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THE STUDY ON THE DEVELOPMENT OF
- WATER SUPPLY SYSTEM FOI THE DAMASCUS CiTY

Figure D-2.1
Location of Proteclion Zones

Source: DAWSSA, Ministry of Irrigation
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Figure D-3.1a
Sampling Locations (Damascus)
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Figure D-3.1b )
Sampting Locations {Olher Areas)
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JAPAN INTERNATIONAL COOPERATION AGENGY (JICA}

THE STUOY ON THE DEVELOPMENT OF
WATER SUPPLY SYSTEM FOR THE DAMASCUS CITY

Figure D-3.1¢
Sampling Locations’ (Rivers)
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Figure D-3.2
Residual Chlorine Concentrations
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Figure 0-3._35 Trilinear diagram of
Hydrochemisiry (Barada and Figeh Areas)
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Figure 0-3.3b - Trilinear diagram of
Hydrochemisley (East Damascus)
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Figure D-3.3¢ Trilinear diagram of
Hydrochemi:s_lry (West Damascus)

T NIPPON KOEI €0, LTD.

D-80

9



@

o

© " Near Artooz
" Tabiblyeh

*Amid School (Emergency 51 )'

- .Yalbugha

Zabadani Well 1 (urngation)

‘Zabadani Well 3 (irrigation)
" Jobar {(well #12)

~ lbn Assaker (mix)
* Kafar Souseh (Fringe 23)

Barada Spring ]
Barada Well 2 (#3)

Barada Well 1 (#4) e
Figeh Side Spring
Energy Dissipation Basin
Barada Water at Figeh -

Knasa e
Talmasieh
Membej

Katana 50

Yaafoor
Yaafoor

Ain ElIrk
Figeh Main Spring

Bit Jenn Pool
Bit Jenn River

Beit Jenn

Sarada Spring

Shebani _
Zabadani Well 1 (irrigation) -

Zabadani Well 2 (irrigation)

Zabadani Well 1* (irrigation)

Naboua . ‘—_‘“‘“““‘]____

Ain Haroush

Deir Moukaren

Cumawiyin {mix) - : _ —~-—-—'-—-—-:}

Oumawiyin {well #6)

National Museum

Daf al Ward (Fringe 9)

Katana 51 .
Zabadani Well 1" {irrigation) ——————__

____._.___l_

Kadam Store (mix)

Tzkadom {municipal}

Kadam Railway (mix) - ."‘“""""T““_!

Kadam Railway (well # 5) i

Karem Tzha (Fringe 11)

Mazraa (mix)

Mazraa (well #11}

Kaboon (well #1)

Kachkow! (Fringe 1)

Halabneh (Fringe 6)

Burg al Zahera (Fringe 7)

University {well #13)

University {well #11)

Dummar (private irrigation}

Communication Center

JAPAH INTEANATIONAL COOPEAATION AGENCY {NICA)

THE STUDY O THE DEVELOPMENT OF
WATEASUPPLY SYSTEM FOR THE DAMASCUS CITY

Figure D-3.4 Dendrogram (cluster analysis) of

Hydrochemistry

NIPPON KOEICO, LFD.

D-81




" Count of Bacteria Colony

16000
1000
100

=10

Bacteria of Main Figeh Spring and Energy Dissipation in 1995

QO eIXe 00 ' ‘ .
9% 00 O Q00 s Main Figeh Spring ‘
e — o'~n--#~occo‘-—_—fc 18— 1 ! 1 1 b
= B R S S = L 2
.z . - = _
: P g & ¢33 3 08 8 g &

1995

___SAPAN INTEANATIONAL COOPERATION AGENGY WICA)

THE STUDY ON THE OEVELOPMENT OF

WATER SUPPLY SYSTEM FOR THE DAMASCUS CITY

Figure D-3.5
Seasonal variation in Bacteria Counls

T KPPONKGEICO, LT0.

D-82

P
R



15000
14000 1
13000}’
12000
100
JQO'J'J
G750
e
DTGG3
L
oo}~

04050

7 -

Eleclric Conductivity { & Sfcmy) / /
sy h s

03509 = ' 3
8 3 8 8 3 8 8 g g § g g
L= - . W -5 < l;; 2 % S ;: a
: r‘g ;':’, : g g (?: g = ] Ll & -~ ™
@ [inge well
O emeigency well
(] wetfield

JAPAH INTERHATIOHAL COOPERATION AGENCY {JICA)

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

Figure D-3.6a
Contour Diagram (Electric Conductivity}

HIPPON KOEF €O, LYO.




15000

14000

12000
f1000

15000

27000

25000

130001

O T

d C‘;COWL i
Total Hardness (Tg : ) -

(1 wetfierd

O emergency well

p¢-500 ._ “;I*
L . T -
o Ty T % 8§ 8§ 3
g 8 g § § § & 8 g g 8 8
3 5 5 2 2 I g § 8 5 8
@ fringa well

JAPAN INTEANATIONAL COOPERATION AGENCY {JICA)

THE STUDY ON THE DEVELCPMENT OF
WATEA SUPPLY SYSTEM FOR THE DAMASCUS CITY

~ Figure D-3.6b
Contour Diagram {Total Hardness)

NIPPON KOELCO, LTD,

-84



15009

(e

13000}

12060

51000

15039

GE000

G300~ < Q P~ 8 [~ o ) =%
g g g 8 g g g g 8 g

G g 3 Y B ] 8 i 8 F S

g 3 3 a & 8 |8 8 & & 5 &

v 63 : .""J -”;»/

«_:'
e
i
1
1
t
1
1

’)\

L=

@ fringewel
‘O emergency well
[} wellfield

JAPAN IHTEANATIONAL COOPERATION AGENGY () \CA)

THE STUDY ON THE DEVELOPMENT OF
WATEN SUPPLY SYSTEM FOR THE DAM:LS_(E_U‘S ciTy

Figure D-3.6¢
Contour Diagram (Sulfale)

HIPPON KCEICO., L1D,

D-85




15000 (- B s
Y Ci Concentration {mgiL.) /e-;
VAT -~ ;
¥ P e
14050 e
i Vi
s I/
-~
13350} PN
"-\_)"/’ .
2000 s
e
11000 . ‘.j
_______ . -
13900 -
T
65850 e
£3900 T
. . -~ -
‘ <
97000 Sl
. . R . &% S "’\1 '
] e - - el s T
’ . ' R .'- ' Z.ojs:
B 574 .. z
‘-: z v ~ -
652008~ - - - - - E £ -
~ s i 7 '
cmm S o _J'}S\
_ ‘-\_\____‘_‘_ “\_E i o } e
04000 - = fi - E R L -
) : Ty ! f - z -
1-3};}’\\___ - j’ ' G
pa 7
OSGO‘JQ S = 3 Y : \;\ S o § o < - =]
s & '§ § & & & & § & &8 8 3§
g 3 g 8 2 2 8 3 g - S 5
@ [ingewell
O emeigency well
[ welified :
- JAPAN IHTERNATIONAL COQPENATION AGENGY {ICA)
THE STUDY ON THE DEVELOPMENT OF
B WATER SUPPLY SYSTEM FOR THE DAMASCUS CITY
Figure D-3.6d
Contour Diagram (Chloride)
L NIPPONKCELCO, LID.

D-86




15000

14000

12000

11900

10062

1300}

NG3 Concentralion (mgili_)

651
i

v

'c;;m

25060

o’roﬁa

'osa%-a N

)

osooog é §
A -8 S

© fringe well
O emergency well
[0 welfield

J63000

54000

367060

368000
. 359@
370000
271000

372000

JAPAN INTERNATIONAL COCPERATION AGENGY (JICA). |

THE STUDY ON THE DEVELOPMERT OF

WATEA SUPPLY SYSTEM FOR THE OAMASCUS GITY -

Figure D-3.6e
Contour Diagram {Nitrate)

HIPPON KOEI CO., LTOD,

D-87




8.5

7.5

pH

s

- year

Change in pH
8 ________ —]-
1+ + e
. + 3 -
+ JHEEEIHIR- |& + f)r + Figeh Main
' + T4 £1Mazraa
vvvvvvv i () - b — AR ’
o . gjo , A Qumawiyin
A 41 T e | o Kadam
0 10 0 °8 © & | o University
- N . ;
80 1985 - 1990 1995 . 2000

JAPAN INTE ANATIONAL COOPERATION AGENCY (S1CA)

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

Figure D-3,7a Historical change in
Groundwaler Quatity (pH)

D-88

N:PPON KOEL GO, YD,



' Total Hardness, mg CaCO3/L

500

400

200

100 |-

oL
- 1980

“Change in Total Hardness

—+4 i+ Figeh Main
| Mazraa
A Qumawiyin
e L@ Kadam

| - [ oUniversity |

1285

1990 1995 2000

" yéar_ E

JAPAN INTERNATIONAL COOPERATION AGENGY (JICA) ]

THE STUDY ON THE DEVELOPMENT OF )
WATER SUPPLY SYSTEM FOR THE DAMASCUS CITY

Figure D-3.2b Histerical change in
Groundwater Qualily (Total Hat¢ness)

NIPPON KQEICO, LYD,

D-89



250

150

S04, mg SO4/L

50

0

-Change in: S04 Concentration

200'

100

@-———1 |+ Figeh Main

.,_;ﬁf,,_____ ___L.A,,I,‘m___;__kiim . & Kadam

‘1 Mazraa
A Qumawiyin| -

| O Unlversity

1980 1985 1990

year

1995 . 2000

JAPAN INTERNATIONAL COOPERATION AGENCY {JICA)

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

Figure D-3.7¢ - Historicat change in
Groundwater Quality (Sulifalc)

“NIPPON KOEICO, LTD.

D-90




Cl, mg Ci/L

Change in Cl Concentration

Q
O lo
100 - RES I o
?} 4 Figeh Main
: O Mazraa
. A Qumawiyin
. _ I | @Kadam
50 - - ¢e %y "t {9 University |
o q@ﬁ of® g
A : ’ A . .7 . :
o o PR |
1980 1985 1990 1995 2000 -

year

JAPAN INVEANATIONAL COOPERATION AGENCY [JICA)

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

Figure D-3.7d Historical change in
Groundwaler Quality {Chloride)
"NIPPON KQEL OO, LT_‘I_):____

D91



: -NOS,‘:mg NO3/L

“Change in NO3 Concentration

50 | ——-
-
a
25 —=
O
N Y S U 1
0 o
1980 1985 1990
y‘e;ar

1995 2000

+ Figeh Main
[IMazraa .
4 Gumawiyin
¢ Kadam

0 University |

JAPAN INTE RNATIONAL COOPERATION AGENGY [JICA)

THE $TUDY ON THE DEVELOPMENT OF
WATER SUPPLY SYSTEM FOR THE DAMASCUS CITY

Flgure D-3.7e - Hislorical change In
Groundwater Qualily {Nitrale)

NIPPON KOEICO, LTD.

D-92



(a) Seasonal Change in Flux of Barada River in 1992

25 [NV At A A AP AMF At £ 518 Bk S A mermmnn it i am
[N
20 | SN _
. ! q‘
o P PP we——
15 ' .
= | ' - |- -3 - Tekieh
E_ :8\ ol ’;_ - © | -A - -Upstreamot Figeh
Jwo} XA v X |l x- - -Raboue
u . /g -_:EJ\ AN '. ‘. )( or
Ry \ \ . - k‘j‘.;,o‘_:_- Oabaghat
A Y A -
LRV oo X L -
; NEBER oy R 9
L o " T \.g' P
. k‘_ok,‘§,- --Q
0 SN SOUVRUUUR JOUNUUURRY YOUION (OUUUUE DUURDIE WUNIOOT SO AU DU W
V- ol Loy} <+ iy ] [(s] M~ o » L - o
Month . L '
source : Ministry of lfrigalion, 1984
rE . ) .. L . . ‘ o - . .
i“ - {b} Seasonal Change in BOD of Barada River in 1992
1] J— o -
RN
200 |
\
: - @ —-Barada Spring |
=- -[3- - Tekieh
= - - - Upsiream of Figeh |
--X- - -Raboue

|- O - Dabaghat

Month o source : Ministry of I.rrigatién, 1994

g ______JAPAN INTEANATIONAL COOPERATION AGENGY (5CA)

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

Figures D-3.8a&b Seasonal Change in
Surface Water Quality (Flux and BOD)

RIPPON KCEICO ,LT0,

D-93




(c)
120

100

Seasonal Change in DO (%) of Barada River in 1992
- . 4
;
. {
. P
g & Qaa oW [ emomng
- A’ - - e
é’;{,ﬁ X\E g/o A — -[1- - Tekieh | |
n”; ) : — - A - - Upstream of Figeh
4 . N |-- -%-- -Raboue
) ) © o \ N - -0— - Dabaghal
0-9° o xx () T
¥
O
- oy u

source : Ministry of frrigation, 1994

(d) Seasonal Change in NH4 Concentration of Barada Rwer |n

NH4, mg/L.

: 1992
40 (oo —_ anen - .
a5 ﬁ
30 PR el
25 f \ | -—AQ-“— Barada Spring
. \ b - -[‘_}— ~Tekieh
20 ¢ ; — - A - -Upstream of Figeh
} / . o -Flaboue
‘5. . . -
. : o-_‘o\'; |_— o B Dabaghat
‘0 f * }C ___________________
r . ”.’ -
)( - A 3
5 qé if ' o é ' 25
O -
. a_gh ECN-RE ke J’
- @M D~ oo o oo

Month source : Ministry of [rrigation, 1994

. dAPANINT ERHATIONAL COOPERATION AGENCY IcA)y

THE STUDY ON THE DEVELOPMENT OF
WATER SUPPLY SYSTEM FOA THE DAMASCUS CITY

Figures D-3.8¢c&d Seasonat Change in
-Surface Water Qualily (DO and NH4)

NiPPON KGEI €O, LT,
D-94




(e) Seasonal Change in Cl Concentration of Barada River in

1992
160 & ~
140 |
-0
120 | Q
I _
- . q Il L ——— ,,‘77 ————
100 | . P _ - Barada Spnng
i PN : : ) .
) ‘ _ . ] I E}ffTek:eh
80 | S ' o
_ ST U Q o - -A— - —Upstrea_lm of Figeh
0h., V8 om0 | xe - Raboue
- -\ 5 4 )9( x-\“ x N -~ -O-- - Dabaghat B
a0 | SR T e e R A ——
A’ A ,a , ‘ t . )'\
-2{)?15&‘050 D sk
. e NGl N Q,— = "‘ﬂﬂr f
: 0O L. Lo d Losoan it I} i 1 bl :
- © ) . » e
Month " source : Ministry of Irrigation, 1994

JAPAN INTERNATIONAL COOPERATION AGENGY {JICA)

THE STUOY ON THE DEVELOPMENT OF
WATER SUPPLY SYSTEM FOR THE OAMASCUS CiTY

Figure D-3.80 Seasonal'Change in
Surface Water Qualily {Cl)

NIPPON KOEICO, LTD.

D-95



8

r
| cer P T p e e B . R P
cevt N1
[ ; -
PETCE LT R LTS VR S YVE - ) 1/:. ,.00 . e e LS <L P
— v fbb.o o m =
S r——— — — - .
j 3 S Ea [y v 9%200000 Sl
] by w032 ll!:! — o Q m MU
1 . ..\\ pET eI, 00 2% = rlw o
0 N apar
N 20209 %%, g 25 &
: ST N 90, 523 m s
BRI cemmmmamammemm-ana [ RRE oF -2 P RS, AR RPTI PR RPN - L NG P A m Qw o |
\(\ ’ s S © - ﬂ“ g -
s A ;! R mcu-..lgonm
) I Sy g . & & 85|e 2|2
’ ~L 1 ’ [} fuill I Y
R -t [y e o uw [ m <
o mmmeT T /. e .H..l.-f R -] c mm 5%
wer” . S & == 2 z
_ T & 51821508
1 )
! JSpUEDURS Jalep Bunvug eyl se ubiy e ) = W% .cmnu £ W
A e—maaa——— M e N R e —————— = | &8 )0 SSeURY DUR URNBIIUIIVOD NN ||li|lll||lhnllllllll.m'mu A L mm mwm__- e o
1 ) v - i
i SSTULLER ORI & g »a =
| JEry . & s ¥ =
m 4 QO . m_ —p aw
2 x| ¥ 5
_ r “ea)e Bujue] & so= =
i U1 UOITBJURDUOD WMWOID GBIy A3, 5. M_ =
m i 4 |
Sl e ] e e m T P, o RS . R Y37 !
m S P T . D03 POAIGSSID (250} _
< PUe "ANALIDNDUOD "ADLOIYD "LIMPOS u I
_f..‘.......“wr, "alemes AQ DRBVIWRIVOD : ) \ng% tpos ur uBH
P V=’ AABRY 51 SROSEWERQ VI JDIEM JoBRNS . —
3 - . - [
_ KN TR TEISITE ‘pui0de) U9aq @ARY $aWIGRIC UOIEON0D : "
% ! L BN DIINOUL IDING  TRIEDUNS saEM Busuug -
, : , . Lo /\:.r i X —ou VB JAuSKy 51 UORELUIDUGS 218 |NG
- N -— - . - .
| LT S P, papesu 51 LoiebisaAur DapeIdQ ,l._‘||||."|||,...p|p..un . ST EH T
e v oA o _ i - T LN “o :
_. 2 L L >
] g b — S5 Rmppmem e &
] _ \ wsnoeR L = LI ;OAv
i AT Uiy 1B SIUNQY Wugyljod/esineq i H s, b
' B feobttier:s . o \ h
ﬂ L d ! \. T 3Ny Ay
{ S AT N i v / ursiaanvuuds epeieg o Aljenb aaiem auy
| . Y 109}/ 1M (UeDEQEZ Ut unLnouBRe BAISUS) . .
nﬂn+|||||||||||l |||||| u\\uunu\\n..nll.-|||-||-||ullllunnu\‘dtn\b_ﬂll...).aul«..bnnth.t.. S ..Ehamq\uhghum . R M.llu.l“n.._u
" e g e AR P - . i
t Pt - e u__\ i - N "
i PR . Y 4 ‘ M
i g ~ - - N -Y-1- B
Pl oo on Sal ot P
-l (=2 - AR N s . Q-7
Lo S S %o0” Coogmm. v M o0, g
- ~. ) o > ' A - P - I . |
A 000 So N M R . #
S Sz s g o mmmm e m g OO o e e 2208 e e 0 B e e S
! o I @ ° Q. o
[ -] o4 % 000000000 ¢
H r ’ !
] ] =)
1 o L n ; .- -
=] f » Q - ’ N
o / ] 00 s -
o —— -—
OO \\ -] ; ’ N oS
(=] i o ’ i e
s o Vi -
4 o g
rase C L2
e o5t &t .4 [+ . Lo ¢ s [T

D-96



=)
d 0
Pesticide . Instrumental Biological &
Analysis Analisis Analysis =
Physical/ Chemical Bacteriological Analysis | . Slorage
Analysis - e :
Office -{| |Data Analysis

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

THE STUDY ON THE DEVELOPMENT OF
WATER SUPFLY SYSTEM FOR THE DAMASCUS CITY

R MFPPON KOEYCO, LTOD.

Figure D-5.1

D97



Registration of Activil{l

_Screening: Is EIA necessary?

Scoping: What issues should be in EIA?

R . EIA study

- lElA Report

Decision Making
Permission/Authorization

source ' ¢ Genéral Fnvironmental Impact Assessment Gundehnc (1995),
Mlmstry of ‘ila!e Eurthcl avironmens, Syria

_JAPAN INTEANATIONAL COCPERATIONAGENGY [NCA}

THE STUOY ON THE DEVELOPMENT OF
WATER SUPPLY SYSTEM FOR THE DAMASCUS CITY

Figure D-6.1
Flow Chart of EIA Protedure

NIFPON KOELCO., LT0,

D-98



REFERENCES

APHA (AWWA), Standard Methods for the Examination of Water and Wastewalter, 18th

cdition, edit. Greenberg cl al,,

BRGM, Protection des ressources cn cau de la ville de Damas (Syrie), 1991

“JICA, Report of preliminary study on the cooperation for increased food production in Syria

Arab Republic, 1992

- JICA, Environmental Consideration Guidcline, 1X Water Supply, '1994

JWWA, Guideline for water supply facility design, 1990
Ministry of Irrigation, Quality of Barada River, 1994

Ministry of Statc for the Environment, Geaceral Environmental Impact Assessment Guide_linc :

including Draft EIA Decree, 1995

Ministry of State for the Environment, lﬁdu’é;(rial Pollution Abatement Guide}iné, Waslewater
- Treatment Plants, 1994 ' ' : C

| .Worldj }léallh ‘O;ganimtidn, - Guideline - for drinking~\_vatcr “qudlity,  Volume 1,
© Recommendations, 2nd Edition, WHO, 1993 B | |

D-99



_ - - APPFNDIX F
WAIER SUPPLY SYSTFM AND FACILITIES




Cn

APPENDIX E
 WATER SUPPLY SYSTEM AND FACILITIES

- TABLE OF CONTENTS

INTRODUCTION ... oo veeeciies s eensnnsenesesesssesnsiinerees Fo 1
SOURCE OF SUPPLY ....eveoievinicteremnsinesssisss s snces i B2
~ WATER SUPPLY FACIL ITIES ..ot iees et snsinneeeeeienines B d
3.1 Production Wells................ SURUSIRTRSURRP PP UUTSIRIRCIRORRO
3.2 Pumplng SHAIONS «. e eeveesereseireseieennns ...... SO webereens CE-6 -
DISTRIBUTION SYSTEM.......oeoovecnene. e vengeisbriegeserae e e E-13
4. “Transmission and Distribution ans...............1.._.._..' ................... - E13
4.2 Service Reservoirs. ... b et aa e TR RUURINCSROURU Lo
4. 3 - House Connccuon and WatcrMclcrs..,.._....;.......5...........;...., ........ E-18
4.4 SCADA SYSICI......coeeicirsinnrseinnsios s e, el E-19
- lMPROVFMEN'l PL AN or TACII ITIES AND MAINTFNANCL.......’ ...... E-20
5.1 - Facilities Maintenance ............. redveaes ST M araierieeeenenes ... E-20
5.2 qutchmen.........,........................-; .......... et oo E- 20
AL’l ERNATIVLE PL AN OF IMPLEMENTATION SCHEDULE................. i-21
6.1 cheral .............................. wesaneleiorslisaiiderareanaranibosesanaars L EB-21
6.2 OullmcofM'\slchlan Pro;ccts ......... RCTUPUTP e E221
6.3 lmplcmcnmuon Schedule ..ooovevniinnnnnnn. eirenas e B-22



E-2.1
E-2.2

E-3.1
E-3.2
E-3.3
E-3.4
E-3.5
E-3.6

E-3.7.

E-3.8
E-4.1
E-4.2
E-4.3

- E-44-

B4
4.6

E-4.7
E-5.1
5-5.2

LIST OF TABLES

Summary of Water Supply by DAWSSA .....oooioovvreeoreen.n. E-23
Number & Water Yield of Existing Wells.............coooii E-23
in Damascus City (1995)

Pump Operation Rate in 1995..........covvevereemrererrereeeesrnennn. E-24
Tube Well Pumps in the Suburban........oooovoviniiniiieeiieeenss E-25
Production Well Ceater in Damascus Cuy ............................ E-26
Fringe Wells ... e, e E-27
Emergency Wells........ooiinn, ferareis i aetarnnens E-28
Operation Rate of Fringe Wells in 1995 ........cocoiiiiiiiin i, E-29
Pumping Stations al Reservoir...................... e - E-30
1995 Annual Parap Operating Records...........ooeiiiieeeevnninn. . E-31
Transmission Mains........oooiiiie it eiee e iresieeeieren - E-32
Water Supply Facilitics Ledger............occcciviiveiieiiiiinnnnnn - E-33
'S'ummary of Distribution Pipe Ledger..............icceevneenee. i E-34

' Service RESEIVOITS ..ooveviciniiiic i, [ s B36
ansung Condition of Master Meter ........... v ereens enneereniones o B-37
‘Water Meter for La:gc Consumption (1995)....:........... veerviveens E-38

. Water Meter for Normat Subscribers ... eereseriediennan erevrreen. E-38

‘Comparison of Flow Meter ..............o.oveuie. e - E-39
Tmprovement Plan of Master Meter ..ouivuuiiiiesiviovineeeesaieen.. B4




E-L1
E-1.2

E-3.1

E-3.2

B33
E-3.4
E-3.5

E-3.6
E-3.7

E-3.8

E-4.1

E42

143

E:4.4

E-6.1

‘E-6.2

- {(Alternative Plan)

LIST OF FIGURES

Key Plan of Service Districts ..o vevinevieen, SOUUR (1 |
Existing Water Supply System in Damascus ...........oovinn E-42
(on Jan. 1996) _ :
Monthly Pump Operation in 1995.............oen e, PO e E-43
(Well Pump in Spring) :
Monthly Pump Operation in 1995, i - E-44
(Well Pump in Production Well Center) L o :
Typical Systern Diageam of Production Well Center................. ~E-45
Operation Rate of Fringe Wells in 1995 ..o ceer.  E-46
Location of Water Supply Facilitics......... eerie e e eiennrir e - E-48
Schematic Diagram of Water Supply System.......cc...oovnneanis - E-49
Monthly Pump Operation in 1993........ ety E-50
(Booster Pump in Service Reservoir) -
Monthly Pump Operation in 1995................. iirrveriveeneeenes B-51

- (Booster Pump in Production Well Center) o

- Pressure Zones and Official AreaNo. ......oovinieiinin i, E-52

“Location of Informal Cdnn'cction AR coveer vt ieeaaenns E-53

. Typical House Connection ............ etbriwsainesaeniaraieerens ‘B-54
Schematic Diagram of SCADA System.... VORI e E-55 -
" Projects Implementation Schedule.........coovviiiiiionene vivieen - E-56

(Proposed Plan) _ _
Projects Implementation Schedule............. S conee. B-57

- i -



s



&

. INTRODUCTION

The region of Damascus is divided into two Mohafazas, namely Damascus rurdd and
Damascus ceatral. In Syria drinking water supply is managed by 14 water supply authorities
throughout the country which work under the Ministry of Housing & Utilities, DAWSSA is
one of the water supply authority responsible for Damascus central with fifteen districts and
seven villages of the Barada river valley and four military areas with a bulk water supply
system, in the total arca of 105 km?, as shown in Figure E-1.1.  Suburban arca of Damascus
city is rmpons;blc by Establishment of Drinking Water Supply and Sewcrage in the Rural
Province of Damascus (EDWSSR) and bulk water supply of raw water for water supply bodies
and irrigation are managcd by thc Mlmstry of Housing and Utilities (MOHU) and the Mmlstry
of Irrigation (MOI).

The existing water supply system of Damascus is llustrated in Figure E-1.2. Main :

“water source is the Figeh spring and other water sources, such as underground water in the
-Barada spring and Damascus city, are supplcmcntmy ut:hzcd ~The walcr from springs is
‘conveyed to Wah feservoirs in Dfmmcus city and the w!hges along with Barada river through -
“the tunnels and distributed to the consumers.  The' groundwatcr in the city is pumped up to a

service reservoir in the wellfields and distributed through the net work.



2. SOURCE OF SUPPLY

®

The main source of water is Figeh spring. - Other water sources include wells in the
Barada spring area and wells in Damascus city. The total production for cach main water
source is shown 10 years record for 1986 to 1995 in Table E-2.1 and summarized as follows:

Amount of Watcr Supplied Ratio

_ _ (Million m*/year) {90)
Wells at Barada Spring 6.8 3.1
Ain Figeh area 177.4 81.3
Welifields in Damascus 30.1 138
Fringe wells : 4.0 1.8
- Total 218.3 100.0

{Source : Data for 1995 from DAWSSA)
(a) Wells in the Barada spring area

DAWSSA operates 15 production wells and | well is used as an observation borchole.
“Three new wells are scheduled to construct.  In 1995 a total of 6.8 MCM was produced.
The wells have a total rated production capacity of 34 MCM per year. Any future increases
| bcyond this rated capacity will ruqum, the penmssnon of the Mnustry of lmgﬁhon which owns (
" the nghls o the water resources in this area. . . . - . \§» :

(b).Ain Figeh arca
Yiclds for Figeh spring and production quantities are sumntarized in 'i‘a_b:lcEE-?,.l.
- Spring yields are directly af tcctad by pl’tClpll"Jlon In 1995, lhc waler balance fpf Figeh

spr;ng was as follows:

" (unit { MCM / year)

_Spnng Yield - 225
Antount of Water Supplied _ o 184
Irdgation Use : : 4.
~Qverflow to the Barada river Y

(Source: DA\VS_SA)
() Wells in Damascus City

~ There are 96 production wells in Damascus city located at 8 different well fields which
are described in Table E-2.2.  The total water produced from the wells in 1995 was 30.1
MCM with a daily maximum yield of 164,000 m*/d. DAWSSA is planning 10 add 40 new
wells by the end of 1996 ta increase.




(d) Fringe wells & standby wells

As the name implies, fringe wells supply smaller isolated areas located along the
peripheral boundary of the existing water distribution network where theie is often insuf ficient
flow capacity to meel water demnands,  There are 23 fringe wells which are connected to the
distribution system. A total of 58 standby wells are located thronghout the city.  These wells
are only put into service for fire fighting or medical emergencics.

(e) Others

There are many otheér private and municipally owned wells which are not under the
jurisdiction of DAWSSA. '



3. WATER SUPPLY FACILITIES
3.1 Production Wells

There are 3 existing production wells areas: Barada spring area, Figeh spring arca and
Damascus city well ficld.  These production wells are for the purpose of supplémenting water
" from the main Figeh spring.  Pumped water from the wells of Barada and Figeh is conveyed
into Wali service reservoirs through the two transmission tunncls by gravity flow.  The wells
in Damascus city are used mostly during water shortage periods from June to February. well
waler is boosted into the distribution network by pumping stations located at the production

well centers.

‘The annual average of operation rate of well pumps was 43 % and the operation period
was mainly from July to February, according to the operation record in 1995, and details are
~showa in Table E-3.1 and Figures E-3. [ and B-3.2. During no pump operation petiod, the
periodical'ma'i_litcnm}cc_ for pumps and motors was well carried out by mechanical department of
~ production directorate of DAWSSA. The mechanical department has a office and a workshop

~in Mazraa production well center.  According to the field investigation, it seems that vehicle '
and necessary - tools and cquipment for munlcn"umt, works arc shortage and arc nced to be

renewal ex;stmg ones duc to old modci and style.

~As of July 1996, the Number of wcll pumps and msta]!ed Lapac;ty in cach well

production arca is sumnmnzcd as follows Details arc shown in Tﬂblus E-3.2 and BE-3 3. _

'Name of Producnon Wcll Nos. of lnst'nllcd Pump : Opcration Pcriod ,

- Well Pump Cflpac{t}, (llleh) ~ (month)
Barada spring arca 15 3,708 5 (Scp. -Jan.)
Figeh spring afea :
Ain Haroush Sprmg 5 4,500 (Jun. - Feb.)
- Deir Moukaren - 1,104 (Jun. - Feb.)
‘Figeh main spring 4 - 14,400 (Jun. - Feb.)
‘Figeh side spring o 13 11,700 . ° (Jun.- Feb.)
: Dmﬁscuscny R ” L 2400' :8(1 Jan)
. Mazdaa L - un. - Jan.
lbn Assaker L C 19 - 71,640 9 (Jun. - Fcb.)
Kaboon' = : o 5 - 300 - 6(Aug.-Jan.)
‘Kadami Store .~ i3 300 9 (Jun. - Feb.)
Oumawiyin j 14 1,400 12 (Jan. - Dec.)
- Jabar .14 1,400 9 (Jun. - Feb.)
~ University ' 12 1,500 3 (Aug. - Dec.)
Kadam Railway 10 - 1,000 8 (Jul. - Feb.)
Total 145 45,352

B4



Typical plpmg schematics and electrical single diagrams for producnon well centers are
shown in Figure 1-3.3.

{(a) Barada spring arca

The operation of well pumps in this arca has been comienced in September 1995,
Pumped water from each well is once storage into the collecting reservoir and canveyed to Wali
service rescrvoir through Barada transmission main to Figeh encrgy dissipation cylinder and
lwo tunnels. -~ The operation ratec of well pumps for ten months from commencement till June
1996 was 47 % in aveiage. '

As of July 1996, 15 wells located around the perimeter of Barada spring are serviced
and operational.  Another 3 wells are scheduled for constiuction, those have already been
drilled. DAWSSA has already purchased submersible pumps for the three wells, Electrical
power for thic existing operating wells is supplied by both a transmission line from the national
grid and a diesel generator with a rated capacity of 1000 KVA.  DAWSSA has requested

: ‘Ministry of Electricily to provide a additional lransformcr, but no action has been laLcn yel.

. For futare cxpansion, DAWSSA has a plan to develop 16 inofé'wdls in Zabadani

-~ valley. However DAWSSA faces a lang acquisition problems with land owners.

(b) Figeh spring area B

In Figeh area, there are four well groups stich as Deir Moukaren, Ain Haroush, Figeh

-~ side Spring’ and Fige_h main spring. The well groups are operated from June to' February

during no gushing out period from Figeh spring. - Pumped water from cach well group is

 joined at Figeh energy dissipation cylinder and chlorinated in front of the entrance’ to the tunnels
- feeding Wali service réservoir.

Seven submersible pumps wuh a total capacﬂy of 1,104 m>h are mstalled in the decp
wells located at Deir Moukaren. A tolal of twenty-on¢ submersible pumps are provnded in the
shallow wells located at Ain Haroush spring, Figeh main spring and Figeh' side spring.
Installed pumping eapacity a1 Ain Haroush spring is 4,500 m3/h wilh five punips. Instatied
capacity at Figeh main spring and side spring is 26,100 m3/h with a total of 17 pumps.

As of July 1996, theee wells with a total pump capacily of 5,400 m¥h and transmission

main feeding Barada conduction main were under construction at Ain Haroush and scheduled
to complete by end of year 1997.
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(c) Damascus city

As of July 1996, there are 101 sells in total at 8 separate production well fields in
Damascus city, In addition, there are 23 fringe wells and 58 emergency wells located in
~ Damascus city as listed in Tables E-3.4 and E-3.5.

~ The production well ficlds are having with a tofal punp capacily of 9,940 w’/h.  Each -

well field is consisted of several deep wells and production well center which equipped with a
collecting reservoir, several booster punips, a hypo chlorite dosing equipment, control room,
power receiving apparatus and stand-by diesel gencrator.  Pumped water is collected to a
reservoir in each production well center and feeding into the network by booster pumps.

The fringe wells are hiwing with a total pump capacity of 1,160 m*h and each well is
~equipped with a motor driven vertical shaft type well pump, a stand-by diesel generator, a
* motor driven horizontal shaft type booster pump, a hypo chlorite dosing pump and a 25 m’
steel made sphcr'ical elevated tank.  The operation of the fringe wells feeding a network arc
~ carried ot for 16 hours on an 8 hour shift per day wnlh two opcr'itors, and the annual operatlon

rate in 1995 was average 40 % as shown in Table T 3.6 and l"lgllm E-3.4. DAWSSA has
ischcdu!cd to replace all vertical shaft lype well pump to submers:blc motor pumps for ﬁve
_5c1rs from starting this year. ‘ '

The 'enmgéncy wclié are located fn parks, ‘schools and hospita'ls:fc:u bat:k' up of main
waler supply sy%lun from W"‘dl service reservoir and havmg wnh a total pump capacity of
- 2,320m’m.. The pump lype i engine driven vertical shaft type pump.  The perlodlcal check
of well ﬁumps are made Lwice a week by pump set maintenance department of emergency well
dircctorate and check operation is carried out for fifteen minutes to three hours at one time.

3.2 - Pumping Stations

- The iwo main functions of the ékisting pumping stations are lo convéy water from
© © reservoir' to ‘reservoir,  and to supply water into the distribution network. There are 16
pumping stations in total, 8 stations are located at service reservoirs and the others are located at
the production well centers. - A location of water supply facilities is shown in Figure E-3.5
and a schematic diagram showing pipe connections between pumping stations and reservoirs is
illustrated in Figure E-3.6.  The number of instalied pumps and their capacily are as follows;
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“T.ocation of Puinping Stations No. of No. of Installed Capa.”

Stations Pumps (x 103 m3/h)
Service Reservoirs 8 ¥k 14.4
X Production Well Centers 3 43 10.0
Total 16 116 24.4

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

~ gencrator for emergency use. However some of the diesel generators installed do not have

enough capacity for all pumps to operate at the samie time.  Chlorine dosing etluipment is
provided at the production well centers for dlsmfeclmg water before it is distributed.

Pumping station operators are on site 24 hours on an 8 hour shifl per day.

The two types of pumps installed in the existing system are single suction horizontal
volute pump and submersible pump.  The volute pumps are mainly used at service feservoirs
for boosting water to other reservoirs and the submiersible pumps are used at production well

centers to supply water into the distribution network.

- (1) Pumping stations at SCrvice reservoirs

“The pumping stations at service reservoirs are located in mount Kass:oun - The pumps

- are horizontal smglc!mulll stage volute type with a rated head of 46 to 300 m and a capacity of -
' 40 to 432 m3 h. The detail inforination for ¢ach pumpmg slauon is shown in Table E- 3 7.

Aucordmg to the 1995 pumping stations opcralmg records it secms hat lhe pumps. operatcd ‘

- continuousty for the wholc yt,ar at e’tch station.

: Thc monthly avcrage pump operahon rate 'md elecmcal consumptlon are summarmd as
follows and annual pump operating records and opcrauon raic are shown in ’lablc E-3.8 and

Figure E-3.7.

(unit: 1,000)

Pumping Station Name - - Pump Installed ' Monthly Average
Capacity Operalion Ratc Electacity
- () C® o)
Figeh 1.8 N/A - ~ NIA
Jemarya 1.8 52 7 89
Wali New and Old 35 25 B
Kassioun High 0.4 19 65
Eastemn reservoir 3.6 31 330
- Mezze reseivoir 2.8 8 266
Duinmar 0.5 32 152
Total 14.4 1,013



(a) Figeh pumping station (825.00 m in elevation)

Six submersible pumps are installed jusi before the entrance of the unnels  to the Wali
* reservoirs.  Two horizontal pumps are also installed in this station.  Water pumped up from
" the entrance to the tunnels is boosted at this station and conveyed to the Figeh service reservoir
located at 906.60 m in elevation and to the irrigation channel.

~ The installed pumping capacity at Figch pumping station for the Figeh Service 1escrvoir
is 936 m¥ h with a (otal of 6 pumps and for the irrigation channe! is 864 m% h with atotal of 2
pumps.

“{b) Jemarya pumping station (785.00 m in elevation)

This pumping station is located at about 7.5 km in north-west from Damascus center.

Water conveyed by gravity flow from the old and new transmission tunnels is boosted at this
station and conveyed toJ ema:ya'scrvicc rescr\?o_ir located at 853.00 m in elevation. . Installed

pumping capacity is 1,766 m/ h with a total of 7 horizontal volute pumps.
. (c) Wali old reservoir pumping sla_tio'ri {800.53 m in'clcv:alio'n)

- This pumpmg stfmon is located at K'v;smun mountain. W't'l'cr fed into the tescrvoir
. from hgch spring through the old and ncw transnnssmn tunnels is boostcd at this station and

- ‘conveyed to K.3, K'\ssmun high s¢ rvice reservoir, locatcd al 851,16 m in elovation and toK.1, :

~ Kassioun m;dldic reservoir, locak_d al 840.00 m in elevation. !r_ls(allcd pumping capacity for
© K1 is'576 m¥ h with 2 horizontal volute type pumps and for K.3 is 902 w3/ h with 4 pumps
of the same type. ' ‘ '

(d) New Wali reservoir pumping station (800.53 m in elevation)

“This pumping station is located inside Kassioun mountain and the access tunncl is about
500 m lc'ngth “Waler is fed mto the reservoir from Figeh spring through the new transmission
tunnel, and boosted lo K.l and K.3 service reservoirs.  Thereis a pOSSlblllly 1 feed water to

~ the new Wali raserymr from thc old transmission tunnel through the old reservoir. Installed
: pumping cépacily for K.1is 1,296 m¥/ h with a total of 3 horizontal volute type pumps. At
' » 7 horizontal volute type pumps are instalied, but not in service. The same situation
- exists at K.6.

P,
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(e) Kassioun high pumping station (881.16 m in clevation)

Water from the Wali pumping stations is boosted to supply the K.8 and K.7 service
reservoirs. The K.8 service reservoir is located at 1155.00 m in elevation near the Television
tower station located on the top of Kassioun mountain. The K.7 service reservoir is located at
995,73 m in elevation on the side of Kassioun mountain.  Installed pumping capacity for K. 7
reservoir is 325 m¥/ h with 6 horizontal volute pumps and for K.8 is 70 m3/ h with 4 punips of
the same type. '

() Bastern reservoir pumping station (749.38 min clevation)

This pumping station is located at east side of Kassioun mountain in view from

Damascus cenler.  Water is fed into the Eastern reservoir from the new Wali reservoir by

" gravity flow. " Itis then boosted at this station and conveyed to B, 1b Berze Bohooth and B. 1v

Berze v11hgc service reservoirs located at 831.24 m in elevation and B.2 Akrad high service
reservoir located at 810.67 min elevation in the Berze arca. “This station also supplies water

to'the Tishreen and Ibn Anafees hospitals. -~ The punmips. installed have a capacity of 3 ,640 mY/

h with a total of 5 pumps for B. lb n,scrvmr, 4 pumps for B.1v, 6 pumps for B.2 and 5 punmps - -

for the hospltals

( 2) Mcuc reservofr pmnpin'g station (7?2.25 m in elevation)

']lns pumpmg slauon is loc'xtcd at- west side of Kassmun mounl'ﬂn in view from
Damascus center. Water is fed from the Wali new reservoir by gravily ﬂow through Western
Service reservoir. W‘\lcr at this_ st'mon is boosted to M.2 Mezze high qerwu reservoir located
al 817.24 m in elevation. As pm ofa fulure expansion, additional pumps will b{., installed
at this station for supplying water to the M. 5 service reservoir. — Installed pumping capacity is

12,775 m? h with a total of 9 horizontal volute pumps. f

(h) l)_ummar pumping station (';'73.00 min elevaiiOn)

- This pumping station is located at about 4 lun in nonh west from D‘lmdSCllS center.
Water is fed by gravity from the transmission main between Jem'uy'i pumpmg station and the
new transinission tunnel. A total of 3 horizoital volute pumps in this station boost water to
.1, Dumar high service reservoir, localed at 900.00 m in clevation. Total instailed
pumping capacity is 450 m3/ h. '
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~ (2) Pumping stations in production well ceaters

The pumping stations in production well centers have an underground reservoir for
collecting water pumped up from the wells. The reservoirs are equipped with submersible
type pumps for distributing water into the network and flow meter(s) on discharge side of the

pump.

According to 1995 operating records, it appears that pumping operations were reduced
or stopped completely during the six month period from January to June.  Annual operating
records for the pumps is shown in Table [-3.8. The average monthly pump operation rate
and electrical consumption from July to Pecember period are shown in Table E-3. 1 and Figure
E-3.8, and are summarized as follows:

" funit : 1,000)
Production Well Center installed Monthly Average
: Capacity ~ Operation Rate  Electricity
{m3/h) (%) (kwh)

- Kadam Railway 1.8 - 4] 244

Maziaa -~~~ 9 - 51 498

Ibn Assaker - 1.2 - 339

Kaboon _ ‘1.0 69 149

 OQumawiyin : 1.8 20 234

Jobar . 15 52 - 380

University . .08 . 90 277

0 - 2,121

B 7 R 1)
(a) Mazraa pumping Slél_ion

* “This pumping station has 10 submersible type booster pumps. ~ When normally supply
~ water to lh_é bei'Al:iafeaé service reservoir located at Kassioun mountain side.  During pCriods
of water shortage from Figeh Spring, this station also supplies water into the main distribution
network.  Water quality monitoring instruments have been installed, with the assistance of a
grant received from the Arab Fund, at the delivery pipe line after the confluence of discharge

~ pipes from the booster pumps.  Thesc instruments consist of a conductivilty meter, aP.H

meter, a tugbidity meter, a chloring meter and a recorder.
(b) Ibn Assaker pumping station

" This pumping station’ is equipped with 6 submersible type booster pumps which
distribute water collected from the well-ficlds.
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{c) Kaboon pumping station

This pumping station is equipped with 6 horizontal volute type booster pumps which
supply water received from both well-ficld and the main distribution network to isolated service
areas, such as existing Tishreen network and Warwar network, corrently under construction,
which are not connected to the main network. During a suspension of water supply_ in the
main network, especially night time in sumnier, this station collects water from the well-ficld
for distribution to those service areas.

(d) Kadam Store pumping station-
This pumping station is curcently under construction. © Except for the installation of

electro-mechanical equipment, the pump house and collection reservoir are almost complete.
DAWSSA plans to connect the station to the main distribution network once all work is

’ complclc and thc shhon has been tested and properly comnussmned

' (c) Oumawiyin pumping st'atio.n

- This pumpmg ‘station "is equipped  with 7 submersible lypc boosler pumps wlnch
norinally supply water collected from the: well-field to the Khorshead reservoir. Durmg'

‘pcnods of water shortagc from l‘lgch Spring, this shnon also supplies water mto thb main
?dtsmbuuon nelwork '

() Jobar pumping .st'atio_n' '

This 'pt.lmping station is equipped with 5 'submcrsible type Looster pumps which - -

- distribute water collected from the well field into the small service neiwork during peﬂods of

water shortage from Figeh Spring.  The small network is connected with the main distribution
pipeline network and nonmally fed from Figeh Spring. '

* {g) Universily pump"in:‘g station . .

This pumping station is equipped with 5 :.;u'bm'crsiblc lype béoster_ p’_umb_§ \vliiéh S'upp'ly
water collected from the well-field into the Mezze reservoir during periods of water shortage -

* from Figeh Spring.
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(h) Kadam Railway pn&mp'ing station
‘This pumping station is equipped with 5 submersible type booster pumps which supply

water collected from the well-field into the main distribution network during water shorlages
from Figeh Spring.
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4.  DISTRIBUTION SYSTEM
4.1 Transmission and Distribution Mains

The total length of the existing transmission and distribution mains is around 1,221 km,

" DAWSSA has replaced a total of 479 km length (43 %) of transmission and distribution mains
- with ductile cast iron pipes during the period from 1982 to 1992.

{1 Transmission mains

Transmission mains between F'igeh Spring and Wali reservoirs consist of a new tunnel
about 15 km long with an inside diameter 2,550 mm and an older horseshoe-shaped tunnel
about 16 km long, 1,360 mm wide and 1,880 mm most current height.  Tunnel transmission

- capacities are 11.3 m%/s (new) and 3.5 m¥/s (old) for a total combined capacity of 14.8 m¥s.

Transmission mains between reservoirs are mainly ductile cast iron pipes laid underground and

" their diameters vary between 80 mim to 1,200 mm. Ductile cast iron pipes are imported from

abroad, usually French made.

As of July 1996, Ain Haroush pumping line is under'.consu{iciion"whii:h is between

 new wells and connecnon point with Barada tr'msmlssmn main and 410 m long with a nomma]
' diameter 1,200 mm. . Nazem Basha linc between Wali se;v:cc reservoir and Akrad low service
' reservoir is also under conslmcuon which is cx:slmg cast iron p;pe replacement pro;nct and
| aboul 3 km long in toia] with a nommal dlamcler 800 mm.

~ Total Icnglhs of the transnussnon m'un are summanzcd as follows md detmls are shown :

in Table E-4.1;

(unit : km}

Ductile iron Castiron  Steel -~ Concrete -~ Total .

62.5 0.7 6.2 33.0 _ 102 4
(61.0 %) (0.7 %) (6.1 %) (32.2 %) :
(Source : DAWSSA) S

(2) Distribution inain

“The existing walter distribution system covers the v:!hgcs along Barada river valley and
Dmmscus city as summarized in Table E-4.2. ‘The system in Damascus city is divided into
the four service districts of Damascus Center, Berze, Berze East and Mezze.  Bach service
district is classified into pressure zones based on five pressure ranges as illustrated in Figure E-
4.1. The pressure classifications arc low, medium, high I, high 1T and superior high.
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Pressures are regulated on the basis of the clevations of the district served. DAWSSA's
design criteria specifics a minimum service pressure for distribution mains of 30 m {water

head) and a maximum of 60 m.

Distribution mains are mostly made of ductile iron pipe and their diamelers vary
between 60 mm to 1,200 mm. Most of the water for the center of Damascus is supplied
* through one 800 mm linc and one 600 mm line from the Eastern reservoif and two 1,200 mm
lines from the Western reservoir. Distribution mains are provided with control and
sectionalizing valves for optimizing distribulion network operations.  There are a total of 541
fire hydrants with a 4 inches bore. -The hydrants are ly;iicaﬂy located in utitity boxes below
grade.  The number of hydrants for each service arca is shown in Table E-4.2.

_ About 124 km {12 %) of existing distribution mains, from nominal diameler 80 mm to
600 mim, are made of cast iron pipe and the connections are lead joint method.  Many water

leakage occur caused by these cast iron pipes and joints and valves,  Therefore DAWSSA has

been aquucd to rcplace cast iron piges to ductile iron pipes for the pmposcs of mnumlzmg
waler leakage and uuhzmg limited water resourceb '

Total lengths of the distribution nnm arc summan?ﬁd as follows and details are qhown

in T‘iblc E-4.3:

: R : (uni:t s km)
Dugctile 1ron Caslt iron - Steel : Total

9278 1244 7 667 71,1189
(829%)  (11.1%) (6.0 %) '

- {Soute ce DAWSSA)

As for improvement schemes for distribution'mains in informal area, at present there are
14 informal connection areas in scervice area, a total of area, population and daily - water
consumption is estimated. 1,050.5 ha, 407,000 persons and 78,580 m*/d. The ltocation of
~ informal connection areas is iflustrated in Figure B-4.2. The existing status of progress of
' éhangiug oa form:ii connection is summarized as follows;

: (1) [Zsh - Al Warwar area

“This area is cslumtcd 31 9 ha and its populahon is assuming 15, 180 persons.  The
* construction work of distribution and service pipes, a total 7,300 m length of 80 1o 150 mm
diameter pipe and 1,845 service pipes in accordance with the DAWSSA’s contract
specifications, is currently under construction.

{b) Kassioun Mountains Footl area
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This area is estimated 30.9 ha and its population is assuming 33,977 persons, The
trunk mains are existing however secondary main, service pipes and water meters are required

to instafl.

(c) Tishreen arca

Unti} last year, about 60 % of this informal connection area has been improved to a
formal connection. The subscribers with a formal connection are charged a fixed rate with
orifice, not a water meter, and its 2,500 numbers. - Remaining informal conaections in this
arca is estimated 36.2 ha in area and its population is aésuming 15,448 persons.

(d) Jobar Surrounding - Al Aksab Mosque area
This area is same situation as Tishreen aréa and about 70 % of the area has been done.

- 'The formal connections are 9,400 numbers with a water meter.  Remaining informal

conneclions in this area is estimated 63.7 ha in area and its population is assuming 25,704

- persons.

(c) East - West Tabbalch area
“This area is also same sulmnon as Tishreen arca. and about 70 % of the area, 135, 2 ha
and 12,669 pcrs_ons in _ovcrali, has been improved. The formal connccl:ons arc used 2,400

orifices and 4,580 water melers. Rcmammg informal connections in this ‘area is cstumtcd

40.6 ha in arca and its populahon is assuming 3, 800 pcrsons

() Mokhayam Al Yarmouk (Tadamun & Zahera) area

- This arca is esumaled 118.0 ha and its populahon is as:,ummg 86 068 pcrsons

Tadamun area in lhc pait of this mfornnl conneclion area has been unprovcd to'a formal

connection and it secms o be 70 % of 0\'erall arca. The formal c_onnccl_ions are 17,500
numbers with a meter. Zahera arca has been done the 'dchilcd design and expecling a
commencement of improvement work within this three monihs Therefore Yarmouk area is
still n,qu1rcd to improve toafoxmai connéction. ' ' |

(g) Naher - Eshah - Dahhad:l & Asalie Kadam arca _ : : _
' This area is estimated 170.4 ha and its populauon is assummg 37,005 persons ~This

informal connection area has been ready for starting a lmprovcmcnt work as ?'dlcm in

Mokhayam Al Yarmouk area.
(h) Al Qazzaz & Shagour Bassatcen area

This area is estimated 64.2 ha and its population is assuming 10,692 persons.
Shagour Bassatcen area has been improved to a formal connection and it seems to be 30 % of
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overall area.  The improvement work is therefore required in the area of 44.9 ha with a
poputation of 7,484 persons.

© (1) Mezze - Razy & Kafar Souseh - Lawan arca

This area is estimated 170.3 ha and its population is assuming 46,786 persons. The
whole informal connections are required to improvement to formal connection, however
DAWSSA has currently no plan for improvement.

(j) Mezze # 86 arca ‘

This area is estimated 95.7 ha and its population is assuming 46,390 persons. - The
construction work of distribution mains, a total 20,250 m length of 80 to 400 mm diameter pipe
and a elevated service reservoir with a capacity of 500 m’ in accordance with the DAWSSA’s
~ contract specilications, is currently under construction.

(k) Somareych arca
~This residential area in the special area zone is estimated 37. 6 ha and its population is
© assuming 4,590 persons The whole informal conncctions are required to improvement to
~* formal connection, however DAWSSA has currently no plan for improvenient.

(1) Dummar - Wadi Af Mashare arca

" This area is x,sumatcd 41.9 ha and 1ts popu!atlon is assummg 14,841 persons ‘The
5':wholc informal connections are - required to, improvenient to formal conneclion, - however

DAWSSA has currently no phn for i unpmvcmcm

: (m) Tak1d0m ara

This area is also same sitvation as 'hshru:n area and about 25 % of Ihe area, 54.5 ha
and 36,750 persons in overall, has been improved under phase-1 project.  The formal
connections ate used 2,000 water meters.  Remaining informal conneclions in this area is
estimated 40.9 ha in area and its population is asswming 27,563 persons.

~ (n) Kudsaya arta
This area is eslamatcd 50.0 ha and its population is assunung 20,800 persons. The

‘whole:informal connections .a_rc reqmrcd to improveritent to formal conneétion, however

" DAWSSA has cureently no plan for improvement.
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4.2 Service Reservoirs

There are 30 reservoirs providing a total capacity of about 0.2 million m3.  Details of
service reservoirs are shown in Table E-4.4.  Existing service reservoirs are classified into the

following 8 different types:

- Reservoirs fed directly from the Figeh main spring I only.

= Reservoirs fed directly from the tannels by gravity or by 5 total
pumping

- Reservoirs fed from other reservoirs by gravity -3 total

- Reservoirs fed from other reservoirs by pumping lO total

- Reservoirs feeding other reservoirs through the -2 toh]
distribution network

- Reservoirs fed only from local wells, supplying 6 tolal
distsibution network :

- Reservoirs fed only from local wells, supplying local 3 tolal
networks ‘

- Reservoirs for regulating the pressure of transmission -4 total
mains -

~The reservous in Damascus city are allocated in lwclve serviced sub-areas accordlng to.
pressure rangcs as shown in Figure E-4.1 and Table E-4. 2. In gencrally, reservoics are.
constructed under ground and provided with pumping station, control house, transformer
house and diesel gencrator house. At production well centers, hypo chlorite dosing punips
are provided to disinfect stored Waicr before distributing it into network. - The dosing rate for
hypo chlorite is determined by the results of water quality tests carsied out with laboratory at

" DAWSSA hcadqua.rters Water sampling is scheduled every morning except on Fridays and

- National hohdays -Water from Figeh Spring, is a chlorinated at the plant located in a scparate
' building in front of the entrance to thc'tunheﬁ fecding Wali resérvoirs. ~This chl__o;inélingﬁlant '
‘uses chloring' gas, with cylmders having a capacity of 800 kg ¢ach. A(‘:éording o the sité

-investigation, safely equipment such as cxhaust fans, chlorine neutralization cqulpmcnt
leakage detector and alarm system has been installed in few years ago. — As for the transformer

and its operation, the house and cul-off switches are locked and only pcrbons authornzcd by lhc
Ministry of Electricity arc allowed to opcralc them,

As for measuring water flow at a reservoir, flow measurment device is equiped with at
Barada collecting reservoir, entrance of both tunnels, Western service rcscrvmr and produetlon
well centers in Damascus city. - D11]y water flow at each measurmg pomt is recorded in

- computer.  However other service reservoir and principal distribution main is need to measure

water flow for establishment of a plan of operation and analysis of water leakage. In the
present condition, the water flow measurement is available at 28 % in total of required places
and non-functional meter is 24 % and no meter is 48 %. The details are shown in Table E-4.5.
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4.3 House Connection and Water Meters

According to the DAWSSA's standard specifications, the service pipe from the
distribution main to the individual premises is generally made of polyvinyt chloride (PVC) pipe,
or galvanized steel pipe.  Saddles, brass union sockets and stop cocks are used for branch
connection, A typical connection diagram is illusteated in Figure E-4.3.  Various types of
service pipes can be found in existing house conneetions. The size of the service line depends
on the number of dwellings being serviced as follows;

. {unit : inch)
- Number of dwellings  Size of service pipe

| 112
2~3 3/4
4~6 I
6~ 1t : 1-14

i~ 16 1-1/2
16 ~ 50 2

(Source : DAWSSA)

These aré two iethods for connecting individual subscribers in multiple unit dwellings.
‘The preferred method consists of individually metering each subscriber. - A second more
’cohunonly used _mclhbd consiéts 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 responsibility of the subscriber.  Water meters for individual

- house connectiqn_afe generally of the muli jt_at_lyp'e meter, half inch pipe size, and of Syrian

make.  Meters above a half - inch’ diameter are imported from-France, Germany and otlier
countries,  Melers made in Syria have analog i'ndic_:a_tors activaled by the rotation of a turbine.
According 6 DAWSSA's records for 1994 and 1995, there is a total of 1,832 water meters for’
Narge consumption users and 232,314 meters for normal subscribers.  Detailed are shown in
Table 1-4.6 and E-4.7.

~ According to water meter reading in’ 1995, malfunclioning meters, less than 5 m?
~ consumption per quarter, were 84,112 h_tilﬁb&fS and 36.5 % of all. DAWSSA has carricd out
replacement and install in total of 7,546 water meters of half inch pipe size. Meter checking
- department of “consumer affairs dire’ctotaie has a capable to carry oul meter repaic of 10
- numbers a day at meter repair shop located at DAWSSA headquarters 2nd basement, and staff
in charged is one technician for repaiting and nine workers for dismantling/mounting meters.
The meler repair shop equips with a meter test bench, a small size lathe and a drilling machine,
and those ar¢ scemed to be in well operation condition. For more convenience of
workmanship, a booster puniping cquipment for the meter test bench is requested in order to
keep stable water pressure instead of present water tap.
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4.4 SCADA System

The SCADA system (Supervisory Control And Dala Acquisition systemy) is to ensure
optimum water production and distribution operations of the Damascus City Water Supply.
The contract for supply and installation of the SCADA system, which started in 1994 is being
carried oul by the Iltalian contractor Nuovo Pignone. - The total project cost is 12 million
dollars including 7.5 million dollars in foreign currency covered by a loan from the Arab Fund
{6 mitlion dollars) and the Syrian Government (1.5 million dollars).

“The project is scheduled 1o be completed in April 1997, however actual progress as of
July 1996 is about 6 months behind the original schedule due to delay of supplying
communication equipment of the praject componcnt.' Overscas training of the DAWSSA
operalion and maintenance staff is started at the contractor’s factory in Italy from this October
and in 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 operation and
maintenance of the system during 30 monlhs guarantce pgtiod.

: The system consists of three conlml centers with Wali reservoir being the main control
ccntcr DAWSSA headquarters the alternative control center and Figeh Spring the secondary
control center.  Remote termlnal units arc provided at each reservoir, pumping station and

“control valve in the dislnbuuon network. - The system has two main functions: firstly, to
- col!ect data from each facility lhrough reimote termma} units and sccondly, to prowdc reimote -
- control capabilities for each facility from the main conlro! center (or the a]lermtwe control
: _ccntcr ).~ The system schcmauc is shown in Figure E-4.4 and a sunmmy of the mam

functions is provndcd as foilows

Data collcclion ' Remote control

- Water level 1n reservoirs - Pumps (on/off)

- Pump siatus {or/oft) - Valves (open/close)

- Valves status {open/close) _ Pcnslock gates (opcn!ciosc)
- Penstock gate status (openfclose)

- Pressure

- Watcr flow (VﬂtOCitY)

In addition to the above covered arca, DAWSSA has a phn to expand lhc SCADA
system {o Barada spring starting a production of water in November 1995. '
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5. IMPROVEMENT PLAN OF FACILITIES AND MAINTENANCE
5:1  Facility Maintenance

In consideration of the existing cquipment for maintenance, it is tecomendable that the
maintenance group of distribution pipe will be provided with wircless communication system
between office and each working group for a efficient operation and equipment as follows;

. Wheel ¢rane . 25 ton 1 no.

1
2. Loader AR Y 1 no.
3. Loader: : 0.5 m’ 2 nos.
4. Dump truck 4 ton 3 nos.
5. Small excavator - 002 m’ 3 nos.
6. Cargo truck with 3 ton crane 4 ton 2 nos.
7. Trnick with telescopic hoist Height 10 m 2 nos.
8. Workshop car 4 nos.
9. Double cabine pickup - L5ton 8 nos.
10. Manual winch for well pump - 1.5 ton 1 no.
11

. Hand tools - - ' 1lot,

5.2 Master Meters

 The recording of water, flow from reservoirs and pumps, daily watcr'supply amount

and hou;rly' water supply amoun,t,‘ is"hclpful‘ to grasp the water demand variation in yearly,
~ seasonable and hourly, It is nccasi_s'_ary'for condticiilig' overall optimal operation of waler
- distribution and formulation of future operation plan.

. A meter for water flow measurement is conceivable four types, (1) a turbine type flow

meter, {2) a venturi tube type, t3} a electromagnetic and (4} a vitrasonic. - These meters’

 features are summarized in Table E-5.1. s therefore recommendable the clectromagnetic
flow meter will be installed on a pumped discharge pipe and the ulirascnic type for a gravity
flow pipe from a service 'rcéervoir, The required number is 59 in total, 22 for eleciromaguetic
lype zind 36 for ultrasonic type and | for level gauge at Figeh irr‘igal‘ion cannal. The detals are

“showit in Table E-S.Z. * “The project is assuming to stait in 1998 and the period is estimated 27
'momhs‘_ for study, tender, supply and instaltation. |
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6. ALTERNAT {VE PLAN OF IMPLEMENTATION SCHEDULE
6.1 General

A implementation schedule of Master Plan is proposed in Figure E-6.1.  The schedule
shows projects selected for the master plan as well as 13 projects currently identified in
DAWSSA’s five year plan and classified as “on-going”. Most of the on-going projects were
identified and started during the 1990-95 planning period. Works in progress’ have been
transferred to the 1996-2000 plan.  The master plan schedule assumes that DAWSSA’s “on-
going” projects to improve water supply conditions will be completed as planned.

Master Plan projects identified for the “rehabilitation and improvement” program will
start in 1997 and be compleled by the year 2006, with the exception of the water leakage sufvey
project which will continue untill the year 2015,  The construction of “expansion” program
which include water supply projects for informal areas and the development of water resources
with water right will be chucnccd from 1997 to the year 2005. '

Alternative Masler Plan based on the option-2, option-3 and option-4 mcludmg the
development of water resources without water rsght is presented in F:gurc E- 6.2. This
alternative plan corresponds to water demand of the year 2015. However it was not selected

- because DAWSSA has no water right at prcscncc " For exccuting the plan; it is ncccssmy for

DAWSSA to bc reallocated existing water right and to obtain it, -

6.2 Outline of Master Plan Projects

(1) Rehabititation and improvement program

* This program consists of a rehabilitation of facilitics, a leakage reduction and a
reinforceinent of water resources.  The rehiabifitation of facilities inchides a water main
replacement of about 98 km in 6 years, a water meter replacement of about 106,500 numbes- in
7 years and a improvements in mieter testing and repair facilities in one year. The !Cakagé_ '
reduction program includes a establishing district meler area (DMA) system in 9 years, a
pressure conteol program in 10 years and a master meter improvement of 59 numbers in 3 years.
The reinforcement of water resources includes a reinforcement of water qualily lcslihg
equipment in 3 years and a reinforcement of 3 Damascus city wells in 2 years. |

E-21



(2) Expansion program

The program is basically classified fwo schemes, water supply projects in 11 informal
arcas and water resources development schemes of 6 areas.  The water supply projects for
informal areas are proposed to complete within 9 years. The water resources development

projects are proposed to complete within 5 years.

6.3  Implementation Schedule

The proposed masler plan projects are summarised as follows;

Rehabititation Program

- Rehabilitation Projects US$36.9 million (1997 to 2003)
- Leakage Reduction Program uss 5.8 million (1997 to0 2015) -
- Reinforcement of Water Resources Uss: 5.8 million (1997 to 2002)
Expansion Program - s o _
- Water Supply Projects - US$29.4 million (1997 to 2005)
for lnformal Area ‘ - - ; §

- Water Resources Development Projects  US$ 17.5' million (1997 t0 2001)
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Table E-2,§ Summary of Water Supply by DAVSSA (1986 - 1995)

Figeh Sprng

- Total Amount

Water Supplied Water Supplied Number
Flow Yield from from, of of
Calendar Figeh Spring - Damascus Wells Water Supplicd Subscribers
Year (MCMfyear) (MCMAyear} {MCM/year) {MCM/year) {Conncctions)
1936 161.327 129440 14.326 143.766 201,698 |
1987 257.800 166.255 12,600 178 855 205,406
1988 297.600 171.870 15.262 187.132 205,828
1989 147.600 131.214 30.317 161.531 206,188
1990 141.000 122.151 32.710 154.861 221,236
1994 178.400 139.552 34.183 173735 226,059
1992 354.900 182.185 23.165 205.350 232,530
1993 276,100 188.489 23838 212.347 2394
1934 212,100 172.988 36.408 209396 243 468
1995+ 226400 177400 34.091 211491 ¢ 231,808
Average 224.883 158.154
(Source : DAWSSA) . _ T
" Remarks : - Poputation scrved is culculated by numbers of subscribers and average occupancy rate of persons per propest;
* Includes 6.8 MCM from Barada Spring by DAWSSA and by a contractor.
fg} - Table E-2.2 Number & Waler Yicld of Existing Wells in Damascus City (1993)
. Production] -Wells not in service  jObservation Total ©Average Water Yield
Name of Wellfield Wells New/ | Previossly | Wells Number . | ¢ Daily Max. - {Annual Average
) ' Uncommiss| ia service . = _W(x‘IOOO mird) Kmillioa m¥year)
{. Mama $24 ' ’ | 1] T3L200 6580
2 BnAssaker 13 2 a0 © T 28.600 5670
13 Kaboon s =il 1 ll 7.000| | 0.862
‘|4 KadamStore 3 2 3 N :
{5 Oumawiyin 13 1 14f . 20400 3335
6 gobar 14 _ 2 16 30.700 5838
7 University 9 3 1 13] 18,500 2.544
8  Kadam Railway 10 H 1 28.200 5274
9 Dummar 5 2 1 8
“ 110 Jaramana 16 i L
1l Kywan 5 -5
12 Tishrin 10 - 10
13 Takadom C 10 : 1} L ]
Sub-total 96 47 LY 12]. Co sl }64.600 -30.103
14 Fiinge : P L . .
Working Borelioles 23 T3l 11000 4012
Emergency Boreholes 58 1] ‘
Miunicipal Boreboles 55 . 85 : C]
Sub-total ' 136 . 136 LT S r:
Tolal 232 47 10 12 2k 175.600 34115

{Source : DAWSSA)
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Table K-X.1 Pump Operation Rate in 1998

__Statlon Name | Type |Number] Jan | Feb “Mar Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Déc | AVERAGE
Mareaz PWC cwen |20 | o2l 0wl or|  ox]  ox| 4%l oa| sex| ool ssal esx]| eu] s
Booster 10 aa|  ox]  oxl  ow|  ox] som)  ow| sew| srel ssel som|  4sa 14
endsster PWC | wen | e | oasa|  se| ox| oxl  ox| el mw| gsa| maxl szl six| s e
Booster 6 2on|  xl ox| ox] oxl em| | ssx| aix] o1x] sox| eix 3%
Ksboun PWC Lwen s | Cor| ox} exl: ex| oz| ox| _oa| eex] x| osx] osx|_ era) - 3%
Booster 2 L L O O | ] ) O s 1 69%
KedamSorekwC | _werl | 3 4 ox| o ox] ox] ox| wa| sor|_ srx| sx|_ 9ea] ssz| sa] 45
Baoster 2 o% % o0 0% 0% o3 0% 0% 0% 0% Q% 01 0-751
omawyyaPwC | wen | aac y vaw) awl el ax)  sm| ssx| o2a) ona erg| oom| ssx| om| s
Boostée 7 sal 2wl sa| o aw]  sw| wvel s2a] sox| asx| x| wz| na 20
Jobet PWC _ well 6 | ] aw]  oal  om|  ox| e | s3w| mam| sre] sem) 9% A%
Booster s gx]  ex|  ox| ox]  ox| aom| sex| 7| x| nz| ez na 391
tnversiypwe | wen | 12§ ox| _ox| ox| on]  on| ox| oz| m| x| sl ssaf sie] | ma
Boosler 3 ox| ox| ox] ox| ox| _ox| ox| e3x] ssz] ezl oex| om 7
KedamBeitway PWC | wett | 10 | vox|l  ox|  ox]  ox|  ox|  em| sea| vex| ssz| eix] siz| sma]  am
Bouster 3 sef  ox] ox] oxl oxl ozl soa| ssa| x| %] ww) aw M9
Barzda Spring Well 6 o] ox] ox| ox| ozl ozl ox| ox] az| wzxl szl 207
Figeh Spring Well 4 »a] szl ox] ox| ox| nx| ea| wm] me| nx| na| ns 434
Side Spring Weil i3 wi] uz| oa| om] ez| x|l wma| siz| gsz| viw] sx| o 45%
Al Harcush Spring well s pa| sx|  aal o] ox] mal esal - smiz|  eiw|  esx|  sixj soom 52%
Deir Movkaren Spring Well T : 4% 0% O'Et % O%] 5%} 73| 90%| 66%| 6% 45% 66‘1 e
IJemarya SR Boaster 4 s6m] 41| 4en] wx| syal ssaf eom] ssa| sse| sl ss2] aa 529
K 3 Kassion High SR | Booster 10 17x] x| ve] asx]  asw)]  wswf orre|  22x]  243) 24! ww]. 202 9%
IA&ISWaiSR . | Boosee | o N 2wl 2wl 2ve| aea|  mim] sl mel 3ex] |l seel ox] ex]l e
WEEasierns® - | Booster | 19 G G T T I S T ) T I 314
M.1 Mezze SR Boosler oxl  eml el ex|  eml  eal ex| 7e| sx|  gxl: sal  ea e
D Dammar SR Booster wal 2wl wal x| mal swl asal  ssal sex| 3l el mu 0%
- AVERAGE Cwen A tewd wowl Ciw| 0wl om| nap esal wmal wex| sie] s9a] esa] an
"y omooster 40 ual issl aza] vial sk wisl sex] asa| acw| asel sox] aom 3%

. (Source : DAWSSA) Noté | PWC méans preduction wel center. .

* SR means seovice resenvoir,
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Table E-3.4 Fringe Wells

Discharge

Ref.No.[Borehole Name Motor outputf  Head Depth instalted| Power Source| Reservoir
{kw) (m) {m3/h} L {m} 1 {kw) v {md
I |Kashcool 2.5 40 50 30 DIG 30 25
2 |AlSabeit 25 40 50 30 D/G 40 25
3 [Khsfain 25, 40 50 30 DG 30| 25
4 |Montasaf A Hi 2.5 40 50 30 D/G  100[ 25
.3 |Hadaia S25 )4 |50 o 2 (DIG 40 25
6 - |Halbneh 2.5 40 50 27 DIG 0] 25
7 [Burg Alzahera 25 40 50 30 DIG 4 - 25
8 |Kat Al Nasha 2.5 40 50 - 30 DIG 100 25
9 {Daf Alwacd 25 40 50 { - 30 DIG 30 25
10 _iDafAflese -} 25 | 40 | s0 | 30 | DG 40y 25
11 |Karm Taha 2.5 40 50 130 DIG 40 25
12 |Goret Al Shrabati 2.5 40 50 30 DG 100] 25
13 |Karn Fida 2.5 40 50 - 30 D/G 30 25
14 |AlWali _ 2.5 40 0 | 30 D/G 40| 25
(15 [Nasbat Omar (LadbaOmar} = 25} 40 | s0 | = 30 DG 40 25
16 {AlHafmain ' 2.5 40 .56 30 D/G 40 25
47 |Alabara 7.5 60 50 30 ‘D/IG 30| 30
18 |Karm Noh 25 40 50 30 DIG 40 25
19 " |AlKasr 25 | 40 50 30 DIG 40| 25
20 |AlKisai 25 | 40 | 50 .{. 27 DIG_ 100y 25
- 21 |Halaweh 25 | 40| so 30 DIG 40| 25
22 - {Maze Kabakbich 25 ) 40 | 50 | 27 ™G 30 25
2 25 | 40 | 50 .30 D/G 40, 25

Kafar Sousch School

(Souce : DAWSSA)

© Note: 1. VG means diese) generator set,
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Table E-3.5 Emesgency Wells

Ref No. Borehole Name P(kw) | H(m) | Q (m3Mh)|Depth installed]  Power Source Reseqvoir
(G T v (3) %’g
1 {School Alyarmok 30 40 40 Eaging 48 15 '
2 |tiadisi Malga 0 40 40 Engine 48 15
3 |Garden Moukayam 30 40 40 Engine 19 25
4 |School Eskandaron 30 40 40 Engine 48 s
3 |Mostaosaf AlKadam ) 30§ 40 | 40 ] Frgine 48 IS
6 |school Shike Al Komvatls 30 40 40 Eagine 48 15
7 |Muassaset Difa 30 40 40 Eagine 43 25
8 |Barid Al Midan 30 40 40 Engine 48 15
9 - |School Mustafa 10 40 35 Engine 18] - 2
_ 10 |GardenSohaid 1 | 30 | 40 .40 _Engine 48| 15
11 |Eastern Midan 30 40 40 Engine 48 15
12 |School Tawhidi 0 40 40 Engine 48 15
13 [School Ansari - 30 40 40 Engine 48 15
14 |School Raslan 0 40 40 Engind 43 15
15 |Gardén Bab Sharkd , 30 | 4 | 40 | engine 48] 15
16 |Garden Al Amcea 30 40 49 Engine 48 is
17 |Hammam Srouji 30 40 40 Engine 48 15
18 |Makiab Dafn 30 40 40 Englne 43 is
19 [8chool Damask 30 40 40 Enginé 43 15
20 |GadenBabM.  _ f - | 30 | 40 40 Engine 48 15
20 [Malia Khan , 30 - 40 40 Englne 48 15
7% |School Shafi : 30 0 | 40 Engine 48 15
23 {Schoo! Anis it 40 40 Engine 48 15
24 |School Lajin 1) 40 40 Engine 48 15
25 [SchooiMansour | o f- 30 | 40 | 40 | Eegee - 48] 15
26 [Scientific Cousage 0. | 40 40 Engine = 48 15
27 - fNational Leadership 1 30 40 40 Engine’ 48 15 o =
28 |Fire Center , 30 ) 40 | a8 Engine - 25] . 25 ' .
2% [Shrebishat 15 0| 40 © 40 DGRw) 25 55 :L
230 IMafjaShaina ) | 030 4 40 | 47 | Engee 9] - 25 3
31 |ustce Palace - : R 10, 40 45 Engine 19 25
232 |oasaga : -~ ] ] 40 30 | Eegive 19 35
33 [School Neirabein .~ 30 40 40 T | Engioe 48 s
. 34 |Mazzeh Awkaf - 1w | 40 40 - | Engine . | 25
L3S WUniversity | o 30 L 40 | 40 | Eegiee 75| 25
36 {Hasan Masque - - 30 40 40 . Ergine 48] s
37° {Hospital Damascus | 40 40 " Eegias - 48] - 1S
38. {Shcool Shawki - . 0 | 40 40 Tngine 48 15
39 |Parking Center -~~~ . | 0 0 { 40 | Engise a8l 25
40 [SporiCollege . { | 30 [. 40 {40 | Egiee 48| a5
41 |Norh Abbasyicen - |30 40 ) Eogine 48] © IS
42 [School Jobar 30 40 40 | Eegine - 48] 1S
43 |SchoolOmaya .. 15 0 40 © 40 D/G (kw} 25 20
44 [French Hospital k1) 40 10 Engioe - - 48 i5
45 fubenyCollege o f o f 30 |40 | 40 | Eegoe 48] 1S
46 |School Hamsho 0 0 | - 4 " Cagioe - 48] 15
47 |[North Hamsho. - : 0 |40 | 40 | Engiee . 48] 15
48 {School Dawoed - 3 |40 | 40  Engine 48 15
49 |School Kustoe 4 @ | 40 | 40 .| Engine 48 is
30 |Schodd Zubeir ) 3o g0 i 0 | engme | 4]t as
51 [School Amid B B A T T ! Engine 48]0 45
52 |West Amid o cf |40 S Engine 43 t5
$3 . |Sqace Sharchi ; ' 0 10 40 Engine . 48] 25
$4  [Ministry of Education | ©]- 30 40 13 Engine 19 25
(35 JalianMospiral - f | 30 40 | 40 | engne 48] 25
56 |School Dar Satam . 30 40 40 Engine 48| 25
57 }School Port : k] 50 40 Engine 48 15
$8  [Karajat Kaboon ' ] o 40 40 Engine 48 28

(Sovrce : DPAWSSA)
Note: 1. Ergine means pump i3 drivea by dicsel engine through pear box directly,
2. DG means dissel gererator sct.
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‘fable F~3.6 Operation Rate of Fringe Wells in 1993

RefNoi - Borehole Name Jan Feb | Mar Apr | May | Jun Jul Aug | Sep | Oct | Nov i Der | AVERAGE
I |Kasheool ssal  sga) 58|  S0%| S8 S8%| 58%  S8%]  S58%  S8®  S8%| A% 33%
%‘ 2. | A1 Sateit som|  som| sow|  so%;  sem! S8%|  S8%;  38%|  SB%|  S8%! S8  S8% 56%
= 3. [Khsfain el ] ! e 4l %] 0% 2% 2% 2% 2% 2% 41%
4. |Montasaf Al Hi el aw] 420 2%l so%b S0%|  SO% C S0%|  S0%| S0%:  50%] S50% 41%
LS qWadsa x| A%y A% A% S8%; S8%I  S8%|  S8%!  58%| S8%: 3%y OS8%E(  32%
6. [Hatbaeh 8% 7% U%| 1% 7% 0% 1% % 3% Bl Bzl B 2%
7. [Burg Alzahera 3| S8m|  58%| S8 61%;  67%) S8%| 58%. 58%] S8%| S8%| 8% 0%
8. [Kat Alfasha 8%  B%| 25%| 1%, % 2% 2% %l el eowl vx| a2 34
9. [Daf Alward 8% B%|  B®| M, (3%, 25%] 5% 3% 25%] 5% - 11%| 0% 1%
10 [pafavose | s0m|  s8®| . SB% S8%; S8%| S8%| SO0%| SO%| SRy SG%| S0%) S0%|._ S3%
“t1. |Kann Taha B%| 3% 3% 33%§ T4l s6%]  s0%| O SO%  S0%:  S0%|  S0%; S0% 44%
12. [Goret Al Shrabati 1w  som| som 4 s2a) sow] som| som| som] som| sox| som 7%
13, |Kann Fida 2% 2% 2% 4z%§ 0%|  67%| S8%| S8% 58w}  s8w| S58%| 58% 53%
M. |AY Wali 8% 1% %] 8% 8% VI%| 3% 25%| 28%] - VR[] V%] 17% 17%
15, |Nasbat Omar{LadbaOmar) | - 42%; ~ 42%: 2% 33% 41% _50%| 0% S0%|  SO% S0%| S0  S0%L  46%
16. |At Harwain : &%) a%] 4% 42m| som] 58w - S8®|  S8%) 53%) S53%] 8% 58%| @ 52%
17. [Atabam e om| awl 2w sl sel se] 2% %] ax] Q] aw] 8%
18. [Xarm Noh 5% 25| wswml 11%|  2sm] | 4%} o dam] %] A% 4%|  S0% 8%
19. |AEKasr 8% 8% 8w 8% 8%| 25%1 25%) 25%; 25%] 25%| 25%| 25% 8%
20 |AMKisai | 8% 8% 8% 8%|  §%| W%| 2% 25%  25%| 0% 11%| %l 5%
20, |Halzweh 5% 67%| 6T%! 61% 61%] 67%| S53%; S8%!  SB%, 58%| S58%| 58% 63%
22 |Maze Kabakbich % 1% 1% 1% 25%|  axE| 4% 429 ArE| 42%) A% 2% ney
23.  1Kafar Souseh Schaol gt rwb 1] 1wl 2sm| 25w asw! 2s%l . 25wl WI%| . 11%| 1% 19%
AVERAGE el ael el 3t 3em| 44k we] 4sx) 45%1 4wl 43%) 43K 40%

(Souce t DAWSSA)
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Table E-4.4

Service Reservolrs

2. The Dummar secvioe resecvolr is not used due 1o water leakage, but hoos!er puwps operate with a by-pass connochon
* 3. The Kaboon High service resenvoir is ot vsed at present because well purnps have no eacugh capacity for lifting
© water intd the cesenvoir dus 1o groundwates level drop.

(Source : DAWSSA)
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Code Name Location Efevation | Nos. of | Capacity Susf. Area Effec. Depthl  Type | Completion
No. {m) Tank | - (m3) {m32) i ' Year
__|parada_ IBaradaspring  [11805] 2 | 3000l 750] 400 [ Ground N
F.l__[Figehl [Figehviltage | 90296] 3 | 1,030 258 . _l_’_'!@_efs!_- e
F2 [Figch2 (Figehvillage ~ | - S I U L
G Memarya  HMemaryaviltage | 85368 2 |  2100) 516 . Undergf _.1e89
D Ioummar " lownarsewresidwen | 773000 2 | 1294] - | - | Undergr.| Notused
D1 |Dummar High  [Domnarnewresid area | 90000 2 5.862) 1,128 5.19  1Undergr.y 1988
0.2 l0vmmar Regulation-1 [Dummar pew resid. area | 87000) 1 100} - 49) 250 | Ground | 1988
D.3 _ |Dumeiar Regulation-2 [Dummarnew eesid. area | 840.00p 1 100] 49 250 | Ground | 1988
D4 |Dummas Regulation 3 |Dummar eewvesid. area | B05.000 | 100) 49 250 | Ground | 1988 -
D.5 .. |Dummsewrsid wea MU SO - . <oz | Notused
K. [Kassioun Middle [Mt. Kassioun 2 .| Undergr.[ 1980
K.2 [Akrad Middle : Akrad 2 |Undergr.| 1980
K.3  IKassioun High  [Mt. Kassioun 2 | Underge ) 1955
K7 [Kassioun Superior [Mt. Kassioun 3 | Blevated ) 1964
K3 TV [MtKasioun | 1,15500] wna Ao |Blevatedp 1964
1S |WaliNew Mt Kassiosn |- L4 | Undergr. 1980
LA |WaliGld  ~ Mt Kassioun L3 | Underge.} 1958
LE  |Akradlow = JAkrad 2 o |Undergr.} 1983
E [Basem ~ °  IBerze ] 2 | Undesge.j 1963
B.lv Berze\ﬁllage N B;(gg o o | Elevated} 1965
B.lb_ Bgrzg Bohooih _{Berze pre | I'ahncate C| o834l 20 1933
B2 [Akradlligh _  |Akiad o I 2 Und»f%f . 1967
IO _|Western — ~ IshikerSq Mouhagern | 75550 4 | Undergr | - 1982
ML IMezze _{Memzedabal | 77225 2 A00__ | Undedgr | © 1933
M2 |Mezze High  [Mezzedabal | - "81724) - 2 100 | Undergr.f 1960
M5 Mezze#ss  IMezze, | 85000 1 .| Blevated | Usder const.
N1 jibn Alnafeas  {Beree -} 0 80542| 2. ) |Underge.| 1983 -
[RX ' Khorshead - IMouhagerin |- 81523 2 Undergr.| 1968
C.A__Abba Siim High [Atbasiinsquar | 68622} 1 _. | Btevated| Notused
I |Kadam High . ikadamDAWSSAstore | 68827] 1 * | Blevated| 1975
[Ce _|BabEastem IBabShaki | 68164 - 1 | Blevated | Notused |
Cj_ |lobarHigh  fdobar | 70092) - Blevated Ji?!vsesi
Ck_[KaboonHigh  |Kaboonsueet, | 72899} 1| Elevated | Notused
Cm_[BabMosallah  |Midan - | 68567 1 _| Blevated | Notused |
A IbgAsgaVJgrm - llbn Assakerstrcu | 67583 2 | Undesgr.| 1985
A1 [Oumawiyin Old Oumawiyin §q. west pafk o 69667 1 232 | Elevated] 1973
A2 jOumawiyin  |OumawiyinSq westpark| 694407 2 00 |Undergr.| 1990
J_ Jobar _[fobarAkkash | na |2 400 | Undergr.] 1981-90
A Um\ersu) Cli)( L Merze oN200] 2 S 24 4.00 | Undergr.|- 1993
Km Kadam Store | JKadam DA\‘-SSAsicrer ) f{S‘)pU 2 247 NIA OG- _l___lpg_g_r_gr . 1_9_?!____
K [Kadam Raxlway KedamRaitwsyStaion | 687.55) T2 '} 2470] A | 400 ' |Underar.| 1989
M a2 \1a2raa Mazraa eastern pauk | . 69438 2 2470 625 - 4.00 : |Undergr.| 1981- §9
1. Mark (%) shows 2 Service resenvoit with booster pamps.



Table E-4.5 F.\'isling Conditlon.of Master Meter
. {as of August 19‘)6!

Code Nanz | Facilit)_'“r ) Sapplyto [ Numberof| Required . Nureber of melers Totat
§ Mol - e tocs | meress | satled ] Ponctional [Non-functions] Reguicement|
SPRING AREA e e _
[ |Barada Cofleciing eeseavoir Figeh 1 1 1 44‘}___“ j 0
| Deir Moykarca Colleciing main Figeh o1 1 1 ot 0
Ain Haroush Collesting main Figeh R . 1 I T _ﬁ 0
Figch Main Spring _ |Well pump __|2CoMectingmain 1 4 | 4 4 . 4 4
___ |Figeh Side Spring Collectingmain___ [1-Figeh I i 1 ¢ N S
__Figeh Tunnels (New & Oldy  [Wali resenvoir 2. 2 2 2 6
Sub Total . 1 10 9 5 4 -5
. R . N 100% 0% S6% 4%
SERVICE RESERVOIR o L o
E1 [Figent ._|oischarge main t-Networkf] lmigation 2 . 2 i 1 T 1|
G - |Jemarya Dischargemain___ Ji-Regervoir 0L AR DS AN ISR SRR I S
__[High reservois 4-Network 4 4 Q n 4 |
. | Duremar Pischacge main D.1 Reservoic . v |0 !
Dummar High Dischaspe main D2 & Nelwork ] o I [ ¢
Dummar Re gutation-1 Dischacgemain 13 & Network 1 t 0 ]
Dummar Regulation-2 Discharge main D4 & Network | ok 0 R I
Dummat Regulation-3 Disebharge main Neiwork 1 2 . !
_1Khorshead _ [Reseqvcic Gaden 2 2 2 2 e 0
Wali 014 ~Resenvoir - iReservoit SN IR I B
._____._“.,ﬁ,.,,"; Discharge maiz 2-Reservoit -2 2 0 2
Wali New Resenvolr  J2-Resenvoir AN DO A ISR SER I i
: ~ |Discharge main 1-Resenvoir 1 ol ) 1 0
KA [Kassiown Middle | . |Reseevoic [1-Resemvoir  ~ ] 1 1 N e R B
IS 2Neiwork 2 2 9 - 2
[K.2 " |Akrad Middle . |Resesvoic Network 1.3 ' 3 S0 - S 3
K3 |Kmsiouniligh - [Resoir  PNewo | 2z | o2 | 2 | Yoozoop2
. | Discharge main 4-Resenveir . 4 4 2 -2 2.
K7 |Kassioun Supesior  |Reservoir | " |1-Netwerk 1 1 o . (N
K& [TV C7 |Reservoir - J1-Neiwerk 1 ol 0l . 1.
©KE - [Akrad Low o |Reservoie _Neewerk t (. 0 1
| JUE |Eastem Ut |Reservoie o c[1Netwok o1 I IR , SUNEEE N
: _ | Discharge &ain _|5-Resenvoir b 5 2z 2 .y
B.Av [Berze Vidlage - - [Reservodr L-Network [N o b ]
B.1b |Berze Bobooth Reservoir t-Network . b (0 . L
B2 |Akrad High | |Reseevoir b-Nevaork [ ] o _. ] 1
LG (Western Reseovoir _|2-Resenvoi/3-Netwoek .3 5 3 4 S U |
ML (Mezze o tRessevoir L MNework |6l |4 b2 f 1 LA
) .1 iDischargé main - |1-Reserveir L ] 1 i ]
M2 |Mezze High Rcs:cn'o_iir Network & Adi poit Zon 4. B e - 4
_."l_.l___l_!_t:n_Mnafeas Resevoir Network . ' . ‘o
' Sub Total 62 62 b4] 13 i5 1
- - - | 100% s | e $4% _
PRODUCTION WELL CENTER _ o ~ o L
H(_I_.k__ Kzboon Well Field  |Collecting main Booster pamp/Network T 0 0 ok
A [ Assaker . |Dicharge main o |E-Nework N 1 0 S ]
A2 1Oumawiyin Discharge main___ 1-Networks|-Reseqvoir | - 2 2 2 2 L
1 . |iobar .- [Discharge main Jemetwesk 1 B i i 0
BA luniversityCiy - [Discharge main _ [1-Network : 1 1 ! 1 0
K.m_[Kadam Store _{Collecting main I-Collecting reservoir_ 4 © 1§~ "1 | a " 1. ;
Ks_|KadomRailway . |[Dischorgemsia  JUNctwok LI IS LIRS S § 0
A a2 |Marraa Dischafge miia I-Netwodd/-Reservoir | 2 ¢ 2 i : 1 2. ]
$ub Fotal 10 10 6 s S 5
e 0% | e | 8% S EL.] -
Totdh 82 82 2 %) 20 59
3} e e 100% 2% _53% % ' J
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Table E-4.6 Water Meter for Large Consumplion

. : (s of August 1956)
Categorics 13 mm ] 20 mm{ 25 mon ] 30 mm | 40 mm | 50 i | 60 mm | 80 mo 100 mim 150 mir 300 a1 400 s Totat |
] ; |
1. Govermeotal Authority] 34 133|206l ol sl e8] w] 2 1 i o 1} 87
2. Govennent Companics b 12 4 ) 6 1 ¢ 2 0 0, 0 0 &4
' I
3. Hotels 43 ? 19 0 6 4 4 i 0 0; 0 0 39
' |
4. Restrant 37 1 3 0 0 0 0 0 0 0 0 0 4
5. Factories 8 5 8 2 1i 2 0 2 0 0 0 0 38
6. Sport Facilities o2 1 0, 12 1 | 0 0 0 0 18
. ; ‘
7. Univessities 2 8 7 [3 1] 4 2i 2 0 0 0 0 42
8. Movie Theatess 2 5 4 1 0 2 OI 0 0 Q 0, o 14
9. Hospitals 1" 1 14 0 4 ? 2 3 0 t 0, 0 46
10. Schools 10] 125 85 1 e - 3 1 0, 0 0 OI of 235
1%, Private Nonmal Usess 46] 40‘ 356 12 123 65 12 0! 0 0 0; 0 659
1 E . l i
Total 03 M3 1 3] -235] 1551 4l 37, 4 2 o 1] 13833}
. (Source : DAWSSA) ) :
Table E-4.7 Water Meter for Normal Subsucribers
‘ . Areas " Numbers
‘1. Damascus Center Low 152,720
2. Damascus Center Medium S 30,522
3. Damascus Center High I @ 112,588
4. Damascus Center High 11 . 6,830
5. Damascus Cester Superior High 2,082
6. Beize Low 7,361
7. Berze Midium 2,013
8. Berze Highl - 2,120
9 Berze High It 1,704
- 10. Eastern Berze High 1 1,894
" 11. Mezze High 1. 5,540
12. Mezzé High ¥l 5,317
13, Dummar ' 5,284
' Toatl 235,975

(Source : DAWSSA) Note : Meter sizé 172°
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Table E-5.1

Comparison of Flow Meter

Turbine Type Flow Venturi Tube Type Electro-magnetic Ullrasonic
Meter Flow Meter Flow Meter Flow Meter
Accuracy 1+ 4 % +2% - +05~1.0% 2 15~2%
[Velocity : Velocity :
<ND 250 (2 ~ 4 m/s)
(0.5-2 m/s)
= ND 250 _
(0.25~1.5 nvs)
Range Ability : Range Ability : [Range Ability : Range Ability :
1:10~1:30 13~1i5 1:10 1:10
Pipe Diamcter : Pipe Diametér: Pipe Diameter : Pipe Dianmeter: -
'ND 50 ~ 900 ND 75 ~ 2500 ND 6 ~ 3000 ND 100 ~ 5000
Straight Pipe Length: |Straight Pipe Length: -~ {Straight Pipe Length: [Straight Pipe Length:
 Upstream: 10D ‘Upstream: 5~10D - Upstreamy: 3~5D * | *Upstrean: 'iOD_ |
" Downstreani:3D Downstream: 5D Downstream:- | Downstream:SD
| Pressure Loss : - [Pressure Loss : - |Pressure Loss | |Pressure Loss :
0.2-kgflchi2' - | 10~30% of diff. press. | ‘none ' " none
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Table E-5.2 Improvement Plan of Master Meter

Discharge Pipe [NO. Nanie of Station Facilty Supply to Remarks
5 M¥a. {mnn) o -
ELECFRICMAGNETIC FLOW METER %
160 1 M3 Rassioun High Discharge main-3 K 8(2ald purp) ___Replae
2 [M.3 Kassioun High Discharge main-4 K 842 Kuhota psmp) Replace
250 | L |1A walkiOld ____| Dischaige main-1 K.} reservoir | New |
2 |JILE Easterm_ Dischacge main-2 B.1v Berze Village New
3 [Ck Kaboon Booster Discharge maia-{ Tishreen New
300 1 JIA  Wali Ol Discharge majn-2 Klmservodr __ KNew
2 JCk_ Kaboon Booster Dischazge maia-2 Warwar o New
} |M a2 Mazeaa Discharge main-2 N1 . New
400 1 |G Yemarya Discharge main Reservoir New
2D Dummar - iDischarge main I3 b Resarvric N New -
3 IHE Eagtern’ Discharge main-3 B.2 Aksad High New
4 Kaboon Well Field Callecting main Booster purnpMNetwork New
500 1M1 Merze Discharge main M 2 Mezze High __Reéplace |
2 [IE Eastern_ Discharge main-1 B.Lb Berze Bohooth New
3 |A  lbn Assaker Dicharge main Network New -
600 1 iK.m New Kadam Store Dhischarge main Network New
- 700 i[O Western Reservoir MY Maesg R Replace
| 2| - Figeh Maln Spring WeBpump-1 Collecting main Replace
k] Figeh Main Spring | Well pump-2 Collecting main New
1 Figeh Main Spring Well pump-3 | Collecting miain_- New
5 Figets Main Spring Well pump-4 Collecting main New
1,200 i Figeh Side Spring Collecting main Figen Kew
ULTRASONIC FLOW METER
100 1 M Meaze Netwodk-4 (Meza K56} New
150 111G lemorya High seservoir Koddsia o Nzw
2 1X.7  Kassigun Superior Resenvolr Network New
3 {M.2 Meazz High Reservols Vitlat New
00 1{G - kmanya - iligh seservoir Jemeaya vitlage _ New
2|G Memarya % High resenvoir Jectiade village New ¢ g;
116 Femig High fescrvoir Koddsia New =
41D2 pvmmar Regutwion-) Discharge maip. |03 & Neiwerk . New
s Ik AkaaMisde Resen Gt Neswork-1 N New
J280 11 ID4 Demear Repulationd Discharge main Network L New
1.2 K1 Kassioun Middle Reservoir _ |Network.t B New
3 K1 Kassioun Middie Rescrvoir s | setwonk-2 New
4 K2 - Akrad Middle ¢ {Reservoir ! Retwork-2 e New.: .
5K 2 Akrad Middle Reservoir Nepwork-3 : New ©
6 [B.lv Berze Village . - - [Reservoir Network New |
7 EM2 Meree High Reservoi Mezzé West o New
§ M2 Mezze ligh _|Resevoir Mezre West New
300 P [K.3 Kassioun High Resecvoir tetwork- | (Mohojerin) Replace
2 [K3 Kassioun High Reseqveir Network-2 (Akrad) Replace
3 [D3 Dwmmar Rogufation. Discharge main 0.4 & Network N New
4 M 2 Alsad High Resérvoir Network New
400 L ILA - Wali Ol Resecvolr | Network- ) o New
THA WaliOW Reservelr  [Network-2 New
3 IML Merze Reseovoie Netwark 1§04 Merrd) New
4 [M2 MezzeRigh Reservoir Network & Afr port Zong New
S00 LA wahioW Resenvoic | Network-3 Replace
o 2 [LA Wali Old Reservoie o Metwork-4 Replace
A M Merze Reservoit " |erwon-2 aern Quisad) Replace
4 [MA Mezze o iReservoir " | erwork 3 everre Jobay Replace
S [K.D - Kassioun Middle Reszrvoir K.2reservoir New
6 e AkndLlow - Reservoie Network New -
600 E 1 1tA  waliod Reservoir [LEAkI2dLow Replace
2 |ILE _Eastern . Restrveir INetwork New
- 3 |B.1b Berze Bohooth Resenvoir Network New
1,200 118 WaliNew Reservoir IO Western-1 o} Replace
) 2|18 WailiNew Resenvoir ILO Westera-2 Replace @
WATER LEVEL GAUGE .
{250 Tl Figehd [Dischargemain2  ~ Therigation chansel [ ®ew ]
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