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PREFACE

“In reépthe to the request of the Gb#érﬁment of the United
Arab Emirates,'the Japahese_GOVErnmEnt decided to conduct a detailed
‘désign for the Al Bassierah Dam Project and entrusted the study to
the Japan International Cooperation Agency (JICA). The JICA sént
to'the,Uhitéd Avab Emirvates a study team headed by Mr. Fujio Matsumoto
from June, 1981 to October, 1981, |

R ‘Ihé team exchanged.views with the officials concerned of the
Government of the United Arab Emivates. After.the team returned to
‘Japan, further studiés vere made and the present report has been
- prepared. ‘ '

I hope that this report will. serve for the development of the
:Project and cohtributejfo,the promotion of friendly relations between
-our_two_cduntries. '

of the Goverament of the United Arab Emirates for their close coopera-
tion éxtended to the team.

Deéember, 1931_

Jinde A

Keisuke Arita
~ President
Japan International Cooperation Agency
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MEASURES ARD ABBREVIATIONS

MEASURES

wm : millimeter(s)

o :  centimeter(s)

m e meter(s)

km 1 kilometer(s)
sq;cm,'cmz'-: 'squéfé'téntimeter(s)i
sq.m, m’ :  square meter(s)

. sq.km, km® @ square kilometer(s)

- ha 3 hegtare
L, 1it : o liter
cu.m. m? : cubic meter

MCM, 10°m® @  million cubic meter

Barrel ¢ barrel = 31.5 gallon (U.S.) = 36 gallon (U.K.)
Gallon :  gallon = 4.546 2(U.K.) = 3.785 2({U.S.)

g : gram(s)

kq : kilagrams(s)

ton, m.t ! metric ton

Kw ¢ kilowatt

Mw i megawatt
% . percent

° i degree centigrade



ABBREVIATIONS

DAO Dibba Agricu'lture*: Office

ERD fastern Regional Department

FAO Food and Agricult;u:ré'(hi‘g&riiiziétion

MAF Hihistry of Agriéulture- -an.d,Fisherie's

MEW Ministry of Electricity and Water

UNESCO Unifed Naﬁoﬁ Educational, Scieﬁti fic and Culturat
_ Organization : BEERRE

USBR United States Department of Interior, Bureau of

Reclamation : R
VAE ‘United Arab Emirates



QUTLINE OF THE PROJECT

1. - The results of the Feasibility Study of the Wadi Al Bassierah
Basin Water Resodrces Development Project allowed to decide the Plan
C'- -9 as the most suitable c-se among Several alternatives. The Plan
c'-9 comprises the construction of the Al Bassierah Dam in the mid-
stream of the main flow of the Wadi Al Bassierah and the related
facilities so as ‘to recharge the groundwater for' securlng the irri-

gation water through highty effective and efficient watep utlllzatlon.

PP
DA

2. The proposed Al Bassierah Dam which is located in the middle of
the Ba51n will- prov1de -the d1mens1ons as'follows '

° Locatton . ‘;gﬁn the mid- stream of Wadl Al 86551erah

N - (approxlmately 10 km upstream of Drbba)
5;Daﬁ }jpeg o -F?]] type with sand & gravel and rock
® Dam Length and Height: 19.5m, Length: 900 m
"~ Height:
° Dam Volume: 0.64 MCM
° Cajiaci'ty: 2.5 MM
3. The cohétruction of the Al Bassierab Dam is composed of those

works of dam ‘body, sp1llway, conduit, access roads, and rep]acement
of the exrstlng power line, and construction cost of the works are

shown as foilows: _
Unit: 1,000 DH

Description Construction Cost

° Dam Body 14,890

° Spillway 3,580

° Conduit 1,310

¢ Administrative Expense 2,960

° Contingency 2,960
Total 25,700



4. Implementation of the Project is scheduled for 16 months i How
to construct economically the dam body of about 0.64 MCM is the most
significant consideration for scheduling the implementation of the
Project On the other hand, the embankment is divided into. three
zones; an inner zone, an outer Zone . and.a fitter zone. -The inner
zone consists aof about 0. 37 MCM of sand and gravel depOSIted in the
river bed, while the outer zone consists of about 0. 21 MCM of vock
mater1als which c0uld be economically obtained from the excavated
materials 0.072 MCM in the constructlon of the sp111way on the right
bank of ‘the Wadi and the rest volume at the quarry site of. the left
bank of the wadi and about 0.059_M€M'0f fitter materials.

The embankment of the dam'bodyqtakes?about 12 months of con-':
struction peried. Furthermore, the multiple-stage diversion system
has heen proposed to keep the d1scharge route of the" floods which

is expected to have a w:nter season durlng the constructlon perlod._



'CHAPTER 1. INTRODUCTION

©In July, 1980; in the course of the feasibility study on the
Water resources development pro;ect in the Wadi Al Eass\erah basin
under a “téchnical cooperatlen of Japan, the Government of the United
Arab Emlrates requested ‘the Government of Japan for the technical
cooperat1on followlng the fea51b111ty study, the implementation
- of project selected among_the altérnative ptans formulated in the
said feasibility study.  In reply to the request, in March, 1981,
the Government‘of-débaﬁ dispatched a mission to the UAE, through
the Japan Intern&fi&ﬁaf'foopératiOn Agency (JICAR), to prepare the
scope of works for the technical cooperatton, one of three alter-
nat1ve plans proposed by the feasibllwty study team in December,
1980, and exchanged the Record of Discussion on the Technical Co-
operatidn'for Final Design and Construction Supérvision of the A
Bassierah Dam Project with thé Ministry of Agriculture and Fisheries
of the.UAE",The,ngdrt is prepared on the basis of the Basic concept
of Revised Feasibility Study, October, 1981.

!"Ihe‘ﬁ] Bassierah Dam Project will be implemented in two phases,
the Phase I - fiha]'design and preparation of tender documents in-
clusive of Conditions of Contract, Specifications and Bills of
Quantities, and.the?Phase 1l - tender evdluationiand construction
supervision. : The Phase - I works for the above have been made in
Jép&nfdnd'compiléd‘{ﬁto this report. ‘ '

Here1nafter !1sted are members of the advisory group, the study

team and the UAE couﬂter parts personne] ‘concerned, all of whom have
been engaged in the relevant study.
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A.

B.

Title

1. Team Leader Mr.

2. Design Mr.
{Hydraulic)

3. Design
(Structures)

4. Construction Mr.
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' ”Mlnlstry of Coﬁstruct1on
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Name

FUJIO Matsumoto |
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" General Manager of Dibbd
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CHAPTER. I1. BACKGRUUND

2-1. Wadi Al Bassierah Basin

(1) .General

The Wadi Al Bassierah Basin is situated in lat. 25?30fﬂ and
Tong. 56°20'E, extending in the regicn about 300 km north-east from
the crown (EL 3,018 m} of tﬁé‘Oman‘ﬁountain range which runs from
east to west in the extreme eastern part of the Arabian PeninSuTa,
and the most downstream portlon of the Bas1n faces the Oman Gulf.
The Basin has about 260 km? in its land acreage, and road networks
in the basin are a ccastal highway between Dubai and FUJelra on the
Oman Gulf and a ring road running through the Bas1n to Masafi and
to link with the above Dubai - Fuaelra highway.

The meteorological conditiens of the Basin are the annual mean
temperature by 27.6°C, the relative humidity by 68 percent and the
annual rainfalils by 130 rn an average. Major town is Dibba in the
Basin, and about ten villages and_sétt!eménts are dotted in the mid-
through upper basins. The population as of Septembér,'IQBO, was
about 13,200 of which some 3,700, equivalent to 28 percent of the
total, are resident aliens. Approximately 1,240 people are engaging
in farming and fishing out of whom 870 are farmers and 370 are fisher-
men. The pumber of households in the Basin counts 1,340. The total
farm land are is 490 ha, most of which extends in the lower basin.

(2) Topography, geology and soils

The Basin can be specified into three in terms of character-
istics in topography and geotogy: {a) north-western mountain area
{(b) central mountain area and (¢) gfavel pléins and coaétal area.
The Wadi Al Bassierah basin itself consists of a wide flood plain
thickly covered with gravels. The highest elevation in the flood
plain is EL 175 m and the slope is 1/85 on an average in the upper
basin while 1/105 in the lower basin. The gravel plains provide



no ¢lear river courses; however, the diluvial sand and gravel layers
are eroded by three wadis, the Abadellah, the Uyaynah and the Al Fay
that are flowing into the gravel plain, and form corridors.

Geology of the Basin consists of (a) igneous rocks related to
the submarine volcanic product of the Permian Palaeozoic to the Lewer
Cretaceous periods, (b) marine sediment of the Triassic Mesozoic to
the Cretaceous périods (¢} terrace sand and gravel deposrted in
Tertiary to Quaternary Overlaying the older rocks (a) and {b), and
{d} alluvial rocks forming the present wadi beds, etc.

Soils are composed of deeert sand and gravels and the mixture
of the @bovegwith schist soils. The surface layers is underlain by
desert pa#ement consisting of 1 - 20 cm dia. gravels. .The layers.
under thefdesert pavement are observed as less-gravel -containing
sand andréilt-lajefé which become thicker from 5 ¢m to 15 ¢m as eom—
ing down to the lower basin. .In the coastal area the sandy loam or
loamy sand is observed at the surface layers, while the sand layer
in the subsurface layers. Higher salinity concentration is observed,
in general, in the deeper layers.:

(3) Supply of water and power

The domestic water supply to Dibba depends upon three tube wells
provided in the office lot of the Ministry of Electricity and Water,
which is in the upperStream of the new resrdentlal area proposed by
hou51ng prOJects. S

' The'ﬁumpedéup water is chrolinated and pressurized to bé raised
to the 30 m elevated water tank {200,000 g1 % 900 m*), and the stored
water is conveyed 30 km to the residential areas fhroogh'astStos
pipelines with 16" to 4" in diameter. Besides, two artesian wells
equipped With pumps are secured as emergency water sources.  Cup-
rently water supply is made at the rate of 100 2/day per capita.



Electricity is supplied from the thermal power station with
-capacity of ‘11 MW,  and forther Z‘MW'is”ﬁnppiiablé”by the Kidofa
power station (24 MW} &bout 40 ki south of Dibba: For such powér
supply, the demand of Dibba is 5.7 MW in summer while 1.8 MW in
winterr. The largest ‘power consumér is the marble ‘and tile factory
- with demand of 300 KH L ‘ '
2-2. MWater Resources Development Plan - |
(1) General ‘ ) .

In the Un]ted Arah Emirates thCh has the total populatlon of
877,340 and the-tota} farm-land of 21,556 ha, the water résources
development-strategy-appea?s-to take two_magor diréctions: one is
the sea-water desalination to supply fresh water ‘to cities and towns
located ‘along the Arabian Gulf and: the other i the most' efféctive
‘use of wadi fldodings by rain water of some 130 mm pér annum; which -
take place. in the eésteﬁh'momt_ain areas and gr_axfel plains in the
UAE, -s0' as.to''supply ‘irfigation water and domestic water. - -

The Wadi Al Bassierah Basin Water Resouices Development ‘Project
has taken up as part of the water resources development prOgram for
the eastern UVAE. Substantla]]y, the Piroject has been thOrough]y
studjed through alternatlve studles conducted in the fea51b111ty
study and resulted in taking up.the plan for constructlng the. Al
_BaSSIerah Bam and - related structures in the mldstream of . the -main-
flow of the Wadi Al Bassierah so as to recharge the groundwater
(Plan C'-9). In this connection, the minutes of discussion were
_exchanged for confirmation between the Hinistry of Agr1culture and

fisheries and the FeaSIbrllty Study Team in December, 1880 and June,
1981 and agreed in October, 1981.

(2) Plan c'-9 _
The Plan C'-9 comprises construction of the Al-Bassierah Dam -

in the midstréam of the Wadi Al Bassierah to command some 122 km?,
equivalent to 47 percent of the total catchment area of the Wadi
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Al Bassierah and, furthérmoreg provision of a pond in the downstrean
of the Hadi Al‘Fa};:SO that:ihe waféf.resources deve]Opmeﬁt in the
Basin can be powerfully prbmoted through recharging groundwater in
combined operation of these facilities. The'basic_ya]ué$;¢0néerning
the Plan €'-9 are determined as follows on the basis of the feasi-
bility study. - |

~"Mater Resources Development ..

_ . Project. Recharge- Natural Recharge- Total Rechar-
" Plan Cost ° able Amount  able Amount ~ geable Amount
: {MDK} {MCH/year) (MCHfyear) (MCM/year)

9 &a1e - 0.9 2.9 3.8

‘Allocation of Water for Domestic Use and Irrigation Use
~(Unit: MCM/year)

‘Plan . Domestic Water  Irrigation Water = = Totai

A 07 30 (570°ha) T 3.8
‘ B RN ' BY; s 3.1 (560 ha) 3.8

“C 0,7 ' 3.1 (565 ha) 3.8

- Note: {a) Total rechargeable amount of 3.8 MCM/year consists
L -of 0.9 NCM/year recharged by dam_and .pond plus 2.9
MCM/year by natural reécharging. :

(b) Tota) amount of domestic water 0.70 HCH/year consists

‘ of 6.48 MCi/year supply to UAE of 13,200 people, 0.05
MCH/year to Oman of ‘1,500 people, 0:07 MCM/year for
marble factory and 0.10 MCM/year for cement factory
‘respectively, _

(c).The.SEudy on domestic water demand is made on the
basis of the population of the UAE as of 1930.

{d) The irrigation water of 3.1 MCM/year is allocated
to‘tﬁelfollowing: ..
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Items

Lx15t1ng Vegetab]e
Fields in UAE

Existing Date Palm
Plantation in UAE

Existing Date Palm
Plantation in Oman-

Proposed Fruit Farm
Proposed Local Farm

FAO Farm

_Total

2-3. 'AgficUitural DevelopmentrP]an

Acfﬁ:%é:

50

230

210

5

495

- Irvigation Water (HMCH/year) .

Plan A Plan B Plan C

0.30  0.30 0.30
.04 e e
096 0.9 0.96
- 073 0.43
{65 ha) (40 ha)
(75 ha) (30 ha)
0.07 . 0.07 0.07
3.1 3.0 3a

For tne effective utilization of new groundwater created by the
construction of Al Bassierah dam and related facilities, an alloca-
tion of irrigation water is studied through an 1ntegrated water use
program; that is to say, the agrlcUTtural development pltan is formu-
lated for irrigating 570 ha of fields in total tncluding the preésent
farm land of 490 ha, new development of 75 ha of fruit. farms and
local farms in terms of acreage to be developed and FAD of 5 ha.

The predUCtlon of fruits and vegetab]es and the gross income
antic1pated therefrom are . tabulated below

Items

Vegetables
Fruits. -
_Total

Production Prfces

o (wa) ™ (1,000 i)
4,290 8,237
2,300 12,226
6,590 20,463



- The-gross praoduction of vegetable ‘in the UAE in 1978 is 71,860
ton or 220 grm/day per capita, which is almost ‘equal to:a level of
the world average vegetable consumpt10n Imported vegetables abound
in the market, ‘however;. it seems: that the demand exceed the domestic
Supply to 'a considérable extent. ' Hence, the vegetables to be grown
under the Project have been selected by five'high'preferential craps
such as tomato, cucumber, egg-plant, cabbage and melon, all of which
have high marketability. And furthermore, it is p]anned to’ grow two
crops, at masimum, per unlt Tot in order to avoid mixed growing of
Mmany variots crops. '

2-4. Implementation Prdgfamme‘éf the Wadi Al Bassierah Basin Water
\ Resources Development Project

The imp]eméntaiioh:prOQFamme of the Wadi Al Bassierah MWater
Resﬁurces'DQVEIOpment Pfojett has been built up as 3.5-year plan
since the feasibility study was started in December, 1979. The cost
required for the Project was estimated at Lotal 47.8 MDH for botn
water resources component and agrlcultura] component on the basis of
the unit pr1ces quoted in the UAE in July, 1986. Among many water
resources deve]opment plans, the Government of the UAE has a strong
wish, to commencé the construction of Al Bassierah Dam at the possi-
ble earliest time, perhaps at the early 1982.

(1) Impiementation Programme of Al Bassierah Dam Construction

The deve16pment of wadi water and groundwatér_by rainfall in
the eastern UAE is coming to a stage of implementation after some
years of Sufvey and study for the Wadi Bhi and Ham. The implemen-
tation programme for the Al Bassierah Dam construction was discussed
in March and_June, 1981, and agreed in October, 1981, at the UAL
between the MAF and the mission dispatched by the JICA.

The said imblementatiOn programme is that the final design of
the dam and related facilities and the tender documents including
Conditions of Contract, Specifications and 8ill of Quantities would
be completed by the end of 1-81, according to the water resources
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;deveIOpment plan pr0v1ded in. the feasibility study made in Decemher
1980 and the selected a]ternat1ve plan of COnstruction of Al Bassierah

- Dam with' rechargeable groundwater development: QOnc}uded \n October

- 1981, Follownng the necessary., steps for biddzng and contract prace-

dures, the construction works wou]d be commenced ln early 1982 and

completed m mtddle 1983,

The reiévant,implementation schedule is shown in Fig..2-1..:.
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CHAPTER II1. FINAL DESIGN OF AL BASSIERAK DAM

3-1. Application of Design Criteria

i The final design of Al Bassierah Dam is carried, out in accord-
ance with Structural Standard for River Administration Facilities
etc. by Cabinet Order concerning and Enforcement of $trdctura] 
Standard for River Administration Facilities etc. and Ministry of
Construction Oldlnance concern1ng which were appllcated for desngn
- the dam prevailing in Japan.

3;2.,'Topography and Geology |
3-2-1. Topograpny

The Wadi Al Bassierah Ba51n is rough]y d1v1ded lnto three topo-
:graphtcal divisions; 1) the eéast coast area cons:st1ng of a group of
 fan-lands and gravel plains, ii} Ras Al Jahat area; ‘with ltmestﬁne

" mass, extending northwest of the Wadi Al Fay, and 11:) centrai moun-
 tain area consisting of the scuth eastern mountain: masses of ser-
3pent1n1te and chrystaline schists. '

7 The proposed dam s;te is located in the aforesa1d centra1 Houn-

tain area in the mid-stream of the main flow of the Nadl Al BaSSIerah
'belng composed of the river bed of 900 m wide gravel pla1n and: moun-

‘ ta]n mass - w1th a considerably steep slope rising from the sa1d gravel
p]aln

" The. topograph1cal features of the dam-site are described here—
“under in the order of the Ieft bank* right bank mountain mass and
‘the river beds, '

The left bank is the mountain Mass c0n51st1ng of chrystaline
schists, and the mountain side forms a steep slope with about 40
degree gradient rising from the plain. The mountain crests, hovever,
present rather flat at an elevation ranging from EL 400 m to FL

3-1



500 m,'runhing'NE to SH. The ravines down-cut by the Wadis Sinnah,
Wadi Donhah and Hadi Harah have been well dissected to branch off
few tributaries and to form dendritic shape. The tepographical
lineament of the directions of the ravines, mountain ridges, con-
tinuous ravines or ridges or bending points -and their branching
points run S to-N or NS to SE.

The méuntain mass on the rvight bank, codsisting of serpentinite
rocks, rises on the dam axis with slope of about 20°. The mountain
side forming a right abutment presents a bulge by continous mountain
crests over EL 1,000 m with several cols formed. Such topographical
features are.récognized not ofly amount the damsite but also in the
whole mountain masses on the right bank, and the topography around
the boﬁndary_between the mountain areas and the Wadi plain is very
intricated. Many ravines down-cut as well have been dissected con-
siderably to form typical dendritic shape ravines with well-developed
branches. Such topographical lineaments observed at the mountain
foot area as cols, ravines, and ridges run NE to SW: particularly,
the lineation has been well developed‘around the boundary between
the mountains and the Hadi plains.

The present river bed of the Wadi Al Bassierah, formed with
flood plain deposits, grows abruptly wider around the confluence
with the Wadi Uyaynah and reaches to be about 5.0 km wide or more
in the coastal area. In the mid and upperstream portions, the river
bed width varies with bu]gés'of the mountain mass; 2.0 km wide around
the Wadi Sinnah and 0.9 km narrow wide at the proposed dam axis. The
flow course of the Wadi Al Bassierah can be clearly observed in its
mid and upperstream; especially around the damsite, two flow courses
can be evidently tracted near the mountain feet of the both banks.
The river bed slope does not show a large fluctuation in the areas
where the wadi deposits are recognized, and the siope is about 1/85
in the mid and upperstream including the damsite while it is about
1/105 in the downstream of the Basin.
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3-2-2. Geology
Geology of the Wadi Al'Baséierah Basin is composéd of the

Hawasina Series ‘of sed1mentary rocks and metamOrphlc rbtks whith
were ‘deposited and formed ' i the pérlbd between Pa]éozoac Parmian” '
or earlier era and. the Mesozoic CretaceOUS, of the Semia] Ser1es o
of the Maflc Igneous rocks and of the younger clastlc depoétts
formlng the Wadi plain in coverwng unconformlngiy the aforesa1d
‘older rock formation. The-: stratlgraphy and’ faces of these members

PR,

are showin in Table 31
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~ The left abutment of the prOposed damsrte is compOsed of quartz
schists and green schtsts belonging to the HaWaSIna Serles, while
the right abutment is composed of serpentICIte belong1ng to the
Sem1al Serles The fac1es observed at the mountaln 51de of the
both hanks are Jo1nted in the rlver bed portlon under the younger
deposits where.the fault is detécted The geologlcal sect1on cover-
ing the dam axis 1nd1cates that the bed rock composed of these facies
can be evenly traced 60 = 70m deep under the rlver bed The geo]ogy
“around the damsite is dlscussed as. follows in the order of the left
bank, the r1ght bank and the rlver bed '

‘The left abutment is composed of quartz schlsts and green SChlStS
with bedding’ ang- sch:stosa]y ShOWlng N5- 15 w/45w str1bes and quartz
schists with. remarkab]e dlsturbance and folding These rocks are -
separated by fault runntng westward ‘which is observed at the p01nt
of £L 135 m on the dam axis. As a whole, the rocks have many cracks,
particularly, the schlst051ty has been remarkably developed in the
green schists in layers wh1ch are found in quartz SCh]StS and collap-
sion has observed there1n '

The right abutment is composed of Weathered serpentlnites which
have developed many cracks‘ The strlbe runs N36E and a fau]t develops
with dip of 75 - 80 degree 1n the north a]ong the. down-CUt ravune on
the mountain side. 6901091cal sect1on coverlng the dam axts 1nd1cates
that faults exist at elevation of €L ]20 m, 155 m and 170 m and faces
of the faults are velatively clear. | Crashed zones COHS]Stlng of fault
clay have not been developed.

The younger deposits consisting of the river bed can be‘classified
in the order of the recent wadi deposits, -lower térrace depoeits,
higher terrace deposits and talus depOSIts from the horlzon The
materials prevailing in these deposits are sand and gravels in assum-
ing the facies poorly sorted, The recent wadi deposnts are formed
with unconglomerated layers contain1ng many rounded gravels and sub-
rounded gravels, and thede layers a_re developed ev_ldept]y independent
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from the conglomerated Tower formation whith abounds with lime. The
geological section of the dam axis indicates that the thickness of
these layers, tend1ng to grow large toward the left bank, reach 20 m
at ‘maximum. The permeab1l1ty test conducted within an extent of the
horizon resulted in the permeahll1ty coefficients rang1ng from K =
1072 to 107" cm/sec.

" The horizon below ‘the recent wadl dep051ts is composed mainly
of the gravels ranglng from round to angular, although having facies
with var:ety of the’ horlzons prevailing in well-sorted sand and peli-
tic materta}s The penmeab1llty coeffrc1ent for the lTawer térrace
dep051ts ranges from K.= 107> to 10" cm/sec.. These Tower horlzens
havé been well developed tn cong]omeratlon partlcu?ar]y, ‘the con-
glomerates with calcareous matrix of upper terrace deposits and talus
can be found in the whoie horizons.

The bed r0cks, as mentldned prevnously, are observed 60 m - 70 m
be?ow the youngev dep051ts " The deepest point ‘is around the center
of the r1veﬁ bed although becomlng more ‘shallow near the Hoth abut-
ments. ‘The fac1es are c0mposed of ‘schists and serpentrnltes out-
cropp1ng on the ‘both banks. These rocks, belng in fault contact
with each other have crusted green fault clay in their contact parts.
A Shear zone s expected along the wadi course in the center of the
river bed ' '

3-3. Dam Type
. .~_. In genera] dams are malnly c]ass:fled 1nto two types, ‘that is,
‘the concrete dam and the fi1l dam. A zone type of fihl dam is re- '

commendable for the Al Bassierah damsite in consideration of the
fp]lowjng items as described in the Feasibility Study Report,

e A relatlvely large quantrty of seepage water 1s allowed to flow
out through the dam body 51nce AI Bassierah dam only functions
to store temporarrly flood discharge by means of cutting the
peak of floods which flow down uselessty into the sea in a
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short time and to recharge groundwater through infiltration of
the stored water by the dam into aquifers.

° River bed deposits and rocks, embankment materials for a fill
dam, are easily obtained at the damsite;

° Most part of the dam foundation consists of sand and gravel
deposits where nq'require to construct the barriered structure;

° The cord-height ratio (dam length/dam height % 45) at the dam
axis is extremely large; and,

The construction of fill dam is econOmical'in comprison with
the concrete dam.

The inner shell and outer shell of the dam body are plasned in

- considering the resistance against piping, erosion, protection, Struc-
tural stability and economic execution of the construction works.

The_ inner she]l:lOCated_centfal part of .the dam body will be con-
structed as semi-pervious zone which consist of river deposits of

not more than 1 x 107" cm/sec in pérmeability coefficient.

The outer shell composes of up and downsiream stope of the dam
body, and is constructed of escavated rock materials at the spillway
site and quarry site. At the contact surfaces of the inner shell
and the outer shell and the base of downstream outer shell and river
deposit, the filter zones should be located in order to prevent wash-
ing-out of fines contained in the zones, and to safely permit seepage
water to flow out the zones. | |

Mong the axis of dam, a trench should be provided in order to
obtain a good bond between the inner_shell and the dam foundation,
to reduce the hydraulic gradient of seepage water through the foun-
dation, and thereby to increase the safety against piping.
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The typical section of the Al Bassierah dam is shown in the
Drawing D.4 in Appeadix.

3-4.  Embankment Materials

- Embankment materials of the Aj Bassierah dam will be mainly
obtained from river deposits at the damsite and from excavated rocks
at the spillway and the quarry site as described below:

3-4-1. River Depos1ts (Sand and Gravel Zane) .

‘ Raver bed deposits are wldely distributed all over ‘the river
course at the damsnte The results of three bore hole dr1]llngs
executed on_the river bed along the dam axis have revealed.that the
thickness of deposits is 61 m on an average though fairly different
in places. |

River-bed deposits mainly consist of sand and gravel belonging
to recent wadi-bed and terrace deposfts with a small quantity of
boulders, and these materials can be easily borrowed from any places
nearby the damsite; moreover, the borrow area can be enlarged to any
extent and to any depth,'if necessary. |

An outline of soil mechanics properties far the coarse materials
of sand and gravel can be assumed from the gradation analysis curve.

Judging from resutts of the gradation analysis test of river
deposits at the damsite, the coefficient of uniformity of these
materials is about 27, which indicates that they are the well-grade
semi-pervious materials, although they centain about four percent
of fine materials to be classified into GW under the Unified Soi}
Classification System.

" The data of similar-natured soil tests conducted in the paét
suggest that these materials are suitable for embankment with a
dense compacted weight and a high schearing strength except those
being impermeable. |



“ From the above-mentioned $oit mechanics ﬁfbperties of the river
deposiis, it is desirable that these materials shall be_used as em-
bankment materials of Al Bassierah dam as much as possible from the
view points of abundant distribution, borrowing condition, physical
and dynamic properties, purpose of dam construction and economical

enbankment .

Since the A] Bass1e|ah dam aims to store temporar:]y flood
d1scharge and to recharge groundwater by 1nf1ltrating a stored water
into aquifers, a relatively large quantlty of seepage water can be
permitted to flow-out through the dam body. However, the ianer shell
of sand and gravel fill should be constructed as a semi-pervious zone
of 1éss than 1 x 107" cm/sec in permesbility coefficient in order to
ensure the temporary storage of flood discharge and the stabillty of
the dam body.

Prior to filling river deposits in the dam embankment, these
materials should be controlled in gradation distribution of less
than 20 em in maximum diametér at the borrow area. As for the em-
bankment of river deposits, these materials are génera11y sprééd out
in thickness of 40 cm with moisture control and compacted by compara-
tively heavy vibratory roller with about eight passes.

In order to obtain the above-mentioned permeability coefficient;
it is desirable to execute'in-situ embankment test to determine the
allowable range of gradation distribution of embankment materials,
spreading thickness, number of passes and SDECIflcatlonS of compact-
1ng equipment.

3-4-2. Rock Materials (Rock Zone)

Rock materials obtained from the excavation of spillway will be
used for embankment as the outer shell of rock fill. Such materiais
consist of only serpent1n1te rocks with many JOlntS cracks and -
fissured, however, the rocks near the ground surface are much dlS—
integrated by weathering. Therefore, the excavated rocks may be
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turned to fine-grained by breakdown in compacting fill.

Since the excavated rock materials from the Splllway are not
sufficient to the requ1red quantity of the outer shell embankment of
the rockfill, the rock materials located at the left bank of the .
damsite should be excavated as a quarry site which consists of
" schiste rocks with c0mparat1vely well ]1thologtc character, and
these materlals will be placed at the surface portions of the dam
s]ope.

3-4-3. Filter Materials

The materials to be used for the filter zone are obtained frem
the sand and gravel materials deposited at the river-bed with the
arrangement in gradation distribution. These materials should be
satisfied with the filter criteria deScrlbed in the 3-6-4, Chapter
I1T of this Report.

3-4-4. Riprap Materials

Since the surfaces of dam body may be affected by the variation
of meteorolog1ca] conditions and repeated drying-wetting effecqgs,

“the up and downstream surfaces of the slopes should be protected by
the hand- placed riprap zone. Ripra- materials must be hard and sound
having enough durability and will be obtained from the quarry site
6f-schiste rocks. The thickness and grain size of filter zone
refer to 3-6-5, Chapter III of this Report . |

35, Dam Dimensions.

3-5-1. Oiirensions of Reservoir

According to the Feasibility Study Report, the dimensions of
the reservoir are determined as follows:

Catchment area 122 km?
Detension capacity . 2,500,000 m?
Specific sediment volume 20,000 m3/year
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Full water surface (F.H.S.) EL-115.00 m

Reservoir water surface area 700,000 m?
at full water level

Design flood discharge 2, 320 m*/sec
‘Design flood water level L 120. 50 m -
(H.W.S.)

.3—5-2. Dam Crest Elevat1on

The crest elevatlon of the non-over flow sectlon of dam sha]l
be applied the larger value of elther foliowing formulas obtalned.

Hf + hw + he + 1 (in casé  of hw + he <1 adopted by Hf + 2.0 m)
Hd + hw + 1 - (1n case of hw <1 adopted by #d + 2.0 m)

wheré, Hf full water level
hw, hEIth of wave due to wnnd .
he; height of wave due to earthquake
Hd; design flood water level

(¥} Height of wave due to wind

-He1ght of wave due {o wlnds is conSIdered to be caused by. .deep-
water wave, and then, the hEIth of sngn1f1cant wave 15 adOpted based
on S. M.B. (Sherdrup~Munk Breschnelder) method which is der1ved from
factors such as fetch and w1nd speed On the other hand, s1nce up—
rushing helght varies conSIderably with embankment sIOpe and rough—
ness of slope, height to 519n1f1cant wave should be adausted ade—
quately with Saville method to obtain hEIth of wave due to the wind.

~ The calculation results with various slopes and fetcheérére'
shown in the following fiqure.

3411



56 —41 -
: 'Y : . 1]
- ) ] 1y ’ R % slo
3 | ¥] SES— ' - —1 : fﬁ{UQV“NJO ot pe
Y L
= 1§ > ?}.-,:;f_q ’ ' )
I B i [T
P | K ] . ;26'44 " — ‘%’:Zlgii 7 !
= ,‘§;4;/*,ﬁ ;;d”ff; )
» bR AT
| v A
_,:'5' °‘17/ __,{;4 —
H g,_;%;éﬁ{ ] ]
-3 /
- - /
& & ] —

g -

oot 1 '

205} : i '

0 200 320420 6002001,000 2.0003.0004.000  8.00010.00 -
fetch F (ad

Wave uprusb (mciuplng wave height} obtained by
combining the S. M. B. Metbod with Saville Method

" In order to obtain the height of wave dué to wind in the Al
Bassierah damsite, the wind speed of 20 m per Second in 10 minvtes
on an average is to be assumed taking into account the observed data
of maximum wind movement in Dibba station (observed maximum value is
649.2 km per day).

The upstream surface of the Al Bassierah Dam is formed with
handplaced riprap by the materials mainly consisting of excavated
rocks of more than 20 cm in diameter; therefore, an intermediate
value of 0.45 m at the smooth slope and theé riprap slope in the
above-mgntioned figure was adopted as the height of wave due to wind.

(2) Héight of‘wave due to eafthquake'
‘The height of wave due fo earthquake can be obtained by Sate's

'formu1a as follows;

he = K-t /g TS
A
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where, he; height of wave at upstream face of the dam due to
earthquake

k: horizontal seismic intensity (0.101/)

t; period of ﬁei§mic waves adopted by 1.0 second
a; gravitétional:accélerafioh o '

H.: depth of reservoir water adopted by 9.0 m

From the above-mentioned formula, the height of wave due to
earthquake is to be 0.15 m at the Al Bassierah Dam.

(3} Dam crest etevation

According to the ﬁééults'of caitu]atfon f¢r thé heights of wave
due to the wind and eafthqdake, the crest elevation of the non-over-
flow section of dam can be obtained as follows: -

Hf + 2.00 B 117.00 m (in case of hwthe<l)

Sl

EL 115.00 + 2.00
CEL 122.50 m (in case of hw<l)

1

Hd + 2.00 = EL 120.50 + 2.00

"

From the above formulas, the Al Bassierah Dam crest elevation -
without extra bank is to be EL 122.50 m.

If the freeboard is defined as a difference between the crest
elevation and the maximum water surface level of a reservoir, the
said freeboard can be estimated at 2.0 m.

3-5-3. Extra Bank
The settlement of dam bady which may be cabsed by the weight
of embankment materials and the storage water pressure should be

1/ From the observed data of earthquake around the Arabian peninsula,
there were no epicenters in UAE. However, in the southern part
of neighbouring Iran approx. 200 km away from the Dibba, a number
of big earthquakes have occurred in the past. In this case, it
seems to be reasomable that the intensity of 0.10 will be adopted
as horizontal sefsmicity in designing the dambody owing to the
a;tinuation of the shock wave over those distance from the epi-
centers.
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considered in designing a fill dam. It is desirable that ‘the seftle-
ment after construction of dam should be estimated by dppiying the
results of soil test; however, the consolidation test has not yet
been conducted for the embankment materials. Thus, its value is
presumied by the following experimeﬁta] formula.

A= 0.001 . W2
Where, AH; settlement of.thé dam body
H; height of the dam adopted by 19.5 m

The settlement after construction of the dem is computed to be

' about'ﬂfl m from the above equation, and to this value 0.2 m is added
in considering the settlement of dam foundation and spectable. The
total settlement, therefore, reaches 0.3 m, and it corresponds to
about 1.5 percent of the dam height.

The height of extra bank is determined at zero meter on both -
abutment and at 0.3 meter on river-bed portion, and the profile of
dam crest forms in trapezoidal shape.

3-6. Staﬁiiity Analysis

In general, the stablllty of dam is studied from th91r struc-
tural and hydrelogical viewpoints shown beIow*

KR Structural stab1]1ty
Stabitity of dam slope by the slide analy51s method

° Hydrological stability:
Study on the seepage water through the dam body

3-6-1. Design Values

Design values of the sand and gravel and rock materials to be
used for the stability analysis of & dam body should be decided ac-
cording to the results of soil test, however, since effective tests
for these materials have not been conducted, the estimations are
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made on the data which héve been obtained through various past soil

test in similar nature.

(1) Sand and gravel materials

Soil tests of sand and gravel materials dépbsited on the river
course have been conducted regarding to those auxn11ary items of
gradation analysns and specific gravity, and the relevant result
is shown in the Figure-3-1 in Appendix. '

Generally, the soil mechanics of those coarse materials is com-
paratively well correlated with the distribution of gradation.

The results}/ of soil test for sand and gravel materials in
simitar gradation distribution as shown Iﬂ the above-mentioned
figure are tabulated as follows:

Max.size DI0 D60 Ue 6s yt e 4 C
(mm) — (mm} (mm) A{t/m3) (°-") {t/m?)

100 0.2 10.0 50.0 2.67 1.98 0.35 36°-00'. 0.0
200 0.5 20.0 40.0 2.66 1.90 0.40 39°-10' 0.98
200 1.3 34.6 26.6 2,70 2.05 0.32 36°-20' * 0.07
200 0.27 21.0 77.8 2.54 2.02 0.26 33°-30° 0.0
250 0.7 33.0 47.0 2.92 2.30 0.27 37°-00' 0.0

Where, D10, B60; grain size of materials finer than respective
percenta-e by weight of total volume of materials

Ucs coefficient of uniformity, Uc = D60/D10
yt; wet density
e; porocity
&3 anglé of internal friction
C; cohesion
Gs; specific gravity

1/ Data obtained through past soil tests in Japan.
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Sand and gravel materials dep051ted around viver-bed are good
mixture of large and small size particles with the coefficient of
uniformity is about 27 whlch indicates that they are the well- grade
semi-pervious materials for the fill type dam,

The shearing strength of sand and ‘gravel materlals is well co-
rre]ated with the degree of compaction which represents by the rela-
tive dens1ty‘/ as shown in the fo]lowlng table.

Grain size and gradation _ ~_._Relative density ,

__distribution .. >70%{dense)  70n60%  <50%(loose)
Uniform mixture of fine :
and coarse size materials

35 0 38° 7324 38° 28 A 30°

Ne]]—grade coarseé sand

and poor-grade mixed 37 ~ 45° 33 ~ 36° 30lb 33°
materials of sand and
gravel

Well-grade mixed materials

of -sand and gravel 40 ~ 45 36 ~ 4] 33~ 36

In genérai. the relative density of sand and gravel materials
will be obtained easily more than 70 percent by compacted fill and
it corresponds to about 93 percent of the maximum dry density in
dry weight of the materials.

Judging from the above data, the design values of sand and
gravel materials for the Al Bassierah dam body are presumed as
follows:

1/ Relative density = :?3;657 Y;T;?) x 100(%)

Where, ymax; density in the most compact state
ymin; density in the loosest state
v density in-site
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, : : . _Density . --Sheaying. strength
Gs e Or ¥t - ySsat C

o @ ym) (t/m3) -y (tm?)
275  0.35 770 2.4 230 36°-00' 0.0

Where, Gs; specific gravity adopted by 2.75 from obtained data
e;-por001ty assumed to be 0. 35 | , o
Dr; re]at1ve dens:ty assumed to be more than 70%
Yt; wet density L
ysat; saturated density, ysat = (GS + e)/{1 + e)
¢;-éngle ﬁf_internal friction assumed to be 36°-00°
Ci cohesion |

The permeability coefficient of sand and gravel fill will be
controlled less than 1 x 107* cm/sec as described in"3-4, Chapter
I11 of this Report. In order to ensure the said value, the sand and
gravel materials should be contained move than _seven percent of
finer particles which pass through the No.200 sieve by welght of
total volume of the materials.

Prior to filling river-bed deposits as semi-pervious émbankmént,
the gradation distribution of these materials should be checked at
the borrow area and the improvement in gradation with mixture of
proper particle materials should be considered, if necessary.

(2) Rock materials

The soil test for excavated rock materials of the spil]wéy-éhd
the quarry sites.has not been conducted excluding of the rock tests
for the serpentinite rocks at the spillway site as tabulated below:

Test Item . Sample A Sample 8
Apparent specific gravity‘ } 2.7 . .- 2.13
Absorption (%) . o 0.64 0.70
Durability by sodium sulfate(%) 1.71 9.0



As for the design values of rock materials, the presumpt1on is’
made based on the data obtained from the past soil tests in Japan
conSIderlng the results of rock tests. The result is shown in the
following table, .

: Density Shearang trength
Gs e oyt sat e C
o W) Ty T2 (g
2.75 0.4 1.98 2,25  38°°00" 0.0

Where; the notes in the table are same that in the former
paragraph of sand and gravel materials.

{3) Filter materiais '

‘The materials to be used for the filter zone are obtained from
the river-bed deposits with arcangement in gradation_distribution. |

S1nce the embankment of filter materials is nmstly same proce—
dures of the sand and grave] fill, the design values of filter ma-'
~ terials can be quoted completely from that of sand and gravel materials.

"Design values of the above-mentioned sand and gravel, rock and’
filter materials are summarized as follows:

Density Shearing strength

Materials 3t ysat ‘ C
Wy ey ey e
Sand and gravel 2.04 2.30 36°-00' 0.0
Rock 1.98 2.25 8°-00' 0.0

Filter 2.04 2.30 36°-00' 0.0

Where, the notes in the table are same'that in the former
paragraph of sand and gravel materials.

The above-mentioned design values should be checked based on
the results of test embankment at the site before commencement of

dam embankment.
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3-6-2. Stability Analysis

Fill type dam has a sufficient resistivity against the sliding
failures through the dam body itself and the foundation in Conif;_ider_—-
ation of the properties of embankment materials and the foundation
conditions of the damsite.

Since the foundat:on of th]S damsite’ conSISts of sand and gravel
materials haVIng 2 sufficient reszst1v1ty, the stability of dam body

will be herein studied assuming the following conditions;

Reservoir : . Seismic - MWater surface Pore

Conditions Slopes Coefficient elevations  pressure

Full water Tevel - Upstream & 0.10  F.M.L. £EL 115.0m Steady flow
h downstream” ' - o

Inmediately after Upstream &  0.05 Nil NI

completion of fill downstream _

Middle water level Upstream 0.10  M.M.L. EL'ill;Dm Steady flow

Rapid drawdown -do- 0.10 F.W.L. to M W.L., Unstead flow

_ F.Lo to LUl
Flood water level Upstream &  Nil  H.W.L. €0 120.5m Steady flow
downstream_

The following table shows resu]ts of the stability ana]ysas under
the above-mentioned conditions.

1/ Low water level EL 107.0 m.
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~ Reservoir  MWater surface ‘Seismic ' - . Safety
Case Conditions elevation. ~ Coefficient Slopes factor

1-1  Full water e s | o Upstream 1.340
1-2 . level FT“‘L‘ ELT15.0m ,O'IQf Downstream  1.477

2-1 Immed1ateiy . .. Upstream  1.890
2-2 after com- Nit 0.05  pownstream 1.681
pletion of :

fitl |
3. Middle water M.WL. EL 11, om 0.0 Upstréém 1387
4-1. Rapid drawn- F.K.L. to MWL, 0.10 Upstteam  '].635
4-2 down F.W.L. to L.W.L. R : Downstream  1.367
5-1  Flood water H.W.L. EL 120.5n  Nil  Upstrean . 2.034
5-2 1evel . - Downstream  1.932°

‘The dam bady will have a sufficient stability since the safety
factor is more than the minimum safety factor of 1.2 under the vary-
ing conditions mentioned above. Results of the stability aralysis
and the contour of safety factors are shown in the Table 3-1 (A) to
(E} and Figure 3-2 {a) to (j) in Appendix, respectively.

3-6-3. Seepage Analysis
(1) Seepage through dam body

The permeability in horizontal and‘ﬁértiCa] directions of em-
banked sand and'gravel'materials'is'qUite different. In this case
the embankment should be conSIdered as an an1sotrop1c medium with
the penneablllty depending on the directioin of flow. The ratio of
vertical coefficient of permeablllty {kv) to horlzontal one {Kh) at
the compacted sand and gravel materials daffers depénding on the
method of compactlon. Generally, in case that compaction is made
by flat type vibrating rotlers, Kh may nearly be equal to 25 Kv.
The effect of an anisotropy in the permeabi11ty can be replaced by
an equivalent shrinking of the coordinates. MNamely, transformed
section which is obtained by shrinkage of horizontal dimension of

1/ Low water level £L 107.0 m.
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‘coordinates by the ratio of vEv/KR = 5.0, In the transformed: section,
‘the phreatic line can be obtained by using Casagrande methﬁd at EL
120.5 m, EL 115.0 m EL ll] .0 mand EL 10? 0 mof reservonr surface
tevels. The phreattc lines in ortgzna] section are shown in the
Figure 3-3 in Appendix.

Slnce the embanked sand and gravel sone is an anlsotroplc medla,
the computation of a quantlty of seepage water ls made on the Jdsotropic
media in vsing transformatzon coordinate system mentIOned above It -
is also requ1red that the coefficient of permeablllty in anlsotroplc
med1a should be converted to modified permeablllty coefficient of
JKV“—H On the assumption that the flat type vibrating rollers are
used for compactwon of sand and gravel materials and the permeabllity
coefficient of these materials are contro]led at 1 x 107* cm/sec, the
modlfxed permeabll1ty coeff1c1ent is computed as fo]lows

K = #?_'x (1 x 107*) x 864 = 4. 32 x 107} m/day

A quant1ty of seepage water is calculated in the fo]lowlng
formula,

0=K-Yo - 1L

Where, K; mod:fled COfolClent of pérmeability
= /n x Kv).

Kh; coeffzcrent of hor1zonta] permeablllty
Kv, coeffICIent of vartlca] permeab1]1ty
_n, rate of permeabll1ty coeff1c1ent Kh/Kv
Yo; height of discharge face {Jﬁ“’+ d2:~ d)
L: crest length of dam, adopted by 883 5m
Q= 4. 32 x 107t (m/day) x 5. Bl(m) X 883 5(m)
= 2 2]8 (cu. m/day)
= 0 03 (cu mfsec)

-
_5.81 mlf

u

1/ Refer to Figure 3-3 in Appendix
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{2) Piping in dam body

The proposed dam body malnly cons1sts of the sand and gravel
zone and the rock zone. The rock zene will have a large coefficient
of permeabllzty of more than ) x 167* c/sec and a large resust1v1ty
against the action of seepage water, Undér the situations, no atten—
tioin may be required to the stability of the rock zone against the
piping. It is assumed that the sand and gravel zone will have a
permeab1l|ty coefficient of 1 x 107 cmfses taking into conszderatlon
the grain size distribution of the materlals - The zones w1l] be
‘affected by the seepage water pressure, accordingly. When the seepate
water pressure exceeds a certain limit, it causes to collapse the dam
through piping, etc. 1In gereral, the following formula for computing
the critical hydraullc gradient is employed to study the stability
against p1p1ng

- &

et
il

—~im
nA

-1
e
Hhere, ic; crltlca] hydrauiic gradlent
' L creep length
H; d1fference of water heads Wlthln the creep length
G; specific gravity of embankment materials

"~ e; porocity of embankment materials

Computation of the critical hydraul1c gradient is made for the
contact face of the sand and gravel zone and the foundation assuming
the full water level of thé reservoir.

iIc = [—.: ?7': 0.}6

6 -1 _2.75-1_

Tve T+0.35 130
G -1 _

¢ = 0]6 < i—‘l'-_e = ].30

1/ In generai critical hydraulic gradient (ic) of 0.5 to 0.8 is
employed in case of sand and gravel materials having no cohesion.
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The computation result suggests that the sand and gravel zone
has a sufficient resistivity against piping.

3-6-4. Filter Criteria _

In order to prevent washing-out of fines contained in the zones
which are protected by the filler and to safely permit seepage water
to flowout of the zones, the filter zones are ﬁlanned'at the up and
downstream suvfaces of the sand and gravel zone. Tt is also required
that contact face of. the base of downstream rock zone and river-bed
foundation, the horizontal filter zone should be constructed to prevent
against the piping for the foundation. These filter materials should
be satisfied relation of gradation between the filter zone and that
of the zones protected by the filter as follows:

1 15% grain size of filter matertals ' 5
15% grain size of matérials protected by filter
2 15% grain size of filter materials 5

85% grain size of materials protected by filter

3 It is desirable that gradat1on curve of f1lter materials
15 approximately parallel to that of the materials pro-
tected. :

I mageria1s to be protected by filter contain coarse
materials, 1 and 2 shall be applied to the materials
under 25 mm size.

5 Filter materials shall not be cohesive and not contain niore
than five percent fine passing the No.200 sieve.

6 The maximum grain size of filter materials is to be 76 mm.

The gradation distribution of filter materials based on the
above filter criteria is shown in the Figure 3-4 in Appendix.

3-6-5. Riprap

The embanked materials at the upstream s]npe'shduld‘be protected
by the hand-placed riprap in order to prevent from moving and washing
out by wave action. Riprap materials must be hard and sound having
enough durability against weathering.
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The requived thickness of riprap zone can be obtained by the
following equations. -

_ /s, . 62.4-Gs-W?
=20 (62 Gs) YA < 187 (Gs - )5 Cotn

where, T* thickness of ripfdp (in)
 WA; weight of riprap (1b)
Gs: specific gravrty of riprap material
Hy height of wave due to wind adopted by 1.48 ft
a; angle of slope adopted by 19.6518°

The required thackness of rlprap zane is computed to be about
0.25 m from the above formula, however, tota] th1ckness of 0.5 m is
adoptéd in considering the allowance of construction. An average
grain size of the”riprap materials is to be 0.2 m due to the wave
action.

3-7. Foundatien Treatment

Al Bassierah Dam aims to store temporarily flood discharge that
appears once or twice a year for flood control in the downstream area
by means of cutting the peak of floods, and to recharge groundwater
through infiltration of the stored water by the dam into aquifers.

Being different from ordinary storage dams, Al Bassierah Dam
will require no barrier structdres in fts foundation. In other words,
Al Bassierah Dam will require the foundation treatment to secure a
sufficient bearing capacity to free the dam body itself from unsuit-
able settiement caused by a weight of the embankment and the stored
water as well as to secure the stadbility against the collapse due
to piping failure.

3-7-1. Foundation Excavation

Excavatlon of the dam foundation is classified into two parts,
one 15 for the whole of dam body base and the other for the trench

base along the dam axis.
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In the former excavation objectionabie materials such as top-
soil, loose rocks, debries, mud, plants and roots shall be removed.
The excavation depth of the whole dam base is dlfferent in p]aces‘
however, is assumed to reach 0.5 m on an average.

A trench along the dam axis sha!] be excavated to obtatn a good
. bond between the materlals embanked and the dam foundatlon. The ex-
cavation shall be performed not. to create an extreme]y irregular
surface, very steep siope and_vertlga]_or_overhanglng_abutmentsi

For the trench base, the excavatlon depth is assumed to reach
two m on an average, however, the max1mum depth may be Tess than
four m in consideration of the dGDOSIted condition at the rwver
course and weather1ng condition of rocks at the both abutments

3-7-2. Surface Treatment

Prior to placing embankment materials, the excavated: surfaces
,should be made to a smooth flnlSh W1th0ut undue irregularities, and
_then compacted to obtain a good bond wzth the materials embanked on
or against it.

In case of rock foundation at the'abetments the excavated sur-
faces shall be cleaned of loose. materials, and cavities and ‘depres-
sions in finished rock surfaces shall be f1lled wrth selected sand
and gravel materlals before embankment materials are being p]aced

on 1t
3-8. Spillway

3-8-1. Type and Alignment

In general, a fill dam should be equipped with an open-type |
spt?lway from the view- p01nt of hydraulic characterlst1cs since the
£111 dam has no re51st1v1ty against evertOpping caused’ by unexpected
floods. The non-controt’ type spillway, i.e., the overflow type
spillway having no gate, is selected among others tak:ng into account
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~ the designed flood discharge, topography and surrbunding'environmént
of the spillway site and possible dangerousness in gate operation if
provided.

As regards the alignment of spillvay, the right abutment with
the small saddie is more advantageous than the left abutment due to
the appltcab111ty of the topograph1c conditians.

The spiliway will consist of the three strictures, i.e., the
COntfélrstructure of a hérfect OVerflow-type thé carrfer structure
of a shute- type and the rlver bed protection structure of a horizon-
tal riprap.

3-8-2. Designed Floéd'Dischérge

in designing the'Spillway, a 10,000-year probability flood dis-~
charge of 2,320 cu.m/sec is employed taking into account the lack of
hydrological data and precedent in UAE.

A discharge to be released through the spillway whea the flood
discharge of 10,000-year probability flows into the veservoir has
been computed by using the following formila in which the relation-
sh1p between the flowOout capacaty of spr]lway and the storage ef—
fect of reservo;r are taken into consrderatlon '

172 {1+ 12) At + s.'- 1/2- 0, At = 52 + 112 0,-At

Where, 1,; 1nflow d15charge at t, tlme in m3/sec
I,: inflow discharge at t, time in m3/sec
0,: outflow discharge at t, time in m®/sec
0,; outflow discharge at t, time in m¥/sec
'S)3 storage volume at ti time in m?
S,; storage volume at t, time in m?

ﬂt = t2 - tl: “’-2 > tl)

3-26



“The following table shows the relationship between a vise of -
the reservoir water level, direct construction costs and varying
léngth of crest of the spiliway in consideration of storage effects
of the reservoir:

Length of Crest at $pillway (m)

: o - 60 80 100 120

Water surface elevation , R T T

(EL m) 120.92  120.36 119.78 119.30
Flow-out discharge _ T L

(m’lsec) | 1,830 2,100 2,210 2,270
Overflow depthlf : j Lo

{m} 5.92 5.36 4.78 4.30
Construction Costs?/ | _ L

{x 10 Dh) o 1.3 107 357 -

The abové table suggests that.fhe'dfschargé‘of 2,050 cu.m/sec
is reasonablé as the: des:gned fload d1scharge of the splllway with
the ¢rest length of 75.5 m in consideration of the construction
costs and topograph1c restrictions of the spillway site.

3-8-3. Hydraulic Dimensions

The dlmen510ns of a welr under the comp]ete overf]ow condztlon
have a close relation wlth a shape of the weir. PrOV1ded that the
Harrold's standard type ‘shown in the foliow1ng flgure is emptoyed
for the overflow crest, the coefficient of dlscharge and ‘the Tength
of weir can be obtalned from the fol!owlng equations:

1/ Overflow depth = water surface elevation - 115.0 {m)
2/ Direct construction costs of spillway and dambody

3-27



Center of crestw\\‘

Q_' '

— )

Harrold's curve

( i, L

2.200 - 0.0416 (Hd/w)f’"g"“’ - 2.109
Q/C Hd*2 = 7636 m ¢ 75.50 m

|
1

Nheﬁg C: coéfficient of discharge
_ Hd; overflow head at crest, 5.50 m
W depth of entrance channel, 2 50 m
L effectlve crest ]ength
Q des1gn flood dlscharge ? 050 m?/sec

The water depth of chute at the dlscharge carrier is ca]cuiated
'by applylng the foliowrng Bernoulll s theorems settlng up a control
p01nt at 20.0 m downstream from the crest along the center of spill-
way.

V.2 . n?  Vm2eAg

-, |
Vi 4 Ax.tano = D, - Coso + Bt

D, cosp + 7q

Where, D, V,; depth and velocity at the front section
D,, V,; depth and velocity at a section under considera-
tion
0; angle of bottOm slope at the chute
g3 graw tatlonal acceleration
ax; 1ncrement of dlstance

n; cOeff101ent of roughness, adopted by 0 025 in
¢ ¢hute

" Vms ‘mean velocity of flow, Vm = 1/2 (v, +V,)

 AL; fncrement of distance measured along the bottom
- of chute - '

Rm; mean hydraulic radius,zﬂm_= 1/2 (Ry + R,)
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The results of calculation of water deﬁth at the chute are shown

below: _

, Bottom Bottom MWater surface Water B 2

Distance ) elevation Width ~ elevation Depth Velocity fr

(m) ‘Tﬁl m)  (m) (Et m) {m)  “(w/sec)
0.0 N5.0- 75,5  119.22  4.22 6.44  1.00
6.836  112,5 - 70.5 11514  2.64 11.01  2.16
20.0 2.5 70.5 116.92 4.42  6.59 1.0
40.0 . 109.0 70.5 111.40 2.40 1211 2.50
81.888  109.0 70.5 111,66 2.66 10.95 2,15
101.888  107.0  65.731  109.54 2.5 12.29  2.47
146.888  107.0 555 110.46 3.46  10.67  1.83

Judging from dtscharges, veloc1ty and Froude number in the above
table, there is no deflnlte hydraullc Jump occurrlng in the spillway,
except the undulated jump or weak Jump accompanled by surgace turblence
at the end of crest. MHowever, the running water through the chute
possess some energy to bring about erosion and scouring.

Since the surface portlon of the natural ground around the spill-
way site has no sufficient res1st1v1ty against erosion and scour1ng,
the protectlcn works with gabion should be executed at such the site
of the spillway. At the end of chute, the running water will have
a comparatively high velocity, and causes érosion and scouring of
alluvial deposites, therefore, horizental riprap with gabion should
be placed as the river-bed protection. - The required length of river-
bed protection can be obtained by the following Bligh's formula:

Ls = 0.6C /H =441 £ 45 m
Where, Ls; rEthred lehdth“of'fiver-bed hrotectidn
C; Bligh's coefficient, adopted by 20

H; difference of elevatioh'between'reservoir water
surface and top of river-bed protection

1/ Distance is measured from the crest alohg the center of spiliway
2/ Froude number, Fr = V//g.d
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3-8-4. UNtimate Qutflow Capacity

A diSchafge capacity of the spillway when an unekpectéd flood
discharge of more than the designed flood discharge of the‘épiliwéy
flows into the reservoir is roughly computed by using the following
- formula in consideration of a storage effect of the reservoir:

AH = “3* 'G‘?I—‘;'E.

QDT N
Where, AH{ height of the reservoir water raised by an unexpected
flood discharge

;i increased rate of an unexpected flood discharge in
comparison with the designed flood discharge

H; design overflow depth
A; reservor water area with the designed flood discharge
- QD; design flood discharge '

T; continuation hours of an unexpected flood of more
than the designed flood discharge, adopted by 2 hrs.

from results of the calculation, the relationship among an
increase in water surface, flow-out peak discharge and return period
for the Al Bassierah Dam is shown below:

a (Safety rate to an unexpected
flood discharge)
0T 0.2z 0.5 04 05

{14+a)Qd(m?/sec) 2,255 2,460 2,665 2,870 3,075

Return Period 20,000 41,000 85,000 170,000 -
(Year) :

AH (m) 0.24 0.49 0.73 0.98 1.22

Qd = 2,050 m®/sec, H =55 m, A=1,350 x 10°m?

- It is learned that the overtopping at Al Bassierah Dam is out
of the question. Even if a IOO,UGO-year probability flood discharge
flows into the reservoir, it only causes to raise the reservoir water
level by 0.80 m. If it is defined that the utimate outflow capacity
of the spiliway is equivalent to the discharge released through the
spillway when the reservoir water has arrived at the dam crest eleva-
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‘tion, the said capacity counts 3,730 cu.m/sec. The return period is
indefinite in this case.

3—9; COndult

An- outlet condunt wr]l be embedded beneath the dam body in con-
sideration of the existing condition of the water route, effective
vecharging of groundwater in the downstream rivér:déposits; and nec-
cessity to flush-out fine materials around the entrance of the outlet
conduit. B

3-9-1. Hydraulic Design

‘As a result of the reservoirIOpEration study, a reinforced con-
crete conduit of the c1rcu]ar shape with the inner diameter of 1 ,420
mm has been prOposed as the outlet facility of Al 8assrerah Dam

On oU£1etﬁdiséhérgé of this conduit at the Qafying reservdir_
water levels can be obtained as a pipeline flow by the following
equation. ' B
Y9 A oom R

A

A = 0.7854D2
Where, Q; outlet dischafgélcf‘COnduit pipeline
g; gravitational acceleration
A flow area
D;'lnner dtameter of outlet conduit pipes
fvy coefficient of changing velocity 1oss adopted by 1.0

fe; coefficient of the entrance loss inclusive of the
trash rack loss adopted by 0.5

fry coefficient of friction Toss, fr = 124.5xn2/d*/ *xL
n; coefficient of roughness, adopted by 0.015
L; length of conduit

H; total head, measured from top surface at the end of
conduit
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Based on the results of the above-mentioned computation, the
- velationship between an outlet discharge and a reservoir water level

can be attained as follows:

Reservo1r water surface ]eve1 (EL m)
110, o 113, Q_ 116.0 119.0 122.5

Outlet discharge g 59 4127 12.95 14.44

(m /sec)

16.00

The ruﬁning water flows out from the ouf]ét conduit with a
relatively high velacity, theréfore, horizontal riprap with gabion
should be placed downstream of the conduit in order to protect the

river bed from erosion and scouring.

3-9-2. Structural Design

The circular séction has been adopted for the reinforced concrete .

conduit as outlet facility of Al Bassierah Dam in consideration of the
structural characteristics as well as the construction method of this
facility. The basic values and formulas used in the computation for

structural desigh_are shown below:

Basic values:
Unit weight of plain concrete
Unit weight of reinforcement concrete
Unit WEIth of embankment and back fill
materials
Static elastic modulus of concrete
Static elast1c modulus of river dep051ts
Poisson's ratio of concrete
Poisson's ratio of river deposit
Allowable compressive stress in concrete
Allowable shearing stress in concrete

Alloﬁable tensile stress in reinforcement
bar
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2.3 t/m?
2.4 t/m?

2.1 t/m?

200,000 kg/cm?
50,000 kg/cm?
0.2

0.3

70 kg/cm?

9 kg/cm?

1,800 kg/cm?



Calculation formulas:

Nletc), C=1/2t-d,d=t-d or d - c vﬂ?ﬁ

Ms =
CiCalMs N ML
As 2 5T = Gaa O A8 T Gsa g
= S i = - | | = , - s I nn
T 1/3 k, k = v2ph + (np) e
Where, M; bend1ng moment at sectlon under conSIderatlon
N: thrust at sect1on under c0nsaderat10n |
S: shear at sectlon under consideration
Ms: moment relative to thrust, eccéntricity and C.
e; eccentricity e = M/N _
ty thicknéss df member'at'SectiOn under bonsideraiion
d; effectlve thickness of member at section under -
. cons1derat1on | ‘
d’; covering thlckness‘of_reinforcement'bav-
As; area of tensiie.reiﬁfbrbéméht bar
Cis C23 COEfflC]Ent relative to allowable stress of concrete
and relnforcement bar, C, = 0 29? ty = 0 00213
T shear1ng stress in concrete at sect1on under
consideration
b; unit width bf member
ji distance from computed center of compreSSIOn to
centroid of ‘tensile reinforcement bar relative
to effective th]CkﬂESS d
k: distance from compress1on face to the computed pOSl-
tion of the neutral ax1s re]at1ve to effective
thlckness d
p; ratio of tota] area of relnforcement bar to total area
of cancréte member at section under consxdér&t:on
n: ratio of modulus of elasticity of reinforcement bar
to that of concrete and adopted by 15
osa; allowable tensile stress in reinforcement bar
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For the'distribution of tenSiIe‘stré§$ in- the reinforcement
concrete membérs and arrangement of bars at the conduit section,
the structural calculation has been executed by the Finite Elément
Hethod and the résults are shown in the Table 3-2 {A) to (C) in
- Appendix and surmarized as follows

Mesh Ien51le fens:le Reln bar ] , , ) ¢ Outlet
Point stress force  requirement conduit
(kg/cm?) " (kq} (em?y’ T '
\ 1.8 5,400 6.7 ~ S L —
- = g G
2 2.2 6,600 8.2 o ALy P
3 3.5 10,500 3.0 ol la 6y 235
i AU,olUu A ol — .
4 0.2 600, 0.7 3
5 1.4 4,200 . 5.2 : Ve
: _ .y . E 7 &,
6 2.2 6,600 8.4 o . 0
' S o ~ - e,
7 _ 0.7 2,100 2.6 o > K4
8 1.7 5,100 6.3 —
9 0.3 . 900 1.1
10 3.4 10,200 12,7 _
1 0.7. 2,100 2.6 &
. o DR . 8
Reinforcement bar requirements.in —
the above table. shows those for a :
tength of 100 cm. S 3{7
1 10 m
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CHAPTER IV, CONSTRUCTION PLAN AND PROJECT COST ESTIMATION

4-1. Construction Method
The attached constructibn schedule itémized the construction

works under the Al Bassierah Dam Project. Descriptions of the con-
struction works are hereinafter made. S

4-1-1. Staging of Dam Construction

Slnce the r1v&r bed in almost dry throughout the year except
the winter season in February and March and is fair wide about 900 m, -
construction of Al Basszerah Dam in two stage by using the multiple-
stage diversion system Will be 1ntroduced

In the first stage, while the extsttng watér route nRear the _
right bank wil) bé utilized as temporary open waterway, the construc-
tion of the left of the dambody lncludlng the conduit would be com-
menced in July 1982 and completed by April, 1983. Dur1ng the above
period for the construction ef the dambady, ¢onstruction of the
spillway would also be made. The remaining construction works of
dambody would be carried out durlng the months of May and June just
after the winter season and completed by the end of June, 1983.

4-1-2. Excavation Works

The river bed and both abutments contain objectianable materials
in their surface layer such as top-soil, leose rocks, debries, mud,
plants and roots, therefore, the surface layer of about 0.5 m deep
on an average should be removed before placing embankment materials.

For the trench along the dam axis, the excavation shall be per-
formed not to create extremely irregular surface, very steep slope
and vertical or over hanging abutments, and the excavation depth is
assumed to reach 2 m on an average. These excavation works will be
executed by in a conventional way to combine tractor shovels, buli-
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dozers and dump trucks, and those excavated materials will be hauled
to the spoil banks located immediately downstream of the dam body.

Excavation works along the conduit will be commenced concur-
vently with that fer the dam foundation by combination of backhoes,
bulldozers and dump trucks.

No special measureménts such as coffering and dewatering will
be réquired in excavation works for the dam foundation and conduit
works. '

Since there is no.over burden arcund the spillway'site, excava-
tion works for the_spi?lway will be mostly compqéed of rock excava-
tion by the bench-cut method with blasting, The major equipment
will be air-compressors and heavy dri»iing machines for drilling of
the blasting holes and tractor shovels, bulldozers and dump trucks
for quarrying and hauling of excavated rocks. These excavation works
should be performed in accordance with the embankment schedule of the
dam body.

4-1-3.  Embankment Works

Al Bassierah Dam is designed mainly to have two zones, that is,
central sand and gravel zone and rock zone taking into consideration
the embankment materials available around the dam site and their
mechanical characteristics, '

Central sand and gravel zone is located in the central part of
the dam body. For this zone less pervious materials with a diameter
less than 20 cm will be obtained by means of screening river deposits
at the upstream borrow area. The borrowing and embankment works will
be made by construction equipment such as scraper, bulldozer and
bfvrating:ro]ler, etc.

Roék_zope_will-be_located on the both sides of central sand
and, gravel zone as the outer shells of the dam boyd and will be
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constructed rock materials to be excavated for the spillway construc-
tion and quarry site of the left bank. In embankment of the central
sand and gravel zone, the materials should be compacted by the vibra-
tory roller with watering,'for'éach bankiag layer of about 40 cm.

Thé spreaded rock materials should also be compacted by the vibratory
roller. : ' ' '

4-1-4, Concrete Works
Contréte to be used for the concrete works of‘the'Pfojéct will
be classified into the following two specifications: '

: Standard of Proportion
Weight of  Max-size of

Kind of Concrete ~ cement  aggregate
_ . - (kg/m3) %m :
Reinforced concrete {Class A) 350 : 40

Plain concrete {Class B) 250 - 40

As regards cement, thé porttand cement will be used since it
can be obtained in tne market of the UAE. Aggreqate materials will
be collected from river deposits around the dam site. In order to
remove the silty materials including in the river deposits and to
obtain appropriates size of aggregate, river deposits will be washed
and screened at an aggregate plant to be provided at the site..

Concrete will be mixed by portable mixer with a capacity of
0.5 cu.m/batch at site, and mixed concrete thére will be hauled by
agitator truck to respective job sites, and placed by chuting gutter
or centipede conveyor.

4-1-5, Plant and Equipment.for Construction Horks

- Combination of tractor shovels, backhoes, bulldozers with rip-
pers or rakes, and dump trucks may be the major working force in
excavation and scraper and dump trucks might be used for hauling,
whereas the vibratory rollers in compaction of the embankment.
Rocks for dam embankment will be produced at thé spillway site and
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the left bank quarry site by bench-cut method with blasting. The
stationary air-compressors will be installed at the spillway and
quarry sttes.

- Filter materia]s_and aggreéaté for concreté will be produted to
screen the river bed matérials at the screéning plant to be provided.

A U.S_cu.m/bqtcﬁ plant will be erected on the right bank near
the pfeét of spillway. Concrete mixed here will be delivered to the
respeﬁtivé placing sites bj a 2.0 cu}m'agitatof trucks. A chutting
gutter or centipede conveyer will be employed to place concrete.

The construction plant and equipment required for the Project are
listed in the Table 4-1 in Appendix.

4-2. Construction Schedule _

Al Bassierah Dam Project is expected to be completed by June,
1983 in order to store temporary flood discharges from the rainy
season. The construction period of about 16 months has been scheduled
in consideration of the present river flood conditions as well as con-
struction methods. Under the situations, the construction should
start in March, 1982. The Ministry of Agriculture and Fisheries,
UAE, will be the executing body of construction works under the Al
Bassierah Dam Project. The construction - schedule covering the eatire
works is shown in Figure 4-2 the attached construction schedule.

4-2-1. Service Road

A 7.0 m wide service road with asphatt pavement will be con-
structed from the Dibba—Mdsafi_nationa] road to the dam site. The
road will be about 2.0 km_iohg. The construction of the road will
require two months prior to the commencement of the dam cohstruction.

4-2-2. Relocation of Power Lipe

The exiéting 3,300 KV power line through the damsite shall be
partially relocated on the left bank for the construction works.



The Construction will take about one month prior to the commencement
of the dam construction. ' '

4-2-3. Sp1llway and Condust

It is economical and safe to execute the construct10n works of
the dam by us1ng the multlple stage dlver51on system.‘ The construc—
tion plan schedu!eS‘to start the works of the left baak ia July, 1982,
while keeping space of the right bank for flood way durlng the ralny :
season, whereas the right bank constructIOn works of the dam will be -
commenced 1mmed1ately after the ra1ny season of 1983 and completed
by June of the same year.

The excavation works of the spillway may be cbmmenced'cbﬁ&ur-
rently the embankment works of the dam body in_cOnSidefation of the
direct haul of rock materials excavated at the spillway site to the
embankment place. The excavation period of the spillway will be
about five months as shown in the attached construction schedule.

Since the outlet conduit i$ located beneath the dambody, the
conduit works will be completed prior to the embankment works of
the dambody.

4-3. Project Cost Estimation
4-3-1. Project Cost

The Project Cost contained construction costs of the dam, spill-
way, conduit, service road, relocation of power line and administra-
tive expences as well as contingency is shown in'thé'fol1dwing'table
The Project Cost has been carefully est1mated based upon quant1ties
computated in detail de519n1ng as well as upon anulyses of construc-
tion methods, equipment required and construction schedules S0 as to
cover all the costs and expenses incurred in the construction works
under the Project.
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Costs of construction materials, plants and equipment have been
estimated based upon their purchasnng prices in assuming these are
ava1lable in the UAE, Deprec1at10n costs of plants and equipment
have been estimated based on their estimated durable lives.

The Project Cost thus estimated is summarized 1n the fo]]owlng
table.

Description Project Cost (Unit: 1,000 DH)

(1} Dam 14,885
(2} Spillway _ 3,580
(3) Conduit - 1,290
Sub-total _ 19,755
(4) Administrative Expenses 2,964
(5) Contingency 2,964
_Total 25,683 : 25,700

(1,542 Million Yen)
4-3-2. Phasing of Project Cost

According to the constructien schedule mentioned in Paragraph
4-2, the Project Cost in each year is estimated as follows:

_ : 3 Year
Description Total 1982 1983
Project cost Unit: 1,000 DH
(1) Dam 14,885 10,428 4,465
(2) Spillway 3,580 2,510 1,070
(3) Conduit 1,290 900 390
Sub-total 19,755 13,830 5,925
{4) Administrative Expenses 2,964 2,077 894
(5) Contingency 2,964 2,070 894
Total 25,684 17,970 7,713

3 25,700
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Table 4-1 Pr03ect Cost of Al Bassierah Dam’

Description

1. Construction Cost

1}_DAM 80Dy

Strlppang

Common Excavation

Rock -Excavation
Sand & Gravel Embankment
Rock Embankment

Fiiter Embnakmént
Riprap o
Concrete

Miscellaneous Horks

Sub-total ‘

2} SPILUNAY

- Rock Excavation
Relnforced Concrete
- Gabion -
Miscellaneous Horks

Sub-total

3) CONDUIT

Earth Works ..
Concréte

Gabion
Mlsceilaneous Works

Sub-total
4) TOTAL of 1) + 2) + 3)
. Administrative Expenses
5) Management Feée 5% of 4)
6) Engineering Fee 10% of 4)
7) Total of 5) + 6)
. COnffngency

8) Contingency 15% of 4)

Grand Jotal

Unit . Quant1t1es

(Untt‘b ] 000 D]Fhams)

Amounts
ci.m 110,000 850
W 56,000 260
u 400 5,510
5 370/000 © 5,510
g 210,000 - 5,260
n 59,000 1,290
" 41,000 1,470
0 300 . - 90
LS. 85
14,885
cu.m 73,000 1,630
- 2,000 750
" 5,500 950
- L.S. 250
3,580
Cu.m o 5,] 00 - . 30
n 700 730
" 2,600 450
L.S. 80
o 1,290
19,755
"_938 '
1,976
2,964
2,964
25,683
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CHAPTER V. OPERATION AND MAINTENANCE

5-1. Organlzatlon

The Al Bassierah Dam Proaect will be 1mp]emented as part of the
water resources development project 1n the wad1 Al Bassierah. baswn, ?'
and the water resources to be developed will be utilized for domestlc
water, industrial water and 1rr1gat1on water purposes under the JOlnt
control of the Ministry of Agrlculture and Forestries and the Mlnlstry
of E]ectr1c1ty and Yater.

Under the c1rcumstances the operatioh énd;maintehance of Al
Bassierah Dam sha]l be made by the Dibba folce, Mlnlstry of Agr1—
culturé and Fisheries as part of duties of th]S office, accordingly.
The organization for aperation and_majntenance should be established
in the office taking into consideration the water lise in the entire
Wadi Al Bassierah ba51n as detailed information is available in
Chapter V of the Feas1b1]1ty Study Report. '

The operation and matntenance of Al Bassierah Dam itself is
divided into ordinal periedical check and works in rainy season.
The periodical check will be made once a wonth, however, in;rainy
season, the storage'water quantity, storage durat%bn; sediment ac- _
cumulation volume and the condition of inltet and outlet portions of
the ¢onduit shall be cafefully checked and recorded after each fioodé
ing. Sediment accumulated at the entrance of the conduit if any
should be removed in order not to decrease the function of the con-
duit.

Man-power required for such works will be as follows;

° Engineer - One
¢ Technictan One
® Driver One
® Laborers Two
Total  Five
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The above-mentioned man-power will be oenly required in rainy
scason, therefore, the existing staff of the Dibba Office, Winistry
of Agriculture and Fisheries will be able to meet such man-power
requirement,

5-2. Operation and Maintenance Cost

The operation and maintenance of Al Bassierah Dam throughout the
year were described above. The rainy season is herein determined at
six months from October to comihg March in estimation of the opera-
tion and maintenance cost.

In estimation, buildings, vehicles, trucks and laborers belong-
ing to the Dibba Office, Ministry of Agriculture and Fisheries, have
been taken into account.

The estimated operation and maintenance cost amounis to 80,000
DH per year in total and this value is equivalent to 25 percent of
the working budget for the Dibba Office, Ministry of Agriculture
and Fisheries. '

Starting about 10 years after the completion of the Al Bassierah
Dam, an annval sediment of 20,000 cu.m to be deposited by the YWadi
Bassierah should be removed away and estimated to cost about 100,000
OH per year. During the construction of the said dam, about 370,000
cu.m of sand and gravel would be excavated at the reservoir area and
used for the embankmént of the dam which is equivalent to volume of
the sediments to be occurred for 19 years. '

However, it is recormendable to remove away the silty materials

sedimented in the reservoir area after the flood to augment a func-
tion of recharging aquifer.
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