‘Most farmers do not recognize the heed to efficiently managé their farms as they have no

comimercial awarcéness.

(3) Poor Access to Agricultural Markets

There ate few fanners in the Study Arca with a farming spirit and depending enticely on

agnculturc or commercial famls There is no famer’s orgamzanon such as a oooperatne _

produccrs assocmhon water-use assocmrou or marketing association in the Study Area. Farm
© ownets haye no cpportunity to access (he market for mfommtlon on prices of demand They ha\c no
choice but to sell their prodiicistow holesalers at prices lower than tlte production costs. Dueto lack

of market mf‘omml:on niany farmees produce similar crops at the same time.

(4) Low Compeulmty agamst Imported Agncultural Producls

Because of the opcn-markct and duty- fn,e pohcnes on agncultural products upheld by the
government, an abundance of high-quality vegetables and fruit flows into UAE markets from all
over the world. In most cases the prices of imported products are lower than domestic production
costs, and are of bétter quality. Occasionally, domeslic’ agricultural products are expelled from the

market and abandoned or fed to animals.

(5) Insufficient Technical Extension Service

Many fan_ncrs in the Study Area are cager to acquirc guidance on crop c_ultivaiion; post-
harvest téchniques and market information.- The present agricultural e{leﬁsion services' are
concentrated on distribution of the government sub::dy in pmndmg seeds, fertilizers, secdlmgs and
agticultural chemicals to the farmers. It is poss1ble to say that the technical cxtensmn scmccs are

insufficient. In parallel with the extension scrvices, experimental research at MAF Rescarch -

Stations cannot said to be coping fully with the farmers' demands.

5.1.2. Basic Slrat'egy

(1) General

~ As already slated in the previous section, the anhual groundwater use in lhc, Study Arca is
esnmatcd at about 54 MCM/a which is far in excess of the sustamab!e development potential of the
groundwater, which is estunalcd 10 be about 22 MCM/a_ This over-extraction has been ongoing
since the 1970s, and has resulted in deterioration of groundwater, such as depletion’ of the
groundwater table by nearly 40 im and degradation of groundwater quality in the Study Arca.

Accordmg to the simulation results, the groundwater table in the Study Area will drop more 1han _

@




100 after 20 years (in 2015) and be dricd up within 45 years (by 2040). In this case, an allemative
water source (possibly desalinated water) wilt need to be inxpdnéd for the continuation of
agricultural production in the Study Arca.

Currently, the sustainable development of natural water resources is no more than common
sense to i;:ven'bod) The policy or guidelines of UAE on this Subjoct however, are not clear.

Given these conditioiis, the basic s‘ratcgy of the Study in agriculture and water development is

 set forth in two (2) policy opttons as stated below:

 Option -1 ¢ Agricultural developnient plan within the sustainable development potential of
' groundwater in the Study Area;

' Option-Z . Agricultural development plan on the present seale supported thiough the

introduction of an altumame water source.

The agricultural dev clopment ptans in both options intend for a t}pc of agnculture that is
sustamablo watér-sav mg, hagh—mcomc ahd market-oriented. Feasibility \\ould take into account
‘not only economic but also sociologicat and cnvironmental factors. In conSIdcratlon of a shift in
agucultural scale or néw water resources, both short- and long-term measures should be taken into

account, for either opiion.

(2) Targel Year

The Study aims to solve the dégradalion of regional a'gric:uliur'e caused by déterioration of
quality, quantity and water table of the groundwater, and in;ad:diﬁon, if possible, to develop
agriculture more fully. .

According to the Well Inv: cntor) Survey, the av erage depth of submersible pumps in the w ell .
varics from 74 min Mileiha to 206m in Dhaid. It can be said that their average depth i is about 140m. __
Gencially, the limitation for normal iR of prototype submersible pumps with a capacity of S to 15
lit fsec is 100 m. Hence, it is necessary to take action to stop the groundwater deterioration before
present pumps ccase to supply water.

The results of groundwater balance analysis by mathematical simulation show that the
groulidx\*aicr head in the Study Area will go down to 100 m below ground by 2015 if the present
pumping rate continues. - :

Consequently, the target year of the Study' is set at 2015, about 20 years from the present.
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(3} Basic Strategy of Water Development

a) Ground\faier Devélopment

The amount of potential groundwater for dc\'eloﬁxliélmt in the Study Area is sdid to be 21.5
MCM/a, adding the expected amount of groundwater augmcntcd by recharge dams and recha:ge i
tren»hes of 2.0 MCM/a to the sustainiable yicld which is currently l9 5 MCM/a. '

b) Altemahve Water Squrce

A supplomental water source to the sustainable groundwater source for agricultural
development in Option-2 is desalinated water. The desalinated sca water produced in Sharjah City
would be transported to the Study Area by pipeline.

{4) Basic Strategy for Agricullural Development

The most impc'yﬂént issues conceming UAE agriculturé are to implemicnt a manageable,
stabilized, .susla'ineflbi.e agriculture and aﬁ efficient utilization of limited groundwater resources. The
main issu¢ in agricultural development for the prcscht Study is to formulaie a master plan for a
sustainable water-saving, high income and market oriented agriculture. In order to achicve thes
aims the following problems must be addressed:

i}  Grasp of the most effective use of water and restriction of l;rigatcd.AEea,
i) Effective utilization =of_ irrigation waler,

iii) Development of a'high-incomc agriculture,

iv) Access to markets and production of commercial-quality products; and
v) Socio-cconothic considerations, | |

(5) Groundwater Monitoring and Database Plan

In order to achieve sustainable groundwater devetopment in the Study Area, it is necessary to
nionitor groundwater and to establish databases for thése obscrvation data. The pro;ect is to inctude

the formulation of a monitoring systein and establishment of a databasc.
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5.2, Water Résources Development
5.2.1. Groundwater Resources

(l) Sustained Yleld

“The groundwater resource in the Sludy Area has becn sustained by three aqucrs namel),
: Upper, Lower and Fissure Aquifers. The Upper Aquifer, which is comprised of Pleistocene to
Holocene sedlments has been w ldely exploited for irrigation since historical tines. The water in this
arca, ho'.\excr trickles along the mountainside due to its low )leld which results in ov erdrafting,
especially in the center of Dhaid.

The rapid development from the IO\\cr aquer has progressed in the last decade to cause
scrious drawdown in the groundwater head. Furtheomore, the fissurc water suffcrs from very
litnited d1smbuuon in splte ofits high )1elcl In the Study Areca, theils sources arc found at onl) three

localities, such as the faultmg zone runnmg along Jabal Milciha, the structural zone extended from
| the west of Dnba zone, and the thrust-faulting zone running mthc W-E trend in the boundary area of
the Oman _Mcur_mtams and Bahada Plain as well. The resource of Fissure Water is considered to be
csscuﬁﬁlly provided from the Upper and Lower Aquifer, mainty by the Upper Aquifer.
Coﬁser;umnlj: the Fissure Water itself has no potential reserves. In addition, the existence of a
deeper aquifer below 600 m in depth is not considered to be practical for development according to
the observation data collected in the Study. Moreover, the salinity of the water tends to be higher
comparcd with the shallower horizon.

Faking allthe above condltwns ifto account, all the groundwater to be developed in the Study
Arca originates from only two dquifers, the Upper and the Lower Aquifers. Furthermore, the
restricted part in the Lower’ Aqu:fcr in the undcveloped arca has some potential for groundwater
development.

The forecast analysis (reﬁ,r to the simulation result of Case 1) was made on a case that (he
groundwater extraction at the current ley ¢l is maintained till the groundwater head dropped to 300
m depth. The drying-up, regarded as a pumping level of below 300 m, begins in 2003 at the Upper
Aquifer, and this extends to \\hoic aquifer by 2030. The drying-up of the Lower Aquifer
commences in 2023 and covers the entire aqu1ﬁ,r by 2040 Thus, all groundwater resources to be
pumpcd econonnca_l ly in the Study Area may continue to be mmed up to 2040,

“This evaluation was made based on the concept of “mining yicld”, which is cxpressed by total
'qti antity of hon-r_encwablc groundwater in the groundwater basin and by the extent of economical

and practical ﬁump'agc.



As adefinite countermeasure to beenforeed to the future, the concept of “sustained yield isto
be introduced instead of the undesirable situation of the siniulated result. To formulale the
groundwater development plan in consideration with various pheﬁomcna in the Study Atea, the
followmg basic course was mapped out:

- the grounduatcr draﬂ is set cut by a renewable yicld or sustained )lcld
- the gr‘iduai shlﬁmg of pumpage is to bc planned from the present yicld to the sustained
- yield, '
- the gmund\\ater head is to be oontrollcd to a tealistic lc\ el of 100 m dcpth
- the pumping level within the control head is ta'be mamtamed durmg/aﬁcr the shlftmg
period of pumping, _
- prevent the saline water intrusion from the lower rcach,
- prevent pumping in areas affected by saline 1 water.

* Sinwlation Case 2 made under abme basic oourses mdlcatcd a susta:ncd yeld of 19.5
MCM/a, which is one-third of the present draft (54 MCM/a). A smooth transition of the
' ground\\:ater draft to 19.5 MCMa is to be made within 20 years (refer to Figure 5.2.1.). 1f the
period is postponed more than 20 years, the ground\\ ater head may drop beyond the control head in
some placcs in the Study Area. The appropriate yicld for each year is given below:

Year 1995 1997 1999 2001 2003 2005 2007 2017

Grounduatchraft (MCM) 34 5l 45 36 34 .27 22 195

' (2) G round“ ater Augnmentation

- Two plans, conposed of (1) Rgcharge | runch and (2) The combination of Rcchargc Trench
- and Detention Dam, are proposed as groundwaler augmentation schemes. The effect of these plans
" was examined given the hypothesis that they are located along Wadis Siji, Khuderah and Shoukah.

The effectivencss of each respective plan is given in the following table;
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Groundwatet Augmentation . Basic ltems for Facility I Effectivencss for -
- Fatility ' Groundwater Recharge

" Groundwater Rea.harge “Trench 3 Sites (Wadi Siji, Wadl Khadrah, Wadi
: Shoukah} Total 0.3 MCM/a
Depth; 6 m, Length, | kn
" Groundwatcr Rccharge Trench 3 Sites (Wadi Siji, Wadi Khadrah Wadi
+ Shoukah)
Detention Dam Reéervoir Capacity 2.46 MCM/a (W. Siji) _
' 2.46 MCM/a (W. Khadrah)  Total 1.97 MCM/a
" 3,28 MCM/a (W. Shoukah) :

A maximuni’ effect as large as 1.97 MCM/a was obtained based on the results of the

combination plan. If this amount was added to the 19.5 MCM/a of the sustainable yield, the total

“amount of 21.5 MCM/a would be the available ground\\atcr resource to be utilized in the
' Groundu. ater Dév: elopment Plan in the Study.

"(3) Water Costs

The raw water costs yiclded by various facilitics were evaluated under the two conditions of
naturat and artificial yields. The natural yicid means the sustainied yie!d maintained by the
groundivater recha'rgé from the surface. C onscquently, extraction from this resource Can be made
'from the Upper Aquifer. The pumiping would be made by tubcwell only, deepened to 150 m, and
\nth a submersible pump at an intake level of 100 m depth.

“QOn the othet hand, the cost related to the artificial yield was evaluated by both costs of
facilitics as well as pumipage éost. The respective raw water costs are given as follows:

A A A A A A LU UL L AL A AR A A N A . N e

pe of Facility Water Cost Componcnls of Applied Facility
peol e

rrre v

. . . (Dhsim®) L
Water Well and Pump for withdrawal g ‘ : '

_(Depth:75m) 1.5 Well Depth=100m, Pump Cap=7900m’a, H=76m, KW=1.1

© (Depth:100im) 20 Well Depth=150m, Pump Cap.= 7900m’a, H=148m, KW=22

(Depth:200m) 30 Well Depth=250m, Pump Cap.= 7900m¥a, H=214m, KW=3.7

_ (Depthr300mm) .79 Well Depth=350m, Pump Cap.= 7900mYa, H=328m, KW=75
Ground\\n{er Trench 18 - Wadi Siji, Wadi Khadrah, Wadi Shoukah (3 sites @ lkm_ 3km)
Groundwater Trench + D‘.tenlwn I)am 0.7 Groundwater Trench:

Wadi Siji, Wadi Khadrah, Wadl Shoukah (3 sites @ lkm ’skm)
_ Dctcntlon Dam

Pipeline for Desalinated Water 100 Pipeline; Qhar)ah-Dhmd Desslinated Water 12584’



5.2.2. Alternative Water Source

There are fow surface water resources adj&cénf 16 the Study Aréa. Intermittent floods followed
by hcaw.j' rain flow down the motintain wadis only 20 days a )-ee’n_f on average. A small amount of
petennial base flow in the mountain wadis is available throughout the year, but this is hardly
considered to be a waler resource due to the small size of the ainount. For this reason, the natural
water resources int the Study Arca depends only on ground“ ater. If another soiree is zeqmred then
desalinated water is to be considered as an altemative; The amount required for the alternative water

source is set in Option 2 as below:

.

Case Groundwatér Resources ___Alternative Water Source

Case required by Option 1~ 21.5 MCM/a (sustained yield + : -not required - T
A.‘.de‘ clopment yield by artificial l'aahty) s
Case required by Option 2 2L.5MCM/a{ . ditto ) 33,9 MCM/a (water demand-sustained yield- @

development yi¢ld by artificial facility) -

Desalinated water is produced in the plant in Sharjah City and delivered to the Study Area by
a pipetine system. The raw water cost at the Study Area consists of the production and delivery
costs. |

The pipeline system consists of the delivery line which extends from the p=laht at Sharj.ah Port
to the hil! focated on the west cnd of Al Dhald City, and the distribution bipclinc system which
includes branch A to Fataj Al Mualla, branch B to Dhaid I, the branch to Dhaid i and branch Cto
Pili. 1

The delivery pipeline is scheduled to be installed along the Sharjah-Dhaid highway. This route
is considered to be the shortest way because this highway crosses the dcs;rl area’in a stralght line.
On the way to Al Dhald three pumping slations are p]anncd to boost the water to the top of hill, an .

* clevation of 120 m. The pipe 1 is made of stecl and has a diameter of I,OO(} mm and is 58 km in -
length. '

The distribution pipeline is made of stecl and has a diameter of 600 mum or 700 mm, while the
extension is 46 km. Basically, watér flows by gra'vit.y in this system. Only branch C’ to Fili has a
pumping station because it has to pass through three wadis by pipe siphon and send water to the
southern-most part of the Study Arca.

Total construction cost is US$ 240 million or Dh. 8?6 million and the Q&M cost is US$ 1.8
miltion or Bh. 6.6 million per year. The water cost is US$ 2.76/m’ or Dh. 10, lfm which consists
of both the fransportation and production costs. This cost of desalmatcd water is 7% cheaper than

~ the water cosls of the recharge facility.
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5.3, Agricultura} Development Plan

5.3.1. Introduction

As stated in previols sections, the basic strategy of agricultural development in the Study is to

‘achieve sustainable and highly proﬁ!ahtc apricutture. To achie\c these targets, the following plan

has been formiulated:

- Estiriate an appropnatc size of area for culhval;on

l:f’ﬁcxent water use (irrigation) plan,

Most profitable cropping plan,

Sclection of market oriented cash crops; and

Review of soc:o—wonomlc and mshtuuonal systems with regard to agriculture.

53.2. Lan’d Use and Wéter Sources

‘It has been confirmed by g’roun&w-’at(:r balance analysis that the origin of deterioration of both
quantity and quality in the ground\';atcr is caused by the bi‘cr-d(:vf:léphmht of farm Jand aﬁd then
over-extraction of groundw: ater for irrigation in the Study Arca. Rccent!} the developed fann lands
have becn located on the outskirts of the fertile lands and cultivated since ancient fimes in the Dhaid
arca. The land is basically gravelly, and consequently the surface i is covered 1o a certain depth by
transported snlty sand for caltivation, although it cannot improve irrigation efficiency.

- nthe Optlon One Plan, it is plannéd to reduce the cultivation aréa to meet the irrigation water
requircmcits up to the sustainable yield of grounds\ ater, afler maximization of thc recharge

~ capadity. How to reduce the area of cultivation or close existing farms is too d1fﬁcu1t to define

because of social background, and it is not proposed in this Study. In the case of closmg a farm
those farms which practice inefficicnt’ lmgahon, such as farms in gravelly areas, are to be s»lcctcd

In the Option Two Plan, the entice cultivation arca as of 1994 will be supplicd with irrigalidn
water from the available groundwater and then supplemented with desalinated water.

In both options, new farm development o5 the expansion of exisling cultivation is not

‘proposed.

5. 3. 3. Farmmg Plan

? In Ordcrto achicve the basic slrateg} of agricultural development which the Stud; Proposcs, a
de\clopment plan is to be formulated covering sustainable and highly profitable agriculture,

_ scrutinization of appropriate crops, period ofcultn. ation, mcthods ofcuh ivation, arca of cultivation,

ungahon water requue:nenls and e\cpcctcd net mcomc



(1) Appropriate Craps and Cultivation Method

In order to select appropriate crops for the Study Aréa, the indicator of the net income per tinit
water consumption (NIAVC) has been introduced. The NI/WC for cach crop is obtained from the
data obtained through the farm survey, MAF statistics and the results of experiments in cultivation
conducted in UAE. From this, the crops with a high NIAVC indicator arc sclected.

According to’ the NIAVC indicatojt cstimated by the Inventory Sun'_e)';'lmi"s n"iztllcaw,E h

cucumiber, c_arr‘of, tomato, okra, green ﬁebper, cauliffower show a NIFWC greziter than Dh. 10/m*

| (Table 4.2.2.). Based on MAF statistical data, crops with a NIWC ratio greater than Dh. 1041 are

cucumber, turnip (laft), Imfs_nialtow, green bean, eggplant, potato, cabbage, bean and squash, as
shown in Table 4.8.2. The basis of ¢stimation between the Farai Inventory Survey and MAF

statistical data differ in yields, unit prices, produiction costs, amounts of water consumption (80%of

estimated rict irrigation watcr requirement using FAQ nicthods of cstimatio‘n and the actual pe';iod
of cultivation). Even though lhe) cannot be compared dm,ctl), itis possﬂ:le to <ay that cucumber
and Jew's mallow shm\ high NIAVC mdtcators in both cases. _

On the othcr hand the results of the supplemental farm suney in grea.nhousc \cgc{ablc
cullivation conductcd b) lhc Studg Team and the expcnmental cultivation results in open ficld and
greenhouse published by UNDP/FAQ in 1987-88 are analyzéd using the same method: In a::é_lysing
the UNDP/FAO results, the production costs applicd as sainc as MAT Statisticé, bula grouhdwétcr
extraction cost of 100 m head at Dh. 0.54 /i’ is added, and uai -pricés applied are av_erégc
wholesale prices during the prodﬁction period at Dubai Market in 1993 (Tables 4.8.3. a‘nd.4.8.4.).
Crop water consumption was_aiso ai:»pl_icd in the same manner. In this case, NUWC i_ndicaloré show
high on éabbage cauliflower, carrot, musk melon, watermelon, tomato and spinach for opén fieId
crops, and all crops such as musk melon cucumber sweel melon dwarf bean, sweet pepper, and

~ Jew's mallow for grocnhousc cultivation, The only 10\\ vlcldmg crop here is tomato,

(2) Sclection of Suitable Crops and Culiivation

There are three sourccs_of crop production dafa, 1) the Farm Inventory Survey resulis from
1993, 2) MAF statistical data for 1994 and 3) experimental cultivation conducted by UNDP/FAQ
in 1987-88. This data is analyzed using the same criteria, as described below: '

- Unit price : average whole sale price during harvest period at Dubai Market,

-~ Production cost : based on costs applied in MAF statistics with “ata costs added; and

- Crop water consumption : data esumated using FAO method for each crop growmg
period. C
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- A coniparison of each crop based or the same assumptions is shown in Tables 5.3.1.and 5.3.2.
in order of NIWC valtue. It is possuble to say that crops with estimated hnghcr NIAVC indicators
also show hlgh values of net income per unit arca. .

With reference to the unit cost of desalinated water, crops which show a NIAWC indicator
greater than Dh. 10/t are recommended as suitable erops for the Stud)"; In the case that there is

~more thait on¢ crop in tho same growing period with high NINVC, only thc crop with the highést

NWWC is selected. In the case lhat tuocrops show high NI/WC but have different ‘growing periods,
they ate selected togelhcr .
Tree and forage crops sho“ lower NI/WC, fess than Dh 10/m’,  and  they are not

recommended for cultivation in the Study Avea based on this ctiteria. Considering the importance of

'dates \\thh is a traditional national staple food, however, it has been selected for cultivation. For

this selechon an increase in market price by introducing a high-quality and hlgh-) icld variety is

' necessary (present wiit price is Dh. 3.5/kg, and expected priceis Dh. 7.0/kg). It was considered that
‘the NIAWC ratio of dates will be able to be increased to the expected value by intensive introduction

of the varicty called Barhi, which is a high-quatity and high-yicld varicty of dates, in addition to
improvement in cultivation and post-harvest techniques.
© Alfalfa, which is onc of main forage crops for traditional livestock breeding, is considered as
an important ctop next to i‘egétablcs and dates for the following reasons:
1) It is a percnnial income crop that can be harvested thirteen times a year,
2) Itis in high demand and the market is stable;
- 3) It can be uscd ds a rotation crop \\ilh'vx,gx:tabley and
4) Tt contributes to fertilization of the land (mtrogen ﬁxatmn)
‘Conscquently, alfalfa is also recommiended as a suitable ¢rop for thc pro;ect

The selected crops and their cultivation practices ar¢ shown in Figure 5.3.1. The highest
profitable water-saving crdps are musk melon when grown in a greenhouse {October 15 to February
5), swect melon grown in open ficld (Januvary 16 to April 15), cucumber in a greenhouse (November
18 to February 12), spinach in open field (November 1 to April 15), pimento in & greenhouse
(Noveniber 16 to June 11) and cabbage in open ficld (October 27 to December 28).

G) Sustainable Agricu!tui‘al Déy@lo;:ment

- Inthe proposed fwo :options"in the master plan, the cultivation areas and required amounts and

- sources of irrigation water were detentined in the following manner;

Option One Plan: the proposed cultivation area is to be reduced to moet the sustainable yield of
gtoﬁndy\ﬁtér, namély 21.5 MCM/a; and
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- Qption Two Plaix: the cultivation atea is to be mamtamed asits cutent size, 4584 ha, anid the
required additional irri igation water is tobe secured by uscof the sustainable groundwater yicld
and a supplemented altemative source, namely desatinated water:

(4) Culiivation Area (Option One Plan) -

“The pro;ioéed'culli\ ‘ation arca of vegetables was deterniined based on the their productivity.

The totat required preduction of v cgetablcs at harv estinig period was cslimalcd on the assumption of

a unit consumpuon of 300 gfcapita/day for one million CONSUMEES. Total demand for vegetables at
300 g/capna/day was given as 307 g in Japan in 1980, and 307 g in Europe in 1992, acc_ordmg to
FAO. The Plan is expécfcd to yield a total vegetabte production of ‘G’i,()OO. .

The cultivation arca of dates wa§ deterrined based on the extent needed to maintain the
present total net profit of 160G Crops. :

The cultivation area of aifalfa was determined bascd ori the extent of av allablc wates resources

remaining after the requireiments of vegetables and dates have been met.

{5) Cultivélimi Plan (Oplion Oue Plan) _

Given the above-mentioned conditions, a sustainable, highly profitable crop production plan
for Option One was formulated, as shown in Table 5.3.3. and Figure 5.3.1.

a) Area of Cultivation

A total cultivation arca of 2,548 hais plann.cd, with 1,713 ha given overto \;cgctabgés (67%of
total cultivation arca), 272 ha to datés (11%) and 564 ha to alfalfa (22%). Compared with the
present cultivation area, these arcas aré cquivalent to an increase of 148% for vegetables, but
-~ reductions of 15% for dates and 35% for alf‘a1fa, and 56 % of the total cultivation area (Table
53.4). The cultivation arca of cach'vcgctable, is cultivation' period, method of cult_i\'a;ion (inopen
field or grecnhouse, seeding period, direct sceding or trahsﬁlaming, harvesting period) are shdx_m in
Table 5.3.6. und Fig. 5.3.1.

' 5) Expected Yield

An increase of 67,800 tons (265% of prcscut condition) in \ggchble producl:on and
':r*.ducuons to 5, 229 tons (18%) in the production of dates, and to 51,209 tons (37%) in alfalfa
production, makmg a totaf reduction to 124 ,238 tons (65%) of the current total almual producnon
‘are expected (Table 5.3.4.).

€) hxpec(ed Net Income

Income from vegetables is expecled to increase to Dh. 187 miltion (841% of preseat condmon),
whereas it would stay the same at Dh, 25 nnlllon {100%) for dak,s and be reduced to Dh. 61 msllaon
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_ (36%) for alfalfa, producing a total net income of Dh. 273 mnlhon without consxdermg the ekccss

cost involved in groundwater augmentation. Total nél income would be mcreasad by 26 % (sce

Table 5.3.4)).

.d) Gross Irrigation Water Reqmremenis

Thc gross ungauon water requltement is cshmated to bc 62 MCM/a (208% of -presént
cbndlhon) for vegetables, 2. 0 MCM/a (9%) for d'ltCa 133 MC M/a (40%) for alfalfa (Tab!e 5 3 4.)

ThIS total 1mgat10n water \olum» is equivalent to that of the sustainable groundwater yield in the

‘ Stud) Arca after the groundwater augmenting measures have been xmplcmcntcd

- As incnlioned before, because the estimate of the gross irrigation w ater requirement is based

on procedures proposed by FAO, and the proposed area of cultivation will presumably be irrigated

‘more efficicntly, there is a poésibility of more water being tsed than the gross irrigation water

requirement. It is important to apply eficctive water tse by introduciiig wzitcr-saving systems of
irrigation, -

. Compared to cultivation in open ﬁc]ds it is rd'm\d) easy to make effective use of i ungauon
water in greenhouses. An area of 420 ha is suggested for végetable cultivation in greenhouses, this
being 0. 2 ha/farm gn ¢n over (o grecnhouscs (equwalent to 6 standard commicreial greenhonses).

Gnen the fabot force of the fanm, such anarcaof gruenhouses is considcred to be easily manageable

for farm laborers.

€) Propaéed Farming at a Typical Farm in the Study Area

The proposod'crop production plan for a typical farm in the Study Area is shown in Table
5.3.5. The total cultivation arca is 1.26 ha (0.85 ha for open ficld, 0.21 ha for grecnhous'e,' 0.13 ha
for dates, 0.28 ha for alfalfa). A net income of Dh. 135 thousand isfahticipatcd and 11,047 m*fyear
of i |mg'1uon w qter will be nceded. As several kinds of \egeh'o!es aré tobe cullwated it is neccssaly

to adjust the cultwatmn area given over to cach \ugclable among the fanus.

(6) Cultivation Area (Option Two Plan)

The same cultivalion arca as at prcsenl for vegetablcs, dates and alfalfa is planncd, to be
apphcd in the same mauncr as the Option Ong Plan. The cultivation areas of cach vegetable would
be determined bascd on the same portions of cultivation area for each as in the Gptlon Onc Plan.

Dales and alfal!‘a \\ould be applied to the same areas as al present.



(7) Proposed Farming (Option Two Plan)

a) Area of Cultivation

A total cultivation arca of 4,584 ha is planned. This would be: 1,158 ha for vegetables (25%
of tofal culiivation area), l,82_‘_5 ha for _da’t_es (40%), and 1,601 ha for alfalfa (35%). Cultivation
- arcas for each vegetable, its period of cultivation, the micthod ‘of cultivation (open field-or -

grecnhotise, seeding period, dircet of ransport seeding, harvesting period) are shown'in Table 5.3.6.
* b} Expected Produclwu | |

Aui annval production of 45 836 tons (179% of present condmon) of \.egetables 35,094 lons
(118%) of dates, 145,475 tons (10?%) of alfalfa and 226,405 toris (118%) of the cunent total
annval production are antmpated (Table 5 3. 7 2

¢) Expeéted Nel lacome {excluding the cost of desa!mated water)

Areti income of Dh, 126 mllhon (568% of present condmon) generatcd from \cgclablcs Dh
167 million {6? 1%) from dates, Dh. 174 miflion (103%) froni alfaifa and a total act income of Dh,
46’1 million (2[7% of the prcsent tolal nct mcome), without considering the excess costs mcurrcd
for groundw ater au gmentation and desalinated water, are expected (Table 5.3.10.). Iniclusive of Dh.
154 miltion/year for the annual cost of prrchasing desalinated water and éxclusive of construction
and Q&M costs for the watcr distribution facilities, a total net income of Dh. 312 milkion (145% of
" present total) is expected. '

d) Grdss Trrigation Water Requirement

~ The gross lmgauon mqulrumms would be: 4.19 MCM/a (141% of prcsenl condition) for
\cgciab!cs 13.4 MCMIa (63%) for datcs, and 37.8 MCM/a (I 12%) for alfalfa, makmg a total
pross 1mgatton roqulrement of 55.4 MCM/a (107%) (Table 5.3.7.). This total lrngallon water
requirement is 2.6 times larger than the annual sustainable groundwater yield in the Study Area. It

would consequently be necessary to purchase 33.9 MCM/a (average 1.08 m'/sec, monthly
maximum .58 m¥/sec, monthly minimum 0.46 m¥/scc) of desalinated water.

€) P:‘Oposi:d Farming at a Typical Farm in tﬁe Study Area

The propescd crop production plan for a typical fam in the Study Aréa is shown in Table
5.3.8. The total cultivationarcais 2.27 ha (0 43 ha for open field, 0. 14 ha for greénhouise, 0.9 ha for
dates, 0.8 ha for all‘a!fa) An average net income of Dh. 231 thousaad could be expected, with
irrigation water requirements being 27,456 m*/year.

514



5.3.4. Irvigation Plan

(1) Maximization of Water Resources by Water-saving Ivrigation

[t is necessary to plan for high-proﬁt and sustainable agnculture making maximim use of
grouncl\\ater and another water source. Also, it is nccessaq ‘to further promoto water-saving
" irrigation methods and to have MAF prowde more support and extension services to farms. The

" technical extension for transporting irsigation water to the facms &0110mica1]5’ is also important,

- (2) Crop Water Retluirem‘ents

The crop water ruqmrt,ment is estimated frotn the potential evapotranspiration and each crop

cocfficicnt; cons:dermg crop growth stages.
a) Polmual F‘vapotransplratlon (Eto)

The potential cv apolransplrahon (Elo) is estimated by the Penman method. Based on the FAQ
man_ua_l {Ercigation and Drainage Paper No. 24: Crop Water Requirement, 1977), the climate in the
Study Arca is classified as high température, low humidity, arid with moderate winds. Using the

~ Penman method and based on the mcteoroloéic’ai data collccted at Falaj Al Mualla and Mileiha, Eto
was calculated as shown below: | ‘

{unit: ma/day) .

Jan | Feb | Mar Apr | May | Jun | Jul | Aug | Sep Oct | Nov | Dec | Totat*

Falaj Al Mualla | 3.00 | 3.74 ] .96 | 6.60 | 813 | 8.51 [8.62 [ 8.23] 7.24 | 5.69 [ 1.02] 2.92] 2,184

Milciha | 3.10[ 385 522|705 |867] 912|889 846|744 584|414 ]303| 2,280

Average - |-3.05|3.80 1509683840882 876|835 734 |57714.08|298] 2,232

Note * | Unit mnvfycar

b} Crep Coefficient (Kc)

Based on the FAO manual (Irrigation and Drainage Paper No. 24: Crop Water Requiremient,

1977) and ficld conditions, the crop cocllicients are estimated for each crop and cach growing stage.
¢) Crop Water Requirements |
©‘The crop waler requircment is calculated using the above-mentioned Eto and Ke.
(3) Trrigation Methods

C onsndermg thc resulis of the mﬁltrallon rake test, present water-saving 1rngallon methods,
and lnlcnSll) of irfigation, the fol!omng nrig’ttlon methods ar¢ planned:
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2) Drip Irrigation for Végetables
Using drip irrigation, frequent .ir_rig':ilion canbe carried outusing onty small amounts of water.
It is possible to supply effectivé irrigation water directly to the oot zone of the plant. In the Stady
~ Arca, traditional furrow 1rngai10n has been apphed for \egetables Recently, the introduction of -
drip irrigation has been promoted by the Gov croment . From the results’ of the field test at -
Hamram) ‘ah conductcd by UNDPIFAG evaporatlon from the soil at the first growing stage of a
' crop is nstra:ncd by dnp irrigation. This shows !hat a h:gh fevel of cfﬁctcncy can be cxpected In
this ficld test, the hlghest application efficiency was found when thc dri p was placed at a distance of
1.5 10 2.0 mbetwecr drip outiet and inter-rows. From the results of the sprinkler tost at Hémian‘iyah,
again conducted by UNDP/FAQ, potato and onion production was increased by 25% to 75% with .
sprinkler irrigation, but application efficiency was lower than that of drip irrigation. Considering
these results, the drip irrigation method was appticd for \egclablcs in open fields and greenhouscs as
a \\ater-caung irrigation method -
' From the results of the iny entor) survey, the filter system is used at 80% of the farms whouse
drip irrigation. An system mixing both drip and sprinkler is installed at 30% of the same fartus. The
merit of drip irrigation is its effective functioning. Sevéral types of emitter 'aré uged witha capacity
of'4 titérthour at one atmospheric pressure and 80-200 cm distance behwien cach drip outlet. These
are operated twice a day (arounci 15 minutes at a time) in the grcexmouse.

b) Bubbler Irriga'ti()n' for Tree Crops

Bubbler iccigation is same type of ifrigation method as drip irtigatidn and is applicd to. HEe
crops using a high discharge (330 liter/our under 1.4 kg/cay’ of water pressure). From the results
~ of ficld tests at Hamraniyah and Dibba conducted by UNDP/FAO, it is possible to save 65-70% of
irrigation water as compared with basin irrigation. In the drip itrigation ficld tests, salinization
problenmis were obscived. Given this, bubbler irrigation is applied to tree crops as. a water-saving
irrigation method.

¢) Sprinkler Irrigation for Pastures

Sprkacr |rngat10n is one of th«v most popular ungahon methods in the \\orld Although
irrigation intensity varies, depcndmg oti wind coniditions and ev aporation !oss sprmkler {rrigation is
applicd to pastureland as a water-saving method of irrigation, reflecting thé difficulty of applymg
drip irrigation. With sprinkler irrigation in high temperatute arid ]ands,' h:i gh levels of saliﬁe in the
irrigation water kills foliage. Conscquently, they are traditionally operated in the 'ea'r.ly: morhing.,
when the temperature is comparatively fow. Considering the low-lifting discharge and small scal of
pasture land for each fann, the center pivot system is ot econoﬁlica!; From the view of labor force
requircment such as in manual harvesting, the fixed type sprinkler system is applied. |
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Fitter, strairier and intconixture system are always to bo installed for all typesfmodels of the

~ abové irrigation system.

(4) Irrigation Water Requirement

The irigation water requ'ircme'nt_ is determined afler consideration of the crop water
rcqiliréixactit, effective rainfall, Jeaching watéi, irrigation éfﬁcicuéy, ctc.

S As effective rainfall js smiall ins amoutit and uncertain, it is not }tlcludeﬂ in the irrigation water

r'equircmen't.. In the estimation issucd by UNDP/FAO, 5% of the total crop water requirement was

' céléulat.ed as leaching watcr.
a} Trrigation Efficiency

The following irrigation efficiency is achieved by each irrigation method:

'Irrigalion Melhod' Cc':n\'eyance Efficierncy Applicatioh Effi iciencj; [rrigation Efficiency

Drip Irrigation 0.9 - 095 0.85
Sprinkler Trrigation 09 0.85 0.75
Bubbler Isrigation 09 : .85 : 0,75
Imiproved Basin Irrigation 0.9 0.70 0.65
b) Net Irrigated Avea

Considering the emitter interval and drip outlet intérval, the aciual irrigated area of drip
irrigation for vegétablc's is considered to be 50 % of the total caltivation area,'\rhich is applied in the
wet zone. Given the area for farmm access roads, the actual arca of sprinkler irrigation for dates is
estimated to be 90% of the total cultivation arca: From the number of trees and the arca of basin
irrigation, the actual area of effective bubbler irrigation is considered to be 30 % of the total

cultivation arca.
¢) Irrigation Water Requirements

The mon'lhly net irrigation water requirement is cstimated based upon‘thc crop water
requirement and actual irrigated area. The monthly gross irrigation water requirement is calculatéd
based on the monthly net irrigation ‘water requirement and irrigation cfficiency, considering the .
ircigated arca. The results are shown in Tables 5.3.3. and 5.3.6. Total gross irrigation water °
requirement for Option Onc Plan is 21.5 MCM/a, and for Option Two Plan is 55.4 MCM/a.
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5.5, Improvement of Infrastructure

(1) Improvement of Agriculfural Infrastructure

In this master plan, it is necessary 1o consider the improventent of the agricult'uial _
'mf‘rasimcture with such things as enibankments for’ flood control, a road network for agrlcultural
producnon 1ct1\1t|es and Shlppmg, and coilectmg and shlppmg facilities for agncultural products.

{2) Flood Cm':trél Embankinents

Flood damage oc:_cu'rs on the farm fand near the wadis in the wintér scason, which is ofic of the
peak periods for farming activitics. At present, embankments are constructed using surphus soif .
with a Bigh 'g'ra\'el content which is found lying atound the farm, mostly debris frém of land
reclamation \xork if there is a possubnhty of flooding. Floodmg is oomrolled by use of toc bund

<onst mcl:ons and their maintenance is the responsibility of cach individual farm,

~ {3) Farin Road Net Work

There are three paved roads which give acecss to the main consumption areas in the Study
Arca. They are Sharjah-Massafi, Umm Al Qaiwain-Madam, Manatinia-Ras Al Khaimah roads.
~ The access roads from trunk road to fam: are without any pavemenit. Some part of these
access roads is maintained by town office. At the time of rainfall of flood, passitig by these roa&s are
rather difficult but it is possible to access to the each fanm using the {'our-.whecl—_drivc vehicles, As
the Study Area is flat land with sand and gravel generally, improvcﬁwnt of the new road network for
* the agricultural development is not planned.

(4) Coilecting and Shipping Facilities for Agricultural Products

Considcring the curzent situation, with its secured advantage on séllling price, itis :lcécssaf)': fo '
install marketing facilitics. The construction of collecting center with collecting, sclecting, cooling,
storage and shipping facilitics is planned at Al Dhaid. This center is to be constructed by MAF and
maintainéd by farniers as a cooperative organization under the supervision of MAF. The operalion

fee will be collected froni the farmers as the shipping commission.
5.3.6. Farm Facilities

(1); Layout of Water Sources and Farming Facilities

Figure 5.3.2. shows the layout of water sources and 'fann'in'g facilitics that follows the
previous Scctions, “5.3.3. Farming Plan” and the “5.3.4. Irrigation Plan”. The cultivated areas for
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dates, vegetables, and alfalfa were given by the proponidn shown in Option One or Option Two. In
Option One, when the total farming area is 4 ha, the cultivated atea allocated to dates is 2.7 ha, 0.4
for vegetables, and 0.09 for alfalfa in the Option One Plan. On the other hand, in Option Two Flan

the cultivated area for dates is 1.0 'ha,‘ 1.6 ha for vegetables, and 1.4 ha for alfalfa. The farm in
‘Figure SL3.2. has 4.68 ha total arca and was just drawn to estimate the facility cost per unit arca.

:(2) Prehmmar} Cost hstnmahon {or Construchon

Both farms in Figu re 5 32. adopt the watce- sa\mg 1rngalnon mcthod described in the previous

Section ©5.3.4. Irrigation Plan.” Bubbler or dnp ierigation is applied to area where vegetables and

dates are grown, while sprinkler is appllcd for alfaifa._ Basin irrigation is not applied.

Water for ifrig*ttion is pumped up from a well or wells in the farm, defivered and collected to

the on-site tank. Next, w ater stored in the tank is boosted by pump and distributed by plpchne for

_1mgahon In 0ptnon One, the conslmctton cost of a watcr source i‘acnht), \\hlch includes the \\cll
pipeling, tank and booster pump, and construction of a farmmg fﬁcmt) , which mcludcs distnbution
pipctine, sprinkler, bubbler, and gn.cnhousc is US$ 262,390 or Dh. 958,000 per 4 hectares

' (US$ 65,600/ha) for Option One Plan. The cost in Option Two is estimated to be US$ 149,500 or

Dh. 546,000 per 4 hectares (USS$ 37,375/ha).

5.3.7. Operation and Mainténance of Farm Facilities

(1) Operation and Maintenance Plan

Presently, the irrigation period and amount of irrigation water are detenmined by the manager
of each individual farm. The water from the water source of each farm is used for irrigation. In -

cases where the individual water source has dried up, cultivation is abandoned, except in the rarc’

~ case that the farm manages to get water from a neighboring farmu when the famms were using falajes

belore starting the use of individual wells, and the collaborative use of groundwater was cairied out.
In other arcas, the collaborative operation of wetls is observed. Considering the conditions in the
Stidy Arca whereby most of farms ar¢ in the possession of absentee owners, it is impossible to

apply an mlgatlon systemt which uses the collaboratlw opceration of wells. Conscqubml), the

. present irrigation opuahon sy steim s apphcd in the Option Two Plan the desalinated water would
' be distributed to the water tank installed on ‘cach individual farm,

(2) Estimated Operation and I\"lainteng_mce:Cost_

‘in thé Option One Plan, the operation and maintenance costs, inclusive of the amortization

* cost of the facilitics, the maintenance cost of facilities, and their operation costs, is estimated to be



USS 11,000 or Dh. 43,400 per 4 halyear (US$ 2,550/alyear). I the Option Two Plan, it is
US$ 11,800 or Dh. 43,100 per 4 hafyear (USS 2,530/hayear).

53.8. Agncullural Suppor( Services

It is impossible to promote agncu!tural dévi elopmcnt \\nthout the paruc:lpatlon of the farmers, '

particularly the absentee fann OWTICHS, W ho require a businesslike attitude and a“arcm;ss as to the

nature of the limited water resources. Consoquently, agric'u!iura’i extension activities will play an '
important role in any future agricultural development. Fuitheimore, agricultural support services

are needed for snicoth implementation of the pr'oposed'cﬁltiva-tioh plan.

(1) Adjustiient of Cultivation Avea

Over-production of certain high-value vegetables, with niany faimers hrbducing the sasiie

* trop at the saing time, is another risk. Ta control such over-production, it is niccessary to adjust the -

cultivation arca among the farmers, espccnll) in regard to \egetables Allotment of ar¢as for
vegelable cultivation on cach farm arc shown in Tables 5.3.8. and 5.3.11. Based ot  these Tables, it
is necessary for the MAF extension staff to offer support to facilitate 2 smooth adjustment among

the fanmers.

(2) Establishment of Supply System for Seeds and Production Materials

- Itis necessary to establish a su pply system for secds and other materials which correspond to
the needs of :farms; especially, the supply system for high quality date seedlings nceds to be
improved. Considering the 272 ha of area proposed for dates culiivaiion, il i§ necessary to prepare
around 42.5 thousand of dates scedlings (156 scedlings/ha). Dates seedlings are produced at the
Agricultural Experimental Center of the Central Region Agricaltural Division in Al Dhaid. This
Center acts as one of the agencics for the procluc_tioh of troe crop scedlings in UAE. As there is 419
ha of arca for cultivation under this Center, it is necessary to cxtend support for the Center by

having the Goverament supply facilitics and materials.

(3) Technical Extension Scrvices

There are five extension units in the Study Arca. One to Two extension officérs are working in
cach unit. Peesently, the distribution of fertilizers, agricultural chemicals and seeds are their main

activities. It is necossary to strengtticn the technical extension services with fegard to \’égefablc

cultivation and irrigation technology. There is scrious problem of salinization caused by over-

irrigation in the Al Dhaid area, and guidance on suitable frrigation technology is neccssary for
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cffective water use and to prevent further salinization. For this purpose, it is ncoessary to increase
the number of extension staff by anothict two people in ¢ach unit. '

Improvernent in the technical abilities of the extension staff is also important. A seminar for
extension staff was convened for this purpose. From the results of the ini.-entory survey, however,
furthcr technical assistance needs to be offgr;d by the extension officers, and reliance on the

extension officer has decreascd récently. Consequently, a further technical training course at the

Agricultural Experimental Center is suggested.

{4) Implementation of Practical Experiments
It is necossary to suggest suitable crops, optimism faning practices and appropriate irrigation

methods based on the results of prachcal e\penments to the farmers. Systematic field expertments
on’ lhcse matters were carried out by UNDPIFAO in 1982-1983 It is reconimended that the

'c\pcnmcnts bo continued at the Agnculmral Experimental Center of the Agnculture Division of
Central Region. In particular, suitable crops for the present off-cmp season (July to October) are

required. Conscquently, the implementation of roscarch and development for suitable crops and
related technology is suggested.
(5) Training for Farmers

It is sugecsted that the government provide training for the farmers. Facilities at the
Agricullural' Experimental Center may be available. Guidance on technology of production, post-
harvest and food processing, the intcoduction of new varieties of crops, and the supply of marketing

information would important contents of such training.

(6 Strengtliening of the Goverament Subiidy and Support System

©Severat low-priced vegetables are imported into UAE. The agriculture of UAE is foreed to
conpeic with such imported foods. It is necessary to maintain the present govemmental subsidy
system for- agriculture. Technical and financial assistance for farmland ‘reclamation and

introduction of water-saving irrigation systems are also to be maintained and expanded.
5.3.9, Marketing and Processing

(1) Marketing System and Organization

A lot of vigetables, fruit and food are imported duty-free into UAE from all over the world.,

* Vegetables and fruit produced in UAE are forced to compete with thosc imported items in price and
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quality. cha.rding the price, the present financial Support as supplicd by MAF is to be continucd.
Conceming the quality, it is necessary to improve the mari«:ting ‘systeﬁa for keeping the freshness.

In the present traditional agriculture in the Study Area, production is mainly for self-
consumption, and the cstablishment of a niatkeling system and organization is indispcasable for
agricultural development in the Arca.- In the production iplafn,' as 50 tons/day of ¢ach vegetable
p‘rdduction is expected, and a maxinum of six kinds of vegetables are harvested at the sani¢ period
(Tai)le 53.6}, a maximum of around 300 tonsfday of vegetables will be shipped (80% of
production will be shipped). Consdqucntiy, the organization, facilitics and cguipmient, such as
trucks for collecting and shipping will be required: As a makinni 150 kp/day of vegelables are
expected to bc shlppcd by cach famn, the mtroducnon of group shipping, havmg ong small truck
sharul bct“ecn five fanms, is proposed ,

At present, the average farm gate pnoc i3 70% of the wholesale pnoe It \ull be more
profitablc for végetable producers to ship dircetly to market, ¢ven ater paying the 10% corniission.
On the other hand, alfaifais sold on a cont'ract—proﬁuc-ti'on basis, and the current practice is expecled
to continuie in the near future. From the results of the farm inventory survey, so'merfa'rmers indicate
that an unjust benefit is enjoyed by brokers, and the establishnient of a fair ntarkcting syﬁem is
necessary.

{2) Processing

In order to increase the added value and to prevent over-production, the processing of
agricultural products is to be promoted. Cucumber is the second-highest profitable crop next to
- melon among the plannad vegetables. As farmers clearly intend to conlinue producing cucumber, it

- is necessary to consider processing some to the cucumbers as pickles. The technology for bottling

and processing cucumber pickles is not difficult, and facility cdists are not very high. Cucimber

picklcs is one of main processed foods in UAE and its price is highest in Junc to Séptember, which
is the fallow scason. The processing of tomatocs into juice and pure, and dates, which can be dried
and packed, can add value to the goods without the need for high-tcchhology or high costs of

facilitics.

5.3.10. Farmer's Organization

For the smooth and cffective production and sale of large quantities of agricultural goods, it is
necessary to establish a farmer’s organization under MAF supervision and with the support of
extension officers. The main activitics of such an organization would include the collaborative
purchasing of agricultural equipment (garden tfactofs, equipment for discasc and pest control,
materials for greenhouses and irrigation, fertilizers, pesticides, etc.), installation of collecting and
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shipping facilitics, group shipping, construction and operation of agricultural processing facilities,
adjustment of the cultivation plan, and supplying information on marketing and agricultural

technology.

5.4. Groundwater Monitoring and ljat_abase System

5.4.1.' Titroduction

The purpose of the Groudwater Monit'oring' System is to monitor the \\'astcful mining of
limited ground\\ater FCSOUICES. Consequentlv the range of observatlon is to cover all parts of the
3Stud) Arca and records must be kept long-terin and in full. In addition, observation data is to be
closely linked to the management model, for immediate evaluation of the current status of
groundwater resenves.

The Databasc is to be renewed usmg the information obt'uncd front the monitoring system,
and the user must be able to cxamine the data whenever needed. The inforimation to be entered into
the Database refers only to data that is related to a patticular topic or purposc. These would be the
‘results of farm surveys, well records, rainfall and flood records, and even the farmowner’s address
and cmployees lists. Bach of these collections would be stored in various forms such as spread
sheets and docurient files, ancl not used in conjﬁhction with one aubthcr Furlhennoré a funclion 1s
required whereby the user ma) extract only the desired inforimation from the basic data.

"The mamgcmmt model needs to be built to include all hydraulic mfonnauon from the
ground\\at\,r basin. The model oulput following the qctual observation is to prov ide the figure for

cach respective block, and if the actual amount pumpcd is greater than the planned rate, a definite

wammg regarding the dr)'mg-up of the groundwater resources is to be issved.

5.4.2. Groundwater Monitoring System

In the Stady Area, 12 observation wells were sct up betweenby MAF 1977 to 1995, and well
hydrograph records have functioned cfficiently from the start of observation. In spite of some
unfecorded or inaccurate dala, the original charts obtained froi the record are stored in full in MAF
library. Obsenvations made by the metcOmloQical and hydrological :stélion have bceifx made over a
long period of time.

The momtonng system, including thSb cuslmg observatory stations, was organized to'relate
to the model for grounduater balance in this Study. The model would be then revitalized as a

maiagement model to control the groundwater basin in the Study Arca.

523



{(HM anagemcnt and Orgamzatwn of Monitoring System

The sections for the actual obscnahons are in several paﬁs depending upon thelr main role.
The meteorological record, hydrological record and grotindwater withdrawal aré to be separately
collected by cach different section. This system is also adopted in the plan for Groundwater

Monitoring. From the view of an alarm system to warh against over-pumping fron gioundwater

basinis, the collected data‘is to be closely controlled between the Database System:and the

Managément Model. The databasc is to be managed by all people who are ;'nvotfe"d with it. The
actual operatio_na-i \:\'o'rk of inpqtting data, however, is to be carricd out by the observer who
secorded that paﬁicuhr item of data as part of his uormal tasks and dutics. Fuhhém’wre the
Databasc is niot to be the sole preserve of the managenient, but open to ¢v: cr3 section 50 that all d'xta

mcludmg ltcms cnlered by another person, can be viewed.

-(2) Observation
The observatioh items in the Mo_nit_oring System are as follows: -
Metcorological ltems:  Rainfall, , Temperature, Wind direction ,Wind velocity, Sunshine
H)'dfOlOgiG items: Surface Runoﬂ _
Groundwater items:  Groundwater Head, Watcr thl) (Pc Tcmpcraturc pH)

Groundwater Use: Groundwater Withdrawal

As a Groundwater Monitoring S}stcm the supplementary stations are to be instailed in vacant
arcas which not covered by C\mtmg stations. In order to perform the routing work of obscrvation, a

" teansducer or autonratic recorder is to be installed.
a) Meteorologifal Observation

There are 10 stations (mcludmg G) le and Marbat Stations} in the Stud) Ar;a Of lhcse 10
stations, two arc metcorological stations and the others are alt rain-gauge stations. The' Botw ork
made of the existing stations shows an uneven distribution by which most of stations are located in
the mountain arcas around Wadi 'Siji and Wadi Khadrah. In addition, the rainfall has been
sporadically showery and their amounts are alw ays different at diffcrent sites. In spite of thew
characteristics shown by the rainfall, ther is no observation station in the southem area or on the
Bahada Plain. Five new tain-gauges are therefore planncd for these areas. Furthermore, two of the

existing meteorological stations are also 1o be integrated into the Monitoring Systen.
b) Hydrological Station

In the Study Area, there are six wadi-gauges which still ﬁniciion at present. All six stations,

however, are concentrated in the mountain wadis. In the monitoring plan, four stations ar¢ to be
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mstallcd inthe followmg four wadis: Wadts Dhaid, Tigubah, Hamdah Shoukah anda further two
stations arg planmd for the Bahada plain. A total of 12 stalnons with six new and six existing

stations are therefore planned to be built into the Monitoring System.
<) Groundwater

_There are six groundwater observatories around the Study Arca, but most stations are set only

inthe major farming areas; such as Milciha and Dhaid. Moreover, most wells are not designed for

momtormg of the grovindwater head in the Lower Aqutfcr Conscquenﬂ}, with the exception ¢ of only
two ivells, only the Upper Aqulfcr has ever been measured. Even in the scven stations dnlled during
the Study, onl) onc wéll is instatled with & screen deep enough to measure the groundwater ‘head in
the Lower Aqu:fcr In the Monitosing System, three stations for measuring the gioundwater head of
the Lower Aquifer, and five stations for measuring the water quality, are to be added. The former
stations are located to the cast of Fili, the west of Hamdah and the north of Dhaid. The later stations
are to bé sct at Falaj Al Mualla, Dhaid, Wishah, Khadrah, Milciha and Bahayis and Fili. '

Of a total of 33 stations, 17 stations arc for mecasuring the gr'ound\\'*ate::r head, 11 for the Upper
Aquifer and six for the l.owcf Aquifér, and five slatiotls are for measuring the watcr quality (see
Figure 5.4.1.). Observations in these \\'éllé, includingihc borchole and test wells made through the
Study and planned wells, are to be carried out by using a transducer and automatic recorder with
data logger. Furthenmore, the exécution of a ground level survey is also required for all observatory

wells, not only newly-installed wells but the pre-existing wells also.
(d) Groundwater Utilization for Irrigation

To operate the management model, an estimation of groundwater withdrawal for irrigation
will be required every few years. For this estimation, the basic data consisting of pumping rate,
farming atca and farni inventory arc to be renewed by field surveys. The installation of flow micters
is 1o be carricd out in 20 typical farms to obtain the flow rate, and acrial photography mapping is to

be conducted to determine the latést farming area. All the data obtained from the survey must be

categorized in the Database as required.

(3) Cost of Materials and Equipment for Observation

© An'cstimatc for the materials and cquipment related to newly instalied observatorics is given

as fol tows:
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- Facility ' Unit _ - Amount (US$)

- Meteorological Station LS. 53,500

"Tlydrological Station - LS. 64,200
Groundwater Station LS. 687,400
Groundwater Wllhdra\\ al LS. 38,400
Total LS. 843,500 -

or Dh, 3.08 million

(4) Cost of O&KM of System

Both the opéeration and maintenance of the system are to be managed by MAF who already

conducts the existing observations. The cost per year related to all above O&M items is as follows:

Itcm ' ' Unit .~ Amount (US$)

O&M Groundwater Momtormg S) stem LS. 42,200
O&M Data Base System - LS. - 2,800
Acrial Photography (cvery § years) LS. C 6,000
Well Inventory Sutvey (every Syears) LS. | 20,900
Tolal LS. 71,900

ot Dh. 262,000

5.4.3, Database Plan

It is necessary to have a DataBase which can be casily operated by any observer, Database
‘manager and operator of the managemént model so that they can manipulate the information
necessary for maintaining the groundu'alér uwnitoring systenmt. The small-sized compﬁtcr nctwork
called LAN (Local Arca Network) is to be mslalied for this purpose. Five sets of machings,

mcludmg servers and terminals, are planned to deal with a!l the tasks rclated to groundwater’

monitoring. Similarly, four tenninals used for the input of data are to be installed at the
nicteorological, hydrological, irrigation and groundwéter and dam sections, and another server
which controls the Database and manages the basin model is to be installed at the grouﬁdv.tater and
‘dam section. _

The conventional software builtinto the Relational Database, customized for h}jdrological and
ground\\‘atcr: purposes, is the basic mode! to bo applied to this System. The soﬂ\.vatc.must be
accessible to both the basin model constructed in the Study and GIS system described below.

{1) Database

The data from farms and well inventories is to bc storud oha spread shect. The ground“ater
quality analysis is to be keptinan ASCH file. Sonl ‘maT} sis and other irrigation and fafming records
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~areidto bé kept the fornt of datashects. Froni these various types of data, the uscr can extract just

the information required. The software cureently on the market in conventional fotm is to be

customized for groundwalter management with all the functions of a Relation Database.

(2) Mannagement Model

 The model for the groundwater balance constructed in the Study is to be used in the
mamgcménthmdel as a niodel'par;imete'r. If new paramél’crs‘arc entered, the model can then
forecast new hydrological conditions. On the other hand, the model must be verified by the latest

observation data to tunc up the precision of the model.

3) GeOgraphical']nformation System (GIS)

On the basis of Orthophoto TImages, acrial photography mapping is to be conducted cvery fow
years to estimate the amount of groundwater withdrawal through estimation of the farming area.
For this purpose, GIS would be used to draw the image map, trace changes to the famming arca and

visualize the observation data.

{4) Cost for Database Construction

The cost for construction of the Database described above is as follows:

PN = iaram e R A

- ltem Unit__ Amount (USS)
Hardware of Survey and Terminal LS. 52,000
LAN and Data Base Software LS. 1,500
Constructionof LAN LS. 2,000
Total LS, 55,500

or Dh. 203,000

5.5. Project Plan
5.5.1. Water Source Plan

(1) Groundwater Augmentation Plan (Refer to Section 4.5.)

Fo increase the groundwaler recharge in the Study Area, thres flood detention dams and three
recharge trenches are planned. 1.97 MCM/a is cxpected from these facilitics as the total

* groundwater, which is the total amount of available groundwater which the Option One Plan can

support, The storage capacity of Siji dam will be 2.57 MCM,, Khadrah dam will be 3.25, and
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Shoukah dam will be 2.66 MCM. The height of Siji dam will be 20.5 m, Kahdrah will be 16.5, and
Shoukah will be 27.5 m.

(2) Alternative Water Source Plan

| lh additién 10 groﬁndwater resources, the scheme to constnict a dcaninatioh ater piﬁcliﬁc :
which comy C)S 34 MCM/aof w ater from Sharjah City to the farms in the Study Arca may su pply :
cnough water to suppoﬂ the option Two Plan.

- The plpehnc systein consists of 58 km of delivery pipes and 46 km of dlsirlbutlon plpelmcs |

The delivery pipeline is made of steel and has'a diamcter of 1,000 mm 3t has theee pump stationis to
maintain a flow rate of 1.58 m¥/sec and a velocity of 2.0 nv/sec. The distribution pipeline is inade of
steel and has a diameter of 700 or 600 mm. The line to Fill village has a pnmp station and three plpc
s:phons Olher lmcs a dcnlgncd to flow by grawt;

5.5.2. Farm Facility Plan

(1} Water Sources Facility
The water sources of the Option One Plan depend on groundwatér. Most faﬁ‘ns are using
movable hoses with a diameter of 30 to 60 mm for water delivery from their well to their tank.
However, since they obstruct to work in the hanvesting area since they cross the fields and prevent
- the workers from going about their business, it would be useful and n"ior_c efficient if the détivery PC
pipeline were laid under the ground. The capacity of an on-farm tank is 100 t® (= 10mx Smx2m) for
4 ha farn. . ,
" In the Option Two Plan, the capacity of the on-f: arm tank should be twice as large thaii that in
 the Option One Plan because the water supply from t:he:dcsalinaléd pipe}iné has to be stored. The
dimensions of a tank in this Plan would need to be 200 m? {=10mx [0mx2m).

(2) Irrigation Facilities

On the way to the cultivated arca, the water in the on-farm tank passes the following devices:
a booster pump, a filter, a fertitizer injection, flow gauge, and a distribution and PC pipeline; then,
when it reaches the caltivated area, the disiribution pipe is connected to a bubbler. T the ¢asé of
alfalfa, it is connected to sprinklcr'. |

(3) Greenhouses

Greenhouses have been introduced for vegetable culti\ﬁtion._t\lthbugh several farmis in the
Study Arca have already installed different types, the greenhouse in this Plan is designed with
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dimensions of 36 m x 8m. Drip or bubbler ifrigation should be applied in the greenhouse. The
working life of the plastic sheets used in greenhouse constriiction is considered to be two years.

5.5.3. Marketing Facility

As was alnady described in Section 5.3.5. (lmprmement of Infrastructun,) the market
fac:llt} is planned to maintain a steady income to farms.

“The facility includes collecting and shipping quarters and packagmg and prc-coolmg devices.
Fori both Option One and Two Plans, pre-cooling devices which liave a capacity of 300 ton/day are
required. Since both Plans were designed in dnffcrcnt cultivation areas, the facility cost for Opnon
One Plan is estimated at US$ 1.00 nulhon or Dh. 3.65 mllhon arid that for Option Two Plan is
US$ 1.50 million or Dh. 5.48 million.

5.5.4. Project Cost and Project Implementation Plaa

(1) Preliminary Cost Fs{:mahon

Tablés 5.6.1. and 5.6.2. show the estimated pro;cct cost for both Optlon One and Two Plans
The project cost cstlmatcd for Ophon One Plan is to be USS 385 million or Dh. 1 ,405 million and .
for Opticn Two Plan is US$ 935 million or Dh. 3,413 million.

(2) Implementation Schedule

The implementation schedules for the Option One Plan and the Two Plan are shown in Figure

5.5.1. The construction period for the recharge dam is three years! If the work on the three dams is

“started simultancously, the construction period can be reduced. The construction should be

implemented one at a time, however, because the transportation costs of heavy machinery and

project costs may be too high to pay all at once. This scheme is planncd in the tasget year to 2015,
The dimensions of facility is shown in Table 5.5.1.

5.5.5, Operation and Maintenance Plan

MAF and cach farm will share the operation and maintenance dutics for all facilitics that are
constructed by the Projéct. On-farm facilitics that include a water source and irrigation facilities
should be operated and maintained by ¢ach farm individually. Other facilities should bé operated
and maintained by MAF. |
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(1) Rechaige Dam and Recharge Trench

In addition to the daily check up olehc'lecharge facilities, the removal of sediment caried by
floods, and repair of minor damagg to the surface of embankment by flooding should be done by
MAF after each flood as soon as possible.

 (2) Pipeline for Alternative Water
* The third sector that is supervised by MAF should opctate and maintain the pip'eliné' S'ys:ém
for the desalinated \x'étet The O&M cost for this system would be su;ip'oﬁ'e'd by a \atet fee which
is ‘collected from each farm and re!ates directly to the amount of water consumptlon also, the
go-.cmmcn( would bear part of the cost through the payment of subsidics.
Periodically, the deh\ ery pipeling, booster purips, discharge chambcr and other dwlocs are
to be checked an engmeer from the third sector. Once a year during the non- nngmon period, a
thorough overhaul of alt facilities is to be carried out '

) Marl\éting Facilities

The third sector supervised by MAF operates the markctmg fac:lxt} The producc suppl:cd by
lhe fa nns are seleeted, packed, and, if necessary, proccsscd for pre-cooling in the marketing fac:l:r)
WVith the analysis of market information, the third sector decides on items appropriate for marketing
and sends the information to the farms. These operations are supported by the farm group fee and by
MAF subsidics

{4) On-farm Water Sources and Farming Facilities’

With intensive extension services that encourage fanm managers to save water for irrigation, a

whole on-farin facility can be operated by each farm.

5.6. Project Evaluation

5.6.1. Objectives of Project Evaluation

* The objectives of the present project evaluation are to assess the viabilitf for implemcnt-ali'on
af the projcct from a financial point of view. It must be noted that due to the frec—ma'rket'policies
applied by UAE Government, it can be assumed that the price markets reflect the true scarcily of
resources. In other \\ords market distortions can be assunied to be absent for relovant production
and costs items. Consequently, an cconomic evaluation of the project shall not be carried out dug to
the reasons above mentioned. ' '.
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5.6.2, Project Evaluation Method

For the present project, the methodology applied for evaluation consists of identifying and
valuing the project costs and benefits that will arise with the project, under the two Development

* Options mentioned in previous chapters, and to compare them with the situation as it would be

without the project. Once financial pricing, of pricing carried ouf at market prices has been
cstablished for both préject costs and benefits, cash flow consisting of these costs and benefits will
bo preparcd to cover the whole pro;cct fife anid, on the basis of this cash flow, the internal rate of

return (IRR) that sets the discounted nét benefit streaim (discounted benefits minus discounted costs)
: equ_ai 16 zéro. This project is considéred acceptable if the IRR exceeds the opportunity cost of

capital in UAE. For practiéal_purposcs,' the cost is considered to be 5% as this rate is the rate

' cha'rgcd 'by_ commercial banks for their loans.

- After detgrmin_ing the total project cost, a financial analysis will be made taking into
consideration financing sourccs, that is, foreign loans and government budget, and the implications
at the moment of bomractinghthc loan. _ _

 As costs and bencfits of the project at the implementation phase are subject to
increase/decrease duc to fluctuations in yicld, prices and other parameters, due to the change of
project circumstances from the time of project cvaluation for the feasibility study, a sensitivity test
shall be conducted to find out what parameters shall have the strongest cffcet on the projéct for a
given percentage variation (increase in construction and O/M cost, decrease in yicld, and extension

of construction period).

5.6.3. Costs and Beuefits of the Projéct

(1) Costs of the Projéct

" The costs of the project which are subject to project evaluation shall consist of the initial

investment, operation and maintenance cost and replacement costs.
a) Initial Investment Costs

Initiat investment costs of the Project arc composed of the following items:

L

-~ Construction \\orks for recharge dam and trench, and i lmg'mon facilitics,

Constructlon works for Wi atcr source facilities such as wells and pumping sy stems at farm
lc\ el
Constructmn of i :rr:gatlon facilities,

tnstallation of grecnhouse_,
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- General administration cost (Considered to be 2% of construiction works tost), -

- Consulting services, ,

- Physi¢al Contingencies (Considered to bc 10% of summm) of construction “orks cost
- plus administration cost); and

- Price Contingencies (Considered to be 9% of summm) of construction works plus

administeation cost pl_us consulting services).

The project total cos.ts ar¢shown in Taﬁ!es’S.G. 1. and 5.6.2. The &is&i’rsemént schedule of the
Project cost are shown in Tables 5.6.3. and 5.6 4. "

b) Operation and Maintenance Costs

Annuat opcratlon and niaintcnance costs of the iject include the opcrallon and mamtenancc
cosls of irrigation facifitics and ground“aler augmentmg facilities.
In the Option Two Plan, US$ 1270 \\thh is estithated productmn cost over UAE of

desaliriated water \\as applied as the purchasing unit price.
¢) Replacement Costs

Replaceinent costs of the Project include costs of replacement of facilities, structures and

machinery according to their durable life.

{2) Benefits of the Project

‘Increasc of agricult'ur'al production and profits due to improved irrigation and the intr'oduciion
of profitable crops is considered to be the benefits of the project. In thie evaluation, 85% of market
price is considered as farm gate price considering lransportdtion cost and administrative
commission. The arnual net benefits of the project for Option One is estimated to be USS 613
million or Dh. 224 million, and Option Two US$ 125.1 million or Dh. 457 million. A decrease in
agricultural production causcd by loss of irrigation water in quantity a:iﬂ quality without the project
are also considered, namely, balance of the net retum for the whole dev clopmcnt arca bcl\\eeu With
Pro;cct situation and Withowt Project situation.

£.6.4. Financial Evaluation

Tables 5.6.5. and 5.6.6. <how the estimates for the income rusuitmg und;r the Wuhout PrOjcd
scenario. The following a‘:smnptwns have been 1doplcd

© Available water volume for agncullumi purposcs decreases follomng the pattern shovm in thc
simulation model. 1t is supposed that water decrease starts from the year 1997 and continugs to

decrease up witil 2014 in a constant and tinear manner; consequeéntly, cultivated areas decrease and
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_moome levels-also decrcase From the year 2015 it'is assumcd that the water level avm!able for
agricultural purposes will becomie steady and, as a consequence, the income fevels do so too.

The lifc of a recharge dam is considered to be 50 years; consequently, the project is considered
to have 50 years of life following the commencemert of the consulting service.

The project benefit is cxpected within five years following completion'of the recharge dam and

o trench constructions.

The eslimate was done based on US$ currency (cxchange rate US$ 1 = Dh. 3.6).

“Bascd on the conditions mentioned above, the financial internal tate of return was calculated

as below:

Option Internal rate of return

Option Ong 6.50 %
Option Two 0.44 %

From this result, IRR for QOption One is clcared by the evaluation criteria set out above, but
IRR for Option Two s less than 5 %. By companng the two IRRs, it is possible to say that Opuon

One s the most attractive.

5.6.5. Sensitive Analysis

Based on the resulls of the evaluation mentioned above, sensitive analysis was carried out and

the results are summarized below:

Case | Condmon o _ Internal Ratio of Return
1 ijccl Cost 1s cscalated by 10% - 502%
2 Completion of construction works is delayed by 1 years 6.45 %
3 Production declined by 10% _ 506 %

Note: detailed calculation of each casc is shown in Volume Ik Sector Report

5.6.6. Financing Plan

It is assume 2d that from the point of view of financial sources, two- thirds (2f3) of the initial
investment cosls w;ll be financed by a foan and one-third by the government. (The govemmenl also

wilt cover the O/M costs and replacement costs under the i igure of government subsidy).

- Intercst . 3% per annum
- Repayment term: - 20 years (grace pet’iod:' 10 years)
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The maximum amoutit to be repaid shall be US$ 161 miflion of Dh. $88 miltion at year 2005,
which amount is equivalent to 5 times the MAF annual budget (Tabie $.6.5.).

5.6.7. Conclusions

‘The project is attractive hof only for the profitability shown abovc',': buit also for the impact on
the availability of water resoutces and their rationat use. Tt must be mentioned that this fational use
of water comes accompanied by an expected iljicfcaseLin. income levels, which in turn could be a
dynamic factor in the Study Area’s ecoﬁomy, increasing the possibilitics both for employment and
the poténifai'for post-harvest bropeséitlg. _ | ' ' _

As cconomiq conditions improve, the absentee farmowner could be motivated to pay more .
attention to the farm, not only asa week-cnd villa, but also as a potentially economically active and

viable workplace.

5.7. Environmental Assessment and WID

5.7.1, Initial Environmental Examination (IEE)

Social and natural environmental impacts related to implementation of the Praject have been
assessed. The [EE system prepared by JICA is applied to the Study under an agreement between the
Study Team and Dircctor General of Federal Environmental Agénby because no system has yet
been established in UAE, ' _

" Table 5.7.1. suﬁmiariics the poténtial cnvironmental changes; assessment of the influenice of
the éhanges; and environmental items for requiring screening, which are discussed as follows:

(1) Socia! Environment

a) Resettlement
" The Study docs not includes work which necessitates resettiement of inhabitants.
b) Economic Activities

The econoniic activitics in the Study Area will be stimulated with the implementation of the
project because of the increase in agricultural production due to groundwater developrient.

However, the erivironment witl not be affected.
¢) Traffic and Public Facilities

The project does not greatly affect trafiic facilities because the project mainly consists of
_ improveiments to the water supply systeni, '
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@) Splits to Community

There are no communitics at the well drilling site.
¢) Culiural Property

There are cultural treasutes or remains in the arca but they are still under ¢xcavation. The

‘project docs not aftect them because it does not include an increase in farm land.

) Water Rights

There aré no private water rights relating to groundwaer in the Area.

g) Public Health Conditions

The projéct does not in_cludc'any ﬁ._'orks which n’iay cause deterioration in sanitary {:ondi'tions
such as might lead to an_ Increase .in mbbish; huiman waste, or outbreak of mass infections.

Application of agricultural chemicals may increase due to development associatéd with
groundwater de\’élopmcn}tf On the other hand, to protect groundwater quality, and human and
animal health, 2 MAF decree (Decree No. 97, Enacted in 1993) bans the application of the powerful

* toxic pesticides shown in Table 4.10.3.. The importation of such chemicals is also banned.

Other chemicals used in the Study Arca are mainly applied to vegetables, and the amounts ate
very small; only 0.9 % of the farmers in the Study Arca apply pesticides; the average is 0.17 kg!ha
and 0.44 L/ha, and their toxicity is lower than that of the banned chemicals. The abplication
amounts are unlikely to increase because the total arca of farmiland is not expected to be expanded
in the future. . |

_ Applicalién of the chémicalé in the Study Area, conscquently, would have little effect on
groundwater and hurnan health. 7 ﬁ

Based on the chemical aflalysis of groundwater collected during the test dri“iilg of the Study,
conitents of luoride, at § to 14 mg/lit., and chromium, at 0.8 to 1.7 mg/lit. are high in the southem
part of the Study Area (PW-2, -3, and -5). According to WHO criteria, however, the upper timits of
these elements are set at 1:7 for fluoride and 0.05 mg/lit for chromium. Consequently, it is necessary

to seek out other drinking water resources in the area as soon as possible to avoid risk to health.

“h) Waste

Residual materials witl not be produced.

(i} Hazard

' There is no risk of hazard because the project docs ot include any big construction works,
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(2) Natural Environment

a) Topography and Geology

Though the project docs not include land reclamation, it will not induce any toﬁogrhbhig
“change. | | ' '

'b) Soil and Land ' | |

According 1o data collected by MAF in 1993, 40% of farmers in the Study’ Arca apply
traditional irrigation methods and 60% apply modcmlzod mclhods ‘There is, however, a small
amount of salt damage in the area.

The SAR value of grounch\ ater is comp’trau\ cly Iow and symptonis of salt damage are hardly
ever observed in the Stud) Arca. This issue is very importani, however, for agriculture in arid
regions. ' ' |

Generally, satinization of soil is affected by the water quality and by |rngatlon mcthods To
avoid salt accimulation in so:l the fo!lomng counterncasuies are proposed in the Stud)

- Tntroduction of a water-saving cropping pattem,

- Water-saving irrigation to mect crop water requircments,

- Water-saving water distribution system and irrigation methods to reduce water loss during
conveyatice.

- Improvement of drainage facilities for Ioaching of salts.

Consequently, by applying the above mentioned countermeasures, salt damage could be
" minimized. Monitoring of salt aceunulation in the soil, however, would remain a necessity for any

sustainable agricultural development.
¢} Groundwater

© Groundwater - rosources consumed in the area are divided into two types: fossil and

rechargeable water. Tt is estimated that rechargeable water represents about 30% of total irrigation

water used in the Study Area. Water-saving and increasing the amount of rechargeable groundwater
are given a high prioﬁty in the Study'. o
From the point of view of water-savirig the following policies are recémriendéd:

- Establishment of water-sav mg cultivation S)slcms mcludmg crop selection and lmganon'
* methods.
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- Establishment of a sustainable water amount based on cvaluation of groundwater
' consitmption, development potential and recharge rate. '

- Other water resources for irrigation may be proposed.

. To increase groundwater recharge for continiious use of ‘water resources the following

countermeasures are also proposed:

- Regharge dam
<" Recharge trenches

Thiough these countermeasures a successful, sustainable use of the resources may be
achieved. However, monitoring of the groundwater level will be necessary to guarantee the effect of
the measiires with regard to the sustainability of water resources, and apply the data for further

developnent. _
d) l’lydroiogital Situation

There are no r_i\'crs. or lakes into which to discharge drainage water.
¢) Flora aﬁd Fauna

' Tﬁe-projcct docs not contemplate any new fanm fand expansion. Consequently, the
implementation of the recommendations of the Study will not affect to the indigenous species of
flora and fauna shown in Tables 4.10.1. and 4.10.2. '

f) Me:eorolégy
There are no large construction \\'6rk=s \;'hich m:a)' have mcteorological effects.
£) Landscape |
Topdgraphic changes are not expected to take place because the project does not include land
rectamation or large construction works.

(3) Pollution

a) Air Pollution -
There are no ait poltution solirces.
b) Water Pollution

“There are no water pollution sources.

537



¢} Soil Contamination
There are no soil contamination sources.
d) Noise and Vibration

Nonsc and vibration \\111 oceur during drilling actmllcs However, they will not affect human

activities because dnlimg areas are \ery far from the to\m
e) Land Subs:dence

Land subsidence is not expected to occur afier drawing groundwater becduse the land

foundation consists of limestone and sands_tohc which docs not have a soft nature like that of clay.
) Offensive Odors

“There aré no sources of offensive odors,

(4) Result of the Tnitial Examination

Social and natural environmental impacts related to the implementation of the projéct have
been assessed. 7 _ _ _
Table 5.7.1. summarizes the estimation of the cnvironmental éhangcs and assesses the
influence of those changes. Since very few people tive in the Study Arca and the project does not
include any new land reclamation, implementation of the projeci will have hittlé impact on local
dwellers as far as resettlement is concerned.
It is clear that groundwater resources in the Study Arca become very timited and valuable.
Watcr'rcsourccs are crucial for irrigation to sustain agriculture, as well as to provide drinking \i"iter
for the :rmabatants For sustainable use of the resources, the appropriate amount for consumptlon
should be cvaluatcd In this context, the groitndwater should be momtorpd continuously.

- According to the farm inv cntory survey, othenwvise, groundwater quality varies depending on
depth and area. Consequently, in some cascs salinization would be a problem aff‘cctiﬁg soil
characteristics. Once the soil deteriorates, it becomes unsuitable for cultivation and its
rehabilitation is very difficult. Based on the field survey and resuits of “"atcfr analysis, it seams that
deteriofation ma) occur in the Study Arca. It is recomniended that groundwater quality and soil

monitoring are to be continuously carried out.

From the IEE, EIA is uecessary, as the next stage of stud), in pamcular on the subject of

ground\\ater tevel, groundwater quality and soil.
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57,2 Women's R;jle in the Developmeént

In recént years, the government has pursued a'pblicy of promoting the role of women in socicty.
Taking this fact into consideration, the project should involve women; they are expected to play the
following roles: - '

(5 Managément of M arkel.in'g Information

Accorfding:to' lﬁc'su‘nfcy, one of the prdblen‘)s of agriculture in the arca is that marketing

information does not reach the farmers. This situation creates disadvantages front the point of view

of farm iiconic. Consequently, the Study recommends the establishment of a market inforntation

systein. The business of infoniation management, and the transmission of information suit the
abilitics of women: It is recommended that wwomen’s abititics should be adequately applied to these

activities.

© (2) Cainpaign for Water Conservation Education

‘Women can also participate in the sense that they can teach the importance of groundwater
conservation resources to their childeen as, by Iréidilion, they are responsible for education. In this
context, itis rccoln_mc'nded that the proj ect should involve women in the promotion of the concept of
the sﬂélainabilily of water resources in the desert.

© 5.39



Table 5.3.1, ~Net Income per Unit Water Consumpllon oi' Vegetables (1/2)

Suum “Yich Unit T Gross | Production] - Nt Watcr Nel ln_conk Gmwsng Period

price | Income | Cost - | Incomé | Consumption] per W.C. { . in Main Ficld | : %
ha) - | (D) Days| .~ Period
2 %OON;,;W - 1319 11131 150ct-3Feb
1123 lﬁfjan 157Aps
100.5
§04”
76.2
‘133

(DWke) | thivha) | (Divhay | (DWha)|
IR I3[ 398.690] . 72,330] 3¢ -
§ IROO 330714 ‘_,__“__‘22722

~ 3o wm
1RO MDec
90 Tifec
| t4/Nov-2iApe
‘ "“ 18/Sep-1/Dec

G 16/Sep-24/iNoy
SPeb-270uly

Sweet Pepper] (F) |
Cucumbcr LE)
.Squash F
“Cagtifiower F

19/5¢cp-29Nov
in-28/M

' §um?;pp.r

"”59/0;1-25{[’5&%""
TURA ] TRAL 2970 19an
208 I Vadan:1 Wdune
214 LO6] 27Mar-11uly
intSep Mlube

94| 307,4s) "~
| 132,600

Sweet Pep) _

| 102638

23471 163,287
48,600]

70,601|
$3618

70! T47.834] " 87.285] 60.865] sy y
9770 ) ar-31/May

58,500 Yov-21/Mar

... Tomato

T letoce TS
Dwarf Bean | (E}
Foppa L[ E |
sq . .s STl SRRt
“Cucamber 17787 2

60 1/8ep-30/Oxct)

57 2‘\8




Table 5.3. ! Net lncome per Unit ther (,onsumptwn of Vegetables (272)

Source]  Yield Unit | Gross |Production]  Nel Watgr Nulncome  Growing Peried
Ciops ol o Price | lacome |  Cost | fncome | Consumption) per W.C..| . -in Main Field
Dati {{ ton/h: ) | (Divha)l - (m'/ha)- (DM’ - [Days “Period

arlidn

'2‘724' 2400, 1007 |” &8 3Sep:2¥Dec
3406 fo-

_Yomato 1 E P, 012 . )07} 97659 . T,809) - 1400 1 109, s O 10/May

DwarfBean } |

2| 1610 19/1an
» l!Mar— i 2/June i

Wian-19/Apr

S| TRl

: j: ASep- 91Feb"‘fj
9“{'0\' 26/Feb
01 SMNov |

[v]

Cocumber

Notes
1 Unil price was adnplu! ihe average unk price in Dubal wholesale markes during the hirvesting moaths of each vegetables in !‘?91
"2} Produciion cost wis ostinated a5 the total of opvn B cpststatalistic Jata) and groen house raterial cost :
3} Unit prive and production cost ur rinisk mefon were adopted tose ol sweet nclon
$3E: fann hovschold inventory Quru) "AF. Al Ain barm data, §: s atistic data of MAE. E: vaperinwdtal data of UNDP;’FAO in UAE
(): greenhouse cultis .slmn ’
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“Table 5.3.2. Net Income per ‘Uni't’_water Consumption
of Tree Crops and Ficld Crops

Data | Yield _Unit. Gross Production]  Net Sl Water - Net Tncorme
- Crops | Sources | Price |income | Cost | income [Consumption| per W.C.
: . {(tovha )| (Dh./kg)| (Dh./ha)| (Dh./ha) {(Dh./ha)]  (m'/ha) - | (Dhs/m’)

...».lF"““ Tml
]mproved _ : o C " e .
smegranate 9 500

10,200 -
102000
‘ ”3,749 16000

4865 0.7
202 31,727
L4000 24.925] | 21470] 3,455

Date Palm
Grapc frun .

. Guava Neareead] ‘---.nnnn...uru- .
Mango AL 163

o Orange o
gy Banma . R T PPy R T T TY T »n.-;.-u.-.-...n..l.w BT T T T A A T] T

{Ficld Crops]
. Aafa | S
“Green fodder

_Greenfodder |' #/S | 77.0) 110

Alfalfa

Melhap!eon o S | . e - : . :
_ (Missiblo) } F 154,03 0.48] 74,072 42,964] 31,108 15,0001 2.4

"Rhodes Grass 1 F ] 100.92] " 0.42) T42,846] AR, 170 0,678 18,0000 0T

"Fobacco S Rl TI80] 15,661 IS T3A] AT 000 0T
Notes: 1} Unit price was adopted the average unit price in Duh:n “hnlesalc ntarkel dunng
the harvésting months of each fruits in 1993 - :
21 Unit prices of ficld crops except Alfalfa are app]icd the data nf farm household survey.
- 3} Unit price of Alfalfa of the statical data of MAF in 1993 is applicd,
41 F: farm houschold inventory survey, Sostatigtic data of MAE

........ §0.9) 400 127208
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KGR Ml
MK el

T WatEr KIel

Sobiotal

33,598

Pt

) D Direct soning .
3) Figuses in type of culiivation show nursery perod.

5.44

R T 7391 59
o (rietd Urops| . S ; o

Allalfa ER I i1 I I E9 (4 BN 111G 1)) [ % 1.5 iy 1.4
__ Tolar . .. T TEELY i ST 565 135,30 1O FTS [ [LLRES
e 15 )+ Green house eulicvation -

Table 5.3.4. Present and Option-1 Plan Agriculture in the Study Area
Cuwaton Ates Production h’é! ln__co:me . broﬁslmgaiiﬁn Krmount
Crop - {ha}, . (ton} {1,000 Dh) . L (000 m’)
Present Plan BIA Fresent Plan B/A Present Plan™ B7A 1 TPresent Plan A
(A) (B) (%) {A) B} (%) (A) - (B) (") {A) |- (B) (%)
cgevte] ass] uiis|  wswl oseoel erseol | desw| vaaonl iséedsi sed . 2007 s20 - s00%
witteee]  as2s]  amf Coaswl asen|  sas|  dew| aeou] casu| o] rage] 2003
iderop| 1600 564 3sw| 136561 s1208]  3we| 168,554y 61148 in]  3sess| waer| o awf
Total ass] 2548 sev| 191802 124208 eswl 2isser| 2m2693)  12sn]  spsiels 21500] 0 41w
“Table 5.3.5. Average Farm in the Study Area under Option-1
(V3T P N €T 7 O e S 3 1 753
Crop Cultiva- |Cultivated|  Vield- lncome | Consump-1 Irkigation
. tion (m) | (enha)}  (ke) (Ph) | tioa(m® | Water (m”)
Tvegelables]™ .
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Tablé 5.3.7. Present and Option-2 Plan

Agricultute in the Study Arca

Gross frrigation Amount

(tonha )

iion(m’)

Water {m’)

B‘c{r_l

J¥Yegelables] . | -

Subtotal

- 227913

JFrult Trees] . . : B .
[T DAl Teees T T 9,615 VO T VRS ERT T 38 6T
1kield Crops]” o ) .
R SR R i B ) T Y T e 01 1 e 2‘45? 18718
Tolal 2507 21931 2304501F - 25,545 21450
NOle: 1) ()1 Green house cultivation o :

2) D Direct soning

* 3) Figuresintype of cultivation show pursery pariod.

'5.46

Cﬁllnve!llon Area Production ‘ e Income
Crop (ha) (ton) - (1,000 Dk} B Y (X T
Present Plan BIA Present Plan B/A Present | - Plan G/A Present PIan “B7A
(A) (8) {%%) (A) (B) (%) (A) ] (B) (%4} (A) (8) (25)
vegentes | 1158 viss) n00%| ason) asgisl | vagwl 22097 1287a] sesw| 2081 4192|203
FroitTrees | vaas|  vsas] room| 20681) 3sood wiswl 2asu| ren186 - enin| 1age1] 1am| e
FiddCrops| 601 - n60t] 100%| i3656] 1asdrsl  vozeal vessss| 173708 o3| 3sess| sram| iosw
Total asssl  asss] 100%| 191,842} 226405 sl 2iseez| 4s70e8| 207%] szaie] ss402| 10s%
Table 5.3.8. Average Farm in the Study Area uitder Option-2
£ TR ) B YR I ETEY R I T e T
- Crop Culiiva- [Cultivate | Yield Income [Consump | Irrigation

)



Table 5.5.1 Dimensio

Option-1: Total Project Cost US §375,500,000

n of Facility

Volume of Embank-.

: _ Crest Lenght™ |- Crest Height™ Storage Capacity
1_Recharge Dam (m) (m) ment () | (MCM/a)
-1 Siji 25.5 205 493,682 247
-2~ Khadrah 20.5 16.5 719,949 328
1-3 °_Shokah 25.5 21.5 778,831 2.46
2 Recharge Trench - Width (m) Depth (m) Extcnsion (m)

2-1  Siji ' 1.5 6.0 - 1,000
2.2 Khadrah LS 6.0 - 1,000
2-3  Shokah 15| - 6.0} - 1,000
3 Groundwatér Monitoring  |Material & Machinery for Observation
' - System '
4 Faim Facility Uriit Description’
4.1 Walcr Source facility 2,018 1o, Well, Pipe and Tank .
49 Water Distcibution - : ‘
~ facility 2,548 ‘ha Booster Pump, Pipe
4-3 . Tirigation facility © 2,548 ha Bubbler, Sprinkler
4-4 - Green Hotise 12,108 st :
Option-2: Total Project Cost US $ 935,300,000 .
Crest Lenght™| Crest Height'? | Volume of Embank-{ Storage Capacity
I Recharge Dam (m) {m) ment™ (m?) - {MCM/a}
1-1 St 25,5 20.5 493.682 2.47
1-2  Khadrah 20.5 16.5 719,949]. 3.28
13 Shokah 25.5 27.5 - 778,831 2.46
2 Recharge Trench Width (m) | - Depth (m)_ Extension (m)
21 Siji - 1.5 60 1,000
2-2 Khadrah 1.5 6.0 1,000
2-3  Shokah ~ 15 6.0 1,000
3 Groundwater Monitoring  |Material & Machinery for Observation
System
4 Farm Facility Arca {ha) " Descriplion
4.1 Waler Source facility - 4,584|Well, Pipc and Tank
4;2 _Wa-l'c_r Distribulion o
: facility _ - 4,584 Booster Pump, Pipe
4.3 lrrigation facility 4,584|Bubbler, Sprinkler
4:4 - Green House 4,584

$' Desalinate Pipeline

5.1
52 Pump House
53

“Pump and Operation System

O

i :Vo!uliie for main and saddle dam

Pipeline, Discharge chamber

'Crésf Length and Crést Height for main dam '
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’I‘able 5 6 1. Summary of Pro_|ecl Cosl of Opuon l

W P IRUSRTIUE I A Unlt Cosl Cosl 1
| Works Na_mg : Qua_nu_l:y Unit Ws$X10) | (US$XI 03)
Recharge Siji Ii set | 19,486.79 19,486.79] .
Dam & Kadrah Ii set i 9,636.12 -9,636.12
Trench Shokah | llset] 11.295.861  11:295.86)
" Subtotal L - 140418, 76
. | Well & Submarsible Pump|  2,018! no. 331 145,716.64
Trrigation - [Water Distribution Facilitied 2,548 ha 2.22 5,668.70|
& Fanning. Irrigation Facilities 2,548 ha i | 1.15 2,937.84|
Faciliies | Greoohouses ' | 12,108, seti 139 1681801
Subtotal N 171,141 50|
Groundwater Monitoring System I L.S. - 8,435.00
Vegetable Center I LS. _ 1,000.00
Subtotal : 220,994.96
Administration Expenses LS. 5,524.87 '
“Consulling Services 7 22,099.50 &
-~ Invesinient Cost Total - 248,619.33
Physical Corsitingencies L.S. - 22,651.98
Price Escalation (9%) . L.S. 113,811.86
Total Cost for Option-1 - 385,083.18
Table 5.6.2. Summary of Project Cost of Option-2
: . ..i Unit Cost Cost
Works Name Quantity{ Unit (USSX109 | (USSX10Y
Recharge Siji i set i+ 19486791 . 19,486.79
Dam & Kadrah Aiset i 963612 9,636.12
Trench Shokah L Lo diset: 1129586 11,295.86
: “Subtotal ; : ' 40,418.76 )
| Wells, Pumps, Tanks, etc. | . 2,018 no. 72970 147,348.33 &
Irrigation  [Water Distribution Facilities 4,584 ha 1.58 - 7,250.67
& Farming trrigation Facilities 4,854 ha 1.16 -5,686.08
Facilities ..Greenhouses | 8072 set: . 139 .. 11,2120
Subtotal , 171,327.08
Desalinized § Pump & Conteol Facilities 1 set |- 4,975.00]  93,046.68
“Waler Pumping Houses 1 set 4,975.00 -4,975.00
CSupply | Pipelines Tanksete, | 1iLS.| 16857970 14685777
| Subtotal B : 244,879.44
Groundwater Monitoring Systein ~IiLS. - 8,435.00
~ Vegelable Center 1:L.S. . 1,560.00
Subtotal 466,560.29
Administration Expenses 1 11,664.01
Consulling Services " 46,656.03
lavestment Cost Total 524,880.32
Physical Contingencies - - LS. ¢ 4782243
Price Escalation L LS. 362,608.76
Total Cost for Option-2 ' -935,314.51]
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Table 5.6.5. Project Cosis, Benefits and Infernal Rate of Return - Option-1

{Unit ; US$ X10)
R Costs S P LT i
Year Replacement = O&M Total wfo Projecti WiProject | Incremental] Balance
0] 1996 0 . 0 0 42014 42,014 0 0
S HO1997 3315 0 1,275 4,590 39,625 39,625 0 Af3.5'90r
<21 1998 32,255 ] 1,218 - 33,530 3236 37,236 0 -33,530
31 1999 - 57,920 0 1538 59455 348477 34,847 -0 -59.455
-4; 2600| 66,514 0 “2,165) . 68676 . 324571 32457 0 68,676
5} 2001 46,922 - ©05 2,818 49140 30,068 30,068 a —49.?40'
6} 2002 25,667 -0 327160 28944 27,679 27,679 0] 0 -28944
"N 2003 10,161 734 3546; 14441 25289 25,289 0] - -14441
81 2004] 5,868 1,469 3,685 11,023 22900 22,900 S0 7 -1L023
9; 2005 0 734; 3,761i 449581 20511 30,580;: 10,069 : 5,574
10: 2006 "0 -0 3,761 3,761 18,12% 38,260 20,1391 16,378
11 2007 - 0 0 3,761 3761 15,7320 45940 30,208 126,448
125 2008 0 14,529 37618 - 18,289 15,732 53,620 37,888 19,599
13] 2009 : 0 29,058 3,761 32818 15,732 61,301 45,368 12,750]
14:-2010 "0 32512 3,761 36,273 15232 - 61,301 45,568 . 9,296
15§ 2011 0 17,983: . 3,761 © 21,144 18,7321 61,301 45,568 23,825
16} 2012 0 5.606 3,761 -9,367) 15,732 61,301 45,568 36,202] .
171 2013 0 734 3,761 4495 - 157320 61,301 . 45,568 - 41,073
18! 2014 0 1,469 3,761 5,229 15,7232t 61,301 45,568 40,339]
191 2015 0; - - 734 3,761 4,495 - 15182 61,301 45,568 - 44,073
20; 2016 0 0 3,761 3,761 15,732 D 61,3010 45,568 41,808
21 2017 0 0 3,761 3,761 15732 ©6h,301 45,568 41,808
22: 2018 0 26,438 3,761 © 30,198 15,732 61,301 45,568 15,370] .
23i 2019 0 52,875 3,761 56,636 15,232 S 61,300 - 45,568]  © -11,068
24; 2020|. 0 56,906 3,761 60,666 15,732 61,301 - 45,368] - .-15,098
251 2021 0 30,753 3,761 34,513 15,732 61,301 45,568 11,055
26] 2022 0 6,800 3,761 10,561 15,732 61,301 45,568 35,008
27; 2023 0 - 1353 3,761 5,113 15,732 61,301 45,368 - 40,455
28: 2024 0 - 1,803 3,761 5,563 15,732 61,301 " 45,568 - 40,005
29; 2025| 0 AL 3,761 - 4,495 15,732 61,301 - 45,568 41,073
30, 2026 0 0 NI 3,761 15,132 61,301 45,568 41,808
31i 2027 0 0 3,761 -3,761 15,732 61,301 45,568 41,808
321 2028 0 14,529 3,761 18,289 15,732 61,301 45,5681 272,279
331 2029 il 29,058 3,761 32818 15,732 61,301 45,5681 - 12,750
341 2030 o 32,512 3,761 36,273 15,232 161,301 45,568 © 9,296
35 2031 ¢ 17,983 © 3,761 21,744 15,132 61,301 45,568 23,825
36; 2032 0 5,606 3761 9,367 15,732 61,301 45,568 36,202
37} 2033 0 134 3,761 4,495 15,732 61,301 45,568 41,013
38; 2034 0 1,469 3,761 5,229 15,732 61,301 45,5681 40,339
397 2035 0 134 3,751 4495 15,732 61,301 45,568 41,073
40; 2036 0 g 3,761 3,761 15,732 61,301 45,568 41,808
413 2037 0 : 0 3,761 3761 15,732 61,301 45,568 41,808
42 2038| 0 26,438 3751 30,193 15,732 61,301 45,568 15,370
431 2039 0 52,875 3,761 56,636 15,732 61,301 45,5608 - -11,068
441 2040 0 36,906 3,161 60,666 157320 61,301 45,568] - -15,098
45: 2041 0 30,753 3,761 34,513 15,732 61,301 45,5681 11,055
4612042 0 6,800: - 3,761 10,561 15,732 61,30! 45,568 35,008
47; 2043 0 1,353 3,761 5113 15732 61,301 45,568 40,455
481 2044 0 1,803 3,761 5,563 15,732 61,301 . 45,568 40,005
49: 2048 0 734 3761 4,495 15,732 61,301 45,568 41,073
| 50; 2046 ] 0: . 39l 3,16t 15,132 61,301 - 45,568] . 413808
Total 248,619 563,513 177,511 989.649] 1 960,032: - 2,789,938 1,829,506 840,257
IRR= . 6.51% .
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Table 5.6.6. Project Cosls, Bchefit$ and Internal Rate of Return - Option-2

(Unit : US$ X10Y

Costs

- : - . Benefit .

Year | investment Replacemént ~ O&M Total | wio Project ] WiProject | Incremenial] Balance
0 1996 0 0 7] 0 42,014 42,014} 0 0
1 1997 4,666 0 [,275 5941 39,625 39,625 0 5941
21998 29,778 0 1,275 AL05Y  37,236 32,236 0 31,053
31999 - 54,890 i 1320 56,210 14,847 4,847 0 56,2104
4 2000 - 56,721 0 1410 SK,i3 . 32,457) ¢ ¢ 32,457 f -58,131
5 2001| : 62,049 ) 1,727 - 63,7761 - 30,068 40,068 ] -63,776)
6 2002 131792 L 2,294 134,085 ;27679 : 27679 ol “134.085
7 2003| 129,063 936 30050 133,104] 0 252890 25,289 S0l -133,104
& 2004 4R823 1872 3821 S4516] 22900, - 22900 0 54,516
9 2005 7,098 (812 4,197 - inter| 20511 20511 ] -13,167
10 2006 0 936 65,0421 - 65978 18,121 41,424 23,303 -42,675
112007 0 0 65,042 650421 15,732 62,338 46,606 -18.427
12 2008 -0 16,104 650428 81,146 15,7328 83,251 67,519 13,627
132009 0 32207 65,042; 972501 15732 104,165 88,433 -8,817
14 2010 0 32207 65042: 912501 15,732 125,078 109,346 C12097
15 2011 0 21,093 65,042 86,135 - 15,732 125,078 109346 23211
16 2012 0l - 28084 65,0421 93.126] - 15,732 125,078 109,346 16,220
17 2013 (0 . 38,155 65,042 13,197 115,732 125,078 109,246 6,149
18 2014 0; 39,091 65,042 14,133 15,732 125,078 109,346 5213
19 2015 0 1372 65,042 66,914 15,732 125,078 109,346 42,432
20 2016 0 915 65,042 65,978 15,732 125,078 109,346 43,368
21 2017 0 i) 65,042 65,042 15,732 125,078 109,346 44,304
22 2018 S0 25,035 65,0421 90,78 15,732 125,078 109,346 19,269
23 2019 0 50,071 65,042 145,013 15,732 125,078 109,346 -5,767
24 2020 ) 50,359 65,042 115,461 15,732 125,078 109,346 -6,055
25 2021 0 39,675 65,042 104,737 15,732 125,078 109,346 4,629
26 2022 0 38,043 65,042 103,085 15,732 125,078 109,346 6,261
27 2023 0 39,061 L65,042 104,103 15,732 125078 109,346 5,243
28 2024 0 39,567 65.042 104,609 '15,732 125078 109,346 4,737
29 2005 0 2491 65,042 67.533 15,732 125078 109,346 41,813
30 2026 ] 1,841 65,042 66,583 15,7321 @ 125078 109,346 42,463
31 2027 4] 905 65,042 65,947 15,7320 ¢ 125078 109,346 43,39¢
32 2028 0 17,008 65,042 ‘82,050 15,7321 125078 109,346 27,296
13- 2029 0 33,112 65,042 98,154 15,732 1250780 109,345 11,192
34 2030 0 33,112 65, (M2 98,154 15,732 125078: 109,346 11,192
i5 - 2031 {1 21,093 65,042 - 86,135 15,732 125078 109,346 23.211
36" 2032 ) 28,084 65,142 93,126 15,732 125078 109,346 16,220/
37 2033 R 38,155 65042 103,197 15,732 125078 109,346 6,149
38 2034 ) 39,081 55,042 104,133 15,732 125078 109,346 5213
39 2035 0 1872 65,042 66,914 15,732 125078 109,346 42,432
40 2036 ) 036 65,1M2 65,978 15,732 125,078] 109,346 43,368
41 2037 o 0 65,042 65012 15,732 125078 109,346 44,304
42 2038 0 9,097 65,0421 74,139 15,732 1250781 109346 35.207
43 2039 0 50,071 65.042 115,113 15.132 125078 109,346 -5,767
4472040 0 30,359 650420 115401 15,732 1250781 109346 -6,055
45 2041 0 39,675 650428 HMMNT 15,732 125078 109346) 4629
46 2042 0 AR,0430 - 650421 - 103085 15732 1250781 109,346 6,261
47 2043 0 39,061 65,042 104,103 15,732 125078 109,346 5243
48 2044 0 39,567 65,042 104,609 15,732 125078 109,346 14,137
49 2045 0 2039 65,042 67,081 15,732 1250738 109.346] - 42265
50 (2046 L 03§ 65,042 65,978 15,732 125078] 109,346 43,368

Total '524.880] 983719 - 2.687,156] 4,195,755 960,0321  5231,702F 4271669 75,914
IRR = 044% ' ' S
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Table 5.6.7. Cash Outflow and Inflow - Option-

(Unit L USS X107

: e S s CashOwilow - - e Y Cash IaOow | Torad § Accumolated
C Year * |lovestinl; Replacementy "O&M- | Loaa Inuest Re:\:;jin!;enl - Toal. :Fi:;';s'? Gog::jn!::n! G%:E-;én;m " Tota |Balance]  hLoan
11997 3,315 ) ) 0; 1,275 L) - 4656 2.200, - Li0s 1,341 4656 O i ?,Zlm
241993 A58 Ol' L2715 m C 34242° 25,5031 - 10,982 19860 . 34242 L] 23,13,
351999 32,990, o 1,5 1,870 61,325] 23,614 19,307 3404 61,3251 © e23n
412000 - 66511 Q: 1 2165 3,200 - T.876| 44340 22,170 © 5368 8w O 106,067
sta001| 48972 o 2808 4,138 sag7s| sy 156l 63511 313m| @ 137,949
eizom| 25667 S0 2160 482 ases| izl Rsss 708t 3ses| o 155,060
72003 10,161 T3] 336 - 43855 S92 67714 4,121 , BAQ1} . 19296 O C16t.83
8 {2004 5,868 T1,469; 3635 49712 15995] © 39i2t - 3425 B6S8E 15995 -0 165,746
9 {2005 0. T3 A6l 4572 3,467 pAEI A 8,733 Q467 O 165,746,
1G] 2006 o 0; . 1361 4972 $.733 -0 . 8113 87331 0 C165,7468 Xag
] 2007 0! o 336 aral sy 16In o0 sl et o 157459
12 2008 0; 14,529, - 3,761 4475 8,287 31,0582 4529, - 11652} 1052 0 149,172
13| 2009 o S 19,0581 \i6) .27 £.287 45,332 19,658 16,214 453 0 140,884
14| z0i0 o sl e 3978)  B287(  4BsM wsi2l . 1e0s!  agsu| o 132,597
15| 2011 Or . 17,983 1761 1129 - B28T - 33760 175383 - 1511 30| O |24.3]0F'
16 2012 0 5,606, 3,761 3481 R28Y - 21035 5,606 15,529 L1385 O 116,022
17| 2013 18 34 3561 32132 8287 16014] - M 15,2807 . 16014 O 102.735).
13| 2014 o Laed 1361 7983 BB - (6,500 1as9, 15001 165000 © 99,448
19] 2015 0. 48 3761 0 2,135 8,287 15,517 : 4 14,783 - 15512 0 91,160
20| 2016 o o 376l 2436, BRI, tdsM o 14534) - 14534 0 82873
1201 th 0, -37361 2138 B.2R7 14,285 0, . 14285 §4285 © 74,585
2212018 0, 26,438 3,761 1.98¢ : 8,287 400475 © 64N ©14,037; - 40475 0O 66,298
2332019 . 0’ 528751 1761 1,140 R,87 6,664 : 52875 13,788 66,664 0 - 58,011
24} 2020 L 0; 56906, 3,761 14921 8282 10,445 56,900 13,540 0,445 0 49,724].
23 200 0, 30,783 3761 1,243 RIET 44,044 30,753 13,291 44044 0 41,437
26: 2022 0, . 6800, 1761 994 BI8T7 19,843 6,800 13,042 19843 0O 33,149
271 2023 Oi 1,353} A6l 146} . B287 t4,14] 1,353 12,144 t4.1471 0 24,862
8] 2004 0; 1,803 3,761 491 BIRT 14,348 §,803 12,5458 14,348 0 16,575
291 2025 L 734 2761 249« 8287 13031 ™M 12,296 §3.031 0 8287
3] 208 1 0 1761 0 B287 12,048 0 CRa48F 12048 O 0
31 2027 0, LU ) . ) 3761 0 361 361 0 [
32] 2028 ] o, 14,529 3761 18,289 C 14,50 3,761 8289 0 0)
i3] 2029 ' (}é 29,0581 2761 ) 22818 19,058 3,761 2818 O 0
4] 2030} O 3512 3761 ’ 36,273 s 3061 36,213 0 0
151 2031 0; 17,983 3,761 . 21,744 C 1798 3,761 20,744 O 0
35} 2032 0, o 50606 306 ) ) C 9,367 56067 .. 3,781 2367 0O 0|
B0l o Tl 3ge 4495 ! e aees| o 0 _
8] 2034] 0 1,469, 3,761 5,229 §,469 X 819 0 0
39} #H35 0, T34 - 3.76) & 435 9 3,761 4495 0 0|
40 2036 0, Ol 3,761 3,701 0 3,761 376t 0 4
41| 2037 0 0. 761 3,761 ) 0 3,761 LA 0 0)
42| 038 0, 26,4388 A6l 30,198 26,438 3,761 30,198 0 0
43| 2009 0. 52875 3.761 56,636 51875 3961 66 O 0
44| 2040 Q. 56,906; 3,701 60,666 £6,500 3,761 056 0 1)
451 2041 0. 30,753; 1,761 33,513 30,153 3,961 3,513 0 0
451 241 0, 6,800, 1161 10,561 6,800 33611 1050t 0 0
47| 2043 0 1,383 3,761 5113 1,353 3,761 s.13 0 0
48| 2044 o 1803 3,71 5,36 1.803 381 ssey| 0 0
43] 2145 ; 0 - 1345 4761 . 4,495 ) 14 - 3961 4495 0 0
501 2046 ) 0 3,21 . : keS| I L0 336 1% O : 0
Total 243619, 5635131177517 £1,648 165, 746: 1,237,043] 165,746 646,186 424 9111 1,237,043 -0 2,721,5%8]
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. CHAPTERSIX: = CONCLUSION AND RECOMMENDATION

6. l Conclusion

- The Study Atea covérs some 850 sq.km around Al Dhaid.

At present, 2 018 farms with some 4,584 ha of total cropping aied ar¢'in ihe Arca cultivating
végetables, fruit trécs and ficld crops.

" The existing agncultun, in the Area is sunmlanz;,d to be subsistence, low cconomic, high
W atcr-conmmptnc type in an extensive production of friits and fodder crops.

The most (90 % or more) of farms in the Area are possessed by absentée owners and

“extensively ‘and conscnamely managnd by employed foreign \-.orkers The farm owners are’

ustally reside in urban cities and engaged in another business for major means of their livelihood.
']116) use their farm as weekend villa, and instruct their farm-rianager to produce crops only for’
their own consumption, fiot for the market.

The existing water use in the Area depends upon solely the groundwater, There are some

8,000 tubewells for ircigation. The depth of tubewells ranges from 9 m to 609 m, 130 m on an
average. ' :
The cxisting grouﬁdwatcr use reaches some 54 million cubic meters a year (MCM!a)
inclusive of some 2.0 MCM/a of domestic water supply. While, a simulation made through a
mathentatical mode! constructed under the present study shows that the sustainable potential yield
of groundwater is hmlted at 20 MCM/a.

The existing triple-fold over-draft of gmund\\ater resources in the Area has lakcn placc '
gradually sirice 1970s, and results \anous obstructions in groundwater such as the dra\\do\m of |
groundwater head to 40 m, thé deterioration of water quality and so forth, |

The siimulation shows that, if the groundwater draft is left at the existing lov el thc |
groundwater head will drawdown to 100 m below the ground after 20 years {2015) and dry up
after 45 years (2045). This means that, in case that the groundwater draft in the existing level is
continued, the agriculture in the existing size in the Area could not be maintained after 2015 unkss -
otherwise an alternative water resource is introduced into the Area. ‘ | |

Under the circumstance, the master plan was formutated under two policy options as bélo‘w:‘

Oplion One: A master plan in an agriculture size (2,548 ha) to meet the sustainable

' ' gmund_\\'a_tq potential (22 MCMla) inclusive of the potential groundwater
augment (2 MCM/a),

Option Two: A master plan in the existing agriculture size (4,584ha) introducing an

' - alternative water resource (soms 34 MC_MIa'_of the desalinated water).



. The agriculture development plan in both eptions was to aim o be sustainable, water-saving,
high-income and market-oriented types. The project evalualion was-made in view from socio-
economy and environment. The target year of the Prolect was sel forth at 2015 cons:dermg from

the shift of agnculture size or water l‘bSOUlC€

‘Master Plan in Option One:

Total cropping area is plarined fo be 2,548 ha, 56% of the u:;sung area. The breakdownis of -

area by crop are to be 1,713 Ha (6'}'% of totat area) of vcgctablcs 272 ha (1 l%) of Dates and 564
ha (22%) of Alfalfa; The croppmg intensity of vegetable is 140 % in total. :

The total annual productions by crop aic planned at 67,800 tons of vegetables (265% to the
existing production), 5,229 tons of Dates (18%) and 51,209 tons of Alfalfa (37%).

Although the total annual production of cTops comes 1o 65% of ths exiﬁ!i_ng_amount at
124,200 tons, the total net incmﬁe increases 'l0_126‘ % ‘of the exisling amdun_l at Dh. 273 million
{US$ 75 million) exclusive of an additional water cost required for the construction of
groundwater augmenting facilities. '

By application of the modern water-saving irrigation system (drip, bubbler or sprinkler
systems), the total water requircment mects (o the sustainable groundwater potential (21.5
MCM/a, 37% of the existing amount).

The pm;ocl plan consists of:
- the construction of three 3) groundwate; recharge facilitics (set of recharge dam and

recharge trench),
- construction of groundwater monitoring system,
- provision of modern irrigation system and greenhouse in al 'the farm; and -

- - others.
The project cost is estimated at Dh. 1,405 million (US$ 385 miltion).
The project is evaluated 1o be economically feasible showing the internal ‘rate of retuin at

6.51 %.

Master Pl'm in Option Two:

The total cropping area is to be same as the cnstmg sm\, 4, 584 ha. The breakdowns by crop -

are also samie as the exisling arcas; 1,158 ha (25% of total area) of vcgelablcs 1,825 ha (40%) of
Dates and 3,601 ha (35%) of Alfalfa, ‘

The total annual proguctions by crop are p[arned at 45,800 tons of \ebclables 35, 100 tons
of Dates and 145,500 tons of Alfalfa. With the selection of rlmproved crops, the total annual
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producuon of crops conics fo 118% of the cxlsung amount at 226 400 tons. The loial nel income
increases to 217 % of the existing amount at Dh. 467 miltion (US$ 128 mitlion), exclusive of an
additional water cost.

By apphcallon of the modern water-saving irrigation system, the total water requirement
reaches to 107% of the present amount, 55.4 MCM/a. The alternative water source of 33.9
MCMy/a beconies required in addition to groundwater potential (21.5 MCM/a).

The mean farm size remains at 2.27 ha. The net income of Dh. 231,000 and an annual water
requirement of 27,500 m.

The project plan consists of the construction of water pipeline from Shatjah and the same
comporients as Option One project.

The prdjecl cost is estimated at Dh. 3,413 million {US$ 935 miltion). The economic internal

raic of return of the project comes 1o only 0.44 %.

6.2, Recommendalion

(1) Project Implementation by 2015
In order to conserve a mere natural water resource and maintain the agriculture in Al Dhaid
area, the governnient is to decide one of proposed policy options; to set forth reces essary legat and

administrative measures; and to implement the proposed preject by the year 2015.

(2) Legal and Administrative Mceasures
In case the Option One plan is taken up, the legal and administrative measu:es are selecied
“among to limit number of farms of certain district(s) where soil condition is less appropriate for
ungated agriculture or to restrict the cropping area in each of exnsung farms or olhers In bolh the
opuon plans, one of measures may be to increase the tariff of elecmcuy in order to Ilmlt thu
grovndwaler pumping. - _

It is recommendable thal the adminisirative mceaseres are o include the provision of
groundwater augmenting facilitics, groundwater monilbring system, marketing center and
alicrnative water pipeline in case of Option Two plan, the provision of modern farm facilitics, the
promotion of marketing and proc‘.,ssmg of agro-products, the slrenglhemng of the existing sms;dy
program, extension and supporl services by the government for boih the absentee and fulltime
farm- -owners; and so forth. '

The new subsidy program of the government is o cover the promotion of modern farm
facilities such as watet- -saving 1rngation s;stem and greenhouse racﬂuy
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(3) Motivation of Absentee Farm Owners

As a link of extension and support services, the specific key issue seems to be the
motivation of absentce fanm-owners. They have to be encouraged to manage their famm in the
modem, water-saving, high-vatued and ﬁmrkct%rientﬂ type to contribute to the nation's
agricultural production by marketing agro-products from their fhhi1s; and in a manner to conserve

the precious mere natural water resource in the nation.
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APPENDIX- 1 ;- List of Member of the Study Team

JCA TEAM
Mr. Mitsuru Yoshikawa

~ Mr. lzuini Kato

Mr. Keiji Matsimioto
Mr. Thomas Orland Milcs
Mt Nobuhiko Shiga

" Dr. Michio Nozaki
" Dr. Jo_rgé E. Tokeshi N,

Dr. Toshihiko Kuno
Mr. Keiji lizuka
Dr. Michiaki Hosé:16
Mr. Eichi Shibata

COUNTERPART

Mr. Mohamnied Sager Al Asam

Mr. Abdulla Al Moalla
Mr. Mohammed Abdul:}{aq
Mr. Mohamimed Mustafa

Mr. Essa Busanmwra

A-1

Leader/Groundwater Developiment
Deputy lﬁaderﬂ{yd'mgeologist
Irrigation/Drainage Expert’
Gco;ihy‘sist

Geophysist

~ Agronomist

Economist

Facility Planning/Cost Estimation Expert

~ Rural Sociologist

Environmenial Consecvation Expert

Coordinator

Director, Soil and Water Dept’, MAF
Director, Agriculture Office, Central
Region, MAF

Hydrogeologist, Soil and Water Dept.,

- MAF-

Soils and Irrigation Engincer, Soil and

Water Dept., MAF
Head of Soil & Irfigation Section, _ '
Agriculture Office, Central Region, MAF
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APPENDIX -2

List of Persons Contacted

MINISTRY OF AGRICULTURE AND FISHERIES

.1 _Head Oﬂ'ce, Dubai

H.E. Mr. Saced Mohammed Al Raq‘abam
Mr. Hamad ‘Abduliah Salman

Mr. Hamad Abdulla Al Mutawa

Mr. Habib Hussain Aboodi

Mzr. Adnan Nassar |

Mt. Mohamnied Sager Al Asa:,m

© M. Mohamried Abdul Hag

Mr. Mohammed Abdullah
Mr. Salim Akram |
Mr, Mohammied Mustafa
Mr. Saced Jahfar

M. Sabry F. Ismail

Mr. Hamza Nasser

- Mt Nizar Al Hendi

Mr. Ahmed Easa

Mr. Abudulta A. Ben Abdulaziz Al Ahibhi

Mr. Basem Abu Ghazalch

- Central Region Office, MAF Dhaid

Mr. Abdulla A} Moalla
Me. Ismatl }Io_ssein

Mz Essa Busamra

M. Moharmmed Reda Awadalla
Mr. Anf Hassan

Mr. Bascl Mubarak

Mﬁ Haney :

" Mr. Fanwaz

Mr. Ismail

Minister of Agriculture and Fisherics
Decputy Minister _

Assistant Depaty Minister

Head Pianning Unit

Assistant Head, Planmng Umt ‘
Dircctor, Soil and Water Dept. (SWD)
Hydrogeologist, SWD _ '
Soils and lrrigation Englicer, SWD
Hydrogeologist, SWD -

Soils and Irngahon Engineer, SWD
Head, Statistics Section

Statistician, Statistics Scction

Statistician, Statistics Section

* Statistician, Statistics Section

Head Librarian

Dircctor, Plant Protection and Extension

“Service Dept.
' Dircctor, Budget Dept.

Diréclér, Central Regional Office
Dircctor, Agricultural Affairs
Head, Soil & Irrigation

First Engincer

Geologist

Manager, Rescarch Station

Agricultural Extension Officer, Dhaid-
Agricultural Extension Officer, Dhaid-1
Agricultural Extension Officer, Dliéid-l
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.Reséarch Station of Northern Region, MAF, Hamraniyah _

Mr. Saecd Al Bogan ' Researcher, Vegetable Crops
Mr. Masood Aortani Reséarcher, Irrigation
Mr. Abdrah Alrahman Awad Researcher, Forage Crops
MINISTRY OF PLANNING

- Mr. Mohammed Abu Holica . Secretary, Budget Commiittee

Mr. Rames Dhamesh _ Agriéultural Anaiysl

" UNITED ARAB EMIRATES UNIVERSITY
© Facility of Agricultural Science

Dr1. Faisal K. Taha Chairman, Plant Production Dept.
Dr. Ahmed A, Al Masoon : Professor, Plant Production Dept.

Dr. Yussuf Taha Gumaa Profossor, Agricultural Economics
Dr. Mahmood Sami Professor, Rural Sociology

Dr. Bassam A, Hasbini Professor, frrigation

Dr. Ei Sayed A. Eikhatrib : Professor, Soil Science

' JICA Expert for UAE University

Dr. Yokota JICA Expert
Mr. Tomoo Shoji JICA Expert
Mr. Masahiro Akiyoshi - JICA Expert
Mr. Masahiro Abe " JICA Expert

- FEDERAL ENVIRONMENTAL AGENCY

Dr. Satem Al Dhaheri Birector General

U:N. Economic Commission for Western Asia

Mr. Sunna Sami Regional Advisor in Agriculture
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APPENDIX -3 :  List of Data Collected

A) Nataral Conditions

Iy
2}
3)
”
- %)
o

7
8)

Dams and Rechargeable FaClh!lcs in the United Arab Emirates: Prchmmary Report
1982, HALCROW Ministry of Agnculture and Fisherics.

Project 2!!8! Drilling of Deep Water Wells’ at ‘Various lzocailons in the UAE,
Volume I, December 1986, lWACO ‘Bin Ham Well Dnllmg Est.

Project 21/81: Drilling of Deep Water Wells at Various Locahons in the UAE .
Volume I, June:1985, GEQCONSULT - Bin Ham Well Drilling Est., Ministry. of

Agriculture and Flshcnes
World Soil Resources, FAQ.

'_Dail) rainfall records at the following rainfall statlons Siji, Sifuni, Masafi, Dhaid,
Mileiha, }‘a!aj Al Mualla, Fili, Marbad, Jebel Shannah and Sharjah alrport

Dall} flood discharge records at the followmg gauge station; Siji, Sifuni, Khadrah :

Ashw am Falaj Al Mualla.
Well records at 12 stations in the Study Area.
Hydrology, Vol. No. 3, 1980-1991, Water & Soil Dept. MAF UAE.

B) Agricultural Conditions

)]

Responses of Vegetable Crops to Festilizers in Northern United Arab En’;iratcs

- {1978-79), r.,Y.S. Puh, H.Abu-Kibash, A. Mouti S. Nassar, UNDP, FAO, UAE

2)

3)

4)

3)

6)

Ministry of Agticulture and Fisheries (Water and Soit Jnvestigations for Agncultural
Development).

Irngation Practioés in Refation to Crdp Rcspoﬁsc, Water Use, and Soil Salinity
(1980-83), A.P. Savva, M. Sager Al Asam, ¢t all.,, Same as 1).

Irigation Practices in Relation to Crop Response, Water Use and Soil Salinity
Hamraniyah and Dhaid Rescarch Stations (1978-80), A P. Savva, R. Karam, ¢t. alt ,
Sameas 1),

“Crop Water Requircments (Estimates and Field Mcasurcmmis) AP Sawa SB.

Thanki, ¢t. alt,, Same as 1}.

Hamraniyah lrrigation Peactices Experiments (19?6-’?8), A P. Savva,' R. Karam,

ct.alt, Sameas 1}.

Results of Fertitizer Field E\pcnmcms on Vegetable Crops in UAE (19?0 1980},

Y.S. Puh, I1. Abu-Kibash, et. alt., Same as l)
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1) Cropping Pattern and Irsigation Requirements Central Region, United Arab Emirates,

Dr. C.R K. Prashar, Sudhir B. Thanki, Same as 1).

'8) Arab Agriculture 1995, Fanar Publiéhing WIL

9) Design cascs of modcmlzt,d farin i in the Stud) Arca by MAF; S Dhaid cascs and 1
Wishah case.

10) Price list of Ircigation Fatilitics by market survey.

11) Speci_ﬁcatioﬁ of existing dams.

-1’2) Construction cost of dam and composite price of its material by market survey.

C) Econemic and Social COIldl(IODS

l) Annual Economtc chon 1993, General Plansing Department, Ministry of
_ Planning.

2) Annual Statistical Abstract, General Planning Dcpartment, Ministry of Planning_

3) National Accounts for United Arab Emirates 1988-1993, General Planaing
Department, Ministry of Planning .

~ 4) Statistical Yearbook 1992, Depariment of Planning, Emirate of Abu Dhabi.

5) “Annual Statistical Bulletin of Agriculturc and Fisheries 1993, Ministry of
Agriculture and Fisherics.

6) Statistical Yearbook, 1994, Fconomic Department Government of Sharjah.

7} The Women of the United Arab Muhicipalitic’s, Linda Usra Soffan, Barnes and
Noble, 1980.

8) Social Dévelopmcnt indicators, 1994, World Bank.
9) The UAE Economy ini 1993, BM.1, Ltd,, London, 1993.

10) The National Atlas of the United Arab Ernirates, The United -Arab Emirates
University, Al Ain, 1993,

11) Average censumption of ¢lectricity and water in UAE.
12) Commercial Directory 1994/95, Sharjah Chamber of Comumgerce & Industry.

13} Electrical Encrgy & Water in Sharjah 1970-1991, Electricity & Water Department,

Government of Shwrth

14) National report of United Arab Emirates on the De\clopmcnt of Education from
199171992 - 1993/1994, Ministry of Education.

15) Annual Bullctin of Educational Statistics 199171992, Ministry of Education.

16} Annual Repont for the Year 1993 (Elcclﬂclty Affairs}), Ministoy of Electricity &
Watcr



" 17) Annial Report for the Year 1994 (Blectricity Affairs), Ministry of Eleciiicity &
Water. : '

13) Unbottled Drinking Water - (Gulf ‘Standard and UAE Standaid),' Ministry of
Eleciticity & Water. _ .

19) Federal Law No. 8 Year 1980 Re, Ministry of Labor and Social Affairs.

120) Maps of Wells for Tap Waer in the Study Area, Ministry of Electricity & Water '
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