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INTRODUCTION

The quality and composition of water resources is the most important background information,

even before it is quantified. However, mixing of groundwater either geogenically driven or

anthropogenically induced may change the composition of known reservoirs.

As base for the reliable development of IWRM scenarios in the Lower Jordan Valley and its side-

wadis, selected wadis have be investigated concerning their groundwater resources quality.

Along the Westbank, focused studies were carried out in the Wadis Qilt, Nueima and Auja, while

general investigations covered also the areas situated further northwards until

t he

Bet

area. The focus area in the Eastbank was the northern most Wadi Al Arab and Zarga, including

their tributaries, whereas further southwards situated wadis were investigated on a more general

level (Fig. 407-1).

Fig. 407-1: SMART project area (hatched) and focus catchments are high lightened in green.
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EASTBANWATER RESOURCES QUALITY DEVELOPMENT

DEVELOPMENT CHURFACWATER QUALILONG THE EASTHRNVERIORDANALLEY
(ELIAS SALAMEH, JGRDJUNIVERSITY)

The urban, industrial and agricultural developments during the last decades have resulted in
increasing waste production of all types; industrial, urban wastewater and irrigation return flows
in addition to solid wastes of all types deposited within the catchment areas off all, major side
wadis along the eastern side of the Jordan Valley.

Although wastewater treatment plants, solid waste disposal sites and industrial wastewater
treatment and reuse projects have been implemented, the treated effluents and solid waste
leachates are still reaching the major wadi courses. This development has been badly reflected
in the quality of the waters of the side wadis, which changed significantly within the last two
decades (Table 407-1). In general, the salinity of the water in all the wadis increased, and in the
special case of Zerga River even dramatically.

Table 407-1: comparison of water composition in major side wadis 1990ies until recent.

Yarmouk W.Arab Ziglab Zerqa Shueib Kafrain Hisban

parameter ‘ 90s ‘ recent‘ 905‘ recent‘ 90s ‘recent‘ 90s ‘recent‘ 90s ‘recent‘ 90s ‘recent‘ 90s ‘ recent
EC (uS/cm) 830 1019 780 1874 666 1068 1216 8210 635 930 705 950 921 1854
pH 887 811 738 8.09 797 743 842 813 834 832 834 73 826 8.72

¢ 60' 28 225 22 245 182 231 206 262 13.0 252 140 26.2 13.0 27.3
Ca(meq/) 266 233 3.06 83 380 427 345 204 35 52 34 42 389 7.09
Mg (meqg/l) 1.67 272 265 33 328 321 354 289 16 423 19 12 236 511
Na (meqg/l) 3.43 478 298 6.96 0.79 223 518 46.2 124 287 188 757 434 6.22
K(meg/l) 0.14 0.15 0.02 0.72 008 0.12 036 153 0.16 0.26 0.16 0.205 0.30 1.18
Cl(meg/l) 286 342 297 992 137 286 51 525 145 243 20 402 47 942
SO4 (meg/l) 1.79 150 1.70 3.36 0.677 108 3.0 363 151 109 150 243 167 6.16
CO3 (meql) 04 00 00 00 00 00O 04 00 00 01 00 00 0.0 024
HCO3 (meqg/l, 3.33 395 410 6.0 564 6.05 401 725 334 757 309 411 328 3.79
NO3 (meg/l) 0.19 050 0.17 0.08 0.03 0.17 0.22 10 0527 0.60 0.419 0.226 0.26 0.38
PO4 (mg/l) 0.11 0.29 1.18 326 174 125 0.768 660 06 29.7 0.676 2.2 - 1.08

In addition, the health parameter, NO; registered increased concentrations in the majority of the
side wadis, but the concentrations remained below the Jordanian drinking water guidelines JS
893-2006 of 70 mg/l or 1.13 meq/I.



Wadis receiving effluents of wastewater treatment plants or leachates of solid waste disposal
sites show high increases in the PO, concentrations, which are: Wadi Al Arab, Zerga River,
Wadi Shueib, and Wadi Kafrain.

Both, the NO; and PO, concentrations are far above the concentrations required for
eutrophication processes. Therefore, storage of such water in surface reservoirs in the Jordan
Valley or along its side wadis will certainly result in eutrophication processes with accompanied
clogging problems in drip irrigation systems and to irrigation water depleted in oxygen.

In all the wadis, the salinity increased to roughly 140% of the original salinities. The Zerga River
is an exception with an increase of around 600%. This is due to the inflows of treated and
untreated wastewaters into the river, leachates of solid wastes reaching the river water indirectly,
irrigation return flows of lands along the River course and in the Jordan Valley itself and
discharges of desalination brines of Abu Zighan plant in Deir Alla area.

In general, the change in water quality was accompanied by changes in water types. The
Yarmouk River water changed from Earth alkaline water with increased portions of alkalis and
prevailing sulfates to strongly prevailing sulfates, which means that more sulfate salts were
added to the river water compared to other salts. This also applies to Wadi Arab water.

Zergda River which water withessed a six fold increase in salinity and which was of an earth
alkaline type with slightly increased sulfate changed to prevailing sulfates which incorporates
stronger increases of gypsum dissolution or addition.

Wadi Shueib water changed from earth alkaline type with increased portions of sulfates to
normal earth alkaline type with prevailing bicarbonates.

Wadi Kafrain water changed from earth alkaline with increased portions of sulfates to lower
portions of sulfates and increases in bicarbonates.

Both Shueib and Kafrain water reflect additional of carbonate water as a result of the inflows of
the good functioning wastewater treatment plants effluents and removal of sulfates in an
anaerobic environment.

Wadi Hisban water remained of earth alkaline type but changed from containing increased
portions of sulfates to prevailing sulfates. This is the result of tapping the reduced artesian
groundwater along Wadi Hisban course by wells and the uncontrolled flow of the deep water
containing higher concentrations of sulfides, which oxidize when in contact with the atmosphere

to produce sulfates.



DEVELOPMENT OR@UNDWATER QUALANONG THEASTERN LOWHRRDANALLEY
(ELIAS SALAMEH; JARDJUNIVERSITY)

On the eastern side of the Lower Jordan Valley area a variety of groundwater chemistries is
found reflecting different sources of chemical constituents. In the study the end members which
undergo mixing processes to produce the existing water chemistries in the different areas of the
eastern Jordan Valley are identified as waters of: Precipitation, floods, upper aquifer, deep
aquifer, Lisan Formation, salt bodies, irrigation return flows and local recharge.

The chemical characteristics of the water end members and their specific content on chemical
species are defined and the sources of the chemical species leading to the groundwater genesis
are identified.

Analyses of common water constituents, d*®0 and dD isotopes, bromide concentration, ionic
ratios and chemical clustering were used to characterize the groundwater types and to
understand their genesis.

The findings show distinctive composition of the end members and their evolution as they pass
from precipitation to infiltration to down-percolation into the different geologic formations and
from one formation into the other.

Saltwater bodies in the underground of the Jordan Valley, Lisan Formation and Triassic-Jurassic
rocks are found to be the main sources of salinity and chemical species in the groundwater of
the area.

Irrigation return flows contribute also to the salinity of the groundwater, but with only small
amounts of salinity parameters and fertilizers causing water salinity to rise to a few thousands of

pUS/cm to become brackish.

GEOLOGICAL CONTEXT

The valley floor consists mainly of nonconsolidated alluvial sediments of gravel, sand, shale marl
and clay. In addition, evaporates which precipitated from the precursors of the present Dead
Sea are found in the form of extensive deposits and lenses, especially in the western parts of the
study area. Basalts and their weathering products are found in the North Shuneh area.

Underlying, and laterally bordering the unconsolidated valley sediments are rocks of Triassic to
Recent ages. In the different parts of the foothills different rock types of the geologic column of
Triassic to Recent ages crop out with their western extensions covered by the more recent valley
deposits. Table 407-2 contains the relevant information about the escarpment foothills
formations and Table 407-3 contains the relevant information about the recent formations in the

Jordan Valley area. More details can be found in Bender (1968) and Burdon (1959).



Table 407-2: Geologic formations along the foothills of the eastern Jordan Valley escarpment of

the study area

Tertiary

Mainly chalks and marls of different types

Wadi Shallala Formation (B5)

Chalky and marly limestone. 250m in thickness, medium aquifer.

Umm Rijam Formation (B4)

Chalk, chert and limestone. Thickness: 40 m, only locally an aquifer.

Upper Muwagqgar Formation (B3)

Chalk, marl, chalky limestone with chart nodules. Thickness: 200-240 m,

aquiclude.

Upper Cretaceous

Mainly limestone of different types

Lower Muwaggar Formation (B3) &
Amman Formation (B2)

Silicified limestone, chart, phosphate. Thickness: 30-120 m, excellent

aquifer.

Wadi Ghudran Formation (B1)

Chalks and marls. Up to 70m in thickness, in same places missing,
aquiclude.

Wadi es Sir Formation (A7)

Hard massive karstified limestone. Thickness: 180m, very good aquifer.

Shueib Formation (A5, A6)

Thick marls alternating with thin bedded limestone. Thickness: 50-100 m,
aquiclude.

Hummar Formation (A4)

Hard crystalline and dolomitic limestone. Thickness: 60-120 m, excellent
aquifer.

Na'ur-Fuheis Formation (A1-A3)

Marl, limestone and marl limestone thickness: 300m, poor aquifer

Kurnub Group (K)

Mainly sandstone. Thickness 200-300 m, good aquifer

Zerqga Group (2)

Mainly siltstone. Thickness 0-400 m, semi aquifer

Table 407-3: Quaternary formations in the Lower Jordan Valley

Thickness m Formation Name

071 100 Alluvial fans and recent deposits
4071 few hundred Lisan

35 Ubeidiya and Samra

100 Abu Habil Conglomerates

~350 m Shagur Conglomerates

PRECIPITATION

The Electric Conductivity (henceforth EC) in precipitation water of the Lower Jordan Valley (LJV)

area (Deir Alla station) is relatively high (Table 407-4) compared with that of the highland (Salt

station as a representative station for the highlands). This is a direct result of precipitation

interception by the high thickness of the atmosphere over the LJV, which lies at an average

altitude of -200m mean sea level (msl.) compared to 800-1000m msl. of the surrounding

highlands. Br concentration in the precipitation of the LJV are far higher than those in the

highlands seemingly as a result of use of Br-based biocides by farmers in the LJV irrigated
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agriculture. The isotopic composition on d*®0 and dD is also enriched in the precipitation of the

LJV also as a result of interception and re-evaporation before it reaches the JV bottom.

Table 407-4: weighted average of 16 precipitation samples (EC in uS/cm, NOj, PO, Br and
CI/Br in mg/l, all others in meg/l)

Station EC pH Ca Mg Na K Cl SO4 | HCO3 | NO3 | PO4 | Br
Deir Alla 163 |[7.45 |07 |004 [031 [003 |06 |03 [0.55 3.6 0.32 [ 0.32
Salt 98.7 | 7.61 [ 047 [0.04 [032 [005 [042 [019 | 032 3.5 0.21 | 0.066
Station d®0 [ dD ClBr | Na/Cl | Ca/SO, | HCOs/Cl | Ca+Mg/SOs+CaCOs
DeirAlla | -4.04 |-14.05 |67.6 | 052 |233 0.92 0.87
Salt 69 |[-320 |[225 [076 |247 0.76 1.34

FLOOD WATER
Floodwater composition (Table 407-5) depends strongly on the natural set-up of the catchment

area, particularly the rock type cover, the catchment size and its land use. The EC values are
generally below 300 uS/cm reflecting the concentrations of the salinity parameters. NOz; and PO,
reflect the land use type and geological setting, with outcropping rocks containing bromide such
as phosphates, oil shales or Jurassic and Triassic rocks (Salameh et al. in preparation)

Table 407-5: Flood water from wadis sampled several times during flood flows (EC in uS/cm,

NOs, PO4, Br and CI/Br in mg/l all others in meqg/l)

EC pH Ca Mg K Na cl SO4 HCO:; | NOs; | PO Br

183 - | 8.2- 1.5- 0.1- | 0.08 |029- |03 018- | 084- 3.0- | 422- | 0.04-

278 919 |1.62 |11 |03 0.44 1.79 | 0.83 1.47 20 235 0.39
CliBr Na/Cl | Ca/SO4 | HCO3/Cl | Ca+Mg/SO4+HCO3

46.9-390 | 0.46-1.0 | 1.43-4.2 | 1.46-49 | 0.97-1.37

BASE FLOW
The composition of base flows within the wadis (Table 407-6) depends on the aquifers from

which the base flow emerges and on the human activities within the respective catchments. In

the study area the major base flows originate from springs and seepages in the Upper

Cretaceous rocks, hence they reflect the composition of the groundwater in these aquifers. The

EC values vary in a range of 600-800 uS/cm. The Br concentrations of around 1 mg/l are
8



relatively high compared to meteoric water with yearly recharge and discharge mechanism, but it
is normal for the types of aquifers composed of phosphates and oil shale rocks. The isotopic
composition resembles slightly enriched highland precipitation water. lonic ratios reflect slight

water rock interactions with carbonate aquifers.

Table 407-6: Base Flow: Many wadis were sampled several times during the dry season base
flows (EC in uS/cm, NOg, PO4, Br and CI/Br in mg/l all others in meqg/l)
EC pH | Ca Mg K Na Cl S04 | HCO3 | NO3 | PO4 | Br

642- | 7.7- | 2.37- | 1.88- | 0.1- | 099- | 1.6- | 0.5- | 1.4- 10- 7.3- | 0.80-
830 |86 | 335 |35 0.26 | 219 | 34 | 2.67 | 4.64 45 153 | 14

d®o dD CliBr | Na/Cl Ca/SO4 | HCO3/CI | Ca+Mg/SO4+HCO3
-4510-5.6 | -22 to -27 | 59-113 | 0.57-0.88 | 085-7.0 | 1.52-2.8 | 1.06-1.35

UPPER\QUIFER
The composition of the water from the Upper Aquifer (Table 407-7) depends on the lithology of

the subaquifers and on the human activities within the recharge areas of the unconfined
aquifers. In the study area the groundwater is mainly found in the Upper Cretaceous rocks,
hence the composition of the water reflect the composition of these carbonatic formations. The
EC values vary in a range of 500-800 puS/cm and reflect the concentrations of the salinity
parameters. The Br concentrations in the unconfined parts of the aquifers are relative to other
water sources low, less than 0.5 mg/l while they increase in the confined parts. There, water is in
contact with rocks composed of phosphate and oil shale (Siebert et al., subm.). The isotopic
composition resembles slightly enriched highland precipitation water. lonic ratios reflect slight
water rock interactions with carbonate aquifers and calcium chloride dissolution in the lower
parts of the Upper Cretaceous Formations, which are a badly developed semi aquifer (Springs of
Baggurieh, Azraq and Jarban.

Table 407-7: Upper aquifer lateral flows into the Jordan Valley aquifers: Average of several

samples for each of the 7 sources (EC in uS/cm, NOs, PO,4, Br and CI/Br in mg/l all others in

meq/l)
EC pH Ca Mg K Na Cl SOs | HCOs | NOs PO, Br
500- 6.8 |[31- [16- [0.05 |[06- 1.2- | 05- [33- 0.5- 0.02- 0.02-
950 8.1 5.8 3.2 0.2 1.83 1.7 2.0 6.0 54.0 10.6 4.76




d®o

dD

Cl/Br

Na/Cl

Ca/sO4

HCO3/Cl

Ca+Mg/SO4+HCO3

-5.9t0-6.77

-21t0-29

11->1000

0.32-1.14

1.02-7.3

1.81-4.57

0.94-1.45

TREATED WASTE WATER

Treated wastewater has salinities in he range of 1,200 to 2,000 uS/cm reflecting the contents of

salinity parameters (Table 407-8). It still contains high concentrations of NO; and PO, compared

to the other water sources with low salinities. The bromide content reflects the concentrations of

the supplied drinking water.

Table 407-8: Treated Waste Water (one year average of monthly sampling). EC in uS/cm, NOs,

PO, and Br in mg/l all others in meq/I

EC pH Ca Mg K Na Cl SOq4 HCO3 NO3 POy Br
1200- 7.22- 2.4- 1.7- 0.76- 51- 4.7- 1.24- 4.3- 41- 12- 0.36-
1950 7.52 4.5 4.6 1.2 10.0 8.15 2.0 10.0 120 32 0.92

LISAN MARL FORMATION

The Lisan Marl water contains high concentration of salts and can be classified as salt water. Its

EC of around 20,000 uS/cm reflects very strong dissolution of NaCl and CaSO,. The ionic

rations show also some dissolution of CaCl, (Table 407-9). The isotopic composition indicates

highly evaporated water.

Table 407-9: Lisan Marl water (average of 5 analyses). EC in uS/cm, NOs, PO,4, Br and CI/Br in

mg/l all others in meg/I

Lisan Formation | EC pH [Ca|Mg [K Na cl SO, | HCO3 | NOs [ Br | d™0 | dD
Lisan Marl 18290 | 7.82 | 33 [ 41.2 | 6.39 | 113.1 | 137.8 | 53.6 | 457 | 145 | 8-15 | -4.1 | -18.7
Lisan Formation | d?O dD Na/Cl | Ca/SO4 | HCO3/CI | Ca+Mg/SO4+HCO3

Lisan Marl -3.4to-45 | -15.7to1 21.7 | 0.82 0.61 0.03 1.22

IRRIGATION RETURIOWS

Irrigation return flows contain medium concentrations of salts, which allow their classification as

brackish water (Table 407-10). Their salinity reflects the concentration of salinity parameters,

mainly Na and CI. Their bromide content is high because of leakages from the Lisan Formation
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partly underlying the irrigated areas, in addition to the use of Br-based biocides by farmers. Their

isotopic composition is enriched as a result of evaporation of irrigation water.

Table 407-10: Irrigation returns (average of return flows to Zerga River (average of 6 samples).
EC in uS/cm, NO3, PO, and Br in mg/I all others in meq/I

Source EC pH Ca Mg K Na Cl SOy HCOs3 | NO3 | PO4 | Br | d180 | dD
Return 7770 | 7.99 | 15.05 | 12.49 | 3.07 | 40.6 | 50.03 | 16.17 | 5.62 55 6.67 | 8- -4.4
Flow 15 22.2

DEEP AQUIFERS WATER
The deep aquifers bordering and underlying the LJV deposits belong mainly to the Triassic and

Jurassic aquifers. Their water discharges in two areas of the LJV namely Deir Alla and Sweima
(Table 407-11). The salinity of the water is high allowing its classification as brackish to saline
water. It anyhow reflects the high dissolution of NaCl, CaSO, and carbonate compounds. The
isotopic composition of the water is highly depleted indicating a recharge area on the highlands
of Jordan, or recharge during more humid times. The high Br content is the result of Br salts

dissolution from the evaporate-containing Jurassic and Triassic aquifer matrix.

Table 407-11: Deep aquifer water (average of 5 analyses). EC in uS/cm, NO;, PO, and Br in

mg/l all others in meg/I

Source EC pH Ca Mg K Na Cl SOq4 HCOs | NOs | Br
Deir Alla | 11650 | 5.99 | 30.49 | 10.66 | 2.58 | 76.26 | 76.52 | 24.22 | 19.46 | 25 | 45
Sweima | 6480 | 6.29 | 15.34 | 9.13 | 235|385 | 412 | 9.00 | 1389 | 3.6 | 16

Source d®o | dD CliIBr | Na/Cl | Ca/SO4 [ HCO3/CI Ca=Mg/SO4+HCO3
Deir Alla 6.22 | -39.6 | 603 1.0 1.25 0.25 0.94
Sweima 5.3 247 |91 093 |17 034 1.07

SALWATER BODIES IN THENERORDAN VALLEY AREA
Water emerging from salt bodies underlying the LJV area is characterized by its very high

salinities, very high Br contents and strongly enriched isotopic composition (Table 407-12). It
seems that such salt bodies were precipitated from the ancestral lakes of the Dead Sea. The
isotopic composition is highly enriched especially in Qurein and Karama where it lies close to

Dead Sea water.
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Table 11: Water in salt bodies underlying the Jordan Valley (average of 2 analyses for each
source) EC in uS/cm, NOg, Br and CI/Br in mg/l all others in meq/I

Salt bodies EC pH Ca Mg K Na Cl SOy HCOs | NOs | Br
Qurein/ Mallaha 171700 | 6.55 | 62.47 | 3153 | 340 | 2203 | 5230 | 525 | 29.84 | 1845 | 1119
Wakid (S. of Tiberias) | 40600 | 8.17 | 73.1 | 32.2 | 2.91 [ 381.0 | 354.7 | 132.0 | 19.46 | 2.4 | 288
Karama sp. 16040 | 833|732 [13.6 [4.27 146 | 115 |[483 [355 |[220 |616
Salt bodies d®0 [ dD Cl/Br | Na/Cl | Ca/SO4 | HCO3/Cl | Ca+Mg/SO4+HCO3
Qurein/ Mallaha +2.8 | +2.9 | 166 | 042 | 0.12 0.005 5.79
Wakid (S. of Tiberias) | -1.8 | -14.9 | 43.7 [ 1.07 | 0.55 0.06 0.695
Karama sp. +4.3 | +13.3 | 6.63 | 1.27 | 0.15 0.031 0.40

CONCLUSIONS

The delineation of the groundwater chemistry groups and the origin of their salinity may assist in
defining protection zones for the groundwater resources and also in defining areas where fresh
water can be extracted before becoming salinized by mixing with salt water sources.
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Fig. 407-2: Sources of water salinity in the groundwater of the Jordan Valley

1. Rainfall natural recharge. 7. Irrigation returns flow.
2. Flood flows 8. Deep aquifer lateral flow
3. Base flows 9. Salt bodies leachates
4. Shallow aquifer lateral flow 10. Residues of Lisan Lake
5. Treated waste water 11. Magmatic exhalations
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6. Lisan Formation water
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Fig. 407-3: Groundwater sources in the Jordan Valley area:
1. Lateral Flows deep aquifer 4. Surface water
2. Lateral Flows shallow aquifer 5. Irrigation return flows

3. Rain water
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WADI AL ARABANALYSIS AND QUANIATION OF EROSIGRORESSES AND RESIGLTI
CONSEQUENCES FORSTHREACE WATER IN WXEARAB (SABINE KRAUSRIAT.
SCHULMANN, C. SIEBEKFZ)

Wadi al Arab is a semi-arid catchment in NW Jordan (Fig. 407-4) located between the Yarmouk
River gorge in the north, the Jordan River Valley in the west (-20 m msl.), the foothills of the
Ajloun Dome in the south and the branch of the Azraqg plain in the east (+1,100 m msl.). Due to
geological setting, its subsurface basin is about 300 km? while the surface catchment covers
just 200 km?, the latter of which incises south of Irbid and continues to NW with a neotectonically
induced abrupt change of its flow-direction to the SW.
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Fig. 407-4: Location of Wadi Al Arab and Geological Map of the catchment

Alternating sedimentary sequences of Cretaceous to Cenozoic age represent the geological
setting of the catchment. The fractured and karstified Ajloun (A7) and Lower Belga (B1, B2)
Groups represents the major aquifer. It is covered by an aquiclude on which top the regional
productive B4 aquifer feeds the only occurring springs of the catchment. Due to the NW-wards
dip of the formations, the A7/B2 and below seated aquifers become confined towards the Jordan
Valley. Wadi Al Arabs eastern part is dominated by agriculturally used rolling hills. Westwards,
the relief energy increases and agricultural areas are limited to top, saddle and foot slope
positions. Terra Rossa, Rendzina, Entisols and Vertisols are the typical soils with greatly varying
thicknesses, which are controlled by the vegetation cover. The predominant landscape units are

olive orchards (27%), fields (14%), natural shrubs (low Maquis) and bare soil/ rock on steep
14



slopes (~45%) (Fig. 407-5). Precipitation is restricted to the season from October-April and
seldom exceeds 550 mm/a, of which roughly 80% occur in December-February (Rodiger et al.,
2014). The dry and immature soils possess only small capabilities to store an adequate amount
of precipitated water. Thus, and due to the steep morphology, precipitation excess accumulates
quickly inducing flash floods.

INTRODUCTION

The soil layer and its physical integrity is a key player to slow down runoff, safeguard infiltration,
buffer and filter pollutants, and a sensible parameter in hydrological models (Blum 1997,
Pierzynski 1997). On the other side, soil erosion and sedimentation harm surface water
reservoirs due to filling up and subsequent reduction of storage volume, and even worse by
contamination of these water bodies. The Wadi Al Arab dam is an important storage reservoir for
the northern Ghor area and its degradation has or would have a huge impact on the agricultural
economy in the region.
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Hence, it is of great importance to
understand erosion processes, define
sediment/pollutant sources and sinks
and analyse interdependencies with

land use and climate changes in Wadi
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Al Arab. Specific objectives include:

- determination of long-term erosion
rates and connectivity to the fluvial
system,

- geochemical characterisation  of
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sediment sources and calculation of

their relative contribution to the sink,

- quantification ~ of  the  current
sedimentation rate in the dam and its

effects on the water quality,

- analysis of the spatial distribution of

the erosion hot spots, simulation of Fig. 407-5: Landuse map of Wadi Al Arab catchment

land use changes and the effects on (Kraushaaretal., 2014).

the sediment delivery.
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We used a multiple response approach combining a broad spectrum of erosion measurements
on the slope and in the sink with a geochemical sediment fingerprint study. Results of these
three studies cover different spatial scales and only partly integrate the transport way. Hence,
they cannot be directly compared but consider the problem from different perspectives and are
used in the final step to calibrate and validate the setup of the SedNet model (Wilkinson et al.
2008) for the catchment. SedNet is a coupled conceptual and physical based process model for
erosion and sediment transport. Its implementation helps to cultivate more sophisticated
guestions to the research focus and allows a conceptual scenario development for mitigation

strategies.

Slope post rain season

Olive Mounds : ter Erosion pin fields  [SElellgalclal@Eg=ts

Fig. 407-6: Erosion Measurements in different landscape units.

EROSION MEASUREMENNSTHESLOPE

Measurements on the slope were conducted on four defined land units: olive orchards on
slopes, agriculturally used nearly levelled positions, slopes under low Maquis and patchy
vegetation both used for grazing. The methods included the measurement of topographic olive
mounds within 7 orchards (each around 800 m?) in synergy with tree-coring and age estimation
of the orchards. Furthermore, the OSL dating of deposited sediments in two roman cisterns
adjacent to fields together with catchment measurements and volume estimations. On slopes
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under low Maquis 9 erosion pin fields (each 200m?) were installed and finally, in the typical
patchy Mediterranean landscape sediment traps build and maintained throughout the rainy

seasons (Fig. 407-6).

SEDIMENTATIONEASUREMENTS IN T$HEK

An echo sounding campaign was undertaken on the Wadi Al-Arab dam at the western outlet of
the catchment, leading to a recent map of the sediment level in the reservoir. Together with the
abstraction of a DEM from former topographic measurements, the sedimentation volume in the
reservoir and an average sedimentation rate was calculated. Furthermore, 4 physico-chemical
water profiles as well as 6 sediment cores derived from the lake bottom were analysed (Fig. 407-
7).
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Fig. 407-7: Sampling scheme of the Wadi Al-Arab reservoir (Google 2004; mod. Kraushaar &
Schumann 2011, Fotos Aymad 2011).

MULTIPLE SEDIMENNGERPRINT

In a sediment fingerprint study in the Wadi Al-Arab catchment reservoir sediments were
analyzed for their provenance and percental contribution. This analysis is based on the
comparison of concentrations of conservative and source discriminating elements. Regional
specifications such as the carbonate background of the sediments and the anaerobic condition
of the lower water body in the reservoir led to a revised approach for the determination of

correction factors and to additions to the generally chosen conservative elements. We analyzed
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36 sediment samples from six source areas and 38 sink samples from five lake sediment cores
using X-ray fluorescence analysis (XRF) and gamma ray spectrometry. Additional element
analyses of three Wadi deposit samples and physicochemical as well as element analyses of
two vertical water profiles of the lake corroborated the new approach. Based on the stepwise
multiple regression analysis model (SMRAM) influencing parameters and respective
interrelations were detected and arithmetical filtered. In a second step a decision tree for the
chosen conservative elements was developed and complemented with a concentration
comparison between reservoir water and sediments, respectively (Fig. 407-8). Based on Monte
Carlo Simulation runs the mixing model revealed the existence of three major source areas
dominated by anthropogenic land use and a pedogenetic background, namely (i) olive cultivated
slopes with 598 %, (ii) agricultural fields on more or less stable positions with 11+9 %, and (iii)
slopes with natural vegetation used for grazing with 29+15 %. With a mean residual error of 1.04
% the sum of the source concentrations differ only slightly from sink concentration and prove the

model to be reliable.

Fig. 407-8: Decision tree to eliminate elements from fingerprinting analysis
The study showed that the conventional approach of deriving correction factors in fingerprinting

studies would have overcorrected this dataset. Applying the suggested revised SMRAM would

be of advantage especially in catchments with no pre-knowledge on element contents and
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