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1 Summary

Within the framework of the ACSAD — BGR Cooperation Project ‘Management, Protection
and Sustainable Use of Groundwater and Soil Resources” groundwater protection is one of
the most important issues. In a pilot area in the Damascus Ghouta Plain, the effectiveness of
the soil and rock cover above the saturated aquifer for protecting the groundwater against
contamination has been assessed. Based on these studies, maps of groundwater
vulnerability to contamination and hazards to groundwater have been compiled. These maps
are suitable tools for planners and concerned authorities to include aspects of groundwater

protection in land-use planning.

Groundwater withdrawal in Damascus and the Ghouta plain is very important for the water
supply of the city and the surrounding areas. However, the rapid increase in the demand for
water, the decrease in groundwater recharge and successive years of draught led to severe
over-pumping of aquifers. Springs and shallow wells dried up in many areas and the
productivity of wells has decreased. Lack of water now seriously affects agricultural
production, particularly in the southern and eastern parts of the Ghouta. Furthermore, most
of the surface water is heavily polluted. Practices, such as the disposal of untreated
industrial waste water into rivers and channels, the use of polluted or insufficiently treated
water for irrigation, uncontrolled garbage disposal and intensive use of fertilizers and

pesticides endanger the quality of the groundwater.

Today, most of the domestic wastewater of Damascus is pumped to a treatment plant in
Adra, about 15 - 20 km northeast of the city. From there, the treated wastewater is pumped
back to the northern and central part of the Ghouta and used for irrigation. However, this
does not alleviate the problem that groundwater withdrawal far exceeds the average annual
recharge in large parts of the Ghouta. A sustainable use of groundwater seems impossible

without a substantial change in the management and protection of resources.

Due to the high protective effectiveness of the soils, the levels of heavy metals and organic
compounds in the groundwater still appear to be relatively low in most parts of the Ghouta.
However pollution poses an ever increasing risk. Some of the scarce water resources could
be lost for domestic and even agricultural use. In many locations, Nitrate contents in the

groundwater already exceed the permissible value for drinking water of 40 mg/I.
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Maps of groundwater vulnerability to pollution and hazards to groundwater contain basic
information for the protection of groundwater resources. The groundwater vulnerability map
of the Ghouta pilot area shows the intrinsic vulnerability; characteristics and behavior of

specific contaminants have not been taken into consideration.

Based on the results of this study, recommendations for reducing the risks of groundwater
contamination have been listed. The implementation of these suggestions would increase
the prospects for an improvement in the sustainable use of water resources. Waste disposal
sites and uncontrolled handling of hazardous substances should by all means be avoided in
areas of high groundwater vulnerability. Areas less susceptible to pollution could be taken

into consideration as ‘search areas’ for more suitable locations.

Limestones and conglomerates in the mountain ranges north of the city form productive
aquifers. Their outcrops should be considered high-risk areas. The use of abandoned
limestone quarries or gravel pits for garbage disposal poses a very serious threat to the
groundwater and should therefore be stopped immediately (e.g. El Tal waste disposal site,

northeast of Damascus).

During the ACSAD — BGR Cooperation Project the evaluation of the groundwater
vulnerability has been combined with studies of soil vulnerability and the present degree of
soil contamination (for details see Vol. 3 of the project reports; MUELLER et al, 2000). On
the whole, the vulnerability of the Ghouta soils can be classified as relatively low. Areas of
comparatively higher soil vulnerability have been defined in the central part of the pilot area.
They coincide with areas, where the protective effectiveness of the unsaturated rock
formations above the aquifer is low. In some of these areas, e.g. the tannery area on the

eastern rim of the city, the potential for groundwater pollution is high.

Water pollution and environmental problems are increasing concerns to the population and
members of governmental institutions. However, efforts to protect valuable groundwater

resources are still insufficient.
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2 Introduction

Agriculture in the intensively cultivated Damascus Ghouta Plain is essential for the supply of
agricultural produce such as fresh vegetables and fruits, meat and dairy products to the city.
This greenbelt in the northeastern, eastern and southern surroundings of the city also plays
an important role for recreational purposes, the environment, and the city climate. In large
areas of the Ghouta Plain the underlying aquifers currently represent the only source of water
for the domestic water supply of towns, villages and settlements and for irrigation.
Groundwater abstraction also contributes to the water supply of the city, especially during the

summer season, when other sources are insufficient.

The study area is located in the Damascus Ghouta Plain between longitudes 36° 15’ E and
36° 39’ E and latitudes 33° 23’ N and 33° 37’ N (Fig. 1 and map Annex 1). It reaches from
Damascus City in the west to Lake Ateibeh in the east and from Adra City in the north, to a
range of hills in the south (Jebel Abou Atreez in the southwest and the volcanic cones of Dirat
Al-Talloul southeast of the study area). The area includes most of the agricultural area and
its surroundings east and south of the city. It covers an area of about 850 km? if the
mountainous hard rock area northwest of the city is excluded. There, the vulnerability of the
groundwater to contamination has not been studied yet in detail. Comprehensive studies of
the present status of soil contamination and soil vulnerability have been carried out in a
somewhat smaller pilot area of about 100 km? (see Volume 3.1 of the project reports;
MUELLER et al, 2000).

Urban development is spreading rapidly and the total population of Greater Damascus and
the Ghouta now exceeds 4 million. The land use map, figure 1, shows the intensity of
horticultural and agricultural activities in the Ghouta plain and the growth of urban areas and
settlements since 1970. The loss of agricultural land by urban development is clearly
demonstrated by a comparison of topographical maps from 1970 (reprinted in 1979) and the
results of an evaluation of LANDSAT TM satellite imagery from 1994 (SCHAEFFER, 1998).
Due to rapid population growth, migration from rural areas to the cities and intensification of
agricultural activities, the water demand increased considerably in recent years. Present
water consumption far exceeds natural replenishment as indicated by the rapid decline of

groundwater levels (Section 4.3 and 6.1).

ACSAD - BGR TECHNICAL COOPERATION PROJECT 3
Management, Protection and Sustainable Use of Groundw  ater and Soil Resources



Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

Because of the scarcity of water, practically all water resources (including heavily polluted
sewage water) are being used for irrigation with hardly any restrictions. Consequently, the
groundwater resources are not only threatened by overabstraction but also by the
deteriorating groundwater quality. A sustainable use of the groundwater resources is not
possible if the protection of the resources is being neglected. This is particularly true in
countries where water resources are so scarce. There is an increasing risk that important
resources of water supply are being lost because of the deteriorating quality of the water.
Remediation of polluted aquifers is extremely costly, difficult, time consuming and sometimes

practically impossible. Prevention of pollution, therefore, is much better than cure.

Expansion of urban areas, industrial and agricultural development increases the risks of
groundwater pollution, especially if water protection strategies are missing or are not being
enforced. Groundwater vulnerability mapping is an effective tool to demonstrate those risks
and to raise the awareness for the necessity of protecting the aquifers. Groundwater
vulnerability to contamination represents ‘the tendency or likelihood for contaminants to reach
a specified position in the groundwater system after introduction at some location above the
uppermost aquifer’ (Committee on Techniques for Assessing Ground Water Vulnerability,
1993).

The groundwater vulnerability mapping of the Damascus Ghouta is based on a methodology
which has been developed by the State Geological Surveys of Germany. The map shows the
intrinsic vulnerability of the groundwater and can be seen as a tool which provides basic
information on protection aspects of water resources for later consideration in regional land
use planning. Planners can apply this tool to identify areas for use restrictions, the
assignment of acceptable uses for each area (zoning) and the delineation of search areas for
suitable sites for potentially polluting activities. Due to uncertainties in the assessment
process, the map cannot replace detailed hydrogeological and geo-technical studies which

would also include environmental impact assessments for a particular site.

The soil plays an extremely important role in the retardation and elimination of pollutants. In
the ACSAD/BGR cooperation project a combined study of soil and groundwater vulnerability
has been carried out. The approach and the methodology for studying soil vulnerability and
pollution have been described in Volume 3 and the current situation in the Ghouta pilot area
in Volume 3.1 of this set of project reports (MUELLER et al, 2000).
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3 Groundwater Vulnerability Mapping

3.1 Protective Effectiveness of the Soil and Rock C  over

Retardation of absorbable pollutants, elimination of contaminants by chemical complexation
or precipitation, biochemical transformation or degradation, evaporation of volatile
compounds and dilution processes (saturated zone) contribute to the attenuation of
contaminants on their way through soils and the unsaturated zone to the groundwater (e.g.:
FOSTER, 1988; VRBA & ZAPOROZEC, 1994; see also Volume 3 of the project reports).
Soils play usually the most important role in the attenuation process. Due to the limited
availability of oxygen, moisture and microbes, and the often lower cation exchange capacity
these processes are normally less effective in the underlying unsaturated rock formations
above the aquifer. It should be kept in mind however that soils are often removed, especially
in areas with rapidly progressing urbanisation, thus losing their role in the attenuation of

contaminants.

The time for water and contaminants to reach the water table depends to a large degree on
the protective effectiveness or filtering effect of the rock and soil cover. Main factors are the
thickness of the soil and rock cover above the saturated aquifer, the percolation rate and the
velocity of the infiltrating water. The mineralogical composition of the rock cover, the degree
of jointing and fracturing, the compactness and porosity of the rocks, the organic matter

content, the pH values and the cation exchange capacity (CEC) are of special importance.

The mapping in the Ghouta refers mostly to the intrinsic vulnerability of the groundwater. The
assessment therefore concentrated on the main parameters which determine the general
protective effectiveness of the soil and rock cover. This approach has to be seen in
connection with the project goals, the availability of basic data in the pilot areas and the time
frame of the project. The main advantage is the possibility of assessing groundwater
vulnerability in large areas at relatively low costs in a comparatively short time. Such a
general assessment can be seen as an important first step to keep the risks of groundwater
contamination under control and to avoid situations where land use planning causes
problems which can hardly ever be corrected. Mapping of the intrinsic groundwater
vulnerability forms the basis for more specific investigations in the future. Studies of the
specific vulnerability could then be performed at a later stage for particular purposes in

sensitive areas where groundwater pollution already exists or is expected in the near future.
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3.2  Methodology of Groundwater Vulnerability Mappin g

Many mapping methods have been developed over the past two decades to delineate areas
where groundwater is vulnerable to pollution from areas where it is less vulnerable. MARTIN

(2000) lists the following main categories of methodological approaches:

PROCESS BASED METHODS include mathematical descriptions of physical, chemical
and biological processes occurring in the unsaturated zone and in the aquifer. This
approach involves mathematical modeling. Examples of practical applications, however,

are still rather limited since the quality and reliability of available data is usually insufficient.

STATISTICAL METHODS are applied to find relations between measurable parameters
affecting groundwater vulnerability and measured groundwater quality (correlation
analyses). Problems in the practical application arise from the requirement of large and
regionally densely distributed data sets and from the assumption that areas of high

vulnerability are reflected by high existing groundwater contamination.

INDEX AND OVERLAY METHODS are presently most important for practical purposes.
In this procedure sets of maps are being prepared from which parameters for groundwater
vulnerability assessments can be deducted by delineating zones of equal properties (e.g.
rainfall, groundwater recharge, soil, geology, depth to groundwater table). Scores (points)
or qualitative ratings are assigned to relevant attributes affecting groundwater vulnerability.
The rating procedure results in a qualitative and relative assignment of vulnerability levels
in different parts of the map. These maps are than combined in order to reach an overall

rating.

Systems like DRASTIC (ALLER et al, 1985), GOD (FOSTER, 1987), SINTACS (CIVITA,
1988 &1990) and the rating system of the State Geological Surveys of Germany (HOELTING
et al, 1995) belong to this group.

ACSAD - BGR TECHNICAL COOPERATION PROJECT 7
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DRASTIC (Aller et al. 1985) represents one of the best known examples which has been
applied in many countries, especially in the USA. For this parametric point-count system

model the following parameters have to be included into the evaluation:

Depth to aquifer, Recharge, Aquifer media, Soil media, Topography, Impact of the vadose

zone, and Conductivity of the aquifer.

Each parameter is rated from1 to 10. In addition, a weight factor from 1 to 5 is assigned to
each parameter in order to account for different levels of impact. Differing weights have been
assigned for the normal and the agricultural DRASTIC. The rating for the listed parameters
can be determined according to the tables and graphs presented in the DRASTIC manual.
The selection of parameter ratings (R) and weight factors (W) in a specific setting is left to the
user's expert judgement. Weighted parameters are summed up to get the DRASTIC INDEX

according to the pollution potential formula:

Pollution Potential = Dr*DwH+Rr*RwHAR*AW+SR*Sw+ Tr*TwHg*IWw+Cr*Cw.

For the vulnerability mapping in the Damascus Ghouta Plain not DRASTIC, but the approach
of the State Geological Surveys in Germany  (GLA-method, HOELTING et al. 1995) has
been applied after a review of different systems of groundwater vulnerability mapping. The
decision was mainly based on the positive experience with the application of this
methodology under similar climatic conditions in Jordan (MARGANE et al, 1997; HIJAZI et al.
1999) and other countries. It was also felt that the German method was suitable to deal with
the partly rather limited availability of basic data in large parts of the pilot area. This refers first
of all to descriptions of the sedimentary strata in the unsaturated zone. Though the density of
water wells is extremely high (some estimates go as high as thirty to forty thousand wells in

the Ghouta), detailed lithological descriptions of borehole cuttings are rarely available.

The German approach represents a parametric point count system in which the intrinsic
vulnerability rating is based on the approximate travel time of percolating water to the
groundwater table. The overall protective effectiveness of the soil and rock cover increases
with the number of points assigned to a particular area and has been subdivided into 5
classes (Table 5 in Appendix 1). These classes range from very low (< 500 points; residence
time of the percolating water up to about 1 year) to very high (> 4000 points; residence time of
the percolating water > 25 years). Only vertical diffuse percolation of contaminants, not

preferential flow or (sub-) surface lateral flow is taken into account.
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The mapping procedure involves the preparation of maps from which the following

parameters for the groundwater vulnerability assessment can be deducted:

W Factor for rating groundwater recharge rate
S Soil down to a depth of 1m: rating of the effective field capacity
R Rock type (unsaturated zone only; up to 500 points per meter)
- Unconsolidated Rocks (Rating of cation exchange capacity of rock)
- Consolidated Rocks (Rating of permeability and fracture characteristics)
T Thickness of each layer in meters
QM Bonus points for visibly elevated organic matter content (75 points per m)
Q Bonus points for perched aquifer systems (500 points)

HP Bonus points for artesian aquifer conditions (1500 points).

The total protective effectiveness (P+) is calculated using the formula:

Pr=P;+P,+QM+Q +HP

P, - protective effectiveness of the soil cover: P;=S*W

P, - protective effectiveness of the rock cover: P, =W * (R*T; + R*T, + ... + R*Ty).

For the assessment of the effective protectiveness of the s oil cover (S) the effective field
capacity of the soils is used In the German methodology (eFC in mm/m). In the calculation,
the eFC value of each individual soil horizon is categorised as shown in appendix 1, table 1.
After allocating the corresponding point numbers (S), the values are multiplied by the
thickness of the horizon (in dm) and the point numbers for each soil horizon are added up.
The total score for parameter (S) ranges between 10 and 750 points (SeFC in mm down to a

depth of 1m, the average rooting depth,).

For the determination of P, (effectiveness of rock cover), it has to be distinguished between
unconsolidated and solid rocks. For the first group the cation exchange capacity of the rocks
is used as a measure for the residence time of percolating water (type of sediment and
proportion of fine material). For the assessment of consolidated rocks, the product of points
for rock type and a factor describing the degree of fracturing or the presence of karst
phenomena is used (Tables 3 & 4 in Appendix 1). As for the soils, the rating of P, for each
rock layer has to be multiplied with the thickness of the layer in meters and with the factor W

(see above formula).
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Zones of equal properties are elaborated on each thematic map and scores (points) are
assigned to those areas. The maps are than combined and the total scores for each area are
calculated. The process of calculating the overall protective effectiveness for the entire study
area is complex and can best be achieved by the use of ARC/INFO or a similar software
system. The methodology has been described in detail in HOELTING et al (1995). App. 1
represents an English translation of this ‘Concept for the Determination of the Protective
Effectiveness of the Cover above the Groundwater against Pollution’ (BGR, 1994). The
practical application of this methodology in the Damascus Ghouta has been described in

Section 5.1 of this report.

3.3  Main Aims of Groundwater Vulnerability Mapping

One of the main aims of groundwater vulnerability mapping is to demonstrate the urgent need
for the protection of the groundwater resources and to convince policy makers, regional
planers and water resources managers to include groundwater protection issues in regional
land use planning. The groundwater vulnerability maps give basic information on the natural
protective effectiveness of the soil and rock cover above the aquifer and show where the risk

of contaminating the groundwater resources is particularly high.

In general, groundwater vulnerability mapping is helpful for purposes such as (modified after
MARTIN, N., 2000):

- Development of groundwater protection policies (demonstrating needs for or
consequences of actions)

- Regional land use planning: assignment of acceptable uses (zoning), search for suitable
sites (screening), and identification of areas for use restrictions

- Assessment of the potential impact of land-use alterations on groundwater contamination

- Setting priorities for groundwater monitoring and detailed studies

- Setting priorities for measures such as soil remediation

- Increasing the awareness of authorities and the public on issues of groundwater
protection

- Communicating decisions related to groundwater protection to affected groups.

ACSAD - BGR TECHNICAL COOPERATION PROJECT 10
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4 The Damascus Ghouta Plain

4.1 Climatic Features

A Mediterranean type subtropical climate with hot, dry summers and cool, rainy winters
characterizes the climate of the Damascus Ghouta. The long-term average annual rainfall at
the western margin of the Damascus plain is about 250 mm (Meteorological Dept., 1977).
The amount of rainfall decreases rapidly towards east and reaches only about 100 mm in the
area of Al-Dmair, NE of the study area. Though the rainy season usually lasts from October
to April, the main rainfall occurs from November to March with a maximum in December and
January (JICA, 1996). Normally, there is no rainfall from June to September. Figures 2 and 3
show the annual variations of rainfall at the climatic station of the old airport in the western

outskirts of Damascus and at the Kharabo station at the center of the study area.

The average yearly maximum temperature ranges between 23 and 25 °C and the average
yearly minimum temperature between 7 and 10 °C. The average potential evaporation and
the evapotranspiration reach about 1,800 respectively 1600 mm/a in the Damascus area
(JICA, 1996) and more than 2000 mm/a further to the east (Meteorological Department,
1977). According to the Emberger classification the climate in the study area can be

described as arid to very arid.

4.2  Topographical and Geological Situation

The topographical elevation of the Damascus Ghouta Plain ranges from more than 700 m in
the city area in the west, to just below 600 m in the immediate surroundings of Lake Ateibeh
in the east (topographical map, annex 1). The steep slopes of the Qasyun mountain range,
which reaches elevations of about 800 — 1100 m, form the northwestern, the Abu Atreez hills
with elevations of up to more than 800 m the southwestern boundary of the study area. The
geological map (figure 4) shows the surface distribution of the important rock units and the
main structural features. The structural set- up of the mountain range in the northwestern
corner of the study area (Qasyun Mountains) is characterized by a series of SW-NE striking
anticlines and synclines. A prominent trust fault separates the mountain range from the

Ghouta plain.
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Fig. 2
Annual Variations of Rainfall at the Climatic Station at the OIld Airport in Damascus
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Fig. 3
Annual Variations of Rainfall at the Climatic Station at Karabo in the Central Ghouta Plain
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The Ghouta plain represents a structural depression with a depth of up to more than 450 m
below the current land surface. Cretaceous, Eocene and Neogene rocks form the base of
the depression, as exploration drillings show (cross-sections; figures 5 and 6). This indicates
that the formation of the depression started during the Tertiary (Pliocene) and that this
process continued during Quaternary times when erosion processes became predominant.
During the Middle Pleistocene, about 200 000 to 250 000 years ago, a lake existed in the
depression at an elevation of about 700 — 750 m above sea level. Today, the land surface in

the lake Ateibeh area is just below 600 m and the lake has dried up in recent years.

The oldest rock unit, outcrops of fractured Turonian limestone and dolomite, occurs in the
mountainous northwestern corner of the project pilot area. The total thickness of this unit
reaches about 700 m. It is overlain by marly limestone of Senonian age, which is less
resistant to erosion (total thickness about 500 m). The overlying Pliocene deposits, which
reach a total thickness of about 800 m, consist mainly of marl with some chert layers and
numulitic limestone. The lower part of the overlying Neogene rocks consists mainly of clay
and marl, followed by a sequence of conglomerates and clay with a total thickness of less
than 500 m.

The volcanic activities started during the Neogene in the Jebel Al-Arab and the Hauran area.
Basalt covered large parts of the Damascus plain. Depending on the topographical situation
during that time period, thickness and distribution of these lava flows changes within short
distances. In the study area basalt outcrops are restricted to the Jebel Atrouz area in the
southwest, but basalt layers have been encountered at depth in many boreholes in most parts

of the Ghouta Plain, especially in its eastern part.

Quaternary deposits reach a maximum thickness of about 400 — 500 m in total in the
Damascus Plain. Near the foothills of the Qasyun mountain alluvial fans of poorly sorted
gravel deposits with a clayey, sandy matrix are common. Fluvial and proluvial deposits
characterize the largest part of the western and central part of the Damascus Plain. Further
to the east, the content of fine material increases and in the lowest part of the basin, in the
area towards the now dry Alateibeh and Al-Hashaneh Lakes, lacustrine deposits composed
of marl and clay with lenses of sandy layers and freshwater limestone are predominant. More
detailed descriptions of geological features can be found in SELKHOPPROMEXPORT 1979
and 1987).
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Fig. 5 Geological Cross-Section (A-A") from the southwestern to the northeastern part of the Damascus Ghouta Plain

Fig. 6 Geological Cross-Section (B-B’) from the northwestern to the southeastern part of the

Damascus Ghouta Plain
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4.3  Hydrogeological Situation

The prolonged sedimentation period in the Damascus depression led to the deposition of a
thick sedimentary sequence and the development of a complex aquifer system in different
depth ranges of the basin. Hydraulic contact between all of these units is possible, especially
in tectonic fracture zones. The hydrogeological map, annex 2, shows the surface distribution

of the main aquiferous units:

Upper Quaternary fluviatile deposits, including alluvial fans

Upper Quaternary lacustrine deposits

Neogene basalt (mostly in deeper parts of the basin)

Cretaceous and Tertiary aquifers (mostly limestone, some conglomerates) in the

mountainous areas and at depth in the basin.

Depth to groundwater in the Ghouta plain ranges between less than 2 m in part of the area
near the Barada River and more than 70 m in the eastern to northeastern part of the study
area (map of ‘Depth to Groundwater’; annex 3). The isopiezometric lines on the map indicate
the average depth to groundwater in 1999. Graphs of groundwater level observations from
representative monitoring wells show the reaction of the aquifer to the increasing abstraction
during the last 20 years and the high annual fluctuations of groundwater levels in different

parts of the Ghouta Plain (figures 11-14 and annex 1).

Mapping of groundwater vulnerability to contamination refers to the uppermost exploitable

aquifers and includes the following hydrogeological units:

The Upper Quaternary fluviatile deposits  consist of poorly sorted sand and gravel, silt and
clay. The thickness of this unit is highly variable and ranges in most areas from several
meters to up to about 40 m. The maximum thickness is probably close to 100 m. In general,
the thickness decreases in southerly to southwesterly direction. The hydraulic characteristics
of this unit differ considerably within short distances depending on the degree of

consolidation and the silt and clay content.

In the northern and northeastern part of the study area (Adra and Dmeir) the consolidation of
the Upper Quaternary fluviatile deposits increases and their permeability decreases. In the

more central part of the Ghouta (surroundings of the Barada River) coarse sand and gravel
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deposits with intercalated silt and clay layers are common. These highly permeable strata
reach a thickness of up to about 80 m in the Damascus and about 20 to 40 m in the central

Ghouta area. Locally they are in direct hydraulic contact with the river.

The permeability coefficients range between about 4 and 140 m/d (average value 58 m/d)
and the transmissivity values between approximately 130 and 3700 m%d (average value
about 1400 m?/d; JICA, 1997). The increasing clay content in the fluviatile deposits in the
southwestern part of the study area (Hosh Blas, Daraiya) leads to lower permeability values.

Accordingly, wells in that area are usually less productive.

The Upper Quaternary fluviatile deposits and alluvial fans form the most important aquifer for
the domestic water supply of the settlements in the pilot area. Most of the groundwater for
irrigation is also being pumped from this unit. More than 15,000 wells have been drilled into

this aquifer in the Ghouta.

The Upper Quaternary lacustrine deposits consist predominantly of lacustrine clayey,
marly deposits with intercalations of poorly sorted gravel and sand. The total thickness of this
unit reaches a maximum of up to more than 200 m in the area west of the Ateibe Lake and

gradually decreases towards north and south. Occurrences of freshwater limestone are fairly

common in the lacustrine deposits. They are not restricted to certain areas but seem to be
more common in the area west of Lake Ateibeh where they also reach their maximum

thickness of up to more than 150 m).

In the area west of the Lake Ateibeh where this aquifer has been seriously overexploited,
depth to groundwater reaches partly more than 70 m bls (below land surface; map, annex 3).
In general, the hydraulic parameters of the lacustrine deposits are much lower than those of
the fluviatile deposits. The transmissivity values range between approximately 1 and close to
1500 m?/d, (average 360 m?d) and the permeability coefficients between 0.03 and about 90
m/d, with an average value of 22 m/d (JICA, 1997).

In areas where the shallow aquifer has been exhausted, Middle and Lower Quaternary

deposits form now the uppermost aquifer and have to be taken into consideration in the
vulnerability mapping. They are not cropping out on the land surface, but usually occur at a
depth of several tens of meters bls (commonly about 150 to 300 m bls). The maximum
thickness of these predominantly clayey sediments exceeds probably 400 m. Intercalated
lenses of sandy layers and freshwater limestone with a thickness of up to about 9 m form

aquifers. However, the yield of water wells in this unit is usually low (about 2 - 10 m*/h).
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Neogene basalt and lava flows cover wide areas in the region southeast of the study area.
In northerly to northwesterly directions, towards the central part of the Ghouta Plain, the
basalt layers plunge under a cover of Alluvial deposits. In the project pilot area outcrops of
basalt are restricted to the Jebel Abou Atreez area, but drilling results prove the presence of
basalt under the Quaternary sediments in large parts of the Ghouta Plain. Layers of clay and
fine sand between the individual layers of lava flows appear to reduce the (vertical)
permeability of this aquifer in some areas. In the area north and east of Jebel Abou Atreez,
the thickness of the overlying Quaternary deposits is in the range of a few tens of meters. But
further to the north, the basalt layers are often more than 200 m below the land surface. As
mentioned in the previous paragraph, this hydrogeological unit had to be included in the
vulnerability mapping in areas where it now forms the uppermost aquifer (mainly southern

and eastern parts of the project area.)

Drilling results from the Al-Bardeh, Sbeinah and Al-Buweida area, north of Jebel Abou Atreez,
indicate that groundwater abstraction is not restricted to the basalt aquifer but includes sand

layers below the basalt. The water in this aquifer is confined with a hydraulic head of about

105 m below land surface. In the SW part of the project area the salinity of the water in this

unit is comparatively low (total dissolved solids about 1 g/l).

Jurassic, Cretaceous and Paleocene limestone deposi ts crop out in the adjacent
mountain ranges, west to north of the city. The catchment area of the Figeh spring, the most
important source of water for Damascus, does not reach into the study area, but these
limestones are productive aquifers, which are important for local water supply and therefore
need protection. The approximate location of a groundwater divide in the Cretaceous
limestone aquifer has been marked on the Hydrogeological Map (Annex 2). East of this

divide, groundwater flow is probably directed towards the Ghouta.

Main sources of groundwater recharge in the project pilot area are:

- Direct infiltration of rainwater (especially in the mountainous areas)

- Infiltration from the Barada and its side channels (probably the most important source of
recharge in the Ghouta plain in the past. With the exception of sewage water, surface

water run-off in the Ghouta is now limited to short periods during the rainy season).

- Inflow from (limestone) aquifers in the Qasyun mountain range along the contact zone with
the Quaternary aquifers in the Ghouta and recharge by ascending groundwater from

underlying deep aquifers, especially along fracture zones.
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- Recharge from sewage water (characterized by low oxygen values) mixed with surface
water (important source of recharge during the last decades). Today, most of the sewage
is being pumped to the waste water treatment plant in Adra and the treated waste water is
redistributed, mainly in the northern central part of the Ghouta area (see map ‘Hazards to

Groundwater’, Annex 6)

- Recharge from irrigation losses (mainly to the Upper Quaternary fluviatile deposits in the

intensively cultivated areas in the western and central part of the Ghouta.

The main source of recharge to the lacustrine deposits in the eastern part of the Ghouta is
probably inflow from the Quaternary fluviatile deposits. Even though agricultural activities and
thus groundwater abstraction are now comparatively low in that area (see ‘Land Use Map’;
figure 1), the present day recharge is insufficient to lead to a significant recovery of the
groundwater table. An exception is the Adra — Alrihan area, where treated wastewater is now

readily available; here a significant rise of the groundwater table has been observed.

In the past, natural groundwater discharge occurred mainly in springs and swampy areas
near the contact between the fluviatile and the less permeable lacustrine deposits (e.g. Asafir
spring) as well as in the Ateibeh Lake area, further to the east. Due to over-abstraction of
groundwater and years of low rainfall, no natural discharge of groundwater has been
observed in the Ghouta in recent years. It will probably take years of exceptionally high
precipitation to increase groundwater recharge so significantly that the springs start flowing

again.
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4.4  Groundwater Quality

4.41 Hydrochemical Characteristics

The quality of the groundwater in the Damascus plain is not only affected by many natural factors
such as the lithology of the aquifers, the flow regime, and infiltration of surface water, but to a large
degree, also by human activities. Accordingly, salinity and chemical composition of the groundwater

vary widely.

The map, annex 4, is based on SELKHOPPROMEXPORT (1987) and shows the increase of
groundwater salinity from west to east, in the general flow direction. Groundwater salinity in the fluvial
deposits in the western part of the study area is low (total dissolved solids, TDS, mostly between <0.5
and 1 g/l); salinity values above 1 g/l are rare. Further to the east, in the area where lacustrine marl
and limestone predominate, profound increases in groundwater salinity and a gradual change from
bicarbonate to a chloride type of water, partly with relatively high sulfate contents, can be observed. In
the area north of Lake Ateibe the salinity of the groundwater is very high and reaches up to about 10
g/l. Here, the groundwater represents a sodium-chloride type of water. South of the lake
groundwater salinity ranges between 3 — 5 g/l and the water can be classified as a sodium-chloride

type of water with high sulfate contents.

Field measurements of electrical conductivity of the groundwater show a similar picture for the year
2000 (fig. 7). Due to infiltration from the Barada River, a band of low salinity groundwater (~1 g/l)
extents to the east, along the river in the Harasta Alkantara area. Unfortunately it was not possible to
get a sufficient number of new groundwater samples from the area further to the east, where
SELKHOPPROMEXPORT (1987) recorded very high groundwater salinity values, especially in the
northeastern part of the Ghouta pilot area. Water wells in that area are not being pumped anymore
because of the poor quality of the groundwater. Measurements of groundwater salinity in a few wells

east of the airport showed similar salinity values as the a.m. Russian study.

Results of isotope studies in the Damascus Ghouta area have been described in a separate report
(GEHY, 2000). Relatively high Tritium values indicate that the groundwater in the Ghouta is young
and receives present day recharge. The exact sources and proportions of the recharge are still
guestionable. But comparison of old and new stable isotope data confirms that present groundwater
abstraction in the Ghouta is not sustainable. The groundwater resources are being depleted at an

alarming rate.
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4.4.2 Present Status of Water Pollution

The assessment of the present status of water pollution was carried out on a reconnaissance
level within the framework of the project. More detailed studies will be necessary in the future

in order to achieve a reliable overall assessment of the entire area.

In order to reach meaningful results with a relatively small number of samples, great care has
been taken to select representative sampling sites at locations where contamination problems
are apparent. Ten samples of surface and groundwater have been analyzed for heavy metals
and organic chemicals in the laboratories of BGR in Germany. The location of the sampling
points is shown in appendix 2 and the analytical results are listed in appendix 3. In addition,
water and more than 150 soil samples were analyzed for heavy metals in the laboratories of
MAAR in Damascus. During field campaigns, other parameters such as temperature, TDS,

and nitrate content of the water have been tested at many locations in the field.

Apart from surface water samples from the tannery area, which show extremely high
chromium contents of up to more than 2000 ug/l, very low heavy metal contents have been
found, especially in the groundwater of the Ghouta (appendix 3.1). Almost all values are far
below the maximum permissible concentration (MPC) for drinking water (EPA, WHO, EU-
Guideline 98/83, German drinking water standards). This corresponds with the results of the

soil studies that the Ghouta soils have a very high retention capacity for heavy metals.

In some surface water samples relatively high boron values of > 400 pg/l have been
observed. Detergents are the likely source of these high boron values. If this water is being

used for irrigation, boron sensitive plants could be negatively affected.

As far as organic compounds are concerned, the following compounds have been

analyzed:

adsorbable halogen organic compounds (AOX) according to DIN 38409-H14 (micro-
coulometric methods)

volatile halogen organic compounds according to DIN 38407-F5 (Headspace-Gas-
Chromatography)

mineral oil hydrocarbons according to DIN 38409-H18 (Gas-Chromatography)

volatile monochromatic compounds according to DIN 38407-F.
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The analytical results have been interpreted as follows (TESCHNER, 1999):

Adsorbable halogen organic compounds (AOX) should not exceed 50 pg/l. All samples from

the Ghouta are below that standard. The sample from the Barada River at the eastern
outskirts of the city (No. 3, Ghouta Street, App. 3.2 a), reaches an AOX content of 40 pg/l.
This value is clearly above the normal background and should be seen as an indication for
contamination.

The contents of volatile halogen organic compounds in the samples from the Ghouta Plain
are below the standards for drinking water. In samples from polluted surface water in the
tannery area (No. 3; App. 3.2 b) and from water wells at the eastern outskirts of the city (Nos.
8 and 9) clearly measurable contents of volatile halogen organic compounds have been
found. These values are indications for anthropogenic sources of contamination (cleaning

and degreasing agents or solvents).

Mineral oil hydrocarbons (MKW in App. 3.2 a) are common in all of the environmental

compartments and can also have natural (biogenic and geogenic) sources. Measurable
contents have only been found in the sample from the Barada River, east of the city (No. 3:
~100 pg/l). Unfortunately, the IR-method applied by the BGR laboratory did not allow for the

quantification of values < 100 pg/l.

Separate gas-chromatographic examinations of the extracts of the IR measurements indicate
the type of hydrocarbon mixture. But all the extracts from the Ghouta samples show diffuse
peak patterns, which don't allow for the determination of the source. The samples don't
indicate a contamination by mineral oil hydrocarbons. In the German “DVGW regulation 151"
mineral oil hydrocarbon contents of 50 pg/l are accepted for natural water treatment methods
and up to 200 pg/l for chemical/physical treatment methods. According to the German soil
protection regulations (Bundes-Bodenschutz- und Altlastenverordnung, draft of 1999), oil

hydrocarbon contents of up to 200 g/l are acceptable for the path soil — groundwater.

Volatile mono-aromatic_hydrocarbons (sum BTEX) have been detected in the surface water

samples from Arbin and the Zebdin bridge (samples No. 1 and 2, App. 3.2 a). The source
could be fuels or solvents. The values don't exceed the health threshold values of WHO for
drinking water. For the path soil/groundwater all values above 20 ug/l need further checking
according to the German regulations for soil protection. The sum BTEX content of 20.9 ug/l

in the sample from Arbin falls into this category.
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Within the framework of a methodological development for solid phase micro-extraction,
semi-quantitative screening of the water samples from the Ghouta has been carried out in the

BGR labs. The polychlorinated biphenyl contents (PCB) in two surface and two groundwater

samples are very high (between 15 and 46 pug/l, App. 3.2 a). PCB, an industrial chemical with
toxicological effects on the environment and humans, is potentially carcinogenic. Cumulative
toxic properties of PCBs are of particular concern. Significantly, the highest value has been
found in a water sample from a 37 m deep well near the Barada River east of the city (sample

No. 5). At the time of the sampling, the water level in this well was 12 m below land surface.

As mentioned above, the number of analyses for organic chemicals is small and further
detailed studies are recommended. But even this limited number of analytical results shows
that contamination of groundwater by organic pollutants, in general, still appears to be rather
low. As for the heavy metals, this is due to the high protective effectiveness of the soils in the
Ghouta plain. Indications, however, for increasing contamination problems and high values
of some pollutants, especially PCBs and volatile monoaromatic hydrocarbons, even in the

groundwater, are reasons for concern.

Contamination problems in the Ghouta area are most clearly shown by field tests of nitrate
contents in the groundwater (Fig. 8). Under natural conditions, the nitrate values should be
below 10 mg/l. Such low values are an exception in most parts of the Ghouta. The low
nitrate contents in the eastern part of the study area cannot be seen as signs of less
contamination; they only show that the shallow aquifer has been exhausted and that the
groundwater is now being pumped from underlying deeper aquifers. In the rural areas
groundwater is usually the only source of water for the population. If drinking water standards
for groundwater salinity and nitrate contents (MPC of 45 mg/l) are taken into consideration,
the groundwater in large parts of the Ghouta plain is not suitable for domestic supply anymore

as figure 8 indicates.

Studies of the biotic contamination, which poses a high health risk in parts of the Ghouta
agricultural area, were not included in the project tasks. Information on these problems can
be found in ABDELGAWAD et al. (2000).
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45 Soils

The results of detailed studies of the soils in the Ghouta, the present status of soil pollution
and the vulnerability of the soils to pollution have been described in Volume 3.1 of this set of
reports (MUELLER et al, 2000).

According to that study, the soils in the Ghouta are deep, heavy textured, moderately drained,
and high in calcium carbonate contents. According to the FAO soil classification Calcaric
Fluvisols cover most of the flat agricultural area. The fine grain content of the soil increases
towards the eastern part of the Ghouta. In the vicinity of the mountains, the gravel content in

the soil profiles increases and Calcaric Regosols become predominant.

In the pilot area of the soil studies in the Ghouta, the pH values are moderately basic, the free
carbonates exceed 55 % and the cation exchange capacity (CEC values) usually ranges
between 25 and 40 meg/100 g. The clay content of the soils is high and ranges mostly
between 35 and 55 % in the A, horizon. Also the contents of organic matter are
comparatively high (2 to 4.5 %), whereas the salinity of the soils is low. Moderate to low
permeability and a high water holding capacity characterizes the solum. Further to the east,
towards the margins of the irrigated area in the Ghouta, the salinity of the soils increases and

the soils cannot be cultivated under present circumstances.

ACSAD - BGR TECHNICAL COOPERATION PROJECT 26
Management, Protection and Sustainable Use of Groundw ater and Soil Resources



Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

5 The Groundwater Vulnerability Map of the Damascus Ghouta Plain

5.1 The Mapping Procedure

The preparation of the map of groundwater vulnerability to contamination follows the
procedure described in appendix 1 of this report (BGR, 1994). The mapping technique is
based on a rating system representing important factors, which determine the travel time of
contaminants from the land surface to the water table (Section 3.2). The higher the scores
assigned to a particular area, the higher the protective effectiveness of the soil and rock
cover. The assessment of the different parameters for the groundwater vulnerability mapping
in the Ghouta Plain is explained in the following:

Rating for the percolation rate (W): The amount of water infiltrating per unit time is an
indication for the residence time of the percolating water in the soil and rock cover above the
saturated aquifer. If the percolation rate is high, a rapid downward movement of the
(potentially contaminated) water has to be assumed. High percolation rates therefore reflect
a low protective effectiveness of the soil and rock cover.

The applied methodology of vulnerability mapping was developed in Germany where
recharge is comparatively high. Accordingly, percolation rates between > 400 mm/a and
<100 mm/a have been taken into consideration for the determination of factor W (values
between 0.5 and 1.75; see Table 2 in App. 1). In order to adapt the German method to the
low groundwater recharge rates in dry areas, a modified scale for the assessment of the
percolation rate has been introduced for groundwater vulnerability mapping in Jordan (Table
1 and MARGANE et al, 1997). These modifications of factor W have also been used in the
vulnerability mapping for the Ghouta area.

Groundwater Recharge [mm/a] Factor W
50-100 1.75
25-50 2
<25 2.25

Table 1: Modification of Factor W (percolation rate) after MARGANE et al (1997)
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According to the German methodology, the protective effectiveness is assessed on the basis
of the assumption that the sole source of percolating water is rainfall. Under the conditions in
the Ghouta, other sources, especially infiltration of excess irrigation water also has to be
taken into consideration. The annual amount of irrigation water might be in the order of

10,000m3/ha. Up to about 30% of this amount might leak to the groundwater.

The spatial distribution of factor W in the Ghouta pilot area is based on the following

assumptions:

- Limestone outcrops in the mountainous areas: W = 2 (recharge 10-20 % of average
annual precipitation; probably up to ~50 mm/a)

- Intensively irrigated areas in the Damascus Ghouta (greenish colours on the land use
map, figure 1): W = 1.00 (direct recharge, including loss of irrigation water: 200 - 300
mm/a)

- Low rainfall areas without or with little irrigation (yellowish and pinkish colours on the land

use map, figure 1): W = 2.25 (recharge < 25 mm/a).

Since the scores resulting from the assessment of the protective effectiveness of the soil and
the rock cover are multiplied with factor W (Section 3.2), the total number of points is
increased in large parts of the Ghouta, especially in the eastern part. These higher scores
indicate that the low recharge rates contribute to reduce the risk of groundwater

contamination in part of the area.

The effective field capacity of the soils is used for the assessment of the effective

protectiveness of the soil cover  (Section 3.2). Soils in the agricultural central part of the
Ghouta, by far the largest part of the project pilot area, are remarkably uniform and can be
characterized as clay loam to clay soils (Vol. 3.1 of the project reports). In the area, where
well developed soils exist, the effective field capacity of the soil down to a depth of 1m is in
the range of 140 — 200 mm/m. For the assessment of the soil cover, 250 points have
therefore been allocated for the factor (S). The scores for the total protective effectiveness of
the soil cover are calculated by multiplying parameter (S) with factor (W) according to its

spatial distribution in the study area.

In most parts of the project area the rock cover of the unsaturated zone consists of
unconsolidated rocks . As described in appendix 1, the rating for their protective
effectiveness is based on the cation exchange capacity of each rock unit. Unfortunately, the

lithological descriptions of borehole cuttings are often rather poor or do not exist at all. In
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most areas the evaluation is based on the well log descriptions in SELKHOPPROMEXPORT,
1987. The problem of partly large distances between observation points (up to several km)

also adds to the uncertainties in the assessment process.

Based on the lithological descriptions, the cation exchange capacity of each unit was
estimated according to standard lithological tables and numbers of points were allocated as
described in appendix 1 (Table 3). The scores range between 5 and 500 points per meter
bed thickness. In view of the uncertainties caused by the often poor lithological descriptions,
rather conservative (low) scores were allocated in the respective areas, since overestimation

of the protective effectiveness of the rock cover could contribute to a false sense of security.

For the assessment of the effective protectiveness of consolidated rocks (R s) the points for
the rock type (O) and the factor (F) (degree of faulting, jointing and karstification) were
assigned as described in appendix 1, table 4. The number of points for consolidated rocks
was then determined according to the formula: Rs = O * F. Table 2 shows the values for the
rock type, the structure characteristics and the point numbers (Rs) for the different units of
consolidated rocks in the project pilot area. The total number of points ranges between 2 and
15 points per meter. The comparatively low scores are an indication of the low protective

effectiveness of the consolidated rocks in the Ghouta pilot area.

Rock type @) F Rs
Basalt 15 1 15
Marine limestone 5 0.4 2
Lacustrine limestone 5 0.5 25
Table 2: Allocation of Paoints for Rock Type (O), Structural Characteristics (F), and

Total Points (R)

For the determination of the total protective effectiveness of the rock layers above the
saturated aquifer, the score of each layer is multiplied by its thickness (factor T). The
resulting scores of the different rock layers of the unsaturated zone are then summed up as
described in Section 3.2. The total score for the protective effectiveness of the unsaturated
zone is calculated by multiplying the sum of the scores for the different rock layers with factor

(W) according to its spatial distribution, and adding the score for the soil cover.
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The map of ‘Average Depth to Groundwater’ (annex 3) has been used for the assessment of
the spatial distribution of values for the thickness of the unsaturated zone (T) . The
interpolated water table depth is based on the average water depth in water wells in the year
2000. Drilling records and water level measurements have also been taken into

consideration (especially from monitoring wells; figure 9).

The situation in the project pilot area did not justify the assignment of bonus points for visibly

elevated organic matter content (QM) and for perched aquifer systems (Q) .

Bonus points for artesian aquifer conditions (HP) were not assigned in the project area,

even though such conditions have been described for several areas. The reasons are that:

the extent of these areas appears to be relatively small

overabstraction probably reduced the size of areas with artesian conditions because of the
lowering of the piezometric head

artesian conditions are more common in deeper aquifers, which are only included in the

vulnerability assessment if the overlying aquifers have been exhausted.

Local artesian conditions have therefore not been taken into consideration in the preparation
of the vulnerability map. They provide, however, an additional safety factor for the protection

of the groundwater in those parts of the aquifer system.

5.2  Regional Distribution of Aquifer Vulnerability

In respect to the regional distribution of aquifer vulnerability, the following aquiferous units

have been taken into consideration because of their importance for the water supply:

Limestone deposits in the mountain ranges in the north

Unconsolidated Quaternary sand and gravel deposits in the Damascus Plain (most
important aquifer in the pilot area)

Freshwater limestone occurrences in the lacustrine deposits (especially in the east)

Basalt intrusions.

The map of groundwater vulnerability to pollution (figure 9 and annex 5) shows the protective

effectiveness of the soil and rock cover above the aquifers in five classes. Their regional
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distribution in the Damascus Ghouta area is rather diverse and varies from low to very high.

The well-fractured and partly karstified limestone deposits in the northern mountain ranges

are particularly vulnerable since groundwater recharge may take place through enlarged
fractures with little filtration of pollutants. Flow rates in the underground might be very fast.
Without more detailed investigations, the vulnerability to pollution can only be classified as

very high in these areas.

As far as the Quaternary deposits are concerned, the protective effectiveness of the soil and

rock cover has been classified as low to very low in a large area along the Barada River and
its surroundings in the central part of the Ghouta plain. Here, the groundwater table is
sometimes quite shallow and well permeable strata like gravel and sand have been observed
at or near the land surface.

Apart from the mentioned high-risk area in the central part of the Ghouta, the risk of ground-
water contamination in the Damascus Plain has mostly been graded as moderate to low
(yellow to light green colors on the vulnerability map, figure 9). In the Damascus plain, the
depth to the groundwater table is heavily influenced by human interference. Care should
therefore be taken in areas where substantial changes in the thickness of the unsaturated
zone might influence the protective effectiveness of the unsaturated zone. Rises of the
groundwater table and the resulting reduction of the thickness of the unsaturated zone could

increase the vulnerability of the groundwater resources (see below).

Along the slopes of the mountains near the southern boundary of the pilot area and in an
area near the northeastern outskirts of the city, ranging from the foot of the Qasyun Mountain
to the Erbeen area, the risk of groundwater contamination has been classified as very low.
There, the thickness of the unsaturated zone is quite high and the permeability of the partly
silty, clayey sediments is low. Due to insufficient drilling records, however, it has to be taken
into consideration that unknown intercalations of sand and gravel deposits, especially in the
area towards the Qasyun Mountain, could locally increase the risk of groundwater
contamination.

A large area of very high protective effectiveness of the unsaturated zone has also been
located in the easternmost part of the pilot area, approximately east of 36° 33’, where
lacustrine deposits of low permeability occur. In this area, however, problems arise from the

insufficient knowledge of the spatial distribution of freshwater limestone deposits. General

drilling experience indicates that these limestones are common in the area west of Lake
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Ateibeh but drilling records with reliable descriptions are rare and the spatial distribution and
thickness of the limestone occurrences are not well known. This puts a considerable degree
of uncertainty on the vulnerability assessment in that area. If there are unknown occurrences
of Kkarstified limestone deposits close to the land surface, the risk of groundwater
contamination might be higher than shown on the map. Map locations where drilling records
prove the existence of freshwater limestone have been marked with circles. The color of the
circle indicates the degree of groundwater vulnerability at that particular site. These circles
are intended to raise awareness but due to lack of data, they do not show the actual spatial

distribution of the freshwater limestone deposits.

Outcrops of basaltic rocks are restricted to the Jebel Atrouz area at the southern boundary of
the pilot area but at depth, basalt layers have been encountered in most parts of the
Damascus Plain (Section 4.2). In areas where the shallow aquifer has been overexploited,
groundwater resources in underlying basaltic rocks represent now the uppermost aquifer. In
most araes the aquiferous parts of the basalt occurrences are usually overlain by several tens

of meters of unconsolidated sediments, which provide sufficient protection.

In the Damascus plain, the depth to the groundwater table is heavily influenced by human
interference. Since the thickness of the unsaturated zone plays such an important role in the
assessment of the groundwater vulnerability, the map (figure 9 and annex 5) can only show
the protective effectiveness of the unsaturated zone under the current conditions. Excessive
groundwater withdrawal led to high annual groundwater level fluctuations and caused a
continuing drawdown of the water table, which reaches up to several meters per annum
(Section 6.1). In view of the constantly increasing water demand and the deteriorating
recharge conditions it is unlikely that the average depth to the groundwater table will
decrease and that the thickness of the unsaturated zone will be reduced significantly in the

future.

An exception is the northern central part of the project pilot area where large areas are now
being irrigated with treated wastewater. The location of the distribution system for treated
irrigation water is shown in the map ‘Hazards to Groundwater’ (annex 6). Infiltration of excess
irrigation water, leakage from the distribution system and reduction of groundwater
abstraction due to easy access to treated irrigation water has a considerable impact on
groundwater levels. In the Adra — Alshifoniyeh area for example, the groundwater table rose
lately by several meters. Accordingly, the protective effectiveness of the rock cover is

decreasing.
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6 Hazards to Groundwater in the Damascus Ghouta Pla  in

6.1  Aquifer Susceptibility to Depletion

As serious as groundwater contamination problems are, mining of the groundwater resources
poses an even bigger problem under the present conditions in the Damascus Ghouta. An
integrated approach to the assessment of the present status of the groundwater resources
(KHOURI, 2000) should therefore include an evaluation of the sensitivity of the aquifer system
to possible pressures in terms of quality and quantity. Aquifer susceptibility to depletion plays

an important role in this evaluation process.

DAWSSA, the Damascus City Water Supply and Sewage Authority, Ministry of Housing and
Utilities, operates monitoring wells in the well fields for water supply in Damascus City. These
wells are equipped with automatic water level recorders. In addition, the Barada and Auvage
Authority, Ministry of Irrigation, carries out monthly manual measurements of groundwater levels
in a fairly well distributed network of groundwater level observation wells in the Barada-Auvage
water basin. For the assessment of the effects of increasing groundwater withdrawal on the
groundwater resources, the monitoring data from all observation wells in the project pilot area
(figure 10) have been evaluated in cooperation with the specialists from the above mentioned
authorities (R. RAJAB, 2002). Groundwater level fluctuations depend not only on the aquifer
and recharge conditions but also, to a large degree, on the distance to and the withdrawal rates
from pumping wells. Though rates of groundwater level declines are therefore not always
representative for regional changes in the aquifer, the overall picture quite clearly shows the

effects of groundwater withdrawal on the available resources in the Ghouta Plain.

Groundwater withdrawals from thousands of wells cause a continuing decline of groundwater
levels in the Ghouta Plain. North to east of the airport, in the surroundings of the villages of
Harran Alawameed and Jideidat Al-Khas, for example, agricultural activities are now rather
limited due to insufficient water resources. Over-abstraction led to depletion of the shallow
aquifer, pumping from deeper aquifers and up-coning of more saline water. Irrigation with this
water led to increasing soil salinity. Agriculture is unsustainable under such conditions. Though
groundwater withdrawal apparently decreased in recent years, the evaluation of the records
from monitoring wells indicates no recovery of groundwater levels. This confirms that
groundwater recharge is very low and that the previous groundwater abstraction was not

sustainable.
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Observed annual groundwater level decline in the Damascus Ghouta and it's surroundings
reaches up to more than 6 m/a during the time period 1993 to 2000 (annex 1). The highest
decline was observed in the only monitoring well in the Turonian limestone aquifer (figure 11,
well No. 174 DK), at the lower slope of the Qasyun mountain range. A nearby spring fell dry
years ago. In the western and central part of the Ghouta, the values range mostly between 1
and 2 m/a (figures 12-13). In the eastern part of the pilot area, approximately east of 36° 30,
average annual groundwater level declines often exceed 2 m/a and values between 3-4 m/a
are not uncommon (figure 14). From a resources point of view, these values are extremely
high, especially if somewhat longer time periods are taken into consideration. Obviously, the
present groundwater withdrawal rates are not sustainable. Years with above average
precipitation might bring relief and lead to a somewhat higher rise of water levels during the
rainy season, but the long-term observations show that a complete recovery of the
groundwater resources is unlikely and would probably need successive years of above

average precipitation.

During the four-year drought period from 1998 to 2001, the situation became even more
dramatic (figure 15). Groundwater level declines in most monitoring wells reached values
between 3 and 4 m/a, especially in the Damascus area, where the well fields in the city had to
be pumped intensively in order to meet the pressing water demand of the population.
Declines of that range have also been observed in the surroundings of the city and in the
central part of the agricultural area. All springs in the Ghouta fell dry (figure 16) and well yields
dropped dramatically (often by more than 50% according to information from farmers). The
upper aquifer is becoming unproductive in many areas. Individual farmers try to adapt to this
situation by drilling deeper wells, but the deeper aquifers are usually less productive and the

water is often more saline.

As mentioned above (Section 5.2), a completely different situation can be observed in the
area between Alshifoniyeh and Adra in the northern central part of the Ghouta. Apparently
this is linked to the wastewater distribution system and irrigation with treated wastewater. The
easy access to treated sewage water led to (unintended) artificial recharge and groundwater

levels rose significantly in recent years (up to about 8 m/a), despite the drought situation.
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Fig. 11
Monitoring of Groundwater Levels in Cretaceous Limestone (near the central northern
boundary of the pilot area)

Well No.: 174DK
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Fig. 12
Monitoring of Groundwater Levels in Kaboun (northeastern part of Damascus City)

Well No.: KAP-P
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Fig. 13
Monitoring of Groundwater Levels in the Area between Damascus and Hosh Blas in the
South

Well No.: 193K
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Fig. 14
Monitoring of Groundwater Levels in Kasmijeh (central eastern part of the pilot area)

WEell No.: 120K

10

15 »
” FAWPA
25

30 -
35 -
40 -
45 -
50

1993 1994 1995 1996 1997 1998 1999 2000

ACSAD - BGR TECHNICAL COOPERATION PROJECT
Management, Protection and Sustainable Use of Groundw ater and Soil Resources



39



Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

Fig. 16 Harush Spring (dry)
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6.2 The Map of Hazards to Groundwater

Groundwater vulnerability is closely related to risk assessment. The risk of contamination is
high if pollution of the unsaturated zone/soil surface occurs in areas where the protective
effectiveness of the unsaturated zone is low. If there are no sources of pollution however, the
risk of contaminating the groundwater resources is low, even in areas of high vulnerability.
Unfortunately, the realities in the field are usually quite different. Potential sources of

pollution can be found almost everywhere in the pilot area.

For a first assessment of the overall risks of groundwater pollution, the mapping of ground-
water vulnerability to pollution has been combined with an overview of the main hazards to
the groundwater in the Damascus Ghouta. This survey is by no means complete. Within the
time frame of the project and the availability of manpower, this would be unrealistic in such a
densely populated area with all types of activities, which could be potentially hazardous to the
groundwater resources. Also the mapping scale of 1:100,000 would be unsuitable for this
task without simplifications, data ratings and selection of the most relevant data. Annex 6
shows the map of potential hazards to groundwater. The map presents information on the
main types of hazards and their spatial distribution and should be seen as a synopsis of the

prevailing risks as described in the following:

Damascus City and part of the cities and settlements to the east are now connected to a
centralized sewer system. The location of the treatment plant near Adra, about 15 km
northeast of the city, and the location of the sewer trunk lines for waste water have been
marked on the map of hazards to groundwater. Waste water that is unsuitable for treatment
(e.g. high contents of mineral oil hydrocarbons or other pollutants) or untreated waste water,
which bypasses the Adra plant, flows in an open channel from the treatment plant to the
Ateibeh Lake in the southeast (dashed red line on the hazard map). The wastewater
treatment plant utilizes a conventional activated sludge process. Currently the plant receives
an average flow around 275,000 m*/d (from about 220,000 m*/d at the end of the summer to
> 350,000 m*/d at the end of the rainy season). The treatment plan is designed for an

average flow rate of 458,000 m*/d.

The treated effluent from the Adra plant is used for irrigation. The water is pumped in a
closed pipe system back to the northern edge of the Ghouta and flows from there by gravity
back to the distribution system in the northern central part of the agricultural area east of

Damascus (mostly in open concrete channels). The locations of the four main channels are
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shown on the hazard map as green lines. The old distribution system in open channels and
ditches is being used for further distribution of the treated waste water and on-farm irrigation.

Centralized sewer systems reduce the risk of groundwater contamination, but the risk of
(undetected) leaks in the sewer trunk lines or treatment ponds remains. Due to the design of
the treatment plant, the reclaimed wastewater does not meet some of the quality standards
for irrigation water. Problems arise from the high ammonia content due to insufficient
nitrification, relatively high biochemical parameters (BOD, COD, TSS) because of low
retention time of the wastewater in the aeration tanks, and the somewhat unsatisfactory
removal of organic contaminants (TARAZI, 2002). For these reasons, groundwater
contamination by excess irrigation with treated wastewater or leaks in the distribution system
can not be excluded. Farmers in the Alshifonieh area, for example, complain that the
groundwater quality has deteriorated significantly since treated waste water is being used for

irrigation.

Most cities, villages and settlements in the area outside the capital are not connected to a
centralized sewer system. Wastewater is discharged without any treatment in nearby wadis
and channels. Farmers use this water for irrigation. Septic tanks and cesspools also
represent potential sources of pollution. These problems may contribute to the elevated

nitrate values in densely populated areas.

The locations of service stations and fuel depots are not shown on the map since a complete
survey in such a densely populated area would have been beyond the capacity of the project.
They can easily be surveyed in the vicinity of points of particular interest if need arises.
Leaks may occur in the underground storage tanks or supply lines. Spilling of engine oil on
the ground is common in many places. Storage of heating oil should also be mentioned in
this connection. The winters in Damascus are cool and most houses have storage tanks.

Safety measures for accidental leakage or spilling are mostly missing.

The main industrial and commercial areas have been marked on the map. Other smaller
commercial areas can be found in most parts of the city. In addition, the locations of some of
the more important factories are being shown separately by symbols and numbers, which
indicate the type of factory (e.g. tanneries, factories for dairy products, pharmaceuticals,
paper, textiles, paints and recycling of oil products, food processing and slaughterhouses).
Industrial sites may pose a threat to groundwater resources because of handling, processing
and storage of hazardous substances. Furthermore, some of the waste products and the
sewage water of factories may be harmful to the environment if not handled properly. One of

the main areas of concern is the tannery area east of the old city of Damascus. In many
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cases the wastewater is discharged without any treatment (figure 17). Extremely high
chromium values have been measured in water samples in that area (section 4.4.2 of this
report). Another example is the discharge of intensively colored wastewater from a textile
factory (figure 18). Discharge of contaminated wastewater and unsatisfactory livestock waste
storage facilities from slaughterhouses for chickens, sheep and cattle at the eastern outskirts

of the city are also reasons for concern.

Garbage collection in Damascus is well organized. The landfill site for solid waste is located
southwest of the city, outside the project pilot area. Within the framework of the project tasks,
it was not possible to check the suitability of this site for garbage disposal. On the slopes of
the mountains northeast of Damascus, there are large areas with abandoned limestone
guarries.  Unfortunately, these quarries are sometimes used as disposal places of
convenience. The El Tal waste disposal site for solid household waste is an example (figure
19). Natural barriers for the protection of the groundwater are usually missing in limestone
guarries and polluted surface water may reach the groundwater rapidly through open
fractures and solution channels. Limestone deposits form productive aquifers and their

outcrop areas should therefore be protected from contaminants.

The spreading of waste products from households and farming almost everywhere in the rural
areas is not only unsightly but could also cause health problems for the population. The habit
of illegally filling up any types of depressions such as dried up springs, wadi beds, abandoned
irrigation channels and gravel pits with waste also increases the risk of contaminating the

grou ndwater resources.

The very intensive irrigation farming in the Damascus Ghouta poses a potential risk to the
quality of the groundwater because of the frequent and abundant use of agrochemicals.
Based on the assumption that hazards to groundwater increase with the intensity of farming,
the map (annex 6) shows the density of farming activities in a simplified form. Even though
mass production of animals (e.g. chicken or dairy farms) is not very common, the overall
density of farm animals is high in the rural area. Proper care for waste products is often not
guaranteed. The very high nitrate contents in the shallow groundwater (Section 4.4) are

clearly influenced by agricultural activities.

The high density of irrigation wells has to be seen as a potential hazard too. According to
some estimates, the number of wells in the Ghouta Plain might be in excess of thirty
thousand wells. Storage of agrochemicals and oil spillage in the immediate vicinity of well

head installations have often been observed in the field. Poorly installed or abandoned wells
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which have not been sealed properly, could act as direct conduits for pollutants from the land

surface to the groundwater.

The locations of many cemeteries have been marked on the map of hazards to groundwater.
Waste products from hospitals (pharmaceuticals, organic and solid waste) may form hazards

if not handled properly.

In combination with the groundwater vulnerability map, the map of hazards to groundwater
can be used for first assessments of the risks of groundwater contamination in particular
areas. Comparison of the locations of water supply installations with the locations of potential
sources of pollution in their surroundings gives first indications of hazards and risks to the
local water supply. The map also shows the locations of well fields for domestic water supply
in Damascus city. These well fields are only pumped during the dry season, in times of
insufficient water supply from other sources, such as Figeh Spring in the Barada Valley,

upstream of Damascus, and a well field in the surroundings of the Barada spring.

The wells for domestic water supply in the rural areas are not shown on the map. It can be
assumed however, that most of the villages and settlements have their own water wells in or
near the built-up areas (grey fields on the map). Since all springs in the pilot area fell dry in
recent years and the quality of the spring water in the Ghouta is unsuitable for human
consumption, the spring locations have not been marked on the map of hazards to

groundwater.
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Fig. 17 Disposal of Untreated Sewage Water from Tannery Area

Fig. 18 Disposal of Untreated Sewage Water from Textile Factory
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Fig. 19 Waste Disposal in an abandoned Limestone Quarry

ACSAD - BGR TECHNICAL COOPERATION PROJECT
Management, Protection and Sustainable Use of Groundw ater and Soil Resources

46



Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

7 Recommendations

Project activities and other studies clearly indicate that overexploitation of the groundwater
resources is common in the Damascus Ghouta Plain. Groundwater contamination problems
further aggravate the water supply situation. The quality of the drinking water in Damascus
can be maintained by mixing the water from well fields in the city with better quality water (e.g.
water from the Figeh Spring) or by technical means, if necessary. But for the rural areas it is
often more difficult to supply good quality domestic water. Most of the communities depend
on local wells for their water supply. But if the local water resources are polluted, it is difficult
to find cost efficient alternatives. Nitrate contents and total groundwater salinity, for example,
exceed the permissible values for drinking water in large parts of the Ghouta, as shown
above (figure 8). If better quality groundwater exists in underlying aquifers, drilling of deeper
wells would be a solution. Water import from other areas could also be taken into

consideration, but the costs involved might be prohibitive for small communities.

Because of severe water shortages, large schemes are presently under study to augment the
water supply to Damascus City and the Ghouta Plain by import of water from other regions of
Syria (coastal area, Euphrates River). It will take years and huge amounts of money before
these projects take effect. In the meantime, the water supply situation for the city and the
rural areas is already in a critical stage. In order to avoid a worsening of the present situation,
it is of utmost importance to decrease the risks of continuing overexploitation of the rather
limited water resources and to counter further deteriorations of the groundwater quality.
These goals can only be achieved if the concerned authorities recognize the importance of
aspects of groundwater protection in land-use planning. Awareness rising in the population
will be crucial for the successful implementation of corrective measures. People will not
support such efforts if they don’t understand the severity of the water situation and the

purpose of regulations and restrictions.

Even though quantitative and qualitative aspects of the groundwater resources in the Ghouta
Plain are closely interrelated, as shown above, it has been attempted to classify the following
recommendations into two groups: those related primarily to quantitative aspects and those
related to qualitative aspects. Water demand in the Ghouta is high. Fair distribution among
water consumers with conflicting interests is a key element for the sustainability of relatively

limited water resources.
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In order to reach the overall goal of maintaining the long-term availability of the

groundwater resources , it is necessary:

To prepare a water management plan for the entire Damascus - Ghouta region. Among
other aspects, an updated assessment of the available resources, registration of all water
wells, including the private ones, and control of groundwater withdrawal in the entire area
seems particularly important. The presently available very rough estimates of

groundwater abstraction are insufficient for this task.

To use high quality groundwater primarily for domestic purposes (in case of conflicting
interests of water demand). Based on the availability of water resources, water allocation
to different sectors and users should be revised. Additional water resources for
agriculture should mainly come from appropriately treated sewage water. In the future,
this source will probably become increasingly important in irrigated agriculture, especially

if large scale water import from other regions to the capital takes place.

To adapt overall groundwater abstraction to groundwater recharge (ideally on an annual
basis). In areas where irrigation depends on groundwater resources only, agriculture will
not be sustainable if groundwater abstraction rates exceed the average quantity of
recharge. Groundwater levels will continue to drop and wells will dry up. Drilling of
deeper wells might work as a short term solution, but will not solve these problems on the
longer run. It will also increase the costs for drilling and groundwater abstraction (higher

pumping lifts because of deeper groundwater levels).

To continue, reevaluate and expand the existing monitoring system for groundwater level
fluctuations and water quality control (also for rural areas). Most of the existing monitoring
wells are strongly influenced by pumping in nearby production wells. It would be
important to install some monitoring wells in areas where this influence is small.
Evaluation of long-term observations of aquifer response to climatic conditions and
abstraction rates provides a simple and reliable tool for the assessment of the available

resources.

To maintain the current restrictive regulations for drilling of new wells. Evaluation of
existing monitoring data indicates that the aquifers of the Ghouta are being over-exploited
at an alarming rate. Redistribution of treated waste water in large parts of the Ghouta

could affect the groundwater resources and should be monitored and evaluated regularly.

ACSAD - BGR TECHNICAL COOPERATION PROJECT 48
Management, Protection and Sustainable Use of Groundw ater and Soil Resources



Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

To collect and record all basic data if new wells are being drilled (e.g. if existing wells are
damaged and are being replaced by new wells). Descriptions of the lithological
composition of the strata above the aquifer are of special interest, since the knowledge of

the spatial distribution and the lithology of these deposits is often poor.

To carry out more detailed groundwater vulnerability mapping for the limestone aquifers in
the mountainous northwestern part of the pilot area. As long as new studies don’t show a
more differentiated distribution of groundwater vulnerability, activities which pose risks of
contaminating the groundwater should be prohibited in the outcrop areas of the limestone
deposits. It is recommended to use the EPIC method (SAEFL, 2000) and not the GLA-
method for this type of aquifer.

To reduce groundwater withdrawal as much as possible, since the continuing over-
abstraction threatens the sustainability of the resources. The ongoing water shortages
during the dry season indicate that the potential for the reduction of the domestic
consumption will be relatively small. But introduction of demand management methods
will probably help to reduce wasteful use of water. Irrigation agriculture consumes by far
the largest part of the groundwater resources in the Ghouta Plain. Further regulation and
control of groundwater abstraction from private wells will be necessary in the future.
There is a high potential to reduce water consumption in agriculture by the installation of

water-saving irrigation systems.

The following second set of recommendations aims primarily at maintaining the quality of the

groundwater resources ; in order to improve the current situation it is necessary:

To improve the existing legislation for groundwater protection and to adopt binding
regulations for the delineation of water source protection areas for those wells and
springs which are used for domestic water supply. Delineation of protection zones is a
proven tool to prevent contamination of groundwater resources by substances and
organisms hazardous to human health. The ACSAD-BGR cooperation project is
preparing a detailed guideline for groundwater protection which should be helpful for that

purpose.

To delineate groundwater protection areas for sources of domestic water supply and to
enforce restrictions and regulations for those areas. The groundwater vulnerability map
shows the risk to groundwater resources in a very general way. Further more detailed

studies will be necessary to delineate groundwater protection zones.
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To start with first steps for the implementation of groundwater protection areas. It will
probably take years before a strong legal basis and regulations for the delineation and
enforcement of groundwater protection areas come into effect. As a first step, protection
zones for the immediate surroundings of wells for domestic water supply should be
established. Such fenced-in protection zones are often missing, especially in the rural
areas. The immediate protection zone should comprise an area with a radius of at least 10
m around a well. These areas protect wells and their immediate environment from any
direct contamination and interference; they have to be kept clean and access should be

limited to authorized persons only.

To replace wells/well fields for domestic water supply by new wells in more suitable areas, if
the wells cannot be protected properly. Some wells are so closely surrounded by houses
and commercial areas that there is no space for the delineation of immediate protection

Zones.

To pay attention to aspects of groundwater protection in (future) land use planning and land
development. Since rehabilitation of a contaminated aquifer is extremely expensive and
technically difficult, protection of water quality must be of a preventive nature. The
groundwater vulnerability map shows the spatial distribution of areas with varying risks of
groundwater pollution in a simplified form. High-risk areas are clearly delineated on the

map. Non-specialists, too, can use this tool for decision making in land use planning.

Not to permit any additional high-risk activities in areas were the natural protective
effectiveness of the unsaturated zone is low. As shown above, a considerable number of
potentially polluting activities are located in areas where the vulnerability of the groundwater
to contamination is high. Examples are the use of gravel pits or abandoned limestone
qguarries as land fills (e.g. Al Tal waste disposal site). Risks to the health of the population
can not be excluded under such conditions, because pollutants may reach the groundwater
within very short time periods. Unfortunately, some of the important industrial areas of

Damascus are located in high-risk areas (e.g. tanneries, east of the old city).

To relocate high-risk activities to more suitable locations wherever and whenever possible.
Areas of high to very high protective effectiveness of the soil and rock cover above the
aquifer can be seen as ‘search areas’ for waste disposal sites, the allocation of sites for
industrial development or other land-use activities with pollution potential. However, more
detailed investigations will always be necessary in order to determine the suitability of a

selected site for a particular purpose.
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To stop the (illegal) disposal of toxic effluents from factories into rivers, wadi beds and
irrigation channels (e.g. by on-site treatment) and to keep in mind that contaminated run-off
from an area of low vulnerability might pollute an aquifer in an area where the protective

effectiveness of the soil and rock cover is low.

To protect the underground in high risk areas by technical means from activities/
installations which pose a high risk of pollution (e.g. proper waste storage, responsible
handling and disposal of chemicals and waste products, use of closed pipe systems for the
transport of contaminated water, lining of the land surface to stop infiltration of polluted

substances into the underground).

To continue with the connection of settlements to the centralized sewer system, plan the
construction of further wastewater treatment plants and consider the construction of

decentralized waste water treatment plants on the community level.

To continue and intensify the control for contaminants in treated sewage water including
microbial contamination (bacterial, viral, and protozoan pathogens and helminth parasites)
by the laboratories of the treatment plant in order to avoid public health hazards. As is the
case in many countries, analytical results should be randomly controlled by independent

laboratories.

To limit the use of sewage sludge as fertilizer. Due to potentially high contents of
contaminants it should not be used for intensive agriculture and horticulture. The very high
zinc contents, for example, would be close to or above the permissible limit of the new EU-

guidelines. Use in reafforestation or extensive agriculture might be less problematic.

To educate farmers not to apply overdoses of fertilizers, to use pesticides sparingly and to
follow the proper procedures in handling these substances. Frequent and abundant use of
pesticides and fertilizers pose a threat to the groundwater. Due to agricultural activities,
nitrate contents rose alarmingly and far exceed the permissible limit for drinking water in

large parts of the Ghouta Plain.

To keep the surroundings of wells clean from polluting substances. Spillage and storage of
agrochemicals, fuel and lubricants next to water wells has often been observed in the field.
This unfortunate practice poses a threat since wells may act as conduits for pollutants from
the land surface directly to the groundwater. For the same reasons, great care has to be

taken to seal abandoned wells properly.
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Groundwater vulnerability mapping represents a powerful tool to introduce aspects of ground-
water protection to land-use planning, but the background information for the preparation of
the map is not always satisfactory. In the eastern and southern part of the pilot area, for
example, the evaluation of the protective effectiveness of the strata above the aquifer
depends on descriptions of the lithological composition of the strata from relatively few and
far-spaced boreholes. Uncertainties in the assessment process obviously limit the practical
value of the map. The groundwater vulnerability map shows therefore a preliminary and
generalized classification of the natural protective effectiveness of the soil and rock cover
above the aquifer. The map can be used for general planning purposes but cannot replace
detailed assessments of the risk of groundwater contamination for particular (high-risk) land-

use activities at individual sites.
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Appendix 1
German Concept of Groundwater Vulnerability Mapping

Concept for the determination of the effectiveness of the rock and superficial cover
above the topmost aquifer as a protective barriera  gainst groundwater pollution
[translated by BGR from HOELTING et al., 1995]

1. Introduction

When assessing the vulnerability of the groundwater to contamination, the protective effect
of the cover of rocks and superficial deposits above the topmost aquifer in of decisive
importance. This in true when considering the impact of agriculture (fertilizers, pesticides)
and when assessing potential waste disposal sites, abandoned hazardous sites etc.
Determination of the protective effectiveness of the rock or superficial cover above an aquifer
is carried out to assess the risks to groundwater by pollutants migrating through the soil and
rock cover into the groundwater, und to represent the degree of risk on a map.

The protective effectiveness or filtering effect of the rock and soil cover depends an many
different factors, mainly the compactness, mineralogical composition, porosity, content of
organic matter, pH, and cation exchange capacity, the thickness of rock and soil cover, as
well as the percolation rate and percolation velocity. Moreover, it should be borne in mind
that the numerous substances that may pollute groundwater show differing migration,
sorption and degradation behavior underground, about which little is known.

In principle, it would be necessary to develop special assessment methods for all of these
pollutants or at least for the main pollutant groups, depending an their behavior in the
ground, and then compile the corresponding hazard maps.

In order to provide a practical method for the qualitative determination of the protective
effectiveness of the rock und soil cover above an aquifer in spite of these problems,
assessment scheme was developed. Although it involves considerable simplification, it
provides valuable information relating to many of the pending problems. Starting from
assessments at point sites on the basis of existing data and without any costly determination
of further parameters, the method allows the protective effectiveness of the rock and soil
cover above a aquifer to be assessed over large areas. Thus, in many individual cases,
time-consuming, detailed investigations and/or mapping can be avoided.

Maps showing the protective effectiveness of the rock and soil cover above an aquifer
represent a valuable tool for the remediation of contaminated catchment areas for potable
groundwater. This is due to the fact that they show areas where changing the land-use or
removing sources of contamination can lead to a comparatively rapid diminution of pollutant
input and thus and thus an improvement of groundwater quality. Additionally, such naps
provide useful information for assessing the effects of water pollutants originating from point
sources.
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2. Basic aspects

During the passage of percolating water through the rock and soil cover above the topmost
aquifer, pollutants in the water may be subject to mechanical, physicochemical, and microbial
processes leading to their degradation. The effectiveness of these processes is mainly
determined by the residence time of the percolating water in the rock and soil cover. The
longer the residence time, the longer the degradation and sorption processes can be
effective and thus reduce the input of pollutants into the groundwater. In the most favorable
case, contamination does not even reach the groundwater, even in the long term.

The cover dealt with in this paper comprises the rock and superficial deposits above the
uppermost, interconnected, generally laterally extensive aquifer system that can be used far
groundwater development.

The residence time of the percolating water in the rock and soil cover is mainly determined
by three factors:

- the thickness of the rock and soil cover,

- the permeability of the rock and soil cover, which depends on the
pedological constitution and/or lithology,

- the percolation rate.

When assessing protective effectiveness, the soils and the lower part of the cover below the
soil are considered separately. These two zones are linked by the amount of water, which
passes the lower boundary of the rooting zone.

For soils, the effective field capacity (eFC) is taken as a measure of the capacity of a soil to
store plant-available water. The residence time of the percolating water in the soil, and thus
also the evapotranspiration and groundwater recharge, are considerably affected by this
parameter. The effective field capacity of a soil depends mainly on grain size, degree of
compaction and humus content and is generally determined for the profile down to the
effective rooting depth (AG BODENKUNDE, 1982) /The handbook on pedological mapping
generally used in Germany, third edition 1982].

The residence time of percolating water below the soil, i.e. in the rock and superficial
deposits covering the aquifer, depends not only on the percolation rate but also on the
geohydraulic rock properties. Due to their fundamentally different geohydraulic properties,
unconsolidated sediment and solid rock are assessed on the basis of different criteria.

In unconsolidated deposits below the soil it is mainly the fine-grained sediments or sediment
components that reduce the permeability and thus reduce the percolation velocity. The cation
exchange capacity, upon which sorption depends, increases from sand via silt to clay. A
decrease in the percentage of clay and/or silt, however, causes a decrease in the residence
time and cation exchange capacity and is equivalent to a decrease in the protective
effectiveness.
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Determination of the permeability of unconsolidated rock on the basis of a lithological
description, or figures for the percolation velocity or residence time, especially in the case of
coarse-grained material, is rather reliable. For the purpose of keeping the assessment
scheme consistent, a method of determination analogous to that used for sail, i.e. via the ef-
fective field capacity, would be desirable. Since, however, if this method were used, complex
model calculations would be necessary, problems would occur in the case of non-log-normal
grain-size distributions, and the cation exchange capacity would have to be taken into
consideration, a simpler way is chosen here. This does not involve any significant loss of es-
sential information. Due to its ease of estimation, the cation exchange capacity can function
as an approximate measure of the residence time and, at the same time, appropriately,
measure of the protective effectiveness of unconsolidated deposits below the soil. Coarse
elastic sediments, which have no cation exchange capacity worth mentioning, and
unconsolidated rocks for which the close relationship between cation exchange capacity and
residence time mentioned above is hardly valid (e. g. peat, sapropel), are accommodated in
the system in a way which takes account of the shorter residence time of percolating water in
these sediments (see Table 3).

A different assessment scheme is used for solid rocks, since water moves mainly along joints
and/or karst cavities; for this reason, the percolation velocity is generally high, and, due to the
comparatively small contact area, the cation exchange capacity is likely to be
correspondingly low. Thus it must be concluded that the properties of solid rocks are
altogether less favorable with regard to protecting an underlying aquifer from contamination,
even when the permeability is low. Decisive for the assessment of the protective
effectiveness of these rocks are primarily the rock properties that determine its permeability.

Due to the relatively low protective effectiveness of solid rocks, primary importance must be
assigned to the protection provided by a possible weathering zone and Quaternary cover.
Therefore, strongly and deeply weathered zones must be assessed using criteria normally
applied to unconsolidated rock.

The percolation rate, i.e. the amount of water infiltrating the ground per unit time, affects the
movement and thus the residence time of the percolating water, both in the soil and in the
lower parts of the rock cover above the aquifer. A high percolation rate means more rapid
downward movement of water (possibly contaminated) and thus a lower protective
effectiveness.

Moreover, it must be considered that, in the curse of the sorption and exchange processes in
the lower parts of the rock cover above the aquifer, the potential of the cover to retain
and/or degrade pollutants is gradually reduced. This is due to the fact that here, in contrast to
the soil zone, which contains the normal assemblage of organisms, the absorption capacity
is not regenerated. Therefore, in the case of a persistently large input of pollutants, it must be
expected that in the long run the protective effectiveness of the lower part of the reek cover
will be reduced, possibly to zero.
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As the long-term maintenance of this "purifying potential” is of fundamental importance for
groundwater protection, large quantities of percolating water and/or a high groundwater
recharge rate must be regarded as having a negative effect on the protective effectiveness of
the cover above an aquifer. It is true that a high percolation rate tends to dilute any pollutants
in the water; however, the total amount of pollutants leached from the ground is higher than
when the groundwater recharge rate is low. This means that the reactive and/or absorptive
components in the substrate are more rapidly "used up".

The protective effectiveness of the soil and rock cover above groundwater aquifers is
assessed on the basis of the assumption that the sole source of the percolating water is
rainfall. In the case of high input of pollutants from a point source, e.g. a spillage of a toxic
chemical, this is not strictly true, and in this case specific studies on the pollutants
themselves and the amounts involved are necessary.

Perched aquifer systems may delay or even prevent downward transport of pollutants.
Moreover, artesian conditions make it almost impossible for contaminated water to percolate
downwards into the aquifer. Local hydrogeological conditions, such as these, which provide
additional protection for the main aquifer, will be considered in the final assessment by
assigning extra points in the grading.

The protective effectiveness of the soil and rock cover above an aquifer, is assessed on the
basis of a point system, a large number of points denoting a high protective effectiveness.
The assignment of points to the different parameters and the protection-effectiveness
classes are partly based on the system compiled by the Working Group "Criteria for the
assessment of the soil and rock cover above an aquifer within the framework of the soil in
formation system". The assessment of the different parameters is explained below.
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3. Assessment of the parameters
3.1 Sall
Parameter 1 : Effective field capacity (eFC) (number of points = S)

The effective field capacity [mm/dm] is determined for each individual soil horizon by field
and laboratory measurements or is derived using standard tables in the Pedological Mapping
Handbook (AG BODENKUNDE 1982). The eFC is then multiplied by the thickness of the
horizon in decimeters [dm]. To simplify the calculation, the rooting depth is assumed to be
constant at 10 dm. The total effective field capacity of a soil (SFC) is obtained by addition of
the effective-field-capacity values calculated for each horizon down to 1 m depth (or to the
water table if < 1 m below ground surface). For shallow soils, the effective field capacity of
the substrate below the actual soil zone is assessed down to a depth of 1 m and included in
the calculation.

The total effective field capacity is subdivided into 6 classes as in the Penological Mapping
Handbook. Each of these classes is given a number of points, a large number corresponding
to a comparatively long residence time of the percolating water (Table 1).

Table 1: Assessment of soils on the basis of effective field capacity (eFC)
(number of points = S)

SeFC [mm] S
down to 1.0 m depth
> 250 750
> 200 - 250 500
> 140 - 200 250
> 90 - 140 125
> 50 - 90 50
<50 10

In the calculations on the basis of the effective field capacity referred to here, comparatively
unfavorable assessment is made of argillaceous soils. However, this feature of the
classification is justified because the soils often show regular desiccation cracks, which tend
to accelerate the downward migration of pollutants.

Within this scheme, the protective effectiveness of the soil in general is assessed rather
unfavorably in order to take into consideration the effect of macro-pores, which give rise to
considerable small-scale variations.

Parameter 2 : Percolation rate (factor W)

As far as possible, the available data on the annual groundwater recharge from rainfall is
used to determine the percolation factor W (see Table 2). If this data is not available, a
comparable figure is determined by taking the difference between the annual rainfall (N) and
the potential evapotranspiration (ETPqt).
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Due to the lack of initial data, the effect of the slope cannot normally be taken into
consideration, which means that the calculation is done on the basis of an almost horizontal
ground surface.

Table 2: Percolation rates and the corresponding factor (W), based on the actual
groundwater recharge (GWR) or an alternative figure given by N - ETPpq

GWR [mm/a]* N - ETP,o (mm/a]*~ factor W
<100 1.75
> 100 - 200 <100 1.5
> 200 - 300 > 100 - 200 1.25
> 300 - 400 > 200 - 300 1.0
> 400 > 300 - 400 0.75
> 400 0.5
*If the data is available, the actual groundwater recharge rate should be
used.

3.2 Rock cover above the uppermost aquifer, below the soil

The protective effectiveness of the rock cover above the uppermost aquifer and below the
soil, i.e. from a standard depth of 1 m below ground surface down to the water table (in the
case of a confined aquifer down to the top of the aquifer), is calculated for each bed
individually. The points for all the beds in the section are then added up. The protective
effectiveness of the rock cover below the soil depends on various parameters, which are
assessed as follows:

Parameter 3 : Rock type (number of points = R)

Due to their fundamentally different geohydraulic rock properties, unconsolidated and
consolidated rocks are assessed separately.

In the case of unconsolidated rocks, the residence time is derived via the cation exchange
capacity (CEC), since both these factors depend directly on the proportion of fine-grained
material present. The cation exchange capacity is more easily quantifiable because it can be
obtained from standard lithological tables. To incorporate coarse material, which has a
negligible cation exchange capacity, in the system, its residence time, which is invariably low,
has been estimated.

The proportions of clay and silt contained in different soil types are given in weight percent in
Table 11 and Figure 3 in AG BODENKUNDE (1982). On the basis of literature data, the
cation exchange capacity of clay is taken as 60 cmol; /kg and that of silt as 10 cmol, /kg.
Using these figures, a mean cation exchange capacity was calculated for different types of
unconsolidated rock (100 g) and converted into mol. /m®, assuming an average dry density of
1.5 g/cm®. The number of points (R,) was then estimated on the basis of the cation exchange
capacity for each of the different types of unconsolidated rock. These are listed in Table 3.
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Table 3: Assessment of unconsolidated rocks (number of points = R,)

Type of a unconsolidated rock R = no. of points per meter bed thickness
clay 500
loamy clay, slightly silty clay 400
slightly sandy clay 350
silty clay, clayey silty loam 320
clayey loam 300
very silty clay, sandy clay 270
very loamy silt 250
slightly clayey loam, clayey, 240
silty loam

very clayey silt, silty loam 220
very sandy clay, sandy silty 200
loam, slightly sandy loam, loamy

silt, clayey silt

sandy loam, slightly loamy silt 180
slightly loamy silt, sandy loamy 160

silt, silt, slightly sandy loam

very clayey sand, clayey sand, loamy | 140
silty sand

sandy silt, very loamy sand 120
loamy sand, very silty sand 90
slightly clayey sand, silty 75
sand, sandy clayey gravel

slightly loamy sand, sandy 60
silty gravel

slightly silty send, slightly 50
silty sand with gravel

sand 25
sand with gravel, sandy gravel 10
gravel, gravel and breccia 5
unconsolidated volcanic material 200
peat 400
sapropel 300

If the rock contains visible amounts of organic matter, the number of points is increased by

75 per meter thickness (not applicable to peat and sapropel).

If the content of organic matter is visibly elevated, 75 points are added per meter thickness. In the
cases of peat, consolidated volcanic material and sapropel, as with the coarser material
mentioned above, there is limited correlation between cation exchange capacity and residence
time; thus a large number of points are given to reflect the comparatively high percolation velocity.

Owing to the presence of deep desiccation cracks, clay- and silt-rich superficial deposits up to 3 m
thick resting on permeable bedrock containing no groundwater are treated as moderately jointed

claystone (Table 4).
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Solid rocks , in spite of their mostly very low intrinsic permeability, often show high
permeability due to jointing and/or karstification, and thus comparatively short residence
times for percolating water. Therefore, the umber of points (R;) is determined as the product
of a figure (O) for the rock type that reflects the low intrinsic permeability of the rock, and a
factor (F) reflecting the presence of joints, karst cavities, etc. (Table 4).

The numbers of points given in Table 4 apply to consolidated rocks which are only slightly
weathered. Thoroughly weathered rocks should be assessed as if they were unconsolidated
rocks (Table 3).

Parameter 4 : Thickness of the soil and rock cover above the aqui fer (factor T)

The distance covered by percolating water (assuming vertical percolation), i.e. the thickness
of the soil and rock above the topmost aquifer, affects the residence time and thus the time
that percolating water is exposed to mechanical, physico-chemical, and microbial processes.
In assessing the protective effectiveness, the thickness of each bed in meters is used as a
factor in the calculation.

Table 4: Assessment of consolidated rocks (number of points = R) = product of points
for rock type (0) and factor for joints, karst cavities, etc. (F), i.e.
Rs=OxF
Rock type @) Structure F
claystone, slate, 20 non-jointed 25.0
marlstone,
siltstone
sandstone, quartzite, 15 slightly jointed 4.0

volcanic rock, plutonic rock,
metamorphic rock

porous sandstone, porous volcanic | 10 moderately jointed, 1.0
rock (e. g. tuff) slightly karstic
conglomerate, breccia, limestone, | 5 moderately karstic 0.5

tufaceous limestone, dolomitic rock,
gypsum rock

strongly jointed, ractured or | 0.3
strongly karstic

not known 1.0
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Local conditions that may provide additional protection to the main aquifer are taken account
of using standard point bonuses as follows:

Parameter 5 : Perched aquifer systems (number of bonus points Q)

A perched aquifer may prevent the migration of pollutants to greater depths and/or may
prevent or delay contamination of the main aquifer system. This protection is most effective
where natural springs occur. A bonus (Q) of 500 points is added for each perched aquifer
with springs .

Parameter 6 : Hydraulic pressure conditions  (number of bonus points HP)

The hydraulic pressure conditions depend, among other things, on the lithology of the sail
and rock cover above the aquifer, which has already been taken account of by the points
awarded for each rock type. However, permanent artesian conditions are particularly
effective as a natural protection against percolation of contaminated water into the aquifer.
Therefore, a bonus (HP) of 1500 points is given in this case.

6. Determination of the overall protective effecti  veness

To determine the overall protective effectiveness (P,) of the soil and rock cover above the
topmost aquifer, the following procedure is used: initially, the protective efficiencies of the soil
(P,) and the rock cover (Ps) are calculated separately.

Soil cover (P )
The number of points (S) given for the effective field capacity (eFC) of the soil from Table 1 is
multiplied by factor W, which represents the percolation rate (see Table 2).

P1=SxW

Rock cover (P »)

Each individual bed in the rock cover below the soil (below one meter depth) and above the
aquifer is assessed separately: in the case of unconsolidated rock (no. of points = R,) using
Table 3 and in the case of solid rock (no. of points = R;) using Table 5; the number of points
is then multiplied by the stratigraphic thickness in meters (factor T). The sum of all the points
for the individual rock units, i.e. the entire section from 1 m below the surface to the water
table (to the top of the aquifer in the case of a confined aquifer) gives a figure representing
the protective effectiveness of the rock cover below the soil. This figure, as in the case of the
soil cover, is multiplied by factor W (from Table 2), which represents the percolation rate.

If applicable, bonus(es) is (are) then added for each perched aquifer with springs (bonus Q)
and/or artesian conditions (bonus HP).
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The number of points (P,) representing the protective effectiveness of the rock cover below
the soil is calculated as follows

Pg = W* (RlTl + R2T2+ . RnTn) + Q + HP

The protective effectiveness coefficient (P;) for the entire soil and rock cover above the
aquifer is the sum of P, and P..

Pt = P1+ Pz
In Table 5, five classes of protective effectiveness are shown, based on the above
coefficient, and for which the ranges of the residence times of percolating water in the soil

and rock cover above the aquifer are given.

Table 5: Classes of overall protective effectiveness

Overall protective total no. of points P, approximate residence
effectiveness time of percolating water in

the soil and rock cover
above the aquifer

very high > 4000 > 25 year
high > 2000-4000 10-25 years
moderate > 1000-2000 3-10 years
low 500-1000 several months to about 3
years
very low 500 a few days to about 1 year, in

karstic rock often less
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5. Examples
In examples 1 to 4 the following assumptions are made:

- soil containing 2 X of organic matter and having a effective average density (referred to as
Ld 3 in AG BODENKUNDE 1982)

- N — ETPyo. = 250 mm/a

- no perched mater table present

- topmost aquifer unconfined

Example 1: Example 2:

Total thickness of soil and rock cover Total thickness of soil and rock cover

above aquifer = 6 m. above aquifer =16 m.

-0,8m topsoil, sandy with gravel -1,1m topsoil, silty loam

-2,0m slightly silty sand with -50m silty clay

gravel -150m slightly silty clay

-3,0m sandy gravel -16,0 m slightly silty sand with

-40m sand gravel

-6.0m sandy gravel
points * W points x W

S =10 =10x1,0=P, S =500 =500x1,0 =P,

Ru*T = 50*1,0 Ru*T = 320x4,0 =1280

R*T =10*1,0 R*T = 400 x 10,0 = 4000

Rus*T = 25x1,0Jt Rus*T = 50x1,0 =50

Ru*T = 10x2,0 5330 *1,0 =P,
105*1,0=P,

P,=P; +P,=5830 pOintS
P, =P, + P, = 115 points
Protective effectiveness very high.
Protective effectiveness very low.
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Example 3:

Total thickness of soil and rack cover
above aquifer 50 m.

- 1,2 m topsoil, silty loam
- 2,2 m loamy silty sand
- 50.0 m strongly karstic limestone

points * W
S =500=500*1,0 =P
RsT = 140x1,2 =168
RS*T = (5x0,2) X478 =72
: 240x1,0=P,

P, = P; + P, = 740 points

Protective effectiveness low.

Example 4:

Total thickness of soil and rock cover
above aquifer m 70 m.

- 1,2 m topsoil, silty loam
- 40,0 m sandy silty gravel
- 60,0 m conglomerate

- 70,0 m sandy gravel

points x W
S =500 =500x10 =P,
Ru*T = 60x39,0 = 2340
RsT = (5x10) x20,0 =100
R*T = 10x10,0 =100
2540*1,0=P,

P, = P; + P, = 3040 points

Protective effectiveness high.

Example 5:

Assumptions as in examples 1 to 4, but N
— ETPpo. = 350 mm/a,
total thickness of soil and rock cover
above aquifer = 80 m.

- 0,8 mtopsoil, sandy with gravel

- 2,4 msandstone, strongly weathered

(equal to sand with gravel)

- 5,5 mclaystone, strongly weathered

(equal to silty clay)

-11,0m claystone, slightly jointed

-80,0m sandstone, moderately

jointed, with intercalations of moderately
jointed claystones and

siltstones totaling 18,0 m thickness

points x W
S =10 =10x0,75 =P,
Ra*T = 10x1,4 =14
Rsx*T = 400x 3,1 = 1240
Rs*T = (20x4,0)x5,5 =440
Rs*T = (15x1,0)x51 =765
+ (20x1,0)x 18 = 360
2819x0,75 =P,
2114 =P,

P.=P,+P,=2122 pOintS

Protective effectiveness high.
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Example 6:

Assumptions as in examples 1 to 4, but
perched aquifer with springs present; total
thickness of soil and rock cover above
aquifer = 10 m.

-1,1m topsoil, sandy

-2,5m slightly silty sand

-35m sandy gravel, 3,0 to 3,5 m

water bearing

_45m clay

-10,0m slightly silty sand

points x W

S =10 10x1,0 =P,

Ru*T =50x1,5 = 75

Rp*T = 10x1,0 = 10

Ri*T = 500x1,0 = 500

Rus*T_= 50x5,5 = 275
860 x 1,0

bonus HP + 500
=1360 =P,

P,=P; + P, = 1370 points

Protective effectiveness moderate.

Example 7:

Assumptions as in examples 1 to 4, but N
— ETP 0. <100 mm/a and confined
aquifer, total thickness of soil and rock
above aquifer = 5,0 m.

-0,8m topsoil, sandy with gravel
-4,0m sandy clayey gravel
-50m very silty clay
points x W
S =10 =10x15 =P,
Ru*T = 75x3,0 =225
Ri*T = 270x1,0 =270
495x 1,5 =723
bonus HP + 1500
2243 =P,

P,=P;+P,=2258 pOintS

Protective effectiveness high.
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6. Plausibility test

To test whether the points assigned to the various rock types and the suggested calculation
methods lead to plausible results, comparisons are made of the protective effectiveness of

lithologically different rock types.

a) The protective effectiveness of 1.0 m clay corresponds to that of

1,6 m silty clay

1,9 m very silty clay; sandy clay

2,3 m very clayey silt; silty loam

2,5 m very sandy clay

3,2 m slightly clayey silt; silt; very sandy loam
3,6 m clayey sand; loamy silty sand

5,6 m very silty sand

7 m slightly clayey sand; sandy clayey gravel
8 m sandy silty gravel

10 m slightly silty sand

20 m sand

50 m sand with gravel; sandy gravel

100 m gravel, gravel with breccia

b) comparison of the protective effectiveness of different rock types, each rock type

assumed to be 10 m thick. The soil cover is neglected.

is

Unconsolidated rock Points rotective effectiveness
gravel 50 very low
sand with gravel 100

sand 250

slightly silty sand with gravel 500 low

silty sandy gravel 600

slightly clayey sand 750

very silty sand 900

sandy silt 1200 moderate
silt 1600

very sandy clay, clayey silt 2000 high

very clayey silt 2200

very silty clay, sandy clay 2700

silty clay 3200

slightly sandy clay 3500

loamy clay, slightly silty clay 4000 very high
clay 5000
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Solid rock Points Protective effectiveness
limestone, strongly karstic 15 very low
sandstone, porous, strongly jointed 30

sandstone, strongly jointed 45

claystone, strongly jointed 60

sandstone, porous, 100

moderately jointed

sandstone, moderately jointed 750

claystpne, moderately jointed 200

limestone, slightly jointed 200

sandstone, slightly jointed 600 low
claystone, slightly jointed 800

c¢) As in b) but thickness of each rock type is assumed to be 25 m

Unconsolidated rock Points Protective effectiveness
gravel 125 very low
sand with gravel 250
sand 625 low
slightly silty sand with gravel 1250 moderate
silty sandy gravel 1500
slightly clayey sand 1875
very silty sand 2250 high
silt 4000 very high
very sandy clay, clayey silt 5000
very clayey silt 5500
clay >10000
Solid rock Points Protective effectiveness
limestone, strongly karstic 38 very low
sandstone, porous, strongly jointed 75
sandstone, strongly jointed 113
claystone, strongly jointed 150
sandstone, moderately jointed 375
claystone, moderately jointed 500
limestone, slightly jointed 500
sandstone, porous, slightly jointed 1000 low
sandstone, slightly jointed 1500
claystone, slightly jointed 2000 moderate
ACSAD - BGR TECHNICAL COOPERATION PROJECT Appendix 1 -

Management, Protection and Sustainable Use of Groundw ater and Soil Resources




Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

7. Bibliography

AG BODENKUNDE, Hrsg. (1982): Bodenkundliche Kartieranleitung. 3. Aufl., 331 S.
(Hannover, Schweizerbart)

ALBERT W. & WEISS J. (1984): Feld- and Laboruntersuchungen zu Sickerbewegung
in der ungesaettigten Bodenzone.- In: UDLUPT P:, MERKEL B. & PROESL
K.-H. (eds.): RIZA Proc. Intl. Symp. Munich 1: 217-229 (Muich, TU)

ALEXANDER W. J., LIDDLE B. K.; MASON R. & YEAGER W. B. (1986): Groundwater
vulnerability assessment in support of the first stage of the National Pesticide
Survey.- Contract No. 68-91-6646, Work Assgm. No. 22, BIT Project No.
2550-3362/3486: 21 p. with appendix a-a (Washington, DC.)

ALTMANN K., ARMBRUSTER J., EBHARDT G., von EDLINGER G., EINSELE G.,
JOSOPAIT V., von KAMP H., LAMPRECHT K., LILLICH W., MULL R.,
PETERS G., SCHEKORR B., SCHULZ H. & WROBEL J.-P. (1977): Methoden
zur Bestimmung der Grundwasserneubildungsrate.- Geol. Jb. C19: 98 S.

BACH M. (1987): Die porentielle N-Belastung des Sickerwassers durch die
Landwirtschaft in der Bundesrepublik Deutschland.- Goettinger bodenkundl.
Berichte 93: 1-186

BARNES C.J. (1989): Solute and water movement in unsaturated soils.- Water
Resources Research 25 (1): 38-42

BECHER H. H. (1984): Problems in estimating water and solute movement into, within
and through soil with macropore - In: UDLUFT P., MERKEL B. & PROESL,
K.-H. (eds.): RIZA Proc. Intl. Symp. Munich 1: 241-250 (Munich, TU)

BECHER H. E. (1985): Moegliche Auswirkungen einer schnellen Wasserbewegung in
Boeden mit Makroporen auf den Stofftransport.- Z. dt. geol. Ges. 136: 303-309

BENECKE P. & GERKE H. (1984): Messung und Simulation des Wasserflusses in der
ungesaettigten Bodenzone.,- In: UDLUFT P., MERKEL B. & PROESL, K.-H.
(eds.): RIZA Proc. Intl. Symp. Munich 1: 167-179 (Munich, TU)

BLUME H.-P., Hrsg. (1990): Handbuch des Bodenschutzes; Boden6kologie and
-belastung; Vorbeugende and abwehrende Schutzmagnahmen.- 686 S.
(Landsberg/Lech, Scorned).

BOCK M., FAHRENHORST C., FELIMER 8., GARZ B., GOEDEKE M., KRUEGER C.,
STORCH M., SYDOW M. & WELSCH J. (1990): Oekologisches
Planungsinstrument Berlin, Naturhaushalt/Umwelt.- 183 S. (Berlin,
Senatsverwaltung fuer Stadtentwicklung u. Umweltschutz)

ACSAD — BGR TECHNICAL COOPERATION PROJECT Appendix 1 -

Management, Protection and Sustainable Use of Groundw ater and Soil Resources

16



Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

BROSE F. & BRUEHL H. (1990): Zur Barrierewirkung des Geschiebemergels der
Teltow-Hochflaeche im Stadtgebiet von Berlin (West) gegenueber
Schwermetallen und leichtfluechtigen Chlorkohlenwasserstoffen (LCKW).Z. dt.
Geol. Ges. 141: 239-247

BRUEMMER G. V., GERTH J. & HERMS J. (1986): Heavy metal species, mobility and
availability in soils.- Z. Pflanzenernaehr. Bodenk. 149: 382-398

BUNTE D., PERKRUN S., UTERMANN J., NORDMEYER H. E PESTEMER V. (1991):
Modellversuche zur Simulation des Einwaschungsverhaltens von Herbiziden in
ungestorten Labor-Saeulen and im Freiland.- Nachrichtenbl. dt.
Pflanzenschutzd. 43/2: 17-23

CAMPBELL G.S. (1974): A simple method for determining unsaturated conductivity
from moisture retention data.- Soil Science 117/6: 311-314

DIEDERICH G., FINKENWIRTH A., HOELTING B., KAUFMANN E., RAMBOW D.,
SCHARPFF H.-J., STENGEL-RUTKOWSKI V. 5 WIEGANG K. (1985):
Erlauterungen zu den Ubersichtskarten 1 : 3000 000 der
Grundwasserergiebigkeit, der Grunderbeschaffenheit und der
Verschmutzungsempfindlichkeit des Grundwassers von Hessen.- Geol.
Abhandl. Hessen 87: 51 5.

DURNER W. (1991): Vorhersage der hydraulischen Leitfahigkeit strukturierter
Boeden.- Bayreuther bodenkundl. Berichte 20: 180 S.

DUIINISVELD V. H. M. (1984): Entwicklung und Anwendung von Simulationsmodellen
fur den Wasserhaushalt and den Transport von geldsten Stoffen in
ungesattigten Boden - Ermittlung der Nitratauswaschungsgefahr bei Ackern.-
Diss. TU Berlin, 204 S.

DUIJNISVELD V. H. M. & STREBEL 0. (1983): Entwicklung von Simulationsmodellen
fur den Transport von gelésten Stoffen in waserungesattigten Béden und
Lockersedimenten.- UBA-Texte 17/83: 197 S.

DUIJNISVELD V. H. M. & STREBEL 0. (1985): Nitratauswaschungsgefahr bei
verschiedenen grundwasserfernen Ackerstandorten in Nordwestdeutschland.
Z. dt. geol. Ges. 136: 429-439

DUIJNISVELD V. H. N., STREBEL 0. & RENGER 0. (1981): Simulationsmodelle fuer
den Transport geltster Stoffe im Boden.- Mitt. dt. bodenkundl. Ges. 43: 53-62

DVWK (1982): Ermittlung des nutzbaren Grundwasserdargebots, 1.
Teilband.DVWK-Schriften 58/1: 327 5. (Hamburg/Berlin, Parey)

DVWK (1988): Filtereigenschaften des Bodens gegenliber Schadstoffen Teil 1:
Beurteilung der Fahigkeit von Béden, zugefiihrte Schwermetalle zu
remobilisteren.- DVWK-Merkblatter 212: 8 5. (Hamburg/Berlin, Parey)

ACSAD — BGR TECHNICAL COOPERATION PROJECT Appendix 1 -

Management, Protection and Sustainable Use of Groundw ater and Soil Resources

17



Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

DVWK (1990): Stoffeintrag and Stoffaustrag in bewaldeten
Einzugagebieten.DVWK-Schriften 91: 151 5. (Hamburg/Berlin, Parey)

EDEN D. E PROSL K.-B. (1985): Die Bedeutung der ungeséattigten Zone im
nordalpinen Raum.- Z. dt. geol. Ges. 136: 331-340

EICHINGER L., MERKEL B., NEMETH G., SALVAMOSER J. & STICHLER V. (1984):
Seepage velocity determinations in a saturated quaternary gravel.- In; UDLUFT
P., MERKEL B. & PROESL, K.-H. (eds.): RIZA Proc. Intl. Symp. Munich 1:
303-313 (Munich, TU)

EICHINGER L. & SCHULZ H. D. (1984): Bestimmung der Sickerrate in einem Sander
Norddeutschlands durch Messungen der Umweltisotopen- und
Chloridkonzentrationen des Sickerwassers.- In: UDLUFT P., MERKEL B. &
PROESL, K.-H. (eds.): RIZA Proc. Intl. Symp. Munich 1: 155-165 (Munich, TU)

ELHAUS D., ROSENBAUM T., SCHRET H. P. 6 YMSTAT M. (1989): Die Bodenkarte
Munster i. M. 1 : 50 000 als Beispiel fur die landesweite Ubersicht tiber die
Nitrataustragsgefahr aus Boeden in Nordrhein-Westfalen.- Mitt. dt. bodenkundl.
Ges. 59/2: 879-882

FLOHLER H., FWLIN P., SELIM H. M. 6 SCHULIN R. (1985): Transport vo Fluorid,
Bromid and Chlorid fn Bodensaulen and fn ernem natirlich gelagerten Boden.
Z. do geol. Ges. 136: 375-383

FOERSTER P., SCHEFFER B. & NEUHAUS B. (1985): Dranwassergute und
Nahrstoffaustrag im nordwestdeutschen Raum auf Marsch, Moor and Gees t.-
Z. dt. Geol. Ges. 136: 497-504

GERIES H. (1988): Nitrat-Transport in machtigen Loessdecken.- Mitt. dt. bodenkundl.
Ges. 57: 165-170

GOLZ H., HUWE B. & van der PLOEG R.R. (1985): Nitratgehalte im Poren- and
Dranwasser einiger landwirtschaftlich genutzter Flachen in
Baden-Wrttemberg.- Z. dt. geol. Ges. 136: 505-513

GRONEMEIER K., HAMER e. & MAYER J. (1990): Hydraulische and hydrochemische
Felduntersuchungen in kliftigen Tonsteinen fuer die geplante Sicherung einer
Sonderabfalldeponie.- Z. dt. geol. Ges. 141/2: 281-293

GVIRTZMAN H. & MARGARITZ M. (1986): Investigation of water movement in the
saturated zone under an irrigated area using environmental tritium.- Water
Resources Research22 (5): 635-642

HECKAMM H.-J., SCHREIBER R. F. & THOLE R. (1985): Ein Vergleich
unterschiedlicher Verfahren zur flachenhaften Ermittlung der
Grundwasserneubildungsrate.- Z. dt.geol. Ges. 136: 353 — 356

ACSAD — BGR TECHNICAL COOPERATION PROJECT Appendix 1 -

Management, Protection and Sustainable Use of Groundw ater and Soil Resources

18



Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

HEKEL U. (1990): 2wischenergebnisse aus dem Forschungsprojekt
"Gebirgseigenschaften machtiger Tonsteinserien".- Z. dt. geol. Ges. 141:
275-280

HERBST F., BUFE J., GARZ J. & HAGEMAN 0. (1982): Einfache Verfahren zur
Schatzung des Nitratverlustes im Boden durch Verlagerung wahrend des
Winters.- Arch. Acker- u. Pflanzenbau u. Bodeded. 26/10: 665-672 (Berlin)

HEYDER D. (1989): Nitratverlagerung und Wasserhaushalt in einem 12 m méchtigen
Lossprofil.- Mitt. dt. bodenkundl. Ges. 59/L: 379-382

HOLTHUSEN B. (1984): Losungs-, Transport- and Immobilisationsprozesse im
Sickerwasser der ungesattigten Bodenzone - Genese der Beschaffenheit des
oberflachennahen Grundwassers.- In: UDLUFT F., MERKEL B. & PROSL K.-R.
(eds.): RIZM Proc. Intl. Symp. Munich 2: 605-614 (Munich, TU)

HOTZL B. & WOHNLICH S. (1985): Wasserbevegung in einer dreischichtigen
Deponieabdichtung.- Z. dt. geol. Ges. 136: 645-657

JAGER B. & REINHARDT M. (1990): Die geologische Barriere im Deponiekonzept -
Wunsch oder Wirklichkeit.- Z. dt. Geol. Ges. 141: 193-200

JOSOPAIT V. & LILLICH v. (1975): Die Ermittlung der Grundvaserneubildung sowie
ihre Kartendarstellung im Maf3stab 1 : 200 000 unter Verwendung von
geologischen and bodenkundlichen Karten.- Dt. Gewasserkundl. Mitt. 19/5:
132-136

JURY V. A., SPOSITO G. & WHITE R. E. (1986): A transfer function model of solute
transport through soil - 1. Fundamental concepts.- Water Resources Research
22/2: 243-247

KASS v. (1985): Chemische Transportmechanismen in der ungeséttigten Zone
Untersuchung mit Markierungsmittel.- Z. dt. Geol. Ges. 136: 481-496

KLEIN v., KORDEL V., PLSTER J. & KLEIN M. (1988): Entwicklung eines Modells zur
Abschatzung des Verbleibs von Umweltchemikalien in Bdden.,-
UBA-Forschungsbericht 1060 2065, 96 S. (Berlin, Fraunhofer-Inst. f.
Umweltchemie u. Okotoxikologie)

KLOTZ D. (1990): Laborversuche mit bindigen Materialien z r Bestimmung der
hydraulischen Kenngréf3en and der Sorptionseigenschaften ausgewahlter
Schadstoffe.- Z. dt. geol. Ges. 141: 255-262

LUND U. (1987): Studies of soil properties related to heavy metal retention.- In: van
DUIJVENBOODEN V. & van WAEGENINGH B.G. (eds.): Vulnerability of soil
and groundwater pollutants.- Proc. and Inf. No. 38, Int. Conf. Noordvijk aan
Zee, The Netherlands, March 30-April 2, 1987 (Den Haag, RIVM)

ACSAD — BGR TECHNICAL COOPERATION PROJECT Appendix 1 -

Management, Protection and Sustainable Use of Groundw ater and Soil Resources

19



Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

MATTHESS G. (1973): Die Beeintrachtigung der Grundwasserbeschaffenheit durch
Mullablagerungen.- Gewasserschutz/Wasser/Abwasser 10: 511-521

MATTHESS G. (1990): Die Beschaffenheit des Grundwassers.- Lehrbuch der
Hydrogeologie 2 (2. Aufl.): 498 S. (Berlin/Stuttgart, Borntraeger)

MATTHESS G. & UBELL K. (1983): Allgemeine Hydrogeologie. Grundwasserhaushalt.
Lehrbuch der Hydrogeologie 1: 438 S. (Berlin/Stuttgart, Borntraeger)

NEMETH G. (1983): Das Verhalten von Sickerfronten in ungesattigten Kiesen der
Muenchner Schotterebene.- Z. dt. geol. Ges. 134:; 657-668

NEMETH G., MERKEL B. & UDLUFT P. (1985): Ungesattigte quartare Kiese and ihre
Bodenauflage als Regelglieder der Grundwasserneubildung.- Z. dt. geol. Ges.
136: 321-330

NORDMEYER H. (1988): Untersuchungen wm Stofftransport and Abbauverhalten
ausgewahlter Pflanzenschutzmittel im Untergrund.- Mitt. dt. bodenkundl. Ges.
57:211-216

NORDMEYER H., ROSE H., DIBBERN E. & PESTEMER V. (1991):
Pflanzenschutzmittel im Grundwasser - Saulenversuche unter anaeroben
Bedingungen.- Wasser + Boden 2: 85-98

OBERMANN P. (1982): Die Grundwasserbelastung durch Nitrat aus Sicht der
offentlichen Wasserversorgung.- Schriftreihe d. Verein dt. Gewasserschutz 46:
31 S. (Bonn)

OEELTZSCHNER E. (1990): Vorschlage der Geologischen Landesamter und der
Bundesanstalt fir Geowissenschaften and Rohstoffe (BGR) fur Anforderungen
an die "Geologische Barriere" im Deponiekonzept.- Z. dt. geol. Ges. 141:
215-224

REHSE V. (1977): Diskussionsgrundlagen fir die Dimenstonierung der Zone Il bei
Kies-Sand-Grundwasserleitern fiir die Fremdstoffgruppen abbaubare
organische Verunreinigungen, pathogene Keime and Viren.- Studie im Auftrag
des Eidgenoessischen Amtes fur Umweltschutz, 122 S.

RENGER M. (1964): Die Bestimmung und Berechnung der Austauschkapazitat des
Bodens und seiner organischen und anorganischen Anteile.- Diss. Univ.
Hannover, 98S.

RENGER M. (1971): Die Ermittlung der Porengréssenverteilung aus der Kérnung, dem
Gehalt an organischer Substanz und der Lagerungsdichte.- Z. pflanzenernahr.
Bodenk. 130: 53-67

RENGER M. KONIG R., SWARTJES F., WESSOLEK G., FAHRENHORST C. &
KASCHANIAN H. (1990): Modelle zur Ermittlung und Bewertung vom
Wasserhaushalt, Stoffdynamik und Schadstoffbelastung in Abhangigkeit von

ACSAD — BGR TECHNICAL COOPERATION PROJECT Appendix 1 -

Management, Protection and Sustainable Use of Groundw ater and Soil Resources

20



Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

Klima, Bodeneigenschaften und Nutzung.- Endbericht Forschungsprojekt 03
7434 des BMFT, 138 0. (Berlin)

RENGER M. & STREBEL 0. (1980): Jahrliche Grundwasserneubildung in
Abhangigkeft von Bodennutzung and Bodeneigenschaften.- Wasser + Beden
32: 362366

RENGER M. & STREBEL 0. (1983): EinfluR des Grundwasserflurabstandes auf
Grundwasserneubildung, Evapotranspiration und Pflanzenertrag.- Z. dt. geol.
Ges. 134: 669-678

RICHTER J. (1986): Der Boden als Reaktor-Modell fuer Prozesse im Boden.- 239 S.
(Stuttgart, Enke)

RIETZLER J. R. (1990): Transport von stark belasteten Sickerwadssern durch eine
tonige Sohldichtung.- Z. dt. geol. Ges. 141: 263-269

ROHMANN U. & SONTHEIMER H. (1985): Nitrat im Grundwasser. Ursachen
-Bedeutung - Loesungswege.- 468 S. (Karlsruhe, DVGW Forschungstelle der
TH)

ROTH K. (1989): Stofftranaport im wasserungesattigten Untergrund natuerlicher,
heterogener Boden unter Feldbedingungen.- Diss. ETH Zuerich, 155 S.

SCHEFFER.F. & SCRACHTSCHABEL P. (1984): Lehrbuch der Bodenkunde, 11.
Aufl.442 S. (Stuttgart, Enke)

SCHMIDT R. R. (1987): Grundwater contamination susceptibility in Wisconsin.
Wisconsin's Groundwater Management Plan Report 5: 27 S. (Wisconsin Dept.
of Natural Resources, Bureau of Water Resources Management)

SCHNEIDER V. & GOETTNER J.-J. (1991): Schadstofftransport in mineralischen
Deponieabdichtungen und natuerlichen Tonschichten.- Geol. Jb. C58: 3-132

SCHROEDER M. (1977): Wasserfluesse im ungesaettigten Bodenbereich.- Beitr. z.
Hydrogeol. 4: 81-113

SCHROEDER M. (1990): Der Sudan im Kreislauf des Wassers.- Vassar + Baden 3:
140-144

SCHULIN R., SELIM H. M. & FLUHLER H. (1985): Bedeutung des Bodenskeletts fuer
die Verlagerung and Verteilung von geloesten Staffen in einer Rendzina. Z. dt.
geal. Ges. 136: 397-405

SCHULZ M. D. & ALBERTSEN M. (1981): Bodenfeuchte and Grundwasserneubildung
-Statistische Auswertung and Anwendung eines Analogmodells.- Meyniana 33:
231-239 (Kiel, CAU)

ACSAD — BGR TECHNICAL COOPERATION PROJECT Appendix 1 -

Management, Protection and Sustainable Use of Groundw ater and Soil Resources

21



Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

SEILER K.-P. & BAKER D. (1985): Der Einflug der Schichtumg auf die
Sickerwasserbewegung bei punkt- and linienférmiger Infiltration.- Z. dt. geol.
Ges. 136: 659-672

SELIM H. M., FLOEHLER H. 6 SCHULIN R. (1985): Simultaneous ion transport and
exchange in aggregated porous media.- Z. dt. geol. Ges. 136: 385-396

SHESTOPALOV V. M. S RUDI M. D. (1989): The improvement of groundwater
pollution hazard maps of planning and environmental protection.- Mem. Intl.
Symp. Hydrol. (Maps as Tools for Economic and Social Development)
Hannover: 163-170 (Hannover, Heise)

SOPHOCLEOUS M., TOWNSEND M.A. 6 WHITEMORE D. o. (1990: Movement and
fate of atrazine and bromide in Central Kansas Croplands.- J. of Hydrology 115:
115-137

STEENHUIS T. S. & NAYLOR L. M. (1987): A screening method for preliminary
assessment of risk of groundwater from land-applied chemicals.- J.
Contaminant Hydrology 1: 395-406

STREBEL 0., BOETTCHER J. & KOELLE V. (1985): Stoffbilanzen im Grundwaseer
eines Einzugsgebietes als Hilfsmittel bei der Klaerung and Prognose von
Grundwasserqualitatsproblemen Beispiel Fuhrberger Feld).- Z. dt. Geol. Ges.
136: 533-541

STREBEL 0., BOETTCHER J. d RENGER M. (1984): Einfluss von boden and
bodennutzung auf die Stoffanlieferung an das Grundwasser.- In: UDLUFT P.,
MERKEL, B. & PROESL, K.-H. (ads.): RIZA proc. Int. Symp. Munich 2: 663-669
(Munich)

VIERHUFF H., WAGNER W. & AUST E. (1981): Grundwasservorkommen in der
Bundesrepublik Deutschland,- Geol. Jb. C30:3-110

VILLUMSEN A., JACOBSEN U. S. & SONDERSKOV C. (1982): Mapping the
vulnerability of groundwater reservoirs with regard to surface pollution.-
Danm.Geol. Unders., Arbog1982:r17-38 (Kobenhavn)

WALTER V., TEICHGRAEBER B., SCHAEFER V. E DAEHNE M. (1985): Messungen
ausgewaehlter organischer Spurenstoffe in der Bodenzone, eine
Bestandsaufnahme an einem Ackerbaugebiet.- Z. dt. geol. Ges. 136: 613-625

WARSTAT M. (1985): Auswertung von Bodenkarten bezueglich der
Nitrataustragsgefahrdung von Boeden.- Mitt. dt. bodenkundl. Gas. 43:
1009-1014

WESSOLSK G., RENGER M., FACKLAM M. & STREBEL 0. (1985): Einfluss von
Standortnutzungsaenderungen auf die Grundwasserneubildung.- Z. dt. Geol.
Ges. 136: 357-364

ACSAD — BGR TECHNICAL COOPERATION PROJECT Appendix 1 -

Management, Protection and Sustainable Use of Groundw ater and Soil Resources

22



Vol. 2.1: Groundwater Vulnerability and Hazards to Gr  oundwater in the Damascus Ghouta

WIECMMANN H. (1987): Criteria for protection of soil and groundwater - soil aspects.-
In: van DHIJVENBOODEN 4. & van WAEGENINGH B. G. (eds.): Vulnerability
of soil and groundwater pollutants.- Proc. and Inf. No. 38, Intl. Coot. Noordwljk
aan Zee, The Netherlands, March 30-April-2, 1987 (Den Haag, RIVE)

ZAPOROZEC A. (1989): Groundwater protection maps.- Mem. Intl. Symp. Hydrol.
(Maps as Tools for Economic and Social Development) Hannover: 153-162
(Hannover, Heise)

ZEPP H: (1988): Regelhaftigkeiten des Wasser- und Stofftransportes in der
ungesattigten Zone von Loessdecken.- Dt. Gewasserkundl. Mitt. 32: 7-13

ZEPP B. & ZAKOSEK H. (1985): Untersuchungen im Bodenwasserhaushalt und zur
Versickerung in maechtlgen Loessdecken des Main-Taunus-Vorlandes.- Mitt.
dt. Bodenkundl. Ges. 43/1: 317-322

ZUIDEMA P. (1984): Infiltration prostructured and in non structured soils during heavy
rainfall.-, In: UDLUPT P., MERKEL B. & PROESL K.-H. (eds.): RIZA pros. Intl.
Symp. Munich 1: 343-351 (Munich, TU)

ACSAD - BGR TECHNICAL COOPERATION PROJECT Appendix 1 - 23
Management, Protection and Sustainable Use of Groundw ater and Soil Resources



Appendix 2

Sampling Points for Analyses of Heavy Metals and Organic Compounds in Water

ID Description Borehole Data Field Analyses
Nr. Type Remarks Location Discharge/ Depth | SWL EC T pH (O}
N/E Yield [m] [m] [ S/icm] [°C] [mg/l]
1 Surface Water | Near Arbin; heavily - 0.5 m%s - - - - - -
polluted waste water
2 Surface Water | Zebdin Bridge; 332982 1.0 ms - - - - - -
heavily polluted 36 23 26
3 Surface Water | Ghouta Bridge; 333010 80 m’/h - - - - - -
moderately polluted | 36 20 85
4 Groundwater | Harush Spring 332864 - - - 1124 16.8 6.61 -
(spring) 36 2545
5 Groundwater | owner M.A. Darwish | 33 29 99 80 m°h 37 12 1165 16.7 6.98 3.95
(borehole) 36 23 23
6 Groundwater | owner Ali Juns 333225 6 mh 60 18 1155 17.4 - -
(borehole) 36 22 58
7 Surface Water | Zablatani Tannery 333058 |30 m’h - - - - - -
area; heavily 36 20 03
polluted
8 Groundwater | owner Ahmed 33 30 26 40 m°h 37 6 903 18.2 6.99 6.27
(borehole) Sawan 36 20 60
9 Groundwater | near Jarmana; 3329 20 25 m®h 40 13 1057 17.4 6.84 3.44
(borehole) owner Josef Abdulla | 36 21 40
10 | Groundwater | near Zebdin; owner 3328 47 50 m’/h 35 12 1127 16.0 6.88 2.00
(borehole) Ahmed Hijazi 362419




Appendix 3

Chemical Analyses of Water Samples

3.1 Heavy Metals

ID Nr. Ag Al As B Ba Be Bi (Br) (Ca) Cd Ce Co Cr
ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L g/L lhg/L ug/L ug/L ug/L
1 0.022 20 0.70 329 80 -0.005 0.005 82 55900 0.041 0.05 0.42 3.8
2 0.073 10 1.07 662 60 0.008 0.005 93 74800 0.008 0.02 0.38 7.5
3 0.011 46 0.66 671 73 -0.005 0.001 143 102000 | 0.059 0.06 0.19 5.3
4 -0.005 144 0.32 141 220 0.012 | -0.001 95 134000 | 0.032 0.21 0.55 2.7
5 -0.005 153 0.24 105 276 -0.005 0.001 104 132000 | 0.076 0.44 0.46 3.1
6 0.006 438 0.30 44 232 0.018 | -0.001 113 138000 | 0.032 0.44 0.96 4.8
7 -0.005 60 1.21 66 69 -0.005 0.003 227 121000 | 0.039 0.07 0.35 2020
8 0.009 198 0.15 209 161 -0.005 | -0.001 80 103000 | 0.018 0.30 0.40 2.0
9 -0.005 263 0.33 124 166 0.010 | -0.001 101 129000 | 0.034 0.33 0.69 2.5
10 0.008 41 0.15 116 255 -0.005 0.001 94 140000 | 0.027 0.05 0.40 0.8
ID Nr. Cs Cu (Fe) Ga (Ge) Hf (Hg) (0] (K) La (Li) ( Mg) Mn
ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L g/L lhg/L ug/L ug/L ug/L
1 0.033 52.6 44 0.025 0.022 0.099 0.05 1.3 17300 0.02 3.0 28300 6.3
2 0.045 3.4 33 0.032 0.012 0.031 0.04 5.7 17700 0.01 1.9 26200 11.8
3 0.019 8.2 73 0.024 0.009 0.013 0.02 2.4 14500 0.04 3.0 28300 2.8
4 0.007 1.3 93 -0.005 0.011 | -0.002 -0.01 9.3 4010 0.13 1.8 38900 8.3
5 0.009 0.9 76 -0.005 0.008 | -0.002 -0.01 4.2 1640 0.24 1.2 38800 5.1
6 0.008 1.6 302 0.005 0.027 | -0.002 -0.01 3.0 956 0.23 4.9 46800 13.9
7 0.22 1.4 30 0.13 0.15 0.019 -0.01 11.8 12000 0.03 6.6 19400 3.1
8 0.007 1.5 130 -0.005 0.017 | -0.002 -0.01 3.0 7720 0.17 0.6 25500 10.7
9 0.006 1.7 11 -0.005 0.014 | -0.002 -0.01 1.5 4240 0.19 1.1 35500 11.5
10 0.003 1.2 19 -0.005 0.015 | -0.001 -0.01 19.4 2630 0.04 1.2 38800 57.3




ID Nr. Mo (Na) Nb Ni Pb Rb Sh Sc (Se) Sn Sr Ta (Te)
pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L g/L jug/L pg/L pg/L pg/L
1 1.38 153000 0.31 7.8 0.8 11.4 0.36 1.71 2.45 0.16 518 0.10 0.005
2 0.95 80300 0.090 7.8 0.4 11.7 0.32 1.39 3.46 0.084 343 0.073 0.005
3 1.91 155000 0.068 6.5 14 4.47 0.70 1.94 0.97 0.006 334 0.024 | -0.005
4 0.11 52900 0.004 5.7 0.3 0.77 0.052 1.66 0.68 -0.005 455 0.003 | -0.005
5 0.10 62900 0.004 4.9 0.3 0.71 0.052 152 1.08 -0.005 529 0.003 | -0.005
6 0.07 32600 0.004 11.4 04 0.65 0.042 2.54 211 -0.005 1030 0.002 | -0.005
7 0.15 | >500000 | 0.017 5.7 0.4 10.6 0.077 1.39 2.60 0.016 435 0.003 0.021
8 0.25 36600 -0.002 4.9 0.2 1.54 0.068 1.75 0.44 -0.005 290 -0.002 | -0.005
9 0.04 39800 -0.002 8.1 0.5 0.74 0.067 1.69 1.19 -0.005 402 -0.002 | -0.005
10 0.23 44300 -0.002 5.8 0.2 0.54 0.074 1.55 0.57 -0.005 443 -0.002 | -0.005
ID Nr. Th (Ti) Tl U \Y w Y Zn Zr
pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L g/L
1 0.042 1.99 0.009 1.15 4.54 2.22 0.020 12 0.70
2 0.006 111 0.006 1.14 1.24 0.83 0.006 20 0.18
3 0.012 1.53 0.005 0.93 2.80 0.66 0.019 37 0.12
4 0.004 0.87 0.009 0.73 1.59 0.016 0.097 36 0.008
5 0.002 0.97 0.006 1.40 1.45 0.005 0.097 40 0.003
6 0.004 0.67 0.010 1.61 3.88 -0.002 0.14 70 0.018
7 0.016 2.35 0.006 0.13 4.55 0.23 0.026 36 0.14
8 0.002 0.76 0.010 0.61 1.54 -0.002 0.083 34 0.006
9 0.003 0.66 0.006 0.79 0.54 -0.002 0.11 64 0.009
10 0.001 0.65 0.025 0.26 111 -0.002 0.025 38 0.001




Appendix 3
Chemical Analyses of Water Samples

3.2 Organic Pollutants

a) Organic Compounds
ID Nr. AOX*! MKW? PCB® Benzene | Toluene Ethyl- m-Xylene | o-Xylene/ total
benzene Styrene BTEX
(na/l) (Ha/l) (Ha/l) (na/l) (Hg/l) (Hg/l) (na/l) (__pafl) (na/l)
1 10 <100 < 10 0 8,9 <2 6,5 5,5 20,9
2 21 <100 27 0 11,3 <2 3,3 2,9 17,5
3 38 100 - 0 0 0 <2 <2
4 17 <100 - 0 0 0 0 0
5 15 <100 46 0 0 0 0 0
6 20 <100 - 0 0 0 0 0
7 12 <100 27 0 0 <2 < 2 2 2
8 11 < 100 15 0 0 0 0 0
9 12 <100 - 0 0 0 0 0
10 11 <100 - 0 0 0 0 0
Legend:

! total contents of adsorbable halogen-organic compounds (AOX) according to DIN 38414 — S18 (microcoulometric procedure)
2 total contents of mineral oil hydrocarbons (MKW) according to DIN 38409 — H53 / ISO 9377 — 4 (gaschromatographic procedure)
% contents of polychlorinated biphenyls (PCB) - half quantitative screening via SPME (Solid Phase Micro Extraction)

others: contents of volatile mono-aromatic compounds according to DIN 38407 — F9 (headspace-gaschromatographic procedure)




b)

Volatile halogen organic compounds

ID Nr. CH2CI2 CHCI3 CCI3- CCl4 CCI2=CHCI CHBICI2 CCIl2=CcCI2 CHBr2Cl CHBIr3 total total
*) (+) CH3 (%) *) (+) *) (+) (+) *) (+)
(Hg/l) (na/l) (Hg/l) (Hg/l) (na/l) (Ha/l) ((Ved)) (__pafl) (Hg/l) (Ma/l) | (ua/l)
1 < 20 < 0,5 < 0,1 < 0,025 < 0,25 0 < 0,06 0 0
2 < 20 0,9 0 < 0,025 < 0,25 0 0,27 0 0 0,3 0,9
3 < 20 < 0,5 < 0,1 | <0,025 3,65 0 0,13 0 0 3,8
4 < 20 < 0,5 < 0,1 < 0,025 < 0,25 0 < 0,06 0 0
5 < 20 < 0,5 < 0,1 < 0,025 < 0,25 0 0,24 0 0 0,2
6 < 20 < 0,5 < 0,1 < 0,025 0 0 < 0,06 0 0
7 < 20 < 0,5 < 0,1 | < 0,025 < 0,25 0 0,09 0 0 0,1
8 < 20 < 0,5 < 0,1 | < 0,025 < 0,25 < 0,1 6,00 0 0 6,0
9 < 20 < 0,5 < 0,1 | < 0,025 0,45 < 0,1 1,29 < 0,15 0 1,7
10 < 20 < 0,5 < 0,1 | < 0,025 < 0,25 0 0,06 0 0 0,1
Legend:
CH-CI, Dichloromethane
CHCl; Trichloromethane
CCl5;-CH; 1,1,1-Trichloethane
CCl, Tetrachloro-methane
CCl,=CHCI Trichloroethene
CHBICl, Bromodichloromethane
CCl,=CCl, Tetrachloroethene
CHBIr,CI Dibromochloromethane
CHBr; Tribromomethane

Contents of volatile halogen organic compounds according to DIN 38407 — F5 (headspace-gaschromatographic procedure)




