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PREFACE

In response to a request from the Govermment of the Syrian Arab Republic, the
Government of Japan decided to conduci a sludy on the Dcvclopmcm of Water Supply

- System for the Damascus City (Phase 1) and entrust the siudy to lhc Japan International
* Coopenation Agency (JICA) : ' a

JICA sent to Syria a study team headed by Mr. Maéato Ftijinﬁmi Nippon Koci |
Co., Lid., thrce times between January 1995 and December 1996.

The team held discuéSio_ns with the officials concerned of the Govcrninent of

* Syrian Arab Republic, ‘and conducted ficld surv'cy"s‘ at the study area.  After the team

rc!umed to Jap_a'n,' f l_u'lher studies were made and present report was prepared.

1 hope that this rcporl will conlnbulc 1o the promouon of the project and to the

- enhancement of rncndly rclations between our two countrics.

I wish fo express my sincere appreciation to the officials concerned of the

| Govesnment of Syrian Arab Republic for their close cooperation extended to the team.

Fcbfl)ﬂr)', 1997

- Klmlo Flljm
Prestdent
Japan International Coopcmuon A gcncy



&b

Februa ry 1697

M. Kimio Fujita
President
Japan International Cooperation Agency

- Tokyo, Japan

" LETTER OF TRANSMITTAL

: Dear Sir,

We have the pleasure of submitting to you the Final Report of “The Study on the

- Development of Water Supply System for the Damascus City (Phase 1), in accordance with
“the Scope of Work agreed upon between the Damascus City Water Supply and Sewerage

Authority and Japan International Cooperation Agency. The study was carried out for a total

“period of 14 months from January 1996 to February 1997, aiming to formulate water supply

master plan for the Damascus city.

The report consists of five vo!umcs The Executive Summary (Volume 1) contains -

‘the summary of the study result. - The Main Report (Volume ii Ypresents the formulation of

overall and strategic master plan for the water supply system in Damascus city, The
Supporting Report (Volume 11f & 1V) describes the analysis and discussion in the sector of -
socio-economy, urban development plan and land use, water resources, water quality and

cnvironment, water supply system and facilities unaccounted for water, waler demand forecast,

organization and institution, finance, and economic evqiuatlon to support the ma:n repoﬁ
Data Book (Volume V) contains baSIc dala of the study : -

The siudy team smcerely hopes lhat lhe study rcsull woqu conlnbute to: ihe fulure -
water supply plan in Damascus cﬂy - -

We wish lo express our deep appreciation ahd'gratitude to the personnel concerned of
your Agency and Office in Syria, the Embassy of Japan in the Syrtan Arab Repubhc as well as
officials concerned of the Government of Synan Arab Repubhc - -

_ Since_rely yourss,

% //57 f//\

~ Masato Fujinami
Team Leader
The Study on the Development of Water
Supply System for the Damascus City (Phase 1)
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THE STUDY ON THE DEVELOPMENT OF
WATER SUPPLY SYSTEM FOR THE DAMASCUS CITY
PHASE I

Study Petiod: Januvary 1996 - February 1997

Counterpart Agency: Damascus Cﬂ}’ Waler Supply
and Sewerage Aulhomy o s

" OUTLINE OF THE STUDY
.  BACKGROUND

Damascus Clly is the national mpnal of the Syrian Arab chubhc and is lhc cconomic
and culture center of the country. “The Damascus City Water Supply and Sewerage Authority

L(DAWSSA) provides waicr for Daniés’cus City. - In 1995, DAWSSA supplied a total of
_approximately 218 MCM.  There was an estimated approximately 25 MCM demand which

was not met in 1995, Water restrictions mainly occurred in Damascus during the dry season,
in spitc of the supplemental water pumpéd from wells within the City.

Only 36% of all water produocd is b;llcd zmd an cshmatcd 64% is Unaccounted for

'W'uer (UFW). 'An aging infrastructure, and informal pipc connéction contribule to these high

levels of UEW. Therefoic' new nicasures for rcducmg leakage losses in the distribution
network are required in addition to finding soltree of water. '

2. OBJECTIVE

The Study’s objectives are: O :fbrmulaic an overall and strategic master plan for

- appropriately ph'ls'cd improvement / development of the water supply systemin Damascus City

up to year 2015, {2) to conduct a feasibility study for priority projeci{s) (o be sclected from the
mastér plan, and to study changcs needed in nmnagcmem of DAWSSA 1o promole sysiematic

- development of W'ucr supply. services in the. city, and (3) © transfer technology on planning
- - micthods and sk:lls to the countcrpa:l pcmmncl of DAWSSA.

3. . STUDY AREA

The Study arca for the Master Plan Study covers existing serviced administraiiivc area
and future extension arca of Damascus City. Water resources located in Zabadani valley,
Figeh Spring arca and Hermon area are also included.



4. OUTLINE OF THE PROPOSED PLANS
4.1 Basic Concepts for the Formulations of Plans

The master plan covers a 20 year penod up to the target year 2015, Itis aimed at
addrcssmg deficiencics in the cxisting system, and improving water supply to mect the

demands of a growing population. - The plan is centered around the following concepts:

- i) Reducing unm::countcd[c:)r‘walr:ir (UFW) in the existing distribution system,

S 1} Maximizing the use of all c\isung waler resources,
i) Looking for opportunilics lo increase available water by Sharl ng exisling resources

- with others before developing new resources, and
iv) * Developing a water supply master plan that is consisient with the proposed Damascus
City Urban Development Master Plan.

4.2 Outline of the Master Plan

The selected master plan projocts are divided into’ two prbgrahr streams,  namely
“rehabilitation and improvenient” and “expansion”, according to the chronological need -
identified by the water demand forecast for Damascus City.  Projects in the “rehabililation and
improvement” program siream w ill be carried out in the carly stages of the master plan starting
in 1997 and be completed by the year 2007, with the exception of lhe waler lcakagc sury ey
program which witl continue until the )ear 201 S - : '

- Projects in the “expansion” program which i:ic]ude the development of new tvaler
resourees will follow séquenced construction starting in 1997 until the year 2005. The
selected master plan projects are identified as foltows:

Rehabifitation and Im pn;\:cmcnl Program

A:1 Distribution rchablhlation projects:
A-1.1 Waler main replacement: approximately 98 km by 2003
A-1.2 Water meter ruphccmcnl approximately 106 ABG by 2003
A-13 lmproscmcn! in meler lesung and rcpamng one additional teslmg sct by 1998

A2 Lfakagc lcducllon program:

A- 2.1 District meter arca (DMA) system: approximately 70 blocks by 2005
A- 2.2 Pressure controk: approximately 40% of DMA blocks by 2007

S-2



A-23 Improvements to master melering: Installation 59 mclcrs by 20()0
A- 2.4 Leakage survey: dev e[opmcnl of 5 teams by 2006

A-3 Water qualily and pumping cquipment improvement projects: .
A- 3.1 Improvements to water qualily testing laboratory: development of analysis Capacny
A-3.2 lmprovcmcms of pumping cquipient for existing wells in Damascus City:
- Ibn Assaker: upgrade booster pump for an additional cslunatcd 120 Ifs (2.5 MCM/y) |
i : Kadam Raitway: upgrade well pumps for an additional 115 Ifs (2.3 MCM#y) . '
" Fringe Wells: upgrade vwell pumps at 8 sites for an additional estimated 1.76 MCM/y

- B-1 Water supply projects for informal arcas.

No. Watcr supply system © CAsea’ Population Water demand
| . | o Ty ' iy

B-£.1 Kassioun Mountain Fb‘d( S 309 B3I 6562
“B-12 Tishreen . o © 362 15488 2980
B-l3 . JobarSmroundmg Al ;\l\sabMosquc ] -63.7 . 25,704 ' 4,964
CB-14 Dast-WestTabbalch ; 1352 12669 2447
'B-_l_.S :\{okha)am Al Yammuk . 1180 ) 86,068 _16,621
B-16  NahorEshah- Dabhadt & Asalie Kadam 1704 37005 7,146
B-l.'?. Al Qazzaz & Shaghour Basateen G-i.Z i0,692 _. 2,065

- Bas Mezzc. Razy& Kafar Sousch- La“an 1703 16,786 | o 6,332
©oB19 . Somare) ¢h _ 376 4,500 - 918
" B-LIO 'mmar-wm Al \tachan: R 41.9 14,814 2866
B-LI11  Kudsaya - L 500 - 20800 4017
Total ___ | - 868.4 308,680 61,716

B-2 Water resources development projects

No o Projet ' Area Pumping ratc
: S S ' ' (Is) (MCMYy)

“B-2.1 New Well Ct;'ai;‘r for Infonnal Areas - Jammana 290 6.12

B.22 New Well Center for Formal Arcas . (4) Kafar Sousch . 80 169
(2) Tishseenand Kywan 256 $30 :

B-23 Water Resources Development Schemes in Hcrmon Area Dxiral Aiha)er ' 200 . 3.16
B-24 Water Resources Development Schemes in Damascus (!)Shokry at Qou\\atl)' P70 3560

(New Stations) 7 (2) Kanawat Gardea T80 169

S5-3



4.3  Oulline of the Priority Projects

Ceitain projects have been identificd as “Priorily” projects because they are wrgenlly
réquircd for public health or operational reasons such as reducing water losses.  The scale of
the selected prionity project makes it refatively easy (o fast track the process and complete the
feasibitity study and design within the given time constraints.

~ Sclection of prionity projects includes the District Meter Area (DMA) system 1o

' enhance leakage detection efforts, and the c\lcnswn of the distribution network into the Mezze-

- Razy fKafar Souseh- LaWan in’informal area.' ‘The outline of the projects are shown as.
follm\s

Water leakage reduction program based on the District Meter Area (DMA) system

Location : Existing distribution network i in Damascus City arca
© Total number of DMA : Development of approumatcly 70 blocks with ﬂow melers by 2005
- Average size of DMA : 2,000 - 6,000 propertics

A\cmgc number of flow metcrs perDMA:2-4

- Type - of meter ¢ mechanical mclers, clectromechanical meters, clcciromagnehc mcters,

ultrasonic meters

Waicr supply project. f or the Meézzc - R'u'y & K [ar S_ouSeh - Lawan informal area
bocalmn in Kafar Souseh district - -
Implementation Schcdulc completed al the end of 2000
Afca o be improv ed: 170.3 ha
Estimated Population : 46, 786
Water Demand : 6,322 m3/d estimated :

Project cost for distribution : US$ 7.1 million qpproumatcly
Work ltems : 7,260 m main pipe I(_eng!h, service pipe and 7,800 meters

@



5. PROJECT COST

The total project costs of cach proposed scheme are sumimarized as follows:
(Unit: USS 1000)

_ Items . 1.C. LC. Total
I Rehabilitaﬁon and Improvement Program : '
1.1 Distribution Rehabilitation Project - * o 4037 720384 24421
1.2 Leakage Reduction Program ' 299 347 36
L3 Water Quality and Pumping Lqmpmenllmprmemcm}’rmecls CH4 38354279
2. lmpansnon[’rogram o : L S .
'_2 1 Water Supply Projects forlnfonna] Atcas B - 4762 17048 .2'1,810 :
2.2 Water Resotirces Dev clopment Projects IR 2625 10,111 12736
3. TaxandDuty = L 6,730 0 6730
4; AdminisrationCost - S 217 0 inm7
5. EnginceringCost . . | 1217 5830 - 6747
| © Sub-Total (tems 1To5) 210331 60325 81656
6. I‘h)su:al Contingency =~ : ' 1457~ 6032 7489
- Sub-Total (tems 1 To ot 22788 66357 89,M4S
_ 7. PriceConting;nc) R e y 804 2904 3708
g A " Total . 23592 69261 92853
Note: 1. LC :'nc:ms'lo'cal currmcy.ponion and F.C. means foreign curtency portion.

o2, Physical contmgcncy is 10% ofstiinfofitenln 1,2, 4aid5.
o 3. Pncc connngcnc) H 5% of local cumncy pomon and 3% of foreign currency portion

ofitems 1,2,4,5and 6.



6. EVALUATION

The proposed projects in this rcpoﬁ arc technically [easible, and are economically and
financially viable.

3 4] E):onomiclE\-'al imlion .

The estimatcd cconomic bcncflt for the master plan project is $26 million in the year
2010, The estimated cconomic cost of the master plan project is appm\lmatcly $83 million.
Iicremenital 0pc_mt10n and ‘maintenance costs after implementing the master plan project at the
* end of 2007 will be $1.7 million. ﬁ -

' Econohlic cvaluation is based on the cconomic internal rate of return EIRR for the
* estimated project benefit and cost stream assuming an cconomic life of 25 ycars"'afler the
complcuon of the last project in mld 2007 The resulting EIRR of 34% indicates Ihc pro;cci is.
cconomlcajly jusuf lable ' '

{(2) - . Fnancial Evaluation

“The incremental revenue gencrated by the project will be (in US$) 1.43 million in

1997, 6.5 million by 2000, and will reach a maximum of 12.2 million in 20100 T he total = |

investment cost for the project is $95 million.  Incremental operation-and maintenance costs -
including cquipment rcplau:mcm is $1.73 million pcr year. The resulting a 9.8% mtcrml rale
of retuni indicates the project is I m’mcm]ly viable. The resulls are very scnsm\c to variations

in the cost and benefit pammctcrs Thcrcforc an increase in tariff is required to c_nsurc-lhc S

project will be viable should unfav orable conditions prcV'u] The a\’cragc'!m‘iff required to
nake the project financially viable under assumeg w orse case conditions of a 10% increase in
cost and a 10% reduction in benefits is US$ 0.15 per m’. '

(3) Environmental Examination of the Proposed Prdjécts

~ Initial Emnronmcnm} E\'ummuon (IEF) was conductcd to assess lhe posm\c 'md
ncgatnc environmental Imp’lCiS of the proposcd pro;ccts The thty of the supplied. water
and (:\plmtallon of groundwaler resources are the most important environmental factors. - The
results of the [E mdlcalr:d lh'\t most of lhe proposed projects will benefit lllc arca through the
_ supply of safc drinking waler.



7. RECOMMENDATIONS

(N It is recommended that the following "pribn'ly projecis proéec(l immediately to the
feasibility study stage: |

-~ water leakage reduction program based i the District Meter Arca (DMA) system

~  water supply project for the Mc?m-Razy'and Kafar Sousch-Lawan _inform_zﬂ arcas

{2) A larget flgurc of 25% total UFW has bccn set for the )car 20[5 W thh given thc right
conditions is achicvable.  Measures which have been recommended are as follow : ' :

a) Transfer all informal housing 1rcas from infonmal status (o formal status,
b) Embark on a program (o replace all defeclive meters,

c) Rcducc system losscs by a combination of different programs wh:ch arc as follons

1

arry out mains rcncwal program lo replace old distribution mains.

Carry outa program to monitor leakage fcvels by district mctmng area (DMA)

I

Introduce pressure control w here high pressures exist to reduce leakage quantity

b

' ]nt’cnsi{ y leakage control from p_ﬂssive_lo aclive control

3) Thc water demand |dcnuf ied after lhc year 2005 will be larger than the water resources

‘capacily currently allocated to DAWSSA. The cstimated w ater deficit by the year 2015 will
reach appm\lmalciy 47 MCM. Rcallomuon “of other resources, for example thosc used for

irrigation, will be rcqunrcd in 1hc future since cvslmg water rights are insufficient to meet the

forccast demand.’

- D) Financial performance of DAWSSA to improve accounting, metering, billing and

collection. It is recommended that numbet of meter readers be increased to a level that will
allow rcading at quarterly intervals. It is also recommended that billing and accounting be

" automated and integrated with the accounting function.

(5} Restructure DAWSSA in the medium term to (i) rationalize and reduce the number of
operational ‘and technical dizectorates. by aimlgamauon (i) create a new Dircctorate of
Information Technology (1.T.), and (m) create new dcmrtmenls for Personnel and Trai ning.
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- MOl
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Others .
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ABBREVIATIONS

The Arab Center for the Studies of Arid Zone and Diy Lands

“ Bureau de Reche rehe Geologique et Miniere, France

Ceniral Bureau of Statistics
Conipaginic Generale des Eaux, France

" Damascus City Water Supply and Sexw: erage Authonly

Establishment of Drinking Water Supply and Sew: cragc in ihc Rural

- Province of Damascus
‘Establishment Public Des Eau De Danas (F;gch)

Higher Institute of Applied Sciences and chhnology
Japan Intemational Cooperation Agency :
Ministry of Housing and Utilities .

- Ministry of Irrigation

Syrian Arab Republic :
The State Planning Commission

World Heaith Organization

- Environmental Impact Assessmcnt
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Gross Domestic Product
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Net Prescat Value

- Operation and Maintenance -

- Polyethylenc
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. Supervisory Control ant! Data Acquisition (S)slcm)

Unaccounted for Water
Value Added Tax

- i -



Length
mm
cin
m
km

"-Area: o

cm?
m
ha

km?

Velume

Cem?®
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m
MCM

Weight
mg
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kg

Time

min
h
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ABBREVIATIONS OF MEASUREMENT |

eﬂ'i-,?
Electrical Measurement ]
millimeter \' = Volt
© centimeter A = Ampere
‘meter Hz = Herz
kilometer W = Walt
kW = kilowau
MW = Megawatt
: square centimeter
* square meter Other Measures
hectare % = pereent
square kilometer - HP = horsepower
- 0C = Celcius degree
Cubi¢ centimeter : D’eri‘ved‘ Measures _ o
liter - ' s o= liter pcfsecond .' B i |
cubic meter  m*s = cubic meter per second A
million cubic meter  ' m'h = cubic meter per hour
: m*d = cubic meter per day
ped = liter per cipita per day
kWh = kilowatthour
milligram - MWh = mcgawauhdur ;
- gram "~ kVA = kilovolt ampere
kilogram mgl = milligram per liter
ngl - = nii_crogrmn per liter
megfl - = milliequivalents per liter
second [Slem= jl)icrt)sicnubns per centimeter
minute o ' ' -
hour : o Cu:rl'en'cy.: o
day ¢ S us$ = US Dollar
year ~ SL * = Syrian Pound
CURRENCY EQUIVALENT : - |

{as of September 1996)
US$ 1 =SL42
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1. INTRODUCTION
1.1  Background
This report describes the results of the master plan study (Phase 1) of “The study on lhe

development of water supply systens for the Damascus Ciiy" The study arcais located in the
southwest of the Syrian Arab chublic Damascus City has a popuhuon of about 1.4 mllhon

‘and in recent )cars has grown at rate of more than2.0 %.

" “The Damascus City Water Supply and Scwcmge Authority (DAWSSA) provides \\’aicr

for Damascus City.  In 1995, DAWSSA supplicd a total of approximately 218 MCM. These

was an cstimated demand of 125 MCM which was not ‘met in 1995, © Water rcstﬁctioné
occurred in Damascus mainly dunng the dry scason, in spite of the supplemental w ater pumpcd

f rom wells within 1he City.

_ ()n!y 36 % of all water producod is billed and ‘an csum'uod 64 % is Uuaocountod for
- Water (UFW) - An aging mfmstruclure and informal pipe connection contribute 1o these high

levels of UFW. Thcrcforc measures for reducing lcakagc ]oqscs in the dlslnbuuon nch\ ork

- are required i in addition to inding new source of water.

In Fcbruuy 1994, lhc Government of the Syitan Arab chubhc ( hereinafter rcferrcd to -

as the Government of Syria ) requested the Govemment of Japan to conduct a Study on the

Dcvelopmem of the Watér Supply System for the Damascus City.  In response to the official
rcqucs{ from the Government of Syra, received in March 1995, the Government of Japan

' dlspﬂtchcd a JICA Preparatory Study Team to review and identify the Scope of Works for the

Project. The JICA Preparatory Study Team and the Government of Sym discussed the details
of the Study and sin gcd the Scope of Work for the Study on March 23, 1995,

- 1.2 The Scope of Works

The objectives of the St'udy are to formulate an overall and stralegic master plan for

“appropriately phascd m\provcmcnl :'dcvclopmcnl of ‘the water supply system in Dmmscus City
up o year 2015, lo conduct a feasnb:hly study for priorily projéci(s) to be selected from the '

master plan, and o study changes nceded in managcmcnt of DAWSSA o promotc qgstcmauc o

dcvclopment of water supply services in the City.

‘The Study consists of two phases, according to the tcntama schedule outlined in the *
Scope of Work " for the Study.  Phase 1 is the Master Plan Study which consists of three fietd



investigation periods and two home work periods as follows:

A. Preparatory work in Japan (January 1996)
B. The First Field Investigation {Basic Study; January - March 1996)
C. The Second Field Investigation (Detailed Study & Analysis; June - September 1996)
D. The First Home Work (Fonmulation of Master Plan; October - November 1996) -
“E. The Third Ficld Investigation
{Explanation and Discussion of Draft Final Repoit; December 1996)
F. The Second Home Work
(Prcparauon and Submmmg of Final Repont; January 1997))

‘Phase 11 is the Feasibility Study on priority projccl(s) which will be selected by mutual
consent from the Master Plan formutated during Phase 1. '

The JICA study team dispatched  ils engincers to the study arca on the schedule
described in -the Inception Report, for the exccution of the study. The Study has gone
~ smoothly. . Engincers of lhc _JI'CA study tcam* has 'élzjoy'cd_'cxécllénl cooperation - from
. DAWSSA's team of the counterpart personnel. ~ The transfer of knowlcdge to the counterpart.
personnet has been carried ont throughout the Study in the ficld operations and in the office .
work.  Twao counterparts were also been invited to Japan by JICA (o obtain training on water = §
© - supply p!ann_ihg'in' 1996, l |



2. NATIONAL BACKGROUND
2.1  Land and Population
- Synais located on the Eastern Mediterranean. It’s total Jand mass is 185,180 squarc

kitometers. The country’s capital cily is Damascus. Between the census years of 1981 and
1994, the average annual growth rate was 3.3%. The mid year popilation cslinntcs for 1995 is’

'14.186 million. - About 60% of the population ar¢ under the:age of twenty. The rate of
urbanization is high, with an estimated 51% of the popuhuon living i in cities.

2.2 National Economy

The GDP in 1994 was 496,500 million Syrian pounds or 35,866 million Syrian
pounds per capita in current prices (1994). The domestic economy relics heavily on a

~ seasonally fluctuating agricultuml output \i‘hich represcntcd about 21% of GDP in 1994,
- Transportation & communications arc the fastest growmg sectors sccmg real grow th of 16.5%
_bcmccn 1993 and 1994, : . :

. Annual mfhnon rates have histoncally been hlgh at 15% 0 20% in 1994. ]“ollowmg
the govcmmcm s liberalization program in the late 1980’s consumer price increases sfowed but

~continued to fluctuate because food subsidics were partially lifted and cxchange ratc
. adju'stincnﬂs devalued the Syrian pound. The exchange rate has changed cOntjlauoﬁsiy over the -
' faast five ycars as the 'govérnmcnt 'has grqdl}1lly moved tbwards 'unifying Fatcs with
: _nc-ighbormg countrics 1o defer the active black markel on currency c\changc The official

IC\ch:mgc rate is now 42 Synan pounds ol US dolhr '

The 1995 budgcl set .lolal expenditures at SL 162 billion, a 12.5% increase over the
1994 level but a net reduction in real terms given the estimated inflation rate of 20%. The total
amount allocated to investnent spending in 1995 was SL 74.1 billion.. The 1996 investment

budget has increased by 23% to SL 1.1 billion. Local resources fund about 75% of the budget

(SL 68.7 biltion ). External resources will be used to cover the balance of SL22.4 billion. The
iational income for 1994 was SL 475.8 bitlion resulting in a per capita income of SL 34,366,



3. ' 'PRESENT CONDITIONS OF THE STUDY AREA
3.1  Socio-Economy
. Damascus City Govemate is the second largest urban center in Syria, Alleppo being the

 first. Damascus is the nation’s capital and an important administrative center. Most of the
cconomic activily in the region centers around the tourism and trade industry.

'~ Since 1970, the population growth rate has been declining steadily and has been lower

" than the growth rates experienced in the other large urban centers. According to the 1994
. census, the total populatidn in Damascus City was 1,394,000. On average there are 6.0

persons per dwelling. About 60% of the familics surveyed for this study receive Iess than SL. .

10,000 per month which is classified as low income. Ancther 20% reccive less than S1.25,000
per month, classified as middle 1 income. ‘The av erage houschold income for all mcomc groups
is SL 16,254

The average life c\pcclnncy in Syrna was 60.6 for men and 67,7 for women while
infant mortality was 37 per 1000. Esumams for Damascus Governale are not available but

should be better than the national average giv cn the betier standard of Iwmg, and better hea__llh ,

services coverage.

3.2 .U[bar} Development Plan and Land Use o

Damascus M'illiicipa}iiy is currently working on a new nnsict plan for Future ba‘nﬂa’scus
City and chloml Area (hereinafter called the New City M/P) to promole sustainable grow th to

the year 2020. Conccplual plan in the )car 2020 is shown in Figure3.2. !

Population and area is projected as follows;

Year 1995 2000 2005 20102015 2020 -

Population (1,000persons) UG8 62T 17722 1,878 1,934 2,000

Areaiti the Cily (km?) ooT06 180




Percentage of each income Levels to total population in 2020 is classified as follows;

Year 1995% 2020%*

Area Damascus Syria Damascus
High Income 16.7 % 18 % 20 %
Medium Income 18.0 % 34 % - A0 %
Low Income 39.5% 48 % 40 %
Informal {Medium) . 45% 0% 0% .

Informal {Low) - 213 % 0% 0%

. (Source: *JICA & DAWSS:\ ** Damascus Municipality)

" The composmon of hnd uscin 2020 is presented in Tablc3 2.1. Thcfésidcntial and

‘commercial land area is approx. 86 km? of 48 % of total land area of the Clty - The fufure tand

use pattems will likely not change significandy from the existing fand use pattern. - New

development areas in the City are planned for residential and commercial use, such as Kudsaya
' ’Ncw Suburb, Dummar Exteasion Area and Assad New Suburb,

3.3 Waler Rcsourc_cs

~The cnly of l)‘mmsuus lies on lhc boundzuy bcm ccn lhc Anti- Lebanon Mounlams and
the plains of the Fl-Arab Trough. The mountains are I‘ormcd from Jurassic and Cretacéous
Karstic limestone that reccive ample wmter prcc1p|tauon that pereolates into the ground during -
the snow melt before issuing from springs.  Two major springs, Barada and Figeh, form the

‘ Bamda Riv er, while spaller sprmgs feed the Aw: aj River. The location of fivers -md aquifers is

|llustmtcd on the hy drogcological map, I 1gurc 3.3.1.

-.Watcr ‘rc’sou_rc_cérijscd by'DAWSSA aurc confined to the major springs and the alluvial
aquifer undesling Damascus. The. springs arc very scasonal with a peak-in March- 10 May
followed by a recession unul December oF Janvary. Barada Spring has an cstimated natural
recharge of 100 MCM/y fed by Jurassic limestones west of the Zabadani Valley. In the last 10
years the discharge has declined to about 70 MCMJy, this is considered 1o be a result of
abstractors using water within the spring catchment area. The av cmgé discharge of Figeh has

“remained unchanged at 220 MCM/y lhough docs vary from m er 300 MCM in a wet }c‘u loas

low as 129 MCM ina dry year.

The spnngs in lhc Awgj catchment are s:mllcr and uscd for local w'utcr supply and

- jrrigation, 1‘ he !argcslsprmg, located in the head waters of the Jamm Riv er, is Bclt.lcnn wilh

an average ﬂow of 23 MCMYy.

“The Quaternary alluvial fan aquifer is exploited by wellficlds during periods when
spring flow is insufficient to meet demand. The total water resources are estimated to be about

-5



360 MCM/y but in the arca of good water qualily an annual abstraction of as litle as
50 MCMly is considered the safe yield for planning purposes.

All the water resources are intensively used, the largest single use is for irrig'ation.
The main irrigated area is the Gouta covering 370 km? with significant arcas along the course
~of the Awaj River and in the intermontane valleys.  In total about 1,000 MCM arc used for
* irrigation. '

34 ‘WdtérQﬁaIily and Environment |

- As much as 80 % (1995) of the water supplicd by DAWSSA is available from Fi geh
- Main Spring; a major spring which has been recognized for its superb water quality and
- abundant yic_ld for centuries. The water from this spring is characterized by low conductivity
(around 300 1zS!c111),' neutral pH (around - 7.7), and low hardness (arbund 150 mg as
CaCOst). iT_hc waler satisficd the Sydan Drinking Water Standard for all criteria examined
- this tim._c.‘ ~Consequently, the overall quality of the water supplicd by DAWSSA is high.

With the recent increase in water demand; however, DAWSSA is being forced to use other

water resotirces with less desirable water quality, especially during dry scason when the yicld
' from Figeh Main Spring is low.’ F his increase in production from sctondary waler resources
" is ereating seasonal and rcgloml vanallons in the quality of thc supphcd water.

There arc numcrous sccond'ufy watcr sesources in the area, In gcne’r'l] the quality of

water in lhc miountain arms (Zabad'm: Figeh and Hermon areas) is sahsl"\ctory For example, '

Barada well ficld, which provided apprownalcly 7 % of the water used by DAWSSA last year,

-produccs watér with good quality. The ground\'. ater in Damascus is not as good as the waler

in the mountaing, although the water from mosl cul) wells still meet the Syrian Drinking Walcr

Standard. Ty pually the conductivi 11}' is around 700 - 1000 Sfcm, hardness is around 300 -

400 mg a8 CaCO,/i, and the nitrate concentration is around 25 mgfl. The major . :

groundwater. problenis in Dnmascus are localized to south Damascus (hardness and nitrate
problems} and Dummar-Mcuc area (hardncss sulfate and sallmt) problcms) as shown in
Figure 3.4.1. - :

_ !n lhc flrsl pesticide polluhon study conducted in July, 1996, chlorinated pesticides
(dicldrin dlld hcpmchlor) banned by Decision No. 10 (1990) were found from OCumawiyin
~wellficld.  Two additional investigations, including an independent analysis of the samc
sample at an analytical institute in Japan, were carricd out.  The analyses in Syria again
showed the presence of pesticides in the Oumawiyin samples, but no pesticide were found



when the same sample was tested in Japan.  Use of pesticides in Syria is not well-controlted,
and the possibility of pesticide pollution at OQumawiyin cannot be rejected. Therefore, further

investigation is strongly recommended.

Surface water in the study arca is not a suitable source of drinking water as itis heavily
contaminated by sewage and. industrial discharge. A serious heavy ‘metal poliution
(chromium) was found in the tannery arca (Dabaghat),  Some pesiicides were found in the
surface waler in‘Zabadani; which is an intensive agricultural zone.

According to the resultl of the sanitary condition niohitori_ng carricd oul as part of this
study, over 97 % of the tap waler examined contained more than 0.1 mg/l. of residual chlorine, -
and no microbe was found in any potable water sample. ~ However, in the southern Damascus
(Kadam area), the water supplicd (rom the wells contains rather high concentrations of
hardness and nitrate. . Scveral countermeasures were suggested in the main report.  Some
distribution systems arcold.  Te avoid secondary pollution, replacement of damaged pipes is

recommended.



Table 3.2.1 I‘uluu, Land Use Ciassification

Land Use Classification (ha} 1 ox
Total | | Agriceltorat] Apriculioee |Geeen & Park] Special Area] Tadustial TResideatial &] Resorved s | Kassioon o
Name of Arez Arca & Resideatsl & Airport Zooe Commercialp  Ouhers Mountain_

[1. . Proposed Villages*
!._I_ Hane

Sehwa 330 0 0 o T o a 378 o 0

L . Peoposed New Development Area

‘! i l\udszya New Svburb

? " Pmpos-u! Kudsa}a N;w Snburb

L OLh-rs e

| Subtotal -
A Exising Dumascus City

31 Ruke Ald)ﬁ e

1 3 \'lcue & K:!u Soukh )
34 Kanawat -0
15 Ka!w\&M:dm L
16 O Ciy & Shaghour
M Saevjac L
18 Yannouk
3 39 -Jobar

- - 2.956|
. Sub total 295,
L Totak{ha) - - 2,646

{Source 1 Damascus Governate & DAWSSA)
(Remarks)
* : Agcaof Yillages is waler seived area due lohdt of i nronmtmn o a«mmslumc arca

o The d-.\dnpnm nt area (\f KZ:SI(\Uﬁ New ‘l’man includs |.he area with 310 ha ms:d the bmrmg Dsmass us (‘uy
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4. PRESENT CONDITIONS OF WATER SUPPLY SYSTEM
4.1  GENERAL

Damascus consists of (wo Mohafazas, Damascus city and Damascus rural.  Water
supply to Damascus cify and 8 villages along the Barada river is managed generally by
Damascus City Water Supply and Sewerage Authoritics (DAWSSA) under the Ministry of

“Housing and Utilitics.

Main water source is the Figeh spring and other water sources; stich as uﬁdcrground
water in the Barada spring and Damascus tity, are supplementary utilized. ~The portable water
is derived from groundwater sources in the Barada spring wells and the Figeh spring.  The
water is conveyed 1o three service reservoirs after bciﬁg chlorinated at the Figeh dispersion
* basin, and stored at cach reservoir. Water to the villages in Damascus Rural is supplied from

. Figeh and Jamraya reservoirs, - Water conveyed to Damascus Cily, through thc transmission’

pipeline consisting of the box culvert with Lh__’c fength of 16 km ‘:md_' the ncw tunnel with the

length of 15 km, is stored at Wali reservoir and then distributed to several service rESCIVoirs . -

located in the city. The groundwater in the city is pumped up toa si:rﬁcc reservoir located in
the vicinity of each borchole and defivered 16 house conncclions through the nct work with

chlorinating Ircalmcnl
4.2 Pfcgc:]t Service Arca‘and: Population
(1)  Present Scrvicc Arca
Thc DAWSSA supply water to cight villages, Flgch A? Khadra, B'lssunc Ashmf)c
Wadi, Judayde with the special area zone, Hame, Jcma:ya Kudasaya with a new residential

arca and Ta]-.adom in Damascus Rurd. Special Arca Zones is a bulk water supply sysiem
through tmnsmlssmn pipe from Figeh. The cxisting service area of \*llhges is estimated at 5.12

kin®. quascus Cily consists of fifteen districts. - The DAWSSA has rcsponsnb:hl) for

water supply to the whole area wuh 106 kn12

(v Popiilalion Served in Prcéént _SE:\'icc Area -

_ Thc cxlslmg populauon scn'cd is csumatcd atl, 150 950 based on the billin g data and
1994 Cénsus as foflows: '

Total Population 13,557,950  Population Served 1 1,150,950
Infonmal Resident  : 407,000  Service Level (%) : 74%
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. The residents have waler supply from DAWSSA with 100 % excepling the number of _
informal residents, in 1995, Total poputation in informal arca is estimated tentatively at
407,000 persons based on the Census and the results of the interview survey.

43 Existing Water Supply System and Facilitics

The exisling water source for water supply consists of three water sources, wells at

' Barada Spring, Ain Figeh arca and wellficids/fringe wells in Damascus City, and record of

water production in 1995 are 218.3 million m¥/year.

Water from the wells of Barada and Figch is com-'c}'ed'into Wali service reservoirs

“through the fwo lmns;mssmn tunncls by gravily flow which have a total conveyance capacity

of 14. 8 m*fscc. - The Wali reservoirs feed a numbcr of smaller service reservoirs and the [‘.asl

“and West main storage reservoirs.  In addition, ‘water supply is supplcmcnlcd by a number of

production wells located throughout Damascus.  These wells ‘which ase: connected to the.

distribution network arc' used mostly during water shortage periods. ‘The existing water

supply sy'stén'x is illustrated in Figure 4.3. 1.

A total of 34 storagc and service reservoirs provxdc acap'tcnly of about 0.2 million m’.

“The existing water distribution sy stem in Damascus city is dmded into fifteen service districts:

and each district is sub divided into pressure zones. which are: rcgu1atcd on the basis of the
clevations of the service district.  The total Icnglh of the existing transmission and distribution :
mains is around 1,221 km. Approunnlcly 124 km (129%) of the dlstnbullon mains are cast

iron plpmg with lcad jOllliS The casl iron pnplng is ovcr 25 ycars’ ol and in qucsuomblc '

c_(_)ndmon

Pumpmg slalmns arc used lhroughoul the system to convey water | rom reservoir to
reseivoir, and lo supply water inio the distribution network. In total there are 15 pumping

| slations provldmg a pumping capacity of 25.2 thousand m3n'h with a total of 99 pumps, All

pumplng slation are equipped with ¢ a siep- -down transformer and a stand- by dlescl generator for

- emergency use. ‘However some of the diesel generators do not have cnough capacity for all

- pumps 1o operate at the same time. -

Water from Figeh Spring is disinfected at chlorination 'plant located in Figeh at entrance

of the tunnels fecding Wali reservoirs. Disinfection is achicved using chlorine gas. - At the

production well centers, hypochlonite dosing equipment is provided for disinfecting water
before it is distributed.
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Water meters for individual house conricctions are generally of the multi jet type, hall
inch pipe size, and of Syrian make.  Meler larger than a half inch diameter are imported from
France, Germany and other countrics. There is a total of 1,833 water meters for large
consumption uscrs and 235,975 melers for normal subseribers.

The SCADA system project (Supervisory Control And Data’ Acquisition system) is
+ currently under construction and will greatly enhance DAWSSA’s ability to oplimize water
. . production and distribution operations.

4.4 1 Present Water Use and Customer Consciousness

Main results obtained from the interview survey during in this study is summanized as

follows.

Anaverage famlly sizc in the Cﬂy is 6.01 pcrsons per family. 78.5 % of the inl‘orm.a]

' rcs;dcn!s unofficially used water supphcd by DAWSSA. More than 90 % of informal uscr:s

have \ullmgncss (o pay in case of cs{abhshmcnt of official w atcr supply. Monlhly inconie,

" water consumphon and paynient at cach class is csumaled below;

Class Income : ‘Consumpnon - Payment TG ncome
. ' {pcrmonth) .~ (m*/month) (pcr month) - _ L
High SI;50,000 - 35(i94iped) - o SL 162 .03
Medium . 8L20500 33 (183 lpcd) - 8L 152 o :O.’Ij _
Low - -+ 8L 5665 32(177ped) - SL 142 25
Informal Residents SL 7820 31(1721ipcd) (SL14ey* (1'.9)*
Average TTTSL 16423 3277 1pcd) “TSL147 - 08

(Note: ¥ Assumcd for lhc mforma] residents)

More lh'm 70 % of formal consumers are satisficd with the existing walcr supply, such

as quantily, pressure, quality and payments. “As availability of DAWSSA Water Supply in
dry scason, only 55 % of consumers are supplicd “_’alcr over 12 hours per day.:

4.5  Unaccounted for Water (UFW)

" 'In 1995, about 64 % of the total water production was unaccounted for waler. The

~ ymain componcents of UFW arc attributed to meter malfunction (14.4%), religious and public
fountain use {1.7%), informal us"c'(l3.6%), and system losses (34.7%). The récommcndcd
target level for reduced UFW has' been set at 25% of tolal production for the year 2015.

- Measuires to reduce UFW includes an active leakage detection and control program, water main
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rchabilitation, meter rcpiaccmcm and provldmg informal dwellings with propcrly (‘onncctcd
and metered service connections.

4.6 Organization and Institutional Status

DAWSSA is legally designated an autonomous unit within the public sector under the

-sponsorship of the Minister of Housing and Utilities. fn reality, all of DAWSSA’s activilics hrp _
~ State controlled and it has litde frecdom on budgels, wages, tariffs, and dircction.  For the
~ development of water resources, other than Figeh, outside the city boundarics DAWSSA is

réquired to seck licenses from the Ministry of Irrigation who have responsibifities for. wates

- planning and- regulation;'wilhin the city boundary that - Ministry, DAWSSA, and the
~ Municipality all have varying rights and rcsponsibililics; for water but no-onc has overall

control.

_ 'DAWS'SA is managed through a Board of Difcclors compsising required exccutive
dlrcctors - the Gerieral Director and his Deputy p!us the Darcctors of Finaice and Planning, one
other selected director - currently the Director of Consumcr Alffairs, and two nonnmled worker
representatives - cur_rcnllly from one finance and onc tochmca] directorate. '

- DAWSSA comprises 16 main directorates, the General Dircctorate; and two service

departments (sce Figure 4.6.1). The recent response by DAWSSA o the Minister regarding
“his prop‘oScd *model” siructure coutd imply a reduction to just cight main directorates. Overall
) there are some 1,340 staff (including a small propostion who are cither temporary of conlncl)
staff remuner ’mon and lcnurc of position are rcgulatcd by ICnghllOﬂ (the Labor Laws). The

current mannmg ratio’ of ' 5.4 staff / 1,000 conncctions is reasonable by international

‘standards.

‘Paramount among DAWSSA’s current problems are excessive water losses and low
révenue income, - at the same lime as dctcrioraiing levels of iservice to -customers,
Orgammuona]ty, judged against ‘best’ modem praclice there are problems of an over

' fmgmcnlcd orgm:mtlon struchire; absence . of funchons for personnel, - training, and

information - iechnology; madcquatc remuneration and nolwatmn of smff excessive

burcaucracy; and tack of custonier oucmauon. N
4.7  Financial Affairs

A sumnary statement of incomes and expenditures for the 1990-95 period is shown
below.  In teims of revenue growth, financial petformance has improved significantdy from a :
pre-tax et income of SL 5.5 million in 1990 to SL 252.5 million in 1995. This large
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~improvement is duc lo substantial tariff increases and growth in the number of metered
connections., Substantial increascs in pre-tax revenues have not resulted in a corresponding
improvement in the overall financial position. Accounts reccivable have remained unaccepiably
high at 190% of total revenue in 1995, equivalent to 23 months of water sales.

Summary Revenue and Expenditure Statement (S1. millions)

1990 1991 1992 1993 1994 1995

" Revenue - 135.6 2218 2002 225.1 3798 353.2
Operating expenses -~ 97.6  ° 1138 1385 1461 1796 2164
- Operating income 38.0 1080 707 79.0 2002 136.8
Depreciation : 324 361 40.0 39.7 . 50.2 54.1
Income 56 71.9 30.6 393 150.0 82.6
Profit tax 4.7 '53.2 293 337 87.5 483
Net income ' 09 . 187 1.3 5.6 62.5 343
Financial Indicators : _ ‘
Workingratio (%) 72 51 66 65 47 61
- Operaling ratio (%) 96 68 85 8 6 - 7
© Profit margin(%) -4 32 15 17 1 39° 23

Revenue generation is serfously undermined by a large proportion of malfunctioning

metess and a high proportion @f unmetered inforntal use. A review of 1995 billings rceveals that

as many as 33% of domestic meters could be malfunctioning. Approxi:_natély 30% of 'lh_e -

domestic pOp_ul'au'o'n ( 407,000 users) ;'x'r_é"'conucctcd‘inform‘ally to DAWSSA’s system and

account for an estimated unmelered consumption of 29.7 MCM pé'r year. The potential revenue |

lost o these 1wo sources is conservatively csli_métcd at SL 157 million (US$ 3.7 million).

A review of the balance sheet for the 1990-95 period indicates that fixed asset valucs

are considerably lower than replacement costs. The current levels for annual asset depreciation
are insufficient to provide the funds required for the long term rehabilitation and replacement of -

the distribution system. A summary of the source and application of funds for the 1990-95

périod indicates that operating income before laxes accounted for only 12.5 % of all available
funding while' loans accounted- for 90 %. “This rchlncly high proportion indicates a large -

dependency on governmenl subsndy and foreign loans. More cinphasis will be required in the
near fulllrc on maintcnance and rchabilitation expenditures in order 0 protccl this exlensive
investment in infrastructure. |

In terms of overall financial management there are three significant factors that impede
good performance:
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DAWSSA has no clearly defined financial objectives. Management's cfforts to operate

‘on a more commercial basis are hampered by politically determined tariffs and a

relatively high profit tax. The tiffs are set uniformly on a national basis and

undercharge consumption by a large margin.

The accounting of ticome is _subslanliéliy delayed by an inefficient billing and oollcczioh
process. The total billing and collection process takes about 11 months from the time

‘the meter is read to the time the payment is received. The lack of Gmely financial

information seriously affects management's ability to control costs, prepare budgets and
y affects manag y , prep gets and

provide accurate [ orecasts of future financial needs.

The accounling systen is based on the cash accounting principle and facks the ability o

providc the cost accounting typically nccdcd b) lility’ managers to control operaung'

and mamtcmncc c\pendﬂures
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JAPAN INTERNATIONAL COOPERATION AGENGY (JICA}

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

Figure 3.3.1 Existing Water Supply System in Damascus
(on Jan. 1996)

olr {Source : DAWSSA) ) NIPPON KOEI CO, LTD
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5. PLAN FORMULATION
5.1 Basic Concepts for the Formulations of Plans

The plan was madc up to the year 2015 based on the deficiencies in the existing system,
the results of water resources development potentials for DAWSSA examined, and considering
the levet of urgency for waler requirenients identified through the study,

' The basic concepts for the formulations of plans are as follows:
i) Reducing unaccounted for water (UFW) in the existing distribution system,
i) Maximizing the use of all existing water resourees,
"iii) Increasing availability of new water resources and sharing of resources with others, and
" iv) Consisting with the Proposcd Damascus City Urban Development Master Plan.

5.2 Served Arca

Service area will be extended according (o' the New City Master Plan prepared by -

Damascus Municipality. . Total scrved area including the e\lstmg villages at cach 5 years is

estimated respectively, 111, 62 km? in 1995, 111.86 km? in 2000, 115.86 km® in 2005, 123. 49'

kmtin 2010, and 135.17 kv in lhc ),car 2015 as shown in Flgurcs 2.1.
5.3 Populatibn Projcclion

Populanon pro_;cchons for estimaling fulurc watcr demands arc based on census data

‘obtained from the Ccmr'ﬂ Burcau of Statistics (CBS) Rcfcrcnoc is also niade to lhe Master

Plon being prepared by the Municipality of Damascus for new dcvclopmcnt arcas. The total
population within DAWSSA’s service area in 1995, including an estimated 407,000 informat
“residents, s appm\'imalcly 1, 557,000. The population currenily scrv:ccd by DAWSSA
through formally mctcrcd scrvloc conncchons s csumatcd att, 150 000.

- This sludy cxammcs {hrcc possnblc populauon growlh seenarios: a hi gh growlh forecast .

based on national growth lrcnds a moderate growth fore("ts! which assumes de-concentration
to other urban centers _oumdc Damascus City Governate, and a slightly lower growth forecast
- based on pfbjcclioﬁs__ in the municipal nﬁas{cr:plan which assumes a liigh level of im_igmtion to
onew 'dc\'clopmcnt silcs. Based on past urban growth trends and the population momentum
created by the relatively young age distribution the present study assumies a mxderately
distributive growth forecast of 2.47 % per year which results in a total population serviced by
DAWSSA of 1.56 million in the year 2000;  1.95 million in the year 2005; 2.21 million in the
year 2010; and 2.50 million in the year 2G15.
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5.4  Watcr Requirement

(1)  Waler demand projection

Classified water demand projections at each 5 years are summanized as lollows;

* (Unit; 1,000 m¥d)

2000

Year o 1995% 2005 2010 2015
A. Domestic Use » . 1261 2721 3769 494 5352
B. Non-Domestic Use _ _ | o -
'B.1 Governmentat Use 373 997 1024 - 1092 1196
B.2 Commercial Use 18 239 246 262 287
B.3 Industrial Usc ' s 62 63 671 14
B.4 Water Right Obligation 407 425 425 425 a5
B.5 Religious & Public Use C1es 106 . 109 116 127
" Total : ' w2241 :455.0 563.6 6156 ™61
o *: Water consunﬁbtior: in 1995 is cstimated from bitling record.
§ B () Daily water requirement
_ Accountod walcr demand and UF W are forccaslcd as shown ll‘l Figure 5. 4 1 - UFW
in 1995 is cstimated from actual water produclion amount (598 100 m’ld)
Daily water requirements is projéclcd bclow ;
' | o , : (Unit : 1000 Igﬁﬂ
1995 2000 2005 2010 2015
1. Accounted Water Demand 224.1 - 455.0 563.6 615.6 746.1
%) &3] 1) (69) ) (75)
2. UFW j . 3740 2958 2497 2548 248.1
2.1 Metec Malfoiction . - 886 235 0.0 0.0 0.0
© 2.2 Informal Use o “8L4 310 81 . 00 0.0
2.3 System Losscs ' 2040 2413 2416 2548 2487
3. A\cmgcwalcr Rr:qlunmml C 6780 7508 BI33 T 9004 99438
_ C(598.1) SR j o
4 thimum Wat-:chquitcmcnl © 7594 - 8559 9272 11,0265 1,134.1
" {load Factor : '1.19) ' _ . oo
_ 5. Water requircment per capita 285 291 289 - 203 298
51 (Ipcd)

¥§ : Datain 1995 are provided by DAWSSA and JICA.

*2 : Average water regriroment in §995 is effective water requirement based on data of produclion on

Aprl.
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* Daily water requirement to proposed served areas is estimated as shown in Tablc 5.4:1.
Water requirement is summasized at cach 5 years as follows :

. (Unit : 1000 mYd)
Yeor 2000 2005 2010 2015

“Viliages ' 537569 603 653
New Development Arcas 85 215 43.6 73.3
Existing City 688.6 1379 7963 856.2

“Total 7508 8163 9060.4 994.3

Figures 5.4.2 and 5.4.3 show water requirements at cach scived area in the year 2005

and the year 2015.
(3)  Annual water requirement

© Annual water reqirenient is proposed as the foliowing estimation.

Year 2000 2003 2010 2015

Waler chniircmcnl QMMCMiyear)  274.0 TGS 35863631
| | S m¥sec) - 87 94 104 115

Itis supposed that waler .dcf icit will be dccurréd after the year 2005, since the capacily
“of water resource is limited with 296.9 MCM!)&U (9.4 m’iscc) estimated by the existing water
rights of DAWSSA. 11, therefore, is necessary that DAWSSA will dcvclop the new water

- resources for the )car 2010 and 2015 in considcration of the harmony betwecn. the water
demand augmentation and water saving noed, and in cooperation with Damascus M_umc;p'ihly :

and the Ministry of lrrigation {MOI).

"The MOI would bé expected for solving the water deficit in the City alter the year 2005,

because the MOI has the' responslblhly for formulation and arrangement of waler resources
dev clopmcm in_the rural arcas where have a polenh*ﬂni.) of v.alcr resources, and is aulhon?cd

for water ri ghts in the nm! areas.
5.5~ Water Resources Development
The water resources that are 'w:ulablc for us¢ in (he vicinity of Damascus are already

'ﬂmosl fully conunitted 0 water supply and irrigation uses.  The Master Plan proposes the
maximum utilization of the cxisting sources together with limited development of new sources.
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An estimate of the resources is given in the table below,

Tolal Replenished Resourcc Estimated  Resource
Source with acceplable water available to DAWSSA
Quality (MCM/y) (MCM/},)

Figch Source 220 _ 220
Barada Source 100 ¢ 34
Sergaya Atea - 9 3
Deir al Ashayer Area : 7 . 3
‘Damascus Quatemnary : 50 50

Total 386 : 310

Currendly about 130 to 185 MCMy arc used from Figch Source and up to 35 MCMYy
from Damascus. - The development of the Barada source is ongoing and will provide an
additional 34 MCM. Al the anticipated yields of other ongoing schemes are included in the

“water production plan.  The anlicipated capac:lrcs of the sources are listed in Table 5.5.1.

l‘ he plan is ablc to increasc producuon from Damascus and lhc new arca of Deir al
Ashaycr to meet the anm:lpatcd requirements until the year - 2005 in the casc of av: cmgc rainfall,
Table 5.5.2 and Flgurc 5.5.1. ‘By Ih"d time all the sources will be fully developed, small - _
increases af lcr this time arc a result of a hi ghcr demand in the carly parl of the year met from

- Figeh source.  The plan is formulated with a typical producuon from Figch spring, drlcr or

wetter years have a major mﬂucnce OR water availability since there is- timited gr_ound\w aler

- storage in-the syslcm lo buffer the cffects of variable mctcorologlml condmons At ccr"mjn

times in the plan there is surplus capacity, when this has arisen preference is made to the us¢ of
Jurassic and Cretacoous sources. The shorifall in water su pply is eliminated for 1 year in 2.

““However there will still be a deficit § in dry years, for the 1 year in 10 drought condition a small
~ shortfall exisls lhroughout the plan This deficit will occur most readily in the peak demand
| months of J u!y to September. ' '

- The use of the Quaternary aquifer under Damascus is timited by the arca that has
acceplable water qila!iiy and by the _anlicip"ucd tofal resource assessment of 50 MCMYy.  The

- plan anlle|p1tcs the yield bcmg able to occasionally e\cecd this amount zmd draw upon aquifer
' storage in dry years subjcct to lhc abstraction bei ng ‘Teduced in'w etler )cars

Within ‘_!he; _Masléf Plan 'form?.llaticin‘fourfaltemmivc opﬁoﬁ'S' foi the dc\?clopnlcn:l of

“identified water resources were examined. The preferred option was chosen so as to us¢ only

sources to which DAWSSA has been given the right to usé,. are technically possible and -
cconomically / financially feasible. The location of the schemes thal were considered for the
Master Plan are illustrated on Figure 5.5.2.  Of the selected schemes they  can be divided

‘into:



~  FEquipping the existing, tested, but unused wellficlds in Damascus.
- Re-equipping existing wells to increase their production in Damascus.

~  Construction of new wellficlds in Damascus

5.6  Comparison and Sclection of Master Plan Projects

(1) Approach

Projects that are proposed as candidates [ or the master plan are listed in Table 5.6.1 and
evaluated on the basis of technical, social impact, cnvironmental and economic critenia. TAII
- projects and their alternative schemes are ranked in accordance with the criteria as shown in
Table 5.6.2. Projocts included at the cvaluation stage are grouped into three broad calcgones
and described as follows.

- (2) Rehabilitation and supply improvement projects

* Projects in this group are aimed at reducing unaccounted for water, improving water

- quality testing, and reducing system losscs to increase water available for consumption. The
projects ar¢: ; ' ‘ ' '

~ Distribution rehabilitation projects: .
- water main replacement |
‘- walcr mctcr rcpl'lccmenl
- lmproving meter tcslmg and rcpalr

Lcakage reduclion prograny:

- pmwdmg a District Meter Arca system :

- increasing lcal-.fxgc survey cfforis(Active Icakagc detection progmm)
~ “installin ga prcssurc control system

. - improving system “'ldc master metering

-~ Water qué]ity and pumpi ng'oquipmenl i:’nbrovémenl projects:
Dk lmprovmg waler quahly leshng facilities '
- providing water quality control in south Damascus =~
- reinforcing the production capacity of exisling water resources
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{3) On-"goin g and planned water supply im proi'cmcnt projects:

i - | | |

§ Projects in this group are alrcady identified in DAWSSA's five year plan for the 1996-
2000 period and in some cases the work is in progress and nearing completion. The projects
are:

Improving supply to informal areas:
-improving water supply to informal arcas by extending the water distribution
network and providing new metered service connections '

- Water resources dcvc!opmcnt
-Developing identilied welt centcrs for informal and f orrml arcas
-Developing ldcmlﬁcd waler resources in the Hermon area

Waler supply dlslnbuuon schemes f or new dev clopment areas:
- -Providing water supply and dlslnbuuon nel\\ orks for new dc\etopmcnl arcas

{4) :Prbposcd lmprov'cmcm Projccts

'-g; -~ Projects in this grougp are cssenually ncw proposals su ggcstcd by the JICA DAWSSA
' : sludy tcam as parl of the sccond field iny csllgailon for ilns sludy The pr0jccls are:

- Su pply improvements: :
- providing w*ucr supply S) sicm in ruml w:lhm the service area along thc Barada
-niver valley: ' S o .
- providing water supply and distribution syalcm for future dcvctopmcnt areas
- proposed by the mummpa] master plan

Walter resources dcvclopmcnt
- dcvclopmg ncwly identified water rcsourccs in Damascus {New station)
- dcvelopi_ng newly identified water rcsoun.cs in the Hernion and Zabadani arca

) Cost estimates

- The principal facilitics of each proposed master plan projects ar¢ shown in Table 5.6.3.

The project cost was based on the brief design by the usual means of réferring priices- and

it foreign exchange rales in September 1996, Cosls estimales inclided the direct construction
costs and the annual operation & maintenance costs for each project alternatives. For the main

constniclion materials and equipment, the cost were estimated in local and foreign currency
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~ portions respectively,
(6) Economic Evaluations

One of the criteria used to screen proposed piaster plan projects is economic evaluation,
" The Economic Intemnal Rate of Return (EIRR) for each project was calculated on the basis of
the cstimated coonomic bencfits and cconomic costs. The difference between (he “with” and
“without” project case provides the incremental water delivered to the consumer gencrated by
each candidate project. Many of the candidate projects contribute (o the general well bcmg of
the public, howey er, health benefits, and other social benefits from improved services are not
. considered in the cconomic evaluation since only increased water sales are quantifiable.

In general, the economic life for most of the candidale projects is assumed to be 25
“years. Replacement of pumps and rchabilitation of conveyance components is assumed (o
occur after 15 years. The three ‘Hermon Spring scenarios include significant convcyancc
_clcmcnls and !hcrcforc are assumed (o have a longcr coonomlc lifc of 35 years.  Economic

asscssment of the cast iron pipe replaccmenl program assumes a 75 year cconomic hf ¢ based

on the longc\ ny of ductile iron mains.

In general, projects with a rate of return higher than 10% (assumed opportunity cost of
capital in Syria) are decmed economically vmbIc A scnsnmly analysis’ mdl('alcs that estimated
EIRR’s arc robust toxmauOns in costs, benefits and delays in nnplcmemal:on Thc whole of
the - water supply improvement scheme for informal arcas has an EIRR of 10.5%. Of all the

new water fesousces schemes proposed, only those located in the Hermon & Zabadani arcas:

are not oconommlly feasible. Al of the proposed rehabilitation, - leakage. rcductnon and
reinforcement projects are cconomlcaﬂy viable. '

(7) Environmental Evaluations

Initial - Environmental  Examination (JEE) was conducted to assess the  potential

environmental impacts of the proposed projccts. The cri{cn"t for 1EE were selected baScd on

the Synan Environmental lmp‘xct Assessment gmdchnc JICA Environmental Consideration

gmdclmc and th'lIdC[CﬂSllC-S of lhc arca.  Among the most important environnicatal factors |

Care’
(i) water quality of supplied water
(ii) exploitation of water resources

Both positive and negative environmental impacts were evaluated. - The results of the
IEE is piven in Table 5.6.4.  Most of the proposed projects will bring significant positive
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environmental impact in public health through improved supply of safc dnnkmg water. 5
projects - that supply water from city wells were rated high (ucgative) for the overall
environmental impact.  This is because the water quality of these city wells are rather. poor.
If these projects are to be implemented, the water quality has to be monitored closcly.

(8) Selection of master plan projects

All of the UFW countermeasures are sclected for the master plan bocduse reducing

- systems losses is an effective and low cost way of increasing water available for consumption

and deferring the need for expensive water development schemes. The water lcakagé detection

- methods based on the DMA system will significanily reduce S)slcm Iosscs Scleclnc

replacermcnt of old distribution mains will not only reduce Ica!\agc but also 1mprovc the
reliability of the network and minimize the risk of uncxpcded large scale water losses from
main breaks. * The replacement of malfunctioning meter should be changed to recover the
underestimated billed water. ' | ‘

Replacing mfonml connections wnh propcrly mclcrcd services lS cons:slcnt ‘wilh

government policy to improve. the Iu’mg levet of peoples and save the resources. -The results

: of coonomic evaluations show' that as a total package the conv: ers;on of informal arcas shows
~high an allmclwc relum on investment Ihcrcf ore all mform"t] arcas arc sclected for the mastcr -

“plan.

- The water resources projects that are selected for the master plan are in arcas where
DAWSSA already has Water Rights. Only schemes that are cconomtcally as well as technically
feasible arc sclected. Outside Damascus only the devclopmcnt of a souree at Dcrr al Ashaycr

- micets the 3eicchon criteria for the Master Plan.
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Table 5.5.1 Capacities of Proposest YWater Sources

Design Average Capacity - Seasonal Capacity |
3 Source Name : Capacity
_ : {Vs) (I's) (n’id) C (MO
Fxisting Resources _ _
Average Year {1995) 16,070 3,800 766,020 249.74
Dry Year {1990) 9,830 6,870 593,020 - 186.74
On going schemes , - _ . i
1. Wadi Marwan Wellfield : 25 185 16000 [ "9s81 ]
2, Barada Group | Wellficld o 230 185 16,000 T 32
3. Barada Group 2 Wellficld ! 150 120 © 10,400 : 255
4 Barada Group 3 Wellfield 70 60 | 5,200 127
5. Takadom Wellficld e 295 140 2100 | 2%
6. New Kaboon Wellfield 2 - R
Phase I 30 25 2,200 _ 054
Phase II _ : 120 95 8,200 _ 2.00
7. Kadam Store Wellfic!d - 25T T 14700 | - 3.60
8. Dusmmar Weltficld 125 100 8,600 314
8. Figeh Side Spring o + 500" 0 0 0
9. Ain Hasoush R 1500° o | o ' o
- | Master Plan Schemes : _ : : S _
PibnAssakerWelifidd T T8 120] 10,200 7250
2. Kadam Rattway Wellfield . 135 ns. | 79300} 2728
°3. University }leﬁeidm_ o : 0o changg | - -200- 17,300 LA
4. Fringe Wells _ T T IeT TT T9,600 L6
_ 5. Tishreen and Kywan Wid . h : ' o L o T
g, : Phasel = : _ 135 110 {0 9,500 23
o Phase Il R _ _ 130 100 . 8,600 AV
| Phaselli - S S50 .40 © 3,500 085
6. Jaramana Wellficld AR 360 20 © 25,000 ' 6.12
| 7 KafarSouseh Wellield - [ 128 %0 | 6900 - 169
“| & Kanawat Gardens Welliield s ) %0 | 6900 1.69
9. Shokry al Qouwatly Wrd . R A L 170 : |~ 14,700 : 36
:| 10. Deir al Ashayer W0 | 200 S 17,280 IRLENT I
_ [ Schemeés not in the Master Plan ' , e N _ _ o
| 1. Sergaya and E! Irk WFds' ' 180 140 12000 | 291
2. Rineh Wellfield o 285 |7 285 | za500 .} ¥+aa48
3. Beit Jenn Spring _ - o . _
Average Yeas ' _ 500 _ 435 42,000 1030
Dry Year I 483 335 | 29000 7.09
4. Tabibiych Spring T _ B R D i
Average Year - - S 500 CU440 | 38400 - 940
" DryYear S 449 ns 19,400 475
S. Barada Wellfield . - N - S T
Reinforcement o 1,400 - 950 . 81,600 . S 2000
Notes  Season of 245 days assumed urless indicated otherwise
* Season of 365 days operation
#* Season of 183 days operation
1 Net inceease in capacity for Figeh Side Spring
, g‘ 2 Will replace the existing pumps at Ain Haroush
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Fable §.6.1 List of Candidate Schemes for Water Supply Mastér Plan Projects

. Outhine
Object of
B, Classification : Name of Scheme . ._Project R
1 Rehabilitation 1.1 Water Main ] Dxclnbut)on mzin 97 km -
% and - _Replacement Reduction
5 Supply 1.2 Water Mot Option | and 2 in Water meter 86,000 pos
Improvement Replacenknt e R UFW e o
1.3 Improvemszal in Meter Losses  New work bench -
Testing and Repajning . - .
T4 Distnict Meter Arca (DMA) T0 DMA arvas
Sysiem - : o
1.5 Leakage Suney Total Steam with {ell cqeipmem
i.6 Prossure Controt 40% of DMA areas
1.7 Improvement Flow Masior motor 58 nes T
Masier Metering Managemieal : L
1.8 Water Quality Testing ) Maintain asn sample:.'d&y
Improvement : Safety Waler .
1.9 Water Quality Conlro! - Option 1,234 and § Imprene Reduce high aitrate concentration
in South Damascys . Quality .
1.10 Reinforcement "Ain Figeh Arca . PA; Total 205 MC M,'y by Mains Extead
- of Existing o - Sidet Extend Ain Harushy ¢ Dicr Moukarcy
Water Resources Barada & Al Sahl ©Incecase  PA; Tolal 34 MCMfy by
. _ Production  Spring weMs+Group 14Group24Groupd
Damascis Wells PA; Total 43.8 MCaffy by
9 well (ifedst Fringe Siess Emergeocy Salc:
2 Ongoing 2.1 Distribution Ioravemeni Esh Al Warwar WR; 1.11 MCM/y, On going
am) for Inforimal Area Kassion Mountains Fogy CWR; 248 MCM/y,
- Phaned Tishreen L © - WR; L1IMCM/y,
" Water supply © Tobar Surounding- Al Aksab Mosgue | Formatired  WR:1LEB MCMJy
frmprovemenl " Eas-West Tabbleh T OWR0.92MCMYy
Mokhayam Yannouk - WR;6.28 MCM/y
- Naher Eshch-Dahadi) & Asalie Kada’n TWR; 270 MCMYy
' Kafar Souseh Lawan "WR, - \i(‘M/y Formhalizad in 1993
Al Qirraz &Shaghous Bacalecn CWR; 0,78 MCM/y,
Mezic-Rary WR; 2,30 MCMYy,
" Mezie#86 WR; 3.39 MCM/y, On going
Semareych WR; 0.34 MCMfy
Dummar-Wadi Al Mashare SWER; 1.08 MChYy,
. - Takadem - WR; 2.68 MCM/y, On going
’;:: : . . - Kudsaya : WR; k.52 MCM/fy, .
oFr 2.2 New Wbl Cenlters for - New Kaboon Source for  PA; Total 2.52 MCM/fy by 10 wells
- Informal arcas - Jaramana informal - PA; Total 6. 1MCMY by 9 wells
. . Takadom area PA; Toiz12.94 MCMJy by 7 wells
2.3 New Well Centers Kefar Sousch . PA; Tolal 1,63 MCM/y by 5 wells
* - for Formal area Faculty of Agricuiture L No land acguisition
Kyan & Tishreen “fncresse - PA; Total 2 3IMCMfy by 5 wells
2.4 Water Resources Rimeh/f Eapnch Production - PA; Total .- MOM/y by Gwells
Dcve!op-mem Schemes Wadi Marwan : . PA; Total 7.25 MCM/y byl wells
. in Hormon area Deif a1 Ashayer PA: Tolald 15 MCM/y by 10 wells
2.5 Water Sugply Distributior Kudsaya New Suburb | System WP, 831 MCM/y. On going
) © o Schemas for New Dummar Extension arca {151 phase} Extension WP, 129 MCM/y, On going
o Development Areas Spociat Ares Zone (State Factory) & - . WP O.IBMCMy .
}  Proposed 3.1 Rural Arcas - Maraba - . Sysken | WP . MCMYy, implemiented after 2018
Water . G : “Assad Suerb(lﬁl phasc) Annexation WP 3,34 MCMpy
- Supply 37 Distribution Schemes - Proposed Kudsaya New Suburb WP, - MCM/y, implemented afice WS
for New Development  Dumnar Extension arca (Oad phase) — System | WP, 283 MCMly
Arca Kassioun New Town | WP, - - MCMYy, imploamented afice 2015
Assad Suburh {20d phase) WP, 5,20 MCMyy
Assad Suburb Exiension Asea WP, 212 MCMYy
Kaboon Green Area WP, . MCMfy, implemented after 2015
Assad Cily WP, MC My, impleanied afier 2015
Proposed Assad City Exten. Area (1) - WP MCM/y, implemaated after 2015
Proposed Assad City Exten. Area(2) - WP, - MCM/y, implemented afier 2015
e Froposed Assad City Exten. Area (3) - Ealension WP, - MCM/y, implemented afted 2018
33 Watcr Resourccs : Shokat 3! Qouiwatly o . PA; Total 3.57 MCMJy by 5 wells
© Dévelopment Schemes in Yaltuga Center . Additional® PA; Tolal - MCM/y by 10 wells
Damascus (New Siations) Kanawal Gardens Produciion: PA; Toul 1L6SMOM/y by Swells
34 Water Resources: Beii Jenn ' of . - PA; -MCM/y by Spring intake
Development Schemics in Talibeyeh CWater . PA «MCM/y by Spring intake
Hermon Area & Zabadan Scrgaya —__PA29IMCM/y by 9 weils
Nowes WR Water chuarcmcnl in year 1995 for informal Arca,

WP; Waler Production Requirement in 2015 for Extension Damascus (‘ﬂy Asca,

PA: Froduction Amounts of Water Rcsourf.cs in year 2005,
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Tahle £6.3 (H2) Summary of Project Cost for ¥cononile Fvaluation

[

[T

PROJECT NAME L.C. F.C. TOTAL
o {Us$) (USS) (U3§)
. SERGAYA PROJECT
Birevt Construction Cost 1143000 5,930,000 FEITARLLE;
Cperation amd Mainteaance Cost 117,000 .0 117.000
. [EIR AL ASHAYER PROJECT
Driroct Construction Cost 770,000 3,462,000 4.232.000
Operation and Maintenanee Cost 22,000 0 82,000
. BEIT JENN & TABIBIYEM PROJECT
Optiva-1 Direct Constrovtion Tost 9,5$99.000 21,280,000 AL179.000
Opeiation and M aimtenance Cost 346,000 0 36,000
" Dplion-2 " Dircet Consgroction Cost 10,222,000 21,966,000 A2 188,000
4 Operation and Mainicnanice Cost 407,000 ¢ 407,000
S RIMEH PROJECT _ _ _
Dircit Construgtion Cosl 2296000] 10,031,000 12,327,000
Operation asd Maintensnee Cost 124,000 0 124.000|
[ HERMON AREA PROJECT : CASE-I _ :
Dircct Construction Casl’ 12.093.000 TALAL00G 41,404,000
Operation amd Maintenance Cost 469,000 gy 465.000
"HERMON AREA PROJECT : CASE-2 )
Direct Construciion Cost 13,960,000 28,850,000 12.310.000
Operation and Mainienance Cost 470006 B ) 470X
"THERMON AREA PROJECT : CASE-}
Disect Comstruction Cost 11674000 ©30.505.000 44.579.000
Operation snd Matntenanee Cost 497000 St 497.000
. Ja\RA\!A\‘A PRODUCTION WELL CENTER ' .
Dirdct Construction Cost 445000 1,490,000 2.435.000
Opcmlmu and Maimcnanee Cost | 233.000 o PRENLE ]
. KAFAR SOUSE PRODUCTION WELL CENTER ' : o
T Dired] Consliwion Cost 412.000 1074000 " LASAN00
) Operastion and RMaintoninoe Cuwt 96000 : 0 6,000
TISHREEN & KYWAN WELL FIELD -
(Oupewiyin Well Prodoction Cerden) ) : :
Paase-1 Direvt Constiugtion Cost 16,000 303,000 329,600
I ‘Operation and Maintgnance Cost 22000 ) 22000
Phase-2 Direvt Construcdion Cost 11.006 175,000 CIR600
’ Operation dnd Maintenange Cost ', 29,000 0 290000
Fhase-3 - Direct Conslruction Cost . UK S235.000 © R33.000
. Operatios and Mainkaance Cost : 76.000 0 76100
. SHOUKRY AL QOUWATLY STREET PRODLC‘TIG\‘ WELL CFNTER : E -
Direvt Consiruction Cost S . 449,000 1.241.000] 1.740.000
Opcration and Mainteaange Cost 134,000] - 0 131,000
. AL KANAWAT GARDENS PRODUCTION W[I l. CEI\TER : . : ) o
' Direvi Construction Cost a0l 108000 1,491,000
" Qperation and Mainleoance Cost . 96,000 : ¢ 96000
ABOO\ WELL FIELD EXTENSION PROIECT
Direct Construction Cunl 467,000 1,611,000 2HTRO00
Operation and Mainicnance Cost 105,000 | 105X}
. YALBUGA PRODUCTION WEEL CENTER . :
Direct Corstruction Cosl 4790063 §.886.000 2363000
Operation and Maintenanee Cost 168.000 S0 158,000
. TAKADOM WELL HELD . g .
" Direyt Construction Cast 22000 * 88.000 110000
Opcmunn and Maintepance Cost ) -0 0
. IB‘\! a\SS!\MRPRODLJCTIO\ WELLCE\II:R lMPROVEME\T ) ' i
Direct Constroctjon Cast - 146.000 1.097.000 1L23000]
Operation and Mainreaznee Cost 0 : .0
. KADAM RAILWAY WELL FIELD l\iPROVE\‘!E\T . - )
Dirdct Constroction Cost 65,000 1.165.000 1.200.0004 .
Opwratiovi and Maintedanee Cost Q Q
; ERINGE WELL IMPROVEMERT S E
¢ Direct Conslruclion Cost 173600 §935.000 1063000
) Opwration and Maint nanee Cost 0 0
. REPLACEMENT OF CAST IRON PIFE .
" Dircct Construction Cost 2808000 11,738,000 14,536,000
G 0

Mainkg nanee Cost
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Table £.6.3 (1) Sumnuary ¢f ProJect Cost for Feonomk Evalvation

PROJECTE NAME LG S RC TOTAL

[ , . (LS$) CToussy | (Us$)
Plad 18 REPLACEMENT OREWATUR METER : )
%} Direct Construction Cost . . 911,000 7,256,000 $.157,000
Maintenance Cost : : 4] . 0
19. KASSIOUN MOUNTAINS FOOT SYSTEM ‘ . :
Ditect Consruction Cost 170,000 1,143,000 1,313,000
Mainterance Cost 3,000 ¢ 3,000
20, TISHREFN SY STEN ’ D
Dicekt Construction Cost 159,000 " 913,000 1,117,000
_ ~ Maintenance Cost . 3000 o : 3,000
21. JOBAR SURROUNDING - Al AKSADB MOSQUE SYSTEM . . . .
Direct Consruction Cost : | 3s0000 1,594,000 1,943,000
Maintenance Cost i : : Coe000] - © b 6,000
22, EAST - WEST TABBALEIL SYSTEM : : R S
Direet Constraction Cost j 744,000 2665000 " 3,409,000
Maintenance Cost ‘ 10,000 ’ L0 10,000
23. MOKIAY AM AL ¥ ARMOUK SYSTEM : L
Direct Conatruction Cost : L oBt9000] - 3.612,000 4,261,000
Mainlenance Cost : T 13,000 0 13,600
24. NAHER ESHAL - DAMADIL & ASALIE KADAM SYSTEM . C
' Direct Construction Cost ‘ : 93T - 3,719,000 4,656,000
Maintenance Cost e ) 14,000 - 4] 14,000
25, AL QAZZAZ & SHAGOUR BASSATEELN SYSTEM ' B : o
Direct Constsuction Cost e N 353000] . 1345000 1,698,000
C Maintenance Cost - - ¢ - S 5000 N | © 5,000
26. MEZZE-RAZY SYSTEM CL T ) o L
Direct Construction Cost ~ f BT, 937,000 "1885,000 4,822,000
Maintenance Cost ' ' ' : 14,000 . S0 - 14,000
27. SOMAREY A SYSTEM e o 1 s
: Direct Construction Cost ' o . 207,000 iso000| 966,000 -
Maintenance Cost ) : ) 2,000 @ 3,000
28, DUADAR - WADI AL MASHARE §Y SlL!\l : . ‘ : B Lo :
Birect Construction Cost 230,000 . 1,012,000 C 242,000
© Maintenance Cost . o © 4,000 B I $,000] .
29. KUDSAYA SYSTIM : : _ . A O
: Direct Constrpction Cost © . 275.000) - 1,261,0000 ¢ . 1 1.536,000]
: Maintenance Cost - S ' 5,000 - o 5,000 °
10, I\!I'ROVE.\{! INT OF MASTER AHTER T ' _ : o o o
Direet Constroction Cosi T Co- . 172,000 2,922000 3,094,000
: Maintenance Cost - : . : ' : £3,000 ) 0 031,000
31 PRESSURE CONTROL SYSTEM o : . _ : o
" Direct Construetion Cost o ' - 86,000 sogirel 0 2851010
" Maintenance Cost ) . . 15,000 ] o 10,000
32. DISTRICT METER AREA (DMA) SYSTEM ' :
" Direet Construction Cost 102,000 713,000 $15,000
Maintenance Cost 24,0001 o 23,000
33 B ARADA QPR]\G R}'l‘\!'ORCl'\TF\T _ . : ' E :
' " Direct Conc!rucuon Cost . . ) 721,000 5311000] 6,012,000
: - Gperation and Mainfenance Cost . ) . 308,000 : o] 7 408000
3. REINFORC L\ﬂ -NT OF WATER QU;\UT\' 1% S IING LJ\BORJ\TOR\ . : ) . ]
Direct Construction Cost . : . . - : c0000] . - 652,000 12,000
Operation and Maintenance Cost ' ’ : . 039000] 7 65000 . 103,000
35 REINFORCEMENT OF LE \K.\Gi: SURVEY 1 EAM . . o : i
: Dutechonmuchc»n Cost : . . : - 0] : 26,000/ 26,000
Opuahon and \1a1nt:nence Cost C : _ S 19000 o 19,000
36, METER TESTING AND REPAIRING ' . _ : .
Direal Conslruction Cost _ 20,000 66,000/ £6,000
Operation and Maintenance Cost 2,000 ol 2,000
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