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1. INTRODUCTION

This water resources supporting report makes part of the Master Plan for the Damascus
City Water Supply and Sewerage Authority (DAWSSA). The supply to the population served
by DAWSSA is currently derived from a large spring of Ain ¢l Figeh located 15 km from the
city, a wellficld sucrounding (he spring of Barada 36 km from the c'ity and wellficlds within the
city.

- The exisling sources are unable to meet the present requirements or the forecast needs
during the Master Plan period 1996 to 2015. Signiﬁémlt new unused water resources have not
been found in this Stﬁdy. Nonetheless, with careful management and the optimum utilization of
existing and new sources the seasonal water deficits may be reduced and for most of the year
eliminated for the period up to 2005.

The Appendix provides the background setting of the area in terms of lopoglaphy,

.'gcalogy, fieteorology, hydrology - and hydrogeology The Cum:nl W“tlel uhhzauon by bolh
- DAWSSA and the other compctmg interests aic outlined.

~The Appendix descnbes twelve water resources schemes and lhen sclco.ls those that are
smm‘ole tcchmca]ly, cconomically and politically- for inclusion into the Water Supply Master
Plan. Rccommcnd'mons are produced for the design of the schemcs and also for water

resources sludics and data collection that should be nnplcmenlcd dunng the Master Plan pcnod
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2, PRESENT CONDITION
2.1  Physical Sciting
2.2.1 Topography

Damascus is located in the southwest of the Sﬁian Arab Republic at approximately
latitude 33°30" north angd longitude 36%20" cast. The stady arca covers the approximate limit of
the city urban area, however for the water resources investigation consideration is made of the

whole of the surface water catchment of the Barada and Awaj rivers upstream from the
mountain front, the groundwater caichments of the main springs and the Damascus wellfields,
Figure C-2.1. Topographically the area may be divided into twe main domains; the Anti-
‘Lebanon mountains and the El-Arab Trotigh.

The Cily of Damascus has grown up al the point where the Barada River leaves the
boundary mountain belt of the Anti-Lebanon and flows east onto the phain of the El Arab
- Trough. The urban area, ot .'650 to 75¢ m above sea Ievé}, has covered the ﬂltlvial fan created
by the river, and now has spread up the valley of the Barada River, on to the slopes of
Kassioun and other hills to the west of the city. To the south east the land forms a plain that

. gently.dips to the closed deplessmns of lakes Atelbeh and Huaneh al _|1ISl about 600 m above

©sCa lcvcl

The moum.un belt consists of a scru,s of pﬂmllcl ndgcs and intermontanc -valleys

lunnmg south-west to north-epst. T he ridges are cut by deeply incised wadis such as the valley o
of the B‘ll‘ad‘l River. The prmc‘lp'il ridges are Ash Sheikh (2814 m), Ash Shaqnf (2466 m) o

Kassioun to Ash Sharqlch (l 515 m)and ‘;hur Mansour (1883 m).

- The mountain arcas have developed karstic features such as swallow holes, caves,
springs and drainless basins. They are formed in the massive dolomites and limestones of the
anmssic and Upper Cretaceous, and are most strongly dcvclopcd in aréas of tectonic fmcliu‘ing
or af the interface belween Turonian Limestone 'md other lithologies. Most of the sprmgs are
small and ‘cphemeral but a few have a very large catchments and are perénnial, notable spnngs
from a water snpply pen,pcclm, arc those al Barada and Flgch

_ Inlcmionlanc aréas such as the Zabadani Plain nnd S.cdnaya Plain occupy the synclines
or grabens within the fold mountain belt. They are flat bottomed 2 1o 10 km wide and may be
up o 35 ki long with the valley floor at an clevation of 800 to 1400 m. The valley sides are
have talus and alluvial fans, and their floors are often the site of ancient lake beds.
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To the south of the Damascus Basin lic volcanic plateau comprising the Golan Heights
and the slopes of Jabel Arab (Jabel Drnize). The area has a distinctive Jandform of small
truncated conical hills and the rough land surface of black basalt.

2.1.2 Geology

(1}  Steatigraphy

Within the study area there are outerops of focké frem the Jurassic to the Quatcenary
age, Figures C-2.2aand C-2.2b. The Jurassic and Cretaceous rocks are m:u’hfy limestones and
dolomites, The Jurassic rocks ouicrop in the western pzirl of the study arca fbrming Jabel csh
Sheikh (Mount Hermon) and the mountains west of the Zabadani Valley, A small outcrop
occurs on the eastern side of the valley noith of Zabadani. The Lower Cretaceous consist of
three formations, the lowest is a sandstone, this overlain by chalky limestone and the uppér isa

sandy clay and marls. The Lower Cretaceous rocks occur throughout the area excc;it where the
Jurassic locks are cxposcd Upper Cretaceous formations lie coufo:mably on_the earlier

- sediments. The Ccnom:mrm & Turonian doloinitic limestones outcrop over Iargc areas on
~"Kassioun Mountain and the label ash Shaqif mountain range. The Senonian rocks have a more

| limited oulerop on the flanks of the main mountaing, Their l.itholog'ics range from limestones to
~clays. The Pa!echhé is represented by predominantly argillaceous deposits, marls and clays.

- The outcrops are in the arca between the Jabel ash Shaqif and the Kassiour mountain ranges, A -

narrow ontcrop, but of hydrogeological signi ficance, r'un's:a[ong the south western side of Jabel
ash Shaqif - 1:noun:min range.  The 'Ncogcn'c- comprises mainly {terrcsirial formations,
conglomerales and sandstones wnh some linestones-and marls. The sirata lics: unconformably
over the Pa!eogene m an oulcrop band running parallel and to the north west of Kasstoun

“Mountain, The Qu'atcm'uy comprises - great a thickness of alluvial, proluvml (colluvial),

lacustrine hmcslonc_s and basalts to the south west of Kassioun. Thinner accumlations of

‘Quaternary lacustrine and proluvium (coMuvium) are found in the intes-montane “basins of

Scdnaya and Zabadani. Basalts oocur at the surface 10 the south of the sludy area and extend

‘notth in the subsurface beneath Neogene rocks and intcrdig'ila'tc wilh the Quaternary sediments

stretching as far north as the southern suburbs of D’mmscm A ful!cr dcscupuon of lhe;

‘stratigraphy and rock lypcs is prcscntcd in ’the C-2. l

(2)  Structore -

The regional steucture is made up of two donains the Anti-Lebanon fold mountains and
the El-Arab Trough. The Damascus Fault marks the boundary between these two areas. Within
the Anti-Lebanon mountains the Jurassic lo Palcogene strata have been fotded and faulted by
the northward movement of the Arabian plate. The folds form an echelon pattern with their axis
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running notth east to south west. The limbs of the folds  are asymmetrical with the north
western limbs dip at 60 10 80°% while the south eastern facing limbs dip at only 35 to 40° The
form of the geological structure is reflected in the mountains with the anticlines forming the
ranges while the synclines the inter-montane basins. The Jurassic has in addition been faulied
into horst and graben blocks, cspecially in the area west of the Zabadani Valiey. Neogene strata
 lies unconformably on the Palcogene tending lo be found within the synclines of the fold
| slruciurcg The folding within these rocks is more gentle than in the older strata. The geological
cross section shows these structural elements, Figure C-2.3.

" The Dantascus Fault marks the edge of the El-Arab Trough. The Paleogene strata has
been downthrown in a complex synsedimentary graben structure (Damascus Depression),
Figure C-2.4. This has been infilled with Neogene and Quaternary terrestrial sediments and
numerous Miocene to Quaternary lava flows. The deepest part of the graben is adjacent to the
l)a_mascus Fault where the Neogene and younger rocks have been proved to be over 800 m
thick and the total throw of the fault, I(}()O m. '

Within lhc Anti-Lebanon ra,gion the existence of extensive faulimg and fractunng is

jmpo:lanl in the devetopmcnt of lhc karslic drainage. The position of faulis often- dictate the -

“location of spnugs or sink holes. The highly fractured zonc associated wilh the Flgeh fault
3prohab1y has led to the existence of the lll’llp_OI‘lallt spring at this location. ‘

2.2 Climate and Meteorology

2.2. l Climate

The climate of the D‘mnscus Plains is Mednerrane'm. chmactcumd by hot d:y SUNUNEES.
ﬁom April to October and a humid cold winter from November to March. The main features of

the climaie in Damascus are depicted in Table C-2.2 The winter period is influenced by
cyclones from the west bringing rain ‘and overcast conditions, or anticyclones from Siberia with
cold -Joadlcss weather. In the summer an anticyclone develops over the castern Meditersancan
vhlch prwcnls the wcstcrly tracking cyclon.,s from reaching Syria. The swnmer season is
.. dominated by cloudiess hot weather with dry south westerly winds.

: The mounhms above 2000 m experierice vcry cold wet winters and mild dsy summers.
Pmupmlmn falls mamly as snow which remains on the high ground throughout the winter.
The anaual snow melt occurs during the spring months. A climatological summary of

Zabadani, meteorology station tocated at an altitude of 1860 m, is presented in Table C-2.3.
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 2.2.2 Melcorology

(1)  Metcorological network

The carliest records that exist for the study arca date from 1918 when the precipitation
record for Mezze in Damascus was started. The network of - monitoring locations  grew
especially in the 1950's and 1960's and currently there are a total of 60 stations, of th¢sc 41 are
rainfall stations and the remaining 19 are climatotogicat. R | '

The majority of the network is operated by the Metcorological Department. The pertinent

" station details for all the network within the Damascus Basin, are shows in Table C-2.4 and

their positions plotted in Figure C-2.5. The Currenliy DAWSSA uses the data {rom 3 rainfall
stations, operated by themselves, and fwo climatological stations. The five stations are in the
groundwalter catchment of Figeh Spring and are used for water resources asscssmenis and flow
predictions.  DAWSSA plan to e\p'md Ihe nelwork with (wo new rcmotcly operated
cllmatologica! slauons ‘ '

| (2)  Precipitation

t

* The rainfall is non uniform over the water réjsources study arca and very variable from .

},cdr to year. In the mountains the 1ainfall may exceed 1200 mnt above an altitude of 2000 'm,
while on the’ phm cast of Damascus the rainfall-is less than 100 mm. Thc arcal distribution of

- ramf'ill is dcptclcd m Flgllrc C 2 6.

ic annual rfunf'ﬁl from the DAWSSA smuons is prcscnlcd in Table C-2, 5 The s!alions _
all receive similar volumes of precipitation, the !ong lerm average rangmg from 485 mm al’
Madaya to 565 mmat Sergaya, the long term average rainfall from all five stations is 512 mm.
FigureC»Q.? depicts the annual rainfall pattern from 1956 to 1995. There is a great variability
in the amount of rainifall between years with some drought years' such as 1959/60 recciving 227
mm and cxcepuonal!y wet years such as 1991/92 with over 925 mm of procipitation. The five

‘year running mean rainfall marked on the graph does nol show any systematic pattem of cither
.change in the total amount of rainfall though the fast 28 years, or evidence of any systematic

cyclicity in rainfall. Smulaﬂy, examination of both the 3 year and 7 year nunning means also do
not show any systematic changes in the characteristics of the prwpntanon The vanablmy in the
rainfall is dcplctcd in Figure C-2.8 which illustrates the percentage. "of time that particular
rainfall quantities may be expected. The median rainfall (50%) is SO8 mm which is very similar
to the mean of 512 mm. The rainfall expected in dry years is particularly important in the
estimation of water resource availability. The frequency pattern approXimates o a statistically
nomal distribution, but with slight deviations at the extreme conditions (above 95% and below
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5%). In the tails of the distribution the precipitation is higher than may be anticipated from the
~normal distribution. The precipitation and frequency information is shown in the following
table.

Probability Percentage of Years  Raintall Exceeds (mm)
1 year in 20 5 760
1 yearin 10 10 700
Pyearin 4 25 600
I yearin 2 S0 _ 508
3 years in 4 75 408
9 years in 10 90 309
19 yearsin20 95 270

(3) Evaporation

‘The potential cvaporation ranges from 1000 mm in the high mountains to 1500 mm to
- the cast of Damascus. The actual annual mean evaporation, Figure C-2.9, is however limited

by water availabilily. In the mountains it is abont 350 mm whereas in the plains it may be only -

- 100 mm, these values representing 45% and 100% of the total rainfall respectively. In the
Damascus Ghouta the cvaporation is up to 380 mm which is far grc:ilcr than the rainfall, the
cxtra water lost to the atmosphese is due (0 the groundwater table being unconfined and close to

“the surface. Evapotranspiration peaks in'the period May to August and is at a minimum from

Decémber to Januziry.
~ 2.3 ° Hydrology of Surface Water
2.3.1 Drainage

{ l) Barada River I_

The Barada is a relatively short river, its full length being no more that 80 k. Itriscs in

the mountains noith wtzsl of Damascus fed by major springs then it cuts through the mountains
to emerge onto the Damiascus atluvial fan, Figure C-2,10. Before the intensive use of er€l
_ W'nter for irrigation flow’ e:«lmded to Lake AlCIbth In the catchment above Barada spring the
stream ﬂow is epheineral, ocmurmg only du:mg the snow melt and at times of the rains. From
the spnng the stream flows soulh through a broad vallcy to Tekich. At this point the Barada
vecrs (o lhc east and has cut a narrow gorge like valley perpendicular to the geological
- stiucture, A tributary stream from Wadi Karen joins the main river at this point. Both the
Barada and Wadi Karren have dams in the vicinity. The Wadi Karren dam is an anti-flood dam
(a capacity of 1.6 MCM) while the dam on the main river has only one day of supply to serve a
- -small hydroclectric plant. Along the gorge the flow is augmented by groundwater inflows and

springs, most nolably Figeh Spring, 19 km downstream from Barada Spring. The last gauging
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point on the river before it is divided at El Hame. Upon emerging from the gorge through the
mountains the main channel of the river is split into 7 major channels at different clevations,
these spread out over the alluvial fan where all the water is lost by infiltration and abstraction,
The flow in cach of the channels was apportioned by a traditional system of weirs and slhiices.
The system was operated by the MOT and ensured that a fixed ratio of flows was maintained
between cach of the canals. Table C-2.6 itemizes each of the canals and the percentage of the
total river flow at that Bt Hame, and the detail of the canals within Damascus are marked on

* Figure C-2.11. The traditional system has not becn used for at least ten years, there not being

enough water in the river to permil the regular subdivision of flows. The whole flow of the
river is distributed amongst the irrigation channels of the Ghouta Under naturat conditions
prior to widespread irrigation the Barada discharged into the perenniﬂ Lake Ateibch. The last
time that this location was fed by the Barada was 1969. Preseatly all the water is used or
evaporates before reaching the bed of lake which is now dry.

(2) - Awaj River

The second important river in the vicinity of Damascus is the Awaj River. The river

“starts from springs (hat rise from the eastern side of Jebel esh Sheikh: There are twe main
* ributaries, the Janani (hat is fed by the Beit Jenn spring and, to the north, the Sebrani fed by = -
~ the springs of Rimeh and Arnch. The headwaters of both tributarics are confined to steep sided

valleys which are gorge like in’ places. Upon leaving the mountains they spread across their

“alluvial fans and join near Saasaa. The streams are pemmml within the mountains, but upon

lmchmg the atluvial fan the flow is lost to irrigation canals and bed infilration and they become
cphcmcnal over some reaches. Downslream from Saasaa the river flow is direcled mto major

irrigation canals, the punc:plc ones being the; Derani, Kanakd, Zakiani and [)uh'lbml Canals,
‘The internal drainage basin for the river is Lake Hijanch, under current conditions of intensive

walter usage the flow barely extend to the Kisweh and docs not rnach the dry lake basin some

30 km further down channel.

3.2 Hydrological Nelwork .

The oldest flow gauging stations in the Damascus Basin are oh the Awaj and Barada
rivers. A stalion was established at Om el Sharatit on the Awaj in 1930, and at El Hane on the
Barada in the following year. Three minor wadis also have gauging stations, Mnin, Liwa and

‘Khanfes, the remainder of the stations are o the two permanent rivers in the basin. Special

investigations have resulted in the rehabilitated the existing stations and the added new stations.
For example, in 1974 an additionat 14 stations were instatled in the Awaj/Barada Basin as part
of a Soviet project. A second wave of instrumentation was tndertaken in another Soviet project
when 7 extra gavging stations where built in 1982/3. The data from a network of 31
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when 7 extra gauging stations where built in 1982/3. The data from a nctwork of 31
hydrological permanent and many temporary slations were monitored during the early lo mid
1980's as part of the Barada & Awaj Study the data from this exercise and the previous dafa is
reported in Lengiprovodkhoz 1986. The details of the these measurement stations are to be
found in Table C-2.7. The gauging stations ar¢ operated by the MOI. The size of the network
has been pared paired down to 14 locations in the last 10 years, some of the streams are now
perennially dry, other water courses have been modified and generally less intensive
monitoring is undertaken.

DAWSSA nxasures the flow at two locations by current metesing a section of the
stream. Over the course of a year about 80 mecasurements are made. Measurements at Ramleh
are to represent the flow from Barada Springs and those at Tekieh the flow leaving the
Zﬂbﬁdﬂlli.Vﬂ}lG}'. ‘The stream from Ramleh to Tekich during the winter season receives
contributions from small streams dsaining the Zabadani Valley, while in the summer period
walcr is abstracted for irvigation by hundu.ds ol" small pumps. Consequently the winter flow al
'Tckleh is hlghm than Ramilch and the summeér flow lower. DAWSSA estimates that at certain -
times of ihc year up to | m's is losi betwcen the sprmg and Tekich. As part of the- |
dcvclopmcnt of (he Barada wellfield it is plmned to modlfy lhc oulﬂow ch'mnc[ to enable the
Mow to be measured at Barada its self. : '

2.3.3 Stream Flow

Thc B'lmda sprmg produccs a pcrmmal slremnﬂow with a long lerm naluml discharge
01‘ about 3.1 mYs. The river is auglmuted by the overllow from the Fxgch S pring which has a .
tong term average discharge of 7.7 m¥fs. In the past, the natural flow of the Barada left the
mountains was 14.0 m¥s, due to infiltcation losses and evaporation this fell to 6. 7 m's by the
time the water reached Lake Ateibch The Awaj River al Saasaa has a natural discharge of about
4.7 m's,

The annual hydrographs on all waler courses are. domm'm,d by the influence of the
SC&SOn‘iI spring ‘snow melt and spring inflows, Thc;c is: a discharge peak in late spring
' .foklowcd by a reeession of flows until September to Novembcr when the rainy season mcrcascs
the flow again. *The rainfall quanuly is highly V'unhlc year to year, this is reflected in the farge
differeinces in hydrographs for both rivers, as is illustrated in Figures C-2.12a,b,¢. The mean
anaual flow for the Barada at El Hame is 11 m¥s with a 95% probability of a discharge of over
7.2 m'fs, and 5% probability of a discharge of over 18 m*s. While for the Awaj at Om
Sharatiet & mean flow of 4.5 m'/s with a 95% probability of exceeding 1.5 mfs, and a 5%
probability of a discharge over 12.7 m’/s. These probabilitics may be found illustrated on
Figure C-2.13



‘the flow characteristics of the river systems have been dramatically modified by the
man's activitics, the diversion of spring water into the water supply network and the diversion
of surface flows into frrigation canals and the return of waste waler into the rivers, Details of
the contemporary and non-natwral flows of the stream is discussed in the section C-2.6 on

walcr utilization.
2.4 Hydrology of Springs
2.4.1 General

The main perennial springs in the area are karslic issuing from the Turonian and Jurassic -
rocks to the north west of Damascus. Minor springs which are often seasonat occur throughout

* the arca, however, the vast majority of the disclnrgc is derived from just two spring sources,

Figeh and Barada. The springs, incon poxa{ed into the MOI monitoring nctwork, gencrally with

© yields of more than 10 Vs (864 m*d), are listed in, {' able C-2.8 and their locanons marked on
Figure C 2.14.

2,42 Dala Availability

- The spungs of the Bzmda & Awa_; Basin are well documcni:,d The MOI has momtonng
the monthly dischdrge from Barada from 1931 10 1993 and many other springs since 1974.

- DAWSSA-and its ‘predecessor organizations has been sesponsible for the measurement of |

dIS(‘h‘ll‘gb of Figeh Spring, daily records ‘bcg'm in 1941. A comprch'cnsivé survey of springs

- undertaken in the c’uly 1980's - C’Il'llOgllCd over 200 _springs récording location, elevation,
+~discharge, water [Emperature and electrical conductivity, {Lcnglprovodkhw 1986) The MOI

has made the records of annuat mean flow for the hydrologic ycars 1984-85 0 1994-95 (11
years) and records of monthly flows for 1985-86 to 1993-94 (9 years), available for this study.
The discharge information of sprmgs prior to 1984- 8‘5 is publlshad in lnng:provodkhm

' (1986)

E :2.4.3 Data Anaiy’sis'MethOdology‘

A'study of the discharge data has been undertaken to characterize the present behavior of

~springs. In addition changes to in the spring response’ with time are identificd. The present

behavior is nct of all human activitics that tend to modify the recharge or groundwater flow in

the spring catchment, for example abstraction or changes in land use. The analysis has looked |
at (he spring data in four ways; to scc the relationship between spring flow and rainfall on an
annual basis, to look for long term trends in spring flow, to look at monthly spring flow, and,
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the summer recession of flows has been investigated. The methodologies adopted are outlined
in the following scctions

(1)  Annual spring flow

~ The annual spring flow in a s'pring is a function of the recharge in the catchment. A
*measure of the recharge is taken as the mean rainfall measured by DAWSSA's network of five
meteorological stations in the Figeh calchment. Ttis assumed (hat the ratio of rainfall quanititics
“received over the Barada and Awyj catchment at different places does not vary greaily from year
" to year md so rainfall in Figeh arca can be taken as a measure of the rainfall elsewhere, though
it will be higher or lower depcndmg on its topographic position. The flow of a spring may not
be the resull of the rainfall in only the preceding hydrological year. In most springs the winter
. yecharge to the catchment is not all discharged by the épn‘ng in the following summer, some of
" the water will be discharged in the subsequent years. To incorporate this process in the analysis
the rainfall in any one year was weighted te take into account the antecedent rainfall conditions.
The weighting was done with the cqualion C.l. "

'R].-=aRa+sz+cR3 | .

Where: R, Wc;ghled nmfall in mm
- : ~ Rainfali averaged from § stations for current yc’u inmm
* Rainfall averaged from 5 stations for 1 year ago in num
Rainfall averaged from § stations for 2 ycars ago in mm

R
R!
R,
a, b C Empmwl factors thatsumio | |

- The relationship between rainfall and spring ﬂOw has been established for the principal
sp;mgs in the area. A weighted rainfall is ploucd ﬂgamsl the total yicld of the spring andone or -
nore ugu,sswn equations calculated to dcscnbe the behavior, the cquations have the fonn

given in C.2. The spring data for ihs, period 1985 to 1995 was used to represent the current
spring behavior.

_.:Q =M R+ = .(C.2:)

Where: R, ‘Wclghted rfunﬁllm mm
Q Average annual dlscharge nlfs
~m _ Factor ; :
c ¢ Constam

"As has been® demonsirated in the meteorological section the rainfall probability
“distribution’is statistically approximately a normat distribution. For this reason it is possible to
us¢ the mean sainfall and various other rainfall reoccurrence frequencies to calculate the
1i1inin_1um spring flow for any given level of probability.

C-10



G

(2)  Long term trends of spring flow

Changes in spring response are identifiable for springs where there is a long data record
and a relationship between rainfall and discharge. *A plot of cumulative rainfall against
comulative volume of discharge falls on a straight line if there are no changes 1o the spring
behavior. A deviation from a straight linc is due to changes that effect the water flow in the
spring catchment. A simple relationship between rainfall and flow is gwen by the gmdlent of
the line, or factor 'm' in cqmtmnC 3. ‘ :

n=end nzend ’ C
z Q=m ZJR _ - (C.3)

b=storl LES 18

3 Monlhly spring flow
Amlysns of the’ momhiy flows from B'\md'\ Sprmg. Flgeh Beit Jenn md Tablblych
have been undemkcn The dlffcrmg 'upprmchcs to the prob]cm mmnly reflect the length md_

reliability of the data n,cord

The springé at Beit Jenn and T abibiych :hav'c short duration of record, but moreover,

‘they arc far reimoved from the Figeh catchment rainfall stations. 'AIthoi'!gh annual flows can

correlate well betwieen these springs and the Figch calchment the monthly spring flows do not.
Use of data from local rain gauges also docs not gn.e H good description of how the springs

* behave. The reasons for this may be niultifarious; data reliability problems, local positioning of

the gauge, and possibly most likély, that the gauge is recording the precipitation on the lec side

- of the. mounl'tm ‘whercas the Flgt,h cal:,hmcnt gaugcs measure on the wmdw'ard side of the
mountain range. ' '

The spring flow for cach month has therefore not been predicted as such but statistically
described. The dlschvgc in any month is not normally distributed Jike annual volumes but has -
a strong positive skew. Prior to dctermunng the mean and standard deviation of the data’ the
skewness was removed by t'akmg the logamh:m of the flow. Once the statistical p'tmmcters are - -
determined they are convelted back to ﬂows in smndard Imear units. The determination of
various discharge probabilities is undertaken w;lh the mean and standard deviation, expressing
the probability in terms of the number of standard deviation units. These car bé found in
tabulated forms of the normal curve is statistics texts. For example a 1.64 standard deviation
from the mean value covers is equivalent to a 95% or 5% probability. A probability levelof 1in :
20 years or 95% has been wbiter chosen as the design ceiteria for the Master Plan. To
determine the average monthly flow for a particular month that will be exceeded 95% of the
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years equation C-4 can be used. Since the standard deviation has been calculated from data with

a logarithmic transformation applied to it the cquation’ reflects the necessary adjustment %

required. e
stgz - IO(m-gHog Q1 - stdlog Qix164) ] {C4)

Where — Q Discharge

-avg  Average funclion
std " Standard deviation lunction

" The spring at Barada has the monthly flow relationship determined with the rainfall in
the catchment in the preceding three years. The same method and cquation as is used for the
annual spring flow determination is used. A sct of equalions is prepared, one per month for
cach period of time ihat there is na long tern trend in spring flow change.

At Figeh, work undertaken i)y Eng. Nibras El-Mouyad of DAWSSA isl summarized in
the section on Figeh Spring water quantity. Multiple rcgrcssion cquations with ten indcpcndem
- vmnble% has been used to fit the observed flow data with other hydrologlml parameters. The

cquations hwe been used to predict the responsc of the spring ‘to median and exireme
conditions. : : ' : _ . . - @

(4) " Flow recession analysis

The :umlysss of the *mnua] ﬂow recession curves from spnngs 'md groundwatcr fcd
rivers permits the prcd:cnon of future discharge and the mlcuhllon of US"tble groundwater -
storage capacity in the ’]qquCf. Reliable’ daily discharge measurements 2 ﬁ;c required for the
analysis. The flow recession is described by (he general equation C. 4. The volume of that part
of the aquiler storage that can be used, known as active storage may be calculated (equation
C.5) from a reformulation of equation C.4. The analysis was undertaken on the flow
hydrographs for Barada and Figeh. -

Q = Qe | - - (C5)

Discharge at fitne ' " in m’!s
Discharge at time zero in /s
Recesston constant in'per day
Time in days :
* Base of natural logacithms (approx. 2.7183)

Whete
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S. ~ Qo' e’ | . . (CG) .

Where S, Storage in m’
Q, Discharge at time zero in m*/d

2.4.4 Spring Data Analysis Results

“There is found to be a relationships between rainfall and annual spring flow for the
majority of miajor springs in the Barada and Awaj catchment.” Data from the 64 monitored
springs for the period 1984/5 to 1995/5 are tabulated in Table C-2.9. From the full list of sites
9 have no or insufficient dala, 16 do not have a identifiable relationship and the remaining 29
have their equations listed in Table C-2. 10. Graphs of weighted rainfall against spring flow are
reproduced in Data Book 4. The equations arc used to calculate the spring flow anficipated at
probabilities of rainfall exceeding 10% (Wel j(ear),' 50% (average year), and, 95% (dry year).

- These can be compared with. the calculated spring flows determined with data available up to

1985 and reported in bcnglprovodkhoz (1986). In all cases. lhc more recent deltrmlmuons are
lower, for Figeh the difference is smﬂl but most of the other spnngs have flows that are lower

" by 25% or more. For most of the' springs there was seen o be a downwards trend in flows

associated with changes to land use and abstraction in the spring catchiment.: This may be
clearly observed in spring n_mllber 2 (Ain Hour), data for 1983 to 1989 lic upon one line, then

there isa distinel break and the 1990 o 1994 flows are upon a line parallel and 20 Us lower,

most pxob'lbly a consequencc of a welificld pumping within the spnng catchmcnt starting aboul

- 1990. The iainfalls are welghled in most cases with 70% from the cumnt year, 20% from the
© previous year and 10% fromlhc ycar before that. Springs with catchmcnts that ar¢ more ﬂashy
“do not have a carry over effect from the rainfall from previous ycar:, and 50 it has been found
that lh:: best relationship uses 100% of the rainfall from the current year. - ' '

The fi ndmga on long term lru1ds monthly spnng flow and ﬂow recession :malys&s are

'descubcd for the pnncnplc springs of the sludy area in thc next su:hou

2.4.5 Prihcipal Springs in the Batada & Awaj Ca(chﬂwn! -
(1 Barada Spring
()  Description

Barada spring is the perennial source of the river that bears the same nane, It is located
on the western side of the Zabadani Valley at the foot of Jabel Chir Mansour, about 30 km to
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the notthwest of Damascus. The catchment area of the spring covers approximately 213 kny’
giving a long term natural recharge to the spring of 100 MCM/y, with an estimated
groundwater storage of 6,000 MCM (Lengiprovodkhoz, 1986). The spring rises at an altitude
of about 1090 masl, into the base of an artificial lake, 320 m long and about 70 m wide, the
 waters then flow over a penstock into the river channel, or may be direcled via a lower level to
an irrigation canal. The karst development is limited to the Jurassic Limestones in this arca and
so the spring has formed at the junction of the Upper J urassic Limestone with overlying Lower
© Cretaccous strata. Graben faulting of Zabadani Valley has divided the Jurassic into many fault
bounded blocks, possibly enhancing the bu]_k hydrawlic propertics in the vicinity of Barada
Spring.

: {(b)  Water quantity

~ The discharge of Barada has been measured from 1931 to 1993 at the gauging station
Ra'mlc_h, 300 m down streamn from the spiing. A continuous hydrograph record for the period

1951 to 1984 is reproduced as"mnual gr*iphs in Bashir (1987). Possibly due to the rccorder
mcchamsm the hydrograph ﬁppears stcp -like, small fluctuations in level at low discharge wen,'

not n,gaslcrcd Also, it may be sccn clearly that the flow was influenced by artificial factors, for
example from 1951 to 1975 there i is always an increase in flow in the middle of May, while in
3_1979 & 1980 summer pumping has réduced the dlS(‘h‘\l‘gC Measuruncnts from this slation
have not been possﬂ)lc since 1993 ducto ch'mgcs to the channel. Work undertaken on behalf of
the MO] to rcgmd the upper reach of the Barada that would csscnhally lower to outﬂow point

by S was st'\rlcd but not complcled ‘The contraclor encountered rock in'the base of (he ‘

channel and has not completed the task. The net rcsull bcmg that the water level h‘lS submerged

the ganiged reach. The level in the lake or helghl in the channel has not ‘been uscd as a subsluiute _
tcmpm_ary mcasure.. Presently flow is cshmatcd from the gauging of the river 7 km’

downs!réam at Tekich. This situation is not satisfactory since there are many factors that change
the flow between Ramleh and Tekich, Fortunately DAWSSA has thc ruconslrucuon of lhc
gwugmg station on the mcr m lhc next 5 year phn

(¢)  Stream hydrographs and reccssion anaiy‘sis

A scIccllon of annual sucam h)drogmphs from Ramich are |llus!r1ted in, Figurc
C-2.15. The splkes of high discharge over a'short perlod of time in the winter period are due to
st_o:m runoff events. These high flows are superimposed upon a base flow derived from
groundwater inflows. The base flow variation through the year is much smaller than that found
at Figeh. A master recession curve for Barada, Figures C-2.16 and C-2.17, has typical
recession constants of 0.00335 and 0.00154 d*, wheicas the master recession curve at Figeh,
Figwre C-2.18, has larger recession constants. The baseflow storage below 4.5 m'/s amounts
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io a volume of 201 MCM which is larger than the volume of storage in Figeh when the -
discharge is 8 m*/s. Mosl of the cxtra storage will only be evident in a very long and shallow
recession below 3 w’/s. The Barada hydrographs are influenced by the management of the
spring by the MOL

(d)  Historical spring behavior

" The long duration hydrography compiled from monthly flows Hlustrated in Figure
C-2.19 shows what has happened to flows, but, it is difficult to identify any underlying trends

“from such a representation. However, the plot of cumulative rainfall against cumulative -

discharge from Barada Spring, Figure C-2.20, is much clearer, with two distinct scctions: The
period up to 1978 has astope of 0.195 MCM/mun, which for a mean rainfall, is equivalent to a
spring yield of 99 MCM/y. After 1978 there is a period of change, when there was a very
sigliiﬁmnt seduction in reduction in spring flow, from 1983 (o 1993 thc’slope is lower, 0.138
MCM/mm or a spring yicld of 70 MCIWy; ‘The reason for this reduction of 29 MCM/y is

‘probably a combination” of; a switch from using surhcc water for irrig‘uion to the usc of
~ groundwater, zhc nugateon becommg more mtenswc irigation exploz!mg groundwa{er that

fecds the spnng, an increase in munm:pa] water abstraction to supply a hrgcr demand from -

fsculcmt:nts in the Zabadani Valley. The current flow rt,gtmc has not changed in the Jast 10

years, but, since the behavior of the spring shows tlnl it is sensitive to aclivities in the Zabadani
Valiey, fi uither - changes should be anticipated. For: example - the cxplomuon of new
groundwater wellficlds to the north of the spring will fuither reduce the effcctive yield.

e Prédiclibh spring discharge from rainfall

An invesligation into the total spring flow and the minimuin flow anticipated have been
undertaken. The constants in the cquation governing the relationship change from month to
month, and are also different in the carly flow regime (§961-76) and the more recent conditions

- (1982-93), Figures C-2.21 and C-2.22. The total discharge of the spring in the ltydrologic year

can be predicted {r om the incan rainfs all in the catchment in the previous three years by a simple
cquation and’ set of conslmlts, T-xblc C2.11 and I*:gun, C-2,23. The cquation lmy be used

- together with a know!edge of the prcapuatlon clnractcmucs to c;ﬂcuhte the cxpccted tolal -

discharge for various pl’Ob‘ibIhtlcS Figure C-2. 24 The table fol’owmg gwcs the minimom ‘
expected flows for a year fo]lowmg two years wilh the median rainfall. The equation may be -

-~ used to caleulate the flow for any sequence of wet and dry years, Figures C-2.25 and C-2.26.
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Probability ~ Relum  September (’/s)  Total Flow (MCM)
Period  1961-78  1982-93 1961-78 198293

50 tin2 2.29 1.87 97.8 70.8
15 1in4 2.02 1.71 80.7 64.4
90 1in 10 1.75 1.55 631.7 58.4
95 1in20 1.64 1.48 57.0 5.7

(D Ficld investigations and testing

" The nature of Barada spring is a conscequence of the hydrology and hydrogeology of the
catchment area, as a consequence all the festing that has been done on groundwaters in the
catchment shed light on Barada Spring. Five sels of tests have been undertaken; well pump
lests on individual wells in neighboring wellficlds, group pump test in the same wells from
“thiee wellficlds 1.5 to 3 kim north cast of the spring, pump test of the pool, individual yield
lests on’ Barada spring wellfield wells, and most recently, the operational use of the site is

effectively a group test of the wellficld. A summary of the pectinet details of cach of these tests

is given in the following patagraphs.

Well Test Pamping. Ten wells were test plimpcd at different depth ilxtervaisfby the MOI
* during the course of investigations from May 1983 to April 1985. The data and analysis are
veported in Lengiprovodkhoz {1986). Transmissivities in the arca are very variable ranging

from4 to 3085 m*/d, wnlh *uncdnn value of 1000 n*/d whlch is perhaps lyplcal for the arca

asn whoh, lfublc C- 2.15.

(‘loup Tcst l’unmmg of Wellficlds in 198‘5 6 Thc test was undcmkcn by the MOI f rom
:Imd November 1985 to mid March 1986, 'Ihc results of are wrilten up in lmlglplovodkhoz

(1986). T hrée plnscs of pumpmg at progusswcly higher daschzuges from initially four wells al

220 Vs to six wells at 320 /s to a final stage of cight wells with a combined output of 440 Vs.

The pumping was donc during the winter months when the effect of rainfall upon water levels -
niakes the separadion wch'lrgc and pumping effects difficult. Thc test was curtailed in March
- 1986 because [he rcclm ge miade any interpretation of the pumping effects impossible. The carly

pait of the test was iess clfected by rainfall and it was clearly seen thal when pumping 220 Vs

- from wells which tie up hydraulic gradicnt from the spring ruluccs the spring flow by the same

volume. The gmundwacr plemimlly prior (o (he test, the iso- -drawdowns and the spring
Z dnchmg-:, h}drogrﬂph llluslmlcd in Figures C-2.27, C-2.28 and €-2.29 all testify to the direct
velation between wellficld abstiaction and spring flow reduction.

Pump Test of Bavada Spsing in 1987. A one hundred day test abstcaciing water divectly
“from the spring pool was done by DAWSSA from Septeiber to December 1987. The data and
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analysis is reported in Bashir (1987). The level in the lake was lowered by almost 5 mand by
a smaller amount in a set of nearby observation wells. The water pumped from the pool was
discharged into the upper reach of the Barada River, The recession in spring discharge was
determined prior to the commenrcement of the puinping, and it was assumed that this naturat
recession would have continued at the same rate had not the pumping taken place. The pumping
achieved an average discharge of 2.54 m *fs. The diffcrence between the aciual discharge and
the assumed natural discharge was a total ‘of 5. 0s MCM, or an average of 609 Us. Re-
examination of the data in the course of the preparation of this master-plan document has drawn
some further conclusions on the hydrogeological propettics of the aquifer feeding the spring.

The piezometric niap of the aquifer conditions piior to pumping, Figure C-'2.2?, depicts
the flow convergence af the spring and in addition towards the uppér reach of the Barada River.
The iso-drawdown map, Figure C-2.28, shows a very lop 'sidéd cone of depression with
drawdowns of over 3.5 m' (o the west of the spring while to the cast the drawdown is less than
0.5 min the vicinity of the river channel. This feature is probably due to a largé permeability
contrast across the site, or it is possible (hat there was some element of water recilu;ulation: o

" during (he test, water in the viver channel mfiltmtmg the aqu;fcr and flowing back towards the -

pool. If the later werc the case then the estimate of the net inicrease of spung flow is too largc

‘The hydr*\uhc propcmcs of lhc aqucr focdmg the spring- may be determined: froml

~ various water levels, To undertake these calculations the hydrautic systcm is assuined to be

analogous o a largc diameter well that i is pumped ata variable rate 10 produce a fixed tiead for
the natural recession “period followed by a period of increased puniping to p:oduc; a variable

- head bit a fixed discharge rate during the fest pcnod. In addition, since the system may be
‘ simpliﬁcd o assume ihdl the water 'ﬂow only comes from the western side of the spring, it is .

analogom to a pumpcd sitc'with an imagc well at the same location pumping at the same rate.
Using these assumptions it is possible (o obtain realistic and consistent results from the test
data. For undertaking time-drawdown methods of analysis the change of pumping rate is used
as cffective the pumping rate, (his is then doubled to account for the image well. Therefore a

" pumping rate of 1200 Vs is used for thcsc'funlysis For undcrtaking dist'zmcc drawdown

methods of 'malyms the absolule pumpmg rate or discharge rate agam multiplicd by two is
used. The ple?omclm, susface prior to the test and the drawdowns are delC[Ld 0n maps I‘ngum

C-2.30 and C-2. 31 T he analysns graphs’ may be found in Figures: C-2.32a 1o g, and a

summary of the data and results in Table C-2.12. The resuls from the wells downsteeam from
Barada such as P3 give un- rcpmscnhhvc hydmuhc properties. In conclusion Barada spring has
a zone of high transmissivity, about 17,000 m*/d around the source for a distance of about
4 kmbeyond which the transmissivity is about 2,000 m*/d. Storage is 3% of aquifer volume,
marginally higher than the storage in the Figeh catchment. These parameters may be used to
predict the effect pumping in the vicinity of spring for DAWSSA's supply.
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Yield Tests of Batada Wellficld. The 22 wells that comprisc the Barada wellfield have
each been tested. A simple yield drawdown test was used with 3 days of pumping' at 56 Us.
The wells were tested progressively in the period October 1993 to April 1994. The specific
yiclds are very variable in the range less than 0.1 to over SO0 Fs/in with a median of 25 Vs/m,

details may be found in Data Book |.
(2}  Operational use of Barada wellfield -

The wellfield at Barada Spring was commissioned in the middle of 1995, and the full
operational usage during the sumimer of 1996. A total of 22 production wells may be used
which pump lo an on-site reservoir, thence by gravity aqueduct to Figeh where it joins the
tunnels to Pamascus. The wellfield has a capacity of 1.1 m¥/s, and the aqueduct may transfer
up to 3 m’/s. The use of the water source has afforded DAWSSA the opportunity to conduct a
- test of the source, over a longer period than has yet been undertaken. Measutements of daily

- pumping and fortnightly levels in an observation well, plus the record of flows from Tekich -
' and Ramleh are avallable to study the effect of the pumping. The data is illustrated giaphlcally
for the pcnod 1991 to 1996 and in greater detail February 1995 to August 1996, Figures C-

- 2.33aand C-2.33b, The pumping started in July 1995 and incrca$ed in stages from 0.2 m'/s to

almost 0.8 in¥/s in January 1996. The wellfield was rested from February to May 1996 when
abstraction restaried. The pumping rate h'lS been further mcruased to a nearer normal

operational volume of over | ‘'m'/s. The crfect of this pumpmg upon both water levels on the

sitc and s{ruun flow is not clear-cut. The watcr lwels in the observation well drop rapldly by

over 2 m before the pumping starts *md a similar sise is recorded before the pumping’ ‘stops.
~These changes may be atlributable to changes i in the lake level msug'\ted by the MOI adjusting
“flows in its canals. On a theoretical basis and as has been scen in previous tests there is a
decling in water level when the welifield is pumped, however the effect is small and is masked

by othier events such as the natural water level recession and changes to the lake level. The flow

at Tekich gauging slation was particularly low in 1995 and it has been recorded in the summer

~ of 1996 to beless thair 0.5 m’/s. These low flows ar¢ almost certainly due to water abstraction
- between the qung and Tck:ch mainly from the DAWSSA wellficld, but also by local farmers

_l‘oa lﬂlg‘lll()[l
(2) . Figeh fsimg (Ain el Figeh)
(a)  Desciption

Figeh is located 15 ki to the northwest of Damascus. The springs have formed at the
point where a south westerly plunging anticline of Cenomanian-Tuaronian limestones is cut by
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the Barada valley. The catcliment area for the springs extends to the northeast of the springs
consisting of the whole of the Cenomanian-Turonian outcrop with an arca of 780 km’. The
source comprises threc springs, namely Main Spring, Side Spring, Ain Haroush and 7 wells
along the road to Deir Moukaren, Figure C-2.34.

In the Main Spring the flow rises up a single passage angled at about 45°t0 a depth of at
lcast 100 m where a constriction in the passage limited the survey. The discharge from the
Main Spring under natural conditions flowed into the Barada River, it has however been
diverted into aqueducts to serve Damascus. In periods of low flow all the water is diverted,
only the peak floods actually discharge to the river. The flow reginic has been modified by a
caisson which intersects the Main Spring channel at depth, this permits the pumping of the
Main Spring at a rate greater than the natural discharge. Side Spring flow energes {rom rock
debris rather than from a clearly defined karstic passage. During the winter flood period the
water flow Main Spring passes the Side Spring on the route to the spillway into the river.
Whereas in the summer when all the flow is taken for supply there is no flow past Side Spring,

© and it has been also cqu;ppcd with de-watering pumps to contribute to supply The quantity
"ll)slmcled is fixed to the natural inflow into Sldc Spring when the water level is deprcsscd by :

8.8m, (o the base of ihc pumps. ‘Ain Haroush is separate from the two large springs at Flgch -

~in the base of the vallcy and about 500 m up stecam. This spnng only flows during the fload

period being at a hzgher clevauou than Main and Stdc Springs. Itis also eqmppcd with pumps
thal will de-water the spri ng 16 add 1o the Flgch somce

" (b) Waterquanlily :

‘The recharge ‘is cstimated ai 219 MCMJy by Ahis study, based upon the average |

conditions from 1957 to’ 1995, The recharge being' about 55% of : the precipitation in’ the
“¢atchment. The total storage within the karst aquifer system has been caleulated from lritium

concentrations, values of 5,400 MCM and 19,400 MCM have been reported by SOGREAH

“and Lengiprovodkhoz respcclivc!y SOGREAH (19?’*{& 1975) used a quick mixing model in -

their analysis of -the tritinm data wuh the mean water exchange time (ratio of annual
replenishnmient with storage) of 40 years,- The storage estimalé is considemd by many workers
to be an upper limit. The rnch'urge for the spring has been teported at a higher figure of
243 MCMYy by Lengiprovodkhoz 1986, but this estimate u:s'es_s'p':ring flow data from (932 toj
1957 in the average flow calculation. The measurement of flow from Figeh was unreliable for

‘this peried when it was consistently over estimated. The average monthly flows of Figeh are

produced in Data Book 3 for the period 1932 to 1995, The total discharge in millions of cubic
ineters (MCM) is caleulated for both the calendar year (January to December) and the water
year (October to September) for purposes of reference. Summary statistics for water quantity
froni Figch are given in the i‘ollowing table. The mean is calculated from the logarithm of the
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rnonthly discharges to remove (he positive skew of the data which would makes the arithmetic

mean higher than the modal discharge. The 5% level at which there is 5% probability thatitis - g
~excecded, while the 95% fevel is the flow that there is a 95% chance of being exceeded, Figure %
C-2.35. These were calculated from the monthly standard deviation.

Flow (m'fs)  Jan Feb. Mar  Apr.  May * Junc  Jul.  Awg. Sep Oct. Nov. Dec.
Mean 4.06 5.07 9.68 14.70 1170 7.47 558 473 419 3.80 3.54 3.73
56> 728 8.79 17.32 24.44 2552 16.42 1057 $.16 698 6.33 5.75 629
95% > -2.27 2.93 541 884 536 139 294 275 251 229 2.8 221

‘The hydrology of Figeh Spring catchméent has not changed from 1961 to 1990. For this
‘period a precipitation of 1 mumi in the catchment has always yielded 0.445 MCM of discharge -
from the spring. The relationship is illustrated by the graph of cumulative rainfall against
cwnulative discharge volume being a straight line. The slight deviation from the straight line
seen from 1990 to 1994 may not significant, but since it lies below the line it could mean that
there are changes in land use and/or other abstractions in the Figeh catchment, Figure C-2.36.

. Rccords of d:sch'argc date ﬁom 1942 for the an Spnng, from §980 reliable n,cmds

for the total flow from all springs are available. The annuat hydrognphs for the period up to

11968 are available in a report by SOGREAH (1971). Since 1988.hydrographs have been :
prepared and ‘updated daily by DAWSSA. The graphical présentation on large sheets is @,
~ compiled with ‘lhc-a'cllual and mean cunulative rainfall, “the ch'zut:_is: used for day to day '
~assessment of the hydrology and used for production planning for the next few months. The

annual hydrographs for 1992 to 1995 are illustrated in Figure C-2.37, the year 1992 being a

vary wet, while 1995 had near aormal cainall, Th‘ezd'ischzu'g'c rises soon after the first r’tinﬁll o
October and then, in a scrics of stages builds up o0 a pcak flow in March: -April- M'iy whcn the -

mcllmg of winter prt,ClpllallOI] augments the flow. ‘Fhere is no pumpmnon in the mtchmem .;

o duung the summer when the hydrograph undergocs a long’ pcnod recession. Modifications to

the recession _mu., caused by the pumping from the source, generally the recession continues

with the same form during pumiping but with the total flow increased by a consisteat volume,

The discharge records and :'m'tcofo!ogiual data has been intensely ‘studied by both
consultants and DAWSSA engincers.- The, pnm’uy punposc of the work is to establish a

B ;dcpcndﬂble mcihod to enable the prediction of the discharge of the spung during the summer

and flow recession. The study by SOGREAH adopied a dcscnpuve method to characterize
'ﬂ.ow recession: Whereas the LaMorcaux (1982) work favored a model based upon physical
processes that occur within the spring catchment arca. A snow melt runoff model has been
:ada'ptcd for use on the Figeh catchment. The method requires a detailed information on the %%
thickness and extent of snow and other meteorclogical data, DAWSSA has nol been able to
“obtain the detailed data required for the model and consequently it has not been used. Currently
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DAWSSA uses cmpirical approaches to forecast the total annual discharge of lhc spring; for
example equation C.7 and the discharge during the recession; equation C.8. '

Q= 3275(R + 32 Q, ] - 1893.62 (C.7)

“Where Quotnr Total discharge volume in hydrological year in m’ x iO’
R - Rainfall averaged from § stations in mm

- Q, Discharge in September of previous year in m'/s

Q=06 RN X R

Where Q - Instantaneous dlsch1rge inm'/s
Q,  Actual discharge at beginning of flow recession pcnod inm'/s
t Time elapsed since beginning of flow recession in days
‘a - Empirical constant, unique to the year, typical value 0.006

The flow recession curve is divided by DAWSSA into up to four separate sections each

~with' a different value for the flow recession constant, a. The individual flow recessions
~analyzed by DAWSSA are all part of the master flow recession for Figeh Spring. The
-~ combination of all the flow récessions since 1942 is illusirated in Figure C-2.18. Al the
" recessions trend down to the master recession curve, a multitude of flow recession constants

(2) exist, but the master recession has only three identifiable scgments, Figure C-2.18. The -
mister recessmn curve is used to calculated the storage remaining at any d:schargc For

: emmplc when the dlschargc of Figeh spring is:5.4 m*s there is 109.8 MCM run'umng in

stonge more practically as’ the flow lcccdcs to 3.3 m'Yfs in the followmg 155 days 52.8 MCM
will be’praduced. The use of the nnstea recession 'ﬂlows a quwk method to dcteunmc the

. quantitics available ﬁom mluml spnng ﬂow

- An investigation into lhc tdlnl spring flow and the minimum flow anticipated have been

“undertaken using data provided within the DAWSSA year book for 1994, The total discharge
-of the spring in the hydrological year can be predicted from the incan rainfall in the catcchment in
‘the previous thice years by the siniple relationship, Equation C.9 and Figure C-2.38. The
“equation m'iy bc used together with a knowledge of the pl‘écipimioh characteristics to caleulate

the minimum expeclcd total disch'nrgc for' various’ pl‘Oh'lblllllCS scc lhc cmmples in lhc'_ o

:followmg t'\ble

Q.. = 17.026(07 Ry + 02 Ruy + O Ruy) v -1747 . = (C9)

Wheie Q.. Mean discharge in hydrological year in Us
Rainfall averaged from § stations in mm
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Probability (%}  Return Period Minimum Total Flow (MCM)

50 1in2 ' 219 2
75 . 1ind 181 - ?ﬁ%‘
90 1in 10 144
95 1in20 129

“The relationship between rainfall in the year and the minimum flow that occurs in
~ September, Figure C-‘Z'.'.’)9,: shows the effect of antecedent conditions more stiongly than the
~ “total flow relationship, ‘A réduction in the data scatter is achicved by weighting the rainfall for a

“two year period. The table gives the minimum expected flows for a year following a year with
i the mediah rainfall, The cquation may be used to calculate the flow for a sequence of wet and
dry years, _

Qo = 850(075x R, + 025x Ry ) - 75000 (C.10$)

Wheie - Q,,, Dischargein Scptembcrm n/d ‘
o _ R - Rainfall averaged from 5 stations for current year, in mm
R, - Rainfall averaged from 5 stations for previous year in mm

ety

* Provious Year - Current'Year - Mininwm Scptember I \E‘*‘
- Probability (%) = Probability (%) Flow (I/s) =
50 50 - 4,400
50 - : : 5 - 3,500
50 090 2,660

50 -, 95 2,430

A multivariate analysis of the foutnighuly discharge is used for predicting flows émd for
planning the production program to be adoptcd by DAWSSA. The analysis was undertaken
using the Microsoft Bxcel spreadshect muluplc logarithmic regression function on ten factors.
The equation has the form below.

Q = cuu mz m,. SRR o (C.11)

Where - Q - Discharge

S ¢ Constant :

“m,  Constant '

x,  Parameters | to 10 as listed

N P _Dischmge on the preceding 15 Scptember, in cubic meters per second.
. 2. Discharge on the 15 Seplember 2 years ago, in cubic meters per second.
3 Precipitation in the Figeh Catchment as measured by the DAWSSA

~ meteorological nelwork in the preceding hydrological year in millimeters.

4, Precipitation in the Figeh Catchment as measured by the: DAWSSA

metcorological network in the hydrological year two yews ago, in
: millimeters..
5. Precipitation in the Figeh Catchment as measured by the DAWSSA
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meteorclogical network in the current hydrological year in millimeters.
6. Main Floods, the number of half monlﬁs since the beginning of January
until the time of the peak discharge. Accounts for the date of the late
snow meht
7. Early Floods, a summation of the difference between the minimum flow
* in the previous hydrological year and the actual flow for cach half month
period from the minimum flow until the beginning of March, units
suwmimed in cubic meters per second,

8. Peak Discharge, the maximum flood flow recorded for the current
“hydrologic year in cubic meters per second.
9. Pumping, the number of half months when the springs were pumped in

the previous year.
10.  Pumping, the nimber of half months when the springs weu, pumpcd
’ Wo years ago.

A regression analysis was donc for the beginning and middie of each month from April -
to February and a different set of multiple regression constants arc obtained. The analysis was
undertaken using 17 years of data ([979/80 to 1995/96) and achieves high regression
correlation coefficients. The cquation factors and two examples of using the equations to
predict flows are found in Table C-2.13, and the results cQ:llparcd with actual flows in Figure,

'C-2.40. ’l‘lm'cq&nlibns will work well to 'prcdicl‘lhe‘ flows during the calihr'aled'pci'iod which,
considering the large number of * mdcpcndcnl vamblcs is not unc.\peclcd Howevcr without
~examining the components that result in the final flow prediction one can not see which of the
' _Mctors are important sinée the constants are all very close to umly The ca?culallon of the ni*
'componemq of the final flow is useful in this rt,spccl (,omponenls whete this term is still near

to unity are poor exphnato: y factors in the total flow’ plLdICElOI’I It can be scen from Table C-

: 2.13 that the carly flood factor, and the two pumpmg factors have very lillie prcdlctwe powu' in

any of the equations, whereas precipitation md Scplembcr flows have componcnts that are
signifi Laniiy different © unity. It should be cxpcdud that the compowents have a syslematxc-

change from one half month period to the next. However, ‘certain componcnts ﬂuclu'm,-
“apparently randomly, for example the peak flow factor for September to October wobbles from
10.62 to 0.36 to 0.74. Within the regression equation other factors compensate and the

equations will fit for explaining the data set from which they were derived; however, future
calculated flows may have wild and unrcasonable prc,dlciions especially if the initial conditions

 are not near to those used for the determination of the equations in the figst place.

() Aquifer prop-c_ni_cs

Pumping tests were conducted on the sprmgs in 1981 and 1982 with obscrvation wells
in the area used o deterinine the cone of depression, sce Gilbert and LaMoreavx {(1982). The
hydraulic properties from the tests indicate a very high transmissivity ranging from 6,000 to
75,000 m¥/d from Ain Haroush, 4,500 to 450,000 m’/d from the Side Spring, and 63,000 to
852,000 m¥d from the Main Spring. The wide variation in the transmissivity is typical of a
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mcthods are not mel.
(d)  Operational behavior

Daily records of the flow, fevel and temperaiure are held on the DAWSSA nmain
computer, The period from 1985 to 1991 is partially documented, while the last four years have
a comprehensive data set. A summary diagram, Figure C-2.41, shows the maniner in which the
source is used: Duriilg the flood water is taken by gravity ftow, while the surptus overflows

" into the Barada River. As flows decline the amount of over flow is reduced until all the gravity

* flow is used for supply. Pumping commenoes from the springs once gravity flows are
insufficient, these then continue until recharge of the springs risc the natural discharge rate. A
detailed graph for cach year, Figure C-2.42, shows the source of the pumped water. Most of
which is abstracted from Main Spring, from 3 to almost 6 m/s, the Side Spring component is
about 1 m*s and up to 0.5 m*/s originates from Ain Haroush. The pumped quantitics from

. Side and Ain Haroush are consistent through the pumpmg period, the decline in total output is
duc to the variable amount thal may be taken from Main Spring. The water fevels in Side B

Spring have been at cither 825 m:_nsl when the spring overflows or it 816_ masl when it is
pumped, the decline in level is rapid when the pumping starts, sce Figute C-2.43. The water
.~ Tevel in Main Spring is between 826 and 827 masl during overflow tinies, and the pumped level

‘Between 820 and 821 masl, Figure C-2, 44, Ain Haroush has been the smallest of the springs,
the source overflowing once levels arc over 828 masl Pumping causes a paticin of watcr level
:.dculmc that docs not differ much from )cm to year, ﬂgurcs C-2.45 and C 2, 46. With the
present pimping equipment the Walcr fevels are lowered 0 about 818 nmsl in 100 days. The
=dnwx down is cquwalcnl to about 20 nﬂm’!s cxcludmg fmy COrI’CCl]OIl for the natural
b"lckground fall in water fev cls . :

2.4.6 Minor Spfings of the B:ira_da and Awaj Catchment
(n Springs of the Zabadani Valley -

The ma_;only 3pnngs in lhc Zabadam vallcy issue at the’ goo!oglcal boundary of *the
Jurassic or Crclaccous limestone. ‘There are 12 spnngs 10 the noith cast of B'\mda for whtch
monlhly ﬂm\ records exist, only ihrcc ha\c produccd flows greater than 100 Ifs in the last ten
)carz. Sarada, Ain e} Irk and Nabua. The current spring behavior has been characterized by the
response 16 rainfall and the reduction of flow by artificial effects. The flow is reduced in all of

~ the springs, a very clear example of this is illustrated by the behavior of Ain Hour {No2). Data

- for the period 1984 to 1989 ties on one line, after this fime a welifield with a capacity of 17 Is
~was construcied in the catchment of the spring, the average yicld dropped almost the same
~ amount (20 1/s), from 32 Ys to 12 I/s.
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Five of the springs are fed from the Jurassic of the eastern side of the Zabadani Valley;
Sarada, Ain Hour, El Irk, Abu Zad and Ain Beda The naturid discharge from the aquifer via
the recorded springs is 9.27 MCM (Lengiprovodkhoz), the current discharge is 6.81 MCM, a
loss of 2.46 MCM (80 Iis), a volume thal can be almost completely explained by the
groundwater abstraction. The recharge area may be calculated, assuming the same cffective
recharge rate as in the Figeh catchment (280 mm/y), an area of 33 km’ is required to support
the spﬁng flow. This ateais stighily larger than the arca of Jurassic outcrop which is only 25

2, the implication is that cither the catchment includes some of the ajoining Cretaccous rocks .
or, more likely, that the higher rainfall results in an a\ erage rcchargc of 370 mmfy.

{2)  Springs of the Awaj Valley

The two headwater streams that form the Awaj are both fcd'by'many springs {rom the
Jurassic limestone of Jabel esh Sheikh. Upon the Janani River four main springs rise; Ras ¢}

_ Nabei, Beit Jenn, Membej and Talmasich. They are considered a promising water resaurce and
 their hydrology is described in the section on new resources. The Sebrani River has six
' _momlorcd springs, their flows are all significantly less than those from the Janani Vqlley There
- is only one large spring on the Awaj River, Tabibiyeh, this is described in the section on new

resourees, The Scbrani River is fed by mzmy springs in the Rimch and Amch arca nsmg ala
higher clevation than those in the Janani valley. The total rochargc to Jabe! esh Sheikh is about
320 _MCM. The rccharbc supplies the springs on the _castcm flanks with a about 26 MCMJy,
while on the western flanks about 31 MCM’y However, since the principal flow is to the -

south cast mosl of the flow emerges at _;ust o springs; Dan and Banns the flow from these
: two amounung to 360 MC\/Hy :

2.5 H)‘drogc‘o]ogy |
- 2.5.1 Main Aquifers
S () ' Upper 'Qilatem'ary to Recent alluvial-proluvial aﬁuj[ér. ;

- (a)  Nature and occurrence

The aquifer occurs in the Bt Arab Trough, specifically in the Damascus and Dmcir
allavial fans and along the Awaj River, scc the h)'drdgcological map Figurc C-2.47. ‘The
sediments consist of principally pebble beds, weakly cemented conglomerates with sand and
clay lenscs. The upper portion is more argillaccous, where the clay and loam may be up to
20 m thick. The unit is roughly wedge shaped, adjacent to the Kassioun Mountain has been
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20 'm thick. The unit is roughly wedge shaped, adjacent to the Kassioun Mountain has been
recorded as up te 93 m thick, to the south and east it guickly thins and finally wedges out
completely. The individual pebble beds are thin and often are not individually distinguished in
the wells drilled in the city. The total thickness of these pebble beds have been mapped by
detailed investigations, the pebble beds are over 40 m thick in places and underlic the current
course of the Barada. Under Damascus the alluvial-proluvial strata overties older Quaternary
lacustrine-alluvial sediments, while south of Damascus they overlie Pliocene conglomerate and
Miocene basalt.

“(b)  Groundwater flow

_ Groundwater occurs at a shallow depth cither confined or semi confined by the clay
* horizons in the Quaternary. In the north west part of the city and at the foot of Kassionin, {ncar
to the limit of saturation) the depth to groundwater is about 30 m. Moving south cast across the
area the depth to water declines t0 0.5 m. To the east of Damascus there are some springs fed
by the this groundwater. A piezometric map of the groundwater for the whole of the Quaternary
aquifer for Scplcmbcr 1995 has been prepared with information from the MOI, Figure C-2.48.
The groundwater (low pattemn has not changed in the 1ast 10 years, although the absolute levels:
“have declined. The flow is dirécted towards lhc plains cast of the Damascus Ghoula, gcncrally
1o the south ¢ast and roughly coincides wnh the surface topography. The discharge 70110 for the
groundwalter under mtura! conditions was to the internal drainage basms though sprmgs at (he
peumcler of the alluvial fan and groundwaler flow o the lakes. The water lost (0 the basin by -
cv*apomuon from sur rface water bodies and. ehajlow groundwatcr in’ sabkah c0nd1||ons Within
the city the mﬂucncc upon -the. plcmmelrzc ‘surface of lhc DAWSSA production wells is
; _conmdcmbl» For cx'unplc the levels in 1994 in June before pumpmg start follow the cegional
pattern, after S momhs pumping the cories of depression from thc wells have mer gcd logive a:
mgionzil depression of water levels, Figures C-2.49, 50, and 51.

(¢) Groundwater level fluctuation

Currently the water levels in Qua'icrna_ry asa whole are declining. This is since the
volame of groundwater that reaches the arca is much diminished compased with the past and -
there are many artificial abslractions in the area. The picture is not the same over the whole
areq, levels have declined in the shallow aquifer east of Damascus, for example a monitoring
well at Kafrain, (30 km cast of the city) Figure C-2.52, has declined by about 20 m in a six
year 'pcriod 1986 to 1992. Meanwhile water levels ncar the city, Well 191, do not show any
~ clear long term trend, Figure C-2.53. Water levels from DAWSSA obscrvation wells can only
~ act as’ a guide since they are mainly cffected by the pumping each year, Figure C-2.54. All the
hydrographs for DAWSSA observations wells are produced in Data Book 5.
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(d)  Hydraulic propertics

The hydraulic propertics of the sediments are variable, tests analyzed by the Soviet team
report a mean permeability and transmiissivity of 0.066 cnvs {57 nvd) and 1325 m'/d
respectively, Table C-2.14. A Dband of high trmlsmissi\}ily runs down the alluvial fan
downstream from Damascus, along the location of the hickest pebble beds. The distiibution of
The aquifer can be highly preductive with yiclds in excess of 30 Us (108 m'/h) achicved by
mzmy wells The wells in the DAWQSA wellfields are punip tested following construction, the
specific capacny is highly variable, Figure C-2.55, the specific capacity of 90 % of wells is
greater the 0.8 Vs/m while 10 % have specific capacity greater then 10 Vs/m. The spatial

 distribution of specific capacity within the DAWSSA well tests does not indicate any pattern,

for example at Kywan adjaceat holes vary between 12.6 and 0.1 Vs/m. Sunumry details of the
pump tests may be found in the well inventory, Data BooL 1.

(¢)  Recharge

The aquifer is nrunly l’CCh"lIng by surface waler mﬁlimiwn from the and"n and its -
distributor channels. lsotoplc studies have demonstrated that the waters under Danascus urban

“awea are recharged by the Barada and cny wasle water, wherecas outside the city limits the only
- Source 1dennﬁcd in the groundwatcr was the B'lrada River. T he lca}nge of ‘the water
distribution syslcm and toa lcsscr extent [vom the waste water system, no doubt plays asolein

recharging lhe aquifer. Water’ may “also recharge the aqu:fcr from the Cenomanmn “Turonian

limestones, cither by upwml leakage through the undulymg Quatcmar) hcuslnnc sediments
and also dlreclly at the Junchon along the I}anmscus fault.’ anhﬁcauon of the various
' compoucuts is paﬂuulmly difficult, and in the 1bsence detailed data ouly a rough estimate may

be attempted.
() Water resources detérmination

The water resources are caleulated to be 406 MCMly (an average of 12.9 m*/s) by -
work in the 1980's (Lcnglprovodkhm 1986). This value lepwscnts the water resources for the |
altuvial and ploluvm] aquifer, area bemg defined as the limits of the salumtcd aquifer where the
transmissivily is gecater than 100 m*/d. The arca lics along the course of the Barada River -
downstream from Rabouyeh and approxlmately the exlent of the Uppcr thcmmy pebble
beds. Within this zone the water vesources were assessced by a water balance method. The,
equation for natural condilions balances the water inputs with the outputs.
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Qt + Qz + QI = QJ + Qs + Qd (C.12)

Wheie Q, Scepage losses of the Barada River surface water
Q, Groundwater inflow into the area from Kassioun Mountain
Q. Recharge from infiltration of rainfall
Q, Evaporation fiom groundwatcr surface
Q, Spring flow
Q Groundwater flow out of the arca towards Lake Ateibeh Lake

“The present water balance equation must however be adjusted to account for the
* modifications to the hydsological cycle by human aclivitics. The construction of irrigation
canals, water supply and scwerage systems and use of wells to abstract groundwater are
“accommodated in the revised water balance cquation, C-2.12. The Q, term is replaced by four
additional terms Qy, ;. 4414 cach which have a cocfficient of alpha (). The replacement terms
‘represent; seepage losses from the unregulated Barada River, leakage losses from the
DAWSSA water supply system and. the sewage system, scepage from irrigation canals and the
use of river water for 1r|1gailon, and sccpagc Irom groundwa!er used in water supply or
uug‘xlmn

a:Qu + aan + aiQn "“ a-tQN + Q; + @, = Qi ¥ Qs + Qa (C ”)

W_’he:é - *QH Unrcguhled daschargu of the Barada River
R Q,  Walcrabstracted from Figeh Spring and uscd for pubhc supply
~ - Surface water discharge into irvigation channels

i3 :
4 ¢ Groundwater abstraction from wells and wells

Ctl 144 Reclnrgc cocl‘ﬁcmnls

ll is mgued that once, gEOUIldW’iECI fCSOUICes: are fully utilized that there will be no
outflows from the balmce area, Q,, Q, and Q, will be zcro.: Also the recharge coefficients in
principle are different ‘for cach component and arc likely to vary spallally and temporary,
nonetheless for cslimation purposes o mean valie of alpha’is employed. The total groundwéler
resourees. mity be determined by a rearmngcmcnl of the previous equation to gwc equauon
C.13. !

@ S 1 :
Ro= ——(Q+ Qy + Q)+ —=Q + Q) (G149
: :l-(x . : I-a 7 :
Wheie R Water resources
- ' a Me:m l'LChﬁl'gb coelficient, determined from lmlhcmaucal modal as 0.42

‘Substituting into the eqtiation'values for mean paramecless allow the tofal waler resources
to be caleulated. For the period 1979/80 to 1983/84 hydrological measurements of river flows
and water supplied from Figch were used in the equation. Groundwater inflows were taken
from a'mathematical model of the aquifer as an unchanging 49.7 MCM/y and recharge to the
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area taken as 34.3 miwy over a 500 ki’ arca.  Using these number the recharge was
calculaled to be 406 MCM/y. For the period 199091 to 199304 the discharge of the Barada
River as it enters the Damascus depression is lower, the mean value at El Hame being 188
MCMYy, during the same period the production from Figeh was a mean of 157 MCM/y. These
more recent hydrological data reflect both the increase in usc of Figeh as a public water supply
and a reduction in the flow of the Barada duc to more irrigalibn aclivities in the Barada
catchment upstream of Damascus. The latter data when used in the equation C.13 resulis in a
revised water resources cslimate of 365 MCMy (11.6 m'/s). The various abstractions from .
the aquifer under the same tinke period are not known in total however DAWSSA's absiractions

“are currently 35 MCMy from (he aquifer, the rural water establishment abstracts about

37 MCMfy from around Damascus and irrigation use was 292.8 ‘ViCM/y (figure from the
early 1980's), a total of 365 MCM)‘y, coincidentally numerically equivalent o the water
resources. In the upper Quaternary aquifer as a whole the balance belween abstraction and
replenishment is very near to the maximum utilization. The fact that there does not appear to
have been a systematic decline in waler levels in the part of the aquifer under the city does not
necess'mly imply that the methodology is fundamentally flawed. There niay be estimation
crors in the recharge coefficient resulting in a greater uchargc that calculated or there may be

* portions of the aquifer further to the cast where there is a local net deficit. The dcclmc in w1tel
evels in wcl!s to (he east of the cnly seem to substantiate (his suggcsnon '

' The water bal'\nce assessment of walcr resources may be camed out on smallcr umls

: lh'm the mm&,r a a whole, although morc assumphons have to be made to qualify the
- technique. Thc mstmmenhhon of surﬁce 'md groundwalem in the- 1mmed1a|e vicinity of the
ity is not sufficient to 1elmbl}, cariy out a waler b'ﬂ'mcc on the zone with both h]gh well y:clds-

and good waicn qualny

Thc waler (CSources reﬂéct the total replénishablc groundwater, they do nol imply that
all the water resourees may be useable for public water supply. The portion of useable aquifer
are dictated by physical and chemical constraints. Firstly the 'aquer should have hydraulic

‘characteristics that permit the conshucuon of wells with an acceptable yleId 'mcl sccondly the
‘water quality should be such' that the waler may be casﬂy treated, blended if llCCL-SSﬂly before

addition (o the distribution system.
(2} Cenomanian-Turonian limestone aquifer
() Nature and occurience

The Cenomanian-Turonian strala occurs over almost all of the Damascus Basin, |t
outcrops on the flanks of the Anti Lebanon Mountains, while younger deposits cover the strata
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in the intermontane basins and the Al-Arab trough. The thickness ranges from 400 m in the
Ad-Dmeir mountains to 1000 m in Jabel esh Sheikh, The rocks are predominantly massive and
thick bedded dolomite and limestone with rare localized interbeds of marl and sandstone. The
rocks are folded and faulied with zones of very high fissuring occursing in the anticlines.
~ Development of karstic fissures is extensive throughout the whole thickness of the rock within

the anticlinally formed mountains. In the Al-Arab Trough the rocks are at great depth, over

1 km below the surface, and the fissuring is much less intensive,
(b  Groundwater flow

Groundwater movement is generally to the cast and south cast towards the El-Arab
" trough, Figure C-2.48. The preferential movenent of groundwater along the axial zones of
major anticlines is observed within the Figch mountain block where the flow is to the south
-west fixed by the fold structure and the overlying Palacogene aquiclude. The groundwater
issues al major springs and discharges into the Barada River. Over much of the acea the
Cretaceous limestone is in hydraulic cdntiiiuily with the ilndérlyillg Jurassic aquifer. Where
faulting has brought the Jurassic and Cretaccous together there can be poor lateral connection.
This is seen cast of Deir al Ashayer where there is a slccp hydraulic gmdncnt betwecn lwo

blocks of Cretaccous causcd by the faulting on the perimeter of Jabel Mansoor. '

(¢} . Groundwater level fluctuations

“Seasonal chrmgcs' in water level are largé in the up'pcf pais of the groundwater

catchmients. For- exqmplc well 809 near Dur al Ashayer has a lyplcal natural water level

changc of abom 10 m, Figure C-2, 56 lJong term ch'mgcs in water levels havc not been seen

in the Ilmcstom, aquifer.
(d) - Hydraulic propertics

!Iydraulic_propcnies of the rock en-mass are highly Vari'ible “The yiclds from w'eills can,

range vmm!ly dry to 110 Us/m over a few hundred meters. Thc transmissivity can cxcoed

_ 10 000 m*/d whtle in a sxgmﬁcmnpropomon of wells the lr.msnnssmly is less lhan 100 m

~ The variability of the aquv.r is shown in the distibution of well specific. mpacmcs for
DAWSSA wells, l*lgun, C-2.57, 90% of wells have a Qfs of greater than 2 Us/m and 10%

' Ime a Qs of greater than 200 1/sfm.
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(3)  Jurassic aquifer

The Juassic strata occurs throughout the arca, for the most part overlain by younger
deposits, with outcrops on Jabel Mansour, Jabel esh Sheikh and Jabel Ash Shakif. The
formations arc mainly limestone and dolomite with interlaycrs of marls having a total thickness
of up to 1,500 ny. The groundwater movement is by fissure flow and consequently the bulk

~ hydraulic properties are highly variable. The specific capacities from wells at Barada tested by

DAWSSA, transimissivities and permeabilitics that exist, can be scen by reference to Table C-
2.15. ' '

2.5.2 Minor aquifers

" Minor aquifers which may be local importance for local water supplies or have poor

“hydraulic propertics  include; Quaternary to Recent facustrine deposits, basalts of middle
- Miocene/Pliocene to 'l_ower Quaternary age, Upper Eoc_cnc-()ligoccnc deposits, Lower
* Cretaccons (Albian & Aptian Aquifers). . o
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