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“APPENDIX A

1. INTRODUCTICN

This Supporting Report, Leakage Control and DMA (District Mcter Areas) System,
describes results of the study on management of the distribution network including leakage
control to sccure the efficicnt and simple control of transmission and disiribution systems in the

" City.
The objectives of the study are lo:

) 'ldcn't.ifylhc pr'cs'enl conditions of the Iransmission and distribution sysiems,
i) Analyze the distribution neiwork systems, | |
i) Formulate the plan for the DMA system lo cnhance leakage dclcumn ctlorts in the
dlslnbulmn syslcms :
: Z'w) Sclect a Pilat DMA and cstabh%h lhc trial opcratmn ol a flow nlc momlonng :

' syslcm for the Pilot DMA

g | | ~The rcporl COEIS]SH of five major items: 1) hasn, coneepl and apprmuh of the sludy, 2) '
' ficld surveys, 3) nctwork 'm'tlysn; and : DMA pl"mmno mcludmg the pilot area sludy, d)
: 'lmprovcmcnl plan for the dMnbunon sys|cms and 5) cosl estimates. and 1mplcmcntauon

f_schcdulc



APPENDIX A

2. LEAKAGE CONTROL POLICY AND DMA SYSTEM
2.1  Lcakage Control Policy
(1}  Necessity of leakage control

In Damascus, the demand for water increases while the availability of new water

‘resources decreases. According to the Master Plan Study (Phase I) a water deficit will likely -

occurafter 2005, since the capacity of water resources (296 MCM/ycar) is limited by

DAWSSA’s cxisting water rights.  Waler resources will not meet the cstimated water
- requirements of 297 MCM/ycar.  The Master Plan Study recommends thal DAWSSA should
make cflorts to save waler and reduce unaccounted for water (UFW} in cooperation with

. Damascus Municipality.

The loss of water through transmission and distribution system leakage has always been

- of conceen (0. DAWSSA. The 'prcs:cm.UFW in the system is cstimated at 63: % of \vaicr

. production and consists of 14.4 % for meter maltunction, 13.6 % tor informal use and 35.0 %

for system leakage. —The rather large system leakage is a wasteful use of valuable resources.

Leakage increases the likelihood of inadequate water pressure and may, in some cascs, increase -

the risk of water contamination.

A leakage control policy is essential and important for any water utility. Hoivwcr, in

most water systems il is impossible and not cost. clTécIivc to try to achicve zero leakage.
Aclual costs of measurement, detection and repair for accomphshmg zcro leakage would vastly

oulwcsgh the LOSIS of losl water. The aduquatc lnakag,c control policy shou!d be based on an

t.CO:nOIIllC bahncc bclwccn the: benefits of lcakag,c rcduchon and the costs of phnnmb,-

1mpIcmcntmg and runmng the lcakagc comrol program.

The active and well-planned leakage control program is a positive indicator  of

DAWSSA’s overall: management abitity and ctectivencss and also a direct measvre for
- enhancement of ils 'cfﬁci_cncy. It is imperative that DWSSA adopt an aclive policy for
- reduction of UFW, and that the determined policy optimize the operation of the whole supply
system, availability of resources and satisfaction of demand.

A-2



" APPENDIX A

"~ {2)  Policy and methodology of leakagce control

There are two main types of leakage control policics namely, passive control and active
control. ‘The passive control policy is purcly reactive, attending fo and repairing known leaks.

With an active policy, intense effort is put into real-tinic monitoring, inspection and immediate

 rectification.  In both cases, information systems for leakage control will play. a viial role.

For passive lcakage control, it is nceessary that leak detection be carricd out regularly and

- logging of leak detection cfforts and repairs be processed in a database.  For active control,

leak delection survey should be linked in real time to the Supervisory Control and Data
Acquisition (SCADAY) system for water ulility 1o be ecstablished by DAWSSA, and leak

detection and repair records should be processed in a sophisticated database in order to utilize

_for long-run system operation and maintcnance planning.

‘The leakage contro} phn shall be formulated . based on Jppmpmlc leakage control
mclhod in consideration with elation buwu::n leakage and pressure, hydraulic analysns and

review of the, wholc waicr supply system in the City. The ml!owmb leakage control muhods

‘can be used in the service arca:

1) Prcssurc conlroi _
" Reduction in pressurc may rcducc the rate ofloss lhrou;_,h each leak and also alfect
“the rate of leakage oulbrmk “As this conlrol docs not provide tnkagc dulLCIlOﬂ '

it is adopted to supplement other methods.

it} Pa$sivc lcakagcco.nl'ri)l _ _
In this mecthod only those leaks \vliich become sell-evident 1rc'idcnliﬁcd and
repaired. - A leak niay bc scl{-cwdcnl bccause water shows on the eurlau or may '
“become apparcnl upen ad hoc investigation Iol]omng consunicr cnmphmts This -
method allows leakage to r:s.c lo unacceptably high' levels and: is scldoni an

cconoimnical alternative for urban water supply systems,
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Regular acoustic sounding
This method involves tcams of inspeciors sccking leaks by systematic direct
sounding on all service connections, hydrants and valves throughout the distribution

system and listening for the characleristic noisc of leakage. This method can be

“divided into two phases: 1) survey fo define and localize suspected areas of leakage

* and 2) survey to delect and pinpoint the keaks.  This method is useful and adopted

for leakage detection, but is not wsually sufficient for systematic monitoring and -

Icakage control.

District metering

District mctering is one of the most effective leakage monitoring -methods.

~Mecters are installed throughout the distribution system in order to measure:

* continuously the integrated flow into a defined arca marked by boundary valves

(districts).  ‘The meters are read regularly and increases of the total water supply at

~ a district can indicate the presence of leaks.

v)

Wastc (sub-zonc) meteting

~1n the waste metering method, melers are positionied in a number of discrete arcas.

: _léakagc is probably occurring.  This method has same dis’advamag:cs including; -

- wvi)

“The arcas arc isolated and fed by a single: supply through the meter.  The valve

operation is performed at night, and the minimum flow rate is measuted through the

meters 16 a significant increasc in water use is noted since previous measurement,

costly operation and no leakage detection in the case where there is no change in

the minimum flow to the sub-zonc.

Combined district and waste metering . .+
“This method consists of both disttict metering and waste metering. . When increase

n supply is indicated on the district meter; the wasie meters are set downstrcam of

the district in order to subdivide the metered area into more manageable units, and
detect the arca containing the most leaks. ~ The district metering method must be

established prior to sciting up the waste métering.

A4
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In this study, the leakage control plan is formulated based on the DMA system

supplemented by pressure control and regular acoustic sounding as described in the Chapter 4.

- (3) | Leakage control plan

‘A leakage control plan was proposed by the Master Plan Study as lollows, bascd on a

comparison of alternatives for leakage control policics and methodologics.

' .i); A program of mains rencwal to rcducb the level of leaking lead joints on casi‘ir.on :
* mains and reinforce the cxisling dislribulioﬁ systcm thus safcguarding Sup'plics
ii} A program for sctting up the DMA system that will enable DAWSSA to momlor :
' the distribution system and identify areas of hléh leakage. .
. 1il} A program l'or setting up rcgulated pressure zoncs which will reduce the levels of
lc.akfigc in hlgh prcssurc zones,  This program \wll support the DMA systc:n
= w) A program for rcmton.emcnl of regular acoustic sounding survcys for lcak

dttu.,ll()ll in the distribution system.

‘The water leakage reduction program based on the DMA system for the distribution

system in the City was scléeted from master plan as one of the priory projecis for the Feasibility
| ‘S'ludy In this siudy stagc the DMA'systcm will be intmduccd on a pilot basis and a pléh and
lormulalcd o nnplcmcm a’syslerm 'ippropmtc to an urbanized uty with the cx1sunb water

' supply syslcm like Damascus. The other leak rcduuhon progmms 1dcnuhcd in the Masler

Pian, especially the water main replacement program proposed as an urgcm project, will a!so
be reviewed and reexamined in this siage because of their close relationship to the objectives of

the DMA system.

22 Basic Co:zcépls;'o_l' DMA System .

" The DMA system is primarily intended to provide systematic monitariag of water flows -
into hydraulically discrect scctions of the distribution network to identily the presence of

leakage, theretore the integrity of the piping system.
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Dividing the whole water service area into scparate districts defined by boundary valves
or pressure zones, and cflectively monitoring water supply by district metering make it possible
~ to maintain proper water pressure, reduce leaks, and quickly discover and deal with failure at
an éarly slage. This is done by monitoring the state of flow in the network and breakout
demand district by district, It thus contributcs to the collection and analysis of basic data for
water scrvice improvement, feakage detection and prevention, distribution planning and so on.
It is also usclul to simplify watcr supply restricting operation in droughts and other unusual

snuallons

DMA districts are further subdivided into smaller blocks baséd on the type of water
* demand in the district, conditions of the existing distribution system {rescrvoirs,” pumping
slaiiolns., pipeling), topographical features and urban dcvé]opmcnt. In principal, permanent
meters are installed at defined blocks in order to monitor flow and obtain valuable information
on walcr lcakage and - flows’ 1hrough0ul the system. . This inl’drﬁnlion is vﬂmblc"xﬁhbn
- opllmmug day -to-day opcr'xllons and planning future lmprovcmcnlﬁ and extensions, including
input into network analysis modeling.” The main advantage of this mclhod is that leakage
detection and repair are always.- done  wherever monitoring indicates an increase ‘in

consumplion.

_ s cxtremcly beneficial o dcs1gn the district using malhcnmucal network amlysns
modcls since district mclcrmb involves closing in a dlSll‘lCl and supplymg waler lhroug,h one or
more meters. In this method, Now and pressure syslems within the proposed dlslnc( can be
vcrmcd Once district metering is installed DAWSSA will have the ability to reduce leakage
1o a targel level (25 % of waler producllon) “The future: lc1kag,c momtorlng and detection

cllort nqmrcd by DAWSSA is bqs'cd on this largcl lcvcl
The advantages and disad_vanlagcs of the DMA 'systém are summarized below:
i) ‘Advantages

» - lLis possible 1o evaluate the uniformity of water supplying capacity in the entire

distribution system.

A-6




APPENDIX A

It prepares the flow database for basic factors to be utilized in {utvre leakage
detcction progranis.
It determines realistic teakage potential in the disiribution system, and'p'crmits 10
- ¢valuate more detailed leakage detection cliorts and plans from an cconomic
ﬁspécl |
ll will facititate finding deficiencics in the wholc watcr supply syslcm including
_ Ihc transmission and distribution systcms.
Supplemental information such as peak and 'wcmg,c dcxmnds can bc casily
~ developed from the DMA system.  This ‘will be uscfu] in compulcr model
calibration and demand forecasts. ' '
Labor and cquipment mvcstlmnt plans can be pnonu/cd
‘1 prcpqrcs maps ot the, sy%lcm to rellect DMA bound’mcs and mnppmg syslcm

will bc mlroduccd casﬂy

Disadvantages

Imp]cmcnhlion cos! m'iy be high comparcd with other methods such as pressure
- control and regular qcousm, soundm;,
It is dlﬂlcull and costly to execute the DMA plan ch.msc ncw scuional valw,s

‘must be mslallcd on th(: t‘xsslmg, dlslnbuhon aclwork.

I nny lead to crroncous ‘results at the' district wlurc therc 'm, unl\nown uoss

'LOHﬂCCIlOﬂS or unsuitable valving opcmllons
Water supply shorl'tg(:s during cmergency, such as firc protccuon and brcakdown
of main lacnhucs, may occur temporarily because the sectional valves required for

monitoring reduccs some of the operating Rexibility tor alternate supply.
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3. APPROACH OF THE STUDY

Taking into account the above mentioned basic policy and concepts in the Chapter 2,

thic following approach to the study was taken:
3.1 Formulation of The Plan for DMA System

- The formulation of the DMA system plan was carried out according to the technical

“approach as shown in Figure A-3.1,  The technical approach is described as follows:
) Strategics for water district planning

The plan for the DMA system was developed based on the following sirategics.

i) The DMA system shoul d bc leabllshul ns a 4.,0untcrmcasurc lo allevnle water

shorhy: problems by i lmprown,g, lmkabc detection throubh the rcg,loml tO!lil’O] of -

water supply amounts.
i} Inthe analyms of the (hsinbulmn network, LOHS]dCIaIIOH should be g,wcn nal only
(o the exnstm&, ncl.vork but also to the mnlysns ol mlwork‘i cxtendtd into informal

arcas.

i) The D\U\ sysicm should be cslab]lshud as 'lppmpnah, on disluhullon sysltms that . |

are well mamnmcd and sunpk: to operate. _
iv) Flow melers should be installed on those loop mains where flow is sufficicntly high
in order to avoid the difficulty of installing scctional valves.
V) 'Ihc momtonnb of l‘[ow rates in the pmposcd DMA plan should be coordinated

with the SCADA syslcm

In order 1o cnloru, the alunsa:d stralcgcs supplcnumary dan collcamn and licld

surveys; suchi as icak'\y. :,u: vey and lopog,mphlc survey, should be Larncd oul and all the data.

should be analyzed for walualmg the existing water supply scrvices.

A-8
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(2)  Network analysis

Ini all but the simplest system, a network analysis is considered an essentiat first step for
implementing the DMA system.  The nctwork analysis should be carricd out based on the
existing water supply conditions classificd by adminislrative zoncs (population & demand),
water supply facililics:(pipc & valves) and water pressure zones.  The amalysis should be also

conducted with three cases; wet scason, dry scason and urgenl case such as a fire.

Accurate data on minimuomi night flows and water pressure distribulion in the network
will be necessary in order to analyze the distribution network properly.  In order to be uscful,

data can only be taken during full flow conditions in the distribution network which occur

~during the wet scason.  The water pressure measurements will be carricd out at the hydrants
" on the water mains.  Flow ralc measurements will be carried oul at the outlet of the main

- reservoirs connected Lo the distribution network.

A ‘preliminary amlysns of the cxisting dis!rlbutlon nctwork should be based on the

_ rcsulls obtamcd by the survcys and the network analysis should be rccmmmcd '1ﬂcr planning

* the DMA syslcm

3y Dfs!_rict planning
The DMA plan-is z'm'csscnlial requirement “for the water leakage rcdu_ct'ion‘s:lmtcgy.
In addil'ion, DMA should help operators to manage the Hlow. ralés and water pressures and

simplily operations in emergency sitaations such as drought and fire.

Planmng lhc dchntallon of DMA districts was bascd on a number of dlllcrcm

h pmccdurcs such as:

1)~ The water supply district was divided by distribution source, such as main service
reservoirs (Wali, Eastern and Western rcsuvous)
~ii) The water supply district was divided by ;_,cobmphlca! conditions, such as

topography, roads, land use pattern and geographical features,
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iif) The cxisting five pressure ranges (Low, Medium, High 1 & I, Superior High) were
reviewed and the water supply districts were ranked at allowable water pressure,
iv) The water supply district boundarics were determincd by obstructions such as
rivers/drainage channels and rails,
v) Distribution conditions were classificd based on water demand, population served
and pipc length,
* vi) O&M functional conditions like as waler blllmg, 1 collection centers (26 centers) were

considered.
(4)  Examination and formulation of DMA system
The planning for DMA should consider the sizc of the metered districts for determining

‘arcas adequate for Icakage control. ) he DMA system is practically divided into three block

classifications based on the size of the service area as follows:

. "~ Classilication
Major - Minor

" Scale

A scrvice zone of an individual reservoir, Total
length of distribulion main: 50-300 km

~ Scivice area ‘L;.ar'gé block
Largeblock Mcdiurﬁ black - Total length of distribution main: 30-50 km

Total length of distribution main: 10-15 km, -
Population served: 15,000-20,000°

Mcdiﬁmblock ' Smt;II bloék

The above indicates the scale for cach block syﬂstcr‘n' adoplcd as criteria to plan the
DMA system. - Planning of the small block sys(cm is conducted only to deterimine fcasibilily
and is not proposed and-is not proposed for implementation at the initial stage, since smaller

blocks are usually intraduced after the basic DMA system has been operational.

The DMA plan is csﬁb}ishcd to minimize the number of inflow and o'uil'low points for
“cach block. . E'uh blm,k is selected based on crilcna snch as g,cog,mphlc condllmnSI

topography, plpchnc !cnk,th and. populatlon served.  In generat, the boundary for a DMA is'

usually formed by usm;, sectional valves, but it is very dilticult and cosl]y to exceute the DMA
plari by mounling ncw sccllonal valves on the cxisting distribution nelwork inside Dannscus

city. Flow metess will, therefore, be utilized instead of sectional valves.
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(5)  Bvaluation of DMA plan

Idcally, the DMA system should be cvaluated alter at least S years of operation using
data obtained from DMA tlow menitoring.  In this study, preliminary the cvaluation is carricd
oul in consideration of lacal properly {actors, such as DAWSSA’S classitication of watcr
pressure and allocation of walter demand. “The miain cvaluation factors consist of slability
(waler pressure, waler: quantily, - water. qu.aiilf), ':nailliainability ‘(silﬁplici_ly, accessibility),
efficiency (frequency in’ use of system), cconomic viability (cohslfucﬁon cost, opcration &
management cost) and level of scrvicé (dissaiiéfaclion of consumers). - In the sludy,'siabiliiy:.
will be the most impoﬁ:ml faclor l‘or'cvalua'lihg the DMA plan in lhc-prcscht conditions of

distribution network of DAWSSA.

" The evaluation criteria for stability consist of following indexes.

* Evaluaiion Factor | . Evaluation Index

. Siatic water pressure

Waler pressure .
o _ Dynamic waler pressure

Raté of turnover of service reservoir

Water quantity Conveyance capacily in cmergency case

Water quality’ ‘| Conccntration of residual chlorine
quality | . _ |

~ In this study, water pressure was adopted as the primary _c'ﬁa_iuaiioh tactor since it is the
most critical service factor for water supply. - Additionally, length of watcr mains at cach
medium block was also uscd as an important factor for the evaluation in considcration of

moniloring ability of DAWSSA.

32 iinlxlcnlcilta!ion of DMA Sysly:sﬁ |

(1) Determination of liridr’iiyjatcas’ for imbicm’cnia’lionio'l"DMA'sysicm

To supplement the leakage detection and control plan proposcd by the Master Plan,
metered districts should be established throughout the service area.  The ‘gbllowing factors are’

used for determining priority arcas for implementation of the DMA systeny:
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i) Stability (water pressure, watet quantily) adopled for evaluation of DMA plan
i) Population and water demand
iii) Informal population

-v) Cast iron pipe used ratio
(2)  Sclection of pilot DMA -

A pilot area was selected among the proposed medium blocks for the ptjrposc of

demonstrating flow rate monitoring with ullrasonic flow meters and obtaining the necessary

dala for leakage control as mention later in the Scclion 6.4. fn the selected pilot area, a -

leveling survey wis carricd out to contirm the clevation of the water mains and location of -

valves.

3 - Ilﬁplcmcmalion program tor DMA system

“The unplmwnialmn ‘programt for the DMA system was prepared durmg !hls study in

mmidcnlmn of the prcscnl conditions of the waler supply scrvrwx cost, on- g,omé, pmjccls
i -wmrauors procurement of construction II'I'IICI‘I‘IIS and labor force, manncr of procurcmcnt of

_ w.m,r supp]y Lqmp:mnl 'md m'ncm!c, and the manncr of LOI!SlfUCIlOn
Thu maplcmcnhhon program consrsis ol ]) mannce 0[ procurcmcnl lor conslruu:on
works, cquipment and materials, 2) construction muhod 3) cost ¢stimale, 4) nnpicmcnlauou
sghcduk and 5) disbursement schedule for project cost.
) Recommendation of the flow rate monitoring systcm
l'low rate momlonng is proposcd as parl of lhc DMA systcm to uslabhsh a waler
' lcalmg,c, control method 'md a4 water consumption momlormg systcm in the d;slnbuuon

ncl.\-mrk. The main OhjCCUVCS of flow rate momlormg are:

-} To identily leakage al medium block (feakage level is more than 1™, monitoring

tactors arc a minimum night time flow and unit fow),

A-12
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ii) To monitor the actual conditions of water consumption and forccast a water

“consumption pattern daily, monthly and scasonally,

iif) To reduce the amount of water lost due to leakage,
iv) To prepare a database for planning emergency water supply and restoration works

*in the network after completion of DMA system,

A-13
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4. FIELD SURVEY
4.1. General

The following ficld surveys were carricd oul in order to understand the cxisling -
conditions in the distribution system and obtain data rcquirc@l for the water supply district

~ i planning and distribution network analysis;

i) Flow measurcment on water mains
{i) Pressurc measurement on watcr mains
i) Meter reading and interview survey on individual reservoirs al Midan and Yarmouk

- iv) Leakage detection survey on sclected water mains
4.2 - Survey Arcas

Flcld survcys were conducted wnhm the cx:snng, DAWSSA watcr supply scrvice
Areas except Dummar and Kassioun Mounhm in the Clly as shown in the Ilgurc A 4.1, The
total target area for ficld surveys is approxmn!cly 72 km and the toml lcnyh of watcr main is

“estimated at 1 ,057 km “The cmstmg main f'tulmos in thc sum,y areas arc locatcd as shown in

| F]gurc A 4 2.
| ﬁ 4.3". | iSu.rvcy% Mdhods
.4.3.1 Flow Mcasurcﬁlcnl
.Sé}e_clc;j .sgfvicc.réscrvoi;rs.tbr flow 'aﬁd \._fcloci}y= mcaéﬁrcinpn!s afc i_dcn.lil,‘_lcd b’elow.:l | |

i) waliol Rescrvoir (1.A) ND100O mm Line : IA-DO4.ND1000 -
i) Wali OId Reservoir (LAY NDSO0 mm Line 1A-D04.NDS00
iii) Wali Old Reservoir (1.A) ND250 mm Line - : 1A-D04.ND250
"iv) Akead Low Reservoir (1.E) NDS00 mm Line : 1E-B03.NDS00
- v) Eastern Reservoir (11.E) ND600 mm Line  : HE-D09.ND600
vi) Eastern Reservoir (1L.E) ND800 mm Line  : HE-DO8.NDS0O
A-14
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vii) Western Reservoir (11.0) ND1200 mm Line - @ 110-D06.ND1200
viii) Western Reservoir (11.0) ND1200 mm Line 110-D10.ND1200
ix) Western Rescrvoir (11.0) ND700 mm Line @ HHO-D05.ND700
X} Merze Reservoir (M. 1) ND80G mm Line : MI-MO1.ND8(O0
'xi) Mczze Reservoir (M.1)-(M.2) D800 mm Line: M2-M02.ND8GO

To asscss the conditions of the existing distribution fincs, flow rates wer¢ measured al

' the cleven outlets of the five key reservoirs that are used as the main supply to the City as -

shown in Figure A-4.3. Portable ulira sonic meters with monitoring system were used to

- measure llow through water main.  ‘These are so!id state electronic meters thal measure

velocity and converts this into volumectric and mass units. - The ultra sonic-meter has the

following features and specilications:

) \théqiroof and submersible type with waterproof ‘cylin._drical muiti-pin for all |
' mnncctlon | . o
. i) Prowsmn of the its mlcrndlly chargmbtc balluy for a normal opcmuon (4 hrs) aind
ttic cxtunally porlable wacrprool battery lur a [ull day opcnlmn
. m) Provision ol d'lla Iog,g,mo luncuon lo process data by compulu, _ _
iv) Provision of dnbnosm menu for on-sile or remole supporl {o assure full mnlldcncc
in ﬂow data,

v} Specilications;

:Mmsuud ﬂuld ) I Any spnicrilly co.ndu'clivcl_liquigl
Fluid !cmpcmlurc : :-40°C to +120°C (standard) -
Vclocuy range : 12 m/sce

- Accurac mtrmsm cahhmuon 1 1% ta 2% (+3 mm/sce 10 26 mm/sec
_ y _ _

: Conlinuousi mcaSurcmcnt was conducted lwicc' for scvcnly two (72) hours durmu

May 191022 and mr forty ug, ht (43) hours during May 27 lo 29, 1997
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4,32  Pressure Mceasurement

Pressure measurement was carricd out for the same purpose as the above mentioned
flow measurement.  Portable water pressure recorders with the following distinctive fealures

and specilications were used,

i) Three variable lime scitings are available: 24 hrs, 72 hrs and 168 hrs.

i) The pressure ra_ngc;l‘(;r allowable measurement is 5 kg/em® and 10 kgfeni.
iif) Automatic prevention of overlapped tite charts is built-in.

iv) It is compact waterproof robust plastic housing type.

v) Operation is donc by a quarlz clock.

vi) It is recorded by a felt pen with cartridge ink supply.

~ Continvous m:.awrcmcm was conductcd three 11mcs {or lorly-c:bht (48) hours from
\hy 19 {0 21, from June 10 to: 13 and from Aagust l(} lo 11, Pressure was mcasurcd at ten,

(10) hydrams in the first pcrlml, at | nine (9) hydrants i in the scumd period and ten (10) h)drams.

in lhc last period focated i in lhc main nctwork as slmwn in Figurc A- 4 3.
433" Meter Rc:\dmg and ]nlcr_vic'w Survey on Individual Rescivoirs

In the Master Plan Study (Phasc I), melers in Dar At Moalimat and 'Rzuku Aldyn areas
were read for 6 months s as to obtain data related (o per capita consumption and meter
accuracy. Meter ceading in this Study (Phase W) was aimed mainly at finding out and

‘claritying the typical daily water consumption paftern.  Meter reading was conducted at

several builu:n&> types as described below in Midan and Yarmouk Wthh were selected for the

How momtormb m the p:!ol area.

i) Condominium’:’ 1 sample
it) S_malllioilsc B 7sainplcs
ili) Mosque Coad Sﬂn".pld

iv) Policc oftice  : 1 sample
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' Master meter reading and the investigation of the waler use of cach house were carried
out at ten samples in total (7 in the formal arca and 3 in the informal arca) from July 7 to -

August 11, 1997.

House masler meter readings were recorded 4l the beginning and the end of the
measurentent (with 24 hour interval), and the amount of water used per day was calculated
from the diffcrence of the lwo valucs, At the same time ultra sonic Now meters were installed
to record the water use conditions over 24 hours.  The ultra so:nirc meters were used in order
to confirm the rc]iaﬁility of house meters, and to anﬁlyzc the data fully. Meter féading, and
flow measurement in formal areas were conducted continuously for twenty-four (24) hours at_

cach bmldmg lype during July 7 to Aug,usl i1, 1997 Additionally, flow measurement at.

Three (3) miormal houses in Mezze-Razy was carncd out lo capture: aclual water consumpnon

during August 4 to 7, 1997.

lmcrwcw surveys on lhc usc of nuhwdual storag,e rcsuvmrs were 1150 carmd out by

- asﬂishnt survcyors cmployed by the JICA Study Feam durmg Junc 15 1o 31, This mlcrv:cw

survey was intended to cnhance accuracy ol resulls on water consumpuon paltcms obtaincd by
the abovc mentioned mclcr reading, since almost’ all the bunldmg,s haw, individual storage

rcscrvmrs of various L‘lp'luly whu.h may inlluence water consumpllon patterns.” The survey

methed cons;slcd of mtcmcws wnh qucslmnnauc wnllcn in both [jlwllsh and Arabic, and onc

_ hundred (100) mlcmcwccs WeTe sclcucd at. Mld:m and Yarmouk accordmg lhc fol]owmg

atcg,oms.

— Type of Building . Numbcrofsmes T
1) House (S 2'stories) . R

'.2) House (2 3stories) . 10

3) Apartment/Condominium - R 47 -

~+4) Government Office Building . o 2

*5) Hospital e . Ly

'6) School - _ S g

Yol oo | o100
4.3.4 Leakage Detection

At present, ‘leakage detection surveys are carricd out by three leakage tcams in
DAWSSA as- recommended in the Master Plan Study (Phase 1). In this Study, leakage
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detection efforts were concentrated on old cast iron mains with lead joints, which, as shown in
Figure A-4.4, have a history of leaking. The intention of this concentrated cffort was lo
measure loss of water from leakage in the distribution mains and reexamine the necessity for

the urgent pipe replacement program proposed in the Master Plan.

Leakage detection surveys were carricd out by the acoustic leakage sound detection
method on four scparatc occasions.  On June 22, a léakagc deteclion survey was carricd out
on a cast iron main of ND200 mm necar the Jemarya pumping station. . Other surveys were
canducted on old cé;l fron mains in the City from July 1 to 15, 1997. The following

© equipment was uscd:

i} Pipe/cable locators
ii} Leak noisc corrclators
ity Acoustic iislching car set )
' _iv) Excel sounding slické}ba;s _

V) Leak noise detector
" 44  Findings

441 FowRate

Flow measurement records lor 11 pipelines are illustrated in Figures A-4.5. Flow

vclocnly also is shown in Fig,urcs A-4.6 and A-4. 7 The results of fow rate and velocily

measurement at waler mains are sumnnrmd in Tabh:s A41 to A-4.3. The mcasured

avcragc daily flow rale was 479,537 m *d in this study Wh!Ch is lower than the water |

consumplmn of 612,308 mAd csnmalcd in the Master Plan sludy This big dlﬂurcnu, is

courscd by reasons that (he measured flow does riol reflect the present water shortage problc:n :

and the M/P water consumption js estimated taking thé potential water demand in account.

A comparison of the flow in cach line shown in T: able A-4.2, reveals that the flow rate

*in the pipeline (310-D10.ND1100 mm) from the westen reseivoir 1o block D10 is high and

- hourly fluctuations of consumption arc also very high. The normal flow velocity of this line

varies from 2.0 m/s to 2.3 m/s.  During 11:00 a.m. and 1:00 p.m. on May 20, 6 peaks of flow
A-18
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velocity with an instantancoiis maximum velocity of 4.0 to 6.0 my/s were recorded (Figure A-
4.8). These peaks in velocity are considercd abnormal. | ‘The existing tlow capacily of this
line is less than the potential water demand in the scrvice arca, other than this one occurrence,
very tew instances of abnormally high velocily were recorded.  Based on the resulls of
measurenicnt, the instantancous maximum flow velocity in other piplclincs is approximatcly less

than 2.0 my/s as shown in Table A-4.3.

Recommended maximum velocity is commonly nof more than 3.0 m/s for waler main
and Icss than 2.0 /s to prevent damage to the lining inside pipe.  There is a serious concern
that the pipcline may sufter from serious damage since the high velocities (more than 2.5 m/s)

increasc the risk of cavitation and water hammer cflects. -

Mininium night fow is estimated at an average 4.34 m’/sce from results of fow

measurcments as shown in Table A-4.1 and A-4.2.
_4;4.2_ Pressure

Prcssurc ru:ords for the hrsl and lhc second mmsurcmcnt periods are’ compared in

" Figures A4.9 to A-4.11 rcspcchvc!y It this study, lhc existing distribution condlttons were

~ evaluated from the pressure rccords based on the toi!owmg, DAWSSA ullcna

i} Righ prcs:surc zone  :'SOm l;:i 60m
i) Medium pressure zone: 40 m to 50 m

iil) Low pressure zone: @ 30 mto 40 m

The rcsulis of prpssurc measurement are sumxmrmd in T'tblc A-44.. /\}most a]l the
pipclines in lhls survey arc: within iormal conditions excepl: the HO- DIO plpchnc s
: su5p<:clcd that the HO-D10 pipclmc may, hqw a significant leak, therelore, it “shall be

investigated in imore detait by DAWSSA.
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"4.4.3  Residential Meters and Interview Survey on Individual Storage Reservoirs

The records for the fow meters are shown in Figures A-4.12 to A-4.15 for cach type of
housc. The reading investigation of the housc melers was carried out for six samples {Sample
‘No. 1to 6). It is cstimated that the rate meter malfunction is more than 10 percent and the
obscrved accuracy is quite low (Scc Table A-4.5). - The reasons may be that house meters are
too old, are brokcn’, or that the malfunctions occur especially when taps are opened and closed
frequently. The hous¢ meters No. 3 and No. 6 were not operating. - The resulis of

measurements taken with flovw meters ard house meters are summarized as follows:

: 1 _ Meter
.S:;:;;'? l:c : "llousé Type Area ]i(t)':r]:al’l l-flow Meter | House Meter Moa; ‘;:2;2:"
o ' - ' Meter
_ . _ L N m“lday . m“fday 2 %
|1 - | Condominium_ - D105 Formal = | - 3369 1. 3.040 10
| 2 |SmallHouse | - DI04 | Formal | 0.142 oato . [ - 23
[ 3 ISvallHouse | DI04 - | Formal |~ 0.287 0.000 -
| 4 Police Office D10.5 Formal 30.970 0.804 . 97 S
.5 | Small House - D105 | Formal 6.670 rod0 | o84 - g
| 6 {SmallHouse 1  Di0S5. |  Formal 22.550 0,000 - 4
1 Mosque . DI04 - Formal | 4750 . | Notequip | ]
8 |'small louse Di} Informal = |  40.140 | Notequip | N
| . 9 | Small House . DIl | Informal | 5070 ©{ Notequip_
10 Small House - - DIt Informal 35.010 O Neteéquip - |

- The samples that show the period in which water is supplicd to house water storage
“tanks ar¢ No. 1, No. 5 and No. 8. The water supply period is trom 8 p.m. to 7 a.m. for No. 1

and from 10 a.m. to 2 p.m. for No. 8 (Sce Figure A-4.12 to A-4.15).

The examples No. 1:-and No. 6 indicate that there is leakage because water usc is
indicated at all {imes” during the 24 hour monitoring period. ' The pattern of waler

consumption on ditterent days is not the same, but it is guite stable from 0 a.m. (0 5 a.m.
Daily water consumption patterns weére identificd from this survey.  The peak daily

water consumption occurs during 9:30 am. to 1:00 p.m. and during 9:00 p.m. to 0:00 a.m.

where houses have an individual storage reservoir.” For housées without individual storage %
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reservoir, water is used continuously with peak consumption occurring during 11:00 a.m. to :

9:00 p.m.

“respectively.

The results of the interview survey on individual reservoirs in the pilot arca and the

Mezze-Razy & Kafar Sausch-Lawan informal area are sltoyvn' in Tables A-4.6 and A-4.7

An analysis of dala from the interview survey is summarized below:

Night Time Water

. Occupancy Capacny Manual
_ (%) (m') Operalmn (%) Filling (%)
1. Pitol Arca 96 14 - 22 17
» House 96 - 0.8 22 19
« Others 100 6.6 . 20 0
2. Informa} Arca* 97 L 08 22 21
» Formal . 98 0.9 21 21
« Informal 20 08 22 20
3. Average 97 1.4 22 19

 Note: *i is the Mezve- Razy& Kafar Sousch- Lawan mfmmal area.

" The survey results ilidicalc that 100 % of those intcrviewed with individual storage

reservoirs use them rubardlcss ol the season zmd at least 21 % ol individual reservoir uscrs

operale their resetrvoir dally

444 Leakage

‘The Mmlcr Phn Sludy cstimated the avcrag,c loss duc 10 lmk’sbc in lhc system at .

1pprnx1matcly 7.0 m¥vkm in 199‘5 In this study, the !cakabc_dclcc,lmn surv_cy was carried .

~ out not only on ok cast iron mains installed more than 25 ycars ago but also on ductile cast

iron mains in order to compare leakage rates belween the two.

Thu loss duc lo Imkag,c. in the syslcm was estimated from the rc‘;uhs of lhc lcakqbc
dclu.non survey using lhc acoustic lcakabc sound dclcdion lehOd as shown in 'I"lblc A-4.8.

Total syslem loss lrom kakabc is csllmalcd as' 209 m !hr wnsmlmg ol 168 m ihr on :

~ distribution nnms and 41 ny Ihr on scrvice mains. Thcrc was no lmkag,c, {from the duculc iron

mains in this survey.  Frequency ofleakag,c per unit pipe lcnglh is 3.8 lcakﬂﬂcm and the unit

“oss per pipe length is 30.3 m¥hr/km.
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The old cast iron mains shall be replaced as soon as possible since the loss of
-30.3 m'/hr/km is extraordinary high in comparison to the :wcragc loss in the system of 7.0
m’/he/km estimated in the Master Plan Study.  Most of the leakage is occurring at decrepit

lead joints and pipe failurcs caused by corrosion of cast iron.
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NETWORK ANALYSIS

General

Arca and boundarics for analysis

- Damascus city consists of filtcen administrative districts and the Kassioun Mountain

The water network analysis in the Caly was carried out for 14 1dmlmstralwc dlstnds

excluding Duminar dlstml and quswun Mountain area as illustrated in I’xguru A-5.1. The

total arca for analysis is estimated approximately at 7,200 ha. For the nctwork analys:s, the

study arca was subdivided into smaller unils as follows: -

(2)

i}y Six (6} boundancs at main scrvice rmcrvmrs wali (1A & [S) Eastern (I E)
‘Eastern s F) Wcslum (!! 0),. Mevze (M1).

ii} Five (5) pressure zones: Low, Medium, H};,hl High Il and Supcrlor ng,h

m) I)amascus center low is divided _mlo live zones according lo the existing network

conditions and land usc pattera,

~ Objeclives of analysis

The nclwork analysis is mainly aimed at:

) undcr'slanding the present operating conditions of the water supply system in the

Clly,

: 11) planning the DMA system,

iii) developing an improvement plan for water leakage detection,

Olhcr Objcctwcs of the nctwork analysts are dlrcctly n,h!cd to the UI”W and |C‘\l\ﬂbb

control, such as determination of pnonly areas for leakage conlrol dctcrmmauon of nccc':sary :

arrangements and recommicndations for pressure conlml. :
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5.2 Network Modcl and Facilitics Uscd
5.2.1 Network Model

1o order to ar‘idlyzc the network properly, il is nccessary to systematically elaborate an
extremely sinipliﬁcd model, compatible with the requirements for accuracte nétwork analysis.
The network imodel should retlect the results obtained from the ficld survey as described in the

Chapter 4.

A syslcfn layoul reflecting upgraded data on the existing watcr dislribuiion syslem in
the Cll)« was prcparcd for the nctwork analysis as shown in Figure A-5.2. Dmncl planning

was cxamined preliminarily bascd on the system layout. ‘The existing network was amlyzcd

“based on blocks dassnlu.d by the primary DMA plan as shown in Figure A-5.3.  The network -

model was claborated wnh watcr mains groupcd into 9 b]ocks The characteristic of cach

hlock is sumnnrmd as, lollows

_No.of Block . Pressare Zone Walcr Source (Service Rescavoir) Ana (ha})

__._BO3 Berze Medium ' - Akrad Low (LE) _ . 199.0
D04 | Damas Center Mediom © - | - Wali Ol (LA). : . 2130
- D05 | Danas Center Medium o ‘Western (JLO) - ST 2080
D06 Damas Center Low ‘ _ Western(HO) . T4 3680
D08 Pamas Ceiter Low o " Fastern(JLE) 2020
- D09 . | Danwas Center Low - . Eastein{ILE) 00
D10 . | DamasCentérLow . . Westera (11.0) | 22055
M02 | Mezze Highi & 11 ' Mezze High(M.2y | = 1315
- MO1_ | Mezze Medium . . Mezze (M.1). . 8252

5.2.2 . Facilities Uscd

T hc distribition syslum was mnlyicd with a mmpulcr pmﬂmm namcd Visual Pipeling,

Network Simulator (VIP\L chon 1.1), dwdopcd by anan Pipcline Sysium En;,mcmn},
l'\C T Ins scumn gives a buel semmary of the main featurcs of the progmm and describes its
various features since the dLl'lllCd nianual of the pm;,r'tm was preparcd scmmlcly durm;_, this

.bludy
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VIPNES is a multipurpose simulator, used to solve pressure and flow pmblcnis in

meshed pipe networks and detect pipelines with stagnant water or reverse flow, morcover to

assist planning of DMA and pipe replacement. - Using the nctwork data such as pipcline data

and demand data, the program calculates basically velocity, flow rates and pressure.  Main

features of the program arc summarized as follows:

i)

Calculation method

The calculation is bascd on the algorithm of the Mcsh ['Iow mcihod Like the
Hardy Cross method, the Mesh Flow method is one of the flow methods, also
known as the node methed, which involves satislying the flow continuity equation

at each of the nodes in the model by adjusting the hydravlic heads.

The Mesh I'low mc{hod is able not only 1o calculate faster lh'm the }[drdy Cross

" method but also to '1llouuc ‘demand to both p:pclmcs and nodes. - in this mclhod

network 'malys1s is cxccutcd by the Ncwlon Raphson Mcthod that repeatedly

- solves Imcan/ed nclwork cquation consnhng of determinants at LdCh mesh: - The

hC'ld loss ot plpchnc is obtained by lhc Hazcn Williams’ cqunlmn

' C'alcuhhon process
'Thc caleulation starts from scicclmg, any nodc of plpclmc where it is “possible to.

: dclcrmmc the 'alﬂcbtam sum of 1hc flow ralc onynalmg cxlhcr from p]pcs leading lo

" this ncdc/plpchne or from external flow cxnhani,cs ‘This sum will have a non-

zero vatue until the hydraulic heads and flow rates in the nclwork have bccn

‘balanced. The hcad is then moditicd in this node/pipeline so as 1o satisfy the

continuity cquation. In the same manner, all the other nodes/pipeline in the
network are recxamiicd, excepi nodes for. reservoirs where the head is usvally .

tixed.

Bven in casc that lhe network s dwxd:.d into blouks the abave proccss is

automatically repeated at ‘each black at the same time for a sufticient number of .

times in order that the flow continuity at cach node keeps pracucally uhaltered by

the calewlation of a neighboring nade.  Caleulation conveyance is accelerated
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between the conventional serics of jlerations by an overall resolution of complete

system of previously line ariscn continuity equations.

iii} Allowable nctwork size for analysis

~“The program is constructed on the spread sheet software EXCEL that is widely

Maximum sumber of nodes @ 2,500

~Maximum number of pipelines @ 5,000

‘Less than 1,000 nodes arc recommended for proper operation when it is necessiry _

to calculate and draw the nctwork by the computer in a few minutes.

Program organization

“used. . Users can therefore analyze data of their own or exccute the customizing by

© neiwork chart so as to scarch automal mlly on the calculation hblc for parucuhr

using the EXCEL’s standard functions,

The simulation conmsls of a serics of steady state network analysus throubhoul lhu
“simulated time pcnod ']hc smmhuon also modcls the variation in the reservoir
level. The simulation results can _glvc a snapshot view of variables for the network

of any required time during the simulated period. - The simulation can also provide

prolilc of the’ pcrlormancc of mdwzdual nclwork features, such as reservoir lcvsl

nodal or block prcssurc/ﬂow for the whole or p'm of the s:mulanon pcnod

The program has an cxcc]lcnl mutual function between the caleulation table and the

' ala that are sclected lrom a ﬂpcullc plpc on the nctwork charl, and vice versa.

T hss funmon is avallablc not only for ihc nclwork chari but also lor water prcssurc

and ﬂow dlslnbullon charts
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53 | Maodel Construction

"This section describes the construction of a network model covering the existing water
supply arca in the City.  The nctwork madel was developed during May to August, 1997, In

VIPNES, the folowing input data arc required tor niodel construction:

i) . Pipe data (fength, diameter and roughness cocflicient)
ii) Variable head rescrvoir and pumping data
iii} Node data (identilication number, clevation and coordinates)

iv): Estimated papulation served and allocation of demand

- 5.3.1 Topographic Data

Topographic dala was prepared by DAWSSA based on a 1971 topographical map.

Topographic conditions in the arca are illustrated in Figure A-5.4. The value in this ligure

- indicates the clevation above mean sce level of ground above cxisting water mains in the

network.

©The elevation in the area varics from-855.00 m to 688.80 m above mean sce level.

“Wali Old reservoir is the key service reservoir {or water supply system in the City' and is
*located at elevation of 80130 m above mean sea level.  Berze High I (BO1)'is the highest

“clevation with 855.00 m and the lowest elevation is in Yarmouk in Damas Center Low (D10).

5.3.2 Population Served

Popuhuon pmjcalons werce ‘conducted in lhc M'lstcr Phn Sludy (lec D b'iscd on
1994 Ccnsus results oblamcd from the Ccnlral Buruau of Slaiislus According to the resulis
of populahon pro;ccllon, the cxisting population scrvcd in the' Sludy- arca. is cS’Iimalcd
approximately at 1,225,000. This number of ﬁopulalioh served inclides the numbcr of
informal residents (about 26 %) since informal residents actually take water from DAWSSA’s
system without any paymenl. Population served at cach district is summarized as shown in

Table A-5.1.
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DAWSSA classifics the service arca by water charge collection centers, and by meter
reading arcas.  Populations served for each method of classification are estimated in Tables
A-5.2 and A-5.3 respectively. - These population scrved estimates are uscd for DMA planning

of medium and small blocks.
' 533 Rescrvoir and Pipe Data

Reservoirs and pipelines for the network analysis were selected based on the system

layout drawing with the primafy DMA plan prepared for this study. Details of the sclected |

reservoirs are shown in Table A-5.4." Reservoir statistics used in the model are summarized

below:
N L i Elevation above mean sca leve] (m)
i Nanx of ch tvoit (Cede No.) - | Capacity (m ) T HWA LWL
Akrad Low (LE) L 4,100 ~790.00 785.60
" Wali Old (1.A) R 7,500 - 804.53 800.53
Western (11.0): o 42,704 76100 755.50
Eastemn {ILE) .- . 28,240 - 753.18 - 749.38
Mezze High (M.2) . _ 2,901 82{.24 817.24

Mezze (M.1) - 8732 77625 | 712.25

_Pipe data for the analysis are determined with the following features:

i) Initial and final nodes
iy Diameterandlength -~ -

iii)” Roughness cocflicient

In the model, water mains with diameter over 250 mm were mainly analyzed. The

lcni,lh of cach plpc was digitized and cakuhlud by the programt.  Roughness coctlicient of all

- pipes was umformly assumcd to be 110 based on lhu DAWSSA’S standard.  Total number of

' p:pchncs is 937 tor the amlysns
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5.3.4 Nodes and Allocation of Demand

A node is defined with the following features:

i} Planimetric X-Y coordinates
iiy Altimetric Z coordinate (ground level)

iify Classificd water demand based on the Jand usc paltern

X-¥-Z coordinates of nodes in the model were derived from the information :oh the
~ syslem layout. - All nodes corresponding to the water main conncclions and to the changes in
pipe diameter were included in this model. Nodcs related to the major valves and to the

pumping stations were also considercd. The total number of nodes for analysis is 921.

The existing watcr ‘dcma’hd in the Cily' is cslim:ilcd for é1ch adminislrali\fc district as
) shown in Table A S. S ncuordmg to the water dcm'md torc;asl done by the Master Plan Sludy
- .W.llcr demand lor cach large block was 31!0Lau,d in propomon to"the arcn of the districts
: i within cach block Water demand per. node within a block was caleulated by dmdmg loml
water demaid in the block with the total numb_cr of nodes in the block.  Allocation of water
demand for large blocks is based on the éxi‘sling waler demand prdjcclionsi:i_s shown in Table

A-5.6.

Since there _\\Fas zim demand da'l.a for D:O? block, the demand was' calcilated as fo'llow's._
First, the population of DO7? was divided in proportion to the length of contact with adjacent
blocks. Then, this fraction.of population of DO7 propertional to the contaci length was

- assigned 1o the corrcspondmk, block ‘ld_]ﬂCCN 1o DO?, and the average per capita demand of

* cach 1dymcnl block was mlt.ulmcd from the. watér consumption of the block and the corrccted
population of lhub!onk._ Basc_d‘on lhu average por capn;a dcmand and_ lhc lr_aa,ho_u of
population of DO assigned fo the adjacent block, the demand for DO block was CSliimmcd as’

19.962 m'/day. The demand for cach adjacent block ‘was calculated similacly .I'r'oin the

papulations of the blacks and the average per capita demand of the black.
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5.3.5 Summary of Model Constructions

The model statistics are summarized below:

APPENDIX A

Statistic Item Description

Population 1,225,000
Unil waler requirement per capna (Iped) 446
Number of nodes 921
Nurber of pipelines 97
Number of service reservolrs 6
Number of preduction well pumping stanom 9

19

Number of fringe well pumping stations

‘Fotal length of pipeline to be analyzed is estimated at 368 km corresponding to 35 % of

“the tofal length {1,050 km) of pipeline in the study area with a diameler more than ND8O mm.

Input data of production well and fringe “well pumpmg stations are shown in

Tablcs A-5.7 and A-5.8 rcspcchvely “‘The network modcl is presented in Figure A-5.5.

5.3.6  Prcliminacy Simulation Results -

Prchmmary snmulal:on was camcd oul based o lhc abovc mentioncd nclwork modcl

’Ihc rcsulls of 1hc preliminary simulation showmg water prcswrc and ﬂow in the wholc_

nclwork are¢ prcscnlcd in Figures A-5.6 and A-5.7 respectively. T, hu smmhuon ldcnuhcd the |

lollowmg deliciencics {for location of blocks sce Figure A-5 .3):

i} Water head in the Kafar Sousch, Kadam, Shaghour, Jobar and Kaboon districts is

less lh:m 10 m and in sanie arcas had a ncgatwc valuc which means no scrvice

pisurc

- 1i) Water héad at Block DOS in the Mcuo dlslncl is less Ihan 1(} m.

iii) Walcr head at southern area of Block D13 is lcss than iO m.

iv) Waicr head at high and medium pressure Zoncs classﬂ' ed by DAWSSA is on¢ or the

* other but not bolh than 60 m.

v) The simulation detecicd pipelines with stagnant waltcr or reverse flow in Blocks ‘E :

D04.1, castern arca of D06, DOS, southern arca of DOY, Midan area in D10.
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vi) Velocity of the pipcline:110-D10.D1200 as described in the Chapter 4 is more than
2 my/s.

54 Calibration

Calibration is necessary to confirm and improve the assumptions set up during the -
creation of the model.  Calibration was basically made through comparisons between field

survey measurements as described in the Chapler 4 and preliminary simulation resulis.

An imporiant. factor that would afleet this co'm.parison is the inﬂuénéc’ of sIOragc
rescrvoirs.  As it \vas:cﬁdcnt from the interview surveys, private storage reserveirs (average
capacily 0.8 m’) with privatc booster pumps conaccled to the distribution system are very
common in Damascus, and they may affect the pressuré in the system.- On the basis of

reservoir usage data oblaincd in ‘the intcrvicw survey, il was assumed that there is no

~ tluctuation of the préssure at given points in the network duting the daytime. -

'Fhe field survey of flow and pressure measurements was conducted for calibration of

the simulation as deseribed in the Chapter 4. 11 was observed that the computed ot and

- pressure agreed well with the measured data except in the Midan, and Yarmouk districts.

* Accordingly, computations retlect the actual condition of the existing nelwork.

In the Midan, and Yarmouk - districts, the comparison’ of pressure between: the
measurcments of the ficld survey and the simulated computations with the model arc

summarized below:

_ L Midan C 0 Yarmouk
-~ Measurements: ] 25mieS3m 0 | i0mtodBm:
Computations . | lessthan 15 m essthan 1S~

It is likely that the differences between the measurements and the computations are due
to informal water demand. The allocation of informal water demand in the Midan, and,

Yarmouk districts was therefore revised based on the mcasurements.
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‘5.5  Simulation Results and Recommended Improvements

The results of the preliminary simulation as described in the section 5.3.6 arc

summarized below:

) Water pressures in the pipeline of D800 mm laid under in Nazemn Basya St,,
- 1200 mm (diamcter) line from Western Reservoir to D10 block that surrounds the
city, and Mezzc arca, were not particularly low, and there was no pipe with

abndrma] flow ratc. 5 Many pipes with low pressures were found in DOS, D09, and
MOS blocks.

iy The water pressure was signiticantly low in the Yarmouk arca (including the Pilot
Arca) in the south of Assad Motor Way (D10 block).  In this region, the pressure
was mastly equal oc lower than 2.0 kgt/om®, '

i) The water prcv.surcs in the cm:rc DOS block (mdudmg Mczn - Rn/y and Kafar
Sousch - Lawan arcas) were cqual or lower lh'm 1.0 kglfem?,

iv) The water pressﬁrcs of the terminal pipes around lhc city were cqual to or lower

than 1.0 kalfem? in :;H pipes except tor MO1 and MO2 blocks.

Simulation of the 3 cascs (wel season, dry scason and fir¢ accident) was conducted
again after the preliminary simulation was calibrated bascd on the measurements during wel

scason. The simulation results of 1low and pressure after the calibration are presented in

Figurcs A-S;S o A-5.15. The simulations showed glhal the supply capacity difters

signiticantly Irom one large block to another largé block. - The average service population per
100 em” * of pipe cross- scclmnal arca for DAWSSA’S system is .,27* This is not so different
from the nvuagpc value in hpancsc systcms which is about 2,000 service popuhilon per 100

cm’ (Inr 100 mm dmmctcr pipe, the 'wura;,c supply volumc is 600 m lday)

][owcvu whcn lhIS parmmlcr was used o comp'm the larg,u blocks, s:gmllcanl
d:ﬂurcnccs were found: for D09 'md D10, llm values were 4,150 and 7,038 resptctwcly, while
for DO4, it was 824. - This lrcnd is in good agreement with the results of waler pressure

_simulations. - These dillerences amohg the large b!:ocks have to be reclilicd to cqualize the

distribution of watcr resourees.
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A suggested improvement would be the partial incorporation and re-grouping of D10
block 10 neighboring D06 and DO8 blocks, and D09 block to neighboring D08 block.  These:
changes require installation 6f connecting pipes and isolation valves.  Some regions in BO3
and D10 blocks are showing low pressure problems due to insuilicient pipe diameters.  These
pipes have to be replaced with pipes of larger diamctcrs.l - The recommendations given here
will signilicantly improve the waler supply conditions, ahhoilgh it will be difficult to achieve

ideal cqualized distribution. B03, D04, and MO2 blocks still have cnough supply capacitics,

but pressure control and distribution control will be required. ~ The proposcd DMA plan was

designed by considering such factors, |

Watcr consuinption based on the measurements during wel scason for cach large block

is estimated as follows (sce Figure A-5.3 for the location of blacks):

* Larg\, Block Consumption - Population Per Capita Consumption .
No. | . mifday . : /day/capita %
- BO3 724,926 23,500 106 | 20061
. DM © 60,461 84,900 071 . | 13469
. DOS 29,606 82,480 _ 0.36 67.89
- D06 72,535 102,400 - 091 133.97
D08 38,055 58,500 ° 065 12303
D09 . 28,692 117,300 - 0.24 46.26
DI 171,700 © 673,300 0.26 48.23
Mol 123,572 - 55,900 042 79.75
CMo2 ¢ 29,990 . 86,500 ' 035 _|._.6557
A\uago o - 0.53 100,00

The maximum per capita consumption value is 4 tines the minimum value.

Consumption in blocks D04, D06, DOS and BO3, which are in the center of the city, arc above
the average, but cohsuimplion ih blocks' P05, D09, [_)10, MO1 and M02, which are around the
perimeter of the city is less :thau the avc_r:ige. “To reduce the dilference, lhc_bmmd_ary linc of

the large block must be changcd.

“Though the scrvncu population in block DOﬁ is almosl 83, OO{I (r .1hlc, qu-«,) the supp]y

to this block is fed by lwo fines of mcrcly ND2§0 mm in diameter.  This lack of supply

capacily, i.c, too small diameter in companson 1o the demand, is the reason for the low

pressure in DOS block.  The interview survey conducted in the informal areas of Mezze-Razy

and Kafar Sousch-Lawan, which are parls of D05 block, also showed a large number of -
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complaints about low pressure. - These informal arcas of Mezzc-Razy and Kafar Sousch-
Lawan should be scparated from DOS, and fed from the Mcezze distribution network as an

independent block, D11.

According to the simulation results based on the measvred demand (Figure A-5.8,
A-5.10 and A-5.12), there is a tendency that the pressures of D02, DOS, D09 and D16 are low.
The simulation predicte that the flow condition in the main network improves signiticantly with
the proposed improvements. Even in the 4 blocks wherc the pressures are rather low, the
water head will be above 30 m with the implementation of suggested changb.g and the regional

difference in water supply capacily will be reduccd.

Resulls and recommendations of the wel scason simulation, water quality simulation

and lirc accident simulation arc summarized below. (as for location 'of blocks, sce Figure

A-5.3):
© (1) Simulation resull bascd on measurement flow during wet scason

i) Water pressurcs in the Nazembasha line, center of the city surroundéd by 1200 mm

© (diameter) line from Western Reservoir to D10 bleck, and Mezze arca, were not’

‘ partlcularly low, and ihuc was noe plpc with abnomml How rate. * Low pressure
: p1pcs were found in Dos, D09, and Dll blocks, - L
ii} The pipes with low prcssurc in the Yarmouk rcg,!on (mcludmg the leot AJ‘C‘I) in the
south of Assad Motor Way (D10 block) were concenteated in the weslern parl of
the area. This result dll‘lcrs from the simulation based on the demand from the
Master Pian _
i) The watcr prcssurcs in the Cnlll’b DOS block (mcludmg Mcnc - Razy and :Kal-hr

- Sousch- Lawan 'm.as) were equal or lower than 1.0 kg/em®,

lv) '] he numbcr of low prcssurc lcrmlml pspcs around lhc city was fewer than the case

wnh the demand from lhc Master Plan.
vy Thc results of the simulations showed !hat the water pressures are fow in the DOS

block rcg;irdicss the demand scenarios.
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2 Simulation result in case of fire accident a1 D06.5

The simulation for firc accident was carried out at the old cily since there are many old
hauses buill of wood in the old city suffered lrom a fire in the past. - The simulation for a fire

accident in D06.5 is based on the following:

i) Afire occurs in every 10 km® _
i) Water can be drained from 4 hydrants for a lire
iii) 1 m*/min. of water can be used from a hydrant

(Based on the assumption of Japan's {irc regulations)

The simulation resulls arc presented in Figures A-5.16 and A-5.17. The result showed

no extreme decrease in water pressure in the block D06.5 and adjacent blocks.

(3)  Simulation result of the watcer quality

‘Bascd on the results of the water quality study carricd out in the Master Plan Study, the

diltusion of nilratc from thciPrOduc'!ioichlls and Fringe Wells was also simulated. The

* resulls show that thcrc -1rc no arcas whuc nitrate mimmons exceed the drmkmu waler
' slamhrd (sce Appcndlx 0. It modcl ';lso predicted that thc, concentration of residual ch!onm,

~will not decrease s:bmhc"mlly, l‘rom lhc fm.l that the longcs[ lnvci time in the syﬁlcm is 11,

hours
1) Recommendations based on the simulation results

- To achlcw, cven walcr disteibution, it is ¢ssential 1o clearly assiga a rolc to cach water

pipe bascd on its purposc Usually-wmcr pipes qrc-classnud as transmission plpchucs,

- distribution mains, dls{nbunon sccondary pipes, and dnslnhulmn (ertiary plpus Ho\tcvcr- the ©

present systems lack such clear dchmuon of functions, 'md some dislribution plpcs ar¢ uscd as
transnission pipes, and some distribution mains serve as distribution sccondary pipes. T ficre

are ¢ven cases where distribution tertiary pipes arc uscd as distribution sccondary pipes.
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The following functions should be respected:

- Transmission pipcline: used to transmit water between reservoirs.
- Distribution main: uscd to transmit water from reservoir lo the distribution network
- Distribution secondary pipe: used for thie main distribution network

- Distribution tertiary pipe: used to supply water to customers.
" This ﬂssuf,nmcnt of {unctions is advantagcous to control head loss, and to attain even

distribution of water. It is also useful for rationalization and optimization of nctwork

opcration and maimcnancc.
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6.  DMAPLANNING
6.1  Genceral
“The technical approach (Figure A-3.1) described in Chapter 3 was adopted 1o plan the

DMA system. The DMA planning was conducted taking into conSidcﬁraiion of not only the

leakage control but also to facifitate the management of flow rates and pressures in the network

- on a daily basis and cven during emergency conditions.

6.2 Design Criteria

The existing conditions of the water supply system were considered for planning the

3 DMA The existing conditions were examined based on the ficld surveys and the nelwork
: analys‘;s as described in the Chqplcrs 4 and 5 Acc.ordmb to thc rcsuits obtained from the ficl¢ !

surveys and the qnalys;s dcs:gn uncm tor phnmn;, thc DMA were determined in this sludy as

lol lGws:

(1) System laycers

Thc cxlslmg watcr supply area consisting of 14 1dmmustralwc districts is lhc basis of :

.Iht, waler scrvice distnds for- lhc DMA planning. l"hls basic area “should be divided

principally into (wo water service Iaycrs in ordu to c.omdmalc with the "ECADA system.  The
upper layer consists of trunk lines (distribution lrunks) between scrvice rescrvoirs and service

arcas. This layer is monitored by the SCADA systein.

“The lower layer consisls of distribution pipclincs in scrvice areas and is considcrcd the

more lmporlam and comphmtcd 01 Ihc two layers in tcrms of !c'lka;,c conlrol ‘In this study,

"lhc lower la}u is rclurcd lo as IIn, D\dA ﬂ)slcm 3ay<.r
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(2) Division of the DMA system layer

The DMA system layer is divided into 20 metered districts based on geographic
conditions, topography, population served, diameter and length of water main adopted in the

network analysis,
(3)  Sizc of the metered districts

The main watcr service layer should be divided into blocks of an appropriate size based

on the {ollowmg criteria:

= Boundarics of large blocks are determined by covering arcas of main scrvice
“reservoirs and water network units. The standard size of total length of water

* . inains varics from 50 km to 300 km per block in principle.

s The large b]ock is divided 1nto medium bloc!\s with plpc lcnglhs bctwacn 30 km and

“50 km per medium block

(4 Major districts

'Thc major districts arc dcsngmtcd by L:rgc blocks whcrc ﬂow momlormg will be

conducted mamly by Ihe SCADA system,
(5)  Diameter of distribution main

For plannmg the DMA in the City, the diamcter of walcr main is basically classmcd by

thc stze of the mclcrcd dlslmls below:

|) Large hlock systemi - @ more than 250 mm

i) Medium block system:! more than 150 mm
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(6)  Mcthod of disirict pastition

“The boundary of the metered districts is usually formed by using the sectional valves or
installation of new pipeline on to the existing pipelines.  However, in this study, installation of

new sectional valves and pipes were minimized, and strategically usc of flow mcters were

considercd.

" (7))  Factors for cvaluation of the DMA plan

Finally, the DMA plan should be cvaluated by the factor of the stability that is

considered to stand for the present waler use condition.  The main indexes are a dynamic

- water prcssurc and a conveyance mpqciiy ol pipeline in emergency case. . The other indexcs,

such asa static waler pressure and a concentration of rcsndunl chlonm, also is adoplud but only

to supporl the cvatuation of the D'\AA phn

63~ DMA Planning

6.3.1 DMAPlan -

Thc D'V[A pl'm is cxamlmd with the ‘WL of 1hé metered districts for detcrmining

'ad'cqualc arcas for Igakagc qonlm] - The DMA syslcm was pmcnr.ally lormulatcd by the _' |

following two systems:’
(1)  Large block system

The large black systcm is cqlabllshcd l'lkmg inte consndcrallon ot only goordmanon

- wuh lhc SCADA system for waler supp!y control bul also convenicnee ol simulmon lor the

nelwork am]yms and dlstribuuon phnnmb Large block system ' is proposcd as. shown in .

Figurcs A6 - Fl;_,urc A-6.2 shows thc outline of the upper layer’ (Block SCADAOI)

The cxisting water supply area in the City is divided into 20 large blocks as illustraled in
Figure A-6.1.  Since the upper tayer is considered as the first large block, the total number of
large blocks is 21 in the study arca. - Characteristics of each large block are shown in Table
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A-6.1.  Each large block is made up of the trunk lincs {distribution mains) with a minimum

diameter of 250 mny.
(2)  Mecdium block system

The mediuvm block system is nccessary to monitor the distribution conditions such as
flow, pressurc and qualily, and to facilitate prompt detection and cotrection of failures in the
network at an carly stagc. * Large blocks arc further divided into medium blocks of
appropriate size according to the location of valves, boundarics of .\ilatcr"chargc callection

“districts, meter rcading’diﬂricts and so on.

“The medium block system as illustrated in Figure A-6.3 is determined based on the
existing activity of leakage chtcclimi citorts by DAWSSA. Medium blocks are formed mainly
from distribution sub-mains x;vi'lh diameter more than' 150 mm wi_lhin_ the large bljock system.
Howévcr; some of the distribution (criia_ry ;pipcs with 1 'diamg:tér larger than 80 mm were
included in the analysis.'l'olal ';.':ipc length for each block is n[)proxinﬁléiy 30 .kn) to 50 kin.
' Characteristics of cach medium block are sh_o_wnf_n Table A-6.2. The pipe length analyzed at

. cach block is summarized fn Table A-6.3.
6.3.2 'Proposed DMA Plan

A DMA sysiéni is proposed, as shown in Figure A-6.3, to optimize water disteibution
‘and to facilitate leakage control.  To operate the water supply system, DAWSSA has to deal
with cnormous amount of pressure and Now rate data; which can be tine consuming and costly.
The DMA system provides wélcr supply administrators with a set of units that can be used to

- handle such data in an organized and cost-clfective way.

The DMA systeny was proposed based o the lbllo{ying criteria: -

‘Classification ' _ Scale
Large b I&'k svstem : Water resources, Network unit,
“%’ y Total length of distribution main : 50-300 km -
Medium block system Total length of distribution main : 30-50 km
y ) Total length of distribution main : 10-15km, -
Small block system Population served : 15,000-20,000
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In order to cvaluale the DMA system, characteristics of the proposcd blocks arc
defined based on the results of this study as presented in Table A-6.4. Resulls of cvaluation
indicate that the proposcd blocks generally satisfy DAWSSA's pressure standard, and the pipe
length scale criteria (Table above) are also met, except for some large blocks with small size,

such as Blocks E0O1 and DOL,

 The proposed blocks in the large block syslcm were examined to determine the priority
for implementation as shown in Table A-6.5 (1/2). The following numbcr of large blocks by

priorily is recommended:

« __ High prierity blocks g ~ |6 blocks .
s Medium priority blocks | :8Dblocks
-~ .« Low prioﬁly blocks : 7 blocks .

Thc priority for nnptunumnu DMA sys!cm in thc proposcd b!o»ks also | is evaluated

Imm the view pom! of ncccssny of ltakagc control as shown in Table A-6.5 (2/2) AftﬂS wnh

~ high pnonly are identilicd as medivm blocks located to the sauth of Dl(} and Mll in {hb Kalar

- Sousch district. rI he numbcr of blocks by pnonly is summan/cd below:

. -Iliglxprio:flyﬁlocks s . S 10 blocks .
_«. = Medium priosity blocks .| :21 blocks
. ;.Low'piiority blocks © | 18 blocks ¢

In ordcr o 1mplcmmt lhc DMA system, rcquircd arrangcmcnts in lhn, cxtsimbr

d1slnbuuon syslcm are proposcd as llluslmlcd in Figure A- 6.4.

6.4 - Scléciion of DMA Pilot Arca

" The purpose for scIcc’:ling a pilot arca is 16 dcinbnsgmtc ﬂéw rale mdnitor;’ng using lhé .
ultrasonic flow meters and to obfain the minimum night low data for leakage detcetion control,
As shown in Figure A-6.5, an arca consisting ol the medivm block D10.5 located in Midan
district and the mcdium block D10.4 located in Yarmouk dist:ricl in fhc large block D10 was

selected for the tollowing reasons:
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i)y Midan and Yarmouk districts have a much high population density and water
consumption compared with other districts.

if) According to the tand usc pattern, these districts are mostly residential and there are
very tew oflices, factorics and hotels.

iii) The results of flow measurcment indicate that tolal daily lows and the flow rate in
the pipeline from the western reservoir to Black D10 arc very high.

iv) The results of pressure measurement indicate that the daily water pressure in Block
D10 Nuctuates widcely.

" v} The largest part of the Cily is located in the low pressure zone. . Midan and

Yarmouk districts are also located in the lowest pressure zong, theretore I_hby are

considered representive.

Mldan and Yarmouk d:slru,ls are theretore considered as typlcal of waler Lon‘;umpllon

_pattern, minimum night flow and loss of sylem 1cakauc in the City.
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7. PILOT DMA AREA STUDY
7.1 Description of Pilot Area
(1)  Arca and population

The proposed pilot area (medium block D10.5 and .D'10.4) is lo'ca!éd 1;:1-Midan "mui"

Yarmouk districts in the southern part of the Cily as illustrated in Fifgur(:_ A-6.5. The arca and

population in the pilot area arc eslimated as follows;

- Medium Block D104

_ Medium Block D10.5
Name of District : _ Midan % Yarniouk
"~ Area (ha) e | 227

Poputation : . S 880 - -t - 214,700

{2)  Landusc

"The pilot arca is characterized by residential and commercial land use arcas.. The area
includes the informal conncetion areas at 'Tadamon & Zaherca with population of 86,068 and

at Takadom 36,750 (ref. Figure A-6.5).

3) * Water demand

Water demand in the pilot are is forecasted as lollows;

- - Mcdium Block D10.5 ‘Medium Block D10.4
Water Demand (m'/day) 37,270 . 65,900
Water Demand (m'/day) 0 24,560
. for Informal Residents ‘ _ L 3
'Sub total (m'Mday) - - 31,270 90460 '
Percentage (%) o 29 . - 71
“Total {m'/day) 127,730 '
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7.2 Ficld Survey

(1) Flow measurement

" Flow mcasurements in the Pilot Area were conducted from June 10 to June 15 at 8
measurement points as illustrated in Figure A-7.1, in order to grasp a actual water consumplion
and a minimum night flow conditions .  Results of the flow rale measurement arc summarized
in Table A-7.1. - The water bonsumption data are utilized for the network analysis and

minimum night (low for estimating systcm leakage.

The method of tlow measurcmient is the same for the ficld survey at the distribution

mains as described in the Chapter 4,

. Flow mi¢asurements al each measurement point are showan in Figuré A-7:1.  Mcasured
- water consumption in Midan and Yamouk are indicated in Figurcs A-712. The results of the '

measurenients are summarized as follows;

N , - . Mediom Block D10.5 |~ Mediam Block D10.4
Watcr Consvimption (m'/day) e 56,865 - - . {60,382
Peicentage (%) - e R ) i sl
Total(mday) .~ | 117,247

(2)  Pressurc measurcment
A pressure measurement survey was careicd out at 6 hydrants in the Pilot Arca with the
portable water pressure recorders over the same period as the flow nicasurement.  The

measurenent points are shown in Figure A-4.3 at the Chapter 4.

The arca is supplicd with water trom the Western service reservoir (I10) located at the

- clevation of 755.50 m.© The results of the pressure susvey are summarized as follows;
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Measurerent Poinis Static _Water Pressure (;g:ff'cm‘z) } Head Loss

. No, EL (m) Elevation{m) | Max. Min. Variable (m)y
fio Ps 61300 | 7150 40 | 18 22 315

P6 683.50 72.00 53 36 1.7 190

7 686.00 69.50 5.0 25 25 195

P8 675.00 80.50 LE: 15 23 42.5

P9 673.50 gaoo | 35 | 1o p . 25 470

The area belongs 1o the low pressure zone with waler pressure less than 30 m as

 classificd by DAWSSA.
S (3) Leveling survey
The route survey was carried out in order to confirm the locations and ¢levations of the

existing distribution mains in the pilot arca.  The clevation in Midan varics from 688.67 m to ~

678.87 m and in Yarmouk from 682.00 m to 670.40 m.  Reésults are summarized as follows:

Flow Rate Monitoring Points | ,'::,(l);vs;k;:?pzlm'\c ma&:;:é:z;lég;)d —
1. Diameter :ND700mm . 68781 | . 688.67 -
2. Diameter : ND 250 mm 68767 | - 688.67
3. ' Diameter : ND 600 mm 1 68169 683.16
4. Diamcter:ND300mm ~ 68177 |- 682.34
S. Diamcter : ND 300 mm 88040 | | 680.89
6. - Diameter : ND 300 mm ' 67765 | . 678.87
7. Diamcter : ND 400 mm _ 61869 68093
8.

" Diameter : ND 200 mm o ©§79.99 ‘681.28

~Distribution mnins' in (his arca consists of the {ollowing pipes:

o Diameter of Distribution Mains :  Length {m)
ND 700 mm (DIP) . ' .. 438
NDSOmmDIPy - | 2,989

. ND 500 nin (DIP) -l 596

© ND 400 mm (DIP) f ‘ 575 .

NDBmm(CIP) . | 276
o ND 250 mm{DIP) - - P2
_ND 200 mni {DIP) ‘ - 275
ND 150 mm {DIP) - - 1,904
ND 100 mm {DI1P) 198
Total "9936
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7.3 Existing Network Analysis
(1)  Existing network sysiem

The current system supplics water to the Pilot Arca (D10.5/D10.6) through the
following pipes (sce Figure A-7.1).

- ND250 mm % 1 line
- ND300 mm x 2 lines
- ND600 mm x 1 line
- ND700 mni x 1 line

(2) - Analysis of problem

‘i) - Problem: Waler pressurc in the west of Salah Al Din Al Ayoby Slfccl (D10.5) is
o o mgmhc*mlly low (scc Figurc A-5.8, A-S.10 and A5, 12)

Aﬁa!y_sis: The current system is designed 1o provide water 1o lhas arca Ihroug,h a

| ND200 mm pipe whlch is' a branch of ND700 mm pipe, and also by a

ND250 mm plpc 1hal comes fmm Dl[} 1 hlod\ llcichCr' dl.JClll:) the

" demand in other arcas, the ND200 mn pipc dacs not hwc sul’hc:cnl_:

c capacity to supply water to this arca. Likewise the supply of ND250

mm pipc =is used up in D10.2.- O_onsaqucmly, the supply 1o this arca is

insuflicient.
B ) .'ifhcrc Ss'no .olzhcr'n:iajo_r problcm_in‘ﬂ:w a'rcé.
3 Rc.c0lmlmcmjlaliqh -'
T;} rédu;‘ci the dilerence in \val(;r'suli;vly capacity within D10.5, a ND400 min pipe

shall be newly installed to connect the ND80O mm from the Western Rescrvoir to the cxisting

© ND200 mm and ND250 mm (refer to the Figure A-7.3). ' ‘%
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7.4  Minimum Night Flow and UFW
(1)  Minimum night flow and UFW in the pilot arca

Minimum night flow and UFW in the pilot area is estimated based on the results of the

ficld surveys:

| i) The minimum night flow measured in the Pilot Arca is 1.19 m*fsce (4,280 m'/hr)
(Basyid on the measuremert on June 14, 1997 (0:30 a.m. - 4:30 a.un.) as shown in

Table A-7.1.)
i) The population serviced in the Pilot Arca is 303,000 persons.
m) The {otal number of houscho!ds in the Pilot Arca i is ’%7 900 houscholds.

l‘he mhl number of houscholds is cstimated by dividing the population scrwccd by

llu. eslimated avcmbv, houschold siz¢ in low income, informal arcas (8

Lo

: g _ ' ‘ persons/houschold) nbmmcd in the mluvncw survuys (\flastcr Plan qludy and this

- study)..

: w) Thc minimuny ‘night l'tow consnsls of water used to rcplunsh waler s!orag,t. Lmks

othur aclunl waler usc at mbh{ lgakfmc, and mlormal use.

" v} The amount of waler uscd to replenish water storage tanks is estimated from the

~following data obtained in the intervicw surveys, -
= 19% of the hbmcholds replenish their water storage tanks at night
‘- Thc replenishment is usua!ly carricd out belween 8 p-m. 1o 7 am. (]1 hours).

- Thc avcra;,c capacny 0! a walcr storage !:mk is 0.8 m’.

'The amount of waler uscd to replenish water storage tanks in the Pilot Arca was

% cstimated as follows,
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37,900 houschold x 19 % = 7,200 houscholds
0.8m’ +11 hr = 0.073 m*/hr
7,200 houscholds x 0.073 m’/hr == $25.67 m*/hr

- The nighttime water usc of the resl of the 81 % of the houscholds (30,700

houscholds) was cstimated Irom the result of a meter réading study.

Itis 3udgcd froi the mcter rcadmg that Na. 1, No. 5 and No. 9 are the average
night flow if storage tanks arc installed, and the samplc No. 2-is also the Wn.rabc

~, night flow if storage tanks arc not installed.

Accofding to a meter reading study, the actual water usc al a hou"sg: between 0:30

‘am. 10 4:30 a.m. was 0.0179 m*hr as shown in Figures A-4.12 o A-4.14.

‘On the basis of this information, the total night time waler usc of these 30_,700 '

houscholds was cstintated as lollows.

30,700 houseliolds x 6.0179 m¥he = $50 m’hr

Bascd on. lhc avmlablc mformatlon g_,wcn ahovc a prchmimry csnmalc of the

breakdown of minimum night ﬁow was altcmplcd

'm) | (Uproperiyiu) (%)

Minimuin Night Flow ~ 4,280 13y 108
Storage Tanks - 526 e 14 12
Other Water Use e 550 ' 15 1.3
UFW* | | 3,010 | et 75

*: UFW (unaccounted-for-water) includes teakage :1'n'«_] informal use.
©(2) - Minimum Night Flow in DMA Area -
ll was cslmmcd from the result ul‘ thc meler rcadmg and thc interview surwy that 12

pcrunl of water is uscd to fill up water slorag,c tanks. The meter reading indicates that a

considerable amount of watcr is used late at night.
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Used to replenish tank
Measurement Lt/ Numbe
Area minimem {low Persons  {Houschold| Propenty/ |, ot Consumption
of house
data he -
myscc| orfhr | o mime | % .
Measurement Area (DMA) | 4.34 | 15,624 | 1,261,600 | 210,267 74 139,950 | 2,905 19
‘PilotArea 1 119 4,284 302,000 37,500 113 7,201 5261 12 -

“There is no large dilierence in the daily watér use between the pilot arca and the rest of

~ the city. - There is also no big difterence between the pitol arca and the whol{: city in the ratio

of the amount of water used to replenish water tank 10 the minimum night flow. It is also .

possible that a large volime of water that is assumed fo be usced to fill water tanks is actually

~ used for other purposcs.
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8. [.LEAKAGE DETECTION AND CONTROL
8.1  Moniloring and Inspection of Blocks

To run the DMA system cificiently, it is important 1o take inte account both operation
itsclf and opci'alion costs. A monitoring program bascd on the DMA system is proposcd in

Figurc A-8.1. . The suggested monitoring plan is given below.

All DMA blocks shall be monitored once per season (wet and dry), and large blocks are
to be monitored and inspected monthly, Considering the safe and accurate installation of
monitors, an installation tcam shall cansist of two workers per team. A team will be able to
* install maximum of 7 portable monitors a day, and all monitors that surround DMA have to be
installed at the same time. Therelore, it .will'takc two teams 1o install all monitors in a

medium black as the maximim number of monitors is 13.

The monitoring shall be conducted for 24 hours, which will take 2 days to complete.

To monitor all 49 DMA (exclusive SCADAO]) blocks in wet season (4 ﬁidxiths), atotal of 98

days will be nceded, and two teams will be needed for monitoring and maintenance of medivm

blocks.* Large blocks shall ‘be monitored and inspceted monthly because flow meters

~ cquipped with data lo'ggcr'will be used. - The team required for (hesc tasks shall consisls of

“two'workers.  Every nionth, all 23 blocks arc io be monitored with the standing monitors, and:

the pressure/llow raté data to be collected.” Considering the data handling, an appropriate

data acquisition interval would be § minutes.  An engineer is also nceded for simulations and
analysis of leakage. ‘Thercfore, the entire operation requires 3 teams and one c'nginccr, or

seven workers.  The DMA monitoring and inspection program is proposcd in Figure A-8.1,
8.2 . Leakage Detection Survey

According to the Master ‘Plan, 75,646,000 m’/ycar, ‘or about 35 % of the iotal
- disteibuted water, is lost by leakage. It is well known thai a leakage is large cconomic loss,

and il also induces secondary disasters such as collapse of roads and secondary poltution of

waler supply system. 1 also burdens the water supply management,
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The results of leakage surveys conducted this time demonstrated frequent leakage from

old cast iron pipcs, as pointed out in the Master Plan report.  The average leak rate from a

single lcakage site was also large.  The cstimated leakage per km of pipe was about 7

arfhrkm.  Furthermore, many leaks are concentrated on cast iron pipes.

The curcenmt leakage control teams in DAWSSA  consist of 4 teams with 5
surveyorsficam, giving a tofal of 20 surveyors.. However, regular survey is ot practiced, and

their activilies arc gencrally limited to case-based ones, -
The suggested leakage survey activitics are summarized below.
(1) Sclection of priority survey arcas

- Casl iron pipes
- High pressurc zones
- D10 block (cspccmlly Yarmouk ‘lrm) h"tscd on D‘VIA study .

} _ - An,'w with ]‘Il“h minimum flow: based on uni- ﬂow mmsurcimnl
- (2) -+ Survey mecthods

‘Day ume activitics 1. Leak sound surw,ys of pmlrudm}, part of syslcm such as
| | hydrant and \mlw.s .

Night time activitics  Leak so_und survey of pipes at the sites whcfc leakage is
suspeeted in the Day time activitics above.

Day time activities 2~ Contirmation of leakage at lhc site sdc»lad by leak sound

survey ol p:pcs ﬂbov»
T hc confirmation ‘survey is pcrlormcd lo minimize lhc ereor abnul the location of the .

lc1ka§,c ' The leakage site is pmpomlcd by comparmg the Jeak sounds at dnliucnl holes (abmn

19 mm) in the ground (road) drilled by a hamnier drill as iltustrated below.
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(3)  Survey flow

Survey fow is conducted as follows:

Preparation

|

Leak Sound Survey on Protruding Part.

" Leak Sound Survey on Pipe ]

Confirmation Survcy‘| (Boring Survey)

T hL g,round in Dam'lsn.us is hard, and sound of IC‘Ik‘Ibc is casily transmilicd to the

g,mund surlacc Thcrctorc lcakage survey based on leak sound method ‘lppcars ta be' the

' anost sunmhlc choice,

(4)  Organizalion of survey teams

The total lcnbth ol distribution pipes in 49 mcdmm DMA bloaks is about l 220 km..

A\summb these p:pﬂ arc mvcsubdtcd once a )car and 200 working_, d.lys per year, lhc survey

distance is aboul 6.1 km/day, or 30.5 km/w«,ck (5 days). “This work load rcqutr(_ts al least two

teams of [wo Surveyors per team, or 4 surveyors.

Instrumentation (for 2 teams)

Leak d_clcCldf 4
Lmk sound dclcumn bar 4

_ Pipe Imalm’ 2

© Hammer d_n!_l 2

~ Boring bar _ -2
Autonmobile 2

Other (paint, hydrant opencr, cic.)
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The teams need to be coordinated and their works have 1o be'scheduled, A full-time
system is recommended.  The feasible work volume by the leams is cstimated as shown in

Table A-8.1.  Suggested schedules are given in Figure A-8.2.
8.3  Leakage Detection and Control

A leakage detection and control program ba%d on the DMA syslcm is proposcd and

the proposed program has the 1oll0wmb compaonents:

i) A mains renewal plan to reduce the level of leaking lead joints on cast iron mainé
and reinforce the existing distribution system thus safeguarding supplics.'
ii) A plan setting up the DMA sysiem that will cnhblc _DWS_SA to monitor the
~ distribution systcm and identify arcas of hlgh leqkq;,e
ii) A p]an for sciting up rugu!alcd Pressure Zoncs which w1|l rcduu: the levels of
lcakﬂgc in high pressure zones.  This pm‘g,r'nn suppmls Ihc DMA syslcm
| iv) A program for- n.mtorcumm ol -regular ﬁmusl:c sounding survuys for leak
- detection at the dlSlfll)llll_O]l syslcm_ in cooperation wnh thec DMA system.
v) A program for water supply iﬁuprovcrncnl with establishnient of DMA system in
'_ informal'arcas like the Mezze-Razy and Kafar Sousch-Lawan S_ySlcm planned in

this stage.

" As presented in Figure A-6.3, DMA slystcm is lormulated to provide DAWSSA wilh_ an

active leakage control program. A monitoring program bascd on the DMA system for the

distribution system in the City was proposed as shown in Figurc A-8.1.  The schedule for the

program of reinforcing regutar acoustic sounding surveys is presented in Figure A-8.2.

‘ The imp]cm'chlatioh schedule for setling up the DMA system is shown In Figure A-11.1
and discussed later in Chai)tcr’ 11. The program for sctting up regulated pressure Zoncs was
included in the DMA program..'f The water main replacement .pr_ogrmﬁ proposéd_ as an urgent
priority by the M/P-is reccommended, and is described in detail in the Appendix G, because it is o

closely linked to the implementation of the DMA system.



APPENDIX A

9. IMPLEMENTATION PLAN
%1 DMAPan

‘The DMA plan was proposed as shown in Figure A-6.3.  The DMA system requircs a
sct of shuice valves, flot rate monitors, and/or pressure monitors to be installed at the
intersections of pipes with the DMA borders.  To sct the borders, thercfore, il is important to
- take into account the cost of installation and O&M, in dddition to the gc:lcral optrational
- requirements.  Considering these reqmrcmcnts the bordcrs were sct so that the number ol
intersections per medium block is 8 or smaller.  In lhc end, it was posssblc lo design DMA

blocks with the maximum numbcr of partable monitors to be 13 per medium block.
The total numbers of the DMA blocks are as'@'olfmys.

Large block lt_ﬂ)loéks (including the ﬁr_sl_ layer and except iafgc blocks that

“are divided into medium blocks.)

‘Medium block @ 36 blocks (except la'rg'c' blacks that also serve as medium blocks)

Total - 50 blocks
9.2 ~ Preparing Equipnicnt and _Siic Preparation
9.2 Rmuircnmnt of pipcline arrangement (scc. _Figtir¢ A-6.4)

(1y To mcrgu northern scchons of D(}6.4 rmd DIO i into D06, the following armnguncnt

will be nceded.

i Install a pipc (ND400 mm, 0. 75 km) that connccls D06 10 DI10.1 and D06 4
Renew the existing connccnn;, p]pc (NDiSO mm, 0.6 km) to ND300 nm.
- Install two slumc valves (NDISG mm} to lsohlc the northern part of D06.4.

Connccl the separakd part of D06.4 to ncwly installed ND400O mm pipe.

TS PO NS

“To connect D064 to ND400 mm pipe, connect the existing ND1GO mm 1o the
ND400 mm pipe.
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(2} To merge D08.4 10 DOS, the following arrangement will be needed.

1. Renew the existing ND200mim, 0.5 km to ND40O mm.

2. Connect the newly installed ND40G0 mim pipe to existing NDS00 mm pipe.

3. Conncet the newly installed ND400 mm pipe to existing ND20G mm pipe.

4. Scparate the ND&00 mm pipe and NDS00 mm pipe in DIO.I, and instali tw:o_ shiice
valves (NDSOO mm) to merge NDSOO mm pipe io DOS. |

: (3) * Correction of water pressurc candition m blocks DIO.4 and D10.5

The uneven pressure distribution in Blocks D10.4 and D10.5 can be reduced by
installirig & feeder pipe (ND40O mm) that conncets the existing water main (ND80O mm) al

D10.1 to the existing water main (ND250 mm) at Di0.5.

(4) Measures for reduction in water pressure in some arca of DO and D02

~ There arc some pipelines whose water pressure is over 10 kg/em? in parts of DOT, and

- poz. Valves need to be set up on DO1, 150 mm, and D02, 400 mm, to reduce the water

pressure.

(5)  Ta solve the low pressure prablem i_n‘D'OS, conncct existing ND&OO mm pipe to ND300 ©

- mm pipe.  Also, the resnaining water head around the divergent point is more than

81 m, 5o a valve has to be sel up to reduce the water pressure.

(6) : Capability of the pipeline to supply water from the western reservoir o the Mezze. |

“Resérvoir

' “Fhe maximum velocity in the existing ND600 mm (3.5 km) is over S m/sce in the kigh

" watet scason.  To supply waler withowl exceeding the maximum recommended veloeity of:

2.5 miscc, this pipeline must be changed 1o D800 mm.
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© 92,2 Installation of Flow Mcters, Valves, and Pipes

‘The locations of standing (permancntly installed) and scasonal monitors are given in
Figurc A-9.1. The standing monitors are installed at the catrance to large blocks. The
seasonal monitors are arranged to surround each block so that the flow rate in the block can be

monilored on a séasonal basis. The chambers are installed to house both standing and

- scasonal monitors.  The total numbers of newly inslalled monitoring chambers, valves and

© pipes are given below.

[tems - Amount
1} Standing monitoring chamber - 32
2) Scasonal monitoring chamber ' 133
3) Sluice valves NDISO mmx 3, NDSOO mmx 2 .
- 4} Pressure teduction valves _ ND800 mm x i, ND40O mnix {, NDISOmmx 1
“5)- Pipes - ' - ND200 — 400 mm x 2,000 m

Flow. mclers, pipes and valves required for the establishment of DMA system arc.

summarized in Tablé A-9.1 and detailed informations ar¢ presented in Table A-9.2.
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10,  COST ESTIMATES
10.1  Construction Cost
The estimated cost ol the proposed praject is summarized as follows ;

© " (Unit : US$ 1,000)

_ {tems 1..C. “F.C, Total )
* 1. Pirect Constiuction Cosi - : 628 : 2,647 32715 .
1) Ductile cast iron pipes ' _ 89 © 385 474
©2) Valves _ : 4 as 282
3) Water & Flow melers ' C 282 1,918 2,200
- 4) Valve & Meter chambers - ] 253 | 66 319
2. " Tax and Duty 411 R | R 411
3. Administration Cost ~ 106% of Dircct cosl .63 0 63
4. Engincering Cost 10% of Direct cost - 63 265 1328
‘ Sub-Total ( Ttems 1 to 4 ) . 1,165 - RS I 4,077
5. Physical Contingeacy ' . 75 L2911 366
: - Sub-Total (ltems 1165 ) 1240 ) 3,203 | 4,443 0
6. Price Conlingency | L o6t | 128 189
. " Total . ol L3 3,328 4,632

Note: 1. L.C. means local currency portion and F.C. means forcign curreacy portion.
' 2. Physical contingency is 10% of sumof ilems 1, 3 and 4.
© 3. Price contingency is 5% of local cusrency portion and 3% of foreign currency portion of items 1,

3,4 ands.
10.2. - Opcration 5n’d_Maintcnancc Costs

(1) Operation and maintcnance costs for the DMA System project is estimated al about
-~ US$36,000 / year o ' |
(2) The leakagé repair costs are cstimated to increasc gmdually as a result of DMA starting - |
with a USS'BS,O()OJ)'_c:ir increase afier the  first year and a total ini:vr_caSc": of
'US$250,0'00[§'¢:M afler thé prdgmm is fully implemented. . _
(3} Flow meter replacement cosls for the DMA System project is'c;;limn:tcd at .aboul

US$3,014,000, aftcr 15 years OI‘()pCfalit;ll.
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11.  IMPLEMENTATION SCHEDULE

The implementation of the District Meler Arca (DMA) System project is planned to be

completed by the year 2006.

The implementation of the projects is planned for the purpose of properly cxecuting the
‘work by taking into consideration: the conditions lfor the projects, including contractors,
procurement of construction maicrials and labor force; the manner of procurement of water

supply equipment and materials; and the manner of construction.
11.1  Capability of Local Contractor

Contractors and suppliers who intend to undertake the construction works and the
supply of construction equipment and materials for public works shall be registered with the
government  agencies  concerned. The  Syrian Construction “Contraclors Associalion is

responsible for contrictor classitication and registration. :

 DAWSSA pre-qualilies *contiactors ™ by classilying them into (cight) ficlds of -

engincering activities and ranking them into onc of three groups depending on théir tinancial

- strength, equipment capability, and the number of qualitied engineers and experience in the -

©field.

These cight fields are 1) Supply and Exccution of Pipes and Metals works 2) Pump
Installations  3) Mcchanical & Electrical Installations  4) Pipe Laying for transmission Lincs
5). Laying ‘of House Connections 6) Road iCo.nslruclians ~7) Fitting Casli.ngs and

8)'chctric Board works. |

-Eirsi, sc’cond and !h'irfd ranked conlfaclc’vré are nominated for lcﬁdéring on DAWSSA'’s
‘projects, in the cach ficld. Fillcen (15) conlractors are registered in the first rank, scven [0

contractors are in the sccond rank and nine () contractors arc third rank.
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DAWSSA has cxpericnced contractor capabilities through many projects already
cxecuted.  The local rcgislcr‘cd contractors have the capabilitics and expericnce required to
construct the proposed projects without the used of forcign experienced contractors. Local
contractors have suflicient consteuction machinery and equipment including heavy construction

machincs.
11.2  Construction and Procurciment Mcthods

The methods of construction and procurcmient of LC]UlplTlLll{ and materials usui on the

- DMA projeet arc all exccuted in Syria cxcepl lor hlﬂh technology componeals whlch are

procured through international competitive tendering, - Civil works are gener ally prowrcd by

~local competitive tendering pracedure in accordance wtlh DAWSSA E,uul:.lmc

(1) Alternatives:

* . a) Turn-key contract: for the: entire construction works'. through  international

tendering

b)Y Several contract packages: for conslruclion works inctuding pipe materials and pipe
laying works, ‘mechanical .md t]CLlnC‘ll LqUI;)HlClll and mstal!dlmn, and uwl and

scmndary works lhmush inteenational lcndcnng : i
'¢) Scparated conlracts:  confracls scparated inlo international tendering  for
procurcment of flow meters and pipe matcrials and local tendering for construction

- works.

For the above mcnlmncd alternatives, a) and b) arc usua]ly apphcd tu Inrbc scale works :

’ andfor for advanced hmh technology Lomponcnls of xmthods. The ability of Im. al contractors

is deemed suitable for the 1mpluncnhl:on at the pruposcd pI‘OJCLlS cxucpl pmcurcment of

flow melers, because the proposcd projects consist of ordmary civil works without any -

advanced high technology. Therefore alternative ¢} is selected as the recommended tendering

procedure.
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(2)  The manner of procuring the materials and civil works will be as follows;

(a) International tendcering
- Pipc materials and accessory for pipelines
- Supply of mechanical and ¢lectrical cquipment include supervision

- Flow melers

(b) Local imae;ing ' -
'Civil. cngincering works arc grouped-into ‘multiple-packages by arca or contract
p'c‘r:iod tor local lcudéring by the registered contractars. | ’
- Pibc laying works of distribution pipe Jines
- Construction civil works include flow.meter chambers -
- Exccution of mecl.mnica_l and’ clectrical works with DAWSSA supervisor,

- assisted by toreign supervisor
11.3  Implementation Schedule

In preparing a realistic schedule for the implementation of the project, it is assunicd that
DAWSSA will organize the conistruction activitics. Most construction works will be conducted
by local contractors and supervised by DAWSSA or it’s designated c:m_\sullanl‘ DAWSSA
has well trained staff, expericneed in this type of project and are well qualilied to carsy out

project masagenicnt functions.
The project is expected to start in 1998 and be complete in 2006 with financing signed

in Junc of 1998, dctailed design starting in January of 1999 and pipes procured in January of

2000, as shown Figure A-11.1.
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