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In accordance w1th the 51mulat1on by the storage model, the
 surface’ runéff of the Basin is estimated at 2.1 MCMfannum on an
average of 2% years. The direct utilization of the runoff is
deemed to be prqcticafly impossible, since the mode of runoff takes
most]y”a'flush:fTood The surface storage of runoff seems to be
'a]so not so effective due to a high evaporation potentral a high
sediment load and the possiblity of putrefaction of stored water

oy algae.

‘Ihe_water résﬂurces de&e]opment_in the Basin is, thekefore,
only achieved by fieans of leading the flood runoff into the ground.

- In order fo control the flood runoff for groundwater augmen-
tatlon, the types of fac1l1ty are such to disperse the flood over
the gravel plaxn and to store the flood temporarily for release the
flood water in an_approprlate pattern or for direct recharge from
stdrage basin..

As f0f thg:proposed site of the later type of facility, the
mountain wadis and gravel plains are considered.

_ Ih abcprdance witb the preliminary study, the flood dispersion
scheme is found out to be not effective due Lo only enforce the
evapbtranSpilatidn!!oﬁses. The storace type of facility is, thére-
fore, studied her¢ihafter.

The eva]uation of quundwater augrient by a storage type of
facnl1ty is made through samulatlons by the storage model. The
modelling of_storage:fac1ljty in the sinulation is carried out
adding the storage depth which is eguivalent to storaqe capacity



of facility onto the existing depth of the top tank of the sub-

basin where the facility is bui]t:in. When a conduit is_inétalied
into the storage facility, an orifice with the same coefficient as
the conduit is set up to the exisiing lowest runoff orifice of the
tep tank. Taking into consideration about the effect of sedimentation
on the storage basin, the coefficient of infiltration orifice of the
top tank is deducted to 15% lesser than ‘the original one.

4«2.2.' Storage Facility on the Hountain Wadis

The faC111ty of f]ood control type can be ploposed on the
mountain wadis in the Basin. From the view of basin -size, topo-
graphy and geology, the proposed sites of such faCII1ty are deemed
only adequate at the lower reach of Wadis Abadllah Al Uyaynah and
Al Fay. Since the slopes_of_the said wadi-bed are fathEr stéep,
the proposed storage capacities of facility are limited to be 1.0
MCM or less. The return period of flood at these volumes is about
five years. '

The proposed capacities of-faciiity on three wadis are as
follows:

Catchment Proposed

L Area Capacity
facility = _ Madi (sq.km) (MCM)
Abadilah Abadilah 42 1.3
Uyayrah . Uyayanah 18 0.5

Al Fay Al Fay 24 0.7

The simulation result shows the tota?‘retharge of the Basin
decreases for 0.2 MClW/annum from the present condltlon of 2.9
MCM/annum. The reason of decrease is supposed that the regulation
of flood in such level makes only to supply the flood water for
soil moisture, and then the evapotransptlat1on increases '
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4.2.3. Storage Facility on the Giavel Plain
(1) General
The recharge facility on the gravél'plain can be proposed so

as to make the direct lecharge from the facility by means of temporary
storage.“

The_gravéi plain in the Basin can be devided into the upper
{No.5 sub-basin), the lower left bank {No.9 sub-basin) and the
Tower right bank (No.10 sub-basin).

The present surface runoffs on those gravel plains are des-
cribed in the fore -going chapter and summarized as below:

Surface runoff (MCM/annum)

Sub-basin No.  Max,  Min.  Mean
5 5.2 0 1.3
9 4.7 0 1.3
10 5.4 0 1.3

To lead the abbvé surface runoffs into the ground, various
storage facilities with different capacities at the said sub-basin
are proposed. .

The simulations by the sterage model were conducted for 17
cases sUpﬁbﬁihg=9aribus capacities and conduit sizes. The results
of simulation are given in Tab]e A.4.2-2 to 4.2-49 and their summaries
is shown in Table A. 4.2-1.

{2) Storégeifaéility on the upper gravel plain

An'apprbpriaﬁé dam site can be selected at the midsiream of
Wadi A1 Bassierah proper, 12 km upstream from the sea coast.
The proposed dam site is about one km wide with the bed-rock out-
crops on the both abutmants, having comparatively large catchment

4,2-3



area of 122 sq.km and a widely and thick]y spread aravel plain.
From the said condition the site has been pointed out since before
being adequate for a recharge dam.

~ The proposed type of dam shal] be a high £111-dam w:th a
sp11]way and a conduit in respect to the best adopted capac1ty,
the latge design flood, to prevent siltation onto storage basin
and to control flood d;scharge

The proposed storage capacity for Lhe dam is decided by the
simulation so as to_maxihize.the recharge effect and to minimize
the size of facility as exp]aiﬁed in thé”fbiioﬁing.' The size and
number of conduit are also decided by the simuiatioﬁ.'

As shown in Table A.4.2-1, the simulated cases 6f €'-1 to C'-
2 are the cases that the capacities of faci]fty on No.5 Qub—basin
are 4.0 and 3.0 MCM with two 1,450 mm conduits. Since the recharge
augment at the sub-basin of both'cases are fhé same level beinq
0.6 MCM/annum, the capacity of 4.0 MCM is meaningless. In case
£'-3, when the capac1ty is 2.0 MCM 31nce the recharge hecomes 0 1
MCM/annum lesser than that of Case C° -2, the best capac1ty with
two conduits seems to be between 3.0 and 2.0 Case €'-4 to
C'-6 are the cases that: capacities of f301]1ty on No.5 sub-basin
are 2.0 2.5 and 3.0 MCM with a 51ngle condu1t. The recharge
augments at the sub-basin are 0. 6, 0.7 and 0.7 MCM/annum respectlvely
The capacity of 3.0 MCM s 1neffect1ve

Thus, as per the storage fac1l!ty on Ho.5 sub- ba51n, the
capacities of 2.0 or 2.5 MCM with.a 51ng]e 1,450 mm conduit ‘are
recommendable. The cases C'-4, C'-5 and C'-7 to G'11 are the re-
commendable ones. The finally proposed case will be detenhtned
with respect to combination of the adequate facilities on the other
sub-basins,

. 4 .’2—4



{3} Storage facility on the lower gravel plain

No.9 sub- b351n spread out at the louer reach of Wadi Al Fay
and Zanhah wn1ch discharge comparatively large runoffs. There-
fore, some storage facility could be effective.

_ The simulation case C'-1 to C'-5 try the recharge effects
with the storage capacities of 2.0, » 1.0°and 0.5 MCM alternately.
The résults show the recharge augments at the sub-basin are 0.6
HCM/annum by 2.0 MCM capacity te 0.2 MCM/annum by 0.5 MCM capacity
ranging about 0.1 MCH/annum difference for each 9.5 MCM capeacity.
A provisional water cost study indicated that the storage capacity
of 2.0 0r 1.5 MCH are more offective among others.

Ho.10 sub-basin 1ying immediately lower reach of Ho.5 sub-
basin, receives the surplus runoff from No.5 sub-basin. There-
fore, in case that some facility is constructed on No.5 sub-basin,
the recharge effect on No.10 sub-basin is dependable upen the
storage capacity of facility set on the upper basin.

Cases C'-4 to €'-10 simulate the recharge effects with 1.0,
0.5 MCM and zero capacities in accordance with the small to large
capacities of facility on the uppéer basin.

In case without any facility onto Ho.10 sub-basin and a
facility in some capacity set up on the upper basin, Cases £'-6,
C'-9 and C'-10, the recharge of the basin decreases for 0.1 to
0.2 MCM/annum due to the shortage of runoffs from the upper reach.
While, in case that a facility is built on the lower basin as weli
as on the upper, the recharge is augmented for 0.1 MCM/annum. The
rechargeleffect of facilitation onto this basin is, therefore,
deemed to be 0.2 to 0.3 MCM/annum only.
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(4) Recommended alternmative plans

As mentioned above, out of 12 cases studied, Cases ¢! -8, €'-9
and C'-10 are considered to be recommendable for the final alter-
natives of water resources development plan.

Case C'-8 proposes three fac1l1t1es onto each graveI plain.
Since ‘the surface runoff to be reached to Dibba Oas:s {No.11 sudb-
ba51n) is decreased due to cut off at. the upper bas1ns, the total
recharge augment of whole Al Bassierah Basin might be 0.9 MCM/annun
in this case.

Case C'-9 aims to set up two facilities, one facility on No.5
sub-basin, unifying thé'storége capacity of No.10 sub-basin in
Case C*-8 to No.5 sub-basin, and another one on No.9 sub-basin.

The total augment of groundwater is at the same level as Case C'—B,
0.9 MCM/annum.

Case C'-10 proposes one smaller fac1l1ty onto No.5 basrn and
another one onto 10.9 basin. The total groundwater augment becomes
lesser than the former cases showing 0.8 MCM/annum.

The best adopted plan among the above three alternatives will

be determined in the main roport with the respect of water cost
study.
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4.2.4. Hater-use Simulation

f]) General _ _

The hydrotogic balance in the present condition and the augmented
groundwater rechargeé’are clarified to some gXtent through the
study in the previous chapters,

However, to utilize these groundwater resource to a full scale,
it is necessary to grasp the grqundwater behavier in the aguifers
besides thé hydrologic balance. '

The grduhdwater ftoﬂs are, in general. Qery slow comparing
with the surface flow. Therefore, in a water use planning, it is
indespensable to understand the respons between recharge and draft.

Moreover, since the groundwater demands in the Basin concent-
rates into the coastal strip, it is also needed to pay careful
considerations to the sea water intrusion into the coastal aquifers.

The said view points introduce the necessity of groundwater
basin management. And it is also needed to establish manners of
control for the management,

In case to clarify such matters, it is more convenient and
practical to construct a mathematical model for groundﬂéter system,
groundwater hydraulic model, and to make simulations on various
water-use alternatives applying the model .

The construction of such a hydraulic model for the Basin and
simulations are described in the following sections.

(2) Hydraulic model

The mathematical hydraulic model is constructed basing upon
the two-dimensional finite element model for an unsteady seepage.
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1} Finite elements

| Fig. A.4.2-6 shows the divisioning of finite eiements on the
groundwater sub-basins of the Basin. Ihe numbers of mode and element
reach 113 and 176_respective1y.

2) Conditions of aquifer and aquiclude

The aqu1fers in the Basin are under uncon fined condition. 1In a
seepage analysis by the finite element method, the parameter on permea-
bility is treated to be a- constant. Therefore, since it is, in general,
defined by the transmissivity and solved through matrix, the problem
is treated to be under a confined condition. On the other hand, the
model should solve the phenomenon of sea water intrusion and also treat
three aqu1fers in different transmlSS]VltleS

Then, the tran§missivity matrix consist of those which are drived
from the pefmeabi]ify and groundwater depth of each element. To esti-
mate the water depth, the aquic]ude height is needed. The bed-rock
surface map wh1ch is given in the chanter of “hydrogeclogy is applied
for thls nurpose

3) Vertical charge of permeability

Three aquifers which are different in permeability are spread out
in the Basin as described already in the chapter of hydrogeology.
Those aquifers incline gently toward the sea, and the height of each
anuifer changes in place to place. The height of each aquifer and
its permeability at the representative spot are given in Fig. A.4.2-8.
The relationship shown in the figure means the mean permeabiiity of an
element changes in accordance with the position of water head.

[n the model, representat1ve spot of strips wh:ch are defined as
shOWn 1n Flg A.8,2:2 and the mean permeablllty of Strlp changes with
the water head of the spot followlng the relationship. The fixed
permeability of 0.005 cm/sec is, however, adopted for the elements
in the coastal strip and sea.
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4) Specific yield
_ The storage coefficients of aquifers in the Basin are known
through the field aquifer test to be less than 0.0]. Hoﬂe&er the
basin wide specific yield for an exploitation in 1arge_$éale is not
always to meet the mean stovage coefficient. Therefore the specific
yield of the Basin is defined on the course of-construcfion of model,
‘The result shows that those in the strip commanded by Node 66 and
the other strips arée 0.06 and 0.03 respectively.

5) Sea water intrusion |

In case solving the sea water intrusion'uhdek>qn unsteady
condition, two-phase flows of fresh and salt watefé'shbbld_be
taken into account in the strict sence. }n:thé practical sense,
since the flow component of salt water is remarkablly small to
that of fresh water, the sea water is'assumed,ﬁihLmaﬁy cases, not
to flows. Moreover, when the fresh water flow is not so strong,
the condition of two-phase flows could be deemed to be under the
Ghyben-Herzberg principle. -

From the observed depth of interface between fresh and salt
waters at the test well TW-3, the ratio of specific gravities of
fresh and salt waters is defined to be 25, .

Thus, the depth of interface, hs is defined as the following
equation;
hs = 25 hf

Wnere, hf is the fresh water head above sea level.
It is Supposed that both'waters'are neither mixed each other

nor diffused. Therefore in this analysis the interface is deemed
to be a variable aquiclude, '
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6) Timing of simulation

The simulation is conducted in each calendar month for the past
20 years.

7) Boundary conditions

- The boundary of the model is def:ned to be 1rperv1uus wall except
sea coast. The fixed water heads of 0.05 m are given i the nodes of
98, 104, 108 and 111 and for the nodes of 99, 105, 199, 112 and 113,
fixed water head of 0.00 m is defined,

8) Assignment of recharge and draft patterns
 The recharge patterns, which are estimated by the storage model

are assigned to the correspondlng elements as shows 3n Fig. A.4.2-3.
The elements to be draft by groundwater use are shown in Fig. A.4.2-4,

9) ,Idehtifié&tionIOf model

The identification of hydraulic model is carried out by the
trial runs under the said condition. The major verifying data are
the water table maps and the position of the interface of fresh and
salt waters at TH-3 spot, Mode 66.

The simulated groundwater regime map on st August, 1980, the
simulated 20-year hydrographs of groundwater heads and salt water
interface at the representative spots are shown in Fig. A.4.2-5 and
4.2-6 respectively.

The permeabilities finally adopted to the model are modified from
the result of pumping test, and shown in Fig. A.4.2-8. To meet the
flat groundwater table around the lower grével plain which is seen in
Fig. A.4.2-5, the permeability of the coastal strip is obliged to be
as a small value as 0.005 cw/sec,
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The specific yield of the basin becomes 0403\;0_9,06 taking
into consideration of the balance of recharge and draft of ground-
water and the salination into coastal strip.

10} Present groundwater balance

The simulated 20- year gloundwater ba]ance of the Basin through
the hydraulic model is given in Table A.4.2-51,

The 20-year mean recharge is 2;7 MCM/annum. The groundwater
draft upto 1979/71 year is assumed at 1.45 MCM/annum. It is supposed
to gradually increase in the fo]low:ng years upto 2. 9 MCM/annum at
1979/80 year. The groundwater runoff from the baSlS into the sea
is dlfferent in each year, but the mean value is estlmated to be
about 2.0 MCM/annum, The 20-year sum of ‘balance between the re-
charge and the draft plus runoff leaches - 24 MCM (— 1. 2 MCM/annum)
Taking into account that the influence of 1n1t1al storage assumed,

this value is deemed not be any important meanlng._-' '

The estimated groundwater storage in the basin comprises on
much approximations, but changes avound 120 MCM. © It reaches 150
MCM at most in the wet year and decreases upto 70 MCM in the dry
year. So far the groundwater storage of the basin is concesned,
the extreme dry and wet years in recent are 1967/68 and 1976/77
respectively. o -
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{3} " Vater-use: sxmulatwon
1) Case study

" Three cases of water:use s1mulation are conducted to clarify
the groundwater behavier under the planned water use allocation
of the Project applying the hydraulic model.

The groundwater drafts of the cases are as shown in Table A.4.2-50,

TABLE A.d.z-su  Mater-usé Allocation in Fach Case
(Unit: HMCM/annum)

- Hater Uses . = Case A Case 8 Case C

Present water Use in UAE

Domestic water supply ’ 0.48 ° 0.48 0.48
Industrial use 0.07  0.07  0.07
Agricaitural ‘use - 1.34 1.34 1.34
Swb-total .89 .89 1.89
Present WAter Use in Onan leha |
Domest1c water supply TO.QS 0.05 0.05
Agricuttural use 0,98 0.96 0.96
.Sub-total 1.0 1.0 1.01_
Planned water Use . : o _
~Industria) use : - 0.10 0.10 0.10
CFAO Farm - . - 0.07 0.0 0.07
New Vegetable Farm 0.73 - 0.30
. New, Fruit Farm. - - 0.73 . 0,43
Sub-total . 0.90  0.90.  0.90
Total o 3.80  3.80  3.80
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2) Groundwater management

The major priorities of groundwater management of the Basin
shall be put at the preveation of sea water intrusion and con-
servation of groundwater resource. -

As the natura] phénomenon , the sea water wedge is fohﬂed and
intruded deeply into the coastal aquzfers of the BaSIn. "In a
part of the coast, the salt water interface is floated upward due
to the over draft, and the alkalination of farm land takes place
already. _

To prevent these phenomenon, it is only necessary to keep
the salt water interface down the bottom of production wells.

It is clear in the Gheyben-Herzberg Principle that the position
of interface can be controlied by the level of fresh water head.

Therefore as per the Basin, a control height'ﬁf:fresh.water
head at an appropriate ocation shall be estaﬁiishéd_to-méhage
the depth of sea water interface. In this manner the groundwater
resource will be conserved at a level in the same time.

The Jocation and the height of water head are'déterﬁined at
Node 66 {T4-3) and 1.5 m above sea level respectively in the
simulation. Hhen the groundwater head at the node reaches this
level or less, the all drafts except the d0mestic water suppl1es
in both UAE and Oman are stopped until the head recovers to the
level.

The location of production wells 60th existing and under
planning is desirous to be at as far as possible from the sea
taking into consideration of the said condition, |

In the simrlation, the production wells under the Project

aré supposed to be at three km or more far from the sea as shown
in Fig. A.4.2-7.
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3) Groundwates balance in each case

| fhe'drdundwatér,baianCés of each case are giVeﬁ in Tahle A.
4.2-52 to 4.2-54 and Fig.A.4.2-9t6 4.2-11 Since the water re-
quirémént§ of each cases are the same, 3.8 MCH/annum, the same
~results are shown. | )

Due to the groundwater héad reached to the control levei, the
groandwétef drafts ave stopped before the satisfaction of require-
ment in seven years of 1966/67, 1967/68, 1968/69, 1972/73, 1975/76
angd 1976]77'ih]Ca5es Aand C. It is only six years in Case B with
the exception of 1976/77 year.

The extfeme'shdrtage'tdkes place in 1967768 for around 2.7
HCM/annum'successively from the shortage of around 2.} MCM/annum

in the previous year.

:Ihe*shdftagéé other yéars are deemed to be not so severe
amounting;i.Q‘MCM/aﬁnum_dr_]ess.
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4.2.5. Conclusion and Recommenda tion

The water resource of Al Bassierah Basin is Clarified through
the study and analysis_deséribed previously and the information and
data available at the moment, at 2.9 HCM/annum in thé preéent condi-
tion and at 3.8 HCH/anhum when the planned facilities are constructed
by the Project. | ’ |

‘Since the applied information and data on hydrology and hydro-
ceology are relatively poor from the probability'viewpoint, the time-
series observations on the said data are very much recommendable to
successively continue for at least another decade utjlizing the hydro-
logic observatory neiwork which is set up by JICA Team.

Two flood gauges set up at the prdnosed Al BaSsierah Dam site
should be removed since they stand on just the cOnstructlon s1te of
dam body.

The dam would be embanked cross1ng the who]e flood pla1n and
store, then release or spill the flood runoffs Therefore the gaug-
ing of flood runoff at this site becomes very easy and re]1ab1e

The automatic gauges are very recommended to remove and install
newly at the exist of the condu1t, the spvllway crest and the inside
of reservoir to observe the storaoed water: level. The gauge to be
sep up in the reservoir shall be on the top of tower about - 16 m high
above the reservoir bed.

When the data are properly co]!ected for first severa] years,
another study as same as what carrled out in thIS report shall be
conducted again to confirm and verify the water resource eveluated.

The basic concept on the pr1nciple and manner of Wadi Al Bassierah

Groundwater Basin is already d95cr1bed in the chapter on water—use
s1mulat10n. The key-point to managé the basin is to control the
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height of fresh groundwater head.

The control shall be performed observing the fresh water head and
the depth of salt water interface in the observatory wells of TH-3 and
BIt-1 which are installed by JICA Tean. Since the observatory Well of
-3 is JUSt nearby one of production wells for FAQ Farm, it is recosmen-
ded to remove it to an appropriate location where no interference of
productlon wells is expected.

The coasta] area are already affected the sallnat1on due to over-
draft The ex15t1ng production wells for every purpose, particularly
those for the existing gardens in ‘Bibba 0asrs, are preferably te the
unified and remove to a locatlon of three km far or more from the sea.
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6) Timing of simulation

The sinulation i$ conducted in each cu]ender month for the
past 20 years. ' ‘ '

7) Boundany condat:ons

The boundary of the model is deflned to be 1mperv1ous wall
except sea coast. The fixed water heads of 0. 05 m are g1ven to'
the nodes of 98, 104, 108 and 1]1 and for the nodes of 99
109, 112 and 113, fixed water head of 0. 00 m is defined,

3) ASSIgnment of recharge and draft patterns

The recharge patterns, which are estlmated by the storage
model are assigned to the correspondlng elements as shows in Fig.
4-2-29. The elements to be draft by groundwater use are shown
in Fig. 4-2-30.

9) Idenfification of model

The idenfification of hydraulic medel is cartied_but by the
trialruns under the said conditions. The major verifying data
are the water table maps and the position of the interface of fresh
and salt waters at TW-3 spot, Node 66. R

The simulated groundwater vegime map on.lst August, 1980,
the simulated 20-year hydrographs of groundwater heads and salt
water interface at the representative spots are shown in Figs.
4-2-31 and 4-2-32 respectively. |

The permeabilities finally adopted to the model are modified
from the result of pumping tests, and shown in Fig. 4-2-217.
To meet the flat groundwater table around the ]owerﬁgravel'plain
which is seen in Fig. 4-2-31, the permeability of the coastal
strip is obliged to be as a small value as 0,005 cm/sec..
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