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SI]MMARY

In bilateral discussions between the Governments of the yemen
Arab Republic and the Netherlands in June lgg2, it was decided that astudy of water resources in the entire A1 Bayda province would becarried out by Ilaco. The study was to be done within the framework ofthe Rada Integrated Rural Development project (RIRDp).

During the period Harch to April 1993 Ilaco carried out a
reconnaissance survey in the project area in order to select areas fordetailed studies of hydrogeological, water engineering and agronomic
aspects, and to draw up work programmes and questionnaires for these
studies. The general findings of the reconnaissance survey were reported
in an inception report dated May 1983.

The detailed field surveys were carried out during the periodApril to October 1983. The compilation of the data collected, which
already started in the fie1d, rdas completed at Ilaco's head office inthe Netherlands. Data analysis, including the drawing of maps and
computer studies, and reporL writing were also done in the Netherlands.

This report presents the findings of the studies and makes
recommendations for future activities to be undertaken wiLhin the
framework of the RIRDP. fn broad terms, the aim of the study has beento link the assessment of water resources directly to its ,"ir, ,r""",
Irrater-supply for man and livestock, sanitation, and agriculture. Tothis end, an assessment has been of the irrigation potential in the
areas investigated, and of the present and future water-supply andsanitation requirements; in addition the available water rliources have
been estimated.

As indicated by the figures below, there is considerablepotential for further development in particular of groundwater resources(a11 surface water, except for extreml floods, is uJed) and irrigation,after reservations have been made for domestic water-supply. The studyindicates that also in economic terms, expansion of irrilaled agricultureis justified.

Estimated development potential for groundwa!er and irrigation in the investigated areas

Area lJater resources (m3 x 1000) Land resources (ha)

Tota l
poten!ia I

Present
abstract ion

Deve lopment
potential

Net
irrigable

land

Present
i rriga!ed

area

I nc rement a I
irriSation
potent i a 1

Abbas

20 505
2 976
2 106
l 953
l 954
3 545

152
337

6 207
827
351
8t8

I 415
772
351
373

993
> 127
> 57

115
l0

r13
29
28

Rada Basin
AI Bayda North-Easr
AI Bayda Uest
lladi Juban
tJadi llaosur
Wadi Dhi Na'im
lJadi l{arar/wadi Ar Rin

33
5
3
3
3
4
I

177
107
202
333
175
24
22

474
494
505
071
005
598
343

288
450
600
4s8
025
550
050
680

r2 583 | 443
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The data show that the potential for further groundwater

development in the eight investigated areas is in the order of
2f .g nilfion cubic r.tt"" (!fCU) per year' Of this' sorne 5'3 llCM is
reguired for domestic water-"rlpp1y in the coming 20 years and the
reiaining 15 l'lCM would be available for aa increase in irrigation' This
potentiaf depends very much on local and hydrogeological conditions'
lr.ruot abstiaction and rrater use, and is therefore strictly coofined
lo the areas and sub-areas given in this rePort'

Drinkiag-water is a primary hr:man need aud it goes without
saying that it shluld be available in sufficient quantities and be of
gooa f,o"fity. Hany villages surveyed have either a water shortage

fr.ogiog froro f8-45 % in the areas investigated) or no adequate water-
;G;it lystems (ranging f rom 50-93 %, exPeit for the Al Bavda areas) '

There is thus " gtuit need for the construction or improvement of
water-supply sysiems, also in the larger villages with populations of
500 oruoi", all of which were included in the survey' In geoeral'
there is sufficient groundwater available but in certain sub-areas t
particularJ-y in the Rada Basin, overpurnping occurs' In sucb areas'
water management for the regulatiou of the number of i'ells, well
distance and well abstraction is required in order to reserve groundwater

for donestic water-supply. These areas are found around Lhe larger
towns such as Rada, UalfaU, AI Bayda, and Juban' Ultinately' water
management will be necessary in Eost areas in order to prevent
over{urrping and deterioration of water quality, and to easure the
optimum use of the scarce water resources '

A11 villages surveyed need inproved sanitation facilities '
Ilowever, there is at present no orgaoized sanitation progranrme and

therefore no base for planaing. The nost appropriate action is to
initiate 'pilot proSecls' and monitor the progress of these projects so

that experience ian-be gained for designing future sanitation schemes'

This should be combined with a health education Progralme'

The study gives a basis for future development activities
which should Ue unieltaken by RIBDP in accordance with defiued development

objectives and strategies. Some of these activities are long-term in
nature or even continuous, and aim at strengthening the data base for
future planning; others should be inplemented within the framework of
the fg84/85 @erational Plan of the RIRDP' These include irplementation
of the second stage of the water resources study, site selection for
boreholes, and pilot schemes for the development of sanitation systems'
The proposed activities are sudmarized below'

1. Study ioto water resources in At Bayda Province, Stage 2' (Continuation
of the present study in areas not yet covered by the surveys' in
particular Sabah/Ar Riashiyah and l'Jadi Arsard/Wadi Saru) '

2. Expansion of monitoring network for the neasurement of rainfall
(13 neters), and water-levels and well abstraction (21'26 meters) '

3. Setting up a systen for nooitoring of well drilliog and sater
qualitY.

4. freparation of a groundwater nodel for Rada Basin'
5. Site selection of boreholes for domestic rater-supply for selected

villages.
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6. Construction of water-supply systems in accordance with the RIRDP

Prograrme.
7. Preparation and inpleurentation of a programme for reducing the

bacteriological pollution of drinking-water from shallow wells.
8. Preparation and implenentation of pilot sanitation projects for:

- the construction of modified baladiyah (traditional) toilets;
- the construction of washing and excreta disposal facilities near

a mosgue;
- the construction of treatment facilities for sewage and wastewaLer

for a large village, together with agricultural re-use of efflueut.
9. Implenentation of a semi-detailed soil survey for the preparation

of land suitability maps in areas with a high irrigation potential.
10. Setting up studies into optimum use of irrigation water, including:

- irrigation trials;
- farm managemeat investigatioas;
- crop feasibility studies.
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1 INTRODUCTION

1.1 Peslgrglsg

Al Bayda Province lies io the south-eastern part of the yemen
Arab Republic (see Figure 1). ft covers a mo 'ntainous irea of approximately
11 000 kmz and it has a resident population of abour 258 OO0 (f-gAf
ceasus). The economy is based on, nainly rainfed, agriculture. There is
no knowo niaeral wealth in the area; industry has hardly developed. The
province has a long history of migration dating back to the beginning
of this century. Accessibility of the region has irproved considerably
since 1980 by the construction of the Dhamar-Rada-Al Bayda asphalt
road, and a nrrmber of feeder roads connecting najor population areas to
the Dhamar-Rada-Al Bayda axis. However, large parts of the area are
still only accessible by tracks with maay bottlenecks.

The area is arid to semi-arid, the average annual rainfall
being 200 to 350 m. Surface water resources are viry limited. There
are no rivers, although there are a few snall perennial streams in the
south of Rada District. Snall dans are found throughout the area; rrany
have silted up and only a few are still in operation. Traditioually,
water for the supply of drinkiag-water aad for irrigatioa has cone fron
aurDerous dug we1ls and a number of springs. fn receat years, there has
been a rapid increase ia groundwater exploitation by deep tubewells.

Since 1977, the Rada Integrated Rural Development project
(RIRDP) has been active in the area with, for instance, activities in
feeder road construction, domestic water-supply, livestock, agriculture
and women participation programtes. The project is financed jotntly Uy
the Governnents of the Yemen Arab Republic and the Netherlands. Up to
1983, the project covered only the district of Rada but today it deals
with the entire AI Bayda Provioce.

In bilateral discussions betweea the Governnents of the yemen
Arab Republic and the Netherlands in June 1982 it was decided that
during 1983 a study of water resources in the entire Al Bayda province
would be carried out by I1aco. The study was to be done within tUe
framework of the Rada Integrated Rural Development project.

In December 1982 the consultants presented a Research 0utlinegiving their approach to inplementation of the Btudy. During the period
llarch to April 1983 a reconnaissance survey was carried out in theproject area in order to select areas for detailed studies of
hydrogeological, water engiaeering and agrononic aspects, and to draw
up work prograrr'rnes and guestionnaires for these studies. The general
findings of the reconnaissance survey were reported in an inciption
report dated Hay 1983.

The detailed field surveys were carried out during the period
April to October 1983. The coupilation of the data collected, which
already started in the fie1d, was conpleted at Ilacots head office in
the Netherlands. Data analysis, iacluding the draring of maps and
computer studies, and report writing were also dooe in the iletherlands.
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In this report the consultants present the results of the
surveys and their findings and views on the development possibilities
of water resources in Al Bayda Province.

7.2 Ob i ectives and scope of the studv

The overall objectives of the study are:
to provide information on available water resources
and future water use to be assessedl
to prepare a first framework for future development
and water management.

to enable present

of water resources

More specifically, the objectives are the following:
to identify geohydrological structures and
related to present population distribution
developed for irrigated agriculturel
to select areas with groundwater potentials
detail;
to formulate recomnendations for:

their groundwater potentials
and land resources to be

Lo be studied in more

areas where because of limited availability of .-.esources only
recommendations will be formulated on the construction of ne\d, or
the improvement of existing, domestic water-supply systemsl
areas where, in view of the available land and water resources,
irrigated agriculture might be feasible;
additional investigations such as monitoring or geo-electrical and
electromagnetic research for site selection of nevr deep and shallow
wells -

trlithin a period of less than one year, as was available for
the study, it is impossible to obtain a complete inventory of Lhe water
and land resources of the province. For one thing, continuous meteorological
and hydrological observations including groundwater monitoring have
just begun. However, long time series of climatological variables and
water abstraction and recharge data are necessary to arrive at accurate
estimates of water balances. This condition applies to groundwater and
even more so Lo surface water, as perennial flows are virtually absent
in the area. Since the surface water resources are also small relative
to the groundwater resources, the emphasis in the study has been on
assessing the potential of the latter.

Furthermore, it is impbssible to cover the entire province as
it is subdivided into a great number of separate groundwater catchments,
many of which are small and have no sizeable water and land resources.
As will be elaborated in Section 1.3, it has therefore been decided to
concentrate from the very start of the study on those areas which
either have a relatively Iarge concentration of population, or groundwater
and agricultural potential, or both. Most of these areas have been
covered in the present study. In the second stage of the study the
remaining areas should be covered.
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In view of the limitations described above, the study should
be considered as a first step towards preparing water management models
for the various areas which have development potential, preparing a
water management prograrnme for the province, and formulating a regional
policy on the development of waLer resources for domestic water-supply,
sanitation and irrigated agriculture. It provides a generaf framework
which wilI be filled in as more information becomes available.

1.3 Implementation and methodologv of the studv

fn broad terms, the approach of the study has been Lo assess
the availability of land and water resources in the province and to set
this against the main uses at present, that is domestic water-supply
and sanitation, Iivestock and agriculture. While a number of resource
studies have been carried out before in Yemen, the present study is to
our knowledge the first attempt at a regional level to 1ink the assessment
of resources direcLly to the main users in order to identify priority
areas for development. The methodology that has been followed is described
beIow.

The study has been conducted
overlapped:

- the reconnaissance phase;
- the phase of the detailed studies.
In the reconnaissance phase, the main

in two phases which partly

areas in terms of water resources,
. The following activitiescultivable land and population were selected

were carried out:
- a preliminary study of water resources aiming at the delineation of

catchments I
- a rough identification of land resources and potentials for irrigation

in various parts of the province I
- a review of the population and iLs distribution, and a preliminary

study of the present water-supply and sanitation in the provincel
- the assessment of the need for, and t5rye and detail of subsequent

field studies.
On the basis of the outcome of these activities in the reconnaissance
phase, t2 areas were selected for further study.

In the second phase, . detailed studies were carried out in the
fields of hydrogeology, domestic r,eater-supply and sanitation, and
irrigated agriculture. Table 1 gives the selected areas and the areas
included in each study (see also Figure 2). In addition, a broad study
was undertaken into the cost and returns of irrigated agriculture,
based on available data supplemented with information from interviews
with farmers. The results of this study will provide some quantitative
insight into the economics of production of individual crops as wel1 as
of a varieLy of cropping patterns found in the areas cov"rld by the
agricultural study.
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Table 1 - Areas covered by the studies

Selected areas Hydrogeological
study

Water-supply and
sanitation study

Agricultura I
study

1 Rada basin
2 Sabah/Ar Riashiyah
3 At Bayda North-East
4 A1 Bayda West
5 l.Jadi Juban
5 l.ladi Mansur/hladi Anad
7 l,Jadi Matar/l,ladi Ar Rin
8 trtadi Hubabah/Wadi Ar Riashiyah
9 tiadi Arsard/Wadi Saru

10 Wadi Dhi Na'im
11 Abbas
12 As Sawadiyah

Notes: * Comprises villages along the Rada-AI Bayda road including Abbas and As
Sawadiyah.

The methodology and implementation of the three studies are
described in detail in the Annexes, to which we refer. Here, the main
aspects are sunmarized.

The hydrogeological study, which as its main parL included a
well inventory, provided information on the following aspects in the
areas mentioned in Table 1:

- the geology;
- the geohydrology;
- the location and elevation of all shallow wells, boreholes and springs I
- the geographical distribution and depth of aquifers penetrated by the

we1ls;
- yield and annual water abstraction of the wells;
- water quality (electrical conductivity);
- groundwater flow patterns I
- preliminary estimates on groundwater potentials;
- preliminary water balance (for Rada basin only);
- framework for setting up a mbnitoring aetwork for the long-term

observation of rainfall and water-levels.

On the basis of sample village and household surveys, the
water-supply and sanitation study supplied information on the following
aspects:

- existing water-supply and sanitation facilities in a ratrge of villages
and towns in the province, includiag engineering and operation and
maintenance aspects;

- socio-economic conditioas relating to r+rater-supply and sanitation and
the determination of basic parameters such as the per capita consunption
and cost of waterl

x

x
x

x

X:k

x
x
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present and projected total water demand from people and
the various areas covered by the survey;
standards for village water-supply and sanitation systems
to various sizes of villages;
chemical and bacteriological analyses.

Acknowledsements

livestock in

appropriate
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wells and their irrigated lands in Lhe areas mentioned in Tab1e 1,
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each of the areas I
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2

2

TI{E PROJECT AREA

1 Physical environrnent

1.1 Igpeergpby- ssg- sgererpbe 1esv

AI Bayda Province is situated in the south-east of the Yemen
Arab Republic (between 44030' and 45o E and between 14o and 15o N).
From east to west it measures some 125 km at the most, and from north
to south some 100 km; it covers an area of some 11 000 kmz. The province
is bordered by the province of Mareb in the north, the Ibb Governorate
in the west, and the Yemen Democratic Republic (YDR) in the souLh-east
and north-east. The border with the YDR is not officially determined
and therefore not exactly known. The province is subdivided into 10
nahiyah (sub-districts) indicated ou Fig. 1. Rada in the west and A1

Bayda in the south-east are the largest towns, situated in the most
populated areas of the province. These two tolvns are connected by an
all-weather road with Dhamar and the rest of the country.

A1 Bayda Province forms part of a high plateau in the south-west
corner of the Rub Al Khali at the southern tip of the Arab Peninsula.
This highland area comprises a series of plains and valleys bounded by
larger complexes of plateau mountains and volcanoes in the western part
of the province; Jabal Isbil, a more than 3200 m high volcanic complex,
and the older volcanic basalt plateau complex of Sabah and Agabah
Riashiyah with elevations between 2500 m and 2800 m along the western
border of the province, are the highest parts. The highlands are separated
by an escarpment from the Rada Plain. This plain is a complex of alluvial
plains and valleys bounded by ridges of older volcanoes and sandstones.

The rest of Lhe province is part of a high plateau, with
elevations of 2100 m in the north-west, 1950 m around A1 Bayda, and
1800 m in the north-east. This plateau is a gently north-east sloping
peneplain incised by numerous steep wadis forming the present drainage
system. The resulting topography is a rough mountainous counLryside
with usually steeply incised valleys. The valley bottom usually lies 50
to 100 m below the watersheds of the surrounding hills. The wadis are
mostly very narrow, 1oca1ly widening to broader valley botloms covered
by alluviurn. The rough terrain makes travelling difficult and slow.

2.7 .2 9sglgsy

Figure 3 gives the occurrence of the different geological
formations as found in AI Bayda Province. The geological map is presented
in Fig. 4

Precambrian rocks
and crop out at or near the
Rada. The Precambrian rocks
mainly intensely folded and
intrusions.

form the basement of the whole of the YAR
surface of A1 Bayda Province to the east of
are composed of highly metamorphic rocks,
fractured schists and gneisses with granite
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The rocks have been eroded to a vast peneplain forming a high
plateau at an elevation around 2000 m above MSL occupying the greater

iart of A1 Bayda Province. The map shows that the Precambrian basement

is subdivided into three structural units separated by major NE-Sl{

running faults. Each unit comprises series of highly metamorphic rocks

folded into one or more compllx synclinoria' Late orogenic graniLe
intrusions are usually found along the axis of the synclinoritrm' The

metamorphic rocks are also cut by numerous smaller faults forming
preferential directions for the wadis in the province'

Intrusive dikes often associated with faulting cut the Precambrian

rocks at many places. Tawilah sandstone is exposed in an elongated zone

running from north-north-west to south-south-east through the western

part oi AI Bayda Province. Rada Town lies within this strip' The sandstone

forms a series of light-grey to yellow coloured fluviatile (river-type)
cross-bedded deposits ranging from coarse sand to fine gravel' The

Tawilah sandstone rests discordantly on the basement rock' NW-SE running
faults related to the formation of the Red-Sea Graben cut the sandstone

near Rada and Juban. The thickness of the Tawilah sandstone may be up

to 500 metres.

Tertiary volcanic rocks overly the Tawilah sandstone
the western border of the province. These volcanic rocks known

Yemen Volcanics cover a large area of Yemen including Sana'a,
and Taiz.

along
as the

Dhamar,

The volcanic series comprises piled-up flows and domes

basalt lavas and tuffs sometimes alternating with alluviaI sand

gravel deposits. Intrusive dikes, often occurring in swarms ' cut
volcanic rocks and adjacent sandstones especially near volcanic
The thickness of the Yemen Volcanics is estimated to be at least
2000 metres.

Groundwater flows
In A1 Bayda Province, where
flow of large quantities of
occur.

of
and
the

centres.

from areas of recharge to areas of discharge'
there are no large regional aquifer complexes,
groundwater over long distances does not

Nurnerous sub-recent volcanoes, lava flows and volcanic ash

deposits occur especially in the north-western corner of the province,
wiih Jabal Isbil as centre of volcanic activity. The rock is basaltic
and black. The lava has a characteristic vesicular structure with many

cavities. The formation is up to 1000 metres thick.

Holocene alluvial deposits are found in many wadi beds in A1

Bayda Province. Coarse sandy stream deposiLs with gravel underly especially
,.jo. wadis. Finer valley fill.deposits are found in the smaller wadis
and plains around Rada and elsewhere in the province' The beds are up

to 30 m thick.

2.1.3 Drerqqgg_P3!!9Igg

(a) Groundwater
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fn general, groundwater flow can be divided into the following
two groups:

- groundwater flow in the Precambrian basement, and
- groundwater flow in the sandstone and volcanic rock areas in the

western part of A1 Bayda Province.

Groundwater flow in the Precambrian rock occurs below the
wadi beds in the alluvium and underlying weathered and fractured rock.
Here, the groundwater drainage pattern follows more or less the surface
drainage system. The groundwater catchment boundaries practically
always fo1low the topographical watershed of the wadis. Exceptions are
those places where prominent faults serving as aquifers cut the watershed
between two wadi systems. An example of such a fault is the east-west
fault passing south of AI Bayda.

Usually the groundwater-transmitting capacity of a wadi bed
is a product of the cross-section of the wadi bed, the permeability of
the sand and weathered, permeable rock in the wadi, and the slope of
the wadi bed. These factors differ greatly from place to place. Therefore
the water-transmitting capacity may be sufficient for grorrndwater flow
at one pIace, while it is too low at another point in the wadi. Thus it
may occur in many wadi systems, because they are so long and their
catchrnents are so large, that the groundwater-transmitting capacity of
the wadi bed after several kilometres is smaller than Lhe groundwater
flow from upst.ream. As a result, groundwater levels rise to the surface
and groundwater is lost by evapotranspiration or groundwater outflow in
the form of springs and base flow. Further downstream the capacity may
increase again and the water will again flow below the surface. Examples
of grouadwater discharge due to insufficient groundwater-transmitting
capacity are the waterlogged area in the wadi near Nakhar east of AI
Bayda, and the whole wadi north of A1 Bayda along the main road to Rada
from AI Bayda Town past Mash'abah.

Brackish to salty groundwater occurs generally in most of the
wadi beds some disLance downstream the catchment borders due to evapo-
transpiration of shallow groundwater and resulLing salt acc rqulation.
Thus, the waterlogged wadi bed north of At Bayda contains brackish to
saline groundwater, while the branch wadis contain fresh groundwater,
with a water-tabIe several metres below the surface.

Groundwater flow in the sandstone and volcanic rock areas in
the western part of the province depends more on geological Lhan topo-
graphical factors.

The main watershed is formed by the escarpment of Sabah and
Ar Riashiyah. Here surface water and groundwater flow in a souLhern
direction. Groundwater flow follows permeable layers in the volcanic
rocks alLernating with impermeable layers. The aquifers are recharged
in outcrop areas in the mountains. Discharge of groundwater occurs
mainly in the wadi beds, causing sma1l streams during the greater part
of the year in this high mountainous area.
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Rain-water falling on the highly permeable young volcanic
rock slopes of the Jabal Isbil north-west of Rada infiltrates to great
depth into the underlying sandstone or onto the underlying basement
rocks. This water flows for the greater part southward towards Wadi Tha
where it discharges partly through a number of springs into the Rada
Plain. Smaller quantities of water under this volcanic complex flow
eastward and norLhward, discharging as smaller springs at the boundary
of the lava flows with underlying rocks.

(b) Surface water

The south-west corner of the Arab Peninsula shown in Figure 5
can be divided inLo three main drainage basins:
- the western basin, draining on the Red Sea;
- the eastern basin, draining on the Rub AI Kha1i;
- the southern basin, draining on the GuIf of Aden.

A1 Bayda Province is situated on the border between the southern and
eastern basins, which means that it drains partly towards the Rub Al
Kha1i and partly towards the GuIf of Aden.

The border between the eastern and southern basins in A1
Bayda Province runs along the main escarpment south of the Rada plain,
then follows the main road from Rada to A1 Bayda up to l{adi Dhi Na'im,
where it bends south and follows the escarpment south of AI Bayda in
the YDR. A11 the wadis in the southern catchment are upper tributaries
of Wadi AI Bana. The catchment within AI Bayda province comprises
numerous deeply incised V-shaped wadis cutting through the escarpment
forming the southern border of the high plateau. The numerous wadis in
the eastern escarpment including the Rada plain, the area north of the
Rada-AI Bayda road, Wadi Dhi Na'im, and the wadis around Al Bayda drain
northward. This drainage system forms a very complex wadi pattern
belonging to at least three main wadi systems; these are fron west to
east:
- Wadi Sabah, draining h'ater from the western part of the province

including Lhe Rada Plain;
- t{adi Harib, draining the central plains and northern part of the

province;
- Wadi Bayhan, draining the eastern part of the province including AI

Bayda and [{adi Dhi Na'im;
- t{adi Jifa, draining the north-east corner of the province.

The above wadi names are those found on the topographical map(scale 1:250 000) of the YAR near t.heir inflow point into rhe Rub At
Khali. These names differ nearly always from the local names given to
these wadi systems, which change every few kilometres.

Rain-wat.er falling in and around the Rada plains hardly ever
reaches the northern wadis, as was demonstrated during heavy rainstorms
Iasting several days in March 1983, when water flooded the plain north
of Rada, but did not leave the area. Another proof is the absence of a
streambed in the northern part of the Rada plain.
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The geological map of Figure 3 and the more detailed geological
maps in Annex A show that the aligrunent of the wadis is determined
geologically, especially in the area covered by precambrian rocks. The
wadis follow the strike of the weII-layered rocks and the numerous
smaller and larger faults in the intensely folded metamorphic rocks.
For example, L/adi Bayhan follows major faults in the north-east of Lhe
province.

The wadi sysLems near Lhe main watershed end up in flat
areas like the Rada Plain where the inflowing run-off water infiltrates
into the permeable alluviaI deposits.

2 .7 .4 Soils

To date no systematic soil survey has been carried out in Al
Bayda Province. Thus, no detailed information can be given on the soil
conditions in the area. For a correct determination of the irrigation
potential, which depends on the availability of suitable land as weII
as irrigation water, a (semi-)detailed soil survey is a prereguisite.

As far as conditions aIlowed, the Assistant Agronomist dedicated
some of his attention to the soil conditions in the selected areas, but
this provided hardly more than a superficial impression. In some areas,
soil moisture content was measured at field capacity, while also a fewinfiltration rates were measured. The latLer varied between 3g and
72 cm per day.

In general, soils are of an alluvial nature aod comprise loam
and sandy l-oam. Soils in Wadi Mansur, Wadi Juban and Wadi Dhi Na,im
appeared to be the lighter ones in the selected areas. This is more orless confirmed by the water-holding capacities (soil moisture at fieldcapacity as a percentage of dry matter), which are no more than 15 to
20 oA for t{adis Mansur, Juban and Dhi Naiim, as compared to percentages
between 20 and 25 % for the remainiag areas, both ior the topmost 25 cmsoil Iayer.

2.2 Climate

2.2 .7 General

In AI Bayda province, bn agro-meteorological station was setup in A1 Khabar in 1978. Since then several climaiological variables
have been measured more or less continuously, i.e. the dry-bulb andwet-bulb temperatures, the evaporation of a class-A p"rr, Lhu wind run
and the wind direction, the total hours of sunshiru pu, month, thecloudiness, and the precipitation rate. fn addition, there are Drrmberof st.at.ions in Al Bayda Province which record rainfall only. Of these,
Rada station has the longest time series.

For the project area two more meteorological stations are ofspecial interest: the station in Rabat, south of Dhanar, and the onelocated in Ma'bar, north of Dhamar.
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This section summarizes Lhe main climaLological data of
Al Bayda Province. Further details of A1 Khabar, Rada and other stations
in the province as well as data from Rabat and Ma'bar are given in
Annex A.

2.2.2 !resipi!e!ier
Rainfall is the main form of precipitation and varies annually,

seasonally and in its distribution over Lhe survey area. Snowfall or
hailstorms occur occasionatly in December and January. In the mountains
south of Rada there is a marked difference between the wetter south and
the drier north, and between the wetter west and the drier east. AI Khabar
rainfall data are available from 1978 to the present, while in Rada
measuring started in 1977, resulting in continuous daily rainfall
figures over a period of six years up to 1983 (see Figures 6 and 7).

In Al Khabar the annual rainfall is never more than 365 mm,

with a mean of 269 rrm, while for Rada the annual rainfall figures are
even slightly lower: a maximurn of 320 mr, with a mean of 204 rnm.

- In the figures the two wet seasons in the high plains are
clearly visible: the first one is in March, sometimes April, and the
second period falls mainly in August, though sometimes in July or
September, lasting more than one or two months. Between April and JuIy
there is a short dry season, with mostly uo rain at aII in July only.
Between September and February there is a long dry seasoa, the months
of October, November, December and January having zero precipitation
most of the time.

2.2.3 TeEpsre!ere

Figure 8 shows the temperature data recorded at AI Khabar.
The mean temperature over the period of measurement is 17.6 oC. Highest
temperatures are reached in June, July, and August; the highest mean
monthly temperature recorded in A1 Khabar so far is 31 oC. llean monthly
minim'm temperatures are slightly above zero (about I oC). Occasionally
daily temperatures faII below zero, mostly in November, December, and
January, and sometimes even in February. The figure shows Lhe marked
seasonal fluctuation of the mean, minimun and maximum monthly temperatures
and the daily range.

2.2.4 Igsi{i!v
Figure 9 shows the minimum, maximnm and mean relative hunidity

recorded at AI Khabar station from April 1978 to September 1983. In
contrast to the temperature there is no prominent seasonal fluctuation
discernable, although the figures tend to be lowest in JuIy and in
October, November, and December. The figure shows large differences
between Lhe mean, maximum and minimum monthly relative humidity. Around
6 o'c1ock in the moraing the relative hunidity is highest, often reaching
dewpoint, especially in the colder months. Lowest relative humidity is
always early in the afLernoon.
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2.2.5 Eyspgrgligg

Intense radiationl low relative burnidity during the-day and

constant wind result in a high Poteotial evaporation' Figure 10 shows

the evaporation data of a class-A pan installed at the agro-neteorological
station ia A1 Khabar, and the evaplration figures calculated according

to the Peonan method, which are tbeoretically about 20 % lower than

class-A Pan measurements.

Monthly evaporation is highest in April, Hay' and June' and

lowest ia the "oid.t ionths of November, Decenber, and Januaryl seasonal

fluctuation of the evaporation is only small (about 2O-4O %) '

2.3 Population

2 -3 . t Er::sg!-p9Ps19!i99-gsg-Ergglb

The first notlern population census in the Yenen Arab Republic

was carried out in February- 1975, followed by a second census in
February 1981. Prior to that, population figures were based on the

records of the zakat (loca1 tax) administration; these estixoates are

shown in Table 2 together with results from the two cetrsuses' For a

more detailed discussion of demographic data in the Yemen Arab Republic'
and Rada District in particularr-t"itt""e is nade to the RIRDP Technical

Note No . 7 - Demograplic Data on the Yemen Arab Republic and the Rada

District (Ilaco, 1982a) -

ft was expected that comparisou of the 1975 and 1981 census

results would provide the most satLsfactory basis for an estinate of
the national population growth. Tbese data, presented in Table 3' show

an annual gtorth rate of 8.3 % for the de jure population (including
emigrants) aod 7 -2 % for the de facto population (excluding enigrants) '

UowIver, an analysis of the birth and death rates based on an a8e group

distribution from the 1975 census results in a predicted growth rate of
2.4 %, which corresponds with that indicated by the gg!a:!-results
betweea 1965 and t974 sUown in Table 2' Doubts must therefore be cast

upon the results of either the 1975 or the 1981 census ' Ilaco (1982a)

coosiders that the 1981 results are suspect, and certainly the estimate

of the nuober of enigrants apPears to be overstated at 1 395 723' i'e'
gg X of the oale popil"tio" oi ZS % of the male populatioo in.the age

gioup 15-54. The results also indicate an increase in emigratiou ratio
Iio". 1975, which is contrary Lo what is generally believed' Adjustments

such as made io the Final Report of the 1975 census, which significantly
reduced the nr:nber of emigrants and the estirate of the aumber of
people not eBlrmerated, mai produce a more acceptable growth rate between

1975 and 1981.
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Table 2 - Population estimates for the yemen Arab Republic

Population (x 1000)

Male Female Total

Annual
growth rate

(%)

19651
79661
7967 L

1968 1

19691
19701
797 71
7972r
19731
197 4r
1975 (Feb. ) 2

1975 (Feb.-adjusted)z
1981 (Feb. ) 3

2700
2762
2825
2891
2967
3033
3 109
3 189
3277
3356
3405
2743
4753

2434
2488
2s46
2606
2668
2733
2802
2873
2945
3023
3067
2564
3803

5 134
5250
537 1

5497
5629
5766
591 1

6062
6217
6379
6472
5307
855 7

2.3
2.3
2.3
2.3
2.4
2.5
2.6
2.6
2.6

_4
_4
_4

1 Based on poII zakat tax returas.2 Estimates for 1975 based on adjusted results of the Housingand Population Census (February 1975) as presented in theFinal Report (197S) on the Airphoto Interpretation project
of the Swiss Technical Co-operation Service.a t98t census.

4 See Table 3.

Table 3 - Results of population censuses in February 1975 andFebruary 1981 for the yemen Arab Republic

Feb. 1975
(x 1000)

Feb.1975
(adj usted)
(x looo)

Feb.1981
(x looo)

% fncrease per year

Unadjusted Adjusted

De jure
De facto

6472
5238

5307
4705

8540
ltt$

8.3
7.2

4.8
5.3

The 1975 and 19g1 census results for AI Bayda province arereproduced in Table 4 and in comnon with the national figures, highgrowth rates of 7.G o/, and g.5 % per auurm are indicated for the defacto and de jure population, respectively. The most significant of thediscrepancies between the censuses is for the more sparsely populatedn_ahiyah (sub-districts) such as Sawadiyah, Nati,a, Maswarah, and llarkha,where growth rates of between 14_% and 25 l, p.a. are found. The populationdensities of these areas are still 1ow, howeier, and neither the 1975nor the 1981 results can rea1ly be verified in [n" ti"ta.
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It is thus probable that the 1981 census figures are over-
estimated to some extent, and for the purpose of detailed design of a
village water-supply system, it is recommended that an independent
census of the village population be taken prior to the design. The
objective of this report, however, is to provide an estimate of the
water requirements in the province and as such, some overestimation of
the present population will at least err on the side of safety. Moreover,
village population figures for the entire province are available for
1981, which will a1Iow a more detailed analysis of the water requirements
For the purposes of this report, therefore, it is proposed to use the
1981 census results. The consultants further coasidered that waLer
demand figures should take into account Lhe emigrated population, as it
is not possible to say that they will not return to the village within
the 20 year time span considered in this report.

The scarcity of reliable population daLa can make the estimation
of population parameters such as growth raLe hazardous. Due to the
apparent discrepancy between the 1975 and 1981 census results the
calculated growth rate of 8 %p.a. should be ignored. For present RIRDP
designs, a growLh rate of 2.4 %p.a. is assumed, which is the rate
calculated from the present birth and death rates. In order to make a
prediction about future growth rates, certain assumptions must be made
regarding future birth and death rates. While it can be expected that
the death rate will drop with improved health facilities, water-supply
and sanitation, the future birth rate is less predictable. It is therefore
considered appropriate to adopt a growth rate of 2.4 o/, p.a. for the
20 year time spaa considered in this report as there is no evidence at
present to support any change in the assumptions from which this value
was derived.

2-3.2 !iegsiup!1ee_e{_peps}3!ies-339_!s!tlspest_p3l!srs

The population is concentrated in the Rada Basin and around
A1 Bayda Town, along the Rada-Al Bayda road, in the wadis north and
west of AI Bayda, in Juban, and in Sabah/Ar Riashiyah. The 19g1 census
results indicate little change in the pattern except for an increase insettlement in the more sparsely populated northern regions of theprovince. This is however still questionable as mentioned in
Subsection 2.3.1. The areas outside the selected areas contain manysmall, scattered viIlages, as is evidenced by the distribution ofvillage sizes shown in Table 5. Little agricultural activities arecarried out in these regions, livestock husbandry being the main
occupation.

As can be expected, settlement is generally adjacent to wadis
where some agricultural activities can be sustained. Although notevident from the 1975 and 1981 census results, there does appear to be
an increasing concentration of population around the major lo*rrs of AI
Bayda and Rada, where, in general, water resources are less scarce Lhan
elsewhere. The population increase in these areas is reflected more in
the villages adjacent to Rada and A1 Bayda than in the towns themselves,
where growth is to some extent restricted by the town boundaries. In
many villages the number of households is increasing at a rate much
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Tab1e 5 - Distribution of village sizes in A1 Bayda Province
(according to 1981 census results)

No. of villages with population:

0-250 250-500 > 500 TotaI

A1 Bavda District

( 1s)
( 18)( e)
( 7)( e)
( 0)
(0)
( 0)
(0)
(0)

720
332

93
59
44
34

101
88

729
51

2)
18)
11)
4)
3)

11)

3
1

4
2
2
0
0
0
0
0

)
)
)
)
)
)
)
)
)
)

4(2)
10(s)
e ( s)
1 ( 1)
3(2)
0(0)

(0)
(12 )
(4)
(3)
( 1)
(3)

(
(
(
(
(
(
(
(
(
(

5
2
6
3
4
2
0
0
0
0

2
4
4
2
5
0
0
0
0
0

)
)
)
)
)
)
)
)
)
)

(
(
(
(
(
(
(
(
(
(

1

1

1

(to)'t
(13)
( 1)
(3)
(2)
(0)
(0)
(0)
(0)
(0)

107
324

69
44
34
23
98
87

8
6
I
2
6
9
3
1

4
2

2
15

5
4
2
7

115
49

Icliyc!
As Sawmah
Al Suwadia
Al Bayda
Az Za}rir
Dhi Na'im
Harkha
Mashwarah
No t aman
At Taffah
Nati t a

Rada District
Iebiyc-
Rada

Juban

(0)
( 27)
( to)
( 0)

(
(
(
(
(
(

7

39
29

5
t2
16

37
72

172
15

1(0)
Ozl-a

Rada t a
AI Arsh
Sabah
Jabal a1 Riashiyah
Al Thumood Riashiyah
Wadi AI Riashiyah

9giIeb
Idalad Rabia
AI Ghonain
Al Mohsin Yazid
AI Mahdy

)
)
)
)

0
2
2
0

(
(
(
(

1

2
3
0

(0)
(s)
( 7)
(0)

10
8

L2
4

14(1)
ls (2)
o(o)
7(o)
e(8)

26(o)
62 (20)
e7 ( 7)
11 ( o)

4s(s) 16(3) 4(4) 6s(12)

7227 (72) 172 (ss) Or (3s) t46o (762)Total

* ( ) No. of villages covered by survey.

greater than the populaLion increase, due to the tendency for young
marrieds to construct their own house rather than live with extended
families.

The population concentrations generally coincide with the
areas selected for this study. The population in each of these areas is



27

indicated in Tab1e 5; this represents just over half of the total
provincial population.

Table 5 - Estinated population in selected areas

Estimated
population

Size distribution of villages

0-250 250-500 > 500

I Rada Basin
2 Sabah/Ar Riashiyah
3 AI Bayda North-East

(incl. A1 Bayda Town)
4 AI Bayda West
5 t{adi Juban
6 Wadi Mansur/Wadi Amad
7 Uadi Matar/Wadi Ar Rin
8 tladi Hubabah/Wadi Ar Riashiyah
9 Wadi Dhi Narim

10 Villages along Rada-Al Bayda road
incl. Abbas and As Sawadiyah

59 000
23 000

32 000
22 000
12 000
12 000
5 000
8 000
8 000

7 000

28
11

74
13

130
22

91
82
57
65
20
25
36

95

6

3
4
2
0
0
2

I

5
5
4
5
2
7

6

4

TotaI 189 000 523 77 4s

Sources: 1981 Census; figures include emigrants.

A11 villages with a population greater than 500 and those
with a population between 250 and 500 are listed in Annex B. The location
of the larger villages is shown in Figure 2.

2.4 Economic base

Agriculture is the principal economic activity in A1 Bayda
Province, engaging an estimated 80 % of the resident polulation. Uining
and industry are insignificant, but since the early sevlnties theconstruction, trade and transport sectors have grown substantially,
mainly as a result of the infusion of cash through remittances from
emigrants

The economy is heavily dependent on these remittances, which
come from workers who have emigrated mainly towards neighbouring Gulf
states. According to census figures, 11 to 16 % ot. the AI Bayda popul-ation
have nowadays emigrated. Their remittances, estimated to be in the
order of YR 10 000 to YR 20 000 per worker per year, form a substantialpart of the regionrs income.

The cash incomes from remittances, together with the income
from the production of qat, has 1ed to a vast growth in the consumption
of, mainly imported, foodstuffs and clothing as well as luxury goods
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such as televisions, and to a rapid increase in the construction of
houses and in the purchase of motor vehicles. This in turn has led to
an increasing number of moder4 stores, mechanical workshops and wood
and metal workshops in the private sector. By comparison, the provision
of public services in for example health, education and sanitation has
Iagged behind.

The effects of migration on agriculture are twofold. Like in
other parts of Yemen, labour shortage and rapid escalation of wages
have resulted in a reduction in the area planted under rainfed farming
and abandonnent of marginal lands. Mechanization has not really compensated
for Lhis trend because of its high cost and inefficiency: the tractors
used are often too large for the small plots and many drivers are
inexperienced. On the other hand, investments resulting from remittances
combined with the opening of the area by new roads have led to a tremendous
increase in the number of boreholes (deep tubewells) which, although
primarily used for qat production, have enabled a shift from rainfed
farming of food crops to irrigated farming.

Data on the present state of agriculture and livestock are
provided by the agricultural census conducted by the Ministry of Agriculture.
The AI Bayda census, which is actually a survey among 2 % of. the holdings
in the province, was held in the 1980/81 agricultural season. According
to this census, the total cultivable land in A1 Bayda is about 52 400 ha,
with the major part rainfed. Almost 17 000 ha is irrigated, mainly from
we1Is (see Table 7). The census esLimated that there are about
23 4OO agricultural holdiugs in the area, ranging in size from less
than 0.5 ha to 5 ha and over. More than half of the holdings fall in
the range 0.5 to 2 ha (see Table 8). The average farm size is 2.2 tra,
which includes both rainfed and irrigated land as well as fallow land.
Average irrigated area per holding is roughly I ha.

Table 7 - Total cultivable area in A1 Bayda

ha lo

Rainfed
Irrigated by spriugs
Irrigated by pumps
Uncultivated

Total

32 377
7 049

15 851
3 165

52 442 100. 0

67
2

8
0
2
0

30.
5.

Source: YAR Ministry of Agriculture and
Fisheries, 1983.
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Distribution of holdings and
farm size, AI Bayda

area by

Farm size
(ha)

f, of holdings fl of area

Les s than 0.5
and less than 1

and less than 2
and less than 3
and less than 5
and over

TotaI

15 .9
27 .9
26.8
10.0
9.2

70.2

100.0
(23 416)

2.2
9.2

17.3
11 .0
15.7
44.6

100.0
(52 442 b'a)

0.5
1

2
3
5

Source: YAR Ministry
1983.

of Agriculture and Fisheries,

Fragmentation is very common in Al Bayda, as itparts of Yemen. The- number of parcels per holding raugesOn average, the number of parclls per holding is about 5.

Private land ownership is predominant in AI Bayda. About gg Iof the holders own the land they cultivate ; Z % are share_croppers aad10 % of the holdings are a mixture of ownershif, share_cropping orrented Iand.

The production is sLrongly subsistence_oriented, with sorghunand other grains such as wheat, biriey and maize prevailiag. OnIy smallsurpluses, if any, are sold in the 1ocal market or off the farm. AIsoalfalfa and livestock products s_uch as milk, ghee and meat are mainlyproduced for home consumption. Vegetables, ;.;. tomatoes, water-melons,potatoes and onions are grown for the market in certain areas butmostly they are grown in small plots for home consumption. Qat is themain commerciaf crop. The estim-"tud 
"r"rs by crop are given in Table 9.

Statistics of the number of livestock are bound to beapproximations only, as no compl.ete count has ever been taken in AIBayda. The census has estimatei the n ,rnber of livestock in the provinceas given in Table 10. Uost of the holdings o*, 
"or" Iivestock, be itcattle, sheep, goats, camels, donkeys or chickens. Camels and donkeysare used as draught animals and for transporL of products and water.

is in other
from 1 to 19.
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Table 9 - Estimated area by crop in A1 Bayda

Crop ha %

Sorghum
Wheat
Other grains*
Alfalfa
Vegetables and pulses
Other annual crops?'(
Qat
Other permanent crops

TotaI

43 843
945
787
883
854
145

1 797
25

89 .0
1.9
7.5
1.8
1.8
0.3
3.6

49 277 100 .0

Source: YAR Ministry of Agriculture and Fisheries, 1983

* Including mixed crops.

Table 10 - Livestock, total number and averages per holding, in A1 Bayda

Total number f, of holdings
reporting

ownership of
livestock

Average no.
of livestock per

holding
reporting

Average no.
of livestock

in all
holdings

Cattle
Sheep
Goats
CameIs
Donkeys

25
299
136

5
23

235
841
153
226
207

61
5s
38
L6
79

1.1
72.8
5.8
0.2
1.0

8
8
2
4
3

1

19
15

1

1

Source: YAR Ministry of Agriculture and Fisheries, 1983.

There are very few data available on economic sectors other
than the agricultural one. To date, no systematic survey has been
carried out. However, short socio-economic village surveys conducted in
the context of the l.Jater-Supply and Sanitation Study and by the RIRDP
have indicated that a substantial proportion of the male labour force
(in some villages up to 70 % of. the heads of households) finds emplo5rment,
often besides farming, in non-agricultural sectors, particularly in
construction. Next to off-farm employment and comnercial crop production
(mainly gat), migration and the related remittances are an important
source of income for the rural households. In some of the villages
covered by the surveys, up to 50 % of the households had one or more
men abroad.
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PRESENT WATER RESOURCES AND TT,ATER USE

Groundwater resources

fers and aggisigler

The following aquifer units can be distinguished in A1 Bayda
Province:

- volcanic rock aquifers of:
. the highly permeable Quaternary Basalts I and
. the moderately permeable Tertiary Yemen Volcanics I

- sandstone aquifer of the Tawilah sandstonel
- alluvir:m aquifer under plains and wadis composed of unconsolidated

sand and gravels, often underlain by rock aguifers as mentioned
below;

- weathered and fractured rock aquifers in the precambrian basement.

Table 11 contains the main water-bearing characteristics of
these different geological formations.

3.7.2 Groundwater catchments

The geology of Al Bayda province prevents the occurrence of
large continuous aquifer systems. Especially in the impervious precambrian
rocks, surface water as well as groundwater catchments are small and
confined to the wadi bed and adjacent slopes up to the hill crests. The
vaIley slopes up to the watershed serve as catchnent for rainwater,
which infiltrates in the wadi bottoms. Somewhat larger catchments, Iess
depending on the topography and surface watersheds, occur in the western
part of the province.

In the presenL study, the very large number of separate
groundwater catcbruents in the province made it necessary to select a
n 'mber of areas for more detailed studies. Eight catchments/wadis (o.
cluster of catchment wadis) were selected for the well inventory (see
Table 12). Not all welIs have been investigated in each area. However,the coverage is sufficient to allow for an assessment of the waterresources at this stage. The main characteristics of these areas are
surrnarized in the following paragraphs. Average values of pump discharge
and annual water abstraction for shallow wel1s and deep *.11"- for eacharea are given in Table 13. DetaiLs are provided in Annex A.

a) Rada basin

The basin is composed of a nurnber of irregularly shaped intermontaneplains and valleys at elevations of 2040-2ZOO tr surrounded by hi11s
and mountains. It lies at the r^restern border of A1 Bayda province,
bounded in the south by the Basalt plateau mountains of Agabah
Riashiyah and Sabah, and in the oorth by Jabal Isbil. Its area is
272 l,$2, which is approximately 28 \ of. the total catchment of
975 kmz.
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Table 12 - Percentage of wells surveyed

Area PercenLage

Rada basin
A1 Bayda North-East
A1 Bayda t{est
Wadi Juban
l.Jadi Mansur/Wadi Amad
I./adi Matar/\ladi Ar Rin
Wadi Dhi Na'im
Abbas

100
80
50

100
70
80
70

100

Table 13 - Average purtrp discharges and annual abstraction of wellst';

Area Boreholes Shallow welIs

No. Pump
discharge

(1/s)

AnnuaI
abstraction

(m3 )

Pump
discharge

(1/s )

AnnuaI
absLraction

(m3 )

No

Rada basin
Al Bayda
l{adi Juban
l.Iadi Mansur/I{adi Amad
Wadi Hatar/\ladi Ar Rin
Wadi Dhi Na'im
Abbas

t43
4

3
4

3

5.9
5.3
3.6
3.5
4.O
5.7
4.5

8.1
3.3

4.a
7.0

9.0

50 284
47 400

14 600
20 662

24 783

413
207
153
140
30
84
52

28 644
23 951
72 426
72 726
t2 774
30 062
72 170

Note: '* hleIls in operation only.

The main hydro(geo)logical characteristics are:
- The main aquifers are formed by Tawilah sandstone in the east and

north and the overlying Tertiary and Quaternary volcanic rocks in
the west and north of the area.

- Groundwater is abstracted at a rate of approximately 20 I,ICM(million cubic metres) per year from aboirl SOO dug wells and
190 boreholes.

- Additional spring flow in l.ladi Tha is estimated at 1.6 MCM/year;
most of this water is used for irrigation.

- llater-leveIs are 30-55 m deep in the plain between Rada and Halah
and generally 10-20 m deep under Lhe rest of the plains and valleys.
Very deep water-Ievels occur on the southern slop-s of Jabal
IsbiI.

- Water quality is generally reasonable to good. Brackish water of
EC > 2000 pS occurs mainly in the northern extremity of the Rada
Plains near its naLural outlet.
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Groundwater recharge occurs bY:

. lateral inflow of groundwater from south-western, western and

north-western directions I
. infiltration of rain-water and runoff waLer in the hills and

plains; the average rainfall over the last 5 years amounts to
272 m3 /yr.

b) AI Bayda

The AI Bayda area forms one catchment composed of a number of usually
narrow wadis and side wadis of a dendritic pattern with one single
outlet in the north. The wadi botLoms range in elevaLion between
1880 m in the north to 2030 m in the south' The wadis are surrounded
by 90 to 200 m higher bare ridges and hills. The investigated area
of 283 knz is bounded in the south by a prominent escarpment forming
the southern border of the high plateau of Yemen' The Lown of AI Bayda

lies in the centre of the area. The main hydro(guo)logical characteristics
are:

- Faults under the wadis and alluviun and the underlying weathered
rock zone form aquifers of high to 1ow permeability in the otherwise
impervious Precambrian rocks comPosed of gneiss, schists and
granites.

- Groundwater abstraction takes place from a great number of dug

wells at an estimated rate of 5.1 MCM Per year in the investigated
half of the area.

- [{ater-1eve1s are Senerally less than 15 n deep. Some artesian
wel1s occur in a fault just south of A1 Bayda Town. Irlater quality
is generally good with the exception of the main wadi along the
main road from AI Bayda.

c) Wadi Juban

The.Juban catchrnent is a series of irregular plains and valleys at
an elevation of around 2000 m above MSl, (mean sea level) eroded
300 m deep into a high sandstone plateau of 2300 m above MSL. It
lies in the south-eastern coraer of A1 Bayda Province and has an
area of 53 kmz. The main hydro(geo)logica1 characteristics are:

- Aquifers of generally 1ow to moderate productivity are formed by:
. usually less than 20 m thick Tawilah sandstone in a 1 to 2 km

wide strip under the northern plains and valleys of the catchment
. weathered Precanbrian gneiss and granite
. the usually 5 to 15 m thick alluvium under the plains.

- Faults and dolerite dikes cross the area.
- Annual groundwater abstraction is estimated at 1.95 MCH/year, from

around 200 dug wells.
- Uater-levels are usually between 5-10 m. Deeper water-levels occur

in the northern extremities of the valleys.
- Water quality is reasonable to good with an exception for small

areas west of Juban Town near A1 Hajar and at some places in the
south where groundwater leaves the area along a narrow vaIley.
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- Groundwater recharge occurs by
. infiltration of rainfall in the sandy soils
. infiltration of water running from Lhe mountain slopes into theplains
. some unknown groundwater inflow through the Tawilah sandstone

from the north.

d) t/adi llansur/Wadi Amad

I{adi }lansur forms one catchment composed of a number of broader
wadis and side wadis in a dendritic pattern with one single outletin the north. The wadi bottom elevation ranges from 1950 m above MSIat the south-western watershed to 1840 , ,ru", the northern outlet.I{adi Mansur lies 40 km east of Rada on the main road to At Bayda,just north of the main watershed which forms its southern boundary.
The catchment has an area of 229 km2. Main hydro(geo)logical
characteristics:
- Aquifers of generally 1ow to moderate productivity are formed by. usually less than 10 m thick alluvium under the wadi

. weathered Precambrian gneiss and schists
Aquifers of good productivity are probably formed by the greaL
n'qber of faults underlying and crossing the wadis. So fai, noboreholes have been sited on them.

- AnnuaI groundwater abstraction is estimated at 2 llCH/year (not
including the part of the catchment situated in nahiya As Sawadiyah)which is 7 % of the annual rainfall estimated at some 200 mm/year.- Water-Ieve1s are usually between 7 and 15 m below the surface.- Reasonable water quality is found only in the upstream sections ofthe main wadis and side wadis. Brackish water of EC > 3000 prSoccurs mainly in the downstream parLs of the main wadis in thenorth.

- Groundwater recharge occurs by infiltration of rainfall and runoffwater from the surrounding hiIls into the wadi beds; infiltrationis enhanced by nunerous retention dams built by the farmers.

e) tJadi Ma tar/Wadi Ar Rin
Wadi Matar forms with Wadi Ar Rin a depression of two irregularplains with side wadis eroded into the precambrian basement north ofthe Rada basin and Jabal Isbil. The area of l./adi Matar is approximately78 km2 and the elevation of the plains is lgg0 to 2O40 m above IISL.The main hydro(geo)logical characteristics are given below.

- Aquifers of generally moderate permeability are formed by. sandy alluviun and interbedded Quaternary basalt lavasl
. 

- weathered metamorphic rocks I. faults in the metamorphic rocks.
- Grouadwater abstraction in Wadi Matar is around g.5 UCH/year,which is about 3 % of the annual rainfall estimated at 200 mm/yr.- Water quality is -generally poor, with EC > t5O0 pS up to 4000 ;rSin the plains and in tr/adi }tatar. Fresh groundwater occurs ia thewadi east of AI Khi1aw and in the plains adjacent to Jabal Isbi1.- Water-levels are less than 5 m in Wadi Uatai and near the northernoutlet of the catchment, but range between 15 m and 25 m in theupper reaches of wadis and plains.
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Groundwater recharge occurs by infiltration of rainfall and runoff
water from the surrounding hilIs and by underground flow from
below the northern slopes of Jabal Isbil.

f) tiadi Dhi Na' im

Wadi Dhi Na'im forms one catchment of some 70 kmz composed of two

NNE-SSW running broad main wadis and a number of side wadis developed
parallel to the strike direction of the folded rock and along main

fractures. The wadi system has one outlet in the north' The wadi
bottoms range in elevation from 1950 m near the southern main watershed
to 1880 m above MSL at its northern outlet. trladi Dhi Na'im lies
20 km Nl.l of At Bayda just south of the main road to Rada and is
bounded in the south and west by the main watershed with Wadi A1 Bana '
The main hydro(g.o)logic characteristics are:

- Aquifers of generally moderate productivity are formed by
. usually more than 10 m thick weathered Precambrian metamorphic

rocks
. the fracture sYstem
. to a minor extent, the thin sheet of alluvial deposits in the

wadis and plains.
- Annua1 groundwater abstraction (by about 160 welts) is 3'6 MCM/yr,

which is a very high percentage of the annual rainfall estimated
at 250 mn/yr.

- WaLer quality is generally good but at some places brackish water
of EC > 1500 to 6400 pS occurs in some parts of the main wadis
especially near its northern outlet at AI Rubat. lrtater-leveIs are
generally less than 5 m deeP.

- Groundwater recharge occurs by infiltration of rainwater and
runoff water from the surrounding hilIs.

g) Abbas

Wadi Abbas is an isolated catchrnent of 33 km2, 12 kn east of Rada
just north of the main vratershed. It is composed of an irregular
alluvial plain with some side wadis at an elevation of 2010 m to
2075 n. Hain hydro(geo)logic characteristics:
- Aquifers are formed by

. 5 - 20 m alluvium underlying only parts of the plain

. weathered metamorphic rock

. faults tapped by some of the weIls.
- Water quality in t'iadi Abbas and Wadi Riam is good.
- The EC ranges from less than 800 ;rS in the south to more than

1500 pS near its northern outlet.
- l.Ie estimate present Srouodwater abstraction at 340 000 m3/year,

which is about S % of the rainfall estimated at 200 mm/year.
- t{ater-Ievels are 15-30 m below the surface.
- Groundwater recharge occurs by infiltration of rainfall and runoff

water fron the surrounding hills.



There are no rivers in AI Bayda province. Although there aresome small perenniaL streams in the volcanic highlands 
"o,rth of Rada,where rainfall is higher than in the rest of the province, surfacerrater is mainly runoff water from steep slopes immediately after heavyrainstorms, causing wadis to run durin! a tew hours to several days.Most of the runoff water is diverted by the farmers to their cultivaLedland on the plains, in the wadis, and on terraces which are widelydeveloped throughout the province. This runoff water supplements directrainfall and may multiply by several times the water available to thecultivated land. This water is very important for the success of dry_Iandfarming, especially the cultivation of sorghum.

3.2

structures
cultivat.ed
the waLer

3.3
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Surface water resources

Ir/ater use for domestic consunntion

At many places, r+,ater in the wadis is retained by dams. Theseare used primarily as diversion structures to bring water toland. They are not 1arge or strong enough to dam and storeflowing through the wadis after the occasional heavy rainstorm

The narrow wadi beds aad steep V_shaped vaIley profiles Iimitthe storage capacity of dams. Dam sites for thl storage of sufficientsurface water for irrigation are therefore very scarce, if not absent.Sites for retention and flood protection are more readily available. Astudy made by the Ministry of Agriculture in 19g3 indicates such a sitein a narrow wadi passage south of AI Bayda for protectiou of the tor{n.In conclusion, all surface rdater, except for extreme floods, is used.Retention of extreme floods, however, will be necessary in certainareas Lo protect population and property.

3.3.1 Households

Data on present domestic water consu"rption per capita and perhousehotd were obtained from tue viiia;; ;;;-hrusehold surveys of162 viltages throughout the provio"u. A further survey of householdwater use was conducted in February 19g3 and the results are outlinedin RIRDP Technical Note No. 10 (Ilaco, fgg3"l.-iti" survey was extendedin September/October 19g3 by iuterviews with women in the villages ofA1 Ajma, A1 Farasa aud Al Khabar of Rada District. The results of eachof these surveys are compared and discussed in Annex B.

ft has been concluded that it is not possible to derive avalue for the present per capita water consumption that is representativefor-the_entire province, sin-ce each area has ieached a different levelof development with regard to the nuraber of water_supply systems andthe type of water consrrming facilities. Therefore values have beenproduced for each area, as indicated in Table 14.
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Tab1e 14 - Per capita water consumption in selected areas

Area Per capita
water consumption

L/cap./day

f, of villages
with water-

supply systems

1 Rada Basin
2 Sabah/Ar Riashiyah
3 AI Bayda N.E.
4 AI Bayda l{est
5 l{adi Juban
6 Wadi Mansur/tiadi Amad
7 Wadi Matar/Wadi Ar Rin
8 Wadi Hubabah/t+radi Ar Riashiyah
9 t{adi Dhi Na'im

10 Villages aloag Rada-AI Bayda
road incl. part of As Sawadiyah

51
56
86
69

5
2
7
1

5
6
8
9
4
4

50
6

95
78

8
7

77
18
64

6

39.
58.
58.
45.
76.
54.

The results shown in Table 14 are illustrated in Figure 11,which clearly indicates the increase in water consumption. occurriug asa result of the provision of water-supply systems and the consequentincrease in water consuming facilities. The- Iatter effeci i;-;i;"supported by the results of the survey in A1 Ajma, A1 Farasa and 41 Khabarwhere a greater number of taps in the house prlduced a significantincrease in per capita water consumption (sel Annex B, Table 8.14).

Fig. 11 indicates that the value for fetched supplies shouldbe of the order of 45 L/capita/day. This is a higher value than isofLen considered in the literature for fetched supplies, but this maybe due to the fact that donkeys are used for water collection in yemen,which increases the water quantity that can be collected.

The 1981 population of each of the selected areas was indicatedin Chapter 2. In the basis of the results of the village survey inthese areas and the estimated population in 19g3, an estimate of thepresent domestic water consunption is given in Table 15.

3.3.2 Other user

In addition to the household consumption, r^rater is requiredfor schools, health facilities, mosques and industries. The n,rqbers ofschool pupils and health facilities in the selected areas obtaiaed fromthe operators survey is indicated in Annex B, Tab1e B.4.

A number of schools have been constructed in recent years,and many of these are provided with flush toilets although often theyare neither correctly used nor supplied with adequate rdater. Wtrile thedaily water consumption of a school with flush toilets can be of theorder of 15 L/pvpil/day it is probably correct to assrrme that the
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present school water consumption is Do more than 50 % of this value or
7.5 l/pupil/day. Health facilities are no significant water users,
but it is important that a r{,ater-suppty be provided in villages where
permanent health facilities are avaiLable.

Table 15 - Present domestic water consumption in selected areas (estimated)

Area Population
1983,k

Per capita
water consumption

(1/cap . /day)

TotaI present
domestic water

consumption
(m3 /day)

1 Rada Basin
2 Sabah/Ar Riashiyah
3 A1 Bayda N.E.
4 AI Bayda l.Jest
5 t/adi Juban
6 lrtadi Hansur/Wadi Anad
7 l./adi Uatar/Wadi Ar Rin
8 l.ladi Hubabah/trradi Ar Riashiyah
9 Wadi Dhi Na'im

10 ViIlages along Rada-Al Bayda
road incl. part of As Sawadiyah

62 500
24 400
34 000
23 300
L2 700
72 700
6 400
8 500
8 500
7 400

13
29
76

5
7

3

51
56
86
69

5
2
7
1

5
6
8
9
4
4

3 224

39.
58.
58.
45.
76.
54.

71
48
10
02
44
76

390
649
402

* Derived from the 1981 census in applying a growth rate of 2.4 \p.a.

An important water consumer is Lhe mosque, where according to
moslem tradition one must wash before praying. If taps are provided for
washiag in the mosques, it is estimated that a mosque could require
1.5 l/person/day.

There are no significant industries at present in the rural
areas of A1 Bayda Province, so no water consurnption for this purpose
has been considered. The present estimated water consumption for schools
and mosques, which are the main consumers outside the households, is
indicated in Table 16.

3.3.3 !iyss!gs\-sgs:tsPligs

An analysis of the livestock water consumption is made in
Annex B, and the unit values considered representative of the existing
situation in AI Bayda Province are given in Table 17.
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Table 16 - Estimated present water consumption of schools and mosques

Selected
area

PopulaLion
1 983

Estimated
no. of
pupils

Water consurnption (m3/day)

Schools Mosques TotaI

1 Rada Basin
2 Sabah/Ar Riashiyah
3 Al Bayda N.E.
4 Al Bayda llest
5 l{adi Juban
6 tladi Mansur/t/adi Amad
7 l.Iadi YlaLar/lladi Ar Rin
8 Wadi Hubabah/Wadi Ar Riashiyah
9 l{adi Dhi Na' im

l0 Villages along Rada-A1 Bayda
road incl. part of As Sawadiyah

62 6A0
24 400
34 000
23 300
12 700
72 700
6 400
8 500
8 500
7 40A

4 100
2 500
4 9AO
3 300

500
1 200

400
700

1 000
700

31
19
37
25

4
9
3
5
8
5

89
35
48
33
18
18

9
72
72
11

720
54
85
58
22
27
72
77
20
76

Table 17 - Present hrater cons rmption per head
of livestock

Present water consumption
(litres/auimal/day)

Cow, Bul}
Sheep
Goat
Donkey
Camel

25
4.4
8.8
8.8

25

The values obtained from the household survey have beenadjusted slightly so that the above consunption figures conform reasonablywith what could be expected from livestock under the conditions existingin A1 Bayda Province.

The Iivestock water consumption values derived above are
based upon household consr:.mption, as it was not possible to obtainestimates of livestock water use at the source. Howu.rer, the quantity
consurned per animal should Dot vary significantly in either 

"""u. Sincesurface water sources are relatively rare, it can be assu.med that mostof the rdater cons,rned by 1ivestock origiaates from grouadwater,
irrespective of where it is consurned. Consequently, the consunption byall livestock within the selected area is rJlevant to the estimation ofwater requirements.
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Based upon the livestock population in Lhe selected areas
determined in Section 2.4 and the unit values derived above, the present
livestock water consumption in the selected regions $ras calculated,
based on a sheep unit consumption of 4.4 litres/day (see Table 18)'

Table 18 - TotaI livestock water consumption

Selected
region

No. of
households

1983

No. of sheep
units per

household:!

Estimated
total no.
of sheep

units

Livestock
water

consumption
(m3/day)

1 Rada Basin
2 Sabah/Ar Riashiyah
3 AI Bayda N.E.
4 Al Bayda llest
5 l,Iadi Juban
5 Wadi Mansur/hIadi Anad
7 Wadi l{atar/l,Jadi Ar Rin
8 t{adi Hubabah/Wadi Ar Riashiyah
9 Wadi Dhi Na'im

10 Villages Rada-AI Bayda road
incl. part of As Sawadiyah

10 097
3 542
6 407
4 967
1 927
2 021

950

29.8
73.3
25.4
16.5
76.9
65.0
32.2
62.3
94.5
61.8

300
266
762

81
148
131

30
92

133
75

883
948
728
948
367
373
602
781
597
504

7 324
1 175

776
367
6s3
578
135
408
588
337

1 489
1 415
1 238

* Derived from lrlater-supply and Sanitation Survey, see Annex B.

3 . 3 . 4 Ig!gl-vc!sr- s9s:ssp!igs- {er-le}:3sri 99I!s531-Pereg:9:

Table 19 indicates the total preseut water consumption in Lhe
selected regions, other than for agricultural purposes.

Table 19 - Estimated total present water consumption for non-agricultural Purposes

Selected
region

Estimated water consumption (m3/day)

Domestic Livestock Schools Total
+ mosques

Equivalent
total per
capita

consumption
(1/cap. /d)

1 Rada Basin
2 Sabah/Ar Riashiyah
3 AI Bayda N.E.
4 A1 Bayda llest
5 tCadi Juban
5 Wadi Mansur/Wadi Amad
7 Wadi tlatar/l.Jadi Ar Rin
8 Wadi Hubabah/Wadi Ar Riashiyah
9 trradi Dhi Na'im

10 Villages Rada-Al Bayda road
incl. part of As Sawadiyah

3224
137 1

2948
16 10
502
744
376
390
649
402

1324
1 175
776
361
553
578
135
408
588
337

120
54
85
58
22
27
l2
17
20
16

4568
2600
3749
2429
1t77
t349
523
8r.5

1257
755

74.6
706.6
110.3
87.1
92.5

to6.2
81.9
96.0

148.0
101.9
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3.4 llater use for irrigaLed agriculture

3.4.1 9rgppreg-ps!!919:

Since the present study concerns the water resources and
their present and future application, the agriculLural survey has
focused on irrigated agriculture supplied with water from shallow
welIs, boreholes and springs. Rainfed agriculture, which covers an area
twice as large, has not been considered as it plays a negligible role
in the whole water cycle.

During the agricultural survey 82 we1ls were visited and in
principle the related irrigated plots measured. Before processing the
cropped areas into cropping patterns, a number of wells were eliminated
because their related cropped areas were considered unreliable. This
was mostly due to the fact that areas had to be estimated instead of
measured, because of absence or non-cooperation of the owners of the
wells.

For each of the selected areas visited (Iladi Arsard/Saru and
As Sawadiyah were noL covered by the agricultural survey) the cropped
areas per crop were totalled and made into a cropping pattern by dividing
them by the total area cropped either in strmner or winter, whichever
was the largest. Usually this is the surnmer area, but an exception is
formed by water-melon areas where the cropped area in winter is 1arger
(Wadi Abbas and !{adi Amad). The croppiag patterns for the individual
selected areas as well as the overall average cropping pattern
(approximating the oae for the whole of A1 nayda province), are
represented in Annex C, Table C. 1.

The cropping pattern forms the basis for the explanation of
differences in cropping practices and irrigation rdater abstraction
between the selected areas. These cropping patterns have also been
introduced into the calculations of the crop water requirements in
Table 29 (Subsection 4.3.3).

In Table C.1, Annex C it is observed that total cropping
intensities vary generally between l5g and l7O %, with aa extreme
figure of 198 o/ for Sabah which must be due to the high rainfa11, whichis about double the rainfall of for instance the Rada Basin.

The percentages relate to net cropped areas, but in additionboth io the sumner and winter season a certain area remains in short_termfallow. Farming systems research in t{adi Tha and l{adi Mansur has shownthe extent to be 25 and 17 % of the irrigated area during respectively
the s 'n'mer and winter season (Ilaco, 19g2c and 19g3b). WU.., tire area
covered by infrastructure (roads, villages and canals), for which afigure of 15 o/ is adopted in this report, is added too, one arrives atthe gross irrigated area.

The cropping patterns show extensive areas under qat, which
could be expected because of its high returns and good mark.t pro"p..t".
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The area under alfalfa appears to be rather variable with an
extreme figure of (on average) 40 % for Wadi Matar/Ar Rin. It has been
studied whether this has anything to do with a high livestock density
in the area, but this was found Lo be extremely Iow, although it must
be admitted that the sample of households studied is very smal1.

In Tab1e 20 the average annual abstraction per well covered
by the agricultural survey and the average electrical conductivity (EC)
of the well waLer, calculated for each of the selected areas, are
indicated. The former should give an indication of the relative abundance
of irrigatioa water, while a high EC indicates a poor quality of irrigation
water. These figures were drawn up in order to study any possible
correlation between these factors and Lhe prevalent cropping patLerns.
Abundance of irrigation water could induce relatively high total cropping
intensities, while poor-quality irrigation water could limit the area
under crops sensitive to saline water such as aIfalfa, onions and
potatoes. The figures are, however, not consistent in this sense. The
selected areas with the highest annual abstraction per well (Rada Basin
and Dhi Na'im) have a lower total cropping inteusity than Abbas, which
has the lowest abstractionl also, in spite of having by far the highest
averaSe EC, tJadi Hansur/Amad and lJadi Mattar/Ar Rin show high percentages
of respectively (surnmer) potatoes and aIfalfa.

Table 20 - Water abstraction and areas irrigated

Selected area Average annuall
abstraction per

well (m3)

ltax . a rea
irrigated2 p.t

weII (ha)

Average EC of
well waLer3

(tts )

1. Rada Basin
2. Sabah
3. Al Bayda N.E.
4. Al Bayda I.I.
5. Wadi Juban
6. t/adi llansur/l,/adi Anad
7. Wadi Hatar/Wadi Ar Rin
8. t{adi Hubabah
9. Wadi Arsard/Saru

10. Wadi Dhi Na'im
11. Abbas
12. As Sawadiyah

Overall average

11
15
15
72

35 340
18 170
27 490
16 990

100
860
170
100

41 900
6 200

21 310

3.25
0.92
1.67
7.52
1 .55
1 .59
0.57
1 .44

not available
l .60
0. 70

not available

896
415

1 057
1 365

707
2 037
2 325

1 370
854

1.72

I These represent the total a''nual abstractions of the wells included
in the agricultural survey, exclusive of domestic use. The figures
are averaged per selected area.

2 These figures indicate the average areas irrigated/cropped per weIl
for Lhe summer season, which are usually the largest, except for
Abbas where the area cropped is larger during winter due to the
extensive cropping of water-melons.

s For wells included in the agricultural survey only.
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3.4.2 9rgp-selselcr:

The crop calendars and growth durations for A1 Bayda province
are represented in Table 21. Except for a few cases they are uniform
for all selected areas. Although for almost all crops the table indicates
cropping seasonas both in sunmer and winter, the cropping patterns
indicate that sorghum is a surnmer crop, while barley, potato, maize and
melon are basically winter crops.

Table 21 Crop calendars and growth durations

Cropping season Growth duration
(months )

Winter Sununer

AlfaIfa
Sorghum
Wheat
Barley
Potato
lTaize
QaL
Onion
Melon
Fruit
Vegetables

& others

year-round

Jan. 2 -May
Jan. -Apr.
Jan. -May
Jan. /Feb. -May
year-round
Jan. /Feb. -May/June
Jan. -June
Uarch-Variable
year- rouad

year-round
June-Dec. 1

July/Aug. 3-Nov. /Dec.
Julya-Nov.
June/Aug. -Oct. /Dec.
June/JuIy-Sep. /Nov.
yea r- round
June/Aug. -Oct . /Dec .

June5-Nov. /Dec .

Oct. -VariabIe
yea r- round

t2
6

4-45
3-3 s

4
3s-4
12
3s-4
5-5
12

variable

1 The notation indicates that planting is done in June and harvesting in
December.
The winter
The srtmmer

It rr

2

3

4
s

season in Wadi Mansur/Amad is 1 month earlier.rr rr lTatar/Ar Rin is from May/July until October.I It Abbas runs from September to December.I' Juban area starts in April and ends in September.
It

lt

It

il

3.4.3 Igrieclrge_p ractices and water 3PP

In the area two different ways of irrigation are practised:
basin irrigation and furrow irrigation. Host crops are basin-irrigated
except for potatoes, melons, and vegetables. In itself, basin irrigation
can be an efficient method of water application especially for peoplewith a relatively short experience in irrigation, such as the inhabitantsof this area. There is, therefore, no reason to try and change thishabit.

The application per watering depends only on the water-holdingcapacity of the soil. The practice in the Dhamar Agricultural Improvement
Centre is that about 80 mrr per irrigation is applied.

Iise!igg
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In Table 22 Lh.e observations regarding application of irrigation
water in the different selected areas are indicated as an average per
area, and as an overall average over winter and summer. The figures are
based on observations of the wel} discharge, area of plots, and the
time during which well discbarge led into this p1ot. Discharge and plot
area were usually measured, but information on the duration of flooding
was obtained from the farmer.

As can be seen the figures within each crop and withia the
selected areas vary widely, although the overall figures fluctuaLe
around the 80 mm mentioned earlier. The figures are not very consisLent
in the sense that applications for one crop are always higher than for
others, or that applications in certain areas are all higher than in
others. Exceptions are formed by the applications for I'Jadi Hansur/Amad
and Abbas, which are consistently Iow, while the ones for Dhi Na'im are
high. It is remarkable that the soils of Dhi Na'im are rather sandy,
thus having a low water-holding capacity, which would caII for a relatively
low application.

The total irrigation water dosages per crop over a fulI
season are indicated in Table 23. The variation of dosages among the
selecLed areas for one and the same crop is even Sreater than for the
single applications in labLe 22. The difference between the two tables
is that in Table 23 the total aumber of applications during the growing
season is taken into account.

The large variation reflecLs in the first place the various
degrees of supplemental irrigation, because in this Btudy a crop r^tas

considered an irrigated crop if it got just one supplemental irrigation.
It would have been almost impossible to exclude such crops. Other
factors which influence the water dosage are:

- shallow rooting of a crop or light soil types, which require both
more frequent applications I

- relative abundance of irrigation waterl
- a high dosage as compensation for brackish or saline irrigatioa

water I
- Iack of experience in irrigation on the part of the farmer.

Again, the figures in Table 23 do not show a high consistency
Certain crops receive relatively small dosages in the one area, while
other crops in the same area receive a high dosage. It can be concluded
only that Wadi Mansur/Amad shows a consistently 1ow dosage per crop and
Wadi Dhi Na'im a consistently high one. From the latter area it is
known that (ground)water is relatively abundant and that soils are
somewhat sandy; both induce high waLer dosages.

Given the wide variation in dosages we have decided to use
the averages over all 10 selected areas in the remainder of this reporl-

recelve a
the field
which has

It is remarkable that tree crops like qat and fruit croPs
relatively Iow dosage in spite of the fact that they are in
all season. This may be due to Lheir extensive root system
access to a relatively large soil volume and is able to
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benefit better than other crops from rainfall penetrating into the
soil. However, alfalfa has deep roots as well, but seens to receive a

high water dosage 8til1.

3.4.4 l{ater lication eff19lgggy

In general, a reduced water application efficiency can be

caused by spiilag" oi irrigation water dormstream of the farm and by

excessive """p.g. into the soil profile in case of light (sandy) soils '
During our obiervations in the field no surface spillage from the farms

was observed. Although frequent infiltration measurements had been

planned for the field survey, they were not realized because of the
iigUt work echedule. These Eeasurements should have confirned high
iofiltration rates in the relatively saady areas such as I'Iadi Juban'
Uadi llansur and Dhi Na'in. In fact oaly lladi Dhi Na'im fits this condition
by showing both high applications and high water dosages Per croP'

Although irrigation losses, especially in t{adi Dhi Na'im,
could be sizeable, in this report recharge of the grouodwater aquifer
by seepage from irrigated plots has been neglected in the water balance'
The consultants feel that this is justified, given the fact that the
irrigated area in A1 Bayda Province covers only a few per cent of the
total surface area.

3.4.s !g!er-ePe!r3slies-ever-!!9-Y93r

i{ater abstraction over the year can be studied fron the
oonthly readiogs of the wells equipped with water Eeters' At present
about, t4 such wells are avai}able, all of them in the Rada Basin'
Readings started mostly in lIay 1982, but only a limited nunber of wells
show an uaioterrupted series of observations. From 5 wells with an

uointerrupted series of readiogs the averaSe oonthly abstraction has

beea calculated over the period May 1982 to Septenber 1983' Io Table 24

the average noathly abstractions are indicated as well as the rainfall
data for the same period. One would expect an increased irrigation
abstraction durinidry periods, but oo such relation can be observed'

t{ben studying the figures in Table 24 oo.e should be asare
that the sorgbun growing season stretches from June to November' The

growiag of this ,"5o" crop could very well be the cause of the hiSh
abstractioo duriog August, September and October' During the remainder
of the year there is aot ouch fluctuatiou in well abstraction'

3.4-6 ggeli!v-g!-ssll-sr!es-!gr-irriEslies

Tbe quality of well water ie determined by the pE (or alkalinity)
and tbe electrical clnductivity (EC)' Both values were measured at each

of the se1ls included in the hydrogeological Eurvey' The pH of the
water usually proved to be no problem for its use for irrigation' The

EC for each iadividual well, as rell as iso-EC lines are indicated on

the maps belonging to Annex A, Volune II'
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The EC values for the wells included in the agricultural
survey were averaged per selected area and they are indicated in the
last column of Table 20. We realize that such average figures are of
limited value, but a high average EC figure will nevertheless indicate
that wells with high-EC water occur relatively often.

From Tab1e 20 it is clear that l'Iadi Mansur and lladi llatar/Ar
Rin are the worst areas as regards water quality, while it is also
known that the groundwater of Dhi Na'im, as far as the part near the
road is concerned, is of poor quality. In these areas EC values of
3800-3900 pS occur, with extreme values as high as 5000-6000 ptS' From

Table 25 it can be concluded that such high EC values will affect the
yielding capacity of the more sensitive croPs like alfalfa, qat, fruit
trees, onion and potato. This effect can be compensated only to a

limited extent by applying extra irrigation water.

Table 25 - Crop salt tolerance levelsr (EC*, in ;rS)

Crop EC* resulting in

100 % yield 50 % yield

Sorghum
AlfaIfa
Wheat
Barley
Qat/ C it rus/Almond/Ap ri cot
Onion
Potato

2700
1 300
4000
5300

1000- 1200
800

1 100

7200
5900
8700

12000
2500-3300

2900
3900

Source: FAO (1976).
1 These refer to the EC levels for irrigation water,

which are lower than those for soil moisture.

In general, however,
pockets in the selected areas,
irrigation development.

it can be stated that, except for certain
the water quality forms no limiLation to
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L,ATER POTENTIAIS AND TUTURE WATER USE

1 Water ooten tials of selected areas and scoDe for extension
of water abstraction

The present situation of groundwater abstraction in the
catchment is described extensively in tables and on maps in Annex A.
The results are summarized per selected area in Table 28. Column g in
this table presents the estimated potential for water abstraction. This
quantity must be considered only as a first estimate, for the following
reasons:

- no rainfall data are available from any of the investigated areas
except the Rada Basin. AIl rainfall data used have been estimated
from a general rainfall map of the Arab peninsulal

- the accuracy of collected waLer abstraction data is dependent on the
quality of the information supplied by the farmers comparison with
estimates made from Lhe areas under irrigation gives sometimes unrealistic
results;

- the absence of raiofall records makes it impossible to take the
influence of long-term rainfall variations into account on water-Ievels
and groundwater abstraction.

l/e consider the results given in the table thus as a first estimaLe of
the water potential. Another point to take into account is that the
situatioa within each investigated area is not homogeneous but differs
from sub-area to sub-area. For any future groundwater development the
extension of the monitoring network for rainfall and water-1eve1s is
indispensable.

4.1.1 Rada

The potential for further groundwater development in thisarea is very difficult to determine because of the very complex
hydrogeology of the basin. We estimate that there is scope ior further
development from the present abstractioa of 20.5 MCM/ye"i to the orderof 30 MCM/year. This extra potential is irregularly divided over agreat number of sub-areas, given in Table A.9 in Annex A. tJe considerthis estimate only as an order of magnitude and recommend a furtherstudy with a grouadwater model based on Lhe present. knowledge of thearea to find a more accurate figure.

4.1.2 Sl-leyie

The potential for further groundwater abstraction is estimatedaL 4l7Cll/year. This est.imate is based on an estimated rainfall of
250 mm/year. The potential for further development is irregularly
spread over the area, as shown in Annex A. The estimate is based on thesituation fouad during the present survey and is made only for theinvestigated sub-areas. fnformation from the population indicates thatseveral years ago the water-level in the wadi uorth and east of AI Bayda
Town was nuch deeper than found during the survey. Further expansion ofgrouudwater exploitation should therefore be accompanied by monitoringof gronndwater leve1s and raiafall.

s r-nBa
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4.1.3 Wadi Juban

The potential for further increase of groundwater abstraction
is estimated at some 250 000 m3/year, mainly confined to the northern
valleys and plains. Present water shortages in the southern part of the
catchnent indicate the low potential of this part of the Juban area.
l{ater abstraction in the south should be used for domestic water-supply
in Lhe first p1ace. Any further development requires monitoring of
rainfall, water-Ievels and water abstraction.

4 .7 .4 Lladi Mansur di Amad

The potential for further increase in groundwaLer abstraction
is restricted by water quality and the shallow depth of the aquifers.
The northern parts of the main wadis, nhere water is brackish, have
hardly any potential for increase of groundwater use for irrigation.
Local pockets of fresh groundwater in Lhe main wadis and fresh water in
the side wadis should first be used as a source of drinking-water. We
estimate the potential for further groundwater abstraction at 1 MCM/year,
confined to the southern wadis and side wadis, as shown in Table A.13
in Annex A.

4. 1 .5 ttadi Hatar Wadi ArI Rin

Ar Rin
by the
p1ain.
but is
in the

The present groundwater abstraction in wadi Hatar and wadi
is relalively low. However, the groundwater potential is reduced
groundwater quality, which is brackish in large areas of the
The potential of fresh water in t{adi Ar Rin North may be substantial
yet unknown. It should therefore be covered by the well inventory
second stage.

4 .7 .6 l.iadi Dhi Na ' im

Despite the relatively high groundwaLer abstraction in this
catchnent, the occurrence of shallow water-tables and the absence ofcomplaints about water shortages indicate that there is probably stiII
scope for a moderate increase of water abstraction of I MCH per year.
Table A.12 in Annex A sbows the division of this extra potential overthe area. [r/e consider this estimate as an order of magnitude. Any
expansion iu water abstraction should be accoropanied by monitoring ofwater-levels and abstraction. Monitoring of rainfall should start as
soon as possible.

4.1.7 Abbas

The present groundwater abstraction in Abbas is relativelyIow. Groundwater potential is reduced by Iimited occurrence of alluvium
aad weathered rock aquifers. The scope for water abstraction is restrictedto tapping the faults by drilling boreholes in them. This is of specialimportance for the drinking-water supply of Abbas. proper site selection
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by the electromagnetic method and by using aerial photos is of utmost
importance for successful well drilIing.

llater use for domestic consumption

1 Households

The present per capita water ssnsnmption for each of the
selected areas is indicated in Table 14. ft can be expected that the
per capita values will increase in the future due to:
(i) an increase in the number of villages with water-supply systems.
(ii) an increase in househol"d water using facilities.

Iigure 10 has indicated the increase in water consurnption
which can be expected as the nu.mber of villages with water-supply
systems increases. The effect of an increase in water consuming facilities
is also reflected in the same curve. It could therefore be expected
that a value of 100 litres/capita/day, which corresponds with 100 % of
villages having waLer-supply sysLems, could be adopted as the future
per capita domestic water consumptioa. This does not however take into
account the ti-me required to reach such a vaIue.

Figure 12 has been produced for AI Bayda North, where the
first water-supply systems were constructed around 1955. Assuming that
in 1965 the averaSe per capita water consumption was 45 L/cap./d an'd
kaowing the present consunption of 87 l/cap./d, the rate of increase in
water consumption over 18 years of development (i.e. up to 1983) was
calculated (see Figure 12). Using this slope as a standard, and indicating
the present level of development of the other regions on Lhe same line
by their respective present per capita water consunption, the projected
per capita rdater consumption can be estimated for each region. These
are shown in Table 27. A planning period of 2O years (i.e. up to 2003)
has been adopted.

Table 27 - Estimated per capita water consumption in 2003

Area Anticipated per
capita water consumption

in 2003
(litres/cap. /day)

1 Rada Basin
2 Sabah
3 AI Bayda N.E.
4 A1 Bayda W.

5 Wadi Juban
6 l,Jadi Uansur
7 Wadi Matar/Wadi Ar Rin
8 trladi Hubabah/hladi Ar Riashiyah
9 lladi Arsard/Saru

10 trladi Dhi Na'im

89
90
98
92
88
90
90
88
96
90
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This exercise assumes, however, that the rate of increase
will be the same as has occurred in A1 Bayda North during the first
18 years. Since the rate of increase in h,ater-supply systems and waLer
consuming facilities is like1y to be greater during the next 20 years,
the above values are probably an underestimate.

ft can be seen Lhat the values shown in Table 28 appear to be
approaching 100 Iitres/capiLa/day, which therefore seems a reasonable
estimate of the future water consumption in the year 2003, assuming
that by this date all regions have reached more or less the same level
of development of water-supplies.

A value of 100 litres/capiLa/day will therefore be adopted in
all regions as the domestic water consumption ia 2003.

4.2.2 Other users

By the year 2003 it is assessed that all schools wiII be
equipped with flush toilets I a water consumption of 15 litres/student/day
has been adopted. It has further been assumed that the entire populaLion
in the 5-14 age group will be at school.

It is also anticipated that mosgues will be
taps and showers for washing. The future mosgue water
therefore been increased to 5 Iitres/person/day.

equipped with
consumption has

4.2.3 Water use fo r livestock cons tion

It is considered neither desirable nor likely that any significant
increase in livestock population will occur in the future, because of
the present state of the rangelands and because the present livestock
population appears sufficient, even allowing for the projected increase
in inhabitants in the proviace. Future Iivestock water consunption has
therefore been taken as equal to the present consumption (assuming, of
course, that the per animal consumption remains constant, see Subsection 3.3.3).

4.2.4 Total water cons ion for non- ri sgllsreI-psspgrs:
Table 28 indicates the estimated water consumption in

2003 for non-agricultural purposes, based on the following
the
assumptions:year

(i)

(i i;

(iii)

(iv)

(v)

The projected population in 2003 is calculated by applying a
2.4 % per annum growth rate to the estimated present population
per region.
The per capita donestic water consumption in 2003 is estimated at
100 litres/capita/day for all regions.
The total population in the 5-14 age group is ass,med to go to
school, i.e. 26.9 % of. the population according to the 1975 CYDA
ceBsus.
No i-ncrease in either livestock population or per animal consumption
will occur.
School and mosque water consumption values of 15 Iitres/pupi1/day
and 5 litres/person/day respectively.
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I ation ential

1 Land resources

Cultivable land is a pre-requisite for irrigation development.
For each selected area an estimate has been made in the absence of a
systematic soil survey. To this end the selected areas which were
surveyed were divided into about 150 sub-areas. ft was necessary to
work on a sub-area basis, since available water and suitable land
should not be too far apart. Cultivable land without water resources j.s
of no use.

In order to assess the area of available land, first for each
sub-area the gross area of alluvium was measured on the basis of aerial
photographs. These alluvia are indicated as white areas on the general
layout maps nos. C.1-C.8 which are discussed in Annex C. As "alluvium"
are considered the flatter parts of wadis enclosed by the bare and
rocky hil1s, which form the major part of catchrnents. Then, on Lhe
basis of our field impressions an estimate was made of Lhe cultivable
part. In this cultivable or irrigable area we have also included those
parts of the selected areas which are presently either saline or
waterlogged, but which according to our opinion could be reclaimed.
This area was subseguently reduced with the area required for accommodation
of the infrastructure. Given the fact that the irrigation systems are
rather simple and the road system extensive, the relatively low percentage
of 15 % of the gross irrigated area was adopted for Lhis infrastructure.

Of course, part of the cultivable land is already under
irrigation at present, and this has to be subtracted from the potential
irrigation area in order to arrive at the incremenLal irrigation area
givea in Table 31 at the end of Subsection 4.3.5. The gross irrigated
land is represented on the layout maps mentioned earlier, but it bas to
be reduced first with the same 15 % for infrastructure. In addition,
the short-term fallow area has to be deducted. The percentage of Iand
involved varies over the selected areas as weII as over the seasons. As
mentioned in Section 3.4 farming systems research has yielded figures
Iike 25 % and 77 \ for gfus srrmrnsr season in Wadi Tha and [./adi Mansur
respectively. However, during the field survey in AI Bayda W. a percentage
of only 9 f, was observed during the sumer season. Since no other data
are available, a uniform percentage of 15 % fallow land was adopted for
al} the selected areas as the average over the seasons.

4.3.2 Future c gg tterns

For various reasons, future cropping patterns for AI Bayda
Province are difficult to predict. For one thing, this study does not
concern a settlement in a virgin area, but an area which is already
occupied and largely owned by privaLe farmers, who are free to plant
whatever they deem useful in view of either their personal needs or the
market situation-
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A second reason is Lhat there is no national or regional
agricultural sector plan available, so that the consultants have no
guidelines as to what crops the goverrunent would like to promote or
discourage.

Only the following considerations may serve as guidelines:
The import of all fruits into Yemen wiII be limited in future, so
that these will have to be grown locally, but there are probably
better areas to do this (Tai-zz).
The Yemeni farmer is subsistence-oriented: he wants in the first
place to secure his personal supplies of staple cereals such as
sorghun and wheat and also livestock products.
Profitable crops such as qat and vegetables have limited market
possibilities.
If the market for qat would become saturated, fruit trees wiII take
its place. They have a similar management aad hrater requirements.
Within the group of vegetables and others, some species may be replaced
by other vegetables or by crops such as onioas, potatoes and water-melons,
which are in the same category in terms of management and water
requirements.

Given the above considerations, it has been taken that the
cropping patterns will basically not change in the near future. Thus
the cropping patterns per selected area indicated in Table C.1, Annex C
will remain valid.

This approach is also based on the
must be specific factors which determine the
certain area. As such could be considered:
- the proximity of an urban area as consumption centre;
- the relative abundency of irrigation waterl
- the quality of soils and irrigation vrater.

4.3.3 49ge ted c water uses

Potential evaporation over the seasons has been studied onthe basis of Class-A pan evaporation. Since no data on the empiricalvalues of the individual crop factors are available (except fir alfalfa,
see Annex C, Section C.3.4), potential evapotranspiration for thedifferent crops could not be determined. Since irrigation technology
however is not at a very high level in tbe area, it is not much use tocalculate the crop water requirements to a high degree of precision.
Under such coaditions it is the irrigation efiiciency that weighs much
more heavily.

In Table 23 the overall irrigation dosages per crop and per
season were calculated. Given the considerable variation over theselected areas an overall average was calculated for A1 Bayda province.
In Table 29 these water dosages have been multiplied with Lhe present
cropping patterns for the different selected areas (see Tablu 

-C.t,
Annex C). The irrigation rdater requirements per hectare adjusted forthe prevailing cropping patterns are indicated in the bottom Iine

consideration that there
cropping pattern for a
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of this table. llultiplied by the net irrigable land the total irrigation
reguirements are obtaiaed as given in Table 31 (Subsection 4.3.5).

4.3.4 !gv:-!e-ervs-es-irrig3ligs-ye!er
llaste of irrigation sater occurs in two ways:

- surface losses on the downstrean side of the fann;
- seepage losses by application of more irrigatiou ldater than the root

zone of the soil profile can hold.
Duriag the field survey rro cases of surface losses of irrigation water
were observed.

Seepage losses are invisible and can oaly be determined on
the besis of the soil-water characteristics. Unfortunately these are
not available at pre6ent, but ehould be deternined in a soil Burvey
during the follow-up stage. Ooce such characteristics ate available, a
closely fitting irrigation regime can be drawn up by proper adaptation
of application depth and interval to both the aoil type and crop features

For illustration of the approach in determiaing an irrigation
regine, the followiog can be said on the basis of the assunptions
indicated:
According to the depth of their (nain) rooting nass, crops can be
divided into 3 categories:

0 n - fruit trees, gat and alfalfa.
0 m - wheat, barley, oaize and sorghun.
0 m - poLatoes, onions, water-melons and

Assuning that loam can be taken to be the represeatative soil
type for the selected areas, the perceatage of water available to the
crop is about f7 % (by voluoe). In general, a crop cannot extract all
of it and therefore we assune that 75 % can be depleted at tbe naxinuml
at the same ti-ne this is the anouat that should be replenished at each
application. The irrigation interval is deternined by the evapotranspiration
rate, which we assuoe to be 6 m per day as an average over the year
(see also Annex C, Sectioo 3.4). Relevant dosages and irrigation intervals
for the above conditions are iudicated in the sr!'rnarJr below.

Rootins depth Water dosa Irri tion
inte da

Rooting depth up to 1.2
lr il rr rr 0.6r
rr rr il ll 0.3

vegetables.

deep (trees, alfalfa)
ioteroediate (cereals)
ehallow (vegetables)

r50
75
38

25
r3

6

The above calculations aim at the optinun regime to provide
the crops with the optimun soil moisture conditions. As additional
inforuatioa on soils becones available the above figures nay be improved

er time
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upon, but nevertheless they give an impression of the order of magnitude
and can serve as a guideline for extension activities in this field. It
will assist in elimination of Lhe larger part of seepage losses, at
least in the case of basin irrigation. Then it is a clear-cut operation,
as the highest possible discharge should be led into the basin until
the water has reached the indicated depth.

Another way of achieving a more efficient use of irrigation
water is under-irrigation, or in other words extensive use of irrigation
water. This means that a less than optimal irrigation dosage is applied,
which may result indeed in a reduced yield per ha, but on the other
hand a high efficiency of water use and a higher total production for
the same water abstraction will be attained. Obviously this is a most
important aspect ia a couatry where water is such a critical factor.

The effects of such an approach can be illustrated by trials
carried out during spring and sunmer 1981 by the Dhamar Agricultural
Improvement Project. I{heat and barley hrere sown in border strips and
received either a single irrigation application at the time of seeding,
or several irrigation applications with intervals of 10r 72,15,20 or
25 days, in addition to rainfall. Each time about 80 mm of water was
applied. Results of the experiments were consistent in the sense Lhat
irrigation every 12/75 days resulLed in the highest yield per hectare,
but a single irrigation at seeding showed the highesL production of
grain per mm of irrigation water applied. It is interesting to note
that the farmers around Dhamar have adopted a correct irrigation practice,
since they irrigate about every 12 to 14 days. In Tab1e 30 the results
of two trials for wheat of the Sonalika variety are represented.

Table 30 Grain yield and irrigation intensity

Trial Growth
duration

(days )

Intensive irrigationl Extensive irrigation2

YieId
(per ha)

Kg grain per
nm of water

Yield

(per ha) (totat)

Kg grain per
mm of waLer

Spring 19813
Summer 19814

116
111

3 146
L 523

3.79
1 .87

2 445
767

17 115
6 903

6.97
4.34

Source: Dhamar Agricultural Inprovement Centre (1983).
1 In the intensive irrigation the spring crop received 7 irrigations of 80 mm,

the s'mmer crop 9 applications of 80 mm.
2 In the extensive case the same total amount of water as used on t ha in Lhe

inLensive trials was spread in 1 application over a proportionally larger area,
i.e. 7 ha for the spring crop and t ha for the summer crop.

3 The spring crop was sown on 10 February and harvested on 6 June.
a The summer crop was planted on 13 July and harvested on 1 November.
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From the Lable it is clear that under-irrigati.on on a
proportionally larger area results in a 4 to 5 times higher total grain
production with the same quanLity of water. Of course, this is a purely
techqical comparison of water and grain yield only; other factors such
as cultivation costs (labour, agricultural inputs) are not taken into
account. These cost are high, as shown in Annex D and this may be the
main reason for the farmers not to introduce under-irrigation. Nevertheless,
rrater may become so scarce at a certain moment that under-irrigation
becomes a viable alternative. Moreover, the solution need not be one of
the extreme cases represented in the table but can also be an intermediate
step of under-irrigation, which might prove to be the most inLeresting
one from the economic point of view.

4- 3. s Irsigclies-peleelisl
The main objective of the present study is to assess for each

of the selecLed areas the increment.al irrigation area on the basis of
the groundwater and land resources available. By comparing the water
available for irrigation (obtained from Annex A) with the total irrigation
requirements, of which the calculation has been discussed in Section 4.3.3
the proportion of the net irrigable land which can be provided wiLh
irrigation can be calculated. This then has to be reduced with the net
irrigated area at present. Thus one arrives at the figures indicated in
the last col 'mn of Table 31. The whole exercise has been done on the
basis of sub-areas (see the tables on irrigation potential per selected
area in Annex C) and have been Lotalled afterwards in order to compose
Table 31.

For the southern parr of both A1 Bayda N.E. and AI Bayda l{.
no aerial photographs are available and therefore it was impossible toget a correct impression of the total area of alluvinnr and consequently,
the area of net irrigable 1and. [.Je consider it quite probable that inthese areas an additional irrigation potential is present, but itsextent cannot be assessed with the means at our disposal. The resultsof this study in terms of incremental irrigation potential are certainlypositive. A total potential of about 1500 ha of irrigated land, whichis about 50 % of the area already under irrigation at present, is
considerable. The potentials are in the first place in Rada Basin, butalso in A1 Bayda area, Juban aad Dhi Narim.

It is clear that when ,nder-irrigation, as discussedprevious subsection, is practiced, the incremental area under
can grow substantially, as far as irrigable land is available.

in the
irrigation

4.4 Economics of irrigated croo duction

4.4.7 General

This section provides a s rmmary of the analysis of the economics
of groundwater use for irrigation by shallow welIs and deep tubewells(boreholes), as detailed in Annex D. It gives the estimated returns Loirrigation per crop and cropping pattern prevailing in the various
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areas selected for the study. By setting the returns against the cost
of purpingr aD indication can be given of the economics of irrigated
agriculture in A1 Bayda Province.

The RIRDP has recently made a start with farming system
research and a production economics survey as well as the collection of
market prices. However, the present information on farm management is
still very limited and a number of assumptions had to made with regard
to crop yields, produce prices, labour requirements and other farm
inputs. These assumptions are outlined in Annex D.

4.4.2 9g:!-gI-csg-rslsrs:-!e_irriss!sg_esrisgllgrs
The net returns, that is gross proceeds (yield times price)

minus the cost of farm inputs and hired labour, of individual crops is
given in Table 32. It can be seen that high values per ha and m3 irrigation
hrater are obtained, particularly for qat. If qat cannot be culLivated,
potatoes, vegetables and fruit would be attractive alternative commercial
crops. Detailed crop budgets are given in Annex D.

Table 32 - Returns to irrigation water, per crop

Net returns
per ha (YR) 1

f rrigation
dosages

per ha (ma; z

Returns
per m3 irrigation

water (YR)

AIfaIfa
Sorghum
Wheat
Barley
lTaize
Qat
Potato
Others 3

420
520

27
5
4
4
7

99
25
34

1

980
250
930
930
750
950

0.85
o.69
0. 71
0.82
1 .33

25.63

32 640
7 560
6 970
6 010
5 820
7 800
5 360

13 500
4.7 4
2.56

Notes: 1 See Annex D.
2 Derived from agronomic survey (see Section 3.4).3 Vegetables and fruits represented by water-melon.

As described in Section 3.4 and elaborated in Annex C, there
is a variety of cropping patterns in the province. These are based
partly on the production of alfalfa and food crops and partly on the
production of qat and other commerciat (cash) crops such as water-melon
Table 33 presents the net returns for the average cropping patterns
found in the selected areas. Rada Basin, Wadi Jubarr, Wiai-XrU"U.t/
I,ladi Ar Riashyah and Abbas have a high proportion of qaL or other
high-vaIue crops in their cropping patterns and this is notable in the
high returns obtained per ha and m3 irrigation water.
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Table 33 - Returns to irrigation waterr P€r cropping pattern

Net returns Per
ha (YA) 1

Irrigation
dosages

per ha (nr;z

Returns
per m3 irrigation

water (YR)

Rada Basin (average)
Qat area
lrlater-nelotr area
Remainder:
- boreboles
- shallow wells

Sabah/Ar RiashiYah
Al Bayda lt.E.
Al Bayda t{.
Idadi Juban
Tadi llansur/Wadi Amad

l{adi Hatar/l{adi Ar Rin
l{adi Hubabah/Wadi Ar
Riashiyah

tladi Dhi Na'im
Abbas

Average

92 45A
152 905
74 632

7.6
16.6
5.5

100
190
670

12
9

13

47
24
32
28
43

108
28
27

121
766
108
609
634
410
456
045

12 510
t4 440
15 410
13 860
t2 070
9 840

15 020
19 080

3.8
L.7
2.1
2.1
3.6

11 .0
1.9
1.4

66 716
2A 475

t]'z 648

70 339

10 350
14 100
n 74A

13 170

6.4
r.5
8.8

5.3

Notes:

- 60 u at a well dePth of 100 m;

-45mrr tr rt tt 't150n1
-37mrr rr It rt il200to;

-30mrt tr r fi tt250m.

1 see Annex D.
2 Derived from agroaomic survey (see Section 3'4)'

The costs of providing one n3 of water by borehole or shallow
are showo io Tab1es 34 lnd 35 for various well depths and water-table
depths (heads). The costs consist of investment in well construction'
p,rrp Uoo"e, pump, engine and aocillary equiPneat converted to an anauity
fi... equal innual amouots over the economic life of the investnent)'
as well as of the recurrent costs of naintenance and fuel' The total
costs are divided by aD average annual abstractiotr to obtain the cost
per n3 water. Except for qat, the cost of the distribution system is
not included, as tlis genirally consists of sinple hand-nade earthen
field channels aad bunds which oeed restoration every year as part of
the faro labour iDput

Conrparison of costs and returns can be done on the basis of
the table" oiby neans of sinple graphs, as is illustrated in Figure 13

for boreholes and sorghun. It is shova that production of sorghr:o,
which has an average uet return of YR 0'69 per n3 water, becones

econonically unattiactive when purping heads exceed approrimately the
folloning values:
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COST AND RETURNS OF IRRI6ATION WATER PUMPED FROM BOREI.IOLES
AT AN ANNUAL ADSTRACTTON 0F 60284m3
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Table 34 - Cost of irrigation water pumped from boreholes (YR7ms;"'

Well depLh
(m)

Head (m)

10 15 20 30 40 50 50

50
75

100
150
200
250 57

0.25
0.28
0.31
0.36
0 .44
0 .51

.31

.34

.36

.42

.49

45
48
51 a.79

0.84
0.91
0.99

0
0
0
0
0
0

0.36
0.39
o .42
a.47
0.55
0.62

0
0
0
0
0
0

56
63
77

0
0
0
0
0

57
59
6s
72
80

66
68
73
81
89

0
0
0
0
0

* At an annual discharge of 60 284 m3 (see Table 13)

Table 35 - Cost
(YR/m

irrigation water pumped from shallow wellsof
3)

lJell depth
(m)

Head
(m)

Annua1 abstraction (ma)*

10 000 15 000 22 240*'k 30 000

1

1

1

1

2
3

10
20
20
20
30
40

5
5

10
15
20
30

.02

.62

.56

.77

.4s

0.48
0.75
4.79
0.85
1.17
1 .53

.36

.56

.64

.88

.77

69
09
13
2t
57
18

0
1

1

1

1

2

.59

0
0
0
0
0
118

* At a pump discharge of 5 1/s.
*'* Average annual discharge for the selected areas (see Table 13)

For shallow wells it can be seen that at the average annual
discharge of 22 24O m3 only a well depth of between 10 and 20 m and a
water-table depth of 5 m would allow for profitable irrigated production
of sorghun. With higher annual.abstracLions, say of 30 000 m3, well
depth and head could increase to over 20 m and 15 m respectively. The
same excercise can be done for other crops or cropping patterns.

The comparison of net returns and costs per m3 indicates that
pumping from boreholes at all well depths and $rater depths considered
in this study is economically viable for the production of commercial
crops such as qat, potato and other crops including vegetables and
fruits and for all average cropping patterns found in the selected
areas. However, as indicated in Figure 16, food crop production becomes
marginal with boreholes of greater depLhs of well and water-tabIe.
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Shallow wells are less viable, especially at 1ow annual
discharges and when the water is used for the production of food crops
or for cropping patterns which have a smalI proportion of comrercial
crops. For example, in l{adi Uatar/Wadi Ar Rin, which has an average
annual water abstraction of about 12 000 m3 and an average head of
16 m, the unit costs per m3 water pumped from shallow wells is
approximately between YR 1.7 and YR 2.5, as against an average return
of YR 1.4 per m3 water. Although this conclusion in many cases does not
apply to existing wells, - many are old and are written off in economic
terms -, it is of importance for future investment decisions. In recent
years, groundwater has been exploited mainly through boreholes. The
results of the analyses indicate that boreholes are iudeed more economic
than shallow we1ls.

Sections 4.1 and 4.3 have shown that more groundwater and
land are available. It is economically justified to develop these
resources, bearing in mind the underlying ass ,qptions on crop output
and input data. Of course, the speed at lshich and the extent to which
they will be actually developed depend also on other factors such as
the availability of capital and manpower.
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WATER-SUPPLY AND SANITATION SYSTEMS

Health situation in A1 Bayda Province

The prevalence of water-related diseases are discussed in
detail in Annex B. llost of the typical diseases are present, and it is
clear from the rate of incidence of helminthic diseases that the lack
of satisfactory excreta disposal facilities is a major cause of illness
Lack of personal hygiene and fly infestation also contribute to the
spread of disease (see Annex B).

Health hazards identified in the rural villages
(i) Lack of garbage disposal facilities.
(ii) Polluted drinking-water.
(iii) Existing excreta disposal sysLems.
(iv) Hosque hammans.
(v) Lack of personal bygiene.
(vi) Free running cattle and dogs.
(vii) Emptying of 'baladiyah' vaults.
(viii) Cattle inside the house.
(ix) Pools of stagnant se$,age and excreta.

were

5.2 Existing waLer-supply systems

5 .2.7 General

A total of 752 villages including the larger ones were
visited during the survey. The status of the water-supply facilities in
each of these villages is indicated on Maps. The water-supply situation
of 43 % of the population in the selected areas and 25 % of the provincial
population was investigated. The selected areas constitute 58 % of the
provincial population. The coverage on a provincial level is shown in
Table 5 of Subsection 2.3.2.

In the villages investigated, piped water-supply systems were
present as specified in Table 35.

For specific remarks about each selected area, reference is
made to Annex B.

General comments applicable to the individual regions are as
follows
(i) Bglg_Pg:igr in general the only water-supply schemes are rhose

constructed by RIRDP. For reliable water-supplies iL is necessary
to tap the deeper water resources, consequently increasing the
cost of water. The water-supply of Rada Town has been the subject
of a separate study (DltV, 1983).
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Table 36 - Piped water-supply systems in villages in selected
areas

Selected
area

No. of
villages
surveyed

! with
piped w. s.

system

f, with
no

supply

I Rada Basin
2 Sabah/Ar Riashiyah
3 Al Bayda l[.8.
4 Al Bayda llest
5 tladi Juban
6 l{adi llansur/Wadi Amad
7 lfadi lTatarlHadi Ar Rin
8 Uadi Hubabah/Wadi

Ar Riashiyah
9 t{adi Dhi Na'iu

10 Villages along Rada-
A1 Bayda road incl. part of
As Sawadiyah

30
18
20

9
r2
27

6

50
6

95
78

8
7

t7

50
94

5
22
92
93
83

11
11

r8
64

82
35

9418 6

(ii)

( iiil

(iv)

(v)

EgEgbl|f_Biyg:biygh: Surface rdater resources are available in
this region and are often used in order to avoid the construction
of deep wells. The steep topography aad the often poor quality
of surface yater, however, make the task of obtainlng water
arduous and tioe-cons'q'ing for the uonen, and the water they
fetch is unsafe for h'man consunption. The RIRDP has comenced
the coastruction of several schenes ia Sabah, but elsewhere
there are Bo piped village water-supplies.
4l-B:y9:_I:E:: llost of the larger and nediuo-size villages in
this region have been provided with a piped water-supply, oftea
through the Rural Water Departneat and/or tbe Local Developneat
Association. The shallower depth of groundwater in this region
has resulted in the possibility of constructing schemes at a
relatively low cost. AI Bayda Town has a water-supply system
which is generally adequate, requiring only some nodification;
however, this is not considered to be within the scope of this
report. Some water shortages do occur during the dry season.
Sl_Pgy9f-VgZy/lZ_?glif: The situation is in general simitar ro
that in AI Bayda N.8., although the region is 1ess adequately
provided with sater-supply systens. hlater shortages are frequently
experienced in the larger villages.
!g9i_Jg!gg: t{ith the exception of Juban Town there are no
water-supply systens in the Juban Basin. Coupetition between
agricultural and donestic water reguirements occurs, resulting
ia severe water ehortages. Juban Towa has a piped supply, nhich
is however iaadequate for the entire settlenent.
!g9i_Ugggggl!:9i_4gad: The situation with regard to water-supply
schemes is similar here to that in the Rada Basin, although as a
projected RIRDP developoent area it has received some additional

(vi)
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(vii)

attention from the project. Groundwater in this area, however,
tends to be highly saline.
Igli-I3lgfllgli-$f-Bigt This is also an RIRDP development area
ind i number of water schemes have been constructed by the
project. Salinity in Wadi Matar is also a problem and careful
site selection is important to provide vrater-supplies with
adequate quality.

(viii) Wadi Hubabah This area has similar characteristics to Sabah,
and waLer-supply systems are often based upon a spr ing source.
As in Sabah, people wihout piped water spend many hours per day
walking to and from the source. The spring sources are generally
of good quality, but shortages oflen occur in the dry season.
Uadi Dhi Na'im: This is the most densely populated and accessible(ix)
area of Dhi Na'im nahiyat and contain a mrmber of larger villages.

(x)

Many of these villages have recently been provided with a water-supply
system based on shallow weIIs, which suffer, however, from
shortages during the dry season.

{:_!gyg9iya!:Sawadiyah nahiyat contains numerous small, scattered
viffig-s which were not covered by the survey. The area considered
in this report is adjacent to the main Rada-AI Bayda road and
Wadi Mansur and has most of the characLeristics of the latter;
in particular salinity problems.

To understand the reasons behind the adoption of particular
water-supply systems and to determine the most appropriate future
development, it is necessary to examine the social factors involved in
domestic water use. The most important basic fact is that it is the
women who are most involved with water use in the household; they fetch
the water (if necessary); they do the cooking and the laundry, water
the livestock, and set the standards for cleauliness in the house and
for the hygienic use of water. This is discussed in detail in Ilaco
Technical Note No. 10 (Ilaco, 1983a).

Health aspects are a primary reason for the provision of a
piped water-suppIy, in parLicular the presence of illnesses due to
water-related diseases as mentioned in Section 5.1. Supplying sufficient
water of adequate quality would help to reduce these diseases now so
prevalent throughout the province. In order to realize these improvemenLs,
however, hygienic water usage habits must be adopted by the women.
Ilaco (1983a) discusses certain unhygienic aspects of water use in the
Yemeni home, with the conclusion that, in general, the women would be
recepLive to a health education programme with regard to water use,
with the objective of improving public health. Almost all respondeats
to the household questionnaires (see Section 1.3) indicated a desire to
see a health education programme in the province.

Provision of a piped water-supply system can, in addition to
improving health conditions, save the hromen many hours of time and
effort in fetching lrater, thus leaving them time for other productive
or social activities. As indicated in Annex B, the average time spent
by women on fetching water, where there is no piped water supply sysLem,
is up to 6.4 hours per day.
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s -2.2 Egeiggs=gs_g9p9s!:

The vast majority of the population aspire to a hrater-supply
system piped to a tap in the house. This has meant that in A1 Bayda
Province, a water-supply system generally includes:
- a borehole, shallow well, spring or cisLernl
- a pumping plant consisting of diesel engine and pump. Due to the

elevated location of most Yemeni villages, gravity supply is rarel
- a sLorage Lank to balance the fluctuation of peak and low flows, and

also to provide security against breakdowns in the pumping plant;
- a pipe network for distributing water to private connecLions or

public standpipe.

The types of source used in each of the selected regions are
given in Annex B. There is a growing tendency to prefer boreholes,
which are presently found only in Rada Basin, to shallow wells now that
drilliag rigs are available, and oft.en the cost of a borehole can be
less thaa that of a shallow well. Spring sources are found in Sabah,
Uadi Ar Riashiyah and hladi Tha and some cisterns north of Rada Basin
and in Juban. Water quality of cistern sources is often poor, but the
properly developed springs, especially in Sabah and Wadi Ar Riashiyah,
yield good-quality water although water shortages do occur.

A vertical turbine prrmp with a diesel engine is used for aII
groundwater sources. The major problems appear to be a lack of
standardization in punp and engine brands (although spare parts are
available for most sets), and inadequate consideration of the duties of
the pump and engine when the set is purchased. This often results in
engines of greater capacity than is really necessary.

Either reinforced-concrete, elevated reservoirs or blockwork
reservoirs at ground level are used for all systems. Distribution
systems generally comprise galvanized iron pipes laid above the ground
and with diameters varying from 100 mm to 12 mn. Often excessive leagths
of small-diameter pipe cause limitations in the system capacity. House
owners comronly make their own connections, with the result that the
network resembles a labyrinth. Leakage often occurs due to damaging ofthe above-gro rnd pipelines by trucks etc. or due to faulty valves and
fittings.

s.2.3 legsr_ggelily

The major water quality problems uncovered by the waterquality testing prograrnme carried out during the survey were both
chemical and bacteriological.

Chemical

- high fluoride in parts of Rada Basin and Sabah;
- excessive salinity in l{adi Mansur, Matar and As Sawadiyah;
- some isolated wells in Rada and A1 Bayda with high nitrate content;
- very high hardness of all water sources throughout the province.
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BacLeriolo cal

- severe pollution by (faecal) coliforms in all uncovered shallow we1ls
throughout the province.

s .2 - 4 9psre!igg-ssg-s'sislsgesss

Operation and mainLenance is normally carried out by operator(s)
employed by the village. trlhile the survey did not ieveal many admiLted
operation and maintenance problems, it is clear that many of the operators
have litt1e mechanical knowledge, and a breakdown may often mean replacement
of the entire pump resulting in a lack of water for many days ' Similarly
pipe leaks are often repaired in a provisional manner, and for the
smaller villages spare pipes are rarely available. In the few cases
where a trained rdater operator is available, however, the improvement
in the condition of mechanical equipment can be quite obvious' Availability
of fuel and spare parts is rarely a problem.

5.2.5 zatj-on and mana t

At present there are a number of authorities involved in the
provision of water-supply facilities in AI Bayda Province. These are:

- Miuistry of Agriculture, through RIRDP;
- Ministry of Public Works - Rural Water Department (RIID);
- Local Development Associations (LDAs) covering every nahiyah;
- National Sewerage and lrlaLer Supply Association (NSWA) - involved only

in Rada and A1 Bayda towns.

The first three are involved in the initiation and implementation of
rural water-supplies, although after compleLion of the scheme the
village operator(s) generally comprise the extent of the organization
for operation and maintenance.

Implementation of domestic water-supply systems was started
in the province in the early seventies by the RI'ID and the LDA, and some
years later the RIRDP commenced with schemes in Rada District. Some

villages had of course constructed their own systems independently.
There has been Iitt.le co-ordination between the implementation authorities,
however, which has resulted in different contribution percentaSes
between villages, lack of standardization in designs and mechanical
equipment, and duplication of plans for the same village.

Since 1982 regular meetings have been held between the LDA
and the RIRDP, wbich has resulted in a more co-ordinated approach to
planning. It is intended to include the Rural Water Department in this
process, but to date progress in this regard has been slow.
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5.2.6 I9sgliIisslies-ef blem areas in vil lrgg-se!er::sppIy
Specific problem areas in village water-supplies can be

defined as:

(i) no water distribution systen in village;
(ii) water shortage;
(iii) poor water quality;
(iv; operation and mai.ntenance problems.

Table 37 indicates the prevalence of each of the above categories
according to the survey results.

Table 37 - ltain problems in village supply

Selected
region

}{o water-
supply system
f, villages

[Jater
shortage

f, villages

Chemical
analysis
results

Bact. 0 & M

analysis problems
(1 unsatis- f, villages
factory)

1 Rada Basin
2 Sabah/Ar Riashiyah
3 Al Bayda N.E.
4 A1 Bayda West
5 ldadi Juban
5 l{adi }lansur/t{adi Amad
7 l{adi Matar/tladi Ar Rin
8 lladi llubabah/t{adi

Ar Riashiyah
9 Wadi Dhi Na'im

10 Villages along Rada-
Al Bayda road incl. part
of As Sawadiyah

33

50
94

5
22
92
93
83

18
45

33

20
44
25

42
45
33

Fluorides
Fluorides

Good

Good
Salinity

90
33
50

100
80

100

26
0

10
28

100
100

0

82
35

94

50
38

50 100

5.3 Existinc sanitat ion s\rstems

5.3. I General

There is little variation between the selected areas regarding
the type of sanitation systems used in the household. The 'balladiyah'
system as described in Annex B is by far the most comon. Flush toilets
are aometimes encountered in villages where sufficient water-supplies,
are available, in AI Bayda Town where a serderage system has been provided,
and in some schools. The survey indicated that over 90 X of the people
considered their present household sanitation system to be nqhealthy.

llosques often have a facility for liquid excreta but rarely
for solid excreta. No mosque iuvestigated during the sur:rey was found
to have the fbaladiyaht system as is comonly found in houses. The
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washing basin in the mosques was in al1 cases found to be heavily
polluted.

A number of schools have been constructed quite recently
throughout the province, aad many of the latrines in these schools have
been fitted with flush toilets. Often, however, there is insufficient
water for them to operate satisfactorily or if water is available, the
toilets are neiLher used correctly nor mainLaised.

Very few of the surveyed villages had either a saniLation or
a garbage disposal system. These were only found to some extent in the
following villages, details of which are given in Annex B.

- A1 Bayda Town: sewerage system to stabil:-zation pond and garbage
disposal system.

- Madhawagayn: sewerage system for liquid excreta and wastewater to
stabilization pond and soakaways.

- Ad Dahaki: sewerage system to soakaways, some garbage disposal.
- AI Khilaw and trCrulan: individual drainage system for liquid excreta

and wastewater.

Other villages in the province have no integrated systeur although some

households may provide for individual disposal of their wastes.

Some aspects which are basic to an understanding of the
existing sanitation practices in Yemen are the following :

(i) Defecation and urination pracLices: Men are more flexible than
women in choosing their place of defecaLion. The male may use the
Iatrine in the house (if available), the mosque, or simply the
field. hlomen, however, do not have the same access to public
places, and even if there is no latrine in the house, she must
usually still defecate at home, often on the roof. Liquid and
solid excreta are not generally mixed, although the existing
baladiyah toilets are constructed in such a hTay that liquid
excreta from women often enter the vault. Men can urinate into
the channel which drains away from the hole.

(ii) Defecation and washing/bathiug facilities are usually separated,
although often a small tap is present in the latrine for anal

. cleaning.
(iii) The baladiyah system cornmonly in practice requires enptying of

digested sludge about once a year. According to traditional
practice this can only be done by lower-class people, who are
often not available in a village. Nevertheless, overflowing
baladiyah vaults were not found in the province.

(iv) Public toilets, in principle a low-cost method of providing
village sanitatioa faciliLies, are not suitable for the Yemeni
situation, primarily because by tradition they are not accessible
to women.

(v) The survey indicated that nearly 100 % of the people desired
improved sanitation facilities. Most were dissatisfied with Lhe
existing baladiyah system, considering it unhealthy, but it is
not clear what level of system they would accept. Even people in
AI Bayda with flush toilets and a sewerage system expressed
dissatisfaction. The enunerators considered that in general
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people would probably be satisfied with an improved baladiyah
system, together with proper facilities for disposal of wastewater,
liquid excreta and garbage. There will of course always be a
certain proportion of the populaLion who desire nothing less than
a flush toilet.

s.3.2 gp on and maintenances53!i

AI Bayda Town has an operation and maintenance organization
for sanitation facilities, the responsible authority being the Ministry
of llunicipalities. No mechanical equipment is involved, and the major
problems experienced seem to be connected with inadequate design of the
disposal facilities and a lack of funds for extension of the system.

In other villages with some type of sanitation system, no
formal operation and maintenaDce organization exists. The systems have
generally been initiated by residents motivated to improve the sanitary
facilities aud, where possible, these people look after the systems.
The clearing of baladiyah vaults is also a potential maintenance
problem, as has been discussed above.

s . 3 . 3 9rgegi=e!igg-ggg_g,sgggssgg!

The authority responsible for rural sanitation is the Ministry
of Uunicipalities, Department of Environmental Health. t{ithin this
organization there are departments dealing with both village sanitation
and mosque sanitary facitities. Sanitarians are enployed in AI Bayda
and Rada towns I these persons are theoretically responsible for rural
sanitation, but to date they have not really been involved in sanitation
activities in the rural villages. Local Development Associations in the
province have not yet demonstrated much activity in village sanitation,
possibly because to date it has not been perceived by the comm rnity as
a pressing need.

s.3-4 9gg:!r..igge-!9_:sgi!eligg_ggysIgpss!!

llany of the specific problems relating to sanitation within
the province have been discussed above and in Annex B, and there is
undoubtedly a need for improvement of the sanitation facilities in
rural villages. While the survey indicated that the vast majority ofthe population would like to see improvements in sanitation in their
vilIage, this was in response to a direct question and it is uncertain
whether it is a perceived need. Unless the population naderstands the
necessity for sanitary improvements, it is unlikely that they wi1l
allocate time or money to these activities.

Where a sanitation sysLem does exist, such as in Madhawagayn
or Ad Dahaki, it is usually a result of the efforts of a group of
interested and motivated residents. However, technical advice is rarely
available and this results io some urcertainty as to the most suitable
system to adopt. Failure can then occur and the initial enthusiasm is
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lost. Facilities by which village representatives can obtain advice
regarding the type of system to be adopted should be available at a
provincial level together with the means of obtaining a suitable latrine
or system design.

5.4 Improved water-supply systems

Clearly there is a need for water-supply systems, as evidenced
by the diseases prevalent in the province and time spent by women
fetching v/ater. The situation is most critical in Sabah, where the
topography is steep and the fetching time consequently Iong. In these
areas, but also elsewhere, an overwhelming preference is expressed for
a piped supply to an individual connection. Although Yemen is a somewhat
individualistic society, results from the household guestionnaires
indicate that the people are r,rilling to co-operate in the consLruction
of water-supply systems.

A programme of construction of water-supply systems is already
well developed in Rada District through the RIRDP and it is not the
intention of this report to recommend any significant changes to the
method of implementation of this programme. The approach is different
from some other rural water-supply programmes in the country in that it
provides complete, contractor-built water schemes as opposed to providing
technical assistance to a comrnunity-built scheme. tr/hiIe this tends to
result in more expensive projecLs, the experience of RIRDP has been
that this approach is in general favoured by the people in Rada District.

Rather than change the approach, this report will discuss the
feedback received as a result of the survey in the villages with RIRDp
water projects and recommend any modifications which now appear appropriate
and which could be incorporated into the RIRDP water programme.

The most important social
new, improved water-supply systems

implications of the development of

Social constraints on tvoes of svs tems to be adooted
Traditional or religious considerations do not prevent the people
from wanting a 'completer water-supply system, as is indicated by the
overwhelming majority of respondents to the survey who favoured this
approach. lloreover, simple, low-cost technology such as handpumps is
unlikely to be acceptable and should not be considered unless specifically
requested by the people.
Hygienic water use in the household
hlater use in the household is discussed in detail by flaco (l9g3a).
C1early Lhere are a number of measures which can be taken to advance
the hygienic use of water and these should be incorporated into an
extensive health education programme.
I,Jastage of water is not excessive at present, and policies such as
discouraging individual connections or provision of constant-volume
taps for public supplies need not be considered rrnfsss the situation
changes.

are:
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Communitv parLici pation
lfhile the RIRDP projects do provide for community participation at
the initiation stage, this is not always the case during the design
and operation stage. It is considered that a'complaint desk'should
be established at RIRDP to which consumers can turn if they have any
problems with their water-supply systems.

l./ith the present funds and staffing, it is only possible for
RIRDP to construct about 10 schemes per year. In order to provide a
greater coverage with the same funds and manpower it is suggested that
a programme of simple measures to improve water quality be carried out
concurrently with the water-supply programme, which would at least
assist the smaller villages with their basic needs. This is further
worked out in Chapter 6. These measures would largely consist of
improving water quality at the source. This would involve:
- lining, covering and provision of drainage facilities for shallow

wells;
- source protection of a spring;
- simple treatment of a spring or cisternl
- chlorination of polluted supplies;
- development of a nerd source, if necessary.
Details of proposed methods of achieving these improvements are outlined
in Annex B.

The survey results indicated that the 60 litres /capiiua/day(including livestock) for a household connection presently adopted by
RIRDP in the design of schemes is less than the actual water consumption
and considerably less than that predicted for the future. Consideration
should therefore be given to an increase in the design rdater consurnption
at an individual connection.

l{ith regard to pumping facilities it is not considered appropriate
to attempt to utilize aoy energy source other than diesel power. AttenLion
should be paid to providing advice on power requirements for the engines,
as the installed power was often found to be far in excess of that
required.

A number of modifications could be made to the design of
distribution systems (see Anaex B). However, these do not generally
take precedence over the provision of a clean supply and need not be
implemented until after the basic. need prograrnme discussed above.

An improved organization structure for rural water-supplies
in A1 Bayda Province is needed which will provide for scheme imllementation
according to an approved priority ranking and which will assist village
operators in their operation and maintenance problems. A suggested
organization structure is discussed in Annex B and illustrated in
Figure 14.

In essence it is proposed that the A1 Bayda province
Council be responsible for the co-ordination of the initiation

Co-ordinating
of
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water-supply schemes according to an agreed priority ranking. One
organization should then be the sole auLhority in the province responsible
for the construction of water-supply schemes as well as the supervision
of operation and maintenance. It is suggested that the RIRDP, reinforced
with suitable manpower from the ltinistry of Public tlorks, be that
organization so that the experience in standardization, design, construction,
operation and maintenance of both can be utilized. Moreover, it is
considered vital that regular training courses for village operators
should be available.

5.5 Imoroved sanitation svstems

5.5.1 General

One of the primary objectives of providing of a water-supply
system is to improve community health. The control of excreted infection
reguires improvement in one or aII of the following areas, namely
water-suppIy, saniLation, and personal hygiene depending oo the category
of infection. Annex B indicates that the health situation can be expected
to improve only if clean potable water is provided concurrently with
sanitation and if an effective and sustained programme of hygiene
education is organized.

As shown in Section 5.3, very few rural villages have any
sort of wastewater or garbage disposal facilities, and excreta disposal
consists largely of individual baladiyah systems. Consequently there
are very few precedents in AI Bayda or indeed in yemen for a sanitation
prograrnme. fn order Lherefore to develop systems which may be acceptable
to the public, it is necessary to strengthen the research into the
social and economic aspects which may affect the choice of system.

The important social aspects which influence the choice of
sanitation technology to be adopted are:
- existing defecation practices;
- differences between tribes or sexes;
- important taboos related to custom and religion;
- latrine emptying and sludge re-use practices;
- opinions regarding public toilets;
- attitudes Lo possible systems.

Each of these aspects is discussed in Annex B and in Section 5.3, and
the systems recommended in the present section are based upon these
consideraLions. It should be stressed that a health education protrarure
is essential in order to make people aware that their health ii affected
by a polluted environment and a low standard of sanitation.

Selection of a sanitation system on purely economic or technical
grounds would therefore not succeed. It is perhaps most useful to
consider the possible technologies in terms of their average annual
cost (Annex B) , as well as in social and environmental terms. The
opt.ions that emerge should be tested in pilot schemes, as discussed in
Chapter 6.
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s.s.2 Ergpg:s9_: anitation facilit

A discussion of the options for household latrines in terms
of the social, economic and technical criteria is included in Annex B.
It is concluded that the most appropriaLe household system for rural
Yemeni villages is a compost toilet for the disposal of solid excreta
together with individual soakaways or stabilization ponds for the
disposal of liquid excreta. The reasons for adopting Lhis type of
system are as follows:
- it is appropriate to the prevailing traditional practices I
- no water is usedl
- there is no need for expensive ser4TeraSe systems and there are no

effluent problems I
- operation and mainLenance is easy and little institutional infrastructure

is requiredl
- local materials and labour can be utilized;
- 90-95 [ of pathogens are destroyed after one year of aging;
- the system produces fertilizer, which has an economic valuel
- it is not unusual in Yemen to use human excreta as fertilizerl
- the poorest families will benefit from the project.
The proposed compost toilet (see Figure 15) is a modification of the
existing 'baladiyah' toilet. For details see Annex B.

Particular attention should be given to the improvement of
sanitary conditions in the mosques, where at present the ritual washing
before prayer is done in heavily polluted basins. Provision of taps or
showers and toilets is necessary if this severe healLh bazard is to be
eradicated.

Provision of other public sanitation facilities is not considered
appropriate, primarily because the men find it distasteful to see women
using such public facilities.

The proposed compost toilets and soakaways wil1, where possible,
be individual household facilities, and only in the case where either
Iarge soakaways, septic tanks or stabilization ponds connecting groups
of houses are utilized is a village system envisaged. Such a system
will be necessary under the following conditions.

(i) where soil conditioas do not perrnit construction of an individual-
soakaway;

(ii; where soil conditions do. not permit construction of either individual
or Sroup soakaways and a stabilization pond is required;

(iii) where flush toilets are utilized and septic tanks combined with
either soakaways or stabilization ponds are required;

(iv) where so much wastewater is produced that a sewerage system
connected to a stabilization ponds is required.

5.5.3 Effluent re-use and resource recove

The benefits of provision of a sanitation sysLem are not
always imnediately obvious to a population or government. Acceptance of

1es
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a sanitation program$e can be enhanced by demonstrating that the programme
will have not only physical benefits (e.g. improved health conditions)
but also economic benefits (e.g. reuse of effluent).

The digested excreta from the compost toilet will provide
useful crop fertilizer, provided that basic rules are adhered to in the
composting of waste. In particular, a minimum of 12 months composting
before use is required. There are several possibilities for reuse of
liquid effluent, such as:

- parLs of the wastewater (shower, laundry) can be diverted from houses
or from mosques for irrigating crops;

- effluent from septic tanks or stabilization ponds can be used to grow
certain crops on an evapotranspiration bed;

- effluent from stabilization ponds can be used for direct application
to certaia crops.

A potential hazard of irrigaLion with effluent from stabilization
ponds or evapotranspiration beds is that without tertiary treatment
some pathogeus may survive, although with a retention time of at least
30 days the risk is low. Kalbermatten et aI. (1980) suggest standards
of < 100 fecal coliform bacteria per 100 ml, and if effluent is used
for irrigation regular monitoring of effluent standards should be
carried out.

Other resource recovery methods such as
aquaculture are not considered appropriate for Al
this point in time, as discussed iu Annex B.

biogas production and
Bayda Province at

5.5.4 9:g*glye !sr-Pe1 Is!i eg

At present there are few villages which have constructed
excreta and wastewater disposal facilities, so evidence of groundwater
pollution from these sources is scarce. It is a potential problem in
A1 Bayda Province, where shallow aquifers are utilized for water-supply,
and especially if soakaways, stabilizat.ion ponds or agricultural re-use
are envisaged, care Dust be taken with the location of these treatment
facilities. Fecal pollution and high nitrate concentration are the most
serious results of uncontrolled disposal of excreta and r{asLewater.
Anuex B discusses the implications of these t5ryes of pollution, which
nay be controlled by adopting the following measures:

- ensure emptying of latrines when contents have stabilized;
- reduce hydraulic load as much as possible;
- impose minimum distance between groundwater supply borehole and

soakaways of at least 15 m, but preferably much morel
- where necessary extend the lining of boreholes to a significant depth

below groundwater level, thus ensuring longer groundwater flow paths;
- impose regulations on the location of stabilization ponds with respect

to hydrogeological conditions and groundwater supply installation;
- consider lining of pond base to reduce seepage;
- impose regulations on the irrigation schedule to reduce nitrates in

the soil.
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5 .5.5 9erEeee-9i:pgrc1

The problems of garbage disposal in Yemeni towns and villages
have been docurnented by Ilaco (1983a) and DIIV (1983). The latter report,
which was concerned with Rada and surroundings, recorunended a number of
short-term improvements including a health education programme on the
hygienic aspects of waste handling and Lhe risks to public health.
Health education is probably the key to the garbage disposal problem,
as without a proper understanding of the implications on public health
of the present situation, it is unlikely that the villagers will be
motivated to support a collection and disposal system. The survey
indicated a strong support for garbage collection facilities, but to
date few villages have shown much inclinaLion to take any measures.

It is not considered appropriate at this stage to consider
garbage collection services organized by either the LDA or the
municipalities as there is no existing infrastructural base for such a

programme. Instead, the health education programme should be corurenced
and then hopefully initiatives will develop in the villages for collection
and disposal services. Advice and possibly funds for such services
should be available from the RIRDP.

cart)
should
serv1ce

Each
together
only be
exists

village would require a collection vehicle (e.9. donkey
possibly with receptacles for depositing garbage. These
provided once it is clear that a desire for such a
At present there is no such evidence and further steps

results of the health education programme.must await the

s.s.6 9rscgize ! i ep- cg9-ses3seles!

It is proposed that the organizational structure of sanitation
activities in the province should be similar to that outlined for
water-supply in Section 5.4 with the Co-ordinating Council of LDAs and
RIRDP responsible for planning and implementation/operation respectively.
In the case of sanitation, however, it is the Hinistry of Municipalities
that should provide technical assistance through their Departmeat of
Environmental Health as well as through their sanitarians based in Rada
and A1 Bayda. For health education activities co-operation should be
maintained with the }linistry of Health and Ministry of Public lrlorks,
who are operating such progranmes in other parts of Yemen. A suggested
organization chart is illustrated in Fig , 76.
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1

FUT1JRE DEVETOP}IENT OF WATER RESOURCES

Introduction

The results of the study indicate that there is scope for
future development of water resources. The results, which are summarized
in Section 6.2 form a firm basis for future development activities to
be undertaken by RIRDP.

These activities are twofold. The first category inlcudes
concrete steps that should be taken on the short term within the framework
of the 7984/85 Operational Plan of the RIRDP. Activities which fall in
this category are implementation of the second stage of the study which
covers the selected areas not yet invesLigated, site selection for
boreholes, and pilot schemes for the development of sanitation sysLems.

The second category includes activities which are long-term
in nature or even continuous. As mentioned several times in the report,
the present data base allows for preliminary estimates of land and
water resources and their economic potential. In order to add information
on these aspects and to increase the reliability and accuracy of the
preliminary data, additional studies should be carried out which would
be spread over several years or in some cases be continuous. Activities
under this category are monitoring of rainfall, water-levels, water
quality and well abstractionl groundwater modelling; soil surveysl
applied research on irrigation practices; and farm management sLudies.
The provision of water-supply systems and the proposed programme for
the improvement of the quality of water for domestic consumption are
both short-term and long-term activities.

The activities mentioned above are discussed in more detail
in Section 6.3. They should be carried out within the framework of
RIRDP and in accordance with defined development objectives and strategies
as elaborated in the operational plans. In essence, this means that the
activities would contribute to achieving the project's objecLives,
which are an increase of productivity in the agricultural and livestock
sectors and irrprovement of infrastructure, and fit into its approach of
involving the rural population and meeting its basic needs as well as
training of and transferring responsibility Lo the Yemeni staff.

6.2 Development scope

6.2.7 [Cles_f9:9gr999

Table 38 summarizes the development potential for further
groundwater abstraction in the investigated areas.
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Table 38 - Estimated development potential for groundwater in the investigated areas

Area
(ha)

Present
water abstraction

(m3 x 1000)

TotaI
water potential

(m3 x 1000)

Extra potential
for development

(m3 x 1o0o)

Rada Basin
A1 Bayda North-East
Al Bayda l./est
Wadi Juban
Wadi llansur
Wadi Hatar
I.Iadi Dhi Na' im
Abbas

97 500
14 030
74 24t

280
777
770
717
275

20 605
2 976
2 105
1 953
1 954
' 352
3 545

337

33 288
5 450
3 600
3 458
3 025
1 050
4 550

680

72
2
1

1

1

1

683
474
494
505
071
698
005
343

5
74

7

55
3

TotaI 162 444 33 828 55 101 27 273

This estimate has been based on the situation of water
abstraction and water-leveIs found between May and October 1983. The
Iack of rainfall data, long-term water-Ievel observations, and welI
abstraction data over longer periods in AI Bayda province except the
Rada Basin makes the presented estimates preliminary. Any development
activity of groundwater should, therefore, be accompanied by a monitoring
proSrarnme of rainfall, water-Ievels, well abstractions, and surveys to
define the actual potential more accurately. Despite this lack of data
we consider that there is still scope for development of water resources.
from the data it is clear that tbe Rada Basin has the largest scope for
further development with an estimated extra potential of 12.7 UCM;
3 UCI{ of this water should be reserved for domestic water-supply,
9.7 MCU is available for an increase of irrigation. This potential
depends very much on locaI and hydrogeological conditio.r", pr"""rrt
abstraction, and water use, and is therefore strictly confined to the
areas and sub-areas given in Annex A. The above table contains similar
estimates for all other areas covered by the hydrogeological survey.
The tot.al potential for furt.her groundwater development in the
8 investigated areas is in the order of 21 MCM/year of which 5.3 MCM is
required for domestic water-supply in the coming 20 years.

Traditionally, water management in AI Bayda province has only
been applied for the division of spring water for irrigation over
different farmers in small areas of the province, Iike Wadi Tha, and
not for well abstraction. Any further development of groundwater has
its effects on water-levels, weII depths, purlp depths, pt-p costs and
water quality. The scarcity of water resources and the occurrence of
adverse effects on existing wells and water quality makes some form of
water management necessary in order:
- to reSulate Lhe number of weIls, well distance and well abstraction,

and water use sub-area wise;
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- to prevent overpumping and deterioration of water quality;
- to reserve and protect areas for absLraction of groundwater for

domestic water-supply especially for the larger towns like Rada,
Mallah, A1 Bayda, and Jubanl

- to make optimum use of the scarce water resources.

Some stop on further well drilling in sub-areas with overpumping
or in areas set aside for drinking-water supply will be necessary in
the future, starting with sub-areas in the Rada catchment.

Legislation on a national level to enforce such measures, and
explanation of the measures to the people concerned wilI be indispensible.
Legislation should include obliged reporting of the drilling of new
wells connected to a system for obtaining a drilling license. Licenses
for drilling a new well for irrigation should depend sub-area wise on:

- the present abstraction of groundwater in that areal
- the potential for further development minus the future need for

drinking-waLer to be abstracted from the sub-areal
- protection of groundwater against inflow of saline water;
- minimum distance to neighbouring we11s.

For the purpose of water management prior to and simultaneous
with programmes for water development, monitoring of rainfall, water-
Ieve1s, water abstraction, and water quality are indispensible.

5.2.2 !e!Sr::gpply and sanitation

Drinking-water is a primary hurnan needl it should be available
in sufficient quantities and it should be of good guality. Table 39
summarizes the water-supply situation in the areas investigated. The
areas are ranked according to their need for water-supply: Sabah/Ar
Riashiyah has the highest need, AI Bayda N-E the lowest. There is ample
scope for improvement. However, considering the implementation capacity
of the RIRDP, which is about 10 complete water-supply systems per year,
it will be clear that it will take years before all villages in the
areas have been provided with a system. Besides, other areas not yet
surveyed also need water-supply systems. In order to develop a realistic
construction programme it wiII therefore be necessary to use certain
criteria for the selection of villages which will be served first. We
propose the following criteria:

(a) villages with a severe water shortagel
(b) large villages so as to provide benefits for a maximum nunber of

people;
(c) villages which are willing to contribute to the funds for construction,

especially when complete systems are installed;
(d) vitlages that are part of the integrated package of services provided

by the RIRDP, i.e. activities of Lhe water section, agricultural
section, women's participation section and road section. Particularly
integration with the road programme is necessary to aIlow accessibility
for coasLruction, maintenance and operation.
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Table 39 - Ranking of the areas investigated according to water-supply
requirements

Ranking Area f, of villages
without water-
supply sysLem

% of villages
with water

shortage

1

2
3
4

hladi Mansur/t{adi Amad
Sabah/Ar Riashiyah
Wadi Juban
Villages along the Rada/AI
Bayda road incl. As Sawadiyah
Wadi Hatar/\ladi Ar Rin
Lradi Dhi Na'im
lladi Hubabah/Wadi Ar Riashiyah
Rada Basin
A1 Bayda West
AI Bayda North-East

93
94
92

94
83
36
82
50
22

5

45
44
42

5
6
7

8
9

10

33
33
45
18
20
33
25

Thus, villages which meet the above conditioas and, moreover,
are located in the areas of the highest need as indicated in Table 39should be given priority.

fn addition to construction activities, action is also requiredfor improving the water quality. As elaborated in Section 6.3, this
should be done by simple measures in a multitude of villages spreadthroughout the province.

Since there is at present no organized sanitation programmewithin the province it is not possible to provide a futur. piogi"ro,.
based on past experience. The most appropriate action wiIl be to initiate'pilot projectsr based on the conclusions reached from the survey andto monitor the progress of these pilot projects so that modifications
based upon the reaction of the people 

"in Uu made in future sanilationprojects. At the same time the inhabitants should be instructed in theproper use of the new sanitation facilities and the projects should beused as demonstration models for other people in the privince. Thisshould be combined with a health education programme for which provisions
have been made in the proposed organization (sJe I,ig. 16)

The objective of the pilot projects wiII also be to convincethe inhabitants of the benefit of a sanilation programme so that theywiIl be prepared to make contributions for the ionstruction of a sanitationsysten in their village and for the operation and naintenance of thesysten.
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6.2.3 Irrise!e9-ggrissllgrs
Table 40 summarizes the irrigation potential of the areas

surveyed by both the agronomic survey and the hydrological survey. The
remainder of the selected areas have either been covered by the agronomic
survey only or have not been visited at all.

Table 40 - IrrigaLion potential in the areas investigated (ha)

Area Net
irrigable

land

Net
irrigated

at present

Incremental
i rri gation
potential

High potential:
Rada Basin
A1 Bayda North-East
Al Bayda hlest
Wadi Juban
htadi Dhi Na'im

Linited or low potential:
Wadi ltansur
Lladi Matar/l{adi Ar Rin
Abbas

6207
827
361
818
772

1 415
351
373

10
29
28

t443
777
107
202
175

333
24
22

993
> 727':,
> 57'l

115
t.13

* Incremental irrigation potential might well be more than the figures
indicated, since the water in certain locations is almost unlimited,
while no full inventory of land resources was possible because of
incomplete coverage by aerial photographs.

The Rada Basin, the AI Bayda areas, and Wadi Dhi Na'im have
the great advantage that they are situated at the end of a good quality
tarmac road, which links them with the rest of the country. This simplifies
import of agricultural inputs and export of products.

Wadi Juban is more or less isolated at the end of a 55 km-long
road, through an otherwise not very populated area. It will benefit
enormously from the new tarmac'road which is under construction. Unlike
lJadi Matar/l/adi Ar Rin and Abbas, Wadi Llansur has a considerable area
under irrigation at present. This makes it relatively important in
AI Bayda Province.

The economic analysis indicates that on the basis of present
crops and cropping patterns, further development. of irrigated agriculture
is economically justified. Present cropping patterns, which are different
in each area investigated, are the result of certain specific conditions
and we believe that these will not change in the near future. However,
on the longer run, the anticipated return of emigrants may necessitate
changes in the croppiag pattern.
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The consultants uoderstand that the Hinistry of Agriculture
attaches Sreat importance to the formulation of progratmes on crops and
cropping patterns as well as to the developnent of nodern irrigation
tecbnigues to maximize agricultural productioa and the use of irrigation
water. Extenslon work io AI Bayda has just begun and in setting area
priorities it will benefit from the results of the present aad future
resource studies. However, in order to be effective, extension nust be
backed up by proper (applied) research and triats and by a farm management
survey. AIso, soil surveys are required in order to prepare land suitability
maps for crops and to obtain information on soil-water data for better
advice on water application.

One aspect needs special attention. The market for gat is
Iinited. However, both on technical and economic grounds, its cultivation
could be replaced by fruit trees (or vegetables). This alternative is
becoming rDore opportune now that the governneot has restricted the
iuqrort of fruits. ft is, therefore, advisable that a study of the
possibilities for expansioa of fruit tree cultivatioo in Al Bayda
Province be,ndertaken.

6.3

5.3. I

Proposed activitieB

9lgly into water resources in Al nce r-!!sgs-3
As indicated in Table I aad mentioned throughout the report,

not all selected areas could be surveyed during the present study. The
areas that still need to be investigated are listed in Table 41; two
new areas have been added: en area north-west of Al Bayda Towa which
has been termed Al Bayda North-lfest and an area south-nest of lfadi
llansur on the southern side of the Rada-A1 Bayda roadl this area is
called Sha-Aban. It should be noted Lhat, except for Sabah/Ar Riashiyah
and Wadi Arsard/Iladi Saru, these areas are emall. In four areas (AI Bayda
lrlest, IJadi Anad, lrladi Ar Rin and l{adi Dhi Ia'im) a sna}I part of the
r+ells have yet to be surveyed. However, the coverage of the wells in
tbese areas to date has been sufficient to allow for the coaclusions
reached in this Etudy.

The second stage of the study, of which the hydrogeological
survey (weII inventory) already started in January 1984, should be
concluded at the end of 1984. The sane approach, nethodology, and
questioanaires as used in tbe first stage of the study will be applied
in the gecoad stage
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Tab1e 41 - Areas to be covered in Stage 2 of the study

Areas Hydro-
geological

study

Water-supply
and sanitation

study

Agricultural
study

1

2
3
4
5
6

Sabah/Ar Riashiyah
Wadi Arsard/I.ladi Saru
AL Bayda North-lrtest
Sha-Aban
l{adi Hubabah/Wadi Ar Riashiyah
As Sawadiyah

x:'i
x
x

:
x

x
x
x

* CompleLion of Stage 1.

6.3.2 Water resources

Any programme for continued hydrogeological sLudy should aim
at:
- providing sufficient good quality drinking-water;
- making optimum use of groundwater for irrigation;
- protecting groundwater resources against overpumping and water quality

deterioration.

To this end the following activities are reguired in addition
to the completion of the well inventory as indicated in Section 6.3.1:
- monitoring of rainfall, water-Ievels, well abstraction, well dri11ing,

and water quality;
- groundwater modelling in certain areas.

(a)

(i)

Ilonitoring

Raiufal 1

A lack of rainfall data, the great variability of the
precipitation, and the importance of water in the project area make a
more detailed study of its spatial distribution necessary. ft wiII,
therefore, be necessary to extend the rainfall moniLoring network to
other areas outside the Rada catchrnent which is, at present, the only
area in the province where rainfall is recorded.

Priority catchnents for the monitoring of rainfall data are
the mounLainous regions south of Al Khabar, [{adi Juban and Sabah/
Ar Riashiyah. Due to the irregular nature of the precipitation with
respect to both space and time it is advisable to install more than one
automatic recorder in the wadis mentioned.

In the wadi system of Juban at least two rain-gauges should
be installed, while two more should be installed on the high mountainous
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plain surrounding the wadi system - on the weather side and lee side of
the wadi - in order to be able to middle out differences of exposure to
rainfall due to the prevailing direction of the wind.

In Sabah/Ar Riashiyah the situation is more complex, and for
practical reasons measurements wiII have Lo be done in the wadi itself
only. One rain-gauge of the existing monitoring network is already
stationed in the Sabah region (in AI Hajar), so two more will be sufficient
to allow for the collection of reliable data for the whole region.

In the Wadi Mansur region two rain-gauges are in operation:
one in Bayt AI Jabri and one at the extension centre of the project in
Wadi Mansur. Installation of more rain-gauges does not seem necessary
at present.

Another important catchnent ia Al Bayda Province is l.Jadi
Dhi Na'im. In contrast to tJadi Juban or Sabah/Ar Riashiyah, the topography
is not rugged but undulating, local relief being lors. Two automatic
rainfall recorders should suffice to obtain interpretable results in a
period of a few years.

The same goes for AI Bayda: the local relief differences are
only moderate and are not likely to induce localized rainstorms. The
total wadi system, however, is much bigger and it is therefore advisable
to install at least four rain-gauges: one in A1 Bayda Town, one in the
wadi system rdest of A1 Bayda Town (Wadi Az Zahir), one in the wadi
north of Al Bayda (htadi Hazzab), and one in the wadi system east of
AI Bayda Town (near Madhwagayn).

Located north-east of As Sawmah is a very large wadi system,
Wadi Arsard/tJadi Saru. The monitoring network in this region is of
iuportance because of its location in the province. Information obtained
locally suggests that this is an iuportant area for the production of
onions, potatoes, and tomatoes. This wadi system is far from A1 Bayda
Town and it proved to be impossible to visit it within the time avaitable.
The wadi will be covered in the proposed follow-up survey in 1984.
Given the absence of data it is considered that at least two rain-tauges
should be installed.

S 'mmarizing we propose the installation of rain-gauges in the
following areas:

Rada
Juban
Sabah/Ar Riashiyah
AI Bayda
Dhi-Na' im
l.Jadi Saru

15 meters

Honthly servicing of this n'mber of meters and processing of
their data using conventional recorders is very time-consuming and
costly. Irle therefore recommeud the iastallation of electronic rainfall
recorders which require cleaning every three months and changing of

1 meter
4 meters
2 meters
4 meters
2 meters
2 meters



rDemory blocks plus processing of the rainfall data on an annual basis'
Reading and processing is done by computer.

(ii ) I{ater- levels

The recording of water-levels is required:

- to determine the reaction of the groundwater reservoir on rainfall
and water abstractionl

- to determine the recharge of the aguifers;
- to deternine and to warn timely against overpurping.

At present water-levels are observed nonthly in 13 wells of
the Rada Basin only. tle consider that water-leveIs should also be

recorded sinultaneously with rainfall in the other areas to be investigated
in A1 Bayda Province. Here also 15 to 20 recorders will be required'
For the same reasoas as mentioned above use should be made of electronic
recorders spread more or less as the rainfall recorders over the different
areas. At the same time six recorders (one in each area) must be installed
as barometer to allow correction for air pressure differences'

(iii) l,lell abstraction

At present the water abstraction from 14 irrigation wells is
metered oE a monthly basis in the Rada Basin only. The present survey
showed large differences in water abstraction Per hectare irrigated
land which are difficult to explain. Large differeaces also occur in
well abstraction data obtained by tbe hydrogeological survey aad the
agronomic survey of the sane weIls.

Electronic recorders recording water-levels on an hourly
basis could be used if placed in a shallow well equiped with pump for
detennining simultaneouslY :

- the rest water-Ievel;
- the dyoamic water-Ieve1.;
- the pr:nping hours.

hle propose, therefore, to place half the nunber of electronic
water-Ievel recorders in shallow wells puuped for irrigation or drinking-
water supply.

hlater-level recorders for monitoring water-Ievels and water
abstraction should in any case be placed in areas selected for substantial
increases in water abstraction for drinking-water supply and irrigation'

(iv) Ue$_tri$ieg
Uonitoring the drilling of new wells is needed io order:

- to keep the well inventory updated especially in the Rada areal
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- to determine if an area becomes overcrowded with wells and overpumped;
- to follow the increase in groundwater abstraction in the 1ight of the

groundwater potential and,
- to serve as basic data for groundwater model studies.

(v) Ie!er-ggcli!y
Groundwater in the investigated catchments is generally

fresh. Brackish groundwater occurs in parts of wadis with shallow water
tables in the AI Bayda region and in the north-east corner of the Rada
Basin. FurLhermore, water with a higher fluor content than allowed for
drinking occurs in some parts of the catchments, for example the Rada
catchment. The water quality should therefore be investigated during
the hydrogeological survey by taking the electrical conductivity of
each weII, and a chemical analysis should be made of water from every
tenth we1l. The heavy pumping, especially in the Rada catchment, make a
reversal of groundwater flow possible in the norLh-east corner of the
Rada Basin. Water-levels as well as water quality shoutd be regularly
recorded to determine if the slope of the water-table and consequently
the flow direction reverses and brackish groundwater moves south inLo
the p1ain. Brackish groundwater also occurs in other wadis with otherwise
fresh groundwater. Any increased development of groundwater in such
wadis may cause the migration of this water and increase the size of
the areas with bad quality water. l{ater-Ieve1 control as well as water
quality control should, therefore, be included in each development plan
for the increase of water abstraction.

(b) Groundwater mode l1ins

Table 38 and the tables about groundwater potential in Annex A
show that the extra potential for water abstraction diff..s greatly
area-wise within all investigated catchments. The same variability isfound in the whole geohydrologicat situation. For example, water-Ievelsvary from less than 5 m to more than 60 m below the surface in the Radacatchment, and water quality differs from brackish to fresh. The sameapplies for the water potential. Very deep water-levels exist andlittle scope for further development of groundwater is available in theareas between Rada and Mussalah (sub-area RR) while in other sub_areasthere is still some scope for development.

Another matter concerning the planning of water developmentis the hazard of deterioration of water quality in the groundwaternorth of Rada. At present the brackish groundwiter in the north-eastcorner'of the Rada Basin is kept in its place by the south to north
groundwater flow. If, due to excessive pumping, the groundwater tablein the south is lowered to such an extent that the gioundwater slope
and groundwater flow reverses, the backward flow of brackish groundwater
could cause the water quality around Rada to deteriorate considerably.
This would seriously endanger the water-supply for domestic use andagriculture. The hydrogeology is so heterogeneous and the abstractionpattern is so complicated that it is very difficult to give more than afirst estimate of the groundwater poLential, and to do nore than warnagainst the danger of saline water intrusion.
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Therefore, we propose 
' 

also in view of the importance of the
Rada Basin in the province, that this groundwater catchment be the
first area for groundwater modelling.

Use of this model will enable us to:

- make a more accurate assessment of the groundwater Potential for
different parts of the catchmentl

- assess the reaction of the water-levels on different abstraction
regimes in order to obtain the optimum well field for safe abstraction
of groundwater without depleting the aquifers I and

- formulate methods to protect the Rada Basin against brackish water
flowing backwards from the north-east corner of the catchment to
Rada.

The develoPment of groundwater models of other areas in the
A1 Bayda Province is not yet possible due to the lack of basic data
about rainfall and water-1evel fluctuations.

6.3.3 ICISr::gpply

A programme for the development and improvement of water-supply
systems should have the following components:

- site selection of boreholes I
- provision of water-suPply systems;
- improvement of the quality of water.

(a) Site selection

Site selection is required to trace the faults and to find
areas of deep weathering, deep alluviun, and good water quality.

Aerial photographs, and the geo-electrical meLhod and electro-
magnetic method are required to locate the aquifers accurately enough
to ensure successful drilling.

Proper site selection
- increases the chances for successful drilling several times I

- increases the average yield per well considerably;
- decreases the average depth and cost of well drilling;
- traces areas of fresh groundwaterl
- minimizes, but does not exclude, failures I

- decreases the cost of water per cubic metre.

The following methods and measures are required for successful
site selection:
- aerial photographical interpretation in order to trace faults and

other geological features favourable for groundwaterl
- electro-magnetic measurements

. for tracing faults covered by alluviurn in the field accurate enough
for successful drilling;
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. for quick surveying of the relative thickness of the weaLhered rock
zone, the alluvium, and the water quality;

- geo-electrical measurements to determine:
. the depth of the different formations such as:

- the thickness of the weathered rock zone,
- the thickness of alluvium,

. groundwater quality.

A1I three methods in combination with the present and future
results of the well inventory are required for siLe selection in the AI
Bayda Province.

The tables in Appendix B.IV list the towns and villages with
present and future water shortages due to insufficient supply. AlLhough
the list contains all villages with a population greater than 500, it
should be supplemented with the villages surveyed during the second
phase of the study. ft can be concluded that nearly all the towns and
villages require one or more boreholes to meet their needs.

The list and its supplement should be regarded as a starting
point for a plan of action for site selection for the coming years to
be worked out and implemented by RIRDP, or other agencies, in accordance
with the funds and manpower available.

(b) Provision of water-sUPPIY svstems

This activity implies the continuation of the present RIRDp
policy of providing water-supply systems. With the existing funds and
staffing approximately 10 villages per year can be covered. However, in
most cases the construction includes the provision of a water distribution
system. It is recommended that in areas and villages with severe a
water shortage the assistance be limited to the provision of a borehole
with punp and engine and a small buffer reservoir near the source or
village, if this is acceptable to the village concerned. In this manner,
more villages could be covered.

The greater part of the neh, construction is required in Wadi
Mansur/l.Jadi Amad, Sabah/Ar Riashiyah and l+radi Juban, and emphasis
should be initially placed on these regions, which also coniurs with
the present RIRDP development plans and with the provisional road
development plans. Villages withi'n these areas should be selected as
much as possible in accordance with the criteria set out in Section 6.3.2.
As mentioned before, a preliminary list of villages has been prepared
in Annex B, Appendix B.IV.

(c) Improvement of the oualitv of water

This includes a programme for reducing the bacteriological
pollution of drinking-water from shallow we1ls. Simple measures should
be used such as covering and lining of wells, source protection, suitable
drainage facilities at the wells and, if necessary, simple chlorination.
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This activity can be expected to provide a wide coverage of the selected
areas where a bacteriological problem is apparent and should include
villages of all sizes where the provisioo of a water-supply system is
not envisaged for the near future.

Eqrhasis should initially be placed in Rada, A1 Bayda, Sabah/Ar
Riashiyah and Juban, where the water quality problems are the most
serious. The progratnme could take the form of provision of materials by
the RIRDP and labour by the inhabitants; standard desigBs can be provided
by the RIRDP. Also health education should be given in conjunction with
the RIRDP sanitation unit.

6.3.4 Eesilrlige
For the improvemeDt of sanitation, the following pilot projects

are recormended:

(a) The construction of modified baladiyah toilets, together with
suitable disposal facitities for liquid excreta and wastewater, in
groups of houses in up to 3 villages spread over the province'

(b) The construction of washing aad excreta disposal facilities near a

mosque.
(c) The construction of treatment facilities for sewage and wastewater

for a large village, together with agricultural re-use of effluent.

Each of these pilot projects must be carried out in conjunction
with an intensive health education Programme in order to ensure proper
use of the facilities so that the benefit of the new systems can be
demonstrated to as many of the inhabitants as possible. Moreover, as
has been discussed previously, lack of personal hygiene is the primary
cause of a range of water-borne diseases, and without health education
the beaefits of both the water-supply and sanitation Progratrmes will be
greatly dimiaished.

Based on the results of the survey the following villages
have been identified for each of the three types of pilot projects;

- llodified baladiyah system AI I(hilaw (Rada)
Adh Dhahaki (A1 Bayda
As Sawna'ah (A1 Bayda
Draybah (Rada)
Nowah (Juban)
Madhwagayn (AI Bayda)
Awwalru (A1 Bayda)
Adh Dhahaki (A1 Bayda)

Inprovement of Eosque hanmams

N.E. )
N.E. )

- Sewage and wastewater disposal
and re-use of effluent

The nr:mber of pilot projects that can be undertaken depends
on the funds available, but at least one of each type should be implemented
in 1984/85.



101

6.3.s Isrrgels9-eg:issllgrs

The activities proposed for the agricultural sector can be
grouped under two headings:

- soil survey,
- optimum use of irrigation water.

(a) Soil survey

As indicated several times in this report the absence of a
systematic soil survey has been an obstacle in arriving at precise
figures of cultivable land potential in the province. It is proposed to
carry out a semi-detailed soil survey at least in the areas with high
irrigation potential such as Rada Basin, Sabah, A1 Bayda North-East
(including lrtadi Arsard and l.Jadi Saru) and tCadi Juban.

The survey should lead to a soil suitability map oa a
indicating the suitability of the soil for the various

(cereals, vegetables, and fruit trees).

scale
categories1:20 000,

of crops

The survey should not only focus on the soil fertility but
also on such constraints as saliniLy and physical feaLures (e.g. soil-
moisture characteristics (Pf-values) and infiltration rates).

(b) Optimum use of irri gation water

Better use of irrigation water can be achieved by the selection
of suitable crops, varieties and crop mixes, by increasing productivity
through the use of modern inputs and improved farm management, and by
betLer irrigation practices. In addition to the agricultural research
presently carried out by RIRDP in co-operation with the Central Agricultural
Research Station aL Taizz and the studies conducted by the Agro-economic
section of the RIRDP, we suggest investigations in the following fietds.

(i) 9rgp -water use

The current
e.g. basin irrigation
furrow irrigation for
efficienL. Therefore,
application methods.

irrigation methods practised in AI Bayda province,
for cereals, a1fa1fa, gat and fruit trees, and
water-melons and vegetables, are adequate and
it is not necessary to change the irrigation

Border irrigation on 5-m wide strips as propagated by the
Dhamar Agricultural Improvement Centre might be too sophisticated under
the prevailing conditions in AI Bayda Province. When not correctly
handled it results in poor irrigation of at 1east part of the crop
(local shortages aud excesses). Furthermore, considerable laad development
is required since the strips not only have to be completely level
across, but length-wise they must be carefully graded under a slight
gradient for the water to run evenly and gradually down-slope.
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The soil-PhYsicaI
follow-uP soil surveY' TheY

capacitY of the soil '

Water management can be improved upon' and applicaLion depths

and irrigation intervals must be betier-adapLed to soil type and crop

characteristics. This can only be done on tle basis of cerLain soil-physical

data and irrigation research results '

data will have to be collected during a

include soil texture and the water-holding

Specific irrigation research is at present not being conducted

at the RIRDP farm at AI Khabar' Problem-oriented research under A1

Bayda conditions should include trials on the following subjects:

- assessment of the optimum irrigation interval and application depth

of water for the various ttop"l The optimum water management is

formed by thaL (Iong) irrigation inteival that combines with the

highest possible ,"i"t application without creating seepage losses'

thus saving expensive labour on croP irrigation;
- the benefits oi pre-irrigation before sowing of crops I

- the benefits of under-irrigation' or, in other words spreading the

available water over a larger cropped areas '

These trials are similar to the ones conducted at the Dhamar

Agricultural Improvement Centre during 1981 ' The results of intensive

and extensive irrigation should be evaluated economically afterwards '
taking into account all crop cultivalion costs '

( ii ) Eg rg,-Beges:Tss!- ilYg:!is39ig*:

Continuous farm manaS,ement research for at least one yeart

thus covering both the sunmer and winter seasons ' is necessary to

obtain a better insight into present farm management practices ' its
constraints and its tossibiliiies for improvement' and into the scope

for more economic "tlp" 
and cropping patierns ' It should also provide

accurate and reliable information on costs and returns of crop production

under different irrigation conditions in the province' The results of

the investigations *i11 fot,, a basis for advice on crops and cropping

patterns both for existing areas under irrlgation and the potenLial
irrigable areas.

It is suggested that the units to be covered by the farm

management survey be the areas irrigated from wells which are presently
being monitored. The information to be collected would include the

following:
- areas under crops in the sunmer and winter seasons;

- quantity and .o-"t" of farm inpuLsr e'8' mechanizatiotr services'
irUo,r. input (family and hired) , fertilizers and agro-chemicals;

- yields and produce irices; home consusPtion and production for market;

- irrigation practice-s, irrigation iniervals ' 
application rates ' 

hours

of pumpingr PuP discharge and total water absLraction'

The above list is not intended to be exhaustive but to give a

general idea of the aspects which should be covered by the survey'
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l.leekly visits (perhaps daily visits in the peak periods) are
required to obtain reliable data on the above aspects. The survey
should be carried out by the RIRDP Agro-economic section, which may
need more staff for this purpose, and the RIRDP Agricultural and
Extension section.

(iii) grgp_ studies

Farm management investigations should culminate in integrated
studies of crops that have relatively high returns to water. Such
studies should comprise technical, economic and marketing aspects.
Development of fruit production may serve as an example. In many areas
in AI Bayda Province, there is a history of fruit cultivation and
recently the area under trees has been expanded in A1 Bayda N.E.,
despite the strong competition of qat. In general, there seems to be an
increasing interest on the part of farmers to grow fruits. However,
there is hardly any information on the technical, economic and marketing
aspects of fruit cultivation in AI Bayda, nor on the long-term prospects
of fruit production.

Therefore, after the soil and farm management surveys, a
study could be undertaken which should include the following aspects:
- the technical feasibility of growing fruit crops
- the economic feasibility of growing fruit crops

situation as compared to other crops;
- identification of actions/projects for enhancing

in AI Bayda Province I
and their marketing

fruit production
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