_Modern industry such as manufactureing has not been built-up,
excluding cement industry developed by the Government. To improve
the underdeveloped economy, the Government established the
"Three-Year Development Plan" in 1973/1974 which was followed by
e "First and Second FivewYear Development Plans. These_
developments have only just staited, and are expected to have a

great influence on the economy.
2.3 Outline oi‘ﬁevelooment'flsn

.YAR registered an average growth rate of 8.1% per year from 1973 to
-1984.'5In 1984 the GDP was 2.94 billion U.S. dollars. The economic

growth depends on gross fixed capital formation due to remittance

'from Yemeni working in foreign countries and the economic aid of
'foreign countries. The capital formation is more than 407 of the
"GDP. L e : : '

_However, a'signicant decrease in foreign exchange and the remittance
from foreign countries hag caused a recession ‘of economic growth in

recent years.

fYAR established the Second Five~Year Plan (from 1982 to 1986) which
follows the First Five~Year Plan (from 1977 to 1981) The Second
‘Plan sets two targets; one is to generally 1evel up the living
_standard of the nation through an increase in the gross national
income and local development and the other is to construct
& independent economy through an increase in the growth rate depending
on industries. The Second Plan is accompanied by the investment
plan in a total amount of 28 1 billion YR, as shown in Table3 The
”Second Plan lists the following 13 strategical items to attain the
: target. ' '

.hl) Optional utilization of potential resources to bring up -
:industries utiliting domestic ‘raw materials, develop '
_sight~seeing resources, increase agricultural production bring

_ ﬁup civil work industry, and strengthen mining and industry for
;Tthe future export.
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2)

3

4)
o supply potable water all OVer the country in addition to

5)

6)

7)

Consolidation of education, health and welfare,'and soclal

service _ ,
to moderrize and improve the education and training system,_uith
vocational traianing emphasized to offer basic services with

respect to health, society, and culture.

DeveIOpment of agriculture . o
to improve agricultural productivity through consolidation of
various agricultural services such asa harmonized local :

development programs, agriculture cooperativee, agricultural

finance system, and agriculture popularization activities.

Dam construction and effective utilization of weter reSource

'coping with increased water demand of agriculture through 3: ;

introduction of modern irrigation qystems (such as eprinklers)

- dam construction, and development of groundwater- to supply the

whole nation with potable water.

Research and development
to bulld up Sana'a Unlversity in the science and technology
center and eatablish local laboratories, to aid enterprise for

the research and development of resources. _ (The policy is baaed

'on cognizance that economic development involves a modern and

scientific breakthrough )

'Increase in agricultural prodUction and industrialization of

agricultural product o

to increase agricultural production and aid the private sector
to industrialize agricultural products. (This policy is baeed
on the fact that processing of agricultural products is suitable

for North Yemen )

Increase ‘in production and promotion of savings to increase

investment to the production sector through an increase in

production by economic policies oriented to the financial '

'policy, and through an increase in savings by supressionwof .

consumption expenditures and effective utilization of domestic

gavings,
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8)

9

_10)

11)

12)

Correction ‘of regional differences

to increase public 1nvestment to the 1ocal dietrict and.

- encourage -the private sector for local investment; to level up

nationwwide”eeonomic activities and 1lncrease emoloyment in

* industry.

Survey of mineral resoulces

. to implement research and study, bring up North Yemeni experts.

Preeervation of environment o
to prevent landsiides, plant trees in the mountain district, and

establish the standard of water utilization.

Increase selfureliance
to decrease dependence of energy and industrial products on
foreigu countries and induce wage earners staying in foreign:

cointries to make investment to domestic production projects.

Economic cooperation and combination with Arab countries o

-to promote economic combination with Arab ~countries and to try

_ to facilitate the flow of capital among the Arab countries, and

13)

.uniform education curriculums with other Arab states.

Natioual participation in eeonomic developnent
"to familiarize ‘the nation With,economic development through mass
_media and have the nation participate in economic development

,through union activities, etc,
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Table 3 Investment Plan Based on
FiveﬂYear Plan (1982—1986)

{Ia m.llton i}

Publick Pri-  Toul Dmn&uuun o Grnn " Srrucwral me
Mized st & Fixgd Capital Farcnation  Atioaal avests
Seuter Cogpara- Public & ¥riv ments on the biig
it Sce- Mited ek of the Seetor of
[EH Sector - Coopetar Quinership
vt S Lo
tot Total Public & @ Pri- .
. Mixed nln.&
S:ctnr Coogiera
X * live Sees
Lo I . R . Tyt L
Edonomlc Activities [1]] (&) B 4% 9% ()3 M%  (B)a
Agticultare, Forestry B N : : -
and Fisheties 2470 1,355 381 338 44 s 11a 0
Miaing & Quarrying 0,677 023 005 34 08 . 31 3T 14
Manwficroring . 2,185 1,105 3,250 | 14 39 PR 1 I ¥
Elegericity 3nd Water 2,393 DA 1O B2 0.2, 84 124 (-8
Construction 1" 6as0 “od0a 0330 _ 14 [ R] 30 14 |
Trade, Restaurants and o Yo ’ N
Hotehs . D864 1006 30TO L B Tt U0 4T 0d
Transpoct and Com- . < : - L : s
musications 2943 0,691 - 4650 Wo 2§ 165 1A e
Finantis) [nstitsvions g,115 G0 u;mo T g4 0.) [ 0.4
Housing 3nd Redl Enate . : L ’ RIS AR
Services 0,260 3435 3 s 09 R JCIY > B B E N L] N
_G\Hummlsv.hm.n 5,065 e—— 5168 181 -r-- RLE PLE e
Ouhef Serviees - - S ¥ T T N L LS
| Tasal 18,431 9,667 4100 . 434 _1_.1_.4'. 1600 16001000

- In water supply service with which the Project is associated
emphasis 1s placed on water supplyfin cities such as ‘Sana'a and

| Taizz. However, the investment plan amounting to about 300 million
YR pet annum 1s established ‘for rural water supply during the term

of the Second’ Five-Year Plan.

The Third Five_Year Plan is now being coordinated by CPO.  The ﬁlan

wiil be started in 1987 but no announcement has been made as of

December, 1986 However, informed sources reported thet the’ plan
would . basically succeed the Second Plan which emphasized development
of water sources and improvement of water supply facilities for

villages.

Although emphasis is placed on water supply in cities, such as
Sana‘'a and Taizz, with respect to water supply service with which
this Project is assoclated, 1t s strongly“recoemended that rural
water supply should be:repidly_impr0ved ali over the_equgtry;
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2.4 Present Conditlon of Water Utilization
2.4.1 Waﬁer”Subpiy Cenditidn -

'jMosL of the nation of YAR used to depend on unstable and unhealthy
fwater sources until recent days. Main water sources were
fountains, shallow hand dug wells, and clsterns (rainwater

'_reservoirs)

After the end of the civil war, the Government established ‘Rural -
‘..Water Supply Department in the Ministry of Public Works, and
;started.to.developrstable water gources and construct modern water
g'éupﬁlj'feéilitiee:for local 1ﬁhab1£aﬁts-wbo*accdunt for-about 90%
'bffthe hatioﬂ. fThe'G0vérﬁment'shares'tﬁe:constfudtion'cose with
beneficiafiee. -Since then, the Government project made steady
’progress t6 the:polnt where 22 1% of local idhabitants were '
‘favored with water supply as of December, 1985 ‘(Refer to Table
54, However, about 75% of local inhabitants still suffer from
insufficient domestic water, ‘and this problem must be solved

urgently.

.‘Table 4 shows the population served based on recent. statistics,
and proves that water supply Facilities have 1mproved to a great
rextent. ‘In 1986 the water supply rate Wae 82%. However, a
3significaﬁt incredse in the urbaﬁ'populetidn in recent years still
redﬁires"furfher'imﬁrevemeﬁt ofathe'eXiéting'ﬁater-soufce _
.feciiitiéé'aﬁd'dEVelepment of new water sources., Normally, water
supply in- YAR depends on groundwater. Agficultural villages
depend mainly on groundwater which flows out of fountains. Where
igroundwater is’ not available, eisterns are most often used to

'store surfaceurunoff flovwlng on the ground.
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Table 4. Pogulatidn of Safe Water Supplied e

+

Urban Area ) - :RU?ak”hreﬁ'““f
Year ?omlahoh'Pepulatidn ?eef Pomﬂatum Populatlon
| (Hiftion ysurved 5| | (Hillion fsurved 5
wio | 03 | a5 o) 49 | 2
wie | o5 | Jww| os1 |2
1988 | 11 | 8 _1%336 g2l

In this basic design etudy,:stﬁdyﬁareas=are_eleeeifiedrinto the

followlng three categories according to preeent-weter{sqpply

_conditions.

1) District where sufficient water sources are not found.

(Dimuna, Shihara, Al Ragam, and Wadi Asfan.)

11) fbietriet where:water:sourcesfErefefaiiablevqnlyfas=point

111)

sources and'reqqifee water supply facilitles. *
(A1 Khashna% Al Kheisen, and Al Husun,)

District whieh requires expansion or improvement of water .

‘supply facilities..

- (Ad Dahi, Al Zakihe, and Harad. )

2.4.2 WaterfSupblyePreject

1)

Qutline and administration system

.YAR estﬁblished‘weter Ceuncil'iﬁ-l982*-which'reviews and

coordinatee overall development of water eources.‘:Thef"

secretariat of Weter Council is CPO;, However,_it is

considered that- the Water Council does not function ;‘
substantially, and no developmont program is coordinated among.
Ministries and Departments.- Therefore haphazard development
of water resources is- made all over the ceuntry.

Water Council consiete of ‘members from the following |

Organization and Ministriea.

S99 - 17



. Central Planning Organizstion

R Ministry of Public Works Rural: Water Supply Department

. Ministry of Agriculture, Fisheries, Regional Development
0ffice e | | -

. Ministry of Electricity, Weter and Sewage-'

T Ministry of Health v

In ?AR ‘the Ministry of Electricitv,'wster and Sewage has
':jurisdiction over water supply in citles while the Ministry of
Public Works Rural Water Supply Department over rural water

SUPP1Y-

_:The Ministry of . Electricity, Water and Sewage and Ministry of
'Public Works have the administration system as shown Flg. 6

'”ZTHe Ruralstter Supply Depsrtment;'established.in'1972, has -

”?constructed'wells:for rurhl'water Supply'using'drilling
'?machines'sﬁpplieﬁ by USAID. 'However, the Depertnent is now
engsged"in'planning and supervision of works, and orders most
works from private well contractors, who have increasingly

eutered the industry as demand in well c0ntruction increased.

'Téﬁle'5"summerizes'ﬁater snpply works perforned by the Rursl-
'Water“Supplylbebsrtment, and_prqves that_the-First FivenYesr
.olan'places emphasis on water'supply facilities utilizing'the
‘existing water source While the Second Five—Year Plan cn new
"_water sources.. . This suggests that the future rural water
supply still requires newly developed water sources and that
the Second Five—Year Plan i3 basically succeeded However,
the scale of the rural water supply work by far exceeds the
capacity of the present Rural Water Supply Department due to
the fact that such work is intended for about 90% of the total
population.: For this reason, other organisations frequently
undertake rural water supply prOJects independently from the
Department. Typical examples are health and hygiene projects
by Confederation of Yemeni Development Association (CYDA) and
cthe Ministry of Health and the agricultural development
project-of the Minlstry of Agriculture and Fisheries,
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'Table 53 Rural Water Supply Schemes

| ovear

_ No of
_ Schemes

- No. of

_Begpwe!is

Ro. of| -

Pumps:

Benefiﬁiany

Cpmulativé
Bene. Ratlio
of Rural. Area

1nvestment

Cust
(H|I{i0ﬁ Y.R. )

1976,/71

1977,/78

1978,/79 "
1979,780"
1930,/81?’}

FEY. P

1Y
e

38

a8y

20

30

T
A
303

38

61
94

 _ 237_ 
Do
1.157.038

511

102,160
151,810

154 640

208,870

158,096 .

7.0
8.35 -
10.42
1250

1935

15.35

18..0
23,5
71.4
41.6

4310

286.8

| _-1931,/82,.-?
1982/8%
1983,/84

1981,/85
1985, Jul

~Dec.
s.E{y;a.

period T

Poretgn
: {19?6-19
Grand To

50
1%

y 7
it

otat:
A:ds 143

w0
o

187

11290
141
€ﬂ41_g
%6

151

gy

85) .";'““"“

tal 1 146 -

1,273

Cogp

o IN

17
17
362
86
89 .

50

1312

120,440

177,640
83,000

59,745

42,200

1,815,680

2,059,572

243892

16.29
17.30

18,24
16.81
19.50

19,50
©2.60

YRR

- 83.0

112.5
©90.0
60.0
1.0

356.5

1244

1677

L *F.F.Y.P. :.the First Five Year Plan -
**S.F.V.P. : the Second Five Year Plan o

. irréé§ecti?é of'dévelopmént devoted by the Rural Water Supply
3'fDepartment (RWSD), CYDA, and others, local inhabitants still

suffer from insufficient water.

. This results from difficulty

 in ensuring yater-sources and‘top manyfsméll-scale villages to

be'd

eveIOpéd.'

Moré particularly, most ‘are kept comparatively
dry with annual precipitation from 200~1000mm, and about 90%

of the total: population ‘are: local inhabitants in scattered
small villages. C e :
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2)

3)

Conditioo of management

Management is dealt with in Chapter VII. Water supply

‘facilities conetructed by RWSD become the common property of _
the community, which 1s the unit organization under the Local .

Development Association s (LDA s), and are ‘operated at’ the

responsibility of the community

Expenses paid by the COmmunity include wages’ for the operationi_
personnel and maintenance cost of the facilities._ These . -
expensee are borne by beneficiaries, end costs each housahold -

at 50*100YR/day In some areas, water metere are. installed in;

'houees.

The‘operatote_ate obliged-to'perticipete.iﬂ'the.ttaining:?zﬂxgq

cou:Se_or'watEr supply system performed by3RWSD,-.-

Water supply plan

~ The First Five~Year Plan’ gave priority to inveetment to water :

gupply work. The investment growth ratio reached 20. QZ/year

while 1, 334 wells ware dug and vater sources of 27.4 million ff -

w3 engured for the total water supply work iccludipg urpapiio-

water supply.

The core of the vater supply work plan in the Second Five"Year

Plan is summarieed in the following 3 points.

1. To properly utilize water by confirming the volume of

surface run—off water, and groundwater.

2. To graut pLiority on: development of home potable water’ in E

consideration of - limlted water resaurces.: ;3:5,_.,w.\5;_

3._To_esteblieh a'longﬁtenge workﬁimpleﬁectationepiac:td: =

equalize water supply works all over the country, 0
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 The plan'is'coﬁﬁieted by additibnai petable water sources in
'an ‘amount of 146 million n3 for urban water supply and of 95

.milliou m3 for rural wate1 supply.

"TThe Seeond FivewYear Plan establishes the rural water supply

ag Bhown 15 Table 6
'4). Fofeign essistanceuto_rural_water supply projects

‘RWSD?EdniiﬁﬁedLaefivities'fgr ruraitwefer'éubply cbnstfﬁctiou
_;que;:fﬁe'technicél eoeperafion:of_HHO'hp”tdiréeeﬂt”years.r At
'fbfééeef;-RWSD_deGeidps_iﬁdebéndeﬁt'éctivitiee‘With the

,goééfnﬁeﬁt budget and itS“Bﬁn:erganizétidn} RWSD depends on

foreign countries. for about 30% of the annual budget.  The

' main Sources include USAID,. ‘Japan, West Germany, Holland,

El“Saudi Arabia, Arab Fund and UNICE

Table 6 Existing Production Capacity and Targeted

Expansion
"Product Unil ~ Base Year 1981 ¢ ©_: Produclion Volumg During the Five Years Expin-
! -] Piesenl [Production = . e i R .o |sion,
Lo ?foduclion lo Capac- o o .. {Rale
et Caplcﬂy llr_ Rallo |982 ;] 1983 . ”84 1985 1986 . .
Water cubtc 22m0m] - 100% 20419200 17.2:6.000 30, szs 00 3o.szs,cm 11.068.60d 4152

Table 7 “Rural” Water: Supply Projects Assisted by Foreipgn Alds
(through Rural Water Supply Department)

B Organizatfon;gr3;;'Perjod o, of | :fAidemodnt'
sountry [ [ schames (Hittion)
USATD | 150 | $  125.0 - (Grant)

a méi;{i{é'r"i'aﬁiﬁm_'; ......... B e
ik RN EA AR IS T araas

“ BT T e I

; Saw mb!a . 1983 ................ e
larabfond | e | s 0T ()
' Japan '1 - 7: | jiigi3;"33.; I '§5:3;S$O.0($oft Loan)
S mmese | 12 % 1,600.0 |
L (1st~3rd Crant)

2 - 22



2.4.3 Present Condition of Water Resoureeerﬂevelopmeet

TR

l) YAR belongs to the arid and semi-erid zones, with ennual

2)

precipitation ranging from ZOOmm to 600nin during the rainy

geason from April to September.. This results in less surface

_water, ag a whole. Therefore, water supply used £, depend on

springs and shallow wells in the mountainous areas where most -

inhabitants 1ive.-

._Under the constraints aboveﬂmentioned the deveIOpment of deep

groundwater has been indispenesble._ In fect, most of

'sgricultural and domestic water works depend an groundwater :

Hfrom deep wells, including urban areas._ R

Water resources necessary for the whole nation are still
unknown beeause they are not well defined by Minietries and
Departments among which water resources development plans are

poorly coordinstee

Possibility of groundwater development 7 _
As ststed above,'weter supply projeets in YAR involves :

_'groundwater development. However,;g oundwater storage 1n
'aquifers greatly differs with type of strata, and groundwater

' development must be. planned 80, as to meet conditions of the:

targeted areas’ In particular, groundwater along faults is
difficult to estimate on ‘the ground surface, and requires an
effectlve groundwater utilization plan in additiOn to careful

review of water resourcee._

Recest laige—seeie'agficultursi deVeioﬁment proé}eesrgian to
store surface water by means of dems._ The first example is
the Marib dam in Wadi Sujd.' The authorities in Sana a study

the conversion “of treated sewage to irrigation water. ';

However, preservation of water supply sources requires an

:overall weter resource development plan which restricts pumped

wster on the basis of celculetions of safe yield by the water

balance of the groundwater.'
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2.5

Necesslty of Rural Water'Supply Projeets

A ruralswater oupply rate. of & 7% in,1974 was’ improved t0:22,1% as

+of- 1985 through 2 Five~Year Plans. However,-about 70% of local

'”Iinhabitants are_not_yet favored with water supply even after the . -

project iﬁ*progress is oompleted.

' In aress without proper water supply facilities, domestic water -

-.oeually'debEndean'cietefHS”and'shallow'hendidﬂgIWells;:"Tﬁeee water

eoufces_aiehlikel?ethCaoee"muoh.tr0uble'in-the_lightfof-health;

ﬁebeoeefit'is*so—called stored‘watéf oﬁlnerable'toeoontémination .

cauaed by inflow of polluted water. For this reason, local

' inhabitants recently tend to purchase ‘clean water for thelr drinking3

2.6

purpose. Generally, the clean water costs them more: than: SOYR/m

or sometimes as much’ as 300~500YR/m . Evidentually, the cost is a’

major expense of their household economy.

.In.ébﬁclﬁeion, .he'eonettuctioﬁ'of rural water eupoly facilities has
'a great effect on &N 1mprovement in health end soclal welfare, and
_(2) an saving in real daily expense of inhabitants. In particular,

) the construction 1is urgently required for inhabitants in areas where

water runs short.
Prior Work by Japanese Assistance

The Jdpanese Government started economic assistance to YAR for rural

. water supply projects with the study carriedout by OECF soft loan in

1976 This study was followed by the feasibility study of rural
water supply projects from 1979 to 1980 by JICA having resulted in

'fgrant ‘aid ia’ 3 phases. The present. basic design study corresponds

_. to the 4th phaee, and includes 5 sites that were studied the by

previous feasibility study‘
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The design of the feasibility . étady was oriented to development of
water sources, but the strong request of inhabitante has changed the
target to the. eoacalled improved type water syetem, which includea
an overhead storage tank distributing water to each village.< In the
sites targeted by the previous feasibility etudy, including 9 sitee
built by the Japan 8 grant aid projects, moet of. water eupply '
facilities have been changed into the said improved systems or are
being planned for such systems under Saudi project, ete. - The. 5
sites targeted by the present basic design Were included 1n this
feasibility study. When this project is implemented water supply
works are completed for all of 26 eitee targeted by the feasibility

study.

The loan project by OECF (PART I) amcunted to 3 9 billiou Yeu, and,
was implemented at 42 sites from 1981 to 1982 all of which employed'_

the syetem improvement.
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. Table 8 On-going Rural Water Supply Schemes by Aids -

state

”'Desctiption..

HATIA

"'f;d;jMADAN'&‘§?V1llageS

Saudi Fund, Wells completed

_Improved system underway

| ditto_

'!‘;iVSHIHARA

ELMAN & 4 villages

.f::New plan. _
"-No existing facilities.l:-

_Saudi Fund Wells completed. '
.Improved system- underway

JICA 1st Grant Wells' completed

't Improved: system under planning by this -

project. ﬁ; -

2‘:i HUFACH iz' Fane

rAL MAHWEET CITY

.VrImproved system completed by RWSD.

:'Seudi Fund, same as l.idﬂ

PfAL-RAJAM:_V

-;- JICA ond. & 3rd Grant at 3 sites
- Wells, water ‘transportation and a part

iof distribution facilities oompleted
= Remaining 1: site is planned under
- this phase of grant aid.

g_AL MAHHEET

fAL KHABET

B Saqdd'Fund,:same as 1.

1

13

o Y
10 SANA A

,_BANY SHAKBR & BAIT-
| AB0.54BA’A. .

3_:3fdlgrent-aid; Improved system -
'_completed. : .

BATT ABO HASHEM

lst grant aid Improved system_

- completed

N AL-éﬁEAB & 'AL-ASWAD'

Improvéd system completed:by RWSﬁ.

J‘;fj'BANY PARMAN & .

BANY' SARTA'A o

'_Water source unsuccessful in 1st grant

aid and: abandoned

14

15

116

HUDEYDAH

GIULAYFAGA

Unfeasible site because of salt water
intrusion.

Tan oanr

Planned'to be improvéd at'thié phase -
of grant ald (facilities existing).

:Improved.eystem'by.RWSD.

s

18

TAIZZ

AL MASHJAB-

':Point—source system completed by lsat

- : _f.'j‘grant aid ploject
| AL MANARA & AL pUKUM

' (Continue)

226




State'

Area

., Description N

19

20

121

22

23

2%

128

126

HADAD,’ QAHFA

ImPEQVed system by RWSD.n“ Eif‘i

| An xuban, AL HAGL

ditto o

SHOMAT, " AT, KADASH

ditto

AL ZAKRIRA

y 7Improved system by an grant atd b
";Extension planned at this phase of grant

| BAB AL MANDAB

‘Improved system by RWSD.

i

"YAWKHTOL

) ditto

) MAKBANA

| ditto

SHEIBD HﬁHUD '

AL MAYDAN AL JUBAIL,

Improved system by the 3rd grant aid ?
projeet.--_ S o

Note:

Numbers circled are assumed to’ be completed at this phase of

grant aid project

RWSD. = Rural Water Sepply Department

the Government of YAR.

MiQiStIY_Qf-Publig.Works;”t

eFirethrant~

Second Grant

“Thied oramt |

E/N signed in
Grant Amount (Miliion Yen)

No. of Projects

. 1982/83

500

.'51 e &-

500

2

1984/85
600

s ";,i”

(Some site is overlapped, thefefere'totalééeﬁeﬁe:iéeebﬁeted 9.)
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. 2.7 Content offRequestﬁ

'Y,YAR promotes theﬂrural water supply'improvement work on the- basls of
'*ithe above scocioeconomic conditions and present water supply

fﬁconditions for improvement of infrastructure in Local villages,

'TLHowever, YAR inevitably depends on foreign alds for about BOA of the
1“bndget of rural water supply because of imbalance of finance. -The
..present plan is a part of the rural water supply improvement made by
_fforeign economical aids and a8 such YAR requested Japan to provide aﬂ.'

grsnt for sites which require urgent improvement.

The YAR requested 15 sites. (1) 5 sites which were studied by the
previous Feasible Study but have not implemented (2) 9 sites i
windependently surveyed and planned by YAR and (3) one site planned
'by OECF.Q;; L P ' o

_Prior to the present survey, the all these . sites were reviewed for
- propriety of a grant, priority, ete. as a result 10 sites Were'_
f“selected for the present tasic design study.-

.i.The selected 10 sites comprises 5 sites (Shihara hared Al Rajam,,:
:Al Dahi and Al zakira of JICA Feasibility Study sites Al Khaskna of
':the remaining site of OECF loen project ) proposed by YAR in top.
_ Zpriority and 4 other sites out of those proposed in the second
. ::priority._j.

_Five sites have been excluded from the present study because they
"were regarded as those which exceed the scope of the Japan's Grant.
";EFor example, the scale of some facilities becomes large because of

"the water source dependent on surface water, and some sites cover

rtoo vast areas (present population. 2 ,500-5, 000) L

:'ZV_iThe content of the request is summarized for each district targeted
by ‘the' Prject as shown in Table 8. Briefly, the request indicates

zimprovement of rural water supply facilities by means of weter
'fsources to be newly installed dependlng on the existing water

source, groundwater, or surface water,

2 - 28
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III. PRESENT CONDITIONS OF THE PROJECT SITES

3.1 General

The 10 project sites surveyed by the basic design study are

gscattered in 7 administrative districts (gGVefnor) as shown in the

location map.

The populations of these sites range from 350 in

gmall village to 6,000 in a mountainous village complex and a

gemi—urban city. The general conditions of these sites are filrstly

introduced below.

Natural conditions, water sources and present water use situations

are separately described in detail for each site.

3.1.1 ZLocation

The location of each site ig shown in the location map., the

findings during the fileld survey at each site together with the

required range of the project, are described in the separate

section, "present conditions of each site”.

Access to each aslte from the capital city of Sana'a is as shown 1in

Table 10.

Table 10 Distance between Sana'a and the Project Site

(km)

Uhpaved Road

Site State Distance
Paved Road
- Hadi Asfan Sanaa | 39 4
- Al Khashna Dhamar 163 4
- Al Zakira Taizz 291 16
- Al Kheisen Sanaa 122 19
- Al Rajam Al Mahweet 57 60
- Shihara Hajjah 154 38
- pd Dahi Al Hudaydah 297 3
- Harad Hajjah 443 0
- Dimuna Dhamar- 115 14
- Al Husun Harib 225 2



3.1.2 Social ‘Situatioﬁs

Agriculture is the main industry in all ‘the: project sites except
Ad Dahi and Havad 1ocated in the coastal plain. Theae tWO sites
‘are sprawling along the national road, ang: form semi“urbanized
communities having nore than 300 Bhops. Shihara, Ad Dahi-and-
Harad are the local centers of administrative subdivision called

Nahiya.

Public facilities at each site were studied in Ehe field survey

. iccluding {nterviews. The major- findings together with the.
administrative divisions of the sites, are outlined in Tahle 11y
Generally, public facilities are not" well eatablished in middle—'
and Small"sized villages, and social conditions greatly differ
with the sites. ' -

Public'health condifions'at -each site are not af a'good 1éﬁei:_'i
Table 12 shows the incidence of major diseases ip each site, with
the survey results concerning the relation of these- ‘diseases to.

water contamination._ According to the interviews during the field

syrvey, parasitic diseascs are most com-on to each site.:"

Population is described in thé_separate scction; consideriﬁg‘ité'

close relation.to the water Supply planning undér'th15=projéct.__
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Table 12 Maior Disease in the Project Site

~Diseases | Schistoseaiasis {Malaria |° others | Retdtion'To
{site - {@itharatasisy {© ] | drinking Water
Nadi Asfan no oo K 5
Ai'Khashna | ho. 1 m R ho
Al Iakira 70 o ' 1w
Al Kheisen - yes N TR L yes
Al Rajas Cyes - | no : b yes
shihara  yes o oo e
16 oahi |- . 1 yes ) He;aiqtﬁlasi§_ : yes :
Harad po | oyes | - o .o
0iauna e yes T no ] _ : 'Jyes S
Amwsw 0 - 0 f == P,

* !he d;sease peeured (n 1985 and snreaded becadse 6f brakeu plueltne, .
closing to sewaﬂe water ‘

3.1.3 Pcpciaticn
Reiiablezﬁopulacion stétistics aré iﬁdispeﬁsable‘to estéciishing
-water supply planning and studying preeent water service
conditions. However, Bince accurate population data are hardly o
available in YAR, population must be checked for each site. '
Availahle data include the census in 1981 (CPO) MPW research
data, fleld survey data, and aerial photos. In estimating '
'population; these data were compared with oﬁe another and

selectively used.

The latest population data available are the quick population

announcement 1n 1986 by CPO, ‘which is summarized in Appendix _
'A-2-G. These data together with those_of 1981 census are:emplqyed.
for the determinatilon 6f'pbpﬁ1aticn grewfh-rafe of ‘each projeet
: site,.coﬁpaiing the trend of popdlation growth dﬁrihg thege 5

years as follows:

1) Rural population of each governorate,_iu which the project
_sites are located, is compared in the two sets of data and
growth rate is calculated as, shown . in Table 13 Rural
populations in thia table are presented, excluding urban ones-
.of governorate capitals, since this is much closer to the
actual ones for the. estimate of trend at the ‘project sites

which are all rurallcommunipies‘including twq_small cities,

i



Table 13 RufalinpulationTGrowth'Rate-at Each County
: : _ (Comparison of 1981 and 1986,0?0)_

state | ' Rural population | Growth (%)
e T Hes | Givean)
'_3_sandh 1. 520,504 1,429,691 -1.342
Tzt 1,465,831 | 1,465,858 | 0.000
WODEIDA | | 889,503 | 1,430,249 | 2.859
 DHAMAR - 156,740 | 75281 | 0.224
BAJM | serTea | 881,93 0.325
__‘HAHﬂiI 1 Caer.an0 | 3080 | 1,979
“Total . | 5,89.867 | 5,999,031 - 0.34

 Kote : The values not included capital population

2)  On-the other hand, the total population of YAR was 6,490,000
-in'19753'8,540;000'1n‘1981:and 9;270,000-1n 1986. Population
1ldcreased :annually by_l;7% for these 5 years from 1981 to 1986,

©3) In determining design growth rate of each site for water
supﬁly'planning, a rqling rate to be employed is the one of a -
national average bﬁ 1.7%. In case this rate is less than
thoge by governorates in Table 13,:the latter is used for the
sitesolocate& in those governor. -The resultant growth rates

for the respective sites are shown in Table 14.



Table 14 _Popﬁlation Growth;Ratelof Eech-Sité

_ '. Sité Governorate ) Grbwth-z_ as Design growth £
adi ASTaml sounry | o.0% vear | 1,73, vear
Al Kheisen] ' S B g
Al Zakira | (TAIZ) - 0.09.,/year 1.?96;*vear‘
OiwNa Choumish) | e.2%/vear | 1.7%/vear.
. Al Khashna EEE : S Gl
AL Rajam | (HABWEET) - 2.0%./year 2.0%/vear .
“Shihara |(WAJOAN) | 0.3%.7year | - 1.7%/vear
M Dabi looavomn) | 2.9%/war| . 2.9%/vear
Harad A S

Present populaEioh.aﬁd-design'popdlagien td'be:servéd:are' _
summarized in 5.8 water supply facilities for each site. The
target year is 2007 20 years after the present year 1987.
Detailed population,distribution at the respective villages_
included in the project sites is gsunmarized in Appendix -
A-2-G, In addition, the population distrlbution of the whole
area of YAR is shown in the form of population density in

" Appendix A-2-g.
3.2 Water Utilization

The outline of present Water utiliratiou of project siteg 13
described below, based upon the results of the field. survey.

In the areas having no deep wells, maln water. sources are cigterns .
natural fountains and/or hand-dub wells. A combination of these 2

or 3 sources is used.if_a single source=is_not.sufficient;ﬂ



Where a fountain 'is available, a simple storage tank is often
ins{giied]heside'it; Water is dravm inté Buekets, ete., and brought

to eaeh:houSe;ﬁ

Handwdug wells are mostly 2 3 m in diameter and 10- 25 m in depth
depending upon the thickness of water beaxing layer. Water is
pumped up: by a combination of a small pump with 4 small engine or a
bore—hole pump belt ~driven by an engine, both of which are

considerably popular although weter is drawn by hand in Some areas.

Cisterns are observed everywhere all over YAR. This is a kind of
reservoir, designed to collect surface water during rain-fall. In
the site of Shihara situated at the top of a high mountain, many
cisterns instelled there play an important role to furnish domestic
. water to inhebitants. The cistern is installed at ‘'such a ground
.level as to easily collect surface water, Accordingly contaninated
'weter is 1ike1y to flow ieto At together with rain water regalting
in caesing heelth_problems to inhabltants,.

Furthermore, the sites where supply is insufficlent ‘even With the
abovemmentioned sources purchase domestic water brought from the
uadjaeent areas. In particular purchase of drinking water tends to
fincrease in any of the projeet'sites'snrreyed. The price of potable
lﬁaterfwidely.renges'from 5 YR/m3 to.500eYR/m3,‘as shown in Table '
15. In addition minéral water in PR bottle (1-1.5 &) 1s
commercieily available all over YAR at a cost of 4-7 YR/bottle
(#60-100 yen).



_Table 15 Water Price in the Project Site (1986)

site ] water Price(YR/m" Y
vadi hsfan W
"bimuh_é}= B e 15

Al Khashma ) b

M Zakira | free
Al Kheisen 500

BT R ' 1;fT:'
M Rajam | 150

Cshihaa | 35
Ad dahi. | 15~60

CHarad 100

3.3 Hydrogeology
3.3.1 General .-

' Anngal.rainfall of tHe,Yemen Arab Repuﬁlic isegeherallyfless than
400 mm. Therefore, 'a éreat majorityeof water courSee'in'the
country remains dry in.the most part of year; and the use of -

' surface water as a water source is hardly possible in any part of
the coUntry. Consequently, the development of groundwater becomes
the hest way of ensuring -a source for a small—acale water supply
projects. This project plans to baslcally depend upon. groundwatere
resources for its sources.. In this section, therefore, the
hydrogeological conditions of YAR is outlined by claseifyiﬂg the
country's geology into several groupe with specifjc

hydrogeclogical features, with reference to the project sites



Aceording to YAR‘B'hydroge01031Cal'map ghown in Fig. 3, the
.country is divided into five areas with specific geological and

'hydrogeological features as follows;
1) Aliu{riar-a_rea*_(Ti_hama- coas.talrplain,-‘Rub Al Khali desert) |

- . The'two areas in ‘the aboVe tifleﬂare'representativé areas of
“alluvial plain. In addition, alluvial areas are observed in
basins'ofﬁmbuntainous.areas and along wadis. In areas where
alluvium is dominant, shallow groundwater can be developed in
fgeneral.‘ Under this project, the three sites,’ Al Husun, Ad
Dahi and Harad are included in this group, the former one in
.the: desert and thelother two inithe coastal plain, Shihara is

..\thécsite wﬁére gfoundwatef 18 to be dEVeloped-ih'the

* ‘mountainous sbasins:. .

i) Vblcanic'rocks’arean(Central~80dthérn mountainous areas,

northefn_basin_of Sana'a)

:Crbundﬁafer in the.ﬁolchnic rocks érea is principally found as
< fissure ﬁatef;” Furthermdre;isfrétiform-ﬁater’éiists in
.-volcanic breécialand pofou; 1éva.'EGrbundwéter:develOPmént
seems possible in these volcanic rocks 'areas, by means of ‘the
'close study of thelr topographical and geological conditions.
This project iuclude the sites of Dimuna and Al Khashna
classified into this group.

ii1) Sedimentary rocks érea (North-western mountainous areas)-

_Groundwater is found in 1ayers with high peameability.

Generally its Storage is affected by topographical and

_geological couditions.l Therefore, it is necessary_to
_'undertake detailed study for gfoundwater deveiopﬂeht. . This
. group. 1nc1ude the sites of Shihara and Al Rajam under the

project.,'

310



iv) Amran limeetone area (Centrel end northern intermmountain

basins and 1ts eastern slope aree)

Groundwater storage is controlled by localized geologieal
',structures such as’ fisouree and oaves.- Groundwater
development is always difficult in this group of area, and
needs detailed geological etudy.u Al Kheieen eite corresponds
.to this: type.: ' : '

v)  Basement complex area (northeaet and northweet fringes and o

_southeast inter~mountain basins)

- _Fissure water looeted in weathered and faulted zones is a sole.w
eource of groundwater found in this area, and its yield ie-:_ _
generally low._ For groundwater development, detailed study on‘

d'tOpographical and geological studies are indispensable. This"

' type of eite is not inoluded in. the project. ' i

3.3.2 Hydrogeological Charaeteristics

Hydrogeological characteristics at the respective project eites :

are .analyzed, based upon existing data and . information Aas. well as

' the data by: the . field pumping teet during ;the ! survey.y ‘The results_‘”

~of these analysee are. showo 1n Table 16; and deteils are describedl'
. in Appendix A“3 '
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-Information on water: Qualities'of water resources and"servéd water

” is not Bufficient dn- the countrv, chiefly due’ to low laterest in

'~this matter.

However, ‘gince, water quality is an important element

for rural water supply planning, sampling at each site, field

-';testing and detailed analyses in Japan were carried out

'resulta are summarized in Table 17.
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1ectric conductivity (EC) of spring water (Al Rajam) and existing

about 100 us/om. On the other: hand EG reaches 400 to 1 500 us/cm-
in intelmmountain basins and coastal plains, with higher values

'experienced at Wadi Asfan, Shihara and coastal areas of Ad Dahi and.'

Harad.

Hardness shows Values of less than 500 ppm at all the sites, even

less than 100 ppm at Al Khashna Al Rajam and Harad

A maximum fluorine value was. 1. 2 ppm at sampling at Al Khashna E f
againat WHO s maximum.permissible range of l 5 ppm. On the’ other -

hand, this value is less than 1.00 ppm in all ‘the other sitea whichin
'are within the 1imit of WHO‘s_Water Quality Staudard. ' '

Calcium hardness shows a higher value of 143 ppm at Wadi Asfan, ?8
ppm at Al Zakira, 88 ppi at Shihara’ and 84 ppm at Ad Dahi. Although '
these values’ exceed WHO's atandard limit of 75 ppm,- they are: within'

the maximum permissible range of 200 ppm under the same criteria.;i

Water temperature varies between 23° énd 30° C,'except 16 C measured'

early in the morning at the spring of Al Rajam. o
pH fangesiffbﬁi?:Q'ﬁo 7e6;:indicétiﬁg no ﬁréﬁlémé'forithis”iteﬁif%'

-Consequently, water qualities at the project areas are generally f 
- within the: 1imit of WHO'a Water Quality Standard, except with ™

several testing items taking values between the standard limit and :
the maximum permissible ranges’ of WHO‘B criteria. Coacerning water_:
quallty, therefore, little problem will be raised fpr»project«;

planning.

The results of:ahalyses ére¥sh5wn-in3defaii‘ih Appéﬁ&ik;AQZFiﬁfff-zi
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3.5 Present Conditions of the Projact_Sltes :

Basic data, such as existing facilities, pumping test data,_ o
geoelectric prospecting -data, and-: village names are shown in

Appendix AHZ. The present conditions of the areas are summarized as

follows:
3.5.1 Wadl Asfan Area
1 Location_and natiral environment

Wadi Asfan Area is situated about 2 km to the southheast of Al
Asnaf on the paved road fiom Sana a to Jihanah with six
villages composing this site scattered in the area._ The';
altitude is about 2,100 m. | |
Precipitation ig estimated at more. than 300 mm/year. The
-meteorological conditiOn of this area 13 similar to that of

Sana‘a City

The villages are dotted over a slightly undulating zone along -

wide wadi, surrounded by’ small hills of 60 80 m in height.
The Wadi flows towards east and joins another wadi at the
eastern part of . the area.. Wadil has a width of 50—100 m._q

Geollogically, the area is underlain by, Trap volcanic series -

cof andesite and’ basalt, and rhyolite dykes intrude into the
.series, having strike of N30~40W. Wadi depoeits consist of '

'cl&y to pebbles of less than 20 m in thickness The fracture‘

.patterns are harmonically developed with dykes and another one
has. EW direction. Shallow groundwatcr 18 found around the .
surface - portion of the volcanic rocka where many fractures

QCCUT .

"3~ 15



fvaThe groundwater level: is 10 20 m, standing ‘at around the lewer

 limit of wadi deposits or the upper horizon of volecanic

"ﬁwrocks.-:Cultiyated;lands qccur.mainly along the wadi.

“=uViaeyardé are widely found?iacludieg'other crops, such as sol

3)

and ‘pasture, etc. In the*édrrcunded area of the villages,

:wasfeland'are_widely:extended‘at a_slightlyrhigh elevation.

Water supply:

:ﬁseveralicietéras“andfshalldwahandidug wells are found within
the ‘site ‘as water supply factlities. Water taken from the

"jfacilities -ave used mainly fcr 1rrigat10n and livestock. None

of them is used for drinking purpose.

. Potable water is transported from private wells in neighbor
”towns and villages by truck and stored in the steel tank of

’_each houee. The portable water cost 1s. 100 YR/2.4 n3 (about
40 R/m3). |

Water source -

A‘I.though there are eight or more hand dug wells, only four

_ wells are: found in ‘service at . present.. The wells are 20 - 30

m deep,flpcated-mainly along the wadi.

” :,The wells‘in uee are-all private and the water is.used mainly

- for irrigation.r “The' 1ntake facilities include private

= bore-hole pumps and engiaes. The operation time of the pumps

1s 2-4 hours/day or 30 - 40 minutea/3-4 days because of the

:1ow capacity of the wells.

‘Groundwater of the area is geologically divided into 2

categories ~one: is shallow groundwater, in the alluvium and
the fracture zone ‘of upper part of volcamic rocks, and the

other is deep one mainly in fracture zones; such as faults.

3-16



it is: considered that the dykes block the shallongroundnater

becaugse of -the vertical dips. “The shalLoW groundwater is

considered to be insufficient in potential fcr water supply

planning of the ares, - except for that existing in layers where

- cracks are developed such. as’ fault pyroclastic strata.;_
. For this reason, a water source for the project is planned to

'develop deep groundwater, and a drilling point is selected to

the west of the area.

Geologic columa of the area 1s. showu in

ollowing table, which is based on the geoelectlical 10gg1ng.

- From. the colUmn, seasonal aquifer 13 estimated Lo ‘oceur 1n

_depths of 20 70 m, and - deep groundwater, beloW'VO ms

3~-17

Depth (ﬁ) Q;olégy .Eizigitivitf éW&tgf*dohtént': -%Nbﬁé“ 
ER RN (ohm=m) ° o Dok o
|+ Sandy gravel 21 42 -] g 20w
Jwith gilr LS
Extrémély Segsonal.
weathered 44 aquifer
~_tﬁffaceous
andesite
70 ' SERT e
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3.5.2 Al Khashna Area

. l) 1k,

Location and natural environment

KThis area consists ‘of a single village, and is situated about
{Lé Kii to the ‘north of a point near Sanaban on the. paved road

. from Dhamar to Rida. The altitude 1s about 2,400 m.
',Precipitatioo'is-estimated at 400 mm per year.

'EThi% area is also one ‘of . the 1982 earthquake stricken areas
“and many villagers have 1eft the village. '

S 1t is 1ocated on a small hill over “the vast lava table‘

-:5Geologically, the hill is comPOSEd Of porous andesite lava, (on

:-the west side) “and basalt (on the east side) between which is

a fault of N12E60E. The andesite lava has a flow line of

- N25F22W, Briefly, this area has a vast plane and a stratum

composed of porous ‘rocks: This would provide an advantageous

7'condition in. developing a groundwater source from the hydro

_geological viewpoint._ o

ﬁ{The village on the hill is surrounded by a 1erge cultivated
ffield : Main crops ‘are: barley, wheat soybeans, and sol with

‘several vegetables produced.

Water supply

" There is a ptiﬁstedﬁeli.meinlf used for irrigation. Well

_  "~water is. partly used for domestic. service through supply
ﬂfifecilities such ss small tanks._'
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3) Water source

This area has 2 deep welis. One is the abovehmentioned
private well of 130 2 in depth. The other is: completed by MPW
Cto a depth of 200 m. . There is. another deep well of 200 o in
depth which was drilled under Parr I project under OECF loan

but is now found dry. '

The prlvate well was, pumped up (for 20 minutee at a rate of
0.3 m/min) and _the MPW well 100 m away was, checked for a, water:'
_ level drop to make sure of the water quantity of the sourceo_

No symptom of a water 1eve1 drop was detected. _'y

It may safely be gald that this project has no. problem with

respect to the quantity of the water source. ,
3.5.3 Al Zakira Area
1) Location-and nateral_environment

The surveyed area is situated about 15 km to the south of
Turbah._ The area targeted in the present project is Gore _
B Area a part o8 I\ Zakira The altitude 13 1 500 W, to 1, 700

 m. Precipitation 18 estimeted at about 400 mm per year,

_The eurveyed area 1% on a table bordeﬁed by a eteep cliff
- (specific height: about 200 m), Surrounding valleys are deeply .
:engraved, exhibiting precipitous features. .

Geologically, this area consists mainly of a sandstone stratum o
abounding with crystal, with pelite mudstone and rhyolite '
strata partly interledded The general running slope i3
N30R20S and the main fault has an orientation of N3UW The .
wadi, where the existing deep well vas drilled,'conaists of a
deposit at least 10 m in depth which includes a 1ot ‘of
pebbles. On the north side of Al Zakira Area, basalt is

distributed and bordered om & sandstone stratum by a fault.
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2)

‘Cultifated_land 1s widely distributed in gentlé recesses or on

'the_table, prodﬁcing goybeans, sol and vegetables.

Weter'éupply

=:‘Agriculture in this area is rainfed agriculture using

: Lcisterns. Existing water supply facilities have been extended

3)

up to- Al Kadeér, ‘the center ‘of Al Zakira Area by the previous

- 2nd- phase grant aid project. Inhabitants in the tdrgeted area’
‘f'now come to Al Kadel over a distance of about 2 km and fetch

'gwater at taps of the public fountain.

Jnﬁaeiddiiﬁﬁdﬁefer'frbm-tﬁe facilities is free of charges.
Water source

The existing water facilities depeud on a deep well of 180 i
iin depth loeated the wadl to southmweet of the area. This

:well was drilled under seierapan s Grant Aid project;

:'During the field survey,'a pumping test after digging the well
B dictated the’ planned pumping quantity of 0. 3 mllmin and proved

a dynamic level of 90.9 m. The static water level was 5.4 m

and therefore a water level drdwdown was 85.5 m.

A pumping test was performed for the present project and has

"”}proven that 4 water level ‘drops 64 m during pumping for 51

“e'minutes at a rate of 0.4 m3/min, and that the level recovers

. to 46 m after 19 minutes, This indicates ‘that the well has no

v‘:problem in serving a8 water source for the planned expansion

Hdof facilitiee under the project,

%v'fbeyond Al Zakira area, and therefore supplies Hafadan area
with a part of pumped water is being supplied to the Fomer

'area._
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3.5.4 Al Khelsen Area

1)

Tocatlon and naturel“enuironment

Al Khelsen Area .is situated about 20 km to the east of Al
Jiraf, a village about ) km away from Khamir, the center of

.Nahira, toward Sadah¢ The altitude is 2, 100*2 300 m, and

precipitation 1s estimated at. 300 mm/year.‘l.

This ‘area is a mountain community consisting of 5 villages,‘
end surrounded by hills which abound with rocks aud pebbles

and 1s well developed. The stratum is of limestone. The_"
-_general running direction of limestone is N40W and a slope is

10~15NW, with the structure’ ‘disturbed by a lot of faults. The
main fault’ stands straight in the direction of, N20 30W

_accompanied by conjugate faults in the W direction.

_The Wadi deposit is mainly composed of pebbles, and botH

2)

shores stand steeply

Cultivated 1and is elightly dietrihuted around the villages
with wasteland widely spread. Main crops are barley, wheat,

soybeans, and sol
Water supply

Agriculture in this area is typical rainfed farming by use of

_cisterns. Well water is bought from other villagee except at
Bait Al Eyani where a deep well was drilled by MPW for:

.:_domestic use. The. mein eupplier is northern Asfala, uhere a’

‘deep well was: drilled with the CYDA fund The well{water is

tran3ported from Asfala by truck This water is’ sold at 10
YR/2O 1 (500 YR per n3): In; case of extended famine period

Water is purchased even for livestock whieh eosts them 200

_YR/m
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3) Water souree

.lThis area has water facilities consisting of a deep well (315m
| deep) “and intake facilitiee. This well iq located at a
vertical fault in the direction of N40W collecting fissure
ater., | - A ' S o
~'v1115gers'&f’Béif“gl'tyan{”dhéaiﬁ'w&fér from this well
'adjacent to the rillege; The field survey shows that. water is.
’pumpe& from this well at a rate of 0.43 m3/min. The MPW data
indicate that static and dynamic water levels are 1100 m and
180 m respectively when water 1s pumped up at & rate of 0 19 -
; 3/min. Considering population £6 be served at this site, the
ffproduction of thig well is ddequate enough for this project.

3.5.5 Al Rajan (Block-D) Area
1) 'ﬁdtatipn:and:uéturel'thlronment

This site is 1ocated about 60 ki westward via the unpaved road
from Shibam, The site consists of a north—south plain at an
| altitude of 1, 940—1 960 ‘i 'and mountains extended in the
.“northeast at 2 040~ 2 400 m. Annual precipitation is assumed
at about 400 mm. S

The narrow plain zone is distributed along fault valley in the
directions of N-§ and NNW~SSE and 13 widely used for fl
Magricultural purpose. The mountain zone is distributed as far
as watershed which sﬁows cuesta morphology_ Generally,
-villages are scattered at “or arcund the top of mouﬁtains, and
,;the gentle slopes of mountainsides are used as cultivated
field fpr crops. "The major crops are barley, wheat, soybean,

and sorghum, etc. .
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2)

Geological formations of this site consist offpheAfoliqu:;;

- Rudsceous sandstone hearing eonglomerstic layers 1in the
northern area corzesPonding to Tawilah Group (Mesozoic) and

Mejd | Series (Cenozoic, Tertisry)

~ Alternation. of limestone and shale in the southern area

correspeonding to Amnsn Series {UppemsMesozoie,_js;sssie)

Both_formations are boonded:by fauits in_;he Nﬁ-SE_diiegtion,

This site principally consists of sandstone mentioned above 1n
=monoelinal structure (strike. N20°—50°W dip.=20°~30 SW)

' Fsult and fractuxe system sre predominant in the directions ot ;

N-5, NNW —-SSE,. moreover, many small fault systems are also

recognized.

Water supply

;Block—D is the remaiuing site for water supply project to be

completed within the whole ares of Al Rajam. L

On the other hand water supply systems haveralready been :
c0mp1eted by’ the previous grant aid projeots in Blocks A, B,
and C looeted around Block-D

Y : :EleCt!ZE;lC_. | LR S PN EINOR TR
Depth| Geology Resistivity | Water Content | Note
{m) B {ohm-m) " S R -
.5':  Aluvium. 10-40 ‘"_ _ noqunifefA
| pituviem | 110-200 = | Seasénal . . scn285;15/cm
40 "~ ' aquifer . -~ | T—23°C
Fractured 100=650 -l Aquifer - .o
200 Sandstone : R

Fig. 8 Schematic Columnar Section (Al Rajam) -
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.'3.5.6"ShlhatalArea
1) Locatios and natural environmeot

: Shihara is located in the northwest mountainous zone . of ths

- Yemen Arab Republic.. Accessibility to the site 1s about 40 kn
_westward via Al Atche from Huth which is located. along the
paved road between Sana a and Sadah..

tAnnual precipitation in the site is about 400 mni,.
.Geomorphology of this site can be divided into the following

V_three zones.‘,_

Hilly:zone o . 1,200-1,300 m m.s.1.

o Mountainous zone . . 1,300~2,200 m m.s.1.
_;-Topzof:Moontainoos zone  2,200-2,500 m:m.s,l._

'Hlllylzo1e isldistrltoted on tﬁe westward.of the Wadi ﬁoat,
which flows from the SSW to the: NNE, and composed of terrace
‘:sediments at an, altitude of 1, 160—1 260 m. . _
Wadi Woar flows to the north along fault valley in the
- direction NNE"SSW and has 300-500 m of width With sandstone

'outcropped on the eastern side.

The. mountainous zone on the western side of the wadi shows a
‘"steep topography at an altitude of 1 300 2, 200 m m.S.,1l., made
. up. shale, sandstone, tuff and volcanic rocks dated Mesozoic

and Tertiary.

13:%:At the top of the mountain in the main village of Shihara at

. 2,200-2,500 m. | |
lA grant of gentle slopes are cultivated for cultivated
fields.' Some cistern systems are avallable for water source.
. The ser#ice area of this site involves twenty-two (22)
lvillages located os the southeastern slopes from Shihara.

i Shihara is 10cated on the mainly dacite intrusive body and

“,bounded by steep'cliff
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2)

The cultivated fields extend on ‘gentle concave terraces and
along the wadi. The major crops are wheat bean and -
vegetables. : : R

Water supply

The water source “vas in service, existing in or near the
villages, 1s only shellow Wells at Al Qabsin village (1 300 m)

’Springs emerge mainly along faults, hut their yields are 1ow

(100 - 1 000 2 /day). At the outlets of these springs are'

reservoirs or storage tanks installed. Existing sources,.

'however, are far from satisfying the" demand of the whole area

f01 domestic wster Therefore, drinking water is brought From -

"villages 1ocated along the wadi for' sale'at”the price of 375

YR/m3. The cistern water is also used for the domestic water

im Shihara

3)

Productive eultiﬁsfed'fields are aiéfribdée&*id'thé“'
surrounding of the wsdi Woar 10cated in the east margin of the

gite, where a simple type of 1rrigation farming ig’ carried out

by using shallow wells,

Water source

"Existing water’ source for near the villages are only shsllow :

wells lncated in Al Qabain.

Existing deep wells (200~ 300 m in depth) within the area are._(

‘tvo wells drilled by MPW, two by Saudi Tund; and One by CYDA,

These wells are’ dry except one’ drilled by the MPW located in

the wadi " among the eastern hilly zene.'f- '
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“According to ﬁhe'inter#iew with the inhabiténts, all of these
deep wells had or'have problems in their yileld.

'Considering the ‘situation of the existing deep wells, it 13
not practical to seek new water source for the project within
-_mounta}p_or;hiliy:gones of the site, _There;ore,_the most
;'pfovising location for water resources development for the
'ﬁarea is judged to be along the Wadi Woar where groundwater

}production is 80 1alge as to make irrigation farming possible.

o ;én thelfigxdfﬁu#vaﬁ.the_middlé reach of the Wadi-Wda;, flowing
~ along fault valley in the directio of NNE-SSW, is judged to be
| tﬁé mdéfasuitgbie location for the purpose, Where.the_

: géoéléctfiCal-survey st carried out.

.;;§§hemgti§:cplumnéyiséction at a_repreéen;atiye_sitg (E-2) is

B shpﬁq'qg:resnit_bf'the geoelectriq_prospegpingEiﬁ_Fig. 9.

oo .- | Electric | Water . B
Depth| Geology Resistivity Receiving Note
S (m) 75}r"*'-J.’f(ohm~m) . Status ¢ N
-l Clay "11—18 Non-productive [2-3 m v
9,00 (. .. - ; aquifer: = - | . %
{ Clayey 3748 EC=765nus/cm
“togravel & | o o 0 0 T=26.2°C
Y I sand o : .l :
‘Sandstone | 540 | Aquifer ‘in :
SR A little fractured| -
IEEE ;,; ' sandstone '
'Fractured; 162 - - Aquifer;in_
_sandstone ' ' fractured
; S A sandstone

‘Fig. 9 Schematic Columnar Section (Shihara)

"Information on the shallow wells in this site shows that

\°unou—productive equifers consisting of clay and clayey- gravel
5locates ‘to' G. L—74 my and' aquifers composed of less fractured
-sandstone between G. L-=74 and -100 m, aud fractured sandstone
 between G. L*lOO and u200 m, '
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3,5.7 Ad Dahi Avea

1) -LoéatiOn and natural environment

2)

Ad Dahi together ‘with Harad mentioned iater is 1ocated in:

‘Tihama coastal plain, which is low flat land extended ‘east and

west for about 50 km in width, and north and south for about

400 kn in length between the Red Sea and the Central
: Highland " The altitude varies between 0 and 300 my and ground 1
" slope 18 gentle (1/100 ~ 1/200). This plain can be divided
.into the desert coveted hy eolian sand and “the alluvial fans

formed by many intei—land Wadie although their border is notc

: conspicuous°

In the desert area are many eand~dunes of 10-20 w “in height,

'.1ocated in the E~W’ direction at intervals of 500 m.'“4

Ad Dahi is located at an, altitude of 80 mm.s. l., about 2 km
eastward -from ‘the. paved road: connecting Al Hudeydah to Al
Hudaydah and ‘Harad, about 45 km northward from Al Hudaydah and

about 25 km eastward from the coast line._

.Wadi‘Surdad flowys to the west'atlahout 1 km'aoutﬁdard froﬁ.ﬁhe_'

center of Ad Daﬁi. Annual precipitetionris eetimateq:atuabout'
100 mm. : . T _" R
Geological formation of this site consists of the upper layer_

- composed of sandy sediments coming from wadis and eolian sand

and the lower layer of fine sand and’ sandy soil.‘uj
Cultivated flelds ave widely distributed around. the ccmmunity,

where wheat, “bean, cotton, and tabacco are’ principally grown

Water supply

" The community has existing water. supply facilities including
: _water sources in Operation, which were installed fifteen (15)

years ago.
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However, the service area is limited to only two blocks of old
‘areag amonéfeixjih'tbtal. The service hours are from 14100 to

;;f15!00:andque‘hedr in the evening for each block.

These facilitiee include the pipeline network, an’ elevated
-tank and intake facilities. _ : '

. However, these are all in deterlorated as mentioned below.

. Pipelines _ _ _ .
_.Supply is not sufficient condition in both quantity and
Tpressure and heavy water loss by conduction is caused by

ipipeline leakage.

--i,eElevated tank

]Impossible to use becauee of 1eakage due to deterioration.

« Pump . :
'Pumping;faté'and head are very low due. to deterioration of

':equipment.‘,_z

. Engine .

Engine power is very 1ow.

M?In new . residentisl ‘area’ Without any pipelines, inhabitants buy
and transport eater at the surrounding weter sources.
Cordn, the ‘area. served by the existing facilities, water fee
’ezivaries between: 15 and 60 YR/house/month depending upon
'consumption. N _ s _ RS .
=LA pump With an. engine supplied by USAID, is etored as a
'staadby equipment at’ this site.
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3) Water source . o ;

. There are two wells' one well- (50 n in depth) now in _
operation and the other drilled by MPW (80 m An’ depth) remaine
not yet to be in service. '

Static water level varies between 20 n and 30 W

The drawdown is estimated to be-in.a small range..:‘_ '
Taking iunto aceount the location of the project site along the
large ‘wadi end existing water sources conditions, “EWO: wells
mentLOned above ‘are’ expected to be given sufficient water for o

the project.
3.5.8 Harad ‘Area .

1) Location and natural environment
Harad also is 1ocated in the narthern fringe of Tihama coastal
plain, about 40 km from the coast: line and near: the netional

" boundary with Saudi Arabia.

The annual precipitation is about 100 mm.: Hajor port of this
community is. situated on the top of alluvial fan located in
the 1eft gide of the Wadi Harad flowing to the West..

Cultivated fields with high furrous- (height of 0 5—1 o m) are
: widely extended arouad ‘the Villages. The major crops are

barley, Wheat, beans, sorghum, potato, millet and vegetables.

The area is made up of a; clay 1ayer of 5 6 m in depth from:i
ground surface, followed by sand/gravel layer around the wedi
'totaling 110~120 m in thickness.._ﬂ _ f R R '_
Hilly zones consieting of sandstone, limestone and andesite,

etc. are located eathard of the- village. e
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2y

ke’ tankl'

Waterfsunply

‘:The eite'has two (2) welle’werer'tenks and public fountains.
j'However, distribution pipeline are not yet dnstalled. The
h&well the intake facilities and’ the water tank in the northern
.:area and’ the other tank 1n the southern area are installed by

‘rhe first phase Japanese grant ald project,

Domestic water 1s obtained from publie fountain located near

A part of inhebitants purchase drinking water at

- the price of 100 YR/m3

The residential area shows a rapid expansion along the road:

'ﬂ?leading to Seudi Arabia after ‘the complement of pavement and

3) .

shortage of domestic water is becoming serious.

‘Water source

w".There are two' productive wells. 'one”weli'loeeted:neer*the

- centel of ‘the community and the other one in the northern

r-'Ai-'erea.r The former well is 30 m deep and its static water

level about 20w,

The water level reeo#ery at this well-very-qnieklyrefter

pumping stops, as shown in Appendix. There is no question in

"nspnﬂmmhm."'

o The present pumping late of this well was confirmed to be 360

Jg/min.

The latter well is 100 m deep with the static level at 20 m.

P:ﬁThis well together with ‘the tank and’ intake facilitiee was

constructed under the first phase Japanese grant aid project.

The-designepumping,rate 18500 %/min and water quality is

suitable for drinking.
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3.5.9 Dimuna Area

1) Location and natural eaviromment o

2)

' fracture pattern which strikes NBO to 40E or. NSOW

in domestic water.~

”Dimuna area is located about 10 km south of the center of
“ Dawran, the capital of Dawran District.: The altitude of the:

site 18 2, 300 -2, 600 m, where 6 villages are scattered

_The annual precipitation is estimated at about 400 ms

'Topographically, thie area is on a part of caldera complex,.

where steep cliffs end sloPes ere widely distrihuted

_The area is mainly underlain by basic 1ava and pyroplastic

meterial the rocky and stony 1and is widely extende ;kﬂ

Generally, the geological structure strikes N&UW and dips

205W. Massive lava is found in the lower portion,lﬂij .

Mauy valleys are of V—shape and is harmonious developed in the'

Soil is distributed in concsve 1and where cultivated 1and i I

well developed. Main crons are barley, wheat,_soybeans, etc,;

Water,:supply

Rainfed farming is dominant in the area. Domestic water

depends mainly on a small spring and cisterns. Potable water ;

-is brought from Dawran about 10 km to the north of the area (3

from surrounding villsges.

'rTherefore, local inhabitants are all suffering from shortage
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3). Water source:

" The present condition of ‘the- water source at the gsite differs
q,largely from that" the initial request from YAR, stating that
"'the arted has existing shallow welle. None of them are found.
_ rThe ‘only water ‘source in the area is small spring at the south
];e'g;of Qoed Ala, which discharges only 500 700 Q/day._

i ‘f:‘,__

:?The'catchment area in the site -and around 1s’ very small;
J:'-massive ‘lava oocupies a greater part of the area- and steep
;topography 1s ‘dominant, Geologically and topologically,
="'f-‘ithr::z:'ei:'ore, it is considered that the groundwater deveIOpment

'-is ‘not suit&ble in the area.

.l'A dry well 150 o deep, was' once drilled in A1 Hamra Area
which is adjacent to the area on the ‘south.
"f-From the topographical and geological viewpoints, the area is

et considered to: be suitable for. groundwater development.
@jiﬁbﬁheffinfofmatioo,;ll{'
-'T.TﬁieﬁﬂfeéwaSZHit;Bj fhefearthqdake'in41982, 1eavln§*eerious

| Tﬂa'deﬁege§f&1nte:vieeefhéve-ehown tﬁatfmeoy-people:left the

Ef.'Viilege:oﬂ aocount-of the earthduake.' At present, the

' ?j restoration project is in progress mainly in Dawran, including

% this area. ‘t}~:j

',3.5.10 Al Hdshn Area

1) Location and natural’environment
s ﬁa'iﬁi .

."vbaThis site’ is a semi—urban densely~p0pulated community, about

tidS km to the east ‘of a point before Marib on the paved road

df'between Sana'a and Marib.-.=n,:
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2)

In the western and southexn parts of the surveyed ares an’

{rrigation project is in progress, and the main water channel

is under constluction at -the. west end of ‘the: area.s S
The precipitation is estimated at about 100 mm/year. The .
altitude 1s 1, 000-1, 100 m.i'r x

The surveyed 1and occupies a- paxt of a vast plain areda. at the
wegt fringe of extensive Rub Al Khall, and desert area is ;

surrounded by ‘gseveral . 1ndependent ssndhills.-~- 5w

The -stratum is considered to be made up - of ‘basalt, which is
densely covered by wadi deposits and -logs, The deposits
consist of fine sand silt, and clay. Cultivated fields -

surround the community.
Water supply and water source .

Irrigation and domestic water ave all pumped up from wells of - _
50~100 m in depth ' _ '
There are at least 6 wells, including private wells in the

ared.

‘Among these wells, an-MPW weil'indicates that- the Static water

level 4s 20 m and drops by 30'm when water is pumped up at &
rate of 0.38 n3/min.

-From the topographical and geological viewPoints, these wells

would cause no probelm in production when they serve as watet
source for the project. '

Domestlc water is taken out of public fountains valve besgide -
the well; At preseat, any other facilities such as;senvics
plpeline havé not been installed. Howaver,sthe:surveyntéam

has found téndering-fotfconstruction bfﬂfsciiitiESfﬁasﬁlocally

-completed. -Conésrning'this-situatioﬁ}-theusurvey:team has -

confirmed that the water supply. project for this siteiis to be
performed with local fund of MPW. ' : -
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3'6e-Wgter'Rights-and=Land Acquisition
3.6.1 General

‘It is said that Islamic 1aw include’ regulations related to water
_such as the establishment of water . conservation areas, “the
‘priority of:upper reaches 11 the basin, public use rights and

' others;. Tﬁdse:ceneefning ﬁater wells ere"Summarized below, in
u‘accordance with information obtained through interviews during the

;field survey.

_tIn general the ‘owners of water: sources must share domestic water
e-::gratis ‘to those without.- Hewaver, in practical terms, this custom
is applied only among the same tribe, and in most cases other

'tribes have to pay or are refused to use. '
'e*BaSically;flendﬁtenure eﬁd water rights are=indiﬁidhal:items to be
':iﬂhefited.Qr'de&lt?withg ‘HOWever, since water rights are
- transferred'tegetﬁér With land”iﬁ"most cases of actﬂal'deelings,

it seems neceseéry:tdrpurchase land to establish a new well.

The ovmer of the well is cohsideredfto have an absolute right for
”'fits'use:"Howefer,%many complicated cases are involved in both

. “land tenure ‘and water rights.

LDA's local offices purchase the necessary land from the owners or
get. gratis or onerous the land use and water rights._ However,
there arise ‘many complicated cases such as the cultivating rights
beiong-te_others. In case of such troubles, shaykh's * or a

presbyter;'wﬁp has jurisdiction, make necessary arrangements.

The problems mentioned above frequently tends to take a

conflicting turn in case they involve other tribes,



3.6.2

Notet_ % The shaykh is a tribal leader .ko. manage administration o
his. tribal society._ Usually he 18 elected by
representative persons within the community such as
:village heads or family leaders, or is posted through the

'=:herediatry system.“ . : o ‘ -

-Water_Rights and'Land TenureuProbIems;ﬂa_“ :uufj_:g'ygyi_rp_

_The results of the site survey including interviews suggest that

aome - problems on water rights and Lland tenure are. likely to arise
in relation to the implementation of the project. Furthermore it
is: necessary to review the problems in view of present system of

tribal society in the Yemen Arab Republio., Such 1ike1y problems

are described in detail dn: Appendix A—2 =3 - P

In view of such a situation, the survey team asked the MPW to

: identify and solve- those: problems for the 1mplementation of ithe

project, and has obtained its eonsent to; deal mith them under its gm

. full responsibility. Sinee, this projett is for publio serviee,

coopetation and understanding of . the project of - the owners of the
water right and . 1ands will expected (Appendix A—l -C).

‘However, in order to make a smooth progress of the implementation,

it seems necessary to have meetings before the implementation with

local authorities and land owners of the projeot site and obtain

their agreement for the 1mp1ementation of the projeet.
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4.1

4.2

THE PROJECT PLAN

ObJjectives

In compliance with the request of the Government of YAR, the project is
almed at préviding a stable supply of clean domestic water to rural
inhabltants by means of constructing water supply facllities, in order to

improve social environment and Infrastructures of country's rural areas.

Ten sites were 1Initially proposed for the basic design study. However,
eight sites ave appraised for the grant ald proiect, as stated 1n detail
in the following section. Although this project 1s intended for the said
elght sités, it is expected'to'make a large COntribution to the
improvement of social infrastructures mainly aimed in the S5-Year National
Development Plan of YAR, eveﬁtually resulting in effecting a significant

influence on the promotlion of this sector in YAR.
Study of the Request

Based upon the field aufvey, the contents of the request and the project

planning of the said eigﬁt sites are respectlively studled as follows:
1) %Wadi Asfan

The request of the Government of YAR suggested that existing shallow
wells could be water sources for the project. However, it was judged
through the fileld survey that the yields of shallow wells are not
enough. Wadi Holman located in the north-east of the area was
selected as the alternative locatlon of a new water source, but 1t
turned out the location could not be used for the project because the
land tenure belonged to the other village. In this connection,
geoelectric prospecting was carried out in order to probe possible
water resources. A5 a result of this survey, a deep well 1s planned

in the west of the site.



2)

3).

4)

5)

Since the 1ocation of the water source has completely been changed

the initially proposed 1oute of pipeline will have to be altered.

Al Khashna
SinCe the Water supply scheme proposed by MPW was judged te be a;
proper one by the field survey, the basic design will follow this

_scheme. The site has an existing water source for the new system, as

described 1n the request.

AL Zakira.

The extensiou of existing supply facilities which was completed by g
the second phase of the Japan' E Grant aid project was requested by_i

the Government. The proposed scheme has no problems anu the basic;

| design wdll follow this scheme.

Al Khelsen

The field gurvey revealed the existing weter source has an adequate

'production as was confirmed through the analysis of pumping test‘ :

data prepared by MPW. The basic design will follow the proposed .

scheme, since it is judged to be an appropridte one.

Al Rajam

_The Government requested a new supply system with a water source

should be installed for one of four blocks dividing the whole area of
Al Rajam. Based upon, the field survey,. deep wells are proposed as
possible water sources for Lhe project, end optimum water supply

scheme is planned for this site._:5~“



6)

Sﬁihare

- . The project area covers 22 #1llagee,eeattered over the area of about

20 k2, previously called HA-3A area in the F/S (Pdrt II) report.

_Cbnsidering the resulte of geoelectrical sur#ey, Wadl Woar located at

. the eastern fringe of the area is recommended as the candidate for

7

the installation of a water source, -and water supply scheme will be

egtablished based upon the field survey results.

Ad Dahi. -

.Ad?Dehi'siﬁelis the_tenfer gf-aﬁ‘admiﬁiétrﬁtive sﬁbdivision_called

Nuhiyaeaﬁd_is densely populated. Existing pipeline network has been

fdﬁetipqingﬂﬁer 15kyeérs, but has now been deteriorated_resulting in

,ae-ciosieﬁgaieekage,r. 

";Eleyeggggweterlteﬁks end_mein distribution network will be designed

8)

counitermeasures in the basie_design and parts of deteriorated

facilities will be planned to be replaced.

Harad

A deep well and pumping station provided by the first phase Japan's
'Gr&nt Aid and shallow Wells locally installed are in service at this

site. Pipelines however; remalns yet to be installed, since the
site is densely populated community almed flat plain area like Ad

Dahi s, 8n elevated ‘tank and distribution network are. planned to he

| Vinstalled under, the project.; In addition, parts of deteriorated

existing facilities will be replaced



'9) Dimuna

prepared by MPW but the overall review of this scheme is required
due to its difference from" the existing conditions.e Particularly,.
since the shallow wells proposed for the project water source ‘are not

existing at the site, a’ new water goiirce shall be studied. i

'As a result of the field survey, however, the develOpment of a new-'
water source seems not to prevail at the site due to the its ' '
topographlc geomorphology and.-- geologic conditions of the site.

Accordingly, the proposed scheme needs to be alLered

Soprer s oL el e

p

adjacent areas, an extensive water supply sehame” such FE

'Considering the possibility of water resources ‘déve
Dawron—Dimuna water supply scheme isg recommended. In: this:
’connection, the basic design excludes Dimune due’ to uncertainty in
the establishment’ of neW'water sources. IR e

19) Al Husun

_MPW hss agreed thet Al Husun 1s excluded from the project since
o tendering for’ the construction of this site’ has been completed

4.3 General Featires of'the”Project

Baslc design study is carried out on’ the ‘ba “of ‘the site survey"'

results, Taking into account the implementation of the project operation :
and maintenauce plens and others, the general features of the project are‘

outiined below.
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