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PREFACE

& In response to the request'of the Government of

Yemen Arab Republic, the Japanese Government decided to
cénduct a-éurvey on the Rural Water Supply Project and
éﬁtrusted the survey to the Japan International Cooperation
Agency. The J.I.C.A. sent to Yemen Arab Republic a survey
‘team headed by Mr. Kenji Shiraishi from September to December,
1979.

_ The team exchanged views with the officials concerned
of the Government of Yemen Arab Republic and conducted

a field éurvey=(iﬁ rural area, twenty-six sites). After

the team returned to Japan, further studies were made and

the present report has been prepared.

I hope that this report will serve for the development
of the Project and contribute to the promotion of friendly

relations between our two countries.

T wish to express my deep appreciation to the officials
concernad of the Government. of Yemen Arab Republic for their

close cooperation extended to the team.

May,1980

Keisuke Arita
President
Japan International Cooperation Agency
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& ~ LOCATION OF PROJECT SITES

|~ LIST OF

CTABLE PROJECT SITES
| SITE NO. |+ SURVEY SITE DISTRICT GOVERNORATE
HA ~ | Al- Modon & AL~ Ahnoon HAJJA
; 8 Villages {HA)
THA- 2 ' Elman & At~ Ahnoon
' _ 4 Other Villoges
HA- 3-A- ~ Slhara Sihara
HA-3-8 Thari Sihara
HA - 4 . Harad Horad
A= “AL-Mahwest_City AL-Mahweet T AL-MAFWEET
A-2 Hufash Al-Mahweet (A)_
A-3 AL-Rajom Al-Mahweet
A -4 - Al-Khabet Al-Mahweet
| . Bony Shaker & Al-Suhman SANA A
© . Balt Abo Saba'ag {S}
§-2 ~ Balt Abo Hashem Al ~Suhman
$-3 ~ AL-Sheab Al -Aswod Bonlshadad
S-4 . Bany Farhan & Bonishaded
: Bany Saria’a
H— 1 .~ Ghulayfagah ’ Duraihmi HODE |DAH
H- 2 " AL- Bahi Hodeldah A
H— 3 At- Mounirah Zuhrah
{ to supply Ebn- Abbas
and Al-Harunio )
T- | AL'-Mashjab AL-Sulou TAIZ
: . . (n
T-2 Al-Manara 8 ALl-Dukum Al-Sulou
T~ 3 Al-Maydan, Al-Juball Kadler AL- Burathl
Sheibd - Hamud
T-4-A Hadad, Qahfa Al-Turba
T-4-8 Al-Kudha, AlL-Hagl - Al-Turba
T-5 Shohat, AlL-Kadash AL-Turbo
T-6 Al - Zokiro ' Al-Turba
T-7 Bab-AL-Mandab Bad-AL ~Mandab
T8 Yahknhtol Mokah
T~-9 Makbano Makbana
TOTAL 26 . 15 5
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CHAPTER I

INTRODUCTION

1. General

'In response to the 1equest from the Government of the Yemen
Arab Republlc (YAR) to the Japanese Government to study the
feasibility to supply ¢lean and’ adequate domestlc water for
Selected rural areas in’ the Republic,’ the Rural Water Supply
Project Part II was eqtabllshed, This is the final report

- of the Progect

The data collectlon and field survey which were performed in
the three month perlod from September 18th to early Decenmber,
1979 were performed by the survey ‘team of the Japan Inter-
national. Cooperatlon Agency (J1CA) actlng on behalf of the
'Government of ‘Japan in cooperatlon wrth the Ministry of Pub-

lic Works (MPW, hereinafter also referred to as "the Mlnlstry").

The meetlng was held by the MPW and the studv team on the
draft final report ‘at Sanda from 7th to 12th in April, 1980.
Some comments were made on the draft final report and they

are incorpdrated in this final report.

The survey sites under the Project consist of 26 sites dls—

(1)

tributed in flfteen districts.” Of these survey sites, basic
de31gn_was provided for Bab Al Mandab'during field survey
as'the:eehStruction'of'water supply system was so urgently.
required'by the Ministry of Public Works. Also, since

design of. water supply system for Al Mahweet was already
completed by the Mlnlstry when the survey team arrived at

the site, it was urgently requested by the Ministry to review
the design. | |

Note(l} : See Fig 1-1 and Takle 1-1 lefore the table of Contents.



All of these survey Sltes are problematic areas Whlch were -
not included in the Rural Watcr Supply. Progect Part I under’
the Japanese international cooperatlon progect due to dlffl“

culty in access and/oxr" obtaining a stable water source

The objective of this project is to make a fea31blllty f
study of the rural water supply for the: above 26 81tes
leading to basic design. Usually, decisions in the fleld o
.of water supply w1ll be taken on the bas;s of intuition

and judgement. However,‘thls study uses cost*effectlveness

analysis for the determination of fea51b111ty

For this_purpose,'optimum systems of water supply was

sought for each project site.

2. Composition of the Japanese Survey Team

This survey was carried out by the Japanese SurVey Team
e5pe01ally organlzed for Rural Water Supply Project Part
IT by the Japan International Cooperation Agency. The

professional staff comprlslng the team are as follows-

Mzr. Keﬁji Shiraishi Team Leadér

Mr. Akihiko Togo Assistant Team Leader

Mr., Sakae Takada Engineering Geologist

Dr. Mashio Yamaha Sanitary Engineer

Dr. Motoo Saito | Hydro-geoclogist

Mr. Akira Sato | | K _

Mr. Shigeyoshi Kagawa Hydrcgeologist & Human
- . Geographer

Mr. Ichiro Makuta Water Supply Facility

‘Engineer









CHAPTER LI

SUMMARY AND CONCLUSION

General Background'of The Project:

The Rural Water Supply Project Part II was established in
response'to the request from the CGovernment of the Yemen

. Arab Republic to Japanese Government.

The data collection and field survey were performed'by the
gurvey team of Japan International Cooperation Agency (JICA)

during the three month period from September to December, 1979.

Objective:

The major objective of the project is to make a feasibility-
study of‘supplyihg'c1ean and adequate domestic water for 26

selected survey sites by the Ministry of Public Works.

Theée'survey sites are distributed over a wide range of geo-
graphical conditions. Accordingly, costfeffective analysis
was used in this study'to detérmine_féasibility'whereas
usually in water supply studies, decisions are made mostly

on the basis of intuition and judgement.

Recent Growth in National Economy of the Republic:

More recently, especially since the quadrupling of inter-
national oil prices at'the beginning of 1974, there has been
an unprecedented increase in persbnal caéh incomes based
mainly on remittanceé by'Yemehis who go to work in Saudi
Arabia and the Gulf Statés.. Largely, as a result of these
cash inflows, the Republic's per capita GNP has more than
doubled in real terms since 1969/70 reaching a level of
about $390 in 1967/77. |



Fasit growing cash incomes from workers remittances opened
néw'markets for locai mnerchants and farmers, and provided
funds for private investment in housing, transport equipment,
agriéulture and industry. This coincided with a vigorous
expansion of public development expenditures, which were
initially various ad hoc projects, to a more coordinated form
through its Three Year Program and the Five Year Plan.

Although private cash incomes have risen sharply in recent
vears and most families can now afford'substantially higher
levels of consumption, the supply of social services, especial-
1y domestic watev supply, has not kept pace with the growth

in per capita incomes.

Rural Water Supply Schemes under the Government:

The Rural Water Supply Department (RWSD) was established in
the Ministry of Public Works in March 1972 for the purpose

of obtaining drinking water sources and supplies for towns
and villages.  However, the Local Dévelopment Associations
(LDA) organized by local people are playing an important role

in implementation of the projects.

At the present time there are 150 active LDAs ih’the'Republic
which design and plan progfams for va:ious'projécté“including
rural water supply. Estimates of the projects undertaken by
the LDAs suggest that over 12,000 km of access road, some
1,500 water éupply.projectéy almost 2,000 schools and 76 health
centers were completed by'fiScai year 1977/1978. In the Five
Year Plan, a total of 2,158'projects_for rural water supply
was proposed to be implemented;_ The total investment coSt.
for the rural water supply projects was eétimatéd at 103
million Rials with 25% of this amount as the contribution of
MPW.



Necessity of Rural Water Supply:

In spite of the great effort made by RWSD and CYDA, the majo-
rity of the people still live with a scarcity of water in

rural areas. The annual precipitation in the Republic ranges
from a few hundred millimeters to 1,800 mm. The wettest zone

is in the western highlands which covers only a limited area.

As flood plains are distributed only at limited locations,
agriculture is practiced mainly on labor-intensive stone
terraces on the high-altitude steep slopes and along limited
areas of the low-altitude wadis. This pattern of agriculture
is based on the fact that land and water for agricultural
production are available only in these limited areas. The
distribution pattern of rural population is determined accord-

ingly.

In the Republic almost 90% of the total population lives in
rural areas in small clusters.  The population of the majority
of these clusters is less than:2,000 people; half of them
béing less than 1,000 people. - In 1974, only 4.7% of rural
population was served by a wafer supply."Even considering
the'ongoing project design capacity, only 14% of rural popu-

lation will be covered by rural water supply in 1981.

In many_dry'areas,‘the available water source consists of open
cisterns or shallow dug wells which are constantly subject to
contamination due to the inflow of organic pollutants as well

‘as thé rapid growth of algae.

 Under these circumstahces, the per éapita water consumption,
estimated from 4 L/cap/day to 40 L/cap/day, is entirely

dependent upon the availability of water.



Location of Survey Sites:

The 26 survey qltev are distributed over a wide area in the'
country; however, the majorlty of the sites are: locatcd in
the lowland, Tihama Plain (O~ 200 m ASL), and hlghlands {1,000
m -~ 2,400 m ASL) of wvarious qovernorates. (See Flg. 1-1 and
Table 1-1 before the table @f contents.)

In sites on the Tihama Plain, rapid population growth :is ex-
pected in the future because these sites will be increasing;y
important -as transport nodes since the land transport network

is now being improved.

At the moment, however, locally available water sources are
highly saline and potable water sources can only be obtainable

further inland to the east.

The sites on highlands villagés however, are usually located
on the top of mountain or on-the'upper steep slopes. There-
fore, available water sources in the vicinity of villages are
either cisterns or small springs which are not stable and
always subject to contamination. In many cases potable water
‘sources are available only in the valley floor Lar away from
v1llages. The average distance from village to water source

exceeds 5 km and sométimes even more than 10 km.

Thé‘mcst commorn types of water sources at the survey sites are
cisterns, springs and shallow dug wells. Since the yield of
these sources is limited, several different types of water

sources are used wherever the water is available.

The unit water consumption rate varies from 4 L/capita/day to
40 L/capita/day depending entirely on the_availability cf the
water. In many cases the consumption rate is far below the

“design criteria of 40 L/capita/day proposed by the Ministry.

2-4



Present Price of Drinking Water:

Therefore} what clean and safe water is available has a high
market_price at present. At 9 of the survey sites (35% of
the totél ﬁumber of survey sites), people are paying for
Cléan and safe domestic water transported from remote water

| points. The water price ranges from 8 YR/mS to 300 YR/m3 in-
cluding transportation cost for 20 km. The most common price
was observed to be in the range of 50-60 YR/m3 which is
eqﬁivalent to almost 20,000 YR/m3/year or 2.2 YR/cap/day

assuming a daily consumption rate of 40 liters per capita.
Tt is obvious that the price of waterx is large cost for the
households in the area. Even if it can be afforded by the

local pebple, it is an unusually large household expense.

Future Demand of Rural Water Supply:

Since the conditions at the various survey sites varied some
being locéted on the top of high mountains and'the others
located at extremely low altitudes in arid and saline environ-
ments, the initial task of rural watér supply planning was to
détermine'almethod‘for providing an équitable water supply
syéﬁém for these sites based on a concept of cost-effective-
ness. A planning period of 20 years was adopted based on the
consi&erations of ﬁseful 1ife for boreholes and machinery as
well as durable stfuctures like pipelinés and water tanks.

For estimate of the.future demand of domestic water the follow-—

ing growth rates are adopted.

6% : Sites playing an important social or economic
role such as transportation node, economic
center or a specific site so determined by the

Miniétxy.

3% : Sites which are in an embryonic stége of urban-~
' ization with relatively large population between
'3,000 and 5,000 people.



2.5% : Common rural areas.

In the Republic, recently the MPW determined the design cri-
teria of daily consumption for rural watexr supply to be as

follows:

40 L/cap/day . Rural area without distribution

system

gemi~urban area with part of a
distribution network. Population

between 3,000 and 5,000 people.

"

70 L/cap/day

80-120 L/cap/day : Urban area with population more
than 5,000 people.

Tn order to estimate the future demand for cattle watering,
the concept of livestock unit of consumption is used. 6 L/
head/day is referred to the "livestock unit" of water con-

sumption.

Availability of Water for Rural Watef'SuppiX:

Due to the arid conditions and the steep topography prévail—
ing in the greater part of the:Rebublic, general conditions
for utilization of surface water is unfavorable at the present
stage of rural water supply’plahning. 'Uhder'the circumstances,
a feasibility study was made on different type . of water sources
and the conclusion was reached that the underground water is

the only available water source at many of the sites.

Nonetheless data collection and stﬁdies for the surface water
development should be undertaken for the increasing future

demand of water.



The esﬁimated yield for a single borehole ranges from 200 to
1,000 m3/day while the estimated future demand of survey sites
at the end of planning period distributes between 40 and 2,500

m3/day.

The estimated yield of a single borehole will be sufficient

for the future demand at the end of the planning period at
seventeen sites; however, in some other sites, multiple bore-
holes are required to meet the future demand to satisfy proposed

design criteria by the Ministry. (See Table 2-1)

The availability of multiple groundwater sources and their
location 1s entirely subject to the hydro¥geological conditions,
at. the site. Under favorable conditions, a group of boreholes.
can be drilled within a short distance; however, where hydro-
geological conditions are less favorable boreholes must be
diétributed over a larger distance resulting in a negative

effect on the economics of water supply. '

Determination of Design Capacity:

For this reason an analysis of the inventory of rural water
consumption is requifed for the determination of the optimal

design capacity of the rural water supply.

The function of domestic water at survey sites was divided

into three categories:

T. Water which hasg direct influence on human health
IT. Water for the bther areas of everyday life like
washing clothes ' _
11X, Watering cattle is the'third category which is

indispensable in the project.



The design capacity of rural water supply can be classified

into three levels as follows:

Service Level A : to supply all three categories of

water congumption.

Service Level B : to supply only the vequired water

of category I and IT.
service Level C : +to supply water only for category 1.

For the preparation of the basic design, consideration was
given to minimize the impact of water source cost to the unit
price of water. Accordingly the design capacity was deter-

mined mainly based on the availability of water sources.

As a result, a design capacity was adopted for 21 of the sites
to meet the future demand after 15 years fyrom now based on the
proposed design criteria {40 L/C day) by the Ministry. (See
Table 2-1} '

For the other sites,'the design capadity was adopted to meetl
the water demand even after 20 years which is necessary to

promote human health. (Service Level C)

Project Cost

To supply the planned design cabacity- shown in Table 2-1,
cohstguction of'deep_Wellsiié necessary at all project sites
except For Shohat, Al—Kadash'{T—S)'for'Which an underground
resérvoir. and shallow wel1 is planned. The total construction
cost is estimated at 90.7 millioh Y.R. which is brokendown

into the following categories as shown in detail in Table 2-2:



Cost Item - - ' : Million Y.R.

(

_ Well boreholes : 32.4 ( 35.7)
Booster pumps, pipelines, etc. 32.0 ( 35.3)
Distribution tanks, etc. 12.5 ( 13.8)
pumps, etc. 7.5 ( 8.3)
Water Storage tanks 6.3 {( 6.9)
90.7 (100.0)

The total construction cost including service facilities of
rural water supply ranges from YR 0.6 million to YR 11.5 million
depending on the specific conditions at each survey site.

The average investment cost of the rural water supply under

the project is estimated at 594 YR/cap.
However the total construction cost does not include consul-
tancy cost (10% of total construction cost) and contingency

(103 of total construction cost).

Benefit from the Project:

The present pfice of safe domestic water ranges from 0.32
YR/cap/day to 12 YR/cap/day assuming the per capita daily
consumption of 40 L/cap day. On the other hand the price of
water to be supplled by the proposed ba81c design falls between
0.03 YR/cap/day and 0.87 YR/cap/day whlch will obviously
alleviate the present weight of domestlc water cost on the
household economy. In addition, the effect of the project to
human health will be considerable since all of the basic
designs provide safe water from an improved rural water supply

system.

While the Rural Water Supply Project Part II will serve about
84,000 people at the beginning of the prdject, the total design
capacity of the project will serve a total population of
153,000 people.

In the year 1981, 14% of rural population (720,000 people) will
be served by rural water supply taking the design capacity of

on—-going projects into consideration.
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Therefore, the contribution of this project to the total rural

é@pulation served by safe domestic water is estimated at more.

than 10% in 19381.

Tn conclusion, the increased benefits of water supply to the

p:oject'sites are substantial as summarized helow and therefore,

the project is judged to be feasible.

Current condition Twproved by The Project
Water Source 20% is stable 100% of water which has
and safe direct influence on

human health will be
provided on a stable

and safe basis.

Daily Consumption 4-40 L/cap/day 20-40 L/cap/day

Price of Water 0.32-12 YR/cap/ .0.03-0.87 YR/cap/day
dav

Distance to the 1 - 20 km 0.50 - 1.0 km

Safe Water

Therefore, it is concluded that the lmplementatlon of the
progect is recommended according to the proposal outlined in

the report.

However, it is noted that accéssibility'to.the project and
construction sites are satisfactory only at some survey sites
and the road improvement should be necessary for the project

implementation at the sites as shown in Table 2-1.

- Additional Study:

The greater part of the country is occcupied by the dry aiea
~where it rains less than 600 mm/year and steep rocky topography.
is predominating.
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In additioh, usuélly rainfall is sporadic and occurs in
torrential shower causéd by the convectional disturbance of
the  alr masses. Aécordinqu, river discharge occuring im-
mediately after the rain has an extremely steep hydrograph

recession curve due to the high intensity and short duration

time of shower.

Accordingly, there are difficulties in assessing the volume
of available water source due to above natural conditions
- and lack of data. Therefore, it is urgently recommended to

improve the hydrometeorclogical observation network.

Generally, the data collection of hydrometeorology suffers
from the lack of observation stations on the upper slopes of
mountains. However, the Republic has an advantage in this
respect since villages are located either on the top or upper

slopes of mountains.

Necessary data to be collected are: daily rainfall, river
and spring discharge, water levels at existing boreholes and

‘shallow dug wells and general meteorology.

”A study to assess the available water resources should be
'urgently undertaken on a_seasonal_basis.f For this purpose,
the concept of catchment-wise water balance should be adopﬁed
including study on behavior of groundwater.



Table 2-1 Summary of Current and Plénned Water Sourtes

Situation

Current Propused Bast
site ; — i — L . -7 ke Deatgn Condition
Na. Survey Site Water Source No. of No, of Water No. of Boreholes Design Number of Number of Service of Access
{Distance To It) Popula- | Live- Con- . Depth of Well Capacity Population Livestock 1 Road
o _tion  stock gumption - ' L/ clday) 3 vesto Leve
HA-1 AL-MADAN & 8 VILLAGES Spring/Shallow Well(2 ¥m) - 7,500 3,680 P/f{;.gy 2 - 300 m 20 11,685 5,734 C Improvement Req.
HA-2 ELMAN & 4 OTHER VILLAGES| Spring/Shallow Well(2 Km] 1,500 1,470 10.0 300 m 40 2,173 2,129 N Tupéovemant Req.
- 3= A : i L
HA-3-4  STHARA Cistern (1 Km) ), 500 8,830 11.4 2 - 300 m 20 10,785 21,162 c Cood
HA-3-B THARI Cistern/Spring(10-15 km)| 15,000 | 15,000 6.0 2 - 200 m 20 23,370 23,370 c Improvement Req.
HA-4 HARAD Shallow Well {1-2 Km) 7,000 6,620 21.4 3 - 120 a 40 16,776 15,865 A Good
A-1 AL-MAHWEET CITY - Spring/Cistern (2 Xm) 5,400 6,320 - 40.0 2 - 200 m 40 7,790 9.847 c Inprovement Req.
A2 HUFASH Cistern/Spring(l-2? Km) 1,500 630 25.0 200 m 40 2,173 912 A Construction Req.
A~3 AL-RAJAM Spring/Cistern (1-2 Km) 800 630 . 25.0 300 m 40 1,159 912 A Construction Req.
A4 AL-KHABET Spring/Surface Water 1,500 880 31.0 1200 m 40 2,172 1,275 A Good
: {1_Km) .
5~1 BANY SHAKER & BAIT Spring (2-5 Km) 500 860 3.8 200 m 40 724 1,246 A Construction Req.
ABO SABA'A _ : :
5-2 BAIT ABQ HASHEM Shallow Well (6 Km) 380 1,600 11.3 200 m 40 550 2,317 A Good
5-3 AL-SHEAB & AL-ASWAD Cistern/Spring/shallow 2,000 8,800 23.8 100 m 40 3,116 13,710 A Good
_ Well {15 Km) :
S-4 g%gﬁmm & BANY Spring  (6-10 Km) 650 1,300 16.0 - 100 m 40 941 1,883 A Good
H-1 GHULAYFAGAH Shallow %ell (1 Km) 500 510 26.0 30 m 40 724 739 A Improvement Req.
H-2 Al-DAHT Deep Well (1 Km) 7,000 7,710 | 41.6 2- 80m 40 16,776 18,477 A Good
H-3 AL-MOUNTRAH Deep Well (1 Km) 1,700 640 13.3 60 m 40 4,075 1,534 A Good
T-1 | AL-MASHJAB ~ Shallew Well (2 Em) 800 | 6,670 16.7 110 m 40 1,159 9,660 A Good
T2 AL~MANARA & AL-DUKUM Shallow Well/Spring 600 6,240 15.0 110 m 40 869 9,037 A Good
(2-4 Km) : _
. _ _ _ L4438 3,968 .
T-3 AL~-MAYDAN AL-JUBAIL Spring/S.Well (310 Km) 1,000 2,740 15.0 200 m 40 1 A Improvement Req
SHEIBD HAMUD ‘ _
' ' 2,607 3,968
T-4-4 | HADAD, QAHFA Spring (2-3 Km) - 1,800 2,740 30.0 180 m 40 A Good
' | . . - ' 3,621 4,968
T-4-B | AL-KUDAH, AL-HAGL D.Well/ S.Well(2 Km) 2,500 3,430 45.0 (Hater gggrgze 20 C Good
: . ) study rﬁ?uired)'
T-5 SHOHAT, AL-KADASH Shallow Well (5-10C Km) 2,000 3,740 40.0 (Subsurfﬂgem 40 2,897 3,417 A Construction Regq.
' ' ' reservolir) . :
250 6,232 12,807 C Construction Regqg.
T-6 AL-ZAKTRA Cistern/Spring (3 Km) 4,000 8,220 10.0 m 20
. : : : ) 3 ~85m 40 11,983 983 A Good
-7 BAB-AL-MANDAB Seawater Desalination 5,000 410 43.0 (M.P.W design)
P;antlshallow Well (1S_Kmp 100 m o 5.991 16,416 A Good
T-8 YAHKHTOL Shallow Well (15 Km) 2,500 6,850 8.0 _
o 00 m 10,906 4,269 A Good
T-9 MAKBANA Shallow Well (Z Km) 7,000 2,740 13.3 40
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Table 2-2 Summary of Construction Costs

{unit = 000's Y.R.)}

Water

booster Distri-

Survey Site Mater  Pump, Storage qup,. bution it
. Source etc. Tank E;E?lxne,liz%, Amount (%)
AL-MADAN & 8 BILLAGES 3,036 600 48 3,273 1,505 | 8,462 (9.3)
ELMAN & 4 OTHER VILLAGES 1,518 197 42 689 340 | 2,786 (3.1)
STHARA - 3,014 600 48 3,679 go3 | 8,234 (3.1)
THART " 2,058 600 a8 2,967 1,618 | 7,291 (8.0)
HARAD 1,603 1,188 1,3% 430 800 | 5,411 (6.0)
AL-MAWHEET CITY 1,857 500 48 1,927 1,618 | 6,050 16.7)
o (a0)  (315)  (109) (1,678)  (272) | (2,418)
HUFASH | 1,018 197 42 . 3,047 360 | 4,644 (5.1)
AL-RAJAM | 1,527 197 34 327 178 | 2,263 (2.5)
AL-KHABET 1,017 197 42 865 800 | 2,821 (3.2)
BANY SHAKER & BAIT 1,007 187 34 183 127 | 1,538 (1.7)
ABO SABA’A :
'BAIT ABD HASHEM 1,015 187 42 254 127 | 1,625 (1.8)
A1-SHEAB & AL-ASWAD 569 126 127 95 620 | 1,537 (1.7)
BANY FARHAN & BANY SERIA'A| 580 126 127 27 - 860  (0.9)
GHULAYFAGAK E 264 126 108 108 8 | 65 (0.7)
AL-DARI L g19 526 972 200 - 360 | 2,917 {3.2)
AL~MOUNIRAH 356 . 126 168 2,766 415 | 3,831 (4.2)
AL-MASHJAB 514 126 197 77 - 914 (1.0)
AL-MANARA & AL-DUKUM 523 126 127 . 393 127 | 1,29 (1.4)
AL-MAYDAN AL-JUBAIL 1,040 186 48 630 310 | 2,214 (2.4)
SHEIBD HAMUD _ .
HADAD, QAHFA - 965 126 109 241 340 | 1,781 (2.0)
AL-KUDAH, AL-HAGL - -
SHOHAT, AL-KADASH 4,346 282 a2 335 360 | 5,345 (5.9)
AL-ZAKIRA | - .
BAB~AL-MANDAB . 1,797 a1 1,600 7,100 534 | 17,498 (2.7)
CYAHKHTOL ' 496 146 367 2,136 178 | 3.323 (3.7)
 MAKBANA - 1,467 315 415 243 893 | 3,333 (3.7)
TOTAL 32,406 7,505 6,265 32,081 12,511 |90,728 - (100.0)
(%) (35.7).  (8.3)  (6.9) (35.3) (13.8) | (100.0)

The total construction cost does not include consultancy cost and contingency.













jCHAPTER 111

PRESENT STATE OF RURAT WATLR SUPPLY
IN THF YEMEN ARAB REPUBLIC

.The Rura] Water Supply Department (R.W.S5.D.) was. establlshed
in the Ministry of Public Works (MPW) in March 1972 for the
'purpose of obtalnlng drlnklng water SQurces and supplies for
_towns and v1]1ages in cooperatlon with international organi-

: zatlons. Durlng the three year program from 1972/73 to 1975/
76, the - admlnlstratlve and the technical staff was appointed
in. addltlon to WHO experts, ited Nations (U.N. } volunteers
'and Amerlcan Peaoe Corps volunteero to solve the accute short-
| age of manpower for- the water supply prOJect UNICEF

,offerred material and equipment for 15 projects.

The three year program included water supplv projects for

200 wells throughout ‘the’ country to reduce the dlstress of
awater scar01ty and to provide drinking water for the countryu
s;defo Investment during the three year program was estimated
at 36 million Rial. Contribution to this investment was made
tolthe-greatest'extentiby the U.N., Saudi Afabia_and USAID.

Prior to establishment of thé RWSD in £he'MPW,.the_goVernu
'ment-of'the Yemen Arab Republic had perceived the need for
'-rural development early in the hlstory of the Republic: and
called for the creatlon of Local Development A55001atlons
(LDAS) in'1962. The Mlnlstry of Social Affairs, Labour.and
Youth was established in 1968 to provide central governmenﬁ
' support for the LDAs. 1In 1973, the Confederation of Yemeni
Development Assocxatlons (CYDAs) was -created to formulate
'general=pollcy, ‘enhance’ the LDAs, design plans and programs,
 seekiforeign‘and domestic sﬁpport.ahd advise the LDAs on

their projects, including rural water supply projects.



Although the formation of LbAs and thelr operatlons were
initially held back by the civil war, “after 1970 the ‘move-

ment spread qu;ckly thlough the country

are some 150 active associations in YAR and most of them
Ibb and Haja.

At present there

distributed in the Governorates of Sana'a, Taiz,
Each LDA is administered by a management board which is
democratically'elected by its association members.

Estimates of the projects undertaken by the LDAs suggest
that over 12,000 km of access road, some 1, 300 water supply
projects, almost 2,000 schools and 76 health centers were
completed by fiscal year 1977/1978. (see APPENDIX IIT-1)
Usually these projects were carried out at much lower cost
than if they had been done by contractors. These are re-:
markable achievements whicn underline the strength and dyna-

mism of the LDA program.

The LDAs were asked to draw up three year plans for approval
by CYDA and the central government in 1976. The plans, with
suitable mOdlflCathﬂS, were incorporated 1nto the National
Five Year Development Plan for 1976/7 - 1980/1. In the Five
Year Plan, a total of 2,158 projects for rural water snpply

was proposed to be implemented.

ThHe total investment cost for the rural water snpply projects
was estimated at 103 million Rials with 25% of this amount as
the contribution of MPW. Generally, another 25% ef the invest-
ment cost of rural water supply is contributed by the local |
government and the balance of 503 naid by the ldcal beneficiar-

ies of the projeét.

In spite.of the great effort made by RWSD and CYDA, the majo-
rity of the people still live in water scarce conditions in
rural areas. Annual pfecipitation in the'Renublic ranges from
a few hundred millimeters to 1,800 mm. The wettest zone is

the western highlands which covers only a limited area.
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Thé rest of area belongs to a rather dry zone. Thig is

due to hatural geographic'barriers since the major compdhent
of thé'topggraphical relief in the Republic consists of
jagged mountain peaks and high altitude plateau (altitudes
to 3,500 m above sea level} succeeding to the rocky escarp~
' mentﬁ'of extremely steep slopes incised by deep valleys.
.Eﬁenjat the intermediate altitudes of about 1,500 m - 2,500
‘m ASL, where changes in elevation are less dramatic, the

. arid roughness of the terrain discourages all but the hardi-
est succulents and scrub grasses. In the inecreasingly
desert-like conditions at the lower elevations, this sparce
‘natural wvegetation diséppears. The extreme coastal region
is chéracterized by either sand dunes or mud flats, and

the soils are highly galine.

Ag fléod piains distribute only at limited 1oca£ions, agriqul~
ture is practiced mainly on thellabour—intensive stone
terraces on the high-altitude steep slopes and along limited 
arcas of the low-altitude wadis. .This pattern of agricul-
ture is attributed to the fact that land and water for:agri—g
cultural production are available only in these limited areas.
The distribution pattern of rural population is determined
accordingly.

In the Republic almost 90 % of the total population lives in
"rural areas in _sma'll.clustersn  The populatibn 6f the majority
of Ehese clusters is less than 2,000 people; half of them have
less than 1,000 people. .(Appendix I11-2)

In 1974, only 4.7 % of rural population was served by a
wéter supply. Even taking account of on-going project design
capacity, only 14 % of rural pOpulaﬁion will be covered by
rural water supply in 1981. (Appendix III-3)

'_Under the circumstances, per capita water consumption, estima-
ted from 4 L/cap/day to 40 L/cap/day, entirely depends on the
availability of the water.
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CHAPTER IV

NECESSITY OF RURAL WATER SUPPLY

,Slnce the end of the c1v1l wat in mld 1970, economic acti-
“v1ty in the Republlc has expanded v1gorously
GDP at constant market prices is estlmated to have grown

at an annual averade rate of 8-9 percent between 1969/70
‘and 1975/76.

More recently, espec1ally since the quadrupling of inter-
natlonal 011 prlces at the beginning of 1974, there has

been an unprecedented increase in personal cash incomes based
malnly on remlttances by Yemenis who go to work in Saudi
Arabla and the Qulf States. It is estimated that worker
remlttanees rose from some 40 million U.S. dollars in 1969/
70 ‘to over $800 mllllon in 1976/77. Largely as a result of
these cash inflows, the Republic's per capita GNP has more
than doubled in real terms since 1969/70 reaching a level of
about $390 in 1976/77.

_Fast'grQWing_eaeh-incomes from ﬁorket'remittences opened
new'merkets fof local merchantseahd farmers, and provided
fUnde”fer'pfivate investment in housing, tranepbrt equipment,
agriculture and industry. This coincided with a vigorous _
expansiOﬁ ef public development expendltures The govern-
ment 1ncreased its development spending Whlch were 1n1t1ally
varlous ad hoc projects, to a more coordlnated form through
its Three Year Program and the Five Year Plan, from 57 mil-
liop’Xemen Rial (YR) ($13 million) in 1972/73 to YR 340 mil-
lion ($75 million) in 1975/76. While these expenditures had
a’diréet impact on the gross domestic.product, they also

supported private development initiatives.

Under the cir¢umStences, hewever,_the need for the basic
living requirements of the population is greatest in the

rural areas since most rural inhabitants still live under



frequentlv 1solated from the rest of
ed on barrcn

sub- standard conditions,
the country. Villages and ‘houses ‘are ‘often locat
land far away from 50urces of drinking water and _
no health faczlltles and no electrici~
arply in.
stantially

1 services,
with the

1n many

cagses with no schools,
ty. Although private cash incomes have risen -sh
recent. years and most families can now afford sub
higher levels of consumptlon, Lhe Supply of oOCla
especially domestic water supplv, has not k9pt pace

growth in per capita incomes. (Sectlon_S 3)

As shown in Appendix III-3, only 4.7 % of thé rural popula-
tion had easy access to village water sunplles in 1914, and
taklng the design capa01ty of on- 601ng DrOJect 1nto CODSlde""
ration, only 14 % of rural Dopulatlon W1ll be served bv rural
water supply in 1981. The survey sltes in this project are
‘ln greatest need on water partlcularlv Sane thev were not
considered to have sufficient potentlal or economic acce551—
bility to be included in Part I of the Rural Water Suop]v
which is undertaken by the Ministry sponsoxed by Oversgeas

Economic Cooperation Funds of Japan.

In many cases present wéﬁér supply is not considered safe

for health. 1In many dry areas, the available water source
consists of only open cisterns or shallow dUg'weiis which

are constantly subject to contamination due to the inflow
of organic pollutants as well aS the rapid growth of algae.
(See Section 5-3-4) Clean water for domestic pﬁrposes has

a very high price: YR 50-60 for 1 m3 of drinkin§'water. Thi.s
‘obviously has a largé impéct on household_expenseSl (Table-
5-3) '

A number of imyact studies have revealed that a gap exists
between the potential and realized benefits of wa*er sﬁpplies
in devélopinq'countries. (Feéchen et al, 1977 and qaunders
and Warﬁord,-lQ?ﬁ). The conclusion of mosf 1mpact Studles is
that the provision of water, however necessary, is not 1n

itself suff1c1ent to produce 31cn1F1cant economlc beneflts



to juétify its'feasibility. Howe&er, the provision of a safe
_Qater_sﬁﬁpiy ¢réates'09portunities'in agriculture, animal
husbanary, health, child welfare and home economics.,
Often.these opportunities can be exploited at low cost,

sonetimes only the cost of conveying information.

The provision of a water supply means that the cuality of
water is improved, thé reliability is greater, the guantity
of watér.available will be increased and its distance from
the consumers will be reduced.

The reduced walking distance to the water source saves time
and energy and releasés labour which may be used for produc-
tive'purPOSeé leading to an economic benefit. FEven if the
economic’value ofuthe_saved labour is negligible, there is

a social benefit from time saved and drudgery eliminated
because more time can be spent with the family or on domestic
activities{'education and leisure. The improved quality of

the water will also lead to improved health conditions.

‘In conclusion, the necessity and benefits of water supply to

the project sites 1is Sﬁbstantial.
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PROJECT SITES

5-1. Introduction

The sUrQey sites were selected by the Ministry according to
the priority of rural water supply schemes in the Republic.
The 24 selected sites are distributed in 14 Districts.

(Appendix v-1)

However, the final determination of the sites was made at
the'diSCussion on the Féasibility Study for Rural Water
supply Project Part II held from 20th to 24th of September,
1979 at Sana'a as shown by the minutes in Table 5-1.

At the discussion it was found that the site originally
.listed”as Al-pahi in "Zuhrah District" was located in
Hodeidah District. In addition, through the field survey
it was found that two sites consisted of completely separa-
ted village units in Hajja and Taiz Governorates. The major
areas of Sihara and Thari in Hajja situated on the summit of
the mountain ére separated by a steep and wide valley. Also,
Site Number 4 in. the Taiz Governorate consists of two areas

widely separated from each other.

'Accordingly,'these sites were identified more precisely as
follows:

Hajja No. 3 Sihara & Thari: Héjja No. 3~A Sihara and
' Hajja No. 3~B Thari

Taiz No. 4 Hadad & Qahfa

and- Al Kudha & Al Hagl: Taiz No. 4-A Hadad & Qahfa
' and Taiz No. 4-B Al Xudha
& Al Hagl



Table 5-1

REVISED SURVEY STTR LIST

GOVERNORATE DISTRICT - WOMBER SURVEY SITE ~ .
HaJJa (HA) Al-Ahnoom 1 I Al-Madan & 8 Villages |
Al-Ahnoot 2 | Elman & 4 Other villages
‘Sihara 3~A 'i Sihara
3-B | Théri
Harad 4 Harad
AL-MAHWEET (A) Al-Mahweet 1 Al-Mahweet Clty
2 Hﬁfash'
3 ' Al-Rajam
4 Al-Khabet
SANA'A (5) | Suhmam 1 Bany Shaker & Bait Abo
_ Saba'a
2 1 Bait Abo Hashem
Banishadad 3 Al-~Sheab Al-Aswad
4 Bany Farhan & Bany Saria'a
_ B | B ] o
HODEIDAH (H) Duraibhmi 1 - Ghulayfagah
' Hodeidah 2 Al-Dahi
{(Zuhrah) 3 Al-Mounirah -
TATZZ (1) Al-Sulou 1 Al-Mashjab
Al-Sulou 2 Al-Manara & Al—Dﬁkum
Kadier Al- 3 | Al-Maydan, Al-Jubail
Buraihi % Sheiba Hamud
Al-Turba 4-A i Hadad, Oahta
4-B | Al-Kudha, Al-fiagl
. Al-Turba 5 § Shohat, Al-Kadash
. 6 i Al-Zakira
Bab-Al-Mandab 7 | Bab-Al-Mandab
Mokal 8 | Yahkhtol
_ Makbana 9 % Makbana
TOTAL = 5 15 _‘1f e




COnsequently, the field survey was- carrled out at 26 sites

istrlbuted in 15 DlStrlCtS as shown 1n Tablé 5-1.

However, 6inbé:imblementation of water suﬁply scheme was so
.urgently required for Al Mahweet City (A=-1) and Bab Al

Mandab (T 7}, basic de51gn was made for Bab Al Mandab and

the survey team wasg requested to review the already completed

design for Al Mahweet City.

Therefore, in this report, the results of hydro~geologi-
cal study and alternative basic designs for Al Mahweet City

isg iﬁdluded'fér the two sites are provided.

From v1ewpolnu of phy51ography, the Republic is divided into
four majer slopes facing to the north, east, south and west.
Each_majorfslope consists of lowlands, midlands and highlands.
The sufvey sites distribute over a wide area in the country;
however, the majority of the sites are located in.the lowland,
Tihama Plain (0-200 m ASL), and highlands (1,000 m - 2,400 n

ASL) of wvarious governorates. (Fig. 5-1)

In sites on the Tihama Plain, rapid population growth is ex-
pected in future because these sites will be increasingly
important'as transport nodes since the land transport network
is now being improved.

At the moment, however, locally avsilable.water sources are
highly saline and potable water sources can only be obtain-
able further inland to the east.

On the other hand, at the sités_on highlands villages are
usually located on the top of mountain or on the upper steep
slopes. Therefore, available water sources in the vicinity
of villages are either cisterns or small springs which are
not'stable_and always subject to contamination. In many
cases potable water sources are available only in the valley
floor far away from villages. The average distance from vil-

“lage to water sdurce exceeds 5 km in many sites and sometimes.
even 10 km.



Due to the SCarcity of watér; ﬁrinking water has'high'price.
In many cages, one cubic meter of drlnklng water costs at
50 to 60 Rials. An extremely hngh price was observed at

Dare in Hajia Province. In this case one cubac meter of

drlnklng water is sold at 300 Rlals which 1ncludes truck
transportation for about twenty kllometers of steep mounu_'

tain road, (Table 5-3)
It 1s obv;ous that this price of water is a Jarge cost for

the households in the area. FEven if it can be afforded by
the local people, it is an unusually large household expense.

5-~4
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5.2 General Description of Survey Sites

The survey sites of the project were distributed in the

following physiocgraphic units:

1. Western Highlands
2. Western Midlands
Wwestern Lowlands
BEastern Highlands
Southern Highlands

5-2-1 Western Highlands

This is a land unit facing to Red Sea at an altitude between
1,500 m and 2,500 m A.5.L., The area has seven sites: four

in Hajja Governorate and three in Al-Mahweet Covernorate.

a. Hajja Area

'The major component of morphoiogy-is the independent
steep rocky mountains reaching 1,500 m - 2,500 m ASL
about 130 km to the north-north west from Sana'a.

' Geology'in this area consist of Yemen Volcanics alter-

nating basaltic lava, andesite, dyorite and tuff with

‘more than 1,000 m thickness.

" Al~Madan (HAml), Elman {(HA-2), Sihara {HA~3A) and Thari =
(HA-3BR) are 1ocatéd on the top of thése mountains._—maf_
Due to the steep rocky nature of the topography, acces-
sibility is very poor. However, these areas have a long
history in the Republic and size of populatioﬁ is réﬁher
large, ranging from 1,500 to 15,000 people. Except for
poor vegetation at the peripheral area of small springs
at Al Madan and a narrow strip along wadis, barren ground

surface occuplies the vast area.

On the bottom of wadis sorchum is cultivated and on. the

steep slopes, well maintained stone terraces are observed



Major crops on the stone terraces are coffee and gat.
Aﬁdﬁg.these cites cisterns are the predominating water

gource for domegtic purposes.

At Al-Madan, springs play the major role in water supp-
1y and the supply system is well maintained.

The rest of Lhe three sites entirely depend on cisterns
for domestic water sources; however, at Elman and Thari,
the cisferns'dry up during dry season and people have to

pay for water brought from water sources further away.

Al- Mahweet Area

This area ié also consist of steep rocky mountains.

'mhc major qeologlcal component: is Taw1lah sandstone
underlain by upper Jurassic limestone. Due to the steep
rocky nature of the topography, accessibility to the
sites, Al-Mahweet (A-1), Hufash (A-2), Al-Rajam {A-3)
and Al-ghabt is difficult. |

Al-Mahweet (A-1) is located on the Sﬁeép slope of mountain
top at an altitude of 2,200 m A.S.L. At present, potable

water sources are small springs; however, the vield onlv

meets the demand for drinking water for the veople.

Since this site ig the center of the economy and local
government, provision of safe and sufficient water supply
is urgenfly required for the present population of 5,000
plus future demand.

Hufash {Am2) is located on the top of mountain at.an
altitude of 2,400 m A.S.L. Accessibility is so poor

that only four wheel drive vehicle can reach the village.
The water source is a small spring and its stcrage ba51n,
however the demand for only drinking water for 1,500

peOple_ls‘hardly met by the present capacity of the water
source. '



Ai Rajam (A-3) is a small “yillage SLtuafed on the bottom
of Ilat ba titude of 2,200 m

'of flat basgin-=like terraln at -an al
AISILh )

Flatland and slops are well utilized for cultivation of

sorghum. ThlS site plays the role of cattle market.,

At present a ﬁiny spring and cisterns are the major

gources For domestic water.

5-2-2 Western Midlands

Midlands have relativély moderately flat topography at alti~
tudes between 500 m ~ 1,500 m A.S.L. and ave regarded as a
transition land unit between the highlands and lowlands.

Al- Khabet (A~4) in Al Mohweet Governorate and Makbana (T-~9)

in Taiz Covernorate are located in this land unit.

:AL-Khabet (A~4) is located on the Tawilah sandstone plateau

~about 90 km to wést—north'west frqm Sana'a.

The water source is only a small spring on the floor of a
wadi a few kilometer away from the village.

However, the vield of the spring farely meets the demand of
domestic (1,500 people) and cattle (800 head) water.
Due to hot climate, landuse is observed to be very poor and

“barren ground surface 1s prevalent in the area.

On the other hand, Makbana (T-9) is located on Yemen volcanics

at an altitude of 1,300 m A.S.L. 30 km to west-north west from
Taiz. '

There are several shallow dug wells on the wadi floor providing
water for 7,000 people and some 2,500 head of cattle.

- Further downstream from the village, wells constructed én the
same wadi floor are used for irrigation.

5-8



Due td_the.moderately flat topography of both sites, there

is ﬁO'difficulty of access.

'5-2-3: Western Lowlands

This iand unit is considered to be the Tihama Coastal Plain
at altitudes bétween 0 m and 200 m A.S.L. along the alluvial
coast plaln of the Red Sea.

Harad (HA- ~4) in Hajja Governorate, Ghulayfagah (H-1), Al-

Dahi (H-2), Al-Mounirah in Hodeida Governorate and Yahkhtol

(T-8) in Taiz Governorate are located within this coastal

plain.

Harad (HA—l) is located near the national border with Saudi
Arabla dbout 170 ki to north-west from Sana'a.
This site is a transit station for Yemenis going to work in

Saudi Arabia and for the transportation of imported materials.

At"presént there are th_Harads:” one is a old traditional
viilage,and the oﬁher is rather new public center in the
vicinity. The population is 3,090 people for oid Harad and
4,000 people in new Harad. Also a total of ébout 6,600 head
of'céttle are kept in the two Harads. Present water sources
for both Harads consist of some shallow dug wells. Water
~qguality is satisfactory. HQwever, considering the importance
of ﬁhe-locatidn in the transportation network, an accute short-
agé of domestic water can be expected in future. Improvement
of the water supply system will be also reqﬁired to satisfy

a standard level of the urban water supply system.

Ghulayfagah (H-1) is to the south of Hodeidah about 45 km:
the population-iq only 500 people distributed along with date
palms along the coast.

bomestic. water is taken from shallow dug well% and the gua-

llty'of water is satisfactory.



Al-Dahi (H 2) is located to the north-north east 50 km from

Hodeldah along national hlghwav which 13 undel
At present, the population is 7, 000 people. The area has

abundant cultivated lands and animal husbandary is also
of cattle.

construction.

prevalent since there are 6,000 head
The present water source for domestic purposes is a single

borehole (65 m deep) and a partly private service connec~

tion was observed. Upon completien of the national hlghway
which was scheduled for the end of 1979, a rapid increase in

domestic water demand can be expected.

Al-Mounirah (H- 3) is a prospectlve water source for Ebn Abbas

and Al-Harunia which are located on coast where groundwater,

the present water source, is contaminated by extremely high

gsalinity.

Makbana (T~8) is located alona the coast of the Red Sea

about 75 km from Taiz Town in the west-southwest. The popu-
lation is 2,500 people and the total number of livestock is
estimated at 5,000 head.

Due to the. location of the v111age close to the sea, water
obtained from a shallow dug well contains high sallnlty

reaching an electrical conduct1v1ty of 4,700 n /cm,

For this reason, drinking water is carried by vehicle from

inland places almost 20 km from the village.

5-2-4 ° Bastern Highlands

This land unit is moderately undulating terrain 1yihg at
altitudes between 2,100 m and 2,200 m A.S,L, adjacent to the

Sana'a Basin,

The geological feature in the area is the Upper Cretacious

Tawilah sandstone which unevenly covers Amran limestone

5-10



Thls area lncludes four sites in - -the Sona'a Governorate,
Bany Shaker/BalL Abo Saba'a (S-=1), Bait Abo Hashem {(S~2),
‘Al- Sheab;Al Aswad (8-3) and Banzﬂgarhan/bany Saria'a (8- A{.

Bény shakex/Bait Abo Saba'a (8-1) is located 40 km from
Sana!a to the east-southeast. About 500 people used to

obtaln water from a small dug well which is dried up at
present

The present water sourre is a small sprlnq, 5 km away from
the v1llage. The water is carried by hand or on donkeys .

Thetre lS no access te the village by vehicle at preseﬁt.

gﬁit Abo Hashem (S-2) lies on the guaternary lava plateau

. intruded through limestone. The distance to Sana'a is
45 km to the northwest. The population is only 380 people
with 1,300 head of cattle.

At present no domestic water source is available in the
VlClnlty of the v1llage Doméstic‘water is obtained by

car from shallow wells at Wadi Maswar 6 km from the village.

Al- Sheab/Al Aswad (S 3) is located 40 km from Sana'a to the

west. The populatlon is 2, OOO people and during ralny season

large numbers_of cattle (7,000 head) gather at the village.

There is no source for domestic water within the village.
The present water source for this village is a small spring
6 km away from the village and water is carvied by hand and

.on ddnkeys.

During the field survey, however, people in the village were
ready to make a test drilling and the site chosen by the sur-

vey team produced a successful result.



Bany Fa1 Farhan and Bany Sharia'a are .located further 5-km to the
west from the site §-3. The population of the VLLlage 15 650

people with 1,000 head of cattle.

The source. of domestlc
all spring 6 km from the village.

water entirely depends on a sSm

5-~2-5 Southern Highlands

This is a part of the catchment area where water flows into

the Gulf of Aden. Seven sites of the Taiz Governorate are
included in this land unit. Of these sites Al Mashgab (1-1),
Al-Manara & Al-Dukum (T~2), Alnquﬂan/AIwJuball/Shelba Harud
(T-3), Hadad/Qahfa (T-4B} have easy access to the wadl in the

madlandc where sufficient and safe water is avallable

Al-Mashjab (T 1) and Al- -Manara/Al ~pukum {T-2) are about 35 km
from Taiz to the qoutheast having populations of 800 and 600
people’ respectively. Both gites have relatlvely large numbers

of cattle {2,000 - 2,500 head each).

People depend on shallow wells for their domestic water source
and cisterns are used for cattle water. However, seasonal
fluctuation of the amount of available water is a distressing

problem for the villages.

Al~Maydan/AthUbail/Sheiba Hamud (T-3) is lying at altitudes
~ between 1,400 and 1,500 m A.S.L, 35 km from Taiz Town to the

east. There thrée'villagés are within a few kilometers of

‘each other. The total population is 1,000 people with 2,000
head of cattle.

The present water sources for domestic purposes are smail
springs and shallow wells on the floor of the Wadi Al Mahken,
3 km away from the villages. |

Hadad/Qahfa (T-4A) is located along the national highway,
Tuluba Road, 35 km from Taiz Town to the south.



The'totél pOpulatibn is 1,800 pe0ple'with 1,500 head of
cattlecf

Al-K Kudha/Al Hagl (- 4B), Shohat/Al-~Kadash (T-5) and Al-

-Zaklra (T-6) are located 45 km from Taiz Town to the South.
.The populatlons are 2 500, 2,000 and 4,000 people rESpnctlve~
1y with the same number of cattle as size of population at
each. village. However, these sites are located on a plateau
of Tawilah sandstone surrounded by high cliffs which iso-

Jates these Sites from the midlands below.

Geologicélly, Yemen Volcanics cover Tawilah Sandstone uneven-
ly. Shallow .dug wells are constructed mainly along this
faﬁlt line. However, the available amount of water fluctua-

tes widely on a seasonal basis.

Génerallly'speaking,'the plateau-like morphoiogy made of hard
fockstéVelops into cliffs aloﬁq the structurally weaker zones
which tends to produce poor conditions for ground water re-.
éharge.and storage. '

Therefore special méasures will be necessary for prévision of
water.fof these three sites. o kind of water master vlan
Covéring a wide area including such vroblematic sites is

urgehtly reqﬁired.

The geologic column in relation to the survev sites is summa-
rized in Fig. 5-2. Also, the size of population and number

of cattle at all the sites are summarized in Table 5-2.
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5.3 present State of Water Supply

- 5=3~1 Introduction

In order to draw a cleax plcture of the present state of

water supply at the survey gsites, gencral 1nformatlon and

e collected from the varlous governmental and Unlted
Futther information and ‘data '

data wer

Nation agencies at Sana'a.

were obtained frow interviews with senior nmemhers of coonera~

tive societies and investigations conducted by the study team

durihg the field survey.

Phrough these activities, the followmng major aspects of the

present state of rural water supply were clarified:

* Present state of water sources and water supply
facilities

# Present state of water consumption

* Price of drinking water in rural area

* Water quality of exilsting water sources

The results of the above data collection and their analysis

are briefly described in the following sections of this chapter.

5-3-2 Existing Sources and Facilities of Rural Water

Supply.

The most common types of water sources at the survey sites
are cisterns, springs and shallow dug wells. Sihce the
yleld of these sources is llmlted ‘several different types

' of water sources are used wherever the water is available .

Typical water source facilities are storage basins at sprlng

outlets and hand pumps at dug wells.

Only a few cases of water supply facilitijes such as storage

tanks, trunk mains and distribution mains were observed



In"some'caSes especially at Bany Shaker, Bait Abo S5abaa,
and Al -Sheab AlnAswad, water from dug wells and clgterns
is avallable for only limited months in a year because of

gevere climatic conditions.

The typical typejof dug well is two meters in diameter with
the depth fanging from 15 m to 20 m depending on the depth
of impermeable strata. Therefore, the usual thickness of
water holding strata covers only a limited area and this

results in limited yield.

It was also observed that spring water is utilized without

ahy type of'storagé basin at many sites. At the sites where
a storage basin is provided, a large amount of water is lost
because of overflow due to insufficient capacity of the sto-

rage basin or leakage because of poor lining.

A cistern is a kind of storage basin'distributed throughout
“the Republic collecting surface run-off durlng rainfall. _
(See Fig.5-3) Especially in Hajja Governorate, many cisterns
play an important role in providing domestic water. Usually
they have masonry structgres and are located within the
village. This may be attributed to thé fact that the location
of the cistern is determined by its_acceSsibility since the
water Seurce of a cistern is the surface flow which is
available only where topographiCal conditions are favourable.
However, it also means that the water is subject to contamina-
tion from human activities within the cistern collection area.
For this reason, cisterns are not recommended as the water
source of drinking water except in some limited cases where

no othéer water source is available. In such special cases,
consideration must be given to protection from water contamina-

tion.
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In géneral, many water sources, dug well, storage basin and
cisterns, are open to the air which results in contamination
of water guality. This can be improved by provision of a

simple structure to cover the water source.

Locatidn and type of all existing water sources and facilities
of rural water supply at survey sites were studied and the
amount of available water from the existing source was

estimated at each survey site. (Table 5-3}

Based on the above study, the type of water source and water

supply system were classified as shown in Table 5-4.

5-3-3. Present State of Water Consumption

In oxder to estimate présent state of water conéumption} it
is necessary to sample reliable numbers of inhabitants and
1ivesto¢ks at each project site. However, the statisﬁical
vearbook of the Republic indicates only the size of popula-
tion at the Nahyah level while the necessary data for the
-project is the data at village level. Therefore, numbers of
houéehblds, size of population and number of livestock were
Obtained at each site through interview with senior members

of cooperatives. (Table 5-~3)

Daily water consumption'at'Suyvey sites varies from 10 m3/day
to 130 m3/day'and the Water requirements of livestocks exceeds

that of domestic water requirements in many cases., (Table 5-3)

The unit water consumption rate varies from 4 L/capita/day
to 40 L/capita/day entirely depending on availability of the
water. In many cases the consumption rate is far below the

design criteria of 49 L/capiﬁa/day nroposed by the Ministry.

Therefore, provision of safe and adequate water sources for

rural water supply appears'to be most crucial task. In



addition COnsidefation-has to be giVen to the dpnstruction

of cattle troughs as a part of rural water supply schemes.

Total water consumption classified by types of sources

is summarized in Fig. 5-4.



Table 5-3 Present State of Water Consumption
at Survey Sites
- Unit | Number | Unit Total Consumption

site o o alLivenock summion] sl e total | el
(L/&g% (L"Sg% (m3lday) (m3f'(!ay) (m3}'{lay) (Rial[m3)
:;:_x\TMTdan ﬁ 7,500 14 3680 6 | 105 | 220 1271 -
HA-2 |Elman i,500] 10 1470, 6 15 881 238 -
HA-3A|Shihara 4,500 12 8830 6 54 53| 107 -
HA-3B|Thari - 15000, & | 15000 6 | 90 | 90 | 180 300
HA-4 |Harad 7,000 22 6620 6 | 154 39.71 139.7 25
Al |AIMahweet City 10,000 40 63200 6 | 500 3_7.93 537.9 -
A-2 |Hufash | 1,500 25 630l 6 37.5 38 41.3 500
A-3  |AlRajam - 500 20 630] 6 10 3.8 } 13.8 -
A4 |AlKhabet 1,500 31 880! 6 | 46.5| 53, 518 -
1 |Dany Shaker & Bait Abo so0| 4 860, 6 2 52 12 N

Sabaa ‘
$2  |Bait Abo Hashem 380| 11 1,600 6 421 96 % 13.8 50
$3 |l Sheab & Al-Aswad 2,000f 24 8,800 6 43 s2.8 | 100.3 60
54 _ Bany Farhan &_Bany Saria'a 050 i6 1,300 6 104 7.8 ; 18.2 —
H-1 |Ghulayfagah s000 268 sto] 6 | 133 '3.1_i 16.4 -
H-2 Al Dahi 7,000 41.6| 77100 6 | 2912 463 3375 _
H-3 Al Mou_nir'ah 5,000; 133 6'4.0 6 66.5 3.8 70.3 Some
T-1  |Al Mashjab 1,500 16.7] 6,670 6 w501 40 1 65 -
T2 |AlManara & Al Dukum goo| 15 | 62400 6 12 | 3741 494 -
T-3 | Al Maydan, Al Jubail & 1,000 15 27400 6 15 16.4| 704 -

Sheibd Hamud

T-4A |Hadad & Qahfa 1so0l 30 | 2740 6 sa. | 164 704 =
T4B |AlKudha & Al Hagl 2,500 45 | 34250 6 11,125 | 2055 [1.330.5 110
T-5 Shqhzit & Al Kadash 10,000 40 37400 6 | 400 | 224 4224 -
T6  |AlZakira 4000 10 | 8220 6 | 40 23] 893 _
T-7  |Bab Al Mandab 2,800 43 410 6 | 1204 Co2s| o1y -
T-8 | Yahkhtol 4,500 8 6350 6 1 36 E PIREEEEA 75
"T9 | Makbana 70000 333 2740 6 | 2331 ‘ 64| 2493 250




TABLE 5-4

TABLE - 5-4

@ majof cype
() supplementary type

RN S

o

[Sle/elejelela)e:

rii:f SURVEY SITE Water Source !Intake Facility Method of lﬂtaké -Disﬁsffhiion |
. o |»ly rz A A B S L S ‘f“ g[8
SIEIE TR 85 B R
LEEL BB EEELE IR e
P R L gl ] e
glety - 4 @l 18 Ple
prt ° El . Ly R B ‘
L - ' e . |
HA-1 Al-Madan & 8 Villages @ . O @ O O O O @
i 2 Elman & Q_Other villages @ O ’ QO ] O O . . AQI :
- 3| Sihara @ ' @ A . @ ©4‘ :
IB) Thard O @ O O @ O | @ @ : ©I i
4 Harad @ @ @ O O O‘ .
A-1 | Al-Mahweer City @O @ O @ | O @ g
T2 Hufash O @ ‘ ___ @ @ § T(Q?‘5 :1:
3 Al;liajam O @ '. @ @ O @
4 | Al-Khabet O O O @ o O O! |
¢-1 | ‘Bany Shaker & Bait Abo Saba'a O @ O i @ O @ O O O
-2 -Bait Abo Hashem . @*r*—Jr- @ @ _’“r@ O !
' Fﬂ Al-Sheab Al-Aswad O O E Q] |©@ O © ©|0 /|
&4 Bany Farhan & Bany Saria'a o O O O @ O Q @ O O:
|_ H-1 Ghulayfagah @ @ @ ' - O ) O @
H2 Al-pahi _ @ ' @L“F' @ O QOQ
3 Al-HDunirah(:lgds:‘igl]iztil‘:?;?bbas @ . @ ’ ’ @ S B @ O
T-1 | Al-Mashjab @ O [ @ O @ O ' : O
i 2 Al-Manara & Al-Dukum @ O ) l—©~ O @ O ' . O
3| Shetot tamad OO ] QL 0L _10]10] 10O
4A]  Hadad, Qahfa . @ @ O ) O O O O
48 Al-Kudha, Al-Hagl ©) L_,_Eiiﬁ(:) - O10 OO0
5 Shohat, Al-Xadash @ . M@ O O O O
6 | Al-zakira : @ O 1 O d @ O O
7 | Bab-pl-tandab O @ H‘O T : O | O O
"B} Yahkhtol 7 1
g Makbana J%MH J g T @ g g 8

e}
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5-3-4 Water Quality

‘At present, the data of water quality of the rural water

" supply is hardly obtainable in the Republic.

discussion is made on the water quality at survey sites in
n the analysis obtained from the field

However,

this section based o

survey and laboratory test.

Since the survey sites are distributed 1n dry areas high

sallnlty is the prevalent problem -of qguality for domestic

water.

In the inland area of Hajja and Taiz Governorate the electric
conductivity of water obtained'from spring, shallow wells is
relatively high falling into the range of 1,000 and 2,000
pUch. Also the total hardness was obqerved to be higher
than a few hundred mg/{ and the extremely hlgh value was

observed more than 600 mg/f at Makbana.

On the other hand in the lowland area in Tihama Coastal Plain,
the quality of watér distributed in a wide range. The elect-
ric conductivity was observed to be ranglng from 1,300 to
5,000 nu/cm. The total hardness is also distributing between
100 and 1,000 wa/[.

However, there found some exception of highly concentrated

- salinity at some shallow wells in wadis. Probably the high
salinity may be caused by high_eﬁaporation due to strong solar
radiation and the loﬁer.saliﬁity_of the shallow wells in the
wadi can be attributed to the fact that seasonal flood spate

washes out the precipitated salts in the water course along wadis.
The salinity of the water obtained from cisterns in'highlands

indicate relatively small value. Since the water source of

cistern is surface run-off,
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However, it ShOUld be hoted ‘that most of the water in cis-
terns are hlghly contamlnated by bacteria although identifi~
catmon of collforms was not tested.

Further, detalls are dlscussed in Appendix 2.

5-4 Available Water Source
5-4~1 Introduction

Through the study 1t was cbserved that the majority of the
surveyed rural. water supply sites depend on groundwater,
either shallow dug welle or small springs, for their water
source. This can be attributed to the fact that severe

climatic conditions prevail over the survey sites.

In order to identify the feasible water sources and to
estimate the magnitude of the available water sources for

the iurai_water éupplylschemes; various kinds studies and
field inveétigatidns were undertaken.

Based on these studies, the available sources for the rural
water supply under the project were=classified into-éategories

which are discussed in the following parts of this section.

5-4-2 Ground Water

1. Deep Ground Water

This is a type of ground water which does not have
immediate influence of surface hydrology in the area.
ThiS'type of water source'provides steady yield for
rural water supply scheme where hydrogeologlcal con-

ditions are favourable.

The yield, however, has to be determined based_dn a
1th term water balance analysis to prevent over
_ektraction of ground water which may result in dis-

truction of ground water sources.



The ground water developed based on pxudcnt hydr0m

' geologlcal cons;deratxons will prov1de potable watéer
for domestic.purposes without any clgnlflcant Lzeatf
ment devices. This is an advantage over domestlc
water taken from the surface water which Lequlres
various kinds of treatment in many cases. '
Most of the survey sites under the project, distribute
over a wide range of dry areas which recelives annual'_
precipitation less than 600 mu/year. In addition,
since the available hydrometeorologlcal data is very
limited in these aveas, it is difficult to estimate

the volume of surface water availab}e.

Accordingly priority was given to the ground water as
the domestic water supply sourceé under the project in
order to provide potable and stable water for urgent
requirements. ' _

Based on the hydrogeolbqical study and analysis, the
ground water proposed'for the sources of the rural
water supply at éurvey sites is listed as shown in
Table 7-4. {See The Technical Report Hydrogeology)

2. Shallow Ground Water

This is a type. of grqund'water which has immediate
influence of surface hydrology in the area. Most of
the shallow dug wells in Wadis depends on this tYpe
of water for thelr water source. However, due to the
severe climatic condition, the amount of yield Ffrom
this water source fluctﬁates tc a great extent accord-
ing to the surface hydrelogical conditions.

Generally speaking, a iarae vield can not bhe expected.
However, where some measures are applicable for arti-
ficial recharqe and effective water collection . system,
this type of water source can play an important role
for the future rural water supply.



.FOrﬁﬁhis,purpose; the study on the run-off structure

éfzthese'prospéctinq wadis and determination of the
physical properties of agquifers should be undertaken.
Under'the project, the subsurface reservoir, a type of
shéllow grbuﬁd water develOpment,'was proposed at

. gshohat/Al-Kadash ({T-5), since no alternative water

gource is available at present. (See Section 7-3)

3. Spfings

From hydrogeological point of view, spring water sources
observed in the area are classified into three types:

a. Wéter-aléng.fissure oxr fracture of dykes.

' This type of spring are found at Al-Madan, El-
man, Sihara, Dare, and %Zakirah.

b. Water in the boundary zone between rodk stratum.
The spring observed at Al-Madan falls in this
category. ' _

c. Water in the boundary zone between rock strata
and alluvial or colluvial deposits.

‘This type of spring are found at Flman, Dare

Sihara,'Shohat, and Kacdash.

Since most of the spring water SOﬁrces are supplied by fissure

water, the yield is limited and fluctuates seasonally.

Howéﬁér, gince sPring water is usually potable, it has been
playing an important role in the provision of domestic water
eSpecially fbr people in the highland-areasf' The importance
of spring water for domestic water supply may éven increase
in future. Especially at the sites where hydrogeological -
conditions are unfavourable to meet the necessary future
demand of domestic water in the vicinity of the service area,
spring water shbuld_be efficiently utilized combined with

ground water and. other available sources for the provision



of potable water for the increasing future demand of the

rural population.

the common type of 1ntake fac1lity prOVLded for

At present,
however,

springs is a simple storage basin at the outlet;
the storage capa01ty of this storage basin is 1nsuff101ent

in many cases.

Therefore, an improvement of this type of water sourqe.will.
‘be made to a certain extent by the provision of storage

devices for the effluent of the water from the existing

.~ storage basins.

In addition, techniques for the improvement of spring water

was proposed for the following survey sites: (See Chapter v,
: Technical Report)

HA-1 Al~Madan
HA--2 Elman
. HA-3aA Sihara
- S-1 Bany Shaker/Bait Ab Sabaa
T-6 al-Zakiradh

For this purpose, detailed observation of spring yiéld and
study of the'recharge mechanism should be urgently under-
taken. '

5-4-3 Surface Water

Due Lo severe cllmatlc conditiorns, surface water ls unrell—
able in the area except-in the mountainous regions in the
southern part of the Republic.

Usually, rainfall is sporadic and occurs in torrential shower
caused by the convectional disturbance of the air masses,
Accordingly, river discharge occuring 1mmed1ately after the
rain has an extremely steep hydrograph recession curve due

to the high intensity and the short duratlon time of showers.

Therefore, a system to trap the flood waters effectively for
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'utiiization of the surface water is urgehtly required.

For fhié‘pﬁrpose} either a type of reservoir or flood trap
were ppopdsed for the following survey sites (See Chapter IV,
Technical Report):
Proposed reservoir _

5-1 : Bany Shaker/Bait Abo Sabaa

53 Al-Sheab/Al-Aswad
T-4A Hadad/(yahfa

proposed flood trap

- HA-1 Al-Madan and 8 Villages
Te5 Shohat/Al-Kadash
-7 Bab~Al-Mandab

Data collection to determine the design capacity is nece-

ssary for the implementation of these techniques.

As discussed in the section 5-3-2, a cistern is a kind of
storage basin distributed throughout the Republic collect-
ing surface runoff from rai_n's° Especially in the'dry'
highlands, this type of water source has been playing an
:important'role iﬂ.providing domestic wéter. The highly
developed traditional masonry works are well adopted to

the structure of cisterns. The importance of the cistern
in'proviéion of water for the highland areas will probably
not diminish even in future since in éuch areas stable water-
is obtainable only on the floor of Wadi beds far below the

villages.

The basic data of hydrometeorology for désign of éisterns is
not available at present. Under the circumsténces, the pre-
liminary design considerations were made based on the limited
data available.

At Wadi Mawr, it is estimated that the average specific

vield of surface runoff ranges between 30 to 50 mm/year based



on the seven years rainfall records from 1970 to 1976 as shown

in Tahle 5~5 which is modified from the Report of Deve]opment

of Wadi Mawr, 1979 by Tlpton and_Kalmbach, Inc.

Table 5-5

pbuie L W

Rainfall and Runoff
Wadi Mawr and Wadl Zabid Catchment Aregls

{  Wadi Mawr mmm%%_
- Specific Specific
Return Period Probability | Rainfall | Yield Rainfall | Yield
(Years) (D) mm/year | mm/year nmuyear " mm/year
— |
1.11 90 370 18 502 31
Z . 50 524 30 1 665 46
2.33(Mean) 43 551 32 694 {48
10 10 765 49 922 70
, L L

Size of Catchment Area: Wadi Mawr 7,912 km?
Wadi Zabid ' 4,338 km?

The catchment area occupied by Wadi Mawr in Hodeida Governo-
.'rate and the area above the discharge gauging station con-~
sisting of 7,912 kmZ is primarily a rugged mountain region
risiﬁq to elevations over 3,000 m at the river's headwaters.
The catchment is composed of weathered ana fractured rock wiﬁh
relatively steep slopeés. The soils are fine grained. Only
about 17 % éf.the'area is terraced or cultivated and natural
vegetation covering the area is sparse.

The catchment area of Wadi Zabid 1is located to the south of
Wadi Mawr. The greater part of this catchment area 6ccupies
the Tihama Coastal Plain and the headwatels Flow out from

the high mountainous area in the western part of Ibb where'
the highest annual rainfall 1s recorded in the Republlc _
Nonetheless, the specific yleld in a dry year at 90 % excedence
probablllty is estimated at 18 to 30 mm/year. This specific
vield can provide JO 000 to 18,000 m3/km2/year ésquﬁing 40 %
losses due to evaporation and leakage. This amount of water
can serve a population of 740 to 1,200 assuming per capita
daily consumption ig 40 L/cap/day.
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Howeveft'at'the survey sites located in the dry highlands
areas under the project, the specific yield should be much
smallef:cdmpared with that of the above catchment areas.

At preSentﬂ there is no basis to estimate the specific yield
at these sites where the necessity for utilization of cis-

. terns is:britiéal.' Thefefore; the study of the runoff
structﬁre éhould be urgently made at these dry highlands.

Another'importaﬁt'aspect for the utilization of cisterns

is -the consideration of water quality control.

Thé watei'iﬁ a Cistern is subject to pollution primarily due

to the 1nflow of the organlc pollutants and mud from the catch-
ment area.' This may cause secondary pollution due to the re-
product;on of the aquatic microorganisms. The continuous
reproductlon the aquatic microorganisms tends to produce

é eutrdphic:environment which may cause tertiary pollution

due to organic sediments at the bottom of cisterns.

Thefefoie, the conservation of the catchment area_of cis-
tefns'ié necessary. For this purpose, the cisterns'should
be located outside of the village'and'herds of cattle should
not be aliowéd to access the catchment area.

'In addition an improved design should be adopted to cover

the cistern or to store water underground.

A modern water treatment plant usually con51sts of chemical
flocculatlon/coagulatlon, Settlng/flltratlon and steriliza-
tion by chlorine. However, this type of purlflcatlon system
-requires a_lafge annual cost for the relatiVely_Small design
capddity.éxpegted of the limited capacity of cisterns.
Therefore,'it is recommended to'apply some modified slow sand
filter whlch ig comparatlvely easy to operate lncludlng wash-
ing of the sand filter.

Although:stﬁdy Should'be undertaken to determine the detailed
design condltlon of the slow sand filter for cisterns, the
prOVLSlonal de51gn conditions proposed are as shown in Table
5-6 based on a filtration rate of 5 m3/m2/day.
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Table 5-6

Proposed Design Condition of Slow sand Filter

(m3/day) 2 10

Design Capacity

surface Area of Sand Filter (m2) 0.4 2

5-5 Hydro-geography

The physiography of the Republic is divided into three major
The survey sites
the

relieves; lowlands, midlands and highlands..
distribute over a wide area in the country: however,
majority of the sites are locategd in the lowland, Tihama
Plain and highlands of various governorates. Oonly two 51tes
(Al—kﬁabet A-4, Makubana T-9) are located in'the'midlands.

In the ﬁighiands, the major component of morphology is the
independent stéep rocky mountains reaching 1,500 m - 2 ;500 m
A.5.L. or the plateau-like morphology with surroundlng steep
cllffs, incised by deep valleys. The Cllmatlc condition in
the highlands is relatively cool: The average monthly alr
temoéiature ranaes'between 16°C and 26°C and annual pr901p1ta—

tion is only 400 ~ 500 mm/year.

Predominating geology in the highlands is Yemen Volcanics
and Tawilah Sandstone. The hlthands succeeds to the mid-
lands where changes in elevation are less dramatic’ hawever,
the arid roughness of the terrain discourages all but the
hardiest succulents and scrub grasses, _

In the increasingly desertwlike conditions at the lower
elevationg, this sparse natursl vegetation disappears.

The extreme coastal reglon in the lowlands is characterized
by either sand dunes or mud flats, and the soils are highly
saline. The ciimate in the lowlands isg characterlzed by
high air temperature ranging from 22°C to 35°C of monthly
average and low rainfall (50-3g0 mn/vear) . Although the’
water is available only to a limited extent the highlands



area is much more favourable than the lowlands in terms of

availability of water.

As flood plains distribute only at limited locations, agricul-
ture is practiced mainly on labour-intensive stone terraces

on the high-altitude steep slopes and along limited areas

along wadis.

The distribution pattern of rural population is determined
accordingly. Major crops of these farmlands are sorghum

for staple food, coffee and gat for cash crops. Especially
gat has great'impact to the household income in the highland

areds.

Although the yield fluctuates seasonally, many springs are
observed in the highland area. This can be attributed to the
fact that the major geological components of the afea are
Yemen Volcanics and Twilah Sandstone and the higher rainféll
than the lowlands. The schematic maps of landuse pattern in

the highiand area are shown in Figs. 5-5 to 5-10.

In the lowland areas, greater portion is occupied.by flat

low altitude lands covered by sands. Climatic condition in
'this area is very dry and hot.. Annual precipitation ranges
from 50 - 300 mm/year while mean monthly temperature ranges
272 to 35°C. Due to the severe climatic condition natural
Vegetatidn is hardly observed'éXcépt_EXtremely sparse grasses
and shurabs along major wadis. Water is available at these
wadis seasonally. In some places shallow dug wells. and spate
are well utilized for irrigaﬁion, In the reSf of the area,
water is hardly available or cohtaminated’by high salinity.
The schematic maps of land use pattern in the lowland areas
are shown in Figs. 5-11 to 5-13.
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" CHAPTER -~ VI

COST COMPONENTS OF RURAL WATER SUPPLY

6~1 intrdduétiOn 

In order to determine the optimal system for the
provisibh'Qf_équitable water supply to the various types
of survey sites, unit cost analysis of investment cost.and
annUal“capital cost was made for the project.

Thig analysis also indicates the percentage of each unit cost
of water slpply system in the total cost. TIn addition,
the pfice_of_water was compared for the survey sites on
the'basié of total annual cost including annual capital cost
and operatlon maintenance cost. For this purpose, the

‘cost of substantlal items like material, labour and trans-
portat;on were obta;ned, mainly from Unit Rates for
Estimating The Cost of Projects and The Builders Price Book
Volume 1 published by MPW; the cost for other necessary items

was estimated.

6~2 Life of'MaChinery_ahd Facilities

The useful life of machinery and facilities for water supply

estimated as follows for this project.

LIFE OF MACHINFRY & FACILITIES

Wells 10 years
Submercible Pumps lO‘years
Pumps 16 years
Diesel Engines & Generators - 10 years
Water Tanks 20 years
Pipes . | 20 years
Seféiéé Taps & Cattle Trough 20 vears
Pump House and other 20 years

permanent Structures



6-3 Unit Cost of Rural Water Supply

6-3-1 1ntroductlon

supply system is lelded into several substantlal
The cost of

Water
units as shown below (See Chapter VIII):
each unit is determined in the sections whlch follow

Water source including construction cost of pumns and

engines
- Distribution Tank

~ Main Pipeline

-  Pumping Paclllty including booster pumps

- Service Tank and Public Taps including cattle troughs

6-3-2 Cost of Water Source

The major type of water source for the progect is deep
ground water. According to the result of hydro geologlcal
analYSlS, the optimum depths of the borehole were: cla931fed

into three groups:

100:m deep or less
200 m deep
300 m deep.

The yield of each type depends on the nature of aquifer
which variés_f:dm place to place ranging from a few hundred

m3/day to 1,000 m3/déy. Technical Report: HydrOgeolog?
Chapter V)

The average drlillng cost is estimated as shown below:

Drilling Cost ¢ 10" 2,600 YR/m
Casing & Screen @ 8¢ 600 YR/m
Logging _ 6,700 YR/Borehole
Well Development & e ' o
Pumping Test 43,800 YR/Borehole
Transportation, ' L
.Mobil%zatibn & o

Demobilization 59,000 YR/site
Contingency . 20% of Total Cost



The overall averagé drilling cost is estimated at 4,400 YR/m.

Thé cost of the pump and engine was determined by the total
head required and the capacity of the determined pumping

rate'as:fbllows:

1 HP = 0.7461 KW -~ hr = 273.89 m>-m
assuming 70% of. pumping efficiency
1 HP = 273.89 x 0.7 = 191.723 m>-m.

Therefore required horsepower is determined by:

W - QX H

LOP = 91797,

’Where'Q ié the Capacity of pumping rate and H is the
nécessary total head. H and Q are determined by the
hydrofgeological conditions of the aquifer and the amount
of water demand.

Thus the éstimated necessary horsepower and cavacity of water
to_be pumped determines the capacity of engine and'pﬁmp; '
their cost is fixed in accordance with a performance-cost
diagram.

Investment cost of water source consists of driliing cost
and machinefy cost. The necessary_ﬁnit_inVestment cost
(YR/ma) was estimated for éach'gréup of aquifer (see
Table 6.1.) and plotted against vield of borehole as
shown in Fig. 641.



Investment Cost and Total Annual Cogt
of Water Source _

Table 6-1

10 hr 6peratidn time
Yemen Rials

O aonvil | e | Total

_ Drilling | MAchine | yvestment] IVESMORt | capital | gperation | Annual

m3fday,  cost | With Pumpl oo Cost Cost Cost | Cost’

_Hou.se ' per per m3 porm3 | per m3

80| 440,000| 178,000 | 618,000 7,726 | Li52| 386 | 1,538

125 | 440,000 | 178,000 | 618,000 = 4,944 736|248 IS 986

170 | 440,000 178,000 618,000 3,636 542 182 724

Water 200| 440,000 190,000 630,000 | ~ 3,150 | 470} - 158 | 628

ISJZ;;G 250 | 440,000 | 190,000 | 630,000 2520 376 126 502

100 m 290! 440,000 190,000 | 630,000 { 2,17¢ | 324 108 432

3301 440000 | 202.000| 642,000 | 1946 | 290 98 | 388

375 | 440,000 | 202,000 642,000 | 1,712 |  256) 86 342

415 | 440,000 202,000 64_2;000 1,546 | 230 78 308

80 | 880,000 199560 1,079,500 13,493 _éplo 674 2ﬁ§4

125 880,000 199,500 1,079,500 | 8,636 | 1,288| 432 | 1,720

170} 880,000 | 199,500 |1,079,500 | 6350 | 946 318 | 1,264

Water 200 | 880,000 | 199,500 {1,079,500 5,398 804 268 1,072
;‘;‘;;e 250 | 880,000 199,500 |1,079,500 :4,31'8 | '.544 216 860

200 m 290 | $80,000 | 210,000 {1,090,000 3,758 560 188 748
330 | 880,000 | 210,000 |1,090,000 3,304 492 166 658 |

375 { 880,000 | 210,000 1,6_9@000 2,906 434 | 146 | 580

415 330,0(’_:6 210,000 1,090,000 2,626 392 132 | 524

80 [1,320,000 | 210,000 |1,530,000 | 19,126 2,850 956 | 3,806
125 11,320,000 | 210,000 |1,530.000 | 12,240 1824 ] 612 | 2436 _

170 |1,320,000 | 210,000 [1,530,000 9,0d0 1340 - 450 1,790

gﬁt:e 200 {1,320,000 | 210,000 1,53Qp00 7,650 1,140 382 1,522

Depth 250 1,320,000 | 210,000 1,530,000 6,120 912 | 306 | 1,218

300 m 290 [1,320,000 | 210,000 1,530,000 5,276 786 264 1,050

300 11,320,000 | 210,000 {1,530,000 | 4,636 | 690 232 922

375 (1,320,000 | 210,000 1,530,000 4080 | 608 204 812

415 [1,320,000 | 210,000 {1,530,000 3,686 5500 . 1s4 734
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§-3-3 Cost of Storage Tank

rrefabricated tanks are recommended for;the majority. of
project sites in the mountainous areas because of work-
ability and transportation factofs.' For the sites on_the
coastal plain, concrete tanks are preferable.
VIII-2.) There are 7 types of water tanks according to
analysis only the-main distribué.

(See'SéCtion

functions, but in this cost
tion tanks of prefabricated steel and-concfete were inéluded.
consideration for the other types of water taQKS'aré-ipu _
cluded in each relevant facility. The nécessary_unit.invest~

ment cost (YR/m3) was estimated for various sizes of tanks

{(see Table 6-2 and Fig. 6-2).

Table 6-2-{1})

Investment Cost and Total Annual Cost of

Main Tank

Prefabricated Steel Tank

Yemén Rials

Size (MB)EInvestmenthnvggggent 22;?3&15 ?a8;§§2322§: ggﬁiil
: Cost E per M3 Cost3 ! Cost3 Cost3

‘ per M2 | per M per M

; 5 | 35,400 5,080 517 | 2.6 519. 6
10 | 36,000 3,600 367 1.8 368.8
.50 | 120,800 2,416 246 | 1.2 247.2
© 100 1 200,400 2,004 | 204 1.0 205, 0
2000 : 347,200 | 1,736 177 | 0.9 | 177.9
300 . 433,000 | 1,444 147 | 0.7 | 147.7
| 400 565,000 | 1,412 144 | 0.7 144.7
500 689,200 & 1,378 140 | 0.7 140.7
£ 1,000 1,266,840 | 1,266 129 | 0.6 129.6

Continued

6-6



RIALS /M3

YEMEN

Table 6-2~(2)

Investment Cost and Total Annual Cost of

Ma

n Tank

Réinforbed Concrete Tank

Yemen Rials

. ] = [Annual Maintenance ' Total
o e(Mg)--Investment .Invggszent: Capital & Operation | Annual ;
Lz Cost: or 13 Cost Cost_ | Cost
| P Per M3 per M3 | per M3 |
5 17,500 3,500 356 1.8 357.8
10 26,000 2,600 264 1.3 | 265.3]
50 68,000 1,360 138 0.7 ' 138.7
100 106,000 1,060 107 0.5 | 107.5 |
200 168,000 840 85 0.4 | 85.4
300 219,000 730 74 0.4 | 74.4
400 264,000 660 67 0.3 i 67.3]
500 310,000 620 63 0.3 | 63.3]
1,000 550,000 550 56 0.3 ' 56.3
| i
Fig. 62 INVESTMENT COST OF MAIN TANK
5,000 -
4,000+
31.000—
AIBERGLASS - REINFORCED
2.000- PLASTIC AND STEEL TANX
REINFORCED CONCRETE
,GOO e VANK

T
300

.
LODO 43



6~3~-4 Cost of Main_Pipeline

The cost of the maln plpellne depends on the anergy cost and

the size and materlal of pipes. The size of pipe is determlned
by the required amount of water flow and necessary amount of

nydranlic head.

The most economical way to deliver watex through a pipeline
is to rise the hydraulic head equivalent to the required

friction loss of the pipe.

Tn order to determine the optimum size of pipe, friction loss
and its energy cost were obtained for various volumes of

water flow.

Fuel and engine oil consumption per horsepower in the

Republic were estimated as shown below:

Diesel 0.1 L/HP/hxr
Engine oil - 0.01 L/BEP/hy

where the unit price is:

Diesel 2.2 YR/L
0il 5.2 YR/L.

Therefore, the energy cost is as follows:

Diesel 2.2 x 0.1 = 0.22 YR/HP/hr

0i1 5.2 x 0.01= 0.052 YR/HP/hr
Total cost - 0.272 YR/HP/hr -

1 British HP = 76.08 kg-m
1L HP-hr = 76,08 x 3,600 = 273,89 m3-m.

Assuming 70% of pump efficiency, the energy cost is esti-
mated as follows: :



' 1 HP"‘hr = 191.723 m3"‘m
22273 = 0.001434 YR/m3-n.

191.723

In Table 6-3, the fiidtion loss and investment cost for

various different size of pipes are shown.

Under the project, steel pipes are recommehded for the pipe-
lines in the mountainous areas and asbestos cement pipes in
the coastal areas (sce Section 8-4-4),

Thé annual ddst of each size of pipe was estimated assuming
20 years life and 8% of annual interest rate. Thus addiﬁg
the energy cost and capital cost, the total annual cost of
pipé'was obtained to determine the optimal size of pipe.

(Fig. 6=3)

The ‘relationship between investment éost (YR/m3) and design
capacity of pipe_(m3/day) is shown in Table 6-4 and plotted
in Pig. 6-~4. '

. Table 6~3 Cost Estimate of Steel Pipes
- Yemen Rials
|4, Q Friction Total Energy x Mainte- Capital -

G Yy | @) mdpyean) | ypfom e ype | ot
1" GSP-W 12 4.78 4,380 30.20 41.3 840 911.5
24 17,3 8,760 218.2 " ” 1,099.5
36 { 36.6 13,140 692.5 " ” 1,573.8
48 68.2 17,520 1,720.7 " " 2,602.0
60 | 94.2 21,900 2,971.1 . -3,852.0
84 | 176 30,660 7,770.4 » » 8.651.7
96 | 225 35,040 | 11,3535 " ” 12,234 .8
120 | 340 43,800 21,444.48 o ” 22,3258

2" GSP-W 12 0.164 4380 1.03 100 2,032 2,134
24 0.590 8,760 7.44 ” 2,140.4 -
36 1.25 13,140 23.7 2,156.7
48 2.13 17,520 53.74 » " 2,186.7
60 3.22 21,900 101.6 ” 2,234.6
84 6.01 30,660 265.3 2,398.3

96 7.69 35,040 388.0 ” 2,520
120 11.6 43 800 7316 2,863.6

144 16.3 52,560 1,233.8 ” » 3,365

168 | 21.7 61,320 1,916.1 " 4,048

360 | 889 131,400 16,751.0 » ” 18,632




‘)

Table 6-3—___(3)

COST ESTIMATE OF STEEL PIPES (Cont'd)

- Enerey X ; ‘Capital . :
o Q Friction Total co?ty Mainte- Y}:{ost . fﬂtfli _
(in) (m3]day) (L) (m3jycar) YR fyear - nange  YR/year
A SN AR T —
3" GSPW 48 0.296 17.520 7.47 138 2,810.5 2,956
60 0447 21,900 141 " ” 2.962.6
84 0.837 30,660 " 36.95 2,985.5
120 1.61. 43,800 101.6 - 3,050.1
144 226 52,3500 1711 - 3,119.6
168 301 59,130 2563 13,2048
192 3.85 70,080 1885 " 3337
240 5.82 87,600 734.2 " 3,682.7
360 [ 123 131,400 2,3274 52759
4801 210 175,200 5,298.0 e 8,246.5
960 | 75.9 345,600 37,7720 ” 40,721.2
4" GSPW 60 0.110 21,900 354 207 4,215.7 4,426.2
26 0263 35040 13.3 " ” 4,436 |
120 0.397 43,800 25.0 ' ” 4,447.7
144 0.557 52,560 422 ” - 4,464.9
168 0.741 59,130 63.1 ’ 3 4,485.8
216 1.18 78,840 133.96 ’ ” 4,556.7
240 1.43 87,600 180.4 4,603.1
360 3.04 131,400 575.2 N 4,997.9
480 3.18 175,200 802.3 ” ) 5,225
600 7.83 219,000 2,469.3 ' ” 6,892
- 840t 146 206,600 6,446.0 ’ " 10,868.7
16" GSP-W 120 0.0552 43,800 35 417 $.498 8,918.5
168 0.1029 61,320 9.1 " o 8914.1
216 0.164 78,840 18.2 " » 8,933.2
140 0.199 87,600 25.1 ” ’ £.940.1
480 0.719 175,200 181.4 ' ’ 9.096.4
360 0.422 131,400 79.85 89949
600 109 219,000 343.7 v ’ 9,258.7
.70 1.52° 262,800 575.2 " ' '9.490.2
-840 2.03 300,600 896.3 ' " 9,811.3
1.200 3.92 438,000 2,472.4 " ) C11,387.2
1,680 731 613,200 6,454.8 " " 15,369.8
1,920 }. 117 700,800 11,807.1 ' 20,7221
2,400 14.2° - 897900 18,807.1 " " 27,275
~ IR o - o
§” GSP-W 480 0.177 175;200 44.7 693.2  14,119.3 | 14,857.2
' 500 0.268 219.000 84.5 ” ” 14,897
720 0375 262.800 141.1 ’ ” 14,954 4
840 0.459 306,600 . 220.3 ' " 15,032.8
960 0.639 350,400 322.4 15,134.9
1,200 0.966 438.000 6093 » » 15,421.8
1,680 1.80 613,200 .| 15894 ” ” 16,401.9
1,920 287 790,800 2,896.3 ' » 17,708.9
2.400 3.49 897,900 45125 ' X 19,325.0
3.120 5.671.138.800 9,298.1 ’ " 24,110.6
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rable 64

Annual Cost of Pipelines

i M&inée~ Tot31 
o 4 IHVESt*.t 23“9321 pance & | Annual
o | . -t ment- Cos { apit ) S OperatiOn Cost
IS (M3/day) (M) (Y.R.) | Cost (Y.R.) | cost (Y.R.)| (Y.R.)
100 4,200 428 21 449
2" gsp | 1,000 42,000 . 4,278 . ele 4,488
| o [(45-120) | 5,000 210,000( 21,388 1,050 :._32,438
EJ 10,000 420,000| 42,778 2,100 44,878
D 100 10,000 1,018 50 1,068)

813 gse | 1,000 | 100,000 10,186 500 | 10,686
o {(120-340) | 5,000 | 500,000} 50,926 2,500 53,426
8 10,000 | 1,000,000| 101,850 5,000 | 106,850
& ’ o - ' L
i 100 13,200 1,344 66 1,410
@ 4" gsp | 1,000 132,000| 13,444 660 14,104
(340-780) | 5,000 660,000 67,222 3,300 70,522
10,000 | 1,320,000] 134,442 6,600 | 141,042
| 100 6,000 610 30 640
3" acP | 1,000 60,000 6,110 300 6,410
o |(120-340) | 5,000 300,000 30,550 1,500 32,050
E’ 10,000 600,000| 61,110 3,000 64,110
k- | 100 19,000 920 40 960
% 4" ACP 1,000 90,000 9,170 450 ° 9,620
O 1(340-780) | 5,000 1 450,000] 45,830 2,250 - 48,080
§ 110,000 | 900,000f 91,660 4,500 . 96,160
g 100 12,000 1,220 60 - 1,280
& ls" ace | 1,000 120,000{ 12,220 600 12,820
(780~1620) 5,000 600,000] 61,110 3,000 64,110
10,000 | 1,200,000] 122,220 6,000 128,220




Fig. 6-4-(1) INVESTMENT COST OF PIPELINE (Steel Pipe)
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6~3~5 Cost of Pumpihg'Facility

According to the desmgn criferla proposed by the MPW,
the service taps should be located lesq than 250m from the

beneficiaries houses. . In this progect, many survey sites

are located on the top of mountalng -

the relative helght between water source

In such cases,
Although the

and the service-area well exceeds 1, OOOm
determination to which extent booster pumns are installed
is subjéct to policy decision, booster pumplng stat:ons
are substantial elements of the rural water supply in the

project. Consideration was glven to locate the public taps

within 500 m to 1,000 m access from each house in this analysis.

Since the range of the required head of the bgﬁster pumps

- falls between 50m and 1, 200m,_the.cost estimate'was made
based on the prlce of necessary machlnery and fac111t1es
for 50m, 100m and 250m head. Although booster pumps are
available which can lift water even upto 3,000m by a sinale
unit, this is not avpplicable for . the rural water supply
because of its maintenance costs and cost of pipes and

joints. ({See Section 8~4-5.)

Therefore, for the sites which require a pumping head of
more than 250m, multiplé pumping systems of 50m, 100m and
250m head are proposed.

-In Table 6-~5 and Fig. 6~5, the ipvestment cost of booster
pumping facilities (YR/m°) for various pumping heads and
design capacities, including pumping house and tank with

capacity for 30 minutes of daily design capacity, are shown .

6-14



Table 6«5=(1}

Cost of Booster Pump Station

10 hre. Operatlion time
Yemen Rials

- - | Investment | Annual Capital | Muaintenace | Total Annual
ggzgl M3 /day “ Co5t3 CQst3 & Opexation Cost
. | per M3 per M Cost per M3 per M3
.80 1,958 292 98 390
125 1,252 186 62 248
170 922 138 46 184
200 844 126 42 168
soM | 250 676 100 34 134
' 290 582 B6 30 116
330 522 78 26 104
375 460 68 22 90
| 415 416 62 20 82
B 80 2,178 324 108 434
125 1,394 208 70 278
170 1,024 152 52 204
200 906 134 46 180
100M 250 724 108" 36 144
” 290 624 94 32 126
330 610 92 30 122 -
375 538 80 26 106
415 486 72 24 96
80 3,050 454 152" 606
125 1,952 290 8 388
170 1,436 214 72 286
200 1,422 212 70 282
250M 250 1,138 170 56 236
290 980 146 50 196
- 330 1,116 166 56 222
375 982 146 50 196
415 888 132 44 176
~Continued-




Table 6~5-{2)
Cost of Booster Pump'Statigg.

10 hr&'Opéfation time
vemen Rials

: Investment Annual Capital Maintenance . Total Annual
Total M3/day Cost - ' Cost & Operation - Cost’
Head per M3 per M3 . Cost per M3 ‘per M3

80 9,150 1,364 458 1,822
125 5,856 872 292 1,164
170 4,306 642 216 858
200 4,266 636 214 854
600M | 250 3,412 508 170 678
290 2,942 438 48 586
330 3,350 500 168 668
375 2,948 440 148 588
415 2,664 398 134 . 532
80 18,300 2,728 S 912 3,640
125 11,712 1,746 586 2,332
170 8,612 1,234 . 436 - 1,714
200 8,532 1,272 426 1,698
1200M 250 6,826 1,018 s ' 342 1}342-
290 5,884 876 294 1,170
330 6,702 998 336 1,334
375 5,898 878 294 1,172
415 5,330 794 266 1,060

6-16 .
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6~3-6 - Cost of Service Taps and Cattle Troughs

Since the design capacity and the size and number of taps

are determined by the capa01ty of the service ‘tank, the cost
of service taps and cattle troughs was estlmated at 30 % of

the construction cost of the service tank.

6-4 Investment Cost of Rural Water Supply

The investment cost of the rural water supply‘was_anaIYSed
based on the unit cost for several different design condi-
tions in each unit of the water supply system. - The invest- .
ment cost for tanks is relatively small compared with the .
other units. The unit cost of water source varies from 150
to 6,400 YR/m3 according to the design_capacity ranging

from 400 to 100 m3/day- '

In many cases where the rural water supply system is composed
of varying design elements, the cost of the water source
occupies almost half of the total investment cost of the

water supply system.

In addition, the investment cost of pipelines'is considerable
where ‘the total extension of the pipeline requlred is more

than 10 km.

Another cost impact on the total water supply system appears
to be introduced by the cost of the booster ?ump stations.

The investment cost of the booster pump station easily ex-
ceeds'the cost of water source when a design head is redgquired
for more than 1,000 m. Ah equitable allocation of'the cost
among Lhe units of water supply system is necessary to prov:de
the maximum effect for the rural water supply investment.



6-~5 Annual Cost

In order to estimate annual cost of water, annual capital
cost of each water supply unit is calculated based on the
‘estimated investment cost in the previous section.

For this pﬁrpose assumption is made:

Life Time

machineries & boreholes _ 10 years
pipes & tanks 20 yeérs

Discount rates for 8% of interest rate

0.14903 10 years
0.11683 : 15 years
0.10185 . | 20 years.

Annual cost of each unit of rural water supply system is

shown in Figs. 6<6_to 6-9 including the maintenance
and operation cost.

Operation and maintenance cost is estimated as below:

Machinery 5% of investment cost
Pipe and tanks 0.5% of investment cost
Other structures 0.5% of investment cost.

The annual cost of rural_water_supp1y consists-of the total
of annual capital cost of each unit of system plus operation
and maintenance cost as shown in Figs. 6-10 to 6-12.
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Fig. 6-8-(1) ANNUAL COST OF PIPELINE (Steel Pipe)
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Fig.6-9 ANNUAL COST OF BOOSTER PUMP STATION
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CHAPTER VII

PLANNING OF RURAL WATER SUPPLY

7-1 Inﬁroducﬁioh

As shown in Chapter V, all of the survey sites under the
projéct'have problem areas for the rural water supply
gchemes. In addition, the conditions of these survey
sites vary: some are located on the top of high mountains
and the others are located at extremely low altitudes

in arid and ‘saline énvironments. The initial task of
rﬁral'Water supply ‘planning is to determine a method to
ptoVide an_equitable water supply system for these sites

based on the cost-effectiveness concept.

Since_thé early 1970s, the economy of the Republic achieved
~a dramatic expansion; however, there is no basis for
determining Whetﬁer'the same situation will cbntinue in

the leng run. Consequently, too long a projection into

the future is not relevant for this project.

From the teéhnical point of.viéw, the main faCilities
_involved in this project will consist of boreholes and
machinery. The life Qf'theSe facilitieé is considered
to be 10 years. The other facilities with simple and
durable structures, like pipelines and water tanks, will
last for 20 years. 'To cover both durqtidns; a plahning

period of 20 vears was adopted. (Section VI-1)

7-~1



7-2 Rural Water Supply Demand
7-2-1 Introduction

The major components to determine ‘uture cemand of rural watexr

supply are unlt water consumptlon rate and size of popu—

lation, including both number of people and head cattle, as

determined by thelr expected growth rates.

7-2-2 Growth Rate of Population

In the past, the énnual growth rate of Yemen's population
was estimated at 2.5%- 3% (Central Planning Organization 1275},
Recently Allman and Hill (1977) calculated & growth rate of

only 1.8% per year, while the Swiss Technical Assigtance team

estimated at 2.4% for 1980,

However, under this project the socio-economic conditions of

survey sites differs frem place to place.

Accordingly, three different levels of the futore growth rates

were used:

6% Sltes playing an lmportant social or economic role
such as transportation node, economic center or
a specific site so determlned_by'tﬁe Ministry.
The following sites fall into this category:

Sihara(HA-3A) Harad (HA-4)
Al-Dahi (H~2) Al~Mounirah (H-3)
Yahkhtol (T-8)

3%: Sites which are in an embryonic stage of urbaniza-
tion with relatively large populations between.
3,000 and 5,000 people. The following sites fall
into this category:

A}-Madan & 8 Thari (HA-3B)
villages (HA-1)  Al-Mahweet City(A-1)
Al-Sheab, Al- Al-Zakira{T-6)

Aswad (Sf3) Makbana (T7-9)



2.5%: The common rural areas.
The fol]ow1ng sites fall into this category

: Elman.&_a_Other villages (HA-2)
Al-Rajam- (A-3) °
Bany Shaker & Bait Abo Saba'a (5-1)
Bany Farhan & Bany Saria'a (5-4)
"Al-Manara & Al-Dukum (T-2)
Al-Maydan, Al-Jubail Sheibd Hamud (T-3)
Hadad, Qahfa (T~44)
Al- Kudha, Al~Hagl (T-4B)
Shohat, Al-Kadash (7T-5)
Hufash (A-2)~
Al-Khabet (A-4)
Bait Abo Hashem (S-2)
Ghulayfagah (H-1)
Al-~Mashjab (T-1)

7-2~3 Daily Consumption

The total daily per capita water consumption was determined
by a number of factors: such as the availability of water,
its quality, the cost of the water, the income and size

of the family cultural habits, standard of living, ways and
means'of distributicn, and climate, etc. Statistics on
dally per caplta water consumption alﬁo ex1st in a 1arqe
number of studies.

The World Health Organlzatlon (WHO) ‘has publlshed data on
‘the average daily consumption per capita for rural areas for

sevéral_areas of the world (1973) as shown in Table 7-1.

Table 7-1°
RANGE OF AVERAGE DAILY CONSU IPJ.ION N QU"{A_U AQEAS

(Unit = L/cap/day)

Africa- | 13«35 Latln America & _
; - Caribian Area 70~-190
South” FEast Asia 30-70 _ '
i, e World Average for - -
Western Pacific | :30 75 Developing Countries 35-90
Eastern'Mediterranean 40-85

Feachém_et al., {(1977) summarized the average daily per capita
doméStic_Water consumption for various types of supplies in

rural areas of develeoping countries as shown in Table 7-2.



Table 722

AVERAGE DAILY CONSUMPTTON AND RANGE OI
DAILY CONSUMPTION: L/cap/day

'“—“"a_“”"“’ﬂﬁ"“f”“”wm_'4~'”§§§?§§5"Da11yﬁ Range of‘daiiy"'
Type of Supply .consumptlon consumption
Unpiped supplies 15 3 5 - 25
piped supply with standpipes 30 10 ~ 50
Piped connection: o
- Single tap - 50 }O - 100
- Multiple tap - 150 - 50 - 300

in the Republic, recently the MPW determined the'desiQn

criteria of daily consumption for rural water supply as

follows:
40 L/cap/day ..... “w».. Rural area without distribution
' system
70 L/cap/day ... s e - Semi-~urban area with part of a-
o distribution network.
Population between 3,000 and
_S,OOOIQeople,
80 - 120 L/cap/day ... Urban area with population

more than 5,000 people.

'By comparison, the daily per capita consumption of water

for rural areas in the Republlc is relatlvely small compared
with the ‘average for developing countrles except for Afrlca;
However, censidering the arid condltlons prevailing in the
greater part of the Republic and the common type of public
taps for rural water supply systems, the maqnltude of 40

L/Cdp/day can be regarded as reasonable.



,of the total number of survey sites, nineteen sites (73%)

fall in the rural area.

SeVefallsurvey sites (A1~Madan & 8 Villages) are in a mixed
transitional stage between rural and semi-urban conditions.
In theéé-places, the center of the site forms a kind of
-sémi—urban structure and the surrounding area is inhabited by
fafmersfgrouped in small clusters For this reason, the
crLterla of a semi-urban area is used for the central part
of the site and the criteria of a rural area is applied to
the surrounding areas. The following sites fall into semi-

urban areas:

HA~-1 Al Madan & 8 Villages
HA-3A Sihara

HA-4 Harad

T-4B Al Kudha & Al Hagl
T-6 Al=Zakira

-9 Makbana

The sites regarded as urban area, in termé_df water'consumpn
tion design criteria is a part of Al Mahweet City (A-1) and
Bab-Al~Mandab (T-7).

Another important aspect of the ﬁroject is caﬁtle waterine,
Various kinds of cattle were observed in. the 51tes The
total number of cattle is more than 100 thousand heads.

In order to estimate the futvre demand for cattle waterlng,
the concept of livestock unit of consumptlon is used.

6 L/head/day is referred to the "livestock unit" of water
consumptlona

The dally consumption of different types of livestock is
estlmated as shown below:

Eypé:of-aﬁimal Livestock unit of consumption L/day
1 Sﬁeep or goat 1 6
1 donkey | 2 - 12
1 cattle or camel 4 24



7~2~4 - Future Demand Based on:the Design C?itaria

Based on the above discussed rate Of'popﬁlatibn'gr§Wth and
daily consumption of water, the total dally watcr dgmand was
estlmated for 20 years in each survey 51te - The results are

shown in Table 7-3.



Table 7-3

et et b bt S

' Puture Demand for Rural Water Supply

Baged on the Design Criteria of the MPW

(Unit = m3/day)

“Site. Ayea* Pop.* 1879 5 years 10 years 15 vears 20 years
"HA-1 Al Madan SU: 47% H 405.0 469 .5 544.3 631.0 731.5
& 8 villages = L 22.1 25.6 29.7 34 .4 39.9
S R: 53% 0T 427.1 495.1 574.0 665.4 771.4
"HA-2 Elman & R H 60.0 67.9 76.8 86.9 98.3
4 Other o L 8.8 10.0 11.3 12.8 14.5
villages T 68.8 77.9 88.1 99.7. . 112.8
HA-3A Sihara  suU H  315.0  421.5 . S64.1  755.0 1,010.2
: L 53.0 79.9 94.9 127.0 169.9
_ T 368.0 492.4 659 .0 §82.0 1,180.1
'HA-3B Thari = R H o 600.0 695.6 806 .4 934.8 1,083.7
' L 90.0 104.3 121.0 140.2 162.6
T 690.0 799 .9 927.4 1,075.0 1,246.3
HA-4 Harad  U: 57% H 720.0 1,124.1 1,289.4 1,725.5 2,309.1
_' L 39.7 53.2 71.1 95.2 127.3
SU: 433 T 759.7 1,177.3 1,360.5 1,820.7 2,436.4
A-1 Al ' | : _ -
Mahveet City  SU H 500.0  579.4  672.0  779.0  903.1
L '37.9 44,0 51.0 59.1 60.5
T 537.9 623.4  723.0 838.1  971.6
A-2 Hufash R B 60 .0 67.9 76.8 86,0 98,3
L 3.8 4.3 4.8 5.5 6.2
_ T . 63.8 72.2 81.6 92.4 104.5
| A-3 Al Rajam R, H 32.0 36.2 41.0 46 .4 52.4
L 3.8 4.3 4.8 5.5 6.2
| T 35.8  40.5 45.8  51.9 58.6
A-4 Al Khabet R H 60.0 67.9 76.8 86 .9 98.3
L 5.3 6.0 6.8 7.7 8.7
. T ' 65.3 73.9 '83.6 94.6 _ 107.0
5-1 Bany R i 20.0 22.6 25.6 29.0 32.8
Shaker. g Bait L 5.2 5.8 6.6 7.5 8.5
Abo Saba'a | T 25,2 28.4 32.2 36.5 41.3
{Continued)




~rable 7-3 (Cont'd)

. (Unit = m>/day)
site’ Ared* pop.* 1979 5 years 10 years 15 years 20 years
§-2 Bait Abo R H 15.2 1742 19.4 22,0 24.9
Hashem o L 9.6 10.9 12.3 13.9 . - 15.7

o 24,8 - 28.1 31.7 35.9°  40.6
$~3 Al Sheab R H 80..0 92.8 107.5 124.6 144.5
¢ AL Aswad 'L s2.8  6l.2  71.0  82.3  95.4
¢ 132.8  154,0  178.5 206.9  239.9 |
$-4 Bany R H 26.0 29.4 33.3 37.6 42.6
Farhan & Bany L 7.8 8.8 - -10.0 ll.3. 12.8
Saria's T 33.8 38.2 43.3 48.9 55,4
H-1 Ghulay- R H 20.0 22.6 25.6 29.0 32.8
fagah L - 3.0 3.5 3.9 4.4 5.0
' T 23.0 26.1 . 29,5 33.4  37.8
-2 AL Dahi U H 840.0 1,124,2 1,504.3 2,013.1 2,694.0
| L 46.3 61.9 82.8 . 110.9  148.4
v .886.3 1,186.1 1,587.1 2,124.0 2,842.4
|H-3 AL R H  68.0 91.0 121.8 163.0  218.1
Mounirah L 3.9 5.1 6.9 9.2 12.3
T 71.9 96.1  128.7 172.2  230.4
T-1 Al R H 32.0 36.2 410 46 .4 52.4
Mashjab L 40.0 45.3 51.2 58.0 65.6
T 72.0 81.5 92,2 104.4 118.0
T-2 Al R H 24.0 27.2 30.7 34.8 39.3
Manara & L 37.4 42,4 47.9 54.2 60.7
Al Dukum’ T 61.4 69.6 78.6 89.0° - 100.0
T-3 Al Madan R H 40.0 45.3  51.2 57.9 65.6
& Al Jubail L 16.4 18.6° . 21.0 23.8 26.9
T 56.4 63.9 72.2 81,7 92,5 |
T-4A Hadad R H 72.0 81.5 92,1  104.3  118.0
& Gahfa L 16.4 18.6 21.0 23.9 - 26.9
. T - 88.4 100.1 113.1 128.2 144.9
T-4B Al Kudha SU H 100.0 113.2 128.9 144,8 163.9
& Al Hagl L 20.6 23,3 26.3  29.8 33,7
T 120.6 1365 _ 154.3  174.6 . 197.6
T-5 Shohat R H 80,0  90.5 102.4  115.9 131.1
& Al Kadash L o 22.4 25.4 28.7 32,5 36.8
T 102.4  115.9  131.1  148.4  167.9
7-8 (Continued)



Table 7-3 {Cont'td)y

. 3 l '
' : o _ _Ainit = m/day)
Site Area* Pop.* . 1979 5 years 10 years 15 yeara 20

TFSE AL 8u H  .280.0  324.6  376.3  436.2  505.7

Zakiva L 49.3 57.2  66.3 76.8 §9.1

o - T - 329,3 381.8 442.6 513.0 594,38

T-8 Yahkhtol R H 100.0.  133.8 179.1 239 .6 320.7

' L 41.1 55.0 73.6 98.5 131.8

L T 141,11 188.8  252.7  338.1  452.5

T-9 Makbana  SU: 438 H = 370.0 429.0 497.2 576.5 668.3

E L 16.4 19.0 22.1 25.6 29.56

: R: 57% 7 386.4 448.0 519.3 602.1 697.9

. —

*the:_ o R =-Rural‘Area'{Z.S%'annual growth rate)

AREA U= Semi-urban ARrea ({33 annual growth rate)
= Urban Area (6% annual growth rate)

Pop . = Human Comsumotian

Livestock Consumption

B ooomla
il

= Total Consumptian -




7-3 Provision of Water Source

to the arid COndltlonS and the steep tOpography prevallw='
in the greater part. of the Republlc, general condltlon

utlllzatlon of surface water is unfavourable at the
(see sectlons

Due.
ing
for
present stage of rural water supply’ plannlng.

V-~3-3 and V-5)

Under the circumstances, feasibility study was made on.diffe~
rent type of water_sources'and the conclusion was reached.

that the underground water is the only available water source

at many sites.

According to the conclusion derived by_hydro»geplogical analy-
sis on the survey sites based mainly on the analysis of exist-
ing boreholes and their aquifer, the possibility to obtain
qroundwater ﬁnder the project is summarized as showh_in Table
7.4, (See further details in Chapter V, Technical Repbrt)

In the table 7.4, the yield of groundwater was claséified into

three categories.

Category A Expected volume of yiéld obtainable was deter-
mined based on the data and information of
existing boreholes and hydro-geological analy-

sis,

Category B : The hydrogeological conditions are the same as
category A however, the data of existino bore-

holes are insufficient.

Category C : ‘Expected volume of yield obtainable with diffi-
culty is determined based on the data and
information of hydro-geological analfsis but
the number of ex1st1ng boreholes 15 only
limited. _ -
General conditions of hydrogeology is far less
favourable than the above two categories.



Table .7-4 TYpe'of Water Source and Yield

iClaBdificdtion Diameter Depth Pumping Yield

| Humber Survey S.ite . of Yield (man) . (@) )ﬁﬁd (maldaY) Remarks
#A-1  Al-Madan & 8§ Villogea| B 200 300 200 300 .
n ; : Based on analysis of extat--
PA~2 - -Elman' & 4 Other- ' B 200 300 200 300 {: ing Boreholes :
Villages : (200-400 m3/day)}
WA-3-A  Sthaxa | B 200 300 200 100
]
HA-3=B . Thari | B 200 200 150 300
HA-4  Harad A 200 120 100 1,000
i -1 . Al-Hahueer Cicy B 200 200 150 300
b ) X
A-2 Hufash "B 200 200 150 300
A3 Al-Rajam B 200 100 200 200
At Al-Xhabet ' B 200 200 150 200
5-1 Bany Shaker & Balt - B 200 200 150 " 200
Abo Saba'a :
5-2 Bait Abo Hashem i B 200 200 150 200 Estimated based on
. ! o ; % Yield of existing Borehole
5-3 Al-Sheab Al-Aswad | B 200 100 100 300 "
5-4 Bany Farhan & Bany 200 100 100 00 "
- Saria’a : : )
H-1 Ghulayfagah | A 200 30 150 100
H-2 Al-Dahi A 200 80 50 1,000
H-3 Al-Mounirah A 200 60 50 1,000
(to supply Ebn-Abbas o
and Al-Harunia)
T-1 A.l-}'!ash_jub A 200 llb 160 400 tverage Yleld of existing
) _ : Borehole
T-2  Al-Manara & Al-Dukum A 200 110 100 400
T3 Al-Maydan, M-Jubéil B 200 200 150 700 Average Yield of-.at']uife:.‘a
Sheiba Hamud in Yemen Volcanics
T-4-A  Hadad, Gshfa A 200 180 150 500
] : X
T-4-B  Al-¥udha, Al-Hagl c 200 250 200 100
T-5 Shohat,  Al-Hadash . C ) 10 200 Sub-surface Reservoir
T-6  Al-Zakira ¢ 200 250 200 100
T-7 °  Bab-Al-Mandab A 200 (85) 50 500  Yield of existing Rorehole
|18 Yahkhtol ’ A 200 100 50 1,000
T-9 Makbﬁnn A 200 300 200 700 Average Yield of aguifera
B in Yemen Volcanics




About 38% of the sites fall in "CaLegory A" and 50% of the
The balance of 12% of the sites are

sites in "Category B".
considered to be problematic even in terms of avallabl;;gy

of groundwater.

The sites classified in Cateaory C (Al Kudha/Al Hagl (T-4B),
Shohat/Al Kadash(T 5) and Al Zaklra(T 6)) ‘are located at the
southern fringe of the Taizz Governorate where annual pre~
cipitation is less than 400 mm per year L S
In addition, these sites are located on the Tawila Sandstone

Plateau which is unevenly covered by Yemen volcanics,

Generally speaking, the plateau«llke morphology made of hard
rocks which develops into cliffs along the structurally
weaker zones tends to produce poor coneltlons for groundwater

recharge and storage.

in faet the area where these sites are located is characte-
rized by cliffs over several hundred meters high whlch makes
a natural barrier to wadis where water is available to somme
extent. The reason for the scantiness of water is the same
in all ‘these three sites. Therefore, a coordinated solution
is requlred to combine resources on a regional level 1nstead
of allocatlng a smaller amount of resources for each lnd1v1~

dual village.

As ehewn in Tab‘e 7-4, Lhe estimated yleld of a sxngle borehole
ranges from 200 to 1,000 m3/day while the estlmated future
demand of survey siteés at the end of planning perlod dlstrl—
butes between 40 and 2,5003m3/day. The demand will exceed
1,000 m3/day in the year 1999 at all five sites. '
The estimated yield Qf a single borehole will ee sufficieht

for the future demand at the end of the planning period at
fifteen sites; however, multiple boreholes are required to

neet the future demand to satisfy pfoposed design'critefia

by the Ministry.

7-12



At some sites Al-Madan & 8 villages (HA=1), Sihara(HA-3A),
Tharl(HAuSB), Aleahwcet Cmty(A 1) and Al- Dahi( -2}, the
estimated YIGld of a qlngle borehole cannot meet the demand
to satlsfy the design crlterla even assumlng the present
maximum 19 hours of pump and machlne operation. Determina-
tion of water gource design capacity is subiject to cost
ahélfSis based'on'the cost-effectiveness concept since the
cost of water gource occuples almost 50 cf the total cost of

rural water supply in the pro;ect

74 Provisibn‘of'Optimal Water Supply System
7-4~1 Introduction

Ih-éfder_to determine a method to provide an equitable water
supply_systém for these sites based on the cost-effectiveness
concept, further analysis was made.

As'observed in the pfevious sectilon, some sites require a
multlple source of groundwater and the cost of water source
occuples almost half of the total cost of rural water supply
in pro;ect (Section VI-4 and 5)

The availability of multiple grOundwater'sourCes and their
location is entirely subject to the hydro~geoloqical condi-
tions, at the site. Under the favourable conditions, a group
of boreholes can be drilled within a short distance:; however,
where hydro~geological conditions are less favourable bore-
holes must distribute over a wider disténce which results in

a negative effect on econormics of water sunnly.,

For this reason an analysis of the inveﬁtory of rural
water consumption is required for the determination of the

optimal design capacity of the rural water suppiy,

7-13



7-d~2 IhVentory of Rura1IWater'SuPply Consumption_ 
The present watex consumptlon rate at thp survey s;tos is

estimated to range between 5 and 40 L/cap/day. (see section

v~3-3)

Due to difficult condltlons to ootaln water, the con51dera—
tlon of water usage is limited to the substantlal areas of

everyday life such as drlnklng, oooklng and was hlng i
Through the field survey and 1ntelv1ew with people at sltes,
water consumption. for specific purposes was estlmated,and
compared with the same type of consumption of an average

medium size town. (Table 7-5)

Table 745

Water Consumption by Purpose

| | Av. Medium

Survey Sites ~ Bize Town - .
- Purpose Q at 25 L/cap/day | 04300 L/cap/day
1. brinking & Cooking 128 (30 19% (57 0)
2. Cleaning Hands & Face % (20 9 % (27 L)
3. Bathing - - 178 (51 f)
4. Washing Clothes 60 3 (15 [) 008 (90 f)
5. Toilet | | - - 1 16 % (48 [f)
6. Other purposes | 20% (5 [) 5% (15 )

Based on the above classification'of water consumption,
the function of domestic water at survey sites was divided

into three cateqorles

I. Water whlch has direct 1nfluence on human health (1-3)
II. Water for the other areas of everyday life like
washing clothes (4-6)
IIT. Watering cattle is the third category which is ih~
dispensable in the project,

7~14.




in this'réspect,.thé fifst'brdér'quqliﬁy standard is re-

quired for the water”of'dategory I to protect human health,
wheréas the Watér-qGAlity fof_cétegory II and TIT need not
be hecessarily to thé same standard as the gquality reguired

for category I water.

Aséuﬁing that as'living standards improve, the water con-
sumption pattern of survey sites will become similar to
ah.aVéraQe medium size town, the increase in water consump-
tion for.drinking,.cooking, washing and bathing purposes
can-be-expeCted, In the average medium size town, the water
cohsumption-under the category I occupies about 45 % of the
total consumption.

Therefore it is recommended that at least 50 % of daily
demand_satlsfy the safe standard of water quality for human
heaithg

Accordingly, based on the purpose of water use the type of

water is ClaSSlfled into three categories:

Category = I : 50 % Human uses related to human health.
Category II : 50 % Human uses for other purposes.
Category ITT : Cattle watering.

Therefore, the de51gn capac1ty of rural water supply can be

c13381f1ed into three service levels as follows:

Service Level A : to supply all three catecories of water
| ' consumption.
Service Level. B : to supply only the required water of

category I and IT1.

Service Level C : to supply water only for category I.



7-4-3 Comparison of’the Price of Water

In order to compare the unit price of Water in the project
sites and also to make comparlson of waLer prlce w1th that
of other developlng countrleQ, the annual cost of rural

water supply at each site was estimated assumlng that the

capacity of water source is available according to the hyaro~

geological condition summarized in Table 7-4 to Satlsfy the
demand of Level A at the end of deslgn perlod (15 years) as

discussed in the previous section.

In this case;, multlple water sources were assumed where
single hole cannot afford the required demand At Al Madan &
8 Villaces(#A-1), for 1nstance, 5 horeholes are reau;red to

" meet the required demand assuming 10-hour overation. _Also, 9

poreholes are provided for Thari (HA-3B).

As shown in Fig. 7-1, the annual cost of water shpply (YR/
m3/year) varies from 500 YR/m3 to almost 7, 900/YR/m3.
Although oven the most expensive p;lce is cheaper than*bgy~
ing water at the annual price of 18,250 YR/m3 (equivalent
to 50~60 YR/m3/day), it is still a very high price compared
"with the cost of water in other countries.
(The average construction cost is estlmated at $60/cap in the
Guidelines for Rural Center Plannlng, 1979 publlshed by
Economic and Social Comm1551on for Asia and the Pacific)
Alrost half number of the 51tes_are able to obtain safe
water at the price better Ehan or equivalent to the price
of 10-12 YR/m3 which is considered to be much more faﬁour»
able price in the Republic compared with the Selling price of
‘water at 50-60 YR/m3. Nontheless consideration is required
to the extremely unbalanced unit price of water distributed
in - the sites. The annual cost in Fig. 7-1 was compared with
:the curves of unit cost of water supply obtained with the
assumption that the water source and'construction fund are
available to supply required volume of water determined by
the design criteria of the Ministry. (Fig. 7~2 to 7-4)



in the flguree,_curves 1nd1cato the unit price of water (YR/
m3/year) oi_standardlzed average condition of all survey sites,
The unit ﬁrice of water is estimated at 1,800 YR/m3 year with
.capaéity Of'éOO m3/day from 100 m deep borehole including
pumping up to 500 m under the standardized conditions over

the all sites. . (Fig. 7-2)

On the other hand, these points plotted in the same figures
1ndlcate the unit price of each sites representing each specific
condltlon ~The relative height between the gservice area of

H-3 and its water source is relatively small (30 m) however,
‘the unit price of water is relatively high compared with the
uniﬁ price curve. This can be attributed to the fact that

this water supply scheme requlres 23 km of pipeline, (Fig.7-2)
The unit price of water at Bany Shaker & Bait Abo Saba’ a{5-1),
Balt_Abo Hashem(S-2), Al-Maydan, Al-Jubail Sheiba Hamud (7-3)
and_ﬂufash (A~2) (Fig 7-3) is also high since the capacity of

borehole yield much exceeds the required demand.

In other words, in these sites only a part of investment .for
water source is actually benefitted.

At Tharl(HA 3B), Al-Mahweet City (A- 1) and ‘Al-Madan & 8 villa-
ges(HA 1) , many numbers of boreholes are requlred to meet
the water demand determined by the de51gn criteria proposed
by the Ministry, which resulted in the higher unit price of
water at these sites compared with the standardized unit
price. The impact of the cost for the_pumping'facility to
the unit price of the water is observed only at five sites
(Elman & 4 Other Villages). Therefore, the reduction of the
pumping cost is not an effective method to reduce the unit

price of the water in the project.

Accordingly, consideration has to be given to the cost for
Water source. To a certain extent the solution is obtain-
able by ihcreasing the_operatioh hours of pump and machinery
together'with thé consideration of the service level.
(Section 7-4-2)
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Fig. 7.1 ANNUAL COST OF WATER SUPPLY PER SURVEY SITE
(Including Amortization Intersst Maintenance and Operation Cost) -

Water Source [TH])

Water Tonk
Booster Punp S
Pipe line . =3

Total. Annual - Cost (YR/M>/YEAR)

1000 2000 3000 4000 5000 . BX0G . 7000

T : o . s .\ ” : :
IHA-|  Al-Modan& 8 Villages [T NS E ; o

Survey site

{ ) H . - 3 th\\\

iHa-2  Etmond 4 Other Villoges ; ; “\\\_\:1 ] . _
| HA-3-ASiharo - -_—~j!ll°\\1_J o Nt
| HA-3-8Thari - ] : FR i

I - - " - : !

IHA-4  Haorod j’Hl c i i i

%n - & AL-Mohwest City AR

‘A -2 Hufash

Ll et
S

{A -3 AL-Rajom
{A -4 AL-Khabsi

irS - { fBony Shake_rg Bait Abo sk ; o

*S -2 8ot Abo Hashem : §}§\\‘i ]
LS - 3 AL-Sheab AL- Aswad Eﬂ

.S - 4U Bany Forhon & Bany Sarida e %—'._ ]

{H - 1. Ghulayfagah ———n

iH -2 AL-Dohi _ N

-3 AL-Memiren . ER 0 |

[T -1 AL- Moshjob =

'T -2 AL- Manara & AL-Dukum . fr—m i |

o - T N

T -3 AlL-Moydan AL-jubat! : ! I\\J ]

{ T-4-A Hadad Qohfa ————1 1 n o

g[ T -5 Shohat. AL~ Kadash : 1
{T -7 Bab- AL-Mandab- = : , : '

iT -8 Yahkhrol _ =R | TR

|T -9 Makbong =1 R

1000 . 2000, 3000 4000 . 5000 6000 - 7000

Total Annual Cost (YR/M3/YEAR)



F§g 72 COMPARISON OF 'ANNUAL COST AND UNIT COST
WATER SOURCE BOREHOLE DEPTH 100M
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Fig. 74 COMPARISON OF ANNUAL COST AND UNIT COST
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7-4-4  De£ermination of Design Capacity

Alfhéugh-the lifé'dffmééhinefy can be fixed at 10 years and
other'faciiitiés with simple and durable structure, like-
pipeliﬁés_and water tanks, will last for 20 years, there is
no basis for detérmining present growth trend of economy in
the RepublicQ'.Cansideriﬁg'these conditions, the design
period is recommended'to be 15iyears in order to make nece-
‘ssary review of the rural water supply planning in 10 to 15

years from now.

As discussed in the:previous section, the impact of the cost
to_develbp Water sources to the unit price of water is so
great'ih the projéct fhét consideration has to be given to
minimize thé cost to develop water sources.

Fér.this réasoh, the operatlon hours of pump and machlnery

afe deSigned as long as p0551ble except for those sites which
have more.sufficient supplies of water in terms of their water
demahd. (Bany Shaker & Bait Abo Saba'a)

increasing_the operation time of pump and machinery should
reduce the unit price of water,'hoWever, the time for fuel
supply and maintenance must be consxdered. The design pause
time of pump and machinery is required to be 5 hours per day

(19 hours for operdtion).

In the Re?ublic, the mean operation time is'currentiy 5 to
8 hours per day for shallow dug wells. The short operation
hours are becaﬁse of the small volume Qf'water; however for
deep wells d651gned in thls Pro;ect 10ﬁger operaticon times

are proposed since there is larger water supply capacity.

By inCreaSing the operation time of pump and machinery from
10 to 19 hours, the reguired number of boreholes can be de-
creased at 7 siteS'and still satisfy the demand of service
level A'aftef 15 years estimated by the design criteria pro-
péééd'by'the Ministry. The revised number of boreholes at
these sités is 1isted below.
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Required‘Number'pf Boreholes.

10 hrs Operation 19 hrs Operation

Al-Madan & 8 Villages-(HA—i): 5 3
Sihara - (HA-3B) 7 4.
Thari - (HA-3B) 9 4
Harad | (HA-4) 4 2
Al-Mahweet City (A-1 ) 7 A
Al-Sheab, Al-Aswad (-3 ) 2 ..1
Al-Dahi (H~2 ) 5 3
2 1

Makbana (1-9 )

Based on lglhdurs opération of punp .and engine, the approé
yimate safe yield was coipared with'the.future_demaﬁd of
rural water supply in each survey Site_ét differehﬁ'sefﬁice
levels. (see Fig. 7-5) | | S

As shown in tha figure, at almost 50%.of the si#es-thej'
yield of a single hole is sﬁfficient_to meet the demand at

service level A even_after 20 vears, These sites are as

follows:

 Elman & 4 Other Villagés _ (HA~2)
‘Hufash ' ' '(A-Zs
Al-Rajam ' (A-3)
‘Al-Khabet (a4
'Bany Shaker & Bait Abo Saba'a - (8-1)
Bait Abo Hashem . : (5=2)
Al-Sheab, Al-Aswad (5-3)
Bany Farhan & Bany Saria'a (5~-4)
Ghulayfagah : {H-1)
Al-Mounirah (H-3)
Al-Mashjab - (T=1)
Al-Manara & Al-Dukum ' (T-2)
Al-Maydan, Al-Jubail Sheiba Hamud = (T-3)-
Hada, Qahfa ' - . (T-4R)
Yahkhtol | {T-8)
Makbana | ' {(T=9) "



In all caées ab0vé, ﬁhe'sufficiéhcy of water is determined
by_théirirélatively small demands rather than by an abund-

“ance of water source.

FOT these sites, thc design capacity was determined to be
the same capac1ty as. “the demand of the service level A after
15 years from now in order to attain the maximum use of

1nvestment for the water source.
On'thé:othér hand;.the_yield of a single'borehole is not -
sufficient to meet the demand of the service Level A after

15 years in the following sites:

-9 . Makbana

HA-1 ' AlnMédan & 8 Villages
- HA~3B Thari -

A-1 Al Mahweet City

H-2 Al Dahi

T-AB Al Kudha, Al Hagl

T 5 Shohat, Al Kadash

T-6 : Al Zakira

The hydr¢~geological conditions at the last three sites,
Al-Kudha, Al-Hagl(T-4B), Shohat, Al-Kadash(T-5) and Al-
'Zakira(T-G) were classified as category C according to

the result of the hydro-geological study and it is recom-
- mended to seek a coordinated solution to combine resources
on a reglonal level instead of allocatlng a smaller amount

of resources for each individual village. (Section 7-3)

In order to solve this pfoblem, sub~surface reservolir is
proposed at the site T-5 however, data collection'aﬁd
aﬁalysis oh-watér sources in this area are urgently
required:to-sdlve £he acute shortage of domestic water

prevalent on this plateau.



‘For the other 5 sites listed above, it is proposed that the
design capacity to cover the se1v1ce level C demand at .the

and of planning period and be incorporated w1th Lhe,preoently

available safe water sources.

The gap between the“design'capecity of improﬁed Watei sﬁbply
and the total demand will be met by other water sources

For this purpose, sprlngs, shallow dug wells and 01sterns
should be utilized efficiently. Although most of the area
is located in dry areas, some 200 to 300 mm/year of spe01f1c
yield of surface water is avallable which can be collected
in cisterns and be used for cattle waterlng and washlng
clothes. The traditionally developed cistern technlque
should be improved to minimize its water loss and contamina-
tion. Such recommendations are shown in the Section 5~4_and

in the Technical Report.
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7-4-5 Construction Cost. and'The Price of Water -

Accordlng to the design capaclty determlned based on the "

costueffectlve analy51s, total ‘annual costs and construc~'

tion costs were estimated at survey SlteS and summarlzed

as shown. in. qu 76

Total annual cost varies in a
YR/m3/year and it is estlmated less than 3 500 YR/mE/year

at 16 sites (70% of the total survey sites). -The extremely
high annual cost more than 6,000 YR/m3/year is requlred at
Hufash (A-2), Al Rajam (A-3), Bany Shaker/Balt Abo Sabaa(s 1)
and Bait Ab Hashem (5-~2). This is attributed to the fact
that the future demand is much less than estlmated safe yield

w1de range from 500 to 7,900

of borehole while the construction cost of borehole is deter-
mined by the depth of drilling. However, since the design
capacity is relatively small, the total constructlon cost is
also estimated to be small. Therefore, the constructlon cost
of these sites does not produce significant impact to the

entire construction cost of the ﬁroject.



Survey Site

Annual Cost and Total Construction Cost
Per

{including Amortization, Interest, Maintenance , and Operation Cost)

Total Amnual Cosl of Water Supply

Fig. 7-6

(HYVIA/LN/HA) 1500 jonudy |D3of {8°A}IS0D  UOHDNUSUED BIEDD J43d

[~3 L=] [=3 o

:f 8 o8 8 8 P E 7 f 8 8o 8
(=R | _ T CUDAIN 6 - L
| [ INme - . | s - TR B3 -
| [LHE4- ] w —— I e
] v-v-t| 1] —— S5 poBsH v-5-1)
_ _ MH g~ 1 i e e o R :Bi Tv uDpAop ‘Hq ml n
mmmm 2 - L & _ == : WESTIN PR ,‘,,.:.m._waxm:o.;a w‘S.omos_ .:.., z Ml»;
tep | lZi E RS R
- e - L wemnoW-ty g n
i 5 e ATTY
s5as g wobokore 1 -
;i = Syuios kiog g woum) W05 5 S
: POMSY.TTy QOIS -1Y € — S
ﬁ T waysoy ogy g 2 |1W

00003 Oy 5108 @ 4aMDbYS Aubg - | - §
PGOUN Y B -

733

woloy-1v £ - ¥

ysoynH 2 - ¥

Total Construcrion Cost of Water Supply

i .u&hﬁ.lr.u““ilﬂ.,uu hu."uulchww.‘.ﬁnvi !_4 | - .Q
: wll{w.ﬂr poibH & - .QI
- = V- m £~ .ﬂI
—~ g : e - DIDHS W-£-TH
BN Z~vH & S Sa0DIIA B0 § QUOWIT 2 - VH |
N\ _ i | I E o s =
: — o Tt ; i
| { : 1 qz.. ._\ i M _ . m _ saboiiA B JuBPDW-IY | qI
s 5§ 8 .8 = Blis o U . o I o
m m g g w ° - KBnng - 2; Uof[ It} is 0D co:u:tmhou 1ol - als  Aeming

Edm\,\mﬁ\m\i ,,moo _czccq 1040] -




75 Operatlon and Malntenance

Although in the de51gn of - wafer supply fa0111t1es, the
durable life of machanery is fixed at 10 years and other
facilities with 51mple and durable structuros, e.qd. plpelines
and water tanks, are fixed at 20 years It is said that the
durable years Will continue in the good manner of_operatlon

with the appropriate maintenance.

1f poor technigques for operation or: lack of malntenance are
applied to the water supply system, in spite of the. good
guality of machlnery, the durable life will be much shorter
than the designed 1life, and this fact will have a dlsasterous
effect on the Project. Accordlngly, to leave the operatlon
and maintenance to the ‘local communltles 1nvolves a large rlsk

because of their lack of know]edge about f30111tles

For the exeéutioncﬁfthe'Pnoiect accordihq to the deSiqn,'it is re-
commended to establish a new organl?atlon/team for operation and

maintenance under direct control by the Mlnlstry of Public Works.

The new team should have staff and'mémbérs who have good know-
ledge about facilities and mechanism of water supply syatems
and are technically traiﬁed. The new team will .cope with

accidents or troubles in the proper manner.

A1l the facilities which are widely separated throughout the
coundtry will be under the jurisdiction of the new organization/
“team, and so, the new team should have enough staff and materials

for their activities.

A study of the organization, staff and structure for the new
team should be undertaken. '
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