=
=
]
@
| = =
an
=
T
- @
2
o
(v}
= =
5
2 2
9nD
o
i)
- 2
L = )
b
-
5 @
2 £
£ E
o =
e
—

Railway

]
7] Ra

1on

lway Stat

-

on

] Bus Stat

irut Road

Be

Atrea

jal

& Commerci

ia
Administrative

dent

W
L@
[~

Area

Zone

Area Zone

Industria

ial
Quarry Area

o
-
.
o

"

4

- PG

Area

ion

Agglomerat

w
-
=
(=4

Farmland

4

Grassland/Meadow

-

Reserved Area/Others

[

(2]
2o+ 3
T
<
c
&
-t
[+
-
o
R4
L .
=
-
A
Y
<<

JAPAN INTEANATIONAL COOPERATION AGENCY |

f

CA)

THE STUDY ON THE CEVELOPMENT OF .
WATER SUPPLY SYSTEM FOR THE DAMASCUS CITY

2 s
o 0 1
2 8
< L
- 12
z 13
g 9
o |l
- [ Z
Lz
™
o~
o
<
Tt
jor]
o0
F.

ity)

1

icipa

“Damascus - Muni

{Source

335



- 3500

&
=

Cumuladve Spring Flow (MCM)

| 2

e T

©Spring 13 -

R 0?00 15000 . 20000
_’(anlaliveRa‘in all(mm) _ o

JAPAN fHEERNATIONAL COOPERATION AGEHGY [JICA} N

THE STUDY ON §HE DEVELOPMENT OF
WATEf SUPPLY SYSTEM FON THE DAMASCUS CITY

" Figure 3.3.1
Cumutative Discharge and Rainfall for Barada Spring

NiPFON KOEICO, LTD.

3-36







2] ”_
-r .
-
. <
! 2 - 5 g Z
a2 o = -
o2 E @ ¥ 5wl
. : 5 .
© 3 5. ¢ 2198
M = o o peut ol z%
: 3 < £ - - E & — t 1 <| W=
- & 8 Z - 5 1853 g
S o 3 & _ § 3 5 3 5185 g
O b o P . . 3 z 4 EREIEE =
. . v het ; - - >
2 e 2 w & 5 w 3 D & ¥ = & . = Yol ge el
g - 'y o Boe £ - -2 s ey - 2 e = = W W e . o
b= - 4 bl . 1 o < o 5 [ B [=S
O 5 Y3 m 2 - 2 L - - 3 5 kY = 2 ~ . .EcO- lreh
w e e ‘2 B ha e = hed = £ - o x - 'yl « - : 1Q
—_— < w3 & e o o 5 G 5 £ = = ] 3 = = w 8l =E= =¥
O i w ¥ 8 = - WA - = -Z 7> & ot b -— w —_—
o 3% T X . - . . & = > S £ 3 5 o 3 igiz=l ®IE
Q> 2 32 5 SOR z o = < : 2 = = 3 > 1256 o |9
& & S 2N . o S o - ¥ o o B = “ w2l W By
o h . - T E T £ e £ o 4 5 2 g, = & S Q> o Dk
s » £ £E25 = s = z 2 > z 2 < s A 8 |z B w2 IZ
o ~ &5 32 =229 2 2 s ¥ E = ¢ ¢ g 5 ¥ =1%522 @8
£ P ¢ R 3 © s 5 ] o A :
5 = = & =20 C <] S = b3 & & S = P m.. - S |S HnU.. ,..Mw =
= : : Lo " LT I ] 2 l=iZ@i 5 8
: L - | | BT " g |ElFel| &
- - ' vy i | ! re— Ll i ] S w o= nu.u..
- & i T T N R == b N F i
| Yaooe N == e £ =
: . =% b | ml H T I I
. X ur ' 3 ﬁi [ _.mH[“!.m‘nu » A‘l o) .W
Z " S
|
(=) -
=)
~ - 2
-y L
! 7 =
Bh H (=]
el; ..W.ﬁru-? 1 .-_ H n-la.w vy e .H w
Y % L v N " "
T L i LL_ .
BN ul ) m | [
T ™) N  ? = (]
LWH. "... <L A | | F X
o xSkt g v b
% N..r 5,3 £ bt
k_n..% & A
- A

b
T

| T

e 8

- Py
AN
Ay

_. - NG
'
i
v PP
e

380
i

P B Err

L 43
I A R N B

w_h.-ﬂ._

PR

o .k
L

by

0 s B S
()

T I TN |

k]

o

g U B B S g T AR O S T

ST S e B

330
L
1
1
i

o Bl 4

ST

1'4';7

Y8 D T ek

T

S5 i 0 T 2 o g
ST e pral

¥ - D
5 = =t Ll
SEE >
o 73 a g R

T T ;
T FeT

i

3

TR
T

i

= LK

LT

] anctmmana o P !

¥,

¥ e e £ Y A )

=3
i |

TTICA o K 0 B o k. % 20

o ik e i g

3D

i s 3
| 29 e

o,

7 ke
7

3
= A L £V W 2

o i et |
o] .,ﬂt... Gw el p =
& N T 3
o :
i
it
i
bl
i
MI.vu.in..-:--n.i....:llnl..lln ‘111 f. o
) i -
L 4
e i

o
M li i e mmcm e m e e samacam.
a _ . R
|
h h ,
h h |
h . h
. H .
. H .
H H H
. . H
. : h
. . |
N N .
. A . \
) | . H
. . . I
e . . .
' | . .
. 1 . .
. \ 1 H
." : ! . =z .
" : ! : el [y :
o ! i ' gy rl N, :
2 : ' ' : e e e Y ;
2 _ : d : e e e e B il =
3 "y
o < =] =] .
iyl -lli-t“ - = - & %
" - ~r e =




3-38

L !
@ o ;
% _ ,M
. i I
5 ! gl x
=2 a_— i = (&)
o [<] . i - P
@& | . '8
P~ s , 2103
.3 = | =105
& ) @ o' i | =gy
£ £ 2 18] T<
o 8 3 = ;o ixlEE
. & H .
o] -8 35 € L3 18iaa g
D 3 w2 [ W -
b= 55 O g5 . 5 i ow =
L1 5 © 2 > - = y
o L2 5s S Es  f 3 ElEs S
o— ns ‘o o ® =2 = PRt -
=R~ o) s ® > 3 233 Y P g g
-t hem 5 R @ z8% L By et <
L Lm® 8 g ~ . 2 c o2 S 1§ g 3
= b @D Qo Do, - : » _N Os =%
o~ = T e = 2 eS8 G > &k
: ) tET o BE= fc Qlrml = &
o O % 2.2 > 8 s =iey &
T 2= c &z g & ixdEme =
N D = € o C _ A
. -_ pr - g e By
e . = =g = | D
- ~ Lo =] D lwlwo] M
* w— o > OW - [ el e [
, < ¢ izlizel o
ol ' ! . | s iZiTg 58
1 v ' ) > wi PN
1 ' ! = m - W
' ' 1 :@. : <R
. o [y -
! : . 2 g o=
[ H ] [Bar
! T v 2
. el B
. - o1
[ L] =
2 o 2
W‘lv Lal E
5 i :
i
:
'
" !
. o
! e AN
~ o T
e
.. ~55s
T pnE A ’
— ¢ i I
! Ty gt
) 2
:..\./ S
< - 4
s - O L S . NP m
' TE
! g
o b
.
i
:
H
i
i
)
:
H
:
! .
! .
:
:
o brd
g o
L e T I e T
7 e
1
.
:
:
;
.
.
\ - }
\ ,
e !
" ;
} :
1} .
H :
L) 0
! v H
= : ™~ ' / :
o B R Rl N B e R ) i e St . .:o.ﬂvllnl...|..!.,..||-||...-nﬂ;....ulnvuunc...-.J..-;s..:.-»....s‘......-ei.n;n
‘ s i
H oy T e \
‘ [ £ '
i ' ' wh .
uv # l\ .I .
; AN u s e = :
. H R :
. ! [ ...l\_ - ? 0... :
e . H
! % T‘ \ LA A
: Yl 4 \ v
H H
_ e BT !
~, ! ; \ YA ' :
. ! - pRe _ S
r.-ll ' 4 rt-u ™ ...!u:.-.- \. ._
2 . : . P o AR T 4 . !
Bk - ..s.»!-.-u......;.,|n\br.ruwil.rnw\\a{<4|4\..n\JJ‘. L 1|....‘|.1|.r“_a.fcn. & B TR ey
. ; e F 'R N 1 -
1 ' e V4 . L s ! -
N N ~ ;o . ' 3 &
' v 2 P, - H \ M ' -
o ' o S, PO Y ’ ' Lol
'.' Y . .lVd.lusllllnlr.lllil.l i | vk -.\ e
o ﬁ PN , : 1S ;S
] i ] ~ H . - s
e ! P , e . 3
3 : - . - 4 f .
o r H . . b ' / > 5
/ ! : ! r -
.a - H . M 1110 £ % ' H
' = N " E - -, ' v
tlt * - |..“l.t/ ” .\ =y / -m t:ll,..om. . ' s
" ﬁ\ .M.a.m \ b .,mm : Y ... . ’l. . 1 . s
. =y s 5 N\ s® . . . N\ - B ’
’ f - / » - Y - - X ) Caa + h ¥
= ’ T Al Vaelk P ’ . b [t . ' ] P
[ SRR S ||||..|..V/|L|| RSN o g O ™S SN /5~ S O U DA PRys S U ST, WA S URVEIDIL USRI DR TP 4 daimua w
P o : - S i & ¢ iw ez amas e T T e
S ~ . i ] | P L ‘ N R 3
- S V" - . B : A AR Tm L N e -~ s
. iz - - . n.m 3} ' £ | > /..__ e N v
. m / \ ..\41\ e i : :.mx : ] St .. N !
H . . ' a4, ' . v A — e ,
- ! / / - - H : A 1 Woph VI 5\
{ H . AR _slul...n../ r/./ / : . i B u\ C e Y
, ! Vo L = ‘ : : g ; o N }
e ii00) VEE R N PN et T Y _ _ %
= 1400y RN AN : P k. oL . ~— ‘
) ; N : A e et —— . — .
- . - - . - g = .
Sy T N PR N T~ g e A
NN . _ Rt T2 o~ >
R no o B ToAT n — :
<+ T RN N - i
v . X - S N ' o . ' ‘
- Py : NN v 2N\ : - £ _ : -
T e I PP ST W e feae (P MY S . - g i -
! TS TN - AL A " LIS RS e i >
13200 TN PTeLEE o - : : ./
NN T A ettt PP
P Y Pt : :
: N U A oS Ly NG
_ : NN 3 " A =% PR )
; W PN ” g Do N
' ", : N ? | ' AR T | S N
) 1 , P T . h L ~ 3
H Lern I N " -, | vt heS i
| LRI Nt . - . . —
' N - ' . N _Qovw. .
: :
! - : : D e
! ' 3 ! . '
1 i M ! lo: "
. . N ; .
4 . * !
B R 2
) o . . .
: T ; . R
. y . 1 A9
: ' . o
‘ o : : A
: . . . :
' . : . ;
! , ! . .
: ' \ : :
| ) : . .
: . : . :
; ; ; : Y " N
: - 1 : NS .
' ~ .
| ] m " T S—
. N H : , :
. 1 ' A .
. H . , : \ .
= . \ | H H h i -
- 1 — T T T T =
P -
g 2 2. g = 3 2 2
e r~ = [ [ Al oL
el bl e} Ll - = -5




{15000
14000 }
13000 |-

12000}
o -~

11000 |

~ Isodrawdown Map
June-November 1994
Drawdowns in metres

10060 _ ——
: ‘Legend: DFringeBh
[ DAWSSA Welifield © Emergency 8h
05000 | HObservation Bh- XOther Bh
AL o .
Key to DAWSSA Welifields
1 - A Kaboon
. : - 8 Jobar
08000 A S c Mazraa
A D - ibn Assaker
‘/f-.} I E . Kadam Railway
1= F - Kadam Store
. _ P G Oumawiyin
07000 T l 1 H University
107K I ! Jaramana
2 | J Takadom
! K Kywan
i L Tishreen
< i M Duromar
05000 e
!
i
[
¥
05000 b =]
: : 2’5%-:
A X
j l‘ o :
L R Contour Interval Variable -
04000} T\ | urMcnd - o
N North at top of map Scale 1:50,000
\53; JAPAN INTEANATIONAL COOPERATION AGENCY {JICA)
: THE STUDY ON THE DEVELOPMENT OF
03000 WATER SUPP{JV? s»%*#eﬂ FOA THE DAMASCUS CITY
o o S o ) I~ o © o ) o o < o o Fioure 3.3.4 T
D Q Q % S S O o1 o < o < Q o Qure 3.9.
§ < 8 2 54 2 2 2 2 S S -9 S S 4 Isodrawdown Map for Damascus 1994
[ i
& 8 3 A 3 & b4 3 & & & & & & ™ HPPOM KOEICO . LTO.

3-39

il







th

O0UPLE
BOOELE
o0ZLE
0QLLL
000QLC
00G5%E
OORSE
000¢st
000298
00G59¢
Q00
oe o
0002 SE
0001 8¢

0oLl -

z - .
= LM “unem -
= o 7
N \
,.f e » .
.— - - - - o= .|l b PJ
_‘ hap i e
x 1 - - '
2 . - - eJye EE@I | . ey
= _. ’ - - . /ln.- - 4 h.. .- - - - e - ol(nQOOmo
1 = = Co : o * ,J ~ B \.\...._.dlll ¢ ’\w ) . ~
! ' . . \l £ |_ fl\|4 . :00 ...ln\ . . N‘ IL..H.I.
| k T A inoneusy & = : Sons Ty
| ! : S Eoumx&. J Uz ] .\,\// /
! W e Eﬂv Emnmv_ 4 : AR o y
Loy e -7 Buc - 3:. pti - - - ;\.\ 100085
! N o \u o \ -2-) T ) LN
r /Il\m. ..::/.. : A\_\. X i} o . Y >N?J=NU wepey e . H
A T p@s_m %0-@ < rad L u_
t . - S e - . . : - - " y
- I \.f ._ ‘l.l -~ o_ -] fLe H uUNg Cnﬁumx " . o~ MSD 7]
T 1~ 2 N SR PR N
NS0 oLt st oL . . ARy . e - i
..\..l_n. - ..IL. - - T g e - r||_l nmwo . T .,..l ) T x _\\ll.rr\, . R
S . . (de)ysieqgel BT - - Fad - Y = ~{ooose
Yo T T ".\./1 L R LA Bing s — nOmnom._m%Nz . - 0
\ RS I e sa S T (dey) cow:oﬁgx
/ N ..(.p ~ LM L \\ 5
o ’ Lo [-]X=4 ; - -
L - T -~ - 7 . k TZ0 5=} = W80 uonediununlo - oocee
. /u”ﬂl.l:l.r. .l.,-/,.“r Lauge(eH % . “Agro mﬂo .J\\..\...ln..ﬂ\Wq‘ ) 3 \O\\ u. H O‘\ . .
P _ s g _ s ¥ _
. nDDv__rUﬂV_ o ce ¥+ o, p i 126 J.. Il.Hﬂu}- . o ) ° \
- ~ . o Lo
. gy . JoxRSSY LAl g AMSIPANIN R R N .
.r...flnu-'\ =0 . ; x Y aniZ0 529 % K . . 100004
y 26 . ne Peals . AR N
: Cmmmzs_ jeuoteN @ s \ ‘ . ‘
—E m: m...sﬁl ) o : |
- ySnaie A c_b.smrso a H” - w‘w oxx {000
. . - rd i
s , ‘ T ey Ny XS : :omeem E....a.«.o>> s
L . ey P mie Do .
r Iﬂ\cu P .\ﬁnm& LmnOﬁ ‘&.o 9 we  as o wa \\ o \\\.\ ,.‘ _ -mEE:O -
= o ] e 377 JOAIDSY IIBM - T LT tof " doob2t
- R . P R JER A
et
T e
- s - ~T AT - 000Es
SR \ :
i L
L
: ! e
Diolliam JO UOREDO - - V\\M\)(\\n:_.mr/.,(\..n 0001
= N I
11oM JO uoneso; @ _ _ @ \ o _ L o
. o uw\m.\ ,.,\. 3N JionesRY. wejsel o #
. V - B . . o . e B . -\-f\.\\ .

NIPPON KCEICO, LTO.

Figure 3.4.1a
Sampling Localions (Damascus)

: "IE“SIUOYON THE DEVELOPMENT OF

JAPAN INTEONATIONAL COOPERATION AGENCY (JHICA)
WATER SUPPLY SYSTEM FOR THE OAMASCUS CiTY

3-40




(R

3730 A

5 iy bl o i

Barada Spnng‘ﬂu‘ LA ‘,;’ ..
,. BatadaWen1 1 X TN
. BaradaWell2 [ Deir Moukaten  Figeh Side Spring
g R -'j‘-_-" “,:' K 3 Figeh Main Spring
i B0 Voeeoo. T ‘EnergyDiusipahonBaSi

o
s =3
’.-- ’ O
- Nl °
N -~ [+]
e . o°
S © Sarada Spring 50°
! ©
;! F 0000000, 0°°
2 o o2 -
------------ PR T L b X -0 7 ¥ ettty 1 i .
P o ~y 00 o? L
! Qoo o ~ [} 00 .
g - Ainéihk* ~-%00, 0°9% &
00 Naboua . " fogo A
Q .. .
o~ ooo’a’ ) ., e
a1 . ;o s
0 @ ZabadaniWell 1?1" / L .

Zabadam Welllg@ Zabadani Wel|2

Ain Hafoush

@  location of wellispting

Damascus

ein 19, w o NP
| %0n M_embe.]'_.. RS é Tabibiyeh
%0, 000y "t @V e,
: LY
Beit Jenn Pool, e, e Talmaswh e
Beit Jenn River %o 000’0 8904 0b~ ‘ o
By - -
e — - T & : s : - 1 b T
N L 32 Iy s

Seo'e (),
- s :

JAPAN INTERNATIONAL COOPERATION AGENCY {JICA)

THE STUDY ON THE DEVELOPMENT OF
WATER SUPPLY SYSTEM FOR THE DAMASCUS CiTY

Figure 3.4.1b
Sampling Localions {Mbuntains)

NIPPON KORICO, LID,

3-41




sanng, ’

. —

uoneoo)] Sundules

ec"_lm .

. BRGNS (OUs].

gu3Ea

e

wibegeg | _sa%wx
) : e
Jeqor " R

yezieg uoNessepy

o
Aweyg”®

(S

AL
oy e TR MAY

s

JAPAN SHTERNATIONAL COOPERATION AGENGY LICA)

— %

THE STUDY ON THE DEVELOPMENT OF
WATEA SUPPLY SYSTEM FOR THE DAMASCUS GiTY

Figure 3.4.1¢
Sampling Locations (River)

NIPPONKOELCO, 1D,

\
(=]
-

& | @

3-42



: tir 1 - B ER - = nr .- _ i
§ D " = o tave -
_ SOOI R Mambu Sl Blednedl Bt . R - N - . ’ rob . 1 z
— ’ b .D.oo 2 O
T —— o BN co oboo -
: 3 ' Py : el - LReE oq Pl B
0 & ) 5 . * f..ll . . FU @
_ (w7 e el 2 oD =
. W | =y
! N Ol =< @
“ . -~ Zlw= m
j | = © o
A s . g|&S 218
2438 - e mmmmamMw trMmassmmanmma -n.....1..|||||l|\l;\||||||||i|.ual..n|..|«.|||..1| > : ~ . G392 - L% o~ [«R -
o -7 ZleE!s o
i PR Rt e 2R
| P HEEE
. - st -
M I P - \\ m bt o AUﬂ m
s - ==L
- - [ e QIEll= O %
_ " \J\l\.llflll Rk ey | .rm,h\\ M “.l.. = b =
| .’ - z| &e .mmvww. m
_ Q=i I
i muhqucﬂmtﬁ..-._msxcccusun ubiy : i = wv W =z
T - ———— o s-an-u..uni.._ S® JJE SSAUDIEY PUR UOLEUIDUDD AICHIN. ol atadabliole gl =1 4 M .lm.u
" . .. I . .. . TN [
I ‘ ! nuﬁhﬂdg _ Siosl 8
! - . .\q. .Nu_ =0 o
| - s =
m z! 2
[ ‘eaie buwue, M M
! Lt UOIBIVIIUOD Winiwosgd gy bn> 3
f ZroIgyy -
! ,...h.._lllll\\n\l....n.lr'nnnuuu Fatanm e = D T L L WL S e————— - - - o - )<.=w|..t..t:|¢11||||w.n7u
A R . . htal ST ” ‘PIOS PRAIOSSID LBIDY i
e 5 o pue .ES_B:ucou IPLOIUD "WNIPOS W yBigy
[$5me Py I "a0emas AQ DOlRVIWTILGD B acd
! W 7 AnABRU S ERISEWEQ Ul i2lem goEUNG —
w _ AVEND ISTEA IERTES “PRIYARI V] o.»mg saungosd :o_motoc y
| TES . \ | padnpu eping puepuRIS JIRAN BUBLUQ
1 . e /__; P ' oyt vew; sauliy st voneswadues 1Ty ng
| S foL ] P
| m| "pepeRy I UOIEDISaAU Paleod T ..,-....:..__n.nnnlmnfu.. S/ - I .
i e s e m—-—————— - i ; Y e [ v
_ Lo = >
. ~. L — e ]
- i “gsNoJEH el g
k ten Uiy J2 SIUNGD wiod/euRioeg :o_r N 2
| . i ! L
! A =L R - aiming aur
;. Y M \ ; L S|epBULES BRRIEE JO ANlenD Jaiem al).
L L ST e . Paje ___.s wepege? v wnnsube. o>_mc!c" !
- - -~ . v . Vo —
e e ..n....||||||||||\\.|\|.“n ||J,|||\|\h||...u.|| - IST ORI o : 2t
, !
- rd >, .
ne h\. o \- © .
. 4\ - s B06 -
-0 s A - P
Q0 o N . . -
0%s_ 1 Y -
s %0 005~y T Ty % &
o o N, : ° CofL
O o? 00. s .,I; - .0 \\ e i
S REOP e T T T Uy P it
u-ﬁilOtO@»MvJﬂﬂﬂuhnlllllllllllli|01100|0l||||lnl . Dr OODOP ;l
-] T : . . L
o L% o2 . Pefocong e - K
o 7 1 o L. L / .
o . ,/ o® " . Pt W¥4 i
e® ). ® ¢ - i
Ve J / o —————— ot |
=3 7 o i . ’, |
00 J 00 \\ - . . . 4
\\\ DO . . . e .
it ” e =5 T : : s w5 at o
[ad [\LH el - i Pt

3-43




Sy

4. PRESENT CONDITIONS OF WATER SUPPLY SYSTEM
4.1 General

Damascus Governate consists of two Mohafazas, Damaseus city and Damascus rural.

* Waler supply is managed generally by the water supply and scwerage authorities under the

Ministty of Housing and Utilitics. ~ In Damascus, there arc four kinds of watcrworks
according to the waterworks law. : ' '

i}  Public Urban Water Supply : * ~with Damascus Cily. and seven villages to be
| ~served (managed by DAWSSA). |
i) Public Rural Water supply :  "with rural arca out of Damascus ¢ity to be served
L (hlanagcd. by Damascus Rural Water Supply)

| i} Bulk Water Supply : to supply raw water for waler supply bodies
; ‘ - - {managed by the Mlmslry of Housmg and
. :‘Uuhucs) |
i) Bulk--Wmcr:S_upply: . o supply: raw water for |mgat|0n (managcd by
| - : ' the Ministry of Irrigation) ' o
v) Private Waler Supply: - for private  use,. such as ﬁctonm farms -and
' samianum '

~ The main source of diinking water is the Figeh spring. - Other water sources, stch as

“undergrourid water in’ the Barada spring and 'Damasci_.ls‘ city, arc utilized as required to
" supplement.  The water is conveyed to three service reservoirs after being chloriniated at the

Figeh dlspcrsmn basin, and stored al each reservoir. Walcr 1o the v:llagcs in the Damascus
Rural area is suppllcd from hgch and Jamraya reservoirs, Water is conveyed to Wali
rcscn oir in' Damascus Clty, through a transmission plpclme consisting of a box culvert with a
ICnth of 16 km and a new tunnel with a length of 15 km From Wali reservoir water is
distibuted to sc\_eral service rcscr_vonrs located throughout the city. -

chcml prmlucuon W cII sites ase located lhroughout the cny Groundwaler is pwmped
up to a service reservoir, located in the vncmlly of each boreholc and chlonnalcd for bcmg

~ delivered to house connectionis through the net work.
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4.2  Present Service Area and Poputation
4.2.1 Present Seivice Arca

DAWSSA supplies water to eight villages, Figeh, Al Khadra, Bassime, Ashralye Wadi,
‘Judayde with the military area, Jemraya Hame with slum area, Kudasaya with a new residential
area, and Takadom in Damascus Rural. Special Arca Zones are seviced by a bulk water
supply system connected to the transmission tunncl from Figeh. The existing service area of
villages is estimated at 5.12 km*. -

Damascus City consists of fifteen districts.  DAWSSA has responsibility for waleri :

supply to the whole arca with 106 km? and 103 wells managed by Damascus municipality.
- 4.2.2 Population Served in Present Service Area

- The cxlstmg populatlon served is estimated at l 150, 950 b'ised on the bllhng data and

1994 Census as follows:

" Total Population 1,557,950
Population Served 1,150,950

' Informal Resident 407,000
Service Level (%) . 4%

Excepting for the :large nunibcr of informal  residents,” DAWSSA - system provides
100 % coverage in 1995, Thc total populahon in informal areas is csinmtcd lcnt'ltwely at .

407,000 persons based on the Census and the results of the mlemcw survey.
4.3 Existing Water Supply Sysl;ﬁn and Facilitics
4.3.1 " Source of Suppl'y

“The existing souree for drinking water supply COllsisls of three water sources, wells at

 Barada Spring, Ain hgeh aréa and wcllﬁeldsfl‘nnge wells in Damascus City. The existing |
* water supply systei is |_Iluslmled in Fl_gun, 4.3. 1_. The record of water producuon in 1995 arc =

as follows,
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Amount of Water Supplied- “Ratio

(Million m3fycan) (%)

Welis at Barada Spring 6.8 31
Ain Figeh aica 1774 - 813
Wellficlds in Damascus 30.1 138
Fringe wells 4.0 1.8
"otal 218.3 100.0

{Source : Data for 1995 from DAWSSA}

" 4,3.2 Produclion Wells

There are 3 existing production wells areas: Barada spring area, Ain Figeh area and -
Damascus city well ficld. - Pumped water from the wells of Barada and Figeh is conveyed into

Wali service rescrvoirs through the (wo transmission tunnels by gravity flow.  The wells in

Damascus city are used mostly: during water shortage periods from June to February. Well
water is boosted into the distribution network by puinping stations locaied at the production

“well cenlers.

The annual average operation rate of well pumps was 44 % and the operation. period

- was mainly. from July {o February, according (o the operation record in 1995. - During no
£ pump operation pcrlod the periodicat maintenance for pumps ¢ and motors was carried out by

the mechantcal department of production dircctorate of DAWSSA.  Equipment appears to be

: wcll nmmt'}mcd however it seems there is a shortage of vehicles, tools and equipment

necessary for nnmtcnmucc 'md in gencrai most of the tools are ouldated and 'in nced: of
rt,placcmcnt ' ‘ :

- (a) Barada spring area

~ The opcrahon of w cﬂ pumps in this area started in Scptunbcr 1995. Pumpcd waier
from cach well is once storage into the collccung reservoir and conveycd to Wali scrvice

~reservoir lhrough Barada transmission lmm o Flgch energy dlssm'mon basin and two tonnels.
- As of July 1996, 15 wells located around the perimeter of Barada spung an, m service and
“operational. Electrical - power for ' the cxnshng operating wdls is- supplicd  from both a

transmission line from the national grid and a diesel generalor with arated capacity of 1000 _

KVA.

(b) Figch spring arca

in Figeh area, there are four well groups : Deir Moukaren, Ain Haroush, Figeh side
spring and Rigeh main spring.  The well groups arc operated actually from June to Febrvary
when Figeh spring flow decrease and beconie insufficient to cover the demand.  Pumiped
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~ water from cach well group is joined at Figeh energy dissipation basin and chlorinated in front
of the entrance to the tunnels feeding Wali service ceservoir,

Scven submersible pumps with a total capacity of 1,104 m3/h are installed in the decp
wells located at Deir Moukaren,  Installed pumping capacity ot Ain Haroush spring is 4,500

m¥h with five pumps. Installed capacity at Figeh main spring and side spring is 26, 100 m¥%h

“with a total of scventeen pumps.

As of July 1996, three wells with a total pump capacity of 6,000 m*/h and lransmission
- main feeding Barada conduction main were under consteuction at Ain Haroush and scheduled -
© ‘to complete by end of year 1997,

- {¢) Damascus city

“As of July 1.9'96, there are 101 w_ells' in total at 8§ scparate production well ficlds in
Damascus city.  In addition, there are 23 fringe wells and 58 cmergency wells located in
*© Damascus city. ' ' B '

The production well ficlds are having with a total pump capacity of 9,940 m’lh Bach
ucll ficld is consmed of several deep wells and production well cenler which eqmppcd with a
co!lcclmg reservoir, several booster pumips, a hypo chlorite dosmg equnpmem control room,
power 1ccuvmg apparatus and stasid- by diese! generator, Pumped water is collcctcd to a
reservoir in cach production well center and fecdmg into the network by booster pumps. -

The fringe wells have with a tofal plimp capacity of 1,160 nvM and .e:j:ch iv;-cll'is
cquipped '\'vill_l a motor driven vettical shaft typb well pullnp,' a stand-by diesel generator, a
motor dri#*en horizontal shaft type booster pump, a hypo chlorite dosing pump and a 25 m'
steel made spherical elevated tank.  The operation of the fringe wells feeding the network are
‘operated for 16 hours {two 8 hour shiﬂs per. day with two. operators).  DAWSSA has
sdlcdulcd to rcp!acc all vcmcal shaft typc we l pump to submcmblc motor pumps within lhe i
next ﬁvc years. o

. The energency wells are located in parks, schools a:idj hospitals for back-up of :ma:in
water supply system from Wali service reservoir and having with a total pump capacity of |
2,320 m*/h.  The pump type is engine driven vertical shaft. - The pump sel maintenance
department of cimergency well check thc well pemps twice a week for fiftcen minutes to three
hours operation at one time,
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4.3.3 . Pumping Stations

The (wo main functions of the existing pumping stations are 1o convey water {rom

- reservoir lo rescrvoir, and to supply water into the distribution nctwork. ~ There are 15

pumping stations in total, 7 stations are located at service reservoirs and the others are located at
the’ production well centers, - A schematic diagram showing pipe connections betwcen
pumping stations and reservoirs is illustrated in: Figure 4.3.2. and locations arc shown in

:‘ Figuré 4.3.3. ‘The number of instalicd pumps and their capacity are as follows;

Location of Pumping Staiions | - No. of No.of  Installed Capa.

_ Stations CPumps (<103 m3/h)
Service Reservoirs 7 59 14.4
Production Well Centers -8 40 " 10.8

Total _ 15 9 252

All pumping stations arc equipped with a step-down transformer and a stand- by diesel

- generator for emergency use. -However some of the diese] generators msh]lcd do not have

cnough capabily for all pumps to operate at the same time. - Chlorine dosing cqulpmcm is
provided at -the production well | ‘centers for disinfecting* water before 1t is d:sLnbutod
Pumping station operators arc on site 24 hours (2 X 8 hour shilt per d'ly)

“The wo types of pumps mstallcd in the C\lsll ng syslcm are sin glc suchon honzoma]

:\olule punp and submcmblc pump. | The volulc punips are mainly used at service reservoirs
- :for boosting water (o other rcscno:rs and the submersible pumps are. used at producllon wcl!

centeérs to'supply water into the distribution network.
4.3.4 Trainsinission and Distribution Mains

The total length of the existing transmission and dis_ln'billion mains is around 1,221 km.
DAWSSA has. replaced a total of 47_9 km length (44 %) of cast iron pipe transmission and

: diSl]’ibllliOﬁ mains with ductile iron pipes during the period from 1982 to 1992.

- (1) Transmission mains -

Transmission mains between Figeh Spring and Wali rescrvoirs consist of a new tunncl

about 15 km tong with an inside diameter 2,550 mm and an-older horseshoe-shaped winhel

about 16 km long, 1,360 mm wide and 1,880 mm most current height.  Tunniel transmission

capacities are 11,3 m¥/s (new) and 3.5 m3¥s (old) for a total combined capacity of 14.8 m%s,

" Transmission mains belween reservoirs are mainly duclile iron pipes laid underground and their
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diameters vary between 80 mm to 1,200 mm.  Total lengths of the transmission main arc

summarized as follows:

{unit : km)
Ductile iron Casl iron Stecl Concrete Total
- 62.5 0.7 6.2 33.0 102.4

(610 %) (0.7 %) (6.1 %) (322 %)
(Source : DAWSSA)

" (2) Distribution main -

. The existing water distribution system covers the villages along Barada river valley and
Damascus city. The system in Damascus city is divided into the four service districts of
Dmhascus Center, Berze, Berze East and Mezze. Each service district is classified into
_ pressure zones based on five pressure ranges as illustrated in Figure 4.3.4. " The pressure
classifications are low, medium, high I, high 1l and superior high on the basis of the clevations
“of the district served as follows. DAWSSA's design criteria 3poci.ﬁcs a minimum service
. pressure for distribution mains of 30 m {waler head) and a maximum of 60 m. .

Classification of Pressurc Zone Elevation  (m)
' Low . less than 690
Medium - less than 730
Highl A ; + less than 780
- - Highll : : . less than 830
Superior High o less than 935

(Source : DAWSSA)

Distiibution niains are mostly made of ductile iron pipe and their diameters vary

belween 60 x'm:n_ to 1,200 mm. Most of (hé water for the ccmcr_bf Damascus is ‘supplied
through one 800 mm linic and one 600 mm line fro:_‘n. the Eastcrn 'rcscr'\'Oi'r and two 1,200 mm
lincs from the Western reservoir.  Distiibution mains are provided with a totat 5,337 numbers
of control and sectionalizing valves for optimizing distribution network 0pcfalions. There are
atotal of 541 fire hydrants with a 4 inches bore. © The hydrants arc typically lt_)fcal'éd in Wtitity
-boxes below graldc_. Total ICIIglhé of the disln’bﬁltion main are summanzed t@s'folloi\'s: |

R L : (ﬁnit:km)
C Ductlleiron :  Castiron - Steel “"Folat .

9278 1244 66.7 "1,11897
T (B29%) (11.1 %) 22 (60 %)

) aurce © DAWSSA)

4-6

&



About 124 km (12 %) of cxisting distribution mains as shown in Table 4.3. 1 from
nominat diameter 80 mm to 600 mm, are made of cast iren pipe and the connections are lead
joint method. - Many water leakage occur caused by these cast iron pipes and joints and valves.

4.3.5 Service Reservoirs

There are 30 reservoirs providing a total camcny of aboul 0. 2 million m3 Ensung
SCrvice reservoirs are classmcd into the followmg 8 different lypes | |

- Reservoirs fed directly from: the Figeh main spring 2 bﬁly :
- Rcécrvoirs fed directly from the tunnels by gravity or by pumping - S total
- Reservoirs fed from other reservoirs by gravity ' 3 total
- Reservoirs fed from other reservoirs by punping - 10 total
- Reservoirs feeding other reservoirs theough the distribution network 2 total
' Rcsc'r'voifrs fed only from local wells, 'supblying distribution network 6 total _
- Reservoirs fed only from local wells supplying local networks 3ol
_ Reservoirs for lcguhlmg the prcssu:e of !ransmlssxon mains 4 t_otzil

In general, rcscrvbirs are construcled under ground and providcd with pumping station,

‘control housc tr:msformcr house and dieset generator house. At production well centers,

hypo chlorite dosing pumps are p;owdcd lo disinfect slowd water before distributing it into
network.  The dosing rate for hypo chloutc is determined by the resulls of water quality tests

*carried out- wuh laboratory at DAWSSA headqumcra Walter sampling is scheduled every
- morning except on Fridays aird National holidays. * Water from Figeh Sprmg. is a chlorinated
~al the plant located in a separate building in front 0!‘ the entrance to the tunnels feedmg Wali

reservoirs. - This chlorinating plant usés chlorine gas, with cylinders having a capacity of 800
kg cach. :

As for measuring water flow at reservoirs, flow measurement devices are located at the
e'nu'ance of both tunnels in Figeh spring, Western scrvice reservoir and _production well centers

" in Pamascus | city. Othcr service reservoirs and prmcnp'ﬂ distribution mams need ﬂow

metering 1o eslabhsh a plan of operation and amlys:s for water Ic'ﬂngc o
4.3.6 House Conneblion and Water Meters
+ According 10 thc DAWSSA's standard specilications, the service p:pc from the

distribution main 1o the individual premises is generally made of polyvinyl chloride pipe (PVC),
or galvanized steel pipe.  Saddles, brass union sockets and stop cocks are wsed for branch
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connection. A typical conncction diagram is illustrated in Figure 4.3.5. The size of (he
service line depends on the number of dwellings being serviced as follows:

{unit : inch)
_Number of dwellings  Size of sesvice pipe

t - 12

- 2~3 314
46 1

Coe~11 - 1-1/4

i~ 16 1-172
16 ~ 50 2

' "(Source : DAWSSA)

_  Thete are two nucthods for connecting individual subscribers in nu:xllipic unit dwellings.-
The preferred method consists of individually metering each subseriber. A second. more
commonly used mcthod consists of providing one metered connection for all consumers.
DAWSSA is responsible for all aspects of the service from the distribution main to the meter
box. The meter box is the rcsponsibifity' of the subscriber. Water meters for- individual
house cohnéctioh are generally of the multi jet lypc, half inch p1pc size, and of Synm make.
Meters above a half inch diameter are imporied from France, Gcrmany and other countries.
According to DAWSSA's records for 1994 and 1995, there is a tolal of 1,833 waler nicters f01
| hrgn. consumption users and 235,9’1% ncters for nornial qubscrlbcra '

_  According to water meter reading in 1995, 84,112 meters (36 %) ucordcd less th'm 5
m' consumption per quarter, DAWSSA has carried out rcplaccmcnl and install in’ “total of
-1, 546 water micters of Inlf inch plpe size. The meter checking departmient of consumier affairs
directorate has a capicity to carry out 10 meter répairs a day at the mctcr rcpalr shop located at
DAWSSA headquarters, staff conslsls of one technician for repairing and nine workers for :
dismantting/mounting ineters. The meier repair shop is cquipped with a meter test beneh, a
- small size tathe and a drilling machine, and those arc scemed to be in well operation condition.

4.3.7 SCADA System _

"Ihe SCADA syslnm (Supemso: ¥ Contro! And Dala Acquismon systcm) is to cnsuu, .
Opnmum walen produchon and dismbunon operallons of the Damascus’ City Water Supply
The conlmct for supply and mstalhlion of the SCADA syslcm “which'staited in 1994 is being

carried out by the Halian contractor ' Nuovo Pignone. The total project cost is 12 million.
- dollars mcludmg 7.5 million dollars in forugu currency covered by aloan from the Arab Fund
{6 million dotlars) and the Synzm Govemment (1.5 million dollars).
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The project is scheduled to be completed in April 1997, however actual progress as of
July 1996 is about 6 months behind the original schedule duc to delays in supplying
communication equipment. Overseas training of the DAWSSA operation and maintcnance
stall’ will start at the contractor’s laclory in Italy this Oclober for a total of 600 man-day
according to the contract.  After the completion of installation work, the contractor has a
obligation to supervise the DAWSSA staff for opcration and maintenance of the system during
* the 30 month guarantee period. ' '

: - The systein consists of three control centers with Wali reservoir being the main control
¢ center,’ !_?AWSSA headquarters the alternative control center and Figeh Spring the secondary

- conlrol center. Remote terminal ‘units are provided at cach rescrvoir, .pumping station and

control valve in the distribution network.  The system has two main functions: ﬁrstiy, to.
collcct data from cach facility through remote terminal units and sccondly, to provide rcmolc .
control capabnlllles for each famh{y from the main control center (or the altemative. contro}l
ceniter). * The system schcm'mc is shown in Figure 4.3.6 'md a summary of the main § uncnons

: is prov:dcd as fo]lows

Data collection : Remole control
- Water fevel in reservoirs ~ = Pumps (on/ofl)
-Pumpstatus{on/olf) - - = - Valves {open/close)
- Valves status (open/close) - Penstock gatcs (opcn!closc)
- Penstock gate status (opcnfclosc) :
. - Pressure

L Waicr flow (v CIOCII}')

In addillon to the above cov crod area, DAWSSA has:a plan o C\p'lnd lhe SCADA
systcm to Barada sprin g area.

4.4 - Present Water Usc and Customer Consciousnecss
4.4.1 General

“An interview survey was carned out to :dculs fy water suppl}* service cond:huns in the
: C:ly and arcas {acing w ater shorlages. A tota} of 650 famnllcs ‘were suwcycd covering 15

._3 districts in the city mcludmg lhc mfomn] areas Thc sun'cy was carricd out i July and
. Augus!m 1996. o

* The interview survey was conducted in person using a quéslionnairc, wrillen in both
English and Arabic attached hercinafter.  The effective number of the samples vsed for this
study was reduced to 600 by screening out questionnaires which were incomplete or had
obviously been answered incoirectly,



Interviewees were sclected on the assumption that they were represcatative one of the
following four income classes.  The number of familics for cach class was delermined as

follows ;
______ ~ Number of Samples  Assumed Monthly Income
1) Hsgh Class 100 familics - more than SL. 50,000
2)  Middle Class 100 families ~ SL $0,000 to 50,000
3)  Low Class 200 families  less than SL 16,000
4 Inforimal residet 200 families :
Total 600 familics

_ D'ita obtained from Ihe interview survey was analyzed by data proccssmg and the main
n,sullq are summarized in Table 4.4. 1. '

4.4.2 Tamily Size and Number of Houscholds

The avemge f’lmll)’ size based on the suwcy is 6.01 persons per f'muly as summarized

in Table 4.4.1, * This ﬁguro is almost similar to the result of 1994 Census “The number of
“households including mform'il households is cstimated at 237,000 (lohl popuhu()n of

1,422,000 persons - 6 persons). Approximately 42 000 (I8 %) of households in the City

are assimed to be either unbilled consumers or unconnected houscholds , since the total -

number of the billed domestic conncctions recorded in 1995 was about 195,000, .

.Family siz¢ appears to vmy significantly by district.  For example, ?fﬁmily' siéc in
Kadam and Kafar Souseh is the highest at 7. 26 and 7.25 r:,spccuvcly, while in Kaboon and
Mezzc it is thc lowest at 4.83 and 4.86 respechvcly Famlly siz¢ also varies by i mcomc lcw.l
* The middle and ml'mmal classes show the highest ﬁgur«, with 6.33 persons. :

4.4.3 Mon‘thly Average Income per Houschold

Monlhly *wcrage moozne per hmily in the City is approxtma{cly SL |6 400 as showu in

I"ablc 441, Income: level classification in- the Clty is summarized from the result of the

interview. sus vey as follows. '

e . tUﬂit:%to the Total Population)
High Class - 16,7 \

- Middle Class : - 18.0
Low Class : 39.3
~Informal Residents (26.0)
© -MiddleClass © - 4.5
. = Low Class - 21.5 .
Total 100.0
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In consequence of the above dlassification in the City, the existing population including

informal arcas consists of 16.7 % of High class, 22.5 % of Middle class and 60.8 % of Low _

class.

'4.4.4 Consumption and Source for Domestic Water

(1) Monthly water constmption

© Average monthly water consumptmn per household is 32 n¥/m {177 Iped) in Damascus.

- The highest consumption occurs in Rukn Aldyn with 50 m*/m and Kadam with 46 n/m. The B
* lowest consumption is Midan with 22 m*nm. " Monthly water consumptlon for cach i income
~ class is cstimated below; '

“HighClass =~ :35m®m (194 Ipcd)

-MiddleClass 133 m%m (183 Iped)
- Low Class $32 mim (177 tpod)

- - Informal Residents : 31 m*m (172 1pcd)

Although the demand is not always niet, 95% of formal vsers are salisficd with the -
present quantity of water available for consumption.  Only 5% of users want 1.5 times of the
present amount and 6n|y 1% of users desifc'z limés The pcrccnmgé of respondents that
mdlcalcd a nt:cd for 50% more \'.a!cr i shown for lhe l‘ollmnng areas; Yamiwouk (32%)

: Kaclam (18%), Mldan (9%) and Sarcmyl Kafar Souse (7%}.

{2)  Water source

Just ovér 90% of residents in the City use water supplied from DAWSSA as shown in
'_l‘ab]c 4.4.1. In the low pressure zones, such as Kadam, Kabooh, Yarmouk and Midan, the

* residents rely heavily on b_ouled water, springs and wclls for dn’nking_and cooking.

As suspccicd a: miher large 78.5%: of informal rcs;dcnls usc water supplied from
informal conncchon 10 DAWSSA’s sy:lem lnf ormnal connecnons are made as fo!lo“s 65%
with a valve, 13% withowt a valve and 18% with a boostcr pump. The ava:lablllty of water in
informal arcas is variable.  Only 53% of residents get water 24 hours per day, 21% gcl_walcr

for less than 4 hours per day, 12% for less than 8 hours per day and 14% for less than 12 |

hours per day.  Almost all residents surveyed in inforinal areas indicated a desire (0 have
stable and safe drinking watcr supply. '



" 4.4.5 Customer Satisfaction

Table 4.4.1 shows that 70 % of residents are satisfied with DAWSSA’s existing water
‘supply services.  Results for Jobar, Kadam, Midan, Yarmouk, Kafar Souse and Mezze show
“that the percentage of unsatisfactory responses is spatially distributed. The reasons for
unsatisfactory secvice from the existing water supply are distibuted poor water quality
13.5 % and low pressure 9.3 %. These arcas belong to the Low Pressure Zone in the
distibution system and are supplied with water mainly from DAWSSA’s wells in the City.
About 85 % of the residences have water storage devices with 1 m3 capacily.

-Results of household water use condition are summarized as follows;

"a) 90 % of residents’ drink water directly from the tap without boiling except in Jobar
- where 75 % of resident use boiled water. Results show that quality of supplied
- waler is good enough for drinking. ‘ S

b)73 % of residents consider lha{ water j)rcssure is af!equatc to meet their neceds, while
E1 % said it was too high and 13 % said it was 100 low. Low pressure is reported
*mainly in Midan (46 %), Yarmouk (43 %) and Kafar Souse (30 %).

- ©)92 % of residents' do not use water purifiers. 12 % of high income class and informal
residents use purifiers. . The limited use of punf'er:, indicates that water quahly is
s'msﬁctory to most households.

d) House puinps are used by 29 % of residents on average. ‘Residents in the low
pressure zones, such as Yarmouk (79 %), Midan (62 %), Kadam (46 %) and Kafar
Souse (43 %) show a high percentage of wse. Informal residents are the highésl
users with 45 %. ' :

_As for avanlablhly of DAWSSA Watcr Supply, the m'uon{y of consumcrs get water
wm)day (83 %). - However, only SS % of consamers are supphcd water ovcr 12 hou:s per
(hy during the dry season, - 5 % get water for less than 4 hours per day, 5 % for less than 8
hours per day and 35 % fo_r less than 12 hours per day.  About 9 % of residents took counter
~ measures against the: shortage of water in the dry scason as shown in Table 4.4.1. Kafar
Souse, Kaboon and Mézzc seem to have the least daily water availability.  Almosl all residents
inslalled water slorage devices as a coping against water service interruptions,
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4.4.6 Waterbome Discdses

Table 4.4.1 indicates that not many residents got, in spitc of drinking unboiled water,
watcrborne diseases with 109 reporied cases.  Total percentage of water related diseases is
18.2 % consisting of Typhoid (2.5 %), Cholera (0.2 %) and 15 % for other discases. Othey
discases seem to occur from a lack of hygiene based on the obscrvations of the interviewers.
It is a proof water is supplicd with geod hygicnic standard.

Cases of typhoid are reported in Rukn Aldyn, Kadam, Midan :uid Kafar Souse, 'm;d= :

‘Cholerain Mezze.  As for waiterborne diseases at each class, Low (40 cases) and Informal (36 |
‘cascs) show hlghcr than ngh (15 cases) and Middle (18 cases).

4.4.7  Water Cost per Household and Willingness to Pay

Monthly average paymcnts for water, sewerage and elccmcny are reported by survcyed
famlllcs as follows; : _ o :

-Water 147 ‘_ SL/nionth/family (0.9 % to Avcragé incOmé)

-Sewerage @ 75 SL/month/family (0.5 % to Average Income) |

- Electiicity .- - 450 - | SL/month/family (2.8 % to Average Income)

On average 72 % of official consumers for watet consider that the present payments are
reasonable as shown in Table 4.4.1. It should be noted that 40 % residents in Kadam, Kafar
Sousc Tobar, Shagour and Midan complained lh'at water charges are too high for paor service

© conditions and payments are oo expensive compared to their incomes. Rcstdents in Yarmouk

claim that existing paynients should be lower because they recewc less quantily and Jower
pressure. . The level of customer squshcnon by income Class drops from 84 % for high
income class to 65 % for low income cl'\ss

As for 'willingncs's to pay for water in the informal arcas, 93.% of informal residents

 show their wzlhngness to pay for water supplied from DAWSSA Only 7 % of reqdents in the
“informal areas mdlmlcd they would not pay t'ulff bcmusc they consnderu:l their income
“unaffordable. :

The interview survey asked consumess their op:mon on affordable l'mfi's if the
infrastructures are improved such as water supply, sewerage system and eleclricity supply.

“Affordable tariffs to the following infrastructures is surnmanized below s
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- Water Tariff
- Garbage Tanf{fl

- Electricity Tariff

: 151 SL
177 SL
+433 Sl.

4.5  Unaccownted for Water (UFW)

4.5.1 General

The unaccounted for water  study was carried out (0 assess the current situation in

(147 SL/month al present)
- (75 SL/month at present)
(450 SL/month at present)

© Damascus, and forinuiate recommendations for reducing the unaccounted for water figure.

Thc objcclwcs of the study were to

1) Identify the preseat condition of - unaccounted for water in Damascus

ii) Make recommendations and set achievable targets for the reduction of UFW

i) Make recommendations of measures to be used for the reduction of UFW

Deiailed analysis of thc unaccounted for wa(cr in DAWSSA‘S water supply system has

been made 'md is prcscn(cd in Appcndlx F

4.5.2 Components bf UFW

Umccountcd for Wa!cr (U FW)} can bc dLbCl'led as, lhal waler which i is the dlffcuuce
between thatl quppllcd and that whlch is, 'n:counicd for The watcr ba!'mcc of DAWSSA as at

: I99S is shown bclow

Descriplion

“MCM/Year

Percentage

Revenue

Technical

Economic|]  Number
Billed I Domestic Use 46.1 31.1% . Meler Delivered
2 Government 13,6 6.2%
3 Commercial 2.8 1.3%
4 Industrial Use 0.5 0.2%
_ S Waterrights .~ 149 6.8% :
Un - Billed 6 “Religious & 0 3.8 1.7%  Un metered
7 o PublicUse S : s
7 Meter 0 314 - 144% - Under
E Malfunction I o estimation *
' 8 - Informal Use - 29.7 13.6% not metered
" Jtw38 Sub Total . 142.8 » -
0=]0-subtotal._ SystemLosses ~ ~ 75.5 34.7% Losses
Production 10 “Total 218.3 100%

- The unaccounted for water study was carded out, and assessed the current situation in
Damascus, where 64% of the total water production in 1995 was attibuted as being

unaccounted for water.
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UKW consist of four main components which are :

a) Meter Malfunction _ (14.4%)
b) Religious and Public Fountain Use ( 1.7%) |
) Informal Use (13.6%)
d) - System Losscs (34.7%)

Total UFW = (64.4%)

* Field Survey

' Field surveys were conducted in the following areas :

- Berzze Village - ‘- (ResérvbirZone) |

Esh Al Warwar ' - (Informal Area)
Mahadi Bin Barakeh & Malki Strect (Leak Detection)
" pDar Al Moalimat & Ruku Aldyn =~ (Meter Survey)
The Army Camp at Tishreen ) ~ (Leak Detection
20 Mosques - - S (MeterSurvey) |

. Major ﬁ'n_ding's’ o_f the survey are as follows ;-

i) Informal use

" There are 14 informal housing arcas scattered throughout Damascus. The population in
these areas exceeds 407,000 and there is a substantial leakage problem at most sites.

* None of the rcsndents pay for any water consumied and in the unaccoumed for water

' c'ilcuhtlon the mformal arcas, arc a major contnbulory factor

i) Old water mains

- In the city of Damascus there ar¢ many pipes which have a hustory of leakage and ar¢ in
- urgent need of replacement. Mmy of these pipes are old cast iron pipes with lead joints
that frequcmly leak . ch]acmg these waler mains will slrenglhen supphes and further
- :rcduce the 'unounl of lcakagc in lhe syslem '

iii) Domestic Water Melen. o : _

Meter malfunction in Dnnascus is very hngh with over 84, DO{) metcrs currently awaiting
repairs resulling in a figure of 14.4% for un-billed water. ‘The most common mter in
use is a locally made meter called the Doris - mcter which is of the multijet variety and
does not  record accurately at low flows.
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iv) Religious and Public Fountain Use
- Water which is used at the mosques and public fountain is un-billed water and as such

is a constant source of misuse and general waste. In the unaccounted for water figure
they account for 1.7% of water produced and unless precautions are taken this figure

will rise.
© 4,54 Strategic Plan of Reduction of UFW

- In order to reduce the unaceounted for water figure, various countermeasures have been

a -_proposcd All “ of these countermeasures are technically and economically possible. They

~ would also provide for betier management of the system and information about the system
which i is not available at this moment.. A reasonable target of 25% has been suggested for the
year 2015 which should be achicvable, 1l one compares this figure to typical English targets,
then they are very similar and in Jakarta a target figure of  25% has also been set. -

- These ﬁrgcts are seen as’ realistic 'la:gcls and ones that can be achieved It is thercfore

important that this goal is maintained by DAWSSA otherwise, there would be serious shortfalls

- in the supply of water to the detriment of both the customcr and DAWSSA.
The mblc below shows the target reduction and iim_e!ablc of evcnls.

* This docs not include the Religious or Public Fountain Use , : )
Present 1995 2000 2005 20102015

Items

‘InformatUse - 13.6% 4% 1% 0% 0%
Meter malfunction o - 144% 3% 0% - 0% 0%
System Leakage - : 34.7% S 32%  30%  28% ¢ 25%
Total Unaccountcd forwater - 627% 3% 31%  28%  25%

4.5.5. Recommended Countermeasures for Reducing UFW

() Water supply impfovcmcnis for infonnal_a'rcas _

Itis: proposcd to transfer 'dl of lhcsc mi‘onm! housmg arcas from infornial status lo= ‘
formal status.. The reason I'or this is to save waler from leakage and encovrage the residents to? |

pay their due w ater ralcs for water consumed. By transferring all of these connections, the ratio
of un-billed customers should be reduced by the year 2006 and the high leakage rates that exist
at present at these informat housing areas will eventually be eliminated.

4-16



2

‘Leakage control and supply improvement

The alternative plan for teakage control falls into 4 main groups. They are as follows ©

i) A program of mains renewal to reduce the level of leaking lead joints on cast iron
mains and reinforce the existing distribulion system thus safeguarding supplies. Many
of the pipes are old cast iron mainis with-lead run joints which frequently feak and by
replacing these pipes the frequency of leakage will be reduced. The oldest pipes to be
replaced date back to the carly part of this ccnlury from 1906 dating to the late 60s and '

are cast iron pipes.

Each year, there are many instances where these pipes leak and rapid atiention is called
for. In addition to the leaking joints, other filtings such as sluice valves and air valves -

are constantly leaking. Each lime a leak develops, there is quite a substantial loss of . -

water. The repairs of such leaks can be expensive, as roads have to be excavated and

~the mains have to be cmplled of waler so as rcpalrs can bc camcd out.

'ii) A program for. setting up approximatcly 67 district meter areas which' will cnable

DAWSSA to monitor  the distribution systcm and ldcnufy arcas of high leakage. The
size of these areas would be determined bya numbcr of factors, such as the size of the

pipe supplymg the zone or its geographical boundarics. As a rough gu;dc Dsstnct meter

areas wnth medium scale should be no more than 6000 propertlcs and no less lhan 2000.

.f 'propcrucs Consumpnon into these arcas should be measured at night whcn lcakagc is
‘ assumed to be a major clement bcmusc of low domestic and mduslnal use.

After allowances have been made for lhcsc uses (norrim]ly 1.9 liters/Property/Hour) the
difference is assumed to be leakage. However, in Damascus, consideration will have to

- be given to the fact that is some areas, there is a possibility that overhead storage tanks
- nnght be ﬁ!lmg during the mghl therefore allowances will ‘have to be made,. such

mfonuaUOn 'will become known Oonee mcasurcmcnls ha\c bccn camed out at cach

dlsmct mctcr arca.  Once mfonnahon from the systein bcoomcs 'lvailablc it will be
' poss:ble to generate monthly reports. Comparisons can lhcn be made wuh former
- monthly reports and present monlh!y reporls and calculations of lcakage rales mll be
 possible. As each arca is completed, then the condition of leakage, the pressure range

and consumplion figures will become available, and in those areas of high leakage, the
leakage teams could then be directed to investigate and find the leaks. Having cbmplctcd -
the leakage survey and repair of leaks, it will then be possible to determine a leakage
trigger level, whereby, once a certain level is #cached, then it would make' cconomic
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sense to investigate the area for leakdge (sce Table 4.5.1).  Therefore, it is

reccommended that the leakage from the distribution system is obfained my -

measurements of night time flows and night consumption. This method can be used to
obtain a measure of the absolute tevel of leakage, butio do so, it would be necessary to
make a deduction for night time consumplion.

ity A progeam of sctﬁng up pressure regulated zones which will reduce the levels of

leakage in high pressure zones. A critical etement of leakage control is the maximum
usc of pressure control. This wilt have an effect of reducing the level of leakage, the
rate at which leaks happen and further reduce the actual loss when a leak does develop.

- Advantage should be taken, where appropriate, 10 use the latest available pressure
“control valves that automatically adjust to varying demand patterns. Reducing the

pressure will not only feduce the Iével of leakage, but will also reduce the quantity of
watcr used in what can be described as open tap use (widespread in Damascus) and it
will also reduce the { requcncy of prcssurc type bursi

iv) Increased leak 'd_cl'ccu'on surveys to locate and report leakage from the distribution
system. At the start of . 1996, there was only one leakage team for the whole of

'DAWSSA s d;stnbuuon syslem Clearly, this was insufficient and Tfollowing

recommcndatzons inn June, the section was increased to three tcams ‘The lnfomlatmn

':regardmg leaks is now being stored in a computer database and il‘lS expected that the

DAWSSA staff will be able to produce monthly reporis for higher man'agcman With

- such information avajlablc management at DAWSSA will h'wc a valuable tool at their
~ disposal which will cmblc them to make sound dcusmns basod on faclua] mfonnahon '
inthe futurc S B B

Meter replacement scheme

“The study and provisional conclusions of the meter Teplacement program is that the

_supply of qualificd water meters w ould be advantageous (o DAWSSA and would reduce the

: 0\ccpllonally high proporllon of unaccounied for water camcd by meter ervor & malf uncuon

It is lhcrel’orc rcoommcndcd that the Doris mctcr be cvcniualiy  phased oul in

:prcfercncc to beter thty meler which must have a higher degree of accuracy and are less

likely to malfunction. These recommendations are made  on the grounds that it would help

reducé the unaccounted for water figure and that it would make cconomic sense.
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(4)  Implementation schedule

The implementation schedule for each program is shown in Tables 4.5.2 t0 4.5.6.

4.6  Organization and Institutional Status

'4.6.1 [Institutional Setting of DAWSSA

DAWSSA is legally designated an auionomoué unit within the public sector under thé

“sponsorship of the Minister of Housing and Utifities: In reality, all of DAWSSA’s activities an,
- State controlled and it has little frecdom on budgets, wages, tariffs, and direction.

The Authority came into being in 1984 l'tking over - rbspmisibililies from EPEF

- (L’Etablissement Public des Eaux dé Damas (Figeh)) for water supply and with a reqmre:mnt
- also to lake ov er rcspOnsubnhty for wastewater l‘rom the Municipality of Dannscus '

For the dcvclopnwnt of walcr_rcsm_lrccs, other th:m-Figch, ‘outside the city boundaries

- DAWSSA is required to seck licenses from the Ministry of Irdigation who have responsibilities”
for. waler planning and 'rcgu}i\tion with‘m the cily boundar’y that Ministr'y, DAWSSA,Z and lhe

.....

Only now, with the seuing up of a DAWSSA'subsidia'_ry ‘Company'. aré moves bcing

- made for taking over responsibilities for wastewater from the Municipality (involving the

transfer of some seven hundred staff).
4.6.2 Present Org'miimiibn

: I)AWSSA is- mamgcd through a erd of Directors co:npnsmg ruqmred cxcculwc
directors - the General Director and his Depuly plus the Directors of Finance and Planning, one
other selected director - currently the Dircctor of Consumer Affairs, and two nominated worker

reprcscn!alivcs - cuménlly one from ﬁnancc and one technical directorate.

- DAWSSA comprlscs 16 main dlrectoratcs the General l):recloratt,, and (wo scrvice

- departments (see anun, 4.6.1). The recent n,sponsc by DAWSSA to the Minister reg'trdmg

lns proposcd model’ structure could imply a rc,ducllon o Jusi clght main dl!’tCtOl’ﬂtCS

Overall there aré some 1,340 staff (including a s’mall p'ro'pOnion‘who are either
femporary or coiitract); staff remuneration and tenure of position are regulated by legislation
(the Labor Laws).. The current ‘manning ratio’ of © 5.4 staff 75!,000 connections is
reasonable by international standards. ' '
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- 4,63 Problems of the Present Organization

 Paramount among DAWSSA’s current problems are excessive water losses and low
revenue income, at the same time as deteriorating levels of service to customers,

~ Organizationally, judged against *best modern practice’, there are problems of an over
fragmented organization structure; absence of functions for personnel, training, and
information technology; inadequate remuncration and mofivation of staff; cxcessive
bureaucracy; and lack of customer orientation. '

~Itwould also benefit DAWSSA considerably if instilutional changes could be made to

. ‘enhance their autonomy in respect of constitution, [linances, and manpower and to improve:

‘water resources planning and regulation.

" 47 Financial Affairs

A sunimary statement of incomes and expenditures for the 1990-95 period is shown

below with further details contained in Appendix I of the supporting report. In terms of revenue
'gro_wih, financial pesformance has improved significany f rom a pre-fax net 'lnl.COI’l\c of SL. 5.5
million in 1990 to SL 252.5 million in 1995, Water sales reachod SL 293.5 million and
* accounted for 80% of fotal 1995 revenues. This large improve'mcn_t is due o substantial tariff

increases and growth in the number of metered connections. | '

Summary Revenue and Expenditure Statement (SL millions)

T TI0NT992 TS 1994 1995

Rovenue 1356 2218 2003 2351 308 3Ba

Opcmlingcxpcns{:s: . 976 1138 . 1385 _ 1463 1796 2164
Operatingincome 380 1080 707 790 2002 . 1368
Depreciation” 324 364 4000 397 502 54.1
Income -~ 56 719 306 393 1500 826
Profiitax .~ ~ 47 532 - 203 337 ‘815 483
Netincome _ - 09 18.7 o 3. 56 625 343
Financial Indi'c::uor*'s S " I R - '
Working ratio (%) 72 sl 66 65 47 61 -
Operating ratio (%)~ 96 68 85 83 61 77
23

Profit margin (%) 4 32 15 17 39

4-20

@




e
W

@

Substantial increascs in pre-tax revenues have not resulted in a corresponding
improvement in the overall financial position. Accounts receivable have remained unacceptably
high at 190% of total revenue in 19935, equivalent to 23 months of water sales.

Although production increased over the 1990-95 peried the percentage of water sold
decreased from 34% to 29%. Meanwhile, unmetered water use increased from 56% to 64%
over the same period, possibly indicating increased losses in an ;iging distribution network, or

~ an increase in informat use or both. Revenue gencration is scriously undermined by a ldrgc :
 propoition of malfunctioning meters and ‘a high proportion of unmetered informal use. A
~review of 1995 billings reveals that as many as 33% of 'dmnéslic‘imlers could be

' altfunctioning. Approxlmatcly 30% of the domestic population ¢ 407,000 users) are connected |

informally to DAWSSA’s system and account for an estimated unmetered consumption of 29.7.
M_C_M per year. The potential revenue lost to these two sources is conservatively estimated at

~* SL.157 wiillion ($US 3.7 million)

A r.cv.icw of expense statements for the 1990-95 period r"e\'eal‘s the following:

a) Stiffing and Salaries: While slaffing Ieifelé have remained more or less constant at

‘ 'uround 13(}0 employces, salary costs have increascd by 220% ovet the 1990-95 period.
Salary costs are the largest component of direct operanng cxpenscs representing 50% of
‘the total. : B : '

b) Elacrgy: Energy (is the second largeé:t‘- component of direct operating cx:pénscs,
accounting for 21% of the total in 1995, This relatively small amount is due to the
- extensive use of dicsel gencrators for pumping at remole well sites and fow, preferential
 electricity tariffs. In li:nc with the development of a free market éédnomy there will likely
be a significant increase in electricity tasiffs in the near future. Because DAWSSA will
“become - increasingly dependent on pumped water supplies it is clear (hat improving
the efficiency of pmnpmg opcraltons and cqulpmen! is of the utmost :mponancc to

- reduce future cnergy costs. ' ' '

<) ‘Mqiﬁluﬁﬁd.,: Maintenance costs associated with vacious operational activities are
difficult to identify because lhcn, is no cost accounting. Esiumled mamtemmc .
expenditures for 1995, were about $1. 33 million which is only 15% of annual dm,cl:
operating expenses. The amount of maintenance related to the water distribution system
alone is about 10% of the tota). This relatively low proportion mdlcz)tes a significant
level of deferred maintenance. ' .
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d) Service fees. Scivice fees in 1995 reached a high of SL 36 million and accounted for
" 16% of dircct operating cxpenses. Service fees included approximately SE 15 million
~ for maintenance contract services, SL 6 million for cquipmcm:ahd transportation rentals,

SL. 1.5 million for insurance and SI. 14 million classified as “miscellancous services”
expenses. Withoul accurate cost accounting it is difficult to explain this significantly
‘high level of expenditure,

- A review of the batance sheet for the 1990-95 period indicates that fixed asset values
appear (o be considerably lower than replacement costs. For example the estimated replacement

- cost for the water distribution network is approximately SL 5,200 million ($US 124 million).

. However, the asset book value is only SL 445 million ($US <l'_0.6_million).: Fixed assets have

never been re-valued since DAWSSA’s inception and current annual depreciation allowances

-are insufficient to pxowde for the on-going u.habilltation and rephcement of the distribution
- systei.

In terms of merall financial nnmgcmcnt lhen, are lhrcc s:gmﬁcant factors that 1mpcdc
' good pcrform:mce ' '

(a) DAWSSA has no clearly deﬁned financial objectives. ]Iisloncally the main aim of thc'

utility has been to- provide safe drmkmg water to domestic ‘consumers at affordable
levels. Heavy government subsidy has discouraged lhc_concepl of p:owdmg €Ost

effective service. Management's efforts to- operate on a miore comnxrcial basis s -

- hampered by pohllcally detérmined tariffs whlch undercharge consumpuon by. a lu ge
lmrgm. and a mlatwcly high profil tax. ' '

(b) The accoantmg of income is’substantially dc!ayod by an mcf ﬁcxcnt billing and collccuon
pracess. Meters' readmg has slipped from 3 to 6 month intervals. The total billing and

collection process takes about 11 months from the time the meter is read (o the time the .

payment is received. The lack of timely financial information seriously hampers
management's ability to comro] cosls, prcp'trc hudgets and provide accurale forecasts of
futuie financial necds '

(c) T hc 1ccoummg system is lnsed on lhe cash accounlmg pnncnple md hcks the '1b|hly o

prowdc the cost ﬂccou:mng iypxca]ly needed by utility managers to control operating and

maintenance expend:(urus. All income and expenses are accounted for centrally and
~entered manually in ledgers, The system does not facilitale accountability of public
funds.” For example, funds collected from network improvement charges are not
‘segregated from other funds and may be used to cover any kind of expense.
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Water tariffs are sel uniformly by the Central Government for the whole country and
variations to reflect the individual operating costs of each water supply utitity are not permnitied.

Domestic consumption is charged on the basis of a stepped tarilf structure where unit rates

become progressively higher with increased consumption. Other consumers pay on the basis of
a fixed tariff strocture. Domestic users account for 80% of the tolal’ mnctered water
conswnplion and 63% of total water sales. The industrial/commercial tariff is higher than the
domestic tariff and is inle:idéd to provide a cross subsidy to donestic consumers.
Unfortenately industrial/commercial use is only 4 % of the total metered consumplion and as'a
result generates only 2 small 14% of the total revenues. There is a strong infernal cross subsidy
between domestic consumers. For example, large “volume domestic consumers (oVe.r?i%O
m¥/month) who account for 20% of the total consump(ion generate a substantial 40% of the
total income while low volumc consuniers (less than 20 m3huonlh) who account for a n.hnvcly
Iﬂrgc 32 % of the total consumption only gcnemtc 16% of the Iolal income. s

~Until 1986, domeslic vsers: could pun.h'tsc for a one time lump sum paymem. a

pel petual water right for the consumpllon of an agreed upon twonthly volume of water not -

subject to water tariffs. Water consumed under water right agreements represents 20% of the

“total metered consumpuon Although these water nght agreements served to gcncmte needcd

capital funds, they unfortunately created a situation wherea subslanml propomon of the water

:dchvcrud by DAWSSA is consumcd wnhout genemlmg revenue.

© A summary of the s'ourcc and appliéaiion of funds for the 1990-95 petiod indiéaies that

_ bpmalmg income before taxes ﬂccounted foronly 12.5 % of all available funding while loms
. & accounted for 90 %. Thls rdahvely high propomon mdlcatcs a large dependency on

governiient subsudy and forugn loans. There is an obwous need (o increase water (ariffs to
cover (he costs of mvcslmcnt spending and increasing debt service charges associated with

inv LS‘!!ICIH loans.

- Capital investment rcached a high of Sl, 334 mﬂhon (S 8 million US) i in 1993 and has
decicased since then to SL 240 million ($5.7 lmlhon US) in 1995, The amounts mvcsled in
new capital projects’ has fluctuated over the 1990-95 period, however spendmg asa promrhon |
of funding sources has increased steadily from 28% in 1990 to a lngh of 43% in 199S ’ﬂus :

“trend indicates management’s continued - commitnient (o mcct the demands of a s growing

population. Most of the effmts to date have focused on providing new mfrastructuu ‘More
cmphasis will be requited in the near future on maintenance and rehabilitation expendlturcs in
order to protect this extensive investmient in infrastructore. '
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JAPAN INTERNATIONAL COOPERATION AGENGY {NICA}

THE STUDY ON THE DEVELOPMENT OF
WATER SUPPLY SYSTEM FOR THE DAMASCUS GITY

Figuce 4.3.1  Existing Water Supply System in Damascus
(onJan. 1996)

(Source : DAWSSA) NIPPON KOE1 CO,, L0, B
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Figure 4.3.2  Schematic Diagram of Water Supply System
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A
/l:arada Transmissfon Maln

)

LIST OF WATER SUPPLY FACILITIES

[
L
30N

Rel. No., ¢ Nanie of Facility
1 . kaboon Production Well Center
2 | Warwar Service Reservoir
3 ! Jaramana Production Well Center
4 | Takadeni Production Well Center
8 | Mezze #36 Yligh Service Reservolr
A : Ibn Assaker Production Well Center
Al | Oumawiyin High Service Reservoir
A2 | Oumawlyin Production Well Center

_B.1b | Berze Bohooth Service Reservoir

B.lv | Berze Village Service Reservoir

B.2 | Akead High Service Reservolr

C.A  Abba Sfin Iligh Scrvice Reservolr

C.a | Kadam High Service Reservolr

C.¢ © Bab Eastern 1High Service Reservoir

C.j  Jobar ligh Service Resersoir -

CX% " Kahoon Booster Pumping Station &

: o High Service Reservolr

"C.m - Bab Mosallah High Service Reservoir

D  Dummar Booster Pump Station =

D.1° ;- Durimar Iigh Servicé Reservolr

132" ° Dummar Regulation - 1 Service Reservelr |

1.3 | Dummiar Regolation - 2 Senvice Reseevolr
D4 | Dummar Regulation - 3 Service Reservolr
"G, ¢ Jemarya Service Reservoir i '
~ G.ps  Jemarya Booster Pumping Station

LA Wali Service Reservoir

LE Akrad Low Scrvice Reservoir

1LY  Fastern Service Reservolr

H.O  Western Service Reserolr,

J i Jober Prodiiction Well Center _
"J.A | University Production Well Center .
K.l - : Kassioun Middle Service Reservolr

K.2 | Akrad Middle Service Reservoir

- K.3 | Kassloun High Service Reservolr
K.7 | Kassloun Superior Service Reservoir
K.8 | T.V Service Reservolr

K.m | Kadam Store roduction Well Cénter
K.s ' Kadam Superior Service Reservoir
‘M.1 ¢ Mezze Sensice Reservolr

M.2 ;. Mezze High Servicé Reservolr

‘M.a2 ' Mazraa Production Well Center

N.I ! 1bn Al Nafeas Senvice Reservolr
‘R.K i! Khorshead Service Résérvolr

NN

f.egend f@ - Existing Facility.

© JAPAN IVIERNATIONAL COORERATION AGENCY (ICA) |
- B3] On golng Project o 1BE S1UDY ON THE DEVELOPMENT OF
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" SCALE 7 _ | :

0 1 2 3 4 Birn ‘ Figure 4.3.3 ° Location of Water Supply Facililies
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‘Figure 4.3.4
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Figire 4.3.5 - Typical louse Conneclion
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) Se::ond:u):' Conleol Centes

» (under plan)

(Vigeh Spring

‘ Kadar Store

4

| Kadam Railway l

University
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Al Ayoun =

Main Control Cen
{Wali Rescivair)

Ibn Assaker Berze Mazraa

Jemarya

Punminsar

Arbaiin Repeater Station

Alternative Control Center
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(DAWSSA Headguarters)

legend: «~4 - B Micco Wave
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~<§—3  Optival Fiber Grass Cable in New Tunned

Note : Inxisting PABX (privale sutomatic branch exchanger) will be used for back-up systeny.
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Figure 4.3.6° - Schematic Diagran of SCADA System
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