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PREFACE

In response to a request from the Govermment of the Hashemite Kingdom of
Jordan, the Japanese Government decided to conduct a study on the Water
Resources of the Jafr Basin and entrusted the study to the Japan

International Cooperation Agency (JIGA).

JICA sent to Jordan a survéy team headed by Mr. Takao Ichimiya, the
Nippon Koei Co.,LTD from July,1988 to January,1990.

The team held discussion with concerned officials of the Government of
Jordan, and conducted field surveys., After the team returned to Japan,

further studies were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project

and to the enhancement of friendly relations between our two countries.
1 wish to express my sincere appreciation to the officials concerned of
the Government of Jordan for their close cooperation extended Lo the

team.

March, 1990

me&%“%

Kensuke Yanagiya

President

Japan International Cooperation Agency






March, 1990
Mr. Kensuke Yanaglya
President
Japan International Gooperation Agency
Tokyo, Japan

LETTER OF TRANSMITTAL
Dear Sir,

We have the pleasure .of submitting to you a Final Report of "Water
Resources Study of the Jafr Basin" which 1is prepared for the
consideration by the Government of Jordan in implementing the water
resources development in the nation's socio-economic development
objective. '

This report consists of three volumes. The Summary Report contains the
summaiy of the study result. The Main Report comprises the result of
the water resources potential study in the upper Hasa and Jafr basins.
The computer simulation study indicates that it is worth to develop the
water resources in two aguifers such as "Amman - Wadi sir" and "Lower
Ajlun". Supporting report contains the analysis and discussions in the
sector of surface hydrology and groundwater to support the main report.

All membérs of the Study Team wish to express grateful acknowledgment to
~ the persomnnel of the Advisory Committee of JiCA, Ministry of Foreign
Affairs, Embassy of Japan as well as officials and individuals of Jordan
for their assistance extended to the Study Team.

In conclusion, the Study Team sincerely hopes ' that the study results

would contribute to the socio-economic development and the well-being in
general and to the future water resources development in the country.

Yours Sincerely,

T

Takao Ichimiya

Team Leader
Water Resources Study
of the Jafr Basin






100000

[sejeteale]

35°

LEGEND (I

31

@ Amman

o
®
ind

-

,:‘_'f._"_\ Playa
= Wadi

e Watershed

Town
Phosphate Mine
Well Field

Rivar

KARAK
o)

&

ey

L

Sultoni

100000

200002

31°
a0t Etevation
: Contour (M}
(=]
Q
<
= 3()0
V_rNE

=3

v

s

. K
udawara /

Location Map

300000

37"

THE HASHEMITE KINGDOM OF JORDAN
Water Resources Study of the Jafr Basin

JAPAN INTERNATIONAL COOPERATION AGENCY







100 000

Q00 JC0

300000 -

35° 200 000

31

LEGEND (¥

Amman

Taown

-~

N o
Fhosphate Mine loarcona K.

tt%n%

weil field
A
O Playa
_— Wadi
e River

e~ Waolershed

go0 — Elevolion
- Cantour {m)

<71 .- Rointalltrm)

- Foult Systam
P

Sooso Fotesting Grid

H

Mudawwara

{V_ LEGEND (L)

ESRIE Exisring water pipeline
M@ Possible rouvte of ‘ransmission
MER Nolional woter carrier

(proposed by WAL}

{(B2/A?  Ar-g)

@ Existing reservoir

T
'Qf Possible reservoir

) Possidle coltecting
reservoir

{ ] Elevotion tm)

>

Proposed recharge dom

JICA Test well

Proposed Well /Fletd -

000 000

900000

Development Alternative

300000 37

100 Q00

THE HASHEMITE KING DOM OF JORDAN

WATER RESOQURCES STUDY OF THE JAFR BASIN

SAPAN INTERNATIONAL CODPERATION AGENCY




3]

900 OO0

100 000

35° 200 000
T
LEGEND {1
@ Amman
] Town
GEWN L)
4N Prosphare Mine LEGEND
n welltield EIFAED Eaisting worer pipeline
r:-'/'_';.?i“ Pioyo PEIE Possible route of transmission
~ Waai . : .
B A BIEIE Nolionul water cadrisr
T River {propesed by WAJ)
s Wateished Proposed Well /Fjeld J3°
I 200 -— Elevgtion $ 82787 ,A1-6)
Contour L} '_:f NS . @ Ezisning reservorr
-1~ Roinlalltom) \'{-A]\ %i 3 A,
_ . v
— = Foull Systen < VkL (),' Possible reservoir
- B | TAFRLA Y =
HeEme Folestine Grig r g L U : & Pessibie cotlecting
- tesevoir

} Etevotion tm)

Y

-

vj\;‘roposed rechorge dem

JICA Test Wwell

<00 000

S0G 000

tt /
Mudowyarg .
.

36 100000 37

100 CCC

[sle.eRe vls]

Development Alternative THE HASHEMITE KINGDOM GF JORDAN

WATER RESOURCES STUDY OF THE JAFR BASIN

JAPAN INTERNATIONAL COOPERATION AGEMCY







Pumping test at test well JT-3; Excellent quality Upper Nasa basin: Southwards view from Hasa town. {July,1988)
of pimped water from deep aquifer of Lower Ajlun
{Al-6), with T.D.S. of 330 mg/!.(December,1968}

Gutcrep of Amman. (B2) formation in A-2 groundwater recharge damsite; HNorthwestern part of the Western Hightands in the Jafr
the Hestern Righlands; Alternating basin, where pervious Amman (82} formation outcreps ir and around the damsite. (July,K1988)
silicified limestone and chert,

with frequeni joints, cracks and
fissures. (December, 1988}

Hadi Jurdhan at middle reaches; Eastwards and/or Groundwater recharge area of the Western Highlands, which is
downstream view from Desert Highway bridge. covered with snow in December,25,1988. (December,1988)
(July.1988)

Gruundwa_ter irrigation at Al Jafr; Abstracting
from shallow water table aquifer of Rijam (B4), of
which water salinity was increased by excessive
irrigation return flow ard/or deep percelation.
{June, 1989)

Qa' Al Jafr, end of the wadi course at the center ¢f the
playa, 10 km portheastwards from Al Jafr town.
{Gctober,1988)






SUMMARY

A. - Background

i. The Hashemite Kingdom of Jordan is making steady progress in the
éconqmig'develbpment:bf the'countfy, but is handicapped by the limited
availability of ~water; Great efforts have been made in the water
résbﬁrées.dévelopment sector with the allocation of JD 250 millionm in
the-l981<1985 fivé-yeér plan or about ome siuth of the nétional budget.

Such efforts will be continued also in the future.

é.; The Govermment of thé Hashemite 'Kingdom. of Jordan (hereinafter
reférred to és "the Gpvernment'of Jordan") decided to make a study of
“the ﬁafer fesources of the jafr basin’ and the upper Hasa basin, which
are -adjacent With'each other,_énd feduested the Government of Japan to
providé the_requifed technical assistance. In response to this request
" the Government of Japan : through the Japan Inﬁernational Cooperation
Agency (hergingftérﬁrefefred to as "JICA") the sole official.agency for
ﬁhé imp1émentati0n.of'the technical cooperation programs of the
Government'ofljaﬁan.cOmménced the Study.in close cooperation with the
Government of pthdan through Wéter-'Authority of ‘Jordan (hereinafter
: feferred to as'wAJ);ésithe exécutiQe agency of the Study. In a short
period of tiﬁe, JICA o:géniﬁed a Preliminary_StUdy Team and ‘dispatched
it to :Jo:dan in, Februéry_ 1988. The Scope of Work for the Water
.Resohrpes Stﬁdy,.of  the Jafr Basin (hereinafrer referred to as "the
Study") was.agréed'upon on 25'Februafy,1988. JIGA.fnrther organized a
team for the Study.(the Study Team) and dispatched it to Jordan on 6
July 1988.

B. Present Situation
3. IGeogréghx E'Thejjéfr'basih is - located in the southern part of the
central Jordan plain and 1ie§.tofthe east of the western highlands. The

_bésin tas an area 6f313,500 kmz, most of which méy'be classified as an

arid desert. The basin diéplays a classic centripetal drainage pattern
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with all wadis draining from the encireling highlands to the ceﬁtral El
Jafr Pleya,'the iergest_coneave'surface in Jordan. The catchment lies
at an elevation of'betﬁeen'SSO m in the E2 Jafr Playa and 1,750 m in the
Western Highlands. The Upper ' Hasa ba51n is- 51tuated adJacent to the__
northern Jafr Ba51n by watershed The catchment area is about 2 200 km2

and 11ee at an elevatlon of between 400 m at the basln:outlet near
Tannour and 1,250 m in the eastern hlghlands The wadis in the southern«
western highlands are characteristically ‘narrow and moderately incised,

while the wadis are gentle in the eastern part of the basin where the

elevation is about 900 m. All the wadis 1n Lhe upstream reaches drain

flashing floods to the central playa named Qa El Jinz.

4.'Geologx: The geologic.grotﬁs eomprise-"biSi", “Khreim",  "Kurnub",
*Ajlun” ‘and "Belga", which are of sediﬁehtary.origin rangihg in -age.
from Cambrian to Cenozoic. The 1ower part of the sedimentary sequence@
con51sts malnly of sandstones of the Paleozoic and the lower Mesozolc,
while the upper part comprlses alternatlng limestone sandstone chert,

marl and shale of the upper Mesozoic and Cenozoic. The AJlun group is

composed of two’ formatlons of "lower AJlun (AL-6)" and ”Wadl Sir - (A?),

while the Belqa group comprlses -three formatlons of - "Ruselfa:Ammen-

‘(Bl/2)", "Muwaqqar (B3)" and'"leam (BA)“. These'thick sequences'ere-
bisected. by 'the. fault structures - such as “Karak - _Wedi Al Fihaﬁ,
"Salwan“:and "Arja-Uweina flexure", which are not  continuous system but

consists of a series of the disecrete faults.

5. Ciimete:'Aeﬁuel minimum”tempereture is'fecorded in January, rangieg
from -3.9°C at Hasa to -2. 69¢ at Udruh on average, “and annual maximum
temperature is recorded ‘in July or August ranglng from 35. SOC at Jafr_‘
to 27.4?C at Shoubak on average. Annual total evaporatlon measured byi a

class-A pan raﬁges froin 1,800 mm at Shaubak to 4,200 mm at Jafr.

6. Rainfall : ‘l‘he hydrologlcal year is divided 1into..two .'di's'.tinc.t;:
seesons' namely, the ralny season from October to May and the dry season
froﬁ June to September In the ralny season, more than 95% of‘
prec1p1tat10n is observed, lncludlng snow The annual ralnfall decreases

from 300 mm in the western hlghland to less than 50 mm 1n the eastern
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- part, Long-term'évé:age annual rainfall of the ﬁpper Hasa basin and the
" Jafr basin is 92 mm and 51 mm, respectivély. In these, precipitation is
'liﬁited. to a small. area, Taking for example the ‘historical flood
recgrded_at'thé‘Wédi Jurdhan 6n March 11, 1966, the rainfall gauging
station at Ma'an had a record rainfall of 50 mm for 15 minutes while the
rainfall gauging station at Udruh and Basta in westeérn watershed areas
‘yecorded rainfall df 10 mm in 24 hours. These three rainfall stations

are only about 20 km apart.

7.'Runoff:'Runoff ﬁsually'ﬁakes place for a few days during floods.
There is no perénnial stream'flow.fA-typical.1oca1 floods was that of
‘March:11,1966 flood which had a peak discharge of 120 m3/sec at Wadi
" Jurdhan, north of Ma’an.'This flood.ié.hearly equivalent to the 10-year
probable flood in tetms_of.peék*disdharge and had a duration of about 10
hours. Thetre also seem to. be different runoff patterns in the study
area. In the rainy westéfﬁ;.in_watershed-areas which are covered by less
perviougxmaterial,.runoff seems to appéar at wadis immediately after
5rain. This_is in stark contrast to the central and eastern part of the
study area which arg:covered by relatively thick layer of silty
materialﬂ In=these'areas where the moistﬁrq retention capacity of soils
is cohsidered:greatéf;;it:ié understood that wadis are likely to have no
stream flbw:if fainféii isgless than. 8 mm per day. The long-term average
ann@al runoff is estimated at 13.8 MCM for the Uppér Hasa basin with a
' runoff coefficient of 6.8 %, and 22.9 MOM for the Jafr basin with runoff

coefficient of 3.3 %.

.Bl _.'defogéologgz _Aduifers have been  recognized in gfgillaceous,
érenécéﬁps and/dr éarbonate focks of the Cambrian to Paleogene age such
as-"Disi" (D),_”Kurnqb“ (KY, ﬁlower Ajlﬁn“ (Al-6), "Amman - Wadi Sir"
.(BQ/AY)Uénd'"Rijam" (B4). 1In the course of the-preseﬁt Study, attention
.'was'f0cused'on the éduifefs in the Ajlun'and ‘the Belgqa such as Al-6,
B2/A7raﬁd B4, .The.regionél'groundWater flows in the aquifers of both
'BZ/A? and Al-6 are confined by three majdf:fahlting'structures such as
:_”Rarak _; Wadi al _Fiha““ fault;_ "Sa'lw.an"I fault and "Arja - Uweina"
 f1exuré.' The main sdstained aqﬁifeflis'the_ﬁZ/A?, which is intersected

by two major faulting structures, the east-west "Salwan" fault and



north-south "Arja-Uweina"'flexare.: Whiie the regional groundwater flow
in the Al-6 is confined to the area between the north of the *Salwan"
fault and the west of the "Karak - Wadi Al Fiha" fault. The shallow
unconfined aquifer of Bh'ia_fOund in the'central part of the Jafr baain,
which receives a limited amount of - groundﬁate:.recharge through the

outcrops in the wadi course during the occasional floods.

9. Water Quality: The:quality.of groundwater in the B2/A7 is excellent
to gobd-witb water'salinity (TfD.SL) in the range of_jOO'te 700 mg/l,
which meets drinking“Water standards, and is-sﬁitable-fOr most eses.
While the' T.D.S. increases to more than 1,000 té. 3,000 ﬁg/l .iﬁ 'fhe
south- eastern part of the Jafr basln The quality of groundwater in the
Al-6 aquifer is ‘excellent with T.D. S at’ 330 mg/1 in the area of the
north of the "Salwan“ fault A part of the ‘B4 aqulfer sueh as 11m1ted
area in the western part of the Jafr town is cqnﬁamlnated by excessive

irrigation returns, of which T.D.S increased from 350 to 3,500 mg/L.

10. Present Water Use:"The present use of water resouices . in the Study

area ia dependent. on the groundwatef resources in the BZ/A?:aqaifer. A
very small amount of 1.1 MCM/y, heweVer - .is. being pumped. ffom' the
'shallow unconfined aqulfer of the B4 to irrjgate some plloL farms _
:Abstractlons are prellmlnary estimated by WAJ at. 18.4. MCM/y in total

which includes the. biggest - consumer’ of the Hasa phosphate mine of 7.4
MCM/y, and:Shoubak: 1rr1gat10n of 3.3 MCM/y No surface water is used

whereas 0.75 MCM/y of spring Water is belng used for- the local v11]ages:

and farms in the’ Western nghlands
C. Study Tasks_

1. Work-Stage: The Study—has cbmpriSedEfoﬁrfstages-of'tﬁe'

investigations -ag follow; -

12, - The lst stage 1nvest1gat10n The Ist stage ‘was used for preparlng
" the lnceptlorl Report in August 1988. Investlgaplonss_apd-:analysls ,t01
follow were ‘carried out during the perlod'ffoﬁ:Jﬁly 1988.threugﬁ Mareh'
1989 as:ahown below; | ' ’ a | o
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- Datd collecLlon of topographical maps (1/30 000), aerial photos

‘-(1/50 000) and Landsat imagery (1/750 000), geological maps (1/50,000
1/1,000,000), hydrogeologlcel_maps, land use map, population,
meteorology, soil moisture, stream fiow, suspended solids iﬂ the flash
:flood,.well inventory, well drillinge, oumping test and water quality
test | |

~'Geolog10a1 and hydrogeologlcal mapplngs

-”Geophy51ca1 prospectlng by VLF . (Very Low Frequency)

-jTeSt well drillings 7-in number with a total depth of 2,940 m.

- Groundwater monitoring

;'Hydrogeological analysis

- Topographic mapping for recharge dams

~ - Runoff analysis by using tank model method

; F1ood frequency ana1y31s

7:Sed1mentat10n ‘analysis

.'.-;Semrnar on surface hydrology; data base

:—.Submitting Progress Report (March 1989)

130 The énd stage investigation: The 2nd stage was initiated by
' diecueeing'the Progress Report. . An hydrogeological analysis was carried
out to 'construct the groundwaterlsimﬁlation " models of both B2/A7 and
:-Al 6. The computer'progrem.of UNiSSF which was designed for the FEM
Zt(Flnlte Element Method)’ 31mulat10n model, was transferred to WAJ's VAX-
'.8200 computer “system, Investlgatlons and analysis to follow were
performed ‘during the perlod from May 1989 through September 1989 as

shown below

- Transfer of the computer 51mulat10n program of UNISSF to WAJ computer
VAX-8200 '
' jf:;Hydrogeological;analysie
- Groundwater modellng ' _
- The: first -seminar on the groundwater model- simulation
- Steady state callbratlon of the groundwater 51mulat10n models (B2/A7,
ALy o

- Non-steady calibration of the. groundwater simulation model (B2/A7)

. 8-5



- Simulations for alternative groundwater development plans
- Salt-water balance simulation by using tank model

- Submitting Interim Report (October 1989).

14, The 3rd stage Investigation: .The 3rd stage was initiated by

discussing .the Interim Report. 'Alternatives of the 'water resources
development plans, groundwater monltorlng and” groundwater modellng were
studied’ during the perlod from October 1989 to January 1990, including

"the following;

-"The second Lseminar .oﬁ the groundwater model simulation

- Installation of computer piottef CALCOMP-1043 .

- Conceptioﬁal‘desigp of the water source fac111ty and prellmlnary cost
estimate thereof for the selected alternatives: '

. Water demand and model predictions

—'Alternatlve development plan

- Groundwater monitoring plan

- Submitting Draft Final Report (January'1990)

15. The Ath stage 1nvest1gatlon A Draft Flnal Repolt was explalned Lo
and. dlscussed with the Government  The 3rd computer srmulatlon seminar
was held to transfer the tevhnology of operating the srmulatlon models
A final report is herewith ‘prepared, 1ncorporat1ng' the Government s

comments,
D. Water Resources Development Plan .

16. Storage Dam : -A'prefeasibiiity stodj ‘of storage dams“ in western
wadis of ‘the study area were conducted by WAJ, which was finalized 'in
October 1988, ThlS study aimed, at, 1dent1fy1ng the best constructlon .
~sites of dams with purposes ‘of water supply for 1rr1gat10n use andt
| livestock husbandry, water supply to 10ta1 people and a phosphate mlne

in Shidiyad etc.

17. Rechiarge Dam : In the beginning, tOtalfeighttrecharge.dams:ﬁere

planned to recharge B2/A7 aquifers by infiitratioh'along wadis in the
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Wéstern Highlands. Among'tﬁem, two dams of ‘group-C, which are located
in the scuthern bart'bf the Western.Highlands, were canceled owing  to
unsatur&ted and/or;poorlinflow characteristics. TFor this study,
recharge dams which are located on the upstream part of wadis from the
stqragérdams ﬁroposed by WAJ, were Iintended to divert the spilt water
into these .stqﬁage dams. From 23 years hydrologfoal. fecords,
catéhment area, annual average runoff, gross storage capacity,effective
storage capacity and dam height of each recharge dams are estimated as

follows:

pam Catchment Average Maximum = Gross  Effective Dam  Priority
No. Area Annual - Anﬁﬁéi . Storage Storage Height -
_ B 'Inflow: .Iﬁflow__ Capacity Capacity
(km)  (MOM)/1 (MCM)/2  (MCM)/3  (MGM) () /h

AL 343 ‘1.5 5.6 3.7 3.2 19 ¢
A2 322 1.9 9.l 6.0 5.3 18 A
a3 - 31 2.0 12.0 8.5 7.8 39 B
Bl . 55.7 0.8 3.6 2.4 2.1 20 A
B2 135.9 1.6 8.9 4.2 3.7 19 c
B3  .71.7 0.9 4.8 2.0 1.7 10 A

" Total (8.7) :

Remarks; /L j Averége-of 23 years.betweén 1§63/64 and 1985/86
/2 Maximum.in“é3 years between 1963/64 and 1985/86
/§ ;'Cfo$s  sfdfage éapacity.'is qual to effective storage
' ICapééity:ﬁius_dead storage due to 50-year sedimentation
_ /Q_;-friority ranking- is based on the environmental aspect
_(céméensation) and dam ¢ost; A: No restrictiﬁg factor, B:
-Cost effectiﬁeness_ will be checked for .high dam, G

Problem in compensation.

18. Groundwater Dé#eiopment in_the lower Ajlun (Al-6) Aquifer: The

highly.confihed groﬁndwaﬁer in the lower Ajlun (Al-6) remains untapped.
The ‘aquifer will be promising in the area to the north of the Salwan
fault; The”quéiity“offgroundwater is good, as water salinity in T.D.S.

" Jess than 350 mg/l. The "East Hasa" wellfield, which is located 40 km
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to the southeast of Hasa town on the Desert nghway,: is proposed for
examination of the aquifer potentlal in the 31mu1at1on model. From the
model simulation study,' the potential yield 1is plellmlnarlly estlmatecl

at 5 to 10 MCM/y

14, 'G_roundwate_zr Development in the'Ahﬁnan- - Wod:i Sir (E2/A7) Aquifer:

Groundwater in the 'BQ/A'/”aquifer is being expl'oi.'ted in the .ateas of the
Western Highlands and Hasa mine. In the area to the east of the Desert
Highway, the aduifer is conflned and untapped ' From ‘the model
simulation study two potentlal wellflelds tentatlvely named "East
Ma’an" and "South Hasa" are proposed for cootdination ‘with the :mcrease
"in water demands 1n the reglons and/or the ' entlre ‘Kingdom of Jordan.

’l‘he “"East Ma’ an" we}_lfleld which is located about 20 km to the nolth of
the Shldlya mine, ;_s- estlmated to -produoe 5 to 10° MCM/y wlth
_installation of 10 to 20 production wells with a depth of 250 m each.

The “South Hasa® wellfield, which is situated 10 km to the south of Hasa-
town, is also estimated to ‘produce 5. to 10 MCM/y=' by’ Jnstalllng :
production wells 10 to 20 in number w1th a: depth of 350 m each These '
two experimental wellflelds are located about 1 to 15 km dlstant from
_tﬁe possible route of WAT s ‘national water carrier (Disi Mudawwara -

Amman route).

20. . GroundWatet Deﬁeloo:ﬁent V_iri?the' ::R-ii;a‘m‘ (BZ;)' Aqo'ifer: At Al 'Jéfr :;Bﬁn'_
in the central Jafr basin, il.:r'igation- has been. pféctioed since 1965 'by
pumping groundwat.er from a shallow unconflned aqulfer in the Rl_]am (B4)
formation since 1965. Since around 1971 sallnlty of the R]Jam (Blp)_'

aqulfer has increased and :Lts yleld has become unsultable for 1rr1gat10n’ '

use. The sustalned yleld of the Rijam (Bll—) aqu:Lfer is evaluated to be

less than 2 MCM per annnm, .due. to . the Ilmlted groundwater rechargeﬁ :
through the wadl beds durlng .the occas}.onal floods 4 It ;_s assumgd_ th:_it'-g
the 'salinity acct.unulatlon of the Rijam (B4) aqul.fe.r- 1 oau:s'ed.:‘l')y,:

Leachlng wvater whlch transports (i) salt accumulated at the root zone by 4
1rr1gat10n water together w:.th (11) salt contalned An. 1each1ng water
itself, while the salinity- accumulated aqu1fer is cont:mually dlluted by
"ad_]acent sallnlty less aqulfer A's'._ long as - present condltlons_

continues, the.sallnitv accumulatlon of the*lrrlgatlon area is.
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anticipated to declime to T.D.S. of about 1,000 ppm in year 2000, which
is consideted'aeceptabie for irrigation use, No extensive exploitation
will be_recommended.without_any counter-measures to protect the salt
aeeumuletion-in both'surfacial soils and.the underlying aquifer of the
B4 Groundwate: use for 1rr1gation is ‘nmot promising without counter-
measures for desallnatlon of groundwater and/o6r replacing the 1rr1gat10n

method from the ex1st1ng grav1ty flow to the drip method.

21, -Coniunctive Development Plan; The average annual runoff -at the

proposed recharwe .dam sltes ‘is estlmated at 8.7 MCM/y in total,
consletlng of 5 4 MCH/y of group -A and 3. 3 MCM/y of group-B. The
recharge dams _are located in the outcrop area of the B2/A7 which are
_ hlghly perv1ous w1th flssures, open cracks and caves. Volume of
'.inflltratlon_ through the reservoir ”is _estimated. to be edual to the
average _annnal “i1hflow: Minis - arinual evaporation from the reservoir
: _suffaee The gronp A'oams,'ofIWhieh infiltration capacity is estimated
at 5. 2 MCM/y, will be a elgnlflcant source of the groundwater recharge
S in the :northwestern part of the Western nghlands where intensive
agrlcultural development is being practiced. The group-B dams, of which
infiltration capaCLty is 'estlmated. at 3.2 MCM/y, are located in the
southwestern paxt of ‘the Western nghlands where water is taken both for
.1rr1gat10n and for water supply to Ma’an city from ‘the wells dug into

‘the . BZ/A? aqulfer These recharge dams may act as a significant source

j‘of 1ncrea51ng the potentlal of groundwater in the B2/A7.. The recharge

'dmn development scheme will be 1ncorp0rated in the future groundwater

development in the Western nghlands
. E. Conclnsions and Recommendations

22, Gonc1u51ons As-tne'reeult'of.the'Mastef plan level study, the
"dlstrlbutlon 1ocat10n and potentlal of the water resources which

'conSists-of the groundwater and surface water in the upper Hasa and Jafr
: watershed have been clarlfled of the potentlal clarified, the sustained
yxeld of groundwater'ln the B2/A7 aqulfer is worthy of future
- development From the steady state model simulation study, the deep

aguifer of" the 1OWer Ajlun (Al-6) is prellmlnarlly evaluated to be

-9



‘promising. The salt accumulation problems in the Rijam (B4) aquifer are
critical and require the counter-measures. The groundwater recharge

dams are worthy of future development.in the Western Highlands,

23, Recommendations:

Amman - Wadi Sir (BQ/A?) Aquifer

- 0f the schemes formulated under the present study, the most oromising
ones are for development of'gfoundwater in'the3BZ/A7fequifef,-After
conftrmlng -the water use plan of these watersheds, it‘is reCOmmended
that test well drllllngs be made on the respective wellfields namely

"South Hasa" and “East Ma’an® whenever such schemes become needed.

-:To re-confirm the quantlty and quallty of ' the: groundwater in -each
wellfleld productlon wells 1n the wellflelds of :"South Hasa”-3and :
"East Ma’an" will be constructed in two stages Each wellfleld will
be developed for 5 MGM/y by installing 10 wells in the flrst stage,
and adding thereafter 5 MCM/y. in ‘the 2nd stage.

- For the purpose of optimal_?groﬁndWater management of - the proposed
wellfields of “Socth Hese“ and "Fast Ha'ah"' management'model
simulation will- have to be performed by u51ng the data from the

constructed wells mentloned above.

Lower Ajlun (Ai#6)3Aquifer

- The deep aqulfer of the lower Agluﬂ (A1-6) w1ll be promlslng 1n the

area of -the conflned upper Hasa groundwater basin. It is recommended
that a serles of test well dr1111ngq and- model 51mulat10ns be carrled

out to evaluate the feaslblllty

Groundwater Recharge Dam iﬂ'the_Westefh-Hiehlaﬁds

- Inten51ve groundwater irrigation in the Shoubak area where ‘thickness -

of the saturated aqulfer is not thlck w1th complicated geologlcal'

5-10



structures, lowers the piezometric surface in the northwestern part of

the Jafr basin. - Of the schemes formulated for the conjunctive
whterf development, - groundwater rechérge dams are .deemed to be
effective for the area of the Westérn Highlands. It 'is recommended

that further studies be made on the particular dam schemes whenever

such irrigation development become needed.

" Domestic sewefage and/or irrigation return flow in the odtcrop area
of the B2/A7 in the Western Highlands shall be controlled to protect
“the quality -of . groundwater in the B2/A7 aquifer from the

contamination.

Groundwater Monitoring

WAJ's efforts in groundwatér monitoring need to be continued. It is
_recommended that the amount of pumping discharge of each production
well be monitored mot only in respect of the government owned wells

_but also of the 'priﬁate owned ones.

As to groundﬁater monitoring in the lower Ajlun {Al1-6) aquifer, it is
recomménded that the water quallty monltorlng and isotope dating in

the test well of JT-3 be carried out by using the depth water sampler.

Prior to development of any potential wellfields, it is recommended
that a monitoring well be constructed in the center of the group of

wells.

Salt Accumulation Problem in Riiam (B4 Aquifer

Salt accumulatipn problems in- the 'Rijam (B4) aquifer are still
: critical 'It.is recommended tﬁat thé monitoring.work which comprises
_the measurement of both soil salinities- and water -salinities be
contlnued Counter -measure such as rep1301ng the irrigation method
“from the ex1st1ng grav1ty flow to the drlp method, will be useful in

reduc1ng the salt accumulatlon in the leam (B4) aquifer.
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I. INTRODUCTION
1.1 Background

The Hashemite Kingdom of- Jordan 1is making steady in thg economic
development of tﬁe' country, but is handicapped by the limited availability
of water. Great efforts have been made in the water resources development
sector with the allocation of JD 250 million in the 1981-1985 five-year
plan or about one sixth of the national budget. Such efforts will be

continued also in the future.

Among several measures taken by the Government of this sector, the Water
Authority of Jordan (hereinafter referred to as WAJ).. was established in
1983 mainly to have responsibility for  the nationalization of water
allo(_:étion in the entire Jordan. Then on 10th January 1988, the Ministry
of Water and Irrigation (MOWI) was established, The WAJ and the Jordan
Valley Authority (JVA) are functioning under the regulation.of the new

ministry.

Distribution of rainfall in Jordan is biased to the northern and north-
western parts of the territory. Accordingly, studies on water resources
and their development were commenced from such areas and were promoted
appro){imételyr in the order of their amount of rainfall. In consequence,
the - areas ﬁvhi.ch receive - legss rainfall were left for the future study.
Notable wadi basins of such category wére the Mujib basin,- the Hasa basin
and - the " Jafr bésin. 0f these, the study of the Mujib basin, which is
located adjaceﬁt to the capital was carried out with bi-lateral foreign aid
from Japan during the period.from 1985 through 1987, and the latter two
basins remained to be st;tidied taking account of the following three
previous studies 6f; i) the hydrogeolégical investigation which was
initiated by United Nations Development Program in 1970 (Ref.1.l), ii) the
national water master plan s.ti.:dy'which was conducted by the German
.T'e;:hni_cal Cbop.era.tion‘ Agency in 1977 (Ref.1.2), and iii) the groun’dwéter

resources study: in' the Shidiya 'area which was carried out by Natural



Resources Authority of Jordan (NRA) in 1986. (Ref.1.3)

The Government of the Hashemite Kingdom of Jordan (hereinafter referred to
-as "the Government of Jordan") decided to implement the the study on ﬁhe
water resources of the Jafr basin and the upper Hasa basin which are
adjacent with each other, and requested the. Government of Japaﬁ to provide
the required the fechnical assiétance. In response to this request the
Goverﬁment of Japan. through the _Japan International Cooperation Agency
(hereinafter referred to as “JICA") the sole official agency for the
implementation of the technical coopération programs of the.Governﬁent of
Japan commenced to ‘undértéke the Study in close éooperation :with the
Government of Jordan through WAJ as an executive agency of the Study. In a
short period of time,'JiGA organized'a Pfeliminéry Study Team and
dispatched it to Jordan in February 1988, The Scope of Work (the. S/W)for
fhe Water Resources Study of the Jéfr Basin (hereinafter referred to as
5the-Study“) was:agreéd upon 25‘February,1988. Then, JICA further
organized a’ team fo: the'Study (the Study Team) aﬁd dispatched it to Jordan
on 6 July 1988. This Study has now been completed.

-1.2 Concept and Objectives

Concepts

The basic concépt of the Study is firstly:to evaluate the poténtial of
water resources including both groundwatér'and_surfacé water, so that the
results could be useful for the Govermment in planning thé'wate: allocation
on the national basis, and to plan'promising=facilities for ‘use of such

water for the most beneficial ﬁUrposes.

Objectives
The 1ong-termA'deve10pmeﬁt objectives are to develop ééonomic and

satisfactory water supply sources to sustain public water supply to the

local_cities and/ox metropolitan area. These objectives are in accordance
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with the priorities exptessed in the Government’s Third Five Years Plan for
the period 1986-1990 which put stress on the need to augment the supply of
drinking water ,

The objectives of this. study were to execute hydrological and
hydrogeological studies and to evaluate the potential of water resources in
the Jafr Basin and'upper Hasa Basin with an approximate area of 14,400 Kn? .

(Hereinafter referred to as “"the Study Area", See Location Map)

The . Study will alsec contribute to the goal and targets set by the
Govermment's National Water Carrieir Scheme which integrates national water
. resources in Jordan,

1.3 Study Tasks

The Study comprises- four stages of the investigations lst thrdugh 4th as

follows and as shown on Fig.1.2:

The First Stape Tasks ; (July 1988 - March 1989)

The 1lst stage . field inveétigatioﬁ comprised data collection and field
iﬁveétigétions.; The daﬁa collection and review of existing reports on
topography,. geoclogy, ”hydrology,.-hydrogeology and -water resources
developﬁenf; which'were performed with close coordination with WAJ ,

ineluded following; -

Topographical: maps (1/50,000), -aerial photos (1/50,000) and Landsat
imagery (1/750,000) | ‘

- Geological maps (1/50,000 - 1/1,000,000) and hydrogeological maps

- Land use mép and population data

- Meﬁéordlogy

- Soilnﬁoisture

- Stréém.fIOW'and suspended solid in the flash flood

- Well inventory
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- Test well drillings and pumping test

- Water quality test

After field reconmaissance surveys and examining existing data, the

Inception Report was submitted to the WAJ in August 1988.

Geological and hydrogeological mappings were performed prior to geophysical
prospecting by VLF (Very Low Frequency) method. The geological mapping was
carried out to examine the stratigraphy, micro paleontology and geological
structures of the sequences from lower Ajlun (Al;ﬁ) formation to alluvial,
which includes the ‘survey for the proposed grdundWatér recharge dams. The
VLF survey was performed to delineate the salt-accumulated areas in the
Rijam (B4) aquifer and to examine the effects by faults such as "Salwan"
and "Karak - Wadi Al Fiha" on the hydrogeolqu of the shallow wunits.
After geological'reconnaissance, a technical speéification waé prepared for
tendering for test wéll drillings following WAJ's tender proceﬁure. The
test well dfillings inciﬁded four test wells and three observation holes
with a total depth of 2,940'm.- These were carried out in the area_élbng
the "Salwan” fault and "Karak -_Wadi.Al Fiha" fault where neither
geological nor hydrogeological data:could be availabie from the previous
studies. The drilling work was cafried oﬁt by local contractor "Equipmenﬁ
and Sales Co.," wunder the supervision by JICA drilliﬁg expert. The
exploratory drilling was - almed to_asseés the équifer ﬁarameters and -the
geological and/or  the hydrogeologicaludiscontinuities in ﬁhe-B2/37 and/or
A1—6 units. During this pefiod, groﬁndwater monitoring,'which éompfised
water level measurements and water samplings and testings, was darfied'oﬁt
in cooperation with WAJ's mbnitoring.department and 1aboratofy, including
installation of four automatic water 1eve1'recorders JT-1, JT-3,JO-3 and

JG-5.
Prior to hydrogeological analysis, the hydrological analysis.wéé'pérformed'

to evaluate the potential of surface water. The analysis was bésed on the

existing data, including;
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- Runoff analysis by using tank model method
- Flood frequency analysis

- Sedimentation analysis

A seminar on surface hydrology was held in November 1988, to discuss the
reliability of the existing data collected and the method of analysis to
be carried out. The hydrological data book was submitted to WAJ counterpart
team, including:the mini-floppy diskettes which store all the raw data such
as ralnfall and flow discharge by using the IBM-PC compatible data
base"Lotus 1-2-3",

The lst stage analysis compiled the results of the investigation and the
analysis mentioned above, and the Progress a Report was submitted to the

Jordanian side in March 1989.

The 2nd Stage Tasks ; (May 1989 - September 1989)

Thé 2nd stage field investigation was initiated by discussing the Progress
Report. The hydrbgeological analysis was carried out to construct the
groundwater simulation models of both B2/A7 and  Al-6. The computer
program of UNISSF, which was ﬂesigned for the FEM simulation model,was
transferred to WAJ's VAX-8200 computey system, During this period,

groundwater monitoring was also continueéd.

The first seminar on the groundwater model simulation was held in
Julj,1989, to transfer the computer program of the UNISSF which was written
by FORTRAN language and its use in the B2/A7 steady state modeling. Prior
‘to transfer of the'UNISSF program, -a simplified FEM groundwater simulation
program, written in BASIC language, was demonstrated to show wuse of the
graphic display (contour mapping) of the IEM-PC compatible micro-computer.
The'simulation manual  version (1.0), which explains the method of the
steady'state'model'célibration, was submitted to WAJ counterpart team. The
: manual (ver.l.d)'cqmprises the:méfhod of transferring micro-computer data

base (IBM-PC compatible) to VAX-8200 by means of R$-232C data communication
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system. The mini-floppy diskettes, which store the input data such as
mesh grid, bouudary conditions, aquifer parameters and geologic

conditions, were also handed over to WAJT.

The 2nd stage analysls is carvied out to delineate the potential aquifers
and well filelds. Water demand and frames  of the water resources
development plans were studied. Potential analyses were carried out by

using the simulation models including;

Steady state calibration of the groundwater simulation models. (B2/A7, Al-
6) | | |

- Non-steady calibration. of the proundwater simulation model (B2/A7)

- 8imulations fOrIalternative.groundwater development_plans

- Hydrochemical analysis and 'simulétiéh of the B4 aquifer (salt-water

balance simulation by using tank model)
The 2nd stage analysis compiled the results ‘of the investigation and the
analysis mentioned above, and the Interim Report was submitted to the

Jordanian side in October 1989.

Third Stage Tasks .; (October 198% - January 1990)

The 3rd stage filed investigation comprised discussion on the. Interim
Report and alternatives of the water resources development plans,
groundwater monitoring and transfer of the computer simulation models and

the input data.

The second seminar on' .groundwater model simulation wésgheld in=0ctober'
1989, to transfer the simulation models of both B2/A7 'and Al-6. The
simulation manual version (2.0),,which'ekplains.fﬂewmeéhod_of mon-steady
state model calibration for the B2/A7, was submitted to WAJ counterpart
team. The 2nd seminar also demonstrated the method of using jdompﬁter
plotter (GALGOMP-1043) which is installed on the 7th floor of WAJ computer
room. The ﬂdni-floppf diskettes whiéh.store the input data of i) mesh
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grid, ii) boundary conditions, iii) aquifer parameters, and ix) geologic

conditions were also handed over te WAJ,

The 3rd stage analysis included 1) conceptiona.l design of the water source
facility and its'preliminary—cost estimate for the selected alternatives,
2) water demanﬁ'and model predictions, 3) master plan study of the water
resources development, 4) institutional study on.the groundwater monitoring

plan for the selected plan and 5) compilation of draft final report.

The Fourth Stage Tasks ; (February 1990 - March 1990)

The Draft. Final Report was explained to and discussed with the Government.
The 3rd computer simulation seminar was held to transfer the technology of
operating the simulation models. A final repért is herewith prepared,

serutinizing the Government’s comments.
1.4 Personnel

The Study Team organized by JICA has 6 members. The members with their

assignment schedule are shown on Fig.l.1,

The Study Team received counterpart services from the Jordanian side
through the Depértment of Water Resources Study of WAJ. The counterpart
personnels were assigned from the said Department including the senior

members listed in Table 1.1,

Furnished office space was provided to the Study Team during its stay in
Jordan mainly in the said Department of WAJ . Two 4-wheel drive Nissan

Patrols were procured by JICA, while the drivers and fuel were provided by

©OWAJ.
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I1. ~STUDY AREA

2.1 Socio-economy
2.1.1 Background

The Hashemite Kingdom of Jordan is located in the northwestern part of
the Arabian peninsula, which extends from 29 to 33 degrees of north
latitude and from 35 to 39 degrees of east longitude. The country which

2 is bounded by Syria on the north, by

covers an area of about 89,206 km
‘Iraq on the east, by Saudi Arabia on the south and southeast and West
Bank on the west. Jordan, which has a relatively high populétion
gfowth rate and a little suitable land for agricultural use and is not’
an oil-producing country, is in financial difficulties. To relieve such
difficulties, the deefnmént has made intensive efforts to increase the
export of commodities by developing industries, improving the
agricultural technology and raising the educational levels. ‘Water,

which is essential for development of industry and agriculture, however,

is so scare in Jordan as to be insufficient even for domestic purposes.
2.1.2 Population statistics

The population of Jordan was approximately 2.9 million in 1987 and must
'have”axceeded_B million in 1988. The annual rate of population increase

in recent years has been 3.6-3.8%.

Jordari is divided into eight Governorates (Gov.}, with Amman Gov. which
‘includes the capital city is the most densely populated with 41.5% of
the nafional pdpulation. The three Govs. of  Amman, Zarka and Irbid
céntain as much as 80.3% of the national pdpulation leaving the other
Govs. populated sparsely. The population from 1983 through 1987 by Gov.

is shown on Table 2-1.

The Study.area_ié located mostly in the Ma'an Gov. and partly in the

Tafila Gov., As the Study area belongs to the arid area, the population
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is very sparse. In year 1987, the populations of the towns and villages
in the Study area within the Ma'an Gov, were 15,815 in Ma'an, .1,630 in
Jafy, 2,502 in Husseiniya and 195 in Mohamadya. These populations
fluctuate considerably since the buik.of the populations are nomads.  In
the Hasa town, no popuiation'statistics are available, yet the
population is estimated at some 5,000 in the town and some 2,000 at the

Hasa phosphate mine.
2.1.3 Agriculture

‘As the Study area ié.extremely arid, the land use for égriculture is teo
be found., In the upper. Hasa basin-aimoét.ho agricultural land use is
observed. in the Jafr basiﬁ, some oasis agriculture is being practiced
near Jafr town, and se§efal scattered farm projects are: to be found in
the western part of the basin. These projects do not.depend on rainfall

but the tube wells,

In the northwestern part of the Jafr basin where the ground elevation
exceeds 1,200 m, extensive agriculture development is being carried cut
to take advantage of - the higher rainfall of more than 200. - 300 mm per
annum and the cool weather. The Abu Makhtoub and Shoubak project, which
extends over 633 ha, depends on 17 wells owned privately by 14 farms

for irrigating épplés and horticulturé.

The Husseiniya project (100 ha) and the Mohamadya projéct (100 . ha)
located between Hasa and Ma'an towﬁs”depeﬁd on two and three tubewells
respectively for cultivation of the fodder grasses, fruit trees and
vegetables, The Al’Qasimya project. (117 ha) and'the'Wuhéida pfojects
(171 ha) located to the southwest of Ma’an.town_depend-bn:two tubewells

each for lrrigating apples and grapes,

The Al'Jafr project (245-100 ha) located mear Jafr town depends on four -
shallow tubewells jn:the Rijam aquifer for supplying domestic water to
the town as well as for irrigating fodder croﬁs, One of these wells has
suffered from_salinizétioﬁ; and a study on tﬁis_phénomenon is‘;rehtéd'in

Chapter V of this Report.
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2.1.4 Manufacturing industry

Near Hasa town, there is the Haza Phosphate Mine producing more than 3.4
million tons a year of natural phosphate. This is the largest phosphate
mine in Jordan, and contributes greatly to hard currency earnings.
This mine uses 10 tubeweils. The well water is used solely for the

self:consumption especially for ore washing.

Near Husseiniya town, there is a factory for bottling wineral water.

The water depends on tubewells owned by the bottlers.

In Ma'an town, there are small factories including one glass factory.

The water source depends on the city water supply.

The Shidiya phosphate mine, which is located to the southeast of Ma'an
town will be the biggest mine in the Hashemite Kingdom of Jordan, when

it starts operation,
2.1.5  Public facilities

The Desert Highway which traverses the nation in a north-south direction
yvuns through the western side of the Study area. The King's Highway
which has been maintained since historical times lies on the western
boundary of the Jafr basin. There is a motorable road from Ma’an town
to Jafr.tcwn alohg; and from there to Azraq along a newly constructed
road. The above-mentioned roads are all paved ﬁith asphalt and
maintained reasonably. A few feader roads are available in between

these roads and highways.

There is an existing railroad from Hasa mine to Agaba sea port, This

-railfoad is used solely to transport the phosphate ore for export.

~Most of the towns and villages are supplied with electricity from- the

national grid, and likewise with the domestic water supply.
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2.1.6 Water resources development

Water resources in Jordan are being exploited for the :use of drinking
and domestic uses , industry and irrigation, It is said that 96 per
cent of the Kingdom’'s population is' now supplied with drinking.ﬁatef
from springs arid undergrdund aftesian wells. A series of waterx
resources development projects have been carried.out inc1udihg 20 MCM/y
of Wadi Al Araba grouﬁdwater project near Iirbid, 15 MCM/y of Qastal
groundwater project near Amman,'lé MCM/¥y of'Zérqa groundwater project,
45 MCM/y of Deir Alla (canal) base floﬁ.watef project, 3.5 MCM/y of
Sultani groundwater project near Karak, 1.5 MCM/y of Shoubak groﬁndwater

project, and 17 MCM/y of Disi groundwater project.
2.1.7 Water Demand

According to an estimate by the,Ministfy,of,Water and irrigation in
1988, Jordan is'expécted to requiré nearly 266 MCM of water_for_anﬁual
consuﬁption'by the year 2005. .This suggests a shortage of 75 MCM per
annum and that intensive efforts.will have to be made to find new water

resources to meet the growing demand on water for different purposes.

Water demand in the Study area is largely dependent on the operatioh
program of the Shidiya phosphate mining development project, which will
require 6. MCM/y by the year 1992, and 20 MCM/y for full scale

development,

2.2 Present donditibn'.

2.2.1 Topography

The Hasﬁemite Kingdom of Jofdan covers an area of apprqximaéely-sgizog-

km? in the northwestern part_bf'thé.Arabian' ‘Peninsula. It has been

divided into physiographic provinces, which coincide'.with_ the seven

geologic provinces: "Southern mountain'.desert“,' "Mountain ridge and’
northern highlands east of the rift", "Central pléteau {includes Al Jafr
and Al Azraq4Wadi'as Sirhan hasin)", "Northern pléteau basélt“,
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"Northeastern plateau","Wadi Al Arab-Jordan rift" and "Highlands west of
the rift".(Ref.2.1, see Fig.2.1)

The Study ‘area, which covers the two watersheds of "Jafr basin" and
"upper Hasa basih“, is located in the southern part of the Central
Plateau. The Jafr basin, which is about 150 km long NW-SE and about 100
km wide, displays a typical centripetal drainage pattern with all wadis
draining from the encircling highlands to é central piaya. The drainage

2 Km with an extensive

system has‘a'Catphment area of 13,450 km
mudflat (240 kmz). The upper Hasa basin with a catchment area of 2,198
*m? shows topography like a centripetal drainage pattern with a playa
"Ga E1 Jinz", but it is drained by wadi Hasa to the northwest into the

Dead Sea. (See, lLocation Map)

The highest altitudes in thé Study area (1,733 m) is in the western
mountain ridge of the Jafr watershed, while the lowest (845 m) is in

the center of the playa "Qa El Jafr”.
2.2.2 Geology

In the study area, the geology is of sedimentary origin, ranging in age
from :Cambrian to. Recent except in the north-western areas, where
volcanics of the 'Quatternary age occur. The sedimentary succession
which is between 2,000 and 3,000 m thick is mainly due to a series pf
regional_regressioﬁs and-transgfessions of the Tethys sea.. The lower
partrdf the sedimehtary sequence comprises mainly sandstones of
Paleozeic and. lower Mesozoic age; while the upper part is mainly
éomposed'of 1ime5tohes, marls and cherts of upper Mesozole and Cenozoic

age. (Refs. 2.2 to 2.6)

Lithologic Composition

The Disi group, which is the bldest succession unconformably overlying
the basement complex, was exclusively continental in the Cambrian but
became mixed marine and deltatic and finally' fully marine in the early

Ordovician when the first major transgression of the Tethys across



Jordan occurred. The Khreim group, which comprises mainly finé—grained
sandy and argillaceous méterials, wete deposited in an unstable_shallow
marine environment at the unstable shelf edge of the Tethys during the
middle and late Ordovician and the early Silurian. These sedimentary

basins were centers of subsidence throughout the Paleozeic.

From the Silurian'through the late Jurassic, the Tethys sea underwent a
series of discontinued transgressions and regressions however,
‘regional crustal epeirogenic movements uplifted and tilted the southern
Transjordan block to the east, by f0110w1ng the erosion of the Disi and
Khreim, ' ' .

The Kurnub group, which is composed of sandstones with shales, shows the
marine to brackish influence of the major Tethys transgression after the

$ilurian Age.

Beginning.in the late Gretaceous (Cenomanian), a regional.transgressiqﬁ.
started to spréad, however,  the éontinental depositional environment of
sandy sedimentation, which formed in the eariy Cretaceous, continued in
.the late Cretaceous, including the Santonian. The marine calcareous,
marly and sxllceous rock units of the Cenomanian, Turonian, Santbnian,
Campanlan and Maestrichtian overlay these continental sandstones with
onlap toward the .southeast. Great thicknesses qf sediments . which
accumulated in the areas occupied by the Tethys sea such as along the
Jafr basin. In the west, the Ajlﬂﬁ formation is a;Calcaféoﬁs_mérine
‘feces, but scutheast .of the oécillating Tethys sea, east of the Jafr
basin becomes a continental sandy”fecgs; iIn - the laté upper Cretaceous
{(Campanian and Maestrichtian) Wheh:the.ﬁesozoic extent of the Téthys‘éea
was at its greatest, the shallow marine marls and limestones of-ﬁhé
lower Belqa (the Amman formation and parts of the Muwaqqar) were laid
‘down. These. sediments transgre551vely overlap .the 1ower parts of- the
upper Cretaceous sequence to the Southeast A thick plle of bltumlnous
shales, which belong to. the Muwaqqar of the middle Belqa continued into
the early Eocene, was accumulated in the El Jafr basin: in partlcular..
The shallow marine, limestones  of the Rijaﬁ series, which are :the 1ast

sediments of the Belqa, were deposlted in the late Eocene.
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Geologic groups comprise "Disi", Khreim", "Kurnub®, "Ajlun" and "Belqa".
None of the deep test wells which were drilled in .the Study area
penetrated the groups of "Disi®”, "Khreim" and "Kurnub". The Ajlun group
is  composed of two formations of "Lower Ajlun (Al-6)" 'and "Wadi Sir
(A7)", while the Belqu group includes three formations of "Amman
fBl/Z)“, Muwaqqgar (B3)" and "Rijam (B&4)"  The Ajlun group 1is
collectively referred to as the "A(1-7)" and the Belqa as the "B(l-4)".

In the éduthern'afea of the central plateau, a formation name of the
"Passua” for the entire Ajlun was proposed by Weisman in 1966, because
of the difficulties of distinguishing the formation units in the Ajlun
group. The "Fassua" formation which has its type section on the
escarpment near Batn el Ghul in fact represents only the lower Al to A6
_ formations of the_Ajluh group. Since the Wadi Sir (A7) formation is of
importance to the Study and can be identified over most of the area, the
multiple formation name "Fassua" was abandoned in favor of more
descriptive'termiﬁology'of lower Ajlun referred to as Al-6 formations,

and the Wadi Sir.(A7) for the uppermost Ajlun group.(See Table 2.2)

Lower Ajlun (Al-6) Group

The earliest late Cretaceous_sediﬁentation in weét, north, and central
Jordan is marked bf a marine calcareous faciesg, whereas in the southeast
of Jordan, deposition of sandy sediment continued in a continental
environment. Alternating limestone, dolomite, séndstone, marl, shale
and very few cherts were deposited on top of the Kurnub group of the
lower Cretaceous. A deposition from the lower to middle Cretaceous is

interpreted to transgress the time boundary between the two groups.

In the Study area, the- lower Ajlun (Ale6}'has littoral sandy facies
almost entirely; which contains_somé limesténes in ‘the southeast and
become more:shaly and marly in the east. In theeast of the Study area,
the lower Ajlun sequence thins out and becomes diachronous with the
Subeihi_formation'of the ﬁpﬁer Kurnub. In general, the formation is up

to about 400 m thick in the Jafr trough but becomes thinner to the
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south. The thickness is about 300 m in the northeast of the Jafr basin,

whereas it is about 200 m in the. southern area such as in Shidiya.

The elevation of the top of the Kurnub (equivalent to the bottom of the
Lowex Ajlun).formation is shown in the structure contour map of Fig.2.3.
Fig.2.4  shows the isopach map of the lowey Ajluﬁ_formation. From the
map, the lower Ajlun (Al-6) appears deepest_at.elevation 100 to 400 m
in the Jafr trough. The formation thickness is about 250 m in Ehe Jafr
trougﬁ but less than 150 m in. the Shidiya..- Sogﬂ; of ShidiYa, the
formation .decreases in fhickness to the south and finally diséppears at

the boundary of Jafr watershed.

Wadi Sir (A7) Formation

The Wadi Sir.(A7)'formation comprisés the 'uppermost part of the Ajlun
group. It-'dutcrbps in the Western Highlands. but disappears in 'thg
southern escarpment. In the Study area, tﬁe éeqﬁeﬁces of A7.are alinost
entirely littoral facies, which are mainly- composed of =andstone,
calcareous sandstone, sandy 1imestone,.marly limestone and limestone.
In the Western Highlands, the fdrmation is mainly_limestpnes with chert
bands but becomes sandy to the south and to the east. In fhe northern
Study area, lithologicai facies are ca@éareoﬁs sandstones and/or sandy
limestones, whereas it changes predominantly sandy nature in_tﬁe

southern Jafr basin.

The elevation of the top of thé lower Ajlun (Alfs) formétiph ié'shown'in
the structure contour form in Fig:2.5, and the isopach.map;of'ﬂadi'sir_
(A7) fofmation in Fig.2.6. .From.the,mapsr'the'A7_formaqion'appears
deepest at elevation 400 to 750 m in thé_Jafr_trough.: The - formation
thickness is about 50 to 100 m in the Study area, but less than 50 m in
the southern Jafr such as in Shidiya area. South of :Shidiya, the
fprﬁation decreasés in thickness to the south and finally disappeafs_at

the boundary of Jafr watérshéd.

Amman_(B2) Formation
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The lowest part of the Belga group is compoéed of two formations such
as Ruseifa (B1) and  Amman (B2). The Amman (B?) formation is a litho-
stratigraphically continuous unit, and has been found to occur over the
study area, while the Ruseifa (B1) formation is thin and not a
continuwous unit in the sedimentary sequence. Because of the
difficulties in distinguishing the formation unit of the Ruseifa (B1), a
formation name of Amman (B2 and/or B1/2) is used to synthesize the

geological unit of Bl and B2,

The Amman (B2) formation comprises two members of upper {(B2b} and lower
(B2a). '~ The upper (B2b) is composed of phosphorite member of Campanian
Age, while the lower (B2a) consists of silicified limestone member of
Santonian te Campanian Age. The silicified limestone member
intercalates alternating this bedded silicified limestone with chert,
marly limestone, marl and limestone, while the phosphorite member
consists of alternating thin—Bedded'limestone, more-or-less silicified

or calcified phosphorite layers and coquina beds.

The formation outcrops in western and southern part of the Study area
forming a hard, erosion resistant cap-rock to the underlying Ajlun

group,

The ele&ation of the top of the Wadi Sir (A7) formation is shown in the
structure contour map of Fig.2.7, and isopach map of Amman-Ruseifa
(B1/2) formation in Fig.2.8. From the maps, the B2 formation appears
deepest at elevation 450 to 850 m in the Jafr trough. The formation is
up to 50 to 100 m or mére thick in the Jafr trough, while it is less
than 50 m thick in the central area such as in Al Jafr playa and

southern part of the Jafr basin.

Muwaqgar (B3) Formation
- The Muwaqqar (BS) formation comprises the upper part of the Belga group

of Maestrlchtlan Age. The formation consists of marl-chalk members

such as soft chalk, marl, bituminous marl and shale.
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The Muwaggar was deposited mostly in the late Mesozoic, but its deep
portion in the northwest Jafr trough continued being depositéd into the

upper most Cretaceous.

The formation oﬁtcrops extensively throughout the Study area éxcept in
the Western Highlands and southernm part of the Jafr basin. - In the
south, the Muwaqqar consists mainly of marls and chalky limestomnes.
While in the central and northwestern area, the formation thickens
rapidly with a distinétive sequence of bituminous marls and shales.
These thick argillaceous strata are the sediments in  the deep-sea

environment.

The elevation of the tép of "the Amman (BZ) formation is shown in the
structure contour hap' of Fig.2.9, and .isopach map of Muwaqqar.  (B3)
formation in Fig.2.10. _From the maps, the B3 formation éppears deepest
at elevation 500 m.in the notthwestérn Jafr basin; where the thick
sequence, is restricted to the Jafr trough that strikes northwest, with

a maximum thickness of 450 m in the deepest trough.

Rijam (B4) Formation

the Rijam (B4) formation comprises the upper most Belqa group'of:Upper
most Cretaceous - to - lower Eocene. The formation consists of massive
limestone . intercalating with crystalline chert limestone and marly

limestone.

The format1on .outcrops exten51vely in .the northerrl part of  the Jafr
basin. -The dep051t is restricted to the area from the center (Al Jafr)

to the northwestern_Jafr basin mainly along the Jafr trough.

The elevation of the top of the Muwaqqar (53) formatlon is shown 1n the.
structure contour map  of Fig 2.11, and isopach -map of RlJam (Bh)
formation in Fig.2.12. From the maps, the B4 formatlon appears deepest
at elevation 800 m in the central Jafr ba31n (at -Al Jafr air port),
where the thickness is approxlmately 50 m. The sequence 1s restricted

to the Jafr through, and thickens to the northeast from 50 to 100 m or
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more.,

Geolopgical Structure

In the Study area, four major structural provinces may be distinguished
according to their structural evolution, types of deformation, and
pattern; namely i) north-west striking normal faults, 1ii) west-east
fault, 1ii) mnorth-south striking fault =zone (frexure) and 1iv) Jafr

trough.

North-West Striking'Normal Faults

The most prominent fault of this area is the "Karak - Wadi Al Fiha"
fault, which extends to more than 300 km from Karak in the northwest to
Saudi Arabia in the southeast. The fault is not a continuous system,

but consists of a series of the discrete faults,

The fault ‘intersects the eastern boundary. of the Study area from
northwest to southeast, which is composed of a series of graben-horst
structures with vertical digplacement. The displacement is estimated to
be about -100 m such as at the northeastern part of the Jafr basin as
seen in Fig.2.13. The fault appéafs to be diminishing southeastward,

and it may die out in that direction.

West-east Faults

These oceur in fhe-northwestern part of the Jafr basin. Of significance
is the "Salwan" fault zone which intersects the northern pért of the
Jafr basin from west to east. The "Salwan" fault zone is extensive, but
it is not a continuous structure which is frequently cut by a series of
north-south trending discrete faulting systems. It is well defined to
the north_.of. Shoubak, but 'disappears north of HusseiniYa. To the
northeast of the Jéff bgsin; the. faulting system éan be traced as "horse
tail" faults aligned WNW-ESE, which parallel the long axis of the Jafr
trough. . The 1lineaments seem to continue intoc the Bayir Block by

crossing the "Karak - Wadi Al Fiha" fault zone. The maximum vertical
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displacement is estimated to be about 200 m at where the adjacent Jafr
"trough deepens the depth up to 500 m. (See Figs.2,14 to 2.16)

North-South / North-West Stxiking Faults

These are sub—parallel'to the Wadi Araba-Jordan Garden and form_small
graben and horst structures. 0f significance 1is  the - "Arja-Uweina®
flexure/fault zone which extends from Jabal El Batra in the south to a
few kilometers west of Jebel Uneiza in the morth. At its northern end
it appears that this tensional fault system has allowed the intrusion of
a basaltic dyke which follows the alignment of the fault but becomes

truncated by the east-west trendiﬁg "Salwan" fault,

Jafr Trough

The most promiheﬁt geoiogical feature in. the Jafr basin is: the Jafr
Trough, which 1is bounded by the two ﬁarallel faulting =zones with
approximate WNW-ESE strike. The formations in ‘the trough are
controlled by the post Paleozoic sedimentatiﬁns, of which the
' geological'development can be traced by a series of increasing in the
thickness of the progressively younger strata. The sediments thicken at
the center of ‘the trough where ‘the"Muwaqqar- (B3) formation in  the

Maestrichtan epoch exceeds a thickness of 450 m.
2.2.3 Drainage

The Jafr basin is located in the southern part: of the central Jordan
plain and lies to the east of the Western Highlands. The basin ‘has an
area of 13,500 kmz, most of which is classified as arid desert with mean
annual rainfall of about-SO.mm. The basin displayé a classic centripetal
drainage pattern with all wadis draiﬁiﬁg from the encircling highlands
to the central El Jafr Playa, the 'iargesﬁ-fconcave in Jordan. :. The
catchment lies'at elevations between 850 m in the El Jaff“Playa and-

1,750 m in the Western Highlands. (See Fig.2.17)

The Upper  Hasa baéin'is.separated from the northern Jafr Basinrby
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watergshed. The catchment area is about 2,200 km2, and lies at elevations

between 400 m at the basin outlet near Tannour and 1,250 m in the
Bastern Highlands.. The wadis in the Southern-western Highlands are
characteristicaily narrow and moderately incised, while wadis are flat
in the eastern part of the basiﬁ where the elevation is about 900 m.
All the wadis in the upstream reaches drain flushing floods to the
central playa named Qa El Jinz. (See Fig.2.17)

2.2.4 Glimate
The whole of eastern Jordan lies within the Mediterranean bioclimatic
region and the study area has a Mediterranean Saharian climate of the

warm variety (Long,1957), being classified as arid (Miller,1951).

Climatological data of the Study area, except rainfall, are summafized
for the period betwzen October 1977 and September 1988 (See Table 2.3).
Temperature

According to Table 3.1, the annual minimum temperature is recorded in
January, ranging from 3.9° ¢ at Hasa to -2.6° C at Udruh on average,
with the annual maximum temperature recorded in July or August, ranging
from 35.5° € at Jafr to 27.4° C at Shoubak on average. Relative humidity
is as low as 30's or 40's in percent in May to October and as high as

60's or 70's in percent in December to January.
Rajnfall

There are 53 rainfall gaging stations in and around the study area which
locations are shown on Fig.2.18, and the gaging type is shown in Table

2.4 together with dates opened and closed.

An isohyetal map of annual rainfall of the study area was made from
available rainfall data between October 1937 and September 1988. (See
Fig.2.19).  From the isohyetal map , it is found that the annual
‘réinféll decreases from 300 mm in the western watershed to less than 50

" mm in its eastern part.



Aunnual rainfall of the Upper Hasa basin, the Wadi Jurdhan . and the Jafr
basins was estimated by the Thiessen method and by applying long-term
armual rainfall for the period between 1937/38 and 1987/88 of gaging

" stations within each polygon.

Accordingly, annual rainfall of the Upper Hasa basin, the Wadi Jurdhan

and the Jafr basin is estimated at 89 mm,'129 mm and 52 mm;respectively.

From the view point of annual rainfall pattern, a year is divided intec
two distinct seasons, namely, the rainy ‘season from October to May and

the dry season from June to September,

Evaporation

As may be seen ‘from Table 3.1, the annual total’ evaporation measured by
a class-A pan ranges f{rom 1,800 mm at Shoubak to 4,200 mm at Jafr. At
all the stations, about 70 % of annual evapbration'is recorded between

April and September.
2.2.5 Present use of water resources

Present use of water resources in the Study area is depehdent,on the
groundwater resources in the B2/A7 aquifer. A.vefy small amount of ‘1.1
MCM/y, however, is being pumped from the shallbw uncbnfiﬁed_aqUifér'of
B4 to irrigate.the pilot firms. Abstractions are preliminary estimated
by WAJ at 18.4 MCH/y_in total, which includes the biggest consumer of
the Hasa phosphate mine ‘of (7.4 MCM/y, and Shoubak irrigation of 3.3
MCM/y. No surface water is used, whefeaéﬁO.?S MCM/y of Spring water is

being used for local villages and?firms-in.the'Western Highlands.
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3.1 Flood Analysis
3.1.1 Duration of storms

A. Duration of storms of the Upper Hasa basin

Concerning areal distribution of rainfall within the basin, it is
observed that floods with large peak discharges are caused by rainfall

which is concentrated in limited areas within the basin.

Though no data are available to.clarify a depth-duration relationship on
an hbﬁrly basis for upstream areas of the Upper Hasa basin, it seems
relevént'to"épply hourly rainfall data of any of the three stations
(ﬁamely, GF0007, CFOD08 and DB0O002) to determine duration of storms of
the Upper Hasa basin. This is because most of the runoff at the basin
outlet is considered to be caused by rainfall which precipitates in the
western half of the Upper Hasa basin as understood from the isohyetal

map (Fig.?.lg).

On average, the duration of storms 1is 20 hours for station No. CF 0007,
28 hours for station No. GF 0008 and 32 hours for DB 0002, This means
that the ﬁuratfon of storms ‘tends to become longer in the western part
of the_baéin where more annual rainfall is observed. In this analysis;
the duration of storms used in estimation of probable floods is chosen
at.28 hours which is the avefage duration of storms for station No. CF
0008, because this station is intermediate in terms of annual rainfall

amount and duration of storms among the three stations.

B. Duration of storms of wadi Jurdhan

There are 4 rainfall stations in and around the wadi Jurdhan. Among
these, stationé No. G 0003 and G 0010 which are located near the basin
outlet in : the eastern part have a shorter duration of 15 to 16 hours

than stations No. DG 0001 and DH 0001 which are located near the western
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watershed outside the_wadi.Jurdhah and with storm durations. of 22 to 24

hours.

The long-term annual rainfall of stations G 0003 and G 0010 is less than
50 mm while that of stations DG 0001 and DH 0001 is about 180 wm. From
this, it is considered that most of the runoff at the basin éutlet is
considered to be céused by rainfall whichfprecipitates in the western
part of the Jurdhan basin and whose. rainfall pattern in ﬁerms of
duration and depth-duration relationship is considered more similar to

those of the stations No.DG 0001 and DH 0001,

In this analysis, the duration of storms used in'eétimation of probable
floods is chosen at 24 hours, This is the average duration of storms
for station No. DH 0001 - because the depth-duration relationship of
station No. DH 0001 is obtained for a'lafgér amount of rainfall than
station No. DG 0001 though the .long-term .annual"rainfali of these

stations is nearly equal.
3.1.2 Probable rainfall

A. Probable rainfall of major rainfall statioms

Relationsﬁips between rainfall_intensity, duration and frequenecy of 40
rainfall stations in Jordan are tabulated and gréphically shown for
duration.of 5 minutes to 24 hours and return periods of 2 to 500 years
(See Ref.3.1). Such relationships.of 8 raihféll étatiﬁhs.in and around
the study area (nameiy, CD.0013,CE 0007, CF 0008, DB OOQl,ﬁC OOQZ,DG
0001,DH 0003 and G 0003) are available in tﬁis study - paper (See Table
3.1). ' ' '

B. Probable rainfall of Upber Hasa basin

Probable rainfall of the Upper-Hasa.basin;is obtaiﬁed*by mqltip1ying
probable rainfall of the rainfall station No. CF 0008 with'the ratio of
long-term annual rainfall between - rainfall station No;:CF.OOOS'andﬂthé

Upper Hasa basin. Long-term annual rainfall between year 1937/38.énd:
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1987/88 is 136 mm for rainfall station No, CF 0008 and 89 mm for Upper

Hasa basin.

G. Probablé rainfall of wadi Jurdhan

Probable rainfall of the Jurdhan basin is obtained by wmultiplying
proﬁable rainfall of the rainfall station No. DG 0001 with the ratio of
long-term annual rainfall between the rainfall station No. DG 0001 and
.the=wadi Jurdhan., Long-term annual rainfall between year 1937/38 and
1987/88 is 180 mm for the rainfali station No. DG 0001 and 129 wm for

the Jurdhan  basin.:
3.1.3 Unitgraph

A, Unitpraph of Hasa river

Hydrograﬁhs of 4 single-peaked large floods (namely, floods
No.HlS,HlY,HZS and H45 in Fig.3.1) are converted to hydrographs caused
by l-mm-rainfall after deducting base runoff. The peak discharge of
hydrographs before and after the conversion and the time from start of

rise to peak are shown as below.

Peak Discharge (m3/sec) Time from start of
Flood Ne. . rise to peak '
Observed Flood Flood Caused by (hr)

1 - mm Rainfall

H 15 78 216

3

H 17 71 128 5

H 28 80 130 7

H 45 290 50 7
. _ . 5 (1)
- ] _ - 12 €2
i ] ) g (3




(1)
(2)
(3)

(4)

Time df.cpncéntfation is estimated by Kraven’'s formula.

Time of concentration is estimated hy Bayérﬁ’s formula.

Time of concentration is estimated by the formula derived by
the California Highways and Public Works,

Time from start of rise to peak (T?) is estimated by
Tpm0.5+0.6 x T, which is an empirical relationship

derived by the Soil Conservation Services of U.S. Dept. of

Agriculture. T_ is time of concentration.

A unitgraph, shown in Fig.3.3, to estimate probable
constructed from the hydrograph of the flood No. H 45 which has the
second largest peak discharge of the 64 flood hydrographs collected by

this study.

B. Unitgraph of wadi_Jurdhan

Hydrographs of 4 large floods with ‘a single peak (namely, floods
No.J3,J8,J21 and J24 in Fig.3.2} are converted to hydrogféphs caused by
1-mm-rainfall. Peak discharge of hydrographs

before

and

floocds was

after the

converzion, time from start of rise to peak are shown as below.

Peak Discharge (ma/sec)

Time from start of

Flood No. rise to peak
Observed Flood Flood Caﬁsed by ' _ (hr)
1 - mm Rainfall
J 3 30 30 2.0
J 8 120 Y 1.5
J 21 7 17 3.5
J 24 33 : - 20 1.0
. . - . g (1)
. ] . 35 ()
. ] ) 3.3 (3
Note :

(1) Time of concentration is estimated by Kraven’s formula.
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(2) Time of concentration is estimated by Bayern’s formula.
(3) Time of concentration is estimated by the formula derived by
the California Highways and Public Works.
(4) Time froﬁ start of rise to peak (Tp) is estimated by
‘Tp=0.5+0.6 x T, which is an empirical relationship
derived by the Soil Conservation Serxrvices of U.S, Dept. of
Agriculture. T, 1s time of concentration.

A unitgraph, shown on Fig.3.4, to estimate probable floods was
constructed from the hydrograph of the flood No. J8 which has the
largest peak discharpge of the 64 flood hydrographs collected this time.

3.1.4 Probable fleodé

A. Method of estimation of direct runoff from rainfall

The method used For estimation of direct runoff from a given amount of
rainfall is taken from Ref.3.2., This method was originally developed by
the Soil Conservation Service, the United States Department of the

Agriculture in 1956.

In this study;jfor the Upper Hasa basin, the_Jurdhan'basin and the Jafr
basin, the hydrologic soil group is chosen to be "Group B" which is
" classified as "soils having moderate infiltration rateés when thoroughly
wvetted and cdnsistihg chiefly of moderately deep to deep, moderately
well to well-drained soils with moderately fine to moderately coarse
textures and which have a moderate rate of water transmission". The
pattern of land covér is chosen to be fallow. This choice is based on a

study of hydrological soil classification in Ref.3.3

The antecedent moisture condition is chosen to be AMC-II which is quoted
‘as " the average case for annual floods, ‘that is, an average of the
conditions which have preceded the occurrence of the maximum annual
flood on numerous watersheds" for both the Upper Hasa basin and the Jafr

basin. -
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Other study repoits on Jordan estimated the amount of abstraction which

principally consists of intevception, infiltration and surface storage

as below.
Reference Initial Aﬁstraction Abstraction after
No. ' : - Initial Abstraction
(mm) : (mm/hour)
12 . 5
(Unknown)
10 A

In this study, initial abstraction and abstraction after initial

abstraction are estimated as below.

Initial Abstraction g Abstraction after

Return : Initial Abstraction
Period (mm) . _ (mm/hour)
(Year) Upper.Hasa Jﬁrdhan Upper  Hasa Jurdhan
2 8.3 8.3 0.27 0.48
5 8.3 8.3 0.54 0.69
10 8.3 8.3 0.65 0.79 -
25 8.3 8.3 0.77 0.90
50 8.3 8.3 0.84 0.98
100, 8.3 8.3 0.88 1.03
200 8.3 8.3 0.93 - 1.07
500 8.3 8.3 0.98 1.13

B. Probable floods of Hasa river at Hasa water stage gaging station . -

From the aforésaid'uﬁitgraph and probable.réinfall; probéblé floods. and

runoff coefficlents are estimated as_showﬁ'on=Tab1e_3.2 and Fig.3.5.
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In a previous study report (Ref.3.4), runoff coefficients vary from
about 20 % Ffor short return periods to about 50 % for 100-year probable
floods, which shows good agreement with the results obtained by this
study. Also, the peak discharges estimated by this study are plotted in
Fig.3.7 with estimates by previous study repérts of Jordan and actual
 flood records in the Levant. From Fig.3.7, the peak discharpges estimated

by this study are considered reasonable.

C. Probable floods of wadi Jurdhan at water stage papging station by

Desert Highway

From the aforesaid unitgraph and probable rainfall, pfobable floods and
runoff coefficients are estimated as shown on Table 3.3 and Fig.3.6. As
described in Sec.3.1.3, the:unitgraph—of wadi Jurdhan is derived from a
historical large flood -in March 1966 when the reliability of the water

stage record is said to have been still high.

In a previous study report (Ref.3.4), runoff coefficients vary from
about 20 % for short return periods to about 50 % for 100-year probable
floods, which shows  good agreement with the results obtained by this
study. Also, the peak discharges estimated by this study are plotted on
Fig.3.7 with estimates by previous study reports of Jordan and actual
flood records in the Levant. From Fig.3.7, the peak discharges estimated

by this study are considered reasonable.

D. Probable floods at 8 recharge dam sites

" By this study, construction of recharge dams is propoéed_at 8 sites for
which location, drainage areda and annual rainfall are shown on Fig.4.1

aﬁd Table 3.4;

‘Probable floods of recharge dam sites are estimated by the following

equation.
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Al - 0.62137% x A2 .
where c ! Adjustment factor of probable floods

Q (m3/sec) : Peak discharge of a probable flood
Al'(mile2) : Dréinage éréa

A2 (ka) : Drainage area

R (mm) : Annual rainfall

Subscript o Valﬁes qf the wadi'Jurdhan at the water

o stage gauging station
- Subscript X : Values of recharge dams

and

b = 0.894 x A2 ~9.048

Adjustment factors of probahble floods are calbulated_as_shown.on Table
3.4, Peak discharges of probable floods at 8 récharge'dams thus

astimated are shown on Table 3.5,
3.2  Runoff Analysis
3.2.1 Estimate of daily rainfall

Estimate of basin raiﬁfall_.-_is made by ‘the Thiessen method. after
estimating missing.rainfall data.iThere_ére absences of daily rainfall

data for a considerable  period for some rainfall stations, The
absences of réinfall daﬁa of a cértain'sﬁation_'are filled by data of a .
station with which the best correlation is obtained on a moﬁthly'BaSis}
Prior to the correlation analyéis,'selectéﬁ fainfall stations iﬁ_and
around the sfudy area weré diVided into. 4 gféﬁﬁs with'régard:to the

availability of daily rainfall data, and the amount of annual rainfall

and their closeness as follows.
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Group No, Characteristics of Group

1 Located in and near the Jafr basin and annual
rainfall of most stations with missing data is
more than 100 mm _

2 Located in and near the Upper Hasa basin and
annual rainfall of most stations with missing
data is more than 100 mm _

3 Located in and near the Jafr basin and annual
rainfall of most stations with missing data is
less than 100 mm

4 Located in and near the Upper Hasa basin and
annual rainfall of most stations with missing

aata is less than 100 mm

Simple correlation factors and linear regression formulas thus derived

are shown on Table 3.6 for the 4 groups.

3.2.2 Simulation model

A. Basic‘cbmponent of tank model

The tank model is a widely practiced tool to estimate long-term runoff
data or runoff data from rainfall data during ungaged periods and/or of
ungaged areas. The tank model is normally composed of three or four
éahké conmected difectly with.eadh'othef.by bottom outlets, thus upper
tanks emit and lbwer tanks receive the amount of water in proportion to
the water_leﬁel in upper tanks..Each tank has side holes, which pass
the runoff to _rivérs.' The outflow from each side hole is proporticnate
to the height bétween Ehé hole and water surface. Provided that a tank
is’actommddated with one bottoﬁ hole and  two side holes, the rule for

outflow computation is as follows.

y =0 s (X <~ hl)
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y = al(X - hl) (hl < X <= h2)
y = a2(X - h2) + al(X - hl) (h2 < X)
Z = bX o
%
XN =X -y-2Z2+1

where _
X : Water depth of 1-th day
X" : Water depth'of (i+1)-th day
y : Outflow from side holes of i-th day
Z . Outflow from a bcttom:hoie of i-th day
I : Inflow of i-th day
al,a? : Discharge coefficients of side holes
b : Discharge coefficient of bottom hole

| hl,h2 : Height of lower and upper'side holes

In order to effectively trace'hydrblogibai'cdnditions of the.study area
where there is a ~dry season regularly and streamflows diminish to a
con51derably low level or completely dry up in the dry season, . the taﬁk
model is furnished with a structure to simulate the m01sture content in
the top tank. This structure is composed of two m01sture_bear1ng zones,
which contain moisture up to the capacity of saturation . The moisture
contents in two zones are expréssed as height whiéh are'calléd.primary
soil moisture depth and secondary soil m01sture depth, respectlvely

Between the above two zones, transfer of water contents takes place as
expressed below.

T2 = TC (XP/PS - X5/8S)

where _ _ . _
T2 : Trénéfer’of ﬁoistﬁre.betﬁegﬁ_priméry'ahd_éecondary
 zones (if positive, tfaﬁsfer; tékés' place from
primary to secondary, and vloe versa)
PS : Gapac1ty of prlmary 5011 m01sture
SS : GCapacity. of secondary 5011 moisture
XP : Primary soil molsture
x5 : Secondary soil moisture
TC: Transfer coefficient
If the primary soil nbisture is mnot. saturated,i.e., XP<PS, water'is-
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supplied to the primary moisture zone from the lower tanks as a result
of cabillary attraction, amount of which is computed ag below.
T1 = TB (1 - XP/PS)
where
Tl : Transfer Qf moisture from lower tanks to primary
soil moisture

TB : Transfer coefficient

The basic components of the tank model are depicted in Fig.3.8.

B. Tank model of study area

Based on available réinfall ~data between October 1937 and September
1988, an isohyetal map: of annual rainfall of the étudy area was prepared
(Sée Fig.2.19). As seen:from the isohyetal map, nearly /0 % of the
study area has an extremely arid climate with annual rainfall less than

50 mm.

Iopdgfaphically,-the:e are wadis where B2/A7 and/or B4 aquifers directly
outcrop, causing direct recharge of aquifers along riverbeds by rainfall
and there are areas vhere the aforesaid aquifers form sub-surface layers
{See Fig.3.9).‘ The distribution of outcrops and sub-surface layers of
such aquifefs is not uﬁiform over the study area. Takingrthe Upper Hasa
Basin for example, more than 80 % of B2/A7 and B4 aquifers forming
outcrops and sub-surface layers exist in the rainy western half of the
basin where long-term anmial rainfall is more than 50 mm. For the Jafr
basin, . about 70 % -of such permeable sub-éurface layers exist in the area

.with annual rainfall less than 50 mm.

For the ‘purpose of describing such digtribution of vainfall and
pérmeable layers in the study area moré'accurateiy, the tank model of
the_stUdy area is separately constructed for a rainy area and a rain-
‘scarce. area, the two areas being bordered by an isohyetal line of annual

50~-mm-rainfall (See Fig.3.10).

" The effect of groundwater recharge through riverbeds is estimated by the
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Wedernikow’s formula assuming a steady state unsaturated condition as

below,

Q=1kx (b+2h) x A
where
: Amount of recharge
¢ Coefficient of conductivity
: Water depth of streams

Surface width of streams

oo ® O

: Area of recharging

It is assumed that the recharge through riverbeds of B2/A7 and B4
formations begins when daily rainfall lasting 1 to 2 days is more than 8
mm, The initial abstraction of 8 mm is estimated by the method developed
by the Soil Conseivation Sefvice, the United States Department of

Apriculture as outlined in Section 3.1.4.

In addition, rainfall with strong intensity which diréctly precipitated
over impermeable riverbeds is .assumed  to reach the basin outlet

without any loss.
3.2.3 Input data

Daily rainfall of areas of-intereSt is estimated by the Thiessen method

as.explained in Section 2.2.4.

Evaporation used in the runoff calculation is based on the class-A pan

evaporation of the Hasa evaporation station.

The area of B2/A7 and B4 aquifers forming outcrops and sub-surface

layers are estimated from Fig.3.9.

The capacities of primary and sécondary soilsmoisture‘(PS_and“SS)zare
estimated. from soil moisture content of a 50-cm-thick surface layer
measured at a farm in Shoubak (See Fig.3.11). -From'Fig.3.11;_Soil.

moiéture content at Shoubak is estimated at 25 mm at the ‘end of dry
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season in September and 50 mm at the very height of rainy season in
March, and the difference of the two extremes equal to 25 mm is
considered as the sum of PS and $S for Shoubak. The sum of PS and S§8
is derived for the Upper Hasa and the Jafr basins from the data of
Shoubak, assuming th#t the total sum of P8 and 8% is inversely
proportionate to annual rainfall and that the ratio of PS and SS is one
to four. As a result, PS and SS for the Upper Hasa and Jafr hkasins are

estimated as follows.

PS (mm) S5 (mm)

Upper Hasa basin 17 66
Jafr basin 30 - 120

Itvmay be noted that, about the sum of PS and $S of western parts of the
Jafr basin, Ref.3.5 is quoted as reading that " the average soil
moisture defieit at wadi alluvium fans in the basin reaches 200 wmm

during October - May"
3.2.4 Calibration

A. Reliability of discharpge data_of wadi_Jurdhan

There aré two water stage gaging stations in the study area, one in the
Upper Hasa basin and the other in the Jurdhan basin., = Based on
observed diséharge data, runoff characteristics of these two sites are
compared with that of the Mujib basin as shown on Table 3.7. As
understood from Table 3.7, runoff coefficient of the Jurdhan basin is
unreasonably low though annual rainfall of the Jurdhan basin 1is

comparable with that of the Mujib basin.

Observed discharges and runoff coefficients df wadi Jurdhan are
tabulated in Table 3.8 for the period from the start of water stage
measurement in 1963/64 to.1985/86. According to Table 3.8, no discharge

is ‘recorded due to malfunction. of recording apparatus after 1982/83
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though a considerable amount of annual rainfall data are available.

Accofding to an on-site iIngpection made in'Septeﬁber 1988j'the water
stage gaging station of the wadi Jurdhan is installed at a plade*whére
freqﬁent scour or deposition of sediment is likely. to take: piace;
resulting in fréquent changes of stage-discharge relations -and, hence,
maintenance of a stable water rating seems difficult unless provided
with an artificial control like a low concrete weir comnstructed at the

water stage gaging station of the Hasa river near Tannour.

For the above reasons, reliability of the discharge data of the wadi
Jurdhan collected by this study is conmsidered too low to be used for

the calibration of the tank model for the study area.

It would be desirable that the water stage gaging station of wadi
Jurdhan be equipped with an artificial control. or ‘be shifted to an

appropriate site to have a more accurate stage-discharge relation.
B. Calibration of tank model

For the aforesaid reason,the tank model for the Jafr basin and the
recharge dam sites is calibrated by using rainfall-runoff relations of
the Upper Hasa basin which is considéred.far-more reliable ‘than that of
the wadi Jurdhan. Calibratiom of the tank model is made by the
comparison of'average annual runoff volume and hydrographs of observed

discharges and calculated discharges.

Being calibrated by rainfall-runoff relations of the Upper Hasa basin,
the final wvalues of pafameteré'of'thé'tank-nmdel.are calculated as
tabulated in Table 3.9. The caléulateduaverage annual runoff of the

Hasa river is compared.with.the observed one (See Table 3.10).
3.2.5 FEstimated runoff volume

Estimated runoff volﬁme 6f.the-Uﬁﬁer Hasa basin, the Jafr_basin and the
recharge dams iS=summarized'fbr;the'period.betweéﬁ'1963/64'andf1985/86



{See Table 3.11).

Annual runoff volume of the Jafr basin is estimated at 22.9 MCM (Runoff
coefficiént = 3.3 %), which is comparable with the estimate by Ref.3.3
(7.18 MCM in dry years, 31.51 MCM in wet years and 14.97 MCM in average
years), Ref.3.5 (10 to 16 MCM) and Ref.3.6 (16.2 MCM).

0f the Jafr basin, the annual groundwater recharge through the riverbed
is preliminarily ‘estimated .at 6.7 MCM for B2Z/A7 aquifers and 2.0 MCM for
B4 aquifers.

3.3 Sediment Analysis and Water Quality

3.3.1 Sediment analysis

Suspended"sedimeht data are plotted as shown in Figs.3.12 and 3.13

respectively to . determine a relation between water discharge and

suspended sediment discharge, which are given by:

Qs = 5.12 Ql'24 for the Hasa river, and
Qs = 5.96 Q1‘34 for wadi Jurdhan, -

where
Qe (kg/day) : Suspended sediment discharge, and
Q (m3/sec) : Water discharge

The unit Weight of suspended sediment is estimated at 1.04 ton/m3 based
on a sieve analysis of samples collected at Chor Safi of the Hasa river

on January 23,1972}

As no in-situ sﬁrvey reiated to the estimate of bed load was conducted,
the proportion in volume .of bed load to suspended load is assumed to be
30 % the same as that assumed’ in Refs.3.7 and 3;8. The result of
sediment anaiysis ié shown on Table 3.11. The ratio of annual total
. sediment ldad (i.e. suspeﬁdéd loéd plus bed load) to annual total inflow

varies from 0.8 % to 1.9 % , which might be comparable with 0.4 % of the
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Magarin dam {Ref.3.8), 1.02 % of the King Talal_dam and the Wadi Arab
dam (Ref.3.9), 4 $ of the Kafrein reservoir (Ref.3.3) and 1.4 % of the

~ Sultana reservolr (Ref.3.10).
3.3.2 Water quality

A result of water.quality test for which sampling was made at Ghor Safi
of the Hasa river on March 19, 1973 is shown on Table 3.12, according to

which water is ranked as C2 to Sl as water for use of irrigation.
3.4 Hydrogeology and Aquifer Unit
3.4.1 Aquifer conditions

Aquifers have been recognized in argillaceous, arenaceous and/or
carbonate rocks of the Cambrian to Paleogene age .such as Disi, Kurnub,
lower. Ajlun (Al-6), Amman-Wadi-Sir (B2/A7), and Rijam (B4). In . the
course of the present Study, attention was focused on the aquifers in

Ajlun and Belqa group such as Al/6, B2/A7 and B4.

The Study aréa includes both Jafr basin and upper Hasa basin. " In the
southern part of the Jafr basin, to the south of the.Shidiya'phosphéte
mines, the E2/A7 and Al-6 are both thin and unsaéurated. In the central
part of the Study area, the B2/A7 is confinéd ’Ey overlying - thick
impervious argillaceous unit of the Muwaqqar (B3) formatlon, while ‘the
surrounding areas are unconfined Except the area along the Jafr trough,
the confined B2/A7 aquifer is promising to be developed. The Al-6 is
highly confined in the area of ‘the north of the Salwan fault, which is
conceived to be a promising aquifer. The B4 aquifer exists in an
independent regional shallow sedlmentary basin whlch overlles the
impervious Muwaqqar (B3) formatlon In the central part of - the
.sedlmentary basin, the B4 is- saturated w1th water - table condition, while
it is unsaturated in the sqrrounding areas. The aquifer receives limited
recharge through the wadi-beds'during. the occasional floods, of which

potential is evaluated to be limited and ‘small.
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3.4,2 Lower Ajlun (Al-6) aquifer

The lower Ajlun (Al—6) underlies the Amman - Wadi Sir (B2/A7) aquifer,
which is comprised of multi-layered units of sandstonmes, marls, clays
and shales. The hydrogeology of the lower Ajlun (Al-6) including the
southern  part of the Jafr basin was examined by NRA in 1985 by
installation of a series of multiple piezometers. In this
investigation, %he emphasis was put on the northern part of the Jafr
basin, ‘north of the "Salwan" fault and west of the "Karak - Wadi Al
Fiha" fault, where the aquifer was conceived to be highly confined but

neither hydrogeological nor hydrochemical data could be obtained.

In the northern part of the Study area, 1.e. north of the "Salwan" fault
~and the west of the "Karak - Wadi Al.Fiha“ fault, the lower Ajlun (Al-6)
is composed of two lithological units; i) mainly arenaceous facies in
the upper part of A4-6 and ii) mainly argillaceous facies in the lower
part Al-3. The upper most part of the lower Ajlun formation comprises
A5/6, which is composed of aiternating marly sandstone, sandy marl and
marl with a thickness of about 100 m in total. The A5/6 acts as a
capping layer to confine tﬁe underlying aquifers such as A4 and A2. The
main aquifer is recognized to be the A4 formation which consists of an.
uniform unconsolidated sandstone unit with uniform grain size of medium
to coarse. The Ak is ohly 20 m thick, but it is pervious and highly
~confined with an aquifer pressure of 30 Kg/cmz. The Al-3 is an
argillaceous ‘unit, which mainly consists of alternaﬁing' shales and
clays, intercalating some impure layers of sandstones and limestones.
The variation in lithological facies in the lower section of Al-3 gives
" complexity to its hydrogeology. No promising aQuifers may be

distinguished in AL-3.

The regional groundwater flows .in Al-6 aquifer ave confined by the
three major féult systems, éhe "Arja -Uweina" flexure, "Salwan" fault
and "Karak - Wadi Al Fiha" fault. These : faults act as impervious
barriefé; _since‘ digplacements éxcéed' the total thickness of the A4
_ fbrmatipn; (see Flg.3.14) In the Western Highiandé, the groundwater

flows from southwest to northeast in and along the Arja - Uweina
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flexure. In the northern part of the Study avea, mnorth of. the
t8alwan” Ffault and the west of the "Karak - Wadi Al Fiha" fault, the
_groundwater flows from west to east with a plezometric elevation at 890
m. While south of the Salwan fault, the piezometric elevation is as low
as 750 m. = The regional plezometric level of the Al-6 is shown iIn
Fig.3.15,

The water salihity is as low as 330 mg/l of T.D.S to the north of the
Salwan féult._This may be largely due to the areﬁaceoﬁs character of the
hydrogeology in the upper part (A4-6) of the lower Ajlun (Al-6). Where
the groundwaters are in. a Stagnant'envirbnment in the confined ‘area
east of the "Arja - Uweina" flexure and south of the "Salwan" fault,

the water salinity is as high.as or more than 1,000 mg/l of T.D.S.
The hydrogealogical map of the lower Ajlun (Al-G) is shown in Fig.3.16.
3.4.3 Amman - Wadi Sir (B2/A7) aquifer

The Amman - Wadi Sir (B2/A7) aquifer wunderlies the Muwaqqar (33)
formaticn,'which is composed of two formationé; namely. ; -i)the
silicified chert limestome unit of the Amman (B2) and ii) older sandy
limestones and calcareous sandstones of.the Wadi Sir (A?); The two
aquifers conceived as having hydfaﬁlic continuity,_and_ére fegarded as a
siﬁgle hydréulic system. The -Amman (B2) formation is well jointed and
fissured both at outcrops and at depth.. The sandy"limestones and
sandstones in the Wadi Sir (A?) are variable iﬁ‘their texture, well ‘to
locosely cemented. The sandstones become friable in their more
arenaceous facies. Eastwards, the limestones: become more'calcareous

and/or sandy.

South of the Salwan fault, the B2/A7 aquifer has an average-thickﬁess'Qf
100 m, comprising the Amman (B2) 40 m thick, and the Wadi Sir (A7) 60 m
thick, Whereas north of the Salwan faulc, B2/A7-aquifer is As much © as
about 200 m thick,-coﬁprising the ‘Amman (B2) of'iOO-m and the Wadi Sir
(A7) of 100 m. In general, the B2/A7 thins to the s@uth and- thickens to
the north. | S
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The piezometric elevations of the groundwater surface in the Western
Highlands are as high as 1,200 to 1,500 m,.while they are as low as 800
to ‘900 m -immediately east of the. "Arja - Uweina" flexure. In the
central area of the Jafr'basin, the piezometric elevations are in the
range of - 750 and 800 m with a nearly flat hydraulic gradient on an
average of 0.0003, The "Arja - Uweina" flexure acts as a hydraulic
barrier to the regional groundwater flows following abrupt drops in the
piezometric elevations over a short distance, North of the Salwan
fault, the piezometrié elevations gradﬁally decrease from west to east
and/or northeast. The piezometric elevations are as high as 1,200 to
1,400 m in the Western Highlands, while they are 800 to 1,000 m
eastwafds from the Husseiniya with an hydraulic gradient on average of
0.005.  The measureménté of the piezometric heads in and around the
"Karak - Wadi Al Fiha" fault using the observation boreholes of JO-3 and
JO-4 indicate that the fault is not an impervious barrier with
hydraulic discontinuity. The diéplacement of the fault is about 100 m
‘which is half of the tofal thickness of the B2/A7 aquifer as shown in
Fig.3.14.

The‘régional groundwater flows in the B2/A7 aquifer are confincd by the
two major faulting structures “Arja - Uweina" flexure and "Salwan"
fault. These faulting'structures act as impervious barriers, but they
are not'continuoué barriers hecause of their complicated structures. In
the Western Highland, the groundwater flows from west to ecast
intersecting the "Arja - Uweina" flexure which is composed of a group of
discontinuous faults. In the northern part of the Jafr basin, the "Arja
. - Uweina" flexure acts as an impervious barrier intersecting flows to
the east. The flows of groundwater turn from the west to the morthwest
direction paésing'through the basin boundary between Jafr and upper
Hasa. To the north of the Salwan fault, the groundwater flows from west
to.néftheaSt and east, and flows out through the "Karak - Wadi Al Fiha"
fault which is not é_continuous faulting system and acts as a semi-
pervious barrier with hydraulic continuity in B2/A7. The regional

pieéometric level of the B2/A7 is shown in Fig.3.17.



The Amman - Wadi Sir'(B2/A7) aquifer is conceived aé a single hydraulic
system with hydraulic continuity between theiBZ and the:A7. In the JT-1
test well which was driiled in the.nprthwestern,part of the Jafr basin,
however, differenf piezometric heads were measured in each.formation
unit of B2 and A7. Drilling with chemical foam jammed at a-depth.of-358
m which. is in the lower part of the B2, Né'fiow return cbuld be
obtained due to the substantial ciréulation losses -in. the fractured B2
formation. Just after penetratihg into the top of the A7 formation at a
depth.of 387 m, howevef,}the piezometfic head:in'the-boreholesrecbvered
instantly from 220 to 185 m.. Between 380 and 387 m deep, the lithology
changed. to marls, that were concelved to bé part of the Bl formation
which conflnes the underlying A7 aqulfer unit, ~North of the Husséihiya,
B2 is slightly confined, vhile A7 is highly conflned with a plezomeLrlc

pressure of 20 Kg/cm2 or more.

Due to the variétion'iﬁ lithology,_diégenetic_and strudtural:phenomena,
the transmiésivitiesiand/or permeabilities of the:BZ/A?-aqﬁifer are
extremely variable. The transmissivities vary between 1esé than 1 and
more than 10,000 m2/d depending on the size of fissures and caves in the
carbonate rocks. . The lower transmissivity'ZOnes such . as- less than 50
2/d are reglonally mapped in the southern and western parts of'fhe
Jafr basin, where the aquifer thlckness decreases to less  than 50 .
The hlgher transmissivity zones such as more than 100 to 200 mz/d whlch'
locally includes extremely hlgh values of more than 1, 000 mz/d, are.
reglonally mapped - in the ‘zones correspondlng to the maJor groundwaLer
flow passes such as passing through "Wuheida" - "Ma'an" - "gl Jafr" and
"Husseiniya" - -"Jurf ad ‘Darawish" - ‘"Hasa":  ~ The regiomnal

transmissivities of the B2/A7 are ﬁapped in thé Fig.3.18,

The hydrogeoiogical map - of the Amman - Wadi' Sir (B27A7) is shown in
Fig.3.19. ' ”

3.4.4 Rijam (B4) aquifer

The Rijam aquifer has been studied since 1967 as reported by Abu AJamleh
,1967 (Ref.3. 11), Parker 1970 (Ret 3. 12), AHG, 1977 (Ref 3.13) and NRA,
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1985  (Ref.3.14). The present report summarizes of these previous
studies and includes the result of the VLF survey which was carried out

during this investigation.

The Rijam (B4) aquifer comprises‘crystalline limestone, chalk and chert
bénds, and is underléin by chalky marls and thick impervioué shales of
the Muwagqar (B3).which form the base of this aquifer. It occurs in the
center to the northern part of the Jafr basin with elevations of less
than 1,200 m. The sequence is thick in and around the Jafr trough with
a maximum thickness of about 100 m at the northwestern edge, while it
becomes as thin as about 30 m or less in the southeastern part of the
Jafr trough. The B4 wedges out eastwards and southwards of the Al Jafr
town,

The aQuifer_is saturated only in the central part of the Jafr basin

where the ground elevation is less than 930 m as seen in Fig.3.20,

The Rijam (B4) aquifer receives limited recharge by infiltration of the
flood runoff through the wadi courses such as in the lower reaches of
wadi Nijl, wadi Arja, wadi Jurdhan, wadi Wuheida, and wadi Husseiniya.
The groundwater flows from north east to southeast following the main
wadi courses such as shown in Fig.3.21. The hydraulic gradient is as
relatively [lat as 0.001 in the eastern part of the saturated B4, while

it becomes steepér to upstream to the west.

The transmissivities vary between 16 and 10,000 mz/d, which indicate the
karstic nature of the Rijam limestones. The higher transmissivities are
mapped locallj in the area of 1 to 10 km northwest of the Jafr town
where the gradient of the groundwater table flattens to 0.001. Fig.3.22
shows the regional transmissivities of the Rijam (B4) aquifer.

3.5 Quality of Groundwater

3.5.1  Hydrochemistry

In the course of the study, the hydrochéemistry of the following three

aquifers was exanined by taking account of the following conditions;
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The Lower Ajlun (Al-6) ; .Hydrochemistry of the groundwater basin has
not been studied except for a limited area in the southern part of the

Jafr basin,

The Amman - Wadi Sir (B2/A7) ; The aquifer is believed to satisfy the

quality requirements.

The Rijam (B4) ; Part of this aquifer has been contaminated by

irrigation return with high salinity.
3.5.2 Lower A}lun (Al-6) aquifer

The lower Ajlun (Al-6) has not been regarded as a promising aquifer due

to the lack of information on :both hydrogeology and hydrochemistry.

In 1985 NRA carried out a series of chemical analysis on the water
samples from the project boreholes. The boreholes, which penetrate the
whole - of the lower Ajlun (Al-6) in and around the Shidiya area in the
southern part of the Jafr basin,. is composed of-alternating sandstones
and shales with rather low apparent: resxstlvitles of less than 100 ohm-
m. The values of E.C are in the range between 1, 000 and 2,750
mlcromho/cm and of T.D.S between 700 and 2, 000 mg/L, - which follow the
sllghtly saline water environment and/ox the.stagnant water ehvironmeﬁt;
At the soﬁthWestérn edge of the Al-6 agquifer where the marrow bands of
outcrop receive rainfall, the gfdundﬁater is ftesh with T.D.S of 600 to
700 mg/l, while the water salinity. increases to 1,728 to 2,048 mg/1

towards the east basin boundary.

The spatial variation of waterxr salinity {(T.D.8) in thé carbonéte'rbcks
is dependent omn the aqu1fer characterlstlcs ‘such as formation 11thology,
recharge area and distance of groundwater flow.. North of the Salwan

fault, .the groundwater in the lower Ajlun (Al 6) aqu:fer is malnly:
derived from the A4 formation which is arenaceous ‘consisting of medium
to coarse homogeneous sandstones with a very high aquifer pressure of 30

kg/cm , which explains the very low range in water salinlty such as
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- T.D.S of 326 mg/1. The sand layer in the A4 écts as a sand filter to
percolating pgroundwater flow in the lower Ajlun. The following is a

summary of the chemical analysis of a water sample from JT-3;

Well E.Cc  T.D.S pH ca'™ Mgtt Nat™ kY 1”7 so4™" 037" HCO3”
No. m.mho/cm mg/l - mg/l mg/l Mg/l mg/l mg/1 mg/l mg/l mg/l
JT-3 0.510 326 7.3 46.5 21.2 20.7 14.9 25.9 33.6 0.0 235.5

The water éample of JT-3 is situated in an area of "carbonate
hardness" as classified in the Piper’'s tri-linear diagram. The quality
is excellent in meeting drinking water standards, and is suitable for

most uses.

A water salinity (E.C) map of the lower Ajlun {Al-6) is shown in
Fig.3.23.

3.5.3 Apmman - Wadi Sir (B2/A7) aquifer

The Amman - Wadi Sir (B2/A7).has been identified as a promising aquifer
to satisfy the water requirements of the Study area. The hydrochemistry
of this aquifer has been examined more detail than'aﬁy other aquifers
except for the:.areas of the northeastern part of the Jafr basin and the
eastern part of the upper Hasa basin where no drillings were carried out
before this study. The water samples of the B2/A7, which were collected
from the test welis such as at JT-1, JO-3 and JO-5, were analyzed at
WAJ's chemicél:laboratory in Amman. The following is a summary of the

chemical analysis of the water samples;

Well E.¢ T.D.§ pH ca't Mmgtt ma'™ kY c1” so4™" co3T" HCo3"

No.- m:mho/cm mg/l - " mg/l mg/l .ngl mg/l mg/l mg/l mg/l mg/l
JT-1. 0.620 397 7.4 53,1 28.6 27.6 3.5 52.5 20,2 0.0 257.5
JO-3 1.000 653 © 7.2 86.2 46.6 62.1 5.9 105.3 129.7 0.0 340.5
JOo-5 1.830 1,171 8.1 163.1 54.2 190.9 9.4 141.5 532.2 0.0 339.9

The regional E.C.values in the B2/A7 aquifef are less than 700
micromho/cm in the Western Highlands, 1000 to 1,400 micromho/cm in the
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