




- Girouard, Letendfe and - Xesécibtes" wes sought. The
pfincipel.objeciive des éo deterhine‘ the capacity of ;
the véfious elemenés of- an’ 1ntegrated water. supply
system, suff1c1ent tO“feed, qualltatrvely Lpressure) 'and

quantitatively (dlschange)/ the present and futuge

' ’ ' population of the reglon for which it is de51gned.

The pfeparation of a master plan. for a water supply

~network for a small ‘municipality requires the, compllatlon
'of the eglstlng data and A bydraullc ana1y51s jof the
o . érojected extentions. In order to facilitate these '
| -operations, the preparation Bf the méseer planiwas based
on the fdllowihé sequence:

*»

<
°" K4

1. Study of the ﬁhysical features of the region.

2. Inventory of the exlstlng equipment.

3. Population dlstrlbutlon and demographic studles.
i 4.: Study of water demands. o .

; 5. Construction and verification of the model network.

-~

6. Hydradlic analysis. ' oo - .
7. Master plan. ‘, - o

-~

The small town of Mercier, located on the St. Lawrence
river, 3just south of Chateauguay in the Province of

. } ' f
Quebec was Etilized as a test district to check the model

O

S e M SHER ChAATS T VEidy TR e s

‘:mr:ﬂﬂ;n - .



P ' ) . : .
‘developed. For- the "past two years, this. town has been

experierfcing -water . supply ‘problém especiall?‘\ 'during .

. ’ v . ".,l ‘ » & .
fires. Its water distribution networ is interlinked
‘with that of Cﬁaﬁeauguay .with the. common source of water

g

supply béing located in the town of éhateaugua‘y, . .

L4

[ 4




_ "CHAPTER 2
S

PRELIMINARX STUDrEs

/(% i

|
ey

‘Several fabtors have to be',studiei? in order to ~fofmulate®

N L [ . R . , L . e
an optimal.master plan fd?’thg ,wate distributioh net-
) %' - .
work. To develop a comprehen31ve 2;, not .superfluous

methodology, the @pst 1mportant of these factors, ‘were

con51dered ;E/phi<;zggfnt study ‘and are outllned below.

1, Study of the phy51ca1 fea;%res :

HThg aim of thls stuay as to understand the phys1?a1_
. characterlstlcs and th ‘topograpﬁy-og,the‘)reggon ‘and

their possible. d1rec or -indirect “effects ‘on the’

master ?Ian' (pumpingl stations, ,pregiure réducing
1 ? ° . .

valves, etc.). e

Inventory of the existing equipment
1Y N P i ¢
This is an important phase of the methodology as it is

both a qualitative and quantitative evaluation of _the

¢ ; , ¢ o

exrstlng network that w111 'eventually influence the

recommendatlons on the future constructions . to be

executed.
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-
el . 4 N o .
. This-phase consisted in tracing the water d@stribut}bn Lo,
L \' -

.. network on:the same scale- as_ the- topographic, planug;
The diameter, material and year of' '‘construction were )
[} ’ ‘ , N ¢

o T 'marked“on each pipe. In addition, a table was a

»
~
&

prepared giving the characteristics of the existing

e N &=
A;rrﬁnrau:'z"”""?’:"”” o aass % e SR >
\
,
L
-

kY

7
v

. . s, \
, : ( pumping stations, reservoirs, etc. (see table 1).
- , P \ .

. -
. . . o N
. N .
. N . R
o - .

-
3

v M rl
s . -
3 .

e TR

3. Population d;ééribution and - de

mographic studies' . : 3
V' P- ' 4 4 . N
. . -, - ‘% / . )
~ , . ol # S - a A S o v -, ¢
T ‘ a) Existing distribution T T " ;

' o ' ’

o :‘ With the help of the zonage plan and . visual, site

[ . ’ , ‘ L -
e , "inspectiions, a population distribution’ plan. was % ¢
. ’ L] ’ . ] . - ‘\ L , v 5 . . . ’
. prepared (seg‘flg.»l).‘ r . . o RS
¢ .ot . R . r
v: ' £ ‘ ' ) ~ y * z ‘
- . R .. - o - N ' . -
- N ~ . - Lo .o S T
.o L - ,0On this plan, the various types of distribution are 1
-~ ’ ‘ ' - . ¢
A ' . c g ' ’ cu : . .
: classified as follows; S \ ¢ - . 3
<) TS N ' o, S :
o . oL T Residential (1 - to 10’pers/acre) 3 P oL Y3
(s .- e I e S . 3
) oo Residential ’(11 to 20 pers/acre) - . , . - 3
' N . ™ , . L . . . . , - ! ) " . oo . ': . .
) . L .o . . Commercial ’ . ‘*i\\ . .
. .‘\ - ) ' . g . “ a " : . ' , - . ' .‘ . . .
' e .+ ,Green space and dgricultural /4 . . s -
‘ » e - . ~ ' ' ' ) : i “ v . !
} ’ . o o -
. . N ~ L - N :
N : '

: . These différent " types of “*distribution were . ’ f‘

. . separatéa‘into devélgped'and undeveloped areas (see . *

. S 1
R © tgble 2). - , : ' B
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.™. b) Demographic studies 'for future distribution

!

oL Before establishing the future population that

. - " gerves as a base for the balancing of  the

. . a

distribution network, it was necessary to study, the

evolution patterns of population in the test
~ i . ) - . ‘\ . .

district over the past few years. Projections for

-

: -*future population were made&  based on these
’ v

‘evolition patterns. Numerous methods are available

\\_ for predicting future population including the .
arithmetic progression, logistic growth, uniform
L . N
n ", © percentage growth, curvilinear grdk;h, ratio
. . ) . ]

method, etc. (13). The ideal method depends on the

region being.studied.. The town of Mercier ié still -

sin its infantile stages oOf development and the

y b

populatior increase is still predictable. Thus, the

- population growth was assumed to fol*ow a set

‘ ) e B@ttern and - hence the method 'of modified

ot ,curvilinear growth projection by extrapolation was

used (see fighre 2 and tables 3 and 4).
R

| . . . ¢ ) ) < . ' -
A Having determined the future population fiqures,
" . ;

~

, . A .
- ' . the next step was to distribute them over their

' I

‘relative areas on-the zonage plan. This procesg

4,

v
consisted of two stages. First, the density within

the zones actually developed was increased pro-

. o , ‘portiorately and ‘Sécondly, new territories were
‘ : Py . . .

™~ e
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assigned in compliance with the requirement of the

L municipality of Mercier. This is shown’in table 5. ;

Y
-

- ) ‘ B - l‘
~ A N « . A

, 4. Study of water demands P

One of the most important aspects to be considered in

? -

the planification of a water disﬁpibutione netwofk 1is
the quantity of waﬁer,requ;}éd to satisfy the needs qﬁﬂ
the’populatiqg to S; served over thé §ears éoyeréd by
the study.’ p .’ } - I o . /

y

4 .
i
T ’ -

The different types of heeds considered in this study
. > c. - . 1

a]’.’e: \ \\
-~ Residential v

- Lawn watering , ‘ ' v

<9 .
- Commercial
- Wastage (leaks) ia
1 ¥ ! . X
- Public usage L S RN

1

. j i
- Fire protectsion o rﬁ\. . . : i ’

. Q . : . - + 5

' T . . FaR

Ay . i
a) Establishing the average consumption~’~ ~

The present and future "annual average daily flows"
were establighed with the help of municipal water
statistics. The authqritiés at the town of Mercier

(the test district) regularly record the water con-

sumption at the meter station:between the towns of

: , | R




- t

ghateauguay and . Mercier ksee fig. 3). These
| readings were -totalled over the years and averaged °
over 365 days. This figure represents the "annual,

‘average daily flow" in MgD.Ails)

“The' annual average flow for 1976 was found to béa

, 437400 gallons/day (see table 6). As there are

gggsently no industries in Mercier, this figure,

\ represents the residertial and business consump-

tions. 3 -

Tablé 7 shows the unit consumptions established f§r

the test district based\qn a study of population
; . AN
. - distribution and the average flow. The total

consumption breakdown is shown in table no. 8 for

4
1976 and in table 9 for 2000.

.

b) Future averaéé flow

It is now denerally accepted that with a.'riseZ'

- . " in- the ' standard of 1living, the consumption , of }

N

water per capita . increases . for almost . all -

ol

- communities (5). For the present study* an . ‘annual

. ) v .
-\ : N . : s at
other  types of -consumptions were ! considered
. Q . e
‘ . ' constant. . SR

increase of 0.5 IG/day/person was assumed. The

. . v
.
b R

£

-

iy f et e el e v et e w A e s e aee e =
Lgenpam % R e Ll T P - ; T T ; ” X

ST

ol SRR B
.

> CIRLIRY
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The future average flows were then determined based
on population projections and.the future per capita

consumptions.

.

.Fluctuations in the water demand

»~

The fluctuations in “water demand .are caused by
n . N o
variations in the daily or . hourly demand with

reégéct to the average demand. ‘These were
established with the_help”of certain .coefficients
represehting factors for the average, peak and ° low

consumptions of the maximum day (see table 10).

[
.
*

"These factors are conéﬁdgred generally constant'for

_a certain region (2, 5 and i3).

+ N . \ ' \

\

Aside from fire conditions, the three main critical

H

"periods for a water network are: -4

N
-.the flow for the maximum day

‘- the flow for the mgximum‘hqu: of the maximum d

- the flow for the minimum hour~of the maximam d

The flow for the maximum day for the town |of Mercier
N ' N ! ¢ ' )
|

- i / ;
for the year 1976 was 699000 IGD. The factor as

compared to the average flow was found tobe 1.6 and

is, therefore, within the general limits and
' A

: 4.0, (2) : .
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M

ﬁf Table 11 gives the unit consumptions<fop each 'type

%l T of con%upeg“iﬁ the test district along ‘:;tﬁ the
‘ % factors considered to get the flow for ‘the’ maiioom

i ‘ - day. Table 12 givés the breakdown for the total

% ‘ flow for the maximum aay for 1976 and taole 13

i

}

_ shows the projected figufes for the ygar 2000

.d)-

Peak demand 'during the maximum day

P A ittt
B

The flow for the peak demand during the maximum day
| : \ for the test district,“for thé year 1976, was

: 1136000 IGD.” Hence the-  factor from the

average
flow is 2.6, which is

not, far from. the
] .

C gmmon
limits of 2.7 to 18.0..(2) ~* '

AAN

Table 14 shows fhe possiblé variation for the

‘ various consumers durlng this period and table 15

shows the actual flows for the same period. Table

16 shows the prOJected flgures for the year 2000.

-

e) Minimum consumption of the maximum day
I . o
o . This condition also representsg

an important cri-

terion for balancing the water network because
~ 3 . - . "‘—‘ﬁ‘ .
- there is.a floating reservoir on the system which

_ has tb be filled, this is the period during

if

whico
‘the network/is

o critically strained. For Mercier
‘ - D »




¥
.

the minimum flow for maximum day in 1976 ‘was 481000

IGD. The factor as compared to the average ‘flow 1s.

this 1.1, w1th1n the general 11m1ts (2)
a

»

: . «
PR ) s ° n
v

The varlatlons by the dlfferent consumers "are shown'

i

" in table 17 for this perlod Table 18 shows the -

‘actual consumptlons durlng,this period- and table 19

o0 tanty

Co= shows'thé projected figures for the year °2000." -

f) 'Study for the reserve

3 . s -

defined ad  the volume. of  water

» “ . o

' instantaneously available in case .of emergencies

The reserve is

N

(fires, breakdown at sSqQurce, etc.).

>

" Equilibrium reserve ‘ - '

This reserve‘ should be enough "to paiance‘ the
network durlng those perlods when the 'consuMption"
' exceeds the supply of the max imum déy, i.e. the;__< "

reserve suppl;es the difference. This reserve was.

calculated from the consumption curve £or the

maximum day. The differencek‘between ‘the areas

above and below. the average consumption line gives

the percentage that when multiplied by ppe average

consumption of the maximum dayf"‘yields the

Jequilibrium reserve.{2, 13) Table 20 .gives this .

reserve for the years 1976 and 2000.

Py
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+
. . . 1
v - . ' M “ ;
) . “ ~—
. . N ‘ ‘ s .l
Fire reserve o, . s

. Y. e -

f K This reserve was determined to adequately meet the ;
o, . . | : . -

\
. . \:
. .

requirements of the "Groupement Technique des

. .
" Assureurs". Hence the fire -reserve calculations

- ¢ — L

’ " were done according to the}ﬁ@ﬁi@e for determination

of required fire flow". (9) .
M ‘

~
¢ .

M p :
X I

"~

With these norms the fire flow for the test

. district was calculated as 1000_IGM for a duration

of 2 hours. The total fire reserve is, therefore,

. 120,000 imperial gallons and was assumed to be the : ° ) ‘

' . . same fof the year 2000 (see table 20).

»
.
N .

- N o

-

"y ' Emergency reserve - ; N ‘

\;. . This reserve is necessary during unforeseen circum-

stances 'such as breakdown of a feeder, interrup-

tions in the pump operation, etc. The

'
-

. s reserve recommended for such s%tuations is 6 hours

emergency

out of 24 hours of the averade flow’for the yeér.(Ld)

™
1

‘

. In other words, this'is calculated to feed the town

for 6 hours' of the average consuﬁptiop period. ,* -

Table 20 gives this reserve for the years 1976 to ™ . \ )
2000. | o ' .

- L

'

f
P
4
s

-

-
) .
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6.  Hydraulic analysis a - I\ e
\ . N ) ) ’ PRI e
This is deglt with in detail jin the following
' . L} . R .
- \ . N \ Y 5 2
chapters. L ‘ [ S A
N Lo - ) ' . )
f \ . ¢ . . . . ,': . .
W REEIE Lo .
AN ' v, . " n/ N
LYY \\‘ . ‘.. i v/ ” *

7. Master plan , , }/ . L
. . L J X
The master plan resulting, from this §£hdy is shown in

figure 4.

, | i s
‘constructed in or?er to balance the existing water
. . . .

distribution network (fig. 3) to the year 2000.

a

/ :
It shows the additional pipes* to be




" ) , ~ k, . -;_}l’ ) . “‘ ' v 7 - ¢
; ’ ) ) " S . s e St i ' Rl " ‘ *
- ‘ \‘ ! ' N ! « l_’ U)ﬂ
. . ' ~ h.)ls - l\
. o iy ) . i . ’ r
. b‘ [l N ‘ . ; . :;1%';?; ) ) .
s LT | LT . T oo
S , o * . CHAPTER 3," ... .
e , . | i ———eme . i. .
yi ' N “ . K * /-' . ' . . R / &
; . . . ; ' . /
4 _ . ] [ . - 3 . o . ‘kd T, - . ‘1 , / .
L 'b L. .+ FORMULATION OF THE NODEL -/’. . o
.} . . . .' B . g . . P "" 4‘,
) ‘ D . ( ' .
o : . /
1 ‘ . ) [’ R
* ’The ultimate goal of this study is to determine, within
{7+ . " reasonable -accuracy, the discharge passing through ' each
L gfpe'bf the network. Based on'ﬁfischarge figures, head
. v. Jlosses under different water demand coqdit}ons could be
: C 7 calculated for each pipe line. The resulting pressuies i
s .;at various nodes yield the approximate . pressurds avail-
- - . - : - ‘ . '
< able to consumers in each distribution centre and.
- " demonstrate the degdee of functioning of the equilizing
if‘ res€rvoir. The compbtei model was based on the: Hardy
: " 1 . " . .
i v - “* , N a
le-, " Cross Hmthod,,(z, 13) - Py
! :.; . b v o - "‘ \." "1 i ‘e
© - BT < . : -
4 ’ o S . ' , N ¢ ,
A ) : “Ql.‘Cohstruction of the model l; 2 ' )
L " , - The vari®us studies required for the, development of
B 'J\ M . , N ‘4 - . . . . . L i
. ) . the model (demographic studies, water demand, etc.)
1] , - -,
'. % ) . .» have already been explained in the preceding  chapter.
. ' ré . - . : . ’ . ' R )
““. .+ > ', - The model itself "was constructed from an existing
‘.:-l. A‘“L‘ “. . . . , ~ .
PR _° 7 detailed water distribution plan of the sector (Fig.3). ‘

(¥

s \
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a

11 the ﬁajor feeders were retained for each developed
sec

of the town. Some secondary feeders were also

N !

retained where a distribution loop had to be closed.
,lThe,pugping stations and the floating reservoir were

B ) ™
superimposed at their respective positions. The °

1 details (nodes, diameters, 'lengthsg, ‘elevétions, etc.) ;

ch distribution centre.
he
vl N - - ' . -~

were then included for ea

.

2, Coefficient of friction
. The coefficient of friction is a particularly important

]
parameter in the hydraulic equations wused to balance

the network model. In this study, the Hazen Williams

L 4 ! . 3
equation (2, 13) was utilized in 'thé analysis. The

. P )
coefficient of friction can vary from 150 for a new

concrete finished'pipe to 40 for a very old iron

> w
pipe.
A poor estimate of this dooefficient

'
3

_significant error in the calculations. (3)

may lead €o a

‘" For the model used

'

statistics were employed to assess the- age .and material

in the present study, municipal

¢ )
of the different compongnts. The local conditions such

as bends, etc. had to be taken into account. A pre-

Al

. . liminary choice was made with this information and the

was analysed. Thereafter, field

. resulting .model a

Y

&

o



study was conducted on the. test - district and actual

pressures were- recorded. The model was gﬁbsequently _—

-

¢ o .
modified to represent a more realistic picture. » Table 2%

o . shows the coefficients initially selected‘; J _ ‘
. . . N \‘. g ) . N

)

3. Theoretical considerations L

] ! . - o

-~

- . .

Tl;e'Har‘dy Qroés method was used in the computer model  to v
balance {;;{he existing network ® and subs}equefltly\ the q
projected network. | '
~ - ] '
This method consists. in assuming a distribution of flow
. . in the n'e:twork and balar;cing th;z resulting head losses or .
' ) vice-versa. (13) Pipe-flow formulae are used to -
: determ_ine the hgad losses and sucéeésive correction's are . -
. Y made in the flows until the “h’eads are practically-
| balanced. .
/ Generally; the head loss,- h, in any pipe-is .
ho= KO oo e ) —
. . F . R S e
where Q is the discharge, K is a constant depending upon
the s'ize of the pipe, lits internal condition and ‘the‘ .
",uni}:s used; x is an expgnent *depending on the - flow Q.-F .

’

formula used.




ST i

L

TR L TERAT AT S TR TR AT o8 T TR
«

- 18 -’

ipe in a circuit that

A

Q=Q+Ao.-'-.

1

l -
o

in which Q is the actual. amount of water flowing, Ql is

the assumed amount anq A is the required f&ow correc-—-

: KQx‘ _

7]

R(Q; +A4)" = K(Q," + xq

The rémaining terms in th expression may be neglected if

A 1is small compared to Q.

3 .

{xe* -0 . .

For 4 pipe circuit,
a )

Hence eéuation {3) becomes,

B

i gxox = éxolx +'0£xKQl(xl—1)‘A =

Simplifying, X

° ' ' x
Z -~ 2KQ

L3

(%=1 )

A

»

+.

-t

)

.y

lowing ﬁhe Hardy Cross analysis, it can be .said of any

. - (2)

tion. Then°substitutiﬁg equation (2) in equation (1),

-
.

ceee(3)

A ]

)

e eerp— b

t’_ﬁ:ﬁ

o

'k
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~

'The, steps followed in' the computer prégram are , as

follayse T i
a) An lnltlal distribution .of flow as to amount and

N s 1 )
- d;rect1on°15'assumed. A

b) The héad loss in each pipe is computed'!y means of the
4 N :\\ R

o

oy

AN - ’ .
Hazen Williams equation.
.

With due attention to si the total head loss around

each circuit is computed as ih = iKQ'X

-

x-1
For the dame circuit, the sum EiK Q ( ) 1} computed

3

w1thout,regard to 91gn.

3

To balance the head loss. ifi¥ each circyit, the terms
obtained jin (c) and (F) are _substituted in the

‘ . -
fol}owi?g formula: . N
L~, , -$xo ™ '
T B =y _“"(x 1)
. 2,}( Ql
N

¥

D 3
' }

4. Analysis.of the proposed network,

f
\ An iaeal water distribution\qétwo:k sya;em/should gé/;;;e

LY

tqo fged water to each consumér between predetermined

maximum and minimum pressures. Of course, these two

L

TR ] : . - ,°
“limiting pftessures depend on the type of consumer. For

2

simplification, the limits were assumed as being 20 psi

"and llO-pi} as the test district ig‘ﬁbk\éxpected to have-

+ L

special consumers or even/{hdustrial consumers during the

pgrlod of the presgd% study.
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. vSeyerél trial pipes are ~int;ro’dug:ed .in the nodel 'with

+

Ee

. TR

differentAdipmeters'and the process ‘of network'dbalancihgg .

continued until the desireg pressures at all’ points in

.
B LR a i

the model weng\obtained. A flow . chart describing the =~ =+

o

model is illustrated in figure 5. L :

>

RS

‘e 'b\,‘ L " @
‘ ! *
- AN 5. Highlights of the proposed computer moael and the network
‘ E »

i . -

- ~ analysis:

J
-

As explained earlier, one of the reasons for developing

N the present model wés to eliminate the drawbacks of ~ the

o
,existing packages: like "HYNAL" - 1I.,B.M. etc. The

e S

following are some of the special aspects of the present(

model not available on the packages markeﬁed (refer to
R floﬁ'chart). -7 : Tk
\

. ~

N v .

_ ,~ a) The pipes in the network can be assigned numbers at

, e et gned, | | i
. tandom. The loops will be generated automatically by. * j

vy

o , | ~ the computer. If any pipes .are added, thé loops,

pipes and nodes do not have to be rénumbered.\ The new

o

%ipe can be given any new number and the -change to - ;
2 that barticular loop recorded. The computer  auto- |
matically makes the adjustment.
r ) C £ o ‘ - B .

L4

b) Demand hydrographs can be assigned to each node, 1i.e.

et i m e

. " an industrial sector may have a constant demana from 7

Yoo . v

i..:\«-‘»m-- vk awie manie A e




:I;-L.OW 'CHAR.T 'O\'3 THE‘. COMPUTER SIMULATION.

{-'srrna‘l;“'] . - ! Eg“\ S t ,

DO T )
’ ) " .
i ) ; ° 1' ‘., s
b ) |
i h R , s ‘
P : ' READING AND . ‘ o
! . ) \. NAL\DATION O® !
o . GENER AL DATA [ .
. ~ ;
) t
. R . . N . . 4 .\ . !
BN ’ ‘
- ; “\ - - : o ‘
: ' T - j i I
- ' < L ‘ ] ! i
. . {READING AND S ‘ . . ; !
R ' . VALIDATION OF| - : . \

i
_ DATA RELATING :

" ' s To NODES . i x
. , ‘ | :
) ’ ) . ) l |
. , | :
. . , i ;
’ " NO ERROR YES , ! 3 4?‘
DETELTIED - < _ o -
: . “FLAG-ERRDR. | - .
v ‘ ey N . - . ) c
- N - . ‘ ; .l )
T RERDING AND . . C N h { \
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. . — To PiPes | - . _— 1
b . ' .' . . ?_
.‘L‘ 12 -
ne cs YES ‘ . ) .
' . ° I ~
’, - o - . l .
“ R . > ) ‘
) ? Lo FLAGSERROR . ‘
. ! | % - \ =% . . . , - . o - . |
i - AN " ”v
A . - /‘.\ 3 ’:py;‘ . {: . N |
IR yes I NI L
’ ) + .
~ .. ' : \ ; :
I3 B ) . ‘ | . 1
» .
. } ‘
L . ‘ |
< . )
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T TOPOLOGLAL , ‘ i ‘ ;

COHERENCE ©OF -
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¥ ) . i
' , ¢ ~ ’ ‘;
o
n HETHOMR YES . . ' "

’ ‘ 30 2 . - ‘ 7
]iLﬂG ERROR=1 o
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. ‘ N . z . f , ’
8.00.a.m to 5.00 p.m., after which the demand may

diminish to zero, while resi@entiaf sectors could ‘have
another kind of varying. demand. . In available packages

‘there is no provision for different hydrograms'at each

node.

I3

¢ v

c) Various demand conditions can be combined into oné

+

output. ‘Iq ,most existing packages, "each demand
! COpditiop requires 'a seéarate simulation.
d) The compﬁter calculates for each node, its index of.-

satisfaction depending on the resulting pressures.

]
For example, considering 20 psi as :zero satisfaction

and 80 psi as 100% satisfaction, the index of satis-

faction for the global network is calculated as: -

rd

X% X vy + y% X v,

2 L
Vl + v2 . . . . . .

«(7)

where x and y are the satisfaction percentages for the

n etc. v, and v_,are th
. nodes nlr ot 1 2

corresponding

populations served by nodes nys Ny te.

an indicator Of the network's efficiency.

This index is

. . N - . : , .
e) Reservoirs and booster stations can  be easily int-

F

roduced into the network - for subsedué

J

simulations
without‘rgnumbering of the loops.

AN

[y

1
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EVALUATION OF THE PROPOSED MODEL

»

The computer model was tested for accuracy by 'comparing,

—~— ‘

its predictions with the results of a field study. The

preliminary model was then adjusted accordingly before

'‘proceeding to phé simulation phase. ’

,

As discussed earli®er, ‘the preliminary test model was
"

first designed with the help of the existing water

network plan for the town of ~Mercier. . The nodes

chosen at random but the entire area under study was

covered (fig.6).

. . p a

The.Field Study e 3 -

¢ n

Theclocations corresponding to the <chosen nodes were

marked With a wooden picket next ‘to the nearest fire

‘ hydrant on the site. The pr;;sufes on these fire

hydrants were recorded at 7.00 -a.m. and 9.00 p.m. on

Tuesday and Tﬁursday when they were assumed to be average
‘ N

o ' : 7

1

(13).,

" CHAPTER 4 ~ . ;
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~ A pressure gauge was moun;ed direcEly on the outlet of
B each fire h¥drant with the valve closed. As soon aé the
‘valve was opened, the gauge showed the water pressure in =~ =«

’

the main line to which the hydrant was connected.

.

2. The simulation

fhe test model was fed average consumptions a;.tpe nodes
and a computer run was made. The. resultank bressureé

. were then compared (for the pre-selectga nodes) with the
‘o ' ' pressures obtained from the field. K11 the ’predicted

pressures were within.+ 5 psi-of those measured, except

&y -,

at two nodes’ (see table 22).

The coefficients of friction in the pipes leading to

3

these nodes were changed, in stages,. and successive .

computer runs were made until the _resultant pressures

p-3
»

were within:i 5 psi of the field results. HaQing

achieved a tolerance of * 5 psi at all nodes, the -

| + adjusted model was then assumed to be a true represen-
tative of the actual existing network. The rest of the
computer runs and the consequent recommendations for the

additions and modifications were based on the model.

“ - K

. 3. Possible errors

”

) Once the predicted and measured pressures were within a

difference of * 5.psi, ‘the model was assumed to be an,

1

-

T m kemmveey an wvas EE MM W oeh a5 e
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agceptable replica of the actual network. Wowever,; the

following could have been possible sources of error:

A1 . - ’ \>
‘a) ‘When the difference between the predicted and measured
N :

pressures exceeded S psi at a node, it was auto-

matically assumed that tﬁe coefficient of roughness
—

Egg,incof?éctlg been estimated. Nevertheless, a 1leak

o
in the water pipe or a defective valve would ‘affect
the pressure  reading.(6) These two possibilities

N

were not investigated in this study.
t b

= \\
b) The fiéld nodes»that wére actually found‘ to match
those assigned ip the computer. model (i.e. within
5 psi) could have slightiy been mislocated. This may
be attributed to an overestimatioh of friction in one

leading pipe and an underestimation in anogher. The

. two estimates could have been partially‘ compensating.

-
L3

in some cases. ’ \
‘ !

c) The test model was construc&gd from the principal
feeders only and the smaller pipes were neglected. No
effort was made to evaluate or adjust the model: to
account for this omission.

Je )

d) The pressure gauges used could " be readﬂ\within an
i

accuracy of + 1 psi.

*” .

el o,

N 'v-.:ta\ Ay ame




\ohe. For practical purposes, larger, pipes, where the

:’ %ﬁ‘ [ ' -;“ 28 - .
| % ‘ - - !
¥ \ ) i
' 4. Limitations of the{model. .
{: 1Y 1 a
§ : , '  The choice of the P4 or the model was not an obvious

-

head losses are comparatively iower, are used ,to form they
- major .1oops for the sector; the smaller pipés,,in which: e
the head losses are dramatically hiqhér are neglected.

{ ' .

.
N 1 '
.

s wn e
~,

| . In this anaiysis, the effect of. omitting the smaller

‘ pipes on-the quality of the modél was not thoroughly
R ' L4 -

, investigated. . It appears, however, from the comparison

of the model and field study that that did not have

'
~

It is noted that. ‘

e

pronoinced influence on the results.
. - . . ‘: N

for a bigger, more elaporate sector,  -such omission may

significantly aIﬁectléhe compute%loutput. (1,7,11 and 12)'
X . : . ‘ ; 1

' .

_"The f}oatingfreservoir was.anothgiupaffling problem.\ For ¥

.the simulation?ﬁa certaindischarge for:the. filling pro-

'

'cess had to be assumed during minimum 8emand conditiofis.

+« This kad no bééiS'excebt for £he " town superintendant's
B <, .4 . -

-

' Yy ' ‘ ' "“. . i ' N ' . ¢
experience. In bBigger "towps; this would have to be-

propérly eval@ated under different fire conditions.

N . - .
AFTEN . . . R .
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. Mercier, Quebec. Thus, the model may conveniently be

} CHAPTER 5 Y

\
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CONCLUSIONS AND RECOMMENDATIONS
. AN L

3

A computer model for analyzing water diétribution
netwo;ks has been develoéed. Iﬁ has been shown that the
pressures predicted\ by the model are in reasonable
conformity with sitg pressurés measured in the town of

-

applied to other towns with comparable size and §imi1ar

-characteristics, i.e. well planned and zoned locations on

relatively plain topography. Thetmastgr plan ‘deéelqped
for the test district formé the platform for future net-

work improvements. ’ '
A\

)

The model has its unique features as compared to avail-

able packages. It automatically generates the loops and.
is capable of accommoaéting add}tional Pipes, resér&birs
and pumps without complications. Furthermore, the'model -
has a provision for simulating different hydroéraph con-

ditions at each node.

1

9

The findings of this study indicate that the estimate of

the roaéhness coefficient is the most sensitive input

v
13

component. The programming procedure adopted allows the

[}




R

-

adjustment of this \coefficient "in the model *o suit
observed pressures. This technique “*has displayed a

reasonable degree of reliability. However, field:

|

detection of possible leaks and other defects is an

additional study that could pr&vg useful in refining the

preliminary verjification phase of the model. ¢

o

The accuracy of ‘the model ' in simulating consiaerably

larger areas should be checked by further studies.
. ___,J\ ~

Inclusion of small ‘diameter pipes, ‘at least in the
vicinity of the major sources of 'supply, would enhance,.

~

the simplatioﬁ. "This would particularly be important in . .
simulating the piezometric surface under--a large con-
‘centrated load such as a fire flow.

N

- N ' 4

It is recommended for future studies that the elevation

Qifferénce befween nodes be determined from the field

‘e

rather than using aerial contour .maps. In addition, the

head loss between the pressure gauge location (hydrant)
. , . .

" and the nearest reference node should be taken into

"account, particularly K for the small diameter pipeé
l .
(diameters less than 8 inches).

v

i

v . . [
Finally, several repreéentative network -systems can be

N

used to: study the simulatidn” expedients and the

sensitivity of phe model, to various assumptions. After

-~




adequéte dgth have been-analyzed it wil) be possible to

v

. .. . , w . .
generalize the applicability of the modgl to treat a wide

range of different sysfems with confidence.

~ M , ~

%
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a‘»‘,&, ; Table 1 R
b
{ R - Y
TOWN OF MERCIER N
DISTRIBUTION NETWORK o .
o -y \ g,1974)°’ ' j .
. PIPE  DIAMETER LENGTH |, -
" (inches) (feet)
" 6 27,600
N 8 A 4,650
e
10 11,800 -
14 10,000
\;‘. .
v - 7 .
k]
‘; ",. PUMP CAPACITY HEAD
‘ ' 1 350USGPM 115 FT
| S 2 . ¥ 50USGPM © 115 FT
/ . .
\ . . ) ' . ’ '
. Reservoilr - 500,000 I.G. (145 ft) height of water)

! ]

C g




s ‘ < {

‘space, Expansion

. ‘Table 2
> 5 -
kS - R . ]
- TOWN OF MERCIE&Q
' *
. PRESENT POPULATION DISTRIBUTION.
! * N ) , - j
‘ )
TYPE OF ZONES 'V ZONES TOTAL
OCCUPANT DEVELQPED NON-DEVELOPED . AREA
{KCRES) (ACRES)" - (ACRES)
’ L | }
Residential 130 130
eig\ziﬁﬁ./acre . )
) Residential .. 220 ' 220
11 to 20
pers./acre ¢ )
N .
Commerce ’ - 30 \*\ 30
Agriculture,’ green .
19620




Table 3

»

TOWN OF MERCIER

—

POPULATION STATISTICS

(In 12 yéarsz

N |
AVERAGE ANNUAL INCREASE 6.7
1] ' : N ' &

193

- I P
1 : : —
YEAR POPULATION  RATE OF INCREASE  INCREMENT OF
' 8- POPULATION
\% .~
1964 2890 9.0 260
1965 3150 . 2.5 80
1966 Q230 4 134, " 400
v ' . 4
1967 - 3630 6.3 230
1968 3400 8.8 300
1969 3100 a0y 100
1970 3800 : 5.3 200
197} 4000 : 2.5 100
1972 4100 ' 2.4 100
1973 1 4200 2.4 100
1974 4300~ . .12.8 550
1975 4850 ’]{i o 350
~ . i .
1976 . . 5200 N \
- -
. TOTAL INCREASE Co 79.9 2310

u
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Table 4
.) [}

TOWN OF MERCIER o"

POPULATION PROJECTION

' Y ‘

7

YEAR OPTIMISTIC PESSIMISTIC  PRDJECTION
. PROJECTION PROJECTION RETAINED ..
\ N -
1980 6500 5500 ‘ ~ ‘Qsop
1985 8000 6000 6900 i
1990 9500 6500 ... 8200
1995 11000 7000 " 9500
2000 13000 8000 10900
2010 16000

9000 . ' 13500
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. Table 5 .

.

TOWN OF MERCIER '

POPULATION DISTRIBUTION (YEAR 2000)

SUMMARY - TYPE OF OCCUPANT

~

*TYPE OF ZONES

ZONES TOTAL AREA
OCCUPANT . DEVELOPED NON-DEVELOPED (ACRES)
, (ACRES) (ACRES)
Residential 450 " 450
10 pers./acre

1
Residential 320 320
11 to 20
pers./acre .
Commerce « 60 60
Agricul ture,
green space

19170

expansion
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‘Table 6 .
TOWN OF MERCIER 0
ANNUAL AVERAGE FLOW :
. i \ .
YEAR ANNUAL ° ANNUAL AVERAGE
CONSUMPTION ‘ FLOW
(MIG) IMPERIAL GAL/DAY »
1974 133.66 366200 .
1975 142.01 389100
o t_e B
11976 159.67 437400 ,




Sl

Table 5

124 \
g TOWN OF MERCIER ,
~ BREAKDOWN OF UNIT CONSUMPTION FOR 1976 (ISVERAGE)
. ¢
TYPE OF - POSSIBLE CON&JMPTION
. CONSUMER VARIATION RETAINED s
1
Domestic 30 to 50 1G/pers/day 40 1G/pers/day
Lawn Watering 200 to 400 IG/acre/day 00 IG/acre/day
Lo P
Commercial 800 to 5000 IG/_aEre/_day 17}%0 1G/acre/day
s i \ | .
Leaks 100 to 600 IG/acre/d’ay 309 IG/acre/day
Public Use One Percent (1%) of- \

" - annual average flow \
{




Table 8 ..

TOWN .OF MERCIER )

. BREAKDOWN OF TOTAL CONSUMPTION FOR 1976
: .

TYPE OF _ AVERAGE
CONSUMER ~ . CONSUMPTION

l

Domestic - . 208000
< )

' - I : . ,
Lawn Watering K . 60000

o
1
)

Commercial o 51000

-

Lgaks | 114000

A

) . RN
Public Use . : 4400°

A

\

- ~

Annual Average Flow =~ 437400
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fndundndiondheaSiithi
. M . . - . .
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o\
4 ., TOWN OF MERCIER - >

BREAKDOWN OF TOTAL CONSUMPTION FOR THE YEAR 2000

3 H N -
» .

i

‘ ‘» ‘ ‘ ' “ ’ .

* . ' : . VA
!

TYPE OF ] - AVERAGE -
CONSUMER . c o, CONSUMPTION (IGD) .

-

; oo . ‘ !

»

i e ' ' . : .
N ’ ' . i ) . B
(x~_3‘~'w Domestic. S 566800 R |

.
' R . ® w ) . L
L ) . e \ f

. Lawn Watering ' ' "~ 137100 - -
! S Commercial \ ‘ 102000 ’ ) ‘
. - ’ ¢ v

) -' - . | ‘ . . v . N - * ‘ Lm‘
Leaks' . .+ 249000 ' : 2

! * N 5
y‘» “ - - Public Use

. - El -

. _ = i .
' Annual Average Flow | 10655%0’ ,
- D ) Lo ' _’ ! . , 3
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Table 12

. _— v’ e
- . TOWN OF MERCIER

+

. i L. , ’ - ’ .
BREAKDOWN OF THE FLOW FOR!&E MAXIMUM DAY IN 1976 ~p

' -~

.

TYPE OF ‘ "
CONSUMER CONSUMPTION (IGD)

' Domestic : ~ 312000

‘n '—-/
. Lawn Wateriﬁg , o ‘1&3300

LY
Commer.cial ' Y 88600

. ~

Leaks ' ) 1146%0

Public Use 4400,

~
.

699000
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ST ' Table 13 : ¢
% I Ao
[ \ TOWN OF MERCIER
' w . L4 A Y
% ) BREAKDOWN OF THE FLOW FOR THE MAXIMUM DAY IN 2000
Z ‘ ' )
14 R . - -
g T TYPE OF ©  ~
' CONSUMER CONSUMPTION (IGD)
- - . -
» \./ )
.~ ) o Domestic / 850200
‘ . Lawn Watering ‘ 111300
' | Commercial oL 177500 K
" Leaks ’ ‘ 249000
) M |
’ Public Use : 10600 K
L. M * . ° v
‘ ¢ Total 1698600‘ . ’ o
- : I an




>

MOT3J abeaaae

NOILAWASNOD LINO ¥0L0Vd FNIYA AVad

&

Tenuur Jo (&T) 3uadaad.aup T 2sn 2119nd
:  Kep/a10e/5I 00€ T B syeal
, , .
= . Kep/210e/91 00LT vz v 03 I TeToIswwo)
N ) . q\ Y, ‘/ )

Kep/a2ade/91 00¢ z°L Gy 03 § buraajem umen]
Aep/s12d/o1 0¥ €2 K 03 2z oy3satiog

i ~ QENIVIaY. NOIIVINVA Vo
. dvad FOVIEAY ¥OLOVd IT4ISS0d ¥IWASNOD J0 FdXL

be— >

A\

9L6T. NI ¥NIOH ¥Vdd LV ZOHJMZDWZOU&HHZD@

YIIDYIW J0 NMQOL .

o
.

¥ o21qex -

. v
e ._\
PO I S s A S o

B R e IR e e T S -

FS

\




G g

[

K >
-51(\ T '

Table 15

)
L}

TOWN OF MERCIER

BREAKDOWN OF TOTAL CONSUMPTIOb‘] AT PEAK HOUR FOR 1976
AN -

PEAK HOUR .

TYPE OF
USE CONSUMPTION (IGD)
Domestic : 482600

Lawn Watering

_'a-— {
Commercial 102000
. Leaks 114000 -
7 .
Public Use . 4400
Total , 1136000

-




Table 16

TOWN OF MERCIER

BREAKDOWN OF FLOW AT PEAK HOUR IN 2000 \

\

. TYPE OF N ’ PEAK ° ,
CONSUMER ° CONSUMPTION (IGD)
A - Domestic . ‘ P 1303600
{ ' , . 1
2 ‘ &~
i Lawn Watering ’ . 987100 \
Commerci‘al , 204000
Leaks : 249000 )
. Public Use 10600
. B * - =
) Total D 2754300
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" Table 18 -

o

*‘ TOWN OF MERCIER

BREAKDOWN OF TOTAL CONSUMPTION AT MINIMU‘M ‘MOUR

IN 1976 A

) ’ 1
TYPE OF , CONSUMPTION AT
CONSUMER MINIMUM HOUR (IGD)

¥

. Domestic 187200

o

%

“J
Lawn Watering 1175400

Commercial

114000

\

Public Use

AN

481000




\b' - Table 19

TOWN OF MERCIER

4

BREAKDOWN-OF FLOW AT MINIMUM HOUR IN 2000

A

N\ ' 2

TYRE OF, i ) CONSUMPTION AT
CONSUMER MINUMUM HOUR (IGD)
‘Domestic o 510100
u
Lawn Watering ' 397600
\A
Commercial ; P
. ; _ =2
Leaks . '249000 .
' o - - yd
. i " A ' ‘ v.‘f
Public Use \ '

;- 10600

Potal | - . 1167300 »

o




4} Table 20 )\ )

TOWN OF MERCIER

. RESERVE - REQUIRED
- , AL QUIRE
o . "(1976~2000)
A ' \ :
° ?l . . \ ®
TYPE OF S VOLUME (IG)
E .
RESERVE 1976 2000
kY
r [ 4
.  Equilibrium reserve é6,000 165,000 .
! o ) \
Fire reserve 120,000 120,000

Emergency reserve -.110,000 250,000

¥

Total : 316,000 535&000}
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Table 21

COEFFICIENT OF FRICTION x"

* \
Material of | Age Diameter Coefficient
Pipe (years) (inches) chosen
"Iron 0 to 10 6 to 12 100
11 to 20- 6 to 12 90
£ c ) &
) : ]
Iron with - 3
concrete o ,
‘l?nlng 0 ) 0 to 10 . 12 120 ‘ o
; ﬁ | .
@m& R . .o M
HYPRESCON 0.to 20 14 to 30

140 . 'y




" Table, 22

¢

TOWN .OF MERCIER

LY

FIELD STUDY

o

7

Node  Theoretical - Field
No. Pressure from{ Reading
'Test Model (psi) {psi)

/

Difference

% '

. N

[: 8
77.62
43.87
33.%
38.39
38.44

. *

R e Lo
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