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ThIS report contams an updated assessment of brackIsh groundwater m Jordan,
together wIth an assessment of brackIsh water flowmg from spnngs The
assessment IS based on present knowledge of the hydrogeology of the country
and the aVailable data

The stored volumes of brackish groundwater m each aqUIfer and one aqUItard
were calculated for each basm WIth the exceptIOn of the basalt aqUIfer,
brackIsh water occurs m all other aqUIfers The volumes stored are summarIzed
m Table 9 on page 41 The total quantity ofbrackIsh groundwater stored m all
aqUIfers exceeds three tnllIon CUbIC meters About 80% of thIS estimated
quantIty IS stored m the Ram aqUIfer The estimate has been based on assumed
hydraulIc parameters and should only be consIdered as pure SCIentific
evaluatIOn

The quantities of explOitable brackIsh groundwater exceed 4,000 MCM or
approxImately 0 12 percent oftotal brackIsh groundwater resources Estimates
of the explOitable reserves have been based on assumed economIC, techmcal
and envIronmental parameters such as dnllmg depths, pumpmg lIfts,
productIVIty of wells and brme dIsposal A summary of the explOitable
quantities from the dIfferent aqUIfers m each basm IS shown m Table 14 on
page 63 In addItion to the above estimate, there are eIght areas WhICh reqUIre
addItIOnal mvestigatIons, mcludmg dnllmg and testmg, before the explOItable
quantIties can be estimated These addItIOnal areas are the Kurnub and Khrelm
aqUIfers m the southern desert, the B4/B5 and B2/A7 aqUIfers m the Hamad and
SIrhan basms and the Kurnub aqUIfer III the northeastern part of the Hamad
Basm (Ar-Rukban area) The B2/A7 and the Kurnub aqUIfers m the eastern
part of the Hamad basm do not meet the economIC cntena for explOitatIOn as
the pumpmg hfts exceed 300 meters However, brackIsh groundwater of these
two aqUIfers are the only known source of water m that remote area where fresh
water IS needed at any cost

One area, among the explOitatIOn areas lIsted m Table 14, has been studIed m
detail It IS the southern part of the Jordan Valley, m partIcular the Hisban,
Kufrem and Sweima areas The Japanese InternatIOnal CooperatIOn Agency
(JICA) (1995) study IS conSIdered suffiCIent to JUStifY the constructIOn of a
desalmatmg plant The feed to the plant m the short term WIll be from the
Zerqa aqUIfer and on the long term from both, the Zerqa and the underlymg
Ram aqUIfers
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In varIOUS parts of the Kmgdom, brackIsh water IS bemg used to a lImIted
extent from sprmgs and wells for mdustrIal, tOUrIstIc and agrIcultural purposes
It appears that meetmg the mcreasmg demand for fresh water can be partially
achIeved m many areas by desalmatmg brackIsh groundwater The cost of
desalmatIOn has decreased over the past few years from US$ 31m3 to as low as
US$ 0 51m3 as a result of both advancements III technology and market
processes (I)

(1) Based on a recent cost assessment study by the Office ofTechnology Assessment for the US
Congress (Ref 10)
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The present study has been undertaken wIthm the framework of the 11 WATER
QUALITY IMPROVEMENT AND CONSERVATION PROJECT
(WQIC)" whIch IS funded by the USAID wIth techmcal aSsIstance bemg
provIded by Development AlternatIves, Inc (DAI)

The purpose of thIS study IS the assessment of the quantItIes and qualItIes of
brackIsh groundwater resources m Jordan as a non-conventIOnal source of
water supply PrOjectIOns of demand for water by all users mdIcate the
necessIty for development of non-conventIOnal sources ofwater, among WhICh
brackIsh groundwater can be utIlIzed dIrectly, by mIxmg WIth fresh water, or by
desalmatIOn The country at present has a serIOUS shortage of fresh water
Even If all the currently planned water resources development projects are
Implemented, the water shortage WIll stIll contmue to eXIst BrackIsh
groundwater occurs m nearly all areas of the country However, WIth the
development ofdesalInatIOn technology In a competItIve cost range, utIlIzatIOn
of thIS techmque can be consIdered In Jordan's on-gomg water development
plans

PrevIOUS studIes of brackIsh groundwater resources of Jordan are lImIted to a
report by HydrogeologIcal ServIces InternatIOnal (HSI) 1991 and a
comprehensIve study ofbrackIsh groundwater for desalInatIOn potentIal for the
southern part ofthe Jordan Valley by Japan InternatIOnal CooperatIOn Agency
(JrCA) (1995) JICA contracted the study to YachIO EngIneerIng Co Ltd and
MItSUI Mmeral Development EngIneerIng Co Ltd ofTokyo - Japan

Sources of data contamed In thIS report are m part from publIshed reports lIsted
m the references The Isopach maps are based on mterpretatIOn of varIOUS
geophySIcal surveys mcludmg aIrborne geophySIcal survey of Jordan, several
reflectIOn and refractIOn seIsmIC surveys for 011 exploratIOn, geoelectnca1
surveys, and deep dnllIng for petroleum exploratIOn (NRA openfile reports)
Updated flow data and chemIcal analyses ofbrackIsh water from spnngs and
boreholes have been obtaIned from the Water Authonty of Jordan (WAJ)
archIves
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2.0 Hydrogeological SettIng
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The stratIgraphIC classIficatIOn of the sedImentary sequence ofrock has been
recently modIfied accordmg to new surface and subsurface data obtamed from
detaIled geologIcal mappmg of the country conducted by the Natural Resources
AuthOrIty (NRA) as well as from geophySIcal surveys conducted for 011 and
mmeral exploratIOn, mcludmg aIrborne magnetIC and radIOmetry, deep
reflectIOn seIsmIC and deep drIllIng for 011 and gas exploratIOn and to a lImIted
extent for geothermal resources

Although there are dIfferences In the nomenclature ofrock UnIts as well as the
baSIS on whIch boundanes between UnIts are determmed among petroleum
geologIsts, surface mappmg geologIsts, and hydrogeologIsts, the
hydrogeologIcal claSSIficatIOn presented m Table 1 IS a result of detaIled study
ofall avaIlable data

The sedImentary senes above the Precambnan basement complex vary m
thIckness from zero m the south, where the crystallme basement rocks are
outcroppmg, to more than 8 5 kIlometers m the northeastern part ofthe country
near the borders WIth Iraq In the deepest parts of the Jafr and Azraq basms, the
sedIments thIckness exceeds 4 kIlometers A contour map showmg depths to
the basement complex IS shown on FIgure I

Nme aqUIfer systems are recognIzed Four of them have regIOnal Importance,
another four are of Importance m lImIted areas, and the nInth yIelds water to
small sprmgs and a few wells m a lImIted area

An updated map of the surface dIstnbutIOn of the hydrogeologIcal UnIts,
IncludIng major faults affectmg groundwater movements, IS shown on FIgure 2

The followmg IS a bnefdescnptIOn of the hydrogeologIcal UnIts overlymg the
basement complex whIch IS conSIdered an aqUIfuge

2.1 The Ram AqUIfer
Formerly, the Ram aqUIfer was known as the "DISI AqUIfer" But, recently
acqUIred data maInly from NRA's detaIled geologIcal mappIng and deep
exploratIOn drIllIng for 011 and gas, the more preCIse name "Ram" has been
adopted
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GEOLOGICAL SCALE HYDROGEOLOGICAL CHARACTER
ERA PERIOD EPOCH GROUP FORMATION SYMBOL

Quaternary Holocene Rift AlluvIUm AqUIfer Q2l
CENOZOIC Pleistocene Valley Llsan RV3

Pliocene Smara Basalt AqUIfer V
MIOcene Ganna G

TertIary Oligocene Neogene AlluvIUm AqUIfer RVI-2
Eocene Wadi Shallala B5

(Aqultard)
RI]am AqUIfer B4

Paleocene Muwaqqar B3
(AqUItard)

Upper MeastnchtIan Belqa Amman (Aquifer) B2
Cretaceous Campanian

SantOnian UmmGhudran Bl
COniaCian (AqUItard)
Turonian Wadi SIr (AqUifer) A7
Cenomanian Shualb A5/6 AqUifer

MESOZOIC A]lun Hummar (AqUIfer) A4 AqUifer
Fuhels A3 AqUifer
Naur Al/2

Lower Albian Kurnub Subelhl K2
Cretaceous Aptian AqUifer A'rda KI

Neocomlan
JurassIc Zerqa Azab Z2
Tnasslc AqUifer Ramtha Zl
Penman Hudaylb

HERCYNIAN UNCONFORMITY
SIIunan Klshsha
OrdOVICian Khrelm Mudawwara Kh

AqUItard Dubeldlb
PALEOZOIC Hlswa

Cambnan UmmSahm
Ram Disl
AqUifer Umm Ishrm R

Bur]
Sahb

LIPALIAN INTERVAL (PLANTAIN)
Late Precambnan Araba Saramu] Congl

PROTEROZIC Complex (Saft Group)
Early Precambnan Aqaba

Complex

Table 1 Hydrogeological ClassdicatlOn
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I
I

The Ram aqUIfer covers the entIre country excludmg the lImIted outcrops of the
basement complex m the southwest of Jordan It also IS wIdely extensIve m
SaudI ArabIa where It IS known as the Saq aqUIfer It IS developed m the Tabuk
area of SaudI ArabIa for IrrIgated agrIculture In Iraq and Syna, It IS very deep
and contams brackIsh and even salme water The thIckness ofthe Ram aqUIfer
IS sho\\n on the Isopach map (FIgure 3)

The Ram aqUIfer conSIsts of sandstones of PaleozOIc age (Cambnan
OrdOVICIan) Accordmg to recent data, the Ram Group IS composed of five
lIthologIcal umts WhICh are dlstmgulshable at outcrops and m the subsurface

The Ram Group umts are bnefly descnbed from base to top as follows

2 11 Sahb
The SalIb IS the basal umt and conSIsts ofvery coarse-gramed arkOSIC sandstone
wIth pebbles and conglomerates Where It IS outcroppmg, ItS thIckness vanes
between zero and 100 meters But the thIckness mcreases to the east and
northeast of Mudawwara where It reaches 200 meters and 700 meters m Jafr
and Azraq and about 1000 meters m the eastern part of the Hamad basm In the
northwestern hIghlands (north of Irbld), It IS 600 meters thIck and 450 meters
thIck III the A]lun dome

2 1 2 The Bur] FormatIOn
The BurJ FormatIOn IS exposed m the eastern nft escarpment m Feman, WadI
Dana WadI Isal and WadI Flfa It IS known m these outcrops as the dolomlte
IImestone- shale umt The Bur] IS mlssmg south of the edge of the Jafr basm
whIle south of Feman m WadI Araba It IS replaced by the stratIgraphIc
equIvalent 'Abu Khushelba sandstone"

Where It IS outcropmg, III the south and m the WadI Araba escarpment, the
thiclilless ranges from 15 to 80 meters But the thIckness mcreases to the north
where It IS about 250 meters m Amman and 350 meters m Mafraq ThIS
formatIOn has been used as a good marker m seIsmIC reflectIOn surveys, bemg a
good reflector
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I

2 1 3 Dmm Ishrm
Dmm Ishnn consIsts of maSSIve, medIUm to coarse-gramed quartzose sandstone
mcludmg mIcaceous, ferrugmous and mangamferous sandstone It IS named
from ItS outcrops (230-320 meters) m Jebal Dmm Ishnn, the second hIghest
peak m WadI Ram

Outcrops of thIS formatIOn occur m south Jordan, m the southeastern desert and
along WadI Araba and the southern part ofthe eastern shore of the Dead Sea
There, the thIckness ranges from 80 to 350 meters

The followmg thIcknesses were recorded m deep wells Jafr basm (288 meters),
Azraq basm (158-200 meters), SIrhan basm (319-342 meters), north western
hIghlands (110-215 meters), and 110 meters north ofIrbid In Am El Basha It
IS 215 meters The umt IS mIssmg m the AJlun dome But m the Hamad and
the deepest part of the Azraq basm, It occurs at consIderable depths and has not
penetrated by dnllmg

2 1.4 DISI Sandstone FormatIOn
The DISI Sandstone FormatIOn conSIsts ofmedIUm to coarse gramed quartzose
sandstone WIth mtercalatIOns of fine-gramed, mIcaceous bedded sandstone and
scattered quartz pebbles Outcrops of the formatIOn occur m the southwestern
desert and along the WadI Araba escarpment

The thIckness m exposed sectIOns vanes between 80 meters m WadI Rahma to
350 meters m the Ayn Al HashIm area m the southern desert But, It IS mIssmg
m the Dana-Petra area Further north It occurs at consIderable depths In the
Azraq basm, the thIckness exceeds 1127 meters (011 exploratIOn well DHl), and
It IS encountered at a depth of3306-4433 meters

2.1.5 Sahb Sandstone
The Sahb Sandstone conSIsts ofhard brown, thIck bedded quartzose sandstone
medIUm to coarse-gramed WIth thm mterbeds of fine-gramed mIcaceous
sandstone and sIltstone The thIckness m boreholes ranges from 180 meters m
SIrhan to 190 meters m Hamad basm, the umt has not been reached m the
Azraq basm and IS mIssmg m the western and northwestern hIghlands

2 2 The Khrelm AquItard (Kh)
The Khrelm aqmtard conSIsts of fine-gramed mIcaceous sandstone, sIltstone
and shale The Khrelm Group occurs m the eastern half of the country and IS
mIssmg III the western part FIgure 4 IS an Isopach map of the Khrelm Group
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Surface mappmg geologIsts have subdIvIded the Khrelm Group mto five
formatIOns namely from base to top Sahl Es Suwwan, Dmm Tanfa, Trebeel,
and Aina HydrogeoIogists have adopted a dIfferent subdIvIsIOn of the Khrelm
Group as follows from base to top

2.2.1 HIswa
The Hiswa consIsts of black to dark gray shale, sIltstone, and claystone Its
thIckness vanes from 29 meters m Jafr, 115-130 meters m SIrhan, 152-177
meters m the Hamad, and the formatIOn IS mlssmg m the western hIghlands

2.2 2 The Dubeldlb FormatIOn
The DubeIdlb FormatIOn IS sandWIched between the Hlswa shale from below
and the Mudawwara shale on top It conSIsts ofseveral cycles ofsands, SIltS
and sandy shale The top 120 meters of sand are porous FIgure 5 IS an Isopach
map of the Dubeideb FormatIOn PorOSIty ranges between 3 and 9% In the
eastern part of the Hamad basm, commerCIal gas IS produced (RIsh Gas FIeld)
from the formatIOn But elsewhere, the formatIOn IS saturated eIther fully or m
part WIth water The quahty ofwater m the Dubeldlb IS brackIsh to even sahne
In the southeast (Mudawwara-Halet Ammar on the borders WIth SaudI ArabIa),
the sahmty ranges between 700 and 760 mg/l The sahmty mcreases
northwards to 1200 mg/l m the southern part ofWadI SIrhan and reaches 9200
mg/I m the northern part of the basm (well WS-2) The sahmty IS expected to
be much hIgher m the Hamad basm

2 2.3 The Mudawwara FormatIon
The Mudawwara FormatIOn conSIsts ofthIck shale whIch reaches 1200 meters
m thIckness m the eastern part ofthe Hamad basm

2 2.4 The KIshsha FormatIon
The Klshsha FormatIOn conSIsts of shale mtercalated WIth fine-gramed
sandstone

Although these formatIOns are dlstmguishable m dnlhng and electrIC logs as
well as m surface outcrops, the entIre Khrelm Group IS hydrogeologlCally
conSIdered as an aqUItard Consequently, the Khrelm Group confines the
underlymg Ram AqUIfer It also IS conSIdered as a leaky aqUIfer, espeCIally the
Dubeidib FormatIOn, whIch forms the second subdIVISIOn from ItS base The
thIckness dlstnbutIOn of the Dubeldlb aqUItard IS shown on FIgure 5
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23 The Zerqa AquIfer
The Zerqa Group stratIgraphIcally occurs between two unconformItIes, the
Hercyman at the base and the Lower Cretaceous unconformIty at the top The
Group IS lImIted to the northern half of Jordan and IS mlssmg south of 100
North (Palestme GrId) It attams Its maXImum thIckness m the northwestern
part of the country (Yarmouk RIver area) as shown on the Isopach map (FIgure
6) It IS completely mlssmg m the SIrhan basm

Three mam formatIOns are clearly dIstmguished m the Zerqa Group They are
from the base to top as follows

2 3 1 The Hudelb FormatIOn
The Hudelb FormatIOn recently has been added to the Zerqa Group It belongs
agewlse to the PermIan strata whIch has been penetrated by seven 011
exploratIOn wells But the FormatIOn IS lImIted to the northwestern hIghlands,
the basalt plateau, and the Hamad basIll The Hudelb conSIsts ofsandstone,
shale and lImestone Its thIckness vanes from 20 meters m the eastern Hamad
to 250 meters north oflrbid

2 3 2 The Ramtha FormatIOn
The Ramtha FormatIOn overlIes unconfomably the Hudelb and older formatIOns
such as the Khrelm and the Ram Group It conSIsts ofa succeSSIOn of gypsum,
anhydnte and halIte mterbedded WIth shale, lImestone, and dolomIte overlam
by pelItIC lImestone followed upwards by shale mterbedded WIth SIltstone and
mmor marl mtercalatIOns The Ramtha FormatIOn IS one source of salt for
groundwater In one of the deep wells III the Hamad basm, 57 meters ofhahte
were encountered III the formatIOn

2 3 3 The Azab FormatIOn
The Azab FormatIOn unconformably overlIes the Ramtha FormatIOn The Azab
FormatIOn recently has been named and replaced two preVIOusly used
formatIOn names (Hum or Muadl and A'rda) It conSIsts of five succeSSIOns of
lImestone and sandstone WIth a lImestone layer on the bottom The FormatIOn
IS lImIted m extent to northern Jordan where It reaches a thIckness of 598
meters m the AJlun Dome (AJ-I 011, exp well) It IS mlssmg m the Jordan
Valley escarpment
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The Zerqa Group as a whole forms one aqUIfer system III the northern and
northeastern parts of Jordan Its areal extent IS about 32,000 km2 It reaches a
maXImum thIckness of about 1,800 meters along the northwestern borders WIth
Syna The aqUIfer was penetrated by 22 deep wells dnlled for 011 exploratIOn
and by two other wells dnlled for geothermal exploratIOn Recharge to the
aqUIfer occurs III areas of Its outcrops such as the eastern escarpment of the
Jordan Valley, the northern part ofthe Dead Sea, Jerash, Baqa' and along the
Zerqa RIver

In the Western HIghlands, the aqUIfer IS recharged by mfiltratIOn through the
Upper Cretaceous aqUIfers where groundwater mfiltrates down through
fractures and faults and also by dIrect mfiltratIOn through the exposed parts of
the aqUIfer III the core of eroded antIclmes and mdIrectly by runoff along wadIS

In the eastern parts of the country such as the Azraq and the Hamad basms, the
aqUIfer occurs at conSIderable depths WIth several mterIayered aqUItards In
these areas, the water m storage IS very old and non-renewable Leakage from
other aqUIfers IS pOSSIble but not substantIal

In the hIghlands west of Amman, the plezometnc head of the aqUIfer at well
AL 1430 has been momtored smce the early 1980's A declIne of 11 meters
(from 484 to 473 meters above sea level) has been recorded over eIght (8)
years

2.3 4 HydraulIc propertIes
The aqUIfer contams permeable layers of sand and fractured lImestone and
dolomIte whIch are separated by tIght layers of very low pOroSIty and
permeabIlIty POroSIty values of 10% to 18% were determmed m the Hamad
basm for the Azab and the Ramtha FoonatIOns, respectIvely

In the area between Delr AlIa and Hlsban m the Jordan Valley, the followmg
parameters have been reported for the Zerqa aqUIfer (fleA, 1995)

PermeabIlIty
TransffiISIvlty
Storage coeffiCIent

03 - 08 mid
60-160 m2/d
10-3 - 10-2

I
I
I

In thIS area, the aqUIfer IS arteSIan Its pIezometrIC head IS hIgher than that of
the overlymg Kurnub aqUIfer, but much lower than that of the underlymg Ram
aqUIfer
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2 3 5 Flow Pattern
A glOundwater dIVIde onented In a north-south dIrectIOn along the western
hIghlands, dIrects the flow west of the dIVIde towards the Jordan Valley and the
Dead Sea East of the dIVIde, the flow dIrectIOn IS eastwards toward the Azraq
baSIn

In the western half of the country, the Zerqa aqUIfer dIrectly overlIes the Ram
aqUIfer due to absence of the Khrelm aqUItard

The Zerqa aqUIfer m general IS brackIsh Wells m the Hamad basm
encountered brackIsh water WIth a TDS range of 1,500-2,700 mg/l In the
Jordan Valley, the IDS vanes between 5,422 -11,033 mg/l (TICA, 1995)

Only m lImIted areas where the aqUIfer receIves modem recharge as III Am EI
Basha, Baq'a and lImIted localItIes along the Zerqa RIver, IS the groundwater
fresh

2 4 The Kurnub AqUifer
The Kurnub aqUIfer conSIsts of medIUm to coarse-gramed sandstone Two
UnIts are recognIzed m Its exposed sectIOns m Am El-Basha, Arda, and SubeIhI
The Arda FormatIOn forms the lower part where the sandstone IS maSSIve and
whIte III colour The SubelhI FormatIOn overlIes the Arda FormatIOn and IS
vancoloured sandstone

The Kurnub sandstone occurs almost everywhere m Jordan WIth the exceptIOn
of basement complex outcrops, the sandy desert area m the southeast, and the
border area of WadI SIrhan m the east It reaches Its maXImum thIckness of
371 meters m the Jafr baSIn and Its mInImUm of 50 meters on the north eastern
borders WIth Iraq The dlstnbutIOn of the thIckness ofthe Kurnub aqUIfer IS
shown on the Isopach ofFIgure 7

241 HydraulIc PropertIes
The Kurnub IS separated from the underlymg Zerqa aqUIfer m the central,
northern and northwestern part of the country by the upper Azab shale and marl
(blUIsh green In colour) And IS confined m these areas by the overlymg-Iower
Naur FormatIOn In the southeastern part of the Jafr basm the Kurnub IS
hydrauhcally connected \\lth the B2/A7 through the Lower Ajlun group WhICh
becomes arenaceous (The Fassua FormatIOn)

In the south, both the Zerqa and the Khrelm Groups are mlssmg and the Kurnub
IS hydraulIcally connected \\ lth the Ram aqUIfer
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The aqUIfer parameters obtamed from tested wells are as follows

24

PermeabIlIty
TransmISSIVIty
Storage CoefficIent (S)
EffectIve POroSIty

2-5 mJd
23 2-84 0 m2/d
10-4
15%

2.4.2 Water QualIty
The greater part ofthe Kurnub water IS brackIsh TDS values range from 1,350
III Azraq to 2,800 mg/l III the Jafr basIll In the Hamad basIll TDS values range
from 1,500-2,700 mg/l Only III the lImIted areas of ItS outcrops IS the water
fresh

In the northwestern hIghlands, TDS values of 614 and 700 mg/l have been
obtamed from tested wells north ofSwetleh and III the Ma]dal area near Jerash
Also, fresh Kurnub water has been developed m the Jordan Valley escarpment
III Kafrern

2.5 Lower Ajlun Group (Al-6)
The lower A]lun IS a multI-layered system of aqUIfers and aqUItards It IS
charactenzed by faCIes changes from one area to another The AI-6 IS mlssmg
m WadI SIrhan Only III central and northern Jordan are the formatIOns formmg
the system dlstmgUIshable In thIS area, the Group consIsts of lImestone marl
and dommate Four hydrogeologIcal umts are recogmzed m thIS area They are
from base to top as follows

2.5 1 The Na'ur FormatIOn (Al/2)
The Na'ur FormatIOn consIsts of marl at the base whIch confines the underlymg
Kurnub aqUIfer The marly base IS overlam by the Na'ur lImestone aqUIfer
ThIS IS a lImIted aqUIfer m the central, northern and northwestern parts of the
country The Na'ur lImestone varIes III thIckness from 30 to 40 meters The
Naur lImestone IS recharged from ramfall and runoffm the areas of ItS outcrops
whIch are relatIvely hIgh ramfall areas The estImated amount of recharge IS
4 5 mIllIon CUbIC meters a year

252 FuheIs Aqmtard (A3)
The Fuhels FormatIOn consIsts of olIve green marl mtercalated WIth marly
lImestone It extends over a WIde area from the A]lun mountams III the north to
the escarpment ofRas en Naqab III the south
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253 The Hummar AqUIfer (A4)
The Hummar FormatIOn conSIsts of lImestone Its thIckness m the Amman
Zerqa basm averages 45 meters It IS a good local aqUlfer m the greater
Amman area, Zerqa, and Sukhna The recharge area IS about 20 km2 It
extends from BIadIr WadI SIr to Sukhna through Swelleh and the southwestern
part ofAmman

The permeabIlIty of the Hummar aqUIfer ranges from 0 8 to 65 mid III the
Amman-Zerqa basm Elsewhere It IS much lower The estImated amount of
water m storage IS about 1,500 mIllIon CUbIC meters Water qualIty ofthe
aqUlfer IS fresh and IS SUItable for all uses But pollutIOn, both orgamc and
mdustrIal, IS becommg a threat to thIS valuable source whIch also IS
overexplOIted TDS values range from 230 to 770 mg/l

Groundwater flow withm the Hummar aqUIfer m the Amman-Zerqa basm IS
controlled by a dIvIde extendmg between Amman and WadI SIr northwards to
Swelleh East of the dIvIde, water flows to the southeast towards Amman and
then to the east and northeast West of the dIvIde, the flow dIrectIOn IS
southwestwards to WadI SIr The flexure ofsouth Amman whIch strIkes NE
SW forms the southeastern lImIt of groundwater flow

2 5.4 Shuelb AqUItard (A5/6)
The Shuelb FormatIOn conSIsts of thIck bedded fossIlIferous lImestone,
crystallme m part and thmly bedded porcelameous lImestone Its thIckness
ranges from 33 to 127 meters In central and northwestern Jordan, the
FormatIOn IS tIght and of very low pOroSIty and IS consIdered an aqUltard In
the Hamza Graben withm the Azraq basm, both the ShueIb and Hummar
FormatIOns are fractured, porous and saturated WIth 011

The lIthology of the lower AJlun Group together WIth the upper AJlun (A7)
changes gradually m the south and southeast ofJordan mto a sandy faCIes and
forms one formatIOn (Fassu'a FormatIOn) m the Jafr basm

2 6 The Upper AJlun (A7)
The Upper Ajlun FormatIOn conSIsts of thICk bedded lImestone formmg dIstmct
ledges m outcrops It outcrops m the western hIghlands where It occaSIOnally
contams chert nodules and chert bands The formatIOn changes faCIes m the
south and southeast (south of El Hasa) mto a sandy faCIes as mentIOned earlIer
Another faCIes change has been found m the Hamad basm where the whole
AJlun senes (Al-7) are composed mamly dolomIte, chert and chalky lImestone
and occaSIOnally sandy There the whole senes A 1-7 are conSIdered one group

named "The AJlun Group" A thIrd change m lIthology of the A7 and the
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underlyIng Al-6 occurs In northwestern Jordan ( The Yannouk Sub-basIn, EI
ShaJara and El Turrah) There the whole senes (A1-A7) consIsts of lImestone,
marls, dolomIte and dolomItIC and marly lImestone undIfferentIated The
formatIon IS mISSIng In WadI SIrhan

2 7 Umm Ghudran FormatIOn (Bl)
In Its outcrop m the northwestern part of the country, the Dmm Ghudran
FormatIOn consIsts of a sequence of chalk and marl, about 52 meters thIck,
formmg the basal umt of the Belqa senes It thms southward where
hydrogeoiogically It IS mcluded m the overlyIng Amman FormatIOn (B2) In
the southeastern part of the Azraq baSIn In the Hamza Graben and m Its
northeastern extenSIOn In north SIrhan and further east mto SaudI ArabIa, the
B1 thIckens mto a multIlayered formatIOn There, four hydrogeologIcal umts
are IdentIfied m the subsurface They are lIsted from base to top as follows

Bl/A RaJIl sandstone aqUIfer, 350-500 meters thIck
B lIB RajII Claystone aqUIclude 100-260 meters thIck
B lIC Hamza domomite-chert aqUIfer, 200-700 meters thIck
B lID Hazeem lImestone aqUItard, 200-600 meters thIck

In thIS area, the A7 aqUIfer IS separated from the overlymg B2 aqUIfer by about
1,600 to 1,700 meters ofB! whIch acts as an aqmtard

2.8 The Amman-Wadi Sir Aquifer System (B2/A7)
The Amman FormatIOn (B2) conSIsts of lImestone, chalk, marl, phosphate and
thIck bedded chert In boreholes, It IS very easIly recogmzed on gamma-ray
logs due to the hIgher content of secondary uramum mmerals espeCIally m the
upper part In the Azraq baSIn, east of the Fulouq fault (Tel Qarma fault) a new
formatIOn has been IdentIfied and mtroduced by NRA to mark the top of the B2
whIch IS the Dsaykhlm sandy lImestone

The Amman FormatIOn (B2) outcrops are extenSIve In the western hIghlands
and towards the southern edge ofthe lafr baSIn In the area between Al Hasa
and Madaba, three umts are recogmzed In the formatIOn They are from base to
top as follows (1) chert lImestone umt, (2) phosphate umt, and (3) chalk-marl
umt on top

In the western hIghlands and the plateau, the thIckness of the B2 ranges from
151 meters to 375 meters It IS much thIcker In the Azraq baSIn where It
reaches 630 meters The formatIOn thms out In the southeastern part of the Jafr
baSIn where It IS 56 meters thIck In WadI SIrhan It IS 62 meters thIck

On a regIOnal scale thL A7 B1, and B2 form one aqUIfer system whIch IS the
most Important aqUIfer II1 Tordan It has a very large and contInUOUS extent and
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a relatl\ ely hIgh permeabIlIty It receIves the largest amount of modern
recharge and IS a prmclpal source of fresh water for domestIC as well as for
lITIgated agrIculture m the plateau provmce But It IS overexplOIted and the
qualIty of ItS water IS deterIoratmg III the northern BadIa and m the area of
WadI Dhulell

Recharge to the aqUIfer occurs In the western hIghlands The estImated amount
of recharge both dIrect and IndIrect IS 337 mIllIOn CUbIC meters a year The
aqUIfer also receIves a substantIal amount of groundwater from the basalt
aqUIfer In the WadI Dhuletl- Mafraq area

In the central and western parts of the SIrhan baSIn, the B2 IS hydraulIcally
connected WIth the underlyIng Kurnub Its average saturated thIckness III the
western part IS 70 meters IllcreasIllg northwards to 150 meters In the northern
part

In the northern part of the SIrhan basIll, the A 1-6 acts as an aqUItard between
the B2 and the underlyIllg Kurnub

2 8 1 Flow Pattern
FIve mam recharge mounds are developed III the recharge zone whIch extends
from the Yarmouk RIver III the northwest to the Ras en Naqab escarpment III

the south These mountaIllous blocks are separated by the Zerqa, MUJlb, and
Hasa wadIS and the Dana fault Groundwater flows from these blocks III all
dIrectIOns The western flow components gIve rIse to Important sprIngs such as
WadI SIr SprIng, Ayoun Musa northwest of Madaba, and Am Sara west of
Karak The northern and southern components contrIbute to the base flow of
WadI Zerqa, WadI MUJlb, and WadI Hasa The eastern components saturate the
aqUIfer m the plateau and III the Azraq and Jafr basms

Flow m the Hamad basm IS dIstnbuted mto three dIrectIOns from an apparent
dIVIde lymg to the northeast of Tulul El AshaIghaf close to the borders WIth
Syna From there, an eastwards component IS dIrected towards Tell El Bustan
area The second component IS dIrected southwards to the borders WIth SaudI
ArabIa through Abu Hafna and Dumeltha The thIrd component IS dIrected
southwestwards to the Hamza Graben In the Azraq basm

In the central part of the SIrhan basm, flow IS dIrected to the southeast towards
SaudI ArabIa WhIle m the northern part of the SIrhan basm, the flow dIrectIOn
IS to the southwest towards the Hamza Graben

In the Azraq basIll, flow IS dIrected towards an elongated smk whose aXIS
e\.tends from Qa Khanna southeast\\ ar ds to the southeastem closure of the
Hamza Graben near the borders WIth SaudI ArabIa
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2 82 AqUIfer Parameters
For the unconfined part of the B2/A7 aqUIfer, the effectIve porosIty ranges
between 1% and 3% For the confined part, the storage coefficIent IS about
5xl0-5 (EI-Nasser, 1991) In the Amman-Zerqa basIn, tests results of several
wells gave an effectIve porosIty of2 to 3% and transmISSIVIty (T) ranges from 9
to 900 m2/d In the Azraq basIn, T as calculated by SalzgItter and Arab Tech
(1994) IS 1,600 m2/d

2.8 3 Water QualIty
In the western hIghlands and the plateau, groundwater of the B2/A7 IS fresh
and SUItable for all uses Further east and southeast It becomes brackIsh WIth a
hIgh content ofH2S gas SImIlar brackIsh water has been encountered In the
Hamad basIn

2.9 The Muwaqqar AquItard (B3)
The Muwaqqar FormatIOn conSIsts of chalk and chalky marl WIth thIck bands
of dark brown and black chert WIth IntercalatIOn of marly lImestone It IS
charactenzed by boulder SIze lImestone WIth rounded and ellIptIcal concretIOns
In the central part of the plateau as well as In the Azraq and Jafr basIns, the
lower part conSIsts of bItumInOUS lImestone, bItumInOUS shale and bItumInOUs
marl (Ollshale) In the area between SIwaqa and JurfEd Daraweesh, 40 bIllIon
tons of nch Ollshale have been IdentIfied In the Azraq baSIn two umts have
been IdentIfied In the subsurface They are separated by an unconfonmty
surface The boundary between the two umts IS charactenzed by the
occurrence of radIOactIve phosphatIc beds whIch are eaSIly IdentIfied on
gamma logs Petroleum geologIsts have renamed the Muwaqqar FormatIOn
WIth the above two mentIOned umts and have gIven them the names of Ghanb
for the lower umt and TaqIyeh for the upper one

The maXImum recorded thIckness has been found In the northwestern part of
the country where It exceeds 910 meters In Waqqas In the area between
Amman and Azraq, the thIckness ranges from 100 to 300 meters In the plateau
south of SIwaqa, It ranges In thIckness from 120 to 434 meters north ofMa'an
In Jafr, 235 meters were IdentIfied In boreholes In the area between Jafr and
Shaubak, 413 meters were recorded The formatIOn thIckness decreases
southeastwards It IS only 20 meters thIck, east and southeast of BayIr In the
SIrhan baSIn (well W5-3) It IS 42 meters In the Hamad baSIn, the thIckness
decreases eastwards from 300 meters In the west to 70 meters near the borders
WIth Iraq In the east

The B3 acts as a confinmg layer to the underlymg B2/A7 aqUIfer In one of the
Azraq \\ ells (AZ-l), water trom the B2/A7 t10\\ strom a depth ot 450 mctu s
below ground level to 7 5 meters abm L the ground
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2 10 The RIJarn AquIfer (B4)
The RIJam FormatIOn consIsts of lImestone, chert, chalky lImestone and cherty
lImestone The aqUIfer IS lImIted to the Jafr, Azraq, SIrhan and the Hamad
baSInS It also outcrops north of Irbld The thIckness of the B4 In outcrops
ranges from 40 to 75 meters It attaInS a maXImum thIckness In the subsurface
III the Harnza Graben and near the borders wIth SaudI ArabIa where It IS about
300 meters The thIckness IS 50 meters III Jafr and 100 to 150 meters III SIrhan
More than 100-200 meters were recorded north ofAzraq beneath the basalt

2 10.1 Groundwater Recharge
In the Azraq basm, the RIJam FormatIOn IS saturated from approxImately 23 km
from the west, 40 kIn from the northeast and 40 km from the south of Azraq esh
Shlshan (AI Azraq Al JanoubI) From the north, the B4 IS overlaIn by the basalt
aqUIfer and IS hydrauhcally connected WIth It In the central part of the Azraq
basm, the RIJarn FormatIon together wIth the overlymg lacustnne and allUVIal
deposIts (Azraq FormatIOn) and the basalts form a closed composIte aqUIfer,
whIch naturally, before exceSSIve abstractIOn started, dIscharged at the spnngs
and swamps of the Azraq oaSIS DIrect recharge IS neglIgIble but mdirect
recharge from ponded runoff m wadI courses and over the outcrops of the
aqUIfer IS Important ThIS IS because the area IS characterIzed by locahzed, hIgh
mtenslty short-duratIOn storms formmg flash-floods m vanous parts of the
basm ThIS mdIrect recharge amounts to about SIX (6) mllhon CUbIC meters a
year Total recharge was calculated USIng two methods one used the combmed
energy balance and aerodynamIc concept (Penmanns, 1948), and the other used
flow-net analysIs The first method gave 20 5 mIllIon CUbIC meters a year and
the second gave a recharge of 18 2 mIllIon CUbIC meters a year The estImates
are close Of the total recharge, about 4 2 mIllIOn CUbIC meters a year are
contrIbuted from the basalt aqUIfer

In the Hamad baSIn, the RIJam FormatIOn IS saturated from approXImately 50 to
60 km west of the border WIth Iraq In the western part ofthe baSIn, the B4 IS
overlaIn by the B5 aqUItard and by basalt where It IS confined Only the western
part of the Hamad baSIn receIves modern recharge from ponded runoffwhere
\\ adl sedIments are permeable and the basalts below are fractured In the east
and center of the baSIn, the geology does not favor recharge

The saturated part of the R1]am FormatIon lIes m the eastern part of the SIrhan
basm It IS an elongated strIp OrIented In a northwest-southeast dIrectIOn Its
\\ Idth IS 42 km In the south, 40 km In the north and 55 km In the center The
eastern lImIt of the zone IS parallel to the borders WIth SaudI ArabIa The only
source of recharge In the southern part of the SIrhan baSIn IS mdIrect from
floods and nash floods The latest estImate IS about 10 mIllIOn CUbIC; meters a
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year, the greater part ofwhIch saturates the alluvIUm (SIrhan formatIOn) whIch
overlIes the aqUIfer A small portIOn of that mfiltrates to the B4

In the Jafr basm, the saturated area of the RIJam FormatIOn covers about 1,250
km2 The B4 m the western part of the basm along the Desert HIghway IS dry
Recharge to the B4 m the Jafr basm IS lImIted to the mdirect component
Floods ongmatmg mamly from ramfall m the western hIghlands (Sharah
Mountams) and occasIOnal flash floods drammg other parts of the basm are the
only possIble sources of modem recharge VertIcal leakage from the deeper
B2/A7 also IS possIble The estImated total recharge whIch IS supported by
momtonng data IS 1 25 mIllIon CUbIC meters a year

2.102 AqUIfer Parameters
AqUIfer parameters for the RtJam aqUIfer IS summanzed m the followmg Table
2a

Parameters BaSIn
Hamad SIrhan Azraq Jafr

PermeabIlIty (mid) 005-5 006-1 0 o5-57 5 1 9-225
Storage coefficIent 10-) 10-5 10-5 10-,)

EffectIve porOSIty 1% 05% 1% 1%

2 103 Water QualIty
Water qualIty for the RIJam aqUIfer IS summanzed m the foIlowmg Table-2b

BaSIn TDS (mg/I)

1 Hamad (central) 1660 - 2200
(Southeast) 2300
(North west) 960

2 Strhan 1520
3 Azraq (north) 350-700

(South west) 700-1500
(South and south east) >2000

4 Azraq (playa) 170,000 - 200,000

2.11 Wadi Shallalah (BS) AquItard /Aqulfer
The B5 sectIOns m outcrops conSIst mamly ofchalk mtercalated wIth chalky
marl as IS the case m northwest Jordan In Jebal eth Thulaythuwat north of
BayIr m southeast Jordan, 64 meters ofB5 are exposed There the B5 conSIsts
of lImestone wIth layers of concretIOnary chart, marl wIth concretIOnary baryte
and wIth mterbedded clay bands It IS well exposed m DahkIYIa, southeast of
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Azraq as whIte chalk In the western parts of the Hamad and SIrhan basms, the
chalk and chalky marls of thIS formatlon contam phosphate and glaucomte
The B5 IS consIdered an aqmtard on the baSIS of the lIthology of ItS exposed
sectIOns But data recently acqUlred from deep dnllmg and from detaIled
geologIcal mappmg enables the IdentIficatIOn of two umts The lower one
B5(a) IS marly and acts as an aqUltard whIle the upper one B5(b) conSIsts of
lImestone and IS an aqUIfer

The WadI Shallalah FormatIOn IS 140 meters thIck In the Yarmouk area north
of IrbId, 230-250 meters thIck m the SIrhan basm, 190-290 meters thIck m the
Hamad baSIn Near the borders wIth SaudI Arabia, m Qurayyat town, It attams
ItS maXImum thIckness of 555 meters

The B5b forms a fresh water aqUifer m the eastern part of south SIrhan, WIth a
saturated thIckness of 20-50 meters and a saturated area of2,200 km2 It IS
unconfined m thIS area In western Hamad It IS hydraulIcally connected WIth
the overlymg basalt aqUIfer In eastern Hamad It IS unsaturated

In south SIrhan, the flow In the WadI Shallalah aqUlfer IS eastwards to a smk
along the SaudI borders In north SIrhan, the flow IS southwards to SaudI
Arabia also In the western part ofthe Hamad basm, from Tulul Ashalgaf, the
flow IS west-southwest towards the Harnza Graben

The permeabIlIty of the B5(b) generally ranges from 00055-0025 mid In the
southeastern part ofAzraq, the permeabIlIty ranges between 0 1 and 5m1d The
transmIsSIVIty m the SIrhan baSIn ranges from 0 1-1 2 m2/d

The B5(b) (lImestone aqmfer) IS explOited In north SIrhan, Uman, EI Hazeem
and In the Harnza Graben, mcludmg the Husseida PolIce statIOn well m SIrhan

Shallow fresh water aqUlfers, such as the upper part of WadI Shallala (B5(b» III

the SIrhan, Hamad and Azraq basIlls and Garma m the Hamza Graben and
WadI SIrhan together WIth the basalt, are not dIscussed m thIS report

2 12 The RIft Zone
The Jordan RIft Zone forms the western part of the country It IS about 350 km
long extendmg from the confluence of the Yarmouk RIver WIth the Jordan
RIver III the north to the Gulf ofAqaba m the south

It IS subdIVIded from south to north mto three phySIOgraphIC areas

WadI Araba whIch compnses the area from the Gulf of Aqaba to the
southern shore of the Dead Sea (about 180 km long)
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2 The Dead Sea whIch IS the mIddle sectIOn of the RIft zone, the Dead Sea IS
about 70 krn long

3 The Jordan Valley WhICh IS the area between the Dead Sea and the
confluence of the Yarmouk and Jordan RIvers

2 12 1 WadI Araba AlluvIal AqUIfer
WadI Araba IS defined as the area ofthe RIft between the southern end of the
Dead Sea and the northern shore of the Gulf ofAqaba It IS 174 km long The
Jordaman sIde of WadI Araba has an average wIdth of 15 km It IS subdIVIded
mto two sub-basm WIth a topographIc dIVIde (draInage dIVIde) at 74 km north
of Aqaba The dIVIde IS a 250 meters above sea level and occurs In Qa'es
Sa'idyeen, In the area of Jebal er Rlsha

The alluvIal aqUIfer In WadI Araba conSIsts from base to top of the followmg
succeSSIOns

1 The lower syntectIOmcal conglomerate (L S C) WhICh IS the basal umt of the
aqUIfer The L S C conSIsts of conglomerates contaInIng Ill-sorted sub
rounded pebbles, and cobbles Its thIckness ranges from 110 meters In
Gharandal area to more than 800 meters In WadI Ghuabe

2 The upper syntectomcal conglomerate (D S C) conSIsts of thIck bedded,
coarse conglomerate m a hard sandy calcareous matnx In Ghor Es Safi the
USC umt IS 1800 meters thIck (well no G8-1) and IS 1100 meters thIck m
WadI Ghuabe (well no WGh-I)

3 Quaternary sedIments penetrated In deep boreholes conSIst of alternatIOn of
loose sand, gravel, conglomerate, calcareous claystone, marl, shale and
mudstone The thIckness of these sedIments In the two deep wells, G8-1 and
WGH-I, are 2 409 and 2,579 meters, respectIvely

2 12 2 The Dead Sea escarpment and shore zone
East of the Llsan Pemnsula, the L C S outcrops In Ed Dhlra' where It reaches
450 meters m thIckness There It conSIsts of a sequence of coarse clastIcs,
gradmg mto red sandstone, green shale and sandy marl The sequence
unconformably overltes the B4 EqUIvalent stratIgraphIcally to the L 8 C m Ed
DhIra are over ··1-000 meters of evaporates m the Llsan pemnsula beneath the
Llsan Marl FormatIOn (PhIllIps 011 expl well no L-l)

2 123 The Jordan Valley AllUVIal Group
The L S C IS replaced by fresh-water lake deposIts conslstmg of lImestone,
marl sand and conglomerate of about 315 meters thIck (011 expl well JV2)
The upper S) ntecIOl11cal conglomerate USC IS 271 to 346 meters thIck
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2 12 4 Recharge
In WadI Araba, possIble sources of recharge are from runoff orIgmatmg from
the mountams III the east (mdIrect), and dIscharge mto the aqUIfer from
lImestone and sandstone aqUIfers on the eastern escarpment (dIrect) A thIrd
recharge component IS from upward leakage from underlymg aqUIfers Results
of mathematIcal modelmg (Energoproject Co, 1990) gave a total recharge of
19 24 mIllIon CUbIC meters a year of whIch 10 8 mIllIon CUbIC meters a year
occurs m the northern sub-basm and 8 44 mIllIon CUbIC meters a year occurs m
the southern sub-basm

In the Dead Sea zone and the Jordan Valley, the allUVIUm receIves dIrect and
mdIrect recharge Most of thIS recharge, however, IS transmItted to the
underlymg Kurnub or Zerqa aqUIfers m the Jordan Valley whIch are
hydraulIcally connected to the allUVIUm

2.12 5 Groundwater Flow In the Rift Zone
Flow generally orIgmates from the eastern escarpment and IS dIrected
westwards towards the aXIS of the RIft zone In the northern basm of WadI
Araba, groundwater eventually flows northwards to dIscharge mto the Dead
Sea, whIle m the southern sub-basm the flow IS to the south towards the Gulf of
Aqaba

In the Jordan Valley, groundwater flow IS towards the Jordan RIver In the
southern part, the flow IS towards both the Jordan RIver and the Dead Sea

2 126 AqUifer Parameters

PermeabIlIty range
TransmIssIvIty range
Storage coeffiCIent

001 - 50 mid
30-2,600 m2/d
10-2 - 10-4

I
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2127 Water QualIty
In WadI Araba, about 60% of the groundwater IS brackish The TDS ranges
from 500 to 5,000 mg/I SalImty mcreases from the eastern boundary towards
the central part of the basm
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3.0 Assessment of Brackish Groundwater
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3.1 The Ram AqUIfer System
The salImty ofgroundwater In the Ram aqUifer Increases from the outcrop area
III the southeastern desert along the flow dIrectIOn, (1 e, to the north) BrackIsh
groundwater occurs III the northern half of the Dead Sea basIll, the eastern half
of the Jafr basIn and the southern part the Srrhan basIll In these areas the
salIllIty ranges from 1,000 to 3,000 mg/l In the Azraq basIll, the northern part
of the SIrhan basIn, the entIre Hamad basm, and the Jordan River basIn, the
sahmty ranges from 3,000 to more than 6,000 mg/l

3.1 1 Flow Pattern
The regIOnal flow dIrectIOn IS from the extenSIOn part of the aqUIfer located In
SaudI ArabIa (Tabouk Area) across the southeastern and eastern borders Into
Jordan The flow dIrectIon IS southern Jordan IS northwards to Just north of
latItude 1,000,020 (PalestIne Gnd) Then the flow dIrectIOn changes to the
northwest and eventually to the west towards the southern part ofthe Jordan
Valley and the Dead Sea In the southeastern desert, two fault structures affect
the flow dIrectIOn The Qwelra fault, a NNE-SSW stnkmg fault wIth several
hundred meters of downthrow to the east, forms the western boundary of the
flow III that area The second IS the Kharawl dIke whIch commences north of
Qwelra and extends to the southeast mto SaudI ArabIa The effect of the two
structures m the west IS the dIverSIOn ofsome flow In a narrow area through
WadI Yutum towards the Gulf of Aqaba

The Kharawl dIke locally acts as a barrIer agaInst groundwater flowmg
northwards causmg arteSIan flow m wells south of It III a small restncted area
south ofMudawwara

The Graben formIng faults In the Rift zone (Jordan Valley-Dead Sea- WadI
Arab) brmg the aqUIfer Into dIrect contacts wIth shallow aqUIfers and arteSIan
condItIOns occur

3 1 2 AqUIfer Parameters and Water QualIty
The permeabIlIty of the Ram aqUIfer from tested wells m Jordan and SaudI
ArabIa ranges from 0 5 to 8 5 mid An average value of 1 5 mid generally IS
used

The average storage coeffiCIent Il1 the confined part of the Ram aqUIfer IS about
7 2xl O-..\. and the speCIfic yIeld IS 0 07 These values are tor the southwestern
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part of the aqUIfer Where the aqUIfer IS confined the average hydraulIc
parameters for the Ram aqUIfer are

Average saturated thIckness (t)
EffectIve porOSIty (SY)
Storage coefficIent (S)

1400 meters
3%
10-4

l
I
I

In the Jordan Valley, the permeabIlIty as determmed by JICA (1995) ranges
from 4 1 to 16 0 mid and the storage coefficIent ranges from 10-6 to 10-4

BrackIsh groundwater occurs III the Ram aqUIfer III Jordan over an area of
approxImately 67,000 km2 In the southeast (DISI, Ghal, Sahl Es Suwwan and
Mudawarra), the TDS of the groundwater ranges from 200 to 250 mg/l It
reaches 400 mg/l north of the Kharawl dIke and 1,000 mg/l m WadI Yutum
SalImty gradually mcreases to the north along the flow path untl1 the
groundwater becomes brackIsh to salme m the central, eastern and northeastern
parts of the country

Modem recharge to the Ram aqUIfer IS very lImIted In outcrop areas the Ram
water IS about 10,000 years old (by Isotope datmg) whIle m the confined part It
IS much older, 20,000 to 35,000 years old

Naturally the Ram aqUIfer drams to the Dead Sea About 300 mIllIon CUbIC
meters a year dIscharge to the Dead Sea accordmg to mathematIcal modelmg
(Hobler et aI, 1991) About two (2) mIllIOn CUbIC meters a year are dramed to
the Gulf ofAqaba through the WadI Yutum gorge

Average pIezometrIc head (h) on top ofthe aqUIfer IS 1800 meters The total
quantIty of brackIsh groundwater stored m the Ram aqUIfer (Qt)IS gIven by the
formula Qt = Qv + Qp, where Qv IS the quantIty of water m VOIds and Qp IS the
quantIty ofwater stored under pressure

Qv = A X t X Sy = 67000 X 106 X 1400 x 0 03 = 2814 x 109m3

Qp = A X h X S = 67000xl06 X 1800 xl0-4 = 12xl09m3

Qt = Qv + Qp = 2814 xl09 +12x109 = 2826xl09m3

The dIstnbutIOn of thIS quantIty IS shown m Table 3
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BasIn Area (A) Stored Volumes (x 109m2
)

(x 109m2
) Qv Qp Qt

Azraq 11 588 486696 2086 488782
Dead Sea 04902 205 884 0882 206766
Hamad 19271 809382 3468 812850
Jaft (N 2 NEW) 00290 012 180 0052 012232
Jordan RIver 18 194 764 148 3275 767423
SIrhan 12755 535710 2296 538006
Total 67000 2814000 12000 2826000
Table 3 Calculated volumes of brackIsh water In the Ram aquifer

3.2 The Khrelm Aqultard
As descrIbed lIthologICally and hydrogeologIcally, the Khrelm aqUItard
contams the DubeIdIb formatIOn WhICh consIsts of several cycles ofsand, sIlt
and sandy shale The upper part (about 120 meters thICk) IS porous and
permeable and IS saturated wIth brackIsh and even salme water except m
lImIted localIzed areas m the southeastern part ofthe Hamad basm where a few
meters of the sectIOn are saturated wIth natural gas (RIsha Gas FIeld) The
formatIOn forms a brackIsh or even salIne groundwater reservOIr

Accordmg to dnlhng and loggmg data, the sahmty mcreases from the SaudI
borders m the southeast (Halat Ammar) northwards as follows

In the southern part ofWadI SIrhan It IS 1,200 mg/I Further north, m the NRA
wells (S-4 and 8-46) It IS 1,500 mg/I and becomes 2,740 mg/I, 7,280 mg/I, and
9200 mg/I m the oll exploratIOn wells (WS-4, WS-2, and WS-l, respectIvely)
The sahmty IS expected to exceed 10,000 mg/I m the Hamad basm

The occurrence of salme water m thIS aqUItard whIch confines the underlymg
Ram aqUIfer m the eastern part ofthe country should be conSIdered whenever
major development ofthe Ram aqUIfer IS deCIded At present, the pIezometrIc
head of the Ram aqUIfer IS hIgher than that of the Khrelm But exceSSIve
abstractIOn from the Ram mIght reverse the pressure regIme resultmg m
downward leakage of brackIsh and salme water to the Ram aqUIfer

The geometry of the Khrelm Group IS shown on ItS Isopach map (FIgure 4)
The total area of the formatIOn IS 45 920 km2 and occurs m the eastern half of
the country The thIckness ranges from zero m the west to 1,250 meters m
TureIbIl near the borders WIth Iraq

EstImates of the stored volume of brackIsh water m the DubeIdIb are based on
the assumed parameters
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Storage coefficIent(s) 10-5

Average plezometnc head on top of the aqUIfer approxImately 1200 meters
EffectIve POroSIty 1 5%
Saturated thIckness In each basIn IS presented III Table 4
Water saturated area = 37,408 X 109 m2

(About 7,748 km2 In the northeast along the border wIth Iraq are not fully
saturated wIth water Also, about 764 km2 III the south along the contact wIth
the Ram Group are dry )

Zone Area (m2
) Average EffectIVe Volume

xlO9 Saturated PorosIty Stored In the
ThIckness VOIds

(m) QvxlO9m3

E Hamad 05,852 600 0015 52,668
W Hamad 07,875 500 0015 59,0625
N SIrhan 01,575 100 02,3625
E&S Jafr 19,600 300 88,20000
S SIrhan 01,950 300 08,7750
S Desert 00,556 200 01,6680
Total 37,408 212,736
Table 4 Calculated volume of brackIsh water III the Khrelm (the Dubeldlb part)
aqUltard

The volume stored under pressure (Qp) = 37 408x109x1200 x10-5

= 0 4489 x109m3

Total CQv + Qp) =213 1849x109m3

3.4 The Zerqa aqUIfer
The total amount of groundwater stored III the aqUIfer IS approxImately
33 Ox109m3 It IS estImated that about 94% ofthIS amount IS brackIsh (1,000
mg/l to 10,000 mg/l) whIch means that the quantIty of brackIsh groundwater
stored In the VOIds ofthe Zerqa aqUIfer IS IS 31 07xl09

The quantItIes stored under pressure are shown In Table 5
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Sat Stored Volumes
BasIn Area (A) ThIckness Head Effective (x 109m2

)

(x 109m3
) (m) (m) PorOSIty Qv Qp Qt

Azraq 0490 500 1134 003 735 0555 07905
Dead Sea 0096 01 3 0170 004 005 00163 00066
Hamad 1665 354 0726 003 1768 1208 18888
Jordan 01 59 903 0304 004 0575 0048 05898
RIver

SIrhan 01 00 080 0871 003 0024 00871 00327
(North)
Total 25 102 - - - 3107 1 916 33084
Table 5 Calculated volume of brackIsh groundwater III the Zerqa AqUIfer

Total volume of groundwater m storage (Vv+Vp)= 31 07xl09+ 1 916=
330x109m3

3.5 The Kurnub AquIfer
Most of the Kurnub groundwater IS brackIsh Fresh groundwater occurs only In
the VICInIty of outcrops of the formatIOn In Baqa' - EIn EI Basha, the south
eastern part of the Jordan Valley escarpment, and the southwestern part of the
Jaft basIn Elsewhere It IS brackIsh

In the eastern part ofthe Azraq and SIrhan basIns, and the eastern part of the
Jordan RIver basIn, the sahmty mcreases from 3,000 to about 6,000 mg/I

BrackIsh groundwater occurs over an area of about 54,000 km2, where the
aqmfer IS confined

Average saturated thIckness (t)
Effective POroSIty
Storage coeffiCIent (s)
Average plezometnc head on top of the aqmfer (h)

The volume of brackIsh groundwater stored In the Kurnub IS summanzed by
basm III Table 6

Sat Stored Volumes
BasIll Area (A) ThIckness Head (x 109m3

)

(\.109m2
) (m) (m) Qv Qp Qt

Azraq 11 735 115 1,100 40486 1 291 41 777
Dead Sea 01 761 115 165 06075 00290 6104
Hamad 16650 060 720 29970 1 199 31 169
Jafr 03730 110 240 12309 0090 12399
Jordan RIver 08592 120 300 30931 0258 31 189
SIrhan 11 250 070 870 23625 0979 24604
Total 53718 - - 143 396 3846 147242
Table 6 Stored volumes of brackIsh water III the Kurnub AqUIfer
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36 The lower AJlun AqUIfer
Stored brackIsh water In the lower AJlun (AI-6) occurs In the lafr baSIn where
the lIthology of the aqUIfer matenals IS arenaceous and the whole Group Al
A6 IS undIfferentIated formIng the Fassu'a aqUIfer The sandy faCIes of the
lower AJlun (Fassu'a) extends to the SIrhan baSIn Generally, groundwater In
the Fassu'a aqUIfer III the western part of Jafr occurs under water-table
condItIOns

Area of saturatIOn IS estImated to be 12,000 km2

Average saturated thIckness IS about 120 meters
Calculated water III storage A= 12,000xl06x120xO 03 =43 2xl09m3

About 90% of thIS amount IS brackIsh, 1 e, quantIty ofbrackIsh groundwater III

storage IS apprmamately 39 Oxl09m3

3.7 Amman -WadI SIr B2/A7 AqUIfer
BrackIsh groundwater III thIS regIOnal aqUIfer system occurs In the eastern part
of the country, where the aqUIfer IS confined by the Muwaqqar (B3) aqUItard
and other younger strata A stnp In the northern part of the country 40-50 Ian
wIde from the Synan borders In the north, whIch Includes the northern parts of
the Azraq and the Hamad baSInS IS excluded Groundwater In thIS northern
stnp IS fresh due to the dIscharge of freshwater from the basalt aqUIfer Into the
upper Cretaceous aqUIfers whIch eventually leaks downwards to the B2/A7
aqUIfer In thIS zone

AccordIng to avaIlable data, Table 7 shows the amount ofbrackIsh groundwater
In the B2/A7 aqUIfer and ItS dIstrIbutIOn In the groundwater baSInS, based on a
speCIfic yIeld (sy) of 1% and a storage coeffiCIent of 10-3

BaSIn Area (A) Sat ThIck (t) Head (h) (m) QvxlO9 QpxlO9 QtxlO9

(km2
) (m) (m3

) (m3
) (m3

)

(Qv+Qp)

Azraq 6,000 666 570 41 958 3591 45549
Dead 1,000 157 100 01 570 1 000 02570
Sea
Jafr 2,3000 065 080 01 495 0184 01 679
SIrhan 15,300 210 040 32 130 6 120 32250
Hamad 11,000 125 175 13750 1 925 15675
Total 35,900 90903 12820 103723

Table 7 Calculated volume of brackIsh water III the B2/A7 aqUIfer

38 The RIJam (B4) AqUIfer
BrackIsh ground\\ ater OCCLll s 1I1 most of the Hamad baSIn (an area of about
15,000 km2) III about t\\O thIrds of the area of the northern part of the SIrhan
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basIn (adjacent to the borders wIth SaudI ArabIa), and the southeastern part of
the Azraq basIn IncludIng a small area from the northern part of south SIrhan
The total area of brackIsh groundwater In the Azraq and SIrhan basIns amounts
to 4,000 km2 wIth an average saturated thIckness (t) of75 meters The average
saturated thIckness In the Hamad basIn IS about 77 meters Generally the
aqUIfer IS unconfined, and the estimated specIfic yIeld (sy) IS 1%

Based on the above parameters, the estImated quantIty of brackIsh groundwater
stored In the B4 aqUIfer IS gIven m Table 8

BaSIn Area (km2
) Saturated ThIckness Sy QxlO9m3

(m)
Hamad 15,000 770 1% 11 55
Azraq and SIrhan 4,000 750 1% 300
Total 19,000 1455
Table 8 Calculated volume of brackIsh water In the B4 aqUIfer

3.9 WadI Araba AllUVIal AquIfer

ApproXImate area of saturatIOn 160x5 5=
Average saturated thIckness
SpeCIfic yIeld
QuantIty of brackIsh groundwater In storage
880xl06x800xO 1 =
70 400xl09m3

880 km2

800 meters
10%

3.10 Total Volume BrackIsh Groundwater In Jordan
CalculatIOns of stored amounts ofbrackIsh groundwater In all aqUIfers yIeld a
total volume of 3,447xl012m3 Table 9 summarIzes the volumes by aqUIfer
and baSIn ThIS volume of about 335 IS purely SCIentIfic and cannot be
conSIdered for explOItable purposes On the other hand substantIal quantItIes of
brackIsh water In dIfferent areas ofthe country form a potentIal source ofwater
for dIrect use, blendIng, or for desalInatIon
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BaslO Azraq Dead Sea Hamad Jafr Jordan Sirhan Southern Wadi Total
River (I) Desert Araba

AqUIfer

Ram 4867 2068 8128 122 7674 5380 - - 28260

Khrelm - - 111 7 882 - 11 10 1 70 - 2127

Ldlqcl 790 0066 18888 - 5898 0329 - - 33084

Kurnub 41 777 6104 31 169 12399 31189 24604 - - 147242

AI-6 - - - 390 - - - - 390

B2/A7 45549 2570 15675 1679 - 3225 - - 103723

B4/85 (0) 220 - 11 55 - - 080 - - 1455

AlluvIUm - - - - - - - 7040 7040

Total 58412 21554 10018 15348 80448 60708 1 70 7040 34386
Table 9 DistrIbutIOn of the total estimated quantity of brackish groundwater stored In the aqUifers among the groundwater basIns The figures
lrc m bIlhons of cubic meters

tl) The Jordan River Basin Includes the Amman-Zerqa Basin
{ )The B4/B5 In the Azraq BaSin Includes the shallow lacustnne alluvial depOSits In central part of the baSIn where they form with the underlymg B4/B5 one composite
aquIfer
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4.0 Brackish Water in SprIngs DIscharge
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There are sIxty-seven (67) brackIsh sprmgs m the country WhICh were
IdentIfied and are covered by monthly momtormg of dIscharge and salImty
SIxty-four (64) of these, m addItIon to the Zerqa M'am and Zara group of
spnngs and seepages, occur m the RIft escarpment One occurs In the vicimty
of Azraq Esh-shishan m the Azraq basIn and two others m the Ma'an area In
the Jafr basm Temperature measurements of dIscharged water from the
spnngs IS not Illcluded III WAJ's momtorIng program But the temperature of
the waters ranges between 150 C and 300C Geothermal waters ofZerqa M'am,
Zara and others III the RIft escarpment range III temperature from 500 C- 63 0 C

Table 10 summanzes the number of brackIsh sprmgs In the dIfferent baSInS,
theIr average annual dIscharge, and theIr average total dIssolved solIds (TDS)
concentratIOn

Basm No of Sprmgs Average total Average TDS
(BrackIsh) dIscharge (MCMlyr) (mgll)

Dead Sea 33+Zerqa Ma'm + 33 160 1020-7840
Zara Groups

Jordan RIver 23 21 030 1010-3860
WadI Arab 8 0080 1100-1430

Azraq I 0300 1115
Jafr 2 o100 1100

Totals 67 + Zerqa Ma'm + 54670
Zara Groups

Table 10 BrackIsh Sprmgs Data

Annex I presents more detaIls about each brackIsh sprmg such as the name, the
IdentIficatIOn number, the aqUIfer source, and chemIcal analyses
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5.0 Geothermal Water Resources
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Surface and subsurface thermal anomalIes m Jordan have been observed at
many locatIOns mamly as hot sprmgs along the Dead Sea R1ft escarpment and
the Mukhelba area along the Yarmouk R1ver Several water wells m Zyzya,
Azraq and North Shuna, Mua'dI, and Safawl have encountered hot mmeralIzed
water The regIonal geologIcal structure of Jordan renders parts of the country
favorable for the occurrence of geothermal reservOlrs The Jordan RIver RIft
system, whIch IS part of the great East Afncan-Anatohan RIft, IS active Along
thIS great transform, geologIcal and geophysIcal eVIdences strongly suggest a
left lateral movement of the Arabian plate m a north-northeast dIrectIOn relatIve
to the AfrIcan plate Release of tensIOnal stresses along the transform has
resulted m sporadIc eruptIOn of basalt flows at or near the surface and the
development of a network of structures (faults and folds) m prOXImIty ofthe nft
zone POSItIve heat flow anomalIes occur m the Jordan RIver R1ft and adjacent
areas comcIdmg closely WIth areas of basaltIC eruptIOn and the seIsmIcally
active zones 98% of the geothermal spnngs m Jordan occur m thIS zone

5 1 Sources of Heat
POSSIble sources ofheat are
1 The naturally hot rocks m the subsurface at conSIderable depths but withm

the reach of circulatmg meteonc water through deep fractures m fault
zones Here the water IS preheated and ascends to the surface as hot sprmgs

2 The presence of a hot magnetIC source m the subsurface gIvmg heat to
circulatmg flUIds

3 The frIctIOn along the transform and other actlve fault zones

Heat flow measurements on the surface and geothermal gradIent measurement
m boreholes have delmeated favorable areas of geothermal groundwater

5.2 Zerqa Ma'In and Zara Hot SprIngs
There are 64 hot spnngs and seeps m WadI Zerqa Ma'm on the northern SIde of
the Zerqa Ma'm E-W fault, and four (4) sprIngs and seeps m the Zara area on
the eastern SIde of the mam graben formmg fault ofthe Dead Sea

These hot sprmgs WIth spectacular water falls have been known and enjoyed
throughout hIstOry Today they serve as an Important tounst attractIOn and
recreatIOn area A health resort presently IS active m Zerqa Ma'm
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521 Zerqa Ma'm Hot Sprmgs
In WadI Zerqa Ma m two groups of hot spnngs occur
a) Hypothennal spnngs WIth a temperature range of200 C to 340 C They occur m

areas of steep slopes on the upstream sIde of the WadI Ez Zarqa The sprmgs
Issue from the Hummar (A4) aqUIfer WIth an average total dIscharge of 80
m3/hr The water IS wann and IS bemg utIlIzed for IrngatIOn by the Bam
HamIda, the TDS IS less than 1,000 mg/l Another group are Uyun Musa WhICh
Issues from the WadI SIr (A7) aqUIfer and IS fresh and bemg used for the
domestIc water supply

b) Geothermal spnngs
There are 64 hot sprmgs and seeps whIch were surveyed by the author dunng
the penod 1977-1980 Temperatures range between 340 C and 630 C and the
average TDS ranges between 1,790 and 2,100 Average total dIscharge IS 17
mIllIon CUbIC meters a year The vanatIOn of dIscharge and IDS WIth seasons
IS neglIgIble The source aqUIfer IS the Kurnub sandstone

5 2 2 Zara Hot Sprmgs
There are 44 sprIngs and seeps m the whole Zara area WIth an average total
dIscharge of 9 1 mIllIon CUbIC meters a year and a temperature of43-54oC
The dIscharge and TDS show lIttle seasonal vanatIOn The source aqUIfer IS the
Kurnub sandstone

Both the Zerqa Ma'm and Zara geothermal spnngs contam relatIvely hIgh
concentratIOns of fluonde, bromIde and IOdIde (more than the content of sea
water) They also contam Boron (0 3 mg/l) The water type ofboth IS NaCI 
Ca(HC03)2 Both areas have radIOactIve superfiCIal depOSIts ThorIum and
radmm (226) were IdentIfied m some spnng depOSIts

5 3 Mukhelba Area (EI-HIIDma)
ThIS area IS SItuated m northwestern Jordan, adjacent to the Yarmouk RIver
The spnngs are utIlIzed pnncipally for recreatIOn and a nearby rest house
prOVIdes accommodatIOns for visItmg bathers Less Important hot spnngs and
seeps are located downstream along the Yarmouk and are utIlIzed m lImIted
IrngatIOn mamly for banana crops

The El Hamma hot sprmgs feed three pools The water temperature ofthe
mner pool IS 48C whIle the temperature of the outer pool IS 33 5C The flow
rate IS approXImately 15 m3/hr All hot spnngs m the Mukhelba area gIve off
an odor ofH2S Also, the spnng areas are slIghtly radIOactIve

The Azraq area \\tas dIscovered when a deep water well was dnlled by the
Azraq Groundwater Project (CWA/UNDP) m 1962-1963 m the area where the
Azraq resthouse IS located now The well (Az-I) encountered arteSIan hot
sulphurous groundwater at a depth of450 metel s \\ hlch rose to about seven (7)
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meters above the ground surface wIth a well head temperature of 390 C In
1983, heat flow and geothermal gradIents were determIned In two 011
exploratory wells (WO-I and WR-I) dnlled and In one water well (SH-5)
dnlled In the Azraq basIn The results are shown In Table 11

Well Name Heat Flow Thermal Depth
(mw/m2

) GradIent Interval
(OC/km) (m)

WG-I 125 5465 46,232
WR-l 70 3028 95,131
SH-5 120 7359 204,280
Nonnal condItIOns m the (64) (30)
earth crust
Table 11 Geothermal parameters of selected wells

Heat flow and geothennal gradIents for the three SItes IndIcate the occurrence
ofheat anomalIes

5.4 North ShUDa Well.
BaSIC well InfOnnatIOn mcludes
PON 224360 POE 208 141 Total Depth 967 meters YIeld 900 m3Jh
Temperature 53 50 C pH 7 0

ConcentratIOn ofprmcIpal geochemIcal parameters (m ppm) Includes
Na K Mg Ca CI S04 HC03 Sl TDS F Br
111 0 77 43 1 606 12425 110 41 0 840 - 0566 1 75

H2S gas IS present

Trace element concentratIOns In parts per bIllIon (Ppb) Include
1 Cu Co Cr Mn NI Zn Pb Ag LI
2 0 nd 550 0 20 0 nd Nd 20 0 nd 30 0 -

5 5 Mua'dl Well
BaSIC well mformatIOn Includes
PON 177 POE 211 50 Total Depth 700 meters YIeld 60 m3Jh
Temperature 5loC TDS 10,586 ppm

ThIS IS a pnvate well (Gmar Abdullah well) dnlled on the edge of the Jordan
Valley escarpment on a Kurnub sandstone outcrop to the east ofMua'dI for the
use of the Jordan Valley Resort Thermal water flows from the Zerqa and the
underlYlllg Ram aqUIfers The temperature log gave the follOWIng temperatures
at the three depth llltervais (Table 12)
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Depth mterval Temperature
(m) (OC)

141 8-148 45
2114-238 474
348-354 51 7

Table 12 Temperature measurements In Mua'di well

46

5.6 Zyzya Area
South and southeast ofQueen Aha InternatIOnal AIrport are located a number
of pnvate water wells WhICh produce warm to hot water (temperature 380 C and
43 0 C) from the B2/A7 aqUIfer Most ofthese wells are located m a faulted
zone where the eastern extensIOn of the WadI Zerqa Ma'm fault mtersects
another fault

57 Ghor EI Hadltha Well (TS-ID)
BaSIC well mfonnatIOn mcludes
PGN 77 121 PGE 201 662 Total Depth 773 meters YIeld 300 m3Jh
Temperature 50 0 C

The well was dnlled by NRA as a tar-sand exploratIOn well Thermal water
flowed to the surface from two zones m the Kurnub sandstone aqUIfer The
first mtervalls from the upper Kurnub at 54 meters depth, temperature of420 C,
WIth a hIgh content ofH2S gas The second mtervalls from a depth of637-664
meters whIch IS the lower Kurnub The temperature IS 50oC, the flow rate IS
400 m3/hr At both mtervals, the hIghly thennal brackIsh water (TDS 9,034
9,103 ppm) remamed flowmg under hIgh pressure

ChemIcal Analyses ofthe TS-ID well water are presented m Table 13

Samples Depth SpGr pH TDS CI- Na+ K+ Ca++ Mg++
No (m) 20 d4 ppm ppm ppm ppm ppm ppm

1 598 1 005 72 9103 4970 1385 181 723 448
2 773 1010 75 9034 4473 894 119 1100 515

Table 13 ChemIcal analysIs of water samples from well no TS-1D

5.8 WadI EI Hasa SprIngs

581 Afra Thermal Sprmg No 1
BaSIC sprIng mfonnatIOn mc1udes
PGN 41 550 PGE 209200
Flow rate 375 m3/hr AqUIfer Kurnub

ElevatIOn (as!) 850 meters
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Temperature and pH data
Sample No Temp (OC)
1 45
2 46

pH Date
6 8 12 12 89
68 7 1090

Others

ChemIcal AnalysIs (ppm)
Na K Mg Ca CI S04 HC03 SI TDS F Br
358 22 1660 440 650 600 1290 10 1 -

Trace Elements (Ppb)
I Cu Co Cr Mn NI Zn Pb Ag LI

3560 530

5 8 2 Afra Thermal Sprmg No 2
BasIc spnng mformatIOn mcIudes
PON 41 555 PGE 209 200
Flow rate 300 m3/hr AqUIfer Kurnub

ElevatIOn (asl) 850 meters

Temp and pH data
Sample No Temp. COC)
1 47
2 47

pH
69
69

Date
12 12 89
7 1090

ChemIcal AnalysIs (ppm)
Na K Mg Ca CI S04 HC03 SI TDS F Br
358 22 1660 440 650 600 1290 10 1

Trace Elements (Ppb)
I Cu Co Cr Mn NI Zn Pb Ag

3560 530 130

5 8 3 BurbaIta Thermal Sprmg
BasIc sprmg mformatIOn mcIudes
PGN 43750 PGE 214 000 ElevatIOn (asl) 253 meters
Flow rate 31 m3/hr AqUIfer Kurnub

ChemIcal AnalysIs (ppm)
Na K Mg Ca Cl SO.j HC03 SI TDS F Br
49 0 5 9 14 -J. 32 6 97 63 80 0 46 0 377 0 880 1 20

I

I
I
I

Temperature and pH data
Sample No Temp (OC)
1 406
2 407

pH Date
6 5 12 12 89
42

Others
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Trace Elements (Ppb)
I Cu Co Cr Mn

490 100 130
The water contaInS C02

NI Zn
500 -

Ph
30

Ag

5.9 Azraq BasIn
Two deep water wells encountered thermal water m the Azraq basm

5.9.1 Well Az-1(Azraq Rest house)
Well Az-l was dnlled by the UNDP-Azraq groundwater project and the Central
Water Authonty ofJordan In 1963

BaSIC well InfOrmatIOn mcludes PGN 142 160, PGE 321 200

The well IS located m the vlcmlty of the Azraq Rest house whIch IS uhhzmg the
thermal sulphurous water of the well The artesIan flow rate IS 45 m3/hr, and
the arteSIan head IS 7 meters above the ground surface The water temperature
at the well head IS 390 C and the pH IS 7 4 The thermal water contams hIgh
amounts ofH2S gas The water IS from the B2 aqUIfer from a depth mterval of
420-502 meters

ChemIcal AnalysIs (m mIlh-eqUIvalents per hter)
Ca Mg Na HC03 S04 CI TDS
47 279 1241 440 700 850 1180

592 Smelca Well No 1 (Safawl Area)
BaSIC well mformatIOn mcludes
PGN 188700 PGE 371 00
ElevatIOn SWL 224 5m bgl
Temperature 5640 C pH 6 9-7 45 A
The water contaInS H2S gas

Total Depth 900 meters
YIeld 50m3Jh
qUIfer Kurnub Sandstone

Temperature and pH data
Sample No Temp CC)
1 55
2 654

pH Date
745 10 1289
69 8990

ChemIcal AnalysIs In parts per mIllIon (ppm)
Sample No Na K Mg Ca Cl S04 HC03 SI TDS F Br
1 1080 18 5 22 5 397 177 5 800 55 0 580 1 82 2 18
2 161 0 15 0 24 2 50 6 206 0 60 0 289 0 28 36 630 1 84

Trace elements In parts per bIllIon (ppb)
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Sample No
1
2

I Cu
70 nd
7 1 001

Co
6200

Cr Mn
1000 nd

Nl
nd

Zn
nd

Ph
nd

Ag Ll
300 nd

The water contams H2S gas

5.10 ConclusIOns
Based on avaIlable data, there are three areas ofpotentIal geothermal water
resources In Jordan whIch have been IdentIfied

1 The Dead Sea-Jordan Valley escarpment ThIS area has the hIghest
potentIal and the hIghest heat flow values

2 The Azraq basm where Isolated areas In the subsurface have been
dIscovered DelIneatIOn of more potentIal areas In the baSIn reqUIres
addItIOnal exploratIOn

3 The Zyzya area where many prIvate water wells south and southeast of
Queen AlIa InternatIOnal AIrport tap thermal water from the B2/A7 aqUIfer

PotentIal areas for geothermal water resources occur most lIkely In faulted
zones where deep cIrculatIOn of groundwater takes place Deep faults may act
as condUIts for rapId ascent of hot waters from deep confined aqUIfers
Thermal water IS drIven toward the surface by hydraulIcally Induced forced
convectIOn WhIle ascendmg, thermal water heat IS dIssIpated m part, by
mIxmg WIth cooler groundwater of shallow aqUIfers, by conductIOn mto
surroundmg rock, or by dIscharge as thermal spnngs
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Pure water can be separated from brackIsh or salme sea water by several
dIfferent processes, whIch WIll be bnefly dIscussed below The mterested
readers are referred to specIalIzed lIterature for more details

6 1 The Reverse OsmosIs (RO) Process
OsmosIs IS a natural process whIch can be defined as "the dIffuSIOn of a solvent
or flUId through a semI-permeable membrane", such as the wall ofa hvmg cell,
mto a solutIOn of hIgher concentratIOn, so as to equalIze concentratIOns on both
SIdes of the membrane The dIffuSIOn of flUIds through the semI-permeable
membrane IS caused by the osmotIc pressure Every solutIOn has a speCIfic
osmotIc pressure determIned by the IdentItIes and concentratIOns of the
dIssolved matenals However, osmotIc pressure IS defined as the force exerted
by a solvent paSSIng through a semI-permeable membrane m osmOSIS, equal to
the pressure that must be applIed to the solutIOn m order to prevent passage of
the solvent mto It

Reverse osmOSIS IS based on the pnnclple of applymg pressure greater than the
natural osmotIc pressure of the solutIOn (brackIsh water) to dnve the solvent
(water) through a semI-permeable membrane It IS a filtenng process at the
molecular-IOn level In practIce, compact modules of semi-permeables
membranes and a hIgh pressure pump are used

6 1 1 CharacterIstIcs of the Reverse OsmOSIS Process
1 Low energy consumptIOn It IS mamly the energy reqUIred to operate the

hIgh pressure pump
2 It removes both IOnIC and nOn-IOnIC substances as well as bactena and

VIruses
3 The avaIlabIlIty of dIfferent kInds of membranes enable the process to be

apphed on a WIder range
4 The developed compact modules of membranes reduces the plant space
5 Membranes are senSItIve to the qualIty of brackIsh water and pre-treatment

IS usually reqUIred

6 2 EvaporatIOn
ThIS IS achIeved by bOIlmg or flashmg The multI-stage flash process has been
WIdely used espeCIally for desalmatIOn of sea water WIth large scale
mstallatIOns It IS SUItable m countnes where cheap energy sources are
avaIlable WIth thIS process, very hIgh qualIty water (TDS < 10 mg/I) can be
obtamed ReductIOn of the energy cost has been achIeved through the
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applIcatIOn of hIgh effiCIency heat-exchangmg machmes and the utIlIzatIOn of
the resIdual heat energy

The pnncipal of evaporatIOn by flashmg depends on the succeSSIve reductIOn of
pressure on the heated solutIOn (brackIsh or salme) Accompanymg the
pressure reductIOn, water vaponzes from the solutIOn by flashmg At each
stage of the pressure reductIOn, vapor IS formed by flashmg

6.3 ElectrodIalysIs (ED)
DesalmatIOn also can be achIeved efficIently by electrochemIcal separatIOn of
dIssolved SOlIds The successfully used process In thIS field IS electrodIalysIS
(ED-process) WhICh utIlIzes dIrect current for electrolysIs and two types of
membranes, catIOn-permeable membrane whIch permIts pOSItIve IOns only
(such as Na+) and repels negatIve amons (such as CI-) ThIS thus creates a
stream of fresh water (desalted) between the membranes whIle the IOns are
concentrated on the electrodes

In commercIal plants, multI-paIrS ofmembranes are Installed between a SIngle
paIr of electrodes formIng several alternatIng compartments for concentratIon
of IOns and for desalInatIng water alternatIvely

The latest development In thIS process IS by reversIng the polanty of dIrect
current penodlcally (2-4 tImes hour) dunng WhICh the membranes penodlcally
clean themselves WIthout the use of chemIcals

The process IS used for the productIOn ofpotable water from brackIsh water It
IS also used for the productIOn of salt from sea water The dIsadvantage of the
process IS the reqUIred electncal energy, the amount ofwhIch IS proportIOnal to
the TDS amount m brackIsh water Also the produced water IS not free from
nOn-IOnIC substances and reqUIres treatment

6 4 The MechanIcal Vapor CompressIOn (MVC) Process
ThIS process IS used for desalInatIOn of sea water Recently a German company
has developed the process and Introduced WInd energy as the power source

The process has been demonstrated on the Island ofBorkum m the North Sea
and the followmg techmcal data have been obtaIned

l

l
I

Mm1l11Um wmd velOCIty for startup
Ma\.1l1lUffi wmd velOCIty before power off
Nommal power output
Ma\.mlUm PO\\ er output
DIstillate 110\\
rot<11 enel gv demand

3mJs
25m/s
45 kw
80 kw
03- m3/hr
16-20 kwh/m3
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EvaporatIOn temperature 35-65 0 C
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In NovemberlDecember 1995, a prototype plant was mstalled on the Island of
Rugen (Germany) In thIS prototype plant, components and deSIgn have been
adapted to the followmg optImum operatIOnal condItIOns

Feed flow
DIstIllate flow
EvaporatIOn Temperature
MaXImum power demand
MaxImum power output of the
wmd umt
Rotor dIameter

5-20 m3/h
2-15 m3/h
35-75- oC
300KW

300KW
300m

6.5 CapacItIve DeIonlZatlOn Process (CDI).
ThIS IS an electrochemIcal process newly developed by Lawrence LIvermore

NatIOnal Laboratones (LLNL) m CahfomIa DesalmatIOn of brackIsh and

salme water IS performed by passmg the feed between carbon-aerogel
electrodes at a potentIal dIfference ofabout one volt When the electrodes are
saturated WIth salts, they are electrostatIcally regenerated

The process IS charactenzed by the electrodes matenal whIch was developed by
LLNL for many other purposes Carbon-aerogel electrodes are characterIzed
by the hIgh specIfic surface area (600-100m2/gram), and the process IS energy
effiCIent compared to other known processes There IS no need for pumpmg
and the electnc energy reqUIred IS comparatIvely low The process has been
successfully demonstrated for desalmatIOn and punficatIOn ofwaste water and
sea water

Recent advances m desalmatIOn technologIes have opened the possIbIhty of
economIC development and treatment ofbrackIsh and thermal brackIsh water
for benefiCIal use The cntena for explOItatIOn are essentIally economIC The
costs m the case of brackIsh groundwater are dependent on the followmg
factors

1- Energy costs
2- Dnllmg depths
3- Pumpmg hfts
4- DIstances from wellfields and desahnatIOn plants to users
5- Well yIelds
6- Desalmatlon and treatment costs whIch depend on the technology
7- DIsposal of bnne whIch beSIdes cost may have envIronmental hazards
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SocIal development m desert areas, where fresh water IS not avaIlable and
brackIsh groundwater IS the only local resource, could be another cntenon
besIdes economICS for desalmatIOn
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The scarcIty of fresh water resources, together wIth the rapIdly mcreasmg
demand for water drew attentIOn to the development ofbrackIsh water Current
dIrect uses ofbrackIsh and salme water m Jordan are dIscussed m thIS sectIOn

7.1 IndustrIal Uses
a) The Arab Potash Company explOIts brackIsh groundwater from the Kurnub

aqUIfer In Ghor EI Hadltha and WadI I'sal m the treatment processes ofthe
potash produced from the Dead Sea water

b) The Jordan Phosphate Mme Company IS explOltmg fresh and semI-brackIsh
groundwater from the B2/A7 aqUIfer mEsh Shldlya Phosphate Mme m the
Jafr baSIn at a rate of about 16 mIllIon CUbIC meters a year for upgradmg
processes ofthe phosphate ore

c) The Azraq Table-Salt SOCIety utIlIzes salIne groundwater from the shallow
composIte aqUIfer m Qa' El Azraq for table-salt productIOn

d) Sea water from the Gulf of Aqaba IS utIlIzed by the Jordan ElectrICIty
Authonty for coolmg m the Aqaba Thermal Power Plant

72 Agncultural and DomestIC Uses
a) In the Jafr basm, about 1 mIllIon CUbIC meters a year of brackIsh

groundwater (becommg brackIsh by IrrIgatIOn returns) are utIlIzed III

IrrIgatIOn

b) In WadI Araba, about 0 85 mIllIon CUbIC meters a year of brackIsh
groundwater from the allUVIal aqUIfer IS explOIted for IrngatIOn III the areas
of WadI Musa, Mlthla, Rahma and Qa' es Sa'idlyeen

c) In the Hamad basm, brackIsh groundwater from the B4 aqUIfer IS utIlIzed
from WAJ productIOn wells for domestIc and lImIted IrrIgatIOn m localIzed
areas m the basm

d) LImIted lITIgated farmmg m the Zara area, on the eastern shore of the Dead
Sea, by pnvate local people from Bam HamIda has been the only source of
hvmg for those people The water used IS the thermal brackIsh spnngs
water
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7.3 Tourism and Health BathIng
BrackIsh-thermal groundwater from spnngs and wells IS utilIzed m tounstic and
recreatIOn facIlItIes and for health bathmg m El Hammeh, Zerqa Ma'm, Azraq,
and North Shuneh

Another possIble dIrect use of brackIsh and salme water IS fish farmmg
AttractIve locatIOns for such use are many, the Jordan Valley, Azraq, Ghor EI
Haditha, WadI I'sal, and others

7.4 Economics ofDesahnatIng BrackIsh Groundwater
The umt cost of desalmatmg brackIsh groundwater depends on several factors
Other than the costs of wellfield constructIOn and pumpmg of brackIsh
groundwater to the desalInatIOn plant, the followmg factors must be cost
effective

1) CapItal cost recovery
2) The energy factor
3) Plant SIze and relIabIlIty
4) Process type and desIgn
5) Infrastructure requIrements
6) OperatIOn and mamtenance reqUIrements
7) Pre- and post-treatment reqUIrements of feed and product
8) EnVIronmental factors
9) Labour, chemIcals and spares

Accordmg to Dykes and Colon (ref No ) the dIstnbutIOn ofoverall costs
for desalmatmg brackIsh groundwater by reverse osmOSIS IS as follows

CapItal cost recovery 41 %
Energy 26%
Membranes 12%
Labour 11%
ChemIcals 7%
Other expendable Items 3%

Accordmg to Buros (ref No ), desalmatIOn of brackIsh water usually
costs one-thIrd to one-fifth as much as that of sea water

SubstantIal cost reductIOn wIll be achIeved usmg off-peak cheap electncity or
usmg hydro-powered reverse osmOSIS desalmatIOn

Usmg a hydro-powered reverse osmOSIS desalmatIOn process m Jordan IS
pOSSIble m the southern part of the Jafr basm where the Kurnub and the
underlymg Khrelm aqUIfer meets the cntena for explOItatIOn of brackIsh
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groundwater In thIS case, the eXIstmg DisI-Aqaba water supply pipelme can be
used The dIfferentIal head of water between the collectmg reservOIr m DISI
and the termmal reservOIr IS 620 meters wIth an effectIve dIfferentIal head of
589 meters (assummg the fnctIOn head loss 5%)

The dIstance between a sUitable wellfield III the southern part ofthe Jafr basIn
and DISl IS about 25 kIn
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Assessment of the explOItable brackIsh groundwater m Jordan has been based
on economIC, technical and envIronmental cnterIa WhICh are mter-related The
mam economIC factors affectmg the InItIal costs of explOItatIOn are dnllmg
depths, well completIOn, and pumpmg hfts Techmcal factors are related to the
aqUIfers from WhICh brackIsh water wIll be explOIted These factors mclude
well prodUCtIVIty and constItuents ofwells Wells dnlled In aqUIfers conSIstIng
of porous consolIdated rocks such as lImestones, dolomItes and cherts do not
reqUIre steel casmg, and productIOn can be from open-holes For productIOn
wells dnlled In frIable and loose sandy materIal or alluvIal gravel, casIng and
expenSIve screens are necessary Also, the dIstance and the elevatIOn
dIfference between wellfields and the areas where desalmated water IS reqUIred
must be cost-effectIve EnVIronmental factors mclude the removal of the
produced brInes from the desalmatIOn process and bnne dIsposal m SItes where
there WIll be no negatIve Impact on the enVIronment DIsposal ofbrmes may
mclude the followmg optIOns

1 Pumpmg mto hned evaporatIOn ponds where the brme concentrates mto
solId salt

2 InjectIOn mto the deep underground formatIOns
3 DIscharge through pIpelme to sewers, nvers or other water bodIes
4 Spreadmg on unusable arId land

In the present evaluatIOn of explOItable quantItIes of brackIsh groundwater, the
followmg three mam economIC and technIcal factors are consIdered

1 The maXImum dnllmg depth IS 800 meters
2 The maXImum pumpmg lIft IS from 250 meters below ground surface
3 Well yIelds range from 80 to 300 CUbIC meters per hour

PotentIal areas for explOItatIOn ofbrackIsh groundwater and brackIsh thermal
spnng's water are selected on the baSIS ofthe above mentIOned cntena The
explOItable quantItIes from aqUIfers III the dIfferent basms are summanzed m
Table 14, page

8.1 The Jordan RIft Areas

8 1.1 The Jordan Valley
Sed Ez Zarqa diVides thIS zone mto two parts, the northern part extends to the
Yarmouk RIver and the southern part extends southwards to SuweIma on the
northeastern shore of the Dead Sea Accordmg to the cntena above, the
southern part IS given pnonty ThIS part has been studIed recently by JICA
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(1996) The study concluded that a potentIal of 121 mIllIon CUbIC meters a year
was aVaIlable the Zerqa aqUIfer, from whIch 75 mIllIOn CUbIC meters per year of
desalmated water could be produced by the reverse osmOSIS process JICA
recommended a 5 mIllIon CUbIC meters a year desalmatIOn pIlot plant as the
first step m deveIopmg the resource

DrIllIng depths range between 200 and 400 meters, pumpmg lIfts do not exceed
40 meters, and the TDS ranges between 5,000 and 7,000 mg/I

In thIS part of the Jordan Valley, the Kurnub and the Ram aqUIfers are potentIal
sources of brackIsh groundwater The Kurnub overlIes the Zerqa aqUIfer and
Its development by the same wellfields WIll be at neglIgIble addItIOnal cost
The Kurnub aqUlfer wIll Increase the well yIelds ofbrackIsh water but WIth a
lower IDS than that ofthe underlyIng Zerqa aqUIfer

More Important m thIS part of the Jordan Valley IS the Ram aqUlfer whIch IS
expected to have much more potentIal than the Zerqa and the Kurnub aqUIfers
DrIllIng depths WIll be less than 500 meters Wells WIll be flowmg WIth
pIezometrIc heads much hIgher than that of the overlyIng Zerqa aqUIfer
PumpIng lIfts WIll be SImIlar to that of the Zerqa or less Also the TDS ofthe
Ram aqUlfer m thIS area IS lower

In the northern part of the Jordan Valley, the explOItable aqUlfers are the
Kurnub and the B2/A7 East of the mam graben fault where the wellfields
should be located, dnllIng depths for the penetratIOn ofthe Kurnub aqUlfer are
around 800 meters BrackIsh groundwater IS expected to flow to about the
ground surface In most ofthe wells Iflocated properly PumpIng lIfts are SO
lDO meters and well yIelds range from 130-250 m3/hr

AccordIng to the present study, the explOItable quantItIes of brackIsh
groundwater from the whole Jordan Valley Area exceed 250 mIllIon CUbIC
meters a year

8 1 2 Dead Sea Escarpment
For the purpose of evaluatIng brackIsh groundwater potentIal, the Dead Sea
escarpment can be dIVIded Into four zones whIch are from north to south
deSCrIbed as follows

1 The zone between Suweima and WadI EI-Gharaba whIch IS about 27 km
along the Dead Sea eastern shore The explOItable aqUIfers m thIS zone are
the Kurnub, Zerqa, and Ram aqUIfers ThIS zone mcludes the areas of
Suwelma, Humrat Ma'm, WadI Zerqa Ma'm and Zara Based on economIC
CrIterIa, about 50 mIllIon CUbIC meters a year of brackIsh groundvvater
potentIally are explOItable from the three aqUIfers DrIllmg depths range
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from 50 to 700 meters Pumpmg lIfts are neglIgIble, because water from
the Zerqa and the Ram aqUlfers wIll be naturally free flowmg at a rate of
300 to 1000 m3/h The pIezometrIC potentIal of both aqUlfers m that area IS

25 to 70 meters, respectIvely The TDS IS about 2,000 mg/l

2 The second zone extends from WadI El Gharaba 16 Ian southwards to the
end of the CambrIan outcrop, halfway between WadI ShuqeIq and WadI E1
Jarra The estImated explOItable brackIsh groundwater from the Ram
aqUlfer amounts to 200 mIllIon CUbIC meters a year The zone mcludes
WadI El Heldan, WadI MUJIb, and Am £1 Hamar The Umm Ishnn
sandstone of the Ram Group outcrops along the shore III thIS zone A 7 5
meters hIgh stone oftravertme at about 45 Ian south of the alluvIal fan of
WadI MUJIb IS known locally as Lut's WIfe At the base of the so-called
Lut's WIfe, on the shore of the Dead Sea, several seepages of brackish
water Issue from the Umm Ishnn sandstone Dnllmg depths range from
250 to 450 meters Pumpmg lIfts range from 100-150 meters (m most
cases, water flows to the land surface) The TDS IS about 1,500 mg/l

3 The thIrd zone extends 16 kIn along the Dead Sea shore It mcludes WadI
Ibn Hamad, Ghor El Haditha, Ed DhIra', WadI El Karak and Ghor El
Mazra'h The explOItable aqUlfers are the B2/A7 and the Kurnub The
estImated exploItable quantIty IS 10 mIllIOn CUbIC meters a year Dnllmg
depths range from 350 to 770 meters Pumpmg lIfts range from 0-50m
The IDS IS about 1,700 mg/l

4 The fourth zone extends 13 kIn from the southeastern comer ofthe Lisan
pemnsula to the southeastern end ofthe Dead Sea It mcludes Ghor I'sal,
Ghor En Numelra and WadI El Hasa The Ram Group crops out along the
shore and IS overlam by the Kurnub WhICh crops out on the SIdes ofwadIS
The shallow target IS the Kurnub aqUlfer m WadI I'sal, WadI NumeIra and
WadI El Hasa Dnllmg depths for explOItatIOn from the Kurnub range from
250 to 350 meters and pumpmg lIfts are 50-150 meters (water levels are
expected to be near the surface or flowmg) EstImated explOItable
quantItIes are eIght (8) mIllIon CUbIC meters a year

813 WadI Araba
There are two sources of brackIsh groundwater m the area

1 The allUVIal aqUlfer has antICIpated dnllmg depths range between 150 and
400 meters, WIth water levels between 40 and 120 meters below the land
surface Well yIelds are estImated at 18-108 m3/h TDS ranges between
500 and 5,000 ppm ExplOItable quantItIes from the renewable resources
are estImated at 13 1111II IOn CUbIC meters a year
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The amount of brackIsh water m storage, as preVIOusly calculated, amounts
to 70400xl09m3 (TDS 1,000-7,000 ppm) The estImatedexplOItable
quantI!) IS about 200 mIllIon CUbIC meters a year

2 The Ram aqUIfer system and the overlymg Kurnub and younger aqUIfers
contam large quantItIes of brackIsh groundwater The drIllmg depths and
pumpmg lIfts cntena espeCIally for the Ram aqUIfer can only be on the
eastern escarpments, to the east of the mam graben fault The ongomg
studIes and deep dnllmg program WIll gIve more data about the
explOItabIhty of brackIsh groundwater m WadI Araba especIally the
Kurnub and Ram aqUIfers as well as the overlymg upper Cretaceous
aqUIfers On the escarpment, promlsmg areas are WadI Fldan, Feman,
GraIgra and WadI Ghuaba

8 2 The Zerqa RIver BaSIn
The follOWIng areas, In the Zerqa RIver basm have potentIally explOItable
brackIsh groundwater m the Kumub-Zerqa aqUIfer systems

82 1 SubeIhI Area
The Kurnub outcrops In thIS area The lower part of It IS saturated WIth fresh
water In the foothIlls In the VICInIty ofZerqa RIver It contams brackIsh water
The underlyIng Zerqa Group IS fully saturated WIth brackIsh water The
estImated dnllIng depth IS 300-700 meters, and the pumpmg lIfts are 200-300
meters The estImated TDS IS 1,400-2,500 mg/l

822 Jerash- AJlun Governorates
There are localIzed areas m these two governorates where the Zerqa and
occaSIOnally the lower Kurnub satIsfy the economIc CrIterIa for brackIsh
groundwater explOItatIOn from the two aqUIfers These two governorates
suffer from a lack. of adequate water supply for domestIc use DrIllmg depths
to the bottom of Zerqa aqUIfer range from 200 to 500 meters EstImated
pumpmg lIfts are 50-100 meters Well yIelds of40-120 m3/hr are expected

AddItIOnal costs for completIOn of wells are necessary Screens and gravel
packmg are reqUIred to protect the pumps from the fine sands of the aqUIfer
matenals

8 2 3 Sukhneh Area
The Kurnub aqUIfer m thIS area meets the economIC cntena for brackIsh
ground\"ater e"\ploitatIOn DrIllmg depths of550-600 meters are exptected WIth
pumpmg lIfts of 130-145 meters Well yIelds of 100 m3/hr are expected WIth a
TDS of2 300 mgll
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8 3 Azraq BaSIn
The explOItable aqUIfers m Azraq are the B2/A7 and the shallow composIte
aqUIfer system (B4 and the Azraq FormatIOn)

a) The B2/A7 aqUIfer In Azraq IS artesIan and flowmg In the area ofQa'EI
Azraq and other lower elevatIOns of the baSIn ExplOItatIOn from storage
meets the economIC CrIterIa DrIllmg depths of 400-800 meters are
expected (excludmg the Hamza Graben and the Hazeem trough) Pumpmg
hfts are estImated at 50-80 meters WIth well yIelds of25-120 m3Jh The
natural flow from well No Az-IIS 45 m3/hr

b) An estImated 15 mIllIon CUbIC meters a year may be produced from 15-20
wells m Qa'EI Azraq Area The TDS IS estImated at approXImately 1,200
ppm and the water WIll contam concentratIOns ofH2S gas

c) The B4 and the overlymg lacustrIne alluvmm (the shallow composIte
aqUIfer In the central part of the Azraq baSIn have a medmm salImty zone
(700-1,500 mg/I) and a hIgh salImty zone (2,000-3,500 mg/l) These are
recommended for brackIsh groundwater explOItatIOn accordmg to the
economIC cnterIa The drIllmg depths are 50-700 meters (full penetratIOn
of the B4) WIth pumpIng lIfts greater than 150 meters

d) The produced brme can be sold to the nearby salt plat In Azraq beIng
SImIlar m qualIty to the feed of the plant

8.4 Hamad BaSIn
Two aqUIfers m the Hamad basm meet the CrIterIa of explOItatIOn B4/B5 and
B2/A7 aqUIfers

a) In the upper most - B4/B5 aqUIfer system, the dnllmg depths are estImated
at 100-450 meters (m selected areas m the western part of the basm)
Water levels are estImated at 15-120 meters WIth pumpIng lIfts exceedmg
200m

b) The B2/A7 In the eastern part ofthe basm (RIsha-TureibIl areas), although
not meetmg the economIC crIterIa, IS the only local source ofwater together
WIth underlymg Kurnub and Zerqa AqUIfer DrIllmg depths 350-700
Water leve1180-350 meters bgl Pumpmg lIfts 220-400 meters
TDS 1,485-2,650 mg/l

8.5. The SIrhan BaSIn
The B4 and the B2/A7 aqUIfers present pOSSIbIlItIes of explOItatIOn, although
avaIlable data are not adequate
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The B4 aqUIfer IS saturated m the eastern part of the south SIrhan basm adjacent
and parallel to the borders wIth SaudI Arabia The wIdth of the saturated zone
ranges between 40 and 55 km In the north SIrhan It IS saturated and confined
by the B5 aqUItard Dnllmg depths of 200-700 meters are expected wIth water
level of 15-300 meters and pumpmg lIfts of70-150 meters (m selected areas m
the basm) The IDS IS expected to range from 1,000-1,520 mg/l m south
SIrhan and up to 1,920 mg/l m north SIrhan

In the southern part of the SIrhan basm, the whole AJlun (AI-A7) Group IS
mIssmg and the B2 overlIes dIrectly the Kurnub But m the central and
northern parts of the basm, the B2/A7 IS fully saturated and confined by the B3
aqUItard and m the northern part, the lower Ajlun (AI-6) separates
hydraulIcally the B2/A7 from the underlymg Kurnub Dnllmg depths of270
1,500 meters are expected wIth statIc water levels of 75-150 meters below
ground level and pumpmg lIfts of 130-300 (m selected areas) The TDS IS
expected to range from 4,500-7,000 mg/l

Avmlable data about the aqUIfer potentIal IS very lImIted More studIes
mc1udmg dnllmg and testmg are reqUIred for the determmatwn of the potentIal
m thIS area

8.6 The Jafr BaSIn
The B2/A7 aqUIfer satIsfies the explOItatIOn cntena Dnllmg depths of200-500
meters are expected WIth a statIC water level of 70-150 meters and pumpmg
lIfts of 100-150 meters The IDS m the eastern part of the basm IS expected to
range from 1,000-4,000 mgl

About 11 mIllIon CUbIC meters a year IS bemg utIlIzed by the Phosphate Mmmg
Company for the Shldlya mme from the western part of the basm where the
B2/A7 water IS fresh (IDS 500-700 mg/l) The wellfield conSIsts of21 wells
WIth an average dnllIng depth of250 meters and the statIc water level IS 92-95
meters bgl The water contams hIgh amounts of H2S gas

The Kurnub and the KhreIm m the southern part of the basm contam an
estImated amount of 166 bIllIon CUbIC meters ofbrackIsh water WIth sahmty
between 1,000 and 5,000 mg/l Dnllmg depths range between 170 and 500
meters and pumpmg lIfts wIll range from 100 to 250 meters Assummg 10% of
the stored brackIsh water m the two aqUIfers IS explOItable, the recoverable
reserves WIll amount to about 1500 MCM
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BasIn Azraq Dead Sea Hamad Jafr Jordan SIrhan Southern WadI Total
RIver Desert Araba

AqUIfer
Ram 2000 1000 300

KhreII11 5000 n d (1) 500

lerqa 500 300 350

KUlnub 500 nd 10000 1500

AI-6 nd
B2/A7 4000 010 0 nd 3600 200 nd 970

B4/B5 n d (2) nd nd nd

AlluVIUm 6000 6000

Total 400 760 1860 600 6000 4220
Table 14 ExplOitable quantities of brackIsh groundwater from the aqUifers In the different basIns (In MCM)

(I) n d not determmed
(') The aqulfel IS the shallow composite one which mcludes the B4/B5 and the lacustnne alluvIUm
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I Huge quantItIeS of brackish groundwater occur III all aqUIfers excludIllg the
basalt aqUIfer These quantItIes are wIdely dIstrIbuted III the country and
IllcreasIllg through tIme due to exceSSIve abstractIOn from the groundwater,
III addItIOn to ImgatIOn returns III areas of hIgh sahmty SOlIs and poor
dramage

2 The explOItable quantItIes of brackIsh groundwater form only a very small
portIOn of the total stored amount But stIll these explOItable amounts form
an Important source ofwater III areas where It IS badly needed

3 The greater part of brackIsh groundwater IS old water stored III aqUIfers
where modem recharge IS neglIgIble Therefore, explOItatIOn WIll be mamly
dependent on mmmg from storage But substantIal amounts ofbrackIsh
water are explOItable through the mterceptIOn of base flow of brackIsh
groundwater and the utIlIzatIOn of naturally flOWIllg brackIsh water from
spnngs m the Jordan Valley and the Dead Sea areas

4 Recent advances III desalInatIon technologIes together WIth the rapIdly
Increasmg demand for water have opened the pOSSIbIlIty of economIC
development and treatment of brackIsh groundwater where the cost IS
usually one-thIrd to one-fifth as much as that of sea water

5 The brackIsh groundwater of the Zerqa aqUIfer In the areas of KafreIn,
Hisban and SuweIma, In the southern part of the Jordan Valley, should be
gIven pnonty for explOItatIOn by desalInatIOn These areas are chosen
because of the IncreaSIng demand for fresh water In the area, speCIally, the
addItIOnal demand for the new hotels on the Dead Sea shore and for the
planned recreatIOnal faCIlItIes In addItIOn, the area has been studIed In
detaIled and condItIOns are favorable for the constructIOn of a desalmatIOn
plant there

6 DesalInatIOn of brackIsh groundwater from the Zerqa aqUIfer In the
Governorates of AJlun and Jerash could be more VIable than other costly
water projects for the augmentatIOn of the water supply III the two
Governorates The Zerqa aqUIfer In these areas meets the CrIterIa for
explOItatIOn

7 Three areas m the northeast of the Hamad basIll where the water supply
SItuatIOn IS cntIcal due to lack of fresh sources ofwater m the whole area,
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should be consIdered for desalmatIOn These areas are Trebeel (the border
area wIth Iraq), Rukban, and El-Bustan areas Although the B2/A7 and the
Kurnub aqUIfers are sources ofbracklsh water m these areas, explOItatIOn of
these sources currently does not meet economIC cntena
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DISCHARGE FOR SPRING 1995/1996 Quality

Spnng No max mm mean Spring No DATE EC TDS

AB0504 179 647 11226 AB0504 27/09/94 285 1824
AB0506 2711 103 16372 AB0506 05/02/94 1 952 124928
AB0534 402 132 28511 AB0534 02/10/94 2008 128512
AB0564 179 179 179 AB0564 20/07/93 26 1664

AB0564 08/06/94 258 16512
AB0586 204 116 1675 AB0586 03/10/94 2647 169408
AB0592 732 473 64625
AB0603 145 7672 97963 AB0603 03/10/94 2153 1377 92
AB0640 31 3 139 25802 AB0640 04/10/94 3512 224768
AB0697 343 244 29716 AB0697 03/10/94 1744 111616
AB0699 313 2088 28407 AB0699 03/10/94 2255 14432
AD0740 202 936 153633 AD0740 02/10/94 207 13248
AL0517 449 305 1717
AL0522 1796 0 6645 AL0522 27/09/94 1163 74432
AL0620 1353 862 11 378
CA0564 036 036 036 CA0564 23/08/94 234 14976
CA0565 305 305 305
CA0608 065 065 065 CA0608 16/08/94 205 1312
CA0636 150 124 136333 CA0636 23/08/94 338 21632

CA0636 02/05/94 343 21952
CA0638 205 137 164086 CA0638 23/08/94 562 35968

CA0638 02/05/94 568 36352
CA0642 357 216 31 35 CA0642 23/08/94 592 37888

CA0642 02/05/94 592 37888
CA0642 25/09194 602 38528

CA0652 239 171 2182 CA0652 23/08/94 576 36864
CA0652 02/05/94 566 36224
CA0652 25/09/94 548 35072

CA0686 2126 1789 1985
CA0688 309 213 2613 CA0688 22/08/94 314 20096
CA0692 191 121 15452 CA0692 22/08/94 316 20224

CA0692 15/08/94 1255 8032
CA081 0 04 04 04
CA0841 549 226 42061
CD0542 234 234 234 CD0542 20104/94 334 21376
CE0590 055 055 055
CE0646 8 8 8
DG0562 03 03 03 DG0562 06/09/93 1 192 76288

DG0562 31/07/94 1246 79744
DG0564 1787 376 8825
DG0566 26 26 26
DG0576 077 077 077
DG0612 0 0 0
DH0562 038 038 038 DH0562 26/07/94 237 15168

DH0562 29/11/93 235 1504
G0546 56 108 3313
G0548 413 036 2548
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DISCHARGE FOR SPRING 1994/1995

Spnng No max min mean
AL0517 179 0 3925
AL0522 357 0 12297
AL0620 1467 132 13935
AL0815 065 065 065
AlO986 1 79 1 79 179
DC0614 048 048 018 DC0614 18/07/94 1884 120576
EA0540 1 08 1 08 1 08 EA0540 07/03/94 3952 252928

EA0540 07/08/94 067 4288
Spnng No DATE EC TDS
AB0580 08/06/94 283 1811 2
AB0600 20/07/93 262 16768
AB0600 08/06/94 409 26176
AB0604 09/06/94 398 25472
AB0606 09/06/94 599 38336
AB0696 14/06/94 271 17344
AL0686 04/07/94 1 081 69184
AL0815 03/08/94 1 9 1216
AL0960 22/06/94 1 75 1120
CA0640 25/09/94 571 36544
CA0644 27/04/94 513 32832
CA0644 02/05/94 417 26688
CA0646 26/06/94 483 30912
CA0646 27/04/94 421 26944
CA0650 25/04/94 226 14464
CA0656 20104/94 24 1536
CA0690 22/08/94 3112 1991 68
CA0760 14/08/94 1 758 112512
CA0760 27/04/94 611 39104
CA0762 27/04/94 576 36864
CA0764 26/04/94 604 38656
CA0766 26/04/94 656 41984
CAOnO 25/04/94 584 37376
CA0772 26/04/94 644 41216
CA0841 25/09/94 424 27136
CD0542 20/04/94 334 21376
DG0576 27/07/94 1573 100672



Assessment of BrackIsh Groundwater In Jordan

References

69

I
I
I
I
I
I
I
I
I
I

1 M Abu AjamIeh, 1980, the Geothermal Resources ofZarqa Ma'm and
Zara

2 M Abu AJamleh, 1989, Mmeral Resources ofJordan

3 Andrews I J, 1991, PaleozOic LIthostratIgraphy m the Subsurface of
Jordan, Natural Resources Authonty, Subsurface Geology Bulletm 2,
Amman

4 Andrews I J, 1992, PermIan, TrIaSSIC and JuraSSIC LIthostratIgraphy In

the Subsurface of Jordan, Natural Resources Authonty, Subsurface
Bulletm 4, Amman

5 Arab Center for the Study ofAnd Zones and Dry lands (ACSAD), 1983,
Hammad baSlll Project Atlas

6 BEICIP, 1981, Structural Study of Jordan, Natural Resources AuthorIty,
Amman, Jordan

7 Bender H, et aI, 1987b, 011 Shale FeaSIbIlIty Study Phase I,
Hydrogeology, BGRINRA, Amman

8 Bunesanstalft fur Geowlssenschaften und Rohestoffe (BG), 1994,
Groundwater Resources ofNorthern Jordan, Techmcal Co-operatIOn Pro)
No 8921058

9 Bundesanstalt fur Geowissenschaften und Rohestoffe (BGR), 1991,
Groundwater Resources of Southern Jordan, Techmcal Co-operatIOn Proj
No 8620684 and 8821803

1 Buros 0 K , 1989, DesalmatIon PractIces m the Umted States
Management and OperatIOns, Journal of the Amencan Water Works
AssocIatIOn

II Bushnak A, Dar AI-Taqmya, 1997, Water DesalmatIOn and Wastewater
DesalmatIOn m the ESCWA RegIOn ElESCWAlENRJ1997/WG

12 Consultmg Engmeers, SalzgItter GmbH (CES) & Arabtech consultmg
Engmeers 1994, Groundwater InvestIgatIOns m the Azraq basm



Assessment of BrackIsh Groundwater III Jordan 70

I

I
I

13 Dykes G M, and W J Colon, 1989, Use of Membrane Technology m
Flonda, Management and OperatIOns, Journal of the Amencan Water
Works ASSOCiatIOn

14 Freeze R A and J A Cherry, 1979, Groundwater, PrentIce Hall,
Englewood Chffs, N J

15 GITEC Consult GmbH & HydrogeologIcal ServIces InternatIOnal (H S I ),
1995, Groundwater InvestIgatIOns In the Hamad and SIrhan basIns

16 Howard Humphreys and Partners, 1986, Groundwater Resources of the
ShIdIya Area

17 Lloyd J W , 1969, The Hydrogeology of the Southern Desert ofJordan

18 Masahlro MurakamI, 1995, Managmg Water for Peace In the MIddle East,
Umted NatIOns Umversity Press

19 NRA, Open-file Reports on Deep DrIllIng, Loggmg & GeophySIcal
Reports Unp

20 Natural Resources AuthOrIty (NRA), up to 1996, 1 50,000 geologICal
maps

21 Parker D H, 1970, InvestIgatIOn of the Sandstone AqUIfers of East
Jordan The Hydrogelogy of the MeSOZOIC-CaInOZOIC AqUIfers of the
Western HIghlands and Plateau of East Jordan, UNDPIFAO, AGL
SFIJORD, Techmcal Report No 2, Rome

2 Phoemx Corp, A ComprehenSIve AIrborne MagnetIC and RadIatIOn
Survey of the HashemIte KIngdom ofJordan, Unp Rep For the Natural
Resources AuthOrIty, Amman

23 Powell J H, 1989, StratIgraphy and SedImentatIOn ofthe PhanerozOIc
Rocks In Central and Southern Jordan, GeologIcal MappIng DIVISIOn
BulletIn llA Geology DIrectorate, NRA, Amman

24 Stratlgraphic ServIces InternatIOnal (881), 1989b, The BIOstratigraphy of
Smelca-l deep water well and correlatIOn WIth NH2,SH5 and RH2 wells,
northern Jordan Unpubl, Report to Fma, Pro] No B0067

25 Water AuthOrIty ofJordan, 1989, Azraq baSIn Water Resources Study


