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1 Introduction

Arid and semi -arid regions of the world are in need of additional unconventional
water resources to match the ever growing water d emand. Jordan lies in the
transitional zone between the Mediterranean climate in the west and the arid desert

climate to the east and south. The synoptic climatic zone is part of the Medietranian

agro - climatic region, an essential feature of which the conc entration of rainfall is
during the cool winter season and a very marked summer drought (Bender, 1975).

Jordan is a semi arid country with very limited freshwater resources. The
availability of water is classified very low on the Water Stress Index, whic h
indicates the degree of water shortage. The total renewable freshwater resources

in Jordan are estimated at 850 MCM or 167 m 3/capita/year. The Kingdom of Jordan
is facing an unremitting imbalance between the total sectoral water demands and

the availa ble supply of freshwater. By 2020, the total demand for water is
expected to increase to 1,685 MCM because of the large increases in population,
improvements in living standards and growth in economic activity. While the new
sources of water supply are ex pected to increase the available water from the
current level of 850 MCM per year to 1,289 MCM per year by 2020, a shortfall of

396 MCM representing 24 percent of total demand will remain and will have to be

managed through appropriate demand -reduction pro grams (MWI, 1997). Besides ,
geographical position affects water sources dire
lands are desert areas and precipitation is confined to the winter season and varies

from an average of 50 mm in the desert regions to 600 mm in the eastern

mountains adjacent to the Jordan Valley (IFAD, 1995). Only around 2.2 percent of

Jordands | and receives an average annual precipit

percent receives less than 100 mm (Jordan Department of Statistics, 1999). In

additio n to climatic conditions, social and economic factors such as; water price
combined with agricultural policies which focus on an increase and intensification of
agricultural production, influence the development of land use and water
consumption. The incre asing pressures on the available resources represent a
challenge for scientists, engineers and policy makers, since Jordan development in
different fields, depends on the availability of water sources.

Climate change is expected to affect water availabilit y and distribution implying
infrastructure, and systems to mange water resources. Global water resources will

exhibit different spatial and time distribution. On this respect, rainfall frequency and

intensity increases are expected in Jordan. Some areas ar e expected to suffer from
flooding. However, there is lack of sufficient studies about how different climate

change scenarios may affect the availability of water resources, or what could be

the better adaptation practices to mitigate the negative impacts, and better using
them as opportunities in arid regions. The global climate change impacts are the

most effective events with respect to sustainable water supply. The more
widespread, and socially sustainable, use of groundwater storage to combat water -
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dem and variability resulting from persistent drought and climate change is urgently
needed (Foster,2002).

Run-off harvesting techniques for freshwater augmentation have been practiced in

dry areas since 400BC (J.J Botha, 2007). Rainwater harvesting in the bro ad sense
describes all methods for storing and collecting runoff from rainwater, for domestic

and agricultural uses. Those water harvesting techniques can be grouped into three

main types: in -situ moisture conservation, concentration of runoff to crops in the
field, and collection of and storage of runoff water (from roof or runoff areas) in

different structures. In response to the various types of runoff there are various

types and a different options such as dams, tanks, or reservoirs.

In spite of sever al thousand years of experience in rain water harvesting, a number

of questions remain open, e.g. how to increase the water yield of a catchment,

what impact on ecology may occur, or how to identify areas for certain techniques

of water harvesting. For man y years farmers have collected surface runoff, using
various types of water harvesting techniques including water collection in stone

wells or in form of holes for domestic or agricultural use (Poesen, 1994). Water
harvesting can be a valuable technique to supplement other sources of water for
irrigation. However, the selection of appropriate sites and determination of suitable
methods of water harvesting on a large scale present great challenges, since the
necessary data on hydrology, soils, etc, are often lacking.

Groundwater recharge enhancement (including
artificial recharge) is rarely practiced in arid environments. Subsurface storage has

some important advantages in reducing evaporation losses and minimizing water

guality problems in comparison to surface water storage structures.

Valley alluvium provides an ideal storage medium for water in most regions of the

world. Alluvium is sand, gravel and coarser materials that have been deposited in

valleys by streams and ri  vers. Without a natural artificial barrier, however, stream
sediment deposition will not occur. Sediment will deposit upstream of a barrier dam

and from alluvium of relatively well -sorted material. If they become saturated with
water, sediment deposits tha t form behind stable barrier dams may function as
alluvial ground -water aquifers (Van Haveren,1986, Ponce and Lindquist 1990).

A ground water dam may generally be one of two types: a subsurface dam or sand

storage dam. A subsurface dam is constructed below the ground surface level and
prevents the flow of natural aquifer (Heejun S., 2012). A sand storage dam
impounds groundwater in sediments that are accumulated and filled up intentionally

to form a dam (Hanson and Nilsson, 1986). Subsurface dams are genera Iy
constructed at a location where an aquifer is widely distributed with permeable
alluvium sediments. Loss due to evaporation is considered negligible in
groundwater dams, which is an important factor in semi -arid regions (Hanson and
Nilsson, 1986).
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Yilmaz (2003) summarized the advantages of groundwater dams in comparison to
surface dams as follows: (1) they have a longer lifetime.(2) They can store a larger
volume of water.(3) The ground above the stored water can be used. (4) Stored
groundwater with a ¢ ontant temperature and better quality can be obtained
throughout the year. (5) They are easy to construct. (60 The groundwater can be
effectively used. (7) Sustainable development of water resources can be achieved.

Many groundwater dams have been construc ted in Europe, Asia, Africa and
America. According to Schumacher (1973), millions of villagers in developing
countries would benefit from the availability of systematic knowledge on low - Cost,
self-help methods of water storage, protection, and transport. A rtificial aquifers,
created by construction of barrier dams community labor, hand tools, and local

materials, represent an appropriate technology for delivering high -quality water to
small communities in arid regions (van Haveren, 2004). In Korea, six gro undwater

dams have been constructed and are in operation, there storage capacity ranges

from 16,000 -43,000 m3 and were mainly developed for agricultural use. In Kenya,
sub-surface water dams are constructed for stock watering and irrigation with

height 2 -5 m, and width of 30 m. In his findings, Suk 2012 found that thickness of

the alluvial layer affects the storage capacity to a great extent. He also concluded

that geological conditions such as distribution of alluvial zone were more important

factors than an efficient groundwater dam construction.

In Malibogazi - Turkey the groundwater dam of storage capacity 55.000m3
increased the the groundwater level about 2 m. In other words, the amount of
groundwater increased about 6.500 -7.000 m3 in the dam reservoir s ( Ahmet,
20009).

Wadi Ishe pilot project is a trial to illustrate the benefits of runoff storage in
groundwater dam as an alternative water supply for rural arid areas of Jordan.

With growing water demand and water scarcity coupled with flood hazards of high
rainfall intensity rainfall events with short duration, groundwater dams can be an

option for water harvesting and in mitigating flood effects in Wadi Ishe basin.

2  Site Description:

The principle of sub -surface dam is to dig a trench across the val ley reaching down
to impervious, solid, impervious layer at a suitable location. In the trench an
impermeable wall or barrier is constructed and the trench is refilled with excavated

material. A subsurface reservoir created this way retains water during we t season
and maybe used as a water resource throughout the dry periods.
The suitability of an underground dam is highly site - specific and depends on aquifer

properties, hydrological conditions and geological setting of the basin. A thorough
hydro geologic al investigation coupled with model analysis is therefore done for
Wadi Ishe site.

Wadi Ishe site is known also as Wadi Madoneh is approximately nine kilometers of
the city of Zarga. Zarga governorate is about 15 km east of Amman Fig. 1 Wadi
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Ishe watershe d is located within the upper
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Fig.1.: The Wadi Ishe GW dame site location
2.1 Land use:

reaches of the Zarga drainage river

® proposed dam site

[ ] Wadi Esh catchment

Coordinate System:
WGS 1984 UTM Zone 37N

Base Map:

National Geographic World Map

© National Geographic, Esri,
DeLorme, NAVTEQ, UNEP-WCMC,
USGS, NASA, ESA, METI, NRCAN,
GEBCO, NOAA, iPC 2013

Scale:
1:1 000 000

As we can see from Fig.2 land use in the vicinity of Wadi Ishe pilot site is largely

unclassified. However, in the

upstream areas are some cultivated area. The area at

the outflow point of the watershed is undeveloped and uninhabited. There are small
houses and small farms within the radius of 7 km from the general site area. Some

grazing activities are around the catc

hment area. Wadi Ishe catchment has been

classified as bush land/range land. Some industries like battery recycling plan and
sulfo -chemical plant is located downstream of our site around 10 km.
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Wadi Esh
Land Use Land Cover
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Fig.2.: Land Use map Level 1 For Wadi Ishe Catchment

2.2 Topography:

Wadi Ishe area can be classified as an unadulating to hilly area (Qaisi, 2008). The

bed elevations are between 700m to 725 m above sea level, and hill top elevations

range between 950m -9750m above sea level Fig.3 . Typically, groundwater storage
technologies are used when the topographical gradient is between 0.2% and 4%,

but in extreme cases sand dams have been constructed on slopes 10 -16% (Nilsson,
1988).
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Wadi Ishe slopes range up to 0%. The general topography becomes hilly towards
the norther n downstream. From wadi bed the topography rises steeply over a short
distance and slopes range up to 25%.
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Coordinate System:
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Elevation Information: ASTER GDEM 2010
(ASTER GDEM is a product of METI and
NASA)

Layout & Cartography:
B. Brilmayer Bakti 2013

Fig.3.: base map for Wadi Ishe GW storage Dam

2.3 Geological Formations:

With regard to the Upper Cretaceous, it was subdivided into two major groups ‘the
lower part is Ajlun Group and the upper part is the Belga Group.The Ajloun group

overlies disconformably the Kurnub Sandstone. Thick carbonate sediments
(limestone, dolomite and marl) form the pre -dominant lithology and the thickness

of the whole grou p reaches about 600 m (Abed 1982).

The upper most formation of the Ajloun group is the Wadi es Sir Limestone, which

is outcropping in the northern part of Wadi Ishe Figures 4,5 and 6.
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Fig.5: Southwest to northeast geological cross section (Qaisi, 2008)
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The geological map of our groundwater storage dam Fig.7 allows assessing the rock
sequence from the upper part
geological cross sections is covered with fluviatile and lucustrine gravels of
Pleistocene age, which are underlain bu Muwaqggar chalk marl. Regarding the
limestone, especially when it is disturbed (faults, upl
movements in general), which leads to cracks in the stone layers and therefore
facilitates the entrance of water and karstification, there is always the possibility of
karstification, especially when there is enough precipitatio
like) climate with dry summers and wet winters. On the other hand, many
limestones in Jordan are not pure limestone but mixed with marl or marl layers in
between and this inhibits

to downstream. The upper part according to the

ifting, rifting, geological

n and a Mediterranean( -

karstifications.
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Ishe GW dam site

For the geological description in general: Al (Alluvium) and s (sand/ soil) are of

holocene age and Plg (Fluviatile and lacustrine gravels) is of pleistocene age. WSL

(Wadi as Sir Limestone) belongs to Ajloun Group , While the others (ASL, MCM, URC,

WG) belong to the Belga Group.

The photos below were taken during the site selction process. Through a deep

insight in the profiles dug, we can see that we have mixed fine material but also

larger stones. Stones seem to be uniformly limestone (which is in good accordance

with the geological map). Stones of medium size seem to be rounded or at least

sub -rounded, which suggests a longer transportation (with the flowing water), while

|l arger bl ocks show n derefore would ben suépactedato driginate

from the immediate surroundings of the wadi or to be generated through digging
procedures.

There seem to be alternating layers of very fine material and stones/ gravel
(picture 1 and 2). This would suggest torr ential rainfalls creating flash flood like
conditions, with much water and high flow velocities at a short time (making the
water able to transport the gravel and larger stones), then subsequently slowing
down very quickly as water gets less and the wadi i s probably drying out

- this is
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when the sorting takes place (in little water remains with basically no flow), so the
finer sediments settle down at the bottom, and the larger boulders and the gravel

remain on top. This process has to take place repeatedly in order to create the
alternating layers. However, in some other photos (e. g. 3, 4, 5) there seems to be

no sorting or it is less evident and more obscured.

By i a “q

Photo 1 Photo 2 | ) | Photo 3

R it .
Photo 5

Moreover, fine material seems to be very fine, probably clay, which is washed down

and into the wadi bed from the surrounding area. So there has to be a considerable

soil cover with deep (and probably fertile), heavy clay soils in the  catchment area
The clay very likely originates from the marl or chalk -marl formations in the
catchment area. Settling down in the wadi bed, the clay seems to form a kind of
"cemented" layer (at the bottom of the side wall in picture 1 a nd 2. The quite large
thickness of this clay layer at the bottom of the profile might indicate a further

sorting when clay particles from higher parts of the profile, closer to the surface,

are washed out and deeper in the underground during minor rain fa lls, when
basically no/ almost no flow occurs in the wadi.

Altogether shows that the profile(s) are in good accordance with the geologcial
map.
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Photo 6: nearby farms irrigated by GW Photo 7: trench entrance on site at
3.5m

In wadi Ishe pilot site there are some farms irrigated from groundwater well. The

GW level in the project varies from 60 -90m.
Photo 7 shows the trench of 3.5 m deep on the project site. And here we might
want to subtract the thickness of the cement ed lime hardpan/ limestone layer at

the bottom of the profile, as this is not part of the storage layers.
Regarding the profile layers we would identify the following:
- The uppermost is fine material (clay, silt, sand) mixed with wadi gravel
(larger and sm aller stones) have a reddish color in some parts, which could
be attributed to the existence of iron oxides, which need periodic moisture
and drying out (contact with air) to develop. However, as this is a wadi bed,
they donot need t o havunesitubbateould diso\havé bepre d
washed into the wadi bed from the (soils of the) surrounding area.

- Below there is a more compacted, firm layer with yellow -orange colors/ hues
which seems to consist of mostly very fine material, probably mainly clay.
The d ifferent colors could again be attributed to the presence of iron, but this
time iron hydroxides, which suggest (together with the remaining moisture
content) the permanent (all -year -round) influence/ presence of water.

- Below there is a lighter colored la yer, dry and very compact and hard. The
light color and the white parts suggest high lime contents and lime
concretions. It could be a cemented lime accumulation layer (hardpan) or
even the beginning of the bed rock, which should be Amman silicified lime
stone here. There seem to be some light brown admixtures, probably clay or
mar | . I n any case it doesndt T prebably notget, ib e
is the beginning of the bed rock further belo. The high lime content possibly
stems from the undergrou nd (limestone) and probably as well from the
surface/ the above layers, from which it has been washed out into this
deeper part and accumulated there.
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The combination of the moist clay layer and the dry lime layer below could suggest
a quite impervious lay er further below or represented by the (probably) cemented
lime layer itself. The colors of the different layers (due to different formations of
iron) in the profile would suggest a periodical drying out of the topmost layer

(gravel and fine material, red parts), which the finer textured layer below (clay)
doesndot exhibit. I 't r-gearhreund uwnderetim anfluence obveatera | |
moisture.

e

Photo 8: layer at 2 m depth

From picture 8, we would suggest that this is a clay enrichment/ accumulation

layer, with some iron (hydroxide/ oxide) content, which is related to the clay
particles to which the iron is attached. As this layer is usually not exposed to the air
(because it is at the subsurface and also because of the possibly all -year -round
existi ng moisture content), the iron oxides are not precipitated but rather cling to

the clay particles and develop this yellow to orange colors (hues). The clay particles
themselves might originate (through weathering) partly from the limestone, which

forms the underground rock, as well as from the surrounding area, from which they

are washed into the wadi with the sediment load transported by the run -off. So it
might be a partly in  -situ and partly allochthonous (i. e. from somewhere else than it

is found now) o rigin. This allochthonous (i. e. from the surrounding area) origin of

an at least reasonable amount of the clay could also be explained with the surface

cover and geology in the catchment area and the surrounding slopes (limestone,

marl, alluvium and wadi sediments). The sponge -like behaviour of the clay causes
the moisture retention, which very likely exists all -year -round. However, this
retention is only possible in combination with the (almost) impervious layer below

(here limestone or lime hardpan) that hinders further infiltration. It is this tight lime
layer, which also causes the precipitation of the clay particles at the bottom of the

(soil) profile. With the water the clay is mechanically transported into the
underground as the water percolates deep er (through pores) and where the
infiltration is hindered (by the cemented lime layer), the clay also stays and
accumulates. And it soaks up the water which is ponded above the tight lime layer.
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Photo 9: excavated materia

AN

| from the pilot site

From pi cture 9, one can imagine the moisture in the excavated material regarding
the color, especially in contrast to the surrounding, very dry and thus lighter

colored material

Phot 10: Inside the trench photo 11: Inside the trench

Picture 10 and 11, show the moist clay accumulation layer with orange

-brown -

reddish colors (iron oxides/ hydroxides) there seems to be a lighter colored and dry

layer of again mostly fine and very fine grain sizes. So the moist

ure of the wadi

seems to be soaked up probably all by the clay layer above and does not reach
deeper into this lighter colored layer. It also seems quite hard, which would be
normal for a dried out fine to very fine grained layer, which probably has a high
clay (and silt) content again. There seems to be also a high clay content (light and
white colors) and lime concretions. This could also be part of an old soil formation,

developed probably before the wadi started to flow here.

At photo 11 it seems that colors reach from red (iron oxides, upper left corner of
the photo) to yellow -orange and brown (moist clay accumulation layer), showing
the influence of the water, which would also suggest that it is most/ all time of the

year there. It has a influence on the iron, causing the development of iron

hydroxide instead of iron oxide | think.

The lighter colored below seems to be dry, hard, of fine to very fine material and
with a high lime content and some lime concretions. Remains the question why this
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