3. PLAN FORMULATION
5.1  Basic Concepts for the Formulations of Plans

The plan was made 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 level of urgency for water requircments identified through the study. S

" The bas;c concepts for the formulations of plans arc as follows:

i) Reducing unaccounted for water (UFW) in the existing distribution syslem

i) Maximizing the usc of all existing water resources, :

iii) Loong for opportunities to increasc available water by sharing cxlslm g resources with
others before developing new resources,

iv} Consisti ng with lhc Proposed Damascus City Urban Dcvciopment Mastcr Plan,

5.2 :Scn'iécAréa '

~ _The arcas to be served in the future by the water supply system are dctcrmined as
described below taking into acoounl following mfommhon and data from DAWSSA and by

- the field investigation carried by the Study Team.

RO Master Plan and Lim_d Usé Plan

I)amascus Mummp’thly has bcen prcpanng the Ne\'« Dlmascu‘; Ciiy and chlon'ﬂ
Master Plan for lhc targeted year 2020.  The conccptm} development plan for lhc Damascus
City (ihc Cily) is proposed by the Danascus Municipality as shown in Figure3.2.1.

+ According to the Master Plan, the administrative area of the City will expand from 106

“km? in 1995 to 180 km®in the year 2020. The Master Plan has prepared a general land use

plan for the )e'{r 2020 w hich 60\ ers the city administralive area as’ shown in Table 3.2.3.

"~ White this land use plan is not approved yet by the Gov cmmcnt lhls is considered to provide & '

basic gmdelmc for ndcnnf)mg {uture scrvice arca rcqmrcmcms

The service arcas 1o be supplicd by'DAWSSA will be dependant on the implementation
plan for the enlargement and development of the City. The implementation plan, however,
has not yet been prepared by Damascus Municipality.  The Study Team and DAWSSA, have
proposcd a tentative implementation schedule for the entargement and development of the Cily,
considering the probability of water resource development within the area of DAWSSA’s future
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water rights, as showa in Table 52.1.
(2) Informal areas

Informal connection arcas were identilied with the survey conducled by the Study Team
and DAWSSA as shown in Figure 5.2.1. Tolal informal arca is estimated 10.5 km? with
approximately '10 % of total area of the City- (]06 km?®), as shown in Table 5.2.2. The
* Damascus Municipality has been started to improve infrastructures in the informal arcas, such
as waler supply, electricity supply and scwerage. The future scrvice arca shall include the
informal areas’ according to the- lmproxcmcm schedule to be prcp'xrcd by the Damascus
Municipality and DAWSSA.-

(3) Sevice area

Based on the Cily M:is;cf Pian, Limd Use Plan in. the ‘Future, and Tentative -
Implementation Schedule, together with consideration on the improvement of infornial areas,
~ the projéction of the future service area up to the year 2015 is proposcd as shown in Table: -
523, The scn ed area up to the year 20151 is sumlmmcd below;

: . '(Unit:km‘)
P 1995 - 2002 2005 - -2010 . 2015
Villages : sz 512 512 502 5.12
New development Area  0.25 149 449 1210 2380
The Existing City 106.25 10625 . 10625 106.25 10625

Total =~ . 111.62 _1'125.36 e iis.SG f123.49 '135;17. o

Land usc in the water supply service area is chssuﬁcd by Damascus Municipatity as
dcscnbcd in the Scction 3.2.  Land usc of the existing city and villages served by DAWSSA
will not be changcd s6 much from the existing conditions according to the New Damascus City
' Master Plan. | o | R

53 'Popu'!alion Projcétioh s

ThlS sccllon prcsanls lhc populahon pro;ocllons for Dmna.sn.us City Govcrmlc areas
“along the B'lrada river valley serviced by DAWSSA and new development arcas which wuli
require servicing in the future. < The projeclions are based on census data obtained from the
* Central Burcau of Statistics (CBS). Reference is also made to the Master Plan being prepared
by the Municipality of Damascus [or new development areas. The population projections are
‘used ‘to estimate domestic  water consumption demands and plan for the appropriate



development of the water supply system until the year 2015. Census dala and population
estimates are presented in detail in Appendix G of the supporting report. '

5.3.1 Central Burcan of Statistics (CBS) Population Projections

In 1994 the CBS conducted a dctailed census across the nation. The country’s
average annual growth rale over the 1981-94 period was 3.3%. The average anniial growth

" rate in Damascus has not followed the national trend and has declined steadily over the past 15

years (0 an average of 1,75% per anhum over the 1981-94 period. - This is one of the lowest
in the country for large urban centers.  The total population located within DAWSSA's current
jurisdiction reached 1.57 million in 1995. Thls population mcludcs all mhabxlanls of informal
setlenients and rural arcas along the Barada river served by DAWSSA.  While growth rates
for Damascus City have declined, growth rates in rural Damascus have increased rapidly over
the same period by an average ‘of about 5% per ycar. Population projections prov:dcd by CBS
are summarized as follows:

* Year . Population * % Growth rate**
1995 . 1,414,000 : _
2000 1530000 @ L7
2005 1,673,000 - 168
2010 1,802,000% 1.50
2015 1,942,000¢+ - 150
2020 L 12,092,000% 1.50

* “population prOJccuons arc not o[ﬁc:ally published and bascd
on disctission
X% rale based on compound growlh formula Pi=Po (l+r)

" The CBS {orecasts dcclmmg growth ratcs for Damascus Clly unul the year 2005 when
the population is expected to reach 1,673 miltion. Projections bcyond the year 2005 are not
published, however discussions with CBS officials indicates they expect the @ average grow th

" rate to continue declining to 1.5% and hold steady untif lhc )ear 2015 whcn thc pOpulauon of
- Damascus Cll)’ would reach 1.942 miltion.

532 .:Damas:cus Municipality Master Plan Pbpulatibn Projections - |

“The Municipality of Daniascus is currcmly prcparmg anew masler plan to gludc urbah
dcvclopmcnl up to the year 2020. The basic concept is © proudc new dcvclopmcm areas
along the pallern of the existing City, and cxtend the administrative boundary to include
existing informal arcas. New iesidential developments located on the outskirts of Damascus
City are proposed to accommeodate future growth.  The plan assuines average growth rates in
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Damascus City will decline to 0.6 % per year by 2015 when the  population is expecled to
reach 1.934 mitlion as shown below:

Year Population % Growth rate**
1995 1,468,000

2000 1,621,000 : 2.00%
2005 - 1,772,000 1.80%
2010 1,878,000 1.17%
2018 : 1,934,000 0.59%
12020 2,000,000 0.67%

** rate based on compound growth formula Pt=Po (1+1)’

Based on the results of (he prcvious'maslcr plan, it is not unrcasonable to expect that
population densities inside the City Govemate will incsease, especially if unauthorized
construction continues,  Therefore, the lower growth rates anticipated by the Municipal Master
appear to be slighlly optimistic.  For these reasons, the Water Supply Master Plan assumes a
sli ghtl'y higher growth rate s_ccnalio for Damascus City based on 'ﬁn averégc of 2% per annum. -

The Mumupal Mas!cr Plan pmjccls that- growlh rates for populauon centers ouls;dc -

Danmscus will increase from 4.5% in 1995 t0 5.78 % in 2015. - The master plan does not yet o

| '|dcnu{y populations projections for the proposed rcs:dcmml dev clopmcnt arcas, - Based on the
ural growth rates developed in the Municipal Master Plan the scr\'lcc poputation outside of Ihc '
‘existing administrative boundary is estimated to the year 2015 ¢ '1s_ follo_\s s: '

Year “Population in Rural ‘Average: DA\VSSA Sen ice Populatlon
o - Qovernate¥ _growth ralc% ' Ouls:dc Dannscus City
1994 . : 3 ‘ © T 138,526%%
1995 375000 . 4.50 o L 144,760
2000 468,000 453 180,660
2005 600,000 509 . 231615
2010 770,000 s1z 297,240
2015 1,020,000 878 393,746
2020 1,260,000 Co4320 486392

F T ghiained from Municipal M1slcr Plan | '
*% bascd on population ccnsus and JICA study team cstlmatcs rcfcr to Table 5. 3 1



5.3.3 Informal Population’

In order to estimate water demand, and rationalize unaccounted for water it is important
to ecstimate how many people are informally connected lo the distnbution system.
Unfortunately official statistics idenlifying this component of the population are unavailable,
The JICA study team has, with DAWSSA’s assistance, cstimated the mfonna}ly connected
population based on two calculation mclhods

The first method compares the total number of houscholds rcporléd by the census for all
of Damascus City to the total number of domestic subscribers reported by DAWSSA. ’i‘a_king
the difference between the fwo provides 42,512 unmetered houscholds,  Assuming an average

- of 8 persons per informal dwelling yields an estimated informally connected popiJlalionfof. |
340,096.  When adjusted to include the informal areas of Takadom and Kudsaya which are
* notincluded in census figures the informally connected population becomes 400,000,

“The second calculauon method, p:cfcrrcd by DAWSSA, consists of calculatmg (hc ratio
of informal ~ dweltin gs to the total number of dwellin gsin admtnct reported by census. T his _
ratio is then applicd to the total population in the district to cstimate the proportional number of
informally connccted people.  This method yields an informal population of 398, 922 based on

1994 census data. ‘Applying a growth factor of 2% for 1995 gives a total informal service '
populatlon of 407,000. . This figurcis adoptcd for lhc W'ucr Supply Master Plan. :

53.4 Population Prbjcétioné for Wzil'cr:Supply_Maslcr Plan

~ The total service population for water d_cmahd projections is esimated for existing and

" future development sites proposed . by the Municipality Master Plan. It is assumed  that

DAWSSA_’S mandate will expaiid o include the new development sites proposed by the plan.
This study examines three possible population growth scenarios:

Scénario i. :A_h'igh growth forecast based on the po'pulalion' momeittum crcated by a young
‘ ﬁgc'dislribution ThIS scenmo forccasts a scn ice population mcrcasmg along
- an exponential growlh curve. - The resull i is a total service population of 3.2

- million by the year 2015, Y S

" Scenario 2. A moderate growth forecast which shows de-concentration to other urban .

centers outside Dumascus City Governate. A slable average annual growth rate

of 2 % is assumed for Damascus City Governate and growth rates established . . -

by the municipal master plan are assumed for new developmenl areas and
exisling rural scivice areas along the Barada river. ~ This forecast resulls in a
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total service population of 2.5 million by the year 20135,

Scenario3. A slighlly lower growth forecast based on the municipal master plan which
assumes a high level of migration to new development sites outside Damascus
City and a sharply declining groivlh rate for Damascus City. This forccast
results in a slighly lower total service population of 2.3 miltion by tli¢ year
2015,

: There is no strong indication from current trends that population growlh rales in
Damascus City will suddenly increase over the study period.  Past urban growth trends
- indicate stable or slightly declining growth rates in large urban centers are likely w0 continue.
- Therefore the éxponential growth scenario of scenario I does not appear to be tikely.

* The population forecast  provided by the Municipal Master Plan is based on annual
growth rates which decline shirply from 2% 10 0.6 % within a 20 year period. ~ This reduction

is consulercd stightly optmmuc Allhough birth rates: will !ikcly continue to decline in
response (0 fising cducation levels, {the momentum crealed by the relatively young population

“distribution makes a oonhnucd sharp decline in growth rates” highly unlikely. - Therefore the
present study assumes that socniﬁo 2 with it’s moderately distributive growth forecast is the

most likely growth scenario. ~ This growlh forecast rcsulls in a service populanon of 2.5

million b) lhc )ear 2015.

54 Water Requirement
5.4.1. Water Use _Cc'mdi:lioxi

(1N Service arca and pbpulaiion served

The service area in the year 2015 will rcach an cstimated 135 17 knm? mcludmg the

custmg \'1Ihgc~s as dcscnbod in the above-mentioned Seclion 5 2. 'I‘hc future service arca al s
ycam mlcn"tls is shown i n Flgurc 5.2.2. ‘

- The existing popul.mon scmd is csumalcd at 1,150,000 mulhplymg the tota} numbcr
of billed doniestic connections by the 2 average number of persons per domestic connection (6

persons per [amily from the result of the interview survey camried oul by the JICA Study ‘Feant).

Targ'cibd population to be served in 2015 is estimated at 2,501,000. Population and
~ population density in the service area is summarized in Table 5.2.3.
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Total population in the informal arcas is estimated at approximately 407,000 pcrsoﬁs in
1995 as shown in Table 5.2.2.  The informally connected population will decrease according
(o the improvement projects identificd in the master plan for the informal arcas as follows;

11995 2000 2005 2010 2015

Number of Informal Residents - 407 157 17 0 D
(1600 peisons) : o
Percentage of Infornial residents 20 ' 10 i o0 -0

" to Total population (%)

* The existing pOplllation in the service area based on Census data is 1, 239,000 as
described in the Section 5 3. Tﬂrgctcd population served and pxoporuon of popu]auon scn'cd

are follows:

o | o 1995 2000 2005 2010 2015
Service Level (%) 74 90 100 100 100

‘Population Served LI5S0 1,563 1,949 - 2,205 2,501

(1000 persons)

Almost 100 % of the popuianon are served by the DAWSSA watcr supply wnh lhc

- _e\ccphon of some of the numbcr of the informal rcswlcnts in 1995.

- {2) . Water consumption - .

DAWSSA, at present classifies their consumers into 5 water categorics, Water Right
Obligations; Public’ & Religious Use, Domestic Use, Governmental Use and Comniercial &
Industrial Use mainly as shown in Table 5.4.1.  Public & Religious 06nsumplion appears to
inctude Uncounted for Water (UFW), since most mosques and churches have no meler or no

. meter rcad'in:g ‘Domestic Use in thé p:Lst 5 3éars accountéd for almost 70 % 1o the total waler

consumption c\cludmg Public & Rchglous Use as shown in Table'5.4.1. Table 5.4.2 shows
the e\lslmg waler consumphon withowt UFW i in:1995 from the billing records Billed water
consists of Doinestic Use wnh B %, Commcrm} Usc with 4 %, !nduslm! Usc with'1% and .
Government Usc with 22 %

Since 70 % in total water consumption is domeslic users, it is proposed, for the

purpose of projecting future water consumption to classify consumers into 2 major categories,
Domestic Use and Non-Domestic Use.  Non-Domestic Use is further classified into 14
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categories as described below,  For this Sludy, the projection of future water consumption is
forecasted by the classified water use method instead of the past trend method,

(3) Domestic use
1} Classification of income level

The population scrved is classi[idd into three income groups and one informal group.
The informal group is divided into (wo income groups, Middle income (17.5 %) and Low
income (82,5 %).  All gioups are able to afford a service conncetion and are willing to pay for
waler according to the resull of the interview survey. It is assumed that all groups will receive

waler from properly connected and metered services.

Future distribution of income level ‘in the year 2020 is forccast in the Damascus
Municipal Master Plan with High income {20 %) Middle income (40 %) and Low income
(40 %). 'As detail information on this distribution is not available, the Study Team and
DAWSSA has as:su_mc_d the future distribution of income level based on the interview survey

and cconomic trends as follows;

S . : {Unit : % to the Total Population)
1995~ 2000 © 2005 2010 2015

NighClass 167 7.5 . 184 192 20.0
Middle Class . 180 235 . 290 34.5 - 40.0
Low Class - 393 490 527 463 . 400

Informal Residents 1260 100 00 00 0.0

. The assumed population distribution for the low income class has a tendency to increase
untij 2005, because the majority of informal residents that wilt be connected officially with the
network are in the tow income class.  Socio-cconomic conditions are assumed to improve
after the year 2005 when the improvement pto'jeic'l for the informal arcas are comp!ctbd. . This
will mcalmcor_rcspondihg increase in the middle income ea_irncrs after lhe'y(-ar 20{)5 L '

2} Existing unit water consumption

Unit waler consumplion per capita was studied by the interview survey, the meler

- reading survey, and a review of billing records. * The resulling average unit domestic water
© consumption lor cach group is summarized below;
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{Unit: ipcd)

Class Interview Survey - Meter Reading Billing Recotds
High 194 212-236 -
Middie 183 ' 143 - 173 -

Low 177 - -
Average 177 _ : -+ 110

Taking into account an average consupiption per ms;dcnna! connection’ of 674

+ Yeonnection/day which is derived from billing rcoord for the year 1995, per caplla consumptnon

is estimated as 110 lped by assuming 6 persons pcr hotsehold. - Table 5.4.3 shows the ratio o

~ of water supply suspension from 1991 to 1995. - On average, service is internupted 4 days per -

month. The intervicw survey also indicated that 45 % of residents were supplied with water for
fess than 12 hours per day. - The actual water demand is largely unmet and therefore expected
to be higher than the ‘per capita consumptibn of 110 Ipcd. Considering water supply

~conditions and water mclcr nn]funcuons (sce T‘ib](l 3.4.2), the existing average water demand
s prob'ibl) closer (o 170 lpod and i is apphcd as the basc for csmbllshmg future domestic unit

W‘iICl’ consumphon

~3) Ft_llurc unit water consumption

“The l'ollowmg gcncm! 1ssumpuons arc made -in order to forccasl future watcr_

COH SUI'I\P[IOI]

- B‘ISCd on past. cconomtc trends and current cconomic indicators, rcgioml cconomy w:ll_
commuc to grow rapidly.

- At the present, the  problems  of mform'ﬂ arcas has mlcmlplcd the ‘cconomic |
developnient in the City.

- Socio-cconomic conditions will improve after the year 2005, when most of the informal
areas will be fomnlly sciviced.  This w l" result a hrgc middic incotne class and a
corrcspondmg mcrcasc in water dcm’md ' :

- Unit consumption for each i income class is estimated basc on lhc rcsu!ls of the interview

- survey, metcrrcadmgﬂnd bxlhngdaia o .

- The pcrcentagc in each income class to tic lolal popuhuon is bascd on forecasts
prov 1dmg by Dantascus Munlf:tp'ilaly ' '

Three alternatives scenarios for the development ‘of future unit domeslic water

consumption were considered: Alternative I assames continuing cconomic development based
on rocent trends, Aliemative 2 assuns increasing waler consumption according to high

59



economic development, and Allernative 3 assumes increasing water consumption after 260S.
The alternatives are described as follows:

(Alicinative 1 - low growth in demand)

- Water demand increases gradually from 1995 up to 2015 according to population
projections.

- Unit consumption for both the Mlddle and Low income classes is estimated consmcnng
potential water demand and willingness to pay.

- Unit consumption for each inconie class docs not change over time.

(Alternative 2 - rapid growth in deimand)
- Water demand increases rapidly from 1995 up to 2015 according to population
projections. ‘
* - Potential unit water consumption l' or Middle and Low income classcs is higher than the
 willin gness to pay level.

Uml consumpllon cach income chss does not changed all the llmc

(Altcrmh\c 3- modcmlc groulh in demand) .
- Water demand increase gradually based on popul'luon pro;ccmns from 1995 up'to g\
2005 and increases rapidly after 2005, when informal arcas arc lmprovcd._ ' e
Potentj"d unit water consumption for Middle imd' Low income classcs is bsti:mtéd

- considering potential water demand and wllhngncss to pay from 1995 to 2005. Af ter
© 2005, unit water consumpl:on is hi gher than the willingness to pay level.

- - Umlconsumphon of Middle and Low i inconie class inciease gmdmli:, after 2005 based
on assumcd improvements in socio- cconomlc condmons

The unit consumpiion by income class for tree allernatives arc described as follows:

¥

o . o . o 3 (Um'l:lpcd).
“Alternative 1 . Alternative2 | | Alternalive 3 | :
Cliss 19952015 19952015 1995 20000 2005 2010 2015
High . 2% as0 250 250 250 - 250 250
Middle - . i200 20 190 200 200 210 - 220
Tow 170 s 160 170 170 180 190
Average o 170 180 193 201 214




Water demand projection in this study are based on the unit consumption described for
Alteinative 3. The proposed unit water consumption per capila assumes the upper limit of unit
domestic water consumption per capita is 250 Ipcd. This upper limit is consideted to be
conscivalive since per capita consumption in the other developed countrics is gcnenlly less
than 250 lIpcd as compared with domestic water consumption. Unil water consumption in the
luture is summarized in Table 5.4.4. :

) Non-domestic use

Future water demand for non-domestic use will be projected based on the analytical
results of records, questionnaice survey and information provided by DAWSSA and other
relévant data collected, such as the Future Urban Development Plan (conceptual Plan), land use

. plan and statistical data. The details of projection for non-domestic use arc described in the

.~ following.

) 'Biilin:g records

- Table 5.4.2 summarizes water consumption per connection per day for three categorics,
Commcrcm] Industrial and Governmiental in 1995, - The estimated unit water c_onS"umpljon"pcr :
connccuon is 0. 61 m’fconnochonld*xy for . Commcmal Use, 1.29 ny’/conncctionfday for
Industrial Use and 17.59 m’fconncctmnfda) for Gov crnmental Use, considering malfunction
loss. - 1t should be noted that the unit water consumption calculated from billing record docs
not represent fu:tual demand because a lack of production capacﬂy rcsulted in f rcqucm and

lengthy interruption in scmcc

2) Questionnaire survey

A questionnaire survey was issued to the major water consuiners, Hotels, Hospilals,

- Schools, Factories and Governmental Ofﬁccs including Sportq Facilitics lhrough DAWSSA.
“ The results of the qucslmnnanrc survey are summ'maed as av cmgc unit waler consumplion per

- connectlion bclow
- a) Govemnimental Offices & Facilities " : 51 m*d
' b) Schools 14w
¢} University ‘ © o 254n’id
d) Hospitals ;370 m’d
¢) Sports Facilitics © 176 mid
f) Hotels s 48 m'id
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&) Large Commercial users » 1om'id

h) Others (commicreial uscrs) : 1 mid
i) Theaters ;44 mPid
- ) Factorics ;128 m*id
k) Manufactusing 1 0.60 m’/d
3). Rdli gioué & public facilitics from nicter reading and information

Meter reading survey was carried out to some of the Religious Facilities. The results
 of meter reading are 44 m"‘!dziy fdr the Um-Ayad Mosque, 4 m’/day for other mosq'ues and
churches. . Based on the information frony Damascus Municipality, water consumption per
~ ‘public tap is estimated about 40 m*/day to 50 m*/day.  Water to public fountains is supplied by
the Municipality.  Special uses, such as airport in the City, military division and others, are
cstimated about 3,000 m’/day as butk water supply. |

4) . Future unit water consumption and numbcr of facilities
 Future unit walcr consumpuon are proposcd as shown in [‘ able 5.4. 4 cons:dmng the

above resulls and information from DAWSSA.  Busic factors for water demand prcuochons
are summarized as shown in Table 5.4. 5. The number of main uscrs arc estimated based on

the arca to be expanded according to the Urban Development Plan, since Damascus |

‘Municipality has no detaited information about the main facilities., However, the concépiua]
plan for the City development anid the land usé plan indicates that the future land use pauem in

the City and smroundmg area of the City will not be changed from the existing fand use pattern,

except for Residential and Commcrcra] arcas. ~ The non-domestic water demand pro;ecuon is
therefore estimated based on the present water consumption and land usé patiern. '

5.4.2 Water Demand Projection

() Classified water use method

The water consumption forecast was determiricd by using the water use classification

method mslmd of the past trcnd method as dcscnbcd m lhc prcwous section.  Waler use is
' clacsmcd as follo“ 5;

a) Accounted Water

(i) Billed Water
- Domeslic
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)

@)

- Governmental (office, school, University, Hospital and others)

- Commercial (commercial users with large water consumiption, hotels and Theaters) .
- Industrial (factory and manufacluring)

(ii) Un-billed Watcr

- Water right obligation _

- Religious & Public Use {mosques & churches and public taps & special area zone)

- b) Un-accounted For Water (UFW)
(i} Mcter Malf uncuon {under estimation of meters & no mctcr reading)
“{ii) Informal use mcludmg Domestic and Non-domestic uscs
(iii} System Losses including leakage from the informal arcas -

- Assumptions for water demand projections -

Water demand projections arc based on the following assumption;

‘a) The population scrved is estimated based on the census, the nljmbcr of persons per

- family from the interview survey and the number of billed w atcr conncchons in 1995.

'b) The service arca is based on the Urban Dev clopment Pian.

¢} Water consumption for religious & public use is cstimated bﬁscd on Ihé resulls of the
“interview survey and the water meler reading survey, carried out for this Study. Ddhl
- provided by DAWSSA for the water consumption for the rchglous & . public . use
“includes the UFW and was :hcrcforc not used, ‘

d)Umt domcshc water consumpnon is bascd on Altcmamc 3 descnbcd in {hc previous
-seclion.

0 Unaccounted For Wa!cr (UEFEW) is estimated bascd on lhe dalz\ from the leakage survey, '

the interview survey and billing record.

~ Unaccounted For Water (UFW)

" The overall- unaccounted for water al present is estimated at 63 % of waler production

and consists of 14.4 % for Meter Malfunction, '13.6 % for Informal Use and 34.7 % for
System Losses.  For the dév cloping estimates of water production required, itis assumed that

" the following figures are, al present, most realistic, and are adopled for projecting rcqmrcd :

water production.

a) Target unacconnted for water in the year 2015is 25 %. _
b) Target annual reduction rate of UFW atevery five years are shown below;
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Year Annual Reduction Rate of UIAW Percentage of UIAW

1995 63 %
2000 24 % 39 %
2005 8 % 31 %
2010 ; 3% 28 %
2015 3% 25 %

. ¢) Amount of UFW is estimated as fb}low;

(Unit : 1000 m%d)

 Typeof UFW 1995 2000 2005 2010 2015
Meter Matfunction . 886 23.5 0 0 0

" Informat Use - " 814 310 8.1 0. 0
SystemLosses - 2040 2413 2416 2548 2487
Total 3740 2958 2497 2548 2487

Meter malfunction including no meter reading is estimated based on the review of
' 1995 billing data. JInformal usc is estimated at 200 Iped per capita water demand.

(4) ' Scasonal load factor

A scason'tl load ﬁclor 0!' 1.14 is assumed basod on a review DAWSSA’s hlstoncal
_ rccords The pcak demand is in August, ‘based'on observed oorrclauon between climatic
changes and fluctuations of b:llod consumption in 1995, av cragc water productlon of the past

10 )mrs

(5) Water dentand projéclién

Water demand projectioris are prepared for the three unit water consumption alternatives,

as shown in Tables 5.4.6, 5.4.7, and 5.4.8 and summarized as follows:

: (Unit ¢ 1,000 m*d)
1995 12000 2005 20106 - - 2015

Altemnative 1 618.0 7417 802.9 863.7 °  928.1
* - Alternative 2 678.0 788.3 859.2 9252 99438

© Alternative 3 678.0 - 750.8 813.3 900.4 9948
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As previous discussed, Alternative 3 is sclected as the most likciy cconomic growth

’§ scenario and recommended for planning the future water supply system, as shown in Table

5.4.8. Classificd water demand projection at S year intervals are summarized as follows;

{Unit : 1000 m’/d)

Classification 1995 ~ 2000 ~ 2005 2010 2015
A Domestic Use 1261 2721 3769 4494 5352
B. Non-Domeslic Use .
13.1 Governmental Use 373 . 997 - 1024 1092 | 119.6
B.2 Commercial Usc 78 239 246 262 287
B.3 Industrial Use 1.5 6.2 63 6.7 7.4
B.4 Water Right Obligation 407 425 425 425 425
B.5 Religious & Public Usc 105 106 109 116 127
Total ‘ ) 2239 4550 5636 6456 TG
" Iiffective Ratio of Total 37 - 6l 69

“Walter Requirement (%)

72 75

P

543 Forecasted Water Requirement

(1) Daily water requirement

" Daily water requirements is projected below :

* - Water consumption in 1995 is estimated from billing secord. _

: (Uhil 21000 m® id)

1995%

2000

2005

2010~ 2015

1. Accounted Water Demand 2241 455_.0 363.6 645.6 7406.1
2. UKW o 3740 2958 2497 2548 248.1
2.1 Meter Malfunction - 886 23.5f 0.0 00 00
2.2 Informal Use ‘814 310 - Bl 00 00
2.3 System Losses | 2040 . 2413 2416 2518 2187
3. Average Water Requirement ~ 678.0 +  750.8 8133 9004 9948
4. Maximum Water Requirement 7594 855.9 927.2 ' 1,0265 11341

(§.oad Factor : 1.14) : : o :
5. Walter requirement per capita 285 291 293 298

289

g {lpcd)

£ Datain 1995 arc provided by DAWSSA and JICA.
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(2)  Annual water requirement

Based on the projected water demand, monthly and annual water requircients are
estimated as shown in Table 5.4.9. Water requirement al 5 year intervals is estimated
respectively as 274.0 MCM/ycear in 2000, 296.9 MCMyear in 2005, 328.6 MCMI) earin 2010
and 363.1 MCM/ycar in 2015.

(3). - Water supply for new development areas

The schedule for prdviding water supply sc*n"iccs to the new development areas is
~ shown in Table 5.4.10. ' The schedule was formulated considering to availability of water
" resource capacity, the sclection of priority schemes by DAWSSA and the conceptual plan for
the Urban development in the City prepared by Damascus Municipality.  Water requirement
. cstimates assuniing the ratio of water losscs is 25 % even in the newly constructed arcas.

Accordmg o lhc schodulc Dummar Extension Area (1st phase) and lhc residential area
in Special Area Zone (State Faclony) will be require water supply in 2000, Kudsaya New

Suburb will nced rcqmrc walter stupply by 2005. After the year 2005, a deﬁcn wnll occur - .

between DAWSSA s improved water producl:on capacn) and the water dcmand

- 1t is assumed that the development of new ccsidential arcas proposed by Damascus
Mumc:p'dlty can only proccod il new waler resources are dcvclopod Assad Subuib (1st
phase und 2nd phase), howev er, can bc supplied in 2010, because this arca has jts own water

supply wells tocated in the lural_ arda, By 2010, DAWSSA, will not be able to supply water B |

" to Duminar Extension Area (2nd phase), Assad Suburb E\‘lcnsion Arcaand Assad Cily, since
the estimated water production from new Wwaler zesourees schemw will not be 1blc to meet the
waler demand of these new de\ clopment areas. '

{4) Water requircinents in proposed sérvice arcas

Scn‘icé'Arc:u; are proposcd as‘x showi in Figurc'S 2.2, \V1tér's’i1|5p]y to 't'hc proposed |

service areas s CSlumiod as shown in Tables 5, 4.10, { rom the year 2000 up to the )oar 2015.

. Figures 5.4.1 and 5.4. 2 rcspcclncly show waler rcqulrcmcnts to proposcd scn'nce arcas in the -
*'year 2005 and 2015, The estimated water requirement takes into consideration that the land

use patternin the existing service arcas will not change significantly.

Water rcqurrcmcnt in proposed Scrvice arcas is summarized at 5 year intervals as

. follows;
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{1000 m’/day)

Year 2000 2005 2010 2015
Villages - 537 569 605 653
New Development Arcas 8.5 21.5 436 733
Lxisting City 688.6  737.9 7963 8562

“Total ' , 7508 8163 9004 9948

(5)  Proposcd water production f

Raw water production is proposcd as shown' in Figure 5.4.3.°  Production and
conveyance losses are assumed to be low at less than 1 %, since Figeh spring, the main water

- resource, is conveyed through the tunnel and the other water resources are groundwater. In

' _'lhis figure, the past average water requirement in 1986 and 1990 is assumed based on the

- average waler requirenient in 1995, Dmly maximun water rcqmrcmcnt is calculated by using -
the toad factor of L 14 :

s supposbd that a water deficit will occur after. the year 2005, since the capacity of

:  waler resource is limited (o 296.9 \/ICM/) car (9.4 m*scc) based on DAWSSA's existing water
- rights. ~ Therefore DAWSSA must dcvelop new watcr rcsourccs after the year 2005 to meet
~increases in demand. : Efforts to save water and reduce consumphon should be coordinated
~with Damascus MUI\ICIp‘lIIl}’_ and the Ministry of lmganon (MOI) to reduce lhc ncod {or new
Fesources.

Coopcntlon wuh the MO! will bc rcqucstcd o rcsoh'c the waler defi icit’ al' ler the year

2005 The MO has the overall rcspons;blllly for authonzing: water rights and the

development of water resources dcvclopmcnl in the rural arcas where a potennality of watcr

*resources is identified in this study.

5.5 - Watcr Resources Devclépmcnt Plan

©5.5.1 ‘Water Resources Issues

(1)  Water resourées organization in Syria
The Ministry of Irrigation (MOI) is the governmental body within Syria that is

designated the responsibility for coordinating water usage and planning future waler resources -
development.  The Minisiry has the authority to issue licenses for the abstraction of water
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from surface and underground sources.  Due to the historical developmient of the EPER it was
given the right to the water from Figeh and groundwater within the municipality of Damascus.
These rights have been carried over to EPEF's successor establishment, DAWSSA.  Within
ihe municipality, the management of water resources, other than those uiilized by DAWSSA, is
under the overall conteol of the MOI.  However the licensing of abstractions has been
delegated to the Damascus Municipality,  Possibly as a result of these three organizations all
having an interest in Damascus, waler resources planning and abstraction - licensing -is
“somewhiat haphazard. ' ' '

{2}  Water resources studies
(@ Observation well network rehabilitation

DAWSSA has a nelwork of 19 observation wells within the City. They are mainly
located within the existing wellfields. Recently 7 new observation wells have been drilled in
localions remote from DAWSSA wellfields. These holes can provide information on the
citywide changes in water levels away from the dircet influence of the main centers of pumping.
~ However it has been reported by the water resources directorate that all but one of these holes

can not be used for their intended purpose because they are ‘full of sand’. ' It is proposed to’
rchabilitate the new obscrvallon wells to makc them sunlabk. for inclusion in a citywide

' momtormg schcmc

_ The n,lmbmlallon program should comprise (wo parts. In the first instance the nature
- of the problem should be identified, each hole should be plumbed to mcasurc the total depth.
“Secondly any material in the holes should be removecl by aitlift puniping, if unsuccessful by
“redrilling the collapsc material.  Itis recommended that slotted casing should be installed into

the holes to guard against further collapse.- Should it not be poss:blc to rehab:lltalc the hole

lhcn lhc drilling of a replaceinent hoic in the same arca should bc undcna!\en

Tlu Master Plan proposcs to increase the groundwatc: absuacuon from under
Damascus. ~ The extra abstraction will be introduced progressively, during this period it is
imperative that the behavior of the gmundw*ﬂcm are studicd to ascertain whether the extra

pumping exceeds the capacity of lhb aquifer. - Tlns knowlcdgc will be used in the of htes .

stages of the Master Plan,
'(h) . l'{ydroldgic'al and hydrqgéological éludy’ and mo_dcling'of the éi{y_

The objective of this study should be a better understanding of the water fluxes within
the City, the relationship belween surface water and groui}dwalcr,?lhc refationship belween
waste water, surface and groundwater.  This understanding is important in the formulation of
~ plans for the use of the City groundwaters and to establish the likely influence of the future
wasle water schemes.  The changes in flow along the many surface canals should be

investigated from El Hame to the eastern boundary of the City urban area. - The understanding
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of the hydraulic syélems may be assisted by the construction of a mathematical model of the
groundwater system. Such a model is a useful way of focusing on difficult areas (hat deserve
further investigations. The final model can become a powerful predictive and managerial
instrument that would enable the determination of future response of the aquifer system to
diffcrent pumping scenarios.

{c) Water resources information and analysis systeins

“The data collected by DAWSSA from its various monitoring networks and on the
operational details of the sources is stored on the main establishment technical computer system,

Although a useful tool for the day to day management of water extraction and supply il is less
adaptable to the diverse requirements and analytical capabilities needed for water resources

studics. The data that may be called uvpon for waler resources w_()rk is various and will

~include imeteorological, hydrological, geological, hydrogeological sources. A moie flexible
- approach is desirable to cope with data on time scales from minute to minute during aquifer
~testing to decades when looking for long term groundwater and meteorological tiends. * The
~capacity of the system to be able to rt,plcsenl mfounatton graphlcally and cartographically -
. would be cmploycd extensively in water tesources sludies. : :

Inforlmuon and anatylical systems are wndcly available for the disciplines that corislitute
water Fesourees. Mos«: of such software is directed towards the personal computer'or network
of personal computc:a, cither working under DOS or a Windows cnwro_nmcm. Systems may
be cither standard” packages, or cuslomized versions. A need is perceivcd for software

“systems - to cover the following areas, - - Pumping Test An'ﬂ)’SiS Hydrological /

Hydrogeological Database, and, Grouhdwmer Modcl_mg o

Work undeitaken on water resources in the prc,pamnon of the master plan uscd ‘Grormd

Water for Windows” (GWW) for storage and repoiling purposes. The inventory of almost a -

thousand welis  from IJAWSSA the Municipality and the. Mlms{ry of Irrigation has bean '

“collated. A copy of the files has been provided to the Water Resources Direclorate.

(d) Long term study of Barada spring behavior

- Apart from Figeh the sources in the ‘Zabad'uu Vallcy 1cprcsent the largest resource tlnl

"DAWSSA uses..  The understanding of the behavior of the spring-aquifer system to pumping
~is critical in the future p!anmng of possible schemes s opportune 1o gather data that will
“help with the through sludy of the source. Currently one ‘on site observation well is |

monitored every two weeks and the Barada River at Tekich i is: flow gmgcd Itis proposed =
hat this monitoring is intensified and broadencd. - The level in the lake and the observauon

well should both be monitored on a continuous basis with autographic float recordcrs The
walter level in the aquifer at a distance could be monitored in the three wellfields that belong to
DAWSSA. The measurement of the actual discharge from the lake should be given the
highest priority.  Until such time as a proper rated channel scction is available at Ramlch
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attempts should be made to measure the flow over the penstock and into the irrigation channels.
©5.5.2 Alterative Future Water Sources for DAWSSA
(1)  Water resources available to DAWSSA

The water resources that are available for use in the vicinity of Damascus are already

almost fully committed to water supply and irrigation uses.  In the preparation of the Master

" Plan the maximum utilization of the existing sources is proposed together with limited

development of new sources.  The rough estimate of the resources is given in the following
table. '

Total Replenished Resource “Estimated Resource

Source with acceptable water available to DAWSSA
Quality (MCM/y) (MCM/y)
Figeh Source 220 - 220
Barada Source : - 100 ‘ 34
Scrg::{a Area ' : -9 : 3
Deir al Ashayer Arca Y A -}
‘Damascus Quatemary : S § B : . 50

" At present about 130 to 185 MCMy are used from Figeh Source and up to 35 MCMjy
frany Damascus.. The unused portion of the Figeh source over flows into the Barada River -

during’ the flood season when the quantity of water from this‘singlcﬁpfi:jg exccc:ds' the
- requirement of Damascus.  The nalural flow of the Barada is about 100 MCMJy,  however
not all of this is avaitable for vse. “The flow has reduced to about 70 MCMy, the water
probably being intercepted by irigation wells before reaching the spring. ‘The MOI has
allocated a 34 MCM tranche for use by DAWSSA. * The estimates of the resources in the

' Jurassic aquifer cast of Sergaya and the Crelaccous aréund Deir al Ashayer is based upon water |
~ batances for the aquifer units.  The water in these two areas is already used for local water
supply and frrigation the amount that may be taken is therefore limited. - The source of Wadi

Marwan js the Cretaccous aquifer block that also suppties Figeh spring. - It is anticipated that

the use of Wadi Marwan will not create any new resources but will share those that naturally

discharge from Figeh.  For that reason it is not included in the list of waler resources.

The groundwater rcsonrce’s'undc"r‘[)ainéiscus are not cledrly"quanjli_ﬁcd. Broadly, the

resources in the mountainous arcas comprise the rainfall less evapotranspiration.  Whereas on
" the plains and foothills the quantification of resources is more complicated.  The rainfall less
evapotranspiration is much less or llegaiivc,_ and the water resources are those that eater the area
cither. by groundwater flow, surface water streams or conveyed by public water supply
“distribution systems. ~ The water balance of the whole catchment has been estimated for natural
conditions and for the mid 1980's.  This balance has been updated with data as is available for
the mid 1990's.  The zone where the water balance is most different to those pertaining to
natural conditions is the city of Damascus and the Ghouta. It is this region where large and
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un-measured fluxes occur.  The groundwater resources usable by DAWSSA have been set at
S0 MCMYy that would be derived from groundwater flow into the area from the Cretaceous,
less through-flow of groundwater towards the Ghouta. To this should be added a very small
contribution from infilteated winter rainfall, and then a significant quantity due to leakage from
the distribution systemy, canals, river bed, and, waste water systems.  From the groundwater
DAWSSA has taken 35 MCM/y and other abstractors an’ unknown amount. ~ The maximum
exploitable quantity is higher than that used at the present, The value of 50 MCM is
approximatcly half the estimated slorage in the Pebble Beds, this is assumed to be the safc
limit. L

Within the duration of the Master Plan schemes will be implemenied may reduce
recharge to the aquifer. Firstly the leakage from the disteibution system is to be reduced
especially in the informat areas of thecity.  Secondly connection to the sewerage system will
become more wide spread.  This will reduce secpage froim soak-aways and for those
settlements upstream of Damascus reduce the flow in the river and irrigation canals through the
cily. ~ If these scheines are successful and there is an overalt reduction in absolute amounts of
water losses, groundwater recharge quanltity will teduce even though the quality will be s@fc—_-

- guarded.

; _(2) © Current water sources capacity

- The current water- resources available to DAWSSA to serve the populalion in Damascus

- e summarized below, the details of individual sources are provided in Table 5.5.1.

 Source Name . Source Capacity '- Seasonal

© and - - Installed Minimum Average . Capacily

. Type: . . {Us) (s . (Us) (m'fd) . (MCM)
Damascus Wellfields -~ 3,073 1,585 1,900 164,020 . 41.47
- Figeh Sources o S S oo R
~‘Average Year © 12,400 - 5,800 507,000 - 185.00
Dry Year - . 2,880 3,870 334,000 122.00
Barada Spring : 1,100 1,160 1,100 95,000 23.27

- TOTAL ' - N o

Average Year . 16,513 - 8,860 771,220 249.74

Dry Year | - 15565 16930 598,220 186.74

(3) , Lxisting sche:nnéé in progress
(@  Figeh Side Spring -

The water intake structure at Figeh side spring consists of a sump about 8 m deep, It
is cquipped with 13 pumgs with a theoretical tolal capacity of 3.25.m's, however during

operation they produce from a peak of 1.8 to a minimum of 1 m's. A scheme to replace the
existing water intake structure for Side Spring is under ¢onstruction. A planned total of 20
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'ncw wells cach 50 m deep and 762 mm (30") diameter are 1o be built. - The new struclure
will be able to create a larger drawdown in the wells and it is anticipated that a larger yicld will
be available. It is anticipated by DAWSSA that a lurther S00 Is could be added to the site

capacity.
(b)  Ain Baroush.

“The existing wells al this site are to be replaced by new decper wells,  The additional
i }chd that will be available is éxpected to be about 800 Is (69,000 m*/d), or 13.8 MCM over a
200 day pumping period.  Two wells have been drilled, cach 800 mm internal diameter and
- 40 m deep, a third well is due to be constructed.  The new wells are awailing (esting to
evaluate their performance before the installation of - pumps and conmissioning the source.
. For the Master Plan there is assumed o be no increase in yicld from Figeh (rom the work in
- Side Spring or in Ain Haroush.

()  Barada Group 1, 2 &3 Wellficlds

" There are three wellfictds norih of Barada Spring that were drilled in the 1980's by the

Ministry of lerigation. They are referred to as Groups 1, 2:and 3, and are scparale to Barada

Spring Wellficld. The nght to use these sources has been given fo DAWSSA and they are in
the process of commissioning the w clifictds. The wclls that have been desi gmlcd for inclusion -

in the new welificlds are itemized in Table 5.5.2. ~ The dcmgn capacities are 230, 150 and 70

s for the three groups with an achicvable average seasonal produclmn for the groups used for

- the Master Plan are 185, 120 and 60 /s respectively.
(d - Wcllﬁcld at Tilkaddm |

The wellf 1c!d lacs in lhc South of the Cily and 3 was dnllcd i 1989 The wells. w ere
* perfonmance tested with’ step tests and the aquifer was tested with a constant rate -lest, 'A

summary of the slep test sesults is provided in Table 5. 5.3. The wdlls divide into two groups _

one with small drawdown that arc suitable for use as production wells (1, 4, 6, 7, 9, 12 & 13}
and the remainder that have high well losses, large drawdowns and a rapid increasc in
drawdown at high pumping rates (5, 8, 10,°11). - It is planned by DAWSSA fo install 10
puinps, 3 with 120 m*/hr capacity and 7 with 100 m’/h capacity at this site. For the Master
Plan the wcllf icld has bccn rated at an average capacily of 140 UUs or 2.96 MCMin 8 months.

A{c) Wcllﬁcld at K"id'lm Ston. .

The wellficld lies in he southem arca of the Cal}, about 500 m to the North West of the
. Kadam Railway wellficld. - The wells in this wellficld ar¢ closer together than on other
welificlds in Damascus.  As a consequence the interference drawdowns can be more
significant here than on the other wellfields.  Three of the holes are in use and it is planned
by DAWSSA (o equip all the remaining holes on the site with pumps with a 30 m head and
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100 n’Mir capacity.  An estimate of the anticipated drawdowns is 'providcd for cach well in
Table 5.5.4,  For the Master Plan the output from the site is estimated as an average of {70 Us
for 8 months.

(H  Wellficld in Wadi Manwan

DAWSSA is working on (he commissioning of a wellficld, pipcline and associated
works to provide a water supply to the new developnent arca of Kudsaya. The wellficld is
located approximately 19 km west of the center of the City.  The wellfield comprises 16 wells,
threc drilled by the Ministry of Iriigation in the 1980’s and 13 constructed between May 1990 )
and September 1992, ' The wells ar¢ all about 300 m decp with 97 or wider casing wilh a rest |

water level about 180 m below the surface. The capacity of each hole § is in cxcess 15 Us and |

quite pOSSubly as much as 30 Us could be pumped fromeach hole “This would give an overall -
wellfield capacity of 450 Vs or 14.2 MCM over a full year, DAWSSA plans to install 13
pumps cach with a capacily of 18 Is, however for the Master Plan the aclucva‘olc quantity is
taken to be 185 Ifs or 5.84 MCM over a full year if pumping.

(g)  New Wellfield at Kaboon

A scheme for i mcuasmg the abstraction from thc area of the existing wcllf‘ eld is duc lo

Cstart in 1996, 'In the first phase two deep wells will be drilled, subject to these being

successful in obhmmg an acceplable yxcld a further 8 holes are planned for a second phase.

“For the purpose of the Master Plan it has been assuimed that the wells will all bc conslruclud

and have an mcmll ylcld of 120 Ifs, 0r2 54 MCM in 8 months.
(h) ' Wcl!ﬁcld at Dunmm_r

The wellfietd at Dmnmar lns not bccn uscd since 1991. The wclls arc due to hc -

commissioned 16 supply the local area. Five pumps wilh -a capacnty of 30 Us aré fo. bu o

installed into the wells.  For the Master Plan these wclls are assumed to opcmlc throughout (he
year at a rate of 100 s, 3.14 MCMy.

' (4) Future water sources for DAWSSA’

- (@) Oplions |

T hc 'ummmu,d capacmcs are smnmanzed in Tﬂblc 5.5.5.

(i) Ophon 1

- The first option proposed comprises developing sources to which DAWSSA has been
assigned Water Rights. The Rights exist for alt the groundwater sources within the
Municipality plus Figeh Spring, Wadi Marwan, Duir al Ashayer, leeh and the Al S’lhl
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wellficlds near Barada Spring. The quantity that may be taken from Damascus wellficlds and
from FFigeh is limited only by the physical availability of water.  Whereas at Barada Spring the
Prime Minister has granted a Right to absteact up to 34 MCM per year from the combined
wellfields, The MOI has reporled on the available water and assigned quantities of 4.1
MCM at Deir al Ashayer and 4.5 MCM at Rimeh for use by DAWSSA.

The schemes that are included in option 1 are; new, equipped and upgraded wellficlds in
Damascus, acompletion of the ongoing schenies near Barada Spring, Wadi Marwan, Figeh
and Damascus, and, the development of the Deir al Ashayer wellfield. The use of Rimeh is
excluded on cconomic and financial grounds from the first option.

(i)  Oplion 2

This option includes all the schemes that are in option 1 plus the promotion of schemes

in arcas for which DAWSSA has not been assigned Water Rights.  These areas are the springs -

"o the Awaj River at Beit Jenn and Tabibiyeh, and also the Rimeh wellfield, all which lies
south west of Damascus.  In the option is also the use of new wellfields at Sergaya and El Irk
north cast of Zabadani. L

(i) ~ Option 3

Like option 2 this oplion envisages the use of all the schemes pro;:oséd inoption 1, In |
~ addition a greater exploitation of the Barada Wcllﬁdds in excess of the ‘assigned water Right of
34 MCM An extension of the wellfield around - Barada Lal\e and Sprmg is Consndered the
best means to incicaso ihc abstrﬂclmn ' o

(iv) O'ption 4 _

"lhc fourth opnon compises the combmahon of all the is the previous opttons 'mdg _

inv olvcs the dcvclopmcm of all the water resources identifi ed.
b) Sclection of the most desirable option

The choice of an option of use in the Master Plan is a balance between what will provide

sufficient water to the city and yet will not adversely affect the cnvirom'ncm; the economic

- livelihoods of the local population and be a politically 'u‘ceptable solution.  The sclection must
. alsobe ccononmally and fi nancnlly attractive (o both DAWSSA and to lending agencigs. - All

- the sdlum,s pzoposc-d qrc lhought to be technically feasible so this is not a consideration for thc f

sc:u‘nmg process.

At the time of the Master Plan formulation only option 1 is politically acceptable. The

other options have to be approved and accepted by government, something that can not be

“guarantced and used for planning purposes.  The cconomic analysis has shown that the

scheme at Rimeh has a very low viability and therefore has been excluded from any option.
All the options will affect the local availabilily of water for other uses.
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In option 1 this will be confined to the farmers in the Deir al Ashayer area who use
groundwater for irvigation.  Water levels will be lowered by the proposed wellficld and some
of the irrigation wells will be de-watered while in others the pumps will need to be lowered.
The scheme at Sergaya and El Irk will intercept water that otherwise would discharge through
springs from where it is channeled and used in itrigation. The use of water by EDWSSR
from the adjacent areas has already had this effect. - The farmers have started to look for other
means 1o irrigate their lands, the drilling of  private wclls seams to be the most common .
soltition.

The social effect of the Hermon area schemes is likely to be large furthermore there will
be an environmental impact on the upper reaches: of the Janani River. The spring water is
now used in flood irrigation of the land. * IF all this water is piped to Damascus there will be no '
viable source of imrigation water in some areas.  Within the Awaj basin there is a switch to
groundwater for irrigation, this is not always technically fcasible for all farmers,

" Oplion 3, the further exploitation of the Barada Spring source, will have anef fcct upon |

- farming in the Zabadani Valley. = The Basada River, whosc headwalers arc Barada Spring, is

used as a source of irrigation waler, -albeit illegally. The exisling quantity taken from
Zabadani Valley wellfields reduces the stream flow, as also do private immigation wells within

the Spring catchment. The further development of DAWSSA's water use will nced to take f

these factors into account. ~ The substitution of the river as a source of irrigation with another

: :_qomcc is one poss;lﬂe solution, but this lics outside thc;unsdlchon of DAWSSA.

The use of oplions 2,3 a’nd also 4 are mled out on socio- 'ecom')mic -md!or political
grounds, even though they may be able to satis[y y the demand in thc year 2015, The choice of

-option:1 permits the reduction and at times cllmunlton of the seasonal deficit of water currently

suffered by the inhabitants of Damascus. * The option will achieve these improvements up o
the year 2005, by which time all the schcmcs will have been commissioned and there is a

© forecast deficit that grows 1o 46.7 MCM by the year 2015. The deficit in option 2 is

20.8 MCM and for option 3 itis 16.9 MCM at the end of the Master Plan period.  Option 4
removes the deficit completely.  For the Master Plan, option 1 is the most desirable option and
so it is adopted for'use. The waler production plan and the waler sources development plan

~ are base upon this option,

©(S) - Water sources development plan (Op_'lion 3]

The plan is able to increase the capacily of sources from Damascus and Deir al Ashayey
1o meet the anticipated requirements until the year 2005, The schemes that are quick and will
give a proven source of water will be implemented first while the more costly and longer terin _
schemes are programmed (o slart Jater.  The year when each source will be finished and the
extra capacity available is listed below,



Source Year Source Year

“Wadi Maiwan 1997 ~Kalar Sousch 2000
Barada Spring Group 2 1997  Tishreen & Kywan Phase ll 2000
Kadam Store 1997  Deiral Ashayer 2000
New Kaboon Phase | 1998  Barada Group 3 2001
Takadom 1998  Shokey al Qouwatly 2001
Tishreen & Kywan Phase | 1998 lbn Assaker 2002
Daminar 1999 Fringe Wells 2002
Jaramana 1999  Tishreen & Kywan Phase 11 2002
Barada Group 1 S 2000 Kanawat Gardens 2003

New Kaboon Phase I 2000  Kadam Railway 2003

* The water resources projects can be divided into four types;

“-- Equipping cxisting, tested, but unused wellficlds.  This comprises the installation of
“pumps, well headworks, reservoir, chlorination and control - equipment and site
- pipeworks. The wellfields to be equipped are at Takadom, Tishreen, Jaramana,

Kadam Store, Wadi Marwan, Dummar, Batada Group 1,2 &3. o

~ Re-equipping  existing wells to increase their production. At these sites the wells
are able to produce more water the limiting factor is the capacity of the subinersible

pumps or the booster pumps. The schcmes are at lbn AiS’tkel, Kadam Railway and .

. the Fringe Wells

B - Construction of new wellfields in Damascus. Thrcé of these are at lotally new sites, -

Kafar Sousch; 'Sho!-;ry al Qouwatly and Kanawat Gardens, the third,” Kaboon,
involves the dnlhng of more holes at an existing wellf‘ eld.

— Construction of necw chIl‘clds oulqlde the city. The wdlﬁeid at D.,lr al Ashayc: is
pmposcd to use sonic cx:stmg Mlmshy of lmgauon some ncw holcs '

6) \\’alcr’productic‘m plan (Oplion l)-- .

: lhc kcy objectwcs in water production’ pl'mnmg for DAWSSA are firstly to be able to
satisfy a demand (hat peaks in- August while the sources have their maximum capacity in
March-April, and secondly, to meet the demands when the principle source is very variable
yearto year.  To meet these two objectives production plans niust be constructed on a monthly
basis and also for various. h)dro meteorological conditions. - A sdledule of production is
devised for cach source for cach year of the Master Phn for” three hydro- lmteorOIOg:cal
- Scenarios. For theése thice condilions a monlh by month plan is produced for the years 2000,
2005, 2010 and 2015. Sec Tables §.5. 638 for the annual produchon program. - The
- information for both annual and momhly plans is sumimarized plctonally in Figures 5.5.2 to 4.

To tepresent different hydro-meteorological conditions three reference years have been
“chosen for comparison,  These reference years represent average wet and dry conditions. The
“average conditions are conveniently similar to those expericnced in 1995, Dry conditions in

1990 (watér year 1989-90) produced a total flow of {41 MCM a flow that is exceeded 90% of
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years.  For the wet conditions the year 1992 is selected (water year 1991-92) during which an

“annual flow of 334 MCM occurred, an event that is exceeded less than 5% of years.  The

reference years were selected to be in the recent past when the measuremients are the mosl
reliable and the source was modified by pumping.  The total flow from Figeh in future years,
is taken to be the same as the total flow in the comparison year, either that by gravity discharge
or by pumping.. The ongoing schemes at Figeh are assumed for the purpose of the plan to

have no effect upon the discharge regime.  This is a worsl case scenatio, since the effect can

only be to increase the low flows and reduce the flood of the spring.  Making this assumption
is therefore a conservative measure, the actual situation achievable being possibly slightly beiter
than that assumied in the production 'pIan. The monthly production from Figeh is either all the
flow or that part of the flow that is nceded to satisfy the requirements of Damascus:

The total flow from Figeh under the three scenarios does not change for the duration of
the Master Plan. It may however be noted that it becomes possible to take a larger proportion -
of the flow each year in the wet and average scenarios. This is not duc (o any increase in
resourees, but a result of higher demand during the flood period when more of the flow can be

- used. - The ceiling on the capacity is however reached in the low rainfall scenario when all the

water from Figeh is required to meet the demand and thclc is no ovcrﬂow to the river even in a .

: nonml year.

Ai certain times during (he Master Plan period there is surplus capacity. - When this. has
avisen preference is made to use Jurassic and Cretaccous sources to pesmil the groundwater
under Damascus 1o recover.  The use of the Quaternary aquifer under Damascus is limited by

_the arca that has acceptable water quality and by the anticipated total resource assessment of 50
-MCM/y. * The plan anticipates being able to exceed this amount due to the additional, but
un-quantifiable recharge from leaking distribution system, waste water system and canals. Al

the end of the period during an average year 69 MCM are abstracted from Damascus.

RHowever dnrmg a dry year water use is much more intensive with wellfields operated for 11
months, * Storage in the aquifer will be heavily drawn upon during these years that should be
offsct 1g'nnsl years ‘with lower abstraction when recharge will replace the used resource. It is
stressed that the volume of storage of good water in the aquifer is comparatively small. . The
ability of the aquifcr to buffer a long period of absteaction with low recharge is small.  Thus,

with the build-up of abstraction in the lifetime of (hc phn studics are nec0111nw11dcd to momlm
the gnoundwa(er and hydrologlcal condluons -

‘Water qualily is 'gcrie'mlly good undef (he city, however there is a stug of poor water

quality that lics roughly north west of the Mezze autostrada. - The known poor water quality at
the University wellfield has led to its planned abandonment. S
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5.5.3 Outline of Most Promising Schemes for New Water Resources
{1} New gr(-lu'ndwa!cr resources schemes outside Damascus
{(a) Cretaceous aquifer at Deir al Ashayer

Deir al Ashayer lies within an intermontain valley about 25 km west of Damascus and
7 km south west of Tekich, immediately west of Jabel Mazar and adjacent to the Lebanese
border, Figure 5.5.5.  To the Soulh east of Mazeaat Deir al Ashayer, and just over the border
in Lebanon lies a dried lake bed covering almost 2 km’. - The lake bed and the bottoms of the
\L'a'lley_s are intensively used for irrigated agdCtlllllrc.

The geology of the area comprises limestones of Cretacoous and Jurassic age.  The
wells penetrate a north-south trough of Cretaceous limestone that lies between higher
mounlains of Jurassic limesione to the West and east. The eastern side of the Cretaccous is
laulted against the Jurassic.  The Cretaceous is hydrogceologically isolated from the Jurassic to
(he West and east witha high permeability zone only about I km wide running south to north.
The aquifer produclwc zone is only about 60 to 70 mihick ata dcplh of belwcen 7% and 135 m
'bclow ground surface. : - :

Reglonally gloundwaler flow is from west to ¢ast in the Jurassic and Crd'iceous slmh
butin ihc Deir al Ashayer arca grouudwater in the Cretaceous flows to the Noith towards Wadi
Barada. Allhough the water levels in the Jurassic to west and cast are :eapechvcly higher and
lower than the Cretaceous,  the favlted zones act as low pcmmbihly barriers. It is

considered (by MOl) that. very litde groundwqtcr flows bclwccn the Crdaccous and the

Jurassic,

- 'The aquifer propertics are quite variable as is illustrated by the range of specific

capacities in the tested wells.  The transmissivity of well 308K is reported 1o be 5800 _nizfd: :

from a 26 hour aiclift pumping test (MOl 1986).- A group pumping test was undeitaken to
assess the hydrogeological conditions in the Dier al Ashayer area. - The test used three wells,
numbers 844, 846 and 854, pumping at a combined rate of 165.5 Vs for a 44 day period
starting in August 1990.  Analysis of the testing il\tiicatcd a fransmissivity for the arca of 620
0 1000 m/d and a storativity of between 0.007 and 0.04. These figures together with the
geometry of the aquil':ér and positioning of the wellfield were used to calculate the theoreétical
drawdowns in a wcil[‘n.ld pumpcd ata lugher rate and for a longer period of time than the group
pumpmg lest. : :

"l'hc scheme proposed for the Master Plan is a modificd and version of the earlicr MOI
“design. The total scheme operational quantity is revised downwards from 255 to 200 Vs on
the basis of us¢ for 6 months in thé year. The recharge into the aquifer, rather than well
: hydraulics, is the limiling factor on waler resource ulilisation in this area.  The yicld is based

-on assessment of the aquifer block in which the long term recharge may be only 7 MCMly.
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Construction of a large scale wellficld with a large pumping capacity would be possible, but,
alter the initial usc of aquifer storage, would not be able to be used at an annual rate greater than
the recharge.  To abstract the water three of the existing MOI wells are proposed plus a further
purposc drilled well,  The drilling of a further production well to make a wellfield of four
holes is recommended, for a number of rcasons; Firstly it would enable the wells to be
operated at or near to the rates that are known to have been achieved during the group pumping
lest, s‘ccondly, high capacity operation at 80 Vs is ruled out since this would require a pump
larger than can be f{itted into the casing, and thirdly the overall drawdowns in cach wcll are
rcduced. '

The location for the new well is about 200 m north east of the existing well number 854.

“This would place it along a track at an elevation of about 1180 iasl.  The depth of 150 m is
‘chosen 1o fully penetrate the productive zone of the Cretaccous limestone between 70 and

135 mdepth.  The hole when drilled may prove to have a low yield, in such a case it another
hole should be drilled.  The proposed design'for' the new well is a 150 m deep hole drilled at
12.25" diameter incorporating 70 m of plain and 80 m of pcnfomted 9 ‘casing.  The
conductor pipe of 13" casmg should be 20 m !ong for a good samlary seal, ‘

The d:awdowns have becn c'dcuhtcd basecd upou the hydmuhc properties of thc region
determined by the group pumping test.  The values were used in a well interference calculation.
The transmissivity was taken to be uniform and 960 m’/d while a value of 0.03 was used for
storativity, To represent the elongate aquifer block image wells pumping were used. They

: 'w@:ré placed so as to create a I km wide high preductive aquifer strip, with the puniped wells

centrally located.  The proposed pumping equipment for the wellfield is listed in Table 5.5.9.

"~ (2} Groundwater schemics in Damascus, existing wellficlds

(@) - Wellficld at Jaramana.

The wellfield consists of one observation and 10 production wells. 'The holes were
mainly drilled in 1990 but were not equipped. The testing shows that the aquifer is highly
productive in this area, wilh a transmissivity of 3800 m'/d causing individual well drawdowns
of about 1 m at the tested pumiping rate of 30 Us.- The well performance equations determined
fromi the step tests are summarized in the Table 5.5.10. _ [t is proposed that 9 of the wells be
installed with pumps with‘a 40 U/s capacity and all the associated c_qmpmcm for a pumping
station. The site will have peak site capacity ‘of 360 Vs, if an‘allowance is made for one of the -

wells to be undergoing maintenance over a 245 day pumpmg scason a yield of 290 s or

6.12 MCM s wanlablc

The water quality is typical of the Damascus wellficlds.  In operation the wellficld may
tap poorer water that lics to the East, it is therefore possible that in' the medium to long term
water quality of the site will deteriorate.  To continue using the site it may be necessary to
blend water from Figeh to obtain a satisfactory water quality for consuniers. :
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The rest water: level at the beginning of the pumping season in May is about 12 m
below ground. By November the level will be around 24 m below ground, the drawdown
caused by 1.4 m in the well plus 7.6 m of interference effects plus about 3 m of regional
recession.

(b)  Wellficld in Tishreen and Kywan

“This wellfield lies to the West of the current operational source at Qumawiyin. [t

" comprises two paits, Kywan lies to the South of the road to Dumiar and beside the course of
the Barada River, and the second pait lies within Tishreen on higher ground north of the road,

Figure 5.5.6.

The five wells in Kywan were drifled in 1989  and tested in April 1990, The tests -

mainly comprised a 3 day constant rate test and a one hour period of pumping at a similar rate.

- The resulls are not amenable to conventional pumping test analysis, however radial flow
~11_16d_é]ing of wells 2 and 3 can give iransmissiviiics of 3900 and 2300 m*/d fespectively. |
These hydraulic propertics would indicate that high yields might be obtainable from the area.
‘However the wells have high drawdowns dué to head losses in the immediate vicinity of the

hole, thereby reducing the quantities of water that may be produced fcom the wellfield, Table

5.5.11.° Only wells numbers 2 and 3 are really suitable for usc as producnon wclis. the

remaining holes have very low yields. . The two holes can each rehab!y produce - ’%O Ifs

without excessive drawdowns.

The Tishreen pﬁﬂ of the wellfield consists of ten wells drilted in 1993 but as yet they
also have not been cqmppcd Oaly three of the holes al (he site are hydmuhca]ly efficic nt and -
possmly suitable for use as producuon holcs (nos '% 4 & 8). Both well losses md 1qu1ft3|.

losses are high in the other wells.

To use the wclific:ld it is proposed that a phased approach be adopted.  Initially the best
wells should be equipped secondly the lower capacity wells may be used and lastly two new
wells may be constructed.  The preduction from the wellfield should be piped to Qumawiyin
pumping station for chlorination and addition to the distribution system. Tlxe planned capacity

of the wells (o be equipped in the first phase i is 135 Us, Table 5.5. 12. If used opéralionally ‘

for SO% of the time during an 8 month season the : production - would be 110 s and
2.33 MCM. - Inthe sccond phase’ smaller capacily and higher head pumps are to be installed.

The extra capacity is 120 Vs of an average of a further 100 Vs and 2.03 MCM. ‘The final
phase the capacity could be increased by the addition of twa wells that could produce a total of -

50 Vs, The final potential total installed capacity would be 260 Vs from 16 wclls. an

average of 210 Us or 4.44 MCM in an 8 month year,

- 5-30



(©)  Fringe Wells

There are 23 Fringe Wells operate by DAWSSA on the perimeter of the city. The
wells are equipped with pumps with 50 m*h capacity. The wells are used at a typical total
output of 9,000 m*/d in the winter months and 12,500 m*/d in the summmer.  This equates to
an average use of 8 and 11 hours per day for each well in the winter and summier respectively.

~ Certain of the wells could produce more water by equipping them with more poweiful pumps

and possibly increasing the capacily of the network in the vicinity of the source. .~ Wells that
have a specific yield of greater than 2 Vs/m and do not have records of high nitrates or total

* dissolved solids are selected for re-equipping.  The wells with the revised capacities ate listed
in Table 5.5.13. An interference plus seasonal eegional recession of groundwater levels is -

assumedtobe 5 m.

The estimated nct cffect of the change would be an overall increase in production of
1.76 MCM in a ycar. The estimate is based on the newly equipped sources operaling 18

~ hours per day for a six month period each year. -~ During the rest of the year whea demand is
©lower they will operate for fewer hours 1o produce a similar amount to that produced in (he
-other wells.  The unchanged fringe wells arc assumed to operate at the existing rates..

(d) Increased abstraction from the existing wellfields.

~The capzicily‘of the existing wellficlds is limited lﬁy the storage in:lhc ziquifcr,'thc ability
of the water (o move towards the well and the hydraulic propeitics of the well. It is
consxdcred by  DAWSSA that there is still available capacity 'in the aquifer that may be

-~ absteacted by the wellfields and that the limiting factos is the ability of the wells to remove the
“water from the ground.  The wells can be'used to pump water from the aquifer $0 long as the -

water level within the structure does not fall too far. © For the pucposes of the evaluation it is

= bonmdc:ed that the water level should not dcclme below 25 % of the pcrl‘oml»d length of the

casing. - Using step test dala and records from the observation wells the pumping rates that

Cwill produce the maximum acceplable drawdown were calculated. The current water levels
- and the falure proposed water levels are listed in Table 5.5.14, together with the data used in
- the determination. |

At Mazraa ‘there is scope o increase lhc pumpmg by asmall qu‘mllly ﬁom this sit up
to about 31,700 m/d (367 Us). This could be achicved by increasing the existing overall -

- pumping capacily by 10%. : The most favorable wells for the use of larger capacily pumps are
_' opcerational numbers 8, 10, 12, 13 aind 15, Increase in walhble resotirces of 33.3 Us or
0.58 MCM/y. Due to the turbidity known at this wellfield an increase in pumpmg is not

recominended.

The abstraction at §bn Assaker may be increased to 40,000 m*/d. The Iift purps in the
reservoir may be have an increased capacity so as to enable the well pumps to be ulitized more
efficiently.  The wells on the site are used typically only 6§ % of the time, by increasing this
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utilization to  about 90% the site can increase the output by 10,000 m*/d. -

The hydraulics of Kaboon do not permit the abstraction of a grcater quality from the five
cxlstmg wells that are currently used.  On the contrary it would appear that the water fevel in
the wells may be lowered by more than 25 % of the screen length in somie instances.

Kadam Railway could yield more waler, though there may be long term water quality
problems in this area. Itis proposed 1o increase the average capacity of the pumps from 100
to 135 m/hr. With the current utilization rate this would result in an increase of about 115 1/s.

" The capacity of the Qumawiyin pumping station will be increased with the supply from

"Tishreen and Kywan wellfields amounting to sum 5 to 7 wells with a combined output of up to
1195 Vs, Itis not proposed to further increase the abstraction from the aquifer in this wellfield.

"The Univc_rsily wellficld lies on the interface between good water quality that is activefy
recharged from the Barada and a poor water area lying to the West {owards Mezze. As a
consequence the wells on the West of the site have elevated chlorides, sulfates, lead and

another determinands compared (o -the East side of the site. - In view of the water quality. a

,conslramls at this site and the laudable dcsnrc from DAWSSA to not induce the migration of
poor ater quality from the East lhc srte should be considered the last to be utilized. No
change to the capacily of the site is rccommendcd The producuon plm docs not use output
from this site. :

The well hydraulics of J obar mdlcah, tlm no nore may bc hl\cn from this sxte without
- de-walering the aquifer,

{3) . Groundwater sch_cmcs in Dmnascus; new wellficlds
(a) - Shoukry al Qouwatly Sireet
The proposed location is within the parks adjacent to the Barada River opposite the
International Fair and the National Museum, sce Figure 5,5.7. ~ There arc existing wells along

the river bank that are used by the Mimicipalily for garden invigation and fountains.

The zone along the fiver is aﬁlici._pr.tled to have hydraulic properties suitable for the
construction of high yield wells for a welifield. In this arca the pebble beds are beiter

~ . developed than the rest of Daniascus being over 40 m thick. - A transmissivity: of over -

1000 m*/d can bc‘expcctcd in this area, and individual well drawdowns may be less than § m
“at & pumping rate of 100 m'Mhe.  In addition the water chemical quality is likely to be good
with the total dissolved solid less than 400 mg/l. - The rest water level is likely to be about
10 m lower in clevation than at Oumawiyin in May or June, that is an absolute elevation of
685 min 1994 or about 5 mbelow ground level.
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The natural groundwater flow direction is from the north west, whereas the Barada is
aligned cast to west.  The abstracted water will be derived from a radius around the welificld
and may in addition induce leakage from the Barada River. River water quality is an
important consideration in the viability of this scheme. However, the effective 'filtering' of
river water through the aquifer will improve some of the river water chemical characteristics.
The fountains in the Barada are supplicd by wells adjacent to the river, a sample of this water

has an electical conductivity of 620 pS/em and does not have any préblems with the major
ions chemistry.

" "To ulilize the groundwater at the site an cxportation cum observation well and five high

-~ yield wells are proposed. It is anticipated that the holes will noed 10 be 75 to 80 m deep to fully

penetrate the highly productive sediments.  The first hole should be tested to check the aquifer.

. propertiés and water quality prior to the establishinent committing it's self to the location.

Subject to the exploration hole having = transmissivity of greater than 1500 m*/d and

- producing water of a drinking water standard the five production wells may be drilled.  The

- productions holes will be dritied at a diameter of 20" to permit the installation of 17" casing and
slotted casing. A large diameter is recommended to enable the welt to have a specific yield of

- more than. 10 Usfm this could permit cach hole to abstract 150 m*/h with a drawdown of less
- than 4.3 m.  An additional drawdown of 7 m can be anticipaied from other wellficlds plus an

interfertnce between the wells of up to 17 ‘mi through a typical puniping season from May to
the beginning of the natural recharge in Novcmbcr or December. A pumped water level of up

_ to 33 mbelow ground level is expected here.

(b - Kanawat Ga_rdens‘ wc_l_lﬁeld '

The proposed location for a new wellficld is within the trifuigle of land at the junction

: I}Ltwcen Abu Baker as Swddik Strect 'md 17th Apnt Street, sce Figure 5.5.8.  The land is
now used for smalt farms in the center of the plot, but the well ficld is planned to be constructed

on the perimeter of the arca to minimize the effects on the existing land users,  The site is

‘chosen to be in an area where the aquifer is good, the highly productive pebble beds are about
30 mthick under the site and the rest water level about 10 m below the surface.” The location

is also a balance between poor water qualily to the Wesl in Mezzc with elevated sulfates and

- chlorides and higher niteate water towards K'ld‘]m

“The pmpmcd wcl[flcld will have 5 producnon and one, observahon hole Each 'will' be

_ 70 m decp to fully penetrate the aquifes. © The design should alfow for 20 in of plain :md'
50 mof perforated 9" diameter casing 10 be installed jnto a 12.25" hole, and 10 to 20 mof 13"

casing for the conductor pipe. - The anticipated capacity of the wells will permit the installation
of a 25 Ys pump, giving an average site production of 80 Vs or 1.69 MCM over an eight

month period.



(@) Kafar Sousch wellfield

The wellficld, proposed by DAWSSA is of a very similar type to the Kanawat Gardens
wells.  The location is beside the Municipality offices, Figure 5.5.9.  The wellfield is to the
- South cast of the proposed Kanawat Gardens wellfield, as such the hydrogeology and the
hydrochemistry is expected to be simifar,  The well design and capacity are the same as the
" Kanawal Gardens site for the planning in the Master Plan.

- 5.6 Comparison and Selection of Master Plan Projects
©5.6.1 Approach

Several projects have been proposed to improve existing water supply
- conditions and meet future water demands. In order to assess if a project will be included in
the master plan, it is cvﬂmtcd and compared 1o other alternative pmjects usmg technical,
economic and environmental criteria. The pnncupa] approach uscd for compmng the various

candidate projects is dcscnbcd as follows:

i) Countermeasures for unaccounted-for water (UFW) are generally the least coslly way'
of nunasmg waler avmiablc for consumption since (hey defer the need for expenswc .
-water re§ousces dcvclopnmnl schmms Thcrcfon, these proy,cls are pn,fcm,d for. B

nnmcdntc maplemenhﬂon

i) lmp:ovmg water supply condmons in lhc mfouml ar¢as has been 1dennfkd as a

priority by nmmc;pat authoritics. Pl’OjCCtS to extend the distribution network and prowdc:
‘proper service connections are sclecled for the master plan except where DAWSSA has .

alrcady initiated a fmsnb:hty study.

iii) Water supply prOJecls roquired for ncw development areas identified in the Municipal
- Mﬁstu Plan are sclected if they nceded before the. target year of 2015 1denhﬁcd in the
 Water Supply Master Phn '

'i\;)‘Waler resources ddvelopmcnt projects are screcned on the basis of availability of water

All the ;wn'ojccisiidelx(iﬁed as candidates for the master plan are listed in Table 5.6.1 and .

described in detail in the sections that follow. The projects are classified into one of the
foltowing three groups:

- i) Rehabilitation and Supply Improvements: Schemes in this group include rehabilitation
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projects to reduce systein losses and unaccounted for water, and improvements in water -

quality testing.

i) Ongoing and Planncd Water Supply Improvements: Schemes in this group have
already been identified by DAWSSA and are cither under construction or in the planning
stage. Projects in this group include supply improvements for informal areas. '

iii) Proposed Water Supply Schemes: Schemes in this group arc proposed by the JICA-
DAWSSA study team based on the proposed Damascus City Master Plan (2020), sesulls
“of waler resouroes study by Ministny of Irrigation, and 'a_hydrogcologiéal assessment
carried out by JICA-DAWSSA study team. | | |

562 Rchabilil_aiibn and Supply lmprovcméﬁl Schemes
(1)  Water main replaceiment
The totad length of distribution 'mains in 1996 is'about 1,000 km. A varicty of
materials have been used over the years. In general lhc older mams arc casl iron plpc and the
younger mains arc ducule 1ron pipe, and steel pipe (scc Chapter 4.5). ' '
T hc cast iron pipes, most of which are 80 years old, inferior lead joints w thh are

7. susceplible to high leakage rates.  Leakage is also high al connection pomts and valves. in
comparison to other pipé materials Therefore, the replacenient of cast iron pipes. is oncof the

_ hleasues proposcd to effectively reducc water losses in the distribution system. The ot

en gth of cast iron pipe is about 124 km. Only 22 % of the cast iron pipes were installed in the
1970°s. These arc considered to have some useful lifc remaining and do not need to be replaced..
The balance of the cast iron pipes, approximately 98 km (78%), were installed beforc the 1970s,

“and should be replaced ductile. pipes.  The lmplcmentauon schcdulc lor w*xlcr main
rcplaccmcnt program is shown in Table 4.5.2. ' '

C(2)  Water meter r'cpléc::chlcnl -

T herc is a hugc backlog of defective or unrcadablc meters wamng lo be fepaired (more ;_
than 86,000 or 30% of house connection) and a substantial amount of revenue is being lost to
mal{unctioning meters. “The most common domestic consumption meter in use is the Symn '
made Doris multi-jet meter. Testing revealed that as many as 22.73 % of these meters fail to
record at minimum flow levels although  they perform very well under spc-éificd maximum
and normal flow conditions, In addition to above, the multi-jet design requires that the meter be
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installed in a horizontal plane o prevent distorted readings.

There are two meter replacement options that are considered.  One option is [o retain
the existing Syrian made meter and increase the level of replacement and repairs. The second
option is to import foreign made rotary piston type meters which have a high degree of
accuracy at minimum flow of * +/- 1.5%. The rolary piston meter facilitates installation in the
horizontat or vertical plane which is seen as an advantage. ' Based on technical and cconomic
cevaluation it is recommended that existing Doris meters be replaced with a more reliable and
accurate rotary piston lype meter.

(3)  Improvement in meter testing and repaining

‘Currently, DAWSSA has only one meter repair facility which is staffed with only one
meter repair man. There is a large backlog in meters waiting for repair. This backlog will likely
: increase since nicler failure rates appear to be holding steady at 30% and the number of service
- conneclions “is mcreasmg Replacement of Syran made meters with imported meters will
1equire the installation of new’ test bench. More staff will hkcly be required regardless of which
opuon is selected however, selectmg imported metcrs will require a scparatc spccmlly trained
repair tcam until the old meters are phascd out.

_ (4) : 'Disirict Melcr Area

The implcmeﬁtmion of District Meter Areas (DMA) is an essential requirement for - an

effective lcakage control strategy as mentioned in Chapler 4.5. Without any information on

disuiét flows, it is impossible to detemine accurate leakage levels or pin-point . where
- maintenance and leakage should focus their efforts. The DMA system is required to reach the
largets identified for reduction of system leakage.

(5) Lcakagc sur\_-'cy (Ac_'{i'vc leakage dcl_cc_lion pfogrzzln)

The Ie'lk dciccllon scchon currcntly has thrcc tc’tms who are syslematlcally “orkmg

lhc:r way lhrough Damascus lookmg for leaks. Itis impottant that when lca}.s are found they
:bcrc-palrcd in as shorfd lime as possible. 11 is proposed thalslaf fing in the Imkagc detection
section be increased rom three teams to four teams by the year 1998. Combined with the
‘implementation of "the DMA system, proposed staffing levels will enable (ull coverage of
Damascus. The section will need (o be further expanded by the year 201G (o cope with
- . expansion and an aging system.
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(6) Pressure control

The effectivencss of leakage control efforts can be greally enhanced by ‘controlling
system pressure.  Pressure control is critical since it significantly reduces lcakage rates and
therefore the quantity of water tost when a leak develops. Where possible, adv*mtagu of the
latest pressure control pressure contro! valve technology should be used to aulom“tu("illy
regulate pressures in response to varying water demand patterns.  Reducing the pressure wili
not only reduce the level of lcakag'c, but will also reduce the quantity of water used in what can
be described as open tap use (Wide_‘spréad in Damascus).  Pressure reduction will ﬁ!s_o’ reduce
the frequency of pressure related mains breaks. | |

(7)  Improvements in master melering

~ The recording of water flow from reservoirs and pumps, daily and h'ou'rly waler supply

: amounls is helptul to identify yearly, scasonal 'md hourly trends in water production and water
| use. Master nctering is essential for opmmzmg systcm operalion and prowdmg the information

requmd by managenent to formulate future opcrahonal plfuas In the present condition, only

' 28% of the total requirement for water flow measurement at senvm reservoirs and booster
* puimp stations is adequalely covcrcd Another 24% of the roqulrcmem is covered by non-
- functional meters and the balance of 48 % has no prowsxon for metering. A total of 59 master

melers are rcqulrcd mcludmg {he rcplacemcnt of 20 non-functional melers as listed in Table |

562,

Thére are four iypcs of flow meters: 'wmlablc i) turbing, (i) a vcnlun [ubc (m) a

: fcloctrom'lgncllc zmd (iv) a u[tmsomc The clcctromagncilc flow meter offers the most
:advantages in lerms of accuracy, ease and flexibility of instaliation, and minimal maintenance

sequirements. The ultrasonic flow meter is the second best choice. It is therefore
recommended that clectromagnetic flow incters bc' used for applications on ptimp discharge
piping and the wlirasonic flow meter “be used m gravity flow '1pp|1cauons from service

resewonrs

8 Water quality testing improvement

The quality of the water s‘upplicd'by’ DAWSSA. discussed in section 3.4, is _Iés's than
ideal in the dry season. Parameters of concern include high levels of nitrate and hardness.
Surface water in Damascus is already heavily contaminated, and 'may deteriorate the
groundwater quality in the future. In spite of these alarming facts and potential problems,
potable water in Damascus is being consumed virually untested.  DAWSSA’s water quality
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testing laboratory has a limited capacity and can only analyze 30 samples/day for general water
quatity analysis. The lab does not amalyze for peslicides, disinfection by-products, and
pathogens. Many of the analytical instraments are old, and unreliable, and in general, repair

services and replacement parts are unavailable.

“Itis an cssential roquirement  for every water supply authority to ensure public health
and safety. The laboratory must be upgraded in order to provide regular and comprehensive
water quality testing. Under the proposed project, the capacity of the Iaboratory will be
increased by 3 to S times.  Programs to test for toxic organic chemicals, heavy metals, and
pathogens are also included in the projecl.? Achieving these improvements will require a
© corresponding reinforcement in human resou rces, training, space, and equipment.

Q) Water quality contro in South Damascus

In South Damascus, the levels of nitrate and hardness in groundwater are as high as the
_ 'ﬂlowable maximum specifi ied by the Synan Drmkmg Water Standard- (sccilon A4).. “The
" water quality in this arca may even worsen in the future.  This poltuuon related water quality
problun appcara to be widespread on a rcgional scale. “There appears lQ be no effective
measuré |Im DAWSSA can take to stop the pollutlon of groundwater. - If the water quality
*becomes unaccephble, the pumpmg from this nglon will have to be stopped. This event

- would have a serious impact on the wqtcr su pply coudlllon since well ficlds in South Damascus

: -contribule a sngmﬁcmlt amount of water whtch is strategic 1o mcclmg growing demands. * The

* economic and technical feasibility of treating this waler 1o bring it back to acceptable standards

would lhenrh;we to be r;-aésessed in light of other available Op_tions;

‘Taking Kadam Rﬁailway well field as a modet case, five different approaches were

considered to make maximum use of low quality water resources in South Damascus,  They
are based on : blending (mixing of low quality south Damascus water with high quality Figeh

water), waler tecatment (soﬂmmg 'md pitralc removal), and supprcss;on of pumping from
contmmnaicd wells

(]0) ‘ RcinfOrccimlt of cxisling waler resources

“The sources at Figehﬁ Side Spring and Ain Haroush are both 'u:udcr:re-ddvelopmcnt.
~ New. wells have been drifled near to the existing sources that allow for much greater
- drawdowns than are cucrently achievable.  The up-graded sources are hoped (o increase the
* total Figeh output during peak demand months. -~ There are no changes planned for the Main
spring and the Deir Moukaren wellfield. :



- Barada wellfields groups 1, 2 and 3 are ongoing projects, the group 2 wellfield is
ncaring completion, the other groups have yet to be developed.  The sources together have a
capacity of 450 Ifs which will be pumped via a pipeline to Damascus via Figeh, The Jurassic
that feeds Barada Spring is cstimated to bave a long term natural recharge of about 100 MCMYy.-
DAWSSA has been allocated 34 MCM/y. 1t is considered that with carcful management an
additional 20 MCM/y may be available from the aquifer for use in Damascus  without
deleterious effects on local water users and the Barada River,

The study of the sources operated by DAWSSA has shown that there are three -
wellficlds that have undeveloped potentiad for further water abstraction, (lbn Assaker, Kadam

Railway and the Fringe Wells). 1bn Assaker wellfield is’ under utllmed and an additional .

120 Vs may be pumped from the wells. - The limiting factor conslrauung usage is thc abitity of
the reservoir pumps to get the water into the distiibution system. . By llp-grading the capacities -
of these pumps the quantity that may be produced from the site as a whole can be increased.

. Kadam Railway may also produced more, the limiting factor being the capacily of . the

submersible pumps. By upgrading these it should be possible to obtain an average of 115 Ifs
extra from the whole stte.

Thc other existing wellfields in the Cny, Mazraa, Jobar, Kaboon, Oumawiyin are used -

at near opumal ratcs, no ch’mgcs in the opcmilon of these sites are made in the Master Plan.
“The University wellficld is on the interface between good and poor water quality. The

continued operation of the  site is liable to resull in the water qualily not inceting the Syrian

~ drinking’ water standards, 1t is therefore proposed (hat this site is not used in the future.
- Kadam Store wellfield is to be fully equipped with oUblllCl’lelC pumps, this will add water {0
" the d:smbuhon network in south Damascus. : :

An cxisting wcllﬁcld at Dumlmr is to bc re- cqmppcd aftcr pcnod of idleness while new
reservoirs and pnmpmg station were built. l_t is mtcn_dcd that 1he walter will be used for the
local distribution network in Dummar, 1elcasmg the supply that currently comes from Figeh to |
other parts of the network. The fringe wells have different specific capacitics, however they are

~alt equipped with the same pumps. ~ Those wells that are in higher yielding parts of the aquifer

“could be used ata higher eate. - The re-cquipping of just 8 sites could give an extra 1.76 MCM -
in a'ty'pical year, The energency wells conlinue to be a back-up S()urce:for DAWSSA in times _

“of unprecedented water shortage if the miain sources can nol be used. No change in theuse of

these sources aré planned. .
5.6.3 On going and Planncd Water Supply Improvements
The following projects are identified in DAWSA's five year plan for the 1996-2000

period:
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(1) Distribution schemes for infonal arcas (Formalizing informal arcas)

There are currently 14 informally poputated sites in and around Damascus and these
sites are a major coniributing factor to unacceptably high levels of unaccounted for water. There
is an estimated population of 407,000 persons with a daily water consumption of 78,580
md. ' Besides the fact thal no revenue is generated from this informal water consumption,
“there are also substantial losses ihrough leaks at informal conncction points, Clearly, there are

~*many benefits to be gained by providing properly connected and metered services in fhese arcas.
- The Yocation of the informal connection areas is illustrated in Figure 5.2.1.  The status and

progress of on going projects to provide proper service connections is summarized as follows:

£} Esh - Al Warwar informal area:
Location : in the north part of Berze district
l|11plc1_mﬁta{i0n Schedule : completed at the end of 1997
+ Area to be improved: 31.9 ha '
. Fstimated Popuhtlon 15,180
T Water Dcm'md '3 036 m'ld &sumated '
| Conslrumon cost for distribution : USS iitlion O 443 ﬂpproxumtely
‘Work Htems : 7,300 m mam pipe length of 80 mm lo 150 mm diameler
1,845 mservice pipe
chnrks The scheme is undu construction by DAWSSA

2) K‘\SS]OUII Mountain$ Foot informal area:
e Lomuon spread over both Mouhajrccn and Ruku Aldyn dlsmcts
[mpTemcnlahon Schedule : completcd at the end of 2004
Arcato be improved: 30.9 ha
Estimated Population : 33,977
Water Demand : 6,562 m'/d estimated _
“Construction cost for distribution : US$ miltion 0.806 approximately
Work Items : 3,550 m main pipe lenglh service plpc and 5 660 meters
o Rcsmrks : Informal dwelling are smt!uc,d random!y throughout the area among
: -~ formal residences. '

’&) Tishreen mforlml area
Location : in Kaboon dns!nct _
implementation Schedule ¢ completed at the end of 2002
- Areq to be improved: 36.2 ha
" Estimated Population : 33,977

8



Water Demand : 15,488 m*/d estimated
“Construction cost for distribution : US$ million 1.117 approximately
Work Items : 3,550 m main pipe length and 2,580 meters, service pipe

© 4} Jobar Surrounding - Al Aksab Mosque area
Location : in Jobar district |
Implementation Schedule : completed at the end of 2001
Area to be improved: 63.7 ha
Estimated Population : 25,704
Water Demand : 4,964 m*/d estimated - _
Construction cost for disteibution : USS$ million 1,944 approximately
Work ltems : 3,550 m main pipe length and 4,280 meters, service pipe

5 East - West Tt abbaleh area
~ Location : in Shaghour district and outside of the city _

Implementation Schedule : completed at the end of 2005 for out of cuty
Arcato be unpaovcd 135.2 ha (mnmmng area |s 40, 6 ha)

‘ _ - Estimaled Population 12,669 ' :

§, o _ Water Demand : 2,447 an’/d estimated _ , _
Cons{rucllon cost for distribution : US$ :mlllon 1.024 approxnmtely
Work Items ; 8,330 m main pipe length service plpc and 630 meters
Rcm:uks about 70 % of the informal area m Shagour has b{:cn unprovod and the
remaining arm is out of the Cuy

6) Mokhayam Al Yar mouk (T'ldmmm & Zahcm) area:
* Location : in Yarmouk district and outside of the cny
Implementation Schedule : completed at the end of 2003 for outside of c:ly
Area to be improved: 118.0 ha
Estimated Population : 86,068
©Water Demand ; 16,621 m*/d estimated
- Construction cosl for distribution : US$ mllllon 1 279 approxunately _
- ‘Work Items 37,260 m main pipe length, service pipe and 14,340 meters
Remarks ¢ Tadamun area has been improved by'DAWS'SA' the imprchnncnt'wofks
al Zahera arca are planned to start wﬂhln 1996. Yarmouk afe is required
to be improved. ‘

:g*'; .7y Naher - Eshah - Dahhadil & Asalie Kadam area
Location : in Kadam district
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Implementation Schedule : completed at the end of 1999
Area to be improved: 170.4 ha

Estimated Population : 37,005
Water Demand : 7,146 m¥/d estimated
Construction cost for distribution : US$ million 4.656 approximately
Work Items : 7,260 m main pipe length and 6,170 meters, service pipe
" Remarks : The improvement schcme is ploposed to start at the same time as Zahera
w:thm 1996

- 8) Al Qazzaz & Shagour Bassateen arca _
- Location : in Shagour district and cutside of the city
tmplementation Schedule : completed at the end of 2001 for outside of city
“Arca to be improved: 64.2 ha (rimaining arcais 44.9 ha)
Estimated Population : 10,692
Water Demand : 2,065 m'/d cstimated
: Cons{rucllon cost for dlslnbullon US$ nu!hon 1.698 approxumtely :
| Work Hems: 7, 260 m main pipe length and 1,250 metc;s service pipe
' Rcmarks About 30 % of the informal arcam Shagour has been improved, and lhc_
runmnmg arca is oul of lhc City. .

S9N Mc;zc Razy & Kafar Souseh Lawan area

- Location : in Kafar Sousch district - .
Implementation Schedule : completed at the end of 2000 - -

~Arcato be improved: 170.3 ha
Estinvited Populanon 46,786
Water Demand : 6,322 m'/d estimated Lo
Construction cost for distribution : USS$ million 4. 6%6 approximately
Work ltems 7,260 m main pipc length and 7,800 melers, service pipe
Rcmatks : this is onc of the arcas with the largest leakage losses.

iO) Mcue # 86 arca _
* Location : in !hc norlh part of Mczzc district
N Imp!ementanon Schedule : compleu,d at 1he end of 1997 :
. Area to be improved: 95.7 ha
* Estimaied Population : 46,390
Waler Demand : 9,278 m¥d cstimated
Construction cost for distribution : US$ million 0.681 approximately
Work Items : 20,250 m main pipe length of 80 mm to 400 mm diameter,
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Elevated service reservoir with capacily of 500 m’
Remarks : The scheme is now under construction by DAWSSA

11} Somareych arca

Location : along the Konaytera Road in the soulhcm cast of Mezze district
Implementation Schedule ¢ completed at the end of 2004 '
Arcatobe impfovcd: 37.6 ha
Estimated Population : 45,90
Water Demand : 918 m¥/d estimated : :
Construction cost for distribution : US$ miltion 0.877 approximatcly

" Work ltems : 6,950 m main pipe length and 770 mcters, service plpc

12} Dummar - Wadi Al Mashare area
Location : in the south part of Dummar districl
- tmplementation Schedule : completed ot the end of 1999
T Arato belmprow,d 419 ha ‘
o Esumatcd Population : 14,841
-Water Demand : 2,866 m*/d estimated - _ .
Construction cost for distribution : USS million 1.242 approximately
- Work ltems : 6,950 m main pipe length and 2,470 neters, service pipe

l’!) Takadom area | -
Location : outside of ihc city in thc south of Yarmouk (hstnct
'implcmenl'mon Schedule : complett,d al lhc end of 1998
“Arcato be improved: 54.5 ha
Estimated Poiauhlion 136,750
Water Demand : 7,350 m'/d estimated
© Construction cost for distribution : US$ million 0. 738 appr oxumtely
Work Hems ;6,950 m main pipe length and 2 ,470 melers, service pipe .
* Remarks : about 25 % of the area surrounding Tahdom wcll ficld has already been -
| :mplovcd by DAWSSA. '

M) Kuds*\ya area
* Location : in the southern part of Kudsaya village
Implementation Schedule : completed at the end of 2005
Arecato be improved: 50.0 ha
Estimated Population : 20,800
Water Demand : 4,017 */d estimated
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Consteuction cost for distribution : US$ million 1.536 approximately
Work Ttems : 6,950 m main pipe length and 3,470 meters, scrvice pipe

(2) New well centers for the informal arca

New wellfield sites are identificd in DAWSSA's plan to supply existing informal arcas.
The capacity of the existing Kaboon wellfield will be increased with, new and deeper wells. In
“the first phasc two arc planned, if they prove to be successful than another eight will be

constructed. Jaramana wellficld is located in a highly productive area. This wellfield will be
-+ equipped to serve the distribution network in the area of South Dainascus. Water supply in the

“informal ‘area of Takadom will be enhanced by the Takadom wellfield. * The sitc has 10
- production wells that were drilled in 1989 but were not immediately cquipped for production.
" DAWSSA plans the commission the wellfield in the next couple of years.

3) New well centers for formal area

DAWSSA's development plan identifies several projects to inciease the capacily of
water sources supplying the City. A new wC“ﬁcld is planned for Kafar Sousch, this willbea - -
sl source with 'appro:(imdlely 5 wells. The wellfield at the Faculty of Agriculture between -
Mazraa ang Kaboon is not viable since DAWSSA ‘can not been able to find any suitable Jand for
locating the wells.: Tishreen and Kywan wellficlds have been drilled but not cqmppcd with -
pumps. It is phnned to develop this source is a phased sequence by firstly equipping the high

Cyield wells, follo_wcd by the low yield wells and finally by drilling another pair of wells. * The
wellficld will be controlied from the existing Oumawiyin center tocated close by.

(4)  New water resources sthémcis in _lhc l_lcrm'on arca -

DAWSSA’s fwc year phn identifies a numbcr of potential waler n,sourccs dcvdopmem:

schemes described as folIows

A wellfield near Rimeh in the southem part of the Hermon arca consists of cxisting.
wells drilled by the MOI during hydrogcological investigations. The limited capacity of the

source (285 s for 6 monlhs of the year) and the dist'mcc to Damascus have nnde scheme
_ Lcononmally unallmclnc - : '

_ ‘The Kudswa !'bSldC]I{l’ﬂ dcvelopment north wcal of Damascus W|ll bc supphed by a
- wellfield in Wadi Marwan, * The wellflicld, pipeline and’ associated works are designed for a
capacity of 20,000 m'/d. :

An existing wellficld in' the Cretaccous limestone at the nosth end Hermen near the
village of Deir al Ashayer is identified as a potential new waler source. Three existing MOI
“wells and a fousth to be drilted by DAWSSA, make up a small wellfield. The water would be
supplicd to Damascus via anew pipeline to Huseiniyeh, where it would join other existing
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pipelines.
(5)  Watcr supply distribution schemes for new development areas inside Damascus city.

The need to extend the distribution of water supply into new development areas of
Kudsaya New Suburb, Dummar is ideatified in the DAWSSA’s plan. The system in Kudsaya
is currently under construction. A project is also planned to install more transmission line with
capacity of 500 m’/d Jor the Special Arca Zone (rcadcntml area for State Factory). The location -

~of each dnstnbuuon scheme is shown in Fi igure 5.2.2. The various distribution schemes are

outlined as follou.s

a) Kudsaya New Suburb
Location : in the cast to Kudsaya village _
Implementation Schedule : compteted the scitlement in the year 2010
Total Arca : 400 ha {Net area for residential & commercial : 300 ha)
Population Projection : 52,000 persons in 2010'(dchsit'y : 130 pcrsonsfha}.
- Water Supply: 20,000 m*/day from Well Flcld (13w clls) at Wad; Marw an
*Water Demand : 12,000 m*/day in 2010
: D}stnbl_mon : work on installation of distribution mains is in progress -

' b) Dummar Extension Arca (st Ph'lsc)

bocauon in the cast to Dummar New Town _

- Implementation Schcdult, compIclcd the scttlement in lhc }car 200(}

: Total Area: 124 ha (Net arca for residential & comniercial : 100 ha) -
‘Population PrOjCClIOl] 6, 000 pcraons in 2000 (dcnsﬂy 60 pcrsonsfha)

" Water Suppl) :planned to supply through Kudsaya New Suburb from Wadi Marwan

and new Dummar Well Ficld

Water Demand : 7,600 m*d in 2000 |
Distribution ; Distribution nrain is undcr_conslruclion _

c) Spccmi r\tca Zonc (rcsndcnual arca I' or State Factory) '
Focation : in the north to Hame village ' :
‘ lmplcmcntauon Schedule : complc!cd the new (ransmlss;on plpc in the year 2000
Total Arez: 25 ha for residential arca _
- Populauon Projection ; 3,500 persons in 2000 (densny 140 persons/ha)
Water Supply : planned to install one more pipeline along the existing pipe
Bulk water (Net) : S00 m’/d in 2000 from 100 m*/d at present
Distribution : Distribution system is existing
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5.6.4° Proposed Water Supply Schemes

The following schemes are proposed by the DAWSSA-JICA study team to develop
water resources sequired  for population growth and new residential arcas identified in the

municipal master plan.
(1) Ruralareas

According to the City Master Plan for the year 2020, the exisljhg Maraba village and
~ Assad Suburbs will be annexed to the Dnmasb;is City by 2020. Maraba village is supplicd by
the Establishment of Drinking Water and Sewerage in the Rural Province of Dantascus from the
2 wells with capacity of 35 m*/hr. Assad subwib has its own water resource of well {icld
 located in rural area. - [t is proposed that !hésc existing water supply systems be incorporated
into DAWSSA’s system after the year 2010. lmatlon of cach systcm is shown in Figure
5.2 2. These systems are oullmcd as follows; : ‘

a) Maraba water suppiy system |

Location : near the planncd Kassioun New Town in the norlh of lhc Kassioun

- Mountain
F\mng popu]auon 4 680 in 1995 bascd on the 1994 Census
Area: 75ha -
| Watcr Supply : supphcd by the Fetabhshmcm of Drmkmg Water and Scu crage in
C the Rural Province of Damascus : :
: W'ltcr Demand ¢ 840 w/d (per mpua water dcnnnd is estimated as 180 lpcd)
DlS!I’Il)LIllOIl Distribulion syslem is existing ' -

b) Assad Suburb
Location : along Homes Road i in the cast of the Ci ty
E\llmg populauon 7,800 in 1995 csllmatcd based on the 1994 Census . _
Asea ! 40 ha for Ist Phase, 193 ha for 2nd Phase anid 298 ha for Extension arca
' 'Walcr Supply : supplicd by itself with: Wells located at riral area {no detail
information). - -
Water Demand : 2,220 m*/d estimated as 2851 pcd
. Distrabution : Distribulion system is existing
lmplemcntdtlon Schedule: under construction lor 1st Phase
 no information for 2nd Phase and Extension area
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(2)  Distribution schemes for new development areas

As deseribed Section 3.2, Damascus Municipality proposes in it’s master plan to extend
the administrative boundary of Damascus City and develop new residential suburbs. to
accommodate population growth. DAWSSA’s existing water rights of 206.9 MCM/year will be
insufficient to meet the estimated water demands in the year 2005 even if system losses are
reduced significantly. Distribution schemes fequired for the proposed extension of Damascus
city are summarized below. To pl‘d\’idc water for the new development areas, reallocation of
water from other rcsourccé, for example those used for irrigation will be required in the futuse.

a) Proposed Kudsaya New Suburb
Locationi : in the east of Kudsaya‘ New Suburb
Implementation Schedule : development completely pdpuhlcd after 2015
Decvelopment Arca : 200 ha for residential & commercial -
_ Populauon Projection : 25 ,000 in 2020 with proposcd unit consunmpuon '
- Water Demand : 10,000 m*/d estimated
Construction cost for dlslnbuuon US$ million 3.4 appm\:malcly

___,‘-g‘ o e by Dummar Exlcnsmn Arca (2nd Phasc)
- Location : in the cast of Dummar Extension Areca ( lsl Ph'lsc)
 Implementation Schedule : dev clopmcn( completely populated in 2015
* Development Area 216 ha for residentia} & commercial
~* Population Projection : 25,000in 2015
o thcr Demand : 8,000 m*/d estimated with proposcd unit constniption :
- Construction cost for 'dlsl,n‘_butlon : US$ miltion 3.6 approximalely

¢) Kassioun New Town
Location : in the north of the Kassioun Mountain
Imptementation Schedule : dev elopment completely populatcd af ter 2015
Development Area 650 ha for residential, commcrcxal lnduslnal eic.
Population PI‘OJCCIIOI‘! 12 ,000in 2020 | - o _
‘Water Demand : 4,800 m’ld csllmated wilh proposcd unit oonsumpllon _ |
'Conslmcuon cosl for distribution .‘US$ million 10.9 apprommalcly

d) Assad Suburb (2nd Phase & Extension Arca)
. Location : along Homes Road in the cast of the City :
g Implementation Schedule : development completely populated af ter 2015 -
Development Area ! 193 ha for 2nd Phase and 298 ha for Extension arca
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_ Population Projection : 25,000 for 2nd Phase in 2010
"+ 14,000 for Extension arca in 2015
Water Demand : 4,800 m®/d estimated with proposed unit consumption
Construction cost for distribution : US$ million 3.2 (2nd Phasc) and 5.0
{Exlension Area) approximately

¢) Kaboon Green Area : reserved area for greenery with areaof 530 ha

" ) Assad C]ly & Proposcd Assad City Exterision Area No. 1, 2,3
' Location : along Quneita Road in the southern west of the City
» Implementation Schedule @ dev clopmcnl completely populated after 2015
Development Area : 655 ha for Assad City, 200 ha for No.1, 124 ha [or No.2
575haforNo3
' Population Projection : 25,000 for Assad City in 2015
12,000 for Proposed Assad Clly Extension Area No. 1
- 1n 2020
No 2 & 3 are no information
Water Demand : 9 950 m*/d for Assad Cily in 2015 and 4,800 W for Proposcd

‘Assad City Extension Area No. 1 cs(lmalcd wuh proposcd umt

: CO]ISUII]PHDD

Construction cost for distribution : US$ million i1.0 (Assad City), 3.4 (No. 1) 2.1

(No 2) &9 7 (No 3) approxl m'uely
(3) Walcr FESOUFCES schcmcs n Dwmascus (ncw stauons)

: Thréc new w:cllﬁeld_s afc'p'ro'pos'ed; onein the ccn_tc'r of lhc city on Shokry al Qouwatly
street; another in Kanawat Gardens and a final one in Kafar Sousch. * A wellfield is planned to
‘be located in gardens along Shokry al Qouwally street and opposite the National Museum.
The water quality and yiclds from the ground are both anticipated to be good in this part of the

Cily. = A potential water source thatis not put forward for the Master Plan is the area north of
‘Al Shouhada Squarc near the Yalbuga Center. - The groundwmer is known to be shallow

‘depth and the pebble beds known to be h:ghly_ produgu\a:;. Although for quahty reasons it
may not b'c suitable as'polable walcr, it may bea subsiilutc Sourcc for the Mumc;pahiy. ,

A third phase of the de\ clopmcnl of the ’l‘lshrcen wellfield compriscs the construction of

two new wells in'that past of the site where exisling holes have already demonstrated the

- polcnlml for high well yiclds.  The Kanawat Gardens wellficld is planned for an area of small

market gardens between Kanawat and Kafar Sousch, The area was selected to be distant from
- existing wellficlds yet suil have reasonable welt )lelds and good water quality. A small
_ wellfield of 5 holes is anticipated for this site.
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(4)  Water resources schemes in Hermon and Zabadani arca

Three soufces in the Hermon area would all require long pipelines if the water where
allocated for use in Damascus,  In the Awaj basin a spring source at Beit Jenn and Tabibiyeh

“ could provide a seasonally variable supply.  The Jurassic aquifer ecast of Sergaya and north

cast of Zabadani has only limited recharge. It has some development potential, but is
economically unattractive. A pair of wellfields at Ain el Irk and Sergaya could have a potential

yield of about 3 MCM/y.

5.6.5 Cost Estimates

" ‘This scction describes how the project cost estimates are devéloped These cost

estimates are uscd to cvaluate the economic wablhly of cach pro;ect which is one of the

screcning criteria used to select the master plan prOjCCtS “Costs estimates include the direct

' -:onstructlon cosls and the operation & maintenance costs for cach project alterative described
_* in Section 5.6.2, 5.6. 3 4dnd 5.6.4. Estimated costs for each project are shown in Table 5.6. 3.

The folIowmg assumptions are applicd to the cost estimale:

i) Cost for transmission main and distribution network are estimated based on work
quantities calculated for cach project and correSpondmg unit prices, o |
i) Costs for reservoirs are estimated by applymg a unit rate of SL 6,300/m® based on
. Barada collecting reservoir, - R :
| m) Costs for building are estimated by applymg a umt rate of SL7, 600/111 based on the
Kadam store lmmmg cenfer, _ _ :

iv) Estiniated costs for annual operation of pumps is based on opcratmg hours and annual
electricity ccnsumphon calculated for respeclive pumping station and a unit rate of SL
0.75/kWH, and |

V) Annual mamtenancc costs for pumps and dlslnbunon nelwork is 3 0 % and 0.3 % of
the direct conslrucuon cost for econonic eva!u'illon

56.6 FEconomic Evaluation

" One of the criteria used to screen proposed master plan -projccts' Was CConomic -
evaluation. The Economic Internal Rate of Return (EIRRY) for each project was calculated on the
basis of the estimated cconomic benefits and economic cosls. Details of the economic
evaluation are provided in Appendix J of the supporting report.
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The main benefit is the incremental water delivered to the consumer generated by each: -
candidate project.  The benefit is evaluated by taking the difference between the “with” and ‘%ﬂ
“without” project case.  Many of the candidate projects conteibute to the general well being of
the public, however, health benefits, and other social benefits from improved services are not
considered in the economic evaluation since only increased water sales are quantifiable.

‘The estimated construction costs for cach candidate project are converted to the
'ccoho;mic costs by applying the shadow exchange rate of SL 50 = US$ | to the local cost - -
“componcals. Economic costs include engincering, administration and contingency allowances.

- Incremental operation and maintenance costs were also cstimated on the “with” and “without”
project basis and added to tlic investnient cost to obtain the cost stream of each candidate project
over it's expected economic life.

" Each candidate project is evaluated by calculating the internal rate of return based on the
discounted cash flows produced from the estimated cconontic ¢osls and increinental waler
sales. "The v'mous ‘components of the leak'lgc control program such as district metering,
pacssurc control and masfer metenng were grouped together and cvaluated as a whole. :

B general, the economic Jife for most of the candidate pmjccts is assumed to be 25 o ti |
“years. Replacement of puinps and rehabilitation of conveyaice components is assumed to occur '
alter 15 years. The thn,c Hermon Spring scenarios include significant conveym:ce ‘elements and
_ lhcn,forc arc assumed to have a longer economw life of 35 years. Economic assessnmm of the
casl iron plpc replacement program assumes a 75 year cconomic life based on lhc longewly of =
ductile iron mains. ‘ ' '

In gesaerm. projects with a rate of return higher than 10% (assumed opportunity cost of
capital in Syria) arc deemed economically viable, Candidate projects are ranked according to

their EIRR as summasized in Table 5.6.4, A sensitivily analysis indicates that estimated EIRR’s
arc robust to variations in costs, benefits and delays in implementation. -

5.6.7 'l;“nviro'ni_ncnlal Evaluations
(1) Objectives
The projects proposed in this chnpicr'are expécled to bring positive environmental @

impacts’ (c.g., improved public health condition through safe drinking water supply) to
Damascus.  However, they may also bring negative environmental impacts.  Therefore,
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master plan level environniental impact assessment (Initial Environmental Examination, 1EE)
was conducted as a part of comprehensive project cvaJuatnon of proposed prolocls. The
objectives of IEE are
i) assessmient of environmental impacts by the proposed projects
- ii} environmental screening of the proposcd projects

(2) IEE .

The criteria for IEE werc selected based on the Syrdan FIA guideline, JICA

"Environmenial Consideration guidcline, and cha:aclerislicé of -the arca. Th'e' following 5

aspects of environmental impacts were considered important,

Criteria : Examples of environmental impacts considered

1. Natural Environment  © water : exhaustive exploitation of water resources

other ! destruction of local vegetation and wild life

2. Public Health and coustruction: noise, vibration, incremcin trafﬁc dust

Pollution opcrallon quality of supplicd water, mcrease in h) giene, I\callh

standard, subsidence

3. Waste disposal of \.anous waste produced by the project, increase’in waste
i _ © water
4. Social Environment water right, ch;mgc in life style, tocal econom),a.ndod-:er factors
5. Cultural Asset damage to historical and coltusal asset
6\'&&]! Assessment © overall cnvironimental impact
The rcSulis of the assessment is given in Table 5.6.5 . In gcu'cral the environmental -

= impacts by the proposod piojects scem to be small, and the proposed projects have significanlly -
‘large  positive environmental impact on public health. Among the most |mponanl

environmental factors are water quality of supplied water and environmentally lrrcsponmblc

c\ploxlal:on of water resources.
*:(3) - Projects wit_h high ¢m’irdnh1cnlzil impacts -

- Walter thly Control in ‘South Damascus, option 2:T his opuon cons:das the blcndmg of

water fromi Kadam Railway at Eastern Reservoir.  Any project that mw:)hcs (ransPOrl of
contaminant is considered undesirable, In addition, this scheme  has the risk of
contaminating the cntire water supply system of Eastern Reservoir.

- Reinforcement of Existing Water Resources, Damascus Well, Kadam Railway : Water from
Kadam Railway contains clevated level of hardness and nitrate.  If the water quality
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becomes unacceplable, countermeasures suggested in 1.9 Water Quality Contro! in South
Damascus have to be considered.

Reinforcement of Existing Water Resources, Damascus Well, Oumawiyin : There is a
potential of pesticide pollution in Oumawiyin.  Further investigation is strongly
- recommended.

Reinforcement ‘of Existing Waler Resources, Damascus Well,  University : Water from
‘University well ficld contains high level of hardness and sulfate. Increased production
from this side will decrease the overalt water quality of supplied water. '

- Reinforcement of Existing Water Resources, ‘Damascus Wells, Dummar : Water  from

Dumnar contains high levels of hardness and suifate.  Increased production from Dummar
will decrease the overall water quality of supplied water.
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Table 52,2 Listof lnforbml Connection Areas

No, Name of Area Population | Area Existing Conditions o
L 1955 (ha) | Distribution Main & Waler Meter Remarks _
1]|Esh - Al Wanwar 15,180]  31.9[urnder construction (Kaboon Wells) {1845 Connections, 1 Rescovoir
used Booster Puinp 7300 m {D80-150) pipe length
- 2|Kassicun Mountzins Foot (Akrad) 1391 10.8{partially installed, no meter
- HMouhageca) 201 (KH & k2) o
- 3lichrecn 15,448 36.2]partially installed (planning)
S INometer .
* 4EJobar Surounding < A¥ Aksah Mmque 25,704 63.7]pantially instalied (planning)
. BiEast - West Tabbakh T12,669]  135.2]partially installed
[ jmep - '
6iMokhayam A Yarmouk 86,068]  118.0]partially used Private Wells (planning)
. |(Tadaron & Zahera) project is on stating by the eid of 1996
T{Nater Eshan - Dabhadil & Asatie Kadam 37,005 partially instaBied {planning)
AlKadam A 60.5 project is on starting by the ¢ad of 1996
Al Xadam B s
| A1 KadamC 78.4
8| Kafar Sousen Grganisatian Non Non' [Re-developping Arca undxr construction by Damascus Municipalit y
b . |{not informat arca}
" 9)A1Qarar & 10692 . 24.9[parsialiy instalicd
" |shagour Bassateen S 193] Panially used Privale Wells .
10)Mre2re - Razy ' 32,786] 1105 pantiatly installed
Kafar Spuseh - Lawan I4,00Q 5938
M Mezen8s . 46,390] - 95.7|under construction (M} &M2) . [constructed Elevated Tank:500 m3
(oap) | . |vsed Booster Fomp ' ~
12[scmareys 4,501 "1 37.6[partially installed - :
B (T : " |used Booster Puinp af each bilding |(Military Housing Afca)
13[Dunnar - Wasi As Maﬁhm - 14.841]° " 41.9[Non {planning) '
(eap) - s _ caonstrucled § wells & instalted 3 pumps
]rakadom - 36,750]:  54.5[partially instalied (piannmg)
o e (Takador Well Ficld) ‘
FS[Kuisaya 20,500 - SO.0{Non - - . - ’
Total © 407,000] 1,050.5

(Source : HCA & DAWSSA)



Table £2.3 Scrvice Avea and Population (1995 la 20153

%

s 1000 2608 N T 2018 N
Name of Area Popelation! Arca [Dvasiy] Population] Area tDupsiy] Served | Area |Donsin] Sened | Area JDvnsity] Served § Auca |Density
i | o B LT L) Populatica) tha) Topulstion] thay | JPupeladon] b | )
Vtages® . __ bl . e :
Figeh L EATR I 5] T4 4.389 . _-}_845 N
AlKhdrd 2483 LT
L R 1
U L. _A0n 2
LA L AN
iyl nps L2829
- L) : .
BLEC G L 4§!2' — 43109
__ B8 63 #0315 | N _ 41798
LS U L L 72.) 14,040 -

132.24) by ISE) 142363 512 279 130

A;\:ld §_uhm‘h Lums:on o .: :(i I
Kaboon Green Ared :

cJAssad Cuy

f‘mpcm'd AtsaanLExkn“on Aga_ _QJ :i_— _" -_ 7___”_ 7? N o jj
- |Proposed Assad City Extension Areatd) [ S N U TS PN ESUNURI U DU AL IO S
Speciat Area J B I “0 _._8000| .  2sl  weCp | 4204y 25p_ 168} 4d13] - 3% M

Qehors (not ¢lasad
: Sub-tolal
Ealbling Damascus City -
Ruko Aldyn
Mouhajrecn
Mcih W
SfKalar S Seusch
Kanawat
Kadams
Middn

c149] 1] ey 4se] aas] ndass| a2l 103 6962|3800 87

3 ane0l
IR{EALY NS

Cman|

Sheghéur

O smeowa e 15297 349
Yewook 88933 |
B ’_‘Et"“w e
' Beste .
Kamn ek i o ——— T
Do 7 ] T B
Kassioun Moualain 1956 R 2956) .
Sub-wial : 14222001 10824 134 157020 le.'oy! [45) 1,731.564] 10624 154 1.914.107; 10623 1801 2.0E3,335] 10624 399
‘Yotal S 1531550 15162 1404 1.136697 Il.!SéI - bS4) 1.948,789] 11,585 165] 220550 12,349 176] 2.%01,108] 13.547 188

1Soucve : Damascus Govesnate, DAWSSA and the Study Team)

{Remarks) ¢ 1 Ara of Vallsges is water séoved area.
#0230 0 bulk water systein o supply water from DAWSSA.
54 : envice ovel 10 1he lotal popubuon is extimated 24 % in 1995 a-nd?o %in 2000
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