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Introduction

In January 1976 Amman Water and sewerage Authority commissioned

VBB,inassociationwithFawzi&Associates,toundertakea
water Resources rnvestigation and Feasibility study for Amman

WaterSupplyandSewerageFacilities.Thebasicaimofthein-
vestlgation was to identify potential water sources within and

outside Amman to provide for the inrnediate and long-term needs

of the clty and to formulate a Water Resources llaster Plan to

meet Amman's water requirements by the year 2005'

fhe water resources study was completed at the begtnnlng of 1977

and the Final Report was submitted some months ago' slnce the

city of Amman ls a major consumer of water ln Jordan, the plan-

ning of lts future water supply is of the greatest lmportance from

the regional and national point of view. This factor alone may

justify our choice of contrlbution to this symposlum' we have'

however, also felt it necessary to elaborate on the recycling of

water since thj-s is an important component of the Amrnan water

Resources Master Plan and may also Play a major role in the plan-

ni-ng of other areas.

.Backqround information

Anunan is situated withi-n the
area of about 850 km2 in the

drainage system, see Figure
basin is at Present about 1 '
in Amman. The *ater suPPlY

ground water drawn from two

part of the basin-

Anunan-Zerqa Basin which covers an

uppettnost Part of the Zerqa River
1. The population living within this
3 million, of which nearly half li've
for the entire populatj-on i's based on

aquifers extendj-ng over the greater



Figure 1. AMMAN - ZERQA BASIN

fhe total water demand

within the Amman-Zerqa

Basin, which corresPonds to
approximatelY the same area

as the Governorate of'Amman'

comprises requirements for
domestic, irrigation and

industrial PurPoses' An

estimate for 1974 shows

that about 50 million mt

were extracted, thereof 34

for domestic, 13 fPr irri-
gatlon and 3 for industrial
purposes. The extractlon
in Ananan that Year $tas

about 18 million m!, which

corresPonds to a water Pro-
duction of 80 L/Pd' Our own

survey in 1976 showed onlY

24 Mnt extracted for domes-

tic use, while the other
figures were the same as

in 197 4.
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water demand forecast-.__--
Water demand forecasts
Governorate of Anunan,

constitutes the najcr
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A certain proportion of the water consumed in Alaman is conveyed

vi-a a sewer system for treatment in a sewage treatment plant and

isthendischargedintotheupPerpartoftheZerqaRiver.How-
ever, most of the sewage is still discharged from the houses into

privatecesspoolsforinfiltration.outsideammanthecesspool
SystemistheprevailingmeansofdisposingofSewage.A}lwater
extractedfromthebasj.nisthusinonewayoranotherdischarged
back i-nto the basin.

have been made for Amman as well as for the

see Figure 2- The domestic demand' which

part of the total demand, has been calculated
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on the basis of population forecasts
the latter includj-ng unaccounted for
in populatj-on has been calculated to

WATER DEMAND IN GOVERNORATE OF AMMAN

and per capita producti-on,
water. The rate of increase
be 5 g per year in 1975

which will gradually decrease
to 3 t by the year 2005. It
is estimated that the per
capita production of water
will increase from about
80 L/pd in 1975 to 145 L/pd
by the year 2005. It is
evident from the curve in
Figure 2 that the present
rate of water production in
Amman, about 18 millj.on m3

per year, is constrained by
Iack of water.

L
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- 
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Figure 2. WATER DEMAND

Exj-sting qround-water resources

The existing ground-water resources within the Amman-Zerqa Basin
have been calculated by means of mathematical modelsr on€ for each
aqulfer. Input data have been extracted from previous studies and
investigations and collected during field investigations carried
out in 1976.

?he conclusions of the models study are that the potential re-
charge into the upper aquifer is in the order of 20 million mr,/year

,IRRIGATION



for the whole bas j-n of which only 10 million mr /year are re-

charged within the area now commanded by Amman' The potential

rechargeintotheloweraquiferisintheorderof5million
mJ/yearofwhich2-3millionm3/yearcanbeextractedwithinamman.

At pre_sent the total quantity of ground water recharged wrthrn the

area commanded by Amman is only 12-13 million m3 /year while the

totalextractionisaboutls.5millionms/year.Thismeansthere
is an overdraft from the upper and lower aquifer'of about 6 million

m3/year, which is only possible as long as the cesspool system

existsinAmman.Anuncontrolledrecycllngofwaterlsinfact
takingplaceviacesspoolsandtosomeextentalsofromleaking
water pipelines. Infiltration from cesspools has caused deterio-

ratj-on of the ground-water quality, mainly in the upper aquifer'

andmustbeeliminatedassoonaSpossible

Requircd water resources

The water demand in Amman already exceeds existing ground-water

resources.TheforecastshowninFigure3clearlyProvesthat
there is a critical need for other, new resources' By the year

2005thedemandwillbe94millionm,/yearoraboutS0million
m./yearinexcessofexistingground.waterresources.Itisob-
Mm3ty
tool

I Natutsl groundwalet

R€circulated oure water

Recirculated ellluent

f uining lrom lower aqurler

'r^-A rirATCD oEaf'\l IACtrS

vious that Arnman needs new

resources with caPacities in

the order of tens of million
m3/year in order to overcome

the present shortages and

keep ahead of the growing

demand. DeveloPment of such

large sources takes some time

and we have assumed that 1 980

wiII be the earliest Possible
time bY which any new major

resource can be 1n Production'
By that time Amman will need

l::\wargh DEMAND lN
AMMAN, FodEcASr
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?bout 25 million m3 /year which wil} have to be extracted from the

aquifers in Amman thereby necessitating continued dependency on

the recycling of water. In order to avoid further lrclLution we

have proposed a temporary minj-ng of water from the lower aquifer'

as illustrated in Flgure 3. This mining will have to stop as

soon as a new resource becomes productive in 1980 in order to

allow time for the lower aquj-fer to recover

The maxj:num utilization of the two aquifers in Amnan is shown in

Figure 3 up to the year 2005. In addition to the natural ground

water we have also relied uPon 10 * recycling of water from the

water supply network. Recycling of water from cesspools is esti-

mated to cease by about 1990 as a result of the gradual eradica-

tion of the cessPool sYstem'

The minimun demand for new water resources will increase frOm about

12 million m3lyear ln 1980 to just below 75 million m3lyear in

the year 2005.

Outsi-de water resources

In all, 10 Potential
The sources are all

resources have been studied'
a radius of not more than 85 km

from the centre of Amman,

see Figure 4. Each source

$ras first studied with re-
gard to vrater quantitY,
availabilitY, magnitude and

water gualitY. The minj'mum

caPacitY requirement of about

12 million m3,/Year, reduced

the number of Potential
sources to 3, name1Y t'he

King Ta1al Dam, Azrak ground

water and the uPPer Wala

Dam.

Figure 4. LOCATION OF POTENTIAL 
-

OUTSIDE WATER RESOURCES
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The other seven sources were found to be too small to fit i-nto a

water resources master plan although some of them could be deve-
loped as supplementary sources in connection with development of
main sources.

As regards availability, the only outside resource that can defi-
nitely be put into operation as early as 1980 is the King Talal
Dan. This is also the only source which has magnitude to secure
a reliable water supply to Amman durlng dry years and a11ow further
development in several stages. The King Ta1al Dam is therefore
the source which has to be developed first.

The Azrak and Upper Wala Dam sources have sufficient capacity for
a maximum development of 10-12 million mr/year. In economic terms
the Azrak source has been found to be signiflcantly more expensive
than the King Ta1a1 Dam and Upper WaIa sources. The availability
of the Azrak source is highly uncertain due to conflicting inte-
rests. Furthermore, the ground water from Azrak is of lower qua-
lity than the waters from the King TaIaI and Upper Wala dams.

The conclusions from the study of the
illustrated in Figure 5 which clearly

Figure 5. COMPARISON OF MAIN
WATER RESOURCES

three main sources are
shows that the King Ta1al

is to be ranked number one

from all points of view
with the Upper Wala Dam as

second choice and Azrak as

third. The size of the dots
indicates comparative pre-
ference.
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Master Plan alte

After final evaluation of all potential outside water resources

only two, the King TaIaI Dam and the Upper Wala Dam, remained

as possj-b}e alternatives. It is, however, essentlal to develop

the King Talal Dam as a first stage while keeping the uPPer wala

Dam for a second or later stage'

dxtensive cost estimates and comparlsons have been made regarding

the optimum size of development stages. It has been found that

the minimum quantity to be developed is 10-12 million m'/year

slnce this involves almost continuous construction' The next

most suitable stage slzes are 20 and 32 million mr,/year, which

only applies to the King Talal Dam and would require 500 mm and

800 mm diameter transmission pipelines '

The three
studied.
year 2005

the costs

Iylaster PIan alternatives shown in Figure 6 have been

It should be noted that Alternative A goes beyond the

but that thj-s has been duly considered when comparing

of the various alternatives.

32

32

B

c

KTD
1981-91

KTD
1981-91
KTD
1981-91

KTD 32
1991-2002

KTD 32
1991-2002
uwD '12
199r-96

YINMM

KTD 20
2002->05
UWD 12

2@2-O5
KTD 32
1996-05

Before going anY further
into the final choi-ce of
alternative there are two

very imPortant matters to
be discussed, name1Y the
effect on the King Talal
Dam as regards water quanti-
ty and water qualitY.KTD-KING TALAL DAM

UWD.UPPER WALA DAM

Figure 6 MASTER PLAN ALTERNATIVES

Water from the King Talal Dam j-s j-ntended mainly for irrigation
in the Jordan Va1ley. The live storage is 48 million m3 and the

average inflow 97 million m3/year, half of which as base flow

and half as storm inflow. An existing agrreement allows Amman to

draw 10 million m3/year from the dam which is far less than the

Master Plan alternatives reguire. There is, however, Do contra-

ALTEPNATIVE



diction between the alternatives and reali.ty since recycling
is involved. Figure 7 below shows the recycling process

in principle. Amman is situa.ted within the catchment area of
the King TaIaI Dam. Most of t,he water pumped to Amman w111 be

returned to the Zerqa River through the ground or as surface
flow.

provided that irrigation is not increased between AIrEnan and the
Klng Talal Dam the return flow is estimated to amount to 80 I of
the water supplied to Amman. This means that the 10 million
m3,/year allowed to be drawn from the King Ta1al Dam wil1 be suf f i-
cient for 50 million m3 /year pumped to Amman and recycled. A

slight lncrease ln the net withdrawaL from the dam would secure

the water supply of Amman until the year 2005 and even longer.
Due consideration has been given to water pollutj-on and purifi-

Figure 7. RECYCLING PRINCIPLE

cation which automaticallY
follows when recYcling
takes place. The water
pumped through Amman returns
to the Zerqa Rj-ver as sewage

effluent after passing
through a sewage treatment
plant or through the ground.
It then flows as surface
water along the river or
as ground water which
emerges as springs along
the rlver course. In
both cases a natural Puri-
fication proeess takes
p1ace. When the water

reaches the dam it mixes with water i-n the reservoir and remains

there for some time during which a natural process of purificat,ion
again takes pIace. The mixed water is then pumped to Amman via a

water treatment plant where it undergoes final purS-fication to the

required degree.

It is obvious that the water stored in the King Tala1 Dam will
lranana ^An+:min:rori a'nd thiq <harrld be aIlowetcl uD tO fgaSOnable



':r

t::,:
i

limits. There will be a seasonal varj-ation rn cnemical properties

with peak concentrations when .the water j-n the reservoir is at its

lowest leveI. These peaks will also increase over a period of

years in proportion to the increase in recycling'

In order to assess the effects which recycling has on quality the

tot,al dissolved solids (rDS) and nitrate (NO3) concentration have

been studj-ed by means of a mathematical model. The principle of

the model and the continuity equations used are shown in Figure 8 '

CONTINUITY EQUATIONS

#.o"*Qs'Qr-Qe
d (v.x)
F = eB. Xs *eS.XS*p.Xp-Q1.X

LEGEND

V = actual storage in King Talal Dam

t = time

QB = base inf low to KTD

Qs= stotm " "

Ql = disharge for irrigation from KTD

OA = ,,et abstraction from Amman{209oof act'abstr')

X = pnllutant concentration in dam storage

v,x

v

^B-Xs'
in base inf low

" in storm inllow

P . population within Amman-Zerqa basin

Xp = specif ic pollutant lrom population

Figure 8. WATER OUALITY MODEL

AMMAN



xg

Xg

Xp

*2omgll is the theoretical maximum value

if no sewage treatment or natural purif ication

takes Place

Figure 9. POLLUTANT CONCENTRATION

Since a great number of
parameters are involved

the calculations have been

made on a comPuter' The

pollutant concentrations
emploYed are shown ln
Figure 9.

The calculated Peak concen-

tration as well as the long-

term changes are shown in
Figure 10 - The conctus j'ons

drawn from lhese calcula-
tions are that denitrifica-
tion is necessary when the

extraction for Amman reaches

about 30 million m3 /Year '
The TDS concentration in the

dam storage becomes too high

for domestic suPPlY when

more than ?5 million mt Per

year are abstracted for
Amman.

6OOmgll

3OO mg/ I

4O g/Pd

lOmg /l

1O mg/ I

5-20*mg/l

zsuu3lY
ssulr3lv
rsMM3ry

ssuultv
25Mr^',Y

Figure 10. CALCULATED TOS AND NO3

CONCENTHATIONS IN
KING TALAL DAM

rsMM3IY
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Deni.trificationhastobeintroducedinstage2ofMasterPlan
Alternatj-vesAandBbutinstage3ofA}ternativeCtoaSome-
what lesser extent. Alternati'ves A' B and C are shown in Fi-

gure 1 1, below, where the denitrification is also indicated'

The cost comparison has been made on the basis of present values

of investment, operation and maintenance costs and with rates of

frrt"res" of 6, 1 0 and 1 5 B ' The results show that the cosf dif-

ferences are too smarl, ress than 1 t, to be a deciding factor in

the choice of alternative' which thus has to be based on other

criteria.
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OEXANO

ALTERNATIVE C

rgzs l98O 1985 l99O 1995 2000

LEG€NO

ffi onoutro'wAlER sUPRY

lffil roul cAPAclrY oF oENrrRrFlcAtroil PLANT

The ma n question 1s whether

the UP1,er WaIa Dam Project
should be imPlemented or

not antl in this resPect

AlternativesBandCare
similar. In view of this
and also because Alterna-
tives A and B are identi-
cal up to stage 2 (1991),

the choice is between A1-

ternativesAandConlY'

We have ProPosed Alterna-
tive C, which means imPle-

mentatj-on of the UPPer WaIa

Dam project as the second

stage, for t,he following
reasons.
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Figurb 11. MASTER PLAN ALTERNATIVES
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More relj-able water supply to Amman since the water will be

transmitted from two independent sources'

Lower operation cost since the static lifting head is lower
and the water treatment required will be less extensive'

The addition of 12 million m'/year of low salinity water from
ttre Upper WaIa Dam to the Rmmin-Zerqa Basin will improve the
water luality in the King Talal Dam and compensate for previous
and future net withdrawal.

Water Resources Master PIan

on the basis of the study we reconrmend that the following Master

Plan be implemented, see also Figures 12 and 13'

1978-80 Increase in the extraction of natural and recirculated
ground water in Amman to 25 Mm3 /yeat

1980-91 Develop the King Tala1 Dam transmission of water up to
32 u*iTyeit in f*o steps of 20 and 12 !'tm3'/year'

'1991-96 Develop the Upper WaIa Dam transmlssion of vater uP to
12 !,[m3,/year i-n one steP..

Increase the King Tala1 Dam transmission of water
additional 32' tttmi /year in - two steps of 20 and 12

Additional increase in transmission from the King
Dam

1996-
200 5

2005-

by an
!,tmz ,/year.
Talal

rOTAr CAPAC,TY OF 'xPrEH€xi€C 
F^C'r'''Es

WAIER OEMAI.ID

r9i5 1980 l9t5 1990 rler

rEGE NO

ffi oeo.r*o .varEn suPPtr

E rorar caPlcrrt oF o€NrTnlFlcarloN etaNl

Figure 12. AMMAN WATEB RESOURCES
MASTER PLAN



13

KII.IGTAI.ALDAM
&cMm3ly

*ora, ff',TT*\

-:l

L

AMMAN GROUIE^I ATEF

20Mrn3ly (MAX.25)

TREATMENTPLA'{T

UPPER WALA OAM
12|*rSty

o5O1620rro

Concludj-ng remarks
Figure 13 AMMAN WATER RESOURCES

MASTEB PLAN

The proposed Master Plan secures the water suPPIy to Amman to beyond

the year 2005 and since it is based on the recycling of water, Bo

serious conflj-cts wj-th other interests I^,j-11 develop' Other areas

outside Amman will suffer less than if recycling were not applied

and limitations to the Master PIan as regards water quantj'ty wil}

only occur in the distant future.

Recyclin g of water is always accompanied by Pollution and require-

ments for purification. Natural purification Processes will remove

some of the pollutants but those that refiIain will have to be dealt

$/ith in a water treatment plant. In order not to put too heavy a

burden on Nature and the water treatment plant, sewage treatment

facilities should also be provided. Envj-ronmental protectj'on in

the Amman-Zerqa Basin is necessary in order to Safeguard the water

supply of the area both now and in the future. sanitation of the

cities of Amman, Zerqa, Jerash and Ruseifa as well as' all industries

must be given the same priority as the water supply schemes' Regio-

na1 planning for the whole Amman-Zerqa Basin is to be gj'ven the

hj-ghest priority since potable water is dependent on the whole €n-

vironment and is a fundamental necessity r',rithout which we cannot


