Table D-2  MONTHLY WATER SUPPLY VOLUME FOR AMMAN AND ZARQA GOVERNORATES

(1985)
"Unit:'(m3) :
Month Amman : 'Zafqé L :_ T6ta1' 7
Jan 3,878,596 600,204 4,478,800
Feb 3,551,604 552,344 4,103,948
Mar 4,162,618 548,179 4,710,797
Apr 4,235,400 713,736 4,949,136
May 4,696,407 888,057 5,584,464
Jun 4,710,840 885,240 5,506,080
July 4,765,816 905,789 5,671,605
Aug 4,405,53% 918313 5,323,847
Sep 4,697,760 851,490 5,549,250
Oct - 4,622,226 841,805  'S,464,029
Nov 4,280,580 739,800 5,020,380
Dec 4,336,621 710,241 5,046,862 -
Total 52,244,000 9,155,198 61,499,198 .
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1, GENERAL‘GEOLOGY AND HYDROGEOLOGY

1.1 General Geology

The Study Area is underlain by Paleozoic, Mesozoic and Cainozoic
sedimentary rocks with .some basic and acidic intrusives, The Mesozoic
system, éspecially Cretaceous carbonate sedimentary rocks dominate in

the Study Area.

The - Cretaceous to Paleogene systems are divided into three groups,
i.e. Kurnub, Ajlun and Balqa in ascending order, The Wadi Sir Formation
(A?):]in:the Ajlun group, the Wadi Rusaifa Formation (B1), the Amman
Formation.(B2Z) and the Muwagqqar Formation (B3) in the Balga Group of the

middlg to upper Cretaceous age cover most of the Study Area,

The middle to lower Cretaceous and the pre—Cretéceous sedimentary
rocks are found only in the lower reaches of Wadi Wala, Wadi Mujib and to
the 1ower'slopes of the rift escarpment along the Dead Sea. The Tertiary
Carbonate rocks are found only along the east boundary of the Study Area.
The Pleistocene basalt flows associated with plugs, cones and vents are

common in the western part of the Study Area,

The Quaternary fluviatile deposits, mantle rocks and mudflat
pelitic sediments have accumulated over extensive areas in the desert and
obscure the older formations. Thesé deposits are normally relatively
thin, The mudflat deposits have developed over extensive areas where the
drainagé is restricted. These sediments are commonly saline and may
contain sélt layers. The regolith or mantle rocks consist mainly of
chéfts, and extensive pavéments of this material are present on the

plateau.

' The Paleozoic to Cainozoic sedimentary rocks in the Study Area
generally have a structure of monoclinol flexures at a low angle, faults
and joints, The dominant fault direction in the area ranges from NW-SE

to NNW-SSE. Siwaqa Fault, the most remarkable fault in the area, runs SW-



NE to W-E. The fault systems correlated to the rift also occur to the
west of the area. Geological map of the Study Area is shown in Fig.E-1,

Regional stratigrapy is compiled in Fig.E-2,
1.2 Hydrogeology

The middle to upper Mesozoic sediments form a sequence of aquifers
and aquicludes. Four aquifer systems of B2/A7, A4, A2 and X have been
recognized in the Study Area. Among them, the B2/A7 aquifer has regional
and economic importance. The B2/A7 aquifer has been considered to be a
uniform aquifer unit with hydraulic connections, which is widespread
throughout the entire Study Area with a thickness of 100 to 300 m. The
Bl Formation which is composed of alternating marl, marly limestones,
chert and sandstone is intercalated between the B2 and the A7. The
B2a/A7b formation is an excellent aquifer with the permeability varfying

due to joints, fractures and karstification of the limestones.

E~-2



9. FOUNDATION DRILLING

_ A series of exploratory drilling was carried out for geological
inveétigation of foundation at five dam sites, which had been selected
out of twenty qontemplated sites on the criterion for the drilling to
cover'represehtative_parts'bf'formations of the Mujib Basin stratigraphy.
The driilihg wasg commenced on May 24, 1986 by the local contractor of
Geoteéhhicéi Engineering and Material Testing Co.(GEMT) financed by WAJ.
Core:drilling;at nine locations and - the borehole permeability test at
the depths of 30 m to 60 m, were performed at the selected dam sites of
Wala, Rumeil, Sueida 1, Mujib and Nukheila (see Fig, E-3). Results of
the boréhole'permeabiiity tests are given.in Fig.E-4, Interpreration of
those core samples_is described in the following chapter. Summary of the

drilling at five dam sites is shown below;

Dam site = No. Depth(m) - Location Formation

Wala - By-1._ 50 Left abutment B2a
_ BW-2 30 Wadi bed B2a, Bl
‘Rumeil ~ BR-1- 50 Left abutment  BZa
o BR-2 30 Wadi bed B2a
Mujib - BM-1 60 Left abutment ~ A3-6, Debris

Nukheila ~  BN-1 60 Left abutment A3, Debris
© BN-2 30 Wadi bed A3
Sueida 1. BS=1 50  Right abutment B2a
BS-2 .30 " Wadi bed B2a




3. TOPOGRAPHY AND GEOLOGY OF DAMSITES

3,1 Wala Damsite

The damsite is located on the Wala river, about 4 km upstream from’
the Wala bridge where Kings highway crosses the lower reaches of Wadi
Wala, The left abutment rises at a uniform slope of S—IO_degfées'from
the bottom of the wadi to the top of the hill, while the right‘abutméhﬁ'
rises steeply with a uniform slope of 35 to 45 degrees, No baseflow is

recorded throughout the year. .

The left abutment is covered: with thick unconsolidated 1665{
sediment of debris of which thickness is estimated to be about 15m by
boring ‘at BW-1 as shown in Fig.,E-5. . The BZa-FormatiOn;_whichfis
composed of alternating'silicified limestone, chert and chalky maril,
outcrops extensively along the steep cliff of ‘the right abutment, The
bed strikes N8OW and dips 10N. The chert ‘layers are fractured with some
open cracks. Alluvial river deposits of gravel and sand, widely cover
the wadi with a thickness of about 13m. The Bl Formation, which is
composed of marls with a low permeability of 1 to 3 Lugeon values, is
located at a depth of more than 20m. The groundwater table has been
measured at 15m from the surface in the borehole BW-2. ' The B2a
Formation, which is considered to be a very pervious layer, Oﬂtérops
intensively in the reservoir rims, Strong attention will have to be paid
to the probable high water leakage through the B2a Formation which
outcrops both at the damsite and on the reservoir rims. FEstimated

geological profile along the proposed dam axis is shown in Fig,E-5.
3.2 Rumeil Damsite

The damsite is located on the middle reaches of Wadi Wala, aboﬂt
10 km upstream from the Wala bridge where Kings highway crosses the
wadi. The left abutment shows an inclination of 35 to 40 degrees in the
lower part and 5 to 10 degrees in the upper  part. Thé'slope'of the
right abutment is 5 to 10 degreestu)toearelative height of 100 m from



the wadi bed and 30 to 35 degrees above that, No baseflow is recorded
throughout the year.

Successive ffesh outcrdps with stratified silicified limestone unit
are found in and around the damsite area. The bedrock of the lower left
abutment up to 20m from the wad1 bed is composed of silicified limestone,
chert and chalky marl of the B2a Formation, The higher left abutment
above the 20m level cohsiets of phosphate, chert and chalky marl of the
B2b Formation. The bed strikes NSSE and dips to 12S. The bedrock of the
lower rlght abutment up to a 45m helght is the B2a Formation, The right
abutment hlgher than 45m is composed of the B2b Formation. The bed
strlkes N35E=and dlps IZE. These chert and silicified limestone layers
afe fractufed and.cav'ﬂ”with very high Lugeon vaiues of 20 to more than
100 as measured in the borehole BW-1 and BW-2 as shown in Fig,E-5, The
wadi channel is covered w1th a thin alluvial deposit of 1 to 2m in
th;ckness.‘ Diluvial wadi dep031t of about 10m thickness covers the toe
ef the_fight abutment, The groundwater table is located at the depth of
about 80m in the private wells in the middle of the reservoir area. The
B2a Fermation which includes many caves, outcrops not only in and around
the damsite but on the reservoir rims. Strong attention shell be paid omn
the weter'leakage through the BZa Formation. The reservoir area is
covered with thick soil and is ﬁidely used for private farms which are
ifrigated_by deep wells in the propbse& reservoir. This reservoir area
is a promising well field of a part of Rumeil which consists of B2/A7
aquifer and may have a groﬁndﬁater potential of about 2 MCM/year or less.
Eetimeted geological profile along the proposed dam axis is shown in
Fig.E~5. |

3.3 Zeinab Damsite

_The damsite is lLocated on the Wadi Zeinab, which is a tributary of
Wadi Wala,eand located ebout 15km southeast of Madaba. The left abutment
rises geﬁtly'eith-a slobe of 5 to 16 degrees. The right abutment rises
Steéﬁly,with a siope of 30 to 35 degfees. No baseflow is recorded
throeghoutithe year, |



The gentle slope of the left abutment is covered with thick ﬁbp soil
or debris, and no outcrops are found on the slope of the left abutment.
The bed, located at Lhe toe of the left abuLment, strikes’ N6OE and dlps
158, Successive outcrops are found at the steep slope of the rlght
abutment. The bedrock of the lower rlght abutment, 1ess than the 35m
height, is composed of alternating 811101£1ed 11mestone, chert and chalky
marl of the B2a Formatlon. The upper part,. above 35m dam height
consists of alternatsng phosphate, ‘chert and chalky marl of the B2b
Formation. The bed strikes N10OW and dlpS 10E. A part of the wadl bed 1s
covered with alluvial river deposit 3 to 4m thick, The groundwater depth
is estimated to be more than 100m deep. The B2a Formatlon, whlch 1ncludes
some fractured chert, outcrops on the steep slope of the rlght reservoir
rim. Strong attention will have to be paid to the probable hlgh water
leakage through the B2a on the rlght abutment and the reserv011 r1m.
Assumed geologlcal profile along the proposed dam axis is shown in F1g E~
5. . :

3.4 Halq Damsite

The damsite is located on the Wedi Halq, which is a’tribdtary 6f
Wadi Wala, and located 2 km downstream from- the Halgq brldge where Desert
hlghway crosses the Wadl Hammam. The left ebutment rises rather steeply
with a slope of 25 to 30 degrees, while therright ehutmeoﬁ'riSes gehtly
with a slope of 5 to 10 degrees. No baseflow is recorded.throughoot.the

year.

The bedrock of the lower left abutment, up to 10m height above the
wadi bed, is composed of alternating chert, silieified limestone,
silicified phosphate and chalky marl of the B2a Formation. The middle
part of the abutment, more than 35m in helght, is composed of
alternating phosphate,‘chert and chalky marl of the B2b Formation. ' The
upper part higher than 35m consists of Coquina bed of_thE'BZb-Formatidna
The bed strikes N55E and dips 108, The mild slope on the right bank is
covered with thick top soil and debris, therefore no outcrops are ‘found
both at the left abutment and on the reservoir rim. A'pert of the wadi

bed at the left bank is covered with thin diluvial wadi deposit of about



4m thickness. The bed strikes N3OR and dips LOW, The B2a Formation,
which is considered to be a highly pervious layer, widely covers the
fight:abﬁtment of the reservoir area, Strong attention shall be be paid
to the‘wéter leakage through the dam foundation and the reservoir rim.
The groundwater table is located at about 100m in depth, Assumed

geological profile along the proposed dam axis is shown in Fig.E-6.
3,5 Shabik Damsite

The damsite is located on the Wadi Shabik, which is a tributary of
Wadi Wala, and’ iocated about 6 km southwest of Dabb'a. The left
abutment rises steeply with a slope of 35 to 40 degrees, while the right
abutment rises gently with a slope of 5 to 10 degrees. No baseflow is

recorded throughout the year.

The bedrock of the left abutment is composed of alternating
phosphate, chert, silicified limestone and chalky marl of the B2b
Formation. . The bed strikes N55E and dips 5N, No outcrops are found at
the right abutment. The B2a Formation of silicified limestone, which is
intensively.jointed and fractured, outcrops in the wadi bed with strike
N5SE degrees and dip S5N. - The B2b Formation successively outcrops in the
left side of the reservoir areé, which is not considered to be an
impervious 1ajer._ Thelfight side of the reservoir area is covered with
rather thick.ovefbhrden_with 1es$ permeability., Strong attention will
have to be paid to the permeable zones in the foundation rock and left
reservoir rim. Assumed geological profile along the proposed dam axis is

shown in Fig.E-6.
3,6 Hammam Damsite

The damsite is located on the Wadi Hammam, a major tributary of Wadi
Wala, ahd is situated about 10 km southeast from the Alia International
Airport, This damsite is located in the flat wadi with a gentle slope of

5 to 10 degreeé; No baseflow is recorded throughout the year.



The whole area including the damsite and the-resefvoif'ié covéred'
with thick alluvial to diluvial’deposit'df_10m’thickhe$s, therefore no
outcrops are found in the area. The diluvial depoSit, which is composed
of clay and silt including some pebbles , is conSidered to be impervidus.
Assumed geological profile along the proposed dam axis is shown in Fig.E-
6. ' ' ' '

3.7 Mujib Damsite

The damsite is located on the lower reaches of Wadi'Mﬁjib, about
1.5 km downstream frbm the Mujib bridge where Kings highway crosses the
wadi, The left abutment rises steeply with a slope of 30 to 35 degrees,
while the right abutment rises rather gently with a slope of 10 to 20
degrees. Perennial baseflow of about 100 litré per second_on'avérage has

been recorded at the site.

Both damsite and reservoir area  are coﬁPoSed of alterhating-marly
limestone and marls of the A3-6 Formation, which is covéred mostly with
thick unstable debris or residues of landslides., Outcrops are found only
near the bottom of the wadi within a height of 10m,. . The area:higher tﬁan
10m is covered with thick debris or residues of landslides. The marly
limestone bed at the wadi bottom strikes NS-5.and dips 7W, Thickness of
the unstable deposit of debris has been estimated to be 30m-in the
borehole MB-1 as shown in Fig,E-6, Thick unstable sediments -are
widespread along the area of the riim, Careful approach will bé_fequired
for the slope stability of the reservoir rim and the left abutment.
Estimated geological profile_albng the proposed dam axis is shown in
Fig.E-6.

3.8 Nukheila Damsite

The damsite is located on the Wadi Nukheila, a major tributary of
Wadi Mujib, and is situated 2 km upstream from the Mujib bridge'ﬁhéfé'
Kings highway crosses the wadi. An'almost-vérticaIWCIiff,
approximately 18m in height, is formed at the ﬁoot'of the left bank slope

which shows a general inclination of 45 degrees in the upper part:  The



right abutment rises with a moderate slope of 20 to 25 degrees.
perennial baseflow of about 100 litre per second or less has been
measured at the site.

':Thé bedrogk of the left abutment is composed of alternating marly
1imé$ton¢ and marl of the A3 Formation. The upper part, at a height
abq#e'lom is covered with 10m thick debris, which has been confirmed by
boring'NBul'as shown in Fig.,E~7, The right abutment is covered with
debris except in the toe of the slope where the A-3 Formation of
alternat;ng 11mest0ne and marl outcrops. The bed in the A-3 Formation
strlkes N--S and dips 5W, Marly limestone and marl outcrops extensively
aﬁ.thé'left side of the wadiﬂbed. The right side of the wadi bed is
cdvered with thick diluvial wadi deposit of about 10m in thickness.
Successive outcrops of the A-3 Formation are fpund in the reservoir rim.
The extensive debris on the left slope is thick and unstable., From the
topography, structural faults and/or active faults can be assumed beneath
the debris on the left bank, Careful attention will be required to
ensure the stability of‘the-slope at the left bank, where the thick
debris g0vers the slope with a height of more than 35m from the wadi bed.
The marly limestone in the A-3 Formation is not considered to be a very
_ pervioﬁs layer,.but, high-Lugeoﬁ values of 70 to 80 have been measured.in
the borehole NB~2 as shown in Fig.E—?. Substani:ial water leakage through
the A-3 Formation may not be expebted as a whole. However, more detailed
tést borings with permeabiiity test and geophysical prospecting will be
needed_to examine the engineéring geology of such unforeseen pervious
zonéé?.faults and unstable thick debris. Estimated geological profile

alqng.the proposed dam axis is shown in Fig.E-7.
3.9 Sueida 2 Damsite

The dams1te is located on the Wadi Sue1da, a major tributary of Wadi
MUJlb and 1s situated 7km downstream from the Siwagqa bridge where Kings
highway crosses the wadi, The left abutment rises rather gently with a
lepe of 10 to. 15 degrees, while the right abutment rises steeply with a
Slope of 40 to 4J_degrees._.No baseflow is recorded throughout the year,

and groundwater level is located at about 50 m or less in depth.



The left abutment is covered with' rather ‘thin debrls except the top
of the abutment where Coquina bed of the B2b Formation outcrops with a
strike of N75W and a dip of 208, The bedrock is composed of chert,
silicified limestone and chalky marl of the BZa Formatlon in the lower
part of the valley up to a helght of 15 m from the wadi bed. . The hlgher
part of the valley is composed of rock of the_BZb Formatlbn, which
consists of a 20m thick alternation of phosphate and chert, a 10m thick
Coquina bed, a 17m thick chert intercalated with"ﬁﬁosﬁhate layers and
again a 16m thick Coguina bed, in aScehding'ordér. The bed strikes N55E
and dips 5E, Assumed geological proflle along the proposed dam axis is

shown in Fig,E-7,
3.10 Sueida 1 Damsite

The damsite is located on the WadiHSiwaqa,:a major'tfibﬁtary'of Wadi
Mujib, and is situated Akm downstream from the Slwaqa brldge where Desert
highway crosses the wadi, The left abutment rises steepl‘r wlth a slope
of 35 to 40 degrees, while the right abutment rises rather gently with a
slope of 10 to 20 degrees. No baseflow is recorded throughout the year

and the groundwater table is located at about 50m below the surface.

The bedrock of the left abutment'iS'cdmpased'of alterhating cﬁeft;
silicified limestone and chalky marl of the B2a Formation. ~The chert
layers are fractured in some parts and include a- number of open cracks.
The beds strike N75E and dip 155, The site is located Just ‘beside the

Siwaqa fault showing a disturbed geological structure. The rlght
abutment is covered with debris up to a height of 30m from the wadi bed,

Very high Lugeon values of more than 100 have been measured in the
borehole SB-1 which penetrated the B2a Formation as shown in Flg E-7.
The bed strikes N20E and dlps 10E. - The wadi bed which c0n51sts of the
B2a Formation is partly covered with alluvial rlver dep031t. The area o1
the left bank is covered with 1mperv10us 's6ils and debris. Successlve
outcrops of the B2a Formation are seen on the’ Steep'slope'neathﬁe'fight
reservoir rim on the right bank, which is cohéidefEd”tb bé.a:highli

permeable geological unit. Strong attention shall be paid to the
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probable water leakage through the B2a Formation in and around the
damsite.  The estimated. geological profile along the proposed dam axis
ig ghown in Fig.E-7.

3,11 Siwaqa N Damsite

The damsite is located on the Wadi Mistabtih, a tributary of far
upper veaches of Wadi Sueida, and is situated 50m northeast from the
Jordan National Railway. The left abutment rises very gently with a
gslope of 5 to 10 degrees, while'fhe right abutment rises steeply with a.
slope of 20  to 25 degrees. No baseflow is recorded throughout the year

and the groundwater table is located at about 100m or more in depth.

o The_CQquina bed of the B2b Formation outcrops on the top of the left
abutment. The gentle slope on the left abutment is fully covered with
debris with clayey. material, The bed strikes N4OW and dips 5W, The B2b
Formation of chalky marl intercalating thin chert layers outcrops on. the
cliff of the right abutment within the height of 5m from the wadi bed,
The bed strikes N30F and dips 15W. The site is located just beside the
Siwaga fault showing the disturbed geological structures in the bedrock.
'the reservoir area is widely covered with diluvial deposit of clay and
gravel, which is cénsidered to be virtually impervious. Strong attention
shall be paid to the probable-high water leakage through the foundation
rock, - Assumed geological ﬁrofile along the proposed dam axis is shown in
Fig.E-7.

3.12 Siwaqga S Damsite

.. The damsite is located on the Wadi E1 Tuwai, a tributary of Wadi
Sueida, and is situated 5 kmlsoutheast from the Siwaqé bridge. The left
abutment rises gently with a slope of 5 to 20 degrees. Jordan Natiomal
Railway passing the middle part of the slope crosses the wadi at this
point. The right abutment rises gently with a uniform slope of 5 to 10
dEgréés.-,N0=basef10w is recorded throughout the year and the groundwater

table is located at about 100m below the surface.
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The lower part of the left abutment bélow the railway is coverdd
with debris. The Coquina bed and chalky marl of the B2b Formation
outcrop on the top of the slope. The beds strike N25E and dip 10E,
Coquina bed and phosphate of the B2b Formation outcrop on the lower right
abutment less than 15m in height. The beds strike NAOW and dipto 10W,
The left bank side of the reservoir aréa is covered with diluvial deposit
of clayey material with gravel. Alternatiﬁg'cherﬁ and silicified
limestone of the B2Za Formation, which seems to be pervious, nutcrop in
the right reservoir rim on the right. bank. Assumed geological proflle

along the proposed dam axis is shown in Fig.E-9.
3.13 Dabb'a Damsite

The damsite is located on the Wadi. Dabb%h a tributary of upper Wadi
Mqub and is situated 2 km downstream from the Dabb'a bridge where
Qatrana-Karak road crosses the wadi. The left abutment rises steeply
with a slope of 35 to 40 degrees, while the right abutment rises rather
steeply with a slope of 25 to 30 degrees, - The site iéglocatéd ina' V-
shaped wadi. No baseflow is recorded throughout the year, and the

groundwater table is located at about 50m below the surface.

The bedrock of the slope along the dam axis is composéd of
alternating phosphate, chert and chalky marl of the B2b Formation.
Coquina bed in the B2b Fbrmation-outcrops_onlyﬂat‘the top -of the
abutment. The bedding plénes are nearly horizontal,  The wadi bed and
the reservoir area are composed of alternating silicified limestone,
chert and chalky marl of the BZa Formation with continuous out&ropé.
Strong attention shall be paid to the probable very high water leakage

through the B2a Formation._ Assumed geological profile along the proposed
dam axis is shown in Fig,E-9. '

3.14 Qatrana Damsite

The damsite is located on the Wadi Qatrana, a major tributary of Wadi
Mujib, and is situated 5 km westwards from the Qatrana Railway Station

and 2 km downstream from the Qatrana's existing'dam. ‘The left abutment
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risés'steeply with a steep slope of 35 to 40 degrees, while the right
abutment rises gently with a slope of 5 to 10 degrees. No baseflow is
recorded thrdﬁghout the year and the groundwater table is located at
about 100m or more below the ground surface.

. The bedrock of the left abutment is composed of alternating chert,
silicified limestone and chalky marl of the B2a Formation. The beds
strike N70E and‘dip-BOH. The chert layers are highly fractured with open
cracks. The right abutment is covered with thin debris. The BZa
Formation outcrops above 25m from the wadi bed. The reservoir area is
covered with diluvial wadi deposit which is composed of clayey sediments
with gravel, Strong attention shall be paid to the probable high water
leakage through the fractured B2a Formation, Assumed geological profile

along the proposed dam axis is shown in Fig.E-9.
3.15 Khabra Damsite

The damsite is located on the Wadi Arbid, a tributary of Wadi
Dabb'a, and is situated about 3.5 km upstream from the Dabb'a bridge
where Qatrana-Karak road crosses the wadi. Both abutments rise witha
uniform slope of 10 to 15 degrees, No baseflow is recorded throughout
‘the year, and the groundwater table is located at a depth of 100m or

less.

The debris covers the whole area except the wadi bed. The wadi bed
is cbmposed of Coquina bed of the B2b Formation, The bed strikes N30E
and dips 5W, The reservoir area is covered mostly with debris except in
some part of the left abutment where bituminous marl or shale outcrops.
Water tightness of the B2b Formation is not considered to be lesser than
thepervious geological unit of the Bla Formation. Assumed geological

‘profile-along the propdsed dam axis is shown in Fig.E-9.
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3.16 Sultani Damsite

The damsite is located on the Wadi Sultani, é:majOrftributary*in the
upper Mujib basin, and is situated about 2 km north-westwards from: the
existing Sultani dam. The left abutment rises steeply with a slope:of.BO
to 35 degrees, while the right abutment rises with a slope of 25 to 30
degrees. No baseflow is recorded throughout the year, and the

groundwater table is located at about 100m below the surface.

' The left abutment is'CompdSed.of alternating Coquina bed,
silicified phosphate, chert and chalky marl of the B2b Formation: The
beds strike N55W and dip 5W, The right abutment is covered with debris
or mudflow. The reservoir area is covered with thickinudfixn#which is
considered to be an impervious layer. _AsSumedfgeoldgiCal.prOfile_along

the proposed dam axis is shown in Fig.E-8.
3.17 Siwaqa C Damsite

The damsite is located on the upper most reaches of Wadi Sueida,
about 0.5 km upstream from the Siwaqa bridge where Desert Highway crosses
the wadi, The left abutment rises gently with a slope -of 5 to 10
degrees, while the right abutment:tises_rather steeply.with'a slope of 30
degrees, No baseflow is recorded throughout .the yeaf and  the groundwatér
table is located at a depth of about 50m.

The bedrock of both left and right abutments is composéd of uniform
Coquina bed of the B2b Formation with thickness of -20 m, -Thé-ché&t
layer in the B2a Formation which outcrops on the wadi bed is covered with
alluvial deposit. The reservoir area is covered with thick:diluvial
wadi deposit which is considered to be an impervious layer. - The
reservoir area is located in Siwaqa well field where two excellent deep
wells are being used by WAJ for water supply to Amman, Assumed

geological profile along the proposed dam axis is shown in Fig.E-8.
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3,18 Sadir Damsite

- The damsite is located on the Wadi Halq, a tributary of upper Wadi
Wala, and is situated about 5 km south-westwards from the Alia
International Airport. Both left and right abutments rise with a
unifofm slope of 5 to 10. degrees, No baseflow is recorded throughout the

year and  the groundwater table depth is about 100 m or more,

The whole area is covered with diluvial wadi deposit which is
composed of clayey sediments with gravel with less permeability, No
outcrops are found in and around the damsite. Assumed geological

profile along the proposed dam axis is shown in Fig.E-8.
3;19 Qatrana Dam, Existing

The damsite is located on the Wadi Qatrana, a major tributary 6f
Wadi Nujib;‘and is gituated. about 1 km upstream from the Qatrana damsite.
A dam was.coﬁstructed in a rather flat valley with a height of 10m.
Some outcrops, which are composed of B2a Formation, are found on the
slopes along the dam axis, Most of the reservoir area is coverd with

fluviatile which consists of graveliy sediments with clayey matrix.
3.20 Sultani Dam, Existing

- The damsite is iocated on the Wadi Sultani, a major tributary in the
upper_Mujib basin, and is situated about 1 km south-eastwards from the
WAJ's Qatrana pumping station. The dam was constructed in a flat valley
with a height of 5m.. Some outcrops, which consist of the B2b Formation,
are found. at the slope‘on3the right bank., ‘The reservoir area is covered
with fluviatile thch is composed of gravelly sediments with clayey

matrix,
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4, ENGINEERING GEOLOGY

Most of the damsites are located in the.liméStdﬁe'terrain, whére_
pervions stratum outcrops in the wadis.  Geological investigation”was
carried out with emphasis on esﬁimating the permeability of the limestone
layers in Balqa and Ajlun Groups. - The geotechnical circumstances of the
conceivable damsites.are examined on the basis of the result of field
mapping. Some core borings with pressure'permeability'EESt wﬁre
performed "at selected damsites ﬁﬁich include the representative
geological units of B2, Bl and A3.  Possibility of watéf leakage from
the reservoir has been evaluated in view of the results of these tests
and geological mapping, Fig.E-1 shows the geological map of the Study

Area, Regional stratigraphy is compiled in Fig.E-2,

Pervious layers are found in the B2a Formation which consists of
alternating limestone, chert and ‘silicified limestone with frequént'
joints, cracks and caves.  The B2a Formation is one of the most
important aquifer systems in Jordan, which has been exploited in the
Study Area for a long period of time.  Some sections of the boreholes in
the B2a Formation was too pervious to be ‘correctly’'measured with the
testing equipment of ordinary capacity as. shown in Fig,E-4, Such. high
permeability is deemed due to irregular distribution ' of joints and
karstification in the limestones, Considering the very important role
of the B2a Formation for recharging groundwater to the B2/A7 aquifer
system, it is probable that 1eakagé pfdblems may'be'met By'the'dam
schemes with the reservoir on the B2a Formation, that is the schemes of
Zeinab, Halq, Rumeil, Wala, Sueida 2; Sueida 1, Qatrana and"babbaﬂ
Ordinary grouting method may not solve the seepage problems in the
limestone foundation and/or the reservoir. Storage ‘dam scheme is not

recommended in this geological unit of B2a.

The B2b Formation, which consists of alternating Coquina
limestones, chalky marl and chert, is considered to be.a less pervious
stratum than the B2a Formation, because of the massive lithology and less

cracks and joints, Proposed damsites of Khabra, Sultana and Siﬁaqd C,
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Siwaqa N, Siwaqa S are located in this geoiogical unit of B2b.
Ordinary foundation grouting will be effective except a part of caved

limestones,

The Bl formation, which is composed of marls, is not considered to
be a yervious*strqtum,:with low range in Lugeon values of 1 to 3 have
been measured in a shallow bedrock foundation at a depth of about 15m at

Wala damsité;3'

- The A3/6 Formation, which congists of marls and marly limestones,
is not expected to be a pervious stratum.  Ordinary foundation grouting

will be effective except a part of caved limestones.

Fbr the pufpoée of reservoir operation program, the following
infiltration rates are assumed to estimate the probable water leakage
from the reservoirs ; (1) 0.5 mm/day/m/km2 of A3/6 and B2b Formation and
(2).5 0 mm/day/m/km of B2a Formation. Correlation between Lugeon
values and geological unit of B2a, Bl and A3/6 is shown in Fig.E-4.

Unsaturated highly pervious B2a Formation, which covers most of the
reservoir area at Wala.dam, overlies saturated impervious bedrock of Bl
qumatibntwhich spreads ‘widely at a depth of about 15m from the wadi be&.
This hydrogédlbgical structure suggests the possibility of the scheme of
groundwater recharge dam at Wala site. Groundwater potential in and
around the damsite will be increased by the leakage water from the
reservoir, together with the potential of springs at the lower reaches of
Wadi Wala (Heidan) near the Kings highway. According to the result of
reservoir operatlon at Wala dam, 16 MCM/y of reservoir water, which is 80
% of effective capacity of 20 MCM/y, leaks within a few months after the
réiny season. A part of the leaked water, which is preliminarily
estlmated in the range between 5 to 8 MCM/y, will add to the existing
groundwater potential and outflows downwards to the flowing springs in
the Wadi Heidan. Construction scale and type of dam as well as amount
of groundwater seepage will be carefully studied on the basis of the

further feasibility studies on engineering geology and hydrogeology.
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Unstable thick debris, which overlies the A3/6 Formations, are
widespread along the toe of the left bank " at the damsites of Mujib and
Nukheila. These unconsolidated loose sediments are to be removed to
settle the slope stability. Taking account of the ﬁrobahie géotechnical
problems in the huge amount of ‘debris and th_é faults on the slopes of the
proposed two damsites, the following dre concluded; (1) - Lower pr"i’orify
is given to the Mujib dam, (2) Retehtion'-hei’ght of - the Nukheila dam which .
is believed to be 43m from the wadi bed (Refer to the Report of "Rast
Bank Jordan Water Resoufces", Vol.3, 1965) shall be carefully examined by
the future geological investigations and (3) Construction scalée and type
of dams will be carefully studled and selected on the basis of the
further feasibility study. ' B
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5, CONSTRUCTION MATERTAL

5.1 Construction Materials

o Based upon the geological and topogréphical conditions in the Study
Area,_ﬁhegprqposed dam type is anticipated to be a rockfill dam with
earth core and earthfill dam or concrete gravity dam from the engineering

and economic points of view.

The rockfill type dam and earthfill type dam will be selected
because the_cbnstrﬁcﬁibn materials such as focks ahd impervious materials
are easily obtainable within economic distance around the prospective
site, and alsc as Jordan has ample experiences in the construction of

rockfill_dams, such_as_King Talal, Wadi Arab, Kafrein and Khaldia dam.

- .The .concrete gravity type dam, on the other hand, will be_selected
in the case that the dam foundation has sufficient bearing strength and
if the diversion and or spillway works are costly from the topographic

and geologica1 conditions.

-The construction materials of the above dam type are the impervious

earth material, filter matérial, rock material and concrete aggregates.

The quarriéd rock materials from the massive limestone of Balga
group (B2) in and around each of the proposed damsites are available for

these rock material or concrete aggregates requirements,

As for the filter material and concrete aggregates, the alluvial
rivef deposit of gravel and sand which are scattered at the middle
through lower reaches of Wadi Mujib and Wadi Wala, is useful. However,
in ééée that the total quantity is not sufficient, it is expected that
the_addiﬁional Quérried and érushed material from the limestone and/or
Saﬂdsﬁqhé_wiii bé,required. Fﬁrthermore, fﬁr the concrete aggregates,
the épecial atténﬁion will be required to examine alkali reactive rocks,

i.e. some cherts, siliceous limestones., Also, with considerable caution,
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the concrete aggregates, i.e. products from alluvisl'river'deposits and
quarried'rocks should be viewed for undesirable components. such as

chlorides, sulphates, silts, clays and undesirable rock Lypes.

The diluvial terrace deposits around the damsites which eontain'much
fine materials with graveis'and'rock“fragmentszhold'ﬁromise for the
impervious earth core material and the homogeneous embankment of the
rolled earthfill type dams, There is some fear of sallne ‘and alka11
soils in the arid area having piping action owing to the colloldal
erosjon, Such "dispersive" characteristics of the above: 1mperv1ous earth

material shall be examined carefully in the future study stage:
5.2 Impervious Earth Material Survey “

The representative borrows of ‘the diluvial terrace depoSfts'sroﬁnd
the conceived damsites such as Wala, Rumeil, Sueida No.l, Nukheila and
Mujib damsite are examined by pitting with 5m depth for the avallablllty

as the impervious embankment ‘material by ‘WAJ.

The location of test pits are shown in Fig.E;lO.
Physical/classification tests, i.e., natural moisture content, speoific
gravity, particle size distribution, eoosistency‘tééf'oo:aﬁoot'35 samples
from the above 11 test pits are carried out at the laboratory of

Geotechnical Engineering & Materials Testing Co, in Amman,-

The results of all test pits logs and soil tests are summarized in
Figs.E~11 to E~16., These test results ‘indicate that thése materials are
mostly classified into GC, SC, SM, CL and ML in the Unified Soil’

Classification System,

Three important engineeriﬁg ﬁropefties of the“impervious'éarth
material are (1) permeablllty vhen compacted (2) shear strength when
compacted and saturated, and (3) compre531b111ty when compacted and
saturated. In addition, (4) workability as a constructlon_materlal has

been rated.
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Above (13851ficat10n results indicate the impervious or semipervious
to impervious as for (1) permeability, fair to good as for (2) shear
strength and (4) workability and medium to very low as for (3)
compre551b111ty, from which it is obvious that the soils from the above

borrows are suited as material for rolled earth dams,

HoWever, the ﬂatural m01sture content of soils from these borrows
ranges from 3% to 207 which are lower than the plastic limit that ranges
'from_l?Z_to 34%, Therefore, strong wetting operation will be required
forjembénkment of core so that it will be stable and at maximum density

when compacted.

Furthermore, "ﬁispe;sive“ characteristics shall be checked by

physiéo—éhémical'test and dr'pine'hole test in a future study.
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TE ST PIT No. 1
. USW-1 e
Depth : _ 3 m Location : Upstream (US)
Date : TramJuly 4 toJuly 6, 1985  WALA DA SITE

. B _— ~~~ g E @

gilg | B |8
PO _ o : : R g e §
1 a DESCRIPYION OF MATERIAL 5‘ :%1 P & |& %
A B < 9|38 8 |5kRE

' Eéﬁﬁggmg
. ' g |4 o o, 2 g O
l\\ _

f*t} 1 Brownish s0il, .very stiff .to hard with
R NE RALLET SOJ 2, VELY 11 4.9 22, .5 2.68 CL
1 fﬁ{ gravels of limestone and chert 4 2 . %

1] = below 2.9 boulders of grey chert

- t : - * .8 ’ .
2 \N\b' hi st , o of " 6 33.0 22.2 10 2.73 2393850.
| 3 }ALQ 6 50.0 25,3 24.7 2.67 2.43 18 &C

F.)

TEST PIT No. 2
Depth : __18n Location : Upstream (US)
Date July 8, 1965 WALA DAM SITE
| ol 21¥
2| DESCRIPTION OF MATERIAL 2 g g § g g
ANV ARE = R I N r%‘ 2 (3]
T E————— .
1 Brown soil, very stiff with grave 5
L, =T | vhitish GMAIKY LIVESTOE

Fig,E-11 ‘Summary of Test Pit (1/6)
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TEST PIT No. 3
| : DSW-1 LT L
Depth : _ 5  m ‘Location : Downstream (DS)
Date : From July 6 to July 8, 1996 WALA DAM STTE
G . S _ . 2 "l g g .5}
2 13 DESCRIPTION OF MATERTAL 5 E B : ]
B EE Frsld e (g |8 ke
o _ g g P E g 19§ Bg
= A m ~ g‘ ‘g“' 2 ‘__o
Brown soil, very stiff to hard witn g R
: A 38.824.1 14,7 2,72 2.
pravels and cobbles of chert and & 8241 14.7 & 45. 7w
limestone S e o
' 9.8 36.8'20,015.9 2.722,38 39 (L
1.4 3852216.3 2.722.45 63, a1
0.1 40.419.9 0.5 273238 37 ¢
| 9.8 42.020.6 2.4 2.682.48 4 S
TEST PIT No. 4
| USR-1 T -
Depth : 5 m Location : - Upstream (US)
: . RUMEIL DAM SITE -
Date From July 14 to July 17, 1986 - ® S .
R
| - BN B R o -
G DESCRIPTION OF MATERTAL S Gl TR R = - f‘;
E 318 % 515 2818 |4
2 % ; B "é’% 2l a1a 8|8y
{5184 Jg 214 |88
MR R A L
E0S - _ |
N | Brown to yellow soil of silty cl . :
LN to yellow soi silty clay . _ o
PN SELTE by vory SUIET with white 14.2 37.5 22.5'15.0 '2.71
"\_ inclusions of chalky marl : e
AN 13.6 3.421.616.8 2.73 - 9. CL
N ) :
SN ' .
LN 16.4 34.319.414.9 2.73 . W CL .
‘ﬂ\k ' S
K4 18.0 2.720.6121 2,73 98 O
AN L
PENE 12.8 37.3 0.3 17,0 2.72 9% Ol

S THE HASHEMITE KINGDOM OF, JORDAN
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TEST PIT  No.5
Depth : __ Sm USH-1 - Location : Upstrean (US)
_Dat_e i From June 17, 1986 to June 19, 1985 MUWIB DAM SITE

o NEERE
| AR R
’é‘ . o H ) ‘4.3 g 'g '8
v.gg  DESCRIPEION OF MATERTAL i al5 |6 |4 &
- ' : ' e Q Q g =1
FlEE s (4|89 |9 |BES
BERREE R NI N
i I el s 2B
NN L |
1 [N | Light brown soil of SILTY CLAY, 109
- QN | ver stife with gravels .9 27.3 21,1 6.2 2.72 79 CL.ML
RR 05 e .
[ o \20).03 Cobbles, pebbles and gravels of 12,4 32.8 22.1 10.7 2.72 24.8 18 ¢C
' °\Q . limestons, chert and basalt '
L3 NNY - 130.821.4 9.4 2,
-i\\ Brownish soil of SILTY CLAY, stiff 181 %0.82.4 9.4 2.74 %
\\\\\ © to medium stiff :
AN 11.1 36.5 21.1 15.4 2.73 % L
N .
N
L5 NN 19.9 36.3 22,1 13.2 2,73 79 CL
TEST PIT No. 6 _
Depth : _ 2.3 m =2 Location Upstream (US)
Date : From Juie 21, 1986 to Jue 23, 1986 MWIB D1 SITE
=] =219
G . DESCRIPTION CF MATERTAL g ol g g g g
RS |E 125 g
4] 4] = Y
E 3] ol . . o
A % g — E Té- iE K E ﬂ g gg
: L = [+ B 1, O
TN | Gravels and boulders of limestone
-1 . X 9.023.220.8 2.4 2.7 2.5 5 &
:Q\ and chert with brown soil
- 2 O\\g - boulders size increase with depth 7.6 22.5 N.P. 2.7 2.4 1 G
]

‘Fig.E-13 ' Summary of Test Pit (3/6)
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TEST PIT No. 7.
Depth ¢ 5 m USH-1 Location Upstr*eam (Us)

NUKHETIA DAM

SUT

Date * From June 1, 1566 to June 11, 1986

Depth : 2.8 m

Date : From Jue 11, 1986 to June 16, 1986

Location : Downstream (DS)
' NUKHEILA DAM STIE

— — g. E Q : —..T
BIg | & ,g 2P
E : ; S e o | E N S 8
2 14 DESCRIPTTON OF MATERIAL - g E B b g
E % R : T — 5 q .18 Q =8 &
418 g 51880080 d
2 |4 a l& 8 E g
\l[\w Brownish soil of SILTY CLAY, hard with R c
-1 \\ gravels of limestone, chert and basalt 8.9 40.1 26.413.7 2.722.43 €0 M
9 a B . §
\ Brownish to yellow soil of CLAY, hard . -- "
.2 § with nolatons of chalky narl |09 5.9 6153 272 % oL
Q
L 3 x 7.8 25.6 22,4 3.2 2,72 60. ML
AP XN o L 12,5 0.6 19.81L.0 2.72 - 84 €L
\ Brownish to grey soil of CLAY, hard
L5 \\ . - | 8626.7 181 86 2.69 . ' 50SC.SM
TEST PIT No.B8

LFPH (m)

DESCRIPTION OF MATERTAL

SYMBOL
SAMPLE

WATER OONTENT

Liqud Limit (%)

Plastic Limit. (%)

{Plastic Index )
Speciﬁc Gravity(1)
Specific Gravity(2)

Unified
Ciassification

N E Gravels of basalt, limestone and chert
N with brown silty clay 11.0 41.3
N Brownish soil of CILTY CLAY, hard ' y
with gravels of basalt, limestone
g—% and chert - _ 12.3 37.4
B Gravels and boulders of basalt,
NINB lirestone and chert with silty clay
N\ N\ /’“ 8.6 35.8

\ B

20.6 20.7 2.72 2,50 63 (L

19.917.5 2,69

23.512.3 2.69 2.8 2 &€

75" CL
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TEST

_ PIT No. 9
Depth : otom _ 1 Location Upstrean (US)
: Date.: - st 5, 1986 SUEIDA DAM SITE
1 | NN EEERE
E Sl - P r 5 8
2 (4]  DESCRIPIION OF MATERTAL : Al% 5 a
: el . BB i
_ ' 918 1a | o
| AERRR AT Y
) . y = a [sH a, ﬁ (&
%Q : Brownish SILTY CLAY, with gravels and
-1 N coobles of chert and crust 9,4 62,5 34.318.2 2,50 2.42 33 M
i ‘Rock (CHERT) depth from surface
between 0.7n to Im
TEST PIT No. 10
Depth : __ 4 m w2 Location : Upstream (US)
~Date : TFrom August 5 to August 7, 1986 SUEIDA DAM SITE
1 3 P I G
€ | | § : DESCRIPTION OF MATERIAL ol ® g _ §
clgle LR §
E %g ' I3 oé‘ﬁgﬁgﬂ
o , . by
BRI ARIN IR AL
_ = hE| . [°H 3 gﬁ
Light brown SILTY CLAY, stiff
-1 Gravels and oobbles of chert 4.6 25.3 18.6 6.72.64 2,51 20 SC.SM
{boulders of light fossilifercus _
- 2 limestone at 2.15m to 2.5m) 2,7 21.0 17.4 3.6 2,61 2.46 4 GC.H
_ Light bromn SILTY CLAY, stiff
- 3 : - 6.5 24.2 19.9 4.3 2.65 2.44 24 SC.S
- \, - Gravels and cobbles of chert :
L 4 o090 3.5 23.6 17.6 6.02.65

‘\Rock {(depth varies from 3.7n to 4m) /

2.48 12 5C.2M

- Fig,El15 . Sumfnafy of Teét Pit (5/6)
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Fig.E-16  Summary of Test Pit (6/6)

TEST PIT No. 1t _ _
Depth : __,,__2_'_';;._‘_]“ DES-1 LOCB.‘E&.OI;] : mmﬂ (IB)
Date : gyom August 21 to August 28, 1985 ' ' SUEIDADAMSITE
N <182 1§
:g : k2 43 . Pl - g' § s '5
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. . g 4 & |a ' | £ ga
\\\ l . )
3 - Light brown clayey silt, very stiff o S k
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MR As above, with gravels of chert and
SESE T : R .
PN boulders below 1.6n depth 14 40.0 27.2 21.8 2.76 280 67 (L
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|
.
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1, INTRODUCTION

The surface water resources of the basin of Wadi Mujib consist of
the base flow and the flood flow., The base flow is perennial flow which
is mostly dependent on the shallow aquifers seen only on the lower most
reaches in the basin, and the discharge, approximately 1,im3/s is small
but it is almost constant. '

_The flood flow which is only observed in the rainy season from
November through April has a total discharge of 65 MCM/y on average. It
is extremely small compared with the size of the basin (6,750km2).
Majority of surface flow, both base and flood flow, are discharged to the
Dead Sea without being used. Considering the limited availability of
water in the Hashemite Kingdom of Jordan, together with a viewpoint that
water resources are essential to attain national socio-economical goals,
the potential of the surface water resources development of the Mujibd
bagin is examined and the maximum available development plan by dams is

gtudied in the master plan level in this Study.

The Study Area, the Mujib watershed shown in Fig. F-1 includes Wadi
Wala {catchment area: 2,050km2) and Wadi Mujib river system (catchment
area: 4, 700km2) which join at a point approximately 2.5km from the Dead
Sea, There are many tributaries of 'Wadi Wala and Wadi Mujib originating
on highland, ranging from 700m to 800m in elevation, and various conceiv-
able dam sites. Although various dam planning to meet the full utiliza-
tion of available and reliable surface flow by means of direct storing
and .rechargihg the ground water or the base flow can be imagined, the
most desirable dam planning, including the site, scale, type, design of
the dams, should be established from the technical and economical point

of view,

For the above purpose, an examination is made for selection of the
most effective and advantageous dam sites, preliminary design and cost
evaluation of the selected dam plan, etc, This Appendix F presents the

datails of the above examination.



2. POSSIBLE DAM SITES

2.1 General

For the purpose of the selection of advantageous dam sites for the
maximum use of the surface water, the evaluation of all conceivable dam

sites in the Study Area was carried out.

The basic purpose of the planning works of the dams is to contribute

in meeting water demands such as;

- recharging of groundwater or base flow to reinforce the water

source of the municipal water supply, and
- storage for irrigation water or any purpose

which include the compensation of the reduction of baseflow due to the
future plans such as the water supply by pumping up of base flows at the
lower reaches in Wadi Heidan and ground water development in all the
Study Area,

Based on the evaluation for the above purpose, the dam sités, which
are possible to make maximum use of the valuable surface flow and also

advantageous economically and engineering technically, are tried to be

selected.

The examination of conceivable dam sites in the Study Area, i.e.
screening them through a rough evaluation of the topographic, geological
and hydrologic conditions, detailed evaluation and final selection of dam
sites, etc, are detailed in the succeeding sections.

2.2 Conceivable Dam Sites in the Study Area

The basin of Wadi Mujib, the Study Area, is located to the south of



the capital city Amman. Wadi Mujib river system con31sts of Wadi Wala
(catchment area: 2 050km2) and Wadi Mujib (catchment area: 4,700km?)
which ‘join at a point approx1mate1y'2 Skm from the Dead Sea, A1l the
Lrlbutarleo of Wadi Mujib originate on highlaad, ranging from 700m to
800m in elevation. These tributaries flow down, joining one after
another with comparatlvely gentle slopes on the highland, and with steep
slopes in the middle and lower reaches through canyons and gorges, Ele-

vation of the estuary is 399m below sea level as of 1985,

The_basin_belongs to the semi-arid area. Yearly precipitation
varies from 350mm in the north western corner to 50mm or less in the
south—eéstern corner, and about one half of the basin receives only less
than 150mm, - Upper and middle reaches of most of the tributaries are dry
in the dry season, but éarr?'flood discharge in the rainy season from

November'throughfﬂpril,'

Estimated:éVErages for annual flood run-off are 29 MCM and 36 MCM at
Wadi Wala and Wadi Mujib respectively.

Perennial base flow which is mainly dependent on the aqu1fer systems
of BZ/A? (Ajlun and Balgqa group) and X (Kurnub group), is seen only on
the lower meost reaches, ranging from 350m (B2/A7) to Om (K) in elevation.
The annual discharge from each aquifer system is comparatively constant’
and estimated at approximately 25 MCM (Wadi Wala), 10 MCM (Wadi Mujib)

réspectively, and giving a total 35 MCM at downstream of the confluence.

Firstly, all of the conceivable proposed dam sites are selected
solely in view of the rélatively favourable topographic condition for dam
construction and reasonable storage capacity to be obtained from there on
the general topographic maps on 1/50,000 scale, as shown in Fig. F-1.

 These conceivable sites amount finally to 20 which include the dam
Sites'propbséd~before, such as, the Rumeil, Nukheila and Sadir sites, as

well as the existing Qatrana and Sultani dam sites as follows:



Wadi Wala baéin

L3 L]

~ o B TN e
-

-

Wadi Mujib basin 3.
: o

10.

11,

12.

13,

14.

Siwéqa S dam

15.

16.
17,

18,

19,
20,

3

Wala dam .
Rumeil dam
Zeinab dam
Halq dam

Hammam dam
Sadir dam
. Shabik dam

Mujib dam

Nukheila dam

Sueida 2 dam

_Sueida 1 dam

Siwaga C dam
Siwaga N dam

Siwagqa S dam

Qatraua ﬂém

Qatrané (Exist.) dam
Dabb'a dam

Khabra dam

Sultani Qam

_Sultani (Exist.) dam

Appropriate dam sites are not available along thefiower'reaches_of

Wadi Mujib in the area wastwards of Kings Highway.

2.3 Screening of Dam Sites

Following the above selection of the conceivable.dam'sites in_the

Study Area, screening of these dam sites is made on the follcwing

considerations;

(1) Geological and Hydrogeological Condition

As mentioned in Appendix E in detail, most of the above conceivable



dam sites are located in the limestone terrain,

In general, the reservoirs in limestone terrain are classified by
function asj

- storage reservoirs

flood-control reservoirs

dnfiltration reservoirs (percolation ponds)

A storage reservoir holds water for future use and the loss of water
must_bé kept within acceptable limits,

A flood-control reservoir temporarily stores flood watér, and
reservoir water losses are not important if the reservoir parts are not
endangereﬂ.and if the iﬁcreased_flow of formation of seeps and springs is
tolerable..

An infiltration reservoir leaks the stored water to the ground-water
system and seepage is.eucouraged'up to the point of not endangering the

reservoir parts.

Furthermore, reservoirs may be classified hydrologically into three

major categories as shown in Fig. F-2, which are;

-~ perched reservoir
~ semi-perched reservoir

- confined reservoir

This classification is very basic, and any given reservoir may
1ncorporate more than one type and grade from one o another because of
the geology, hydrology and topography of the reservoir area, The floor
of a perched reservoir is located at some distance above thg original
groundwater table. The water-holding capability of the reservoir depends
upon the reservoir floor and rim being impervious or the permeability of
the bed rock and surf1c1al deposits beneath the reservoir b91ng low

enough to enable. a groundwater mound to build up beneath the reservoir.



The amount of éeepage from the reservoir necessary'tq:buiiﬂ and maintain
the groundwater mound must be evaluated as a water loss. This reservoir
condition is common in Karstic area, and all selected concelvable
reservoirs except Nukheila and Mujib in the Stndy Area seem to belong to

this cla581f1cat10n.

The f£loor of a semi-perched reservoir is located -adjdcent to the
original groundwater table, The grouﬁdﬁéter table may'slbpé:gently aﬁay
from or toward the valley. Again like the perched reservoir the water-
holding capability of this type of reservoir depends upon the reservoir
floor and rim to impede the flow of water avay fromithé'reServOir{

Nukheila and Mujib reservoirs may belong to this type.

A confinéd reservoir is a reservoir locétéd:entirely'within'a'
depression of the groundwater table, except in the'vicinity of the valley
barrier., The original groundwater table rises above the reservoir rim
and provides a natural hydrologic barrier to the movement of the
impounded water away from the reservoir. Thié.tjpe'of“resefﬁdir is the
most suitable type to store water, but in the Study Area, it is limited
to the lowest reaches of Wadi Mujib where no suitable dam sites are found

due to the topographic condition.

The.groundwater level and the river bed level at"éaéh dam sité isg
shown in Table F-1.

The conceivable 20 dam sites in the Study'Areé are located in the
limestone terrain where the representative geological unit are such as
B2, Bl and A3 formation., Among them, large Lugeon unit, 40 to 100 or
more of silicified limestone sub-unit (B2a formation) and the phosphorite
limestone sub-unit (B2b formation) is due to rich and irregular
distribution of jointsfand‘kartificatiOH in the 1imés£0neé-and not
favourable for the year-round storage’ by the normal treatment of dam
foundation and reservoirs, - '

From the v1ew—p01nt ‘of above geologlc and hydrologlc condltlons in

consideration of funct10ns,-20 conceivahle dam 51tes are ranked -ag



follows;

:_Rank_ Dam . Gological condi- Estimated
Name : tionoffoundation  infiltration Remarks
& reservoir (mn/day/m/kn?)
A Hammam, - covered by thick Negligible Perched
Sadi; imperviocus strata Reservoir

' Qatrana (Exist.)

ey

B Mujib,_ A3 formation 0.5 Semi-

Nukheila _ perched
o Reservoir
C:'Khabfa B2b formation 1.0 ~ Perched
| Siwaqa C; ' Reservoir
Siwaqa N,
Siwaqalsa
_ Shltaﬂi,

Sultani (Exist.)

D *Wala,.Rumeil, B2a formation >5.0 Perched
Zeinab, Halq, : Reservoir
Shabik,

Sueida 2, _ Shallow
'~ Sueida 1, ' ' ground-—
Qatrana, . water

Dabb'a table

,.'Amoﬁg the-abdvé fanks, D rank dam sites except Wala and Sueida 2 are
SiEVéd ﬁut_because.fhét the infiltration (percolation) is too big and the
infilfrétéd.water seem to be of little advantageous to the aquifer
SyStémé.gg the base flow becauée the ground water table is very deep, at

100m. Also in case of D rank dam conmstruction, the special treatment of



dam foundation and reservoir will be necessary and costly to store.the
flood flow effectively,

However, only Wala and Sueida 2 dam sites are located in the
condition of shallow groundwater table such as 10m and the'leakee water
from both reservoirs will join the. gfoﬁndwater system resulting-in
increasing the base flow at the lower reaches of Wadi Mujib. Hence, Wala

and Sueida 2 dam sites are reconqldexed

From the view of the stability of dam and;reServeir, unstable thick
debris, which overlies the A3-6 formation are widespread along ‘the toe of
both banks at the dam site of. Mu31b and at the left bank of Nukhella.
These unconsolldated loose sediments are to be removed to settle the
slope stablllty. Especially the r1m.and_abutment portions of qulb dam
site are covered by huge amount of this unstabie debris and show some

traces of land sliding.

From the above geological conditions, the dam:siﬁefef'Mujib is
screened out and  the height of Nukheila dam shall be examined carefully
for the future study,

(2) Hydrological Condition (flood runoff)

The Study Area is located in the semi-arid ereaﬁwhere yearly
precipitation varies from only 350mm in the northhwesterﬁ terner to 50mm
or less in the south-eastern corner, and about one half of the basin
receives only less than 150mm. Only flood run-off are discharged to all
the conceivable reservoirs, and no base flow discharg occurs. As shown
in Table F-1, the most frequent flood runoff of Sadir, Shabik} Siwaga N,
Siwaqa S, Siwaqa C, Sueida 2, and Sueida 1 are each less than 1.5 MCM/y
due to the limited precipitation and limited catchmeht area, and it seems
that the available potential water by the constructlon of. the above dams
is estimated to be less than 0,7 MCM/y respectlvely due to the high
evaporation and percolation losses. So the above 6 dam sites except

Siwaga C are 81eved out by the reason of the above hydrologlcal

conditions,
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‘Siwaqa G dam site, out of the ahove dam sites which were classified
as small. flood runoff reservoirs, still remains because this reservoir is
located on the most favourable situation for recharging of Siwaga well
field even though the annual inflow and effective water for recharge are
comparatively small, about 1.3 MCM and 0.6 MGM respectively, Further
study 1is required.

(3) . Socio-economic Problems to Submergence

Once a dam is constructed, the land in the prospective reservoir
area is submerged and the existing and future land use and social
activities will be affected accordingly., Anticipated issues of the

prospective reservoir are as follows;

Rumeil reservoir: Private farm land (1.7km2) and -private
' wells (3 Nos.) _
Halg reservoir: Desert Highway and bridge

(retention level: El, 670.5m)

Siwaga C reservoir: Wells of WAJ . (2 Nos.)
Dabb'a reservoir: Highway (Qatrana-Karak) and bridge
. (retention level: El, 657.1m)
Sueida 1 reservoir: Wells of WAJ (2 Nos.)
Siwaga S reservoir: Railway (retention level: El, 761.5m)
Qatrana reservoir: Desert Highway and bridge

' (reténtioﬁ level: El, 768.6m)

Sultani reservoir: Factory and houses
(4) Utilization of Surface Water

From the view point of the purpose and functions of dam construction
in thé.Stﬁaj Area, all the conceivable reservoirs have common purposes of
flbdd—;oﬁtfél, storage water for the municipal use and irrigation, and
fechafgihg'the existing and proposed well field for the municipal water

supply and irrigation.
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The favourable reservoir 51tes for the above purpose and functlons
are picked up in accordance with the study results of hydrogeology,

location and land condltlons as follows;

For the irrigation purpose : Zeinab,. Sadir
' Wala, Rume11
Hammam, Qatrana (Fx1st )
For the recharging of well : Siwaqa C, Sueida 1
field and base flow Qatrana_(Exist.)
o ‘Sultani (Exist,)
Rumeil, Wala .
Nukheila, Sultani
For the municipal and P Khabra, Nukheila

industrial water supply Wala, Rumeil

Final 1y, based on the above all synthetic studies, 13 dams are
Seived out and the following 7 dams are picked up as the promising

surface water development schemes;

Wala dam

Hammam dam

L]

Siwaqa C dam

Khabra dam

Nukheila dam
Qatrana (Exist.) dam
Sultani (Exist.) dam

-

~ O N

Among the selved out dams, the Zeinab site w111 be the most favourn
able and attractive plan for the highland 1rrlgat10n 1n v1ew of the
hydrologlc and land conditions. However,_the geology of the B2a forma-
tion composed of alternating silicified 1imestone, cﬁert ahd chalky marl
with frequent joints, cracks and . caves, is too hlghly perv1ous to. store
the flood flow effectlvely by the ordlnary foundat1on and reservolr

treatment, so thls site is screened out in thls stage.

- If the relationship between the percolated water and the groundWater_
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system or the base flow could be clearer, this scheme has a chance to be
recqnsidered because this scheme will be very attractive with the
combination of Wala dam scheme so that the flood flow could be used more
effectively.
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3. CONSTDERATION FOR PRELIMINARY PLANNING OF DAMS

In the preceding Chapter of ™"Possible Dam.Sites," it dis fbund that
the seven dam sites of Wala, Hammam, Siwaqa C, Nukheila, Khabra, Qatrana
existing and Sultani ex1st1ng sites have the p0351b111ty to be developed
with the suitable and beneficial combination for the maximum use of flood
flow in the Study Area,

In order to evaluate a definite development plan of the dams at the
above dam sites, the study of the available water and the possible scale

of each dam is made.

The study is based on-the'topographic maps in the proposed reservoir
area with 1/7,500 and 1/15,000 scale using areal photogfaphs, Whi¢h are
used for measuring reservoir area and water storage'capacity as shown in
Fig. F-3 to Fig. F-5 and Table F-3 to F-5. '

The site topbgréphiC‘and geological conditions as well as
percolation parameters of the proposed dam sites and reservoirs are
examined by the site geological reconnaissance, dam boring and the
profile survey, which are summarized in Fig. E-4 to Fig. E-9 of Aﬁpendix

E "Engineering Geology".

The monthly flood inflow to the proposed dam sites is estimated by
using the rainfall and discharge records observed in the Study Area for
26 years from 1960 to 1985, The evaporation loss from the reservoirs and

sediment are also examined in detail in Appendix B "Hydrology".

For the planning of dams, the definition of the resefvoir.wéter
level and storage capacity applied to the study is shown in- Flg. F-6 and
as follows; |

Normal high water level: To determine the scale.of-eath'dam, the
most frequent annual flood runoff (annual runoff of 2 year return period)
is selected as the effective storage capacity tentatively to use the

flood runcoff more favourably.
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The spllleay with a non-gated overflow weir is adopted due to the
Safety and ea31ness of flood control, and the normal high water level
(NHWL EL.,) corresponds to the crest elevation of a spillway overflow

weir.

Low water level: The low water level is determined on the basis
that the dead storage capacity corresponds to the horizontal
sedimentation within 50 years, The annual average sediment in the

project area is asstmed to be as much as 1.0% of the trapped water.

Maximum water level and dam crest elevation: Dam crest elevation
corréépéﬂds'to the crest elevation of the impervious zone tentatively.
Furﬁﬁefﬁére;'the dam crest elevation is designed as 3m and 5m above NHWL
inicasb”éf the flood peak discharge of less and more than 1,000 m3/Sec
(200 Yeérfreturn period) respectively, The spillway design is made so
that the flood flow is discharged within the maximum water level (MWL),

about 1lm below the crest elevation.

‘As for the type of dam, the following filltype and concrete dams are

con31dered

Type A: Rockfill with thin center core
Type B: Zoned rolled-fill (with thick center core)
C: Homogeneous earthfill '
 Type D: Rockfill with surface membrane

Type E: Concrete gravity

Typical sections for the above 5 types of dams are shown in Fig, F-
7. The Type A with dam height over 30m and Type B with dam height less
than 30m are adopted tentatively for this planning study because the
topographic and geological conditions are technically better suited, and
other types would be more coétly than these two types, Furthermore, the
cohstfﬁctibn materials such as rocks and the impervious materials can
easily be obtained within the ecomomic distance around the prospective
sites. 'The cﬁncreté dam type, i.e., the normal concrete gravity dam and

the rolled concrete dam are considered. ' However, the total construction

F-13



cost is higher than that of the filltype dam because the huge excavation
works for the dam foundation is required even if considering the spillway
and diversion works to be easy and not costly. Also the fly ash which is
needed for the rolied concrete dam is not produced in Jordan, so the

rolled conrete dam is not preferable.

Jordan has ample. experiences in the cénstruetion=of'roékfill_dams
from the 1960's as shown in Table F~2, and Fig. F-8, These existing
dams, especially such dams constructed recently and relatively in'lafge
scale, i.e,, the King Talal dam, Wadi Arab and Kaldia dam;will_indicéte
the advantage of the filltype dam in the condition of the limestone
terrain in Jordan, Furthefmore,,these_existing_dams;éuggeét,the_many
design parameters of the filltype dam such as the slope of dam, the
foundation treatment and the availability of construction materials_in

the master plan level,

The water operation trial studies of 7 picked up daﬁ schemes
including existing dams of Qatrana and'Sultani_are;carried'out to
determine the direction and strategy of surface water use over the whole
Mujib basin as well as to estimate the availabletsurface water reéources;
using the hydrology data. i.e., the flood runoff, evaporation and

percolation, which are detailed in the Appendix B "Hydrology".
In order to design the spillway roughly, the peak discharge 6f'200—

year return flood is adopted, which is very large in comparlson w1th the
annual average flood runoff, as shown below;
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Catchment Average of 200-year flood

Dam site area annual runoff peak discharge
| (len) (uH) w3/s)
“Hammem 340 2,15 620
Wala . L,770 21,52 | 1,550
Siwaqa C 440 1,32 525
Rhabra . 290 9.01 490
Nukheila 3,560 26,15 2,250

Qatrama . 1,490 4.96 630

Al1l abqve,examination results are presented in the next Chapter and
sunmarized in_Table F-6. '
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4, PROPOSED DAMS

4,1 Wala Dam
4.1,1 Topography and geology

The damsite is located on the Wadi Wala, about 4km upstrﬂam‘frbm the
Wala bridge where Kings highway cross the lower reaches of Wadi Wala,
The left abutment rises at a uniform slope'of'S;io degrees from the
bottom of the wadi to the top of the hill, while the right abutment rises
steeply with a uniform slope of 35 to 45 degrees. Npoase'flow;is

recorded throughout the year.

The left abutment is covered with.thick:dhconsolidated loose
sediment of debris of which thickness is estimatéd at about 15m, The B2a
formation, which is composed of alternating silicified limestone, chert
and chalky marl, outcrops extensively along the steep cliff of.the:right
abutment. The bed strikes N80W and dips 1ON. 'The_chért layers are
fractured with some open cracks, Alluvial river deposit of gravel and
sand, widely covers the wadi ﬁith a thickness of about 13m, Thé.Bl
formation, which is composed of marls with less permeability of 1 to3
Lugeon values, is located at the depth of 15ﬁ in the borehole BW-2, ‘The
B2a formation, which is considered to be a very pervious layer, outcrops
intensively in the reservoir rims, Close attention will have.to be paid
to the probable high water leakage through the B2a formation which

outcrops both at the damsite and on the reservoir rims,

Impounded water behind the dam will mostly leak from the reservoir
area and the dam foundation through the lower part of the A and B2a
formation, of which the percolation estimated roughly 5 mm/day[m/kﬁz or
more, However, there is the impervious B2 formation Iyiﬁg underneath the
B2a formation. The upper portion of the base flow of the Wadi Wala is
fed by the groundwater which flows on this_BZ.formation. .Hence, the

leaked water from the propdsed Wala reservoi, 579 join this groundwatér

flow exactly resulting in increasing the base flow.
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4,1.2 . Selection of dam type

_The foundation rock consists of mainly silicified limestone of which
shearing strength is favorable and under such condition of the
f_oundéf_ion;' both a concrete dam and a filltype dam of considerable size
will be technically possible, However, alluvial river deposits and loose
sediment of debris on the left bank reaches to 15m in depth which
requires the huge excavation works for the fresh rocks., The necessary
materials of the filltype dam are available from the quarry rock of the
massiye.limestone and from the borrow of the diluvial terrace deposits
around'the dam site. 'The total construction cost is compared foughly for
a filltype dam and a.concrete gravity dam by estimating the dam volume in
the typiéal typé respeétively, which are 92.0 x 104m3 and 27.5 x 104m3,
so it is obvious that a concrete gravity dam is more costly than a
filltype.dam, Therefore, a standard zoned rockfill dam with the center
core which was adopted for the King Talal and Wadi Arab dams is selected

as ‘a type of the dam to be constructed at the Wala dam site.
4,1,3 Preliminary design of the dam

' The“préliminary design established is given in Fig., F-9, The

prihCipal'features of the proposed Wala dam are as follows,

- A, Reservoir
o Catcliment area: 1,770 ka®
" Annual average inflow:  21,52MCM
Most frequent annual
inflow (2-year return):  19.31MCM
Normal high water level: El. 534.0m

' Low water level: Fl. 519.0m

Reservoir area: 2.25 kn?

Dam type: Zoned rockfill type with center core
Crest level: El. 53%.0m

Dam height: ' 55m from river bed level (E1.484.0m)
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Dam slope: : UPSLEXeam seeeesse 1:2;5
downstream .eeeee 1:2.3 -

Dam volume: - _ 920 x 103 3
Effective storage: 19,3 MCM excludlng flood control
volume.

Dead storage -
(Sediment volume): 9,65 MCM

Core trench depth: 15m maximum

C. Spillway

Design flood: - 1,550m3/sec : S
Type: Non-gated side overflow type
0verflow crest length iZOmj N

Overfilow crest lével: . El, 534.0m

Furthermore, the diversion tunnel which is considered also as a

water supply tunnel is designed roughly.

In accordance with the sumilation of reservoir operation, the volume
of percolated water is estimated to be 16,9 MCM/y, As considered in the
preceding Chapter and Appendix C "Hydrogeology . thls percolated .water
will increase the groundwater potential in Heidan basin by 11 MCM/Y,
wvhich is composed of recharging to the shaIIOW'aqulrlfer of B2a and to
the deep aquifer of A7, and remalnlng water will 1ncrease the surface
water during the rainy season. Therefore, this Wala dam scheme is
proposed for the municipal water supply purpose by pumplng up of the
groundwater or the base flow, and for the irrigation purpose. .

For the purpose of developing the flood flow at the middle teaches
of the Wadi Wala, two dam sites are envisaged; one is the Rumeil'site
which had been proposed before and the other_the'Wala_site which is

proposed in this Study. Of them, the latter is preferable to the former
for the reasons that;

(1) Available storage capacity is much the‘samé,
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(ii) Storage efficiency of the Rumeil site is much better. But there
are existing three wells and 170ha of vegetable farms irrigated by
the yell water which could be inundated by the dam, whereas, there

is none of such existing facilities in the Wala reservoir area.

(iii) Available regulated flow of the Wala site is a little larger than

_ that of the Rumeil site because of the size of catchment area.

(iv) Percolated water capacity from the reservoir is much the same, but
percolated:water from Wala site seem to be exactly and easily used
to-the demand than Rumeil site,.because the former is located near
to the demand area. Further detailed studies on feasibility study
‘level will be recommended to this Wala dam scheme as soon as

possible,

4,2 Hammam Dam
4.2,1 Topography and geology

The damsite is located on the Wadi Hammam, which is a major
tributary of Wadi Wala, and located about 10 km south-east from the Alia
International Airport. This damsite is located in the flat wadi with a
gentle slope of 5 to 10 degrees. No baseflow is recorded throughout the

Year.

The whole area .including the damsite and the reservoir is covered
with thick alluvial to diluvial deposits of about 10m thickness,
therefore, no outcrops are found in the area. The diluvial deposit,
which.is-composed of clay and silt including some gravels and pebbles, is

considered to be impervious. -
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4,2,2 Selection of dam type

From the topographic condition, the dam will be very long along the
crest being about 2,7km and the embankment volumé*becbmeS'ﬁﬁge at about
(0,7 MCM. The dam helght from the river bed level will be only 13m or
“more. The impervious to sefii-pervious materlals of alluvial to diluvial
deposits are available just near the dam site, As stated in the
geological c0ndition, a-concrete dam will be technically and economically
unsuitable due to insufficient foundation strength or huge excavatlon
volume, Therefore, a fllltype dam, espec1ally ‘a homogeneous earthflll
type or a zoned rolled-fill with thick ceriter core will have to be

selected.
4.2.3 Preliminary design of thé dam |

The preliminary design established is given in Fig.F-10, The

principal features of the proposed Hammam dam are as follows,

A, Reservoir
Catchment area: 340kﬁ2
Annual average inflow: 2,15MCM -
Most frequent annual ) 7
inflow (2-year réturn):' 1.91MCM
Normal high water level: El, 710.0m

Low water level: El, 707.5m
Reservoir area: l.ASkmz
B, Dam

Dam type: _ Zoned rolled--fill with: thick
center core

Crest level: Fl. 713.0m

Dam height: 13.0m from river bed level
(E1. 700.0m)

Dam slope: upstream .......1:2,8

downstream .....1:2.5
Dam volume: ' 680 x 10°m3
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Effective storage: L.5MCM excluding flood control

_ volume

Eead storage
(Sediment volume): 0.75MCM

~ Core trench depth: 3m maximum

C. Spiliway . _

Design flood: 620 m>/sec
Type: Non-gated side overflow type
Overflow crest length: = 120m
Overflow crest level: EL, 710,0m

Theﬂdiversion-wdrks in the construction stage will be possible
without the diversion tunnel, The impervious alluvial deposits of about
5m or more in the whole reservoir area will have the sufficient function
of.the blanket to protect the leakage of the storage water, therefore, no

foundation treatment such as grouting work will be required.

The available storage water with 80% reliability is estimated small
as only 0.8 MCM/y., By the agricultural study under the present study,
efforts were made to find out the areas suited for the highland
irrigation farming mainly in view of the topography, soil, land
classificétion and water quality. As a result, the largest block of
possible area is found in the northern part of the Mujib watershed
centering about Dabah, Selected conceivable dam sites around this area
are.Zainab, Sadir, Halq, Shabik and Hammam sites. However, every site
except Hammam are located on very permeable geology both for dams and
reservoirs and they do not suit for the storing purpose of flood inflow,
and also the peréblated-water does not increase groundwater or base flow
due to:the perched reservoirs where the groundwater level is as deep as
100m or more and due to the large distance from well fields, Only the
POSSibiiity is left for the Hammam site. By the reason that the
available flood flow by the dam construction is very low compared with
thé Qonstruction cost, a carefull study for the irrigation project will

be required in future.
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4,3 Siwaqa C Dam-
4.3.1 Topography and geology

The damsite is located on the upper most reaches of Wadi Sueida,
about.(LSkm upstream from the Siwaga bridge where Desert.Highway crosses
the wadi, The left abutment rises gently with a slope of 5 to 10
degrees, while the right abutment rises rather steeply with a slope of 30
degrees. ~ No baseflow is recorded thfoughout the year and the groundwater
table is located at about SOm below the surface.

The bedrock of both left and right abutments is composed of uniform
Coquina bed of the B2b formation with thickness of 20m, The.chert'iayer
in the B2a formatiom which outcrops on the wadi bed is covered with
alluvial deposit. The reservoir area is covered with thick diluvial wadi
deposit which is considered to be an'impervioué layer. The reservoir
“area is located in Siwaga well field where two excellent deep wells are

being used for the water supply to Amman,
4.3,2 Selection of dam type

Both a concrete gravity dam and a filltype dam will technically be
possible to be constructed under the condition of the foundation and the

following reasons;

i) The foundation base rock consist of hard and strong limestone which
have sufficient bearing capacity for construction of a low concrete

gravity dam of 15m or more in height,

ii) Alluvial and diluvial soft deposits on the fresh rocks in the dam
site are of very minor scale, and therefore, the excavation cost

necessary for a concrete dam can be greatly saved.
iii) TIn the cdse of a concrete dam, overtopping of dam during.

construction can be allowed. The spillway  structure can be

provided in the dam body, making it unnecessary to éxtavéte_in the
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bank for the spillway structure like the fill type dam. Therefore
~ the cost necessary for the river diversion system and the spillway
structure can be greatly saved.

' On the other hand, the construction materials for a filltype dam
such as the_rocks and the impervious soils are available from the quarry
and the borrow very near to the dam site and the available quantity of
them is also sufficient..

In this study, the dam type at the Siwaga C site is selected
convéniehtly to a standard zoned rockfill dam with the center core,

because in ‘addition to the above reason Jordan very ample experiences of
the rockfill type dams. Further studies of the dam type will be neces-
sary in the future,

4.3.3  Preliminary design of the dam

The.preliminary design established is given in Fig., F~11. The

principal features of the proposed Siwaqa C dam are as follows;

A. Reservoir o _
o Catchment area: 440 km?
Annual average inflow: -1.32 MCM
‘Mbst'frequent.annual :
infloﬁ (2-year return): 1,10 MCM
Normal high water level: E1.733.5m

Low water level: . E1.731,0m
Reservoir area: 0.6 km?

"B, Dam -
Dam'type: Zoned rockfill type with center core
Crest level: F1 736.5m
Dam height: 13.5m from river bed level (E1,723.0m}
Daﬁ slope: upstream sesves 132,50

downstream ... 1:2.3

Dam ‘volume; - : 28 x 10°m
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Effective storage: 1.10 MCM excluding flood control

volume
Dead storage
(Sediment volume): 0.55 MCM
Core trench depth: 3m maximum
C. Spillway
Design flood: 525 m3/sec
Type: Non-gated side overflow type
Overflow crest length: 100m
Overflow crest level: E1.733.5m

As the excavation and embankment volumes are very small, the
construction works will be completed during the dry season, therefore no

diversion facilities during the construction will be needed.

The leakage from the reservoir floor will be protected by the thick
alluvial deposits to a certain degree but the leakage from the reservoir
rim and the dam abutment shall be protected by the normal grouting works,
etc, The available storage water is estimated only as 0.6 MCM/y with an
80% reliability, This site is located closely to the existing Siwaga
well field from which 7 MCM are extracted for the water supply to Amman,

Therefore, this site is preferable to four alternatives, Siwaqa N
and Siwaqa S sites which are having small catchment areas and Sueida 2

and Sueida 1 sites in which the available regulated flows are much the

same and geological conditions are not favorable,

4.4 Khabra Dam
4,4,1 Topography and geology

The damsite is located on the Wadi Arbid, which is a tributary of
Wadi Dabb'a, and located about 3,5km upstream from the Dabbd'a bridge

where Qatrana-Karak road crosses the wadi. Both abutments rise witha
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uniform slope of 10 to 15 degrees, No baseflow is recorded throughout
the year and the groundwater table is located at about 100m or less in
- depth.

_ Thefdébfis éovey the'whole area except the wadi bed. The wadi bed
is composed ofICoquina bed of the B2b Formation. The bed strikes N30E
and dips SW. The reservoir area is covered mostly with debris except in
gome parts of the left abutment where bltum1nous marl or shale outcrops.
Water tlghtness,of the B2b Formation is considered to be rather fair

compared'with'pérvious geological unit of the B2a formatiom.
4,4.2 Sélection‘of dam:type

For the same reasons of geologic and topographic conditions and
availability of construction materials as the Wala and Siwaga C dams, a
standard zqﬁedzrbékfiii dam with the center core is selected as the dam
type at the Khabra site.

4,4,3 Preliminary design of the dam

-Thé ﬁfeliminary design estabiished is given in Fig, F~12. The

printipal_featupes of the proposed Khabra are dam as follows;

'A. Reserv01r _
 Catchment areas 290 kn?
Annual average inflow: 9.0 MCM
Most frequent annual
1'iﬂflow (Z—year return): 6,12 MCM
quﬁal high water level: E1,713,5m

Low water level: E1.706,0m
Reservoir area: 1,36 km?
B. Dam _
| ' Dam type*'r ‘ Zoned rockfill type with center core
Crest level' El., 716.5m

Dam height: _ 26.5m from river bed level (E1.690.0m)
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Dam slope: upstream ....... 132,53
o downstream ,,,,, 1i2.3

Dam volume: 290 x 103m3
Effective storage: 6,12 MCM excludlng flood control
volume
Dead storage-
(Sediment volume): 73,06 MCM
Core trench depth: © 3m maximum
C. Spillway _ :
Design flood: : 490 m3/sec
Type: . Non-gated side overflow type
Overflow crest length: 100m

Overflow crest level: F1,713.5m

No diversion facilities during'cbnstrhctidn will be required
because the excavation and embankment volume are comparatlvely small and

the dry season is long.

Because of the covering of the impervious debris on the whole
reservoir, this dam site is favorable for the storage. purpose.' This site
is preferable to the Dabb'a site located on the Wadi Dabb' a because the
wadi bed and the reservoir area of Dabb'a site are composed of the BZa
formation with continuous outcrops which has very pervious 1ayers and ‘hot

suitable for the storage purpose.

Furthermore, the Dabb'a reservoir is restrained hy.the existing
bridge where Qatrana-Karak road crosses the wadi, The restrained gross
reservoir capacity is estimated aSFOnly 4 MCM which is'shaller than that
of Khabra reservoir of about 9 MCM.

| Water from the Khabra dam which is estimated by the simuletion of
reservoir operation as 2,7 MCM/y could supplement a part of the future
water requirement of oil shale mining and o0il reflnery._ 0therw1se, this
water can be used for any purposes like the M & T water on the highlaﬂds

including Karak, or uses in the further for lower reaches.
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4,5 Nukheila Dam
4,5.1 Topography and geology

The damSité is located on the Wadi Nukheila, which is a major
tribﬁtg?ﬁrdf Wadi Mujib, and located 2km upstream from the Mujib bridge
where Kiﬁgs highway croéses the wadi, An almost vertical cliff,
approxlmately 18m in helght, is formed at the foot of the left bank slope
which shows general inclination of 45 degrees in the upper part, The
rlght.abutment rises w;th a moderate slope of 20 to 25 degrees.
Perenhial baseflow of about 100 litre per second or less has been

measufed at the_site.

The bed;bck of ‘the 19£t'abutment is coﬁposed of alternating marly
_1imestone and marl of the A3 formation, The upper part of ﬁore than 10m
of height is covered with 10m thick debris, The right abutment is
covéred with debfis.éxceﬁt in the toe of the slope where the A3 formation
of'altefnating 1imestone and marl oﬁtcrops.' The bed in the A3 formation
strlkes N~S5 and dlps SW Marly limestone and marl outcrops extensively
at the left side of the wadi bed. The right side of the wadi bed is
covered w1th thlck diluvial wadi deposit of about 10m in thickness.
Succe831ve outcrops of the A3 formation are found in the reservoir rim.
The extensive debris on the left slope is thick and unstable. Careful
attention will be required to the slope stability on the slope at the
left bank ‘where the helght from the wadi bed exceeds 40m or more, The
marly 1imestones in the A3 formation is not considered to be a pervious
.layer, hut, high Lugeon values of 70 to 80 have been measured spotly.
Substantial water 1eakage through the A3 formation may not be expected as

a whole.
4.5.2 Selection of dam type

In this site it s necessary to. con51der carefully the water
retention helght and protectlon in view of the geology, i.e., the
Unstable slope on the left bank. Even considering this limit, either a

concrete dam or a rockfill dam can he constructed, but the former is
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preferable to the latter in view of the capacities of the diversion and
spillway facilities considering the huge flood peak discharge as 2,250
m3/sec. On the other hand, for a concrete dam of considerable size such
as 60m class in height, the huge excavation works at the river bed and
both abutments will be required also in view of geology. In this study,
a rockfill type is selected conveniently because Jordan has ample
experience of the rockfill dams recently as well as the cost will be on
safe side and the cost estimation is easy. Further detailed comparison

will be needed to select the dam type in the next feasibility study.
4,5,3 Preliminary design of the dam

The preliminary design established is given in Fig. F-13, The

principal features of the proposed Nukheila dam are as follows;

A, Reservoir
Catchment area: 3,560 km?
Annual average inflow: 26,15 MCM
Most frequent annual inflow: 20.75 MOM
(2-year return period)

Normal high water level: E1.235.0m

Low water level: E1.215,.0m

Reservoir area: 1,35 km?

B. Dam

Dam type: Zoned rockfill type with center
core |

Crest level: £1,240,0m

Dam height: 6lm from river bed level
(F1.179,0m)

Dam slope: UPSLYeam seseees 1:12.5
downstream .,... 1:2.3

Dam volume: 940 x 103m3

Effective storage: 20,8 MCM excluding flood contrel
volume
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Dead storage _
(Sediment volume): 10,4 MCM
Core trench depth: 6m maximum

- C.  Spillway

Design flood: 2,250 m3/sec

.Typé: Non-gated side overflow type
Overflow crest length: 160m

- Overflow crest level: E1.235,0m

This reservoir is suited on the rather impervious A3 formation for
the storage purpose in the Study Area, By the simulation of reservoir
operation, it is estimated that a total of 13,2 MCM/y of whichISJSIﬂCM/Y
is the stored water and 4,4 MCM/y is the percolated water is available
‘to increase the base flow in the lower reaches of the Wadi Mujib, For
the purpose of developing the flood flow at the middle reaches of the
Wadi Mujib, this site is the most favourable site especially for the
downstrream irrigation purpose. However, further detailed investigation
and study wi11 be needed to select the dam height in view of the unstable

slope on the 1leéft bank in the next feasibility study.

4,6 Q&trana*Existing and Sultani Existing Dams

" The conceivable four dams of Qatrana and Sultana area including two
existing dams are located on the highland along the Desert Highway.
Rivers on which these dams are located drain the desert area where the
precipitation is scarce being 100mm a yeaf or less, and the outflow are
not rich as compared with the size of catchment areas. However, these
sites are located close to the existing well fields which are supplying
water for Amman and Karak and extractions of water are made sometimes
o?ef'thé sustained yield., Hence, these dams are proposed to recharge the

éxiStiﬂg'Well'fields.
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4.6,1 Qatrana existing dam

Qatrana existing dam is located on the Vadi Hafira near the Desert
Highway draining 1,490 km? of catchment area where the precipitapion is
less than 100mm a year. The dam was constructed in a rather flat valley
with a height of 10m for the.purpoée of the irrigation:for'forage
production, livestock water, and groundwater recharge in 1964, but not

used effectively.

The gross capacity of the existing reservoir is about 2 MCM and
current silting is not notable. Average inflqw_is 2.28 MCM/y and the
most frequent flood inflow is 1,78 MCM/y.

Tt is possible to inCréase the flobd cutflow by means of dfainage
improvément works. There,is an area with swamp-shaped tdpqgraphﬁ'on the
upper reaches of the Wadi Hafira. When it rains, water:is_stagnant7over
this area, and water which overflows this area only enters the Qatrana
(Existing) dam., = Such stagnant water causés considerable amount of
evaporation losses and partial seepage into the grbund-which flows

towards Azraq.

By the drainage improvement on_this'swamp—liREKarea, such stagnant
water will turn to the direct outflow, and the inflow to the Qatrana
(Exist.) reservoir will increase. The increment is esﬁimated
provisionally at more than 2 MCM/y. Besides, the dam is 1ocated-cldsely
to the existing Qatrana well field from which 3.5 MCM/y are extracted-for
the water supply to Amman. | ' ' | :

Then, it is proposed to use this existihg dam'positively,for
recharging the existing Qatrana well field, Existiﬁg=reservoirfcapacitY
is not sufficient for the storing purpose of total about'éfMCM/Y

including the above stagnant water by means of drainége improvemeht
works, ' |

When the most frequent flood runoff of 4,0 MCM/y is'injected, then

3.2 MCM/y will become available for extraction in the dry season on an
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assunption that the recovery factor is 80%. Then seven or more injection
wells to cope with increment are required.

_'Coqsidering the estimated. design flood (630m3/sec) and the
conditions of reservoir area including the Desert Highway, the principal
works of the proposed Qatrana existing dam improvement for the above

purpose are as follows;

(1) Dam raising of 3 m in height (From E1,770.5m to Fl.773.5m)

(2) Splllway crest widenlng of 36 m in length (From 100m to 136m)

(3)Spillway crest raiging of 1.25 m in height (From E1,767.5m to
E1.768. 75m)

(4) Dike raising works of 2.5 m in height (From F1.771.0m to E1.773.5m)

_;Farthermore, at the downstream of the existing filldam body, some
leakage phenomena,are found, which may be caused by the little animal
burrowing or the insufficient embankment work and foundation treatment,
Careful examination and protection from burrowing will be required in

case of the construction of earthfill type dam in this Study Area.

“The new Qatrana dam schemé_which is located on the Wadi Qatrana and
2km downstream from the Qatrana existing dam, is an alternative to the
above Qatrana existing dam improvement scheme when the storage capacity
is noﬁ enough to store the additional flood runoff. Therefore this
altefnative is sieved out because the Qatrana existing dam has the

sufficient reservoir capacity by some extention works for this planning.
4.6.2 Sultani existisng dam

Sultan1 ex1stlng dam is located on the Wadi Sultani draining 950 km?
of catchment area where the. precipitation is mostly 100mm or less. The
dam was constructed for the same purpose as the Qatrana existing dam in
1964, with a helght of about 8m or more, Some outcrops, which consists
of the B2b formation, are found at the slope on the right bank and the
resér?oir.area is covered with fluviatile which is composed of silt and

clay sediments produced mainly by the mine tail residue by the Abyad
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phosphate mine located on the upper reaches.

Total storage capacity when the dam was constructed was 1.1 MCM but
more than one half of this capacity was filled up by the"aboVe residue.
The average inflow is 3,12 MCM/y and the most frequent runoff is 2.07
MCM/y. The dam is also located ‘closely to the existing %ultani well
field from which 4 MCM/y are extracted and sent to Karak, o

It is examined to use the Sultani exiSting'dam és’yell.as_the”new
Sultani dam as an alternative which Tocated about 2km downstream from the
Sultani existing dam, for the purpose to recharge the"existin37We11
fields. | e

The new Sultani reservoir has the sﬁffiéiént storage capacity of 3
MCM or more even though in the condition of the retention dam héiéht for -
the Desert Highway and the dam site has favorable storage efficiency in
view of the topography. However, the proposed reservoir area is occupied

by the Sultani village and the industrial factory,

Besides, in the case of Sultani exlstlng dam, for the storlng and
regulatlng the flood flow, it is requlred to restore the orlglnal
capacity of the reservoir, Then, it is needed to remove the silted
material from the reservoir which reaches 0.9 MCM and also fo_make
necessary countermeasures by which the mine tail of the Abyad'phdsphate

mine will not enter the river channel which flows into the_rEServoif.:

When the most frequent flood runoff of some 2 MCM/y is injected in
case of new Qatrana dam scheme, some 1.4_MCM/y will becofie available for
extraction in the dry season with an assumed recovery factor of 70%.
Besides, in case of Sultani existing dam,; when an amount of'l'lgMCM/Y
after restoring works is injected, only an amount of 0.7 MCM/Y will

become available with same assumed recovery factor.
Comparing two alternatives, i.e., the Qatrana dam and- Sultani

existing dam schemes, the former is preferable to the latter if not

considering the above socio-economic problems due to submergence. How-
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ever, it is proposed to use the Qatrana existing dam for recharging
purpose to avoid sucli problems tentatively and conveniently in this stage
of the Study. More detailed land use and land acquisition

studies will be required for this scheme in the future stage.

4,7 Combination of Dam Plan

. Combinations of recommended dam plans such as Hammam-Wala and
KhabréeNukheila are gonsidered for the effective use of water resources.
The Hammam plan does not affeét the downstream Wala plan because the
catéhment afea and flood_flow at the Hammam damsite are quite small
compared with those at Wala dam, On the other hand, existence of Khabra
dam‘affectfthe function of Nukheila_Dam because the catchment area of
Kabra dam includes_mduntainous area of western ridge which has a high
rainfall. According to the dam operation study, the effective surface
water potential of Nukheila Dam with and without Khabra plan are 10.8
MCM/y- and 13.2 MCM/y respectively., Of them, about 34% is water
'infiltrated from dam reservoir which is assumed to reappear along the

downgtrean reaches.
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