3. PATTERNS OF WATER UTILIZATION
3.1 Water Use in Irrigation
3.1.1 lhrigated Areas

N The location of ifrigated lands within the Barada and Awaj Basin is itlustrated on Figure
©C-3.1, the total ‘area is 664 km®. The main irrigated area is the Dunascus Ghowta which

~occupies the afluvial fan of the Barada and is watered by il's many distiibutary canals: The

Ghoulta has an area of just over 370 kni’. The irigation follows the course of the Scbrani and
Janani rivers from there headwaters, initially confined within the narrow valleys but broadening
“on the alluvial fans. There are also irsigated lands occupying the intermontane valleys such as .
the Zabadani, Sergaya, Saboura and Sednaya areas. The area of irrigated land has not been
assessed since the mid 1980's, however the sentor technical staff at the MOL Barada and Awaj
Center verbally informed the JICA team that there has been no change in cither overall irrigated
area or usage. Changes, it was said, have occurred bul they have been a case of abandoning
onc arca in cxchmgc for a new arca, and a prog:esswc swuch from surface water 1o
: g:oundwatcr SOUrces.

~ 3.1.2 Twigation Volumes

Thc total anmml volume of uugatlon in the basm is about l 000 MCM used with an
' 'mnml application of 1,480 mmfy ‘Within the Ghouta, the rates are-much higher than”the
- average, _669 MCM are used at an application rate of 1,800 mm/y. while for the rest of: the '
basin 1,080 mm/fy are used ‘These totals compr ise both surface and groundwatcr SOUCes. Thc'
breakdown of the tota! valume for the Ghouta is -walhble with 31% groundwater, 2?%
surface water and the remaining 46% from both sources. A summary of the available
information is found in Table C-3

'3.1.3 Inigation Practice’ |

Surface waler is conveyed. o agricultural land by the main canals. Where possible the
“ofl- takes awe by glawty'ﬂow control and a network of minor chamels, Elsewhere water s
pumpcd from the canals and stretches of the: Barada River (hey laken by pipeline to the crops.
Groundwater is taken from tube wells generally with sarface mounted vertical lilt pumps
powered by a separate diesel engine. Regardiess of the origin of the water the method of use is
similar. Water is allowed to flood along shallow furrows between ridges with the crops, There
is litlle or no spray or drip frrigation practiced in the Barada and Awaj catchment.




3.2 Water Use in Water Supply
3.2.1 Damascus Rural Governorate

“The water supply for the towns and villages in the Damascus Rural Governorate are

| supplied by EDWSSR. The sources used by EDWSSR are listed in Table C-3.2, and thosc that

arc within the Barada & Awaj Basin near to Damascus arc located on a map, l'agurc C-3.2. In

~ total the installed capacity of the establishment is 4.3 m*s, if the sources arc used at 75% of |

capacity over the year then 101.4 MCM will be used. The predominant source is groundwater

" (97%) while springs make up the remainder, there are no surface waters used for municipal
* supply. The greatest concentration of population is in the ring of urbanization from Daraya in

the sounth to Dumma in the north that surrounds the easteen side of Damascus. It is within this

zone the largest abstraction and usage occurs.

322 ngasi:us‘ Cily Governorale

Thc usage’ ol' w'\tcr in Dmmscus Clly Govcrnoralc arca’is from groundwater sourccs

and is dLSClled in section 4 of this appendnx

3.2.3 Industry

| _ lndusiry and technological enterprises have bccn csliniaicd to use 12 MCM/y in (he

' 1980'5‘l'_ac'n_giprbvddkhoz_' (1986). The responsibility’ for managing and Ticensing these

“abstractors lies with the Municipality within the City Govemorate and with tlic MOJ in the

“Rural Governorate. It has not been possible to obtain more up to date information on industrial
- water consumption palterns from the Municipal authority. S

©3.2.4 Net Water Usagc

By (.‘Olllp"tl xson of natural and cumnl water flows in lhe rivers the net effect of the all.

‘waler usage is seen. ‘The natun] flows in' the river system have bccn assessed and this may be .

compared to the current condmons Data wllecled in the last 10 years have been of the modﬂ"ed

~ flow regime and shed light upon the modified conditions for the river basin. By a comparison

of the assessed natural flows and the current situation the influence of thc human activities in -
irigation and water supply, may be quantified in the absence of any more direct other data.

Determination of present stream flows records from the stream flow measuring stations
in use on the rivers and its tributaries and canats. These are operated by the MOI. Monthly data
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was provided for the use in this study for the hydrologic years 1990-91 to 1993-94. The data

“cover a period with greater than average rainfall and so the use of the numbers in an average
would give a distorted picture of the true situation. The rainfall being perhaps 125% of the fong
- term mean rainfall as deterimined from DAWSSA's obscrvation network. The year 1990-91
received just above the mean rainfall and was preceded by a dry year while 1993-94 received
just below the mean rainfall and was preceded by a wet year. To represent the cureent
conditions stream flows have been taken to be the mean of these two years. This method
though crude and unsophisticated is a pragmatic appreach.

‘The net:use in the seclions of the catchment were the method may be applied are
tabulated in Table C-3.2. The net quantitics used in the upper section of the Awaj system are
"small. the nnajority of the use occurring in the agricultural land near Saasaa. Similarly in the
Barada catchiment the reduction of flow on Wadi Karren is small, but the main course of the
river in the Zabadani Valley is significantly cflcc(cd

C-34-



4. GROUNDWATER ABSTRACTION
4.1  Abstraction from Quaternary Altuvial-Proluvial Aquifers
4.1.1 DAWSSA Sources

In the city DAWSSA operated 7 wellficlds in 1995 with a combined abstraction
30 MCM plus another 4.1 MCM from the Fringe Wells: A peak output of 167,400 m’/d
(1.94 m’/s) was achicved durin‘g.Scplembcr.-'l’hc welifield are used in periods when the
discharge from Figeh spring is insufficient to meet the demands, Figure C-4. 1. Thié period has
been from June to Febroary in recent years with a peak period from September to November.
Figure C-4.2 shows the mean pattern of abstraction for the whole period. There has been a
~steady increase in (he use of the cily wellficlds over the G years indicated by the monthly
abstraction data. The rise; shown in Figure C-4.3 is about 50,000 m/d (0.58 m%/s) every
seven years for the peak month abstractions. The chaige is due to the use of new wellficlds and
(he more intensive utilization of the wells at the existing stations. The output er.l!\}':ilidi\fidl!ﬂl
“wellficlds on a m_onlhly basis are provided in Data Book 3 in both tabular and graphical :
formats. ' - ‘ ' ' L

4.1.2 Damascus Ml_lnicipnlily"Sources '
The ¢ity authority operates 55 wells for the purpose of irrigating the pardens and strect’

cleaning. Thie individual wells are not metered and so there is no direcl way o determine their
~ abstraction quantity. The pumps installed in the wells are from 7. 5to 100 HP in power wilh

. 20 HP being thie most conumon. The total power 1s 1,118 kW (1,490 HP) from all 55 wells.

By comparison ‘wilh the DAWSSA fringe wells in which a 25 kW pump prowdcs 50 m *h
abstraction arough measure of the potential pumpod qu*mhllcs is calculated as about 0.6" m’*/;

- Since the holes are operated or a 6 hours per day basis the sources could give up to 4.7 MCM
ina full year. It is expected that this is an upper limit since the garden irrigation does not (ake
+ place throughout the ycar. A more realistic tolal annual abstraction being 3.5 MCMyy,

The current sitvation may be compared with 1985 when thé Municipality abstracicd
10.6 MCM/y from 103 wells within (he city. The total 't that time mcludod all the DAWSSA
wells which then were operated by the Municipality. - '

4.1.3 EDWSSR Sources

‘The Bstablishment of Drinking Water Supply in the Rural Province of Damascus
{EDWSSR) supplics water to the area surrounding Damascus in the Rural Governorate. The
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population served within (he Barada and Awaj Basin was estimated to be over 990,000 in
: 1985, and consuming over 56 MCMy, from groundwater and spring sources. Information
provided by.EDWSSR in 1996 is presented as a map of the source locations, Figure C-3.2,
‘while Table C-3.2 itemizes cach source and it's capacity. The majorily of the abstraction is
concentrated in the heavily populated Ghouta; the supply districts of Douma, Harasta, Erbeen,
Babbila, Jaramana, Kafan Batna, Dariah and Schnaya, with a capacily of 1.94 m’/s, (61.10
MCMYy). Other parts of the lowlands around Damascus are much less heavily populated and
have a commensurately lower water usage, The total capacity in the sources in the lowlands is
- 2.57 m'ts. '

‘4.1.4 Inigation Sources

The main irrigated zone lies in a swath (o the east and south of Damascus in the area
- known as the Ghouta. A further ircigated area fed by water from the Awaj River lies in a similar
: topogrf\phlc posmon to ihe south of the Ghouta: In addition irrigation in the intermontaine
basins such as the Zabad'uu Sergaya and Scdnaya valleys ate dependent upon groun(twalcrs

e Thc waters from the Barada hayc fed the ficlds in the Ghouta for thousands of years, but the

extent of the 'irrigatidn has increased dramatically in the sccond half of the twenty _ccinlufy. In

‘ 1947 there were just 622-wells in the Ghouta, in the early 1980's this had mushroomed to - & -

16,200 while currently it is estimated by MO! that there may bei:i excess of 30,000, or about

onc: brothel ‘per hectare_ of land. The area - of irrigated land and volume of groundwater

withdrawals has incieased in a similar manner from 74 Iun usmg 53.2 MCM/y in 1947 1o
371 km® using 293 MCMy in the eaily 1980's. "ﬂle cxlcnl of the irrigated land in 1985 is
shown in Figure C-3.1, and asummary of the nugalcd areas in Table C-3.1, It is slated by the
MOl that bolh the area and wates consumpuon in uug'mon has remained constant in lhc last ten
- _ycars Howcvcn the bialance of water usage may have tended to switch from surface water to
groundwaler as the streams have become less reliable in both quahty and quantity.

4.1.5 Other Groundwater Abstractions

‘Industry and technological cn'lerpris'és: have been estimated to use 12 MCM/y. The
reésponsibility for managing and Iioehsihg these abstractors lics with the Municipality within the
Clly Govemorate and with the MOI in the Ruml Governorate. Prior to the construction of a
well and also priorto the qbsn acuon of water the relevant authority must issue a license. The
Municipality has 153uc-d 512 licenses in the period 1975 to 1996, 15 of which are industrial and
497 are for domestic uses: This does not reflect the true situation of actual wells or abstvactors
since many have been constructed and pumped without ticenses.
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The buitd up of abstractions in the city arca was considered to be a probleim as carly as -
1961 when there were 200 wells in the city. A complete ban on the construction fusther holes
and absiractions was issucd by the goverament at the time. This ban remained in force until
1976 when a revision was made. All new buildings that were to be over 7 floors high or would
have an area of over 3000 m’ were required to have a well prior to construction. The well was
to provided water for the construction and subscquently for cleaning and garden watering. The
license for the Wcl}'s!ipu!atcd the capacity of the pump that could be installed and normally
limited the output by requiring a rising main of only 1"-or 1.5", The implenientation of the
liCCIlsillg system has been rigorously-cnforced with many wells constructed and operated
wilhout_'lhc ncccss'ar:y licenses from the Municipal authorizes. To identify the actual situation a
s.urvey was held collaboratively by the MOl and Municipality in 1990. A report prepared of the
sufvcy has been requested from the Municipality, however this could not be made avaitable to

‘DAWSSA. Itis understood that there may be about 6000 wells inside the city identified by the

report. The Municipality perceives there to be a problem with the extent of the illegal
abstractions within the city. To combat the problem the Mayor of the city issued a declaration

that required alt unlicensed wells to be notified and a license application submitted. Wells that

continued (o be used would be backfilled. The fext of lht_:'MayOr‘ s declaration was given only 2
limited circulation to official orgahizations and not to the general public. By the time that the -

deadline for the submlssmn of appllmuons had been ruichcd the response had been, by their |
own qdm:ss:on very weak. Until the authorities take a more determined - approach to ll!cgzﬂ

groundwmc: use there is unlikely to be any ch'mgc in the situation. So for the purposes of the

© Master Plan, since it hcs outsxdc control of DAWSSA, abslracllon in the. cuy will be ihc sanic
- or will increase.

4.2 Abstraction from Jurassic -.C_rc!aécous Limestone Aquifers
4.2.1' DAWSSA Spring Sources

The abstraction fromi Figeh Spring comprises the majority of all water supplicd by
DAWSSA. The quantity taken varies seasonally with the demand and the natural discharge.

' Thc hydlology of the spring is cxplmned in detail in section 2.4.5 (2), in summary lhough

During the spring flood period ‘of Fcbunly to March thére is a natueal discharge gr caler than the

‘demand from Damascus, and Iarger than the, capacuy of the tunncls.; Water is permitted (o

discharge into the Barada River. After’ the peak discharge the. flows wilt diminish in a

predictable manner to a minimum near the end of the year. All the waler from the spring may be

taken, and the discharge is artificially increased by pumping and lowering the sb‘ring base level.
The average quantity abstracted by DAWSSA over the last 10 years has been 5.03 m'fs, with a
seasonal average minimum of 4.0 in November and a maximum of 6.4 m*/s in May. These
figures mask a wider flucteation, the records in the last 10 years are a peak momhly abslraction
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of 8.4 m*/s in August 1992, and a minimumof 2.9 m’/s was used in January 1990 during a
tow flows, Figure C-4.4.

4.2.2 DAWSSA Wecll Sources

- The Barada Spring wellficld has been in operation since July 1595 and has been steadily
increased to the operational production rate of about 100,000 n’/d. The Dummar wellfield is
no longer in use as the station is undergoing redevelopment,

-4.2.3 EDWSS.R Sources

The settlenents in the Rural Governorate in the mioontainous areas is supplied by many
smaller springs and minor wellfields. There is a fotal capacity of 0.709 m'/s from
groundwaters, (86% from wells and only 14% from springs).

_ 4.3 Abstraction from Minor_Aquifcrs L

' The population in Rural Governorate is locally supplied from minor aguifers with a total

.~ source capacity of 0.38 m’/s.
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5. WEIL INVENTORY
5.1 General

'There are very large number of wells in the Damascus Bagin, ten years ago it was
estimated that there were over 16,000 with about 750 within the Damascus Urban area. Today
it is estimated by the MOI that there may be 30,000 wells. The majority of these are private:

imigation wells. Others are operated by the MOI, DAWSSA and the Damascus Municipality.

A catalogue of 402 wells is collated in the Soviet report. The catalogue providcs:

~ lithological logs of the wells as well as brief construction and testing details. These wells are

from all over the Barada and Awaj Basins and include some of the DAWSSA wells.
Information about wells constr ucted since 1985 by the MO! and DAWSSA have been collated .
and incorporated into the data which is presented in the Data Book l.

A well mvcntory has been prepmd for all the known DAWSSA wclls The mfo: mation
has been collated from construction drawings, site plans, cily maps, field reconnmssma.c and
interviews with DAWSSA staff. All the wells are listed in he inventory, which their type is
summarized in Table C-5.1. The observation wells within' Damaseus which are paﬂic'ularly

~ important in the water resources mmlitorin“g progeam, awe listed separately in Table C-S.."Z.

" The numbering systems for wells in operational wellfields differs from that used in the

' recording of the drilling and pump testing data. In order that future confusion of well numbers
- may be mmnmz-ed both the current operahoml nuwber of the well and the dullmg number are

included in the mvcmmy

The geogmphic location of the wells is providc_cl in iwo coordinate systems. The

" Universal Transverse Mercator (UTM) sysiem and the Syrian Cadaster. National Grid. The

positions of wells have been taken from the best available site plan or hap available for the
arca. L R o

ihc well mventory mfm mation- is held on bolus 123 sprmdshcct files and the Umlcd _
Nations® groundwater database, "Groundwater for Windows", The GWW files and the

“associated database software has been pmv:d:.d to DAWSSA as paﬂ of the second field input.

The data can be updated as further wells e constructed or fested 'md other hydrogcologtcai
information such as water levels and chemical analysis are collected.
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5.2 Hydrogeological Monitoring Netwoiks

A well network was established in the Damascus Basin in the late 1950's and early
1960's for the purpose of monitoring the effects of pumping on the groundwater levels, Of the
159 observation wells in the arca only 17 have been monitored for a relative long period
- between 1975 and 1986. The most of the remainder have only a § year record collected as part
of the hydrogeological asscssment investigations, USSR(1986). The investigation wells in the
vicinily of Damascus are shown on Figure C-5.1

; “The monitoring network used by DAWSSA is concenteated upon observing the water
" levels in the operalional wellfields dusing their period of operation. The wells are either
specially drilled holes with 3" éasing or arc larger diamcter production wells with a low yield.
A summary of the observation wells is given in Table C-5.2, while other delails may be
" obtained from the well inventory in Data Book 1. There'is a network of 7 new observation
~wells which are located throughout the city, and 3 holes in unused welificlds. Of the new
observation wells, only one is currently monitored by DAWSSA (Diwania Gardens). The other
‘observation holes are reported fo be filled with sand or inaccessible, for these reasons they have
ot been used for their intended purpose. o
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6. PRESENT WATER RESOURCES OF DAWSSA
6.1  Waler Resources Organization in Syria

The Ministry of Irrigation (MOI) is the governmental body wilhin- Syria (hat is
designated the responsibility for coordinaling water usage and planning future water resources
development, The Ministry has the authority to issue licenses for the abstraction of water from
surface and underground sources. Due to the historical development of the EPEF it was given

 the right to the water from Figeh and geoundwater within the municipality of Damascus. These

rights have been carried over to EPEF's successor establishment, DAWSSA. Within the
municipality, the managenient of water resources, other than those utilized by DAWSSA, is
under the overall controt of the MOIL However the licensing of abstractions has been deleghted
to the Damascus Municipality. Possibly as a result of these three organizations; (MOI,

* Municipality and DAWSSA) all having an interest in Damascus, water tesources planning and

abstraction licensing is somewhat haphazard.

: 62  Potential Water Resources Available to DAWSSA

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

almost fully committed to water supply and irrigation uscs In the preparation of the Master
~ Plan the maximum- unhmnon of the existing sources is proposed . togelher with limited -

dcvclopmcnt of new SOUICes: 'Ihc rough estimate ol' the resourees is gwcn in the foilowmg :

table:
__ S Total Réplenlishc’d Resource Estimated Resource
Source L wilh acceplable water ©avaitable to DAWSSA -
, _ ' Quality (MCMIy) - (MCMfy)
" Figeh Source 220 : 220
Barada Source 100 - ' 34
- Sergaya Area ‘ L9 _ o 3
-Deir al Ashayer Area - 7 _ 3.

Damascus Qumcmmy 6 _ - 50

At present about 130 to 185 MCMIy are used from Frgch Source 'md up to: ’H MCV[fy .

" from Damascus. The unused portion of the Figeh source over flows mlo the Barada River

during the flood season when the quantity of water from this smglc spring exceeds the
requirement of Damascus. The natural flow of the Barada is about 100 MCMy, however not |
al} of this is available for use. The flow has reduced to about 70 MCMy, the water probably
being intercepted by irrigation wells before reaching the spring. The MOI has allocated a

34 MCM/y tranche for use by DAWSSA. The estimates of the resources in the Jurassic aquifer

east of Sergaya and the Crelaceous around Deir al Ashayer is based upon water balances for the
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- aquifer units. The water in these two areas is already used for local water supply and irrigation
- the amount that niay be taken is therefore limited. The source of Wadi Marwan is the
Cretaceous aquifer block that also supplics Figeh spring. It is anticipated that the use of Wadi
Marwan will not creatc any new resousces but will share those that naturally discharge from
~ Figeh. For that reason it is not included in the list of water resources.

The groundwater resources under Damascus are not clearly quantified. Broadly, the
- resources in the mountainous areas comprise the rainfall less evapotranspiration. Whereas on
g “the plains and foothills the quantification of resources is more complicated. The rainfall less
evapotranspiration is much less or negative, and the water resources are those that enter the area
“either by groundwater flow, surface water streams or conveyed by public water supply
- distribution systems. The water balance of the whole catchment has been estimated for natural
" “conditions and for the mid 1980's. This balance has been updated with data as is avaitable for
the mid 1990's. The zones where the water balance is most different to those pertaining to
-natural conditions is the city of Damascus and the Ghouta. It is this region where large and un-
measured ﬂmcs occur. The groundwater resources usable by DAWSSA h'wc been set at about
50 MCM/y which would be desived from groundwaler flow into the area from the Cretaceous,
less through-flow of groundwater towards the Ghouta. To this should be added a very small
- _contribution from infiltrated winter rainfall, and then a significant quantity due 10 leakage from

“the distribution system, canals, river bed, and, waste water systems. From the groundwater
DAWSSA has taken 35 MCM/y and other abstractors an unknown amounnt. The maximum

cxploitable quantity’ is higher than that used at the prcscnt. _Thc value of 50 MCM is

approximately half the estimated storage in lth_chlé Beds, this is assumed to be the safe
limit. ' . ' | ' '

Within the duration of the Master Plan ‘schemes will be implemented may- reduce
recharge to the aquifer. Firslly the leakage from the distribution system is to be reduced
especially in the informal arcas of the city.” Sccondly connection to the sewerage system will
become more wide spread. This will reduce seepage from soak- -aways and for those selllemems
upsteeam of Damascus n,ducc the ﬂow in the river and lulgauon canals through the cﬁy I
these schemes are successfil and there is an oveiall reduction in absolute amounts of water
losses,’ grmmdwaler nchargc quaritity will reduce even though the quality will be safe-guarded.

6.3 Previous Reconimendations on Water Sources

A lafgé study of the Barada and Awaj catchment undertaken by a team of Soviet experis
was undertaken in the early 1980's, Lengiprovodkhoz(1986). The purpose of the work was (o
provide overall report on water resources and -a guide for the planning for water use in the
catchment for public water supply for Damascus, and predominantly, irvigalion uses. The study
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found that there were some further water résources that could be used to scrve Damascus.
These new sources are listed in Table C-6.1.

6.3.1 Springs

The water resource polential to supply Damascus from' Figeh was considered to be a
fixed quantity. However the regulation of the spring flow might be achieved by the pumping in
the recession period dcplcting the aquifer storage which would be teplaced by recharge the
following winter, :

Barada spring was proposed as a source with & capacity of 81 MCM (2 .56 m’!siover a
year. This source has been adopted by DAWSSA bul abstraction from a wellficld surcounding
the spring and a much lower total capacity.

:0.3.2 Groundwalter .

~Cretaceous & Jurassic of Ash: She;kh chlon 6 wellfields producmg 1. ’566 /s were

: proposed The Cretaceous of Sharki-Kalamoon Region; was proposcd to be used with a smgh, _
~ wellficld producing 0.300 m_’ls. The Jurassic aquifer of the Barada spring was proposed for '
' the use of 3 wells with a capacity of 20 MCM/y providing an average output 0f0.630 m¥/s.

" The use of the Sp_rings' al the hcad_'.'valer:s' of the Aw.ij River was propescd, namély lSéi;

~ Jenn, Talimasiych and Tabibiyeh was alsb’considcrcd a possible source for water resources.

The aqu:fer under Damascus C;ly was cons:dercd o havc the bcsl water quality and

~well ylcl(lq The construction of six wellfields at Mazraa, Cumawiyin, Jobar, Kaboon, 1bn

Assaker and Kadam was proposed giving an extra 7 MCMy, with a peak yield of 1.427 m’/
These wellfields have all been construcied and are in operation.

“ The Upper Quaternary aquifer in the central part of the Damascus Depression was

* " identified for the installation of 6 new wcllﬁcld‘s (Mapkara, Shifonieh, Jaramana, Bﬁlc/Dcir al
: ASS"tﬁi Darasalama, Kasmiyeh), The total yield to inamsc in'a slagcs 0 39 MCM/y then to 83 _

MCM/y. A peak capacity of 1.018 m'/s was anllCIp’ltLd Most of these lie in the arca of:
EDWSSR and as such were not in DAWSSA's area for cxplorauon Jaramana, which lies just
within the city arca has been drilled and awaits commissioning.

The Ghouta wellfields have not béen implemented duc fo financial and (echnical
problems. The main technical problem is the water quality in the aquifer south east of the city.
The groundwaters are thought to be contaminated by infiliration of polluted surface waters,
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pesticides and salts, However, DAWSSA has not ruled out their future construction: The
planned abstraction of 83 MCM/y is perhaps unrealistically high, since yields from wells in the
Ghouta arc about 10 /s, so almost 300 wells would be required to meet the planned target.

6.3.3 Surface Water

The scheme was designed (o take water from the Barada River and any ffow in the Awayj
River and store it in a large off channel reservoir 12 kim south of Damascus. A barrage on the
Barada near Kudsaya would divert water into a tunnel through the mountain to emerge near
Daraya. From there it would be conveyed by canal and gallery and cute o the reservoir. The
design for the reservoir is to hold a live storage of almost 357 MCM. Water would be pumped
- from the reseivoir back to a treatment plant south west of the city. The scheme also required the
protection of river water quality from Barada to the diversion structure at Kudsaya. The
setllements along the course of the Barada should nolt discharge untreated wasle water into the
river and urban run off in Kudsaya is to be directed away from (he river, The lmlclablc was for

- construction to take place over a seven year pcnod '

The plim for the odnslmclion of a dam has been shelved by the Sy.rian government. The

- decision was niade by lhc anc Minister because there is firstly insufficient water within the
' B'uuda Rn'cr secondly there was no cconomic advantage from the scheme, thirdly the work
would have taken up valuable agricultural land ‘and villages and I inally water would necd to bc
treated pnor tousc in the publxc supply netw ork '

6.3.4 Wa;cf Conservation M_casurcs_' |

* The Draft City Master Plan of 1994 identifics the potential for future 'problc‘ms'in'waler
" supply and itemizes a number of ways that resources may be managed.

— Use groundwater for industrial purposcs ensuring that there is adequate treatment of
water before discharge '

-~ Refl usai of plannmg pcnmss;on for mduslncs that consumc large quantitics of waler.

- lmrqductmn of modern i gation systcms (sprinklers, drip fed) where economically
~and technically feasible to reduce the total volume consumed.

= Irrigation (o be undertaken using treated industrial waste water.

~ Introduction of a ban on the drilling of wells in the Damascus Depression.
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6.5 - Water Source Schenies in Progress

~ Construction of exploration wells in the Pamascus Depression instrumented -with
automatic water level recorders and to use the information to manage groundwater
abstraclions.

6.4  Current Water Sources Capacity

“The current water resources available to DAWSSA to serve the population in Damascus
are summarized below, the details of individual sources are provided in a full version in Table

C-6.2
Source Name _ Source Capacily ~ Seasonal
and - Instailed  Mintmum - Average Capacity
Type (¥/s) (Ws) @) md)  (MCM)

Damascus Wellficlds =+ 3,073 1,585 1,900 _164,020 41.47

“Figeh Sources R -
5,800 507,000 - - 185.00

Average Year . 12,400 . - _ .
- Duy Year _ - 2,880 3,870 334,000 - 12200 -
Barada Spring . | LICO 1,100 1,100 95000  23.27
TTOTAL — _ ' NN '.
. Average Year 16,573 - 8,860 771,220 24974
Dy Year T 5565 69300598220 18674

¥

 6:5.1 Figeh Side Spring.

The watcr intake structure at Figeh side spring consists of a sump about 8 m deep. It is
equipped with 13 pumps with 'a theoretical total capacity of 3.25 m/s, however during.

~ operation they produce from a peak of 1.8 to a minimum of 1 1/s.. A scheme to replace the

existing water intake structure for Side Spring is wider construction.” A planned total of 20 new
wells each 50 m deep and 762 mmy (30") diameter are to be built. The new steucture will be

able to create a larger drawdown in the wells and it is anticipated that a larger yield wilt be |

available. ‘The present 0pe'rati6n of theé wells causes a drawdown of CXaélly 8.8 m from 825 :
mias] (0 816.2 masl. Since the dynamic pumping water is determined by ‘the pump depth, it - |
does not change regardicss of the pumping rate. The new wells will permit a much highet
drawdown 1o be developed by pumping the source.” It is anticipated by DAWSSA that a fusthec
500 Vs could be added to the available resource. If this is the case the net effect will be to add
another 8.6 MCM over a 200 day critical period to the total output of Figeh.
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6.5.2 Ain Haroush.

The existing wells at this site are to be replaced by new deeper wells. The additional
- yield that will be available is expected to be about 800 Us (69,000 m*/d), or 13.8 MCM over a
200 day pumping period. Two wells have been drilled, cach 800 mim internal diameier-and
40 m decp, a third well is due to be constructed. The new wells are awaiting tesling to evaluate
their performance before the installation of pumps and commissioning the source.

6,53 Barada Group 1, 2 & 3 Wellfields

" There are three wellficlds north of Barada Spring that were diilled in the 1980's by _lhc :

- MOL They are referred to as Groups 1,2 and 3, and are separate to Barada Spring Welifield.
- The right to use these sources has been given to DAWSSA and they are in the process of
commissioning the wellfields.

“The wells that have been designated for inclusion in the new wellfields are itemized in :
Table C-6.3. The design capacities are 230, 150 and"'IO Us for the three groups with an

. achievable average scnonai preduction for the gloups used for planning is. 185,120 and 60 Vs
' u,spcc(m,ly S

The wells all penctrate Jurassic dolomilic limestone aquifer. Groundwater flow in the

aquifer is predominantly by fissure flow, as a Consequence. the wells in this 1r¢a'diéphy a wide

range of aquifer pnopemes Table C-6.4. The avcmgcnansmlsswuy is '1boul 17,000 m’fd and '_
Storativty of 3%, (ﬁom analysis of Barada Spring) m the arca, usmg lhese values lhe'
interference drawdowns over a 245 day period are 1118 m, 1.62 m, and l 85 m !‘or wcliﬁelds '

1, 2 ang 3 respectively.

The cquipping of the Group 2 Wellficld and the construction of the necessary pipelines

and civil wm ks is neanng comph,iion at the time of report preparation. The source has a design

capacity of HO 513 ,000 nm*/d). “The source is to be operated in conjuncuon with Barada | _
Spring wellfield, such hat the total oulpul of the two welificlds docs not exceed the assigned .

Water Ri ghl
6[5._4 Wellﬁeld at Takadom

" The wellfield lies in the south of the cily in an area of the displaced Palestinian's
“housing. The wells were drilled on the perimeter of a recreational area on one side and a refuse
collection center on the other. Since the wellficld was drilled in 1989 infornial housing has
encroached up to the edge of the site. This housing docs not appear to have an effective sewage
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infrastructure and as such is likciy to be a potential soutce of aguifer contamination. Out of 13 '
holes 11 were drilled onc of which has been designated as an observation well (number 9).
However to date there has been no regional water level monitoring undertaken at the site.

In 1989 the wells were performance tested with step tests and the aquifer was tested
with a constant rate fest. A summary of the step test results is provided in Table C-6.5. The
wells divide into two groups one with small drawdown which are ideally suited for use as
production wells (1,4,6,7,9,12 & 13) and the remainder which have high well ?osscs, ldrgc
drawdowns and a rapid increase in drawdown at high pumping rates (5,8, 10,11). Radial flow
modcling was used to oblain aquifer parmncfers for the site. The pumping test data from well 7, |
which is: typical of the wells in Takadom was compared with theoretical :aquifcr response

- calculated by a radial flow model. The aquifer has a leaky confined response with a
“transmissivity of 800 m’/d, a storativity of 0.0001 with a leakance of 1000 m. This

information was used 10 calculate the steady state drawdowns at various radial distances within

“the wellfield, thereby enabling the estimation of the intecference drawdowns that may be
. - anticipated. The pumping water levels on the site will also experience a regional recession in
- walter levels of perhaps 3 m during the summer scason. '

o lt'is'plannc'd by-‘DA'WSSA to install 10 pumps, 3 with 120 qx)’ﬂlr'c'a;:)aciiy and 7 with

' I'OO m*/h capacity at this site.” The theee higher y‘icld-pumpS arc to be brought from the
unwcrsﬂy wellficld and will have a head of 50 m, while the lemmnmg 7 arc new pumps

“awaiting mslallnuon they have a shghtly lower hcad (40 m). The predicted drawdowns in thesc.

“wells for a pumping scqson is given in Table C-6.5, For lhe Master Plan the wellficld has boen
: -mtcd at an 'wcmgc capacnty of 140 l!s 01 2.96 MCM in 8 months

' 6.5.5 3Wcl|ﬁcld at Kadam Store

* The wellficld lies in the southern area of the city about 500 m to the north west of the

~ Kadam Railway welificld. The wellfield is constructed in DAWWSA's ‘general store and
© [raining cenier. Abullmg the site is an informal housing arca. The wellfield was duilled in 198%

and to date only 3 of the 10 wells on the site have been comnussmned as production wclls “The
wells are between 72 and 36 m deep and lmve 9" casmg r he details of the length of pcrfor'atcd
casing are not known. ' :

" The wells in this wellfield arc closer together than on other wellfields in Dawiascus. As a .
consequence the interference drawdowns will be more significant here than on the other
wellficlds. An estimate of the anticipated drawdowns was made using the aquilee hydraulic
paranicters from Takadom wellfield; transmissivily of 1000 m*/d, storativity of 0.0001 and a
leakance of 1000 m. The paramelers were used in a radial flow modet and the steady state
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drawdowns at different radial distances from a pumped well were calculated. The total
drawdown at the well locations will be the sum of the individual drawdown plus the radial
cffects from the other 9 wells.

It is planncd by DAWSSA to equip all the remaining holes on the site with pumps with a

30 mhiead and a 100 m*/hr capacity. An estimate of the anticipated drawdowns is provided for

each well in Table C-6.6. For the Master Plan the output from the sitc is cstimated as an
average of 170 Vs for § months. '

6.5.6 Wcilﬁéld in Wadi Marwan

DAWSSA is working on the commissioning of a wellficld, pipeline and associated
works to provide a water supply to the new development area of Kudsaya. The welificld is
located approximately 19 km west of the center of the City at UTM grid coordinales 349 kin
East, 3715 km North. The wadi is dry but occasionally may have a stream that would flow to
lln, soulh west aiid south joining a broad west to cast orientated wadi that discharges into the
Barada River near El Hame. The wellficld comprises 16 wells, three drilled by the MO¥'in the
1980's and 13 constructed between May 1990 and: September 1992 The wellfield has been
~ designated to supply an the expected demand of over 250 Vs throughout the year. Most ‘of the
~ civil work necessary for the scheme have been comp}eted and those that remain are plamlcd to
bc finished in 1996. ‘

v

Géologica}ly' the arca comprises “an-inlier of Cretaceous limestone in' the form of a
'pcnclmc with the long axis oncnlatcd nonh soulh The limestone bcmg a’ southerly - .

continuation of the Cnhccous that extmds nonh casl from the Barada River. Ovcrlymg and

: suumlnd:‘ng the Cretaccous is the Patacocenc- Lower Eocene that comprises Lhalky limestones.

and marls. To the north west of the site thére is a major fault that is down thrown to the south,

the upthrown. block is the Jurassic limestone of Jabel Mezar. Neogene strala lic

- uncenformormably above the Palacogene in the area around the Crelaceous limestone inlier.

“The 'zqulfer undcrlmg the wdlf’cld is Crciacwus lecslonc, a souihca n contmuauon of

the aqucr that feeds !*ggch Spring. The Pa!acoccm Lower Eocene is an aquiclide that can-

fconl“ ine the Cretaccous limestoneg and scmmlcs thé Cretaccous groundwater flow system from
the Neogene aquifer. Groundwater levels in’ the Cretaceous are about 835 masl at Wadi
Marwan, while in ncarby holes into the Neogene the level is over 900 masl. Cretaccous
groundwaler has a very shallow hydraulic gradient, with cither no flow or a sight gradient to
the cast or south, while in the Neogene flow is lowards the north cast along the course of the
© broad wadi. Water levels in the Jurassic to the west are alinost 300 m higher than those at
Wadi Marwan. It is considered that the fault, shown on the cross section,” acts as an
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impermeable boundary isolating this aquifer block to the west. Water levels fluctuate wilhin the
Cretaccous limestones demonsirating that it receives annual recharge, or is hydraulically linked

(o such an arca.

The locat recharge area for the aquifer is 20 km® for the aquifer block up to Wadi

- Barada, Within this arca the long term average rainfall is 350 mnvyr and the cvaporation

325 mwvy. An estimate of the renewable resources may be calculated to lic from 25 mmvy
(based on the local climate data) to 430 mmvy (based upon the water balance for the whole of

- the Figeh Catchment zone A. 1.3 in which there is a surplus of rainfall exceeding evaporation of

319 MCM in an area of 732 knv’). The actual recharge into this unit may lie from about 0.5

"MCM to a maximum of 8.7 MCM, since most of the Figeh catchment is higher and welter than

(his arca a realistic estimate for should lie closer to 0.5 MCM than 8.7 MCM. The recharge into
the aquifer block could then support an average abstraction of between 15 Us and 276 Vs, If
local recharge is aboul 0.5 MCM, to support a maj_br wellfield abstraction water must be
induced to flow froiiln the Figeh catchmen( area to the north of the Barada River. A groundwater -
flow under the l}mada River it hydraulicaily: feésible. ih3 this area, instead of the : water

- discharging at Figeh spring it would be abstracted from Wadi Marwan, |

T_hé hydmulié properties of the _-aqilifer can only be roughly estimated for the arca.
Although pumping lcs?s have been conducted on ‘all the holes the only data avaifable within
DAWSSA is a yicld and drawdown, Assuming that the test was of sufficient length for the

"assumpnon of ste':dy sta{e condmons thc tmnsnmssw:ly may be detcrnuncd from -
- Equation C—l‘i L ' -

23030 log, —gﬁ. %

7 = e A R - (C.15)
_ PE . (C.15)
-~ Where "R, Radius of the well
R, Radius with zero drawdown, 1ssumed (obc 1000 m
-8 ‘Drawdown in meters
Q *Pumiping rate in m'/d
T ’lnnsmlssmty in m*d

‘The transmissivilics are in the range 200 to 76,000 m*/d with i\_ median vahie of S, 760
m'/d, it is therefore assumed, in the absence of better information that the transmissivity. is
about 6,000 m*/d in the Cretaceous limestones or a peiméability of about 0.05 cnv/s (44 nwvd).

Water qualily is good from the wellficld a single sample from a well water analysis

tabulated below. The water chemistry is similar to that from Side Spring at Figeh, but with
stightly high concentrations of ions, and proportionally more magacsium and chloride. The
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stightly high concentrations of ions, and proportionally more magnesium and chloride. The
water is belier than that abstracted from DAWSSA sources in the City and is acceptable for
human consumption.

Parameter Well No 4
Turbidity (mg/t) 1.5
Conductivity (mS/cm) 575
pH (-) 7.5
- Total Hardness (mg/l) : 300
- Calcivm (mg/) 76
- Magaesium (mg/) 27
Sodium (mgh) 18
Potassium (mg/l) 2.5
" Bicarbonate (mg/l) 329
Sulfate (mg/l) 34
Chloride (mg/1) I8
Nitrate (mg/l NO,) 5
- TDS (mng/) 345
- Date ' 29/6/95

- The wells arc ali about 300 ni:decp with 9" or wider casing with a slatic water lovel

about 180 m below the surface. The Lnown'del'\ils for each well may be found in Data Book

- L. The wells have been tested revealing a vcry wide variation in specific yield froma mimmum
Cof2.110a maximumof 685 Us/m. Smcc the water level is at a depth of over 165 m the actual
- percentage variation in pumping lift requircd is marginal, there is liitle hydrauhc advmuz\gu in
using one well as apposed to any other well in the wellficld. The capacity of each;holc-is' in
excess 15 Us and quite possibly as much as, 30 Vs could be pumped from each hole. This
would give an overall wellficld capacily of 450 Us or 14.2 MCM over a full year.'! DAWSSA
plans to install 13 pumps each- w;th a capacity of 18 Is, howcvu for thc Mastcr Plan the
achievablc qummly is 185 Vs or 5.84 MCM over a full year if pumpmg

6.5.7 New Wellficld at Kaboon

A scheme for incrcasing the abstraction froni the arca of the existing wellfield is duc to -

start in 1996, In the first plnsc twa deep wells will be diilled, s subject to these being succhs’ful
m ob{mnmg an acoeplable y:cld a further 8 holes are phnncd for a second phase. For the
purpose of the Master Plan it has been assuined that the wells will all be constructed and have
7 “an overall yicld of 120 Ifs, or2.54 MCM in 8 months.

6.5.8 Wellfield at Dummar

- 'The wellfield at Dummar was drilled in 1979 and 1983, it has however not becn used
~ since 1991. The wells are due o be re-commissioned to supply the local arca, Five pumps with
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a capacily of 30 s are due to be installed into the wells. For the Master Plan these wells are
assumed to operate throughout the year at a rate of 100 Vs, 3.14 MCMy.



7. ALTERNATIVE FUTURRE WATER RESOURCES FOR DAWSSA
7.1 Potentia! Sources Described
7.1.1 Hermon Arca
(1) Cretaceous groundwater source at Deir al Ashayer

(a)  location hnd land use.

Deir al Ashayer lies within an inlermontain valley about 25 km west of Damascus and

7 kmsouth west of Tekich, immediately west of Jabel Mazar and adjacent to the Lebancse
border, Figure C-7.1. To the south east of Mazraat Deir al Ashayer, and just over the border in
‘Lebanon lies a dried fake bed covcring almost 2 ka’. The lake bed and the bottoms of the

al!cys are -intensively used for :rrlgatcd fxgrrculturx, The area produces apples, peaches
- cherries and vegetables. ' ‘

(bY  Geology and hydl‘o'gcology'

- The geology of the area comprises limestones of Cretaceous and Jurassic age. The wells
penctrate a north-south clongate trough of Cretaceous’ limestone WhECh lics between higher

mountains of Jurassic llmcstonc to the west and cast. The easlcm side of the Crelaaous is o
- faulted qgamsl the Juiassic. The Crelaceous is hydlogcologlcally lsohlcd from the Jurassic to

~ the west and east with a hlgh pcrmeabxhty zone only-about | km wndc running south to nosth.

The Cretaceous has been proved by investigation wells numbers 308K and 809 tobe up to .
330 m thick. From this thrancss the aquiferous zone is only about 60 to 70 m lhlck atadepth

of between 75 and 135 m below gmund surface.

chiomﬂy’ gr(‘)undwalcr ﬂow is from west (o cast in the Jurassic and Crelaccous strata,
but in the Deir al Ashayer area groundwalcr in the Cretaceous flows to the north towards Wadi
Barada. Although the water fevels in the Jurassic to west and east arc n,spccmcly higher and
tower than the Cretaceous, the. faulted zones acl as low pcuneablhty barriers. Tt is considered
(by MOI) that very little groundwmer flows bctwcen the Cretaceous and the Jurassic. The
piczometric swiface for 1989 determined by a survey of many prwqtc wells in the area is

- illustrated in Figure C-7.2.

' 'l'hé deplh {o water is about 20 t0 30 min the lower pm*ls of the intermontain valley. The
water levels in the arca have been monitored by MOI at wells 849 and 809B, data for the period
~ 1991-1995 are available, see Figure C-2.56 for the groundwater hydrographs. The period of
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record s one with a gradual lowering of water levels from the peak in 1992 resultant from
unusually high rainfall. The trend is obsesved in many observation wells in the karstic aquifers
and probably is not caused by local irrigation abstractions.

The aquifer propettics are quite variable as is illustrated by the range of specific

“capacitics in the tested wells, sce Table C-7.1a ~ b. The transmissivity of well 308K is reported

to be 5800 m'/d from a 26 hour airlift pumping test (USSR 1986).

A water balance for the arca has been detersmined for the water years 1987/8 and '1988)’9.
The average components of the two budgets presented in the table below.

- 0.31

Jtem Flux in MCMfy
1987-1988 1988-89 Average

INFLOWS ' _
Infikration i1.04 $2.83 6.9
Surface Flows 095 - 1.26 i1
- Change in Storage - 031 347 1.9

- OUTFLOWS ‘ . o
Spring Flows 0.63 -0.00 0.3
Abstraction . © 378 4.41 4.1
- GW Flow to East 4.73 1.89 33
- GW Flow to North 12.52 0.94 1.7
GW Flow to West - - 0.2

“Chahge in Storage~~ -

Thcy ace for markedly dlffeunt )t“l!‘b, lhc ﬁrsl ycar mc rmnﬁll was 140% of nonml

“while in the second only 55% of the median.. As a rough estimate, the water balance unit
receives an avcngc ramf'ill of 500 mmfyear over an areaof 28 kny' , assuming that rapid oceurs

and tha ﬂ(}% of the precipilation is bcwmcs |nﬁ[tml|on then the long term ru;:harg:, is 7 MCM

- (d) Cun‘cnt water exploilation

A ficld rx,conn'ussmcc of a ’% ]\m secuon east from Mazraat Deir '11 Ash'\y er in the

valley boitom was undeuakcn to’ establish the current waler use in the area. Along this scctton_

there are at least 16 private irtigation wells: Thc holes are typically . 50 to 100 m dccp and

* cquipped with a vertical tift pump powered by a surface mounted engine, They are uscd from

betweea 7 and 12 hours cach day during the iivigation s¢ason, cach one supplymg 10 to
30 dunums (1103 Im) The average pumping rate is estimated to be about 5 s per well: Over
thic whole of the aquifer there were recorded over 60 wells by the MOIL in the late 1980's.
Estimates made by the MOI for 1987/8 and 1988/9 asses the irsigation abstraction to be 3.8 and
4.4 MCM respectively, an average usage of 8 I/s for 12 hr/d over 6 months from each well.
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As well as the private sources the MOI has many holes in the area, sonk of which are
used for observation and others were for (esting and exploration. None of the government
wells are currently used for abstraction.

(e)  Wellfield proposed by MOI

The use of groundwaters in the Deir al Ashayer region was first proposed as a
potentially promising area by the team of Sovict experis. They predicted (Lengiprovedkhoz
1986) that a wellfield could have a capacity of 330 Vs from the arca. Subsequently the Ministry
has undertaken a major investigation of the Hermon area (MOl 1994) incorporating a study of

the Deir al Ashayer arca. The report concluded that a wellficld with a peak capacity of 255 Us R

and a suitable yield of 4.1 MCM/y was feasible for the arca. The source to be used to supply
the reguirements of Damascus during the suminer period for 6 months from the mid May to
mid November. Three wells, numbers 844, 846 and 854, were pul forward to form the sma]l
wellficld with the amlmpated water levels and capacmcs '

Cwell Pump?ng_Rmc T Water Levels (imbgl)
' (b‘s)' a Static -+ Dynamic aftér 6 months
844 90 - 2612 - 52,66
846 80 . 2515 5036

8s4. 85 . 2896 56.15

_ A group pumpmg test was undertaken to assess the hydrogeolog:ml conditions in the
' Dcn al Ashﬂ.ycr area, The test used three wcils numbcrs 844 346 and 854, pumpmg ata
combined rate of 165.5 Vs for a 44 day period started in August 1990. Analysis of the testing

- indicated a transmissivity for the area of 620 to 1000 m*/d and a storativity of between 0.007
and 0.04. These figures together with the geometry of the aquifer and positioning of the
wellficld were used to calculate the theoretical drawdowns in a wellfield pumped at a higher rate
and fora longe; pCI’IOd of lm}c lhan the group pumpmg test.

- The y:eld of thé source was b*xse upon a pump:ng rate that would not cause an
: uamcocpmbk, drawdown. The rccomlmndcd maximum drawdown would cause a 50% de-
watering of the cifective ﬂqucr thickness, 'md in addition would not lower the levels into lhc
: pmducuu one. A pumplng rate of 255 I/s was selected to meet these criteria.

A design report was produced by DAWSSA in 1990 based on the use of the wellficld

with a scheme of civil works to build alocal storage reservoir and then gravily feed pipeline to
the Barada-Figeh major water conveyor. The scheme included for the drilling of a fuither 10
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wells with an overall capacity of 500 Vs. Although DAWSSA_ has permission (o use water

- from this area, to date the scheme remains at the planning stage.

(g) Wellfield proposed for Master Plan

The scheme is a modified and scaled down version of the DAWSSA design. The total
scheine operational quantity is revised downwards from 500 to 200 Is on the basis of use for

6 months in the year. The recharge into the aquifer, rather than well hydraulics, is the limiting

factor on water resouice utilization in this area. The yield is based on assessment of the aquifer -
block in which the long term recharge may be only 7 MCM/y. Construction of a large scale .
wellfield with a large pumping capacily would be possible, but, after the initial use of aquifer

storage, would not be able (o be used at an annual rate greater than the recharge. To abstract the

water three of the existing MO{ wells are proposed plus a further purpose drilled well.
Chservation wells should not be necessary since there are many unused MOI investigation

“wells available. The drilling of a further production well to make a welifield of four holes is
‘recommended, for a number of reasons; Firstly it would enable the wells to be operated at or
" near to the rales that are knowa to have been achieved during the: group. pumping test,

secondly, high capacity operation at 80 s is fuled out since this would require a pump largey
than can be fitted into the casing, and thirdly the overall drawdowns in cach well are seduced.

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

/854, This \\:rould_plaﬁwilélong'a,tr'ack' at an cle\._'alioh of about 1130 masl. The depth of 150 in
is chosen to fully penictrate the productive zonc of the Cra'iccougzimcstonc between 70 and
135 midepth. The hole is planncd to be 17" drametcrto 20 mthen 12" (0 the total depth. These

dlmcnsrons are to accommodate 20 m of 13" conductor pipe '1_nd 9" casing of which the upper

70 mare plain and the lower 80 m perforated. The existing wells are known to have extremcly

variable yiclds, as with alf drilling into karstic aquifers, the yield will depend upon intersecting
fractures and fissures (hat are well connected and will transmit water to the well. The hole when
drilled may prove to have a low yicld, in such a case it another hole should be drilled.

“The drawdowns have been calculated based upon the hydmulic propeitics of the region
determined by the group pu mping test. ihe values were used in a well mtcrfcn,ncu mlcuhluon

" The transtmissivity was taken to be unifoim and 960 m/d while a va!uc of 0.03 was used for

storativity. To represent the elongatc aquifer block image wells pumping weré used. T hey weie
placed 50 as to create a | km wide high productive aquifer stnp, with the pumped wells
cenfeally located. '
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Well Static Water - Drawdown  Dynamic Water Pump Installation

Level (mbghy* (m)** Level Capacity (I/s)  Depth (m)

{mbgl)***
844 16 242 46.2 50 65
846 15 - 23.0 44.0 50 65
854 19 24.2 49.2 50 65
new 20 23.0 49.0 50 65

Notes: * Typical level anticipated for beginning of pumping period, using May 1995 as the refecence
year, Using determined by comparison with well 809,
**  After 6 months pumping
+++  powest expecied level basedon drawdowns plus 6 mof regional recession from an initial static
water level in May

The water quality from the arca is suitable for public water supply. The chemistry of
three samples are presented below. Well 308K is adjacent to the well 854 which may prove to
have a similar chemistry., '

A survey of the clcc.lricm'conductivily of groundwatcrs' was undertaken in August 1996.

| Samples of 9 pumped sites were measured in the field to provide a quick impression of the -

' spatial  variability of water chemistry. " The conduchvnty ranges . between - minimum of
380 mS/em near lo MO! well 850 and a maximum of 620 pSlcm about 1.5 Lm to the narth
. ast The average is 420 pS/omiin thc arca of the proposcd wellficld. '

“Paramcter o ‘ Well 308K . Wcll 846 - © Well 844
S L 6 Aug. 1985 5 Dec. 1989. 26 Sep 1990
o (mg/b Co{mghy | (mg/l)
‘ Bicarbonate _ B AT 183 £ 329
~ -Chloride ~ o Y] B 106 ) 57.
Sulfate . -~ : : S SRR - 10
- Niteate - ' 1 20 9 9
- Calcium . L - 48 ! 586 - 34
Magnesivm 22 5 24
Sodium o 31 69 - 41
Potassivi ‘ 4 1 -6 ‘ 4
Total Dissolved Solids - - 298 S35 : 407

(2) . Jurassic groundwater sour’cb at Rimeh
(@) = location

The wllagc of Rimeh hes about 40 km south west of Damascus at UTM grid seference
- 'HO km cast, 3696 km north. Itis in the upper v'ﬂlcy of the Sebrani River, a tributary of the
: Awaj, it nestles on the eastern flank of Jabel Sheikh (Mount Hermon) at an altitude of
: appro:\umluly 1400 m, the main summit of the mountain at 2814 m clevation, is 5 km north
west of Rimeh. A single road runs up the valtey side to Rimeh and on to the vitlige of Arneh a

C-56

2



@

further 3 km to the south west. The valley is a narrow gorge in the reach besides Rimeh, but
up stream at Arnch the valley opens out and divides with the main valley rising to the south
west and a tributary daughter valley to the south. Cultivation is confined to the wide section of
the valley floor and the lower slopes of the mountains below the spring line. Fruit tree orchards
are the dominant agricuftoral land use in this valley. Upper hill slopes are rough grazing or
unused by man. The proposed wellfield lies about a kilometer to the north east of the village.

(b) Geology and hydrogeology

Jabel Sheikeh is formed by tic faulting _ahd folding of the Jurassic limestones undeilics

the whole of the arca and dominates the hydrogeology of the area. The upper part of the

mountain is of Callovian age and the lower slopes around Rimeh are older, being of Bathonian
and Bajocian age. To the cast of the mountain the Jurassic is unconformably overlain by
Cretaceous, Palacogene and Neogene sedimentary strata. Neogene to Quatemary basalls abut

. the Jurassic to the cast of Rimeh. The detailed g;olo'gy of the S upper Scbrani valley is complex.
A’ fault bound trough has causcd the younger Cretaccons and Palagogene sirata to lic

surrounded and at @ lower elevation than the turassic. The Jurassic is the main aquer in the
area, compnsm g karstic limestones. Many small ¢ spnngs occur in thé lower slopes and base of _
the vall cy to drain the arca. Many are cphcmcml plobably only draining perched watx,r levels

* within the aquifer. (Regional groundwater flow is to the south east approxlmalmg the stirface

topography.} Within the Jabel Sheikh groundwater flow dm,cltons arc not known by direcl

~_ observation. All the obser vauon wells arc on lhc lower flanks of the mountain nc:u' to the base
'7 tevel for springs. In these arcas groundwatcr flow is directed towards the sprmgs Regronally
iwnlhm the whole Jurassic block the lowest base kvel is at about 300 masl in Dan and Banids
- [ Spring, (UTM 301 km cast, ’5680 km nosth) this i is some 25 km soulh wcslof the Rimeh arca

springs who have an clcvmlon of about 1400 masl. Thc flow n,glme of these springs is not -
known in detail, bui, it is thought that- there is an avcmgc flow of in excess of 3t m'/s,
necessitating a large grou ndwater catchment to support the discharge. It may be anticipated that
regional groundwater flow is towards B‘umy'ls and that Rimich area is in the uppcr p'ut of lhIS
u,glonal catchment. ' '

The aquifer propertics of the Julassm hmcstonc arc mamly dlclatcd by the degree of lh{‘
fracturing and ﬁssunng within the rock. The fractures are very vaiable sp&l:ally, wells within
as close as 25 m have been found to have quile dlffcuent yield characteristics conséquent on the
intersection of underground fractures. Table C-7.2 with the well details show the range of . -
transmissivities and well specific capacities encountered within Rimeh. ' '



{¢)  Wellficld proposed by MOI

The MOI study of the Hermon identificd an asca near to Rimich as a promising area for
water resources. A series of investigation wells were dritled and tested, the most productive of
which were subscquently growp tested. The results of these works were used to make a
recommendation for a small wellficld with a peak capacity of 279 I/s and an annual yield of
5 MCM. Details of the proposed wellfield are tabulated below.

Well No ~ Pumping - Elevation Water chcl (m bgl)

Rate (s} = (mash) " gpaiic Dynamic after 6

_ " months
825r 108 1433.6 14,30 893
8251 KY PN 1433.2 0.14 34.2
8256 . 33 14338 1§.42 76.4
825¢ 40.5 - 14375 i3.41 88.4
367 60 - 27.00 73.2
~ Tolal 279 - '

- The capacity proposed is 150% of the tcsted rates for cach of lhc wells during the group
pumping test, While the water levels have been caleulated based upon the hydrogeological

parameters determined for the test. These were a transmissivity of 1850 m’/d and a storativity

of 0.014. ‘T:he welifield capacity is set so that the dr_‘awdowh"s do not lower the levels i:itd (h¢

- productive zone. The test indicated that the productive aquifer extends for a radius of 1.055 km

- from the center of the wellficld. Within this area all the waler to supply the yield is derived.
(d)_ Wellfield proposed ﬁjr the Master Plan

~ The proposed wellfield for the Master Plan uses the existing and three new wells. The
wells will not be used at the rates proposed by the MOl because firstly the holes were not tested
at the hlgher rates and sccondly the existing casing is 0o narrow to accommodate the pumps
necessary to ‘achieve the oulpul The holcs will be used at app:oxlm'atcl)' their test rate and the
three new wclls are cach ta be used at 40 l/s ‘The new wclls are to be 17" diameter for the top
20 mthen u,ducmg to 12" dmnhlcl 1o the totad depth of 150 'm. The casing is proposed (o be
100 m of plain and SO’ m of perforated 9" diameter. The wells should be located at about S0 m
spacing from the existing holes (o be in the vicinity with good aquifer yiclds.
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Well Pumping Ratc  Elevation  Depth  Water Level (mbgl)

No (U/s) {masl) (m)

Static  Dynamic*®
825r 50 1433.6 - 14.30 893
825a 25 14332 H13 9.14 84.2
825b 25 14338 = 250 11.42 - 76.4
825¢ . 25 14375 112 13.41 88.4
867 40 - - 260 27.00 732
- I(new) - 40 c.1440 150 :
2{ncw) - 40 c. 1440 150
B{new) 40 c. 1440 150

~ Tolal . 285

“(3) - BeitJenn Spring source

| () Location

Bcu Jenn lics in the Janani Vallcy 1boul 45 km o lhc soulh west of Damascus.’ The.
valley which runs approwmtcly west to east has four principal springs belween the headwaters

‘and the town of Saasaa where it is crossed by the miain road frony Damascus to Quancitra. The-
~ springs arc Ras el Nabei about 3 Km 1o the north west of Beit Jenn village while Beit Jenn
- spring lics 2 km to the cast, however, soniew hat confusingly,  both Springs may also be called
*Beit Jenn. Other :mporl:mt springs are al Membej, 2 km cast of Mu.nal Beil Jenn and

Tal m'\smh \xhxch licsaf urthcr 2 5 km down stream. .

. i{(by - Topography and d_mi'n::igc

The springs ris¢ in'the hcaidwalc_ls of the Janani, a tnbutary of the Awaj River. The Beil
Jenn or Ras el Nabei spring rises at UTM grid reference 326.8 km E, 3689.9 km N at an

* clevation of 1300 m asi, the other Beit Jenn spnng rises from alluvium in the valley (loor at
-330.4 km E, 3687.8 km N and an clevation of 1063 m asl. The Janani starts on the castern
-~ flanks of Jabel Sheikh 'md flows 10 the cast joining the Sebram lo form the Awaj River near -

Saasaa. The river flows in a narrow steep sided \*z_dlcy within the mountains w hlch_lhcn open
out onto an alluvial fan area at Mazraat Beit Jenn and then Mows ‘onto a broad plain of the El
Arab Depression. Surface waler flow reaches as far as Mazraat Beit Jenn in at high flows,
before it has completely infiltrated into the alluvium before it reappears at Talmasich spring.
Discharge only occurs at Membej during periods of high groundwater Icvcl,' the spring not
represcnling the true base point of the hydraulic S)’stcm.
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{¢) Geology

Jabel Sheikh is a folded massif of Jurassic limestone surrounded by younger rocks.

- Between Ras ¢l Nabei spring and Beit Jenn area the Jurassic is flanked by steeply dipping

Cretaccous Palacocene sediments. East of Mazraat Beit Jenn the Cretaceous and Palacogene is

overlain by younger Neogene and Miocene rocks. Volcanic activity in the arca has spread basalt

over much of the land to the south of the Janani River. A locat volcanic center ties 3.5 km south
of Ras ¢l Nabei from which a basaltic lava flowed to the cast.

(&) Spring yicld

The MOI has monitored the spring flow from Beit Jenn spring on a monthly basis. The
annual and monthly yicld of the spring for the pcnod 1974/5 to 1994/5 has been made available
lo DAWSSA for this investigation.

“ The spring yicid' has been previously assessed as 791 Us (24.9 MCM) by the Russian
~study. Analysis of the longcr period flow record has re-estimated the long term yiclds by

' corrclation with rmnf‘ﬂl and predicting the yicld at different rainfall probabilmcs The annual
* yicld of the spring is assessed 10 be 10 be 739 Is (23.3 MClWyr) with a 95% probability of
“annual discharge exceeding 505 Vs (15.9 __MCM). For the period of record 1974 to 1994 the

actual average was 19.9 MCM/y while the suni of the 95% probability for cach month is only -
9.6 MCM. The spring hydrograph i IS lllustmtcd in Figure C-7. 3 while the nionthly flows mlh '
© mean and 95% condition ﬂov.s are 1o be found in Flgurc C-’? 4, There lns been no changc in

© the muhment h)dmullcs asisil lus{mtcd in Flgurc C- 7 S

Flow (1is) L0t Nov D\:a: Jan - Peb - Mar "Apr "Mayg- Junt CJul CAug Sep

Mean 418 379 413 629 859 954 1001 719 681 S80 457 436
95% > 228 157 183 266 427 486 434 286 366 335 190 274

~ The quanlity that is avai Iablc from the source for lhc erilical supp!y penod of June to
. January is 9 7 MCM for a 50% )car or 5.3 MCM for '1 95% year: {p{"lk ouiput linited to
I!s)

- _ Minimum Discharge (MCM)
- Period - 50% probability  95% Probability

Annuat i3.6 2.6
June to January 9.7 53
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(e) Water quality

The cheinistry of spring waters in the Janani Valley is presented in the table below.

Spring Sanmiple Location

Parameter Ras el Nabei  BeitJenn  Membej  Talmasich  Tabibiych
Turbidity (mg/l) 2.5 I-1.5 1 1.5 1.5
Conductivity (jiSfcm} 225 290 - 300 325 525
pH() . - 8. 7.7 7.5 1.5 1.5
Tohl Hardness (mg/l) 120 150 160 170 290
Calcium (mg/1) 36 40 52 56 92
Magnesium (mg/1) 1 _ 12 -7 -7 15
Sodium (mg/l) 2 4 B N ¢ S 12
Potassium {mgAly - ' Rt I 1 : 1 1 1.5
- Bicarbonate (mg/) 134 171 183 - 195 256
Sulfate (mg/) 19 11 10 10 64
Chloride (mg/l) : 2 -6 S 10 20
Nitrate (ing/l NO,) : -0 2 4 _ 4 15
TDS (mg/l) , S 135 165 185 - 195 350

Date | S 30/6/96  30/7/96 306196 30/6/96 2/1196

- The Total dxssolvcd sohds (TDS) is low with a calcium / magncsmm bltarbomlc type

water. As the water flows east its’ quqhiy deteriorates & is indicated by’ the rise in the
“concentration of major ions. The bactcuologlcal quality of the water at Ras ol Nabei is llkely to
‘cxccllcn_t since there are no setllements or cultivation in the catchment arca of Jabel Sheikeh.
- The waélc water and solids from Beit Jenn village are currently discharged or dum"pcd' into the _

river course. Even though the spring water of Beit Jenn is filtered by the altuvial gravels itis

- likely that it will be bacteriologically contaminated at the spring and all the other locations to the
- cast. o : - '

() Cunent _wﬁfer utilization

“Ras el Nabei spring is used by EDWSSR to provide a drinking water supply 1o the
seltlements in the Janani valley (Beit Jenn,” Mazraa Beit Jenn, Hasfa mld:Moghr ¢l Mir). The

~ current capacity of the system is repotted to be 50 m'/hr (14 Us), this is only asmall percentige

of the tolat spring capacity. The rest of the water from the § ﬂprmgs is lost. to cv«potmnsp:mtron :
and used by agricullure in the Awaj basin. o ‘

(g)  Scheme proposed for the Master Plan
The scheme proposed for funther water resources for Damascus involves the usc of Beit

Jenn Spring. A water intake structure and associated gravity fed pipelines should be designed
to carry S00 Vs, but would due to scasonal fluctuations, be rated with the minimum November

C-61



flow in a 1 in 20 drought year of onty 160 Us. The water could be collected by a stracture
partially excavated into the valley floor and sides into which the spring water would flow.
Alternatively, must a siighﬂy more costly option would be to construct a ranny well. This type
of well is used to abstract waler from shallow gravel aguifers. They consist of essentially a
caisson sunk into the valley gravels with a serics of horizontal bores in the base. These are
made by jacking perforated tubes into the surrounding ground. The use of such a structure will
permil the de-watering of the aliuvial gravcls during the summer period hence providing a smail

amount of flow control. The water should be chlorinate piior to passing into a gravity feed
 pipetine. The proposed course of the pipelinc has a total length of 44 km with a fall from 1063
to 700 masl. Most of the fall is i the scction from the spring to Tabibiyeh a distance of 15.5
km.

{(4)  Tabibiych Spring source

"(a) : Location

- Tabibiych lies on the 'oou_rsc of the Awaj River about 30 ki south west of Damascus

~and 6 km from Saasaa. The site is adjaccﬁt to some military installations and a short distance
from the main Damascus to Qunaitca highway.

(b)  Topography imd drainagc_

Allhough ihe land is an open plam at the fool of the mountains thc river 1s locally
- constrained in a narrow \'allcy that sklrts ’!l’OUIld the northcm edge of hva flows.

() Gcology and hyd_rogoology '

The site lies at the geological boundary between to different lithologies. To the north
w est and stretching to the mountain front arc Ncogene and Qualcmary sedimentary strata “ hile
1o the other side of the site arc themary basalis. The sedimentary rocks are conglomcratcs
- sandstones and marls formod by the crosxon of the Jabel Sheikh mountzu_n. It is possible that
these interdigitate with the basaltic ava flows, so in the vicinity there may be alternations of
basalts and sedimentary rocks in a vertical section. Groundwater flow determined from a fow
“wells'in the arca roughly follows the topégraphy, towards the south cast. There is no
~ information to indicate that water flows towards the spring from the basalt, so it is assumed that
the source of the spring waler is the groundwater of the sedimenlary strata.
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(d) Spring yicld

The naturat spring discharge is 828 Vs (26.1 MCM) on average over a typical year, sce
Figure C-7.6 and 7.7. The currently the spring a has a lower yicld of 653 Vs (20.6 MCM),
The reasons for the reduction is probably the use of surface and groundwater for irrigation in
the catchment that supplics the spring. The yicld of the spring will reduce lusther.if exira water |

usc occurs in the Janani and Scbrani River catchments. The change in flow {rom this spring =

dusing 1982 to 1984 may be clearly seen in Figure C-7.8. The relationship between rainfall
and flow does not seem to have changed since 1984, however the feasibility of the scheme is
depenident upon the effective control and stabilization of water use in these river catchments.
The monthly spring flow characteristics for the period 1984 to 1994 arce tabulated below.

Flow (1/s) Ot Nov Dec  Jan  Feb Mar  Apr - May Jun  Jul Auvg .Sep
Mean 347 470 573 754 914 1007 939 © B09 733 551 423 : 326
"»95% . 102 234 262 449 567 607 378 | 293 312 205 131 99 .

- - The quantity that is avmlablc from the source for the cnﬂcal supply pcnod of June to .hnuary is
3 10.9 MCM for a 50% )caror4 7 MCMora 95% year.

' Period S Minimum Dischargc(MCM)l

- 50% probability ~ 95% Probability
TAmual 5 146 - 9l
Junc toJanvary 94 4.7

(e} E\‘\.f_a_t:cf qualily'

The walter quality Irom the spring is not as good as thosc f rom springs emerging nearcy

‘to the mounl'u'n front along the Janani River. However it is betier than the groundwater that

underlie most of Damascus. The water qualily aml;s;s f rom this site is reported in the previous

‘section.

()  Current water usage. |

The spnng is pumped to provide water to the military, lhmr consumpuon is nol kno“ n.
Spring Mow is passed through a fish farm also operated by the army, however it did not appear
to be in use when the site was visited in June 1996. The overflow from the spring augments the -
Awaj River in winter and forms its origiit in the summer. The river waters are used for

imigation in the Awaj basin.
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(g}  Scheme proposed for the Master Plan

Puring the winter months the spring will flow by gravity and the water may be pumped
into a supply main. The summer discharge may be controlled by a wellfield in the vicinity of
the spring, absteacting a similar quantity. The groundwater reservoir would be depleted during
the sumimer, but will be replenished by the following recharge season. The feasibility of the
“scheme must be tested before procceding with the major capital investment in pipelines. There

are two main elements that need fur_ihcr study, the role of surface water recharge from the
fanani River, and the groundwater flow in the area around the spring. If it is found that the
majority of recharge is from the Janani River (he scheme will be in completion for the same
waler resources as are planned to be used by the Beit Jenn spring; The detail of the
| grou:ndwatcr flow in the spring region is important in the correct location of the wellfield.

“The planned yield of the source is 500 Vs throughout the year. The water will be

. pumped o a reservoir al 900 m clevation, then will flow under gravily to Damascus. The

*spring is al an elevation of 831 m, and sumaer wellfield water levels may be as low as
810 m. A pumiping main is required to the resesvoir 2.25 kmlong. From the reservoir Waier '
~may flow by gravity to Damascus. If the scheme is combined with that at Beit Jenn the total p

flow conld be 1 m'fs.
()  Plan for Tabibiyeh and Beit Jenn (not included in the Master Plan) -

~ Phasc k. 1998. Consultation between DAWSSA, EDWSSR and MOI and local
. ' “waler users on walcr irlilimtioﬁ in thc Awaj Catchment.: These

‘discussions should concentrate - upon - the ‘allocation: of the |

available water resources (o the competing uses of imrigation,
local water supply and Danascus water supply. “There is
- considered 10 be scope o seduce water consumption in

“agriculture while still nﬁinl:\i:ﬁng the ‘sanic crop pfoduqioh. :
* These savings would come about by the adoption” of mote
efficient irrigation systems to replace the flood method that is

- commonly used. A reduction in water use in agriculture and a
* swilch to poorer quality shallow groundwaters would allow the

~ . waler resources to be allocated to local and Damascus water |

supply. If alt partics agrec that water allocation is to change then
_ further phascs mdy proceed.
~ Phase II. 1998-2004 Changes in irrigation practice promoted by the Ministiies of
Trrigation and Agriculture.
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Phasc IH. 2004 * Design and Construction of spring intake structures at Tabibiych
and Beit Jenn.

Phase 1V, 2007 Design and Constraction of the pipelines, one gravily feed from
Beit Jenn to Tabibiych, and a second pump assisted from
Tabibiyeh to the Mezze area of Damascus.

©7.1.2 Zabadani Valley

(1) Jurassic groundwater source at Sergaya & El frk

: (é\) General background

The scheme uses water resources from lhe nmountains that form the eastern side of (he .
al ey between Sergaya and Zabadani comprise Jurassic limestones. This is the same aquifer
that feeds Barada Spring, though it is not wnhm the same catchment. The recharge (o the

- aquifer is thought to emergc from threc main springs; Sarada, Am Hour and El Irk. This

assigns an average rcclnrgc of 370 mm/y to the catchment and an average spring flow of
295 Ifs (9.27. MCM). The Rural Establishiment cumnlly operates wellfields at Sergaya, ‘Ain

- Hour and El Irk with 2 combincd capacity of oulput of 133 Ifs. These sources an, pnob'lbly not
© yun at peak capacily throughout the year, and it would appear from the spring flows that an

average of 80 /s are utilized.
by  Scheme proposed for the Master Plan (but not included)

The schemie proposes the construction of wells with the combined capacity of 180 ¥s )
abiout 650 m*/hr. These wells could not be used througtiout the year but would be limited to a

245 day period abstracting at an average rate of 140 Vs, resulting in a production of

© 2,94 MCM. The capacity oflexisling wells operated by the Rural Establishment is 60 m*hr. It

is proposed to construct 9 wells with an aver crage yleld of 75 w/hr in two wcllf iclds. The dctmis
** are tabulated below. ' '

Number Easting (m} Nonhing(in) Ele\"al‘ién il'n) Depth (m) © Starie Level Pﬁn’mping j Capacity -

© Level - (mYhr)
1 354,500 3744050 1440 o 40 60 : 75
2 354,320 3743830 - 1430 . : 110 36 50 “ 75
3 353,950 3743,400 1420 100 20 40 - TS
4 353,800 3743200 1450 C 130 50 70 Y
5 353,600 3742900 1450 130 S0 70 FA
G 350,830 . 3716800 1375 135 55 15 75
7 350,700 37316,500 1375 135 55 15 75
3 350,550 _ 3736250 1360 120 0 60 75
9 350,400 3735950 1350 110 30 50 15
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The total drilling is 1090 m for all the proposed wells. Although during the
construction of the wellfields it will become clear whcther a smalier number and a shallower
depth of hole may achicve the same overall yield. The holes may be constructed by percussion
drilling at a standard diameter of 12.25" and instalicd with 9" plain and slotted casing. The
casing of the holes may not be necessary for the full depth as the rock may be competent, it is
planned that the section to 20 m below the pumped water level is cased. The quantity of casing
required for the holes is 730 m. |

The waler may be convcj_.fed by a new gravily pipeline to the Barada Wellfield where it
can join the existing pipclines to Damascus. The pipeline may follow the contours and join the
main road after 3 km, it runs beside the road for 2 km until reaching the railway tine. It is
- proposed to run a pipcline adjacent to the railway as far as Zabadani, within this section of the
. pipeline a break pressure reseivoir is plamicd with the short pipeline from the El Irk wellficld
~ joining. The route from Zabadani to Barada follows the course of the old road by way of the
- group 3 and group 1 Barada wellficlds. The total length of the pipe lins is estimated at 22 km.

These are lwo osganizations competing for the same water resources. An integrated plan
for the local consuners and thosc in to Damascus would appear necessmy lo cfﬁcuenlly and

cqmmbly use the limited water in the area. It may be possnblc (o have a shared wellf clds.
(© Pla_li of work

“Itis proposed that the scheme be divided into four phases to cnsure that the investment

~_is wiscly used on a scheme that will be operationally plausible. The most expensive items of the

scheme are only constructed once the soucce has been proven by the preceding phases of work.
The scheine does not include the timings for the preparation of delailed designs, contract
documents and other items.

Plnsci lmcsugquons
Thie aim of the first phase is to collcct mfonmtton that will mcl:calc whcther ﬂulhen
. work is likely to be successful. The existing wells which belong to the Rural Waler
“Establishment wou!d be tested to determine the yicld characteristics of the wells and the
interference effects in the aquifer. This information will be used to decide upon well
“separations and the depth of drilting that may be required.

* Phase 11 - Exploration Well Drilling
Two new wells will be constructed and tested in the second phase of the work, These
holes may become pait of the wellficld if they prove to productive. A hole will be drilled
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in both the wellficld positions. The second phase will roll on into the third phase if the
holes are successful. Otherwise two furiher exploration holes will be drilled at a lower
clevation into the Pliocehe conglomerates, sandstones, marls and limestones to
investigate if they contain usable groundsater fed by the adjacent Jurassic limestones.

Phase HI - Wellficld Drilling and Testing
The remaining wells of the wellfield witl be drilled in this phase. The number and exact
location fo be determined based upon expericnce gained in the earlier phases of the
project, The testing of the new wells should evaluate the capacity of the wellficld and in
addition the effect wpon the springs of the region. The testing should bc carricd out
* during the summer, at some time between June and September. ' -

Phase 1V - Pipcline Construction and Wellficld Commissioning
(2) Barada Spring wellficld

. The h)drolog} and hydrogeology of the s:tc is dcscnbcd in section (on h)drology of

- sprmgs)

Capacﬂy of the wellficld is '1bout 100, 000 nf‘!d (116 n’/s). The effect of lhIS abstraclion wnll
be to reduce the Mlow: in the: Barad'x by up to this ‘quantity. ‘The table bclow illustrates “the |
anhc:;patcd_ﬂow_;mo Barada from the spring at two probabilitics of rainfall. - :

* Flow (Ifs) “'Oct - Nov Dec Jan' Feb  Mar Apr . May Jun Jul  Avg . Sep

‘Mean . :13_95 §930 ‘1920 2124 2292 2660 3120 2660 2350 2195 1930 . 1880
95% 12607 1490 1645 1780 1690 1340 2110 1840 1665 1560 1490 1420

Although DAWSSA does not have a legally enshrined obligation to maintain flow into
the river it may consider it good prﬁc!ice to maintain some flow in the river. The flow is

'rcqmrod for the use by’ l;glhmatc npanans “to dilute efftuent dnscha.rgcs and for acsthetic

cm'lromncnlnl reasons. Should the spring dlschargc fall below a prc -sct flow is could be
possnble to open slighlly the washout valve from lhc reservoir to maintain lhc flow at the
desired rate. An altemative management strategy. would be 1o reduce pumping !0 cnable water

1o flow from the spring.

The maintenance of the sircam f{low, allhough desirable for many reasons, may, m'
future years be moompaub!c with the provision of waler to Damascus. Should this be the casc
then the wellfield may be operated at a higher capacity. The resources of the catchment of the
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spring arc assessed to be 70.8 MCWy, an average of 2.23 ms. The operation of the Barada
Wellficld and the three future Al Sahl wellficlds should have a limit of this anount in the long
term. Qver-pumping this capacity in drought years wilt be possible, subject to a teduction in
abstraction in subsequent years when resources from other sources can be used.

7.1.3 Damascus Cily

' (1). Increased absteaction from the existing wellfields

{a)  General

The capacity of the existing wellficlds is limited by the storage in the aquifer, the abilily
of the water to move towards the well and the hydranlic properties of the well. it is considered

by DAWSSA that there is stifl available capacity in the aquifer that may be abstracted by the
wellficlds and that the limiting factor is the ability of the wells to remove. the water from the :

- ground. The wells can be used to pump water from the aquifer so long as the water level within

- the structure does not fall too far. For the purposes of the evaluation it is considered that the
~ annwal maximum abstraction rate should be set so that the water level docs not decline below a
critical timit. ‘The selection of the critical imit is a somewhat arbitrary. For example within the
UK water industry ::z.'gu'idcline of lowering the water level to $0% of the saturated aquifer
thickiess has been quoted, Water Research Council (1996). For the critical limit in Damascus
sinee he exact’ detail ;o,f the aquifer configuration at’ the welifields is unknown a more

- conservative approach is recommended in which the water level should not be permitted to- -

decling to below 75 % of the perforated length of the casing.

DAWSSA hén"e‘not'cd that & number of their 'exis{ing wellfields have experienced a-

decling in' yield in recent years particularly towards the end of the pumping season. This is
paticelarly apparent at the Mazraa-and Ounmawiyin welificlds. The drawdown in the wells
increases through the operational period thus increasing the head on the submersible pumps.
The pumps may not be able to produced the same discharge rate at higher heads and as a
'tonséqui:ﬁct: the overall output of the wellfield is reduced.” I there is a genuine decline in

- output it may be due to cither overall de-watering of the aclu_ifcr or the deterioration of

individual well performances. DAWSSA has very liftle control of the levels within the aquifer,
- but should be’able to identify if holes are not perforniing as well as they have done in the past.

* Rehabilitation; or re-drilling should be considered for such holes. It is recommended that -

investigations are undertaken at the critical sitcs to attempt to find particular problem holes.
Firstly the wells must be installed with a dip-tube so that the pumped and static water levels
may be imeasured. By the comparison of the ratio of drawdown to pumping rate, the well
- behavior can be compared with the anlicipa!éd ratios measured when the hole was first tested.
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Divergence in well behavior would point out those wells that requite redemiption works. '
(b) Methodology

To determine the capacity of wells in a wellfictd a pumping rate is chosen that will result
in the water level falling to the critical level during the pumping season. There is no dala on
water levels in pumped wells for the Damascus wellfields. None of the wells have a dip tube
and so it has not been possible to measute pumped waler fevels doring the field study work. To
combat the data deficiency a methodology has been used to calculate the anticipated pumped
water levels. The information that is available for the welifields coinprises; a yield and
drawdown for pumped holes measured the original step testing of the site; observation well
water levels and pumping rates. The water level in the pumped well is the sum of four
components; original water level before pumping started, the regional water level recession, the
aquifer losses and the well losses. By making assumptions and applying some simple well
hydraulics cqualion’s a reasonable estimate of the vaﬁous components can be made.

Ouglml or sianc water tevel. The lypxcal water: level in M'zy or June prior to the

' . pumping of wellfields . was taken from the observation well level, During the spring water -
levels rise from recharge and recovery so that in May the 1qu1fer has a natural piczomelric -

surface. This smface has a gradient of 0.01 to near Mazraa to 0.005 near Ibn Assaker. Within

* Tthe wcllﬁdds ‘the water level wilt possibly range in clevation by up o2 m due 1o the
v plcmmetuc gradlcnt ‘This. var;:\uon is ignored and a smgle walcr level from the observauon

well for May is ar.sugncd o !he wellﬁcld

'RegionalReceSsidn. There is a natural decline in water lovels from “about May (0 -

" November cach year, DAWSSA does not have any observation wells that are sufficient

distance from the wellficlds o record the regional recession and long term changes within
aquifer storage. However, the MOI has two observation wells (numbers 170 and 191) which
are away from the main wellficlds. These holes themselves may be influenced by other local

- ‘abstractors, but it is assumed that there lyplcal decling of '1b0ul m is due to the regional

recession effect only

Water level in the observation well is known and therefore is a useful benchmark to-
compare with the level in the production well. The obscrvation well is assumed (o be in the
center of the welificld and to typify the levels in the are of the wellfield. A Lnowlcdge of the
aquifer lransnussmly and water level response in the first 20 d'\ys of pumping permits a crude
estimate of futun, water levels, A vough estimate of the transmissivity of the wellfields was
taken from the map illusteating its spatial variation across Damascus. The change in water fevel
per log cycle of time may be caleulated from cquation C.16.
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- Where

230,

As = (C.16)
daT
Where Ds  Change in waler level per log cycle of time in meters
T Aquifer transmisstvity in ny *1d

Q Pumping rate for whote wellficld in m*/d

The time from which the drawdowns becoine effective at the observation well may be calculate
from equation C.17. This cquaiion applies to a single well pumping, however it gives a
reasonable agrecment (o observed water levels if the average radius 1o all the pumped wells is
" used and an unconfined storativity of 0.05 is used. A lypical t, of 10 days has becn applied to
all the wellfields bascd upon the observed aquifer response in previous years. To determine the
drawdown in the observation well at any time equation C.18 is used. The pumping period
during which there arc continually declining water levels is about 200 days from mid May to
the end of November. Recharge lo the aquifer reverses the dectining levels at about this time,
so this 6.5 month scasoi is used as the time. |

L A 2 to X Lo : .
lo = S5on - IR R )

- Time from Wthh drawdowns are determined in days
Radius from pumped to observation well in melters
Slor‘lhw!y of thc aquifer, dlmcnsnonless

[ 7o Pa i

0 1% As(log 1 - Tog 1) o cayy

“Where s, Drawdown at time t in meters in the observation well
t  Tinicin days since start of pumiping

" The water level in the individual production wells will be lower than in the obscrvation well

dependent upon the radial distance between the two wells and the transmissivity. The radius o

the production well is taken as the distance to the nearest pumped well. The equation is valid if

the wellfield is uniform and inﬁnilely largé- to give a single and uniform interference

- drawdown. As this 1ssumptlon in not et the water levels will be sl;ghlly less than those
: prcduled by thc oquahon 'md will var y from hole to hole.

230,

 -= L+ (log ry-] 4 (.19
U rogr ogr,,) 4T o (c9)

Drawdown in the pumped well in meters less the well loss component
Distance of the observation well from the production well in imeters
Radius of the production well in meters

Pumping rate of the individual production well in meters

Where

,QJH o"{ _‘,Ch
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‘Fhe final component of drawdown is the well losses. These are normatly determined by
analysis step tests, however since such information docs not exist for all the wellficlds a single
specific capacity is used. Tt is assumed that the variation in the specific capacity between the
wells that comprise a wellfield is solely a consequence of differing well losses. Furthermore, it
is assumed that the highest specific capacity is from a well with negligible well losses and that
well losses are in the quadratic form. Bquation C.20 is merely a rearrangenient and substitution

‘into the standard well performance equation of Bierschenk and Wilson.

5 = Q?__H.QJ__ ‘: (C20)

Well Loss drawdown in meters .

Drawdown from yield est in meters

Drawdown for well with no well losscs

Pumping rate of well m*/hr

Pumping rate in well with nor well losses in A W
Pumping rate from yicld test in m*/hr

Where

i

OOLL &

“The waler lcvcls in wc'llﬁelds have be calculated usmg the composﬂe mclhod previously

“described using a spleadshcct table permitling the casy adjustment of the many parameters
~involved, sce TableC 7.3. Most of the wellficlds ave near to the critical limit of drawdown set.

for the site at one or more of the wells by the end of 200 days pumping. Howevcr it should be
notul that since a wonst realistic case assumption has been hiade at many stages in the
cateulations thc u,sults will tend to unden,stumtc the hydrauhc capabilities of the sites.

©  Mazra

There is a theoretical scope to increase the pumping by a small quantity from this site up
to about 31,700 m*/d (367 Vs). This could be achieved by increasing (he existing overall

“puniping cap'icﬂy by 10%. The most favorable wells for the use of larger capacity pumps are

operational numbers 8, 10 12, 13 and 15. Increase in avatlable resources of 333 Vs or
0.58 MCM/y. Duc to the ex:sung difficulties in maintaining flow from llns site near to lhe end f
of the pumping season and the water turbidity difficulty known at (Ius wellficld an increase m
pumping is not recommended. ‘

(d) lbn Assaker

The abstraction from the sile may be increased to 40,000 m*/d (463 1/s). Thetift pumps
in the reservoir may be have an increased capacily so as to chable the weil pumps to be utilized
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more efficiently. The wells on the site are used typically 65 % of the tine, by increasing this
utilization to abowt 90% the site can increase the output by 10,000 m’/d.

(© Kaboon
The hydraulics of the site do not permit the abstraction of a greater quality from the five

existing wells that are currently used. On the contrary it would appear that the water level in the
wells may be lowered more than 25 % of the screen length in some insiances.

(N Jobar

The well hydrautics indicate that o more may be taken from this site withowt de-
watering the aquifer below the critical linit.

(g) = Kadam Railway 3

The site could yicld more water, though there may be long term water quality problems
~in this arca. Tt is proposed o increase the average capacity of the pumps’ from- 100 1o

135 m’/hr. With the current utilization rate this would result in an inpreaséof about 115 Vs or

2.3 MCMYy.
() Oumawiyin - _

* The capacity ‘of the Oumawiyin pumping station will be increased with the supply from

Tishreen and Kywan wellficlds amounting to sum § to 7 wells with a combined output of up to-

195 Vs (17,000 m*d). Itis not proposed to further increase Ihe abstraction from the aquifer in
this arca, - '

(i) University _
- The mii\._'ersity wellficld lies on the interface between goo-d. watet quality that is actively

- recharged from the Barada and ‘a poor water area lying (o the west towards Mezze. As a
- conisequence the wells ‘on the west of the sile have clevated chlorides, sulfates, lead and other

“determinands compared to the cast side of the welificld. In view of the water quality constraints
at this sit¢ and the landable desire from DAWSSA to not induce the migration of poor water

quality from the west, the site should be considered the last to be utitized. No change to the
capacily of the site is recommended.
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(j) Fringe wells

There are 23 Fringe Wells operate by DAWSSA on the perimeter of the city. The wells

- are equipped with pumps with 50 m%h (13.9 1/s) capacity. The wells arc used at a typical lotal

output of 9,000 m*/d in the winter months and 12,500 m’/d in the summer. This equates to an
average use of 8 and 11 hours per day for each well in the winter and summer respectively.
Certain of the wells could produce more water by equipping them with more powerf ul pumps
and possibly increasing the cal;acily of the distribution system in the vicinity of the source.
Wells that have a specific yield of greater than 2 Hs/m and do not have records of high nitrates

- or lotal dissolved solids are sclected for re-equipping. The wells with the revised capacitics are
listed in Table C-7.4. An interference plus seasonal regional recession of groundwater levels is

assumecd tobe 5 m.

The estimated net effect of the change would be an overall increase in production of
1.76 MCM ina ycar. The estimate is bascd on the newly equippod sources operating 18 hours

" per day for a six month period cach ycar. Du'n'rig the rest of the year when demand is lower
- they will operate for fewer hours to produce a ‘similar amount 1o thal produced in the othc-r ‘
- wells. The unch'mgcd f n ngc wells are asstmed to opcruc at the c\:slmg rates.

S VAN Wé_ilﬁcld al Jaramana.

Thc w cllﬁcld consnsis of one obscrvation and 10 producllon wclls ‘The holes were

: mamly drilted in 1990 but were not cqmppcd The testing shows that the aquifer is highly
| produclue in this area, with a fransmissivity of 3800 m¥/d causing individual well drawdowns

of about 1 m 'u thc tcstcd pumping rate of 30 fs. Thc well performance cquauons detcrmmcd

- from the stcp tcsts are summarized in the Table C-7.5. Itis proposcd that 9 of the wells may be

pumped at up to 40 Vs in this welificld. This would provide a peak site capacity of 360 Vs, if
an allowance is-made for one of the wells to be undergoing maintenance over a 245 day

- pumping seasorf a yield of 290 Vs or 6.12 MCM is available,

The water quality is typical of the Damascus wellfields. In operation the w elifield may -
ap poorer waler w hich lies to the cast, it is therefore possible ih'u in the medium to iong term
water quality of the site will deteriorate. To continue using the sit¢ it may be nccessar) to blend
water from Figeh (o obtain a satisfactory water guality for consumers.

The static water fevel at lhc.bcginuing of the pumping season in May is aboul 12 m
below ground. By November the level will be around 24 m below ground, the drawdown
caused by 1.4 m in the well plus 7.6 m of interference cffects plus about 3 m of regional
recession,
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(3)  Wellifield in Tishreen and Kywan

This wellfield lics to the west of the current operational source at Owmawiyin, h
comprises 1wo pats, the wells in Kywan Gardens to the south of the old road to Dummar and
beside the course of the Barada River, and the second part within Tishreen Gardens occupying
higher ground north of the road, Figure C-7.9.

The five wells in Kywan were drilled in 1989 and tested in April 1990. The

investigations mainly comprised a 3 day constant rate test and a one hour period of pumping at
a similar rate. The results are fot amenable to conventional pumping test analysis, however
radial flow modeling of wells 2 and 3 give transmissivitics of 3900 and 2300 m'Ad
 respectively. These hydraulic properties would indicaté that high yields might be obtainable
from the area. However the wells have high drawdowns due to head losses in the immediate
vicinily of the hole, thereby reducing the quantities of water that may be produced from the
wellfield, Table 'C-’I 6. Only wells numbcrs’ 2 and 3 are really suitable for use as production
wells, the remaining holes have a very !ow yields. Thc two holes can cach reliably produce
30 Vs without excessive drawdowns. '

 The Tishreen pait of the wellfield consists of ten wells drilled in 1993 but as yet they
~also have not been equipped. Only three of the ho]cs at thc site are hydmuhcﬂly efficient and
possibly suitable for use as producnon holcs; (nos 3.4 & 8) Both well losscs and aquifer

losses are. Ingh in the other ‘wells, table below. The testing of wclls 3 .'md 4 used steps of :

between 7 and 14 minutes, with such short: steps it is not possible to ruhably confirm their
bch'w:or R

The water quality from this wellficld is (he best in Damascus, and it is not expected to
change or cause a limitation on (he use of the source.

- To use the wellfield it is proposed that a phased approach be adopted. Initially the best -

wells 'should be equipped sccondly the lower capacity wells may uscd and lastly two new wells
nny be construcied. The production from the wellfield should be piped to Oumawiyin pumping
: station for chlorination and '1ddmon to the dlSll‘lbllllOll system. The plantied capacity of the
\_vells to be equipped in the first phasc is 135 V¥s. If used operationally for 80%. of the time
during an 8 month scason the produclidn would be 110 Vs and 2.33 MCM. In the second
-phase smaller capacity and higher head pumps are (o be installed. The exira capacity is 120 Us
or a further 100 Us and 2.03 MCM. The final phase the capacity could be increased by the
addition of two wells which could produce a total of 50 s. The final potential total installed

capacily would be 260 Us from 16 wells, an average of 210 s or 4.44 MCMin an 8 month

year.
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(4>  New wellficld at Kanawat Gardens

" The potential location for a new wellficld is within the triangle of land at the junction
between Abou Baker as Swddik Street and 17th April Street, UTM grid reference 365.8 km B,
3709.4 km N, see Figure C-7.10. The land is now used for smalt farms in the center of the
plot, but the wellficld is planned to be constructed on the perimeter of the area te minimize the
cffects on the existing fand users.

The site is chosen 0 be in an area where the aquifer is good, the highly productive
pebble beds are about 30 m thick _undc:" the sitc and the static water level about 10 m below the
surface. The location is also a balance between poor water quality to the west in Mezze with
elevated sulfates and chlorides and higher nitrate water towards Kadam. ' '

_ The proposed wellficld will have 5 prbdut:iion and one observation hole. Each will be
70 m deep to fully penctrate the aquiler. The design should allow for 20 m of plain and 50 m
~of peiforated 9" diameter casing to be installed into a 12.25" hole, and 10 to 20 m of 13"
. x casing for the conducior pipe. The mlicibwtcd capacity of the wells will permit the installation
Cofa 25 Vs pump, gwmg an a\cmgc site producuon of 80 Vs or 1.69 MCM over an cight
month pcnod '

(5} New 'we!lﬁcld ai Kafar Sdtrsch

The Wcllﬂc?d p.roposcd by DAWSSA is of avery smular typc to thc Kanawat qudcns
wells. The location is beside the Mumup"thly offucs at grid reference, UTM 365.9 kin East,
" 3609.1° km North, Figure C-7:1t. The wellficld is to the south east of the proposed Kanawat
‘Gardens w cllf:eld as such the hydrogeology and the hydrochemisty i lS expected to be similar,
‘The well design and capacity is the same as the Kanawat Gardens site for the planning i in the
Master Plan.

() New wellfield at S'lﬁdllkfy"al Qouwatly Street.

The potential focation’ is within the parks adjacent to the Barada River opposile the -
International Fair and the National Museum, UTM grid reference 366.2; l\mE 3710.7 km N,
see Figure C-7.12. There are cxisting wells along the river bank that are uscd for: gardcn
irrigation and fountains, these arc operated by the Mumcnpﬂny '

The zone along the river is anticipated to have hydraulic properties suitable for the
" construction of high yicld wells for a welifield. In this arca the pebble beds better developed
than the rest of Damascus being over 40 m thick. A transinissivity of over 1000 m*d can be
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cxpected in this area, therefore individual well drawdowns may be less than 5 m at a pumping
rate of 100 m’/hr. In addition the water chemical quality is likely to be good with the total
dissolved solid less than 400 mg/l, The static water fevel is likely to be about 10 m lower in
clevation than at Qumawiyin in May or June, that is an absolute elevation of 685 m in 1994 or
about 5 m below ground level.

The natural groundwater flow direction is from the north west, whercas the Barada is
aligned east to wesl. The abstracted water will be derived from a radius around the wellficld
and may in addition induce leakage from the Barada River. River water quality is an impoitant
- cotisideration in the viability of this scheme. However, the effective ' filtering’ of river water
through the aquifer will improve some of the river water quality determinands. The fountains in
the Barada are supplicd by wells along the walkways adjacent to the river, a sample of this

walter has an electrical conductivity of 620 mS/cm and does not have any problems with the

~ major ions chemistry.

- To utilize the groundwater at the site a exportation cum observation well and five high'
yicld wells are proposed. The first hole to be drilled will be the observation well which can be

“drilled and conslructcd to the standard DAWSSA nicthod - moditied by this study's
recommendations. Itis anl:mpated that the hole will need to be 75 to 80 m deep to fully
penetrate the highly productive sediiments. “The hole should be tested to check the aquifer
propertics and waler quality prior lo the establishment commilting it's sclf to the location.
Subiect to the ex plorauon hole having a hansnnsswnly of geeater than 1500° m*/d md water of a
'dunkmg water-standard the five production wells may be drilled. These holes will have the

" samc_dcpth as the exploration well but may be drilled at a dianieter of 20" (508 min) to permit

' the installation of 17" casing and slotted casing.” A large diancter is recommended to enable the
well to have a spbéiﬁcﬂ yicld of more than 10 Vs/m, this could permit cach hole to absteact 150
'/l with a drawdown of less than 4.3 m. ‘An additional deawdown of 7 m can be anticipated
from other wellficlds plus ay intesference between the wells of up to 7 m through a typical
pumping scason fi rom May to the begmnmg of the natural recharge in November or December.
A pumped water level of up to 33 -m below ground level is expected at this new wellfm!d The
- details of the proposed wclls and ihc pumpmg equipment lLC]UII'Ld arc given in Tables C 1.7
and C-1.8.

: (7)_ New wetlfield at .Yalbu'ga

| The Yalbuga Center is located within the center of Damascus, occupying the block

- steetching from the north side of Al Shouhada Square {also known as Martyrs Square) to Al
Itihad Strect. Upon the site is being construcled a mosque and conference center for the
Ministry of Religion. Work began upon the sile in the late 1970's, and as yet all the
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foundations have not been completed, while the eventual end of the construction work is not
known. The reason for the slow progress has been stated to be duc to groundwater. The
groundwater level under the site is naturally about 5.5 mbgl, alevel higher than the basements
of the building. To enable construction to proceed 19 shallow de-watering wells encircle the
sitec and are pumped throughout the year to lower the water table. Water is discharged via a
special channel into the Barada River in Martyrs Square. From March (o Mciy all the pumps arc
required to depress the water table to an acccpmblc‘lcvcl whereas later in the year as few as

theee are used.

Groundwater is contained within the alluvial pébblc beds that are highly productive in
the zone along the course of the river. The natural direction of groundwater water flow is from
the north west and under the course of the Barada. The pumping at the site will have modified
the Ievels stightly though the overall drawdown must be less than 5 m (the de-watcring holes

“arc only 10 m deep). Waler physicochemical prdpcrlies are excellent and similar (o the water

from Qumawiyin wellﬁcld sce the table below. The water is howe\cr contaminated by

;b'lclcml polluhon whtch conmdcnng the watcr is- pumpcd ﬁom tess than lO m dcplh is not

Etoo surprising.

Well CoWell o well

© Paramcter - I 2 .3
Turbidity (ing/1) R SR P R DR A
- Conductivily (u‘i/cm) 581 600 600
o pH () ' = Y P 1.3 : 1.3
© Total Hardness (mg/l) S S290 - 300 - 300
Calcium (mg/l) - ' o - 88. 92 92
- Magacsium (mgll) S T
 Sodiam (uig/) RN 18 21 21
‘ Potassivin (mg/l) : 2.5 3 3
Bicarbonate {mg/l) = 329 312 : 332
Sulfate (mg/1) - 25 23 : .23
Chloride (imgh) 22 26 26
Nitrate {mg/l NO,) R & 15 B et
~TDS (mg/l) C3% 30 370 -
Total Colonies ¢/ 100m!) _ 300 - 400 155
- Coliform (/100 ml) . ' N F O 25 L5200
Datc - 15/8196 1‘518196 o 15/8/96.

The water that is currently pumped from the sile is inunédialcly run to wasie. In total it - :

“is estimated that in excess of 2 MCM are abstracted each year (over' 40 MCM since

construction started). Ttis proposed that the groundwater under the Yalbuga site be considered
a water source. Three options for the usc are detailed;

--Use by the Municipality for street washing, garden watecing and similar purposes.
The water is of suitable quality for all these functions without any ircatment. Only a
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slight modification to the pumping system would be required, so that water may be

switched to a tanker hose. A temporary roadway to the cast side of the site could allow

tankers to fill-up. This option would only be possible subject to the consiruction

progress on the site and could only use a very small percentage of the available water
- pumped.

—Use by DAWSSA from the existing wells. A scheme to directly use the water would
require; headworks modifications,  pipelines, submersible pumps, conticl room,
chlorination facitity and contact tank (reservoir). The headworks of the wells would
need to be modified to incorporate a subsurface headworks chamber. The pipelines
would aced to include for a washout facility to the Barada. The washout would be
used fo pump extra water not  required by DAWSSA into the river to maintain
depressed water levels while the consthruction of the Yalbuga Center continues. The
control room, reservoir and chlorination facilitics may be either located on an adjacent

~ plot acquired by DAWSSA for the purpose, probably near the vegetable market, or if

- an suitable local site can not be used, the raw water must be pumped to a location

where it is possible to build the required facilitics. Subject to the civit works being |
possible  at’ the surface, the. major drawbacks with the “scheme are * that; -

superchlorination will be fecessary to provide safe drinking water, the wells will be

especially susceptible to contamination, the available drawdown at cach well is small
50 a large number of them witl be required, and, pamping will h'ne to conlmue_ _

!hroughoul the year with a l'\rg:., volume fost to Ihc river,

'—Use by DAWSSA from néw wells. . The ‘construction of a’ (cn hole wellﬁcld in
approximately the same location as the de-watering wells is proposed. The holes’

~ should be 70 to 100 m deep to fully penctrate the pebble beds of the alluvial aquifer.
The holes o be constructed according (o lh'cfpropb:éc:d'dcdén which minimizes the
risk of surface and near surface water contamination. The capacity of cach wells is
anticipated to be about 30 Vs, providing a total peak site output of 300 Vs, or, with
80% utilization, a daily volume of over 20,700 m'/d, and over a 250 day pumping
' seasbn 5.18 MCM each. The location of the surface facilitics that compuse a

wellficld has the s'unc consuamls has have been described in the previous oplion. The *

_ _sche:m has advaniages oyer ‘(he previous options, ‘the bacteriological quality of the

~ waler will be bcucr.‘ the drawdowns can be larger so that higher pumping rates are

- possible. However, because the aquifer is layered and the abstraction will be from

~lower layers than the shallow gravel beds, the de-watering effect on the shallow

* groundwater may be minimal. Itis probable that to control shallow groundwater in the
spring period the existing de-watering wells may nced to be retained.
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7.1.4 Deep Groundwaters
A poteniiad source for extra groundwater resources may lic in decp or fossil
groundwaters in the arca. A brief revicw of the previous work has indicated that there are no

suitable sources of deep groundwalers.

Exploration of the Barada and Awgqj with deep wells has been undertaken by- the

Russian study in the 1980's. There are 13 holcs greater than 500 m deep distributed over the

area, from which geological and hydrogeological information is available. These wells together
with geophysical and other iiformation build up the picture of the geological structure,

Bl Arab Trough. The decp wells within the El Arab Trough penetrale to a maximum
depth of 886 m (252 m below sea level). The basin is infilled with lacusirinc deposits, clays,
marls, limestones and basalts all of which have poor aquifer charactesistics. For example the
well at Adra 19K passes through almost 500 m of Neogene strata which only yielded 1.5 s

'dunng tcs{mg The Crelaceous limestones of Cenomanian and Turoman age (hat from a good
© aquifer in the Anti-Ecbanon moumfuns is at a greater depth lh'm any of the cxploralmn wells.
The limestone forms Kassioun Mountain (o the nonh wesl of Damascus, under the city the top

of this same formation dlps stocply and is anticipated to be up to 1700 m below ground level.

- A section though the Al Arab Trough complfed wuh mfonmlxon from lhese deep bormgs is
~illustrated in I‘lguw C-2.4. :

The suuablhly of lhc Ccnoxmman and Turomm hmestonc in lhe El Arab Tmugh for se
as a waler source can only be surmised. On the positive side the water resources stored i i these
formations is not cum,ntiy cxp!mled by any user and is bcyond the means of the local
popu!allon o explont in the future. However there probably is not a useable resource present:in
the ground for anyone. The hydraulic propettics are unknown, but perhaps may be surmised
from well 41K drilled into' Kassiovn. Here almost 300 m thickness of limestone was (ested
and yiclded 14,5 Ifs with a drawdown of over 30 m, yiclds greater than this can not be
expecied for the formation buried at depth. 'Sccondly' the water phyéicochcinical propcr'lics are
likely to be unfavourable, the temperature of water from a depth of. 1700 to 2000 m below
ground level will be’ greater than 75C and lhe water is likely to have a lngh total dissolved .
solids. '

Deep groundwaters in the Zabadani Valley has been investigated with the constiiction
of well 21K, This well penctrated 1020 m of Cretaccous and Jurassic limestones and is the
deepest well in the area. The well is productive, a yicld of 73 Vs is derived from the uppermost
part of the Jurassic (117 to 250 mbgl). A temperature log run on this hole showed no variation
from 17°C throughout the full length, indicative that surface groundwaters were moving
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vertically down the hole. The Jurassic limestones from 250 to 1020 mbgt were not tested and it
is assumed that they were non-productive. It is concluded from lhc_informalion that the karstic
aquifer development is associated with the upper part or near surface portion of the Jurassic
limestones. Decp groundwaters are not exploitable in Jurassic,

Well Total Geology sQ Tested
Number Depth (wlfs) Interval
(mbgl)
1A 386 - - - _
19K 833 - Quaternary 31.6 19810263
" Neogene 346 33510833
20K 610 Quaternary - -
" Neogene 16.8 24810326
" Palcocene 793 32610610
21K 1020 - Jurassic 008 117t0250
41K 860 Cretaceous ' 2.2  450to 749
- 85K 557 Basalt 214 89 to 102
118aK 641 - Quaternary 6.7 25610350
177K 525 Crelaceous ' - :
203K . 607 Ncogene : - -
226K 530 - Paleocene 107 312 t0 355
235K S 775 Quatermary - 0.3 3t035
246K 830 Quatemmary . - 0.04 3to4d6
" - . Quaternary 16.6  84to 119
" - Quaternary - 3380355

7.2 Options for Fuluré Wafcf Sources .

The fulure water sources that 1my be used by [)AWSSA are lomted on Figure C-7.13.
“The ﬂl'lllClpﬂ(Ld Lamcmes are sunnnarized in Table C- -7.10. Included within the future water
- resowrces are the existing and on- gomg schcmcs of thc Barada and I‘lgch Spring rcmforccmem
within DAWSSA's current five year plan (1996-2000). |

7.2.1 Option i

The first option proposed comprises develbping sources to which DAWSSA has been
n§sign¢d Wa(m ‘Rights, The nghts cxist for all the groundwalcr SOUECES within' the
Mummpahty plus Figeh Spung, ‘Wadi Marwan, Deir al Ashayer, Rimeh and the Al Sahl
* wellficlds near Barada Spring. Thc qmmily that may be taken from Damascus wellficlds and
- from Iigeh spring is limited only by lhc physical availability of water. Whereas from Barada &

Al S']h_l the Prime Minister has gmntcd a Right to abstract up to 34 MCM per year from the

- combined wellficlds near Barada Lake. DAWSSA intends to utilize the Barada source up to the
maximum permitted by the Water Right. To this cnd; if in a wel year itis nof nccessary o use
1he full license limit the quantity of water that was ot abstiacied is planned to be 'carried over'
to future years when other sources are less productive. Such a practice may be acceptable to
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DAWSSA and MOI, however, the planning options are formulated using just the annual
quantity since this is the safest option. The MOI has reported on the available water and
assigned a quantities of 4.1 MCM at Deir al Ashayer and 4.5 MCM at Rimeh for use by
DAWSSA. The use of the Yalbuga wellficld is excluded from the development of wellfields in
Damascus due to anticipated land acquisition problems and the shallow depth of the
groundwater being pasticularly vulnerable to pollution.

The schemes that are thus included in option 1 are; new,: equipped and upgraded
wellfields in Damascus, a completion of the ongoing 'schémes near Barada Spring, Wadi
Marwan, Figeh and Damascus, and, the development of the Deir al Aéhziyqr welifield. The use

~ of Rimeh is excluded on economic and financial grounds from the first option,

7.2.2 Optlion2

This option includes alt the schemes that are in option | f)lus the promotion of s_ch.emcs
in arcas for which DAWSSA has not been assigned Water Rights. These areas are the springs -

- oi the Awaj River at Beit Jenn and Tabibiyeh, and also the Rimch welificld, 'a]l which lic south -

west of Damascus. In the option is also the use of new wellficlds at Scrgaya and El lrk north
cast of Zabadani. '

7.2.3 bption 3

“Like ophon 2 this oplion cnwsqgcs 1he usc of all lhc schemes: proposcd in option 1.
addition a greater explouatlon of the Barada Welifi wlds in excess of the 1ssngncd water Rxgh{ of

34 MCM An cxtcns:on of the wellfield around Barada Lakc 'md Spnng is consndcu,d thc best

mcans to mcrcase the 1bslmcnon
7.2.4 Option 4

The fourth option comprises the combination of afl thc is lhe previous opuons and
involves the development of all the waler Fesources :dcnhf‘ ed. o
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7.3 Master Plan Projects
7.3.1 Selection Criteria

The choice of an option of use in the Master Planis a balance between what will provide
~ sufficient water to the cily and yet wilt not adversely affect the environment, the economic
~livelihoods of (he local population and be a politically acceptable solution. The selection’ must
~also be ec‘dnomicaily and financially altractive to both DAWSSA and to lending agencies. All
the schemes proposed are thought to be technically feasible so this is not a consideration for the
 screening process. '

At the time of the Master Plan formulation'o.nly option 1 is politically acceptable. The
other options have to be approved and accepted by government, something that can not be
“guaranteed and used for planning purposes. The economic analysis has shown that the scheme
~at Rimeh has a very low viability and therefore has been excluded. All the options will affeet
- the local availabi:ily'of water for other uses. In oplion 1 this will be confined (o the farniers in
the Deir al Ashayer area who use ‘gr01||1dwaler 'fqr_ ir'rig:mion_. Water levels will be lowered by
‘the prépoézcd wellficld and some of the irrigation wells will be de-watered while in others the
pumps will need to be lowcrud The scheme at Sergaya and El Irk will intercept water that
‘otheswise would dlsch'lrge through sprmgs from where it is channeled and used in urlgauon
The use of water. by EDWSSR from the adjacent areas has already had this effect. The farmess
~ have started to look for other means to irrigate thcar lands; the drilling of private wells seams to
be the most common solution. The social effect of the chnon area schemes is likely to be
large plus ‘there will be an enwronmcnnl impact on the upper reaches of the Janani River. The -
spring water is n_ow used in flood irrigation of the land. ¥ all this water is piped to Dﬂma_scus f
_ 'ihcu, will be o viable source of inr igation watcr in somi¢ areas. Within the Awaj basin there is a
switch to groundwater for mlg'\uon this is not '\Iways tu:hlncally feasible for all farmers.
Oplmn 3, the further exploitation of the Barada Spring source, will have an effect upon farming
~in the Zabadani Villey, The Barada River, whosc headwaters ar¢ Barada Spring, is used as a
* source of frrigation water, albeit illegally. The existing quanmy taken from Zabadani Vallcy
wcllﬁclds reduces the stieam flow, as also do prw'm, isrigation wells within the spring

catchment. The further dcvclopmcnt ‘of DAWSSA‘S water use will need to take these factors
 into accounl The subsl:tunon of lhc river as a source of unganon with another source is one
' possuble solution, bt this lacs oulside lhc]uusdtchon of DAWSSA,

The use of options 2,3 and also 4 are ruled out on socio-cconomic andfor political
grounds, even though they may be able to salis{y the demand in the year 2015, The choice of

‘ 6’p'lion I permits the reduction and at times elimination of the season deficit of water currently
" suffered by the inhabitants of Damascus. The option will achieve these improvements up o the
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year 2003, by which time all the schemes will have been commissioned and there is a forecast
deficit which grows to 46.7 MCM by the year 2015. The deficit in option 2 is 20.8 MCM and
for option 3 itis 16.9 MCM at the end of the Master Plan period. Option 4 removes the deficit
completely. For the Master Plan, option 1 is the most desirable option and so itis adopted for

- use. The water production plan and the water sources development plan arc base upon (his

option.

7.3.2 Reinforcement ¢f Existing Water Resources

The sources at Figeh; Side Spring and Ain Haroush are both 'under re-development,

New wells have been drilled near to the existing sources that allow for much greater

drawdowns than are currently available. The up-graded sources are hoped to increase the total
Figeh output during peak demand months. There are no changes planned for the Main spring

~and the DL.!I Moul\'m,n wellfietd.

_ Barada wellﬁclds glonps l 2 zmd are ‘ongoing projects, lhc group 2 wellficld is
ncmmg complehon the other groups have yet to be developed. The sources togcthcl have a

capacity of 450 Vs which wnll be pumped via 2 pipeline to Dfunascus via Figeh. the Jurassic
“that feeds Barada spring is cslimated to! hnvc a long- tenn mtura! recharge of about "
100 MGM/y. DAWSSA has been pcrnuttcd to use 34 MCM/y the rcsourcc It is considered -

-~ that with careful water abslracuon managcmcm an additional 20 MCM/y may be avmhb!c from

the aque; without delcknous cffects on local walca users and Ihe Barada River, if the waler is

“tobe 'ﬂlocalcd for use m Damascus

- The sludy of the sources operated by DAWSSA has shown that there are: three
wellliclds that have undeveloped potential for further water abstraction, (Ibn Assaker, Kadam
Railway and the Fringe Wells). 1bn Assaker wellfield is under ulitized, and -an additional
120 Vs may be pumped from the wells. The limiting factor constraining usage is the ability of

the reservoir pumps to get the water info the distribution systém. By up-grading the capacitics
“of these pumps the quantity that may be produced from the site as a whole can be increased. -

Kadam Railway may also produced more, the limiting factor being lhe capacity’ of the

submersible pumps. By upgrading these it should be possible to obtain an avcmgc of 115 Us

extra from the whote site.

The other existing wellficlds in the City; Mazraa, Jobar, Kaboon, Oumawiyin arc used
of near optimal rates, no changes in the operation of these sites are made in the Master Plan.
The universily wellficld is on the interface between good and poor water quatity. The continued
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operation of the site is liable to result in the water quality not meeting the Syrian drinking water
standards. It is therefore proposed that this site is not used in the future. The Kadam Store
wellficld is to be fully equipped with submiersible pumps, this will add water to the distabution
network in south Damascus.

An existing wellfield at Dummar is to be re-equipped after period of idleness while new
reservoirs and pumping siation were built. It is intended that the water will be used for the local
distribution network in Dummar, releasing the supply that currently comes from Figeh to other
paits of the network. The fringe wells bave different specific capacitics, however they are all
cquipped with the same pumps, Those wells that are in higher yielding parts of the aquifer
could be used at a higher rate. The re-equipping of just 8 sites could give an extra 1.76 MCM
in a typical year. The cmcrécncy wells continue to be a back-up source for DAWSSA in times
of unprecedented water shortage if the main sources can not be used. No change in the use of
these sources are planned. '

7.3.3 On Going and Planncd Water Supply Improvements.
(1) New well centers for informal a-*;fns _

New wellficld sites are idClltchd in DAWSSA's plan to supply cmslmg informal areas.
' The mpac;ly of the existing | Kaboon wellficld will be expanded with new and deepcl wells, In
" the fi rst phase two wells are planncd If these prove to be successful than another Clghl will be
construcied. Jaramana wellficld i is loca{cd in a highly productive area. This wellfield will be
- equipped to seive the distribution nclwork in the area of South Damascus. The water supply in
~ the informal area of Takadom, south of D'umscus will be enhanced by the Takadom wellfield.
~The site has 10 production wells that were drilled in 1989 but not lmmedlatcly equipped for
praduction. DAWSSA plans to commission the Takadom wellficld in the next couple of years.

(2)  New well centers for formal area

- DAWSSA’s developmeni plan identifics several projects to increase ll:c'c:ipaci{y of
~ water sources 'su'pj:tlyiug'lhc city.'A new wellfield is planned for Afar Souse, this will be a

:small source with nﬁp'roximaiélf 5 \ﬂ:ells. The welifield at the Faculty of Agriculture between
Mazaa and Kaboon is not viable since DAWSSA has not been able to acquire any suitable Jand
" 1o locate the wellfield. The Tishreen and Kywan wellfield have been drifled but not equipped
with pumps. It is planned to develop this source is a phased sequence by first equipping the
~ high yicld wells, followed by the lower yicld wells and finally by drilling another two wells.
The wellfield will be controlled from the nei ghboring and existing Cumawiyin center.
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(3)  New water resources schemes in the Hernion area

DAWSSA's five year plan identified a nuimber of potential water resources development
schemes described as follows:

A wellficld near Rimeh in the southern part of the Hermon arca. The site consists of
various wells including some drilled by the MOI for hydrogeological studics in the area. The

limited  capacity of the source (285 s for 6 months of the year) and the long distance to

Damascus have made the scheme economically unattraclive.

The Kudsaya residential development located noith west of Damascus will be supplied
by a wellfield in Wadi Marwan. The wellfield, pipeline and associated works are designed for a
capacity of 20,0{)0 mld.

- An existing wellﬁcld in the Crctaceous limestone at the norlhci n end of Hermon near the
wlhgc of Deir al Ashfx)cr is |dcm|f' ed as a potential new water source. Throc existing MOIL

~wells and_ a fourth to be drﬂicd_ for DAWSSA, makeup a small wellfield. The water would be
“supplied to Daniascus via a new pipeline to Huseiniyeh, where it joins existing pipclines.

7_.3.4 P:‘o;)oséd New Water Supply Schemes

(1) New proposed water resources schenies in Damascus (New Stations)

‘- fThi‘ec new wellfields are pfostéd; one in the center of the city on Sh()k.l')} al Qduwall)?

*street, anotlier in Kanawat Gardens and a final one in Kafar Souseh. A wellfield is planned to

be located in gardens along Shokey al Qouwatly strect and opposite the National Muscum. The
water quality and yields from the ground are both anticipaled to be good in this part of the City.
A potential water source that is not put forward for the Mater Plan is the area north of Al

‘Shouhada Squm near the Y’llbuga Ceiter. ‘The groundwater is known to be sh'ﬂlow depth and
" the pebb!c beds l.nown to be !ughly productive. Ailhough for quality reasons nt may not b<,

sunlablc as pol'\blc water, but lmy bea subsmulc source for the Mumcnpahly

A thid phasc of the development of the Tishreen wcllﬁcid comprises the conslr_uélio'n of -
two new wells in that part of the site where existing holés have already demonstrated the
potcatial for high well yields. The Kanawat Gardens wellfield is planned for an arca of small
market gardens between Kanawat and Kafar Sousch. The area was sclected to be distant from
existing wellfields yet still have reasonable well yields and good water quality. A snull
wellfield of S holes is anticipated for this site.
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(2) - New proposed water resources schemes in Hermon and Zabadani areas

"Three sources identified in the Hermon arca would all require long pipelines if the water
is to be allocated for use in Damascus. In the Awaj basin a spring source at Beit Jenn and
Tabibiych could provide a supply, although it would be very seasonally variable. The Jurassic
aquifer cast of Sergaya and north cast of Zabadani has only limited recharge, but may have a
small development potential. A pair of wellfields at Ain el Irk and Sergaya could have a
potential yield of about 3 MCM/y.,
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8.  WATER RESOURCES DEVELOPMENT PLANNING
8.1  General
8.1.1 Design Proposed for New City Wells
(1}  Existing design

The wells constructed for DAWSSA since 1979 in Damascus all have a similar
constiuction. The method of construction qdoplcd has been found to be relatively easy,
mcxpcns“c and suited to the local geology and tcchno!ogy

{a)  Drilling

Drifling is undertaken by the percussion method. The technique is favored since it 'is

_ casy to diill a vertical hole. The exact details of diameters and depths drilled will reflect the -

'ummpalcd site conditions, but generally well dcs;gns are ﬁirly ‘sisnilar. Flr'e.ﬂ)’ a 17“ to 20"
diameter hole is drilled to adepth of 6 10 20 m. Into thiis hole a 13" to 17" diameter length of

. protective casing is installed aid the anntlar space buwccn the casing and the hole grouted with

ordinary Poul'md cement. In practice 30 kg ofccmcnt per meter of annulus is specified to make
the grout. The main hole is usually drilled at 12" dlameter (0 a dcpth of 60 to 100 m. The

~aquiler is stable and lcmpomry casing may not be necessar y for the ful Icnglh of the dullcd _
- hole.: ' | :

(b)  Casing and scrcen L

The casing string consists of pérfo,ratcd and blank - casing which is installed to the
bottom of the hole. There is a 5 to 10 m blank sump section at the base of the hole above which
ascction of pesforated casing with a second blank chsing section from Lhe top'oflhe perforated
casmg to the surface. The casing does not have an end cap to scal the end of the pipe. The
string rests on the boltom of the hofe 'md is centmhzcd at ihc surhcc by cutlmg and fo!dmg the
top of the conductor pxpe : ' SR

The casing is usually 9" diameter with a wall thickness of 4 mm (approx. L/6"). 1t is
manufactured locally by a press formed methed with welded scams, coaled with a metal primer
paint both inside and out and then given an outer coaling of bitumen. The perforated casing is
fabricated by either punching or flame cutling vertical slots. These slots are 10 m by 100 mm
arranged around the pipe with about 20 slots per linear metro. The slbtting produces an open
area of 2.7%. In practice the slots may be smaller and less frequent, the casing used in the
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- Oumawiyin wellfield has been observed to have 10 mm by 80 mm slots with 22 slots in a
S m length, cquating to an open arca of 0.5 %,

(¢)  Well development

" Following drilling temporary casing is partially withdrawn to expose the aquifer. A
vertically mounted spindle pump is used for clearance pumping. Experience has shown that
after pumping the well at 100 nY/hr for three hours most of the fine particles, sand and loose
small pebbles are removed. Typically the clearance pumping lasts for 6 hours, Follo"wing the
pumping itis decided whether to install casing, decpen or to abandon hole.

- ()  Testing and analysis

' “The testing of the wells that is usually undertaken in one serics of tests for a completed
wellfield, not when an individual well is finished. Testing consists of a three step yield
drawdown test. The length of the steps may be as short as 10 minutes, or may exiend to over
24 hours. The steps are usually sequential, but sometimes :_hcré is a period bfr_ecovcry between
the steps. Aller the third step the recovery of the water levels is measured in the tested well.
~ The holes are lést’cd-ét.dischm‘gc rates of up to 100 m*hr (28 Us). During the pump tesling a
water sample is taken for a bacteriological and physicochémical water quality analysis. The

pumping rate is measured by the volunetric mcthod, measuring the time that it takes for the .

* - pumped water to fill a container of known volume.

Tlie well design, lithological log. results of the yield testing and waler quality tesling are

s collated onto a single AQ sized drawing, These drawings permit the 985)’ appraisal of all the

aspects of a well hydrogeology. A graphical analysis of the yield drawdown information is
presented but no amalysis “of - the fest pumping data for. aquifer hydraulic propertics is
undeitaken. B

'(2) Polential pr'oblems: with existing well design

(@)  Cementation.

‘The quantity of cement used 1o grout the conductor pipe is insufficient to fully scat the

annular volume, This may result in voids in the annulus which reduce the bonding to the
surfounding ground and could allow the passage of contamination to reach the well. The
elfective grouting of the conductor pipe is particularly important since the main casing in the
“hole is not grouted in position.
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(b) Casing ﬁ_lignmcnt

The main casing rests on the base of the hole and will therefore tend to bend to the
oricatation of the hole and rest against the formation on one side. The alignment problem will
be most sever if the well it's self is non vertical or crooked. Possible problems could range
from difficulties in installing and removing pumps, clogging of perforated casing and sand

pllll][)ing.
{c)  Casing material

The casing is usually of 4 nun wall thickness. The strength of this casing is less than is
normally recommended for water wells. Problems may arise with the splitting or collapsing of
the casing. The metal primer paints and bitumen ;ipplicd to prevent steel corrosion may have a
detrimental effect upon water quality.

(3} Recommended well design

(@) Drilling method

The percussion drilling is recomnmended for pragmatic reasons since it is cheap,

'lcchniéaily simple and a proven miethod for the strata un_dcrlyihg Dzi_niascus and the Ghouta., _

(b} Well dimensions ¥

: “The well should be drilled in 1wo stages, An upper hole to about 15 m and a tower hole - :
o a depth of about 100 m. The upper hole shall be to the depth of the first-impervious
formation or to a minimum depth of 15 meters. The diameter of the hole should be such as to

~allow for a minimum of 2" annulus between the conductor pipe and the well wall, and be of
- stifficient size that the method of ceimentation may be effectively accomplished. A diameter of

17" is satisfactory for use with a 13" conductor pipc. The tower hole should be drilled at a

* minimum diameter of 12", This diameter is satisfactory for the typical well yields anticipated in
the ¢ity area. : s

{c)  Conductor pipe instatlation and cementation

The conductor casing should be installed to the depth of the upper hole. T he casing
prevents contamination from the near surface, stabilizes the ground around the well to permit
drilling to greater depih and provides a foundation onto which well casing and screen may be
suspended. The effective cementation of the conductor pipe is very important in providing the
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* “desired sanitary seat for the well. The grout used shoutd be with fully hydrolyzed cement for
maximum strength. Up to 5% bentonite clay as a powder should be added to the grout to
prevent cracking of the grout. Calcium chloride up to | % may be added to reduced the curing
time of the grout from 72 hours to 24 hours. A cement grout with a density of 1.75 glem’ is
recommended this should be made with 29,6 litters of water per 50 kg sack of cement, cach
~sack of cement producing 45.5 litters of grout. To grout the annulus between the 17_" hole and
- 13" casing with an allowance of 10% extra a volume of 69.5 litters of grout per linear metro are
~ requited made from 1.52 sacks of cement per meter.

To ensure that the annulus is effectively scaled the grout should be emplaced from the
" bottom of the hole. This may be done by the use of a tremie pipe in the annulus or by pumping
- through a cement shoe on the conductor pipe.

(d)  Sampling

- Rock and water sampling should bc undenaken during the construction of the wells.

The l‘oilowmg comments could act as-a guide to an effective sampling phn ‘Bulk disturbed

rock samples, mass 1 kg, should be collected every 2 m of delh from the surface or when then
formation changes. Samples should be stored in scaled containers and c!eaxly marked wnh the
well number, date, and depth interval.  The hydrogeologlsi may sclect 1ock samples for sicve
(geain size) analysis. Normally these samples will be chosen from the '1qu1fer horizons and w1|t

provide mformauon to assist in selection of the sercen. - Water samples should be taken when

the water is initially cncountered and at cvery major influx, or every 10 m interval. “The

electrical conductivity of the water should be measured and recorded on the drillers records. -

Water samples ' are o be stored in scaled containers. If (here are. significant water quality
changes with dcpth as indicated by conductivity changes the hydrogeologist may decide to have
the different waters analyzed.

() Geophysical logging

I‘ol!omng the- dnllmg it is recommcndcd that lhc hole be geophysically logged to

: pr OVIdL information on lithology and water quality.. The togs shoutd be run on the full saturated

Icnglh of the open hole. If terporary casing has been used this should be partially withdrawn

© o expose the aquifer. Tt is understood that The Ministry of Iirigation will undertake logging
operationis on’ behalf of DAWSSA. The following logs should be run as a mininum
requircment; ganina ray, spontancous potential (most clfective if the hole has drilled wilh a
mud drilting 1luid) and electrical resistivity (short and long nornal, or their equivalents), i

~ addition calliper, temperature and electrical conductivity logs may provide useful information.
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(H Blank and perforated casing

_ The locally manufactured casing is considercd to be appropriate for the wells to the
shallow depths used in Damascus. A wall thickness of 1/4" (6.35 mmy) is recommended by
AWWA Standard A 100-84 for 10" or 8" casing installed to a depth of 300 m, this is thicker

" than the currently adopted practice of using 4 mm wall lhickncss casing. However for holes

over about 300 m depth API H40 grade steel pipe should be considered.

‘The well casing should be designed so that the screen entrance velocitics and the critical
radius are satisfactory. The critical well radius is defined as the distance measured from the
center of the well to a point where the flow changes from predbminanily turbulent to Taminar.
The criticat radius should be larger than the effective diameter of the well which is the diameter
of the hole (12.25"). The critical radius may be dclcunined from graphs produced by the
AWWA. For a critical radius of greater then 6" lhb required flows per meter of msmg should
bb less than those listed here;

- Large pcbble gravel 0. 2‘: I/s per m of screen
Small pebble gravel - 0. 57 Vs per m of screcn
Very course sand  1.26 U/s per m of scréen

- Coarse smd 3.15 Vs per mof screen

The wells in Damascus normnlly hwe dcmgn capacity of about 30 s so should hav»_ |

- over ﬁ2 m of pe;foratcd casing if turbulent ﬂow is to be avoided in a s:m]l pebble gravel
_ qqum or 24 mof screen if the aqu:fcr is A very course sqnd

Watu cmers thc per for ated scelion of a well only passus lhrough sonie of thc slots cut

| mlo the caqmg in a naturally geavel p'xck smcc they will be partially blocked by- p'U’ilClCS Thc _

cffective open area will therefore always be smaller than the nicasured cpcn arca. To maximize
well efficiency an effective open area of 310 5 % is desuable Reduction of lhc open area from

5 % o, S % changes the theorclical well efficicncy from 90 to 70 %, increasing the effective
open wrea above 5% has been showa in tests to not significantly increase the well cfhcncncy

- Screen entrance velocitics are recommended to be less than 0.03 nv/s. The equauon C.21 may

be used to calculate the entrance velocilies. A (abutation and graphical prx,scnhuon of screen

'Iengihs and pcrcenmge open area ;cqu:rcd to maintain rccommeudcd screen cnlrancc velocﬂn,s o

are to be found in Table C-8.1 and Figure C-8.1.

v—1253—Q—~ o a2
dip
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" Entrance velocity in nvs

Where N

Q Discharge rate in Vs
(

1

p

Casing diamcter in inches .
Length of perforated casing in meters
Effective percentage open area in %

For a typical well designed with a yield of 30 Us from 9" casing with 40 m of 2.5%
open arca the entrance velocity would be 0.04 nvs, this is just above the reconnended Jimil
and consequently sand pumping may occur. To mitigate against this problem the open area
should be higher and or the length of perforated casing longer.

A steel end plate should be fixed to the bottom of the casing string. To keep the casing
~ from the well wall, centralisers should be placed along the pipe a 25 m intervals. The casing
should also be hung from the surface and not atlowed to rest on the base of the hole. A cement
“baskel (tampon) should be deployed at a depth of not less than 20 m and then the annulus
“above the basket grouted with cement of the same specification used to fixed the conductor

pipe.
“(2)  Well development

Th_c purpose of development is' to clear the well of debris, remove the fine material from
the formation, assist in the creation of a natural gravel pack and remove dyilling fluid d@nd mud

fioim the hole: Development will enhanee the performance of the well. The development that is
required fora particular well should be tailored to meet the drilling method and local conditions. |
Generally - it should consnst of dcvelopmcm with air- and- cléarance’ pumpmg Chemical -
d;spcre.anls should bc used if the duilmg fluid was nol water. . Air fift pumping and surgmg with

air at depths along the length of the perforated casing is an effective nethod to removc dritling
debris. Alternating the aidift with short pcrlods of recovery will assist in creating agitation in
the aquifer matrix o remove fine material. To simplify the pipe assembly nceded for the
' opcration the well casing may be used as the adductor pipe and 3.5" or 5" drill pipe as the air
line. For high yicld wells contro! of the discharged waters and channeling (0 a suitable disposal
site must be considered. A period of 24 to 48 hours may be requited to effectively develop a
well and produce clean sediment _fru; waler: A prelnmmry idea of the likely well performance
-~ will be gained during the development of the hole.

() Well testing
i Well testing should be aimed a providing information on the performance of the well

and the behavior of the aquifer in the wellfield. Up to theee sets of tests are ideally requited.
~Firstly a step drawdown test should be undestaken. The details of the test will be adapted to
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meet the individual circumstances, but should consist of three, preferably four steps of a
minimum of 2 hours in ducation. The pumping rates should be designed to be 25%, 50%, 75%
and 125% of the anticipated design yield of the hele. In between cach pumping period the well
should be allowed to recover for a minimum of 2 hours. After the final step a 12 hour period of
recovery is desirable before the constant rate test is undertaken. The constant rate test should be
of 24 hours duration. Observation of the neighboring wells should be underiaken during this
test. Adoption of a pumping rate, 100% of the design yield will give a total of five steps for
inctusion in the siep test analysis of the hole. The third test is a long duration test, it is not
necessary to carry out this test at every well in a compact wellfield such as are drilled in

- Damascus. The testing of neighboring wells will probably give the same or very similar results.

The number and location of the wells for long duration tests should be sclected by a
hydrogeologist. The duration of the pump testing will depend upon individual circumstances,
however a duration of 4,300 minutes or about 3 days will usually be adequate to identily
leakage effects and bound'u y conditions and perhaps’ water table conditions. Prior to a long
duration test daily measurements in all observation wells in a3 km radius should be gmhcrcd

These are used to clarify any background changcs in aquifer water level that may be

su pelimpOS.cd upon the test puniping cffect. Mcasmcme’nl's of water levels should be recorded

in the tested and the neighbouring holes which act as obscrvation wells for the purpose of the:
testing, The !ogamlnmc distribution of measurement intervals lhrough time as already practiced

by DAWSSA should be continued. Particular . attention” should be p'ud to the accurate =

nicasurement of water levels in the observation wells during the initial ten minute period. The
initial time data froin the praduction well is of less importance. ' ‘

@) Analysis

~The sesults of the well testing shotld be analyzed and collated with other aspects of the
well design into a drawing and a factuat report for future reference and planning. Specialized
computer soflware programs may be used to do the analysis of step tests and constant rate -
tests. '

() Leveling

Itis recommended that all new wells are Ieve!cd upon complchon Fhls apphcs to both . .

wells that arc primarily intended as obsesvation holes and also that may aot be comnussmned as
production wells '



(k)  Well completion

A concrete plinth should be built around the conductor pipe and the top of the hole
cllectively sealed until the welt is commissioned. Those wells that are to make up the wellfield
~ should have a well head chamber constructed to allow access for maintenance and staff. The
chamber should be designed to remain a clean and sanitary location. A sump in the base of the
chamber shoutd run away and drain the chamber. In arcas where there is groundwater within 3
mof the ground surface a chamber wellhead is inappropiiatc and a small well head building is
recommended, The covers to the chambers should be secure yet moveable by DAWSSA staff.
* They should always be in position when work is not being undertaken in chamber.

. Sampling taps should be installed on each well. Ideally (hese would be finished at the
- surface in a small lockable kiosk.

18,12 Observation Well Network Rehabilitation

DAWSSA has a nclwonL of 19 observation wells within the City. They are mamly
Ioc'th,d within the existing wellfields. Recently 7 new’ obscrvation wells have been drilled in
locations remole from DAWSSA wellficlds. These holcs can provide information on- the
* cilywide changes in water levels away from the direct influcnce of the main centers of
_ pumpmg Howcvcr it has been reported by the waler resources directorate that all but one of

these holes’ can not be used for its mlended purpos¢ because they are 'fult of sand', lt !s:_
proposed [ rehabilitate the ncw observation wells o make them sumhlc for mclusxon ina

citywide groundwatu mMonitori ng schcm{‘

“The rt,hnbnhl'mon program should compnsc two pans In the first mst'mcc the mturc of
the pmblcm should be identified, each hole should be plumbed to micasure the total depth.
Secondly any mater ial in the holes should be removed by airlift puinping, if unsuccessful by
~ redrilling the collapse material. Tt is recommended that slotted casmg should be installed into the
- holcs to guard against further colhpsc Should it not be possﬂalc to rehabititate the hole then the
diilling of a replacement hole in tl}c_ same area should be undertaken.

Th¢ Master Plan proposes (o’ inCréasc the groundwater “abstraction from under

- Damascus. The ex'lra"abstmc_tibn will be introduced progressively, during this period it is
~ imperative that the behavior of the groundwaters are studicd to ascertain whether the extra
pumping exceeds the capacity of the aquifer. This knowledge will be used in the p!a‘nnihg of
" laltet stages of the Master Plan.
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8.1.3 Hydrological!hydrogcologicai Study and Modcling of the City

The objective of this study should be abetier understanding of the water fluxes within
the city, the relationship between surface water and groundwater, the relationship between
waste water and both surface and groundwater. This understanding is important in the
formulation of plans for the use of the City groundwaters and (o establish the likely influence of
the future waste water schemes. The changes in flow along the many surface canals should be
investigated from El Hame to the eastern boundary of the City urban arca. The undesstanding
of the hydraulic systems may be assisted by the construction of a mathematical model of the

‘groundwater system, Such a model is a useful way of focusing on difficult arcas that deserve

fusther investigations. The final model can become a powerful prcdiclive and managerial
instrument that would enable the fuiurc response of the aqucr system to different pumping
scenarios (0 be determined.

8.1.4 Water Resources Information and Analysis Systems

The data collected by DAWSSA from its ':_rarious monitoring networks and on the

- ‘operational details of the sources is stored on the main establishment technical computer
- systeim. Although a useful too! for the day to day management of water exiraction and supply it
- is less adaptable to the diverse requirements and analylical capabilities needed for water

resources studies. The data that may be called upon for water resources work is various and

“will include meetcorological, hydrological, gealogical, hydrogeological sources. A more flexible
_ j.approach is dcsnrablc to cope with data ‘'on lime scales from niintte to minute during aqu:fe:'
© tesling to decades when lookmg for long term groundwater and meteorological tiends; The
s capacuy of lhc syslcm to be ablc to represcit mformal:on gmphn:ally 'md car lograplnca‘lly

would be cmployed exlcnswcly in water resources studies.

lnformation and _ahalyiica! systems are widely available for the disciplines that constitute
waler resources. MoSt of such software is dirccted towards the personal compuler or network
of personal computers, either working under DOS or a Windows eavironment. Systems may -

- be either z.l'md'lrd packages, or customized \'CrSlOl’iS A need is perceived for software sys(uns s

to cover the followmg areas:
- Pumping Test Analysis
- Hydrological / Hydrogeological Database

- Groundwater Modeling software

_ Work undertaken on water resources' in the preparation of the master plan used 'Groungd
Water for Windows' (GWW) for storage and reporting purposes. The inventory of almost a
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thousand wells from DAWSSA, the Municipality and the Ministry of Irrigation has been
collated. A copy of the files has been provided to the Water Resources Directorate.

The use of a water resources information syslem is considered 1o be a priorily project
~for supporting and planning the schemes proposed within the Master Plan. To this end the
reinforcement of the existing systems is incorporated in the Master Plan

8.1.5 fong Tern Study of Barada Spring Behavior

Apart from Figeh the sources in the Zabadani Valley, (Biu-ada and Al Sahl) represent the
largest resource that DAWSSA uscs. T he understanding of the behavior of the spring-aquifer
systein to pumping is critical in the future planning of possible schemes. It is opportune (0
gather data that will help with the through study of the source. Currently one on sile
observation well is monitored every (wo weeks and the Barada River at Tekich is flow gauged.
It is proposed that this monitoring is intensified and broadened. The level in the lake and the
observation well should - both be monitored on a continuous basis with autographic float
‘recorders. The water level in the aquifer at a distance could be monitored in the three wellfields

" that belong to DAWSSA. The measurement of the actual discharge from the Iake should be

- given the highest priority. Until such time as a proper rated channel section is available at
Ramieh attempts should be made to measure the flow over the penstock md into the nngalwn

© 0 channels.,

8.2 Water Resources Plan’

8.2.1: Water Sources Dcvelopmcnt o

* The water résourees plan uses those schemes that comprise option 1. This option is the
" one preferred by DAWSSA, The plan is able to increase the capacily of sources from Damascus
and Dveir al Ashayer to meet the amlc:palcd water mqmrcmcnls until the year 2005 for normal or
wel condilions.

The wmcn 1CSOUrCes pr()jccls can be divided into four types;

anmppmg cx1slmg, lcsled bm unused wellficlds. This compnses the installation of

- pumps, well headworks, 1eServoir, chlorination ‘and contro} equipment and  site
-pipework. The wél!ﬁcldé 1o be equipped are at Takadom, Tishreen, Jaramana, Kadam
- Store, Wadi Manwan, Dummar, Barada Group 1,2 & 3.

~ Re-equipping existing wells to increase their production. At these sites the wells are able
to produce more water the Jimiting factor is the capacily of either the submérsible pumps
or the booster pumps. The schemes are at 3bi Assaker, Kadam Railway and the Fringe
Wells
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- Construction of new wellfields in Damascus. Three of these are at totally new sites,
Kafar Souseh, Shokry al Qouwatly and Kanawat Gardens, the third, Kaboon, involves
the drilling of more holes at an existing wellfield.

- Construction of new wellficlds outside the city. The wellfield at Deir al Ashayer is
proposed to use some existing Ministry of Irrigation some new holes.

8.2.2 Water Production Plan

The key objectives in water production planning for DAWSSA is ﬁrsilly to be able to
satisfy a demand that peaks in August while the sources have their maximum capacily in
March-April, and secondly, to mecet the demands when the main source is very variable year to
year. To imeet these two objectives production plans mwst be constructed on a monthly basis
and also for three hydro-metcorological conditions. A schedule of production is devised for
cach source for each year of the Master Plan for three hydro-meteorological scenarios. For
these three conditions a month by month plan is produced for the years 2000, 2005, 2010 and

. 2015, The four options for water resources development are compared. The option prefered by
- DAWSSAand the opllon selected for the Master Plan is option 1. The production plans for this

option are Mlustrated in Flguns C-8.2, C-8.3 and C-8.4 and the 'mnml and monthly plans

o plO\’ldCd in full in Tables C-8.2a-¢, C-8.3a-¢, and C-8.4a-¢. The producllon plfms for options
2, 3, and 4 for the average and dry conditions are given in Figures C-8.5 to C-8.10 and Tables

C-8.5a-¢, to C-8.10a-¢c. The wet condition production plans are almost idénli'cal' to the average
condilions for options 2, 3 and 4 smcclhc water demand is almost complctcly nict lhroughoul

~the yml

To represent dlffelenl hydro mctco:ologm] COIIdIllOIlS three reference years have been

: _chosen for compar: ison, These reference years rcpn,scnt average wct and dr y condilions. The
‘average conditions are conveniently similar to those cxpencncud in 1995. D1 y conditions in -

1990 (water year 1989-90) produced a totat ﬂow of 141 MCM a flow that is exceeded 90% of
years. For the wet conditions the year 1992 is sclected (water year 1991-92) during which an

“annual flow of 334 MCM occurred, an event that is excceded less than 5% of years. The
‘reference years were selected to be in the recent past when the measurements are the most :

reliable and the source was modified by pumpmg The total flow froin Figeh in future years, is

taken to be the same as the tofal flow in the comparison year, either that by gravily dlSCh'\Igb or

by pumping. The ongoing schemes at Figeh are assumed for the purpose of the plan t0 have no '
effect upon the discharge regime. This is in fact a worst case scenario, since the ef fect can 0nly =
be to increase the low flows and reduce the flood of the spring. M’lkmg this assumption ‘is
therefore a conservative measure, the aclual situation achicvable being possibly slightly better
than that assumed in the production plan. The monthly production from Figeh is eithec all the
flow or that part of the flow that is necded to satisfy the requirements of Damascus. Within the
formulation of the different scenarios the antecedent hydrological conditions have always been
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assimed to be a normal year. A sequence of dry years, even though lhe).'r might not be as dry as
a | in 20 year drought, may result in a equivalent hydrological condition as such a drought. For
example three successive years with 85% probability rainfall is equivalent to two normal years
- followed by a 95% probability rainfall. For this reason the three scenarios of wet, normal and
dry must be considered to include the effects of the previous years.

" The total flow fromi Figeh under the three scenarios does not change for the duration of
the Master Plan. Tt may however be nofed that it becones possible to lake a larger proportion of
the flow cach year in the wet and average scenarios. This is not due to any increase in
resources, but a result of higher demand during (he flood period when more of the flow can be
used, The ceiling on the capacily is however reached in the low rainfall scenario when all the
water from Figch is required to meet the demand and there is no overflow to the river even
during the normal flaod.

A theorctical linitation 60n the use of the Figeh plus Barada plus Deir al Ashayer sources
is imposcd by the carrying capacily of the two tunnels from Figeh to Damascus. ‘They have a
rated maximum flow of 14.8 m'fs. The pro_duclmn plan in the year 2015 for the average and

~wel conditions do not exceed this infra:structure limitation. In the years after 2015 it is probable

that the size of the aqueduct rather than the water sources will be a linsitation on the production.

The water production plan is able to almost sa{isf)’; the ferecast demand for the period

1997 to 2006 and to fully satisfy the demand from 2001 to 2004, After the year 2008 the-
~ difference between requirements and source output is greater than that expected for the year
1996 and beconics pmgre.sswciy more acute up o the cnd of the Mastcr Plan period. I]owcver e

~DAWSSA should be aware that during a diy year of scqucucc of years there will be a deficit
~almost as large the shortfalls currcnlly cxpcncnccd The nost sensitive period for shortfalls in a
“range of lower ramf'lll from the 50% case to the 95% case will be the months of July and

- August. These two months will continue (o have a waler deficit in’ all cases when the rainéall is

less (han average. The month by month productlon plans detail the size of the deficit for the
)eara 2000 2005, 2010, and 2015. '

At certain times dunng the Master Plan’ period there is surplus capacﬂy When this has
ariscn pn,fercnce is made to us¢ Jurassic and Cretaceous sources to permit the groundwater
~under Damascus to recover. The use of the Quatemary aquifer under Damascus is limited by
the area thal Ins acceptable water qu’dny and by the anticipated total resource assessment of SO
MCM/y The phn anticipates being able to exceed this amount due to the additional, but
un-quanlifiable ‘recharge from leaking distribution system, wasle water system and canals. At
the end of the period during an average year 69 MCM are abstracted from Damascus. However
during a dry year water use is much more intensive with wellfields operated for 11 months.
Storage in the aquifer will be heavily drawn upon during these years which should be offsct
against years with lower abstraction when recharge will replace the used resource. It is stressed
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that the volume of storage of good watcr in the aquifer is comp: atively small. The ability of the
aquifer to buffer a long period of abstraction with low recharge is small. Therefore, with the
build-up of abstraction in the lifetime of the plan studies are recommended to monitor the
groundwater and hydrological conditions in Damascus,

Walcr quality is generally good under the city, howcvcr there is a slug of poor water

' quahly that lics roughly north west of the Mezze antostrada. The known poor water quality at

the University wellficld has ted to its planned abandonment.

8.5  Implementation Program

The schemes are scheduled (o imeet the requirements of the produiction plan. To this end
those schemes that are quick and will give a proven source of water will be implemented first
while the more costly and longer term schenies are programmed to stast latter. Those schemes

will have a longer preparation period necessary for preceding hydrogeological and hydrological
- investigations, preparation of déhiléd- designs and obtaining of the necessary permits and

agrecients prior to any construction works. The year when each source wdl be finished and

* the extra capacity available is listed below

Source : -~ Year - Source o - Year

Wadi Manvan 0 1997 - Tishieen & Kywan Phase Il 2000
© Barada Spring Group2 © 1997 Deiral Ashayer S 2000 ¢
~ “Kadam Store S . .1997 ° Barada Group 3 - 2001
- New Kaboon Phase I - 1998  Shokry al Qouwatly 2001
~Takadom - - 1998 Ibn Assaker . _ 2002 .
'Tlshw’n&Kywan Phasel : 1998 . Fringe Wells. : 02002
o Dunmar - 1999 - Tishreen & Kywan Phase HI 2002
- Jaramana - 1999 - Kanawat Gardens ' 2003
jBaradaGroupl , . 2000 Kadam Railway 2003
New Kahoon Phase 1 : - 2000 '

C-99



REFERENCES -

Bashir {1987) Final Report on the Pump Testing of Barada Spring. Damascus, SAR. (Arabic
Language)

- BRGM (1991) Protection des Ressaurces en Fau de la Ville de Damas (Syria). Orleans, France.

Damascus Municipality {1994) General Structure Plan for Damascus City, Progréss Report for
Phase I, 1994, Damascus, SAR. (Ambic)

DAWSSA (1994) Walu’ Supplv Production Report, Damascus, SAR

(Arabic Language)

Gilbert & LaMoreaux (1982) Assessinent Report of Hydrologic System at Figeh with
Implementation and action pla&l)ccember 1982 EPBEF. Damascus, SAR

‘ Lcngiprovodkhoz (1986) Water Resources use in B'\I’_\d’l and Auverge Basins for hivigation of
Crops, Syrian Arab Republic. USSR Ministry of Land Reclamination and Water Management, |

Moscow, USSR. (English Languagc translated from Russian)

Mmlslry of hrigation (l994) Final Repoit on the Hermon Project. Damascus, SAR. {Arabic
Language, tmnshtcd from Russian)

SOGREAH (1973) ,ﬁiude igdmgmue et r’ndmxzeo!ommre de fn Source Figeh. J?amlart Final. R
11442 Grenoble, France. (French Language) - o

B N
:-,l .*

SOGREAIS (1975) Source ¥ igell, Inf;;Lcn: i ( dps meamres Je ;' 972 a 1974 et mise ajour des
concitlsion du ropport R11442, Vol | Texte, R 12318. Grenoble, France. (l‘lC!l(‘h L;mguage)

C-100



	APPENDIX C WATER RESOURCES
	3. PATTERNS OF WATER UTILIZATION
	3.1 Water Use in Irrigation
	3.1.1 Irrigated Areas
	3.1.2 Irrigation Volumes
	3.1.3 Irrigation Practice

	3.2 Water Use in Water Supply
	3.2.1 Damascus Rural Governorate
	3.2.2 Damascus City Governorate
	3.2.3 Industry
	3.2.4 Net Water Usage


	4. GROUNDWATER ABSTRACTION
	4.1 Abstraction from Quaternary Alluvial-Proluvial Aquifers
	4.1.1 DAWSSA Sources
	4.1.2 Damascus Municipality Sources
	4.1.3 EDWSSR Sources
	4.1.4 Irrigation Sources
	4.1.5 Other Groundwater Abstractions

	4.2 Abstraction from Jurassic - Cretaceous Limestone Aquifers
	4.2.1 DAWSSA Spring Sources
	4.2.2 DAWSSA Well Sources
	4.2.3 EDWSSR Sources

	4.3 Abstraction from Minor Aquifers

	5. WELL INVENTORY
	5.1 General
	5.2 Hydrogeological Monitoring Network

	6. PRESENT WATER RESOURCES OF DAWSSA
	6.1 Water Resources Organization in Syria
	6.2 Potential Water Resources Available to DAWSSA
	6.3 Previous Recommendations on Water Sources
	6.3.1 Springs
	6.3.2 Groundwater
	6.3.3 Surface Water
	6.3.4 Water conservation Measures

	6.4 Current Water Sources Capacity
	6.5 Water Source Schemes in Progress
	6.5.1 Figeh Side Spring
	6.5.2 Ain Haroush
	6.5.3 Barada Group 1, 2 & 3 Wellfields
	6.5.4 Wellfield at Takadom
	6.5.5 Wellfield at Kadam Store
	6.5.6 Wellfield in Wadi Marwan
	6.5.7 New Wellfield at Kabooon
	6.5.8 Wellfield at Dummar


	7. ALTERNATIVE FUTURE WATER RESOURCES FOR DAWSSA
	7.1 Potential Sources Described
	7.1.1 Hermon Area
	7.1.2 Zabadani Valley
	7.1.3 Damascus City
	7.1.4 Deep Groundwaters

	7.2 Options for Future Water Sources
	7.2.1 Option 1
	7.2.2 Option 2
	7.2.3 Option 3
	7.2.4 Option 4

	7.3 Master Plan Projects
	7.3.1 Selection Criteria
	7.3.2 Reinforcement of Existing Water Resources
	7.3.3 On going and Planned Water Supply Improvements
	7.3.4 Proposed New Water Supply Schemes


	8. WATER RESOURCES DEVELOPMENT PLANNING
	8.1 General
	8.1.1 Design Used for New City Wells
	8.1.2 Observation Well Network Rehabilitation
	8.1.3 Hydrological/hydrogeological Study and Modeling of the City
	8.1.4 Water Resources Information and Analysis Systems
	8.1.5 Long Term Study of Barada Spring Behavior

	8.2 Water Resources Plan
	8.2.1 Water Sources Development
	8.2.2 Water Production Plan

	8.3 Implementation Program

	REFERENCES




