
2.4 Result of Each Pilot Project Site (Action U6 - U14)
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m

3 /d
ay

 
57

6.
85

 
Le

ak
ag

e 
on

 S
er

vi
ce

 C
on

ne
ct

io
ns

 u
p 

to
 p

oi
nt

 o
f 

C
us

to
m

er
 m

et
er

in
g 

57
7 

m
3 /d

ay
 

  

 A
cc

or
di

ng
 t

o 
th

e 
st

at
us

 o
f 

w
at

er
 m

et
er

s 
at

 t
hi

s 
st

ag
e,

 i
t 

w
as

 d
if

fi
cu

lt
 t

o 
de

te
rm

in
e 

ac
cu

ra
te

ly
 t

he
 

vo
lu

m
e 

of
 w

at
er

 c
on

su
m

ed
 b

y 
th

e 
cu

st
om

er
s.

 

It
 w

as
 a

ss
um

ed
 t

ha
t 

th
e 

cu
st

om
er

’s
 c

on
su

m
pt

io
n 

sh
al

l 
co

nf
or

m
 t

o 
th

e 
fl

at
 r

at
e 

co
ns

um
pt

io
n 

(i
.e

. 
25

 

m
3 /m

on
th

/w
at

er
 m

et
er

).
 T

he
 s

ec
on

d 
as

su
m

pt
io

n 
w

as
 t

ha
t 

m
et

er
 i

na
cc

ur
ac

y 
is

 o
ve

r-
re

gi
st

ra
tio

n 
of

 

4.
0%

. 
 

 1.
6 

A
ct

io
n

 U
11

 (
C

on
d

uc
ti

ng
 le

ak
ag

e 
de

te
ct

io
n

 s
ur

ve
y)

 

T
he

 l
ea

k 
de

te
ct

io
n 

w
en

t 
th

ro
ug

h 
se

ve
ra

l 
st

ag
es

 w
it

h 
th

e 
ac

ou
st

ic
 r

od
 a

nd
 t

he
 d

ig
it

al
 s

ou
nd

 d
et

ec
to

r. 

W
he

n 
th

er
e 

w
as

 a
 p

oi
nt

 s
us

pe
ct

ed
 t

o 
ha

ve
 a

 l
ea

k,
 t

he
 U

F
W

 t
ea

m
 b

eg
an

 t
o 

us
e 

a 
m

or
e 

ad
va

nc
ed

 l
ea

k 

de
te

ct
io

n 
eq

ui
pm

en
t 

su
ch

 a
s 

th
e 

le
ak

 d
et

ec
to

r 
an

d/
or

 t
he

 l
ea

k 
so

un
d 

co
rr

el
at

or
 t

o 
ex

ac
tly

 l
oc

at
e 

th
e 

le
ak

 o
n 

th
e 

pi
pe

. 

 (1
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
so

un
d 

by
 A

co
us

ti
c 

R
od

 o
r 

D
ig

it
al

 S
ou

nd
 D

et
ec

to
r 

T
he

 f
ir

st
 a

tt
em

pt
 t

o 
de

te
ct

 t
he

 l
ea

ka
ge

 i
n 

th
e 

pi
pe

s 
an

d 
th

e 
ho

us
e 

co
nn

ec
ti

on
 w

as
 d

on
e 

us
in

g 
th

e 

ac
ou

st
ic

 r
od

 a
nd

 th
e 

di
gi

ta
l s

ou
nd

 d
et

ec
to

r. 

W
he

n 
le

ak
ag

e 
oc

cu
rs

, 
le

ak
in

g 
so

un
d 

sp
re

ad
s 

th
ro

ug
h 

th
e 

pi
pe

. 
 A

t 
th

e 
po

in
t 

w
he

re
 v

al
ve

s 
ar

e 

av
ai

la
bl

e,
 a

co
us

ti
c 

ro
d 

or
 d

ig
it

al
 s

ou
nd

 d
et

ec
to

r 
w

as
 u

se
fu

l 
fo

r 
de

te
ct

in
g 

th
e 

so
un

d.
 T

he
 m

et
ho

d 
of

 

le
ak

in
g 

so
un

d 
de

te
ct

io
n 

is
 s

ho
w

n 
on

 F
ig

ur
e 

1-
1.

 

2.4-3
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F

ig
u

re
 1

-1
  

D
et

ec
ti

n
g 

L
ea

ka
ge

 o
n 

H
ou

se
 C

on
n

ec
ti

on
 b

y 
A

co
u

st
ic

 R
od

 
 T

he
 U

FW
 t

ea
m

 h
as

 b
ee

n 
tr

ai
ne

d 
on

 l
ea

k 
de

te
ct

io
n 

by
 t

he
 a

co
us

ti
c 

ro
d 

an
d 

th
e 

di
gi

ta
l 

le
ak

 d
et

ec
to

r 
at

 

M
os

tr
od

 T
ra

in
in

g 
C

en
te

r 
an

d 
O

JT
 a

t s
ite

 b
y 

as
si

st
an

ce
 o

f 
JI

C
A

 e
xp

er
t t

ea
m

 d
ur

in
g 

th
e 

ac
tiv

it
y.

  

 (2
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
po

in
ts

 b
y 

L
ea

k
 D

et
ec

to
r 

To
 d

et
ec

t 
th

e 
le

ak
ag

e 
on

 t
he

 d
is

tr
ib

ut
io

n 
pi

pe
lin

e,
 t

he
 l

ea
k 

de
te

ct
or

 w
as

 u
se

d.
 T

he
 l

ea
k 

de
te

ct
io

n 

ac
tiv

it
y 

us
in

g 
th

e 
le

ak
 d

et
ec

to
r 

is
 s

ho
w

n 
in

 F
ig

ur
e 

1-
2.

 I
t 

w
as

 h
el

pf
ul

 t
o 

co
nf

ir
m

 t
he

 l
oc

at
io

n 
of

 t
he

 

le
ak

ag
e 

by
 n

ig
ht

 s
ur

ve
y 

to
 is

ol
at

e 
th

e 
ba

ck
gr

ou
nd

 n
oi

se
 c

au
se

d 
by

 tr
af

fi
c 

du
ri

ng
 d

ay
ti

m
e.

 

 

F
ig

u
re

 1
-2

  
D

et
ec

ti
on

 W
or

k 
by

 L
ea

k
 D

et
ec

to
r 

(3
) 

D
et

ec
ti

on
 b

y 
L

ea
k

 S
ou

n
d 

C
or

re
la

to
r 

L
ea

k 
So

un
d 

C
or

re
la

to
r 

w
as

 a
pp

li
ed

 t
o 

co
nf

ir
m

 t
he

 l
ea

ki
ng

 p
oi

nt
 w

he
n 

le
ak

 s
ou

nd
 i

s 
de

te
ct

ed
 i

n 
tw

o 

po
in

ts
. 

 T
hi

s 
eq

ui
pm

en
t 

id
en

ti
fi

es
 t

he
 l

oc
at

io
n 

of
 l

ea
ks

 b
y 

in
te

rc
ep

tin
g 

le
ak

 n
oi

se
 t

ha
t 

is
 c

au
gh

t 
by

 a
 

se
ns

or
 a

t t
w

o 
va

lv
es

 o
r 

hy
dr

an
ts

. 
 I

t m
ea

su
re

s 
th

e 
di

ff
er

en
ce

 in
 tr

an
sm

is
si

on
 ti

m
e 

be
tw

ee
n 

tw
o 

po
in

ts
, 

an
d 

pr
oc

es
se

s 
th

e 
da

ta
 b

y 
co

m
pu

te
r. 

 T
hu

s,
 it

 e
xa

ct
ly

 s
ho

w
s 

th
e 

le
ak

in
g 

po
in

t. 

T
he

 f
ol

lo
w

in
g 

fi
gu

re
 s

ho
w

s 
th

e 
us

e 
of

 le
ak

 s
ou

nd
 c

or
re

la
to

r 
in

 th
e 

ac
tiv

it
y 

ar
ea

. 
 

8 

 
F

ig
u

re
 1

-3
  

L
ea

k 
So

un
d 

C
or

re
la

to
r 

 

(4
) 

C
on

fi
rm

at
io

n 
of

 L
ea

k 
P

oi
nt

 b
y 

A
co

u
st

ic
 R

od
 

A
ft

er
 d

et
ec

tin
g 

le
ak

 p
oi

nt
, 

so
m

e 
ho

le
s 

w
er

e 
dr

il
le

d 
at

 t
he

 d
et

ec
te

d 
le

ak
 p

oi
nt

s 
an

d 
ac

ou
st

ic
 r

od
 w

as
 

in
se

rt
ed

 i
n 

th
e 

ho
le

 t
o 

co
nf

ir
m

 t
he

 e
xa

ct
 l

oc
at

io
n 

of
 t

he
 l

ea
k 

po
in

t. 
T

hi
s 

m
et

ho
d 

is
 v

er
y 

us
ef

ul
 

es
pe

ci
al

ly
 i

n 
pa

ve
d 

ro
ad

s 
to

 m
ak

e 
th

e 
de

ci
si

on
 o

f 
ex

ca
va

ti
on

 i
n 

pa
ve

d 
ro

ad
 w

or
th

. 
Fi

gu
re

 1
-4

 s
ho

w
s 

th
e 

co
nf

ir
m

at
io

n 
of

 le
ak

s 
w

he
n 

fo
un

d 
by

 a
co

us
tic

 r
od

 d
ri

ll
ed

 in
 th

e 
gr

ou
nd

. 

 
F

ig
ur

e 
1-

4 
 M

et
h

od
 o

f 
C

on
fi

rm
in

g 
E

xa
ct

 L
oc

at
io

n 
of

 L
ea

k
 P

oi
n

t 

  (5
) 

P
ip

e 
L

oc
at

in
g 

D
ev

ic
es

 

In
 s

om
e 

lo
ca

tio
ns

, t
he

 b
ur

ie
d 

el
ec

tr
ic

al
 c

ab
le

s 
sh

al
l c

au
se

 a
 b

ig
 r

is
k 

fo
r 

la
bo

r 
to

 e
xc

av
at

e 
be

si
de

. I
t w

as
 

ne
ce

ss
ar

y 
to

 lo
ca

te
 th

e 
po

si
ti

on
 o

f 
th

e 
el

ec
tr

ic
al

 c
ab

le
s 

be
fo

re
 e

xc
av

at
io

n.
 I

n 
ot

he
r 

lo
ca

ti
on

s,
 w

he
n 

th
e 

bu
ri

ed
 p

ip
es

 w
er

e 
no

t 
id

en
ti

fi
ed

, f
ol

lo
w

in
g 

de
vi

ce
s 

w
as

 u
se

d 
to

 l
oc

at
e 

th
e 

el
ec

tr
ic

al
 c

ab
le

s 
an

d/
or

 t
he

 

bu
ri

ed
 p

ip
es

. 

2.4-4
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Pi
pe

 &
 C

ab
le

 L
oc

at
or

 

T
hi

s 
de

vi
ce

 w
as

 u
se

d 
fo

r 
lo

ca
ti

ng
 p

ip
es

 a
nd

 c
ab

le
s 

un
de

r 
th

e 
gr

ou
nd

. 

 
F

ig
ur

e 
1-

5 
 P

ip
e 

&
 C

ab
le

 L
oc

at
or

 

 M
et

al
 L

oc
at

or
 

A
 s

en
so

r 
of

 t
hi

s 
de

vi
ce

 d
et

ec
ts

 th
e 

lo
ca

tio
n 

of
 h

id
de

n 
ir

on
-m

ad
e 

st
ru

ct
ur

es
 s

uc
h 

as
 v

al
ve

 b
ox

es
 

an
d 

st
op

 v
al

ve
s.

  
In

 s
om

e 
lo

ca
tio

ns
, 

th
e 

as
ph

al
t 

pa
vi

ng
 c

ov
er

ed
 t

he
 s

ur
fa

ce
 b

ox
 o

f 
th

e 
va

lv
es

 

an
d 

th
e 

co
ve

r 
of

 t
he

 v
al

ve
 c

ha
m

be
rs

. 
T

he
 u

se
 o

f 
m

et
al

 l
oc

at
or

 h
as

 l
ed

 t
o 

th
e 

de
te

ct
io

n 
an

d 

re
lo

ca
ti

on
 o

f 
th

es
e 

ir
on

-m
ad

e 
st

ru
ct

ur
es

. 

 
F

ig
ur

e 
1-

6 
 M

et
al

 L
oc

at
or

 

(6
) 

R
es

u
lt

s 
of

 le
ak

 d
et

ec
ti

on
 

T
he

 l
ea

k 
de

te
ct

io
n 

su
rv

ey
 l

ed
 t

o 
de

te
ct

 f
iv

e 
(5

) 
le

ak
s 

in
 t

he
 a

re
a.

 A
ll 

th
e 

de
te

ct
ed

 l
ea

ks
 w

er
e 

on
 t

he
 

ho
us

e 
co

nn
ec

ti
on

s 
w

hi
ch

 w
er

e 
m

an
uf

ac
tu

re
d 

fr
om

 le
ad

. O
ne

 o
f 

th
es

e 
le

ak
s 

w
as

 o
n 

th
e 

co
nn

ec
ti

on
 to

 a
 

pu
bl

ic
 s

ch
oo

l. 
T

he
 r

ea
so

n 
fo

r 
th

e 
le

ak
s 

w
as

 d
ue

 t
o 

w
ro

ng
 c

on
st

ru
ct

io
n 

du
e 

to
 b

en
di

ng
 t

he
 l

ea
d 

pi
pe

 

be
nd

in
g 

w
ith

ou
t u

si
ng

 th
e 

pr
op

er
 f

ac
ili

ti
es

 to
 b

en
d 

su
ch

 p
ip

es
. 

T
he

 f
ol

lo
w

in
g 

ta
bl

e 
in

di
ca

te
s 

th
e 

su
m

m
ar

y 
of

 t
he

 d
et

ec
te

d 
le

ak
s 

an
d 

th
e 

m
ap

 i
nd

ic
at

ed
 t

he
 lo

ca
tio

n 
of

 

th
es

e 
le

ak
s 

on
 th

e 
G

IS
 m

ap
 u

se
d 

du
ri

ng
 th

e 
su

rv
ey

. 
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T
ab

le
 1

-6
  

Su
m

m
ar

y 
of

 D
et

ec
te

d 
L

ea
ks

 I
nf

or
m

at
io

n
 

L
ea

ka
ge

 R
ec

or
d 

S
he

et
 

N
o.

 
1 

2 
3 

4 
5 

D
at

e 
21

-8
-0

7 
22

-8
-0

7 
23

-8
-0

7 
24

-8
-0

7 
23

-0
8-

07
 

B
lo

ck
 N

um
be

r 
46

 
51

 
56

 
48

 
36

 
H

ou
se

 N
um

be
r 

33
5 

2 
39

 
13

 
S

ch
oo

l 
P

os
it

io
n 

H
C

 
H

C
 

H
C

 
H

C
 

H
C

 
C

on
di

ti
on

 o
f 

le
ak

 
C

ra
ck

 
P

ac
ki

ng
 

U
nk

no
w

n 
C

ra
ck

 
C

ra
ck

 
D

ia
m

et
er

 o
f 

pi
pe

 
50

 
50

 
50

 
50

 
50

 
M

at
er

ia
l o

f 
le

ak
 p

ip
e 

L
ea

d 
L

ea
d 

L
ea

d 
L

ea
d 

L
ea

d 
D

ep
th

 o
f 

pi
pe

 
70

 c
m

 
19

0 
cm

 
10

0 
cm

 
12

0 
cm

 
70

 c
m

 
G

ro
un

d 
co

nd
it

io
ns

 
P

av
ed

 
P

av
ed

 
P

av
ed

 
P

av
ed

 
C

on
c.

 

C
au

se
 o

f 
le

ak
 

W
at

er
 

pr
es

su
re

 
D

et
er

io
ra

ti
on

 
C

on
st

ru
ct

io
n 

W
at

er
 p

re
ss

ur
e 

W
at

er
 p

re
ss

ur
e 

L
ea

ka
ge

 s
iz

e 
L

ar
ge

 
M

ed
iu

m
 

M
ed

iu
m

 
M

ed
iu

m
 

L
ar

ge
 

L
ea

ka
ge

 q
ua

nt
it

y 
(m

ea
su

re
d)

 
3 

L
/s

 
N

A
 

N
A

 
N

A
 

N
A

 

 

   

          

F
ig

ur
e 

1-
7 

 L
oc

at
io

n 
of

 D
et

ec
te

d 
L

ea
ks

 in
 Z

ag
az

ig
 E

as
t A

re
a-

1 

 T
he

 c
om

m
on

 f
ea

tu
re

s 
of

 t
he

 d
et

ec
te

d 
le

ak
s 

th
at

 a
ll

 t
he

 l
ea

ks
 w

er
e 

on
 th

e 
le

ad
 p

ip
e 

fo
rm

in
g 

th
e 

ho
us

e 

co
nn

ec
ti

on
. M

os
t 

of
 t

he
 l

ea
ks

 w
er

e 
du

e 
to

 c
ra

ck
s 

ca
us

ed
 i

n 
th

e 
pi

pe
 b

y 
be

nd
in

g 
th

e 
le

ad
 p

ip
e 

du
ri

ng
 

co
ns

tr
uc

tio
n 

pe
ri

od
 a

nd
 th

en
 w

it
h 

w
at

er
 p

re
ss

ur
e 

an
d 

de
te

ri
or

at
io

n,
 th

e 
cr

ac
k 

be
gi

ns
 to

 s
pr

ea
d.

 D
ue

 to
 

as
ph

al
t 

pa
ve

m
en

t 
an

d 
th

e 
po

si
ti

on
 o

f 
th

e 
cr

ac
k 

on
 t

he
 s

id
e 

of
 t

he
 h

ou
se

 c
on

ne
ct

io
n,

 n
o 

w
at

er
 c

om
es

 

ou
t 

th
e 

gr
ou

nd
 s

ur
fa

ce
. A

ll 
th

e 
le

ak
 w

at
er

 g
oe

s 
to

 t
he

 s
ew

er
s 

in
 s

om
e 

ca
se

 a
nd

 t
o 

a 
gr

ou
nd

 a
qu

if
er

 i
n 

ot
he

r 
ca

se
s.

 

 1.
7 

A
ct

io
n

 U
12

 (
R

ep
ai

ri
n

g 
le

ak
ag

e 
p

ar
ts

) 

Fo
ll

ow
in

g 
th

e 
le

ak
s 

ha
d 

be
en

 d
et

ec
te

d;
 th

e 
re

pa
ir

 w
or

ks
 ta

ke
s 

pl
ac

e 
by

 S
H

A
PW

A
S

C
O

 e
qu

ip
m

en
t a

nd
 

fa
ci

lit
ie

s.
 A

ll 
th

e 
le

ad
 p

ip
es

 a
nd

 h
ou

se
 c

on
ne

ct
io

n 
w

it
h 

de
te

ct
ed

 l
ea

k 
ha

s 
be

en
 r

ep
la

ce
d 

w
it

h 
PV

C
 

pi
pe

s 
w

ith
 p

ro
pe

r 
fi

tti
ng

s.
 

2.4-5
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 1.
8 

A
ct

io
n

 U
13

 (
C

on
du

ct
in

g 
M

N
F

 s
u

rv
ey

 a
ft

er
 r

ep
ai

r 
w

or
ks

) 

In
 o

rd
er

 t
o 

co
nf

ir
m

 t
he

 e
ff

ec
ti

ve
ne

ss
 o

f 
th

e 
re

pa
ir

in
g 

w
or

k 
(o

r 
re

du
ct

io
n 

pe
rc

en
ta

ge
 o

f 
le

ak
ag

e 
ra

ti
o)

, 

M
N

F 
su

rv
ey

 w
as

 c
ar

ri
ed

 o
ut

 a
ft

er
 t

he
 r

ep
ai

ri
ng

 w
or

k 
of

 t
he

 l
ea

ki
ng

 p
ar

ts
. 

 I
n 

th
e 

m
ea

n 
ti

m
e 

of
 t

he
 

M
N

F 
su

rv
ey

, 
tw

o 
ro

un
ds

 o
f 

m
et

er
 r

ea
di

ng
 w

er
e 

co
nd
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 c
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 d
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 b
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pa
tt

er
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he
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ta
l 
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l 
be

 d
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n 
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 p
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ra
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m
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w
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ta
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ni
ng

 t
hr
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l 
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 b
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L
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ea
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it
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as

 1
.6

2 
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g 

co
ul
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 r
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at
er

 m
et
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m

en
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e 
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e 
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 m
et
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f 
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. 
 

T
he

 v
al

ue
 o
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 b
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s 
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l b
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w
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 m
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l 

 
 

 
 

: 
  

  
  

  
 1

.2
1 

L
/s

 

 
 

 
 

  
To

ta
l 

: 
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M
N

F
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er
ie
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of

 m
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um
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ig
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w
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 c
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um
ed
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th

e 
va
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e 
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e 
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M
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ti
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n 

th
e 
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ou

nt
 o

f 
le

ak
ag

e 
in
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e 
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st
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n 
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k.
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 f
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er
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 r
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t p
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 m
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 m
ea

su
re

 th
e 

av
er

ag
e 

pr
es

su
re

 in
 th

e 
ne

tw
or

k.
 

3-
 T

he
 f

lo
w

 m
et

er
 s

ha
ll

 b
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 r
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 d
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 d
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ra
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e 
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ct
io
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w
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er

 b
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e 
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ab
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 b
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l b
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e 

ne
t a

m
ou

nt
 o

f 
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 c
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ra
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f 
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t c
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 b
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 m
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w
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 d
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m
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Table 2-7  Summary of Detected Leaks Information 

Leakage Record Sheet 

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Date 21-11 24-11 25-11 26-11 26-11 2-12 26-11 27-11 27-11 1-12 2-12 2-12 13-12 15-12 15-12 10-12 10-12 10-12 13-12 

Area A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 A2 

Position HC HC HC HC HC HC HC HC HC HC V V V HC HC HC HC HC HC 

Condition of 
leak 

pack pack Pack Pack Pack pack pack pack pack pack pack pack pack pack pack pack pack pack pack 

Diameter of 
pipe 

25 25 25 25 25 25 25 25 25 25 150 150 100 25 25 25 25 25 25 

Material of 
leak pipe 

lead lead Lead Lead Lead lead lead lead lead lead Pvc Pvc Pvc lead lead lead lead lead lead 

Depth of pipe 70 100 110 80 70 90 120 90 110 120 200 200 200 80 120 110 110 120 80 

Ground 
conditions 

Gra Gra Gra Gra Gra Gra Gra Gra Gra Gra Pav Pav Gra Gra Gra Gra Gra Gra Gra 

Cause of leak Det. Det.. Det. Det. Det Det Det. Det. Det Det pack pack Pack pack Det Det Det Det Det 

Leakage size M M M M M M M M M M S S M M M M M M M 

Leakage 
quantity 

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Notes: Gra: Gravel,  HC: House connection,  V : Valves,  Pack : Packing,  Det : Deterioration,  M : Medium,  S : Small,  NA : Not Applicable 
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en

t (
fr

om
 it

em
 3

 to
 5
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R

ep
ea

t t
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 p
ro

ce
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 f
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m

 it
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 to

 6
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or
 a

ll
 c

as
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T
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ve
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ge
 m

et
er
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rr

or
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ec
or

de
d 
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.0
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 p
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iti
ve
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of
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e 

m
et

er
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rr
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ic
at

ed
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w
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er
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et
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 r
ea

d 
m
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e 
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l 
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nt
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f 
w

at
er

 p
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ng
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t. 
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 p
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al

ue
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o 
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ou
nt
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f 
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m

m
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F

W
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ho
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d 
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 d
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ed
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y 
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m
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f 
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ro
r. 
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e 
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l 
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 t
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un
t 
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ng
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at
er

 b
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an
ce
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na

ly
si

s.
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 e

rr
or
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f 

th
e 

m
et

er
 w
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 d

ue
 t

o 

pr
es

en
ce
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f 
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m

e 
im
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ri
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n 

th
e 

w
at
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si
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so

li
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et
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h 
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pu
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e 
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e 

m
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 s
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n.
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s 
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e 
w
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er

 f
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w
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m
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 c
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n 
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 m
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nc
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e 
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d 
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s 
ov

er
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 p
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 m
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 f
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 c
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 d
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in

g 
da

y 
ho
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 b
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 c
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M
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 m
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 c
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e 
va

lu
e 
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e 

m
in
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ht
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N
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th
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 d
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 f
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 b
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l b
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 f
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 m
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 m
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l b
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e 

ne
t 

vo
lu

m
e 

of
 b

ill
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 c
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ra
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l L
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ag
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ak

ag
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O
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rf
lo

w
s 

at
 U

til
ity

’s 
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or

ag
e 
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nk
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m

3 /d
ay
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4.
35

 
Le

ak
ag

e 
on

 S
er

vi
ce

 C
on

ne
ct

io
ns

 u
p 

to
 

po
in

t o
f C

us
to

m
er

 m
et

er
in

g 
25

4.
35

 
m

3 /d
ay

 
  

 3.
6 

A
ct

io
n 

U
11

 (
C

on
d

uc
ti

ng
 le

ak
ag

e 
de

te
ct

io
n

 s
ur

ve
y)

 

T
he

 l
ea

k 
de

te
ct

io
n 

su
rv

ey
 i

s 
cu

rr
en

tl
y 

un
de

r 
w

ay
 w

ith
 u

si
ng

 t
he

 a
co

us
tic

 r
od

 a
nd

 t
he

 d
ig

it
al

 s
ou

nd
 

de
te

ct
or

. 
A

s 
th

e 
re

su
lt 

of
 s

ur
ve

y,
 s

ev
er

al
 d

ou
bt

fu
l 

pl
ac

es
 f

or
 l

ea
ka

ge
 w

er
e 

fo
un

d 
an

d 
fi

ve
 (

5)
 l

ea
ka

ge
 

pl
ac

es
 w

er
e 

de
te

ct
ed

 o
n 

th
e 

le
ad

 p
ip

e 
in

 h
ou

se
 c

on
ne

ct
io

n 
af

te
r 

ex
ca

va
ti

on
.  
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(1
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
so

un
d 

by
 A

co
us

ti
c 

R
od

 o
r 

D
ig

it
al

 S
ou

n
d 

D
et

ec
to

r 

T
he

 f
ir

st
 a

tt
em

pt
 t

o 
de

te
ct

 t
he

 l
ea

ka
ge

 i
n 

th
e 

pi
pe

s 
an

d 
th

e 
ho

us
e 

co
nn

ec
ti

on
 w

as
 d

on
e 

us
in

g 
th

e 

ac
ou

st
ic

 r
od

 a
nd

 th
e 

di
gi

ta
l s

ou
nd

 d
et

ec
to

r. 

W
he

n 
le

ak
ag

e 
oc

cu
rs

, 
le

ak
in

g 
so

un
d 

sp
re

ad
s 

th
ro

ug
h 

th
e 

pi
pe

. 
 A

t 
th

e 
po

in
t 

w
he

re
 v

al
ve

s 
ar

e 

av
ai

la
bl

e,
 a

co
us

tic
 r

od
 o

r 
di

gi
ta

l 
so

un
d 

de
te

ct
or

 w
as

 u
se

fu
l 

fo
r 

de
te

ct
in

g 
th

e 
so

un
d.

 T
he

 m
et

ho
d 

of
 

le
ak

in
g 

so
un

d 
de

te
ct

io
n 

is
 s

ho
w

n 
on

 F
ig

ur
e 

3-
1.

 

 
F

ig
ur

e 
3-

1 
 D

et
ec

ti
n

g 
L

ea
ka

ge
 o

n 
H

ou
se

 C
on

n
ec

ti
on

 b
y 

A
co

us
ti

c 
R

od
 in

 Z
ag

az
ig

 w
es

t A
-3

 
 T

he
 U

F
W

 t
ea

m
 h

as
 b

ee
n 

tr
ai

ne
d 

on
 l

ea
k 

de
te

ct
io

n 
by

 t
he

 a
co

us
ti

c 
ro

d 
an

d 
th

e 
di

gi
ta

l 
le

ak
 d

et
ec

to
r 

at
 

M
os

tr
od

 T
ra

in
in

g 
C

en
te

r 
an

d 
O

JT
 a

t s
ite

 b
y 

as
si

st
an

ce
 o

f 
JI

C
A

 e
xp

er
t t

ea
m

 d
ur

in
g 

th
e 

ac
ti

vi
ty

. 
 (2

) 
D

et
ec

ti
on

 o
f 

le
ak

in
g 

po
in

ts
 b

y 
L

ea
k 

D
et

ec
to

r 

To
 d

et
ec

t 
th

e 
le

ak
ag

e 
on

 t
he

 d
is

tr
ib

ut
io

n 
pi

pe
lin

e,
 t

he
 l

ea
k 

de
te

ct
or

 w
as

 u
se

d.
 T

he
 l

ea
k 

de
te

ct
io

n 

ac
tiv

it
y 

us
in

g 
th

e 
le

ak
 d

et
ec

to
r 

is
 s

ho
w

n 
in

 F
ig

ur
e 

3-
2.

 I
t 

w
as

 h
el

pf
ul

 t
o 

co
nf

ir
m

 t
he

 l
oc

at
io

n 
of

 t
he

 

le
ak

ag
e 

by
 n

ig
ht

 s
ur

ve
y 

to
 is

ol
at

e 
th

e 
ba

ck
gr

ou
nd

 n
oi

se
 c

au
se

d 
by

 tr
af

fi
c 

du
ri

ng
 d

ay
li

gh
t. 

 

F
ig

u
re

 3
-2

  
D

et
ec

ti
on

 W
or

k 
by

 L
ea

k 
D

et
ec

to
r 

in
 Z

ag
az

ig
 w

es
t A

-3
 

(3
) 

R
es

ul
ts

 o
f 

le
ak

 d
et

ec
ti

on
 

T
he

 l
ea

k 
de

te
ct

io
n 

su
rv

ey
 l

ed
 t

o 
de

te
ct

 5
 l

ea
ks

 i
n 

th
e 

ar
ea

. 
A

ll
 t

he
 d

et
ec

te
d 

le
ak

s 
w

er
e 

on
 t

he
 h

ou
se

 

co
nn

ec
ti

on
s 

w
hi

ch
 

w
er

e 
m

an
uf

ac
tu

re
d 

fr
om

 l
ea

d.
 T

he
 r

ea
so

n 
fo

r 
th

e 
le

ak
s 

w
as

 
du

e 
to

 
w

ro
ng

 

co
ns

tr
uc

tio
n 

du
e 

to
 b

en
di

ng
 t

he
 l

ea
d 

pi
pe

 b
en

di
ng

 w
it

ho
ut

 u
si

ng
 t

he
 p

ro
pe

r 
fa

ci
lit

ie
s 

to
 b

en
d 

su
ch

 

2.4-15
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pi
pe

s.
 

T
he

 f
ol

lo
w

in
g 

Ta
bl

e 
in

di
ca

te
s 

th
e 

su
m

m
ar

y 
of

 t
he

 d
et

ec
te

d 
le

ak
s 

an
d 

th
e 

m
ap

 i
nd

ic
at

ed
 th

e 
lo

ca
ti

on
 o

f 

th
es

e 
le

ak
s 

on
 th

e 
G

IS
 m

ap
 u

se
d 

du
ri

ng
 th

e 
su

rv
ey

. 

T
ab

le
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-5
  

S
um

m
ar

y 
of
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et
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d
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ea
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or
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L
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ge
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S
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et
 

N
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3 

P
os
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P

ip
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P
ip
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P

ip
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P
ip
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P

ip
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C
on

di
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on
 o

f 
le

ak
 

C
ra

ck
 

C
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ck
 

C
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ck
 

C
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ck
 

C
ra
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D
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m
et
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f 
pi

pe
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50
 

50
 

50
 

50
 

M
at

er
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l o
f 

le
ak
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le

ad
 

le
ad

 
le

ad
 

le
ad

 
le

ad
 

D
ep

th
 o

f 
pi

pe
 

70
 

70
 

70
 

70
 

70
 

G
ro

un
d 

co
nd

iti
on

s 
S

oi
l 

S
oi

l 
S

oi
l 

So
il 

S
oi

l 

C
au

se
 o

f 
le

ak
 

D
et

. 
D

et
. 

D
et

. 
D

et
. 

D
et

. 

L
ea

ka
ge

 s
iz

e 
M

 
M

 
M

 
M

 
M

 

L
ea

ka
ge

 q
ua

nt
it

y 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

N
ot

es
: D

et
: D

et
er

io
ra

tio
n,

 M
: 

M
ed

iu
m

, S
: S

m
al

l, 
N

A
: N

ot
 A

pp
lic

ab
le

 

T
he

 d
et

ec
te

d 
le

ak
s 

w
as

 o
n 

th
e 

le
ad

 p
ip

e 
th

at
 f

or
m

 t
he

 h
ou

se
 c

on
ne

ct
io

n 
an

d 
m

os
t o

f 
th

e 
le

ak
s 

w
as

 d
ue

 

to
 c

ra
ck

s 
fo

un
d 

in
 t

he
 p

ip
e 

du
e 

to
 d

et
er

io
ra

ti
on

 a
nd

 b
en

di
ng

 t
he

 l
ea

d 
pi

pe
 d

ur
in

g 
co

ns
tr

uc
ti

on
 p

er
io

d 

an
d 

th
en

 d
ue

 t
o 

w
at

er
 p

re
ss

ur
e,

 t
he

 c
ra

ck
 b

eg
in

s 
to

 s
pr

ea
d.

 M
os

t 
of

 t
he

 l
ea

ks
 w

er
e 

in
vi

si
bl

e 
as

 t
he

 

gr
ou

nd
 s

ur
fa

ce
 is

 s
oi

l. 

T
he

 lo
ca

ti
on

 o
f 

de
te

ct
ed

 le
ak

s 
is

 s
ho

w
n 

as
 f

ol
lo

w
in

g 
fi

gu
re

. 
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F
ig

ur
e 

3-
3 

 L
oc

at
io

n 
of

 d
et

ec
te

d
 le

ak
s 

in
 Z

ag
az

ig
 w

es
t A

re
a-

3 

 3.
7 

A
ct

io
n 

U
12

 (
R

ep
ai

ri
ng

 le
ak

ag
e 

pa
rt

s)
 

F
ol

lo
w

in
g 

th
e 

le
ak

s 
ha

d 
be

en
 d

et
ec

te
d;

 t
he

 r
ep

ai
r 

w
or

ks
 t

ak
es

 p
la

ce
 b

y 
S

H
A

PW
A

S
C

O
 e

qu
ip

m
en

t a
nd

 

fa
ci

lit
ie

s.
 A

ll
 t

he
 d

et
ec

te
d 

le
ak

 p
ip

es
 a

nd
 h

ou
se

 c
on

ne
ct

io
n 

ha
s 

be
en

 r
ep

la
ce

d 
w

it
h 

PV
C

 p
ip

es
 w

ith
 

pr
op

er
 f

it
tin

gs
. 

 3.
8 

A
ct

io
n 

U
13

 (
C

on
du

ct
in

g 
M

N
F

 s
u

rv
ey

 a
ft

er
 r

ep
ai

r 
w

or
ks

) 

In
 o

rd
er

 t
o 

co
nf

ir
m

 t
he

 e
ff

ec
ti

ve
ne

ss
 o

f 
th

e 
re

pa
ir

in
g 

w
or

k 
(o

r 
re

du
ct

io
n 

pe
rc

en
ta

ge
 o

f 
le

ak
ag

e 
ra

tio
),

 

M
N

F
 s

ur
ve

y 
w

as
 c

ar
ri

ed
 o

ut
 a

ft
er

 t
he

 r
ep

ai
ri

ng
 w

or
k 

of
 t

he
 l

ea
ki

ng
 p

ar
ts

. 
In

 t
he

 m
ea

n 
ti

m
e 

of
 t

he
 

M
N

F
 s

ur
ve

y,
 t

w
o 

ro
un

ds
 o

f 
m

et
er

 r
ea

di
ng

 w
er

e 
co

nd
uc

te
d 

in
 t

he
 s

am
e 

pe
ri

od
. 

T
he

 p
ur

po
se

 o
f 

co
ll

ec
ti

ng
 m

et
er

 r
ea

di
ng

 w
as

 t
o 

m
ea

su
re

 t
he

 b
ill

ed
 a

ut
ho

ri
ze

d 
co

ns
um

pt
io

n 
to

 b
e 

us
ed

 i
n 

th
e 

w
at

er
 

ba
la

nc
e 

an
al

ys
is

. 
 

A
 f

lo
w

 m
et

er
 h

as
 b

ee
n 

in
st

al
le

d 
at

 th
e 

m
ai

n 
in

le
t 

pi
pe

lin
e 

an
d 

w
as

 a
ll

ow
ed

 to
 r

eg
is

te
r 

th
e 

fl
ow

 r
at

e 
fo

r 

th
e 

w
ho

le
 5

 d
ay

s.
 T

w
o 

fl
ow

 m
et

er
s 

w
er

e 
us

ed
, 

on
e 

ea
ch

 t
w

o 
da

ys
 t

o 
ov

er
co

m
e 

th
e 

sh
or

t 
li

fe
tim

e 
of

 

po
rt

ab
le

 b
at

te
ri

es
 th

at
 w

as
 u

se
d 

to
 o

pe
ra

te
 th

e 
fl

ow
 m

et
er

. 

T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 t
he

 m
ai

n 
fi

nd
in

gs
 d

ur
in

g 
th

e 
M

N
F 

su
rv

ey
 a

ft
er

 l
ea

k 
de

te
ct

io
n 

an
d 

re
pa

ir
. 

  

N
O

.1

N
O

.2

N
O

.3

N
O

.4

N
O

.5

2.4-16
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T
ab

le
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-6
  

St
at

u
s 

of
 W

at
er

 M
et

er
s 

af
te

r 
R

ep
ai

r 

It
em

 
un

it 
St

at
us

 

D
ur

at
io

n 
of

 M
N

F 
su

rv
ey

, d
ay

s 
da

y 
5 

To
ta

l 
am

ou
nt

 
of

 
w

at
er

 
re

gi
st

er
ed

 
by

 
fl

ow
 

m
et

er
 

du
ri

ng
 

m
ea

su
re

m
en

t p
er

io
d 

m
3  

4,
89

0 

(8
07

.5
 m

3 /d
ay

) 

N
um

be
r 

of
 r

ea
d 

m
et

er
s 

no
s 

95
5 

N
um

be
r 

of
 lo

ck
ed

 m
et

er
s 

 
no

s 
27

4 

N
um

be
r 

of
 f

la
t r

at
e 

co
nn

ec
tio

n 
no

s 
--

 

 3.
9 

A
ct

io
n 

U
14

 (
M

ak
in

g 
w

at
er

 b
al

an
ce

 a
na

ly
si

s 
an

d
 it

s 
ev

al
ua

ti
on

) 

T
he

 w
at

er
 b

al
an

ce
 a

na
ly

si
s 

is
 a

 u
se

fu
l 

to
ol

 t
o 

ev
al

ua
te

 t
he

 U
F

W
 r

at
io

. 
T

he
 f

ol
lo

w
in

g 
da

ta
 s

ho
ul

d 
be

 

kn
ow

n 
or

 e
st

im
at

ed
 b

ef
or

e 
m

ak
in

g 
th

e 
w

at
er

 b
al

an
ce

 a
na

ly
si

s.
 

1-
 

Q
ua

nt
ity

 o
f 

w
at

er
 e

nt
er

in
g 

th
e 

st
ud

y 
ar

ea
 n

et
w

or
k 

80
7 

m
3 /d

. 

2-
 

Q
ua

nt
ity

 o
f 

w
at

er
 le

av
in

g 
th

e 
st

ud
y 

ar
ea

 n
et

w
or

k 
an

d 
go

es
 t

o 
an

ot
he

r 
ne

tw
or

k 
at

 th
e 

bo
un

da
ry

 

of
 it

 (
N

il
).

 

3-
 

Q
ua

nt
ity

 o
f 

bi
lle

d 
au

th
or

iz
ed

 c
on

su
m

pt
io

n.
 T

hi
s 

va
lu

e 
co

ul
d 

be
 a

ss
um

ed
 a

s 
m

ea
su

re
d 

be
fo

re
 

as
 th

e 
w

at
er

 m
et

er
 s

ta
tu

s 
is

 th
e 

sa
m

e 
as

 th
e 

tim
e 

of
 m

ea
su

ri
ng

 th
e 

w
at

er
 m

et
er

s.
 5

39
 m

3 /d
. T

he
 

vo
lu

m
e 

of
 b

il
le

d 
un

m
et

er
ed

 w
at

er
 s

ha
ll 

be
 c

on
si

de
re

d 
as

 (
10

8 
m

3 /d
) 

 

4-
 

E
st

im
at

io
n 

of
 th

e 
un

bi
lle

d 
au

th
or

iz
ed

 c
on

su
m

pt
io

n.
 (

N
il

) 

5-
 

M
et

er
 i

na
cc

ur
ac

y 
an

d 
er

ro
r 

in
 s

ta
rt

 f
lo

w
 m

ea
su

re
m

en
t 

(t
he

 m
in

im
um

 f
lo

w
 r

at
e 

at
 w

hi
ch

 t
he

 

w
at

er
 m

et
er

 b
eg

in
 t

o 
re

gi
st

er
 t

he
 f

lo
w

 a
m

ou
nt

).
 T

hi
s 

sh
al

l 
be

 e
st

im
at

ed
 a

s 
be

fo
re

 t
he

 l
ea

ka
ge

 

re
pa

ir
. 

6-
 

D
ur

in
g 

U
F

W
 t

ea
m

 s
ur

ve
y 

fo
r 

th
e 

di
st

ri
bu

ti
on

 n
et

w
or

k 
an

d 
th

e 
st

at
us

 o
f 

th
e 

m
et

er
s,

 t
he

 t
ea

m
 

di
d 

no
t f

in
d 

cu
st

om
er

s 
th

ef
t w

at
er

 (
i.e

. u
na

ut
ho

ri
ze

d 
co

ns
um

pt
io

n)
. 

 D
ur

in
g 

th
e 

A
ct

io
n 

U
8,

 i
t 

w
as

 f
ou

nd
 t

ha
t 

th
e 

w
as

ta
ge

 i
n 

ho
us

es
 e

qu
al

 1
2 

L
/h

r/
m

et
er

. 
It

 w
as

 a
ss

um
ed

 

th
at

 t
hi

s 
w

as
ta

ge
 s

ha
ll 

be
 f

or
 a

 p
er

io
d 

of
 3

 h
ou

rs
 (

th
re

e 
ho

ur
s)

. 
In

 t
he

 d
ay

ti
m

e,
 t

he
 u

se
 o

f 
th

e 
fa

uc
et

s 

an
d 

fl
us

h 
ta

nk
s 

in
 t

he
 t

oi
le

t 
m

ak
e 

th
e 

w
at

er
 m

et
er

 r
un

 f
or

 a
 f

lo
w

 h
ig

he
r 

th
an

 t
he

 s
ta

rt
 f

lo
w

. T
hi

s 
sh

al
l 

m
ak

e 
th

e 
m

et
er

 r
eg

is
te

r 
th

e 
to

ta
l f

lo
w

 p
as

si
ng

 th
ro

ug
h 

it 
in

cl
ud

in
g 

th
e 

w
as

ta
ge

 f
lo

w
. 

T
he

 n
um

be
r 

of
 m

et
er

s 
th

at
 c

ou
ld

 h
av

e 
a 

w
as

ta
ge

 in
cl

ud
in

g 
fl

at
 r

at
e 

co
nn

ec
ti

on
s 

is
 1

06
4 

m
et

er
s.
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er
at

io
n 

w
he

n 
pr

ep
ar

in
g 

th
e 

w
at

er
 b

al
an

ce
 a

na
ly

si
s 

as
 

un
au

th
or

iz
ed

 c
on

su
m

pt
io

n.
 T

hi
s 

am
ou

nt
 o

f 
w

at
er

 w
as

 m
ea

su
re

d 
as

 a
 p

ar
t o

f 
m

in
im

um
 n

ig
ht

 f
lo

w
 v

al
ue

 

de
te

rm
in

ed
 b

y 
th

e 
fl

ow
 m

et
er

 in
st

al
le

d 
at

 th
e 

m
ai

n 
pi

pe
li

ne
 to

 th
e 

st
ud

y 
ar

ea
. 

 4.
4 

A
ct

io
n 

U
9 

(C
on

du
ct

in
g 

M
N

F
 s

ur
ve

y)
 

A
 s

er
ie

s 
of

 m
in

im
um

 n
ig

ht
 f

lo
w

 s
ur

ve
y 

w
as

 c
on

du
ct

ed
 i

n 
th

is
 s

ta
ge

. I
t 

w
as

 a
ss

um
ed

 t
ha

t 
th

e 
va

lu
e 

of
 

th
e 

m
in

im
um

 n
ig

ht
 f

lo
w

 (
M

N
F

) 
is

 a
n 

in
di

ca
ti

on
 o

n 
th

e 
am

ou
nt

 o
f 

le
ak

ag
e 

in
 t

he
 d

is
tr

ib
ut

io
n 

ne
tw

or
k.

 

T
hi

s 
ac

tiv
it

y 
is

 s
um

m
ar

iz
ed

 a
s 

fo
llo

w
: 

2.4-18



 

 

37
 

1-
 A

 f
lo

w
 m

et
er

 s
ha

ll
 b

e 
in

st
al

le
d 

on
 th

e 
w

at
er

 in
le

t(
s)

 to
 r

eg
is

te
r 

th
e 

am
ou

nt
 o

f 
w

at
er

 e
nt

er
in

g 
th

e 

st
ud

y 
ar

ea
. 

2-
 T

w
o 

pr
es

su
re

 r
ec

or
de

rs
 s

ha
ll 

be
 in

st
al

le
d 

as
 w

el
l; 

on
e 

of
 th

es
e 

re
co

rd
er

s 
sh

al
l b

e 
in

st
al

le
d 

at
 th

e 

in
le

t 
po

in
t 

an
d 

th
e 

ot
he

r 
at

 t
he

 f
ar

 e
nd

 o
f 

th
e 

ne
tw

or
k 

fo
r 

th
e 

sa
m

e 
pe

ri
od

 o
f 

th
e 

fl
ow

 m
et

er
 

re
co

rd
in

g 
to

 m
ea

su
re

 th
e 

av
er

ag
e 

pr
es

su
re

 in
 th

e 
ne

tw
or

k.
 

3-
 T

he
 f

lo
w

 m
et

er
 s

ha
ll

 b
e 

al
lo

w
ed

 to
 r

eg
is

te
r 

th
e 

fl
ow

 r
at

e 
va

lu
e 

fo
r 

at
 le

as
t 2

4 
ho

ur
s.

 

4-
 T

he
 m

in
im

um
 r

eg
is

te
re

d 
fl

ow
 s

ha
ll

 r
ep

re
se

nt
 t

he
 a

m
ou

nt
 o

f 
le

ak
ag

e 
in

 t
he

 n
et

w
or

k 
be

si
de

 t
he

 

w
as

ta
ge

 in
 h

ou
se

s.
 

5-
 T

he
 e

qu
iv

al
en

t l
ea

ka
ge

 f
lo

w
 d

ur
in

g 
th

e 
da

y 
co

ul
d 

be
 d

et
er

m
in

ed
 b

y 
th

e 
eq

ua
tio

n 
m

en
ti

on
ed

 in
 

se
ct

io
n 

1.
4.

 

6-
 D

et
er

m
in

e 
th

e 
pe

rc
en

t 
of

 M
N

F 
w

hi
ch

 r
ep

re
se

nt
 a

 c
om

pa
ra

ti
ve

 b
as

is
 f

or
 t

he
 U

FW
 b

y 
di

vi
di

ng
 

th
e 

eq
ui

va
le

nt
 

m
in

im
um

 
ni

gh
t 

fl
ow

 
by

 
th

e 
to

ta
l 

fl
ow

 
re

gi
st

er
ed

 
by

 
th

e 
fl

ow
 

m
et

er
 

(Q
M

N
F/

Q
T

O
TA

L
).

 

 A
 s

er
ie

s 
of

 M
N

F 
ru

ns
 w

as
 c

on
du

ct
ed

 b
ef

or
e 

le
ak

ag
e 

de
te

ct
io

n 
or

 r
ep

ai
r 

ta
ke

s 
pl

ac
e.

  
T

he
 s

um
m

ar
y 

of
 

th
es

e 
re

su
lt

s 
is

 r
ep

re
se

nt
ed

 in
 th

e 
fo

ll
ow

in
g 

ta
bl

e:
 

 

T
ab

le
 4

-3
  

Su
m

m
ar

y 
of

 R
es

ul
t 

fo
r 

M
N

F
 S

u
rv

ey
 b

ef
or

e 
L

ea
ka

ge
 R

ep
ai

r 

It
em

 
U

ni
t 

V
al

ue
 

A
ve

ra
ge

 F
lo

w
 

L
/s

 
26

.3
7 

M
in

im
um

 f
lo

w
 (

M
N

F)
 

L
/s

 
11

.4
8 

M
ax

im
um

 v
al

ue
 o

f 
fl

ow
 

L
/s

 
37

.5
1 

To
ta

l f
lo

w
 r

at
e 

(Q
T

O
TA

L
) 

m
3 /d

ay
 

22
79

 

E
qu

iv
al

en
t M

N
F 

(Q
M

N
F)

 
m

3 /d
ay

 
88

6 

R
at

io
 

%
 

38
.8

8 

 T
hi

s 
ra

tio
 o

f 
eq

ui
va

le
nt

 M
N

F
 w

as
 c

on
si

de
re

d 
ve

ry
 h

ig
h 

an
d 

its
 s

ou
rc

es
 s

ha
ll

 b
e 

an
al

yz
ed

 a
ft

er
 t

he
 

le
ak

ag
e 

de
te

ct
io

n 
an

d 
re

pa
ir

 w
or

ks
 f

in
is

h.
 

 4.
5 

A
ct

io
n 

U
10

 (
M

ak
in

g 
w

at
er

 b
al

an
ce

 a
na

ly
si

s 
be

fo
re

 r
ep

ai
r 

w
or

ks
) 

To
 e

st
ab

lis
h 

a 
w

at
er

 b
al

an
ce

 a
na

ly
si

s,
 th

e 
fo

ll
ow

in
g 

pr
oc

ed
ur

e 
sh

al
l b

e 
fo

ll
ow

ed
: 

1-
 

D
et

er
m

in
e 

th
e 

ne
t 

am
ou

nt
 o

f 
w

at
er

 e
nt

er
in

g 
th

e 
st

ud
y 

pi
lo

t 
ar

ea
 w

hi
ch

 w
as

 m
ea

su
re

d 
as

 1
75

9 

m
3 /d

. 

2-
 

D
et

er
m

in
e 

th
e 

au
th

or
iz

ed
 c

on
su

m
pt

io
n,

 t
he

 s
um

 o
f 

m
et

er
ed

 v
ol

um
e 

55
6 

m
3 /d

 w
it

h 
ov

er
 

re
gi

st
ra

ti
on

 e
rr

or
 o

f 
4 

%
 (

21
 m

3 /d
) 

so
 t

ha
t 

th
e 

ne
t 

vo
lu

m
e 

of
 b

ill
ed

 a
ut

ho
ri

ze
d 

co
ns

um
pt

io
n 

w
il

l 
be

 5
35

 m
3 /d

. 
T

he
 b

ill
ed

 u
n-

m
et

er
ed

 v
ol

um
e 

th
at

 w
as

 a
ss

um
ed

 t
o 

be
 c

on
su

m
ed

 a
s 

a 
fl

at
 

ra
te

 e
va

lu
at

io
n 

of
 2

5 
m

3 /m
on

th
/m

et
er

. 
T

he
 v

al
ue

 o
f 

th
e 

bi
lle

d 
un

m
et

er
ed

 c
on

su
m

pt
io

n 
w

as
 

ca
lc

ul
at

ed
 to

 b
e 

58
3 

m
3 /d

. T
hi

s 
am

ou
nt

 o
f 

w
at

er
 w

as
 c

on
su

m
ed

 b
y 

th
e 

re
gi

st
er

ed
 c

us
to

m
er

s 
at

 

S
H

A
PW

A
S

C
O

. 
A

ut
ho

ri
ze

d 
co

ns
um

pt
io

n 
m

ay
 i

nc
lu

de
 i

te
m

s 
su

ch
 a

s 
fi

re
 f

ig
ht

in
g,

 t
ra

in
in

g,
 

fl
us

hi
ng

 o
f 

m
ai

ns
 a

nd
 s

ew
er

s,
 s

tr
ee

t 
cl

ea
ni

ng
, p

ub
li

c 
fo

un
ta

in
s 

an
d 

ga
rd

en
s,

 e
tc

, t
he

se
 m

ay
 b

e 
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bi
lle

d,
 u

nb
ill

ed
, m

et
er

ed
 o

r 
un

m
et

er
ed

. T
hi

s 
va

lu
e 

w
as

 n
eg

le
ct

ed
 i

n 
th

is
 s

tu
dy

 a
s 

th
e 

ar
ea

 w
as

 

co
nt

ro
ll

ed
 a

ga
in

st
 th

es
e 

ac
tio

ns
 d

ur
in

g 
th

e 
st

ud
y 

pe
ri

od
. 

3-
 

D
et

er
m

in
e 

th
e 

w
at

er
 l

os
s 

w
hi

ch
 is

 th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

sy
st

em
 i

np
ut

 v
ol

um
e 

an
d 

au
th

or
iz

ed
 

co
ns

um
pt

io
n.

 W
at

er
 l

os
se

s 
ca

n 
be

 c
on

si
de

re
d 

as
 a

 t
ot

al
 v

ol
um

e 
fo

r 
th

e 
w

ho
le

 s
ys

te
m

, 
or

 f
or

 

pa
rt

ia
l s

ys
te

m
s 

su
ch

 a
s 

tr
an

sm
is

si
on

 o
r 

di
st

ri
bu

ti
on

 s
ch

em
es

, o
r 

in
di

vi
du

al
 z

on
es

 a
s 

in
 o

ur
 c

as
e 

in
 Z

ag
az

ig
 M

ar
kz

 A
re

a 
1.

 W
at

er
 l

os
se

s 
co

ns
is

t 
of

 r
ea

l 
lo

ss
es

 a
nd

 a
pp

ar
en

t 
lo

ss
es

. 
T

he
 t

ot
al

 

vo
lu

m
e 

of
 th

e 
w

at
er

 lo
ss

es
 w

as
 c

al
cu

la
te

d 
to

 b
e 

64
1 

m
3 /d

. 

4-
 

D
et

er
m

in
e 

ap
pa

re
nt

 l
os

se
s 

th
at

 i
nc

lu
de

 a
ll

 t
yp

es
 o

f 
in

ac
cu

ra
ci

es
 a

ss
oc

ia
te

d 
w

it
h 

cu
st

om
er

 

m
et

er
in

g 
as

 
w

el
l 

as
 

da
ta

 
ha

nd
li

ng
 

er
ro

r 
(m

et
er

 
re

ad
in

g 
an

d 
bi

lli
ng

),
 

pl
us

 
un

au
th

or
iz

ed
 

co
ns

um
pt

io
n 

(t
he

ft
 o

r 
il

le
ga

l u
se

).
 T

hi
s 

va
lu

e 
sh

al
l i

nc
lu

de
 th

e 
w

as
ta

ge
 in

 h
ou

se
s.

 T
he

 v
al

ue
 o

f 

th
e 

w
as

ta
ge

 v
ol

um
e 

w
as

 c
al

cu
la

te
d 

as
 5

8 
m

3 /d
. 

re
ga

rd
in

g 
th

e 
m

et
er

 e
rr

or
 i

n 
re

gi
st

ra
ti

on
, 

th
e 

ov
er

 
re

gi
st

ra
tio

n 
of

 
cu

st
om

er
 

m
et

er
s 

le
ad

 
to

 
un

de
re

st
im

at
io

n 
of

 
R

ea
l 

L
os

se
s 

an
d 

un
de

r-
re

gi
st

ra
tio

n 
of

 c
us

to
m

er
 m

et
er

s 
le

ad
s 

to
 o

ve
r-

es
ti

m
at

io
n 

of
 r

ea
l L

os
se

s.
 

5-
 

D
et

er
m

in
e 

th
e 

R
ea

l 
L

os
se

s 
th

at
 i

nd
ic

at
e 

th
e 

ph
ys

ic
al

 w
at

er
 l

os
se

s 
fr

om
 t

he
 n

et
w

or
ks

 (
i.e

. 

le
ak

ag
e)

. T
hi

s 
am

ou
nt

 s
ha

ll
 r

ep
re

se
nt

 t
he

 w
at

er
 v

ol
um

e 
lo

st
 t

hr
ou

gh
 a

ll 
ty

pe
s 

of
 l

ea
ks

, b
ur

st
s,

 

an
d 

ov
er

fl
ow

s.
 

 T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 t
he

 w
at

er
 b

al
an

ce
 a

na
ly

si
s 

be
fo

re
 r

ep
ai

r 
w

or
ks

 f
or

 Z
ag

az
ig

 M
ar

kz
 

A
re

a-
1 

 

T
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le
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-4
  

W
at

er
 B

al
an

ce
 A

n
al

ys
is

 in
 Z

ag
az

ig
 M

ar
ka

z 
A

-1
 b

ef
or

e 
R

ep
ai

r 

(m
3 /d

ay
) 

Bi
lle

d 
M

et
er

ed
 C

on
su

m
pt

io
n 

55
6 

W
at

er
 S

ol
d 

Re
ve

nu
e 

W
at

er
 

Bi
lle

d 

Au
th

or
iz

ed
 

C
on

su
m

pt
io

n 
M

et
er

in
g 

er
ro

r (
ov

er
 r

eg
is

tr
at

io
n)

 
-2
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D
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A
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U
na

ut
ho

ri
ze

d 
Co
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pt
io

n 
0 

58
 

U
na
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fo
r 

W
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er
 

(U
FW

) 

m
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58
 

M
et
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in

g 
In

ac
cu
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ci

es
(s

ta
rt
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ow

 &
 u

nd
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re
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ra
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m
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64
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Co
ns
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Le
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 T
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ns

m
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/o
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D
is
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Ph
ys
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al

 

lo
ss
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al

 L
os

se
s 

(le
ak

ag
e)

 

Le
ak

ag
e 
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d 

O
ve

rf
lo

w
s 

at
 U

til
ity

’s 

St
or

ag
e 

Ta
nk

s 
  

58
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m

3 /d
ay

 
58

3.
38

 
Le

ak
ag

e 
on

 S
er

vi
ce

 C
on

ne
ct

io
ns

 u
p 

to
 

po
in

t o
f C

us
to

m
er
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et
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g 
58

3.
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m

3 /d
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4.
6 

A
ct

io
n 

U
11

 (
C

on
d

uc
ti

ng
 le

ak
ag

e 
de

te
ct

io
n

 s
ur

ve
y)

 

T
he

 l
ea

k 
de

te
ct

io
n 

w
en

t 
th

ro
ug

h 
se

ve
ra

l 
st

ag
es

 w
ith

 t
he

 a
co

us
ti

c 
ro

d 
an

d 
th

e 
di

gi
ta

l 
so

un
d 

de
te

ct
or

. 

W
he

n 
th

er
e 

w
as

 a
 p

oi
nt

 s
us

pe
ct

ed
 t

o 
ha

ve
 a

 l
ea

k,
 t

he
 U

F
W

 t
ea

m
 b

eg
an

 t
o 

us
e 

m
or

e 
ad

va
nc

ed
 l

ea
k 

de
te

ct
io

n 
eq

ui
pm

en
t 

su
ch

 a
s 

th
e 

le
ak

 d
et

ec
to

r 
an

d/
or

 t
he

 l
ea

k 
so

un
d 

co
rr

el
at

or
 t

o 
ex

ac
tl

y 
lo

ca
te

 t
he

 

le
ak

 o
n 

th
e 

pi
pe

. 

(1
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
so

un
d 

by
 A

co
us

ti
c 

R
od

 o
r 

D
ig

it
al

 S
ou

n
d 

D
et

ec
to

r 

T
he

 f
ir

st
 a

tt
em

pt
 t

o 
de

te
ct

 t
he

 l
ea

ka
ge

 i
n 

th
e 

pi
pe

s 
an

d 
th

e 
ho

us
e 

co
nn

ec
ti

on
 w

as
 d

on
e 

us
in

g 
th

e 

ac
ou

st
ic

 r
od

 a
nd

 th
e 

di
gi

ta
l s

ou
nd

 d
et

ec
to

r. 

W
he

n 
le

ak
ag

e 
oc

cu
rs

, 
le

ak
in

g 
so

un
d 

sp
re

ad
s 

th
ro

ug
h 

th
e 

pi
pe

. 
 A

t 
th

e 
po

in
t 

w
he

re
 v

al
ve

s 
ar

e 

av
ai

la
bl

e,
 a

co
us

tic
 r

od
 o

r 
di

gi
ta

l 
so

un
d 

de
te

ct
or

 w
as

 u
se

fu
l 

fo
r 

de
te

ct
in

g 
th

e 
so

un
d.

 T
he

 m
et

ho
d 

of
 

le
ak

in
g 

so
un

d 
de

te
ct

io
n 

is
 s

ho
w

n 
on

 F
ig

ur
e 

4-
1.

 

 
F

ig
ur

e 
4-

1 
 D

et
ec

ti
n

g 
L

ea
ka

ge
 o

n 
H

ou
se

 C
on

n
ec

ti
on

 b
y 

A
co

us
ti

c 
R

od
 

 T
he

 U
F

W
 t

ea
m

 h
as

 b
ee

n 
tr

ai
ne

d 
on

 l
ea

k 
de

te
ct

io
n 

by
 t

he
 a

co
us

ti
c 

ro
d 

an
d 

th
e 

di
gi

ta
l 
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ce
 a

na
ly

si
s 

as
 

un
au

th
or

iz
ed

 c
on

su
m

pt
io

n.
 T

hi
s 

am
ou

nt
 o

f 
w

at
er

 w
as

 m
ea

su
re

d 
as

 a
 p

ar
t o

f 
m

in
im

um
 n

ig
ht

 f
lo

w
 v

al
ue

 

de
te

rm
in

ed
 b

y 
th

e 
fl

ow
 m

et
er

 in
st

al
le

d 
at

 th
e 

m
ai

n 
pi

pe
li

ne
 to

 th
e 

st
ud

y 
ar

ea
. 

 5.
4 

A
ct

io
n 

U
9 

(C
on

du
ct

in
g 

M
N

F
 s

ur
ve

y)
 

A
 s

er
ie

s 
of

 m
in

im
um

 n
ig

ht
 f

lo
w

 s
ur

ve
y 

w
as

 c
on

du
ct

ed
 i

n 
th

is
 s

ta
ge

. I
t 

w
as

 a
ss

um
ed

 t
ha

t 
th

e 
va

lu
e 

of
 

th
e 

m
in

im
um

 n
ig

ht
 f

lo
w

 (
M

N
F

) 
is

 a
n 

in
di

ca
ti

on
 o

n 
th

e 
am

ou
nt

 o
f 

le
ak

ag
e 

in
 t

he
 d

is
tr

ib
ut

io
n 

ne
tw

or
k.

 

T
hi

s 
ac

tiv
it

y 
is

 s
um

m
ar

iz
ed

 a
s 

fo
llo

w
: 

1-
 A

 f
lo

w
 m

et
er

 s
ha

ll
 b

e 
in

st
al

le
d 

on
 th

e 
w

at
er

 in
le

t(
s)

 to
 r

eg
is

te
r 

th
e 

am
ou

nt
 o

f 
w

at
er

 e
nt

er
in

g 
th

e 

st
ud

y 
ar

ea
. 

2-
 T

w
o 

pr
es

su
re

 r
ec

or
de

rs
 s

ha
ll 

be
 in

st
al

le
d 

as
 w

el
l; 

on
e 

of
 th

es
e 

re
co

rd
er

s 
sh

al
l b

e 
in

st
al

le
d 

at
 th

e 

in
le

t 
po

in
t 

an
d 

th
e 

ot
he

r 
at

 t
he

 f
ar

 e
nd

 o
f 

th
e 

ne
tw

or
k 

fo
r 

th
e 

sa
m

e 
pe

ri
od

 o
f 

th
e 

fl
ow

 m
et

er
 

re
co

rd
in

g 
to

 m
ea

su
re

 th
e 

av
er

ag
e 

pr
es

su
re

 in
 th

e 
ne

tw
or

k.
 

3-
 T

he
 f

lo
w

 m
et

er
 s

ha
ll

 b
e 

al
lo

w
ed

 to
 r

eg
is

te
r 

th
e 

fl
ow

 r
at

e 
va

lu
e 

fo
r 

at
 le

as
t 2

4 
ho

ur
s.

 

4-
 T

he
 m

in
im

um
 r

eg
is

te
re

d 
fl

ow
 s

ha
ll

 r
ep

re
se

nt
 t

he
 a

m
ou

nt
 o

f 
le

ak
ag

e 
in

 t
he

 n
et

w
or

k 
be

si
de

 t
he

 

w
as

ta
ge

 in
 h

ou
se

s.
 

5-
 T

he
 e

qu
iv

al
en

t l
ea

ka
ge

 f
lo

w
 d

ur
in

g 
th

e 
da

y 
co

ul
d 

be
 d

et
er

m
in

ed
 b

y 
th

e 
eq

ua
tio

n 
m

en
ti

on
ed

 in
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se
ct

io
n 

1.
4.

 

6-
 D

et
er

m
in

e 
th

e 
pe

rc
en

t 
of

 M
N

F 
w

hi
ch

 r
ep

re
se

nt
 a

 c
om

pa
ra

ti
ve

 b
as

is
 f

or
 t

he
 U

FW
 b

y 
di

vi
di

ng
 

th
e 

eq
ui

va
le

nt
 

m
in

im
um

 
ni

gh
t 

fl
ow

 
by

 
th

e 
to

ta
l 

fl
ow

 
re

gi
st

er
ed

 
by

 
th

e 
fl

ow
 

m
et

er
 

(Q
M

N
F/

Q
T

O
TA

L
).

 

 A
 s

er
ie

s 
of

 M
N

F 
ru

ns
 w

as
 c

on
du

ct
ed

 b
ef

or
e 

le
ak

ag
e 

de
te

ct
io

n 
or

 r
ep

ai
r 

ta
ke

s 
pl

ac
e.

  
T

he
 s

um
m

ar
y 

of
 

th
es

e 
re

su
lt

s 
is

 r
ep

re
se

nt
ed

 in
 th

e 
fo

ll
ow

in
g 

ta
bl

e:
 

 

T
ab

le
 5

-4
  

Su
m

m
ar

y 
of

 R
es

ul
ts

 f
or

 M
N

F
 S

ur
ve

y 
be

fo
re

 L
ea

ka
ge

 R
ep

ai
r 

It
em

 
U

ni
t 

V
al

ue
 

A
ve

ra
ge

 F
lo

w
 

L
/s

 
15

.4
2 

M
in

im
um

 f
lo

w
 (

M
N

F)
 

L
/s

 
5.

24
 

M
ax

im
um

 v
al

ue
 o

f 
fl

ow
 

L
/s

 
28

.8
5 

To
ta

l f
lo

w
 r

at
e 

(Q
T

O
TA

L
) 

m
3 /d

ay
 

13
33

 

E
qu

iv
al

en
t M

N
F 

(Q
M

N
F)

 
m

3 /d
ay

 
48

4 

R
at

io
 

%
 

36
.2

9 

 T
hi

s 
ra

tio
 o

f 
eq

ui
va

le
nt

 M
N

F
 w

as
 c

on
si

de
re

d 
ve

ry
 h

ig
h 

an
d 

its
 s

ou
rc

es
 s

ha
ll

 b
e 

an
al

yz
ed

 a
ft

er
 t

he
 

le
ak

ag
e 

de
te

ct
io

n 
an

d 
re

pa
ir

 w
or

ks
 f

in
is

h.
 

 5.
5 

A
ct

io
n 

U
10

 (
M

ak
in

g 
w

at
er

 b
al

an
ce

 a
na

ly
si

s 
be

fo
re

 r
ep

ai
r 

w
or

ks
) 

To
 e

st
ab

lis
h 

a 
w

at
er

 b
al

an
ce

 a
na

ly
si

s,
 th

e 
fo

ll
ow

in
g 

pr
oc

ed
ur

e 
sh

al
l b

e 
fo

ll
ow

ed
: 

1-
 

D
et

er
m

in
e 

th
e 

ne
t 

am
ou

nt
 o

f 
w

at
er

 e
nt

er
in

g 
th

e 
st

ud
y 

pi
lo

t 
ar

ea
 w

hi
ch

 w
as

 m
ea

su
re

d 
as

 1
24

8 

m
3 /d

. 

2-
 

D
et

er
m

in
e 

th
e 

au
th

or
iz

ed
 c

on
su

m
pt

io
n,

 t
he

 s
um

 o
f 

m
et

er
ed

 v
ol

um
e 

84
2 

m
3 /d

 w
it

h 
ov

er
 

re
gi

st
ra

ti
on

 e
rr

or
 o

f 
4 

%
 (

32
 m

3 /d
) 

so
 t

ha
t 

th
e 

ne
t 

vo
lu

m
e 

of
 b

ill
ed

 a
ut

ho
ri

ze
d 

co
ns

um
pt

io
n 

w
il

l 
be

 8
10

 m
3 /d

. 
T

he
 b

ill
ed

 u
n-

m
et

er
ed

 v
ol

um
e 

th
at

 w
as

 a
ss

um
ed

 t
o 

be
 c

on
su

m
ed

 a
s 

a 
fl

at
 

ra
te

 e
va

lu
at

io
n 

of
 2

5 
m

3 /m
on

th
/m

et
er

. 
T

he
 v

al
ue

 o
f 

th
e 

bi
lle

d 
un

m
et

er
ed

 c
on

su
m

pt
io

n 
w

as
 

ca
lc

ul
at

ed
 t

o 
be

 9
8 

m
3 /d

. 
T

hi
s 

am
ou

nt
 o

f 
w

at
er

 w
as

 c
on

su
m

ed
 b

y 
th

e 
re

gi
st

er
ed

 c
us

to
m

er
s 

at
 

S
H

A
PW

A
S

C
O

. 
A

ut
ho

ri
ze

d 
co

ns
um

pt
io

n 
m

ay
 i

nc
lu

de
 i

te
m

s 
su

ch
 a

s 
fi

re
 f

ig
ht

in
g,

 t
ra

in
in

g,
 

fl
us

hi
ng

 o
f 

m
ai

ns
 a

nd
 s

ew
er

s,
 s

tr
ee

t 
cl

ea
ni

ng
, p

ub
li

c 
fo

un
ta

in
s 

an
d 

ga
rd

en
s,

 e
tc

, t
he

se
 m

ay
 b

e 

bi
lle

d,
 u

nb
ill

ed
, m

et
er

ed
 o

r 
un

m
et

er
ed

. T
hi

s 
va

lu
e 

w
as

 n
eg

le
ct

ed
 i

n 
th

is
 s

tu
dy

 a
s 

th
e 

ar
ea

 w
as

 

co
nt

ro
ll

ed
 a

ga
in

st
 th

es
e 

ac
tio

ns
 d

ur
in

g 
th

e 
st

ud
y 

pe
ri

od
. 

3-
 

D
et

er
m

in
e 

th
e 

w
at

er
 l

os
s 

w
hi

ch
 is

 th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

sy
st

em
 i

np
ut

 v
ol

um
e 

an
d 

au
th

or
iz

ed
 

co
ns

um
pt

io
n.

 W
at

er
 l

os
se

s 
ca

n 
be

 c
on

si
de

re
d 

as
 a

 t
ot

al
 v

ol
um

e 
fo

r 
th

e 
w

ho
le

 s
ys

te
m

, 
or

 f
or

 

pa
rt

ia
l s

ys
te

m
s 

su
ch

 a
s 

tr
an

sm
is

si
on

 o
r 

di
st

ri
bu

ti
on

 s
ch

em
es

, o
r 

in
di

vi
du

al
 z

on
es

 a
s 

in
 o

ur
 c

as
e 

in
 I

br
ah

im
ia

 M
ar

kz
 A

re
a 

1.
 W

at
er

 l
os

se
s 

co
ns

is
t 

of
 r

ea
l 

lo
ss

es
 a

nd
 a

pp
ar

en
t 

lo
ss

es
. 

T
he

 t
ot

al
 

vo
lu

m
e 

of
 th

e 
w

at
er

 lo
ss

es
 w

as
 c

al
cu

la
te

d 
to

 b
e 

34
0 

m
3 /d

. 

4-
 

D
et

er
m

in
e 

ap
pa

re
nt

 l
os

se
s 

th
at

 i
nc

lu
de

 a
ll

 t
yp

es
 o

f 
in

ac
cu

ra
ci

es
 a

ss
oc

ia
te

d 
w

it
h 

cu
st

om
er

 

m
et

er
in

g 
as

 
w

el
l 

as
 

da
ta

 
ha

nd
li

ng
 

er
ro

r 
(m

et
er

 
re

ad
in

g 
an

d 
bi

lli
ng

),
 

pl
us

 
un

au
th

or
iz

ed
 

co
ns

um
pt

io
n 

(t
he

ft
 o

r 
il

le
ga

l u
se

).
 T

hi
s 

va
lu

e 
sh

al
l i

nc
lu

de
 th

e 
w

as
ta

ge
 in

 h
ou

se
s.

 T
he

 v
al

ue
 o

f 
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th
e 

w
as

ta
ge

 v
ol

um
e 

w
as

 c
al

cu
la

te
d 

as
 3

6 
m

3 /d
. 

re
ga

rd
in

g 
th

e 
m

et
er

 e
rr

or
 i

n 
re

gi
st

ra
ti

on
, 

th
e 

ov
er

 
re

gi
st

ra
tio

n 
of

 
cu

st
om

er
 

m
et

er
s 

le
ad

 
to

 
un

de
re

st
im

at
io

n 
of

 
R

ea
l 

L
os

se
s 

an
d 

un
de

r-
re

gi
st

ra
tio

n 
of

 c
us

to
m

er
 m

et
er

s 
le

ad
s 

to
 o

ve
r-

es
ti

m
at

io
n 

of
 r

ea
l L

os
se

s.
 

5-
 

D
et

er
m

in
e 

th
e 

R
ea

l 
L

os
se

s 
th

at
 i

nd
ic

at
e 

th
e 

ph
ys

ic
al

 w
at

er
 l

os
se

s 
fr

om
 t

he
 n

et
w

or
ks

 (
i.e

. 

le
ak

ag
e)

. T
hi

s 
am

ou
nt

 s
ha

ll
 r

ep
re

se
nt

 t
he

 w
at

er
 v

ol
um

e 
lo

st
 t

hr
ou

gh
 a

ll 
ty

pe
s 

of
 l

ea
ks

, b
ur

st
s,

 

an
d 

ov
er

fl
ow

s.
 

 T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 t
he

 w
at

er
 b

al
an

ce
 a

na
ly

si
s 

be
fo

re
 r

ep
ai

r 
w

or
ks

 f
or

 I
br

ah
im

ia
 M

ar
kz

 

A
re

a-
1 

 

T
ab

le
 5

-5
  

W
at

er
 B

al
an

ce
 A

na
ly

si
s 

in
 I

br
ah

im
iy

a 
M

ar
ka

z 
A

-1
 b

ef
or

e 
R

ep
ai

r 

(m
3 /d

ay
) 

Bi
lle

d 
M

et
er

ed
 C

on
su

m
pt

io
n 

84
2 

W
at

er
 S

ol
d 

R
ev

en
ue

 

W
at

er
 

Bi
lle

d 

A
ut

ho
ri

ze
d 

C
on

su
m

pt
io

n 
M

et
er

in
g 

er
ro

r (
ov

er
 r

eg
is

tr
at

io
n)

 
-3

2 
90

7.
62

 
90

7.
62

 
Au

th
or

iz
ed

 

Co
ns

um
pt

io
n 

90
7.

62
 

Bi
lle

d 
U

nm
et

er
ed

 C
on

su
m

pt
io

n(
fix

ed
 a

m
ou

nt
 

co
lle

ct
ed

) 
98

 
m

3 /d
ay

 
m

3 /d
ay

 

90
7.

62
 

U
nb

ill
ed

 M
et

er
ed

 C
on

su
m

pt
io

n 
0 

m
3 /d

ay
 

U
nb

ill
ed

 

A
ut

ho
ri

ze
d 

C
on

su
m

pt
io

n 

W
at

er
 

D
is

tr
ib

ut
ed

 

Vo
lu

m
e 

  
0 

U
nb

ill
ed

 U
nm

et
er

ed
 C

on
su

m
pt

io
n 

0 

C
om

m
er
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lo
ss

es
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Ap
pa

re
nt

 

Lo
ss

es
 

U
na

ut
ho

ri
ze

d 
Co

ns
um

pt
io

n 
0 

36
 

U
na

cc
ou

nt
ed

 

fo
r W

at
er

 

(U
FW

) 

m
3 /d

ay
 

36
 

M
et

er
in

g 
In

ac
cu

ra
ci

es
(s

ta
rt

 fl
ow

 &
 u

nd
er

 

re
gi

st
ra

tio
n)

 
36

 
m

3 /d
ay

 
34

0.
38

 

  
U

na
ut

ho
ri

ze
d 

Co
ns

um
pt

io
n 

Le
ak

ag
e 

on
 T

ra
ns

m
is

si
on

 a
nd

/o
r 

D
is

tr
ib

ut
io

n 

M
ai

ns
 

  
Ph

ys
ic

al
 

lo
ss

es
 

m
3 /d

ay
 

  
34

0.
38

 

R
ea

l L
os

se
s 

(le
ak

ag
e)

 

Le
ak

ag
e 

an
d 

O
ve

rf
lo

w
s 

at
 U

til
ity

’s 
St

or
ag

e 

Ta
nk

s 
  

30
4.

38
 

  

  
m

3 /d
ay

 
30

4.
38

 
Le

ak
ag

e 
on

 S
er

vi
ce

 C
on

ne
ct

io
ns

 u
p 

to
 p

oi
nt

 o
f 

Cu
st

om
er

 m
et

er
in

g 
30

4 
m

3 /d
ay

 
  

 5.
6 

A
ct

io
n 

U
11

 (
C

on
d

uc
ti

ng
 le

ak
ag

e 
de

te
ct

io
n

 s
ur

ve
y)

 

T
he

 l
ea

k 
de

te
ct

io
n 

w
en

t 
th

ro
ug

h 
se

ve
ra

l 
st

ag
es

 w
ith

 t
he

 a
co

us
ti

c 
ro

d 
an

d 
th

e 
di

gi
ta

l 
so

un
d 

de
te

ct
or

. 

W
he

n 
th

er
e 

w
as

 a
 p

oi
nt

 s
us

pe
ct

ed
 t

o 
ha

ve
 a

 l
ea

k,
 t

he
 U

F
W

 t
ea

m
 b

eg
an

 t
o 

us
e 

m
or

e 
ad

va
nc

ed
 l

ea
k 

de
te

ct
io

n 
eq

ui
pm

en
t 

su
ch

 a
s 

th
e 

le
ak

 d
et

ec
to

r 
an

d/
or

 t
he

 l
ea

k 
so

un
d 

co
rr

el
at

or
 t

o 
ex

ac
tl

y 
lo

ca
te

 t
he

 

le
ak

 o
n 

th
e 

pi
pe

. 

(1
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
so

un
d 

by
 A

co
us

ti
c 

R
od

 o
r 

D
ig

it
al

 S
ou

n
d 

D
et

ec
to

r 

T
he

 f
ir

st
 a

tt
em

pt
 t

o 
de

te
ct

 t
he

 l
ea

ka
ge

 i
n 

th
e 

pi
pe

s 
an

d 
th

e 
ho

us
e 

co
nn

ec
ti

on
 w

as
 d

on
e 

us
in

g 
th

e 

ac
ou

st
ic

 r
od

 a
nd

 th
e 

di
gi

ta
l s

ou
nd

 d
et

ec
to

r. 
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W
he

n 
le

ak
ag

e 
oc

cu
rs

, 
le

ak
in

g 
so

un
d 

sp
re

ad
s 

th
ro

ug
h 

th
e 

pi
pe

. 
 A

t 
th

e 
po

in
t 

w
he

re
 v

al
ve

s 
ar

e 

av
ai

la
bl

e,
 a

co
us

tic
 r

od
 o

r 
di

gi
ta

l 
so

un
d 

de
te

ct
or

 w
as

 u
se

fu
l 

fo
r 

de
te

ct
in

g 
th

e 
so

un
d.

 T
he

 m
et

ho
d 

of
 

le
ak

in
g 

so
un

d 
de

te
ct

io
n 

is
 s

ho
w

n 
on

 F
ig

ur
e 

5-
1.

 

 
F

ig
ur

e 
5-

1 
 D

et
ec

ti
n

g 
L

ea
ka

ge
 o

n 
H

ou
se

 C
on

n
ec

ti
on

 b
y 

A
co

us
ti

c 
R

od
 

T
he

 U
F

W
 t

ea
m

 h
as

 b
ee

n 
tr

ai
ne

d 
on

 l
ea

k 
de

te
ct

io
n 

by
 t

he
 a

co
us

ti
c 

ro
d 

an
d 

th
e 

di
gi

ta
l 

le
ak

 d
et

ec
to

r 
at

 

M
os

tr
od

 T
ra

in
in

g 
C

en
te

r 
an

d 
O

JT
 a

t s
ite

 b
y 

as
si

st
an

ce
 o

f 
JI

C
A

 e
xp

er
t t

ea
m

 d
ur

in
g 

th
e 

ac
ti

vi
ty

. 
 

(2
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
po

in
ts

 b
y 

L
ea

k 
D

et
ec

to
r 

To
 d

et
ec

t 
th

e 
le

ak
ag

e 
on

 t
he

 d
is

tr
ib

ut
io

n 
pi

pe
lin

e,
 t

he
 l

ea
k 

de
te

ct
or

 w
as

 u
se

d.
 T

he
 l

ea
k 

de
te

ct
io

n 

ac
tiv

it
y 

us
in

g 
th

e 
le

ak
 d

et
ec

to
r 

is
 s

ho
w

n 
in

 F
ig

ur
e 

5-
2.

 I
t 

w
as

 h
el

pf
ul

 t
o 

co
nf

ir
m

 t
he

 l
oc

at
io

n 
of

 t
he

 

le
ak

ag
e 

by
 n

ig
ht

 s
ur

ve
y 

to
 is

ol
at

e 
th

e 
ba

ck
gr

ou
nd

 n
oi

se
 c

au
se

d 
by

 tr
af

fi
c 

du
ri

ng
 d

ay
ti

m
e.

 

 

F
ig

u
re

 5
-2

  
D

et
ec

ti
on

 W
or

k 
by

 L
ea

k
 D

et
ec

to
r 

(3
) 

D
et

ec
ti

on
 b

y 
L

ea
k

 S
ou

n
d 

C
or

re
la

to
r 

L
ea

k 
S

ou
nd

 C
or

re
la

to
r 

w
as

 a
pp

li
ed

 t
o 

co
nf

ir
m

 t
he

 l
ea

ki
ng

 p
oi

nt
 w

he
n 

le
ak

 s
ou

nd
 i

s 
de

te
ct

ed
 i

n 
tw

o 

po
in

ts
. 

 T
hi

s 
eq

ui
pm

en
t 

id
en

tif
ie

s 
th

e 
lo

ca
tio

n 
of

 l
ea

ks
 b

y 
in

te
rc

ep
tin

g 
le

ak
 n

oi
se

 t
ha

t 
is

 c
au

gh
t 

by
 a

 

se
ns

or
 a

t t
w

o 
va

lv
es

 o
r 

hy
dr

an
ts

. 
 I

t m
ea

su
re

s 
th

e 
di

ff
er

en
ce

 in
 tr

an
sm

is
si

on
 ti

m
e 

be
tw

ee
n 

tw
o 

po
in

ts
, 

an
d 

pr
oc

es
se

s 
th

e 
da

ta
 b

y 
co

m
pu

te
r. 

 T
hu

s,
 it

 e
xa

ct
ly

 s
ho

w
s 

th
e 

le
ak

in
g 

po
in

t. 

T
he

 f
ol

lo
w

in
g 

fi
gu

re
 s

ho
w

s 
th

e 
us

e 
of

 le
ak

 s
ou

nd
 c

or
re

la
to

r 
in

 th
e 

ac
tiv

it
y 

ar
ea

. 
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F

ig
u

re
 5

-3
  

L
ea

k 
So

un
d 

C
or

re
la

to
r 

 

(4
) 

C
on

fi
rm

at
io

n 
of

 L
ea

k 
P

oi
nt

 b
y 

A
co

us
ti

c 
R

od
 

A
ft

er
 d

et
ec

ti
ng

 l
ea

k 
po

in
t, 

so
m

e 
ho

le
s 

w
er

e 
dr

il
le

d 
at

 t
he

 d
et

ec
te

d 
le

ak
 p

oi
nt

s 
an

d 
ac

ou
st

ic
 r

od
 w

as
 

in
se

rt
ed

 i
n 

th
e 

ho
le

 t
o 

co
nf

ir
m

 t
he

 e
xa

ct
 l

oc
at

io
n 

of
 t

he
 l

ea
k 

po
in

t. 
T

hi
s 

m
et

ho
d 

is
 v

er
y 

us
ef

ul
 

es
pe

ci
al

ly
 i

n 
pa

ve
d 

ro
ad

s 
to

 m
ak

e 
th

e 
de

ci
si

on
 o

f 
ex

ca
va

ti
on

 i
n 

pa
ve

d 
ro

ad
 w

or
th

. 
Fi

gu
re

 5
-4

 s
ho

w
s 

th
e 

co
nf

ir
m

at
io

n 
of

 le
ak

s 
w

he
n 

fo
un

d 
by

 a
co

us
tic

 r
od

 d
ri

ll
ed

 in
 th

e 
gr

ou
nd

. 

 

 
F

ig
ur

e 
5-

4 
 M

et
h

od
 o

f 
C

on
fi

rm
in

g 
E

xa
ct

 L
oc

at
io

n 
of

 L
ea

k
 P

oi
n

t 

 (5
) 

P
ip

e 
L

oc
at

in
g 

D
ev

ic
es

 

In
 s

om
e 

lo
ca

tio
ns

, t
he

 b
ur

ie
d 

el
ec

tr
ic

al
 c

ab
le

s 
sh

al
l c

au
se

 a
 b

ig
 r

is
k 

fo
r 

la
bo

r 
to

 e
xc

av
at

e 
be

si
de

. I
t w

as
 

ne
ce

ss
ar

y 
to

 l
oc

at
e 

th
e 

po
si

ti
on

 o
f 

th
e 

el
ec

tr
ic

al
 c

ab
le

s 
be

fo
re

 e
xc

av
at

io
n.

 I
n 

ot
he

r 
lo

ca
tio

ns
, w

he
n 

th
e 

bu
ri

ed
 p

ip
es

 w
er

e 
no

t 
id

en
tif

ie
d,

 f
ol

lo
w

in
g 

de
vi

ce
s 

w
as

 u
se

d 
to

 l
oc

at
e 

th
e 

el
ec

tr
ic

al
 c

ab
le

s 
an

d/
or

 t
he

 

bu
ri

ed
 p

ip
es

. 

 P
ip

e 
&

 C
ab

le
 L

oc
at

or
 

T
hi

s 
de

vi
ce

 w
as

 u
se

d 
fo

r 
lo

ca
tin

g 
pi

pe
s 

an
d 

ca
bl

es
 u

nd
er

 th
e 

gr
ou

nd
. 

2.4-25
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F

ig
u

re
 5

-5
  

P
ip

e 
&

 C
ab

le
 L

oc
at

or
 

 M
et

al
 L

oc
at

or
 

A
 s

en
so

r 
of

 t
hi

s 
de

vi
ce

 d
et

ec
ts

 t
he

 l
oc

at
io

n 
of

 h
id

de
n 

ir
on

-m
ad

e 
st

ru
ct

ur
es

 s
uc

h 
as

 v
al

ve
 b

ox
es

 

an
d 

st
op

 v
al

ve
s.

  
In

 s
om

e 
lo

ca
ti

on
s,

 t
he

 a
sp

ha
lt 

pa
vi

ng
 c

ov
er

ed
 t

he
 s

ur
fa

ce
 b

ox
 o

f 
th

e 
va

lv
es

 

an
d 

th
e 

co
ve

r 
of

 t
he

 v
al

ve
 c

ha
m

be
rs

. 
T

he
 u

se
 o

f 
m

et
al

 l
oc

at
or

 h
as

 l
ed

 t
o 

th
e 

de
te

ct
io

n 
an

d 

re
lo

ca
ti

on
 o

f 
th

es
e 

ir
on

-m
ad

e 
st

ru
ct

ur
es

. 

 

(6
) 

R
es

ul
ts

 o
f 

le
ak

 d
et

ec
ti

on
 

T
he

 l
ea

k 
de

te
ct

io
n 

su
rv

ey
 l

ed
 t

o 
de

te
ct

 8
 l

ea
ks

 i
n 

th
e 

ar
ea

. 
A

ll
 t

he
 d

et
ec

te
d 

le
ak

s 
w

er
e 

on
 t

he
 h

ou
se

 

co
nn

ec
ti

on
s 

w
hi

ch
 w

er
e 

m
an

uf
ac

tu
re

d 
fr

om
 P

V
C

. 
T

he
 r

ea
so

n 
fo

r 
th

e 
le

ak
s 

w
as

 d
ue

 t
o 

w
ro

ng
 

co
ns

tr
uc

tio
n 

du
e 

to
 b

en
di

ng
 th

e 
pi

pe
 b

en
di

ng
 w

it
ho

ut
 u

si
ng

 th
e 

pr
op

er
 f

ac
il

iti
es

 to
 b

en
d 

su
ch

 p
ip

es
. 

T
he

 f
ol

lo
w

in
g 

Ta
bl

e 
in

di
ca

te
s 

th
e 

su
m

m
ar

y 
of

 t
he

 d
et

ec
te

d 
le

ak
s 

an
d 

th
e 

m
ap

 i
nd

ic
at

ed
 th

e 
lo

ca
ti

on
 o

f 

th
es

e 
le

ak
s 

on
 th

e 
G

IS
 m

ap
 u

se
d 

du
ri

ng
 th

e 
su

rv
ey

. 

 

 

52
 

 

T
ab

le
 5

-6
  

S
um

m
ar

y 
of

 D
et

ec
te

d
 L

ea
ks

 I
nf

or
m

at
io

n
 

L
ea

ka
ge

 R
ec

or
de

d 
S

he
et

 

N
o.

 
1 

2 
3 

4 
5 

6 
7 

8 

D
at

e 
24

-7
-0

8 
24

-7
-0

8 
24

-7
-0

8 
24

-7
-0

8 
28

-7
-0

8 
29

-7
-0

8 
29

-7
-0

8 
22

-7
-0

8 

A
re

a 
A

1 
A

1 
A

1 
A

1 
A

1 
A

1 
A

1 
A

1 

Po
si

tio
n 

Jo
in

t 
Jo

in
t 

Jo
in

t 
Jo

in
t 

Jo
in

t 
Jo

in
t 

V
al

ve
 

Jo
in

t 

C
on

di
tio

n 
of

 
L

ea
k 

 
B

re
ak

ag
e 

C
ra

ck
 

C
ra

ck
 

C
ra

ck
 

C
ra

ck
 

C
ra

ck
 

P
ac

k 
ki

n 
C

ra
ck

 

D
ia

m
et

er
 o

f 
L

ea
k 

P
ip

e 
25

 
25

 
25

 
25

 
25

 
25

 
25

 
25

 

M
at

er
ia

l o
f 

L
ea

k 
P

ip
e 

PV
C

 
PV

C
 

PV
C

 
PV

C
 

P
V

C
 

PV
C

 
P

V
C

 
P

V
C

 

D
ep

th
 o

f 
P

ip
e 

60
 

60
 

90
 

90
 

15
0 

60
 

60
 

10
0 

G
ro

un
d 

C
on

di
tio

n 
G

ra
ve

l 
G

ra
ve

l 
G

ra
ve

l 
G

ra
ve

l 
G

ra
ve

l 
G

ra
ve

l 
G

ra
ve

l 
A

sp
ha

lt
 

C
au

se
 o

f 
L

ea
k 

D
et

 
D

et
 

D
et

 
D

et
 

D
et

 
D

et
 

D
et

 
D

et
 

L
ea

ka
ge

 S
iz

e 
L

 
M

 
M

 
M

 
M

 
M

 
S

 
M

 

Q
ua

nt
ity

 o
f 

L
ea

ka
ge

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 

N
ot

es
: D

et
: D

et
er

io
ra

tio
n,

 L
: 

L
ar

ge
, M

: M
ed

iu
m

, S
: S

m
al

l, 
N

A
: N

ot
 A

pp
lic

ab
le

 

T
he

 d
et

ec
te

d 
le

ak
s 

w
as

 o
n 

th
e 

PV
C

 p
ip

e 
th

at
 f

or
m

 th
e 

ho
us

e 
co

nn
ec

ti
on

 a
nd

 m
os

t o
f 

th
e 

le
ak

s 
w

as
 d

ue
 

to
 c

ra
ck

s 
fo

un
d 

in
 t

he
 p

ip
e 

du
e 

to
 d

et
er

io
ra

ti
on

 a
nd

 b
en

di
ng

 d
ur

in
g 

co
ns

tr
uc

ti
on

 p
er

io
d 

an
d 

th
en

 d
ue

 

to
 w

at
er

 p
re

ss
ur

e,
 th

e 
cr

ac
k 

be
gi

ns
 to

 s
pr

ea
d.

 M
os

t 
of

 th
e 

le
ak

s 
w

er
e 

in
vi

si
bl

e 
as

 th
e 

gr
ou

nd
 s

ur
fa

ce
 is

 

so
il.

 

T
he

 lo
ca

ti
on

 o
f 

de
te

ct
ed

 le
ak

s 
is

 s
ho

w
n 

as
 f

ol
lo

w
in

g 
fi

gu
re

. 

 

2.4-26
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F
ig

ur
e 

5-
6 

 L
oc

at
io

n 
of

 d
et

ec
te

d
 le

ak
s 

in
 I

br
ah

im
iy

a 
M

ar
ka

z 
A

re
a-

1 

 5.
7 

A
ct

io
n 

U
12

 (
R

ep
ai

ri
ng

 le
ak

ag
e 

pa
rt

s)
 

F
ol

lo
w

in
g 

th
e 

le
ak

s 
ha

d 
be

en
 d

et
ec

te
d;

 t
he

 r
ep

ai
r 

w
or

ks
 t

ak
es

 p
la

ce
 b

y 
S

H
A

PW
A

S
C

O
 e

qu
ip

m
en

t a
nd

 

fa
ci

lit
ie

s.
 A

ll
 t

he
 d

et
ec

te
d 

le
ak

 p
ip

es
 a

nd
 h

ou
se

 c
on

ne
ct

io
n 

ha
s 

be
en

 r
ep

la
ce

d 
w

it
h 

PV
C

 p
ip

es
 w

ith
 

pr
op

er
 f

it
tin

gs
. 

 5.
8 

A
ct

io
n 

U
13

 (
C

on
du

ct
in

g 
M

N
F

 s
u

rv
ey

 a
ft

er
 r

ep
ai

r 
w

or
ks

) 

In
 o

rd
er

 t
o 

co
nf

ir
m

 t
he

 e
ff

ec
ti

ve
ne

ss
 o

f 
th

e 
re

pa
ir

in
g 

w
or

k 
(o

r 
re

du
ct

io
n 

pe
rc

en
ta

ge
 o

f 
le

ak
ag

e 
ra

tio
),

 

M
N

F
 s

ur
ve

y 
w

as
 c

ar
ri

ed
 o

ut
 a

ft
er

 t
he

 r
ep

ai
ri

ng
 w

or
k 

of
 t

he
 l

ea
ki

ng
 p

ar
ts

. 
 I

n 
th

e 
m

ea
n 

tim
e 

of
 t

he
 

M
N

F
 s

ur
ve

y,
 t

w
o 

ro
un

ds
 o

f 
m

et
er

 r
ea

di
ng

 w
er

e 
co

nd
uc

te
d 

in
 t

he
 s

am
e 

pe
ri

od
 (

ab
ou

t 
5 

da
ys

).
 T

he
 

pu
rp

os
e 

of
 c

ol
le

ct
in

g 
m

et
er

 r
ea

di
ng

 w
as

 t
o 

m
ea

su
re

 t
he

 b
il

le
d 

au
th

or
iz

ed
 c

on
su

m
pt

io
n 

to
 b

e 
us

ed
 i

n 

th
e 

w
at

er
 b

al
an

ce
 a

na
ly

si
s.

  

A
 f

lo
w

 m
et

er
 h

as
 b

ee
n 

in
st

al
le

d 
at

 th
e 

m
ai

n 
in

le
t 

pi
pe

lin
e 

an
d 

w
as

 a
ll

ow
ed

 to
 r

eg
is

te
r 

th
e 

fl
ow

 r
at

e 
fo

r 

th
e 

w
ho

le
 6

 d
ay

s.
 T

w
o 

fl
ow

 m
et

er
s 

w
er

e 
us

ed
, 

on
e 

ea
ch

 t
w

o 
da

ys
 t

o 
ov

er
co

m
e 

th
e 

sh
or

t 
li

fe
tim

e 
of

 

po
rt

ab
le

 b
at

te
ri

es
 th

at
 w

as
 u

se
d 

to
 o

pe
ra

te
 th

e 
fl

ow
 m

et
er

. 

T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 t
he

 m
ai

n 
fi

nd
in

gs
 d

ur
in

g 
th

e 
M

N
F 

su
rv

ey
 a

ft
er

 l
ea

k 
de

te
ct

io
n 

an
d 

re
pa

ir
. 
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T
ab

le
 5

-7
  

St
at

u
s 

of
 W

at
er

 M
et

er
s 

af
te

r 
R

ep
ai

r 

It
em

 
un

it 
St

at
us

 

D
ur

at
io

n 
of

 M
N

F 
su

rv
ey

, d
ay

s 
da

y 
5 

To
ta

l 
am

ou
nt

 
of

 
w

at
er

 
re

gi
st

er
ed

 
by

 
fl

ow
 

m
et

er
 

du
ri

ng
 

m
ea

su
re

m
en

t p
er

io
d 

m
3  

5,
11

0 

(1
,0

22
 m

3 /d
ay

) 

N
um

be
r 

of
 r

ea
d 

m
et

er
s 

no
s 

1,
00

6 

N
um

be
r 

of
 lo

ck
ed

 m
et

er
s 

 
no

s 
10

1 

N
um

be
r 

of
 f

la
t r

at
e 

co
nn

ec
tio

n 
no

s 
23

 

 5.
9 

A
ct

io
n 

U
14

 (
M

ak
in

g 
w

at
er

 b
al

an
ce

 a
na

ly
si

s 
an

d
 it

s 
ev

al
ua

ti
on

) 

T
he

 w
at

er
 b

al
an

ce
 a

na
ly

si
s 

is
 a

 u
se

fu
l 

to
ol

 t
o 

ev
al

ua
te

 t
he

 U
F

W
 r

at
io

. 
T

he
 f

ol
lo

w
in

g 
da

ta
 s

ho
ul

d 
be

 

kn
ow

n 
or

 e
st

im
at

ed
 b

ef
or

e 
m

ak
in

g 
th

e 
w

at
er

 b
al

an
ce

 a
na

ly
si

s.
 

1-
 

Q
ua

nt
it

y 
of

 w
at

er
 e

nt
er

in
g 

th
e 

st
ud

y 
ar

ea
 n

et
w

or
k 

1,
02

2 
m

3 /d
. 

2-
 

Q
ua

nt
it

y 
of

 w
at

er
 le

av
in

g 
th

e 
st

ud
y 

ar
ea

 n
et

w
or

k 
an

d 
go

es
 to

 a
no

th
er

 n
et

w
or

k 
at

 th
e 

bo
un

da
ry

 

of
 it

 (
N

il)
. 

3-
 

Q
ua

nt
it

y 
of

 b
ill

ed
 a

ut
ho

ri
ze

d 
co

ns
um

pt
io

n.
 T

hi
s 

va
lu

e 
co

ul
d 

be
 a

ss
um

ed
 a

s 
m

ea
su

re
d 

be
fo

re
 

as
 th

e 
w

at
er

 m
et

er
 s

ta
tu

s 
is

 th
e 

sa
m

e 
as

 th
e 

tim
e 

of
 m

ea
su

ri
ng

 th
e 

w
at

er
 m

et
er

s.
 8

30
 m

3 /d
. T

he
 

vo
lu

m
e 

of
 b

ill
ed

 u
nm

et
er

ed
 w

at
er

 s
ha

ll
 b

e 
co

ns
id

er
ed

 a
s 

(3
3 

m
3 /d

) 
 

4-
 

E
st

im
at

io
n 

of
 th

e 
un

bi
ll

ed
 a

ut
ho

ri
ze

d 
co

ns
um

pt
io

n.
 (

N
il)

 

5-
 

M
et
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ta
ge

 i
ns

id
e 

ho
us

e 
is

 t
he

 l
ea

k 
in

 t
he

 f
au

ce
t 

an
d 

to
il

et
s.

 T
hi

s 
w

as
ta

ge
 c

an
 n

ot
 b

e 

de
te

rm
in

ed
 d

ur
in

g 
da

y 
ho

ur
s.

 T
o 

de
te

rm
in

e 
th

e 
le

ak
ag

e 
in

 h
ou

se
, t

he
 w

at
er

 u
sa

ge
 p

at
te

rn
 i

n 
th

e 
ho

us
e 

sh
ou

ld
 b

e 
re

gi
st

er
ed

 in
cl

ud
in

g 
th

e 
m

in
im

um
 n

ig
ht

 f
lo

w
. 

T
hi

s 
m

et
ho

d 
to

 d
et

er
m

in
e 

th
e 

w
as

ta
ge

 in
 h

ou
se

s 
ca

n 
no

t b
e 

fo
ll

ow
ed

 in
 D

ia
rb

 N
ig

m
 A

re
a-

2 
as

 m
os

t o
f 

th
e 

ho
us

e 
co

nn
ec

ti
on

 
w

as
 

le
ss

 
th

an
 

2 
in

ch
es

 
w

hi
ch

 
is

 
be

yo
nd

 
th

e 
li

m
it

s 
of

 
th

e 
fl

ow
 

m
et

er
 

m
ea

su
re

m
en

ts
 s

o 
th

at
 t

he
 r

ec
or

de
d 

va
lu

e 
12

 L
/h

r/
m

et
er

 i
n 

Z
ag

az
ig

 E
as

t 
an

d 
H

ih
ya

 C
it

y 
w

il
l 

be
 u

se
d 

w
he

n 
ca

lc
ul

at
in

g 
w

as
ta

ge
 v

al
ue

 in
 h

ou
se

s 
in

 D
ia

rb
 N

ig
m

. 
  

 6.
4 

A
ct

io
n 

U
9 

(C
on

du
ct

in
g 

M
N

F
 s

ur
ve

y)
 

A
 s

er
ie

s 
of

 m
in

im
um

 n
ig

ht
 f

lo
w

 s
ur

ve
y 

w
as

 c
on

du
ct

ed
 i

n 
th

is
 s

ta
ge

. I
t 

w
as

 a
ss

um
ed

 t
ha

t 
th

e 
va

lu
e 

of
 

th
e 

m
in

im
um

 n
ig

ht
 f

lo
w

 (
M

N
F

) 
is

 a
n 

in
di

ca
ti

on
 o

n 
th

e 
am

ou
nt

 o
f 

le
ak

ag
e 

in
 t

he
 d

is
tr

ib
ut

io
n 

ne
tw

or
k.

 

T
hi

s 
ac

tiv
it

y 
is

 s
um

m
ar

iz
ed

 a
s 

fo
llo

w
: 

1-
 A

 f
lo

w
 m

et
er

 s
ha

ll
 b

e 
in

st
al

le
d 

on
 th

e 
w

at
er

 in
le

t(
s)

 to
 r

eg
is

te
r 

th
e 

am
ou

nt
 o

f 
w

at
er

 e
nt

er
in

g 
th

e 
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st
ud

y 
ar

ea
. 

2-
 T

w
o 

pr
es

su
re

 r
ec

or
de

rs
 s

ha
ll 

be
 in

st
al

le
d 

as
 w

el
l; 

on
e 

of
 th

es
e 

re
co

rd
er

s 
sh

al
l b

e 
in

st
al

le
d 

at
 th

e 

in
le

t 
po

in
t 

an
d 

th
e 

ot
he

r 
at

 t
he

 f
ar

 e
nd

 o
f 

th
e 

ne
tw

or
k 

fo
r 

th
e 

sa
m

e 
pe

ri
od

 o
f 

th
e 

fl
ow

 m
et

er
 

re
co

rd
in

g 
to

 m
ea

su
re

 th
e 

av
er

ag
e 

pr
es

su
re

 in
 th

e 
ne

tw
or

k.
 

3-
 T

he
 f

lo
w

 m
et

er
 s

ha
ll

 b
e 

al
lo

w
ed

 to
 r

eg
is

te
r 

th
e 

fl
ow

 r
at

e 
va

lu
e 

fo
r 

at
 le

as
t 2

4 
ho

ur
s.

 

4-
 T

he
 m

in
im

um
 r

eg
is

te
re

d 
fl

ow
 s

ha
ll

 r
ep

re
se

nt
 t

he
 a

m
ou

nt
 o

f 
le

ak
ag

e 
in

 t
he

 n
et

w
or

k 
be

si
de

 t
he

 

w
as

ta
ge

 in
 h

ou
se

s.
 

5-
 T

he
 e

qu
iv

al
en

t l
ea

ka
ge

 f
lo

w
 d

ur
in

g 
th

e 
da

y 
co

ul
d 

be
 d

et
er

m
in

ed
 b

y 
th

e 
eq

ua
tio

n 
m

en
ti

on
ed

 in
 

se
ct

io
n 

1.
4.

 

6-
 D

et
er

m
in

e 
th

e 
pe

rc
en

t 
of

 M
N

F 
w

hi
ch

 r
ep

re
se

nt
 a

 c
om

pa
ra

ti
ve

 b
as

is
 f

or
 t

he
 U

FW
 b

y 
di

vi
di

ng
 

th
e 

eq
ui

va
le

nt
 

m
in

im
um

 
ni

gh
t 

fl
ow

 
by

 
th

e 
to

ta
l 

fl
ow

 
re

gi
st

er
ed

 
by

 
th

e 
fl

ow
 

m
et

er
 

(Q
M

N
F/

Q
T

O
TA

L
).

 

 A
 s

er
ie

s 
of

 M
N

F 
ru

ns
 w

as
 c

on
du

ct
ed

 b
ef

or
e 

le
ak

ag
e 

de
te

ct
io

n 
or

 r
ep

ai
r 

ta
ke

s 
pl

ac
e.

  
T

he
 s

um
m

ar
y 

of
 

th
es

e 
re

su
lt

s 
is

 r
ep

re
se

nt
ed

 in
 th

e 
fo

ll
ow

in
g 

ta
bl

e:
 

 

T
ab

le
 6

-5
  

Su
m

m
ar

y 
of

 R
es

ul
ts

 f
or

 M
N

F
 S

ur
ve

y 
be

fo
re

 L
ea

ka
ge

 R
ep

ai
r 

It
em

 
U

ni
t 

V
al

ue
 

A
ve

ra
ge

 F
lo

w
 

L
/s

 
21

.3
7 

M
in

im
um

 f
lo

w
 (

M
N

F)
 

L
/s

 
8.

18
 

M
ax

im
um

 v
al

ue
 o

f 
fl

ow
 

L
/s

 
47

.1
1 

To
ta

l f
lo

w
 r

at
e 

(Q
T

O
TA

L
) 

m
3 /d

ay
 

18
47

 

E
qu

iv
al

en
t M

N
F 

(Q
M

N
F)

 
m

3 /d
ay

 
75

0 

R
at

io
 

%
 

40
.6

0 

 T
hi

s 
ra

tio
 o

f 
eq

ui
va

le
nt

 M
N

F
 w

as
 c

on
si

de
re

d 
ve

ry
 h

ig
h 

an
d 

its
 s

ou
rc

es
 s

ha
ll

 b
e 

an
al

yz
ed

 a
ft

er
 t

he
 

le
ak

ag
e 

de
te

ct
io

n 
an

d 
re

pa
ir

 w
or

ks
 f

in
is

h.
 

 6.
5 

A
ct

io
n 

U
10

 (
M

ak
in

g 
w

at
er

 b
al

an
ce

 a
na

ly
si

s 
be

fo
re

 r
ep

ai
r 

w
or

ks
) 

To
 e

st
ab

lis
h 

a 
w

at
er

 b
al

an
ce

 a
na

ly
si

s,
 th

e 
fo

ll
ow

in
g 

pr
oc

ed
ur

e 
sh

al
l b

e 
fo

ll
ow

ed
: 

1-
 

D
et

er
m

in
e 

th
e 

ne
t 

am
ou

nt
 o

f 
w

at
er

 e
nt

er
in

g 
th

e 
st

ud
y 

pi
lo

t 
ar

ea
 w

hi
ch

 w
as

 m
ea

su
re

d 
as

 1
47

8 

m
3 /d

. 

2-
 

D
et

er
m

in
e 

th
e 

au
th

or
iz

ed
 c

on
su

m
pt

io
n,

 t
he

 s
um

 o
f 

m
et

er
ed

 v
ol

um
e 

94
2 

m
3 /d

 w
it

h 
ov

er
 

re
gi

st
ra

ti
on

 e
rr

or
 o

f 
4 

%
 (

 3
6 

m
3 /d

) 
so

 t
ha

t 
th

e 
ne

t 
vo

lu
m

e 
of

 b
il

le
d 

au
th

or
iz

ed
 c

on
su

m
pt

io
n 

w
il

l 
be

 9
06

 m
3 /d

 .
 T

he
 b

ill
ed

 u
n-

m
et

er
ed

 v
ol

um
e 

th
at

 w
as

 a
ss

um
ed

 t
o 

be
 c

on
su

m
ed

 a
s 

a 
fl

at
 

ra
te

 e
va

lu
at

io
n 

of
 2

5 
m

3 /m
on

th
/m

et
er

. 
T

he
 v

al
ue

 o
f 

th
e 

bi
lle

d 
un

m
et

er
ed

 c
on

su
m

pt
io

n 
w

as
 

ca
lc

ul
at

ed
 to

 b
e 

19
1 

m
3 /d

. T
hi

s 
am

ou
nt

 o
f 

w
at

er
 w

as
 c

on
su

m
ed

 b
y 

th
e 

re
gi

st
er

ed
 c

us
to

m
er

s 
at

 

S
H

A
PW

A
S

C
O

. 
A

ut
ho

ri
ze

d 
co

ns
um

pt
io

n 
m

ay
 i

nc
lu

de
 i

te
m

s 
su

ch
 a

s 
fi

re
 f

ig
ht

in
g,

 t
ra

in
in

g,
 

fl
us

hi
ng

 o
f 

m
ai

ns
 a

nd
 s

ew
er

s,
 s

tr
ee

t 
cl

ea
ni

ng
, p

ub
li

c 
fo

un
ta

in
s 

an
d 

ga
rd

en
s,

 e
tc

, t
he

se
 m

ay
 b

e 

bi
lle

d,
 u

nb
ill

ed
, m

et
er

ed
 o

r 
un

m
et

er
ed

. T
hi

s 
va

lu
e 

w
as

 n
eg

le
ct

ed
 i

n 
th

is
 s

tu
dy

 a
s 

th
e 

ar
ea

 w
as

 

co
nt

ro
ll

ed
 a

ga
in

st
 th

es
e 

ac
tio

ns
 d

ur
in

g 
th

e 
st

ud
y 

pe
ri

od
. 

2.4-29
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3-
 

D
et

er
m

in
e 

th
e 

w
at

er
 l

os
s 

w
hi

ch
 is

 th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

sy
st

em
 i

np
ut

 v
ol

um
e 

an
d 

au
th

or
iz

ed
 

co
ns

um
pt

io
n.

 W
at

er
 l

os
se

s 
ca

n 
be

 c
on

si
de

re
d 

as
 a

 t
ot

al
 v

ol
um

e 
fo

r 
th

e 
w

ho
le

 s
ys

te
m

, 
or

 f
or

 

pa
rt

ia
l s

ys
te

m
s 

su
ch

 a
s 

tr
an

sm
is

si
on

 o
r 

di
st

ri
bu

ti
on

 s
ch

em
es

, o
r 

in
di

vi
du

al
 z

on
es

 a
s 

in
 o

ur
 c

as
e 

in
 D

ia
rb

 N
ig

m
 M

ar
kz

 A
re

a 
2.

 W
at

er
 lo

ss
es

 c
on

si
st

 o
f 

re
al

 lo
ss

es
 a

nd
 a

pp
ar

en
t l

os
se

s.
 T

he
 to

ta
l 

vo
lu

m
e 

of
 th

e 
w

at
er

 lo
ss

es
 w

as
 c

al
cu

la
te

d 
to

 b
e 

38
1 

m
3 /d

. 

4-
 

D
et

er
m

in
e 

ap
pa

re
nt

 l
os

se
s 

th
at

 i
nc

lu
de

 a
ll

 t
yp

es
 o

f 
in

ac
cu

ra
ci

es
 a

ss
oc

ia
te

d 
w

it
h 

cu
st

om
er

 

m
et

er
in

g 
as

 
w

el
l 

as
 

da
ta

 
ha

nd
li

ng
 

er
ro

r 
(m

et
er

 
re

ad
in

g 
an

d 
bi

lli
ng

),
 

pl
us

 
un

au
th

or
iz

ed
 

co
ns

um
pt

io
n 

(t
he

ft
 o

r 
il

le
ga

l u
se

).
 T

hi
s 

va
lu

e 
sh

al
l i

nc
lu

de
 th

e 
w

as
ta

ge
 in

 h
ou

se
s.

 T
he

 v
al

ue
 o

f 

th
e 

w
as

ta
ge

 v
ol

um
e 

w
as

 c
al

cu
la

te
d 

as
 6

6 
m

3 /d
. 

re
ga

rd
in

g 
th

e 
m

et
er

 e
rr

or
 i

n 
re

gi
st

ra
ti

on
, 

th
e 

ov
er

 
re

gi
st

ra
tio

n 
of

 
cu

st
om

er
 

m
et

er
s 

le
ad

 
to

 
un

de
re

st
im

at
io

n 
of

 
R

ea
l 

L
os

se
s 

an
d 

un
de

r-
re

gi
st

ra
tio

n 
of

 c
us

to
m

er
 m

et
er

s 
le

ad
s 

to
 o

ve
r-

es
ti

m
at

io
n 

of
 r

ea
l L

os
se

s.
 

5-
 

D
et

er
m

in
e 

th
e 

R
ea

l 
L

os
se

s 
th

at
 i

nd
ic

at
e 

th
e 

ph
ys

ic
al

 w
at

er
 l

os
se

s 
fr

om
 t

he
 n

et
w

or
ks

 (
i.e

. 

le
ak

ag
e)

. T
hi

s 
am

ou
nt

 s
ha

ll
 r

ep
re

se
nt

 t
he

 w
at

er
 v

ol
um

e 
lo

st
 t

hr
ou

gh
 a

ll 
ty

pe
s 

of
 l

ea
ks

, b
ur

st
s,

 

an
d 

ov
er

fl
ow

s.
 

 T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 t
he

 w
at

er
 b

al
an

ce
 a

na
ly

si
s 

be
fo

re
 r

ep
ai

r 
w

or
ks

 f
or

 D
ia

rb
 N

ig
m

 M
ar

kz
 

A
re

a-
2 

 

T
ab

le
 6

-6
  

W
at

er
 B

al
an

ce
 A

na
ly

si
s 

in
 D

ia
rb

 N
ig

m
 M

ar
k

z 
A

-2
 b

ef
or

e 
R

ep
ai

r 
(m

3 /d
ay

) 

Bi
lle

d 
M

et
er

ed
 C

on
su

m
pt

io
n 

94
2 

W
at

er
 S

ol
d 

Re
ve

nu
e 

W
at

er
 

Bi
lle

d 

Au
th

or
iz

ed
 

C
on

su
m

pt
io

n 
M

et
er

in
g 

er
ro

r 
(o

ve
r 

re
gi

st
ra

tio
n)

 
-3

6 
10

96
.7

7 
10

96
.7

7 
Au

th
or

iz
ed

 

Co
ns

um
pt

io
n 

10
96

.7
7 

Bi
lle

d 
U

nm
et

er
ed

 C
on

su
m

pt
io

n(
fix

ed
 a

m
ou

nt
 

co
lle

ct
ed

) 
19

1 
m

3 /d
ay

 
m

3 /d
ay

 

10
96

.7
7 

U
nb

ill
ed

 M
et

er
ed

 C
on

su
m

pt
io

n 
0 

m
3 /d

ay
 

U
nb

ill
ed

 

Au
th

or
iz

ed
 

C
on

su
m

pt
io

n 

W
at

er
 

D
is

tr
ib

ut
ed

 

Vo
lu

m
e 

  
0 

U
nb

ill
ed

 U
nm

et
er

ed
 C

on
su

m
pt

io
n 

0 

C
om

m
er

ci
al

 

lo
ss

es
 

14
78

 

A
pp

ar
en

t 

Lo
ss

es
 

U
na

ut
ho

ri
ze

d 
Co

ns
um

pt
io

n 
0 

66
 

U
na

cc
ou

nt
ed

 

fo
r 

W
at

er
 

(U
FW

) 

m
3 /d

ay
 

66
 

M
et

er
in

g 
In

ac
cu

ra
ci

es
(s

ta
rt

 fl
ow

 &
 u

nd
er

 

re
gi

st
ra

tio
n)

 
66

 
m

3 /d
ay

 
38

1.
23

 

  
U

na
ut

ho
ri

ze
d 

Co
ns

um
pt

io
n 

Le
ak

ag
e 

on
 T

ra
ns

m
is

si
on

 a
nd

/o
r D

is
tr

ib
ut

io
n 

M
ai

ns
 

  
Ph

ys
ic

al
 

lo
ss

es
 

m
3 /d

ay
 

  
38

1.
23

 

Re
al

 L
os

se
s 

(le
ak

ag
e)

 

Le
ak

ag
e 

an
d 

O
ve

rf
lo

w
s 

at
 U

til
ity

’s 
St

or
ag

e 

Ta
nk

s 
  

31
5.

23
 

  

  
m

3 /d
ay

 
31

5.
23

 
Le

ak
ag

e 
on

 S
er

vi
ce

 C
on

ne
ct

io
ns

 u
p 

to
 p

oi
nt

 o
f 

Cu
st

om
er

 m
et

er
in

g 
31

5 
m

3 /d
ay

 
  

 6.
6 

A
ct

io
n 

U
11

 (
C

on
d

uc
ti

ng
 le

ak
ag

e 
de

te
ct

io
n

 s
ur

ve
y)

 

T
he

 l
ea

k 
de

te
ct

io
n 

w
en

t 
th

ro
ug

h 
se

ve
ra

l 
st

ag
es

 w
ith

 t
he

 a
co

us
ti

c 
ro

d 
an

d 
th

e 
di

gi
ta

l 
so

un
d 

de
te

ct
or

. 
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W
he

n 
th

er
e 

w
as

 a
 p

oi
nt

 s
us

pe
ct

ed
 t

o 
ha

ve
 a

 l
ea

k,
 t

he
 U

F
W

 t
ea

m
 b

eg
an

 t
o 

us
e 

m
or

e 
ad

va
nc

ed
 l

ea
k 

de
te

ct
io

n 
eq

ui
pm

en
t 

su
ch

 a
s 

th
e 

le
ak

 d
et

ec
to

r 
an

d/
or

 t
he

 l
ea

k 
so

un
d 

co
rr

el
at

or
 t

o 
ex

ac
tl

y 
lo

ca
te

 t
he

 

le
ak

 o
n 

th
e 

pi
pe

. 

 (
1)

 
D

et
ec

ti
on

 o
f 

le
ak

in
g 

so
un

d 
by

 A
co

us
ti

c 
R

od
 o

r 
D

ig
it

al
 S

ou
n

d 
D

et
ec

to
r 

T
he

 f
ir

st
 a

tt
em

pt
 t

o 
de

te
ct

 t
he

 l
ea

ka
ge

 i
n 

th
e 

pi
pe

s 
an

d 
th

e 
ho

us
e 

co
nn

ec
ti

on
 w

as
 d

on
e 

us
in

g 
th

e 

ac
ou

st
ic

 r
od

 a
nd

 th
e 

di
gi

ta
l s

ou
nd

 d
et

ec
to

r. 

W
he

n 
le

ak
ag

e 
oc

cu
rs

, 
le

ak
in

g 
so

un
d 

sp
re

ad
s 

th
ro

ug
h 

th
e 

pi
pe

. 
 A

t 
th

e 
po

in
t 

w
he

re
 v

al
ve

s 
ar

e 

av
ai

la
bl

e,
 a

co
us

tic
 r

od
 o

r 
di

gi
ta

l 
so

un
d 

de
te

ct
or

 w
as

 u
se

fu
l 

fo
r 

de
te

ct
in

g 
th

e 
so

un
d.

 T
he

 m
et

ho
d 

of
 

le
ak

in
g 

so
un

d 
de

te
ct

io
n 

is
 s

ho
w

n 
on

 F
ig

ur
e 

6-
1.

 

 
F

ig
ur

e 
6-

1 
 D

et
ec

ti
n

g 
L

ea
ka

ge
 o

n 
H

ou
se

 C
on

n
ec

ti
on

 b
y 

A
co

us
ti

c 
R

od
 

 T
he

 U
F

W
 t

ea
m

 h
as

 b
ee

n 
tr

ai
ne

d 
on

 l
ea

k 
de

te
ct

io
n 

by
 t

he
 a

co
us

ti
c 

ro
d 

an
d 

th
e 

di
gi

ta
l 

le
ak

 d
et

ec
to

r 
at

 

M
os

tr
od

 T
ra

in
in

g 
C

en
te

r 
an

d 
O

JT
 a

t s
ite

 b
y 

as
si

st
an

ce
 o

f 
JI

C
A

 e
xp

er
t t

ea
m

 d
ur

in
g 

th
e 

ac
ti

vi
ty

. 
 

 (2
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
po

in
ts

 b
y 

L
ea

k 
D

et
ec

to
r 

To
 d

et
ec

t 
th

e 
le

ak
ag

e 
on

 t
he

 d
is

tr
ib

ut
io

n 
pi

pe
lin

e,
 t

he
 l

ea
k 

de
te

ct
or

 w
as

 u
se

d.
 T

he
 l

ea
k 

de
te

ct
io

n 

ac
tiv

it
y 

us
in

g 
th

e 
le

ak
 d

et
ec

to
r 

is
 s

ho
w

n 
in

 F
ig

ur
e 

6-
2.

 I
t 

w
as

 h
el

pf
ul

 t
o 

co
nf

ir
m

 t
he

 l
oc

at
io

n 
of

 t
he

 

le
ak

ag
e 

by
 n

ig
ht

 s
ur

ve
y 

to
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ol
at

e 
th

e 
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ck
gr

ou
nd

 n
oi

se
 c

au
se

d 
by
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af

fi
c 

du
ri

ng
 d

ay
ti

m
e.
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ig
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D
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k 
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k
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to
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 R

es
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ts
 o

f 
le

ak
 d

et
ec

ti
on

 

T
he

 l
ea

k 
de

te
ct

io
n 

su
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ey
 l

ed
 t

o 
de

te
ct
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 l

ea
k 

po
in

ts
 i

n 
th

e 
ar

ea
. 

A
ll 

th
e 

de
te

ct
ed

 l
ea

ks
 w

er
e 
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ho
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e 
co

nn
ec

ti
on

s 
w

hi
ch

 w
er

e 
m

an
uf

ac
tu

re
d 
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 P
V

C
. 

T
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 r
ea

so
n 

fo
r 
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e 
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ak

s 
w
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 d

ue
 t

o 
w

ro
ng
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tr
uc

tio
n 

du
e 
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en
di

ng
 th

e 
pi

pe
 b

en
di

ng
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ut
 u

si
ng
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e 
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 f
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il
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d 
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 p
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 f
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w
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g 
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s 
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e 
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m

m
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 d
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ec
te
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d 
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e 

m
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ed
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e 
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 o

f 
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G
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d 
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m
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d
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m

at
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n 
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ak
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e 

R
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d 
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t 

N
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1 
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D
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e 
15
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A
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A2

 

Po
si

tio
n 
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pe

 
Pi

pe
 

C
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n 
of
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C
ra

ck
 

Cr
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k 

D
ia

m
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er
 o

f 
pi

pe
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50
 

M
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l o
f l
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k 
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D
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f p
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G
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d 

co
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il 
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il 

C
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D
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D
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. 
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ak
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e 

si
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M

 
M
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ak
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e 
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y 

N
A 

N
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 T
he

 d
et

ec
te

d 
le

ak
s 

w
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 o
n 

th
e 

le
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 p
ip

e 
th

at
 f

or
m

 t
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 h
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se
 c

on
ne

ct
io

n 
an

d 
m

os
t o

f 
th

e 
le

ak
s 

w
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 d
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to
 c

ra
ck

s 
fo

un
d 

in
 t
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 p

ip
e 

du
e 
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 d

et
er

io
ra

ti
on

 a
nd

 b
en

di
ng

 d
ur

in
g 

co
ns

tr
uc

ti
on

 p
er

io
d 

an
d 

th
en

 d
ue

 

to
 w

at
er

 p
re

ss
ur

e,
 th

e 
cr

ac
k 

be
gi

ns
 to

 s
pr

ea
d.

 M
os

t 
of

 th
e 

le
ak

s 
w

er
e 

in
vi

si
bl

e 
as

 th
e 

gr
ou

nd
 s

ur
fa

ce
 is

 

so
il.

 

T
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 lo
ca

ti
on

 o
f 

de
te

ct
ed

 le
ak

s 
is

 s
ho

w
n 

as
 f

ol
lo

w
in

g 
fi

gu
re

. 
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f 
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 D
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ig
m
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7 

A
ct

io
n 

U
12
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R

ep
ai

ri
ng

 le
ak

ag
e 

pa
rt

s)
 

F
ol

lo
w

in
g 

th
e 

le
ak

s 
ha

d 
be

en
 d

et
ec

te
d;

 t
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 r
ep

ai
r 

w
or

ks
 t

ak
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 p
la

ce
 b
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S

H
A

PW
A

S
C

O
 e
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m
en
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 t
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 d

et
ec

te
d 
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 p
ip

es
 a

nd
 h

ou
se

 c
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n 

ha
s 
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 r
ep
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w
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C

 p
ip
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 w
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U
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C
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M

N
F
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u

rv
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ft
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ai

r 
w
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) 
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rd
er
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o 
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nf

ir
m

 t
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 e
ff

ec
ti

ve
ne
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 o

f 
th

e 
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pa
ir

in
g 

w
or

k 
(o

r 
re

du
ct

io
n 

pe
rc

en
ta

ge
 o

f 
le

ak
ag

e 
ra

tio
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M
N

F
 s

ur
ve

y 
w
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 c
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ri
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 o

ut
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ft
er

 t
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 r
ep

ai
ri

ng
 w

or
k 

of
 t

he
 l

ea
ki

ng
 p

ar
ts

. 
 I

n 
th

e 
m

ea
n 

tim
e 

of
 t

he
 

M
N

F
 s

ur
ve

y,
 t

w
o 

ro
un
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 o

f 
m

et
er

 r
ea

di
ng

 w
er

e 
co

nd
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te
d 

in
 t

he
 s
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e 

pe
ri

od
 (
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ou

t 
9 

da
ys
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 T
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pu
rp

os
e 

of
 c

ol
le

ct
in

g 
m

et
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ea

di
ng

 w
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 t
o 

m
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su
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 t
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 b
il

le
d 

au
th

or
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ed
 c

on
su

m
pt

io
n 

to
 b

e 
us

ed
 i

n 

th
e 

w
at

er
 b

al
an

ce
 a

na
ly

si
s.

  

A
 f

lo
w

 m
et

er
 h

as
 b

ee
n 

in
st

al
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d 
at

 th
e 

m
ai

n 
in

le
t 

pi
pe

lin
e 

an
d 

w
as

 a
ll

ow
ed
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 r

eg
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r 

th
e 

fl
ow

 r
at

e 
fo

r 

th
e 

w
ho

le
 6

 d
ay

s.
 T

w
o 

fl
ow

 m
et

er
s 

w
er

e 
us

ed
, 

on
e 

ea
ch

 t
w

o 
da

ys
 t

o 
ov

er
co

m
e 

th
e 

sh
or

t 
li

fe
tim

e 
of

 

po
rt

ab
le

 b
at

te
ri

es
 th
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 w
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 u

se
d 
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 o

pe
ra

te
 th

e 
fl

ow
 m

et
er

. 

T
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 f
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lo
w

in
g 
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bl

e 
re

pr
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en
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ai

n 
fi

nd
in

gs
 d

ur
in

g 
th

e 
M

N
F 

su
rv

ey
 a

ft
er

 l
ea

k 
de

te
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io
n 

an
d 

re
pa

ir
. 
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le
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St
at

u
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 W

at
er
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et

er
s 
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R

ep
ai
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em

 
un
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St

at
us

 

D
ur

at
io

n 
of
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N

F 
su

rv
ey

, d
ay
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da
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9 
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ou
nt

 
of

 
w

at
er
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gi
st

er
ed
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ow
 

m
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er
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ri
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m
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m
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t p
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io
d 

m
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12
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N
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r 
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d 

m
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N
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r 
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N
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at
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6.
9 

A
ct

io
n 

U
14

 (
M

ak
in

g 
w

at
er

 b
al

an
ce

 a
na

ly
si

s 
an

d
 it

s 
ev

al
ua

ti
on

) 

A
s 

de
sc

ri
be

d 
in

 it
em

 6
-5

 o
f 

th
is

 r
ep

or
t, 

th
e 

w
at

er
 b

al
an

ce
 a

na
ly

si
s 

is
 a

 u
se

fu
l t

oo
l t

o 
ev

al
ua

te
 th

e 
U

F
W

 

ra
ti

o.
 T

he
 f

ol
lo

w
in

g 
da

ta
 s

ho
ul

d 
be

 k
no

w
n 

or
 e

st
im

at
ed

 b
ef

or
e 

m
ak

in
g 

th
e 

w
at

er
 b

al
an

ce
 a

na
ly

si
s.

 

1-
 

Q
ua

nt
it

y 
of

 w
at

er
 e

nt
er

in
g 

th
e 

st
ud

y 
ar

ea
 n

et
w

or
k 

1,
42

5 
m

3 /d
. 

2-
 

Q
ua

nt
it

y 
of

 w
at

er
 le

av
in

g 
th

e 
st

ud
y 

ar
ea

 n
et

w
or

k 
an

d 
go

es
 to

 a
no

th
er

 n
et

w
or

k 
at

 th
e 

bo
un

da
ry

 

of
 it

 (
N

il)
. 

3-
 

Q
ua

nt
it

y 
of

 b
ill

ed
 a

ut
ho

ri
ze

d 
co

ns
um

pt
io

n.
 T

hi
s 

va
lu

e 
co

ul
d 

be
 a

ss
um

ed
 a

s 
m

ea
su

re
d 

be
fo

re
 

as
 th

e 
w

at
er

 m
et

er
 s

ta
tu

s 
is

 th
e 

sa
m

e 
as

 th
e 

tim
e 

of
 m

ea
su

ri
ng

 th
e 

w
at

er
 m

et
er

s.
 9

88
 m

3 /d
. T

he
 

vo
lu

m
e 

of
 b

ill
ed

 u
nm

et
er

ed
 w

at
er

 s
ha

ll
 b

e 
co

ns
id

er
ed

 a
s 

(1
66

 m
3 /d

) 
 

4-
 

E
st

im
at

io
n 

of
 th

e 
un

bi
ll

ed
 a

ut
ho

ri
ze

d 
co

ns
um

pt
io

n.
 (

N
il)

 

5-
 

M
et

er
 i

na
cc

ur
ac

y 
an

d 
er

ro
r 

in
 s

ta
rt

 f
lo

w
 m

ea
su

re
m

en
t 

(t
he

 m
in

im
um
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lo

w
 r

at
e 

at
 w

hi
ch

 t
he

 

w
at

er
 m

et
er

 b
eg

in
 t

o 
re

gi
st

er
 t

he
 f

lo
w

 a
m

ou
nt

).
 T

hi
s 

sh
al

l 
be

 e
st

im
at

ed
 a

s 
be

fo
re

 t
he

 l
ea

ka
ge

 

re
pa

ir
. 

6-
 

D
ur

in
g 

U
FW

 t
ea

m
 s

ur
ve

y 
fo

r 
th

e 
di

st
ri

bu
ti

on
 n

et
w

or
k 

an
d 

th
e 

st
at

us
 o

f 
th

e 
m

et
er

s,
 t

he
 t

ea
m

 

di
d 

no
t f

in
d 

cu
st

om
er

s 
th

ef
t w

at
er

 (
i.e

. u
na

ut
ho

ri
ze

d 
co

ns
um

pt
io

n)
. 

 D
ur

in
g 

th
e 

A
ct

io
n 

U
8,

 i
t 

w
as

 f
ou

nd
 t

ha
t 

th
e 

w
as

ta
ge

 i
n 

ho
us

es
 e

qu
al

 1
2 

L
/h

r/
m

et
er

. 
It

 w
as

 a
ss

um
ed

 

th
at

 t
hi

s 
w

as
ta

ge
 s

ha
ll 

be
 f

or
 a

 p
er

io
d 

of
 3

 h
ou

rs
 (

ni
gh

t 
ho

ur
s)

. I
n 

th
e 

da
yt

im
e,

 t
he

 u
se

 o
f 

th
e 

fa
uc

et
s 

an
d 

fl
us

h 
ta

nk
s 

in
 t

he
 t

oi
le

t 
m

ak
e 

th
e 

w
at

er
 m

et
er

 r
un

 f
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 f

lo
w
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r 
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 f

lo
w

. T
hi

s 
sh

al
l 

m
ak

e 
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e 
m

et
er
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r 
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e 
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ta
l f

lo
w

 p
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si
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 th
ro

ug
h 

it 
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cl
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in
g 
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e 

w
as

ta
ge

 f
lo

w
. 

T
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 n
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be
r 
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 m

et
er

s 
th

at
 c

ou
ld

 h
av

e 
a 

w
as

ta
ge

 in
cl

ud
in

g 
fl

at
 r

at
e 

co
nn

ec
ti

on
s 

is
 1

,0
06

 m
et

er
s.

 

To
ta

l a
m

ou
nt

 o
f 

w
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ta
ge

 p
er

 d
ay

 =
 1

,8
08

m
et

er
s 

x 
12

L
/h

r 
x 

3h
r/

10
00
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 6

6 
m

3 /d
ay
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ol
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pr
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en
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w
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al
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ce
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na
ly
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ir.
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fo

ll
ow

in
g 

ta
bl

e:
 

 

T
ab

le
 7

-3
  

Su
m

m
ar

y 
of

 R
es

ul
ts

 f
or

 M
N

F
 S

ur
ve

y 
be

fo
re

 L
ea

ka
ge

 R
ep

ai
r  

It
em

 
U

ni
t 

Va
lu

e 
Av

er
ag

e 
Fl

ow
 

L/
s 

9.
85

 
M

in
im

um
 fl

ow
 (M

N
F)

 
L/

s 
4.

24
 

M
ax

im
um

 v
al

ue
 o

f f
lo

w
 

L/
s 

25
.0

7 
To

ta
l f

lo
w

 ra
te

 (Q
TO

TA
L)

 
m

3 /d
ay

 
85

0 
E

qu
iv

al
en

t M
N

F 
(Q

M
N

F)
 

m
3 /d

ay
 

33
2 

R
at

io
 

%
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 T
hi

s 
ra

tio
 o

f 
eq

ui
va

le
nt

 M
N

F
 w

as
 c

on
si

de
re

d 
ve

ry
 h

ig
h 

an
d 

its
 s

ou
rc

es
 s

ha
ll

 b
e 

an
al

yz
ed

 a
ft

er
 t

he
 

le
ak

ag
e 

de
te

ct
io

n 
an

d 
re

pa
ir

 w
or

ks
 f

in
is

h.
 

 7.
5 

A
ct

io
n 

U
10

 (
M

ak
in

g 
w

at
er

 b
al

an
ce

 a
na

ly
si

s 
be

fo
re

 r
ep

ai
r 

w
or

ks
) 

To
 e

st
ab

lis
h 

a 
w

at
er

 b
al

an
ce

 a
na

ly
si

s,
 th

e 
fo

ll
ow

in
g 

pr
oc

ed
ur

e 
sh

al
l b

e 
fo

ll
ow

ed
: 

1-
 

D
et

er
m

in
e 

th
e 

ne
t 

am
ou

nt
 o

f 
w

at
er

 e
nt

er
in

g 
th

e 
st

ud
y 

pi
lo

t 
ar

ea
 w

hi
ch

 w
as

 m
ea

su
re

d 
as

 9
35

 

m
3 /d

. 

2-
 

D
et

er
m

in
e 

th
e 

au
th

or
iz

ed
 c

on
su

m
pt

io
n,

 t
he

 s
um

 o
f 

m
et

er
ed

 v
ol

um
e 

44
2 

m
3 /d

 w
it

h 
ov

er
 

re
gi

st
ra

ti
on

 e
rr

or
 o

f 
4 

%
 (

 1
7 

m
3 /d

) 
so

 t
ha

t 
th

e 
ne

t 
vo

lu
m

e 
of

 b
il

le
d 

au
th

or
iz

ed
 c

on
su

m
pt

io
n 

w
il

l 
be

 4
25

 m
3 /d

 .
 T

he
 b

ill
ed

 u
n-

m
et

er
ed

 v
ol

um
e 

th
at

 w
as

 a
ss

um
ed

 t
o 

be
 c

on
su

m
ed

 a
s 

a 
fl

at
 

ra
te

 e
va

lu
at

io
n 

of
 2

5 
m

3 /m
on

th
/m

et
er

. 
T

he
 v

al
ue

 o
f 

th
e 

bi
lle

d 
un

m
et

er
ed

 c
on

su
m

pt
io

n 
w

as
 

ca
lc

ul
at

ed
 to

 b
e 

16
0 

m
3 /d

. T
hi

s 
am

ou
nt

 o
f 

w
at

er
 w

as
 c

on
su

m
ed

 b
y 

th
e 

re
gi

st
er

ed
 c

us
to

m
er

s 
at

 

S
H

A
PW

A
S

C
O

. 
A

ut
ho

ri
ze

d 
co

ns
um

pt
io

n 
m

ay
 i

nc
lu

de
 i

te
m

s 
su

ch
 a

s 
fi

re
 f

ig
ht

in
g,

 t
ra

in
in

g,
 

fl
us

hi
ng

 o
f 

m
ai

ns
 a

nd
 s

ew
er

s,
 s

tr
ee

t 
cl

ea
ni

ng
, p

ub
li

c 
fo

un
ta

in
s 

an
d 

ga
rd

en
s,

 e
tc

, t
he

se
 m

ay
 b

e 
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bi
lle

d,
 u

nb
ill

ed
, m

et
er

ed
 o

r 
un

m
et

er
ed

. T
hi

s 
va

lu
e 

w
as

 n
eg

le
ct

ed
 i

n 
th

is
 s

tu
dy

 a
s 

th
e 

ar
ea

 w
as

 

co
nt

ro
ll

ed
 a

ga
in

st
 th

es
e 

ac
tio

ns
 d

ur
in

g 
th

e 
st

ud
y 

pe
ri

od
. 

3-
 

D
et

er
m

in
e 

th
e 

w
at

er
 l

os
s 

w
hi

ch
 is

 th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

sy
st

em
 i

np
ut

 v
ol

um
e 

an
d 

au
th

or
iz

ed
 

co
ns

um
pt

io
n.

 W
at

er
 l

os
se

s 
ca

n 
be

 c
on

si
de

re
d 

as
 a

 t
ot

al
 v

ol
um

e 
fo

r 
th

e 
w

ho
le

 s
ys

te
m

, 
or

 f
or

 

pa
rt

ia
l s

ys
te

m
s 

su
ch

 a
s 

tr
an

sm
is

si
on

 o
r 

di
st

ri
bu

ti
on

 s
ch

em
es

, o
r 

in
di

vi
du

al
 z

on
es

 a
s 

in
 o

ur
 c

as
e 

in
 A

bu
 H

am
ad

 M
ar

kz
 A

re
a 

3.
 W

at
er

 lo
ss

es
 c

on
si

st
 o

f 
re

al
 lo

ss
es

 a
nd

 a
pp

ar
en

t l
os

se
s.

 T
he

 to
ta

l 

vo
lu

m
e 

of
 th

e 
w

at
er

 lo
ss

es
 w

as
 c

al
cu

la
te

d 
to

 b
e 

35
0 

m
3 /d

. 

4-
 

D
et

er
m

in
e 

ap
pa

re
nt

 l
os

se
s 

th
at

 i
nc

lu
de

 a
ll

 t
yp

es
 o

f 
in

ac
cu

ra
ci

es
 a

ss
oc

ia
te

d 
w

it
h 

cu
st

om
er

 

m
et

er
in

g 
as

 
w

el
l 

as
 

da
ta

 
ha

nd
li

ng
 

er
ro

r 
(m

et
er

 
re

ad
in

g 
an

d 
bi

lli
ng

),
 

pl
us

 
un

au
th

or
iz

ed
 

co
ns

um
pt

io
n 

(t
he

ft
 o

r 
il

le
ga

l u
se

).
 T

hi
s 

va
lu

e 
sh

al
l i

nc
lu

de
 th

e 
w

as
ta

ge
 in

 h
ou

se
s.

 T
he

 v
al

ue
 o

f 

th
e 

w
as

ta
ge

 v
ol

um
e 

w
as

 c
al

cu
la

te
d 

as
 2

7 
m

3 /d
. 

re
ga

rd
in

g 
th

e 
m

et
er

 e
rr

or
 i

n 
re

gi
st

ra
ti

on
, 

th
e 

ov
er

 
re

gi
st

ra
tio

n 
of

 
cu

st
om

er
 

m
et

er
s 

le
ad

 
to

 
un

de
re

st
im

at
io

n 
of

 
R

ea
l 

L
os

se
s 

an
d 

un
de

r-
re

gi
st

ra
tio

n 
of

 c
us

to
m

er
 m

et
er

s 
le

ad
s 

to
 o

ve
r-

es
ti

m
at

io
n 

of
 r

ea
l L

os
se

s.
 

5-
 

D
et

er
m

in
e 

th
e 

R
ea

l 
L

os
se

s 
th

at
 i

nd
ic

at
e 

th
e 

ph
ys

ic
al

 w
at

er
 l

os
se

s 
fr

om
 t

he
 n

et
w

or
ks

 (
i.e

. 

le
ak

ag
e)

. T
hi

s 
am

ou
nt

 s
ha

ll
 r

ep
re

se
nt

 t
he

 w
at

er
 v

ol
um

e 
lo

st
 t

hr
ou

gh
 a

ll 
ty

pe
s 

of
 l

ea
ks

, b
ur

st
s,

 

an
d 

ov
er

fl
ow

s.
 

 T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 t
he

 w
at

er
 b

al
an

ce
 a

na
ly

si
s 

be
fo

re
 r

ep
ai

r 
w

or
ks

 f
or

 A
bu

 H
am

ad
 M

ar
kz

 

A
re

a-
3 

 

T
ab

le
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W
at

er
 B

al
an

ce
 A

n
al

ys
is

 in
 A

bu
 H

am
ad

 M
ar

kz
 A

-3
 b

ef
or

e 
R

ep
ai

r 
(m

3 /d
ay

) 

Bi
lle

d 
M

et
er

ed
 C

on
su

m
pt

io
n 

44
2 

W
at

er
 S

ol
d 

R
ev

en
ue

 

W
at

er
 

Bi
lle

d 

A
ut

ho
ri

ze
d 

C
on

su
m

pt
io

n 
M

et
er

in
g 

er
ro

r (
ov

er
 r

eg
is

tr
at

io
n)
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7 
58

5.
00

 
58

5.
00

 
Au

th
or

iz
ed

 

Co
ns

um
pt

io
n 

58
5.

00
 

Bi
lle

d 
U

nm
et

er
ed

 

Co
ns

um
pt

io
n(

fix
ed

 a
m

ou
nt

 co
lle

ct
ed

) 
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0 
m

3 /d
ay

 
m

3/
da

y 

58
5.

00
 

U
nb

ill
ed

 M
et

er
ed

 C
on

su
m

pt
io

n 
0 

m
3 /d

ay
 

U
nb

ill
ed

 

A
ut

ho
ri

ze
d 

C
on

su
m

pt
io

n 

W
at

er
 

D
is

tr
ib

ut
ed

 

Vo
lu

m
e 

  
0 

U
nb

ill
ed

 U
nm

et
er

ed
 C

on
su

m
pt

io
n 

0 

Co
m

m
er

ci
al

 

lo
ss

es
 

93
5 

Ap
pa

re
nt

 

Lo
ss

es
 

U
na

ut
ho

ri
ze

d 
Co

ns
um

pt
io

n 
0 

27
 

U
na

cc
ou

nt
ed

 

fo
r W

at
er

 

(U
FW

) 

m
3 /d

ay
 

27
 

M
et

er
in

g 
In

ac
cu

ra
ci

es
(s

ta
rt

 fl
ow

 &
 

un
de

r r
eg

is
tr

at
io

n)
 

27
 

m
3/

da
y 

35
0.

00
 

  
U

na
ut

ho
ri

ze
d 

Co
ns

um
pt

io
n 

Le
ak

ag
e 

on
 T

ra
ns

m
is

si
on

 a
nd

/o
r 

D
is

tr
ib

ut
io

n 
M

ai
ns

 
  

Ph
ys

ic
al

 

lo
ss

es
 

m
3 /d

ay
 

  
35

0.
00

 

R
ea

l L
os

se
s 

(le
ak

ag
e)

 

Le
ak

ag
e 

an
d 

O
ve

rf
lo

w
s 

at
 U

til
ity

’s 

St
or

ag
e 

Ta
nk

s 
  

32
3.

00
 

  

  
m

3 /d
ay

 
32

3.
00

 
Le

ak
ag

e 
on

 S
er

vi
ce

 C
on

ne
ct

io
ns

 u
p 

to
 p

oi
nt

 o
f C

us
to

m
er

 m
et

er
in

g 
32

3.
00

 
m

3 /d
ay
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7.
6 

A
ct

io
n 

U
11

 (
C

on
d

uc
ti

ng
 le

ak
ag

e 
de

te
ct

io
n

 s
ur

ve
y)

 

T
he

 l
ea

k 
de

te
ct

io
n 

w
en

t 
th

ro
ug

h 
se

ve
ra

l 
st

ag
es

 w
ith

 t
he

 a
co

us
ti

c 
ro

d 
an

d 
th

e 
di

gi
ta

l 
so

un
d 

de
te

ct
or

. 

W
he

n 
th

er
e 

w
as

 a
 p

oi
nt

 s
us

pe
ct

ed
 t

o 
ha

ve
 a

 l
ea

k,
 t

he
 U

F
W

 t
ea

m
 b

eg
an

 t
o 

us
e 

m
or

e 
ad

va
nc

ed
 l

ea
k 

de
te

ct
io

n 
eq

ui
pm

en
t 

su
ch

 a
s 

th
e 

le
ak

 d
et

ec
to

r 
an

d/
or

 t
he

 l
ea

k 
so

un
d 

co
rr

el
at

or
 t

o 
ex

ac
tl

y 
lo

ca
te

 t
he

 

le
ak

 o
n 

th
e 

pi
pe

. 

(1
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
so

un
d 

by
 A

co
us

ti
c 

R
od

 o
r 

D
ig

it
al

 S
ou

n
d 

D
et

ec
to

r 

T
he

 f
ir

st
 a

tt
em

pt
 t

o 
de

te
ct

 t
he

 l
ea

ka
ge

 i
n 

th
e 

pi
pe

s 
an

d 
th

e 
ho

us
e 

co
nn

ec
ti

on
 w

as
 d

on
e 

us
in

g 
th

e 

ac
ou

st
ic

 r
od

 a
nd

 th
e 

di
gi

ta
l s

ou
nd

 d
et

ec
to

r. 

W
he

n 
le

ak
ag

e 
oc

cu
rs

, 
le

ak
in

g 
so

un
d 

sp
re

ad
s 

th
ro

ug
h 

th
e 

pi
pe

. 
 A

t 
th

e 
po

in
t 

w
he

re
 v

al
ve

s 
ar

e 

av
ai

la
bl

e,
 a

co
us

tic
 r

od
 o

r 
di

gi
ta

l 
so

un
d 

de
te

ct
or

 w
as

 u
se

fu
l 

fo
r 

de
te

ct
in

g 
th

e 
so

un
d.

 T
he

 m
et

ho
d 

of
 

le
ak

in
g 

so
un

d 
de

te
ct

io
n 

is
 s

ho
w

n 
on

 F
ig

ur
e 

7-
1.

 
 

 
F

ig
ur

e 
7-

1 
 D

et
ec

ti
n

g 
L

ea
ka

ge
 o

n 
H

ou
se

 C
on

n
ec

ti
on

 b
y 

A
co

us
ti

c 
R

od
 

 T
he

 U
F

W
 t

ea
m

 h
as

 b
ee

n 
tr

ai
ne

d 
on

 l
ea

k 
de

te
ct

io
n 

by
 t

he
 a

co
us

ti
c 

ro
d 

an
d 

th
e 

di
gi

ta
l 

le
ak

 d
et

ec
to

r 
at

 

M
os

tr
od

 T
ra

in
in

g 
C

en
te

r 
an

d 
O

JT
 a

t s
ite

 b
y 

as
si

st
an

ce
 o

f 
JI

C
A

 e
xp

er
t t

ea
m

 d
ur

in
g 

th
e 

ac
ti

vi
ty

. 
 

 (2
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
po

in
ts

 b
y 

L
ea

k 
D

et
ec

to
r 

To
 d

et
ec

t 
th

e 
le

ak
ag

e 
on

 t
he

 d
is

tr
ib

ut
io

n 
pi

pe
lin

e,
 t

he
 l

ea
k 

de
te

ct
or

 w
as

 u
se

d.
 T

he
 l

ea
k 

de
te

ct
io

n 

ac
tiv

it
y 

us
in

g 
th

e 
le

ak
 d

et
ec

to
r 

is
 s

ho
w

n 
in

 F
ig

ur
e 

7-
2.

 I
t 

w
as

 h
el

pf
ul

 t
o 

co
nf

ir
m

 t
he

 l
oc

at
io

n 
of

 t
he

 

le
ak

ag
e 

by
 n

ig
ht

 s
ur

ve
y 

to
 is

ol
at

e 
th

e 
ba

ck
gr

ou
nd

 n
oi

se
 c

au
se

d 
by

 tr
af

fi
c 

du
ri

ng
 d

ay
ti

m
e.

 

 

 

F
ig

u
re

 7
-2

  
D

et
ec

ti
on

 W
or

k 
by

 L
ea

k
 D

et
ec

to
r 
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(3
) 

  
 R

es
ul

ts
 o

f 
le

ak
 d

et
ec

ti
on

 

T
he

 l
ea

k 
de

te
ct

io
n 

su
rv

ey
 l

ed
 t

o 
de

te
ct

 2
 l

ea
k 

po
in

ts
 i

n 
th

e 
ar

ea
. 

A
ll 

th
e 

de
te

ct
ed

 l
ea

ks
 w

er
e 

on
 t

he
 

ho
us

e 
co

nn
ec

ti
on

s 
w

hi
ch

 w
er

e 
m

an
uf

ac
tu

re
d 

fr
om

 l
ea

d.
 T

he
 r

ea
so

n 
fo

r 
th

e 
le

ak
s 

w
as

 d
ue

 t
o 

w
ro

ng
 

co
ns

tr
uc

tio
n 

du
e 

to
 b

en
di

ng
 th

e 
pi

pe
 b

en
di

ng
 w

it
ho

ut
 u

si
ng

 th
e 

pr
op

er
 f

ac
il

iti
es

 to
 b

en
d 

su
ch

 p
ip

es
. 

T
he

 f
ol

lo
w

in
g 

Ta
bl

e 
in

di
ca

te
s 

th
e 

su
m

m
ar

y 
of

 t
he

 d
et

ec
te

d 
le

ak
s 

an
d 

th
e 

m
ap

 i
nd

ic
at

ed
 th

e 
lo

ca
ti

on
 o

f 

th
es

e 
le

ak
s 

on
 th

e 
G

IS
 m

ap
 u

se
d 

du
ri

ng
 th

e 
su

rv
ey

 

T
ab

le
 7

-4
  

S
um

m
ar

y 
of

 D
et

ec
te

d
 L

ea
ks

 I
nf

or
m

at
io

n
 

Le
ak

ag
e 

R
ec

or
d 

Sh
ee

t 

N
o.

 
1 

2 

D
at

e 
15

-2
 

15
-2

 

Ar
ea

 
A

3 
A3

 

Po
si

tio
n 

Pi
pe

 
Pi

pe
 

C
on

di
tio

n 
of

 
le

ak
 

C
ra

ck
 

Cr
ac

k 

D
ia

m
et

er
 o

f 
pi

pe
 

50
 

50
 

M
at

er
ia

l o
f l

ea
k 

pi
pe

 
le

ad
 

Le
ad

 

D
ep

th
 o

f p
ip

e 
70

 
70

 

G
ro

un
d 

co
nd

iti
on

s 
So

il 
So

il 

C
au

se
 o

f l
ea

k 
D

et
. 

D
et

. 

Le
ak

ag
e 

si
ze

 
M

 
M

 

Le
ak

ag
e 

qu
an

tit
y 

N
A 

N
A

 

 T
he

 d
et

ec
te

d 
le

ak
s 

w
as

 o
n 

th
e 

le
ad

 p
ip

e 
th

at
 f

or
m

 t
he

 h
ou

se
 c

on
ne

ct
io

n 
an

d 
m

os
t o

f 
th

e 
le

ak
s 

w
as

 d
ue

 

to
 c

ra
ck

s 
fo

un
d 

in
 t

he
 p

ip
e 

du
e 

to
 d

et
er

io
ra

ti
on

 a
nd

 b
en

di
ng

 d
ur

in
g 

co
ns

tr
uc

ti
on

 p
er

io
d 

an
d 

th
en

 d
ue

 

to
 w

at
er

 p
re

ss
ur

e,
 th

e 
cr

ac
k 

be
gi

ns
 to
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es
 a

ss
oc

ia
te

d 
w

it
h 

cu
st

om
er

 

m
et

er
in

g 
as

 
w

el
l 

as
 

da
ta

 
ha

nd
li

ng
 

er
ro

r 
(m

et
er

 
re

ad
in

g 
an

d 
bi

lli
ng

),
 

pl
us

 
un

au
th

or
iz

ed
 

co
ns

um
pt

io
n 

(t
he

ft
 o

r 
il

le
ga

l u
se

).
 T

hi
s 

va
lu

e 
sh

al
l i

nc
lu

de
 th

e 
w

as
ta

ge
 in

 h
ou

se
s.

 T
he

 v
al

ue
 o

f 

th
e 

w
as

ta
ge

 v
ol

um
e 

w
as

 c
al

cu
la

te
d 

as
 3

2 
m

3 /d
. 

re
ga

rd
in

g 
th

e 
m

et
er

 e
rr

or
 i

n 
re

gi
st

ra
ti

on
, 

th
e 

ov
er

 
re

gi
st

ra
tio

n 
of

 
cu

st
om

er
 

m
et

er
s 

le
ad

 
to

 
un

de
re

st
im

at
io

n 
of

 
R

ea
l 

L
os

se
s 

an
d 

un
de

r-
re

gi
st

ra
tio

n 
of

 c
us

to
m

er
 m

et
er

s 
le

ad
s 

to
 o

ve
r-

es
ti

m
at

io
n 

of
 r

ea
l L

os
se

s.
 

5-
 

D
et

er
m

in
e 

th
e 

R
ea

l 
L

os
se

s 
th

at
 i

nd
ic

at
e 

th
e 

ph
ys

ic
al

 w
at

er
 l

os
se

s 
fr

om
 t

he
 n

et
w

or
ks

 (
i.e

. 

le
ak

ag
e)

. T
hi

s 
am

ou
nt

 s
ha

ll
 r

ep
re

se
nt

 t
he

 w
at

er
 v

ol
um

e 
lo

st
 t

hr
ou

gh
 a

ll 
ty

pe
s 

of
 l

ea
ks

, b
ur

st
s,

 

an
d 

ov
er

fl
ow

s.
 

 T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 t
he

 w
at

er
 b

al
an

ce
 a

na
ly

si
s 

be
fo

re
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ep
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r 
w

or
ks

 f
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in
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lq
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re
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ia

 -
 A

lq
am

ah
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n 
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U
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U
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m
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s 
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e 
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d 

O
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w
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 U

til
ity
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e 

Ta
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m

3 /d
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ag

e 
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 S
er
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on
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p 
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oi
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of
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m
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8.
6 

A
ct

io
n 

U
11

 (
C

on
d

uc
ti

ng
 le

ak
ag

e 
de

te
ct

io
n

 s
ur

ve
y)

 

T
he

 l
ea

k 
de

te
ct

io
n 

w
en

t 
th

ro
ug

h 
se

ve
ra

l 
st

ag
es

 w
ith

 t
he

 a
co

us
ti

c 
ro

d 
an

d 
th

e 
di

gi
ta

l 
so

un
d 

de
te

ct
or

. 

W
he

n 
th

er
e 

w
as

 a
 p

oi
nt

 s
us

pe
ct

ed
 t

o 
ha

ve
 a

 l
ea

k,
 t

he
 U

F
W

 t
ea

m
 b

eg
an

 t
o 

us
e 

m
or

e 
ad

va
nc

ed
 l

ea
k 

de
te

ct
io

n 
eq

ui
pm

en
t 

su
ch

 a
s 

th
e 

le
ak

 d
et

ec
to

r 
an

d/
or

 t
he

 l
ea

k 
so

un
d 

co
rr

el
at

or
 t

o 
ex

ac
tl

y 
lo

ca
te

 t
he

 

le
ak

 o
n 

th
e 

pi
pe

. 

(1
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
so

un
d 

by
 A

co
us

ti
c 

R
od

 o
r 

D
ig

it
al

 S
ou

n
d 

D
et

ec
to

r 

T
he

 f
ir

st
 a

tt
em

pt
 t

o 
de

te
ct

 t
he

 l
ea

ka
ge

 i
n 

th
e 

pi
pe

s 
an

d 
th

e 
ho

us
e 

co
nn

ec
ti

on
 w

as
 d

on
e 

us
in

g 
th

e 

ac
ou

st
ic

 r
od

 a
nd

 th
e 

di
gi

ta
l s

ou
nd

 d
et

ec
to

r. 

W
he

n 
le

ak
ag

e 
oc

cu
rs

, 
le

ak
in

g 
so

un
d 

sp
re

ad
s 

th
ro

ug
h 

th
e 

pi
pe

. 
 A

t 
th

e 
po

in
t 

w
he

re
 v

al
ve

s 
ar

e 

av
ai

la
bl

e,
 a

co
us

tic
 r

od
 o

r 
di

gi
ta

l 
so

un
d 

de
te

ct
or

 w
as

 u
se

fu
l 

fo
r 

de
te

ct
in

g 
th

e 
so

un
d.

 T
he

 m
et

ho
d 

of
 

le
ak

in
g 

so
un

d 
de

te
ct

io
n 

is
 s

ho
w

n 
on

 F
ig

ur
e 

8-
1.

 
 

 
F

ig
ur

e 
8-

1 
 D

et
ec

ti
n

g 
L

ea
ka

ge
 o

n 
H

ou
se

 C
on

n
ec

ti
on

 b
y 

A
co

us
ti

c 
R

od
 

 T
he

 U
F

W
 t

ea
m

 h
as

 b
ee

n 
tr

ai
ne

d 
on

 l
ea

k 
de

te
ct

io
n 

by
 t

he
 a

co
us

ti
c 

ro
d 

an
d 

th
e 

di
gi

ta
l 

le
ak

 d
et

ec
to

r 
at

 

M
os

tr
od

 T
ra

in
in

g 
C

en
te

r 
an

d 
O

JT
 a

t s
ite

 b
y 

as
si

st
an

ce
 o

f 
JI

C
A

 e
xp

er
t t

ea
m

 d
ur

in
g 

th
e 

ac
ti

vi
ty

. 
 

 (2
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
po

in
ts

 b
y 

L
ea

k 
D

et
ec

to
r 

To
 d

et
ec

t 
th

e 
le

ak
ag

e 
on

 t
he

 d
is

tr
ib

ut
io

n 
pi

pe
lin

e,
 t

he
 l

ea
k 

de
te

ct
or

 w
as

 u
se

d.
 T

he
 l

ea
k 

de
te

ct
io

n 

ac
tiv

it
y 

us
in

g 
th

e 
le

ak
 d

et
ec

to
r 

is
 s

ho
w

n 
in

 F
ig

ur
e 

8-
2.

 I
t 

w
as

 h
el

pf
ul

 t
o 

co
nf

ir
m

 t
he

 l
oc

at
io

n 
of

 t
he

 

le
ak

ag
e 

by
 n

ig
ht

 s
ur

ve
y 

to
 is

ol
at

e 
th

e 
ba

ck
gr

ou
nd

 n
oi

se
 c

au
se

d 
by

 tr
af

fi
c 

du
ri

ng
 d

ay
ti

m
e.

 

 

 

F
ig

u
re

 8
-2

  
D

et
ec

ti
on

 W
or

k 
by

 L
ea

k
 D

et
ec

to
r 

2.4-39
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(3
) 

  
 R

es
ul

ts
 o

f 
le

ak
 d

et
ec

ti
on

 

T
he

 l
ea

k 
de

te
ct

io
n 

su
rv

ey
 l

ed
 t

o 
de

te
ct

 2
 l

ea
k 

po
in

ts
 i

n 
th

e 
ar

ea
. 

A
ll 

th
e 

de
te

ct
ed

 l
ea

ks
 w

er
e 

on
 t

he
 

ho
us

e 
co

nn
ec

ti
on

s 
w

hi
ch

 w
er

e 
m

an
uf

ac
tu

re
d 

fr
om

 l
ea

d.
 T

he
 r

ea
so

n 
fo

r 
th

e 
le

ak
s 

w
as

 d
ue

 t
o 

w
ro

ng
 

co
ns

tr
uc

tio
n 

du
e 

to
 b

en
di

ng
 th

e 
pi

pe
 b

en
di

ng
 w

it
ho

ut
 u

si
ng

 th
e 

pr
op

er
 f

ac
il

iti
es

 to
 b

en
d 

su
ch

 p
ip

es
. 

T
he

 f
ol

lo
w

in
g 

Ta
bl

e 
in

di
ca

te
s 

th
e 

su
m

m
ar

y 
of

 t
he

 d
et

ec
te

d 
le

ak
s 

an
d 

th
e 

m
ap

 i
nd

ic
at

ed
 th

e 
lo

ca
ti

on
 o

f 

th
es

e 
le

ak
s 

on
 th

e 
G

IS
 m

ap
 u

se
d 

du
ri

ng
 th

e 
su

rv
ey

 

T
ab

le
 8

-5
  

S
um

m
ar

y 
of

 D
et

ec
te

d
 L

ea
ks

 I
nf

or
m

at
io

n 

Le
ak

ag
e 

R
ec

or
d 

Sh
ee

t 

N
o.

 
1 

2 

D
at

e 
15

-2
 

15
-2

 

Ar
ea

 
A

3 
A3

 

Po
si

tio
n 

Pi
pe

 
Pi

pe
 

C
on

di
tio

n 
of

 
le

ak
 

C
ra

ck
 

Cr
ac

k 

D
ia

m
et

er
 o

f 
pi

pe
 

50
 

50
 

M
at

er
ia

l o
f l

ea
k 

pi
pe

 
le

ad
 

Le
ad

 

D
ep

th
 o

f p
ip

e 
70

 
70

 

G
ro

un
d 

co
nd

iti
on

s 
So

il 
So

il 

C
au

se
 o

f l
ea

k 
D

et
. 

D
et

. 

Le
ak

ag
e 

si
ze

 
M

 
M

 

Le
ak

ag
e 

qu
an

tit
y 

N
A 

N
A

 

 T
he

 d
et

ec
te

d 
le

ak
s 

w
as

 o
n 

th
e 

le
ad

 p
ip

e 
th

at
 f

or
m

 t
he

 h
ou

se
 c

on
ne

ct
io

n 
an

d 
m

os
t o

f 
th

e 
le

ak
s 

w
as

 d
ue

 

to
 c

ra
ck

s 
fo

un
d 

in
 t

he
 p

ip
e 

du
e 

to
 d

et
er

io
ra

ti
on

 a
nd

 b
en

di
ng

 d
ur

in
g 

co
ns

tr
uc

ti
on

 p
er

io
d 

an
d 

th
en

 d
ue

 

to
 w

at
er

 p
re

ss
ur

e,
 th

e 
cr

ac
k 

be
gi

ns
 to

 s
pr

ea
d.

 M
os

t 
of

 th
e 

le
ak

s 
w

er
e 

in
vi

si
bl

e 
as

 th
e 

gr
ou

nd
 s

ur
fa

ce
 is

 

so
il.

 

T
he

 lo
ca

ti
on

 o
f 

de
te

ct
ed

 le
ak

s 
is

 s
ho

w
n 

as
 f

ol
lo

w
in

g 
fi

gu
re

. 
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8.
7 

A
ct

io
n 

U
12

 (
R

ep
ai

ri
ng

 le
ak

ag
e 

pa
rt

s)
 

F
ol

lo
w

in
g 

th
e 

le
ak

s 
ha

d 
be

en
 d

et
ec

te
d;

 t
he

 r
ep

ai
r 

w
or

ks
 t

ak
es

 p
la

ce
 b

y 
S

H
A

PW
A

S
C

O
 e

qu
ip

m
en

t a
nd

 

fa
ci

lit
ie

s.
 A

ll
 t

he
 d

et
ec

te
d 

le
ak

 p
ip

es
 a

nd
 h

ou
se
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on

ne
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io
n 

ha
s 

be
en

 r
ep
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d 
w

it
h 

PV
C
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ip

es
 w

ith
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 f
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gs
. 

 8.
8 

A
ct

io
n 

U
13

 (
C

on
du

ct
in

g 
M

N
F

 s
u

rv
ey

 a
ft

er
 r

ep
ai

r 
w

or
ks

) 

In
 o

rd
er

 t
o 

co
nf

ir
m

 t
he

 e
ff

ec
ti

ve
ne

ss
 o

f 
th

e 
re

pa
ir

in
g 

w
or

k 
(o

r 
re

du
ct

io
n 

pe
rc

en
ta

ge
 o

f 
le

ak
ag

e 
ra

tio
),

 

M
N

F
 s

ur
ve

y 
w

as
 c

ar
ri

ed
 o

ut
 a

ft
er

 t
he

 r
ep

ai
ri

ng
 w

or
k 

of
 t

he
 l

ea
ki

ng
 p

ar
ts

. 
 I

n 
th

e 
m

ea
n 

tim
e 

of
 t

he
 

M
N

F
 s

ur
ve

y,
 t

w
o 

ro
un

ds
 o

f 
m

et
er

 r
ea

di
ng

 w
er

e 
co

nd
uc

te
d 

in
 t

he
 s

am
e 

pe
ri

od
. 

T
he

 p
ur

po
se

 o
f 

co
ll

ec
ti

ng
 m

et
er

 r
ea

di
ng

 w
as

 t
o 

m
ea

su
re

 t
he

 b
ill

ed
 a

ut
ho

ri
ze

d 
co

ns
um

pt
io

n 
to

 b
e 

us
ed

 i
n 

th
e 

w
at

er
 

ba
la

nc
e 

an
al

ys
is

. 
 

A
 f

lo
w

 m
et

er
 h

as
 b

ee
n 

in
st

al
le

d 
at

 th
e 

m
ai

n 
in

le
t 

pi
pe

lin
e 

an
d 

w
as

 a
ll

ow
ed

 to
 r

eg
is

te
r 

th
e 

fl
ow

 r
at

e 
fo

r 

th
e 

w
ho

le
 w

or
ki

ng
 d

ay
s.

 T
w

o 
fl

ow
 m

et
er

s 
w

er
e 

us
ed

, 
on

e 
ea

ch
 t

w
o 

da
ys

 t
o 

ov
er

co
m

e 
th

e 
sh

or
t 

li
fe

tim
e 

of
 p

or
ta

bl
e 

ba
tt

er
ie

s 
th

at
 w
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 u

se
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 o
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 th

e 
fl

ow
 m

et
er

. 
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 f
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g 

ta
bl

e 
re

pr
es

en
ts

 t
he

 m
ai
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 d
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on
ed

 in
 

se
ct

io
n 

1.
4.

 

6-
 D

et
er

m
in

e 
th

e 
pe

rc
en

t 
of

 M
N

F 
w

hi
ch

 r
ep

re
se

nt
 a

 c
om

pa
ra

ti
ve

 b
as

is
 f

or
 t

he
 U

FW
 b

y 
di

vi
di

ng
 

th
e 

eq
ui

va
le

nt
 

m
in

im
um

 
ni

gh
t 

fl
ow

 
by

 
th

e 
to

ta
l 

fl
ow

 
re

gi
st

er
ed

 
by

 
th

e 
fl

ow
 

m
et

er
 

(Q
M

N
F/

Q
T

O
TA

L
).

 

 A
 s

er
ie

s 
of

 M
N

F 
ru

ns
 w

as
 c

on
du

ct
ed

 b
ef

or
e 

le
ak

ag
e 

de
te

ct
io

n 
or

 r
ep

ai
r 

ta
ke

s 
pl

ac
e.

  
T

he
 s

um
m

ar
y 

of
 

th
es

e 
re

su
lt

s 
is

 r
ep

re
se

nt
ed

 in
 th

e 
fo

ll
ow

in
g 

ta
bl

e:
 

 

T
ab

le
 1

0-
3 

 S
um

m
ar

y 
of

 R
es

u
lt

 f
or

 M
N

F
 S

ur
ve

y 
be

fo
re

 L
ea

k
ag

e 
R

ep
ai

r 

It
em

 
U

ni
t 

Va
lu

e 
Av

er
ag

e 
Fl

ow
 

L/
s 

9.
33

 
M

in
im

um
 fl

ow
 (M

N
F)

 
L/

s 
1.

53
 

M
ax

im
um

 v
al

ue
 o

f f
lo

w
 

L/
s 

20
.1

0 
To

ta
l f

lo
w

 ra
te

 (Q
TO

TA
L)

 
m

3 /d
ay

 
80

6 
E

qu
iv

al
en

t M
N

F 
(Q

M
N

F)
 

m
3 /d

ay
 

13
4 

R
at

io
 

%
 

16
.6

0 
 T

hi
s 

ra
tio

 o
f 

eq
ui

va
le

nt
 M

N
F

 w
as

 c
on

si
de

re
d 

ve
ry

 h
ig

h 
an

d 
its

 s
ou

rc
es

 s
ha

ll
 b

e 
an

al
yz

ed
 a

ft
er

 t
he

 

le
ak

ag
e 

de
te

ct
io

n 
an

d 
re

pa
ir

 w
or

ks
 f

in
is

h.
 

 10
.5

 
A

ct
io

n 
U

10
 (

M
ak

in
g 

w
at

er
 b

al
an

ce
 a

na
ly

si
s 

be
fo

re
 r

ep
ai

r 
w

or
ks

) 

To
 e

st
ab

lis
h 

a 
w

at
er

 b
al

an
ce

 a
na

ly
si

s,
 th

e 
fo

ll
ow

in
g 

pr
oc

ed
ur

e 
sh

al
l b

e 
fo

ll
ow

ed
: 

1.
 

D
et

er
m

in
e 

th
e 

ne
t 

am
ou

nt
 o

f 
w

at
er

 e
nt

er
in

g 
th

e 
st

ud
y 

pi
lo

t 
ar

ea
 w

hi
ch

 w
as

 m
ea

su
re

d 
as

 8
12

 

m
3 /d

. 

2.
 

D
et

er
m

in
e 

th
e 

au
th

or
iz

ed
 c

on
su

m
pt

io
n,

 t
he

 s
um

 o
f 

m
et

er
ed

 v
ol

um
e 

41
1 

m
3 /d

 w
it

h 
ov

er
 

re
gi

st
ra

ti
on

 e
rr

or
 o

f 
4 

%
 (

 1
5 

m
3 /d

) 
so

 t
ha

t 
th

e 
ne

t 
vo

lu
m

e 
of

 b
il

le
d 

au
th

or
iz

ed
 c

on
su

m
pt

io
n 

w
il

l 
be

 3
96

 m
3 /d

 .
 T

he
 b

ill
ed

 u
n-

m
et

er
ed

 v
ol

um
e 

th
at

 w
as

 a
ss

um
ed

 t
o 

be
 c

on
su

m
ed

 a
s 

a 
fl

at
 

ra
te

 e
va

lu
at

io
n 

of
 2

5 
m

3 /m
on

th
/m

et
er

. 
T

he
 v

al
ue

 o
f 

th
e 

bi
lle

d 
un

m
et

er
ed

 c
on

su
m

pt
io

n 
w

as
 

ca
lc

ul
at

ed
 to

 b
e 

14
6 

m
3 /d

. T
hi

s 
am

ou
nt

 o
f 

w
at

er
 w

as
 c

on
su

m
ed

 b
y 

th
e 

re
gi

st
er

ed
 c

us
to

m
er

s 
at

 

S
H

A
PW

A
S

C
O

. 
A

ut
ho

ri
ze

d 
co

ns
um

pt
io

n 
m

ay
 i

nc
lu

de
 i

te
m

s 
su

ch
 a

s 
fi

re
 f

ig
ht

in
g,

 t
ra

in
in

g,
 

fl
us

hi
ng

 o
f 

m
ai

ns
 a

nd
 s

ew
er

s,
 s

tr
ee

t 
cl

ea
ni

ng
, p

ub
li

c 
fo

un
ta

in
s 

an
d 

ga
rd

en
s,

 e
tc

, t
he

se
 m

ay
 b

e 

bi
lle

d,
 u

nb
ill

ed
, m

et
er

ed
 o

r 
un

m
et

er
ed

. T
hi

s 
va

lu
e 

w
as

 n
eg

le
ct

ed
 i

n 
th

is
 s

tu
dy

 a
s 

th
e 

ar
ea

 w
as

 

co
nt

ro
ll

ed
 a

ga
in

st
 th

es
e 

ac
tio

ns
 d

ur
in

g 
th

e 
st

ud
y 

pe
ri

od
. 
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3.
 

D
et

er
m

in
e 

th
e 

w
at

er
 l

os
s 

w
hi

ch
 is

 th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

sy
st

em
 i

np
ut

 v
ol

um
e 

an
d 

au
th

or
iz

ed
 

co
ns

um
pt

io
n.

 W
at

er
 l

os
se

s 
ca

n 
be

 c
on

si
de

re
d 

as
 a

 t
ot

al
 v

ol
um

e 
fo

r 
th

e 
w

ho
le

 s
ys

te
m

, 
or

 f
or

 

pa
rt

ia
l s

ys
te

m
s 

su
ch

 a
s 

tr
an

sm
is

si
on

 o
r 

di
st

ri
bu

ti
on

 s
ch

em
es

, o
r 

in
di

vi
du

al
 z

on
es

 a
s 

in
 o

ur
 c

as
e 

in
 Z

ag
az

ig
 M

ar
ka

z 
A

re
a_

5.
 W

at
er

 l
os

se
s 

co
ns

is
t 

of
 r

ea
l 

lo
ss

es
 a

nd
 a

pp
ar

en
t 

lo
ss

es
. 

T
he

 t
ot

al
 

vo
lu

m
e 

of
 th

e 
w

at
er

 lo
ss

es
 w

as
 c

al
cu

la
te

d 
to

 b
e 

27
0 

m
3 /d

. 

4.
 

D
et

er
m

in
e 

ap
pa

re
nt

 l
os

se
s 

th
at

 i
nc

lu
de

 a
ll

 t
yp

es
 o

f 
in

ac
cu

ra
ci

es
 a

ss
oc

ia
te

d 
w

it
h 

cu
st

om
er

 

m
et

er
in

g 
as

 
w

el
l 

as
 

da
ta

 
ha

nd
li

ng
 

er
ro

r 
(m

et
er

 
re

ad
in

g 
an

d 
bi

lli
ng

),
 

pl
us

 
un

au
th

or
iz

ed
 

co
ns

um
pt

io
n 

(t
he

ft
 o

r 
il

le
ga

l u
se

).
 T

hi
s 

va
lu

e 
sh

al
l i

nc
lu

de
 th

e 
w

as
ta

ge
 in

 h
ou

se
s.

 T
he

 v
al

ue
 o

f 

th
e 

w
as

ta
ge

 v
ol

um
e 

w
as

 c
al

cu
la

te
d 

as
 2

9 
m

3 /d
. 

re
ga

rd
in

g 
th

e 
m

et
er

 e
rr

or
 i

n 
re

gi
st

ra
ti

on
, 

th
e 

ov
er

 
re

gi
st

ra
tio

n 
of

 
cu

st
om

er
 

m
et

er
s 

le
ad

 
to

 
un

de
re

st
im

at
io

n 
of

 
R

ea
l 

L
os

se
s 

an
d 

un
de

r-
re

gi
st

ra
tio

n 
of

 c
us

to
m

er
 m

et
er

s 
le

ad
s 

to
 o

ve
r-

es
ti

m
at

io
n 

of
 r

ea
l L

os
se

s.
 

5.
 

D
et

er
m

in
e 

th
e 

R
ea

l 
L

os
se

s 
th

at
 i

nd
ic

at
e 

th
e 

ph
ys

ic
al

 w
at

er
 l

os
se

s 
fr

om
 t

he
 n

et
w

or
ks

 (
i.e

. 

le
ak

ag
e)

. T
hi

s 
am

ou
nt

 s
ha

ll
 r

ep
re

se
nt

 t
he

 w
at

er
 v

ol
um

e 
lo

st
 t

hr
ou

gh
 a

ll 
ty

pe
s 

of
 l

ea
ks

, b
ur

st
s,

 

an
d 

ov
er

fl
ow

s.
 

 T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 t
he

 w
at

er
 b

al
an

ce
 a

na
ly

si
s 

be
fo

re
 r

ep
ai

r 
w

or
ks

 f
or

 Z
ag

az
ig

 M
ar

ka
z 

A
re

a-
5 

 

T
ab

le
 1

0-
4 

 W
at

er
 B

al
an

ce
 A

na
ly

si
s 

in
 Z

ag
az

ig
 M

ar
k

az
 A

-5
 b

ef
or

e 
R

ep
ai

r 
(m

3 /d
ay

) 

B
ill

ed
 M

et
er

ed
 C

on
su

m
pt

io
n 

41
1 

W
at

er
 S

ol
d 

Re
ve

nu
e 

W
at

er
 

Bi
lle

d 

Au
th

or
iz

ed
 

C
on

su
m

pt
io

n 
M

et
er

in
g 

er
ro

r 
(o

ve
r 

re
gi

st
ra

tio
n)

 
-1

5.
81

 
54

1.
19

 
54

1.
19

 
A

ut
ho

ri
ze

d 

Co
ns

um
pt

io
n 

54
1.

19
 

B
ill

ed
 U

nm
et

er
ed

 C
on

su
m

pt
io

n(
fix

ed
 

an
m

ou
nt

 co
lle

ct
ed

) 
14

6 
m

3 /d
ay

 
m

3 /d
ay

 

54
1.

19
 

U
nb

ill
ed

 M
et

er
ed

 C
on

su
m

pt
io

n 
0 

m
3 /d

ay
 

U
nb

ill
ed

 

Au
th

or
iz

ed
 

C
on

su
m

pt
io

n 

W
at

er
 

D
is

tr
ib

ut
ed

 

V
ol

um
e 

  
0 

U
nb

ill
ed

 U
nm

et
er

ed
 C

on
su

m
pt

io
n 

0 

Co
m

m
er

ci
al

 

lo
ss

es
 

81
2 

Ap
pa

re
nt

 

Lo
ss

es
 

U
na

ut
ho

ri
ze

d 
Co

ns
um

pt
io

n 
0 

29
 

U
na

cc
ou

nt
ed

 

fo
r 

W
at

er
 

(U
FW

) 

m
3 /d

ay
 

29
 

M
et

er
in

g 
In

ac
cu

ra
ci

es
(s

ta
rt

 fl
ow

 &
 u

nd
er

 

re
gi

st
ra

tio
n)

 
29

 
m

3 /d
ay

 
27

0.
81

 

  
U

na
ut

ho
ri

ze
d 

Co
ns

um
pt

io
n 

Le
ak

ag
e 

on
 T

ra
ns

m
is

si
on

 a
nd

/o
r 

D
is

tr
ib

ut
io

n 
M

ai
ns

 
  

Ph
ys

ic
al

 

lo
ss

es
 

m
3/

da
y 

  
27

0.
81

 

Re
al

 L
os

se
s 

(le
ak

ag
e)

 

Le
ak

ag
e 

an
d 

O
ve

rf
lo

w
s 

at
 U

til
ity

’s 

St
or

ag
e 

Ta
nk

s 
  

24
1.

81
 

  

  
m

3 /d
ay

 
24

1.
81

 
Le

ak
ag

e 
on

 S
er

vi
ce

 C
on

ne
ct

io
ns

 u
p 

to
 

po
in

t o
f C

us
to

m
er

 m
et

er
in

g 
24

1.
81

 
m

3 /d
ay

 
  

 10
.6

 
A

ct
io

n 
U

11
 (

C
on

d
uc

ti
ng

 le
ak

ag
e 

de
te

ct
io

n
 s

ur
ve

y)
 

T
he

 l
ea

k 
de

te
ct

io
n 

w
en

t 
th

ro
ug

h 
se

ve
ra

l 
st

ag
es

 w
ith

 t
he

 a
co

us
ti

c 
ro

d 
an

d 
th

e 
di

gi
ta

l 
so

un
d 

de
te

ct
or

. 
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W
he

n 
th

er
e 

w
as

 a
 p

oi
nt

 s
us

pe
ct

ed
 t

o 
ha

ve
 a

 l
ea

k,
 t

he
 U

F
W

 t
ea

m
 b

eg
an

 t
o 

us
e 

m
or

e 
ad

va
nc

ed
 l

ea
k 

de
te

ct
io

n 
eq

ui
pm

en
t 

su
ch

 a
s 

th
e 

le
ak

 d
et

ec
to

r 
an

d/
or

 t
he

 l
ea

k 
so

un
d 

co
rr

el
at

or
 t

o 
ex

ac
tl

y 
lo

ca
te

 t
he

 

le
ak

 o
n 

th
e 

pi
pe

. 

(1
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
so

un
d 

by
 A

co
us

ti
c 

R
od

 o
r 

D
ig

it
al

 S
ou

n
d 

D
et

ec
to

r 

T
he

 f
ir

st
 a

tt
em

pt
 t

o 
de

te
ct

 t
he

 l
ea

ka
ge

 i
n 

th
e 

pi
pe

s 
an

d 
th

e 
ho

us
e 

co
nn

ec
ti

on
 w

as
 d

on
e 

us
in

g 
th

e 

ac
ou

st
ic

 r
od

 a
nd

 th
e 

di
gi

ta
l s

ou
nd

 d
et

ec
to

r. 

W
he

n 
le

ak
ag

e 
oc

cu
rs

, 
le

ak
in

g 
so

un
d 

sp
re

ad
s 

th
ro

ug
h 

th
e 

pi
pe

. 
 A

t 
th

e 
po

in
t 

w
he

re
 v

al
ve

s 
ar

e 

av
ai

la
bl

e,
 a

co
us

tic
 r

od
 o

r 
di

gi
ta

l 
so

un
d 

de
te

ct
or

 w
as

 u
se

fu
l 

fo
r 

de
te

ct
in

g 
th

e 
so

un
d.

 T
he

 m
et

ho
d 

of
 

le
ak

in
g 

so
un

d 
de

te
ct

io
n 

is
 s

ho
w

n 
on

 F
ig

ur
e 

10
-1

. 
 

 
F

ig
u

re
 1

0-
1 

 D
et

ec
ti

ng
 L

ea
k

ag
e 

on
 H

ou
se

 C
on

ne
ct

io
n

 b
y 

A
co

us
ti

c 
R

od
 

 T
he

 U
F

W
 t

ea
m

 h
as

 b
ee

n 
tr

ai
ne

d 
on

 l
ea

k 
de

te
ct

io
n 

by
 t

he
 a

co
us

ti
c 

ro
d 

an
d 

th
e 

di
gi

ta
l 

le
ak

 d
et

ec
to

r 
at

 

M
os

tr
od

 T
ra

in
in

g 
C

en
te

r 
an

d 
O

JT
 a

t s
ite

 b
y 

as
si

st
an

ce
 o

f 
JI

C
A

 e
xp

er
t t

ea
m

 d
ur

in
g 

th
e 

ac
ti

vi
ty

. 
 

 (2
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
po

in
ts

 b
y 

L
ea

k 
D

et
ec

to
r 

To
 d

et
ec

t 
th

e 
le

ak
ag

e 
on

 t
he

 d
is

tr
ib

ut
io

n 
pi

pe
lin

e,
 t

he
 l

ea
k 

de
te

ct
or

 w
as

 u
se

d.
 T

he
 l

ea
k 

de
te

ct
io

n 

ac
tiv

it
y 

us
in

g 
th

e 
le

ak
 d

et
ec

to
r 

is
 s

ho
w

n 
in

 F
ig

ur
e 

10
-2

. 
It

 w
as

 h
el

pf
ul

 t
o 

co
nf

ir
m

 t
he

 l
oc

at
io

n 
of

 t
he

 

le
ak

ag
e 

by
 n

ig
ht

 s
ur

ve
y 

to
 is

ol
at

e 
th

e 
ba

ck
gr

ou
nd

 n
oi

se
 c

au
se

d 
by

 tr
af

fi
c 

du
ri

ng
 d

ay
ti

m
e.

 

 

 

F
ig

ur
e 

10
-2

  
D

et
ec

ti
on

 W
or

k 
by

 L
ea

k 
D

et
ec

to
r 

(3
) 

  
 R

es
ul

ts
 o

f 
le

ak
 d

et
ec

ti
on

 

T
he

 l
ea

k 
de

te
ct

io
n 

su
rv

ey
 l

ed
 t

o 
de

te
ct

 2
 l

ea
k 

po
in

ts
 i

n 
th

e 
ar

ea
. 

A
ll 

th
e 

de
te

ct
ed

 l
ea

ks
 w

er
e 

on
 t

he
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ho
us

e 
co

nn
ec

ti
on

s 
w

hi
ch

 w
er

e 
m

an
uf

ac
tu

re
d 

fr
om

 l
ea

d.
 T

he
 r

ea
so

n 
fo

r 
th

e 
le

ak
s 

w
as

 d
ue

 t
o 

w
ro

ng
 

co
ns

tr
uc

tio
n 

du
e 

to
 b

en
di

ng
 th

e 
pi

pe
 b

en
di

ng
 w

it
ho

ut
 u

si
ng

 th
e 

pr
op

er
 f

ac
il

iti
es

 to
 b

en
d 

su
ch

 p
ip

es
. 

T
he

 f
ol

lo
w

in
g 

Ta
bl

e 
in

di
ca

te
s 

th
e 

su
m

m
ar

y 
of

 t
he

 d
et

ec
te

d 
le

ak
s 

an
d 

th
e 

m
ap

 i
nd

ic
at

ed
 th

e 
lo

ca
ti

on
 o

f 

th
es

e 
le

ak
s 

on
 th

e 
G

IS
 m

ap
 u

se
d 

du
ri

ng
 th

e 
su

rv
ey

  

T
ab

le
 1

0-
5 

 S
um

m
ar

y 
of

 D
et

ec
te

d 
L

ea
ks

 I
nf

or
m

at
io

n
 

Le
ak

ag
e 

R
ec

or
d 

Sh
ee

t 

N
o.

 
1 

2 

D
at

e 
10

-9
 

10
-9

 

Ar
ea

 
A

5 
A5

 

Po
si

tio
n 

Pi
pe

 
Pi

pe
 

C
on

di
tio

n 
of

 
le

ak
 

C
ra

ck
 

Cr
ac

k 

D
ia

m
et

er
 o

f 
pi

pe
 

50
 

50
 

M
at

er
ia

l o
f l

ea
k 

pi
pe

 
le

ad
 

Le
ad

 

D
ep

th
 o

f p
ip

e 
70

 
70

 

G
ro

un
d 

co
nd

iti
on

s 
So

il 
So

il 

C
au

se
 o

f l
ea

k 
D

et
. 

D
et

. 

Le
ak

ag
e 

si
ze

 
M

 
M

 

Le
ak

ag
e 

qu
an

tit
y 

N
A 

N
A

 

T
he

 d
et

ec
te

d 
le

ak
s 

w
as

 o
n 

th
e 

le
ad

 p
ip

e 
th

at
 f

or
m

 t
he

 h
ou

se
 c

on
ne

ct
io

n 
an

d 
m

os
t o

f 
th

e 
le

ak
s 

w
as

 d
ue

 

to
 c

ra
ck

s 
fo

un
d 

in
 t

he
 p

ip
e 

du
e 

to
 d

et
er

io
ra

ti
on

 a
nd

 b
en

di
ng

 d
ur

in
g 

co
ns

tr
uc

ti
on

 p
er

io
d 

an
d 

th
en

 d
ue

 

to
 w

at
er

 p
re

ss
ur

e,
 th

e 
cr

ac
k 

be
gi

ns
 to

 s
pr

ea
d.

 M
os

t 
of

 th
e 

le
ak

s 
w

er
e 

in
vi

si
bl

e 
as

 th
e 

gr
ou

nd
 s

ur
fa

ce
 is

 

so
il.

 

T
he

 lo
ca

ti
on

 o
f 

de
te

ct
ed

 le
ak

s 
is

 s
ho

w
n 

as
 f

ol
lo

w
in

g 
fi

gu
re

. 

 

 

 

98
 

 

F
ig

u
re

 1
0-

3 
 L

oc
at

io
n

 o
f 

d
et

ec
te

d 
le

ak
s 

in
 Z

ag
az

ig
 M

ar
kz

 A
re

a-
5 

 

10
.7

 
A

ct
io

n 
U

12
 (

R
ep

ai
ri

ng
 le

ak
ag

e 
pa

rt
s)

 

F
ol

lo
w

in
g 

th
e 

le
ak

s 
ha

d 
be

en
 d

et
ec

te
d;

 t
he

 r
ep

ai
r 

w
or

ks
 t

ak
es

 p
la

ce
 b

y 
S

H
A

PW
A

S
C

O
 e

qu
ip

m
en

t a
nd

 

fa
ci

lit
ie

s.
 A

ll
 t

he
 d

et
ec

te
d 

le
ak

 p
ip

es
 a

nd
 h

ou
se

 c
on

ne
ct

io
n 

ha
s 

be
en

 r
ep

la
ce

d 
w

it
h 

PV
C

 p
ip

es
 w

ith
 

pr
op

er
 f

it
tin

gs
. 

 10
.8

 
A

ct
io

n 
U

13
 (

C
on

du
ct

in
g 

M
N

F
 s

u
rv

ey
 a

ft
er

 r
ep

ai
r 

w
or

ks
) 

In
 o

rd
er

 t
o 

co
nf

ir
m

 t
he

 e
ff

ec
ti

ve
ne

ss
 o

f 
th

e 
re

pa
ir

in
g 

w
or

k 
(o

r 
re

du
ct

io
n 

pe
rc

en
ta

ge
 o

f 
le

ak
ag

e 
ra

tio
),

 

M
N

F
 s

ur
ve

y 
w

as
 c

ar
ri

ed
 o

ut
 a

ft
er

 t
he

 r
ep

ai
ri

ng
 w

or
k 

of
 t

he
 l

ea
ki

ng
 p

ar
ts

. 
 I

n 
th

e 
m

ea
n 

tim
e 

of
 t

he
 

M
N

F
 s

ur
ve

y,
 t

w
o 

ro
un

ds
 o

f 
m

et
er

 r
ea

di
ng

 w
er

e 
co

nd
uc

te
d 

in
 t

he
 s

am
e 

pe
ri

od
. 

T
he

 p
ur

po
se

 o
f 

co
ll

ec
ti

ng
 m

et
er

 r
ea

di
ng

 w
as

 t
o 

m
ea

su
re

 t
he

 b
ill

ed
 a

ut
ho

ri
ze

d 
co

ns
um

pt
io

n 
to

 b
e 

us
ed

 i
n 

th
e 

w
at

er
 

ba
la

nc
e 

an
al

ys
is

. 
 

A
 f

lo
w

 m
et

er
 h

as
 b

ee
n 

in
st

al
le

d 
at

 th
e 

m
ai

n 
in

le
t 

pi
pe

lin
e 

an
d 

w
as

 a
ll

ow
ed

 to
 r

eg
is

te
r 

th
e 

fl
ow

 r
at

e 
fo

r 

th
e 

w
ho

le
 w

or
ki

ng
 d

ay
s.

 T
w

o 
fl

ow
 m

et
er

s 
w

er
e 

us
ed

, 
on

e 
ea

ch
 t

w
o 

da
ys

 t
o 

ov
er

co
m

e 
th

e 
sh

or
t 

li
fe

tim
e 

of
 p

or
ta

bl
e 

ba
tt

er
ie

s 
th

at
 w

as
 u

se
d 

to
 o

pe
ra

te
 th

e 
fl

ow
 m

et
er

. 

T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 t
he

 m
ai

n 
fi

nd
in

gs
 d

ur
in

g 
th

e 
M

N
F 

su
rv

ey
 a

ft
er

 l
ea

k 
de

te
ct

io
n 

an
d 

re
pa

ir
. 

T
ab

le
 1

0-
6 

 S
ta

tu
s 

of
 W

at
er

 M
et

er
s 

af
te

r 
R

ep
ai

r 

It
em

 
un

it 
St

at
us

 
Av

er
ag

e 
am

ou
nt

 o
f 

w
at

er
 r

eg
is

te
re

d 
by

 f
lo

w
 m

et
er

 
du

ri
ng

 m
ea

su
re

m
en

t p
er

io
d 

m
3  

(9
50

 m
3 /d

ay
) 

N
um

be
r o

f r
ea

d 
m

et
er

s 
no

s 
66

1 
N

um
be

r o
f l

oc
ke

d 
m

et
er

s 
 

no
s 

12
5 

N
um

be
r o

f f
la

t r
at

e 
co

nn
ec

tio
n 

no
s 

14
7 

2.4-49



 

 

99
 

10
.9

 
A

ct
io

n 
U

14
 (

M
ak

in
g 

w
at

er
 b

al
an

ce
 a

na
ly

si
s 

an
d

 it
s 

ev
al

ua
ti

on
) 

A
s 

de
sc

ri
be

d 
in

 i
te

m
 1

0-
6 

of
 t

hi
s 

re
po

rt
, 

th
e 

w
at

er
 b

al
an

ce
 a

na
ly

si
s 

is
 a

 u
se

fu
l 

to
ol

 t
o 

ev
al

ua
te

 t
he

 

U
F

W
 r

at
io

. 
T

he
 f

ol
lo

w
in

g 
da

ta
 s

ho
ul

d 
be

 k
no

w
n 

or
 e

st
im

at
ed

 b
ef

or
e 

m
ak

in
g 

th
e 

w
at

er
 b

al
an

ce
 

an
al

ys
is

. 

7.
 

Q
ua

nt
it

y 
of

 w
at

er
 e

nt
er

in
g 

th
e 

st
ud

y 
ar

ea
 n

et
w

or
k 

95
0 

m
3 /d

. 

8.
 

Q
ua

nt
it

y 
of

 w
at

er
 le

av
in

g 
th

e 
st

ud
y 

ar
ea

 n
et

w
or

k 
an

d 
go

es
 to

 a
no

th
er

 n
et

w
or

k 
at

 th
e 

bo
un

da
ry

 

of
 it

 (
N

il)
. 

9.
 

Q
ua

nt
it

y 
of

 b
ill

ed
 a

ut
ho

ri
ze

d 
co

ns
um

pt
io

n.
 T

hi
s 

va
lu

e 
co

ul
d 

be
 a

ss
um

ed
 a

s 
m

ea
su

re
d 

be
fo

re
 

as
 th

e 
w

at
er

 m
et

er
 s

ta
tu

s 
is

 th
e 

sa
m

e 
as

 th
e 

tim
e 

of
 m

ea
su

ri
ng

 th
e 

w
at

er
 m

et
er

s.
 6

25
 m

3 /d
. T

he
 

vo
lu

m
e 

of
 b

ill
ed

 u
nm

et
er

ed
 w

at
er

 s
ha

ll
 b

e 
co

ns
id

er
ed

 a
s 

(1
22

 m
3 /d

) 
 

10
.  

E
st

im
at

io
n 

of
 th

e 
un

bi
ll

ed
 a

ut
ho

ri
ze

d 
co

ns
um

pt
io

n.
 (

N
il)

 

11
. 

M
et

er
 i

na
cc

ur
ac

y 
an

d 
er

ro
r 

in
 s

ta
rt

 f
lo

w
 m

ea
su

re
m

en
t 

(t
he

 m
in

im
um

 f
lo

w
 r

at
e 

at
 w

hi
ch

 t
he

 

w
at

er
 m

et
er

 b
eg

in
 t

o 
re

gi
st

er
 t

he
 f

lo
w

 a
m

ou
nt

).
 T

hi
s 

sh
al

l 
be

 e
st

im
at

ed
 a

s 
be

fo
re

 t
he

 l
ea

ka
ge

 

re
pa

ir
. 

12
. 

D
ur

in
g 

U
FW

 t
ea

m
 s

ur
ve

y 
fo

r 
th

e 
di

st
ri

bu
ti

on
 n

et
w

or
k 

an
d 

th
e 

st
at

us
 o

f 
th

e 
m

et
er

s,
 t

he
 t

ea
m

 

di
d 

no
t f

in
d 

cu
st

om
er

s 
th

ef
t w

at
er

 (
i.e

. u
na

ut
ho

ri
ze

d 
co

ns
um

pt
io

n)
. 

 D
ur

in
g 

th
e 

A
ct

io
n 

U
8,

 i
t 

w
as

 f
ou

nd
 t

ha
t 

th
e 

w
as

ta
ge

 i
n 

ho
us

es
 e

qu
al

 1
2 

L
/h

r/
m

et
er

. 
It

 w
as

 a
ss

um
ed

 

th
at

 t
hi

s 
w

as
ta

ge
 s

ha
ll 

be
 f

or
 a

 p
er

io
d 

of
 3

 h
ou

rs
 (

th
re

e 
ho

ur
s)

. 
In

 t
he

 d
ay

ti
m

e,
 t

he
 u

se
 o

f 
th

e 
fa

uc
et

s 

an
d 

fl
us

h 
ta

nk
s 

in
 t

he
 t

oi
le

t 
m

ak
e 

th
e 

w
at

er
 m

et
er

 r
un

 f
or

 a
 f

lo
w

 h
ig

he
r 

th
an

 t
he

 s
ta

rt
 f

lo
w

. T
hi

s 
sh

al
l 

m
ak

e 
th

e 
m

et
er

 r
eg

is
te

r 
th

e 
to

ta
l f

lo
w

 p
as

si
ng

 th
ro

ug
h 

it 
in

cl
ud

in
g 

th
e 

w
as

ta
ge

 f
lo

w
. 

T
he

 n
um

be
r 

of
 m

et
er

s 
th

at
 c

ou
ld

 h
av

e 
a 

w
as

ta
ge

 in
cl

ud
in

g 
fl

at
 r

at
e 

co
nn

ec
ti

on
s 

is
 8

08
 m

et
er

s.
 

To
ta

l a
m

ou
nt

 o
f 

w
as

ta
ge

 p
er

 d
ay

 =
 8

08
 m

et
er

s 
x 

12
L

/h
r 

x 
3h

r/
10

00
=

 2
9 

m
3 /d

ay
 

T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 th
e 

w
at

er
 b

al
an

ce
 a

na
ly

si
s 

af
te

r 
re

pa
ir.

 

 

 

10
0 

 

T
ab

le
 1

0-
7 

 W
at

er
 b

al
an

ce
 a

na
ly

si
s 

fo
r 

Z
ag

az
ig

 M
ar

kz
 A

re
a-

5 
af

te
r 

re
pa

ir
 (

m
3 /d

ay
) 

B
ill

ed
 M

et
er

ed
 C

on
su

m
pt

io
n 

65
0 

W
at

er
 S

ol
d 

R
ev

en
ue

 

W
at

er
 

B
ill

ed
 

A
ut

ho
ri

ze
d 

Co
ns

um
pt

io
n 

M
et

er
in

g 
er

ro
r (

ov
er

 r
eg

is
tr

at
io

n)
 

-2
5 

74
7.

00
 

74
7.

00
 

Au
th

or
iz

ed
 

C
on

su
m

pt
io

n 
74

7.
00

 
B

ill
ed

 U
nm

et
er

ed
 C

on
su

m
pt

io
n(

fix
ed

 

am
ou

nt
 c

ol
le

ct
ed

) 
12

2 
m

3 /d
ay

 
m

3 /d
ay

 

74
7.

00
 

U
nb

ill
ed

 M
et

er
ed

 C
on

su
m

pt
io

n 
0 

m
3 /d

ay
 

U
nb

ill
ed

 

A
ut

ho
ri

ze
d 

Co
ns

um
pt

io
n 

W
at

er
 

D
is

tr
ib

ut
ed

 

Vo
lu

m
e 

  
0 

U
nb

ill
ed

 U
nm

et
er

ed
 C

on
su

m
pt

io
n 

0 

C
om

m
er

ci
al

 

lo
ss

es
 

95
0 

Ap
pa

re
nt

 

Lo
ss

es
 

U
na

ut
ho

ri
ze

d 
Co

ns
um

pt
io

n 
0 

29
 

U
na

cc
ou

nt
ed

 

fo
r W

at
er

 

(U
FW

) 

m
3 /d

ay
 

29
 

M
et

er
in

g 
In

ac
cu

ra
ci

es
(s

ta
rt

 fl
ow

 &
 u

nd
er

 

re
gi

st
ra

tio
n)

 
29

 
m

3 /d
ay

 
20

3.
00

 

  
U

na
ut

ho
ri

ze
d 

C
on

su
m

pt
io

n 

Le
ak

ag
e 

on
 T

ra
ns

m
is

si
on

 a
nd

/o
r 

D
is

tr
ib

ut
io

n 
M

ai
ns

 
  

Ph
ys

ic
al

 

lo
ss

es
 

m
3 /d

ay
 

  
20

3.
00

 

R
ea

l L
os

se
s 

(le
ak

ag
e)

 

Le
ak

ag
e 

an
d 

O
ve

rf
lo

w
s 

at
 U

til
ity

’s 

St
or

ag
e 

Ta
nk

s 
  

17
4.

00
 

  

  
m

3 /d
ay

 
17

4.
00

 
Le

ak
ag

e 
on

 S
er

vi
ce

 C
on

ne
ct

io
ns

 u
p 

to
 

po
in

t o
f C

us
to

m
er

 m
et

er
in

g 
17

4 
m

3 /d
ay

 
  

 

S
um

m
ar

y 
of

 U
F

W
 a

ct
iv

ity
 in

 Z
ag

az
ig

 M
ar

ka
z 

A
re

a_
5 

be
fo

re
 a

n
d 

af
te

r 
re

pa
ir

 a
ct

iv
ity

 

P
ar

am
et

er
 

U
ni

t 
A

ss
es

sm
en

t B
e

fo
re

 

R
ep

ai
r 

A
ss

es
sm

en
t A

fte
r 

R
e

pa
ir 

R
e

du
ct

io
n 

W
at

e
r 

D
is

tr
ib

u
te

d
 

m
3
/d

ay
 

88
1 

--
- 

C
u

st
om

er
 C

on
su

m
pt

io
n 

m
3
/d

ay
 

54
1

.1
9 

7
47

 
--

- 

U
F

W
 (

by
 v

ol
um

e
) 

m
3
/d

ay
 

27
0

.8
1 

2
03

 
6

7.
8

1 

U
F

W
 r

at
io

 
%

 
30

.7
4%

 
2

3.
0

4%
 

7
.7

0
%

 

Le
ak

ag
e 

(b
y 

vo
lu

m
e

) 
m

3
/d

ay
 

24
1

.8
1 

1
74

 
6

7.
8

1 

Le
ak

ag
e 

ra
tio

 
%

 
27

.4
5%

 
1

9.
7

5%
 

7
.7

0
%

 

 

2.4-50



 

 

10
1 

 11
 

R
es

ul
ts

 o
f 

P
ilo

t 
P

ro
je

ct
 in

 P
il

ot
 P

ro
je

ct
 S

it
e-

11
 (

Ib
ra

h
im

ia
 M

ar
ka

z)
(E

xp
an

si
on

 A
re

a)
 

 11
.1

 
A

ct
io

n 
U

6 
(M

ak
in

g 
fi

el
d

 s
u

rv
ey

 o
f 

di
st

ri
b

ut
io

n 
ne

tw
or

k
) 

T
he

 p
ur

po
se

 o
f 

th
is

 a
ct

io
n 

is
 t

o 
co

nf
ir

m
 t

he
 s

ou
rc

e 
of

 w
at

er
 t

o 
th

e 
ar

ea
 b

y 
is

ol
at

in
g 

th
e 

va
lv

e 
at

 t
he

 

en
tr

an
ce

 o
f 

th
e 

ne
tw

or
k 

an
d 

co
nf

ir
m

 t
ha

t 
no

 w
at

er
 i

n 
th

e 
ne

tw
or

k 
af

te
r 

th
at

. T
he

 s
ur

ve
y 

al
so

 i
nc

lu
de

s 

th
e 

co
nf

ir
m

at
io

n 
of

 t
he

 m
in

or
 v

al
ve

s,
 f

ir
e 

hy
dr

an
ts

, a
nd

 t
he

 g
ov

er
nm

en
ta

l 
bu

il
di

ng
 i

n 
th

e 
di

st
ri

bu
tio

n 

ne
tw

or
k.

 

B
as

ed
 o

n 
th

e 
G

IS
 b

as
e 

m
ap

s,
 a

 d
ra

ft
 o

f 
th

e 
w

at
er

 d
is

tr
ib

ut
io

n 
ne

tw
or

k 
ha

s 
be

en
 p

re
pa

re
d 

by
 t

he
 U

F
W

 

te
am

. T
he

 G
IS

 te
am

 d
re

w
 th

e 
ne

tw
or

k 
fo

r 
Ib

ra
hi

m
ia

 M
ar

ka
z 

A
re

a-
2(

E
xp

an
si

on
 A

re
a)

 a
nd

 th
e 

pi
pe

 d
at

a 

w
as

 v
er

if
ie

d 
by

 th
e 

U
F

W
 te

am
 a

nd
 th

e 
di

st
ri

bu
tio

n 
ne

tw
or

k 
cr

ew
. 

T
he

 t
ea

m
 m

ad
e 

a 
si

te
 s

ur
ve

y 
to

 v
er

if
y 

al
l 

da
ta

 i
nd

ic
at

ed
 o

n 
th

e 
G

IS
 m

ap
. 

A
ll

 c
us

to
m

er
 d

at
a 

w
as

 

co
ll

ec
te

d 
fr

om
 

th
e 

co
m

m
er

ci
al

 
de

pa
rt

m
en

t 
in

 
S

H
A

P
W

A
S

C
O

. 
In

 
th

e 
si

te
 

su
rv

ey
, 

th
e 

cu
st

om
er

 

in
fo

rm
at

io
n 

w
as

 v
er

if
ie

d 
as

 f
ol

lo
w

s:
  

 

T
ab

le
 1

1-
1 

 N
et

w
or

k
 S

ur
ve

y 
R

es
ul

t 
in

  
Z

ag
az

ig
 M

ar
ka

z 
A

re
a-

5 

D
ia

m
et

er
 o

f P
VC

 p
ip

e 
fe

ed
in

g 
th

e 
ar

ea
 

15
0 

m
m

 
To

ta
l l

en
gt

h 
of

 w
at

er
 d

is
tr

ib
ut

io
n 

ne
tw

or
k 

pi
pe

s 
(m

at
er

ia
l: 

PV
C

) 

9,
16

8 
m

 

15
0 

m
m

 
60

5 
m

 
10

0 
m

m
 

7,
46

8 
m

 
S

ou
rc

e:
 G

IS
 C

en
te

r 

 11
.2

 
A

ct
io

n 
U

7 
(S

ur
ve

yi
ng

 W
or

k
in

g 
co

nd
it

io
ns

 o
f 

w
at

er
 m

et
er

s 
an

d 
co

n
du

ct
in

g 
m

et
er

 

re
ad

in
gs

) 

W
or

ki
ng

 
co

nd
it

io
ns

 
of

 
th

e 
w

at
er

 
m

et
er

s 
w

er
e 

co
lle

ct
ed

 
fr

om
 

th
e 

co
m

m
er

ci
al

 
de

pa
rt

m
en

t. 
T

he
 

no
n-

w
or

ki
ng

 m
et

er
s 

w
er

e 
re

co
rd

ed
 b

y 
th

e 
m

et
er

 r
ea

de
r 

an
d 

w
er

e 
ve

ri
fi

ed
 b

y 
th

e 
U

F
W

 te
am

. 
 

T
he

 s
ta

tu
s 

of
 th

e 
m

et
er

s 
in

si
de

 th
e 

ar
ea

 w
as

 a
s 

fo
ll

ow
s:

 

T
ab

le
 1

1-
2 

 S
ta

tu
s 

of
 M

et
er

s 
in

si
de

 t
he

 A
re

a 

M
et

er
 S

ta
tu

s 
N

um
be

r o
f 

M
et

er
s 

To
ta

l 
nu

m
be

r 
of

 m
et

er
s 

as
 p

er
 c

om
m

er
ci

al
 

da
ta

ba
se

 
12

34
 

W
or

ki
ng

 m
et

er
s 

11
64

 
N

on
 w

or
ki

ng
 m

et
er

s 
70

 
1)

 M
et

er
s 

re
pa

ir
ed

 
- 

2)
 M

et
er

s n
ee

d 
to

 re
pl

ac
e 

70
 

 

 

10
2 

A
ft

er
 c

on
fi

rm
in

g 
th

e 
st

at
us

 o
f 

th
e 

m
et

er
s,

 a
 m

et
er

 r
ep

ai
ri

ng
 t

ea
m

 w
il

l 
re

pa
ir

 a
 p

ar
t o

f 
th

e 
no

n 
w

or
ki

ng
 

m
et

er
s.

 S
om

e 
of

 t
he

 n
on

 w
or

ki
ng

 m
et

er
s 

ca
n 

no
t 

be
 r

ep
ai

re
d 

an
d 

it
 w

ill
 b

e 
re

pl
ac

ed
 b

ef
or

e 
th

e 
w

at
er

 

m
et

er
 r

ea
di

ng
 w

il
l b

e 
co

nd
uc

te
d.

 

 11
.3

 
A

ct
io

n 
U

8 
(M

ea
su

ri
ng

 m
et

er
in

g 
er

ro
r 

fo
r 

w
or

k
in

g 
m

et
er

s)
 

M
et

er
 e

rr
or

 s
ha

ll
 b

e 
on

e 
of

 t
he

 s
ou

rc
es

 o
f 

th
e 

co
m

m
er

ci
al

 U
FW

. 
A

 s
er

ie
s 

of
 m

et
er

 c
al

ib
ra

tio
n 

fo
r 

de
te

rm
in

e 
th

e 
ac

cu
ra

cy
 o

f 
th

e 
m

et
er

 h
as

 b
ee

n 
co

nd
uc

te
d 

by
 th

e 
fo

llo
w

in
g 

m
et

ho
d.

 

1.
 

S
el

ec
t 2

0 
to

 3
0 

w
or

ki
ng

 m
et

er
s 

ra
nd

om
ly

 in
 th

e 
pi

lo
t p

ro
je

ct
 s

ite
. 

2.
 

C
lo

se
 a

ll 
th

e 
ta

ps
 in

 th
e 

ho
us

e.
 

3.
 

S
et

 th
e 

ha
nd

s 
of

 th
e 

w
at

er
 m

et
er

 a
t z

er
o 

po
in

t. 
4.

 
O

pe
n 

on
e 

ta
p 

an
d 

cl
os

e 
al

l 
ot

he
r 

ta
ps

 i
n 

th
e 

ho
us

e.
 M

ea
su

re
m

en
t 

sh
al

l 
be

 d
on

e 
by

 t
he

 
fo

ll
ow

in
g 

th
re

e 
ca

se
s 

fo
r 

th
e 

de
gr

ee
 o

f 
ta

p 
op

en
in

g:
 

 
C

as
e 

1 
: F

ul
l o

pe
ni

ng
 

 
C

as
e-

2 
: H

al
f 

op
en

in
g 

 
C

as
e-

3 
: Q

ua
rt

er
 o

pe
ni

ng
 

5.
 

K
ee

p 
ru

nn
in

g 
w

at
er

 in
to

 th
e 

m
ea

su
ri

ng
 ta

nk
 f

or
 o

ne
 m

in
ut

e 
an

d 
cl

os
e 

th
e 

ta
p.

 
6.

 
R

eo
pe

n 
th

e 
ta

p 
fo

r 
on

e 
m

in
ut

e 
an

d 
cl

os
e.

 
7.

 
R

ep
ea

t 
it

em
s 

5 
an

d 
6 

un
til

 w
at

er
 l

ev
el

 s
ho

w
s 

20
L

 o
r 

ot
he

r 
re

ad
in

gs
 (

10
L

 a
nd

 1
5L

 w
hi

ch
 w

ill
 

be
 d

et
er

m
in

ed
 ta

ki
ng

 in
to

 a
cc

ou
nt

 th
e 

w
or

k 
pr

og
re

ss
 a

t s
ite

 a
nd

 s
itu

at
io

n 
of

 th
e 

ho
us

e)
. 

8.
 

C
lo

se
 th

e 
ta

p 
an

d 
re

ad
 th

e 
m

et
er

. 
9.

 
R

ec
or

d 
th

e 
ti

m
e 

of
 th

e 
m

ea
su

re
m

en
t (

fr
om

 it
em

 3
 to

 5
) 

10
. 

R
ep

ea
t t

he
 p

ro
ce

du
re

 f
ro

m
 it

em
 3

 to
 6

 f
or

 a
ll

 c
as

es
. 

 T
he

 a
ve

ra
ge

 m
et

er
 e

rr
or

 w
as

 r
ec

or
de

d 
as

 4
 %

. 
T

he
 p

os
iti

ve
 s

ig
n 

of
 t

he
 m

et
er

 e
rr

or
 i

nd
ic

at
ed

 t
ha

t 
th

e 

w
at

er
 m

et
er

 r
ea

d 
m

or
e 

th
an

 t
he

 a
ct

ua
l 

am
ou

nt
 o

f 
w

at
er

 p
as

si
ng

 t
hr

ou
gh

 i
t. 

T
he

 p
os

iti
ve

 v
al

ue
 a

ls
o 

in
di

ca
te

d 
th

at
 th

e 
am

ou
nt

 o
f 

co
m

m
er

ci
al

 U
F

W
 s

ho
ul

d 
be

 d
ec

re
as

ed
 b

y 
th

is
 a

m
ou

nt
 o

f 
er

ro
r. 

T
hi

s 
va

lu
e 

sh
al

l 
be

 t
ak

en
 i

nt
o 

ac
co

un
t 

du
ri

ng
 t

he
 w

at
er

 b
al

an
ce

 a
na

ly
si

s.
 T

he
 e

rr
or

 o
f 

th
e 

m
et

er
 w

as
 d

ue
 t

o 

pr
es

en
ce

 o
f 

so
m

e 
im

pu
ri

ti
es

 i
n 

th
e 

w
at

er
 (

si
lt

, 
so

li
ds

, e
tc

.)
. 

Su
ch

 i
m

pu
ri

tie
s 

ca
us

e 
th

e 
cl

og
gi

ng
 o

f 
th

e 

m
et

er
 s

cr
ee

n.
 A

s 
th

e 
w

at
er

 f
lo

w
 p

as
se

s 
th

ro
ug

h 
th

e 
m

et
er

 c
lo

gg
ed

 s
cr

ee
n,

 th
e 

w
at

er
 v

el
oc

it
y 

in
cr

ea
se

s.
 

T
he

 i
nc

re
as

e 
in

 w
at

er
 v

el
oc

it
y 

m
ak

es
 t

he
 r

ot
at

io
n 

sp
ee

d 
of

 t
he

 m
et

er
 i

nc
re

as
e 

an
d 

th
e 

m
et

er
 i

s 
ov

er
 

re
gi

st
er

in
g 

th
e 

ac
tu

al
 f

lo
w

 p
as

si
ng

 th
ro

ug
h 

it
. 

T
he

 m
ai

n 
so

ur
ce

 o
f 

w
as

ta
ge

 i
ns

id
e 

ho
us

e 
is

 t
he

 l
ea

k 
in

 t
he

 f
au

ce
t 

an
d 

to
il

et
s.

 T
hi

s 
w

as
ta

ge
 c

an
 n

ot
 b

e 

de
te

rm
in

ed
 d

ur
in

g 
da

y 
ho

ur
s.

 T
o 

de
te

rm
in

e 
th

e 
le

ak
ag

e 
in

 h
ou

se
, t

he
 w

at
er

 u
sa

ge
 p

at
te

rn
 i

n 
th

e 
ho

us
e 

sh
ou

ld
 b

e 
re

gi
st

er
ed

 in
cl

ud
in

g 
th

e 
m

in
im

um
 n

ig
ht

 f
lo

w
. 

T
hi

s 
m

et
ho

d 
to

 d
et

er
m

in
e 

th
e 

w
as

ta
ge

 i
n 

ho
us

es
 c

an
 n

ot
 b

e 
fo

ll
ow

ed
 i

n 
Ib

ra
hi

m
ia

 M
ar

kz
 A

re
a-

2 
as

 

m
os

t 
of

 t
he

 h
ou

se
 c

on
ne

ct
io

n 
w

as
 l

es
s 

th
an

 2
 i

nc
he

s 
w

hi
ch

 i
s 

be
yo

nd
 t

he
 l

im
its

 o
f 

th
e 

fl
ow

 m
et

er
 

m
ea

su
re

m
en

ts
 s

o 
th

at
 t

he
 r

ec
or

de
d 

va
lu

e 
12

 L
/h

r/
m

et
er

 i
n 

Z
ag

az
ig

 E
as

t 
an

d 
H

ih
ya

 C
it

y 
w

il
l 

be
 u

se
d 

w
he

n 
ca

lc
ul

at
in

g 
w

as
ta

ge
 v

al
ue

 in
 h

ou
se

s 
in

 I
br

ah
im

ia
 M

ar
ka

z 
(E

xp
an

si
on

 A
re

a)
. 

 11
.4

 
A

ct
io

n 
U

9 
(C

on
du

ct
in

g 
M

N
F

 s
ur

ve
y)

 

A
 s

er
ie

s 
of

 m
in

im
um

 n
ig

ht
 f

lo
w

 s
ur

ve
y 

w
as

 c
on

du
ct

ed
 i

n 
th

is
 s

ta
ge

. I
t 

w
as

 a
ss

um
ed

 t
ha

t 
th

e 
va

lu
e 

of
 

th
e 

m
in

im
um

 n
ig

ht
 f

lo
w

 (
M

N
F

) 
is

 a
n 

in
di

ca
ti

on
 o

n 
th

e 
am

ou
nt

 o
f 

le
ak

ag
e 

in
 t

he
 d

is
tr

ib
ut

io
n 

ne
tw

or
k.

 

T
hi

s 
ac

tiv
it

y 
is

 s
um

m
ar

iz
ed

 a
s 

fo
llo

w
: 

2.4-51



 

 

10
3 

1-
 A

 f
lo

w
 m

et
er

 s
ha

ll
 b

e 
in

st
al

le
d 

on
 th

e 
w

at
er

 in
le

t(
s)

 to
 r

eg
is

te
r 

th
e 

am
ou

nt
 o

f 
w

at
er

 e
nt

er
in

g 
th

e 

st
ud

y 
ar

ea
. 

2-
 T

w
o 

pr
es

su
re

 r
ec

or
de

rs
 s

ha
ll 

be
 in

st
al

le
d 

as
 w

el
l; 

on
e 

of
 th

es
e 

re
co

rd
er

s 
sh

al
l b

e 
in

st
al

le
d 

at
 th

e 

in
le

t 
po

in
t 

an
d 

th
e 

ot
he

r 
at

 t
he

 f
ar

 e
nd

 o
f 

th
e 

ne
tw

or
k 

fo
r 

th
e 

sa
m

e 
pe

ri
od

 o
f 

th
e 

fl
ow

 m
et

er
 

re
co

rd
in

g 
to

 m
ea

su
re

 th
e 

av
er

ag
e 

pr
es

su
re

 in
 th

e 
ne

tw
or

k.
 

3-
 T

he
 f

lo
w

 m
et

er
 s

ha
ll

 b
e 

al
lo

w
ed

 to
 r

eg
is

te
r 

th
e 

fl
ow

 r
at

e 
va

lu
e 

fo
r 

at
 le

as
t 2

4 
ho

ur
s.

 

4-
 T

he
 m

in
im

um
 r

eg
is

te
re

d 
fl

ow
 s

ha
ll

 r
ep

re
se

nt
 t

he
 a

m
ou

nt
 o

f 
le

ak
ag

e 
in

 t
he

 n
et

w
or

k 
be

si
de

 t
he

 

w
as

ta
ge

 in
 h

ou
se

s.
 

5-
 T

he
 e

qu
iv

al
en

t l
ea

ka
ge

 f
lo

w
 d

ur
in

g 
th

e 
da

y 
co

ul
d 

be
 d

et
er

m
in

ed
 b

y 
th

e 
eq

ua
tio

n 
m

en
ti

on
ed

 in
 

se
ct

io
n 

1.
4.

 

6-
 D

et
er

m
in

e 
th

e 
pe

rc
en

t 
of

 M
N

F 
w

hi
ch

 r
ep

re
se

nt
 a

 c
om

pa
ra

ti
ve

 b
as

is
 f

or
 t

he
 U

FW
 b

y 
di

vi
di

ng
 

th
e 

eq
ui

va
le

nt
 

m
in

im
um

 
ni

gh
t 

fl
ow

 
by

 
th

e 
to

ta
l 

fl
ow

 
re

gi
st

er
ed

 
by

 
th

e 
fl

ow
 

m
et

er
 

(Q
M

N
F/

Q
T

O
TA

L
).

 

 A
 s

er
ie

s 
of

 M
N

F 
ru

ns
 w

as
 c

on
du

ct
ed

 b
ef

or
e 

le
ak

ag
e 

de
te

ct
io

n 
or

 r
ep

ai
r 

ta
ke

s 
pl

ac
e.

  
T

he
 s

um
m

ar
y 

of
 

th
es

e 
re

su
lt

s 
is

 r
ep

re
se

nt
ed

 in
 th

e 
fo

ll
ow

in
g 

ta
bl

e:
 

 

T
ab

le
 1

1-
3 

 S
um

m
ar

y 
of

 R
es

u
lt

 f
or

 M
N

F
 S

ur
ve

y 
be

fo
re

 L
ea

k
ag

e 
R

ep
ai

r 

It
em

 
U

ni
t 

Va
lu

e 
Av

er
ag

e 
Fl

ow
 

L/
s 

5.
4 

M
in

im
um

 fl
ow

 (M
N

F)
 

L/
s 

1.
3 

M
ax

im
um

 v
al

ue
 o

f f
lo

w
 

L/
s 

13
 

To
ta

l f
lo

w
 ra

te
 (Q

TO
TA

L)
 

m
3 /d

ay
 

47
0 

E
qu

iv
al

en
t M

N
F 

(Q
M

N
F)

 
m

3 /d
ay

 
14

3 
R

at
io

 
%

 
30

.4
5 

 T
hi

s 
ra

tio
 o

f 
eq

ui
va

le
nt

 M
N

F
 w

as
 c

on
si

de
re

d 
ve

ry
 h

ig
h 

an
d 

its
 s

ou
rc

es
 s

ha
ll

 b
e 

an
al

yz
ed

 a
ft

er
 t

he
 

le
ak

ag
e 

de
te

ct
io

n 
an

d 
re

pa
ir

 w
or

ks
 f

in
is

h.
 

 11
.5

 
A

ct
io

n 
U

10
 (

M
ak

in
g 

w
at

er
 b

al
an

ce
 a

na
ly

si
s 

be
fo

re
 r

ep
ai

r 
w

or
ks

) 

To
 e

st
ab

lis
h 

a 
w

at
er

 b
al

an
ce

 a
na

ly
si

s,
 th

e 
fo

ll
ow

in
g 

pr
oc

ed
ur

e 
sh

al
l b

e 
fo

ll
ow

ed
: 

1.
 

D
et

er
m

in
e 

th
e 

ne
t 

am
ou

nt
 o

f 
w

at
er

 e
nt

er
in

g 
th

e 
st

ud
y 

pi
lo

t 
ar

ea
 w

hi
ch

 w
as

 m
ea

su
re

d 
as

 4
73

 

m
3 /d

. 

2.
 

D
et

er
m

in
e 

th
e 

au
th

or
iz

ed
 c

on
su

m
pt

io
n,

 t
he

 s
um

 o
f 

m
et

er
ed

 v
ol

um
e 

34
9 

m
3 /d

 w
it

h 
ov

er
 

re
gi

st
ra

ti
on

 e
rr

or
 o

f 
4 

%
 (

13
 m

3 /d
) 

so
 t

ha
t 

th
e 

ne
t 

vo
lu

m
e 

of
 b

ill
ed

 a
ut

ho
ri

ze
d 

co
ns

um
pt

io
n 

w
il

l 
be

 3
36

 m
3 /d

 .
 T

he
 b

ill
ed

 u
n-

m
et

er
ed

 v
ol

um
e 

th
at

 w
as

 a
ss

um
ed

 t
o 

be
 c

on
su

m
ed

 a
s 

a 
fl

at
 

ra
te

 e
va

lu
at

io
n 

of
 2

5 
m

3 /m
on

th
/m

et
er

. 
T

he
 v

al
ue

 o
f 

th
e 

bi
lle

d 
un

m
et

er
ed

 c
on

su
m

pt
io

n 
w

as
 

ca
lc

ul
at

ed
 t

o 
be

 4
4 

m
3 /d

. 
T

hi
s 

am
ou

nt
 o

f 
w

at
er

 w
as

 c
on

su
m

ed
 b

y 
th

e 
re

gi
st

er
ed

 c
us

to
m

er
s 

at
 

S
H

A
PW

A
S

C
O

. 
A

ut
ho

ri
ze

d 
co

ns
um

pt
io

n 
m

ay
 i

nc
lu

de
 i

te
m

s 
su

ch
 a

s 
fi

re
 f

ig
ht

in
g,

 t
ra

in
in

g,
 

fl
us

hi
ng

 o
f 

m
ai

ns
 a

nd
 s

ew
er

s,
 s

tr
ee

t 
cl

ea
ni

ng
, p

ub
li

c 
fo

un
ta

in
s 

an
d 

ga
rd

en
s,

 e
tc

, t
he

se
 m

ay
 b

e 

 

 

10
4 

bi
lle

d,
 u

nb
ill

ed
, m

et
er

ed
 o

r 
un

m
et

er
ed

. T
hi

s 
va

lu
e 

w
as

 n
eg

le
ct

ed
 i

n 
th

is
 s

tu
dy

 a
s 

th
e 

ar
ea

 w
as

 

co
nt

ro
ll

ed
 a

ga
in

st
 th

es
e 

ac
tio

ns
 d

ur
in

g 
th

e 
st

ud
y 

pe
ri

od
. 

3.
 

D
et

er
m

in
e 

th
e 

w
at

er
 l

os
s 

w
hi

ch
 is

 th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

sy
st

em
 i

np
ut

 v
ol

um
e 

an
d 

au
th

or
iz

ed
 

co
ns

um
pt

io
n.

 W
at

er
 l

os
se

s 
ca

n 
be

 c
on

si
de

re
d 

as
 a

 t
ot

al
 v

ol
um

e 
fo

r 
th

e 
w

ho
le

 s
ys

te
m

, 
or

 f
or

 

pa
rt

ia
l s

ys
te

m
s 

su
ch

 a
s 

tr
an

sm
is

si
on

 o
r 

di
st

ri
bu

ti
on

 s
ch

em
es

, o
r 

in
di

vi
du

al
 z

on
es

 a
s 

in
 o

ur
 c

as
e 

in
 I

br
ah

im
ia

 M
ar

ka
z 

A
re

a_
2.

 W
at

er
 l

os
se

s 
co

ns
is

t 
of

 r
ea

l 
lo

ss
es

 a
nd

 a
pp

ar
en

t l
os

se
s.

 T
he

 t
ot

al
 

vo
lu

m
e 

of
 th

e 
w

at
er

 lo
ss

es
 w

as
 c

al
cu

la
te

d 
to

 b
e 

94
 m

3 /d
. 

4.
 

D
et

er
m

in
e 

ap
pa

re
nt

 l
os

se
s 

th
at

 i
nc

lu
de

 a
ll

 t
yp

es
 o

f 
in

ac
cu

ra
ci

es
 a

ss
oc

ia
te

d 
w

it
h 

cu
st

om
er

 

m
et

er
in

g 
as

 
w

el
l 

as
 

da
ta

 
ha

nd
li

ng
 

er
ro

r 
(m

et
er

 
re

ad
in

g 
an

d 
bi

lli
ng

),
 

pl
us

 
un

au
th

or
iz

ed
 

co
ns

um
pt

io
n 

(t
he

ft
 o

r 
il

le
ga

l u
se

).
 T

hi
s 

va
lu

e 
sh

al
l i

nc
lu

de
 th

e 
w

as
ta

ge
 in

 h
ou

se
s.

 T
he

 v
al

ue
 o

f 

th
e 

w
as

ta
ge

 v
ol

um
e 

w
as

 c
al

cu
la

te
d 

as
 4

1 
m

3 /d
. 

re
ga

rd
in

g 
th

e 
m

et
er

 e
rr

or
 i

n 
re

gi
st

ra
ti

on
, 

th
e 

ov
er

 
re

gi
st

ra
tio

n 
of

 
cu

st
om

er
 

m
et

er
s 

le
ad

 
to

 
un

de
re

st
im

at
io

n 
of

 
R

ea
l 

L
os

se
s 

an
d 

un
de

r-
re

gi
st

ra
tio

n 
of

 c
us

to
m

er
 m

et
er

s 
le

ad
s 

to
 o

ve
r-

es
ti

m
at

io
n 

of
 r

ea
l L

os
se

s.
 

5.
 

D
et

er
m

in
e 

th
e 

R
ea

l 
L

os
se

s 
th

at
 i

nd
ic

at
e 

th
e 

ph
ys

ic
al

 w
at

er
 l

os
se

s 
fr

om
 t

he
 n

et
w

or
ks

 (
i.e

. 

le
ak

ag
e)

. T
hi

s 
am

ou
nt

 s
ha

ll
 r

ep
re

se
nt

 t
he

 w
at

er
 v

ol
um

e 
lo

st
 t

hr
ou

gh
 a

ll 
ty

pe
s 

of
 l

ea
ks

, b
ur

st
s,

 

an
d 

ov
er

fl
ow

s.
 

 T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 t
he

 w
at

er
 b

al
an

ce
 a

na
ly

si
s 

be
fo

re
 r

ep
ai

r 
w

or
ks

 f
or

 I
br

ah
im

ia
 M

ar
ka

z 

A
re

a-
2 

 

T
ab

le
 1

1-
3 

 W
at

er
 B

al
an

ce
 A

na
ly

si
s 

in
 I

br
ah

im
ia

 M
ar

ka
z 

A
-2

 b
ef

or
e 

R
ep

ai
r 

(m
3 /d

ay
) 

Bi
lle

d 
M

et
er

ed
 C

on
su

m
pt

io
n 

34
9.

48
 

W
at

er
 S

ol
d 

R
ev

en
ue

 

W
at

er
 

B
ill

ed
 

A
ut

ho
ri

ze
d 

Co
ns

um
pt

io
n 

M
et

er
in

g 
er

ro
r (

ov
er

 r
eg

is
tr

at
io

n)
 

-1
3.

44
 

37
9.

84
 

37
9.

84
 

A
ut

ho
ri

ze
d 

C
on

su
m

pt
io

n 
37

9.
84

 
Bi

lle
d 

U
nm

et
er

ed
 C

on
su

m
pt

io
n(

fix
ed

 

am
ou

nt
 c

ol
le

ct
ed

) 
43

.8
 

m
3 /d

ay
 

m
3 /d

ay
 

37
9.

84
 

U
nb

ill
ed

 M
et

er
ed

 C
on

su
m

pt
io

n 
0 

m
3 /d

ay
 

U
nb

ill
ed

 

A
ut

ho
ri

ze
d 

Co
ns

um
pt

io
n 

W
at

er
 

D
is

tr
ib

ut
ed

 

V
ol

um
e 

  
0 

U
nb

ill
ed

 U
nm

et
er

ed
 C

on
su

m
pt

io
n 

0 

Co
m

m
er

ci
al

 

lo
ss

es
 

47
3.

6 

Ap
pa

re
nt

 

Lo
ss

es
 

U
na

ut
ho

ri
ze

d 
Co

ns
um

pt
io

n 
0 

41
.3

6 

U
na

cc
ou

nt
ed

 

fo
r 

W
at

er
 

(U
FW

) 

m
3 /d

ay
 

41
.3

6 
M

et
er

in
g 

In
ac

cu
ra

ci
es

(s
ta

rt
 fl

ow
 &

 

un
de

r r
eg

is
tr

at
io

n)
 

41
.3

6 
m

3 /d
ay

 
93

.7
6 

  
U

na
ut

ho
ri

ze
d 

C
on

su
m

pt
io

n 

Le
ak

ag
e 

on
 T

ra
ns

m
is

si
on

 a
nd

/o
r 

D
is

tr
ib

ut
io

n 
M

ai
ns

 
  

Ph
ys

ic
al

 

lo
ss

es
 

m
3 /d

ay
 

  
93

.7
6 

R
ea

l L
os

se
s 

(le
ak

ag
e)

 

Le
ak

ag
e 

an
d 

O
ve

rf
lo

w
s 

at
 U

til
ity

’s 

St
or

ag
e 

Ta
nk

s 
  

52
.4

0 
  

  
m

3 /d
ay

 
52

.4
0 

Le
ak

ag
e 

on
 S

er
vi

ce
 C

on
ne

ct
io

ns
 u

p 
to

 

po
in

t o
f C

us
to

m
er

 m
et

er
in

g 
52

.4
 

m
3 /d

ay
 

  

 

2.4-52



 

 

10
5 

11
.6

 
A

ct
io

n 
U

11
 (

C
on

d
uc

ti
ng

 le
ak

ag
e 

de
te

ct
io

n
 s

ur
ve

y)
 

T
he

 l
ea

k 
de

te
ct

io
n 

w
en

t 
th

ro
ug

h 
se

ve
ra

l 
st

ag
es

 w
ith

 t
he

 a
co

us
ti

c 
ro

d 
an

d 
th

e 
di

gi
ta

l 
so

un
d 

de
te

ct
or

. 

W
he

n 
th

er
e 

w
as

 a
 p

oi
nt

 s
us

pe
ct

ed
 t

o 
ha

ve
 a

 l
ea

k,
 t

he
 U

F
W

 t
ea

m
 b

eg
an

 t
o 

us
e 

m
or

e 
ad

va
nc

ed
 l

ea
k 

de
te

ct
io

n 
eq

ui
pm

en
t 

su
ch

 a
s 

th
e 

le
ak

 d
et

ec
to

r 
an

d/
or

 t
he

 l
ea

k 
so

un
d 

co
rr

el
at

or
 t

o 
ex

ac
tl

y 
lo

ca
te

 t
he

 

le
ak

 o
n 

th
e 

pi
pe

. 

(1
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
so

un
d 

by
 A

co
us

ti
c 

R
od

 o
r 

D
ig

it
al

 S
ou

n
d 

D
et

ec
to

r 

T
he

 f
ir

st
 a

tt
em

pt
 t

o 
de

te
ct

 t
he

 l
ea

ka
ge

 i
n 

th
e 

pi
pe

s 
an

d 
th

e 
ho

us
e 

co
nn

ec
ti

on
 w

as
 d

on
e 

us
in

g 
th

e 

ac
ou

st
ic

 r
od

 a
nd

 th
e 

di
gi

ta
l s

ou
nd

 d
et

ec
to

r. 

W
he

n 
le

ak
ag

e 
oc

cu
rs

, 
le

ak
in

g 
so

un
d 

sp
re

ad
s 

th
ro

ug
h 

th
e 

pi
pe

. 
 A

t 
th

e 
po

in
t 

w
he

re
 v

al
ve

s 
ar

e 

av
ai

la
bl

e,
 a

co
us

tic
 r

od
 o

r 
di

gi
ta

l 
so

un
d 

de
te

ct
or

 w
as

 u
se

fu
l 

fo
r 

de
te

ct
in

g 
th

e 
so

un
d.

 T
he

 m
et

ho
d 

of
 

le
ak

in
g 

so
un

d 
de

te
ct

io
n 

is
 s

ho
w

n 
on

 F
ig

ur
e 

11
-1

. 
 

 
F

ig
u

re
 1

1-
1 

 D
et

ec
ti

ng
 L

ea
ka

ge
 o

n 
H

ou
se

 C
on

ne
ct

io
n 

by
 A

co
us

ti
c 

R
od

 
 T

he
 U

F
W

 t
ea

m
 h

as
 b

ee
n 

tr
ai

ne
d 

on
 l

ea
k 

de
te

ct
io

n 
by

 t
he

 a
co

us
ti

c 
ro

d 
an

d 
th

e 
di

gi
ta

l 
le

ak
 d

et
ec

to
r 

at
 

M
os

tr
od

 T
ra

in
in

g 
C

en
te

r 
an

d 
O

JT
 a

t s
ite

 b
y 

as
si

st
an

ce
 o

f 
JI

C
A

 e
xp

er
t t

ea
m

 d
ur

in
g 

th
e 

ac
ti

vi
ty

. 
 

 (2
) 

D
et

ec
ti

on
 o

f 
le

ak
in

g 
po

in
ts

 b
y 

L
ea

k 
D

et
ec

to
r 

To
 d

et
ec

t 
th

e 
le

ak
ag

e 
on

 t
he

 d
is

tr
ib

ut
io

n 
pi

pe
lin

e,
 t

he
 l

ea
k 

de
te

ct
or

 w
as

 u
se

d.
 T

he
 l

ea
k 

de
te

ct
io

n 

ac
tiv

it
y 

us
in

g 
th

e 
le

ak
 d

et
ec

to
r 

is
 s

ho
w

n 
in

 F
ig

ur
e 

11
-2

. 
It

 w
as

 h
el

pf
ul

 t
o 

co
nf

ir
m

 t
he

 l
oc

at
io

n 
of

 t
he

 

le
ak

ag
e 

by
 n

ig
ht

 s
ur

ve
y 

to
 is

ol
at

e 
th

e 
ba

ck
gr

ou
nd

 n
oi

se
 c

au
se

d 
by

 tr
af

fi
c 

du
ri

ng
 d

ay
ti

m
e.

 

 

 

F
ig

u
re

 1
1-

2 
 D

et
ec

ti
on

 W
or

k
 b

y 
L

ea
k 

D
et

ec
to

r 

 

 

 

10
6 

(3
) 

  
 R

es
ul

ts
 o

f 
le

ak
 d

et
ec

ti
on

 

T
he

 l
ea

k 
de

te
ct

io
n 

su
rv

ey
 l

ed
 t

o 
de

te
ct

 5
 l

ea
k 

po
in

ts
 i

n 
th

e 
ar

ea
. 

A
ll 

th
e 

de
te

ct
ed

 l
ea

ks
 w

er
e 

on
 t

he
 

ho
us

e 
co

nn
ec

ti
on

s 
w

hi
ch

 w
er

e 
m

an
uf

ac
tu

re
d 

fr
om

 l
ea

d.
 T

he
 r

ea
so

n 
fo

r 
th

e 
le

ak
s 

w
as

 d
ue

 t
o 

w
ro

ng
 

co
ns

tr
uc

tio
n 

du
e 

to
 b

en
di

ng
 th

e 
pi

pe
 b

en
di

ng
 w

it
ho

ut
 u

si
ng

 th
e 

pr
op

er
 f

ac
il

iti
es

 to
 b

en
d 

su
ch

 p
ip

es
. 

T
he

 f
ol

lo
w

in
g 

Ta
bl

e 
in

di
ca

te
s 

th
e 

su
m

m
ar

y 
of

 t
he

 d
et

ec
te

d 
le

ak
s 

an
d 

th
e 

m
ap

 i
nd

ic
at

ed
 th

e 
lo

ca
ti

on
 o

f 

th
es

e 
le

ak
s 

on
 th

e 
G

IS
 m

ap
 u

se
d 

du
ri

ng
 th

e 
su

rv
ey

 

T
ab

le
 1

1-
4 

 S
um

m
ar

y 
of

 D
et

ec
te

d
 L

ea
ks

 I
nf

or
m

at
io

n
 

Le
ak

ag
e 

R
ec

or
d 

Sh
ee

t 

N
o.

 
1 

2 
3 

4 
5 

D
at

e 
15

-8
 

15
-8

 
15

-8
 

15
-8

 
15

-8
 

A
re

a 
A2

 
A

2 
A2

 
A

2 
A2

 

Po
si

tio
n 

Pi
pe

 
Pi

pe
 

Pi
pe

 
Pi

pe
 

Pi
pe

 

C
on

di
tio

n 
of

 
le

ak
 

Cr
ac

k 
C

ra
ck

 
C

ra
ck

 
Cr

ac
k 

C
ra

ck
 

D
ia

m
et

er
 o

f 
pi

pe
 

50
 

50
 

50
 

50
 

50
 

M
at

er
ia

l o
f l

ea
k 

pi
pe

 
le

ad
 

Le
ad

 
Le

ad
 

Le
ad

 
Le

ad
 

D
ep

th
 o

f p
ip

e 
70

 
70

 
70

 
70

 
70

 

G
ro

un
d 

co
nd

iti
on

s 
So

il 
So

il 
So

il 
So

il 
So

il 

Ca
us

e 
of

 le
ak

 
D

et
. 

D
et

. 
D

et
. 

D
et

. 
D

et
. 

Le
ak

ag
e 

si
ze

 
M

 
M

 
M

 
M

 
M

 

Le
ak

ag
e 

qu
an

tit
y 

N
A

 
N

A 
N

A
 

N
A 

N
A

 

 

T
he

 d
et

ec
te

d 
le

ak
s 

w
as

 o
n 

th
e 

le
ad

 p
ip

e 
th

at
 f

or
m

 t
he

 h
ou

se
 c

on
ne

ct
io

n 
an

d 
m

os
t o

f 
th

e 
le

ak
s 

w
as

 d
ue

 

to
 c

ra
ck

s 
fo

un
d 

in
 t

he
 p

ip
e 

du
e 

to
 d

et
er

io
ra

ti
on

 a
nd

 b
en

di
ng

 d
ur

in
g 

co
ns

tr
uc

ti
on

 p
er

io
d 

an
d 

th
en

 d
ue

 

to
 w

at
er

 p
re

ss
ur

e,
 th

e 
cr

ac
k 

be
gi

ns
 to

 s
pr

ea
d.

 M
os

t 
of

 th
e 

le
ak

s 
w

er
e 

in
vi

si
bl

e 
as

 th
e 

gr
ou

nd
 s

ur
fa

ce
 is

 

so
il.

 

T
he

 lo
ca

ti
on

 o
f 

de
te

ct
ed

 le
ak

s 
is

 s
ho

w
n 

as
 f

ol
lo

w
in

g 
fi

gu
re

. 

 

2.4-53



 

 

10
7 

 
F

ig
u

re
 1

1-
3 

 L
oc

at
io

n 
of

 d
et

ec
te

d 
le

ak
s 

in
 I

b
ra

hi
m

ia
 M

ar
kz

 A
re

a-
2 

 

11
.7

 
A

ct
io

n 
U

12
 (

R
ep

ai
ri

ng
 le

ak
ag

e 
pa

rt
s)

 

F
ol

lo
w

in
g 

th
e 

le
ak

s 
ha

d 
be

en
 d

et
ec

te
d;

 t
he

 r
ep

ai
r 

w
or

ks
 t

ak
es

 p
la

ce
 b

y 
S

H
A

PW
A

S
C

O
 e

qu
ip

m
en

t a
nd

 

fa
ci

lit
ie

s.
 A

ll
 t

he
 d

et
ec

te
d 

le
ak

 p
ip

es
 a

nd
 h

ou
se

 c
on

ne
ct

io
n 

ha
s 

be
en

 r
ep

la
ce

d 
w

it
h 

PV
C

 p
ip

es
 w

ith
 

pr
op

er
 f

it
tin

gs
. 

 11
.8

 
A

ct
io

n 
U

13
 (

C
on

du
ct

in
g 

M
N

F
 s

u
rv

ey
 a

ft
er

 r
ep

ai
r 

w
or

ks
) 

In
 o

rd
er

 t
o 

co
nf

ir
m

 t
he

 e
ff

ec
ti

ve
ne

ss
 o

f 
th

e 
re

pa
ir

in
g 

w
or

k 
(o

r 
re

du
ct

io
n 

pe
rc

en
ta

ge
 o

f 
le

ak
ag

e 
ra

tio
),

 

M
N

F
 s

ur
ve

y 
w

as
 c

ar
ri

ed
 o

ut
 a

ft
er

 t
he

 r
ep

ai
ri

ng
 w

or
k 

of
 t

he
 l

ea
ki

ng
 p

ar
ts

. 
 I

n 
th

e 
m

ea
n 

tim
e 

of
 t

he
 

M
N

F
 s

ur
ve

y,
 t

w
o 

ro
un

ds
 o

f 
m

et
er

 r
ea

di
ng

 w
er

e 
co

nd
uc

te
d 

in
 t

he
 s

am
e 

pe
ri

od
. 

T
he

 p
ur

po
se

 o
f 

co
ll

ec
ti

ng
 m

et
er

 r
ea

di
ng

 w
as

 t
o 

m
ea

su
re

 t
he

 b
ill

ed
 a

ut
ho

ri
ze

d 
co

ns
um

pt
io

n 
to

 b
e 

us
ed

 i
n 

th
e 

w
at

er
 

ba
la

nc
e 

an
al

ys
is

. 
 

A
 f

lo
w

 m
et

er
 h

as
 b

ee
n 

in
st

al
le

d 
at

 th
e 

m
ai

n 
in

le
t 

pi
pe

lin
e 

an
d 

w
as

 a
ll

ow
ed

 to
 r

eg
is

te
r 

th
e 

fl
ow

 r
at

e 
fo

r 

th
e 

w
ho

le
 w

or
ki

ng
 d

ay
s.

 T
w

o 
fl

ow
 m

et
er

s 
w

er
e 

us
ed

, 
on

e 
ea

ch
 t

w
o 

da
ys

 t
o 

ov
er

co
m

e 
th

e 
sh

or
t 

li
fe

tim
e 

of
 p

or
ta

bl
e 

ba
tt

er
ie

s 
th

at
 w

as
 u

se
d 

to
 o

pe
ra

te
 th

e 
fl

ow
 m

et
er

. 

T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 t
he

 m
ai

n 
fi

nd
in

gs
 d

ur
in

g 
th

e 
M

N
F 

su
rv

ey
 a

ft
er

 l
ea

k 
de

te
ct

io
n 

an
d 

re
pa

ir
. 

T
ab

le
 1

1-
5 

 S
ta

tu
s 

of
 W

at
er

 M
et

er
s 

af
te

r 
R

ep
ai

r 

It
em

 
un

it 
St

at
us

 
Av

er
ag

e 
am

ou
nt

 o
f 

w
at

er
 r

eg
is

te
re

d 
by

 f
lo

w
 m

et
er

 
du

ri
ng

 m
ea

su
re

m
en

t p
er

io
d 

m
3  

(4
70

 m
3 /d

ay
) 

N
um

be
r o

f r
ea

d 
m

et
er

s 
no

s 
10

91
 

N
um

be
r o

f l
oc

ke
d 

m
et

er
s 

 
no

s 
85

 
N

um
be

r o
f f

la
t r

at
e 

co
nn

ec
tio

n 
no

s 
58

 

 

 

10
8 

11
.9

 
A

ct
io

n 
U

14
 (

M
ak

in
g 

w
at

er
 b

al
an

ce
 a

na
ly

si
s 

an
d

 it
s 

ev
al

ua
ti

on
) 

A
s 

de
sc

ri
be

d 
in

 i
te

m
 1

1-
5 

of
 t

hi
s 

re
po

rt
, 

th
e 

w
at

er
 b

al
an

ce
 a

na
ly

si
s 

is
 a

 u
se

fu
l 

to
ol

 t
o 

ev
al

ua
te

 t
he

 

U
F

W
 r

at
io

. 
T

he
 f

ol
lo

w
in

g 
da

ta
 s

ho
ul

d 
be

 k
no

w
n 

or
 e

st
im

at
ed

 b
ef

or
e 

m
ak

in
g 

th
e 

w
at

er
 b

al
an

ce
 

an
al

ys
is

. 

1.
 

Q
ua

nt
it

y 
of

 w
at

er
 e

nt
er

in
g 

th
e 

st
ud

y 
ar

ea
 n

et
w

or
k 

47
0 

m
3 /d

. 

2.
 

Q
ua

nt
it

y 
of

 w
at

er
 le

av
in

g 
th

e 
st

ud
y 

ar
ea

 n
et

w
or

k 
an

d 
go

es
 to

 a
no

th
er

 n
et

w
or

k 
at

 th
e 

bo
un

da
ry

 

of
 it

 (
N

il)
. 

3.
 

Q
ua

nt
it

y 
of

 b
ill

ed
 a

ut
ho

ri
ze

d 
co

ns
um

pt
io

n.
 T

hi
s 

va
lu

e 
co

ul
d 

be
 a

ss
um

ed
 a

s 
m

ea
su

re
d 

be
fo

re
 

as
 th

e 
w

at
er

 m
et

er
 s

ta
tu

s 
is

 th
e 

sa
m

e 
as

 th
e 

tim
e 

of
 m

ea
su

ri
ng

 th
e 

w
at

er
 m

et
er

s.
 3

90
 m

3 /d
. T

he
 

vo
lu

m
e 

of
 b

ill
ed

 u
nm

et
er

ed
 w

at
er

 s
ha

ll
 b

e 
co

ns
id

er
ed

 a
s 

(2
2 

m
3 /d

) 
 

4.
 

E
st

im
at

io
n 

of
 th

e 
un

bi
ll

ed
 a

ut
ho

ri
ze

d 
co

ns
um

pt
io

n.
 (

N
il)

 

5.
 

M
et

er
 i

na
cc

ur
ac

y 
an

d 
er

ro
r 

in
 s

ta
rt

 f
lo

w
 m

ea
su

re
m

en
t 

(t
he

 m
in

im
um

 f
lo

w
 r

at
e 

at
 w

hi
ch

 t
he

 

w
at

er
 m

et
er

 b
eg

in
 t

o 
re

gi
st

er
 t

he
 f

lo
w

 a
m

ou
nt

).
 T

hi
s 

sh
al

l 
be

 e
st

im
at

ed
 a

s 
be

fo
re

 t
he

 l
ea

ka
ge

 

re
pa

ir
. 

6.
 

D
ur

in
g 

U
FW

 t
ea

m
 s

ur
ve

y 
fo

r 
th

e 
di

st
ri

bu
ti

on
 n

et
w

or
k 

an
d 

th
e 

st
at

us
 o

f 
th

e 
m

et
er

s,
 t

he
 t

ea
m

 

di
d 

no
t f

in
d 

cu
st

om
er

s 
th

ef
t w

at
er

 (
i.e

. u
na

ut
ho

ri
ze

d 
co

ns
um

pt
io

n)
. 

 D
ur

in
g 

th
e 

A
ct

io
n 

U
8,

 i
t 

w
as

 f
ou

nd
 t

ha
t 

th
e 

w
as

ta
ge

 i
n 

ho
us

es
 e

qu
al

 1
2 

L
/h

r/
m

et
er

. 
It

 w
as

 a
ss

um
ed

 

th
at

 t
hi

s 
w

as
ta

ge
 s

ha
ll 

be
 f

or
 a

 p
er

io
d 

of
 3

 h
ou

rs
 (

th
re

e 
ho

ur
s)

. 
In

 t
he

 d
ay

ti
m

e,
 t

he
 u

se
 o

f 
th

e 
fa

uc
et

s 

an
d 

fl
us

h 
ta

nk
s 

in
 t

he
 t

oi
le

t 
m

ak
e 

th
e 

w
at

er
 m

et
er

 r
un

 f
or

 a
 f

lo
w

 h
ig

he
r 

th
an

 t
he

 s
ta

rt
 f

lo
w

. T
hi

s 
sh

al
l 

m
ak

e 
th

e 
m

et
er

 r
eg

is
te

r 
th

e 
to

ta
l f

lo
w

 p
as

si
ng

 th
ro

ug
h 

it 
in

cl
ud

in
g 

th
e 

w
as

ta
ge

 f
lo

w
. 

T
he

 n
um

be
r 

of
 m

et
er

s 
th

at
 c

ou
ld

 h
av

e 
a 

w
as

ta
ge

 in
cl

ud
in

g 
fl

at
 r

at
e 

co
nn

ec
ti

on
s 

is
 8

08
 m

et
er

s.
 

To
ta

l a
m

ou
nt

 o
f 

w
as

ta
ge

 p
er

 d
ay

 =
 1

14
9 

m
et

er
s 

x 
12

L
/h

r 
x 

3h
r/

10
00

=
 4

1 
m

3 /d
ay

 

T
he

 f
ol

lo
w

in
g 

ta
bl

e 
re

pr
es

en
ts

 th
e 

w
at

er
 b

al
an

ce
 a

na
ly

si
s 

af
te

r 
re

pa
ir.

 

2.4-54



 

 

10
9 

 

T
ab

le
 1

1-
6 

 W
at

er
 b

al
an

ce
 a

na
ly

si
s 

fo
r 

Ib
ra

hi
m

ia
 M

ar
kz

 A
re

a-
2 

af
te

r 
re

p
ai

r 
(m

3 /d
ay

) 

Bi
lle

d 
M

et
er

ed
 C

on
su

m
pt

io
n 

40
4.

3 
W

at
er

 S
ol

d 
R

ev
en

ue
 

W
at

er
 

B
ill

ed
 

A
ut

ho
ri

ze
d 

C
on

su
m

pt
io

n 
M

et
er

in
g 

er
ro

r (
ov

er
 r

eg
is

tr
at

io
n)

 
-1

5.
55

 
41

0.
23

 
41

0.
23

 
A

ut
ho

ri
ze

d 

Co
ns

um
pt

io
n 

41
0.

23
 

Bi
lle

d 
U

nm
et

er
ed

 C
on

su
m

pt
io

n(
fix

ed
 

am
ou

nt
 co

lle
ct

ed
) 

21
.5

 
m

3 /d
ay

 
m

3 /d
ay

 

41
0.

23
 

U
nb

ill
ed

 M
et

er
ed

 C
on

su
m

pt
io

n 
0 

m
3 /d

ay
 

U
nb

ill
ed

 

A
ut

ho
ri

ze
d 

C
on

su
m

pt
io

n 

W
at

er
 

D
is

tr
ib

ut
ed

 

V
ol

um
e 

  
0 

U
nb

ill
ed

 U
nm

et
er

ed
 C

on
su

m
pt

io
n 

0 

Co
m

m
er

ci
al

 

lo
ss

es
 

47
0.

4 

Ap
pa

re
nt

 

Lo
ss

es
 

U
na

ut
ho

ri
ze

d 
Co

ns
um

pt
io

n 
0 

41
.3

6 

U
na

cc
ou

nt
ed

 

fo
r W

at
er

 

(U
FW

) 

m
3 /d

ay
 

41
.3

6 
M

et
er

in
g 

In
ac

cu
ra

ci
es

(s
ta

rt
 fl

ow
 &

 u
nd

er
 

re
gi

st
ra

tio
n)

 
41

.3
6 

m
3 /d

ay
 

60
.1

7 

  
U

na
ut

ho
ri

ze
d 

Co
ns

um
pt

io
n 

Le
ak

ag
e 

on
 T

ra
ns

m
is

si
on

 a
nd

/o
r 

D
is

tr
ib

ut
io

n 
M

ai
ns

 
  

Ph
ys

ic
al

 

lo
ss

es
 

m
3 /d

ay
 

  
60

.1
7 

R
ea

l L
os

se
s 

(le
ak

ag
e)

 

Le
ak

ag
e 

an
d 

O
ve

rf
lo

w
s 

at
 U

til
ity

’s 
St

or
ag

e 

Ta
nk

s 
  

18
.8

1 
  

  
m

3 /d
ay

 
18

.8
1 

Le
ak

ag
e 

on
 S

er
vi

ce
 C

on
ne

ct
io

ns
 u

p 
to

 p
oi

nt
 

of
 C

us
to

m
er

 m
et

er
in

g 
18

.8
1 

m
3 /d

ay
 

  

 S
um

m
ar

y 
of

 U
F

W
 a

ct
iv

it
y 

in
 I

br
ah

im
ia

 M
ar

ka
z 

A
re

a_
2 

be
fo

re
 a

n
d 

af
te

r 
re

pa
ir

 a
ct

iv
it

y 

P
ar

am
et

er
 

U
ni

t 
A

ss
es

sm
en

t B
ef

o
re

 

R
ep

a
ir 

A
ss

es
sm

e
nt

 A
fte

r 

R
e

pa
ir

 
R

ed
uc

tio
n

 

W
at

e
r 

D
is

tr
ib

u
te

d
 

m
3
/d

ay
 

47
2

 
--

- 

C
u

st
om

er
 C

on
su

m
pt

io
n 

m
3
/d

ay
 

3
79

.8
4

 
41

0.
23

 
--

- 

U
F

W
 (

by
 v

ol
um

e
) 

m
3
/d

ay
 

9
3.

7
6 

6
0.

1
7 

3
3.

5
9 

U
F

W
 r

at
io

 
%

 
1

9.
8

6%
 

1
2.

7
5%

 
7

.1
2%

 

Le
ak

ag
e 

(b
y 

vo
lu

m
e

) 
m

3
/d

ay
 

5
2.

4
0 

1
8.

8
1 

3
3.

5
9 

Le
ak

ag
e 

ra
tio

 
%

 
1

1.
1

0%
 

3
.9

9
%

 
7

.1
2%

 

 

2.4-55



2.5 Formulating Plan for expanding UFW Reduction Activity to other Markaz
than the Pilot Project Area
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Annex-2 

Area 1. WLD 2. AR 3. PUM-L 4. PUM-S 5. WPR 6. PCL 7. ML 8. LD 9. CED 10. CTC
22,200 1,000 3,400 43,500 6,600 35,700 8,300 125,000 150,000 100,000 2009 2010 2011

HQ 1 1 1 2 1 1 1 273,100
Zagazig East 1 150,000
Zagazig West
Zagazig Markaz
Huseinia Markaz 1 2 1 2 2 1 1 1 1 446,800
New Salhia 1 2 1 2 2 1 1 1 296,800
Awlad Saqr 1 2 1 2 2 1 1 1 296,800
Faqus 1 2 1 2 2 1 1 1 296,800
Kafr Saqr 1 2 1 2 2 1 1 1 1 446,800
Abu Kabier 1 2 1 2 2 1 1 1 296,800
Diarb Nigm 1 2 1 2 2 1 1 1 296,800
Ibrahimiya 1 2 1 2 2 1 1 1 296,800
Hihya 1 2 1 2 2 1 1 1 296,800
Abu Hamad 1 2 1 2 2 1 1 1 1 446,800
Bilbais 1 2 1 2 2 1 1 1 296,800
Menia Alqamah 1 2 1 2 2 1 1 1 296,800
Mashtool El Sooq 1 2 1 2 2 1 1 1 296,800

Hihya
Training
Center

1 1 1 1 1 1 235,700

15 28 14 27 28 14 15 15 4 1
333,000 28,000 47,600 1,174,500 184,800 499,800 124,500 1,875,000 600,000 100,000 4,967,200 1,996,000 1,634,000 1,337,200

[Equipment List]
1. WLD Water leak detector
2. AR Accoustic rod
3. PUM-L Portable ultrasonic FM (sensor only for large dia.)
4. PUM-S Portable ultrasonic FM (small dia.) 
5. WPR Water pressure recorder (digital type)
6. PCL Pipe and cable locator
7. ML Metal locator
8. LD Leak sound detector (Corelator)
9. CED Car for equipment delivery and supervision activity
10. CTC Car for training center (6 to 8 persons)

Equipment Purchasing Plan for UFW Teams

Equipment No.1 to 9 provided in the project shall be used.
Equipment No.1 to 9 provided in the project shall be used.
Equipment No.1 to 9 provided in the project shall be used.

Purchasing Schedule
UFW Team

Total Price
(LE)

Quantity and Price of Leakage Survey Equipment

Total Price (LE)

North
Branches

Middle
Branches

South
Branches

Total Quantity (pcs)

Zagazig City
& Markaz
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2.6 Setting of Performance Indicator for UFW Reduction Activity
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2.7 Cost Effectiveness for UFW Reduction Activity
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Cost performance

A- UFW Cost

1 Staff cost
2 Cost of fixing leakage points
3 GIS maps
4 Construction of F/M chamber

Total

a Eng.Alaa
3 (years) x 3 (hr/day) x 10 (LE/hr) 32,850         L.E.

b Assistant engineers
2 (engineer) x 3 (years) x 7 (hr/day) x 5 (LE/hr) 76,650         L.E.

c Driver
3 (years) x 7 (hr/day) x 5 (LE/hr) 38,325         L.E.

d Cost of Branches
12 (branch) x 4 (engineers) x 1 (month) x 2000 (LE/month) 96,000         L.E.

Total Staff Cost 243,825      L.E.

a Digging workers
2 (workers) x 50 (LE/worker) 100 L.E.

b Supervision Team
2 (engineer) x 50 (LE/engineer) 100 L.E.

c Fixing material 200 L.E.

Cost of fixing a leakage point 400 L.E.

Total cost of fixing leakage pionts (62 point) 24,800        L.E.

a Base Maps
46 (map) x 200 (LE/map) 9,200           L.E.

b Data entry to base Map
46 (map) x 250 (LE/map) 11,500         L.E.

Total cost of GIS maps 20,700        L.E.

a construction cost of F/M chamber 4,000           L.E.
No. of constructed chambers 40 chambers

Total cost of construction of chambers 160,000      L.E.

a Total price of procured equipment 1,250,000      L.E.

No. of Depreciation Years 20 Year

Total Depreciation cost 187,500      L.E.

Total cost of UFW activity 636,825 L.E.

B- UFW Revenue

a Total saved volume of water 1,642             m3/day
Cost of producing 1 m3 0.75 LE
Duratoin of revenue of water 5 years

Total revenue of UFW activity 1,968,799 L.E.

4- Depreciation of equipment

1-Staff cost

2- Cost of fixing leakage point

3- GIS Maps

3- Construction cost of chambers
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