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PREFACE

In response to a request from the Government of the Republic of Yemen, the
Government of Japan decided to conduct a study for the implementation review of the
Project for Rural Water Supply in the Southern and Eastern Governorates of the
Republic of Yemen and entrusted the study to the Japan International Cooperation
Agency (JICA).

JICA sent to Yemen a study team from March 12 to March 24, 1997.
The team held discussions with the officials concerned of the Gevernment of Yemen,
and conducted a field study at the study area. Afler the team returned to Japan,

further studies were made, and as this result, the present report was {inalized.

I hope that this report will contribute to the promotion of the project and to the

enhancement of friendly relations between our two countries,
i wish to express my sincere appreciation to the officials concerned of the

Covernment of the Republic of Yemen for their close cooperation extended to the teams.

May, 1997

Kimio Fujita
President
Japan International Cooperalion Agency




May, 1997

LETTER OF TRANSMITTAL

We are pleased to submit to you the report of the study for the implementation
veview on the Project for Rural Water Supply in the Southern and Eastern Govenorates

m the Republic of Yemen.

This study was conducted by Japan Techno Co, 1.td., under a contract to JICA,
during the period from February 24 to June 2. In conducting the study, we have
examined the feasibility and rationale of the project with due consideration to the
present situation of Yemen and formulated the most appropriate basic design for the
project under Japan's grant aid scheme.

Finaily, we hope that this report will contribute to further promotion of the project.

Very truly yours,

Tetsuji Niwano
Project Manager

Implementation Review 'Feam on the
Project for Rural Water Supply in
Southern and Eastern Governorales

Japan Techno Co., Ltd.
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CHAPTER 1 BACKGROUND OF THE PROJECT

1-1 BACKGROUND OF THE REQUEST

The government of the Republic of Yemen, which was cstablished in May 1990 through the
unification of the former Yemen Arab Republic and People’'s Democratic Republic of Yemen
" (eommonly called North Yemen and South Yemen respectively), anncunced its decision in its
first economic agenda to take immediate steps for the improvement of devastated
infrastructure of the country’s southern part including its remotest region. In line with
this policy, the united government of Yemen made a request in December 1990 to the
government of Japan fo extend its grant aid te a rural water supply project in 20 sites

scattered in five gavernorates of the Southern part (hereafter called “the Project”)..

The population of Yemen in the land of 530,000 km? (about 1.4 times that of Japan) was
estimated at 15.8 million through the national census condueted in 1994, with its 84%
assigned as the rural population in communities of no nore than 30,000 residents. The
naticnwide rural water supply coverage have been hovering at around 50% due to shortages
of water resources all over the country, with the silvation worsening in the southern part
where a more barren and avid elimate prevails.  Under such circumstances, sanitation and
health of ruzal areas have steadily been declining to an alarming level, as is indicated by the

spread of waterborne diseases including bilharzias all over the country.

In response to the aforementioned request, the Japan International Cooperation Agency
{(JICA) dispatched a project formulation survey team from January 15 to February 13, 1993
to make a preliminary study of major elements of the project such as urgency and priority,
reliability of water sources, accessibility, ete., in the 20 sites in b governorates écmss a
distance of 1,500 km east and west. Based upon the strategies for cooperation set by that
survey, the goverament of Japan decided fo carry out the basic design study, and the JICA
sent a basic design study team to Yemen from November 20 to December 26, 1993, The

team held discussions with the Yemeni authorities concerned with the project along with the
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collection of related data and information, and carried out the field survey of sites about
natural envirm;menl, water use practice, water sources as well as topographic survey.
After retuming home, the team made analysis of the survey results, based upon which a
plan was worked out to take 4 siles among 9 surveyed as the candidates for the
implementation of the Project. A draft final xeport for the Project was presented to and

aecepted by the Yemeni side during the period from March 30 to April 7, 1994.

Yemen at that time had been suffering a hard blow on the socio-economy inflicted by the
1990 — 1991 Gulf erisishvar, although on the eve of unity the cconomy had steadily been
upturning, thanks to the cil development commenced from the middle to the end of 1980s in
both North and South Yemens. Triggering the expulsion of nearly 800,000 of Yemeni
expatriate laborers chiefly from Saudi Arabia, it produced hard effects such as the radieal
slide of foreiga remittances that had been a major source of earning hard currency, abrupt
halt of aid from oil-rich Gulf countries and spiraling rate of unemployment. ‘Then political
tensions that had been straining between the former North and South Yemens culminated
to the outbreak of eivil war between both sides in May 1994, immediately after the

explanation of the draft final report for the Project was concluded.

The conflict between the same ethnic Arabs wound up in about one month with the fall of
the southern capital of Aden. The multinational oil conglomerates immediately resumed
their operations. The Dutch and Germany were quick to return to their assistance once
again, while Japan sent a mission in December that year fo investigate perlinent sirategies
for economic cooperation and to examine local sccurily after the war. It led to the
resumption of its assistance in March 1995 in the restricted groups of projects such as
material/equipment procurement and food production increase.  The projects for
construction of facilities including this one, however, was suspended for the reasons that
social instabilily in rural areas had not yet been subdued and that there remained local
risks of land mines reporiedly buried during the war time. In March 1996, the Yemem
government renewed its request for this Project to the government of Japan, asking for
urgent commencement of its implementation, assuring all the risks had been removed by

that time.



By then, the socio-economic base of Yemen had nearly been crushed by the devastating
cffects of Gulf war followed by the latest civil war.  According to the World Bank, the per-
capita GDP plummeted to US$280 in 1995 from the pre-war US$530 for the year 1990 of
unification. Such a situation of the country urged the govermment to embark on the
economic reform program advised by the World Bank and the IMF in early 1995, and as a
complementary step to this program, the government prepared the First Five-Year Plan in
1996, in which its major tasks were assigned first to regulate the national economy by
controlling macro-economic policies in a market economy and secondly to continue to
promote reinforeement of social infrastructure, particularly the water sector, for the purpose
of renovating and stabilizing people’s living conditions.  Reflecting such a policy, first comes
“the drinking water projecls in rural areas (all governorates)” in the list of government
development projects contained in the Five-Year Plan, with an assignment of the investment
of approximately YR 50 billion. In responsze, the General Authority for Rural Electricity
and Water under the Ministry of Electricity and Water formulated its own first five-year
program for the rural water supply scheme, which aims to boost the rural water coverage in
the year 2000 to 64% from the present 45% by implementing 3,000 projects in otal for the
population of about 2.5 million. However, the achievement of such a seemingly high target
would need a dramatic improvement of the finance of the government, even if the rural
population might make due contribution to their projects, as has been proposed by a new

rule of the said GAREW’s program for ensuring the required invesiment.

This study intends to make a review of the Project for its implementation in response to the
requesi thus renewed by the government of Yemen. It is to re-examine the current
conditions, the organization, the cost estimate for its implementation after a lapse of nearly
three years, taking into account the adjustment and modification, if necessary and possible,
of initial planning and designing relevant to the present conditions of the project sites. In
addition, the situation of local securily will be examined as an essential condition for

proceeding to the implementation of the Project.
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1.2 CONTENTS OF THE REQUEST

'The outline of the request confirmed by this study is described as follows:

(1) Project Sites
1) Ahwar {Abyan governorate)
2) Moodeyah {Abyan governorate)
3) Al-Raidah/Shamalya (Hadramout governorate)
4} As-Sadarah (Hladramout governoraic)

(2) Contents of the Request
Construction of relevant water supply facilities in the above-listed four sites, based upon
the basic design study coenducted in 1993 (For the alterations of desigas necessary to

adapt to the current conditions of these sites, refer to the review of the request detailed

m Chapter 2 of this report.)
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CHAPTER . 2 CONTENTS OF THE PROJECT

2.1

OBJECTIVES OF THE PROJECT

- On the oceasion of its unification in 1820 overwhelmingly supported by the great majority of

the people, the government of the united Yemen pledged to promote its efforts for the
construction of water supply facilitics in the Southern part of the eountry where basic
infrastvueture had long been devastaled. In line with this policy, a rural water supply
project for that region (hereafter ealled “the Project” ) was requested to the government of
Japan for grant aid that year. Nearly a decade has passed for the residents of the sites in
the Project sinee its planning had been taken up by the former Public Water Corporalion
that had been in charge of the water sector all aver the former South Yemen. Since then
the couniry’s socio-economic conditions have been aggravated by the adverse effects of the
Gulf war and the subsequent etvil war belween the former North and South Yemens. Such
a situation has urged the gevernment o put the highest priority on the improvement of the
water sector as well as electricily of the country in its First Five-Year Plan in 1906, as it
aims to reform the country's social infrastructure, particularly that in the hardest-hit rural
areas, and the General Authority for Rural Electricity and Water (hereafter called the
"GAREW’), which is to assume the role of the executing agency for this Project,
complemented the government's policy in the same year through the formulation of its own
first five-year program for the rural water sector, in which the rural water coverage was

targeted to be boosted to 64% from the current 45%.

In support of such a distinguished policy of the Yemeni government, the Project is aimed at
constructing relevant water facilities composed of water sources, pumping facilities and
distribution systems in the 4 sites in the country’s southera and eastern governorales that

have acutely been sulfering from lack of safe and stable water.
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2-2.

BASIC CONCEPT OF THE PROJECT
1 Basic Policy for Cooperation

The survey for the mmplementation review was carried out in March 1997 in order (o
examine the current conditions of various elements of the Project in preparation for its
implementation in the four sites located in the southern and eastern governorates, which
had been determined to be the feasible sites for grant aid as a result of the basic design
study conducted by JICA from November to 1393 to April 1994.  The strategy of the study
was to make review of initiat planning and designing of the basic design study, and to
finalize them with any revision, if necessary and pessible, to adapt to the current condilions,
in light of the survey results. Loeal security in the aftermath of civil war was examined as

well to assure safely of those to be engaged in the implementation of the Project.

The results of the suivey are outlined as follows: In Ahwar and Moodeyah, existiﬁg water
services have reached a critical stage due to the occurrence of breakdowns and shutdowns of
the facilities and equipment. On the other hand Al-Raidah/Shamalya has installed a
locally funded water supply system for a part of the communities that was planned to be
covered in the foregoing basic design study. Nevertheless all the remaining communitics
composing the administrative division of Al-Raidah/Shamalya have been left without water,
depending solely upon costly and unsanitél}' waler vending. ‘The residents in the site,
therefore, are anxious that the initial planning and designing be altered to cover these
communities without facilities. As-Sadarah has seen little change since the basic design
sludy, although the residents are now desirous of an extension of distribution to three

additional villages.

As a policy of cooperation, these current conditions including the contents of the renewed
request for the respeetive sites will be reviewed in the following section, based upon the
criteria te juslify the feasibility of the sites such as (1) urgent necessity of facilities
construction, (2) possibility to secure the relevant water sources, (3) cost-effect benefit, and

{4) capability of operation and maintenance.
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(1) Conlents of the Rencwed Request
The major points of the rencewed request for the 4 sites are described in Table 2-1,

comparing the conditions at present with those during the basic design study.

Table 2-1 Qutline of the Renewed Request in Comparison with the Results

of the Basic ﬁesign Sludy

Site Name Basic Design Study(1933-1984) This Survey (1997) ]
1. Ahwar (DThe Ahawar city, center of the | {(The  existing  facililies  has
(Abyan site, operates an existing walter | thoroughly been deteriorated with

Governorale) | service, but citizens are suffering | the elevated water tank destroyed
from extremely inferior water|due to corrosion. Still no
quality containing a high rate of | significant renovation of facilitics
chloride. c¢ovld be made due to financial
reasons. Urgent improvement is

required.

(&The basic design plans to | (2)Existing distribution network has
employ 2 unused deepwells. [been  highly corroded. This
However, due to the limit of | situation requires to increase the
available quantity, the planned | extent of pipcline installation by the
area for new service is restricted to | Japanese side as well as the
G communitics including the | quantity of piping materials to be
Awhar city supplied.

2. Moodeyah (OThe site is eomprised of 4 | ()The basic design study planned to
independent water service zones | employ 3 existing  deepwells
with their own facilities. Each of { remaining unused and 1 new well to
them has longstanding troubles | be constructed by the Japanese side.
pérlicularly in its water source (s), | Up to now, however, the GARLEW
in respeet of quantity or guality, or | newly constructed two (2) additional
both. wells.  This situation allows lo
exclude the construction of a new
well by the Japanese side in the

Project.
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Site Name

Basic Design Study{1993—-1994)

This Survey (1997)

Moodeyah

{2)The Dbasic design covers 2
service areas of “Moodeyah™ and
“Al-Qurath” out of 4 ones due to
the limit of available quantity of
planned sources.  The planned
facilities consist of new waler
sources  and  feeder lines
connecting these sources to the
existing nefwork of  these 2
ZONes,

{2¥The water services of 2 zones
have lately worsened. Moreover, a
third one, “Al-Jowal” has halted its
service due to the éol]apse of a deep
well that has been a sole source for
the area. The remaining one has
also been sullering from the existing
source producing highly saline
groundwaler. Under such
circumstances, the Yement side has
requested the teani to re-design a
system to cover all the four service

ZOnes.

3. Al-Raidah/
Shamalya
(Hadramout
Govenorate)

(1) The site consisis of 25 vitlages
scattered on the highland plateau.
Due to the apparent difficulty in
new groundwater development, a
planned service area is restricted
to an area of 7 villages where a
deepwell source has successfully
been installed.

{1) The GAREW has successlully
constructed 4 new wells with its
own fund in the site since the basic
design study

{2} Part of formerly planned service
area has completed its own waler
facilities covering 4 villages, which
has been operated and maintained
by a local commiltee.

{3} The Yemeni side has requested
an alteration of the initial desiga to
cover all the wvillages of 21
remaining without  pertinent
facilities except for the completed

SQUurces.

4.As-Sadarah

()The sile has no public water
facilities and residents are in the
habit of taking water from springs
and hand-dug wells. A neéw
system is planned to cover 7
communities including the As.
Sadarah city, center of the region.

(1)The site has basically had no
change in water practice. Urgent
implementation is required.

(2)A new requesi has been
presented to extend the initial plan
to 3 additional villages.
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The comparison in the above table shows the worsening water environment in the
respective siles, necessitating urgent implementation of the Project. ‘The examination

of essential elements in details is as follows:
B Urgency of Facilities Construction

The preceding basic design study selected the 4 sites under this study out of 20
candidates as (he ones necessitating the most urgent step for the conslruction of
facilities. Urgency has further increased in Moodeyah and Ahawar, both the
ceniers of the respeclive regions, since the major existing facilities in these sites have
recently been broken down, leading to growingly worsening water service. When
the study team had a conference on the survey for the review with the authorities in
Abyan governorate in charge of both communities, the governor stressed urgent
necessily for swiftly proceeding to the implementation of the Project to relieve

citizens of current hardships. The situations of the two sites are as follows:

a. Ahwar
Corrosion and deterioration of facilities has lately been accelerated due to high
contents of salt in served water.  Such deterinration culminated in January 1997,
when the elevated steel panel tank burst al the panel joints immediately after
the tank was filled with water. Since the coltapsed tank gol unusable, water is
directly pumped inlto distribution network, resulting in the breakout of intensive

leakage calling for frequent shutdowns of pumping due (o higher pressure.

b. Moodeyah
All the four water service areas in this site shows degraded performance.
Particularly Al-Jowal service area suffered the collapse of existing deepwell and
the resultant shutdown of the operation late in 1996,  As result, all the served

population of 5,100 have been forced to switch to costly vending water.

Meanwhile Al-Raidah/Shamalya lately acquired deepwell water sources.
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Nevertheless most of the area still lacks facilities for water service, with nearly
20,000 residents left in the habit of purchasing expensive water. On the other hand,
As-Sadarah residents have easily accessible water sources. However, artificial
contamination has steadily been in progress there, aggravating uncasiness of most

residents.

These situations in the four sites clearly shows they are badly in need of relevant

water facilinies, demanding the immediate implementation of the Project.
Securing Water Sources

Located on the highland plateau, Al-Raidah/Shamalya locked a waterless site during
the survey for the basic design study, where up to now four new wells have
successfully been installed by the GAREW, assuring reliable water sources lo its
residents.  This new situation rules out a plan of the basic design study to drill a
new well for the site.  Moreover the GAREW has so far made efforts to add lwo noew
wells to 3 wells existing in Moodeyah. Although the former basic design study
planned to construct an additional well for Moodeyah beside 3 existing enes in view
of a larger population there, it is now judged needless as well, as the site has secured

b feasible water sources.
Ahwar holds secure two deepwells that were planned by the basic design study to be
employed for the Project. In As-Sadarah, the siream [low rising in a nearby spring

is found stable for the planned intake facility of the Project.

The survey has witnessed that the water sources for the 4 sites have become more

secure and adequate than they were at the time of the basic design study.

Evaluation of Benefits

The rural water project in Yemen generally entails great difficulties; a technical one

in developing and securing water sources and a financial one requiring a higher
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amount of investment for a relatively sparse population of beneficiaries in a widely
scaltered service area. These conditions often make the major donors keep a
distance from projeets in this sector.  On the other hand, all the 4 sites in this
Praject selected among 20 candidates involve their respective administrative and
financial centers, with a total planned seaved population reaching 94,000, as shown

in thé following table:

’[‘able 2.2  Administrative Division, Numbers of Planned Communities and Populations

Site Name Administrative Number of Number of
division planned Planned
[ communities Population
Ahwar Markaz (%) 6 21,420
Moodeyah Mudirya (*%) 23 37,800
Al-Ratdah/ Markaz 21 19,620
Shamalya B
As-Sadarah Markaz 10 15,200
‘Total 60 94,040 |
Note: * A markazmeans a center that is a lower administrative division

next to a mudirya.

** A\ mudirya means a district as a division subsequent to a governorate.

The preceding basic design study made an evaluation of cosl elfectiveness of the
candidate sites. Compared to the other sites, these four sites registered a far higher
level of cost effectivencss. In this study, the cost effectiveness of these sites

remains intact, keeping a similar level to the one in the basie design study.
Capability of Operation and Maintenance

Rural water facilities in the couhtry are run by local water committees, based upon
the provision of the President’s decree issued in 1992, As a matler of fact, in Ahwar
and Moodcyah exist the local commitices which are now operating their own water
service. On the other hand there are no specialized committees for Al

Raidah/Shamalya and As-Sadarah because they have no facilities yet.  However, the

27



residents will find no difficulty in setting them up because they already have similax

organizations for local development works.

As a resull of the aforementioned examination, the four sites are judged to meet the
essential conditions for the implemeniation of the Project with grani aid previously
required by the basic design study.  As for the site of Al-Raidah/Shamalya, the wide
extent of alteration in planning and designing may be justified on the following

reasoning:

a. Initially the site was not considered to fit for extensive development of groundwater
resource, and the basic design study formulated a plan to install a system for part of
this site where a feasible deepwell had been completed.  As a vesult of successful
development of groundwater in the area by the GAREW since then, that plan needs
close reviewing by this study to adapt to the situation at present. Since the
nodified plan includes the most important communifics in the site represented by
Al-Aulieb and Al-Sufila, it is expected to produce a larger impact on the regional

society. The cost-effiect benefit wilt become higher as well.

b. The medified plan, already prepared by the GAREW’'s Hadramout Branch in Al
Mukalla, is one of the highest priority project of that office. Since this Project aims
to assist the GAREW’s current water supply program, the cooperalion for this site is

considered to follow that objective.

¢. The site remains yel to have water facilities since its settlement, with its residents
long suffering from hardship in obtaining safe and stable water. In view of basic

human needs for the residents, the Project is worthy of implementing with grant aid.
In a renewed planning for this site, however, the available fund must be taken into close

account, since it is the largest in scale among the 4 sites under study. A feasible plan

should be worked out, with due consideration to the contents and scale of the Projeet.
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Examination of Contents and Scale of Facilities

The request by the Yemeni side for re-planning and re-designing facilities for the
respective sites fealures the expansion of the planned water service areas, caotailing
longer extensions of distribution pipelines.  In view of a similar trend encountered, the
previous basic design study ruled thal {runk mains for distribution be instailed by the
Japanese side, while branches and house connections, by the Yemenis, with assistance of
supply of piping materials under the Project. ‘This policy is eonsidered to be effective in
formulating a renewed plan for the Project, although the increase of quantities in
plumbing works is inevilable. However, the decision for the supply of materials needs
careful examination of the capabilities and characteristics of the respeclive sites.  The

following table shows the outline of the contents and seale of facilities thus determined:

Table 2-3 Comparison of Facilities Planning of the Basic Design Study and
that of the Implementation Review Study

Site

Water Souree Machinery House/ Water Tanks " Pipelines
(Supply of Materials)
S B IR

R IR

Ahwar

| Same

.. | Same as |- p
.| as DD

No.| BID

Moodeyah | ID

Vell] Can-
NOS | celled_ |- X
well | pum
x 5 Nos.} x4

Deepwell
| pump




Site

Al-Raidah Ne“Well Can- fM I{Gilb M House] 200 m®: | 200 m®

Water Source Machinery House/ Water Tanks Pipelines
Pumps , (Supp!\. of Materials)
CBMY] YR ) BDE IR " BD | LR

Shamalya . | celled x3Nosi x1No | x2Nos| 1505
| Fxisting Deepwell] 100 m*--| 150 m*® | 2069
= well pump |- x1No.| x1No. }oy
| x 8 Nos x3Nos. | & |
Can-
celled
As- a- | Sameas | Same as "{)Om | Same as | ¢ 80-
Sadarah | BD B/D x 1 No.-| B/D

Same as |- 50 m® | Same as | 21
| BB \2Nob B/D ra st

6,460m)

Note: ¥ = Basm Design Slud) I** = This Stu(l\ fox Implemomahon Review

As indicated in the above table, the increase of pipeline extension is remarkable in the 4
sites. The following conditions have been taken inte account for the decision of the

scope:

The Ahwar and Moodeyah water committees respectively have four plumbing
technicians engaging in operation and maintenance of existing facilities. Since they
have no machinery or equipment for pipe threading and welding, such kind of works is
done by specialists at shops within the cities. Normally the sizes of pipes they can
readily deal with are 3’ and less. Taking such local capability into account, the
Japanese side is to undertake lines of 4” and larger, while those of 3° and less wilt be
done by the Yemeni side, with the supply of piping materials under the Project. In
Ahwar, the trunk mains lo be installed by the Japanese are 4° and 6” in size, while in
Moodeyah mainly 8” lines are to be installed for feeder lines, although some sections of
3", particularly connecting lines between trunk mains are planned to be handled by the

Japanese side.

Al-Raidah/Shamalya and As-Sadarah will ask major part of pipclines to be installed by
contraclors based upon nearby cities, probably in the gevernorate capital of Al-Mukalla,

since they have no commitlees or technicians to deal with such works within the sile.



The suilable sizes of pipes to be locally handled will alse be 3 and less. For a
particularly broad site of Al-Raidah/Shamalya covering 21 villages, however, the total
extension of disiribution lines reaches a quite long distance with the length of 3
pipelines only totaling about 12,000 m. In order te relieve the residents of financial
burden, pipes of less than 37, namely 2-1/2" and 27, are planned to be supplied to this site,

with the Japanese undertaking the works for 3" and larger pipes.

During the previous basic design study, the GAREW agreed to provide necessary [unding
and dispatch of specialists for pipeline installation by the Yemeni side, and has
confirmed the same policy for this study once again.  [ts budget for the year 1996 was
reportedly about YR 13 million, one third of which was earmarked for civil works.
Since the estimated cost for plumbing works by the Yemenis for this Project corresponds
to about 2 % yearly of the said budget for civil works, the GAREW will find no difficulty

with securing such a level of the budget {or this Project.

For reference, the comparison of the plans and designs in both the basic design and this

study is illustrated in Figs. 2-1 1o 2-4 for the respective sites.

As the conclusion of the foregoing examinations, the four sites under study are truly in
need of the implementation of the Project without a moment’s delay, with enough
justification to receive assistance under Japan’s grant aid program. Although the scale
of the Project needs to be expanded to a considerable extent, the required budged could
be limited to a range formerly assigned for the Project by the basic design study, owing to
a measure to ask for the self-efforts of the Yemeni side in the construction of extended

distribution networks.
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2-3 BASIC DESIGN
2-3-1 Design Coneept
(1) Policy for natural and social conditions

The southern and eastern govornorates of Yemen are dominated by the searing heat
throughout the year except for a short period of December to February under a relatively
mild weather. The annual mean temperafure theve is reportedly 27°C against t8C in
much of the northern parl where the elimate is rather cool throughout the year. Worse
than that, the rainfall is a scanty 100 mm to 260 mm annually throughout the region due to
a smaller scale of ranges forming the region’s watershed than that of the northern pari.
Such rigorous natural environment makes the situation of water resources acutely worse
than in its northern counterpart, not only quantitatively but qualitatively. The water
crises in the project sites of Moodeyah and Ahwar suffering from lack of safe and siable
water sources typically demonstraie the severe natural conditions eommon in the Southern
part. Located 10 km inland from the coast of the Bay oqull;, the Ahwar water service has
only saline water to sexve its population. Moodeyah is another area featuring a broad
distribution of highly saline groundwater despite its inland location, with much of iis area
suffering from scarce production at the same time. In the midst of such adverse conditions,
the preceding basic design study made efforis (9 spot relevant water sources for the public
service, especially concentraling on water qualily, These efforts resulied in locating the
zones of narrow bells in the respeetive sites in which groundwater is comparatively far
better than the one currently in use. The existing deepwells remaining unused in these
belis are planned to be employed both in Ahwar and Moodeyah. One shortfall in this plan
is their quantities stemming from the small seales of basins. Overpumping from many
wells in such small palches of basins Lo satis{y large populations of both sites is feared to
invite intrusion of degraded groundwater in the surrgunding areas. To solve this problem,
it has been planned to employ sclely the existing wells, two in Ahwar and five in Moodeyah,
that were already confirmed in respect of quantity and quality, while ruling out a program of

extra drilling in the basins. The accurate capacities of the basins in both sites remain yet
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to be examined through a detailed process of aquifer testing before starting the operation of
the wells. This testing is preferred to be carried out by the consullant, aiming ai a
technotogy transfer to the GAREW’s counterparts. In case the test reveals a possibility of
further development of the basins, it is greposed the subsequent works of further
development be done by the Yemeni side to extend served areas to the communities that

have been left out in this plan due to the limited productions of the existing wells.

In fact, besides being limited in production, most of the water sources earmarked for the
Project hardly have any alternalives in and around the respective sites. The use of such
precious sources should be intended to meet the BIHIN of the residents in the first place.
Under such eircumstances, the needs for livestock should come second to those for human
beings, even though livestock breeding is one of the cconomic essentials for the latter.  The
survey results indicate that the three project sites among four have so great a difhicalty with
the water sources, particularly in their productions, that planned facilities could serve only
part of the entire population. The remaining site of As-Sadarah has aflluent running water
in the wadi, which has been and will be used by herds of hivestock within the site. Thereis no
need to give costly piped water to livestock at this site.  In view of these specific water source
conditions in the respective sites, this Project is deemed in no position to plan sharing water

with livestock.

The most difficult element to tackle in the planning of the Project has been the water source,
even though the Yemeni efforts in Al-Raidah/Shamalya and Moodeyah have cleared previous
uncerlainly about securing water sources, particularly in the former site. ‘The available
water sources for the 4 sites, therefore, should be treated with much attention and care of all
the concerned with the Project. The basie policy of this study is to plan and construct water
facilities for helping improve living standards of the residents as well as their health and
sanitation, which are believed to enhance their interests in preservation of nalural and social

environment, leading to a gradual improvement of their current practice in water use,
(2) Policy for Local Participation in Construction Works and Procurement of Local Materials

Local participation in construction works and procurement of local materials are highly

2.22



recommended for the implementation of the Project. Nevextheless the local construetion
seetor in the country remains yet to be firmly established and organized as one class of
modern industries. For the water seclor, private companies are seen to be growing,
although most of them are still in a smaller size, with a fragile technical and financial base.
Under such circumstance, the implementation of the Project is considered te be undertaken
direcllj- by management of a Japanese contractor(s) for fulfilling required eontral of quality
and progress of the works. The reasons the Yemeni construction scclor hovers in an
antiquated level are that most of buildings have been employing the traditional method of
construction.  Multinational contractors based upon the western and Gulf countries
frequently join in the construction works of a large scate of project, but they have not been
able to settle in the Yemeni soil excepl several joint companies of the Chinese and the

Yemeni mainly doing the job in the road construction.

Despite the aforementioned sitvation of local contractors, this Project inteads to positively
employ the conventional methods of construction, specifically suited to the climate of the
Southern part. One example is a “masonry tank”, a reservoir made of stone material
prevailing in the Southern part. It has a structure with its walls filled with stones and
concrete, materials that can easily be got in any part of the country, and finished with stone
tiles all aver its outside surface. These stone walls act as insulators against the scorching
heat of this part of the country as well as reinforcerment of the tank structure. {The width of
walls of a 300 m® tank employed in the Project is as large as 2.2 m at the boltom.) This
design has spread over the southern area as a standard specification of the former Public
Water Corporation, presenting an appearance in harmony with the surrounding scenery.
This type of construction can be done by locally specialized contractors who have acquired
experlise and experience through the contracls with the said organization. ‘The
employment of locally designed construction will encourage aetive participation of the

regional communities and residents.

Meanwhile local materials are reportedly abundant on the local market, thanks lo active
participation of private sectors rading with the European and Asian countries. The supply
of home-made cement is constant on the market through vigorous production of two plants

that were completed with assistance from Japan.  Steel products are being imported
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mainly from Korea and Russia.  Although the Yemeni market at present can provide any
material for civil works, fine aggregates ace normally inferior in quality due to a rich content
of silt material affecting concrele structures. Concrete works, therefore, needs much care

in the choeice of materials and quality control in construction.

The final design for the Project rules out technology and methods unfamiliar to the local
people as much as practicable, to allow their maximumn participation in construction as well
as operation and mainienance. Experts from the Japanese contractor(s) ave anticipated to

Yead and inspire such local aclivities.
Policies Related to Operation and dMaintenance

The water facilities completed under the Project are to be operated and maintained by the
water commiltees in the respeclive sites. To cope with this situation, facilities and
cquipment o be tumed over to them are planned to be types hardly requiring special
technology in their daily eperation and maintenance. This policy is particularly focused on
(1) deepwells (2) pumps and {3) pipelines. One example is a type of pumps.  Although the
previous design selected electric motor driven pumps, this study plans to switch to diesel-
engine driven pumps to which the local people have been accustomed, based upon the

reguest raised by the residents during the survey for this study,

When it comes to deepwells, maximum pumping is a common practice all over Yemen
despite the fact water is absoluiely in short supply. This routine practice has often caused
the depletion of water resources in various parts of the country. '[b prevent this habit of
overpumping, this Project plans to attach a simple type of water level meter to each
deepwell =o that the operator can properly judge its condition. The meter is a battery-
powered type, consisting of a potable meler body with a calibrated wire having an olectrode
at one end. [t is manually operated by lowering the cable with the electrode into the well,
and a lamp on the meter lights up or a signal sounds when the electrode reaches the water

level.
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For pumps and power units, special types will not be adopted, and those commenly in use in
Yemen will be provided, together with a supply of necessary meters, gauges and proteetive

switches as standard aecessorics, which help the daily operation by the water commiltees.

The facilities and equipment under the Project would not break down, if they are properly
operated and maintained. Their sustained operation could be guaranteed by constant
attention and care of the staff at the water committees. Technology transfer to the local
stafl is planned at the time of test operation of completed facililies. Spare parts and
standby materials/equipment that are hard to get on the local marketl are planned to be
supplicd to them, since the water committees have no financial resources to procure them

during the kick-off period of new water service.
{(4) Policies for Scopes and Seales of Facilities

Each of the four sites in the Project needs a planning for an extensive water supply system,
requiring an expanded scale of facilities. To avoid an excessive investment in the planning.
one of the policies in the basic design was to call for the self-efforts by the Yemeai side,
including drilling work (testing andfor construction of new wells) and plumbing works
(installation of branch distribulion Jines and house connections). So far the drilbing work
has been completed by the hand of the Yemeni side including 4 new wells in Al
Raidah/Shamalya that was previously considered to be the most difficult site for the
development of groundwater. Concerning the plumbing work, piping materials are planned
to be supplied to the Yemeni side under the Project to assist its smooth undertaking of

necessary installation werks, as was proposed in the previous basic design.

The extent of plumbing work to be undertaken by the Japanese side has been decided,
taking into account the specific conditions of the respective sites as well as their social and
economic conditions. (The policies for its decision are described in Section 1 - 2 of this
Chapter). In case of Aiwear, all the pipelines are to be buricd underground, and the
installation work of branch lines by the Yemeni side is expected to be undertaken
simultaneously with the progress of installation of trunk mains by the Japanese side. On

that occasion, experts of the Japanese contractor present in the site are reguested {o
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cooperate in the work by the Yemeni side, offering relevant information and advice from

time to time.  'This measure is necessary, since the supplied materials are of Japanese make.

Even if the works do not progress simultanegusly in the other sites, they are required to

offer experlise in the installation work te the understanding of representatives of the sites in

charge of ithe Project.

2-3-2 Basie Design

(1} Examination of Capacilies of Water Sources

In view of the importance of the water sources for the formulation of the Project, their

capacities are examined to justify the design bases of the respective plans of the sites as

follows:

1) Ahwar (Abyan Governorate)

a.

Hydrogeological Characleristics of the Site

As Ahwar is located in the basin of the Wadi Ahwar, groundwater generally abounds
through the entire arca, and significant amounts of groundwater can be expected.
However, because the area is close {o the coastline, the chloride contents of
groundwater are normally in a very high level. Despite such general trend, the
survey has spotted an area along the narrow belt on both banks of the Wadi Ahwar
containing groundwater with a velatively good quality, probably the underflow of the

wadi.

Planned Water Source

There are two unused deepwells in the left bani( of the Wadi Ahwar drided by the
regional agricultural development plan by the former Soviet Union in 19802, The
water analysis at these wells revealed quality was far better than those of the
surrounding area, and these two wells are planned to be used for- this Project. They

are some 70 m deep, tapping shallow alluvial aguifers at approximately 20 m to 50 m.
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Planned Production Rale and Water Level

According to information available from the pumping tests performed by the former
Soviet Union at the time of drilling in 1988, the maximum pumping rate was 13.2
lit/see (800 lit/min) with a drawdown of 7.4 m, although duration of pumping is
unknown. As the production from the wells depends on the underflow through
s‘ﬁallow formations, pumping at a rate less than 80% of the maximum is desivable asa
safe yield. To secure a production rate as much as possible in view of a large planned
population of this site, a ratio of 75% is recoramended as a safe yield.  The pumping
plan at this rate of safe yield will be caleulated as follows:

% Pumping rate: 13.2 lit/sec (800 litVmin) x 0.75= 10 lit/sec {600 lit/min)

*  Static water level: 10.9 m (actual measured value al the lime of the survey,
December 1993).

Pumping water level: 159 m (predicted value from an analysis of the Soviet test

results)

As a result of the ealeulations, a supply rate of 20 ht/sec (1,200 litmin) is possible for

the Ahwar service area, operating two wells simultancously.

Special Remarks

Delailed pumping tests are necessary in order {o obtain conclusive evidence of the
exact rate of production, sinee the records of the former testing are nol new and the
pumping duration is unknown. ‘The main reason for the requircment of testing is
that the fall of water level due to overpumping at the wells is feared 1o lead to
inevilable invasion of saline water from the surroundings of the wadi reaches through
which rather fresh underflow is suspected topass. The details of the Hydrogeological
characteristics of the basin remain yet (o be seen, and the plan to develop additional
wells downstream to increase the produetion for meeting the total demand of the
population must be postponed. In case this Project could shed some light on the
possibility of further groundwater development in the wadi basin, increasing the

production by drilling an additional well(s) may become possible.
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2y Moodeyah {Abyan Govemorate)
a. Hydrogeological Characleristics of the Site
Although Moodeyah is located inland on a plain and hilly area, major part of
groundwater in (he region contains high salinity except for the one oceurring along the
reaches of the Wadi Wajar approximately 10 km cast of the central arca of dMoodeyah
town. This basin is a zone of belt running aleng the ancient river channel. The
shallow sedimentary fermation underdain by the Precambrian bedrock form the

aquifer in this wadi belt.

b, Planned Water Source
There existed five decpwells in the reaches of the Wadi Wajar, twe of which were in
operation during the basic design study in 1993. The other three unused decpwells
was carmarked for this Project.  During the field swavey [or the basic design study,
water analysis was earried out by opening the welded covers of the unused wells, and
the results indicated groundwater in this basin would raise no question in qualily, at
least for the moment. The five wells are closely located to each other with their
depths reaching about 76 m. A new additional well was planned with a similar

struciure as there was a possible development point downstream the wadi.

After three years since then, this survey has found that the GAREW drilled another
two wells close to the exisiing enes. There are now five deepwells available to the

Project, ruling out the necessity of additional drilling by the Japanese side.

c. Planned Production Rate
Adata from the previous pumping test is available from the one well among 7 existing
ones, which is in service as the public waler source for the Al-Qurath service area.
when it was constructed by a Chinese project. However, the test pump seems fo have
been of small capacily, and the data can be used only as reference. Instead, the
observation during the field survey can provide enough information for raaking
judgements. At the time of survey for the basic design study, the two wells in the

Wadi Wajar basin were working, and the rates of 7.5 - 83 lit/sec (400-500 lit/m) were



continuously being pumped. During the survey for this study, however, these wells
have been witnessed to discharge less yields than before. In fact, the Al-Qurath area
depending on one well has been short of water for its seavice, and compelled to enforce

water rationing on the day basis.

The static water levels of the unused three wells in the basin were also measured
when the welded caps were opened for water sampling.  The drilling depth was 76 m
- with the static water level standing at an unexpectedly deep level of some 45 m. At
present only two wells are still working among seven existing in the Wadi Wajar basin,
If all these seven wells are simultancously operated in the future upon completion of
the Project, the interference between the wells are suspected {o grow large due to their
close distance between each other, possibly causing the further decline of the water
levels in the wells.  Furthermore, it might result in a possible reduction in fow rates
due to the falls of water levels and worst of all, the invasion of brackish water from the
surrounding area. To protect against such a fatal damage, it is of vital imporlance to
control the pumping rates of these wells by limiting them to a safe yield in order to
secure sustained operation of the water sources. An average flow rate of currently
working wells is 6.7 lit/sec (400 tit/min), and the maximum production for this Project

is proposed to be 76% of this rate, as shown in the following ealculation:

*  Pumping rate: 6.7 lit/sec (400 lit/min) x 0.75 = 5.0 Lit/see (30 lit/min)
*  Static water level: 45 m {measured at the three unused wells at the time of the
basic design study)

*  No information available on the pumping water lcvel

The basin for the Project needs detailed aquifer testing, using weils to confirm the
capacity of water production in a similar manner to that for Ahawar. The most
éﬂ'eclive and efficient method to operate 5 wells will be decided, based upon this
testing. As a basic plan for this study, one well among five is proposed to be left aside
as a standby source or to remain alternately unoperated while the other 4 wells are in
operation. ‘This measure will contribute te preserving this precious basin as a sole

source for the Project. ‘This proposal leads to 1,200 litymin as the available rate of
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d.

water productions from 4 wells.

Special remarks

An accurate pumping test is necessary for the existing weils in the Wadi Wajar, as is
the case with the site of Ahwar.  In order to conserve the water basin producing good
groundwater solely in this area, overall control and monitoring of the basin is eritically
important. It is most desirable, therefore, that a single agency, which means the
Moodeyah water commiliee, underlake to operale and maintain all the wells in the
basin, including the two wells which are now in operation. As the planned pumping
tests have not yet been conducted, only limited information related to the
characleristics of hydrogeology of the basin is available. However, since further
development is judged to be dilficult in view of the size of the Wadi Wajar basin, the
offices concerned with the Projeet are required to pay special attention and care to

prolect it.

3y Al-Raidah/Shamalya (Hadramout Governorate)

a.

Hydrogeological Characteristics of the Sita

This area is located on a corner of a limestone platform of highlands called the South
Hadramout Arch, south of the east-to-west anticline, which is intersected by the Wadi
Hadramoui. 'the Wadi Hadramout is the largest basin in the southern area.
Securing a stable water source on this high plateau had been considered to be
extremely difficult, although one deepwell over 400m in depth was suceessfully
installed as a by-product of the oil exploration in this avea in the early 1990s. This
well was assumed to tap groundwater in a sandstone formation deeply seated under a
thick limestone layer, but the assumption could not be confirmed at that time due to
lack of dctailed information. In recent years, the GAREW launched on the
groundwater development in the area in response to the earnest request of the
residents in the area, and has succeeded in installing 4 deepwells ecapable of producing

yields of a similar level to that of the preceding one.

Planned Water Source

The first deepwell constructed in the early 1990s is located close to the Al-Ka'a village
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belonging to this site. After the basic design study, the residents of that village
starled to construet their own water service facilities, involving other 3 villages among
7, which were included in the plan of the basie design Their facilities were completed
in 1996, and are neaw in operation for the service to the said 4 villages.  According toa
simple flow rale measurement during the basic design study, the Al-Ka'a wel was
confirmed to yield a rate of about 5 lit/see (300 it/min) . One problem, however, was
that the water level was exteemely deep, as it reached as deep as 350 m, requiring a
special pumping capacity. The village now uses an Italian-made deepwell punp with

a sucecessful result.

The 4 deepwells recently constructed by the GAREW are seattered within the site; the
first one near the previously installed well at Al.I{a’a village (410 ma decp) ; the second
one near Al-Sufila village (260 m deep); the third near Al-Aulich village (266 m deep)
and the fourth near A1.-Garn village (310 m deep). The wells of 260 m to 310 m in
depih tap a fractured zone of upper limestone bed, while the wells around Al-Ga'a area
has been confirmed to tap a lower sandstone aguifer.  The yields of these new wells

are reportedly 400 lit/min to 500 lit/min, encugh to serve the region's population.

c. Planned Production Rate and Water Level
The Project plans to separate the site into 3 independent service areas, employing
three new wells located near Al-Sufila, Al-Autich and Al-Gam. ‘The capacities of
these wells are reportedly stable, and distances between them are long enough to
sliminate any interference. The production rate of each well can be 400 litVmin,

taking a lower rate of tesling rate.

* Pumping rate: 6.7 lit/sec/well (400 lit/min)
* Static water level: 100 to 180 m

* Pumiping water level: Unknown yet
4) As Sadarah (Hadramout Governorate)

a.. Hydrogeological Characteristics of the Site

As-Sadarah is located at the upper stream of the Wadi Hagar, approximately 140 km
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north of Myfa City where the wadi flows into the Gulf of Aden. Surface water flows
throughout the year in all channels until the wadi reaches the Gulf of Aden. 'The
origin of the stream flow is a spring occurring approximately 10 km upstream As-
Sadarah. Other than this water source, a hot spring zone are distributed in a shallow
part of the underground within this site. 1ot springs are encountered everywhere

when one digs the earth only several meteys.

Planncd Water Source

Currently the residents use hot springs, which can be collected casily anywhere in the
site, as the scurce for domestic water.  As a water source for the overall water supply
plan of the site, however, they desire to draw unpolluted running water from the upper
stream of the Wadi Hagar. As the Wadi Hagar flows down near As-Sadarah, the
water quality deteriorates as its salinity increases by mixing with discharges of hot
springs. Morcover, since the communities are located over the hot spring zone along
the reaches of the wadi, artificial contamination of the hot spring source by waste
water {from the community has grown much of concern among the residents. In view
of such a situation, the running waler from the Wadi Hagar, which is approximately 5
km from As-Sadarah, is proposed to be callected in a infiltration gallery for the supply

to the communities.

Planned Waler Intake Rate

The wadi flow rate of the intake point for this plan, which is located in the upper
stream of Wadi Hagar, is 50 litsec (3,000 lit/min) or greater, even during the dry
season al the time of the survey for the basic design study (December 1993). The
survey this time (March 1997, small rainy season) witnessed a rate of about 80 lit/sec.
(4,800 litymin). The wadi flows becomes richer downstream within the site, collecting
hot spring flows. The water intake rate is proposed to be 16.5 lit/sec (1,000 lit/min)

based on the planned water supply rate.
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(2) Examination of Parameters for Planning
1) Planning Target Yearx

“The basic design study set the target year of the Project planning for a period of 15 years,
which is 1o be basically followed by this study. lowever, for Moodeyah a shorter period

of ten years are proposed for the following reason:

- Moodeyah has now a far larger population than the ane planned under the basic desiga
study because of necessity of including two additional service areas which were left cut
in the basic design study. One of them suffered collapsing of the deepwell source late
last year, and the residenis have all been forced to switch to water vending. ‘The other
has long been enduring highly saline water sexvice. The quantily of water from the
new sources, however, is not considered sufficient enough to satisfy thus increased
demand for a long period of 15 years, although there may be a possibility to increase the
total production, thanks to two additional wells so far installed by the GAREW. Testing
of the water sources expected in the near future will confirm the exact range of supply.
However, since the basin itself is of small size, extensive groundwater development there
does not scem possible, and some measure will have to be taken to cope with demand of
these additional areas within the silte of Moodeyah. Under such unstable situation, a

target of 15 years is judged to be excessive.
The following table shows the planning periods of the Project for the respeclive sites.

Table 2-4  Project Planning Period for the 4 Sites

Site Name - | Administrative Division | Planning Target Year

1. Moodeyah Bistrict 10 years(the year 2007)

2. Ahwar Sub-district 15 years(the year 2012)

3. Al-Raidah/ Sub-distriel 15 years(the year 2012)
Shamalya

4, As-Sadarah Sub-district 16 year (the year 2012)
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2) Planned Scrved Areas

The planned served areas in the respeclive sites are determined, based upon the

following policies:

a. The extent of the planncd served arca in the site is based upon the quantity of

praduction  of water sources analyzed in Section 2-3-2 and the planned served

population in the planning target year. For Moodeyvah and Al-Raidah/Shamalya

where the population te be served has increased through the renewed request, the

following policy is applied:

*

Mhoodecyah

The two service areas requested to be added to the initiai plan have acutely been
sulfering from lack of safe water, and need to be included in the Project.  All the
population in the 4 service areas is planned Lo receive a {air share of the available

quaniity of water.

Al-Raidah/Shamalyva
The GAREW has already drawn up its own plan for water supply to this site as

follows:

Al-Sulila service area

Al-Sufila has the largest population within the site. It was one of the 7
villages to be supplied by the Project in the basic design.  Although 4 villages
among 7 have already installed water facilities depending upon the decpwell
previously eonstructed, it has been left with no connections to those facilities
due to a long distance from them.  The GAREW drilled one well near to this

villages, and planned an independent system including two other villages.

Al-Aulieb service area

Al-Aulich is the main village of Al-Raidah/Shamalya sub-district, functioning
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as a center of the regional administration. Scattered arcund it are 18
villages, with all the population depending upon vending water. In recent
years the GAREW driiled two wells for these villages and planned to
diztribute water to them from a single reseivoir of large size located on a

surrpunding hilitop.

This study carried out the field survey of all the area of the site, including the
Al-Ka'a service arca with the existing facilities, and examined the plan by the

GAREW. As a result, the following plan is proposed.

- For Al-Sufila service area, the GAREWs plan is acceplable. ‘The three
villages will be covered by the system in this area.

— The A)-Aulieb area shall be devided into two service areas, based upon the
Yocations of two wells recently drilled by the GAREW. Compared with the
plan of the GAREW with a single reservoir, this proposal with two reservoirs
is technically and economically feasible, since the length of pipelines ean be
cut back considerably, enabling to reduce the size of pumping equipment with
a power unit. (For reference, the comparison of both plans are shown in Fig.

2-5)

b. ‘The daily water production rate increases if the operation is continued for a longer
period. However, a suspension of pumping is regularly necessary in order to preserve
the stable groundwater level and maintain the water source facililies. From a
realistic point of view, the daily maximum operation should be confined (o

approximately 20 hours in the project target year.
e. The water service to the central area of the site has the first priority. The priority of
other \'ijlages within the site comes next, through the detailed examination of the

survey resulis.

Table 2-5 shows the list of the communities thus decided to be covered by the Project,

together with their present and planned populations.
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Fig. 2-5 CONPARISON OF WATER SUPPLY PLANS FOR AL-RRIﬁWSH)H.llH BY THE GAREY YD THIS STuDY
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3)

4

Planned Served Population

The populations planned to be sexved by the Project in the respeetive siles have been
determined, based upon the results of the preceding basic design study and this survey.
Those of new villages added to the plan by this survey comply with the data collected

during the survey.

According to the latest census carried out in lhe-counh;_v in 1994, the average growth
rate oflhe nai_ibnal populalio-n was estimated at a record 3.5% from the late 1980s when
the national censuses were conducted respectively in the former North and South
Yemens. On the other hand, the First Five Year Plan for the rural water sector by the
GAREW in 1996 uses 2.8% as an annual average rate for the rural population until the
year 1999 and 2.7% thereafter, based upon the results of the national census. Although
the rates widely vary with the regions, this Preject employs the previous estimation by
the former Public Water Covporation, as it was difficull to collect the accurate data and
informalion on the trend in the respective sites; 2.6% for Moodeyah and Ahwar which
ave located along the national highway and are absorbing the population from nearby
villages and 2% for Al-Raidah/Shamalya and As-Sadarah situated in the mountainous

areas.

The present and planned populations to be served by the Project are listed in the

foregoing table 2-5.
Unit Supply Rate

For an average rate (0 be served to the rural population, the Five Year Plan for the rural
water supply in 1996 anticipates 30 to 35 lit‘capita/day. This Project is based upon the
requirement of the design criteria of the former Pui)]ic Water Corporation; 40
lit/capita’/day for the public fountains and 60 litfcapita/day for the house connections.
The request by the Yemeni Side to plan basically the system with house connections has

also been taken into due consideration. The unit supply rates for the respective sites
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are listed in the fellowing table:

Table 2-6 Planned Unit Supply Rates for the 4 Sites
Sile Name | Current Method of supplying Planned unit
Consumption Present This Project supply rate
(lit/capita/day) : {lit/eapita‘day)
Ahwar 25 . House connections | House connections 50
Moodeyah 10-30 House connections | House connections 10
Al-Raidah 20 Water vending Public fountains 50
Shamalya :
As-Sadarah 30-40 | Spring/dug wells | Public fountains 50

5)

As shown in the above list, the unit rate for Moodeyah is less than that {or the other sites
because the estimated available water production is not sufficient for a large number of
population added to the initial plan. For Al-Raidah/Shamalya and As-Sadarah that
have no facilities vet, public fountains are planned to be installed for the initial service
system in these sites. Since a majorily of the residents in both sites are willing to

install their own house connections in both sites, the unit has been set at a higher rate.

Planned Supply Rates

In Yemen where water supplies have been restricted all over the country chiefly due to
severe water shoriages, such factors as the daily average, daily maximum and hourly
maximum supply rates is hard to apply to planning. Nevertheless, as house cannections
increasingly expand in a vast majority of rural communities, these parameters appear
more important. In order to fix the planning of facilities for the Project, including the

seleetion of the pipe diameters, the following criteria will be based upon:
a. Planned Daily Average Supply Rate
‘I'his rate is the planned supply rate in the Project targel yeae for each site, and is

catculated as follows.

*  (Planned sexved population in the target year) X
(Average datily per capita supply rate}
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However, the basic daily planned supply rates for the project sites, including Ahwar
and Moodeyah, depend on the available daily production rates from the planned water

Sources.

b. Planned Daily Maximum Supply Rate
This rate is given by multiplying the average daily supply rate by 1.3 . This
caleulation was a standard adopted for the water supply eriteria of the former Public

Water Corporation.

*  (Planned daily average supply rate x 1.3)

¢.  Hourly Maximum Supply Rate

This rate indicales a maximum consumption rate per hour in a day in the site, when
the maximum number of taps in the villages is assumed to be open. The rate is used
to determine the sizes of distribution pipelines. In Yemen, two hours during the
lunch time correspond to the period of maximum water use.  ‘The calculation of this
rate uses a flow ratio index based upon the village population, which is a criterion of
the small-scale water facilities standard of Japan, and is assumed to be effectively
applicd to this Project as well. {An example of the caleulation is shown in Appendix 7)

*  (Datly maximum supply rate) x

(Hourly maximum rate based on village population) / 24 hours
(3) Planning of Facilities
1) Water Sources
The major water sources in the Project are the existing deepwells except one case of As-

Sadarah where an infiltration gallery of the steeam flow is designed. ‘The respective

water sources in the sites are listed in the following table:
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Table 2-7 Water Sources for Project Sites

_Site Name Coaditions Bype Depth | Number
1. Ahwar Existing Deepwell | 70m 2
2. | Moodeyah Existing ~_Deepwell _ T6m i
3. | Al-Raidah/ Existing Deepwell 260 m-- 3
Shamalya o 310 m
4. | As Sadarah New Infiltration - 1
. ' gallery

The characterizstics of the abeve facilities are as follows:

a.

Existing deepwells

The existing deepwells in Moodeyah and Ahwar were drilled in 1988 to 1990, and have
since been remaining closed. If a drilled well is left unused for a long period, water
passage is likely to be clogged by hardening of mud left in the borehole during drilling.
For the unused wells, therefore, it is considered nccessary te conduct cleaning work
with a high pressure compressor, together with brushing work to take off hardened
materials clogging screen slot openings. 1 neeessary, chemicals to dissolve deposits

may be used in order to secure planned productions.

Inhltration Gallery

A water source facility is planaed in As-Sadarah which will colleet running water {rom
the upper stream of the Wadi Hagar. The facility is built of reinforced concrete,
consisting of an intake section with filtering materials and wire-wound continuous
slol-type screens and a waler (ransmission/storage section. The facility is also
equipped with water overflow structure in case of river flooding ‘the basic desiga
drawings for the above facilitics are presented in the flow diagrams of site plans and

details of water supply facilities.
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2) Pumping Facilities

This section discusses pumps and related auxiliary equipment for the water source.

a. Selection of Pumping Equipment

‘The two types of pumps most frequently used in Yemen are (he diesel engine-driven

borehole vertical pumps and the diesel generator-driven submersible motor pumps.

The following is a comparison of the characteristics of both pumps.

Table 2-8 Types of Deepxi'eli Pumps

Submersible motor pump

Strueture

~_ Borchole pump

Oue assembly of a pump and a
motor, both installed in the
well, driven by a power source
(gencrator) on  the ground
surface through an eleclric

eable.

Power source

A pump installed in the well
and a drive unit on the ground
with a

surface, connecied

Elecetric power (gencrator)

string of shalts for power
transmission.
Mechanical power

transmission with an engine
or electricity.

Capacity and

High-speed rotation and high

Due to the structure of the

excessive sand or other foreign
material intrude inside the
pumps, likely to cause damage

with motor.

Performance -pressure types are available vectical  axis,  high-speed
rotation is impossible, and a
high head is diflicult.

Characteristics | Overloading may be caused if | Due  to its  mechanical

structure, relatively durable
against foreign materials.

Engine-driven borehole pumps have widely been used in Yemen due partly to the

power supply conditions, and parlly to long experience in operation and maintenance.

Except for the areas that require large total heads, engine-driven borchole pumps are

generally rccommended. ‘This type is usually used at decpwell stations with a pump

head less than 150 m. However, at the stations where a deepwell pump and a booster
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pump are installed in one room, a diesel generator is used for the combined use ofboth
pumps. In Al-Raidah/Shamalya where the static water level is deep, there is no

choice but for a submesrsible motor pump.

. Control of Deepwell Pumps

In view of the current conventional practice of operation and maintenance in the
country’s rural wafter pmjp(-ls, a minimum control system is adequate for the Project to
avoid troubles due to malfunctioning of a complex control system. One of such
controls provided in the Project is an automatic shutofl of pump running at a low
water level in the decpwell to prevent an abrupt dvop of water levels due to excessive
pumping, which may vesult in moter burinout, pump failure and in the worst case
eventual drying up of the deepwell itselfl  Nevertheless an automatic re-starting
systemn ¢riggered by a water level recovery is not necessary, since it is likely to make a
complex control system.  Even though a tow level automatic stop is to be provided,
water level measurements must routinely be carried out by the operator as a basic

requirement for maintenance.

Deepwell Pump Stations

The pump station for housing a deepwell pump and the well itself needs a special
measure different from that for a booster pump. In case any trouble happens to the
well or pump, a crane truck or sometimes a drilling machine is called for operation at
the base of the well. Therefore it is not advisable to enclose the deepwell facility
entirely in a pump house. In many local pump houses in Yemen, the well is feft in the

open outside, while the shed houses only a power unit.
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Fig. 2.6 Typical Deepwell Punfp Shed in Rural Yemen
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The deepwell facility Ieft in the apen is not a wise way in terms of facilities protection
and contaminalion prevention. ‘The design for the Project proposes a detachable
structure of housing for the deepwell lacililies, made of steal sheet and fastened with
bolts to the walls and floor of the pump station so that it can be removed when an

operation is necessary at the base of the well. (Refer to the attached basic drawings.)

3 Booster Pump Facilities

a.

Types of Booster Pumps

In contrast to vertical pumps flor deepwells, booster pumps are horizontal pumps
directly coupled to drive units.  In this Project, boosting facilities are planned for (1)
Ahwar and Moodeyah, where numbers of water wells are simultanecusly operated to
send water to the distribulion tank, and the service rate must be adjusted; (2)
As-Sadarah, where the pumping mains from the well to the final distribution tank
runs for a long distanee over the rugged terrain.  In case of Al-Raidah/Shamalya,

water is directly pumped up to the distribution tank without an intermediate facility
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so that operalion and maintenance of the system could economically be carried out

without much difficulty.

Twwo power sources to drive the booster pump are available: engine or diesel generator.
The engine direct coupling drive is simple and cconomical, but eleetrical power is
necessary when using the control system for booster pump proteciion. ‘Therefore, the
pump will basically be of an electric motor dicect coupling-type and operated by a
generator  For As-Sadarah, all the booster pumps ace of diesel engine driven type,

according to the request of the residents.

. Controls for Booster Pumps

Controlling of booster pump operation is based upon a similar principle to the one for
the well pump, as follows:

*  Reservoir Low Water Level Control

A booster pump shall be installed with a conirel panel including a system Lo
automatically stop its running when the water level of the reservoir has dropped to
its low. However, the automatic recovery of operation is not considered to be

NEeCEsSary.

Reservoir High Water Level Alarm

The open structure of water tanks in Yemen allows excess water to discharge
through averflow pipes and the pump continues to deliver water even after the
tank is full. A control system which automatically stops the pumping when the
tank gets full has not been used for the rural water supply in Yemen. The
operators learn from expericnce to stop the pump after a certain period when the
waler tank becomes full. Operators keep watching pump running not to waste

precious waler,
As one of measures to improve this traditional operation, a simple control

equipment is proposed for the Project which can signal the operator when the tank

- got full. This contro] uses the occurrence of dynamic water pressure rises in the
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pumping line when the destination water tank becomes full and overflows. When
pressure changes are detected in the pipes, a control panel in the pump station
catch the signal and an alarm goes off.  This system consists simply of a meter

and a control panel, both to be installed in the pump station.

Booster Pump Station

The main structure and finish of the booster pump station is the same as those of
the well station except a well shed attached to the latter. In Moodeyah and
Ahwar, the booster pump station is designed 1o house a deepwell pump facility as
well as a booster pump in one room. Therefore, the pump station is slightly larger

than the ones in As-Sadarah.

4y Water Tanks

a.

Functicn of Water Tanks

The Project includes the following types of water tanks:

Booster Tanks

Where a distance of water transportation is quile long over the rugged terrain,

waler is delivered via a booster station consisting of a booster pump and a water tank.

The Project designs (his type of facility for As-Sadarah.

— Where the water source consists of more than one deepwells, and the distance from

these wells to the distribution tank is very long, discharges from the wells had better

be collected into an intermediate reservoir near the water sources and then

transported through a pumping main to the tank by a booster pump, in order to

transmit a stable quantity of ptanned supply rate. This system applies to the sites of
Ahwar and Moodeyah.

Distribution Tanks

The distribution tank acts as a reservoir for water distribution te villages comprising a

service area. Since water is distributed by gravity, the tank is to be constructed at
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nearly the highest location in the site. The elevated water tank is planned for Ahwar

situated on flat land of the coastal area.

b. Structure of Tanks
The standard water 1ank structure for rural water projects in the southern part is a
masonyy lank, featuring side walls built of stone material.  [s upper and lower slabs are
normal reinforced concrete structure, but only stones fixed with eoncrete form the four side
walls to reinforce the tank strength.  ‘The side walls of this tank are so thick that they can
have an offect to alleviate the influence of the outside heat on the stored water. 'Thisisa
relevant structure for the country’s southern area where intense heat lasts for much of the
year. ‘The stone tank also has an appearance harmomzing with the surrounding
environment. As this structure was the standard specification of the former Public Water
Covporation, this type of tanks has been built in various locations all over the sputhern
part. ‘Their capacities range from 10,000 gal {approximately 50 m® to 60,000 gal
(approximately 300 m?), increasing in units of 10,000 gal. Their standard specifications
and drawings are available. \When the capacily becomes extremely large, it is difficult for
the tank to haye sufficient strength in its stone wall, and normal reinforced concrete or
panel tanks are used. (the 750 m? existing tank in Al-Raidah/Shamalya is concrete-made,

and the water tanks in the Crater Area of Aden are steel panel tanks.)

The British-made prefabricated steel plate panel tanks have often been employed for
elevaled water tanks. A similar l)i)e of tanks was used in the previous Japanese project,
for both clevated and ground tanks. The water tank of this type installed for the first
time in North Yemen under the loan project is moze than 15 years old, and the tank is sl
in use without any problem. Corrosion resistant and rust resistant coatings applied on
the surface of panels provide strong protection even under the tropical coastal climate

such as in the Tithama lower pressure zone in North Yemen,
As a result of an examination of the situation related to water tank facilities in South

“Yemen, together with the evaluation of the preceding Japanese projects, the following

water tank structure is appropriate for this Project
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— Ground water tank: Masonry tanks

— Elevated water tank: Steel panel tanks

The existing masonry tanks have no level indicator, but this Project plans to provide an

appropriate mdicating nstrument.

Tank Volume
*  Booster Tanks

Since the booster tank acts as an intermediate resevoir on the way of waler
transportation, its volume is bascd on the retention period of the booster pump
discharge vate.  The retention period for the sites in the Project is 6D minutes. The
type of the tank is of masonry make, and the volumes of tanks for the respective sites

are as follows:

— Ahwar 100 m*
— Moodeyah 100 m?
— As-Sadarsah 50m?

*  Distribution Tanks
‘The distribution tank volume is based upon the house connection system, where the
required water storage volume is decided, based upon an analysis of the pumping rate
from the water source and the water consumgplion rate. ‘The following table shows the

water tank volumes for each projeet site:

Table 2-9 List of Water Tanks in the Project Sites

Site Name | Service Area o Type Capacily
I | Ahwar Ahwar _Elevaled tank of steel panels __250m®
2 1 Moodeyah 4 areas Ground {ank, masonry ' 300 m*
3 | AlRaidah/ | Al-Aulieb Ground tank, masonry 200 m?
Shamalya Al-Sufila Ground tank, masonry 200 m®
Al-Garn | Ground tank, masonry 160 m®.
4 | AsSadarah | New Ground tank, masonry 300 m*
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5) Pipelines

a. Classifieation of Pipelines
Pipetines for the water facilities are classified depending on their functions.  All the
pipelines to convey water by pressure directly to the distribution tank from the water
source or via a booster station are called "pumping main" lines. ‘fhe pipelines
installed for supply to the villages from the water tank are classified as "distribution”
pipelines and "service” pipelines.  Furthermore, the distribution lines can be divided
into the "disteibution mains” {distribution lines without service or house connections)
and the "distribution branch® lines (distribulion lines connected with house
Conneclioné). Nevertheless, the pipelines in the rural villages are different feom those
in citics, where the mains and branch pipelines eannot be clearly distinguished.
The basic principle {or distribution lines of this Preject is to install all the major
distribution lines under the Project except for house connections. However, pipelines
connecting distribution lines with public fountains, which are grouped as service lines,

are included in the Project.

b. Pipe Materials

The types of pipe materials used in Yemen for water supply are as {ollows.

*  Duelile casi-iron pipes (enly for water supply in large cities, such as the capital of
Sana'a)

*  Galvanized steel pipes for water supply (covering over 90% of existing pipelines in
the country}

*

Asbestos cement pipes for water supply (not in use in the Norih, but still common

for Jarger sizes of lines in the South.  Strength is low compared with other pipes)

Among the above-listed pipes, the majority in use throughout the eountry are
galvanized steel pipes.  Although inexpensive, vinyl pipes are not in use since most of
the land is ntade up of hardroek outcroppings where pipelines are usually laid exposed.

Exposed vinyl pipes are vulnerable to extreme temperature changes.
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Only galvanized steel pipes have so far been used in the Japanese projects in North
Yemen. Fucther in the North, which is dominated by mountains and rugged terrain,
high-pressure pipes with thick walls (conforming to JIS G-3443) are frequently

required for pumping mains.

Strong and flexible pipes must be used for this Project.  As a result of the examinalion

of the water teansporiation and distribut ton plan, the following pipes axe selected.

Ductile cast-iron pipes

In this Preject, the pumping and distribution lines with a diameters of 200 mm
must be used in the two sites of Ahwar and Moodeyah. Part of 200 mm line in
Moodeyah needs to be laid exposed in a rugged mountainous area, and such
working condition yequires a firmly welded and supported line of 200 mm
galvanized steel pipe on the rock bed. Major part of 200 mm lines to be used both
in Ahwar and Moodeyah are duclile cast iron pipe of Type-T with slip-on joint,
which is excellent in workability. These lines are designed to be buried in the field
along the roads. Although the cast iron pipe has racely been used in the rural
water projects in Yemen, the project plans to employ this type of pipe because of
difficulty in locaily recruiting a lot of welding technicians for completing long

welded lines of 200 mm steel pipes.

Galvanized steel pipe for water supply

For the pipelines with diameters less than 200 mm, threaded galvanized steel pipe
is used, as bas been the case with the foregoing projects.  For the steel pipelines, a
flange or union coupling is designed to be installed every 10 seclions of pipe (6.5
m/pc), which is the standard construction method in Yemen. Whenever local
maintenance, ingpection or repair is necessary, this measure enables the easy
removal of pipe sections. The diameters of pipes range from 26 mm to 150 mm.
This Project does not need high-pressure pipe except for some extension of pump
conneetions in As-Sadarah sinee the pump discharge pressure at the booster pump

stations there execeds well over 100 m.
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Pipe Sizes
Pumping main, distribution and service lines in this Project require pipe sizes ranging
from 25 mm to 250 mm. For the caleulation of sizes, the following formulas have been

employed, based upon the unit quantity of flow through the pipe:

— Pipe diameter 50 mm or less : Empirical formula of Tokyo
Metropolitan Water Works

— 65 mm or more : Hazen-Willhams foroanta

The calculation also must take the velocity of Bow at a given quantity into account. A\
higher velocity can make a pipe size smaller, but yesults in a larger capacity of a power
unit for a pump due to the increase of pressure head.  Experience has determined an
*economic velocity” which can balances the relations of a pipeline to equipment in
terms of the cost including both their construction as well as operation and
maintenance. According to this standard, the economic velocity for the pipe sizes up

to 150 mm used for this Project is recommended to be 0.7 to 1.0 m/sec.

This Project has further taken the following factors into consideration.
*  Pumping main

A smaller velecity is effective for protecting pipelines against water hammering.
In this view, the Jower range of economic velocity has been reduced to 0.5 m/sec to
overcome the complicated changes in mountainous slopes through which pumping

main is installed.

*  Distribution Lines
The service pressure at each village has to be considered when determining
distribution pipe size. In this Project, the standards of the former PWC are also
referred to and consideration is made to ensure a terminal service pressure of 10m

or geeater.
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Other Plumbing Materials

Various plumbing devices including valves are necessary along the pumping main and

distribution pipelines, as follows:

Air vent valves : to be installed at the highest points of prominently elevated

seclions along the course of pipeline

Drain valres : to be installed at depressed sections aleng the pipeline courses

where such arrangements are considered necessary, using gate valves

Measures to Proteet Pipclines against Damages

*®

Expansion and Contraction of Pipelines

Pipelines in the country’s mountainous regions are mostly expesed on rocky
ground surface. Directly aflected by the typical highlands climate intensely
differing in temperature during day and night, in some cases reaching 20°C, the
exposed lines foltow a cycle of expansion and contraction. In an extreme case, this
movement results in breakage in pipe connections. A rough estimate of such

expansion and coniraction range is about 1 em for every 100 m of pipeline.

'To absorb this expansion, several types of special fittings are effective, but most of
them have difficulties in the installation on long pipelines over the rugged terranes.
In particular, the fittings for high-pressure seiviee are limited and costly, and their
use in quantities is not considered practical. Local pipelines have no such fittings,
bul manage to avoid possible damage through an arrangement of pipes during
installation. The pipelines do not run straight, having many bends, artificial or
natural due to the weight of a pipeline, which function to absorb the expansion;
lots of elbow-to-elbow connections along steep slopes are another arrangement for
evading contortion.  Pipelines in previous Japanese projeels successfully
employed such arrangements, and this experience will be utilized for the pipeline

design for exposed pipes.
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*  Water Hammering
The iransmission lines in this Project involve a high risk of causing water
hammering due to their long distances over intensively varying rugged terranes of
the sites. Water hammering may result in damages to pipelines and pumps. To
safeguard against such accidents, the following measures are judged lo exert

practical effects.

— Check valves for pumps shall be of slow-closing type.
— Transmission lines shall be of large diameters and their velocities kept to a

minimuan.

These measures have already been taken in the previous projects, and water
hammering countermeasures using special auxiliary devices have been taken for
the areas where topographical changes are intensc. Although the respeclive
countermeasures involve cost increase, they are judged to be indispensable, and
necessary measures will be taken mainly using the above two items after sufficient

examination.
6) Service Facilities

In order to increase the effectiveness of the Project, public fountains will be installed in
proper locations within the villages of both Al-Raidah/Shamalya and As-Sadarah, where
new distribution networks will be installed. House connections in a portion of the
villages will be made in the future, but some residential groups are predicted to continue
the effective use of public stands. This ratio cannot be determined because of regional
differences. According to the former PWC planning standards, the maximum ratio for

house connections is 70% in the rural villages.

Three types of public water stands, in accordance with the number of taps, will be used for

this Project.  (Refer to the attached basic design drawing for details.)

In regard to the taps (o be in.sl-al_lecl_ on these stands, since the water tank will be installed
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at an elevated location, part of the villages near the tank tends to have high-pressure

water supply. An ordinary {ype of b kg/m® tap, therefore, is weak, and a ball valve

pressure-tight water {ap which has been used in the foregoing projects will be used.

(4) Details of Planning for the Project Sites

‘The planning of facilities at four project sites based upon the basic design is fermulated in
the following table.

Table 2-10 List of Water Supply Facilities for the Project Sites

Project Sites Category Facilities Specifications Qty
Ahwar Waler Source [(* Existing Decpwel)  [(Depth 70m) Rehabilitation works 2 Nos.
Intake FacilitigDeepwell Pump Borehole pump G600 liv‘m x 110 m x| 2 Nos.
Jikw
Deepwell Pump Station |Reinforced concrete construction with| 2 Nos.
concrete block wall
Pumping Main SGP ¢ 100mm 3,600 m
Transmission |Booster Pump Horizontal type volute pump 2 Nos.
Facilities 1,200 lit/m x 17m x 37 ksw
Booster Pump Station  |Reinforced concrete construction with] 1 No.
concrele block wall
Booster Tank 100 m3, Reinforced concrete 1 No.
construction with masenry wall
Pumping Main DIP¢ 200mm 1,610 m
SGP ¢ 150mm 2,100 m
SGP ¢ 100mm 50 m|
Distribution  |Distribution Tank Elevated panel tank 250 m3 x 20 m 1 No.
Facilities Distribution Line SGP ¢ 60 mm 2,880 m
100 mm 3,050 m
80 mm 4,260 m
Moodeyah Water Source |(* Existing Deepwell)  |[(Depth 76m) Rehabilitation works h Nos.
Intake & Deepwell Pumyp Borehole pump: 4 Nos.
Transmission 3401it/mx 100 m x 27kw
Facilities Submersible pump: 1 No.
340tit/m x 100 m x11kw
Booster Pump Horizontal type volute pump 2 Nos.
1,200 lit/m x 100m x 45kw
] Diesel generator 130 KVA, 400 V ' 1No. |
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construction, Infiltzration screen

Project Siles Category Facilities Specifications Qty
Moodeyah Deepwell Pump Station |Reinforced concrete construction with| 4 Nos.
concrete block wall
Deepwell Pump & Reinforced conerete construction with| 1 No.
Booster Station concrete block wall
Booster Tank 100 m3, Reinforeed concrete 1 No.
construclion with masonry wall
Pumping Main SGP ¢ 100 mn 2,200 m
SGP ¢ 200 mm 1,245 m
Distribution {Distribution Tank 300 m®, Reinforced concrete 1 No.
Facilities construction with masonry wall
7 Bislribution Line DIFP ¢ 200 mm 10,270 n{
SGP ¢200mm 816 m
¢ 100 mm 2,630 m
¢ B0 mm 2,565 m
Al-Raidah Water Source [{(* Exisling Deepwell)  [(Depth 270-310m) 3 Nos.
/Shamalya Rehabilitation works
Intake & Decpwell Pump Submersible pump: 3 Nos.
Transmission 400%it/m x 38D m x45kw
Facilities Dicsel generator 130 KVA, 400V 3 Nos.
Decpwell Puinp Station |Reinforced concrete consteuction with| 3 Nos.
concrete block swall
Pumping Main SGP ¢ 100 5,350 m
Distribution |Distribution Tank 200 m3, Reinforced concrete 2 Nos.
Facilities consiruction with masonry wall
150 m® Reinforced conerete 1 No.
construction with masonry wall
Distribution Line DIP $200 mm 350 m
SGP ¢200 mm £,450 m
¢ 150 mm 8,260 m
¢ 100 man 6,560 m
¢ 80mm 11,910 m
¢ B0mm 1,960 m
Service Faciliti/Public Fountain 4.Fap 9 Nos.
2-Tap 6 Nos.
As Sadarah  |Waler Source |Infiliration Gallery Reinforced concrete 1 No.
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Project Sites Category Facililies Specifications Qiy
As Sadarah  |Intake FacilitidIntake Pump Diesel driven horizontal volute pump | 2 Nos.
1,000 hit/fm x 50 m x 40ps
Transmission |Booster Pump (1) Diesel driven horizontal volute pump | 2 Nos.
Facilities , 1,000 lit/m x 50 m x 40ps
Booster Pump (2) Diesel driven horizontal velute pump | 2 Nos.
1,000 Lit/m x 140 m x 37Tkw
Intake Pump Station Reinforced concrete construction with] 1 No.
concrete block wall
Booster Pump Station Reinforced concrele construction with] 2 Nos.
concrete block wall
Booster Tank 50 m>, Reinforced conerete 2 No.
construction with maszonry wall
Pump Main SGP ¢ 150 mm 7,000 m
Distribution  |Pistribution lank 300 m®, Reinforced concrete 1 No.
Facilities censtruction with masenry wall
Disiribution Line SGP ¢ 150 mm 3,640 m
¢ 125 mm 1,030 m
@ 100 mm 4,020 m
¢ 80mm 1,660 m
¢ 50 mm 1,350 m
Service Faciliti|Public Fountain 4-Tap 9 Nos.
2-Tap 4 Nos.
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Flow Diagrams of Site Plans
And
Details of Waler Supply Facilities

Site plan : AHWAR

Details of Distribution Network in Ahwar City

Site plan : MOODEYAH

Site plan : AL-RAIDAU/SHAMALYA

Site plan : AS-SADARAH

Typical Structure of Installation of Deepwell Pumps
Layout Plan for Infiliration Gallery

Layout Plan for Elevation Tank ; 250m3

Lavout Plan for Masonry Reservoir : 300m?3

[.ayout Plan for Masonry Reservoir : 100m3

Typical Pump House construction Type-A / Elevation
Typical Pump House construction Type-C / Elevation
Public Fountain 4-Tap

Details of Pipeline-1

Details of Pipeline-2
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