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A}INEX A
IITDROGEOTOGY

4.1

A.1.1

Introduction

General

This annex describes the results of the well survey carried
out from April to September 1983 in 7 of the L2 areas with some scope
for groundwater development. These areas, indicated on Fig. A.1, had been
selected during a reconnaissance survey carried out during March/April 1993.
Hore Lhan 1600 we1ls have been mapped and data of these wells have been
collected and recorded on questionnaires. All data of the survey have
been compiled and stored in a computer data bank. The results are
presented in maps, profiles, tables and a brief description in this
annex

Finally a first estimate of the groundwater potential of each
of the investigated catchments has been made.

4.1.2 Uelbedglegy of the su

Duriog the survey, information on shallow wells, deep boreholes
and springs was collected using a questionnaire and several initruments
(Appendix A.I). In interviews with the ovrners or operators of wells
the questionnaires were completed as accurately as possible, but in the
absence of the owner no efforts were made to obtain lacking information
by going back afterwards, in order to spend time as effectively as
possible.

In the surveyed areas all wells were visited, but where
density was high, information was gathered selectively. Not. aIl selected
areas could be covered because of the great number of wells encountered.
The surveys are, however, still going on.

Table A.1 shows which areas were surveyed, as well as the
percentage of weIls visited in that area until now.

Table A.1 - Visited areas and percentage
of wells covered

Rada Basin
A1 Bayda N.E.
Al Bayda l{est
Wadi Juban
Wadi Mansur/tJadi Amad
Wadi Matar/\ladi Ar Rin
Wadi Dhi Na'im
Abbas

100 %

80%
s0%

100 %

7A oA

80%
70 01,

100 %

Ann. A
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Information gained in this vray r{as compiled and stored in a
data base in Arnhem. The different items are described below.

Location of wel1s

In the field, wells were pinpointed on aerial photographs
with a needle; then the number of the well was written on the back of
the photo and painted on a visible place on the well or pump house.
This is important, as it enables a future surveyor to compare measurements
in later years, since information about alI wells is always directly
available on files at Rada headquarters. A1l well numbers have fourdigits, every selected area having a different initial digit.

Elevation

The elevation of each well was measured with a Thommen precision
barometer. Every morning this barometer was adjusted at a referencepoint with a known or assumed elevation.

At the same time a barograph was started, Lo make it possible
to correct the field measurements for changes in local air pressure.
After return from the field both instruments were read again, After
some time a correction factor of 10 m elevation reduction per millibarair pressure was derived empirically. The barograph stayed in Rada for
surveys in the areas of Rada, Sabah, Hansur, Matar and Abbas.

For the surveys in A1 Bayda, Juban and Dhi Na'im local
benchmarks r,rere used. In AI Bayda the platform in the middle of the
town square was assumed to be 1955 m above MSL (mean sea level), in
Juban the floor of the oldest mosque 2000 m above USL. All elevaLions
have been derived from the ground floor in the RlRDp-guesthouse, which
was assumed at. 2100 m above MSL. The accuracy of local benchmarks is
approx. L0 m.

Apart from corrections necessary for calculating errors due
to daily changes in air pressure, corrections had to be *rd" fo,
differences due to working on different days. ft appeared that each
working day showed some syst.ematic over- or underestimation of the
elevation of a few metres. The cause of this phenomenon is not known,
but it gives rise to imaginary jumps in the wadi profile. The correcLion
for each day can be estimated when all elevations in a wadi have been
measured.

The corrected elevations in the field have the same accuracy
as the benchmarks, approximately 10 m with respect to the Rada benchmark,but relative to each other aberrations will be smaller than approx.
2 m in most cases.

Water-tab1e

The water-tab1e was measured with a water-level meter. As a
reference level mostly the beams of the pump were used, if present. Inother cases the reference was always marked with a sign: (. As boreholes
were closed in most cases, the depth to the water-table could not be

Ann. A



measured there. Where possible also maximum and minimum water-levels
were noted. If measurement of the water-level was possible, the top ofthe casing was always taken as the reference level.

10

Tota th of the wells

The total depth of the wells was usually derived from the
number and length of pipes in the well, used for pumping. In other
cases an estimation was given by the owner. It should be noted that
such methods are noL very accurate. Therefore sometimes the depth was
measured with a rope and a lead, as a check.

Water qualitv

EC and pH were measured in the field throughout the survey,by taking a waLer sample with a bucket.

Chemical tests were intended to be t.aken from approx. 1 outof 10 wells. This density was not achieved, however, because of thelarge number of wells, delays in the supply of chemicals and reagents,
and shortage of time to test the samples. As far as possible samples
were taken from purnped water of productive wells.

The tests were carried out in a sma1l laborat.ory set up onthe compound in AI Khabar, employing a IIACH kit.
Annual water abst.raction f rom the wells

In intervievrs with farmers or owners of the we11s information
was gained about the hours of pumping throughout, the year, both for thedry and the wet season. By measuring the discharge of the punp with a90-litre drum and stopwatch, the annual abstraction per *utt *"" calculated.To correct for thdperiod of harvesting, when abstraction is zero, thecalculated abstractions were multiplied with a factor 17/72, assumingthat no water is used during one month per year.

For various reasons the discharge could not always be measured.In such cases an estimation was made on the basis of discharges insurrounding wells with comparable installed engine_power and depth towater-tab1e.

For wells visit.ed both by the hydrogeological and the agriculturalsurveyor, annual abstractions could be calculated in two differentways. UnfortunaLely, Iarge differences were found; the ratio of t.hecalculated abstract.ions from the hydrogeological and the agricult.uralsurvey varies from -3 to +3. Therefore iL was not justified to assumeone overall factor to put these figures on a par with each other. Incases where differences were too 1arge, a choice tras made for eitherthe abstraction calculated by the hydrogeological method or thatcalculated by the agricultural methoa (depending upon which of the Lwo
seemed most reliable), for further calculations.

Discharges of springs in the Rada area were measured with aportable RBC flume. putting the flume in an upright and horizontal

Ann. A
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position proved to be time-consuming in the often rocky beds of the
springs. It should be noted, however, that although the measured discharge
is very accurate, variation over the year is large. Therefore these
figures can merely give an impression of the order of magnitude of the
annual spring fIows.

Uaps

Fina1 maps were drawn from the aerial photographs with the
aid of a stereoscope. The km-grid and degrees were copied from the yAR
1:250 000 topographical map (Directorate of Overseas Surveys, United
Kingdom). The scale was checked with distances measured in the field.

Remarks

Especially in areas with high well density, the progress of
the hydrogeological survey was rather slow. In the ongoing surveys it
may therefore be better to skip a certain percentage of the welIs,
especially where measurements of well depth, EC and pH are concerned.
For a good survey of Lhe total number of wells present in the area and
the calculation of the annual abst.raction, however, it is necessary to
pinpoint and number all wells. An interview with the owner wiII not
always be necessaryl in many cases an estimation of the pr:mping hours
can be made with the help of neighbours or on the basis of the total
area of irrigated Iand.

To obtain a good insight into the chemical properties of the
water in different areas, a substantial amount of samples have to be
taken and analysed. This takes a lot of time, at least one fu1l day a
week, and this time is hardly available. Problems in the supply of
chemicals cause delays in analysing the samples, which affects the
accuracy of the results, and leads to accumulation of work. It is
therefore recommended that either no samples at all are taken or Lhat
this work is done thoroughly, because a few half-analysed samples give
no information.

To deal wiLh the difference in measured elevations between
two days, as discussed in Section A.1.2, it is recommended that elevations
be measured at a local benchmark when the survey continues.

Before the fieldwork starLs, some time should always be spent
on preparing a draft map by the surveyor him(her)self. This facilitates
the field-work considerably.

4.2 Climat.e

4.2.1 lbe-sliss!e-ef-lbe-Ieses_$re!_Bepg!Iis

Rainfall conditions are not uniform throughout the yemen Arab
Republic. The topography and the main.wind directions are such that
three rainfall zones can be distinguished: the zone influenced from the
easL, the zone influenced from the west, and the zone influenced from
the south. The southern sector is under the influence of the Indian
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Ocean and enjoys a relatively high rainfall. The wesLern part of the
count.ry is the Tihama Plain. Rainfall is Iow, although relative humidity
is very high. Temperatures often exceed 40 oC. Rainfall also varies
considerably from year to year. In the Tihama Plain along the coast of
the Red Sea, the average annual rainfall ranges from 100 to 200 mm.
Further inland rainfall increases from 300 mm to 800 mm annually.

The eastern sector, in which Al Bayda Province is situated,
is separated from the western sector by the main watershed of Central
Yemen. In the more than 2300 m high Hontane Plains just east of Lhis
main waLershed the rainfall decreases north-eastward to less than
200 mm on the border with the Rub A1 Khali. The highest recorded rainfall
is near lbb: more than 1000 mm annually. During the dry season from
October to March, weaLher conditions are primarily determined by the
Arabian high-pressure zone, resulting in a dry easterly to north-easterly
air st.ream. Rainfall during this period is unusual, though occasional
storms occur from February onwards. There are long periods of dry
weather with few or no clouds. By March, however, a marked upper-air
trough is often evident, the lower convergent winds ahead of the trough
leading to a certain degree of convection. This in Lurn allows for the
development of int.ermittent rainfall.

By July, Yemen has normally come under the influence of t.he
intertropical low-pressure zone, leading to the convergence of warm dry
air from the north and very moist south-westerlies originating from the
Indian Ocean. l{ithin the Yemen Highlands, this convergence gives rise
to periodic but scattered rainfall. It. is rare for rain t.o faII
simultaneously throughout the entire catchment.

4,2,2 The climate ofAIB Province

4.2.2.1 Meteorolo ical stations

An agro-meteorological station was set up in AI Khabar in
1978. Since then several climatological variables have been measured
more or less continuously, i.e. the dry-bulb and wet-bulb temperatures,
the evaporation of a class-A pan, the wind run and the wind direction,
the total hours of sunshine per month, the cloudiness, and the
precipitation rate.

For the project area two more meteorological stations are of
special interest, the station in Rabat, south of Dhamar, and the one
locat.ed in Ma'bar, north of Dhamar. From these stations dat.a are available
for the years 1975 and 7976, collect.ed for the study of Lhe Montane
Plains and the Wadi Rima'Project. The data are comparable to the data
of the AI Khabar station and are presented in Tables A.2 and A.3.

4.2.2.2 Preci itation

Rainfall is the main form of precipitation and varies annually,
seasonally, and in its distribution over the survey area. Snowfall or
hailstorms occur occasionally in December and January. In the mountains
south of Rada there is a marked difference between the wetter south and

Ann. A
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the drier north, and between the wetter west and the drier east. At
Rabat the total annual rainfall was 615 mm in 1975 and 643 mm in 1976.Rainfall at Ma'bar was 455 mm in 1975 and 370 mm in 1976. The twostations east of Dhamar, in Al Khabar and Rada, show a significantly
lower precipitation. A1 Khabar rainfall data are availabli from 197g tothe present, and in Rada measuring started in 1977, resulting in
continuous daily rainfall figures over a period of six years up t.o 19g3(see Table A.4).

In AI Khabar the annual rainfall has not exceeded 365 mm,with a mean of 269 nm, while for Rada the annual rainfall figures are
even slightly lower: a maximrur of 320 mm, with a mean of 204 mm.

In the figures the two wet seasons in the high plains areclearly visible: the first one is in March, sometim." ep.it, and the
second period falls mainly in August, though somet.imes in July or
September, lasting more Lhan one or two months. Between April and JuIythere is a short dry season, with mostly no rain at all in .futy only.
Between September and February there is a 1ong dry season, the monthsof October, November, December and January having zero precipitation
most of the time. The data so far collected are not sufficient toindicate a significant difference between Lhe total amount of rainfalling in each year.

After 1979 attempts were made to extend the rainfall monitoring
network in the Rada project area. Unfortunately, due to lack of co_operation
from the local rain-gauge operators it proved to be difficult to obtaina set of continuous readings. At. present most problems seem to besolved, however. From 1980 onwards more stations have become operational.In 1983, a total of eleven automatic stations were recording tle dailyrainfall rate. ?he statiors are located in Rada, A1 Khabar, Az Zuab, A1
Manasa, AI Khadrah, A1 Hajar, A1 Qarry, Jauf A1 Nugabah, Ai Madhaf,
Bayt A1 Jabri, and Wadi Mansur. Since measuring at most of the stationsdid noL sLart. early enough to supply interpret.blu dutr, only therainfall data are presented of Rada and AI Khabar. Rainfall is veryvariable within short distances. For example, in Az Zuab, located Lnly10 km north of Rada, the mean annual precipitation is much lower Lhanin Rada, which in turn has less rainfall than Al Khabar, only 3 kmsouth of Rada. The annual mean is abouL 140 mm in Az Zuab, Zb+ mm inRada, and, 269 mm in AI Khabar.

4.2.2.3 Temperat ure

fn Ma'bar the daily temperature ranges from 11 oC to 1g oC;
the mean annual temperature is 15 oC. For Rabit Lhe daily temperature
ranges from 7 oC in December to 14 oC in July; the mean urro.r"i temperatureis about 11 oC. The mean minimum temperature in Marbar is never belor*freezing point, while in Rabat there are five months (from October toFebruary) that have a minimum temperature below zero. Table A.5 showsthe Lemperature data recorded at Al Khabar. Measuring started in 197gand is st.iIl cont.inuing. The mean temperature over the period of
measurement is 17.6 oC, almost.6 oC higher than in Rabal, and 2,6 oC
higher than in Ma'bar. The highest temperatures are reached in June,

Ann. A
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JuIy, and August; the highest mean monthly temperature recorded in
AI Khabar so far is 31 oC. Mean monthly minimum temperatures are slightly
above zero (about 1 oC). Occasionally daily temperatures fall below
zero, mostly in November, December, and January, and somet.imes even in
February.

A.2.2.4 Humidity

Table A.6 shows the minimum, maximum and mean relative humidity
recorded at the A1 Khabar station in the period from April 1978 to
September 1983. In contrast to the temperature there is no prominent
seasonal fluctuation discernable, although figures tend to be lowest in
July and in October, November, and December. The humidity figures show
a close relationship with the monthly rainfall data: the wettesL mont.hs
show the highest humidity, the driesL the lowest. The figure shows a
large difference between the mean, maximum and minimum monthly relaLive

Table 4.6 - Minimum, maximum and mean monthly relative humidity at A1 Khabar
agro-meteorological station ([)

Time JFMAMJJASOND

6.00
12.00
18.00
Mean

6.00
12. 00
18 .00
Mean

6.00
12.00
18.00
Mean

6.00
12.00
18.00
Mean

6.00
15.00
Mean

1980
1980
1980
1 980

72
35
3B
48

1979
7979
7979
7979

58
31
34
47

59
25
26
37

78
44
47
s6

79
48
s4
60

72
4s
66
67

64
25
24
38

74
27
37
46

6L
28
40
43

69
27
35
44

53
16
77
29

77
4t
52
57

63
t6
2l
33

28
32
47

59
23
33
38

77
24
36
44

49
11
13
24

56
16
31
34

70
52
51
58

63
27
23
36

63

19 81
1981
198 1

1981

82
2B
37
49

74
25
29
43

60
t6
27
32

40
s6
57

66
27
27
40

64
t4
23
34

68
79
27
38

86
42
58
62

72
38
37
49

76
36
38
50

95
35
37
56

74

1982
7982
7982
1982

40
42
53

76

50

50

58
22

71
31

6B
20

B2
26

88
47

40 51 44 54 6s

1983
1983
1983

79
36
58

88
43
66

7B
30
54

77
34
53

62
39
51

60
30
4s
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humidity. Around 6 orclock in the morning the relative humidity ishighest, often reaching dewpoint, especiilly in the co1de. ,orrlh".
Lowest relative humidity is always early in the afternoon, just after
noon. Mean monthly relat.ive humidity is consistently lower in A1 Khabarthan in Ma'bar, which in turn has 1ower relative humidity figures thanRabat (46 % in AI Khabar againsr 60 % in Ma'bar and 69 % in iabar).

4.2.2.5 Eva oration

Intense radiation, Iow relative humidity during the day, andconstant wind result in a high potential evaporation.

Since mean monthly temperatures in AI Khabar are higher thanin Rabat and Ma'bar and mean relative humidity figures are loier,
evaporation is expected to be higher in A1 Khabar. Table A.7 shows theevaporation data of a class A pan installed at the agro_meteorological
station in A1 Khabar, and the evaporation figures calculated accordingto the Penman method (FAO, lglg). The penman method of calculatiag
evaporation theoretically yields results about 20 l, Lower than figuresobtained by measuring a class A pan. ft may therefore be concluded thatthe two methods are in close agreement, minor differences bedng due toinevitable inaccuracies in the measurements. Monthly evaporatiJn ishighest in the months of April, May, and June, and 1owest in the colder
months of November, December, and Januaryl seasonal fluctuation of theevaporation is only small (about 20-40 %).

The poLentiat evaporation as calculated according to the
Penman method is 2300-2400 mmlyear, compared to 2000 mm in Marbar andonly 1700 mm in Rabat.

A.3 Geology of A1 Bayda Province

The following short description of the geology in AI BayjaProvince is based on Lhe BRGM geological survey carried out for yominco
in 1980, Lhe geological study of the Rada Area by Ilaco carried out forthe Ilaco (1981), and rhe work by Geukens (1966).

In the following sLratigraphical synopsis the names and codeshave been adopted from the geological *"p" Uy Ciofier and Overstreet(1978) and the BRGM (198t) iurvey. The different formations are dealtwith in chronological order. Figure A.2 shows the occurrence of Lhemain stratigraphical units in AI.Bayda province and Figure A.3 is thegeological map.

A.3.1 Precambrian basement

Precambrian rock forms the basement of the whole of the yAR.
It crops out in the part of the province easL of Rada. The rock consistsof grey-white and brownish gneisses and mica schists, intruded in manyplaces by pink granites and pegmatites. The pegmatites are generallyrich in feldspar and associated with quartz veins, which are someLimesmineralized. AII basement rocks are highly metamorphized rocks ofsedimentary, volcanic and plutonic origin (BRGM, fggf).
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STRATIORAPHICA L SCHEME

A6E IN
IO6 YEAR5
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The Precambrian basement in the province is subdivided intothree structural units separated by major irorth_east and soulh_westrunning faults. Each unit comprises series of highly metamorphic rocksfolded inlo one or more synclinoria. Late orogenic granite iirtrusionsare usually found along the axis of the synclinorium. The hill on whichA1 Bayda Town is situated forms a good example of such a granite intrusionThe structure of the synclinoria is complex as there are numerous foldswith smaller amplitudes. Apart from the major faults separating thedifferent structural units many more faults cut the.r.-". The iresentwadi system usually follows major faults. The faults usually rirn inpreferred directions and are of different age and origin. Very important
NE-SI,I running faults are found especially in ttre south_eastern part ofthe province near A1 Bayda where they foim major wadi systems sirch asWadi Az Zahir, Wadi Hazzah, and t{adi Nakhu.. N*"rous smaller wadisfollow smaller NI{-SE running faults and fractures.

Also the strike of the folded metamorphic rocks is an importantfact.or in determining the direction of wadis 
"r:.1h 

u" Wadi Mansur andIdadi Dhi Na' im.

Intrusive dikes and sometimes dike swarms, often associatedr+ith faulting, cut the precambrian rocks in many places. A good exampleof dikes associated with a major fault is the ditre swarm paial1el tothe east-west running fault. just south of AI Bayda. Most of the dikesare of Precambrian age, but also many dikes of iertiary age occurassociated with the tectonical movements that formed the Red Sea Graben.Tertiary dikes occur especially in the western part of the provincenear areas with volcanic activity.

LJ

h Sandstone (Brg!c!ly-9re!e se)ceous a4.3.2

The volcanics known as
the Yemen Volcanics (Grolier and

the Trapp series (Geukens, 7966) or
Overstreet, 1978) are tentatively

Teyilc

The Tawilah Sandstone is exposed in an elongated zone runningfrom the north-north-west to t.he south-south-east through the westernpart of Al Bayda Province. Rada Town lies within this sirip. The thicknessof this formation may exceed 400 m. The sandstone forms a series offluviatile (river-type) cross-bedded deposits. The grain size is in therange from coarse sand (1-2 mm) to fine gravel (2_5 mm). Sometimes muchcoarser, conglomeratic lenses are found. The colours are light_greyrpurple, and yel1ow. In the lower parl of this formation, r.vell_stratified,thin shale layers are present south-east of Suar near Rada.

The Tawilah Sandstone resLs discordantly on the basementrock. At some places faulting can be observed between this sandstoneand the overlying yemen Volcanics. The beds gently dip t.o the west.Major NI.{-SE running faults cut the sandstone near Rada. Vertical movementsof more than 100 m have been observed in some cases. Dikes, sometimesforming dike swarms, cut the sandstone in many places

A.3.3 Ispel-Ye1 sstist _ (prg!e!ly_Esrly_Ier!1ery-yelsssise )

Ann. A
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assigned to the Oligo-Miocene era. Volcanic rocks of this formation
cover a large area of Yemen, including Sana'a, Dhamar, and Taizz, The
Yemen Volcanics form the whole westera part of A1 Bayda Province,
overlying the Tawilah Sandstone on top of a slightly marked erosion
surface (BRGM, 1981). The volcaaic series comprises piled-up flows and
domes of lavas, tuffs sometimes alternating with alluvial sand and
gravel deposits.

The rocks are of greatly varying chemical composition. Basalts,
andesites, rhyolites, and basanites have been found. The colours are
dark grey, green, and purple. There are numerous dikes, but with an
irregular distribution, cutting the volcanic rocks as well as the
neighbouring Tawilah Sandstone and sometimes the Precambrian basement.
The numerous dikes crossing the basement in the As Sawadiyah region
belong to the sane volcanism (BRGI'I, 1981). Most of the dikes have a
width of less than 10 m. Dikes several 100 m wide also occur, forming
ridges in which eruption cenLres can be observed. Highly eroded volcanic
cones occur frequently. Bedding occurs on a large scale and is either
more or less horizottaL or slightly dipping. In the high plateau area
south of Rada, there is an alternation of hard and soft beds, with a
bed thickness of up to 100 metres. Grolier and Overstreet (1978) estimate
the thickness of the Yemen Volcanics to be at least 2000 metres.

A.3.4 Holocene and L&eer- istocene basalt flows and dikes

The area north and west of Rada is one of the few scattered
areas of recent volcanism in the YAR. There are numerous subrecent
volcanoes, especially in the North-l,/estern Quadrangle. During the
earliesL phase of this volcanism (Upper Pleistocene) a thin sheet of
dark volcanic rock was formed over a large area. These beds are found
at the base of the young volcanic rocks in the north-western part.
Erosional remnants of these beds overlie Precambrian rock in the eastern
part. The rock is dark greenish greyr of basaltic composition, and very
hard.

The centre of volcanic activity was the Jabal Isbil in the
north-west. of the provincel however, IocalIy very small funnel-shaped
occurrences of lava have been found.

The lava flows of Upper Pleistocene and/or Holocene age
occurred in a younger phase of volcanism, These lavas determine the
present landscape iu the north-western part of the project area, with
the main cenLre at Jabal Isbil. There are many very fresh-looking
volcanic cones in this area. The rock is basaltic, sometimes trachyLic,
and is black. The lava has been rich ln volatiles and has a characteristic
vesicular structure with many cavities.

This formation is up to 1000 m thick near the Jabal Isbil.
The lava flows are found interbedded in alluvial deposits in valleys at
a considerable distance from this eruption centre.

Ann. A



A.4 Water resource s in the Rada Basin

A.4.1 ical environment

Map A.1 shows that the Rada cat.chment is situated in Lhe westof AI Bayda Province, extending north and south of the Dhamar-Al Baydaroad. The southern boundary of this catchment follows Lhe steep escarpmentof the sometimes more than 2800 m high plateau mountains of Sabah andAgabah Riashiyah. The east.ern boundary of fn. catchment is formed bythe Precambrian basement hills, easL of the Banin Ziad plain. Thenorthern boundary runs over the lava flows and the caldera of JabalIsbil. The western catchment boundary is formed by the eastern boundaryof the Dhamar Plains, 55 km west of Rada.

25

A.3.5 cene aIluviaI os its

Holocene alluvial deposits are found in many wadi beds in AIBayda Province. The occurrence of valley-filI deposits around Rada ispartly connected with the recent volcaniso. Lava flows have blocked a
nrunber of erosion pathways, increasing the deposition of alluvium inthe plains around Rada, Bani Ziad, and Abbas. bth", a1luvia1 beds havebeen formed from stream deposits of the large rrat,ercourses in thenorth, and also where man has limited erosion by building dams and by
making terraces.

The valley-fi1l deposits are silty, fine-grained sands, with
some intercalations of gravel. The surface beds are 1oesses in the silt(2-50 pn) fraction. The beds are typically upto 30 m thick. The srreamdeposits are sand and gravel.

The Rada plains investigated during this survey, occupy Lheeastern part of this catchment between A1 Fugah and Bani 2iud 
"rrA 

ti"between longitude 44o4A' and 44oS7r east and between latitude 14o15,and 14030' north. ?he area is 272 km2, which is approximately 2g % ofthe total catchment (975 km2). The exact area of LL. gro.rrdwater cat.chmentis unknown because its northern boundary does not follow any topographicalwatershed, but follows rock structures buried under the young"r'lurr"flows of Jabal fsbil.

The Rada plains are composed of:
- a central plain around Rada and the main road Dhamar_Rada_Al Bayda;- a southward extension into a number of irregular intermontane plainsand valleys surrounded by rugged hills and iounded in the soutl byLhe mountain range of the ZSOO-ZSOO m high escarpment of Sabah andAgabah Riashiyah;
- a northward extension into a number of irregular plains surrounded byplateau-like hills with elevations 20 to 150 m above the plains. Thenorthern boundary of these plains is formed by the lava flows of the3240 n high Jabal Isbil, und younger volcanoes east of this mountain.

Ann. A
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A.4.2 9seleey

The geology of the Rada catchment has been described first as
part. of an overall geological reconnaissance of Yemen by Geukens (1966),
and Groliex (1977). The geology of the area is roughly indicated on the
Geological Map of Yemen, based partty on Landsat-1 images published on
a scale 1:500 000. Ilaco (1981) has published a geological map based on
field surveys and geological photo interpretation. BRGM (1981) has
mapped the Rada Basin as part of the A1 Bayda-Marib Project. The present
geological map (Map A.1) and geological profiles (Map A.2) have been
based on the Ilaco geological map and a more detailed interpretation of
aerial photos including mapping of faults, volcanic centres and intrusive
dikes.

Table A.8 shows the succession and lithology of the different
geological formations in the Rada catchment. A more detailed description
is given in the description of the geological map by llaco (1981).

Map A.1 and the profiles in Map A.2 show that the precambrian
basement, which is composed of well-layered metamorphic schists and
gneisses, occurs in the north-eastern and eastern part of the catchment.

The Tawilah Sandstone described in Section A.3.2 is present
in t.he eastern part of the Rada Basin. Rada Town lies within this zone.

Numerous intrusive dolerite dikes cut the sandstone east of
Rada. The width of these dikes is usually between 1 and 3 m. A 10 m
wide north-south running dike cuts the Precambrian rock just east of
Bani Ziad. A11 these dikes belong Lo the Yemen Volcanics of Tertiary
age, as described below.

A.4.2.1 Tertiarv and /or Cret-aceous - Yemen Volcanics

The Yemen Volcanics described in SecLion A.3.3 form the whole
souLh-western part of the project area. There are numerous dikes, but
with an irregular distribution. Most dikes have a width of less than
10 m and occur as dike swarms. Dikes several 100 m r+,ide also occur,
forming ridges in which eruption centres can be seen. Bedding is on a
large scale and more or less horizontal. In the south there is an
alternation of hard and soft beds, with bed thicknesses of up to
100 metres. In the area around Ad Draybah there are numerous basalt
volcanic cones. In addition there are important interbedded layers of
coarse gravel, as shown by the borehole drilling results.

The Yemen Volcanics are reported to be at least 2000 metres
thick (Grolier and Overstreet, 1978). In the Rada catchment the thickness
increases stepwise, sLarting just west of Rada, over NW-SE running
faults in a SW direction to probably more than 1000 m near Sudan, as
indicated schematically on the geological sections of Map A.2.
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A.4,2.2 Holocene and Upper Pleistocene - Basalt flows and dikes

Around Rada there are numerous subrecent volcanoes, especially
in the north-western quadrangle. During the oldest phase of this volcanism
(Upper Pleistocene) a thin sheet of dark volcanic rock was formed over
a large area. These beds are found at the base of the young volcanic
rocks in the north-western part. Erosional remnants of these beds
overlay Precambrian rock in the eastern part. The rock is dark green-grey,
of basaltic composition, and very hard.

The centre of volcanic activity was the Jabal Isbill however,
in some places very small funnel-shaped occurrences of lava have been
found from other sources.

The lava and volcanic ashes are up to 1000 m thick near the
Jabal Isbil. The lava flows are found interbedded in alluvia1 deposits
in the northern part of the Rada Plain around Dar Mas'ab.

A.4.2,3 Holocene alluviaI deposits

The alluvial beds in the southern valleys have been formed
from stream deposits of the large watercourses; they are usually coarse
sand on gravel deposits, covered by finer deposits outside the main
stream channels. These surface beds are loesses in the silt (2-50 trm)
fraction. The valley-fiII deposits are silty, fine-grained, with some
intercalations of gravel. The beds are typically up to 30 m thick.

A.4.2.4 Faults

There are many faults to be found in the bottom of the Rada
catchment. The geological map (Map A.1) shows a series of prominent
NhI-SE running normal faults or step faults, cutting the formation below
the alluvia1 deposits in the Rada Plain and the young basalt flows of
Jabal Isbil. These faults of Tertiary to Pleistocene age were formed
during the opening of the Red Sea Graben. The Rada catchment lies on
the eastern border of this graben with the Arabian Shield. The most
north-east.ern fault of this group, forming the NE border of the catchment
with the Precambrian rocks, is partly buried under basalt flows of two
Quaternary volcanoes formed on the fault. The second fault, approx.
3 km SE of these volcanoes, forms the boundary with the Tawilah Sandstone
that has been lowered in respect of the Precambrian formations.

Going in a SW\irection one finds three more step faults
before crossing a very prominent NI{I-SE fau1t, running below the plain,
under Rada Town, cutting into the mountains SE of the town where it
forms t,he boundary between the Tawilah Sandstone and the Yemen Volcanics.
NW-SE t,rending faults in the Volcanic rocks can be noted near Azzan, or
their presence can be deduced from rows of volcanic centres and the
positions of some of the valleys near Sawman and Ad Draybah. Large
vertical displacements but hardly any horizontal displacement along the
faults can be observed, and the vertical movements are usually unknown.
We estimate vertical movements along the fault under Rada at more than
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100 m, judging from the difference in elevation of the sandstone hills
on both sides of the fault. However, it is impossible t.o determine thedepth of the base of the Tawilah Sandstone wilh the precambrian basementunder the Rada Plains. l{e only know that this depth increases stepwisefrom zero NE of Dar AI Najd to several hundreds of metres SI{ of Rada,as indicated on Lhe geological profiles of Map A.2.

Many of the major faults have been fil1ed by sometimes morethan 10 m wide dolerite intrusions. In some cases they are related tothe location of the Tert.iary and Quaternary volcanic centres, such asthe young volcanoes on the fault in the NE corner of the Rada plains
and the Tertiary volcanic centres near Sawmah in Lhe southern valleys.

A'4-3 $ygrgeeglggy

Aquifers and aquicludes in the Rada catchment are describedirr lfable A.8. From this description and the geological map the followingcan be deduced:

- Ttre Precambrian basement forms an impermeable watershed in the northand east of the catchment and the impervious base underlying thealluvial deposits of the plain around Bani Ziad;
- The Precambrian basement forms the impervious base underlying allyounger rock formations I- The Tawilah Sandstone and the overlying Tertiary Volcanics form anroderately to highly permeable heterogeneous aquifer system of unknownthickness, cut into blocks by NW-SE trending faults. tiris aquifer

sysLem underlies the greater part of the groundwater catchment;- The finer alluvium deposits occurring under the ptains and valleysform a moderately permeable shallor+ aquiferl
- Coarse alluvium stream deposits form a usually shallow aquifer in thesouthern valleys of the catchment;
- The Quaternary volcanic rocks covering the northern part of thecatchrnent around the Jabal Isbil form usually highly permeable aquiferson top of the older formations. The very deep water_leve1s and theconsequently usually thin part of the formation saturated with watermake it at least. economically a less important aquifer.

The permeability of the aquifers is known from only 7 welltesLs. The average permeability of the sandsLone and Tertiary Volcanics,calculated from 5 wel1s, is K = 2,67 m/d and varies between 1.13 m/dand 4.68 n/d.

On'Ly 2 Lests have been performed in the precambrian rocks:the permeability is much lower, aboul 0.58 m/d including unproductivesections of solid granite. The weathered rock may be up to 10 tir."more permeable and the fractured rock even more than 100 times.

Flow-net analysis of the water-Ievel elevation map (Map A.4)yields an average,regional kD-va1ue for the SW part of the catchment ofabout 1000-2000 n2/d.
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Thus far no pumping tests with observation wells have been
carried out on wel1s in the Rada Basin. Therefore no storage coefficients
are available.

A. 4. 3. 1 Regional groun{water flow

Map A.5 shows the water-level depth conLour map made from
observations in 730 wells during June 1983. The map shows that:
- I+rater-levels deeper than 20 m down to 55 m occur in the area beLween

Rada and Ma1lah, which is one of the mosL intensively pumped areas.
- Ltater-Ievels between 10 and 20 m occur in the southern valleys and

northern plains, except in Wadi Tha where shallow waLer-levels occur
of less than 5 m below the surface.

The water-leve1 elevation map (Map A.4) shows a highesL
piezometric level of more than 2200 m above MSL in the St{ extremity of
the catchmenL around Sudan. From here the water-Ievel elevation falls
gradually in a NE direction to 2050 m above MSL around Rada and less
than 2030 m above MSt NE of Rada. From this map we deduce that the
general groundwater flow direction is from SI^J, l{ and NIC directions
eastwards to Lhe Central Rada plain. From here the groundwater flow
changes to a NE direction towards the NE corner of the catchment where
shallow water-Ievels are less than 5 m and consequently groundwaLer
losses occur by evapotranspiration. Heavy groundwater abstraction
between Mallah and Rada causes a depression cone in the water-Ieve1,
as is indicated by the 2060 m contour line.

A.4.3.2 Groundwater qualiLv

Groundwater quality in t.he Rada catchment is known from more
than 700 observations of the electrical conductivity (EC) in wells.
Map 4.6 shows the water quality as an EC-contour map based on thesd
observations. Moreover, a chemical analysis of 27 water samples was
made in the laboratory of Lhe project.

The map shows that groundwater quality follows to a great
extent the trends of groundwater flow. The best water with EC-values of
500-1000 pS (Iow to moderate salinity) is found in and ciose to recharge
areas at the end of the wadis in the SW of the area and the springs of
Lradi Tha. Water with higher salinity (1000-2000 US) is found generally
in the wadis and plains around Rada.

Groundwater quality deteriorates gradually in a NE direction
and reaches its highest salinity of EC > 3000 pS in the plain between
Dar aI Najd and Dar Mas'ab. The higher salinity observed easL of Wadi
Tha is restricted to shallow groundwater. Near Hanaha A1 Masud the
water from the shallow wells in the alluvium and underlying basalt has
an EC of 1500 to 2000 ;rS. Groundwater in the Tawilah Sandstone underlying
Lhe basalt at more than 100 m depth has a lower salinity of 1200;.rS.

Ann. A



3l

A.4.3.3 Groundwater discha - rechar relation

The chemical analyses of Lhe 27 samples taken in the Radacatchment (see Volume IV, part II) show that lri"i,_ and bicarbonateare dominant in the southern and westera part oi the catchment withfresh grouadwater having its origin in volcanic rock aguifers. Waterfrom the springs in l{adi Tha flowing from below the volcanic rocks ofJabaI Isbil has similar characteristics. Water in the north_easternpart of the catchment shows higher sodium and sulphate concentration.This difference in groundwater chemistry i" j.oUrUly caused by theoccurrence of sandstone, granite: uld metamorphic rocks with a completelydifferent mineralogical and chemical composition tUro the volcaaicbasaltic rocks in the south and west of the catchment.

The higher salinity of the groundwater in the Nf, Rada plainand its evolution to _sulphate-type groundwater is probably related toevaporation of groundwater under shall_ow water-table conditions as wellas surface waLer flowing to and evaporating in this part of the plainafter heavy rainsLorms,

Groundwater discharge in the Rada catchnent occurs by:
- well abstraction in the plains and wadis around Rada;- flgy from springs in Waai Tha and at the upst.ream ends of the southernvalleys;
- direct evaporation of groundwater in areas of shallow waLer_tables inthe eastern corner of l.Iadi Tha and near the NE outlet of the catchment.

A11 wells and springs are indicated with their well number onMap A.3. A1lowing.for a small-percentage of wells overlooked during thewell inventory and for wells aiittea uit". a"g""t 19g3, we estinatethat there are around g00 wells in the Rada bisin. An estimate of theannual groundwater abstraction of each well made during the wetf inventoryis listed in Volume fV, part I. Table A.9 sumrnarizes well abstractionin Lhe Rada Basin.

.Before the construction of the Dhamar-Rada road in 1976 all
1911s were dug wells abstracting water from the alluvium in the RadaPlaia and southern wadi beds, 

"ia tn" upper ,"tr." of the underlyingrock. Between 1976 and 19g3, 190 boretoies were drilled especially inthe area beLween Rada and Azzan, which increased the water abstractionconsiderably. Also the introduction-of pumps replacing many of thetraditionally animal-powered water_Iifting devices increased the waterabstraction several times. Last year, drilling of new boreholes in theRada Plains decreased considerably and is now"estimated at less than10 per year.

Apart from water abstraction by wells, water flows from anumber of natural springs in Wadl Tha ani some springs in Lhe southernvalleys. Annual water outflow in Wadi Tha is estimaLed at 1.6 HCI,I (millioncubic metres). This figure is based cin flor.r observations made in June 19g3,and seasonal fluctuations are aot Laken into account. WeIl yieldsdepend on the capacity of the purnp installed, and are usually between 3and 10 1/s.
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The annual abstractions of wells and springs have been estimated
following the rnethodology described in Section A.1 .2 and are listed in
Volume IV, Part I. Map A.7 shovrs the estimated annual well abstraction
and spring discharge ia mn/yr. The highest abstraction of approximately
4.4 million cubic metres ([ICM) per year occurs in the irrigation area
between Rada and Mallah resulting in a sink in the water-level (see
Map A.4 and Section A.4.4).

The total annual well abstraction and spring discharge in the
Rada catchment is estimated at 21.8 MCM/yr. I,/e estinate that 1.6 MCM of
this water is used for domestic purposes. The remaining 20.2 MCM is
used for irrigation, about 7 o/.

The Rada catchment can be split up into Lwo main recharge
areas:

- the area north-west of the Rada Plains around Jabal Isbil, aLso
called the northern basalL plateau, with a total area of 22A Lrez; and

- the area between this basalt plateau and the southern mountains
betr+een Bab al Filak (Dhamar Governorate) and Bani Ziad with a total
area of approximately 1200 kmz, including parts of the Dhamar
Governorate.

In ltradi Tha north-west of Rada, a large number of springs
yield a total of some 55 I/s or 1.6 lTClTlyear, not considering yet unknown
seasonal fluctuaLions in spring flow from below the northerr basalt
plateau. This eguals only 2.5 % of the annual rainfall estimated at
some 300 mm on the high-lying northern basalt plateau.

Even during heavy rainstorms all the water falling on the
lava flows and ash layers of Jabal Isbil infiltrat.es immediately into
this highly permeable and porose volcanic rock. AIso the coarse alluvial
deposits in the wadi beds are very favourable for infiltration and may
have infiltration rates of more than 10 % of the rainfall. Infiltration
of rain-water is also increased by nurnerous earthen walls dividing the
area into many infiltration basins preventing runoff.

Apart from spring flow in l{adi Tha there is probably a much
larger natural groundwater flow from below the northera basalt plateau
into the Rada Plain. This r+ater, together with the underground inflow
from western and southern directions and the direct infiltration of
rain- and floodwater in the plains, forms the recharge of the groundwater

Virtually no runoff water leaves the area even after heavy
rainstorms. Storm waLer\enteriag. the Rada Plains through the southern
wadis collects in Lhe plain norLh of Rada and infiltrates in a few
days'time.

ftalconsult (1973) est.imated the annual infiltration in the
Sanara and Dhamar basins aL 3 % of the annual rainfal1. This esLimate
is based on significant rainfall events, estimated evapotranspiration
and an estimated soil noisture capacity of 50 mm in the plains. Recharge
is particularly sensitive to the frequency of significant storms: minor
storms only replenish soil moisture, except where they fall on bare
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The great differences in annual rainfall indicate a high variability
recharge of the groundwater.

More recent studies, however, have calculated higher recharge
rates (one even up to 14 %). The "Bundes Anstalt ftir Geo-wissenschaften
und Rohstoffe't (1975), for example, arrived at a figure of 5 %. praLL
(L976) calculated for the Dhamar plains 3.75 % in dry years, 5 "/ in
average years and 5.5 % in wet years.

An accurate determination of the mean annual groundwater
recharge is impossible because rainfall data and water-Ieve1 aod discharge
observations cover only a few years. The great differences in annual
rainfall in this semi-ari-d region necessitate a much longer rainfall
period to make such calculations.

To illustrate Lhis, Figure A.4 shows the water-level fluctuat.ions
and rainfall as observed at A1 Khabar rainfall st.ation over the period
September 1980 to October 1983. During these years rainfall was between
162 and,365 mm, averaging 284 mr/year. The water-Ievel hydrographs show
a period of at least 8 months of declining water-Ievels, followed by a
period of rising water-levels. This indicates that the enormous increasein water abstraction during the last 6 years caused by well drilling
and installation of modern pumps on dug wel1s does not yet lead to
overpumping on a regional scale and a permanent decline in the water-table.
0n1y in the area between Rada and Ma1lah have water-leve1s been lowered
to deeper than 50 m by heavy pumping of about 4.4 UCM per year (see
Map A.5) .

It is difficult to make a reliable estimate of the recharge
because of the lack of sufficient hydrological data and information
about the depth to the impermeable basement, especially in the sandstone
area around Rada. The following estimate is based on a flow-net analysisof the water-level elevation (Map A.4) and the spring flow in t{adi Tha.
From the results of this analysis, summarized, in Tabie A.9, we estimatethat the annual recharge is in the order of 30 MCM/year, which is 140 l"of the annual abstraction by wells and springs. The rest of the infiltrating
water is lost by direct evaporaLion of groundwater in the NE corner of
the Rada Plains and some groundwater outflow.

A.5 I.later resources in A1 Bavda

4.s.1 Bbysisc 1 environment

Map A.8 shows that the investigated area around A1 Bayda
forms one catchment extending in the south into the people,s Democratic
Republic of Yemen north of a prominenL escarpment. The catchment lies
between 45o 20' and 45o 4Or east and between 13o 55' and 14o 05t north,
and has an area of 283 kmz. The major catchment boundaries are:
- the southern watershed formed by the prominent escarpment which is

the southern edge of the high plateau of yemenl
- the north-eastern r{ratershed running in NW-SE direction just west of

Awwayn;
- the north-western watershed on the western boundary of the map.
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The outlet of this catchnent lies north of Maradhim in a

sharp bend of the Rada-AI Bayda road. The A1 Bayda catchment can be
divided into a number of smaller subcatchments related to the rather
dense wadi system. The boundaries between these catchnents are indicated
by watersheds on Map A.B. Table A.10 gives the areas of the subcatchments
and wadis indicated in Map A.8.

A.s.2 9eglgey

The Al Bayda catchment is underlain by Precambrian metamorphic
rocks mainly composed of well-layered intensively folded gneisses and
schists with some granite intrusions. Profiles PP1 and QQl in Map A.9.
made by BRGH (1981) show the geological structure of Lhe intensely
folded rocks. The hill on which A1 Bayda Town has been built is a good
example of a granite intrusion in the otherwise highly metamorphic
rocks.

A.5 .2. 1 Faults

There are many faults in the Precambrian basement of Lhe
A1 Bayda catchment. Two major faults are:

- the east-west fault south of A1 Bayda following from east to west
Wadi Nakhar - Wadi Thihwahl and !/adi Az Zahit; and

- the M-Sll fault running along Mash'abah over Ghirran and north of
Wadi Az Zahir.

Substantial horizontal displacements have occurred along both faulLs.
The origin of the dike swarms south of Al Bayda is related to the E-W
fault.

Apart from these major faults, numerous other mainly NE-SI,i
and NW-SE trending faults cut the Precambrian basement.

Map A.8 shows that a prominent wadi system has developed by
erosion in the Plateau around AI Bayda. Most of these wadis follow the
strike direction of the folded Precambrian or major faults in the hard
basemenL rocks.

4.5 .2.2 Alluvium

Most of the wa{is have'been filled with usually 5 m to 15 m

of generally finer alluviirl deposits. In most cases river beds are
absenL. This does not necessarily mean that infiltration rates are
high, because the profile of the wadi system is also of importance. It
is not surprising, therefore, that in the steepest, upstream part of
the wadis, souLh of the major E-W fault, river beds have occasionally
developed
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A.5.3

The deeper Precambrian basement rocks can be considered
impervious. Aquifers are confined to the wadi beds and the upper weathered
zone of the bedrock and are entj-rely formed by:

- faults and major fractures in the rocks usually found in the subsurface
of the wadis;

- the weaLhered upper 5-20 m of the rock;
- the alluvial deposits in the wadis.

The two major faults cutting the area are relatively important aquifers.
The good water-supply of A1 Bayda Town comes from wells tapping a fault
r-onnected to the major E-W fault r:rrnning south of the Lolrn. The abundance
of waLer in Wadi Nakhar, especially near Madhwagayn also indicates the
imporlance of this fault as an aquifer. Yields of wells drilled in such
faults are much higher than yields of wells drilled beside it.

The alluvium in most of the wadi beds and the weathered rock
zone underlying the valleys form the groundwaLer reservoir storing the
infiltrating rain-waLer and flood waters from the surrounding hi11s.
Thickness of the al}uvial deposits is usually no more Lhan a few meLres
Lo 15 m a! most. Most of the we1ls tap these last two aquifers. Only
few of the wells Lap faults. One of the wells tapping a faulL is the
water-supply well for Al Bayda Town.

The groundwaLer situation in the Al Bayda catchment has been
presented in 4 profiles along wadi beds in Map A.9. The section lines
can be found on Map A.10.

The profiles show that water-levels are shallow (0-3 m):

- in the vicinity of AI Bayda and in the wadi between A1 Bayda Town and
Mash'abah along the AI Bayda-Rada road;

- in the wadis south of A1 Bayda called Wadi Thihwahl, I.Jadi tribanih and
Wadi Nakhar;

- in l{adi Az Zahir south of Az Zali.ir, near Al Bayda;
- in Wadi A1 Maynafahr near A1 Quah.

Idater-levels very near the surface are found in waterlogged
areas near A1 Bayda, Mashrabah and Madhwagayn. Depths of water-levels
in other wadis or part of wadis generally do noL exceed 10 m.

The water-level elevation shows a logical picture. Groundwater
flor+s along the wadi beds fully follow the surface drainage pattern.
Thus in the eastern half of Lhe hatchment water flows from all wadis to
the main north-south wadi beLween AI Bayda and Mash'abah.

In L{adi Az Zahj-r water flows eastward to Wadi Al Adyah and
further northward in the direction of Ghirran and finally Moradhim.

Groundwater quality is known from more than 268 observations
in the surveyed wells of the areas. Volume IV, Part II shows the chemical
analysis of 27 water samples.

Uvdrgeegigev
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Map A.11 shows that water with EC between 500 and 1000 ;rS isgenerally found in al1 smaller wadis and upstream parts of the mainwadis. Downstream the waler quality increases in the main wadis tobetween 1500 and 2000 pS in:
- the wadi between A1 Bayda and Mash'abah and the downstream parts ofits side wadis.
- wadi Togayoh ,rrlair l{adi Makhar.
- tdadi Az Zahir downstream of thi village Az Zahir.

The water-tab1e in all these areas is at present less Lhan3 m below the surface, indicating that these higher EC_values arecaused by direct evaporation of groundwater in Jometimes waterloggedareas.

Groundwater discharge in the A1 Bayda area occurs:
- by well abstractiong
- by seepage from faults for example near Al Bayda;- by direct evaporation of groundwater in parts of wadis of shallowwater-tabIes.

Of the wells in the different wadis with their branches inthe A1 Bayda area, approximately g0 % has been fully surveyed. A1Icollected dat-a, including the estimaled welI abstraction, are listed inVo1ume IV, Part I. Table A.10 summarizes well abstracLion. This tablealso gives a first estimate of groundwater potential. Virtually allwells are shallow wells dug in the wadi beds. Deep boreholes like thewell for the water-supply of Al Bayda Town are scarce.

Although not a1l the welIs have been visited, it has beenpossible to extrapolate the figures for the investigated wadis. Map A.12shows the est.imated annual weli abstraction in mm/yr. The total annualwell abstraction was estimated at 5.1 MCM/yr. The main part of thisamounL is used for agriculLural purposes. A relatively small fractionis used for the domestic water-supp1y. The quantity of water ,r"ua io.domestic purposes has been calculated from ihu tot"I number of householdsin the invest.igated areas, as given by the CyDA census of 1981, and theaverage consumption per household per month. I,/ith these figures it hasbeen estimated that about 0.g4 MCM/year is used for domestic purpose.The rest, approximately 4.3 ylCli/year, is used for irrigation.
The A1 Bayda area can be split up in the following separat.ecatchments:

- The AI Bayda catchment, comprising the main wadi between AI Bayda andHashrabah and irs side wadii including rhree 1;;s;;-;;;;"^';.Iiu"r, tr,"main road and the watershed near Awwayn. The area of this catchmentis 140 kmz. Most of the wells in this area have been covered by thepresent survey.
- l{adi Ghirran and its tributaries including Idadi Az Zahir. The area ofthis catchment is 142 kmz. 0n1y the upstrJam part of this catchmenthas been covered by the 

"r.rr.y.
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The watershed between the two catchmenls runs
north-south 2 km west of the Al Bayda-Rada road
join each other aL the town of Maradhim.

The two
approximately

catchments

Estimating t.he recharge and Lhus the water pot.ential of this
area is very difficult because no rainfall data are available, and
infiltration rates are unknown. tr'rom the figures around Rada it is
esLimated that the mean annual precipitation rate is no more than
250 mm. To estimaLe the water potential of the A1 Bayda wadi system the
present. sit.uation was investigat.ed in more detail. Therefore the catchment
was divided into a number of subcaLchments (see Map A.8). For each
subcatchment the abstraction was calculated, boLh in absolute terms and
as a percentage of the annual rainfall. ft was found that about 25 o/" n+
the water entering the catchment as rainfall was pumped up and used for
irrigation. This figure is very high, and it is assumed that a portion
of Lhe pumped up water percolaLes back to the aquifer.

Tables A.10a and b contain the areas, annual r+ater abstraction
and other relevant data to arrive at a rough estimate of the groundwater
potential of the catchments and the possibility of increasing water
abstraction without exhausting Lhe aquifer. The data in the Lable show
that the exLra water potential differs greatly from sub-area to sub-area.
Considering the present situat.ion, it can be concluded from the shallow
water-tables indicating natural groundwater reservoirs at many places
in the different wadis, that there is still scope for further developmenL
Taking into account the location of the subcaLchments and the thicknesses
of the alluvium and the weathered zone (storing most of the groundwater),
the wat.er potential has been calculated for each subcatchment.

It should be noted, however, Lhat the estimates are based
upon figures obtained in 1983. This can give rise to large errors since
most of the farmers claimed that about 2L2 years ago the siLuation was
substantially differenL. There seems to be much more water now. Before
1980 water-Ievels were said to be much lower, and in the dry season
serious short.ages occurred. Waterlogging, now a cornmon phenomenon in
most of Lhe wadis, did not occur before 1977. Therefore it is advisable
to treat the figures given in Tables A.10a and b for the waLer potential
in AI Bayda with great care.

The lack of rainfall drrta and data about water-level flucLual-ions
make the estimated figures unreliable. Monitoring of rainfall and
groundwater levels is of utmost importance before groundwater development.
can be starLed on a large scale in the different wadis.

6 Water resources in Wadi JubanA

A 6.1 EbvSI caI environment

The Juban area forms an isolated catchment in the south of Al
Bayda Province 60 km south of Rada and just north of the border wilh
the PDR of Yemen. The catchment extends from 44o47t to 44o58r east and
from 13055' to 14005'north. The catchment comprises a series of valleys
and plains at an elevation of approximately 2000 m above IISL. These
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plains and valleys have eroded into a 2300 m to 2400 m high sandsLone
plateau. The 300 m high steep escarpment forms everywhere the boundary
between the plains and the plat.eau. The total area of the catchment is
52.8 kmz.

The Juban area can be subdivided into Lhe following three
main caLchmenLs as also indicated on Map A.13.

- The catchments west of Juban, composed of five smaller valleys, and
Lhe plain easL of Juban draining southward through a narrow wadi
2.5 km west of Nowah.

- The area around Nowah and R'sayan draining in Lhe same direction as
the above-mentioned caLchment through a narrow wadi 1 km west of
R'sayan.

- The plains around A1 Ou'abbe1 draining southward in a narrow west-east
wadi, formed along the prominent east-wesL fault running through the
south of the Juban area.

A-6.2 9geleev

The Juban plains and valleys have eroded nearly ever5lwhere
through the more than 300 m thick subhorizontal Tawilah Sandstone
formation into the underlying Precambrian basemenL rocks, composed
mainly of gneiss and granite. An up to 20 m thick sandstone layer
underlies only the plains around Jahair and the wadis north of Mou'atha
(l{adi Hanger and Wadi aI Moffer). The sandstone is cut in many places
by 2-4 m wide dolerite dikes sometimes occurring in dike swarms, related
to tertiary and quaternary volcanic activity. The dikes are very difficult
to follow in the underlying Precambrian rocks. Old volcanic centres are
found in the eastern and western corners of the area. Sometimes these
centres are located on intrusive dikes.

A.6.2.1 Faults

The east-west fault in the souLhern part of the area near Al
Aggar and R'sayan is Lhe most prominent fault cutting in the Precambrian
basement rock. Other, less prominent faults are indicated on the geological
map. Vertical displacements along the fault planes have been observed
in the field and are indicated on the map. Many more faults and fracLures
than indicaLed on the map are found in the Precambrian gneiss and
granite rocks.

A.6.2.2 Alluvium

Usually less than 10 m thick alluvial deposits underlie the
plains around Juban. These usually sandy deposits originaLe from the
Tawilah Sandstone and to a minor extent from the Precambrian metamorphic
rocks and volcanic formations.

Ann. A
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A.6.3 Hyqregeglggy

In the Juban area, aquifers are formed mainly by:
- sandy alluviaIs deposits;
- the underlying Tawilah Sandstone in the northern plains and valleys

around Hanger and Jahair;
- the weathered zone of the Precambrian rocks I
- intrusive dikes, fractures and faults cutting the basement rocks.
The unweathered Precambrian granite and gneisses form an impervious
floor under all these aquifers.

The alluvium in the plains and to a much lesser extent the
weathered rock zone form the groundwater reservoir storing the infiltrating
rain-water and flood water from the surrounding hills. Faults and intrusive
dikes can be considered highly permeable conduits of low storage capacity.
The thickness of Lhe alluvial deposits is usually 5 to 10 m in the
plains west of Juban and less than 5 m in the area east of the town,
which limits the reservoir capacity of these formations. Fractures in
the Precambrian rocks and inLrusive dikes in the Tawilah Sandstone are
probably important sometimes as highly permeable conduits for groundwater.
One of the wel1s 1 km west of Juban taps a major fracture having an
extremely high yield of 30 I/s in the wet season and 8 I/s in the dry
season. The narrow zones of these fractures covered by alluvium makes
accurate tracing and successful tapping by wells difficult. without the
use of Lhe electromagneLic method. Therefore wells usually tap the
alluvium and the underlying weathered rock aquifer, and the yields
between 2 and 5 1/s.

The groundwater situation in the Juban catchmenL is presented
on:

- the well location Map A.15;
- the water-level elevation Map A.16;
- hydrogeological sections along the wadi beds (Map A .t4);
- the EC Map A.17.

Map A.15 shows Lhe section 1ines and catchment boundaries.
The hydrogeological cross-section Map A.14 show that water-levels
deeper than 10 m below the surface occur in the northern extremities of
the va1leys. Southward water-levels become 5-10 m below the surface
around Jahair and Juban, and in the area directly south of Hanger.
Water-leve1s of less than 5 m occur in the wadis near Hanakah and in
the south of Wadi Hanger. Near Nowah the water-level is 5 to 10 m below
the surface, rising up to 3 m below the surface at the outlet. of this
catchmenl.

Map A.16 shows that the water-leve1 contours of 1970 to
1980 m above MSL occur near the northern border of the catchment, and
those of 2000 to 2010 m in the plain east of Juban Town. From here
groundwater flows wesL and southward along Hanakah and Jahair. The
groundwater flows through l{adi Hanger southwards into Wadi al Anab
where it leaves the area. The similarity of the r+ater-Ievel elevationsin L{adi al Moffer north of Moa'atha, in l{adi Hanger, and in the plains
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around Jahair may indicate thaL the groundwat.er flows under these wadis
and plains are interconnected by way of the underlying thin sandsLoneaquifers. Groundwater in l{adi Juban east of the town may also be rechargedby groundwater inflow from the sandstone rocks in the north. The north-southtrending dikes of the dike swarm may play an important role in the
groundwater inflow from the north. Groundwater in the plains around
Nowah and AI Ou'abbel is not interconnected but is stoied in isolated
basins of alluvium and weathered rock aquifers I groundwater flows
southward into the east-west fault of Wadi AI Aggar.

Groundwater quality is known from more than 170 observationsin the surveyed wells. Vo1ume IV, part II shows the chemical analysisof the 21 samples taken in the Juban catchment. Map A.L7 shows that
groundwater in the Juban area is generally fresh with EC values 1essthan 1000 pS. Brackish groundwater with EC between 1500 and 6000 prS
occurs just west of Juban. This high salinity is mainly caused by localpollution of groundwater by wastewater of Juban Town. ihe isolated
areas of slightly higher saliaity near Hanaka, with EC up to 2100 pS,
and south of Nowah, with EC up to 1400 pS, is caused by lvaporation ofshallow groundwater because shallow water-tables of less than 3 m belowthe surface have been observed at these places

Groundwater discharge in the Juban caLchment occurs at presentmainly by well abstract.ion. Small springs occur only at the northernpoint of Wadi aI Jahair just east of the road to Rada. Direct evaporationof groundwater is smal1 and limited to the small areas of higher salinitynear Hanakah and south of Nowah. AII collected data including theestimated well abstractions are listed in Volume IV- parL I.
Tab1e A.11 gives the well abstracLion in the differenL wadis

and plains in the Juban catchment as indicated on Map A.13. The tablealso gives a first estimate of groundwater potential deduced from
examination of the different maps, Lhe thickness of the alluvium andthe sandstone in the wadis, groundwat.er flow, areas of subcatchmenLs,estimated rainfaIl, etc.

Almost all wells are shallow wells dug in the r+adis andplains. Drilling of boreholes has just started and three boreholes arein operation now. The depth of the shallow wells is usually between
10-20 m. Wells deeper than 20 m occur in Lradi Sa'id south_west of JubanTown. Map A.18 shows the esLimated annual weII abstraction in mmlyr.The total annual well abstraction in the Juban catchment is 1.95 MCMlyr,which is 8 % of the annual rainfall estimated at 400 wnlyr. The veryhigh well abstracLion in proportion to rainfall on the catchrnent may bepart.ly explained by the sandy soils causing high infilt.ration raLes. Weexpect that groundwat.er inflow from the sandstone area north of Jubanis only of limited significance, as deeply incised wadis are found onlyone or two kilometres east, north and west of all the watersheds,preventing substantial groundwaLer inflow. Recharge of groundwater
occurs also by infiltrating flood water flowing from the surroundingsteep hills at great force after heavy rainfall. This and the g.ne.u1ly
sandy soils are favourable conditions for a higher than usual infiltrationof rain-water under these low rainfall regimu". Estirating the rechargeand thus the groundwater pot.ential of the area is difficult because of
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lack of any rainfall data and water-Ievel data. The usually thin aquifer
and consequent.ly small groundwater reservoir capacity limits the potential.
From the water-level elevation map and the thickness of the sandstone
aquifer in the northern part of the plain we estimate groundrdater
inflow at 0.5 MCM/yr.

We conclude from the limited size of the groundwater catchment,
the thin aquifers and the consequent low groundwater reservoir capacity,
and the already high abstracLion rate that extra groundwater potential
is limited.

Especially in the area south of Juban around Nowah and A1
0u'abbe1 groundwater storage in the weathered metamorphic rock aquifer
is small and possibly only sufficient for drinking-water supply. Successful
well drilling especially here depends on exact siting on fractures and
faults in the subsurface. Tracing of such faults must be done using the
electromagnetic method. hlater for both villages can also be obtained
from wells drilled in the prominent east-west fault ia the south of the
catchment. Groundwat.er occurrence and extra scope for development may
be better in the northern part of the catchment north of the line
Juban-Hanakah. Ide estimaLe the exLra potential at 250 000 m3/yr. Any
increase in water abstraction in these areas proposed by this study
should be made gradually, controlled by observation of rainfall and
water-leveIs.

A.7

A.7.1

Water resources in l{adi Dhi Narim

Eby: iseI-eeYiresger!

The Dhi Na'im catchment is the upper part of the catchment of
a tributary of Wadi A1 Ghayl, approximately 20 kn NW of AI Bayda. The
catchment of 10 x 7 km extends from 14001' to 14007'north and from
74o27t Lo l4o26t east.

The catchment comprises one broad north-south running wadi
with some wide wadis, and smaller plains. The elevation of the valley
bottom increases gradually from 1880 above MSL near Ar Rubat to
approximately 1950 m in the south. The surrounding hills have elevations
approximately 30 m higher than the wadi system. The main NM-SSW trending
valleys are paralle1 to the strike direction of the LrNW-dipping well-bedded
metamorphic rocks. Side valleys have developed along NW-SE trending
faults. The wadi system drains .from the southern watershed norLhward
along one main outlet near Ar Rubat.

The western watershed is part of the main watershed between
northward and southward draining wadis. It forms the watershed with
Wadi Hamra, a tributary of l{adi Bana. The eastern catchment boundary is
the watershed with another tributary of ldadi A1 Ghayl. The total area
of the investigated catchment is 58 knz, which has been subdivided into
a number of subcatchments.
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4.7.2 9sglggy

Wadi Dhi Na'im and its tributary have eroded approximately
30 km into the intensely folded Precambrian basement rocks composed of
well-bedded, steeply dipping gneisses and schists. The rocks are cut by
at least two seLs of faults.

The most prominent fault system has a WNhI-ESE direction,
practically perpendicular to the strike direction of the well-bedded
metamorphic rocks and occurs over the whole area.

The second set of east-west trending faults occurs mainly in
the eastern half of the catchment east of the main valley. A major
shear fault of NNE-SSW direction runs just west of the catchment boundary.
The valleys and plains are underlain by usually not more than 2 to 5 m

of rather sandy alluvium.

A.7.3 $y{sgeeglgey

In the Dhi Narim caLchment aquifers are formed by:
- the fracture systeml
- the usually highly weathered, more than 10 m thick zone of weathered

rocks 1

- to 4 minor extent, by the usually thin sheet of alluvial deposiLs
under the plains.

The fractured and weathered rocks probably form one aquifer
syst.em of moderate permeability.

AI1 111 wells but one (WeII 18) are 5 to 22 m deep shallow
wells dug through the alluvium often more than 10 m into the rather
soft weathered rock. The yield of the wells is usually between 5 and
7 L/s.

.The groundwater situation obtained from 111 wells in the
catchment are presented in a;

- cat.chment map including the water-Ieve1 elevations, Map A.19;
- well location Map A.21;
- water abstraction Map A,23;
- EC-Map 4.22; and
- two hydrogeological sections,. Map A.20.

The sections show that the water-level in the Dhi Narim
valleys is usually 3 to 5 m below the base of the alluvium in the
weathered bedrock. Upstream the wadis have cut deeper into Lhe rock,
the alluvium is thicker, and the wat.er-level is 1 to 2 m deep in the
a1 luvium.

Map A.19 shows that. the groundwater flows from south to
north. The elevation of the water-level in the south is 1925 m above
MSL and in Lhe north around Ar Rubat it is 1875 m above MSl.
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The EC-map (Map A.Z2) shows that water quality deteriorates
with the direction of groundwater flow from fC = 6OO trrS in the south to
EC = 6400 prS in the north near Ar Rubat. Brackish groundwater of
EC > 1500 pS is found in the plains between Ar Rubat, Al Mingathah and
Mash Khubah. Between Shashbih and Thomdjair lies another small area
with groundwater of a somewhat higher saliniLy, up to EC = 2500 ;rS. The
reason for the higher salinity of groundwater in these areas is natural
losses of groundwater by evaporation under shallow water-tab1e conditionsin the past. Present water-levels are much deeper due to the great.
number of wells in these areas abstracting groundwater. Most of ttu
rain-water infiltrating in the area is abstract.ed by wells. Minor
quantities of water are lost by groundwater outflow in the north and
evaporation in areas with shallow water-tab1es. The present water
abstraction, extrapolated for all of the investigated catchments is
3.8 MCM/year, which is 27 % of the rainfall estimated at some 250 mm/year
(see Table A.12 and Map A.23). Judging from the relatively high abstracrionof groundwater in the Dhi Narim catchment in proportion to the estimated
annual rainfall, possibilities for further development should be considered
Iow. Nowhere in the catchment, however, do farmers complaio about water
shortages in the past, not even in the dry seasons. ft can therefore be
assumed that a substantial part of the pumped-up irrigation water
percolates back to the groundwater reservoirs.

In principle sufficient water for domestic water-supply can
be abstracted from wells drilled at the right sites in faults. Boreholesyielding between 10 and 20 L/s must be possible if accurately sited onthe faults. 0n1y the electrornagnetic method wiII be able to trace thefaults with sufficient accuracy, i.e. within a few metres, as neededfor a successful well. Especially in the north around the major towns
Ar Rubat, A1 Mingathan, AI Grain and Mash Khubah, site sele"Lioo should
take groundwater quality into account to avoid pumping up brackish tosaline groundwater.

A.8 Water resources in Wad i Mansur

A.8. 1 ical environnent.

l{adi Mansur lies on the Rada-Al Bayda road 40 km east of
Rada. The investigated area stretches from 45o to 45o 15' east and from
14o 15t to 14o 28' north. It has a total area of ZZg l<nz. A large partof the catchment lies in the Nahiya As Sar+adiyah. The catchment is partof the upper tributaries of Wadi Adhanah just north of the main watershedwith Wadi Husayniyah, a tributary of the southward draining Wadi Banah.
The southern border of the catchment is formed by the main waLershed
between north and westward draining wadis. The other catchment boundariesare less prominent watersheds with other tributaries of Wadi Adhanah.
The elevations in Wadi Mansur range from 1900 m above MSI in the southat the watershed to 1830 m above MSL near Lhe northern outlet of the
catchment. The surrounding hills of the wadis are generally 10 to 50 mhigher than the plains.
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The wadi system has a dendritic pattern of 100-700 m wide
SW-NE and SE-NW trending wadis. The main wadi is the SE-NI'I running wadi
between M'gathuh in the south-east and Hatbah in the north-west of the
area.Other major wadis with the same direction are found 5 km SW and

NE of this wadi near Bayt A1 Khama and Zanabah. A11 wadis drain in a

northern direction through a single outlet, which is also the outlet of
the Wadi Amad area east of Wadi Mansur.

Topographically the Wadi Mansur area can be subdivided into a

number of smaller subcaLchments draining on side wadis as indicated on

Map A.24.

A.8.2 9eglegy

The wadis of this area have eroded 10 to 50 m into Lhe underlying
intensely folded Precambrian basement rocks of Lhe slightly northward
dipping peneplain. The Precambrian basement is formed by well-bedded,
steeply dipping gneisses and schists with some granite intrusions. Many

of the wadis developed along the well-developed sysLem of NW-SE and
NE-SW trending faults cutting the Precambrian rocks, as shown on the
geological map A.24. In the SE corner of the catchment some of the
NE-SW trending faults, and in the NE corner some of the N[{-SE Lrending
faults, have been filled with dolerite rock forming intrusive dikes.

The wadis and plains are filled with 5 to 10 m of the sandy
alluvium with micas. Very coarse deposits of gravel and stones occur
here and there in the wadi beds.

A.8.3 Eyiregeelgey

The Wadi Mansur catchmen
basement rocks. Aquifers are forme

s underlain by impervious Precambrian
v:

ti
db

- faults underlying many of Lhe wadis in a pattern of NW-SE and SW-NE

direcLions I
- the usually thin zone of weathered rocksl
- the usually shallow alluvial deposits in the wadis.

Well abstraction takes place from approximately 250 dug wells and
4 boreholes, of which 180 have been surveyed.

Nearly all shallow wells tap the alluvium aquifer and the
firsL metres of the underlying weathered rock. The depth of the wells
is usually between 5 and 15 m, and yields are usually between 3 and
6 L/s. The groundwater situation obtained from the well inventory is
presented in:
- well location map A.26;
- catchment and water-level elevaLion map A,24;
- annual abstraction map A.28;
- EC map A.27; and
- 2 cross-sections indicated on the well location map A.25.
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Groundwater flows from souLh to north. The water-level elevation
in the southern wadis is at maximum 1940 m above MSI near As Shariah,
and 1900 m above MSI near Hakir. In a northern direcLion the water-leveI
falls to 1845 m above MSL near the outlet norLh of Hatbah.

The water-level in the alluvial deposits is generally 3 to
10 m below the surface and only 0 to 3 m above the base of the alluvium.
The water-level in many of the welIs, especially in the south, was
found to be in the weathered rock several metres below the base of the
aIluvium. For example, in the east-west wadi near As Shariah and AI Huqfari
the waLer-level is found at depths of 10-13 m below the surface, 2
to 5 m below the base of the 6 to L1 m thick alluviurn.

The EC map A.27 shows the water quality in the wadi system as
found from 155 EC observations. Five waLer samples have been analysed
chemically. Water quality of EC less than 1000 prS is found only in the
southern wadis immediat.ely north of the main watershed. In a northern
direct.ion, water quality deteriorates rapidly to EC values of more than
1000 pS within a few kilometres north of the watershed. Brackish to
saline groundwater of EC values from 2000 to more than 5000 pS is
common in the I{adi }:lansur area. A loca1 pocket of f resh groundwater is
found in the areas of brackish groundwater west of Ad Dhra. Such pockeLs
are of great value for drinking-water supply but. have no inrportance for
irrigation. The high salinity of the groundwater is a negative factor
for the agricultural development. of the area and is a major problem in
the search for suitable drinking-water.

Groundwater discharge in the Wadi Mansur cat.chment occurs at
present by well abst.raction. Direct evaporation of groundwater does not
occur because water-levels are everlrwhere more than 3 m below the
surface. A11 collected data including the estimated annual welI abstracLions
are lisLed in Volume IV, Part I.

Map A.28 shows the annual abst.ract.ion in mm as calculated for
areas of 25 ha. Table A.13 gives the annual weII abstraction as well as
the number of wells and average welt depth per subcatchment as indicated
on }lap A.24. We estimate the total annual well abst.raction in the l{adi
Mansur catchments aL 2.0 MCM/yr, which is 7 % of the annual rainfall
estimated aL 2O0 mm/year. The net absLraction of water is probably
lower due Lo the high salinity of the groundwater and the consequently
higher leaching requirements. Recharge of groundwater occurs by infiltrating
rain-water in Lhe wadi beds. Infiltration occurs by direct infiltration
of rainfall on the alluvium as well as by infiltration of runoff rvater
from the surrounding hills into the rsadi beds. Infiltration is enhanced
by the numerous littte retention dams built in the wadis by the farmers.

The scope for further development of groundwater is lor*
because of the following facLors:
- the occurrence of brackish to saline groundwater nearly every,where

north of the Rada-Al Bayda roadl
- the relatively thin alluvium, so that especially in the south groundwater

storage occurs only below Lhe base of the alluvium in weathered
metamorphic rocks of low storage capacit.ies I- the low rainfall, estimated at less than 200 mm per year.
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The occurrence of local pockets of fresh groundwater in areas
of brackish water or in small sidewaters may yield some scope for the
development of drinking-water of reasonable quality.

Another positive point for groundwater abstraction is the
occurrence of numerous faults and fractures, especially below the wadi
beds. Exact drilling on the faults may give relatively highly productive
boreholes. Tracing of these faults in the field can be done with the
electromagnetic method in combination with the examination of aerial
phot.ographs. Tracing of pockets of better quality groundwater may be
done with by the geo-electrical method as well as with the electromagnet.ic
method.

A.9

4.9. 1

I{aLer resources in Wadi Matar/Wadi Ar Rin

a1 environment

I,ladi Matar lies north of the Rada catchment north-east of
Jabal Isbil. The investigated area stretches from 44a 491 to 44o 55'
east and from 14o 27' to 14o 38r north. It has a total area of approximately
70 km2. The area is part of the catchment of a tribut.ary of l^Jadi Adhanah.
The Rada area forms the upstream part of the same catchment but surface
runoff from the Rada Plains hardly ever reaches the Wadi Matar area.
The area can be roughly subdivided into two irregular plains with side
wadis called Wadi Ar Rin and Wadi Matar at elevations of 1880-2000 m

above MSL. The plains are connected by a narrow passage between plateau
hills rising 50 to 100 metres above the plains. [{adi Ar Rin is bounded
in the west by the lava flows of Jabal Isbil and in the north by steep
hills composed of metamorphic Precambrian rocks.

Wadi Matar is bordered in the south by subrecenL volcanoes in
the NE corner of the Rada catchment. Wadi Matar is the outlet of the
Rada catchment and runs from Ar Rubat along A1 Khilaw northward into
t/adi Ar Rin. Hardly any surface water from the Rada catchment ever'
reaches Wadi Matar. The Wadi Matar/Ar Rin catchment can be divided inLo
a number of subcatchments related to the wadi system. Map A.29 shows
the different subcatchments and their watersheds. A smal1 perennial
sLream with a discharge of 10 Lo 20 L/s, of wat.er with an EC of 1500 pS
leaves the area at Lhe northern wadi outlet.

4.e.2 9eelgsy

Map A.29 shows the geology of the area. The whole Wadi Matarl
Ar Rin area is underlain by Precambrian metamorphic rocks composed of
highly metamorphic gneisses, schists and granite. The gneisses and
schists have a we1l-developed schistosity dipping 10-300 in a westerly
direction. A circular granite intrusion r+ith a diameter of approximat.ely
5 km occurs east of Wadi Matar. ?he Precambrian rocks have been covered
by a sheet of 10 to 50 m upper Pleistocene basalt lavas. LaLer on, the
present system of wadis and plains eroded into the Peneplain. AIluvial
deposits have been deposited accordingly.

Bbveis
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Subrecent basalt lava flows of sometimes more than 10 m

thickness, originating from eruptions of Jabal Isbil on the south-east
and from faults in the wadi beds, have flown out over the older alluvial
deposits. At present the lava ls covered in some places by several-
metres of recent alluvium.

Several prominent faults occur in the subsurface of the area.
EM-I4,SW and N[{-SE are the most prominent directions of these faults.
Neither horizontal nor vertical movements have been observed. Volcanic
activity including basalt outflow occurs along many of the faults.

A.e.3 Sy9rgeeglggy

Wadi Matar as well as Wadi Ar Rin are underlain by impervious
Precambrian basement rocks. Aquifers are formed by:
- faults cutting the Precambrian rocks and underlying plains and wadis

as shown on Map A.29;
- the fractured and weathered upper 5 to 20 metres of weathered Precambrian

rock I
- the alluvial deposits in the plains including the basalt lava sheets.

The thickness of these alluvial deposiLs ranges from a few metres to
10 m at most.

Most wells in Wadi Matar tap the shallow alluvium and the
weathered bedrock zoue. More to the north in the plains around Ar Rawq
and in Wadi Ar Rin near Dhigalib A1 Asfal, wells tap the upper alluvial
zone and a few metres of the underlying basalt lava, which is highly
permeable. The yield of the wells is usually between 3 and 5 L/s, with
the exception of a few wells wiLh a yietrd between 7 and 8 1/s.

The well inventory covered only the southern part of the
catchment of Wadi Matar. Some reconnaissance data are available from
the northern part of the l^Jadi Ar Rin area.

The survey data are presented i-n:

- well location map A.30;
- EC map A.31;
- water-level elevation on the subcatchment map A.29;
- annual abstraction map A.32,
The water-level stands in l{adi Matar in the plain East of Ar Rawq
approximately 20 m below Lhe surface. The groundwater level is shallow
in the plain near the northern outlet, north of Dighatib A1 Asfal where
a perennial stream and evaporation discharge the aquifer.

The EC map shows that the water quatity is brackish, with EC
values of 1500 to little less than 4000 ps in Wadi Matar between Ar
Rubat and A1 Khilaw and under the plain east of Ar Rawqi. Fresh groundwater
occurs in the wadi easL of Al_ Khilaw,. with an EC up t.o 1000 prS.

Ann. A
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Groundwater discharge occurs in Wadi Matar by well abstraction
and evaporation of shallow groundwater between An Nubah and Ar Rubat:

- by well abstraction around Ar Rhawq;
- by surface outflow and evaporation near the northern outlet of the

plains; and
- by well abstraction in Wadi Ar Rin Nttr of Dhigalib AI Asfal.
Up to 7 years ago a perennial flow also occurred in Wadi ilatar south of
AI Khilaw where water from the Rada Plain left that catchment. A11
collected data including the estimated well abstractions are listed in
Volume IV, Part I. Map A.32 shows the annual abstraction in mm as
calculaLed for areas of 25 ha.

Table A.14 gives the annual abst.raction as well as the number
of wells and average water-level depth per subcatchment as indicated on
Map A.29. The well abstraction in hladi Ar Rin is not yet known because
the area has not yet been surveyed. The net abstraction in the Wadi
Matar catchment is at present 0.5 MCM/year, which is 3 % of the annual
rainfall estimated at 200 mm/year.

Recharge of groundr*ater occurs by:

- infiltration of rain-wat.er and stormwater flows from the surrounding
hills into the often sandy alluvial plains;

- inflow of groundwater from below the lava flows of Jabal Isbil in the
south-west.. The origin of this water is rain-water infiltrating into
the very porous and permeable lavas on the northern slopes of Jabal
Isbil;

- some inflow of brackish groundleater from the Rada Plains inLo Wadi
Matar SW of Ar Rubat.

The net abstracLion, especially in the northern p1ain, is
lower than the water availability, as can be deduced from the perennial
stream near the northern outlet and the low percentage of rainfall
absLracted from wells. However, the occurrence of brackish water in the
plain west of Ar Rawq reduces the potential for increasing groundwater
abstraction.

Especially the infiltration of rain-water and surface runoff,
and the inflow of groundwater from Jabal Isbil are important factors ln
determining t.he water potential of the area. Both factors are unknown
but may give rise Lo a substantial extra pot.ential of fresh grouadwater
in Wadi Ar Rin norLh of Dighalib Al Asfal where groundwater is fresh.
This area should therefore be covered by the next survey.

Groundwater could be abstracted from we1ls tapping the alluviun
and underlying basalt in the plain and from a NNI./-SSE running fault
near Najd Ash Showanah. Groundwater potential in ldadi Matar beEween Ar
Rubat and AI Khilaw and in the plain west of Ar Rawq is unfortunately
low because of the occurrence of brackish to saline groundwater.
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The selection of well sites by the geo-electrical and
electromagnetic methods is very important for drilling on faults and to
avoid areas of brackish and saline groundwater.

A.10

A.10.1

l.Iater resources of the Abbas plain

l!y: isel-srYirersss!

Abbas is a small isolated caLchment 12 km east of Rada. The
investigated area stretches from 44o 55' to 45o east and from 14o 18'
to 14o 25'north. It has a total area of 33 kmz. The area forms one
catchmenL dewatering in the north through a tributary of Wadi Adhanah.
The southern watershed is part of the main watershed between northward
and southward draining wadis. The wadi outlets in the north have been
blocked by Quaternary lava flows, but underground outflow remains
possible. The Abbas caLchment is composed of an irregular alluvial
plain surrounded by high, sandstone-covered hills in the south, by
lower hills east and west and by a subrecent volcano and its lava flows
in the north. The catchment drains to the north through a wadi blocked
by this lava flow. The rock of this basalt flow is so permeable that it
is not necessarily a barrier to water flowing northr+ard. South of the
cat.chment lies a small catchment, Wadi Riam.

A. 10. 2 9selgey

Map A.33 shows the division of the Abbas catchment in sub-areas,
and the geology. Precambrian metamorphic gneisses and schists dipping
in a NW direction underly the whole catchment. Gently westward dipping
Tawilah Sandstone overlies the Precambrian basement discordantly in the
hills forming the southern watershed of the catchment. 01d Pleistocene
volcanic rocks are found on top of the sandstone in the Shr and SE
corner of the catchment.

Several NL,-SE to N-S running faults eut the area, as well as
major dolerite dikes related to older and younger volcanism. An old
10 m wide prominenL N-S running dolerite dike is found just east of the
plain. Several other dolerite dikes are present in the Tawilah Sandstone
and Precambrian rocks.

A.10.r Sy(rgsgglggy

The alluvium, underlain by irregularly but usually moderately
weathered Precambrian gneisses, forms the storage reservoir for groundwater.
Permeability and thickness of this aquifer system is low to moderate.
Faults under the plain form the permeable conduits. Wells drilled in
these faulLs may be more productive. At least two wells tap the fault
running N-S through the plain east of Abbas. Similarly, wells drilled
south of the Rada-Al Bayda road are close to a NW-SE running fault.
crossing the plain parallel to the road. These two faults may well be
the most important aquifers in the catchment. The thickness of the
alluvium ranges from 7 to 20 m. Wells dug in the alluvium are failures
or have a very low yield.

Ann. A
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The well inventory covered 51 wells in the area. The survey
data are presented on:

- well location map A.34;
- EC map A.35;
- water-level elevation on the catchment map A.33.

The water-Ievel in l.Iadi Abbas is 15 to 30 m below the surface.

The EC map shows that water is fresh everywhere in the catchment,
with EC ranging between less than 800 pS in the south to more than
1500 pS in the north.

Groundwater discharge in the Abbas plain occurs mainly by
abstraction from 51 dug wells. There is one small spring with a yield
of 3 Us near A1 Maklah. AIl collected data of the wells including the
estimated annual abstraction are listed in Volume IV, Part I.

Hap A.36 shows the annual well abstraction in mm calculated
for areas of 10 ha. Table A.15 gives the annual abstraction in each
sub-catchnent. [{e estimate the well abstraction at 340 000 m3/year,
which is 5 % of the annual rainfall estimated at 200 mm/year. Recharge
of groundwater occurs by infiltration of rain-water in the alluvial
plain or in the surrounding hilIs. Stormwater never flows out of the
plain but infiltrates in the alluvium of the Abbas plain.

I{e estimate that there is still some scope for water development
in the Abbas plain. We consider a further increase of another 340 000 m3

possible. Exploitation of this groundwater potential depends highly on
successful welIs. l,/e11 drilling in the plain cannot be successful due
to the impervious rock underlying the shallow alluvium deposits. 0n1y
wells drilled on the faults crossing the plain may have acceptable
yields. Site selection using the electro-magnetic method to trace these
faults accurately in the field is therefore of utmost importance.
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APPENDIX A.I
QUESTIONNAIRX USED IN

T}M T{ELL SURVEY

Ministry of Agricult.ure

RADA INTEGRATED RI]RAT DEVETOP}IENT PROJECT
P.O. Box 816
SANA'A
Yemen Arab Republic

1. Number

Village
Ovrner

Date

Deep borehole number

2. Aerial photograph number

3. Shallow well / deep borehole I spring
4. Reading barometer Temperature

Time Calculated altitude
5. Watertable

Dynamic level m

6.

7.

8.
o

10.

Total depth ..... m Alluvium (soft material) .. ... m

Hardrock sLarting at ..... m

Hardrock: sandstone I basaltic / granite colour
lithological 1og available: yes / no

Electric conducti-vity . . . . . ..prS Wastersample: yes/no number
Highest water-leveI .... m Deepest water-Ievel ..... m

Water-level before 2 years ... m higher I Lower
Punping regime Dry season .... hrs/day days/week

Wet season .. ". hrs/day days/week
Capaciry L/s

Brand of the punp Brand of the engine ..... Hp
11. Number of pipes . Each pipe ..... m

12. I./ateruse domestic : number of persons
irrigation: qaL / sorghum / aLfaLfa / trees I others

Static level
After

m

hr

13. Well was deepened out
14. Annual abstraction
15. Name drilling firm

.man

16. Remarks

m3/year (calculated)

Ann. A





65

REFERENCES

BRGM, -1gg1.
A1 Bayda Martib Project;
1980 campaign Y0MINCO.

evaluation of mineral resources potential

Bundes Anstalt, fiir Geo-wissenschaften und Rohstoffe , 1g75.
Appraisal of groundwater occurrence in the Anwar plain. Bundes
Anst.alt fiir Geo-wissenschaften und Rohstoffe.

DW, 1983.
ldater Resources Study Tichama Coastal plain.
Netherlands.

DIIV, Amersfoort, The

FAO, lg7g.
Crop water requirements.
Rome, Italy.

frrigation and Drainage Paper 24. FAO,

Geukens, F., 1966.
Geology of the Arabian Peninsula, yemen.-U.S.
Prof. Paper 560-8.

Geological Survey,

Grolier, M.J., 1977.
Data from Geological Investigations
during 1976. U.S. Department of the
Project Report (IR) y-12.

in the Yemen Arab Republic
Interior, Geological Survey.

Grolier, M.J. and Overstreet, W.C., 1978.
Geological Map of the yemen Arab Republic (Sana). U.S. Departmentof the Interior, Geological Survey. Map I-f143-B

Ilaco, 1977.
Report on the development and feasibility of upland dairy farms.I1aco, Arnhem, The Netherlands

Ilaco, 19B1 .

Geology of Nahiyah Rada. Rada Integrated Rural Development project.
Ilaco, Arnhem, The Netherlands.

Italconsult , 1973 .
I{ater Supply for Sana'a and Hodeida: Sana Basin groundwater studies.Ita1consult, Rome, for UNDP.

LRD, 1979.
Yemen Arab Republic Montane plains and Wadi Rima'
and water resources survey, Vol. I. project ReportDivision, England.

Project: a land
18, Land Resources

MOD, 1978.
The Montane Plains and Wadi Rima project. Ministry of OverseasProject. Ministry of Overseas Development, London, U.K.

Ann. A



66

Prat.t, D.J., 7976.
Initial Development prospects volume 1 The Montane Plains. MPIIR
Project Yemen Arab Repub1ic.

Ann. A



ANNEX B
WATER-SUPPLY AND

SANITATION





69

ANNEX B - WATER.SUPPLY AND SANITATION

CONTENTS

8.1 Introduction

8.2 Survey method and field-work
Range
Transport and time schedule
Staff
Methodology and field-work
Reliability of resulLs

8.3 Socio-economic aspects

B. 3.5

Demographic data
Livestock
Services
Peoplesr attitudes towards water-supply and
sanitation systems
Occupation and incomes

8.4 Public health
Health facilities
Diseases
Health hazards

B.5 Water-supply situation in the province
General
Engineering aspects
Operation and maintenance
Water consumption
Water quality

8.6 SanitaLion facilities in the province
Inventory of systems
Descript.ion of sysLems
Operation and mainte&ance

Possible development of new improved water-supply and
sani-tation systems

Water-supply systems
Sanitation

Page

7t

7t
B

B

B

B

B

B.4. 1

8.4.2
B.4.3

8.6.1
8.6.2
B.6.3

2.7
2.2
2.3
2.4
2.5

71
72
73
73
74

8.3.1
8.3.2

B.5.1

8.5 .5

B.7.1
8.7.2

74

74
75
788.3.3

8.3.4
78
81

81

81
83
85

86

8.5.2
B.5.3
B.5.4

B6
B9
92
94
98

100

100
101
102

103

B.7

References

Appendix B.I

B.]I

103
110

- Questionnaire on existing water supply and
sanitation facilities

- Questionnaire on water supply and wasLewater
and excreta disposal

151

123

129

Ann. B



10

CONTENTS (cond't)

Appendlx B.III - Physical, chemical and bacteriological water
analyses

B"IV - Water-supply situat.ion and possible remedies,
and investigations required

IIST C}F TABTES

Tab1e B.1 - Demographic data obtained from womenrs survey in
A1 Ajma, Farasa, and AI Khabar

- Demographic data from operators and household
surveys

- Livestock densities per area

- School and healLh facilities
- Attitudes to existing water-supply
- Attitudes to sanitation
- Occupations and incomes (household survey results)
- Occurrence of water-related diseases
- Idater-supply situation in the province
- Fetched-water supplies
- Distribution of source Lypes

- Mean paynents for water per regioa
- Per capita water consumption values calculated by

various methods

- Per capita waLer consumption in Al Ajma, Farasa,
and A1 Khabar

- Livestock waLer consumption in l/day
- Water quality characteristics
- Excreta, household and wastewater systems

- Household garbage disposal systems

- RIRDP water-supply projecL costs
- Effect of water-supply, sanitalion and personal

hygiene on control of excreted infections
- Relative annual costs of different sanitation

systems (%)

8.2

8.21

Page

142

143

B.3

8.4

B.5

8.6

8.7

8.8

8.9

B. 10

B. 11

8.12

B. 13

B.t4

B. 15

B. 16

8.17

B. 18

B. 19

8.20

75

76

77

78

79

80

82

84

87

88

B9

93

95

96

97

99

100

101

106

110

t12

Figure B.1

8.2

8.3

LIST OF FIGI]RES

- Water distribution systems

- Baladiyah system

- Adjusted multrum composting toilet

91

102

115

Ann B



77

ANNEX B

WATER.SUPPLY AND SANITATION

B.1 IntroducLion

This annex presents the results of the water-supply and
sanitation survey conducted in the rural area of A1 Bayda Province.
Although drinking-water takes only an estimated 10 % of the total
water-supply, it is a primary human need and, therefore, its future
availability should be secured. The survey has gathered guanLitative
and qualitative information in order to prepare a phased prograrune for
the future development of water resourees. To our knowledge, this
survey was the first of its kind in Yemenl therefore we could noL rely
upon prior studies, and a methodology had to be developed to gather the
data.

The object.ives of the survey were twofold:
(a) To provide information on the existing water-supply and sanitation

facilities in the rural villages of the province.
(b) To prepare a phased programme for the future development of r+ater-

supply and sanitation facilities based on a priority ranking according
to needs and potentials.

The water-supply and sanitation aspect of the water resources
study included the following activities:
(a) An inventory of existing $,ater-supply and sanitation facilities in

the rural villages and AI Bayda Town, including those constructed
under: the responsibili.ty of RIRDP.

(b) A socio-economic survey in representative villages to obtain basic
water-supply and sanitation parameters as well as people's opinion
regarding the water-supply and sanitation situation in their village.

(c) Determination of the actual total water demand from people for
domestic purposes and livestock in the various catchments.

(d) RecommendaLions for improvements to village water-supply and sanitation
sysLems and the levels of service appropriate to different villages.

(e) Determination of priorities for development of water-supply and
sanitation facilities throughout the province.

B-2 Survey method and field-r*ork

B.2.1 Bggge

The A1 Bayda Province covers about 11 000 kmz with about
1300 villages and hamletsl) varying in size from 10 to 3000 inhabitants.
There is only one asphalt road connecting Rada and A1 Bayda Tor.vn.

Because of this and the fact that Lhe area is quite mountainous and

1) Source: Census CYDA 1981.
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capricious due to severe volcanic activity, a lot of regions are hardly
accessible. Besides, quarrels between villages accompanied by shooting
sometimes affected the survey programme.

Nevertheless the survey team succeeded in visiting 162 villages
(12 % of the total number of villages in the province) in the period
between May and October 1983. Emphasis was given to the larger villages
(> 500 inhabitants) in the 12 selected areas, of which l0 areas r^,ere
covered. The villages surveyed are indicated on Map 8.1 (Volume III).

Below, the selected areas are listed. (These areas are somewhat
different from the catchments that are discussed in the geohydrological
and agricultural annexes):

Region
Region
Region
Region
Region
Region
Region
Region
Region
Region

1

2
3
4
5
6
7

8
I

10

Rada Basin
Sabah/Ar Riashiyah
Al Bayda North-East, including A1 Bayda Town
Al Bayda West
Wadi Juban
Wadi Mansurll,iadi Amad
l{adi Matar/Vadi Ar Rin
Wadi HubabahlWadi Ar Riashiyah
l{adi Dhi Na'im
Villages along the Rada-AI Bayda road, including part of
As Sawadiyah

These areas were chosen primarily on the basis of population
density, and less on Lhe basis of agricultural pot.ential and groundwaLer
resources as r^ras done for the hydrogeological and agronomic surveys.

The following regions could not be visited:
(a) AI Jauf, because of the dangerous situationl
(b) Wadi Arsard/Wadi Saru, because of }ack of time;
(c) a large part of As Sawadiyah, because of difficult accessibility

and lack of time.

B .2 .2 lresspgr!-esg-!iss-ssbeisle

The survey team used a Suzuki 4-whee1 drive car which covered
15 000 km in 5 months. The Leam had their basis in Rada Town from r+here
most of the visits were carried out; only for the Al Bayda regions
(Regions 3 and 4 on Hap B.1) and the Juban region vias temporary
accommodation arranged. During Ramadan the survey could not be carried
out efficiently and during both the "Eets" (holidays) no work could be
carried out at all. For tbe rest of the Lime available the team was
able to carry out the work more or less according to the time schedule
defined before the start of the study, although an average of two
village visits per day proved to be unfeasible. On average the team
managed to visit one village per day over the working days available,
including days for laboratory and desk r*ork.
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8.2.3 Staff

The survey team on water-supply and sanitation consisted of
Mr D. Bekker and Mr Mohammed Abduwalli Ornar, who started as interpreter
and ended up as trained counterpart able to carry out the tests as
mentioned in Subsection 8.2.4.

The special household survey among women as mentioned in
Subsection 8.2.4 under (c) was carried out by Ms Loni Scheffers, social
worker, and Ms Nouria, assistaaL nurse in the Rada Mother and Child
Health clinic.

B .2 - 4 YslEg9glgEy-s!g-fisl9-vgrE

(a) Before visiting any area the team prepared itself by means of
aerial photographs (about 1:33 000) on which the (larger) villages were
shown. For each region a topographical map was prepared, based upon
oblique aerial photographs, which implies that distances were not very
accurate. (Haps B.2 to B.10 in Volume III). Emphasis was given to
villages larger then 500 inhabitants I other villages were randomly
chosen in order to obtain an even distribution over the area.

(b) ln 162 vitlages an "0perators Questionnaire" was completed by
interviewing the water system operator or some other responsible person
in the village (see Appendix B.I).

(c) In most of the villages at least one "Household Questionaairet'
was completed by interviewing a randomly chosen householder (see
Appendix B.II).

(d) In 3 villages about 30 % of the households were investigated
using the same questionnaire as mentioned under (b), but in this case
only women were interviewed (women's survey).

(e) Samples were taken from 93 rpater sources; the samples were
chemically tested in a small laboratory aL the RIRDP (see Appendix B.III).

(f) Thirty-four water sources were bacteriologically tested on
Total and/or Fecal Coliforms. The bacteriological tesLs were carried
out on the site using portable equipment.

(e) At each weII pH and Electrical Conductivity (EC) were measured,
as well as the depth of the (ground)water-tab1e and the elevation of
the ground level related to sea level. If applicable, the capacity of
the water reservoir and its ground level were also measured.

(h) In some cases mosque I'hanmams" (rlashing and toilet facilities
near Lhe mosques) or special features, such as septic tanks, oxidation
ponds, public toilets, etc. were visiLed.

(i) Where possible the survey team interviewed doctors or other
health workers.
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U ) Sometimes "q"at' sessions (every afternoon the men come together
to chew qat and to discuss rtthe problems of the day") were attended in
order to get better insight into the problems concerning drinking-water
and sanitation.

8.2.s BeI bili of results

There are two important matlers to be mentioned as regards
the reliability of the results. The first is the so-called "initial
answer". This is a somewhat difficult problem to explain. The interviewers
had the impression i-n many cases that it is quite cornmon in yemen Lhat
if somebody asks a (more or less private) question to a person (a man)
not familiar to him, this man will answer such as to give the best
impression of himself. He will aever refuse an ansrder, but he may give
a I+,rong answer, the initial anEr{er. This fact has something t.o do with
tradition, status, pride, and honourl it implies that some answers(especially those thar are difficult to cheik) given to the interviewers
were wrong, that is to say often too high or too positive, unless the
survey team was able to become better acquainted wit.h the respondent
(as was the case during the qat sessionsj.

The second matter concerns the simple problem of just ilnot
knowing the answerr'. For instance the question to an operatir ,rhow much
rtater does a household consume per day'r is difficult to answer if there
are no water meters. Then the interviewee will also give some kind of
answer'in most of the cases - he wi1l rarely say,'f don't know" - butthis answer cannot be more than a very rough estimate. 0nce alert to
these problems the survey team tried to cross-check as much as possible,
and engaged two female inLerviewers to carry out a special houslhold
survey in 3 villages, covering about 30 % of the households, aod only
interviewing women with whom the problem of the ,'initial answerrr doesnot exisl. (Apparent.ly they have no status or pride to keep up and
accordingly no reasons to give a better impression than thl actualsituation). It, should be noted that. it is (nearly) impossible in yemen
as a man Lo interview a woman who is unknown to youl iL may even bevery dangerous. Another reason to carry out this special household
survey among women was the fact that women are supposed to have a morerealistic judgement on domestic water consumption-Luc"t.r"e they actually
run the households.

It will be clear that the result.s from this survey are not
100 % reliable. However, the number of villages visited was large
enough to form a representative sample, and the statistical appioach toprocessing data in this report will at least resulL in very reasonable
approximations of the actual figures.

B.3

8.3. 1

Socio-economic aspects

Pssgsreebis-9elc

Demographic data relating to household size, sex and age

Ann. B



7

75

distribut.ion was obtained from the following three sources:
(i) operators survey;
(ii) household survey;
(iiil women's survey in A1 Ajma, Farasa and A1 Khabar.

The result.s are summarized in Tables 8.1 and B.2.

Table 8.1 - Demographic data obt.ained from womenrs survey in A1 Ajma, Farasa,
and A1 Khabar

Village Inhabitants
per

household

Sex and age distribution per household

Males Females 0-10 7O-2O 2A-40 > 40

1.0
0.8
0.8

5
6
4

1

I
1

1.3
0.B
7.2

2.4
2.3
2-4

3.0
2.7
3.0

3.1
2.8
2.9

6.1
5.5
5.9

Al Ajma
Farasa
Al Khabar

A1 Bayda Province
(from 1981 CYDA census)

3.1 3.36.4 Not available for Al Bayda
Province from 1981 census

There is a clear discrepancy between Lhe results obtained
from the household survey and Lhe oLher surveys including the CYDA 1981
census. In general, Lhe household survey indicates small households, a
lower percentage of females, and a disproportionately low representation
of younger age groups. It must be concluded that for demographic data
the household survey was not representative of the households in the
province

For this report therefore, the household sizes obtained from
the operators questionnaire (based on census) and that obtained from
the women's survey will be adopted-

No particular variation in demographic data between the
regions can be derived from the survey, although in alt areas there is
a tendency Lhat households are becoming smaller as young marrieds
prefer to construct their own house rather than live in extended families.

8.3.2 LivesLock

Livestock numbers in Lerms of cows, bu1ls, sheep, goats,
donkeys, and camels were obtained from the household survey. An average
household livestock population (in terms of equivalent sheep units) was
enumeraLed. The results for each area are summarized in Table 8.3.
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8.3.3 Services

Much of A1 Bayda Province suffers from inaccessibility and a
lack of services, although the selected regions are somewhat above
average in this respect, primarily due to the construction of the
asphalt road between Rada and Al Bayda which is the only road of this
standard in the province. Improved access roads are being constructed
in Rada District by RIRDP and access to Juban will soon be improved by
the construction of the Rada-Juban road. Elsewhere, part.icularly in the
north of the province access is extremeLy difficult. School and health
facilities were included in the operator's questionnaire and these are
surnmarized in Table B.4 for each region.

Table B.4 - School and health facilities

Region Population covered
by each school

No. of health
facil ities

(health centres and hospitals)

1 Rada Basin
2 Sabah/Ar Riashiyah
3 A1 Bayda North-East,

including Al Bayda Town
4 AI Bayda West
5 Wadi Juban
6 i,ladi Mansur/I{adi Amad
7 Wadi Matar/Wadi Ar Rin
8 tdadi Hubabah/I{adi Ar Riashiyah
9 l{adi Dhi Nar im

10 Villages along Rada-Al Bayda road,
including part of As Sawadiyah

A1 Bayda Province

(excluding Al Bayda
town)

950
84s
848

417
1118
738
310
286

2732

1463

2043*

2
1

4

1

1

1

2

11;* (in 1981)

* Source: SLatistical Yearbook 1981.

The number of schools in the selected regions is above average
for the province in all regions except Wadi Dhi Na'im. The most populated
regions of Rada, AI Bayda and Sabah have about the same school density
although it is not as great as in Hubabah and Mata. The 1atter results
may however aoL be represent.ative due to the small sample. Accordiog to
the 1981 yearbook it would appear that most of the health facilities in
the province are located within the selecLed regions.

8.3.4 Peoples I attitudes towards water-suoolv and sanitaLion svsLems

Peoples' attitudes towards water-supply systems can best be
judged by the results of the household survey to questions on satisfaction
with their existing systems and their willingness to pay for a new
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system. The survey data on these questions is contained in Appendix B.IV
to this Annex and is surunarized below in Table B.5.

Table 8.5 - Attitudes to existing water-supply

Region o/ satisfied with
existing situation

f, willing to pay
for improved system

W.S. No. W.S. 1.i. S. No. lC. S.

1 Rada Basin
(RIRDP Projects)

2 Sabah/Ar Riashiyah
3 A1 Bayda North-East,

including AI Bayda Towo
4 AI Bayda West
5 Wadi Juban
6 Wadi Mansur/Wadi Amad
7 t{adi Matar/Wadi Ar Rin
8 htadi HubabahllCadi Ar Riashiyah
9 Wadi Dhi Narim

10 Villages along Rada-Al Bayda road,
including part of As Sawadiyah

50
60
67

:
7

58
25

100

75
55

100
33

0
100
25

74

96

100
93
83

100
100
100

80

68
0
13
0
0
0
0

45
38

100
100

15
100

20

W.S. = r.Jater-supply syst.em

The table indicates a very low percentage of satisfaction
amongst people without a water-supply system coupled with a high
willingness Lo pay for a rirater-supply system.

Provision of a water-supply system has increased satisfaction
considerably although in some regions, especially Rada and Al Bayda,
many people were not satisfied with their systems and expressed a
willingness to pay for improvements. For the RIRDp projects 60 % were
satisfied with the system provided, indicating a need for some modification
to the existing systems, and 60 % of these dissatisfied were prepared
to pay for some improvements.

Attitudes of the people towards sanitatioa is revealed by
their responses to question in the household questionnaire relating totheir opinion of the healthiness of their existing facilities and their
willingness to pay for improvements. The survey results are sunmarized
in Table 8.6.

The results indicate a strong desire and vrillingness to pay
for improved sanitation facilities in aIl regions of the province. The
most perceived need both in Lerm of present unhealthiness and willingness
to pay was in fact garbage disposal. Salisfaction with excreta disposal
was the highest probably due t,o the existing use of the 'baladiyah'
system. In A1 Bayda West a high satisfaction was expressed with wastewater
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facilities and this coincided with the villages which had some type of
piped or channelled system. Surprisingly the same satisfaction r+as not
expressed in A1 Bayda North where some villages also have a form of
hrastewater system.

Less willingness to pay was expressed by the women in the
AI Ajma, Farasa and AI Khabar survey, despite their emphatic replies
regarding the unhealthiness of their present facilities. In A1 Bayda
town where existing wastewater, sewerage and garbage disposal facilities
are available some dissatisfaction with excreta disposal and garbage
disposal facilities was expressed and rather mixed reactions regarding
willingness to pay. Many A1 Bayda residents already find their water
charges too high and this may affect their reaction to paying for
sanitation.

8.3.5 Oc tion and incomes

The household survey (generally asked of men) provided no
significant data on incomes due to an unwillingness of Lhe respondents
to reveal this information. The woments survey in A1 Ajma, Farasa and
A1 Khabar, however, did provide useful data which is included in Table B.7

The percentages of self-employed farmers, employed people and
emigrants in each of the region as obtained from the household survey
is shown below in Table 8.7.

It is considered that the percentage of emigrants was underst.ated
in the household survey, probably because in the households which were
included there was a male present thus excluding the emigrant households.
The women's survey in A1 Ajma, Farasa and Al Khabar is considered to be
more representative of the true situation. No particular regional
variation is apparent from the results.

8.4

B.4. 1

Pub1ic health

Health facilities

In A1 Bayda Province there are the following health facilities:
In Rada:

- ttospitaf .

- Mother and Child Health Clinic

In Al Bayda:
- Hospital (old).
- Hospital (new) (not in use during the survey).

In Mallah:
- Hospital (not in use during the survey).
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In Avrwav. As Sawmah. A1 Ouah (As Sawadivah). Mallah and some other
villages:

- Doctors (and drugstores).

In most of the rural villages there are no health facilit.ies
at all. Although the Rada C1inic owns a mobile unit, it lacks the staffto use it. There are rumours that IJNICEF will start some kind of mobilepoliclinic next year.

8.4.2 Diseases

In order to obtain an impression of the water-related diseases,
the survey team inquired in all villages visit.ed about the illnesses
experienced. The answers are given in Table B.8. However, we cannot
consider t.his information as very reliable, since health education
scarcely exists. Only at schools are children taught a little bit onthis subject.; the physicians rarely tell their patients what kind ofillness they have got. The survey team also has its doubts on the rural
doctors it sometimes encountered in the fie1d. Often they did not seemto be docLors aL all, but rather drug sel1ers, as appeared during the
interviews.

In our opinion the most reliable information comes from
Dr Ahmed AL Azzi, who is working in Rada Hospital and as a generalpractitioner in Ma1lah. The following information comes from an interviewwith this doctor:

"Rada Hospital is visited by about 100 patients per day. The
exact number is not known, because a filing system does noi exist. The
most common water-related diseases and the percentages of appearance
are:

Helminthic diseases
Dysentry
Protozoal infections

60
30
10

%

%

%

fn areas with surface warer (like l,Jadi Tha, near Rada) bilharziasis
and malari-a are most corunon. As far as malaria is concerned there is atleast one case a day (other estimations are more than 1000 cases a
year)

Another very common illness is kidney stones, even stone
bleeding at children of 1 year age is not rare. This affection has
something to do with the hardness (mineral conLent) of the water(without exception the water in A1 Bayda province is quite hard; seethe chemical analysis in Vo1ume fV part II). Kidney stone cases appearin the hospital at least once a day.

Illnesses related to lack of personal hygiene and environmentalpollution by garbage disposal, in which the numerous flies in yemen
play an important role, are: amoebiasis, typhoid, and eye infections.
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A disease not carried by flies,
cattle dung (women make "pancakest' out of
ovens) is viral hepatitis, of which again

8.4.3 Heellb_bezsrg!

A lot of rural villages, if not
unhealthy environment. This is caused by:

but mainly caused by handling
cattle dung as fuel for their
at least 1 case a day arises".

all, are located in an extremely

!eSb_gI_ggf!:ge-giSpggeI_feSililies. Nearly everyone rhrowstheir domestic refuse out of the nearest window. After a while most ofit is eaten by goats and dogs, but the tins remain and cause foot
wounds with the children playiog barefoot, which easily leads to
infections.

Eg$gggg_9figligg:93lgl. The grearer parr of rhe shallow
wells are uncovered, which makes them easily accessible for birds and
other animals. Excreta of these animals and several kiuds of insects
are a severe health hazatd, h,hen the rdomen fetch water with donkeys,
these animals approach t.he well very closely, and litter the soil
around the well with dung. Not so rarely a bucket or tin is placed inthis mess before it is sunk into the well waLer. This, plus ih" 

"u.prg"of the faecal material through the uncemented well 1ining, causes teary
coatamination of the water.

In the case of a water distribution system contarnination mayalso arise in an 'ncovered or badly covered reservoir that is never
cleaned. Although a lot of interviewees assured the survey team Lhattheir reservoirs were cleaned once a month or even once a week, the
surveyers have severe doubts aboul these answers. When checking thesereservoirs, we found them to be heavily polluted in most of the cases.

Then there is the problem of leaking pipes going through
wastewater pools. Any nrastewater-related contamination can easily seepinto these pipes at times when there is no pressure, as is often the
case.

Excreta_digpg:Cl-:y:lggr. Mosr of rhe households have rhe
'tbaladiyahll-;;;;;r;-AI;;;;;i-!ili.*. Although this is in principle a
good and safe composting system, the way in which it is piesentiy laidout is a health hazard;
- the liquid excreta generally run on to the street out of a drain-pipe

from the first floor;
- the solid excreta fall on the ground floor in a separate room that isaccessible from outside through an open entrance and thus easilyaccessible for playing children and disease-carrying flies.

Uglggg_b3gg3gg. The basins near Lhe mosques, meanr ro r+ashoneself before praying, not only contain algae, but all klnds of helminths
aad insecLs have an ideal habitat in these waters; even the bilharziasnail (although never observed by the survey team) seems to prosper
here.
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fgffgggl-bygiggg. Only men are allowed to go to the mosque to
pray. Before praying they have to wash themselves. Because women are
not allowed to enter the washing facilities of the mosgue, they have to
wash themselves at home, where there is no shower and often not even a
tap. As a result, lromen are often not very c1ean.

Cattle-an9_9ggg_fgggigg_{fge. Livestock and dogs excrete
freely all-5iEi-ih;-pi;;;;-;;;;iliil-I ""p"cially in connection with
wagtewater - in a very unpleasant. and unhealthy environment.

Elplyigg_lglgiiygb-Igggg. The top layer of the excreta can
never be completely composted at the time the room is emptied. This
means that handllng this stuff is a hazardous contact with feacal
maLerial that may carry contagious pathogens.

Cattle inside the house. Many houses have stables inside the
house on tfrE-Ei;ila-ii;;;:-thi;-;att1e is often free to walk in an out,
relieving nature not only in the stable, but also in the hallway and
righr in front of the house. The cattle dung attracts flies that breed
in this dung, resulting in millions of flies, each one a potential
disease carrier.

8.5 ldater-supply situation in the province

B.5.1 General

The main characteristics of the villages are indicated on the
topographical maps made for each area (Maps B.2 to B.10 in Volume III).
The main results of the survey are given in Table B.9.

Of all the villages visited, 96 of, use groundwater as water
source. In most of the cases (81 %) Lhe water source is a shallow welI,
10 % has a boreholer 5 % uses a spring. Surface water is only found as
small streams in A1 Bayda Province and these are used in the remaining
cases .

There is some kind of water distribution system in 36 % of
the villages. This means that in 64 of, women and girls fetch L,ater
either with jerrycans or buckets on their heads or with donkeys carrying
some kind of rubber water bag.

Provision of a piped water-supply system can, as weII as
improving health conditions, save these women many hours of time and
effort in fetching water and thus provide time for them to engage in
other productive or social activities. Table 8.10 indicates the average
time spent per day by women in each of the selected regions fet.ching
water where there is no piped water-supply system.
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8. s.2

8.5.2.1 Twes of sources

As mentioned above, in most of the cases the village watersource is either a shallow well or a borehole. This is indicited inTab1e 8.11.

Table 8.11 - Distribut.ion of source types

e 3!P9s!e

Region f source type

Borehole Shallow well Spring Cistern/SLream

1 Rada Basin
2 Sabah/Ar Riashiyah
3 Al Bayda N.E.
4 Al Bayda t{esr/Es Zahir
5 l.ladi Juban
6 t/adi Mansur/Amad
7 Wadi Matar/Ar Rin
8 l{adi Hubabah/Ar Riashiyah
9 Wadi Dhi Na'im

10 Vitlages along Rada-AI Bayda road,
including part of As Sawadiyah

0

0
t7

0
0
0
0
0

33
0

0

43
0

10
0
0
7

0
0
0

0

47
67
90

100
100
93

100
67

100

100

10
16
0
0
0
0
0
0
0

In nearly aII cases the shallow wells are circular (2.5_3 mdiameLer), dug and cut out by hand and lined with uncemented blocks.Usually they are not coveredl often some kind of bush grows inside the,91f, at.tracting birds. fn many cases the we11s are hundreds of yearsold.

(a) Shallow wells

(b) Boreholes

Boreholes are a rather recent phenomenon; only since theconsLruction of the Rada-Al Bayda asphali road, which was completed in1980, is it possible for a drilling iig t.o ,"r"h the sites at a reasoaablecost. Nowadays there are four privite drillers in the province (one ofwhom yrorks in the Juban region only). They use portaarift and IngersollRand drilling equipment and mostly dril1 b to tO inch diamet.er holes.Geo-electrical surveys or other investigations are never carried out(except for the RIRDP and public Works ioreholes) so that failures areguite common.

In a few areas the drinking-water source is a spring. Wherethe water comes out of a rock (Hawat in Sabah, Wadi Ar Riashifah),people have somehow fiLted a galvanized pipe (f_Z inches dia.i into the
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rock, out of which the water flows freely or is collected in a reservoir.

8,5.2.2 Pumlrs a,nd engines

In places where there is a distribution system, the water is
in general pumped up with a vertical turbine pump, out of shall-ow wells
as well as boreholes. Submersible pumps are rarely used. The most
common makes are Alta, Caprari, Desteco and Nemitsas. These pump6 often
have an optimum efficiency aL about 1500 rpn. They are driven by a
diesel engine, very often a Japanese Yanmar 16 or even 23 hp, with
about 600 rpm at maximrm. An approximately 1:2 belt drive connects pump
and engine.

These pumps and engines are bought by private persons without
aay preliminary study of the required duties (except for the RIRDP
schemes). Sometimes the result is satisfactory, but more often than not
the engine is too powerful for too small a pump. This is not necessarily
a problem, unless a discharge problem develops; then people tend to buy
a new, more powerful - and more expensive - engine, because they think
the problem is in the engine and not in the prrmp. Then of course a lot
of money is wasted and the problem remains unsolved.

The age of pumps and engines varies from I months up to
15 years.

- The capacities of the pumps range from 0.8 Us to 6.3 Us
with heads varying from 6 m to 135 m.

The rising mains are often in good condition with 2.5 or
3 inch diameter as dominant sizes. Sometimes T-connections have been
made in the rising main in order to use the water for irrigation as
well.

8.5.2.3 Storage

fn general there are two main types of storage reservoirs,
one made out of rock blocks, the other made out of concrete, often on
piles. The storage provided can range from 0.5 days up to 4 days, on
average 2 days.

(a) Reservoi made out of blocks

Because of the mountainous landscape, it is often possible to
find a high location on the side or top of a hill or mountain suitable
to build a reservoir. Yemeni people are accustomed to building with
rock blocks; they traditionally build their houses that way. Most of
these reservoirs built with rock blocks are square, waterproof cemented
on the inside, and sometimes even on the outside. The roof is either
made of corrugated steel plates or a cement cover on a wooden structure.
Capacities range from 6 to 155 m3. The thickoess of the wa1ls is
0.30-0.40 m.

Ann. B
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(b) Reservo made out of concrete

If a village is in a plain, Lhere is no natural high site tobuild a reservoir. In these cases villages have reinforced concretereservoirs on piles. These reservoirs are built by locaI contractors
who have gained some knowledge about reinforced concrete in SaudiArabia. The square constructions reach up to g.5 m above ground level.Capacities range from 6 to 50 m3. The thickness of the wails is0.20-0.30 m.

8.5.2.4 Distribution svstems

There are two main systems in A1 Bayda province: the loopnetwork and the branch or tree system (see Fig. 8.1), the lat.ter Ueingthe most cornmon in the province. However, a design is never made and a0.5 inch pipe connecLed to a 3 inch main line that zigzags through avillage for hundreds of metres is not rare. Hence capacit.ies are oftenseverely limited, and households Lowards the end of a pipeline sufferfrequent water shortages. A water distribution sysLem often looks moreor less like a labyrinth, because house owners usually make their own
house connections. pipes are never placed undergrouna, Uut lay on thesurface. They go through wastewater pools and cioss tracks. Truckseasily damage the pipes or cause leaking connecti_ons. In many villagesthe house connection ends up in a metal tank on the roof of the housethat is filled up once per so many days. In general villagers usegalvanized steel pipes ranging in diameter fiom 0.5 inch io 3 or,rarely, even 4 inches. Before screwing them together they paint thethreads, which results in a watertight connection.

Figure B.1 - Water distribution syslems

,,TREE,,OR ,,BRANCH,,

DISTRIBUTION SYSTEM
EXAI'rPLt 0F "100P" 0R
"IiE]WORX" 5YSTEIY

IN6 MAIN

MAIN

- DISTRIEUTION
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RISIN6 MAIN

MAIN

-- -DISTRIBUTION
LI NE

H= H0USE5 lN vTLLAGEH. ll0U5E5 lN VILLA6E
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8.5.3 0peration and maintenance
-G-------

8.5.3. 1 Oreaoiz ation of ooeration and mainLenance

At the moment the Ministry of Public Works is responsible for
the operation and maintenance (O & M) of rural drinking-water supply
systems on a national level. On a regioual level the Local Development
Authorities (LDAs) are responsible. However, no organizational structure
as such exists to allow this responsibility to be exercised by the
various auLhorities.

In practice in each village there is one or more responsible
person, sometimes as members of some kind of organizaLion, who turns on

ihe engine and puurp if necessary, looks after fuel and repairs of purnp

and engine, and collects the money from the households. Part of this
money is a salary for the water system operator(s), about 500 to 1000 yR

per month. In fact the whole "organization" remains restricted to
village level.

8.5.3.2 PavmenLs for O & M and cost of water

Two ways of payment for water can be distinguished ia general:

(a) Villagers pay a fixed amount per person (including babies!) per
month. This amount ranges from YR 2 to YR 20.

(b) Villagers pay a fixed amount per m3 (or "barreI" or some other
unit). This amount ranges from YR 2.50 to YR 7.50.

These amounts are based upon investment, operation and
maintenance costs.

The above applies to villages in which there are house
connecLions. In villages with stand-pipes only, people pay per m3 or
per household, both per month. In this case Lhe price ranges from
YR 2.5 to YR 4 per m3 and from YR 20 to YR 100 per household. In a few
villages people do not pay at all. The differences in cost for water
beLween the several regions and villages are striking (see also Table B.12).
These differences illustrate the lack of an overall responsible organization
Mainly in cases where the water source (or system) is a private matter
(for instance in Hazzah, Region 3' AI Bayda North-East) and not owned
by the village as a whole, people complain about the high price of the
water, especially if on top of that the water quality is poor.

8.5 .3. 3 Maintenance and its oroblems

Preventive maintenance is something unknown to most, if not
all, water system operators. If something breaks down, it is not always
repaired, since a lot of water operators do not know very much about
punps and engines, and operator's maouals are never provided. Often
they have no idea of what part of the machine has broken down, and the
pump or engine is completely replaced, which demands an extra (high)
contribution from the households. In rare cases, water system operators

Ann. B



o
'-{
r0
o

Ft

q
6
.p

tl

CJ
FI
(!
FI
(!

(o

.J

o..i

I

Ann. B

93

ttotot

tlllll

tttttl

o
\o

rO

N

rn

N
!O

!
(o

F\

IrntN

o
t1

rO

-t
-:.

I

€\O
\o\o I

oo

-t.o ,

00

\'

\tHooooi\tNOOOrol*.
cO Cn !n .f rn \O C.)

\o
N

€!-
,.6 lr6'6h
.ri d€
E h(!o (!B

d d pQ(!
3 .rt U)
O d& Fi
Er 'o'F{ < o

^ tlE l.t I <,(o E < (n

^tr o€ < ! 'O(l(! (0 > <.r{ 6 O
>ar4 O 'A e &.'{ I Cq €'r{ t! +J
E-c ro€= E ooli
o{JF{! 3 (o'\'r{ d (!
(u r{< o '\B.d- o a.'{ O 0J }r \. d |! F{d&z.o03CrLr€26o0

''-l C Oo<!d C
otr (!.r{(!.Otr+J.O'Ai/J'i
(!<"O!"O r 6 d J& OrC
cq-\>r>tEE:dQ@J

! <!-1 tn t!F{(! (6 CQ u lO 'i .Fl .Fl .,{ .,i Fl O
E.o d €!ETCEF{ i
t! (!Fi'Fl-i t! c! (i.! 6'-l'F{Ma< <3333=>
da.lCO $Lr]\OF-@O\O

€s
F{ !JlrOts

6J.d Oa(J E
o&4,>{ooEA

!
F{

o
o+Jotr,oOE

lrtr 0JOQ
A

(!
{J
'r{ -C
Pr aJ(!tr
UO
lr
0J!ao

A
&

o
.11

]J
tNU
ooG^I d&u o>o ov
(J

OJ
o

(.,

.Ft
q
I

Cd

+J(h
h
ost
&

'F{!
o

o
U

OJ

o
o

o

&

c
.F{

@
o
l{
g
og
ll
OJ

!
6
3
tr
o

t*{

o
+J

C)

I
g

(!

-
I

N

0)
F{

P

ET



94

have some mechanical knowledge, gathered during a temporary emigration,
e.g. to Saudi Arabia, and this results in very neat equipmenL in a good
condition.

In general there are no problems with the availability of
fuel and spare parts in the market, although an exception to this rule
should be made for pumps and engines from Eastern Europe or Lhe USSR.

Reservoirs are not cleaned as often as the interviewees told
the survey team, i.e. 12 times per year as was discussed in Subsection B.1.4.3.

Leakages in pipes and valves are often repaired in an improvised
way using rubber from o1d inner tubes. Sometimes villages lack water
for several daysr e.B, when the rising main has broken down. Often
there are no spare pipes or other parts available in the village itself
and they have to be bought in one of the larger villages, which takes
time and extra money.

B.5.4

8.5 .4. 1

Ue!sl-sgsersP!iss

Domestic water consumption

Each of the three surveys carried out during this study
(operators, household and women's) provided data on water consumption,
and a nunber of rnethods can therefore be adopt.ed to calculate the
present water consumption. These methods are discussed in Volume IV
containlng the computer print-outs. The resulLs are summarized in
Table B.13.

The value of water consumption based on storage tank capacity
and time to fill the storage tank was rejected due to the high standard
deviation of the results (Colurnn 2). Water consumption calculated from
the household guestionnaire vras also rejected: per capita values were
fouod to be excessive (Columns 4 and 5) due to the small household'
sizes derived from the survey. Lrater consumption calculated from the
household questionnaire (Co1umn 3) was found to be less reliable than
that calculated from the operators estimate of the village water
consunption (Coluron 1). The latter values of per capita water consumpLion
have therefore been adopted in this report for the determination of the
total present domestic water consumption in each regi_on.

As shown in Table 8.13, the per capita water consumption from
fetched supplies (Column 6) was noL markedly less than that from villages
with a water-supply system (Co1umn 7), and in some cases even greater.

Per capita waLer consumpLion figures derived from the women's
survey are shown in Table 8.14 broken down for households with 1 tap,
2 taps and with 3 or more taps. The latter demonstrates quite clearly
the increase in per capita water consumption which occurs once the
number of water consuming facilities is raised or the standard of
housing improves. A breakdown of water consumption into quantities used
for cooking, washing, drinking and laundry is also incorporated.
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Tab1e 8.14 - Per capita water consumption in AI Ajma, Farasa and AI Khabar

VilIage Per capita water
consumption

(1/capita / day)

Breakdown of water
use

(1/capit.a/day)

1 tap 2 taps > 2 taps Drinking Cooking Washing Laundry

A1 Ajma
Farasa
A1 Khabar

48.2
30.3*
59.9

39
49
38

8
0
6

79.9
68.0
77.4

6.0
4.e
4.9

10 .4
16. 1

15 .7

16 .0
72.4
15 .3

24.1
12.5
19.2

Mean 42.4 54.1* 75.1

* Based on one observation on1y. Mean excludes the result from Farasa.

8.5.4.2 livestock water consumption

Water consumption by livestock can be evaluated from the
household survey by analyzing the quantity consumed by livestock who
drink water supplied at the household. This was the only way of calculating
consumption although maoy livestock also drink directly from the source.

An analysis of data from all regions and the survey in A1 Ajma,
Farasa and AI Bayda provides the following values:
- sheep consumption: 4.4 litres/sheep;
- cow consumption : 25 litres/cow.

These values are generally in accordance with those commonly
accepted for sheep and cow water consumption.

Insufficient. data regarding consumption from goats, donkeys
and camels is available to make any definite conclusion from the survey.
In order to calculate per capita livestock water consumption the following
assurptions have been made.

1 sheep unit = 0.18 cow = 0.18 bull = 0.5 goat = 0.5 donkey
= 0.18 camel.

Using these values and a water consumption of 4.4 I per
sheep, the average water consumption per household has been calculated
for each region. This is based upon the answers by respondents to the
household survey. The results are susmarized below in Table B.15.

The values for regions 1 to 5 are considered to be based upon
sufficient. data to be reasonably confident that they are representative
of the situation in the region. Regions 6 to 10 however provided widely
diverging results and are in general based upon sma1l samples which rnay
not be representative. The results from these regions have, therefore,
been adjusted as follows:
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Wadi Mansur: a previous survey carried out in Wadi Mansur by RIRDP
(Ilaco, 1983) included a larger sample and indicated a livestock
population of 55 sheep units/household, equivalent to 45.3 litres/
capita/day. This is considered t.o be a more representative value.

Lladi Matar: this region has a 1ow quantity of irrigated alfalfa nrhich
is often indicative of a low livestock population. There is no reasoa,
however, to suggest that the livestock population is as 1ow as indicated
by the survey and the value for Rada Basin has been adopted in this
report.

Wadi Hubabah: this region was found to be similar to Sabah with a
relatively high livestock population and the same value has Lherefore
been adopted for both regions.

Wadi Dhi Natim: the survey indicated a high per capita livestock
population and this was more or less confirmed by field observations.
No adjustments have therefore been made.

As Sawadiyah: The region is quite similar to Wadi Mansur and therefore
the value obtained from Ilaco (1983) for h,adi Mansur has also beea
adopted.

B.s.s Ueler_gsglily
' Chemical analyses were carried out on water samples from the

raw water-supply of 93 villages in Rada, Sabah, A1 Bayda, Juban and
l^Jadi Mansur and bacteriological analyses on samples from 34 supplies
from villages in Rada, Al Bayda, Sabah, Juban, Wadi Mansur, Wadi MaLar,
Wadi Dhi Na'im and As Sawadiyah. The results are listed in Table 8.L6.
A IIACH was used for the chemical analyses and a MIILIPORE for the
bacteriological analyses.

Table 8.16 indicates the percentages of
the region where chemical or bacteriological test
[rl]I0 maximum permissable levels for drinking-water
is no maxirirum standard for EC, a higher than 1500
be unacceptable.

villages in each of
results exceeded the
supplies. WhiIe there
ppm was considered to

The principal water quality problems highlighted by Table 8.16
are as follows:
(a) Salinity: EC values above 1500 pS were found in the drinking-water

supplies of t{adi Mansur, As Sawadiyah, Rada Basin and A1
Bayda West. Eurthermore in l/adi Matar, high salinity in the
groundwater forces many people to purchase their drinking-water
from sources outside the region.

(b) Hardness and calcium content: while high hardness of water is not
always perceived as a health hazard, (although medical personnel
in Rada attributed kidney stones to this) it is a characteristic
which may be disliked by some people. Moreover, the lifetime
of pipelines can be reduced due Lo encrustation of calcium
compounds in the pipeline, thus reducing the internal diameter.
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Extremely hard water is found in all parts of A1 Bayda province
(c) Fluoride: fluoride above the maximum permisiiUf" value was foundespecially in the Rada and Sabah regions. Further analyses

should be carried out in these regions to determine thereliability of these results, since confirmaLion of the highfluoride content should lead t.o a recommendation to choose a
new source.

(d) Nitrates: a few vrater-supplies in Rada and A1 Bayda were found to
have nitrate content above the WHO maximum recommended level,
although in general t.his does not appear to be a severe
problem at present.

(e) Bact.eriological pollution: this is a major healLh hazard, throughout
the entire province. Few bacteriologically safe water sources
rirere eacount.ered, except in Sabah and even the RIRDp projects
which had a completely protected source had becom" poil,rtud
at some stage before reaching the consumer.

8.6

8.6. 1

Sanitation facilities in the province

Invento o I-ey:!es,s

The baladiyah syst.em is used as toilet facility (described inSection 8.6.2) in 89 "/ of t.he villages. fn nearly al1 thlse villagesliquid excreta as well as the kitchen wastewater flow openly intostreets and aIIeys. On1y 20 % of the villages have drainage"ditches orseptic tanks, into which in most caaes onl"y the liquid excreta andkitchen wastewaLer flow (see Tables B.17 and B.18).- Ove, 90 f, of thepeople considered their existing sanitation systems unhealthy.

Table 8.17 - Excreta, household and wastewater systems

System Wastewater
ol
b

Liquid excreta
ol
lo

id excreLa
%

So1

Baladiyah
Throw to ground/street
Drain to ground/street
Pit latrine
Pour flush lat.rine
Flush t.oilet-septic tank
Flush toilet-sewerage system
Other

0
80
t6
0
0
3
1

0

0
7B

17
1

0
3
0
1

89
1

0
2
3
3
1

1
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Tab1e B.18 - Household garbage
disposal systems

System

Throw to ground/street
Throw to garbage dump
Burn
Bury
Leave for animals

In a very few villages people have constructed some kind of
sel/erage system with 6 inch PVC pipes (e.g. Madhwagayn in Region 3: A1
Bayda North-East), leading to an oxidation pond, but again only for
liquid excreta and kitchen wastewater.

AI Bayda Town is the only place in the province that has a
complete sewerage system, flowing out into (too small) oxidat.ion ponds;
it is also the only place with a privately organized garbage disposal
system. In all other villages any kind of centralized syslem is lacking
(see also Section 8.3.3).

The Dutch consultancy firm DIIV has carried out a survey and
recently provided a report dealing r+rith the water-supply and saniLation
problems in Rada town.

8.6 -2 Pe:s=pligg-gf-ty!!9s'9
8.6.2,1 Excreta and wastewater disposal

The baladiyah system can best be described by means of
Figure B.2.

The actual Loilet is on the first floor. Here one finds a
squatting place as depicted in Fig. 8.2. In this piclure it can be seen
that there is an uncovered hole in the floor through which solid excreta
fal1 into the room below, on the ground floorl there are slightly
raised foot supports; a small drain is cut out in Lhe floor capturing
the liquid excreta, which flow out of the building through a drain-pipe.

0n the ground floor there is a room where the solid excreta
pile up as well as the ashes from the kit.chen ovens which are also
thrown in. Here Lhe excreLa are supposed to compost, and they are taken
out once per 6 months, once a yearr or even after a longer period of
time, depending on the size of the room and family. Then Lhey are used
in the fields as fertilizer.

In villages with drainage ditches or septic t.anks, these are
all covered and could therefore not be inspected by the survey team. IL

ot
lo

97
1

2
0
0
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is certain, however, that none of these structures have been designed
by professionals and mosL of them serve only 1 to 3 houses. The septic
tanks are all fairly new and none of them has ever been cleanedl in
fact t,he people do not even know how to clean these structures.

The rare sewerage systems are not properly designed either,
although one system did have manholes. These systems are also quite new
and clogging problems have not occurred yet.

Figure B.2 - Baladiyah systen

l+61.$Q6+l
LIQUID
EXCREIA

1
Eo

u1

5

(.) HOUSE U/ITH 3 FLOOR
(6RoUD, FTRST, SECoND

(b) opEr ENTRANcE-, 
TO'COLLECTION ROOM,'
FOR SOLID EXCRETA

(c) rop vtew. , SQUATTIN6 PLATE
WITII DRAIN FOR
LIqUID EXCRETA

(0N rsT rL00R)

S

)

\,

8.6.2.2 Mosque'thammams"

The hammam, a washing facility found at most of the mosques,
traditionnally consists of a square basin some 4 m long and wide and
about 0.40 m to 0.80 m deep. Nowadays they are constructed in concrete.
Often they are supplied from a source different from the drinking-water
source by a separate rising main. Sometimes there is a (concrete)
reservoir to which some 1.0 valves are connected. The wastewater is then
led out of the mosque area through a gutter

B.6.3 9pslgligg-3sg-Teislgsgsgg

There is no central responsible man or organization at the
village leveI as far as sanitation is concerned, let alone at higher
leve1s. A11 individual households are responsible for their own baladiyah,
drainage ditch or septic tank. Usually Yemeni people never touch human
stools, only the lowest class is involved with the cleaning of the
baladiyah rooms. Apparently this system works rather well since the
survey team never encounLered a fuIl baladiyah room except for a single
public toilet. in Juban. The survey team was not able Lo meet the persons
responsible for Lhe rare sewerage systems.

Usually there are persons responsible for mosque hammams, but
they are i11-informed about the relationship between cleaning water and
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public health, and accordingly do not realise what a real healLh hazard
a polluted basin means.

B.7 Possible developmen t of new improved water-supply and
sanitation svstems

8.7.1 Ys!9r:EsPPlY- lYtgstse

A programme of construction of water-supply systems is already
weII developed in Rada DisLricL through the RIRDP and it is not the
intention of this report to recommend any significant changes to either
the emphasis or the method of impJ.ementation of this programme. The
approach is different to some oLher rural water-supply programmes in
the country in that. it provides complete' contracLor-built water schemes
as opposed to providing technical assistance to a community-built
scheme. While this tends Lo result in more expensive projects, the
experience of RIRDP has been that this approach is in general favoured
by the people in Rada District.

Rather than change the approach then, 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 within the scope of the
RIRDP water programme.

For practical use by the RIRDP, a seL of tables has been
prepared indicating for each of the villages surveyed the population,
present and estimated future water consumption, present state of water-
supply system and the availability and quality of water. The tables
also indicate possible remedies and further investigations required.
These tables are presented in Appendix B.IV at the end of Lhis Annex.

8.7.1.1 Social aspecLs

The most imporlant social implications on Lhe development of
new, improved water-supply systems are:
- social constraints on types of srystems to be adopted;
- hygienic use of waler in the household;
- community participation in planning, construclion and operation of

water systems.

Social constraints

While the activity of fetching water in Yemen is the responsibility
of the women, it is usually the men who will decide whether or not to
contribute to a water-supply syst.em. NeverLheless an overwhelming
majority of respondents in the survey (men and women) expressed a
desire for a complete water-supply system indicating that the men also
feel the need, and their lack of participaLion in waLer fetching is not
a constraint to their desire for piped water in the house. For women,
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although water fetching can be a social activity, an opportunity to
meet other $romen, this did not overcome their wish to have a private
water-supply. It may be, however, that. the women would still like
public laundry facilities so that this social aspect of wat.er use can
be maintained.

trlhile in many societies, traditional methods of water-supply
may result in resistance to more modern technologies, in yemen thercomplete systemt presently provided by RIRDP seems to meet with universal
approval. In fact expectations of the people are high and simple technologies
such as hand pumps would not be readily accepted and, even if low
incomes would irrply such technologies, it is unlikely that they would
be readlly adopted. There is an overall feeling amongst the people t.hat
a'borehole' is the panacea and even cheaper surface sources or shallow
wel1s are not favoured.

It is, therefore, clear that through their previous experience
with complete systems boLh in Rada through RIRDP and in AI Bayda through
the LDA and RhrD, the policy of providing piped water to individual
connections will have to be maintained in most cases. Simple technologies
could be considered if they are acceptable to the villagers.

In such systems with taps in the houses, care must be taken
with the structural condition of the mud houses which can be jeopardised
by continuous exposure to running-water.

Eyei enic water use in the household

l{ater use in the household is discussed in det.ail in RIRDp
Technical Note No. 10 (I1aco, 1983). Clear1y there are a number of
measures which can be Laken to improve the hygienic aspect of water use
and this should be underLaken through an extensive health education
proSramme.

While women were generally found to be fairly careful with
water wastage, this should be monitored and if considered to be excessive
such water-saving measures as constant volume discharge taps should be
used on any public suppty. It is not considered that a policy of
discouraging individual connections in order to save water should be
adopted since this would alienate many of the people who have come to
expect piped water in the house. Horeover, the water avaitability
sit.uation is not considered to be sufficiently crit.ical as to just.ify
such an action.

!grysei!y-ps r!islpe !igs
In the present RIRDP project, the community are involved in

the initiation of a project and contribute up to 30 % of t.he construction
cost. Construction is carried ouL by a contractor. The history of RIRDp
water projects suggests that the people prefer this arrangement and
discussion with the village representation always forms part of the
design process. The survey did, however, unearth certain criticisms of
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either the design or operation of some of the RIRIP schemes which might
have been resolved through more adequate discussion between RIRDp and
the village representatives concerned. It is therefore recommended that
a 'complaint desk' be initiated at RIRDP such that villagers are able
to discuss any shortcomings they may feel exist with their scheme and
any acLion (if necessary) can be taken to satisfy the consumers.

8.7 .7.2 Economic aspects

Tab1e 8.19 gives the cost-s of complete water-supply sysLems
constructed by RIRDP in a number villages during the period 1977 ta
1983. The total costs depend on the design capacity of the svst.em and
on the location as this affects the costs of boreholes and piping.
Nufan, for example, is located high up in the mountains and consequently
has a very deep water-Ievel, which explains the high cost of the borehole.

Although the inveslment costs vary to some degree with the
capacity installed, there is a large overhead component. This is reflected
in the cost per household or per capita; in larger villages such as
Draybah or AI Khabar the cost per capita is some 3 to 4 times less tharr
in the smaller villages.

The decision whether or not to install a water-supply system
depends on the one hand on the villagers'willingness to pay for the
investment costs and operating expenses and, on the other hand, on
their ability Lo pay. Both aspects were covered in the water-supply and
sanitation survey. However, except perhaps for the woments survey, the
data on i-ncomes proved to be unreliable, whereas respondentsr opinions
as to a reasonable level of payment (willingness to pay) varied too
widely to obtain a consistent picture (see also Sections 8.3.5 and
8.5.3.2). No economi-c price can be established and it is therefore
impossible to determine with respect to village size a cut-off poinl
below which a water-supply system would not be feasible in economic
terms.

In order to provide a greater coverage with the same funds
and manpower it will be necessary to either construct 1ower cost schemes
or to introduce simple measures to cover the most basic needs such as a
clean water source. Low cost schemes are noL always possible for Lhe
reasons ouLlined under 'social aspects' , buL a programme of simple
measures to improve water quality carried out concurrently r+ith the
water-supply programme would at least assist the smaller villages for
which construction of a complete system is at present not feasible. The
details of such a programme will be discussed below under engineering
aspects.

8.7.1.3 Eneineering aspects

Source: Improvement of water quality at the source can provide
a measure ifiiifr-wifl enable rapid improvement to the water-supply of a
number of villages. The following measures can be considered:
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Eûx!>qv

G

ru,iA{q(!
a

"O l.io o
Gp! e! u oH oo ! o o-d
F.-u U€4

6

i orp69 0 09oqE.-o o oH oEra X\

o0
I

o

0
o
0
&

0

Ar

(J

E+.iJ&
o

tl, h€d c
'i (€
O E\o oo

o

a
6Hop>o

o

l!ln
t5tolluotl

tr,i I oo0! l:E.r€ 
Iad I

aolooldqla
lolola

ou(
i

q

o

I
U
(J

o!

o
I
!
o
!
6
3

.t
d
H
&

I

o

o

ts



r07

- lining of shallow wells;
- covering of shallow wells;
- provision of drainage facilities at shallow wellsl
- source protection of sPrings;
- simple treatment of spring source;
- protection of cistern from pollution and simple treatment;
- chlorination of poJ.luted supplies.

The lining, covering and provision of drainage facilities for
shallow wells are siurple measures which could be carried out by the
villagers on the basis of a standard design produced by RIRDP and with
the provision of materials by the project. Spring source protection
requires an individual design and would need input from the project in
Lhe construction. It need not however be undertaken by a contractor.

With regard !o treatment, Lhe water quality survey revealed
the following aspects requiring atLention:
(i) bacteriological pollution;
(ii) high hardness i
(iii) high fluorides;
(iv) high nitrates I
(v) high salinity.

At present the most serious of these is the bacteriological
pollution. This can be contributed to a number of reasons, namely
pollutibn of the groundwater itself by wastewater infiltration, pollution
at source by inadequate source protection, pollution within the distribution
system and reservoirs, or pollution in the household.

In general for bacteriological pollution of groundwater
sources adequaLe source protection, wastewater disposal facilities and
suitable personal hygiene should eradicate the problem, and therefore
the necessity of disinfection measures is marginal. Moreover disinfecLion
requires careful operation to ensure correct. dosage of the disinfectant,
as well as a reliable supply of the raw material. Nevertheless if a

village has a persistant bacteriological problem in the water-supp1y,
which cannot be removed by the measures described above, simple chlorination
shouLd be provided. There ate a number of simple chlorination devices
that can be designed if the supply of solid chlorine is assured. Gas

chloration should not be considered for village supply.

Areas of high salinity (i.e. greater than 1500 trtS) were
measured in Wadi Mansur and Wadi Matar r+here shallow wells are utilized
for water-supp1y. People recognize Lhe unacceptable quality of this
water and will not use it. In such areas it. may be necessary to replace
the shallow wells with boreholes as Lhe deeper aquifer should have a

lower salinity.

High fluorides (greater than 1.0 ppm) were encountered in
Rada and Sabah. While this leve1 can probably be tolerated it is
approaching the range which can be dangerous to health. It is not
feasible to treat such a source to reduce fluorides, and in these cases
new sources should be investigated.
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High nitrates were encountered in Rada and Al Bayda. For such
areas care should be taken with wastewater disposal and fertilizer use.
The water quality should be monitored and if nitrate values over 50 mg/I
persist a Ber^, source should be investigated and protected very carefully
from possible wastewater pollution.

Esspisg-fesili!ler
The energy source for all pumping facilities investigated was

diesel poerer. It is not considered appropriate at present to attempt to
utilize any alternative energy source such as solar or wind poerer.
Solar pumps are not yet competitive and are still in any case easily
damaged and therefore not suitable for remote Yemeni villages. Wind
porrer is not realIy suitable for any but very small villages where only
a small storage is required to overcome periods with insufficient wind.
Moreover people are used Lo working with diesel machinery and at present
the fuel cost does not appear to be an undue burden.

hlith the existing diesel pumps and engines, repairs do not
generally take excessive time, except in the case of an unusual make
for which spare parts are difficult to obLain. Standardization of
machinery should be at.tempted although it is recognized that this is
difficult in a competitive market. Altention should in any case be paid
to the availability of spares before a particular make is purchased.
Most engines are presently too powerful for the pump and do not appear
to be purchased with the duty requirements in mind. This involves
uonecessary fuel costs and here advice could be given to villages
either through RIRDP or RI,JD on the correct engine size.

Dlstribution tems

fn setting up a village water-supply dist.ribution system the
following aspects should be taken into account:
- reduction of leakagel
- avoidance of a labyrinth of pipeline structures I- prevention of pollution in pipelines by stagnant wastewaterl
- prevention of damage to above-ground pipelines from vehicles;
- provision of sufficient valves Lo allow isolation of sections of the

systeml
- provision of a plan of the village distribut.ion system, pipe signs,

Iocation of valves etc.

The above improvements are a1I generally necessary in mosL
villages with a water-supply system, but do not take precedence over
the provision of a clean supply and thus source development and improvement.
Advice on the above maLters could be given to villagers for their own
implementation, but it is noL recommended that a programme for the
improvement of distribution systems be adopted until after the
implementation of a programme to improve water quality. pollution in
pipelines from stagnant wastewater is an important health issue but. it
is unlikely that the continuous supply necessary to prevent t.his occurring
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will be adopted in most villages, and so the problem is best solved by
the provision of adequate wastewater disposal facilities.

8.7.1.4 Organization and managemenL

That the present situation with regard to the organization
and management of rural water-supplies is far from ideal is clear from
Section B.5. Not only is there a lack of co-ordination in the iniLiation
and implementation of projects, but. no one authority is responsible for
operation and maintenance which is consequently left in the hands of
the individual village operators.

For the initiatioa and implemeatation of water-supply schemes,
it is considered that only one authority should be responsible for each
of these activities.

The Co-ordinating Council, presided over by the Provincial
Governnent, and of whom the Local Development Associat,ion (tDA) chairmen
are all members, is the most appropriate body to co-ordinate the planning
of water-supply schemes in the province. The LDAs are well informed
about activities in their region and often requests for village water-
supplies are channelled through the IDA to the CYDA (Confederation of
Yemen Development Associations) and then to Lhe RWD (Rural Water Department)
It is recommended that all future requests for village water-supplies
be received by Lhe Co-ordinating Council. The priority for implementation
of village water-supply schemes will then be decided upon through
discussions between the Co-ordinating Council and the implementing
authority.

The RIRDP is a well regarded orgatization in the Rada District,
has its project base there, and has considerable local experience in
the construction of rural water-supply schemes. The Ministry of Public
Works (RWD) is Lhe national authoriLy responsible for rural waLer-s.upply
and therefore develops design, consLruction and operational standards
throughout the country. Consideration should be given to the possibility
of reinforcing the staff of the RIRDP with suitable manpower from the
Ministry of Public Works, including the necessary budget, and making
the RIRDP the sole organization responsible for the design and
implementation of water-supply projects in the province. Similarly
operation and mainLenance responsibilities should be under the RIRDP,
but assisted by staff from the Ministry of Public Works. Some control
can then be exerted over village operators who can also seek advice
from RIRDP when necessary. Regular training courses should be available
for village operators. It is considered, however, thaL the responsibility
for the collection of money for operation and maintenance and operaLorsr
salaries be left with the village, as this system appears to work
satis f a ct.o rily .

A suggested organization chart is given in the main report.
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8.7.2 9egi!e!ige

The primary benefits of provision of a water-supply system
are an expected health benefit and a reduction in the arduous and
Lime-consuming work of fetching water. In fact provision of a c1ean,
potable water-supply should realize some reduction in disease, but
paradoxically an increase in certain diseases may be experienced due to
the increasing quantities of wastewater, resulting from a higher water
consumption. Iloreover indiscriminate dlsposal of wastewater may pollute
the groundwaLer and even, under cerLain conditions, piped supplies.

In order to realize substantial health benefits, three aspects
must be considered in conjunction. These are water-supp1y, sanitatioa
and personal hygiene. Table B.20 indicates the effect on control of
excreted infections of each of these three aspects.

Tab1e 8.20 - Effect of water-suppIy, sanitation, and personal hygiene on control of
excreted infections

Category Infection l,/ater-supply
alone

Sanitation
alone

Personal hygiene
alone

1 Enterobiasis, Enteroviral infections,
Ameobiasis etc.

2 Typhoid, Cholera, Shigellosis
3 Ascariasis, Trichuriases, Hookworm
4 Taeniasis
5 Schistosamiasis, etc.
6 Filariasis and other diseases where

flies and cockroads are vectors Negligible Slight/moderate Negligible

Moderate
Moderate

Negligible
Negligible

Negligible
Slight/moderate

Great
Great

Moderate

Great
Moderate

Negligible
Negligible
Negligible

It can be seen from Section 8.4 that a number of Lhese
categories of infections are highly prevalent in AI Bayda Province. The
main difference between Categories 1 and 2 and other categories is the
strong dependence upon personal and domestic hygiene, and thus these
infections are much more like1y to be controlled if water availability
is improved concurrently with sanitation and if an effective and sustained
prograrnme of hygiene education is organized. For other categories an
improvement in sanitation on water-supply alone may be sufficient, but
will not control the wide range of infections.

ft has been stated in the past that Yemeni villages do not
have a sanitation problem as their locat.ion on the tops of mountains
provides for easy and safe disposal of wastewater. While this may to
some exLent be true for the smaller villages, the prevalenee of excreta-
related diseases in the province and the overwhelming desire of the
people as expressed in the survey for an improved sanitation sysLem
would seem to belie this belief. Moreover during the progress of the
survey many villages with a serious wastewater problem were visited.
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from Section 8.6 it can be seen that very few rural villages
have any form of wastewater or garbage disposal facilities and that for
excreta disposal use is largely made of individual baladiyah inst,allations.
Conseguently there is very litt1e precedent in A1 Bayda, or for that
matter in Yemen, for a sanitation programme. In order to develop systems
which are acceptable to the public, it is necessary to i-nvestigate the
social and economic aspects which may affect the choice of the system.

8,7 .2.1 Social aspects

The social aspects which influence the choice of sanitation
techaology to be adopted can be summarized as follows:
- existing defecation practices;
- differences between tribes or sexesi
- cleansing and ablution materi.alsl
- important taboos due to custom and religions I
- latrine emptying and sludge re-use practices I
- opinions on public toilets;
- attitudes to different possible systems.

The systems recommended in this section are based upon these considerations,

8.7.2.2 Economic aspects

The survey results indicate that the majority of people
claimed a willingness to pay for an improved sanitation system as well
as a desire for it. The estimated present incomes suggest an ability
for most people to pay for any of the possible options, although their
willingness to pay for such an expensive option as ser^rerage is guestionable.

The selection of a saniLation technology on economic grounds
is not very satisfactory due to the numerous social criteria involved
and the difficulty in enumerating the non-economic benefits. It is .

perhaps best to consider the possible technologies in terms of their
mean annual cost and then to discuss them in terms of the most promising
options selected for social and environmental reasons.

I{hiIe costs will obviously vary according to the location,
site condiLion, material costs etc. Kalbermatter et al, (1980) do give
a guide to the relative costs of various possible technologies. These
costs are shown in Table B.21. The most expensive option, sewerage, has
been set as base of 100 and the other technologies are expressed as a
percentage of the mean annual cost of sewerage.
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Tab1e 8.21 - Relative annual costs of different
sanitation systems (%)

Technology Mean
cost*

fnvestment
cost

Recurrent
cost

Pour flush toilets
Pit latrine
Vacuum-truck cartage
Composting toilet
Bucket cartage

Aquaprivy
Septic tank
Sewerage

t.4
0.1
4.9
1.0
7.0

3.3
7.0
4.s

12.7
9.2

4.7
7.7
9.4

13.7
1.6.2

42.A
92.2

100

40.4
56.8
67 .4

1.6
35 .4
32.6

8.7.2.3

(a)

Enqinee r]-nq as cts

* Mean annual cost of seqrerage as base of 100.
Source: Kalbermat,ten et aI. , 1980.

9bgrse- gf 
- !esbselesy_ fer_bes!sbelg_ l3!rlee

The primary reason for the provision of sanitation facilitiesis to irnprove community health through the reduction of pathogens
responsible for disease transmission. This requires the selection of anappropriate system with the criteria of pathogen rather than BOD reduction,the latter being the criterion often adopted ior effluent disposal in
watercourses. Another criterion is that, where possible, systlms whichreguire large guantities of water should be avoided due t.o the scarcityof water resources in the province and the consequent production ofadditional wastewater requiring treatment. Sewerage is, therefore, aninappropriate and expensive technologyr at Ieast ior the medium/smal1rural villages.

Of the technologies listed in Table B.21 in the lower costcategory, only pour flush toilets and composting toilets appear appropriatefor rural Yemen vi1lages. The use of water for anal clean"iirg rules outpit latrines while communal toilets cannot be considered for socialreasons. Bucket and vacuun truck cartage require a degree of organization
and maintenance which is unlikely to be achieved at the present stage.Moreover, the recurrent costs of both the pour flush and the compostingtoilets is 1ow, indicating minimal operatiln and maintenance requirements.
The more expeasive aquaprivies have no real advantage over the f,ourflush latrine unless solid anal cleansing materials are used which mayblock the water seal. This is not the caie in yemen so aquaprivies neednot be considered.

, The high-cost septic tanks and sewerage systems are onlyreally applicable where a large amount of water is used as in flushtoilets, and where possible these systems should be avoided.

Ann. B



r l3

The recommended technology for rural village household
sanitation is therefore either a composting toilet or a pour flush
latrine. Due to the tendency of the Yemeni's to separate solid and
Iiquid excreta and their practice of using composted solid excreta as
fertilizer, a dry composting toilet is considered to be the most
appropriate waste disposal system. Moreover, the baladiyah system
described in Section B.6 is currently used in 89 % of the households
and, with certain modifications, can easily be converted into safe,
healthy composting toilets.

The composting toilet cannot be used to dispose of liquid
excreta and wastewater and, therefore, a separate systen is reguired
for this. l,Itrere sufficient space is available and ground conditions
permit, individual soakaways can be constructed. Otherwise liquid
excreta and wastewater from groups of houses can be transported by opec
channels or pipelines to cornmon soakawaysr or, s,here soakaways are not
feasible due to ground conditions, to stabilization ponds.

While it is considered that flush toilets should not be
encouraged, they will undoubtedly be installed by some households and
indeed have already been. It is a matter of personal preference and
where sufficient waLer is available and can be afforded, undoubtedly a
number of different t]ryes of systems will be installed in a village.
However, the installation of flush toilets should not be financed. With
a flush toilet fixture, the composting toilet is no longer applicable
and either a septic tank or sevrerage system must be adopted. A village
with a minority of houses with flush toilets will require individual
septic tanks and soakaways for those houses, and a large village with
many houses with flush toilets will require a sewerage system and
stabilization ponds. These should not be considered initially. A project
should therefore be initiated which will promote the installation of
composting toilets in the households of rural villagers.

The installation of composting toilets is the most justifiable
of the possible sanitation technologies, all of which in conjunction
with water-supply and health education can be expected to improve
community health. The following advantages can be identified:
- it is appropriate to the prevailing, traditional practices;
- no water is usedl
- there is no need for expensive sewerage systems and no effluent

problem;
- easy operation and maintenance, and little institutional infrastructure

required;
- loca1 materials and labour can be used;
- 90-95 f of pathogens are destroyed afLer one year of aging;
- production of fertilizer which has an economic value I
- precedence in Yemen of human excreta as fertilizer;
- the poorest families will benefit from the project.
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(b ) Brgees:9-9sgeil:-et-sgrpeeliqg toileL

Details of the existing baladiyah toilets are shown in
Fig. 8.2. In order to convert this into a safe composting toilet certain
modifications are reguired:
(i) Two separate vaults should be provided to alIow for complete

composting inside the vaults before removal. This is favoured
above the continuous composting type toilet, the efficiency of
which has been found to be extremely sensitive to the degree of
user care.

(ii;

(iii;

(iv)

(v)

(vi)

(vii)
(v]-r 1)
(ix;

The vaults should be sealed from the open and provided with an
access hatch to remove compost.
A screened vent pipe should be provided to a1lor,r the decomposition
gases and odours to escape.
A cover should be placed on the sguatting hole to seal the vault
from the house and to prevent flies from breeding in the vau1t.
The access hatches should be of a transparent material so that
sunlight and temperature effects can improve the rate of digestion
The drain for liquid excreta near the squatting hole should be
located in such a way as to a1low for the collection of urine
from women.
Two separate squatting holes will be required.
The pit should be designed for one year composting.
Depending upon the groundwater level, a permeable base can be
provided in the vault which will allow for infiltration and
percolaLion of urine and wastewater.

These recommended modification are illustrated in Fig. 8.3.

Where ground conditions permit, liquid excreta and wastewater
should be piped to on-site soakaways for individual houses or to a
soakaway serving a group of houses. The soakaway design will depend
upon soil percolation tests carried out in each village.

(c ) ggessegl-sstigsry- {esititie:
Communal sanitary facilit.ies were observed in Juban and

appeared to be in use, although no mainLenance had been carried out for
some time. In discussions with the MinisLry of Llunicipalities it was
suggested that communal facilities be avoided, primarily because menfind it distasteful to see women using them. While there may be a needfor communal facilities for women,. since unlike men they cannot use the
mosque facilities, t,he basic traditional fact that women are not to be
seen in public places would probably render communal facilities uselessfor this group of the population, which most needs them.

(d) ygsggs:

As discussed in Section B.6 the sanitary situation in mosques
deserves particular attention. The ritual washing before prayer is at
present often undertaken in basins of heavily polluted water. Since the
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majority of the male population uses these basinsr any disease originating
from then may be transmitted to a large part of the population. The
improvement of conditions in the mosque, in particular-the provision oftaps or showers and excreta facilities should therefore be lirr"r, a highpriority. It is difficult to envisage a reliable method of continuouslycirculating water in the basin which, if possible, should be abandoned.
Dry solid excreta facilities should be provided and shower water andurine could be piped to soakaways.

(e) Re-use of effluent

The benefits of a sanitation system are not always immediately
obvious to either the population or governments. ff some visual or
economic benefit could be demonstrated, this would be of assistance inthe development of a sanitation programme. Hopefully a visual indicationof the benefit will be the improved health conditions in the community.likewise if the effluent can be shown to have economic value then thepeople will see its benefit.

The digested excreta from the composting toilet will provideuseful crop fert.iLi,zer as described above, provided that basic iutesare adhered to in the composting of waste. Re-use of liquid effluentwill require some modifications to the systems proposed above:
- some elements of the wastewater (shower, laundry) can be diverted ona household basis or from mosques for irrigating crops;- effluent from septic tanks or stabilizatj.oi ponds can U" used to growcertain crops on an evapotranspiration bed;- effluent from a stabilization ponds can be used for direct applicationto certain crops.

The types of crops which can be grown depend on Lhe particularsituation with regard to the Lreatment process adolted and the sLandardof effluent achieved; general recommendat.ions should not be given.

(r) gregglsel:r_pellstiel

At present there are few villages which have constructedexcreta and wastewaler disposal facilities, so evidence of groundwaterpollution from these sources is scarce. However, it is a poientialproblem for shallow aquifers and, especially if'soakaways-, stabilizationponds or agricultural re-use are envisaged, care must be taken with theIocation of these Lreatment facilities.-Once an aquifer is polluted, itis very difficult to restore its purity.

The following conditions may lead to groundwater pollution:
- if only a thin cover (less than 3 m) of unconsolidated strata overliesa fissured non-porous bedrock aquifer;
- if the groundwater table is seasonally or perennially shallow (less

than 3 m depth);
- under a high hydraulic loading of wastewater (e.g. greater than

30 mm/day).
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With regard to fecal pollution, the unsaturated zone is far
more active in eliminating excreted pathogeus than the saturated zone.In dry conditions with hydraulic 1oadings less thaa 30 run/day, 3 m of
unsaturated zone is sufficient to allow a gross reduction of fecal
pathogens. If any of the above three conditions exist, according to
current practice, water-supply boreholes should be at 1east 15 m from
the soakaway or latrine. This recommended distance, however, is still
subject to review and a recent paper (Foster, 1gB3) suggests a considerably
greater distance.

The buildup of nitrates in groundwater represents a less
immediate haeard than pathogens but higher concentrations have been
found to be a health hazard, especially for children. Some areas of
high nitrates r.eere found during the h,ater quality survey, although
these cannot at present. be realistically related to groundwater pollutj.on
from excreta disposal. 0n-site excreta disposal units can result in
high concentrations of nitrates in the groundwater, especially under
conditions of low regional groundwater flow. This effelt, horllrer, will
be reduced by the use of the composting toilets and the dilution in
soakaways of the liquid excreta by wastewater. Stabilized wastewatereffluent, when used for irrigation, can also result in an increase inniLrates in the groundwater through leaching of the non-plant nutrient.s.

The followi-ng measures are recommended to reduce pollution
due to pathogens and nitrates caused by sanitation facilities:
- ensured emptying of latrines when contents are stabilized;
- reduction of hydraulic loading as much as possible;
- minimum distance between groundwater supply borehole and soakaways ofat leasL 15 m, but prefarably considerably greater;
- where necessary extension of the depth of lining of boreholes to a

considerable depth below the pumping level, thus ensuring longer
groundnrater flow paths ;- control of the location of stabilization ponds with respect to
hydrogeological conditions and groundwater supply installations;- possible lining of lagoon base to reduce seepage;

- control of irrigation schedule to maximize soii denitrification.

(h) Be:ggrss-rssgysry

Possible methods of resource recovery from excreta effluent
and wastewater encompass :

(a) agricultural re-use;
(b) aquacultural re-use;
(c) biogas production.

- _ 4gricultural re-use has been discussed above and is alreadypractisedffiofdigestedso1idexcretaasfertiIizer.
It is proposed Lo extend this practice to include the use of wastewaterfor household irrigation, stabilized effluent for larger-scale irrigationpurposes, and possibly for the adoption of evapotranspiration beds. Forthe composted excreta it is suggested that a minimum of 72 months
composting is required. With regard t.o irrigalion with effluent from
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stabilization ponds on evapotranspiration beds it ie possible that
without tertiary treatment some pathogens may survive although provided
the retention of at least 30 days is maintained, the risk is low.
Kalbermatten eL al. (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 maintained.

Biogas is used extensively in the Far East and to some extent
in Iudla. In principle it should have some potential in Yemen, particularly
in the larger villages where there is a tradition of re-use of human

and animal wastes. However, there is no background in Yemen in biogas
technology and it is felt that in the preseot stage basic sanitation
facilities should be developed rather than complicating the situation
with more risky ventures. Moreover, the Yemeni villages do not appear
to have a serious energy problem at present which of course is the
major justification for a biogas project.

Biogas projects could only really be considered suitable for
centralized facilities such as schools, industries etc., but there is
no evidence yet of a demand for the gas generated or any desire by
either the authorities or the populaLion for such a project.

(i) 9erEess-9i:pggeI

The problems of garbage disposal in Yemeni Lowns and villages
has been documented by Ilaco Technical Note No. 10 (1983) and DIIV
(1983). The report of the latter, which was concerned with Rada and
environs recommended a number of short-term improvements including a

health education programme on the hygienic aspects of proper waste
handling and the risks to public health. The issue of health education
is probably the key to the garbage disposal problem as without a proper
understanding of the implications for 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 inclinatioa to initiate any measures.

It is not considered appropriate aL this stage to consider
garbage collection services organized by either the LDA or the
municipalities: there is no existing infrastrucLural base from which to
initiate such a programrne. Rather the health education programme should
be commenced and than hopefully initiatives will develop on a village
basis for collection and disposal services. Advice, and possibly funds,
for such services should be made available from the project.
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APPENDIX B. I
OPERATORS QUESTIONNAIRE

.uE srroNNArRE oN El"?t;?*.'ffill-13i3Hl;'i-3'HllrrAr roN FAC rL rr rE s

Village
No. of houses

Well No.

Co-ordinat,es x

Elevation
Aerial Photo No.

Date

School (s)

Health facilities
No. of patients

hlater Source

Source
*)

Borehole

Shal low l,Ie11

Spring

Cistern
Pool

Stream

Other (specify)

r)

km

I^Je t
Season

Nahiyat

Estimated Population

No. of pupils

El evation

v km

Dry
Season m

(read)

A11 sorrrces to be indicated

oc time
ad jtrs ted

m

o
u
a
q)

Eo

'r{ O
lJ.Fl(,t{
ob0E<
oo+

Owner-
shi p
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If there is no diseribrrtion system,oEherwise sLep to Q4)

hrs

times /day

yes /no

2

2 (a)

(b)

3

6" Qrrantity of waEer pumped

Dry Season

WeE Season

DisEance of source from village
How long does a round trip to
fetclr water take

How rrrany times per day is
\rater fetched

km

(c)

(a) Is there sometimes a water shor:tage
(b) If yes, when and for what duration ?

(c) From where does village geE water
drrring shortage ?

4. (a) Sorrrce - borehole or well

Sl-atic Level

Dynamic Le,e1

Deptlr

Depth where water struck
Yield capacity

Depth in soft material

(b) Sorrrce - cistern or spring

Capaci ty/Discharge

How long does it rake to fill the

storage reservoir

m

m

m

m

m

1/sec.

m Hard Ma terial

m

3
m /nr

m

1 /sec

hrs

d ays /week

days /week

3
m

5

hrs /day

hrs /d ay
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7. Well lining urarerial

I (ar Is well covered

(bt Type of covering

9. Hov of Een i.s wel l cl eaned

10. Is water quality sarisfactory (Opinion

of operator)

I l" Take sample (min

EC

3 litres)

!"Ipi"g facilities

3

rrnl ined/s tones /concrete

yes /no

concrete/s teel/other ( specify)

per

t25

S

t2. (a)

(b)

Make of pump

Make of engine

I 3 " Punrp drr ty capaclty
tread

HP

Depttr of pump setting

3
m

m

HP

m

/nt

14. Age of pump and engine

15. (a) Fuel type
(b) IrueI consumption

16" (a) Does pump deliver warer
(b) If no, state problems

Pump

Engine

Diese 1/other (specif y)

to reservoir withorrt problems yes/no

years

years
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Pumping Main

I 7. Lengrh

19. Diameter

21. Condition

22. Are Lhere any tees in pumping main

(indicating multipurpose use)

Storage Reservoirs

No. of reservoirs

I B. Material
20. Capacity

(Assume I m/sec in pipe)

yes /no

times /day

,3/uu,
I i tres /day

. S. /PVC

R. C. /blocks /
o ther

ldr

G

3
m

23.

24.

26.

28.

30.

3r.

3'.2 "

33"

34,

35.

36.

Ground Elevation m

Capaciry .. ,n3

(Dimensions .... m x .... m x .... m

25.

27.

29. Leakage

was hou t

Height

Material

yes /no

yes /no

yes /no
yes /no

m

Cond i tion
How often is reservoir cleaned

Does reservoir have overfl.ow

Per

vent pipes on roof

DisEribution System

Extent of system . Z of. village covered

Pipe material G. S. /PVC

Diameters ..,. ins. to ... . ins"

Estimated capacity of system . *3/nt (Assume I m/sec. in main pipes)

(a) What is extenE of leakage in sysEem Z of connections leaking

(b) Are there particular connection types where leakage is greatest e-g.

valves, tees, eEc.

37. (a)

(b)

(c)

How often is reservoir PumPed full
Estimated water consrrmption in village
Estimated \^Iater consumption/person

38. Are there water meters

39. Are there prrblic taps

public larrndries

cattle troughs
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L,evel of service

40.

4t"
42.

43.

Standpipes

Individual connectiorrs

'io distribution
(a) Does each person make his own house

connect ion
(b) How much does this cost

)peration and Maintenance

44. ,rlho is responsible for O & M of prrmps,

and pipelines
45. (a) Do repairs of ten take a long tirne

(b) If yes, why

46" Are fuel supplies reliable
47. Are spare parts readily available
48. Who pays for fue1, repairs, etc.
49. Payments for waEer supply

yes /no

Z served

Z served
o7

YR

reservo 1rs

yes /no

yes /no
yes /no

Connection

Standpipe

/month

/month
50. Payment rnade to whom

Sanitation

51. Waste water collection system in village

52. Excretion collection system in village

53. Garbage disposal facilities in village

54. Drainage from public standpipes, public laundries, catEle Llrroughs

55. If hospital or health centre, aoy conrmon sickness in village

56. To operator : Are there any suggestions you could make to improve

your water sanitation sysEem.

57. Gror:nd conditions rocky/sandylcLayey/ other (specify)

58. Permeability high/average/Iow/impermeable

Ann. B



r ro

General comments by iuterviewer

Source

Reservoirs

Distribution System

Operation & l,laintenance

Need for seweraBe system, drainage system or garbage disposal system

in vi1lage.

Additional questions jtf_Btno!_p:ei."!)

(A) Did rhe village make improvements to the well/borehole
after RIRDP completed the work.

(B) Did the village extend the pipework system after the RIRDP completed

the work.

(c) nia the village make any other alteration to the system after
the RIRDP completed the work.
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APPENDIX B. II
HOUSEHOLD OUESTIONNAIRE

AL BAYDA WATER RESOURCES STUDY
QUESTIONNAIRE ON WATER SUPPLY AND WASTEWATER AND EXCRETA DISPOSAL

This questionnaire is inEended to assess the opinion of people about their
Present water supply and sanitation facilities and to determine their future
response to possible improvements in these facilities such that they can par-
ticipate in the decision making process. In addition, their ability and wi1-
lingness to pay for improved facilities will be determined.

Dat.e

Vi 11age

Elevation

No. of houses in village

Co-ordinates y ...... km

Nahiyat

ANSI^IER

See Table lA

See Table lB

kmv

Air photo ref.

Estimated population of village
Position in household of person interviewed

QUESTION

Demogra ic and socio-economic

(a) How many people (men, women and children)
are living permanently in your household ?

What are their ages and relaEion to person

interviewed. (l,ist all persons if necessary).

(b) List the members of your household who are
presently living outside the country.
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TABLE IA - PEOPLE LIVING IN I{OUSEHOLI)

2

I

2

3

4

5

6

7

8

9

l0

Relation to
interviewerName

ll
12

l3
t4

l5

l6

17

r8

r9

20

ABe Naam

TABLE IB - MEMBERS OF HOUSEHOLD LIVING ABROAD

Relation to
interviewer

Age
Relation to
interviewer

2

3

4

5

AgeName

Ann. B
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QUESTTON

2. (a) What material is your house built of ?

wal1s

roof

(b) How old is your house ?

3. What is the occupation of the head of the

household ? (Tick more than one if necessary)

4. WhaE is the total income of rhe trousehold

(a) From selling crops

ANSWER

()
()
()
()
()
()
()
()
()
()
()

years

farmer

shopkeeper

c ontrac Eor

grain grinder
firewood se11er

tractor operator
mi1 itia
teacher

government official
mechanic

other (specify)

YR per year

YR per year

YR per month

YR per month

?

Winter

Summer

5

(b) From occupation (conEracEor, shop-

keeper, mi11er, etc. etc.)

(c) From remittances from abroad

How many and which livestock do you keep ?

(a) Milk cows

(b) Bu11s

(c) Sheep

(d) Goats

(e) Camels

No.

No.

No.

No.

No.

Ann. B
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QUES'rr0N

Existing waEer supplies

ANSWER

See Table 2

6 (a)

(b)

(c)

(d)

Table 2

From where do you obtain most of your water ?

If more than one source, place in order of
importance.

What is the distance from house to waEer

source ?

How long does it take for a round trip to
fetch water ?

For what purpose do you use this water ?

Source

Spring

Shallow Well

Deep Well

Pt,b lic tap

Tap in house

Tap at neigh
bour

Ra inwater
S t ream

Ci s tern
0ther(speei-

fY)

Time spent
to and from

s ource

QUESTION

If you fet.ch water from outside house

(a) t^iho brings water Eo house ?

(b) In what container, of what capacity
and how many containers per trip ?

(c) How many trips per day are made to
fetch water ?

Animals

7

ANSI^IER

See Table 3

dry
season

weE
season

Dist.to
house Ilrinking Cooking Bathing Laundry

Ann. B
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Table 3

Fami 1y
member

QUESTION

8. (a) If you have a Lap in your house,
please sEate number and location
of taps.

(b) How much water do you use per day

If metered

If not metered, how much water do

yolr use per day for :

a) washing

b) cooking

c) laundry

d) drinking
e) for animals

9. (a) Do you take animals to drink at Ehe

water source ?

(b) If not, how much water do yorr give
them aE your house

(c) Oo you give them frr:sh water or wastewater

10. Do yorr consider the water quality good for
( i) drinking
( ii) cooking
(iii) washing
( iv) animals

Do yorr boil water for drinking ?

(a) Do you consider yorrr existing water supply
satisfactory

ANSWER

Daily trips
for water

taps

ki tchen

laundry

baEhroom

toilet

1 i tres /day

buckets

buckets

buckets

)(

()
(

()

.. buckets

b ucke ts

yes /no

.. buckets

fresh water/waste waEer

Yes /no
yes /no

yes /no
yes /no

yes /no

Container used for
earrying water

No. of containers
used per trip

Es timated
capaci ty

of container
(state unit)

II

yes /no
Ann. B
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QUESTION

12. Do you believe that time and effort
employed in obtaining water is

l.3. Do you sometimes have a shortage of
water.
If yes, what Eime of the year and for how long

14. Is water stored in house ?

If yes,
(a) Where in the house is it stored ?

(b) In what type of container ?

(c) Is the container covered or uncovered ?

(d) Is container cleaned before refilling ?

(e) Is drinking urater stored separaEely ?

6

(

(

(

ANSWER

yes /no

yes /no

yes /no
yes /no

yes /no

) loo much

) normal

) little

I5 . (a)

(b)

Do you pay for water ?

I f yes , how much and t,o whom ?

Pay to
()
()
()

YR per year

YR per month

hi gh

normal

1ow

(c) Do you think the cost of water is
high, normal or low

16. (a) Would yorr be willing to spend more money

in order to obtain a closer or cleaner
source ?

(b) If yes, little more or much more

(c) If no, why ?

17. Lrhat type of service would you prefer ?

18. (a) Do you have any idea of what could be

done in order to help you obtain a

better quality of water ?

(b) If yes, what is your idea ?

yes /no

1i t t1e /much

Service

I,tlalk to source

Standpipe in
vi1 lage

Tap in house

Cos t

yes /no

Ann. B
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QUESTION

Llastewater and excreta disposal

19. Itow do you dispose of wastewater ?

20. Does wastewater remain close to
your hotrse ?

2l . (a) l^Iou1d you like to see a rdastewater

disposal system in your village ?

(b) Would you be willing to pay for a

wasterdater disposal system ?

22. What system do you use to dispose of
excre ta.

!lggl4-ersrels
( ) drain from house to ground or sEreet

( ) drain from house to drainage ditch
( ) bucket-night soil collection
( ) latrine (pit or pour flush)
( ) septic tank v/ith flush toilet
( ) sewerage system with flush toilet
( ) other (specify)

) pit latrine (no collection)
) pour-flush latrine
) vault with collector
) leave it on ground or street
) leave it for animals

) aqua-privy

) septic tank with flush toilet
) sewerage system with flush toilet
) other (specify)

ANSI,JER

( ) throw it. on grourrd or street
( ) drainpipe fromhouse to slreet
( ) throw it into drainage dirch
( ) use it for animals

( ) septic tank
( ) sewerage system

( ) other (specify)

yes /no

yes /no

yes /no

Solid excreta

(

(

(

(

(

(

(

(

(

Ann. B
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QUESTlON

23. (a) Do you think Ehis is the healthiest
method of disposal ?

(b) If yes, why ?

(c) If no, would you be willing to pay for
an improved method of disposal ?

24. llow do you dispose of your garbage 2

B

ANSWER

yes/no/dont t know

yes /no

( ) throw it onto street
or ground

( ) throw it onto special
garbage dump

( ) burn it
( ) bury it
( ) leave it for animals

( ) other (specify)

yes/no/don't know

yes /no

yes /no

2s. (a)

(b)

(c)

Do yor: thirrk this is the healthiest
method of disposal ?

If yes, why ?

If no, would you be willing to pay for
an lmproved method of disposal ?

26. vJould you like to see a health educaEion

prograrrne carried out in the village regarding

Ehe disposal of wastewater, excreta and gatbage ?

Conuruni ty Partic ipation

27. (a) Do you sometimes work wirh other people in (

(b) Is the work paid or voluntary

28. (a) Do you think you could work with other

people to improve r^rater supply or

excreta disposal ?

(b) Under what conditions would you work ?

(

(

) building houses

) building roads

) agricultural work

) marketing crops or goods

) other (specify)

yes /perhaps /no
( ) voluntary work

( ) exchange work

( ) paid work

Ann. B



t37

J
tJ
a
=
H
J

u
&
€

s

ova

a
!s

2H

@

ts
H
U

o-6Eov
!! ^!U E
do v

.u4.)
oo v
a/,

o
6o

!!u
! o J^

o3o

Co ^
OovI

!O^
d> E!ov

tr.o!

o@^

ov
@

d oxo E6

.4r
Fv

.t
a

3

H

.i odz
a

c.aa

o

n

!
c
U

x

aa
az3

A
a!

a

Ann. B

:
H
I

p
a

E3
3
3z
!
F



r38
E
ooo

N

N

$

N

N

O

6

a

s

!
j

)
a
d
H
d

:
z
a
H
Xa

I

OEd\o-o

r!o.iE
AV

uo
o
J

!
d
o

d\

s6<o i

p
!

0

s

A

0!
<o

Hz
z
H

a
dt

O

o
z
I|6!

o6

t
qs
Bo

a

od

!

trod!oo3>
o

2

tdo

Bi

z

o3

E

a

o
o
B

!

tOEoo
,6ao

uo
6t
B

!

E

o
B

!

!

a
H
F
tu

=@zo

EI
H
3

z
H
g

zH

0i

o
6
o

0a

g
!
o
d3

I
E'/ q

F!
a

E
O
I
I
a-

Ann. B



r 39

daz
zoH
F
H
2

il
E
H

H
ao
C)

N

o
O

+

6

N

s

3E Zo u=\! .r + >{A !c)v

o- , Z
! a! \

Irl 4
O!.^D Ur z
S 6 >>'3 3o-

60&
@ov

s
!
o

oc

U

&!a

o
J
H
Hj

N

N

e
H

! c^

? c5 >

coz.r

!-

d.t
o.i tr oooo\6 oFov

Etr\o-OE

O

>3

zoo
&
EF
3 d oioo o Ei E h! a, J.i dr ! oq !t

o
@
G^
9Z
6\o>
!v

A(
o

a.u

Q!

F

F

F
@
Ho u>oo

HN

O

GEOv

cz

!
oa

tl
o
&
H

&

H
a

!

oo!

9ts >

@^
ov

r

0

n

o3
JJ

OO
H
I
tu

I :r

F

Oz
ai6

o
J

Ann. B



140

EE

FO

o
o
t!
B

oFoo\au

!
FA

.E
o\
trl!o\

UJ

o
.i
J

E
a

0

o

'u
o

(0
H

o

H
ts

ugq .y,

4
H
ED
zoa
&
BI
H
B

o-ot
E{V

o
do
p
rd
o(}

o
o
q

Ie

B
oa

&
O^oo
0z
lds

H
,f

6u
o
H

.i
Eo*
U

E

6
H
o

&

tso
z
H

q

o

Uo I

+os
s

I

N
I

Fq

O^
Cqooz
Irl v

a
I

ox

6
o
!
o
.t
o

E
o

zo
Fta<o
JO,z
ilv
I

az
oii
E

F
H
H
,l

&
tsIF
B

Ido
J
JH

Ann. B

N

o

@

@

!
o
o

I

d, 1
H
z
o
H
tsa
trl

O
H

2

trlo
o!
UO



141

2v
H

H<

r:l Q!EE

a
N

€*
(-)

N

$

N
N

z
(!
A

.darz
d!Ov

ooGI
Hv

>z
6\A>

*>i
Gv
o

ooEtr] IX@-HvFT
LI&
U
X
E

orard I
>,Ft -Fi-

>,2(d\

.r2
u x>
Oov

,l
H
F

r
Fq

3 ONotx-
Frv

o
cd
ts

@
o

!
a ,y

a
ts
a
l,l
&
Hqro

3
o\
ov

o
U

!
o
.d3

F1

2

gd
>,dT>.

,z
O--
6--

a
E

z
H
FI
6

x
t4

d
a

z
>'

o

N

I

Ir.1o
J
J
H

\
p
o
o
D

t-
,lz
i

z
Z
i)
!-
l

)
3zt.
| 'i
)!
JO
hcl

Ann. B



Village
Orrner

Date of sampling

Analyst

Conductivi ry

Temperature

pH

Colour

Turb idi ty
Total Hardness(as CaCOr)

Alkalinity (P)

Alkalinity (r)
Bicarbonates

Calcium

Magnes ium

Chloride

Fl-uorides

Sodium

Manganese

Iron (tota1)
Sulphates

Nitrate
Po tas s itrm

Phosphate (orthoPhosPtr'a te)

BACTERIOLOGICAL

Total Coliform
Fecal Coliform

APPENDIX B. III
AL BAYDA WATER RESOURCES STUDY

PHYSICAL, CHEMICAL AND BACTERIOLOGICAL WATER ANALYSES

RESULTS

C

uS
o

units
units
rr.g/l

rr.g/L

ngll
mg/ 1

rI'elL

mg/1

ng/l

mg/ 1

ng/l
rrr.gl1-

.. . ng/r

" mc/1

nglL

ng/L

mc/1

Remarks

Ann. B
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Nahiyat

Source

Date of analysis
Analysis method

W.H.O. Standard

Highest Desirable

I 500

7.0 - 8.5

5 units
5 units

t00 mg/1 CaCo

Maximum Permissible

6.5 - 9.2

50 units
25 units

500 mg/l CaCo,

2oO n,g/L

I 50 mg/1

3

75 nglL
30 mg/1 (if 250 me/l

suLphate)

( lower
l imi t)

250 mell
ro:c o .9 *e/t
2o"c o .7 ^glt
3ooc 0.6 ,g/t

0.05 mg/1

0. I rrrg/l

200 mg/1

50 me/l

600 mgl1

1.7 ngll
1 .2 n.g/l (uppei

limit)
0.8 mg/1

0.5 mg/1

I .0 mg/l
400 mg/1

I 00 mg/1

r0/r00 ml.

0
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Table B.IV.2 - Remedies and investigations required

Town/village Water shortage I{ater
quality
problem

Renedy Required
investigations

Present
(m3/d)

Future
(n3/d)

Rada

Mallah
Qarn A1 Assad
Draybah

Hanakah

Al Faraza
Klrabar
Sudan

Hawr

Hamaydah

Bani Ziad
Al Hamrah

Wadi Sir

AI Qawl
Qurayshiya

A1 Bayda

Hazzab

Awwayn
As Sawmah
A1 Uglah

Ad Dahaki
Mashra Ji

110
90

0

500
400
130

?

Rada Basin

? 3000

50 r80

0

7 to 10 boreholes of 150 n
in areas AIRUA and ALRS

2 boreholes in ALRII
2 boreholes in ALRDD

1 borehole ALRCC

Sufficient water from
project borehole near
we1 No. 250 yield 10 I/s
1 borehole
1 borehole
Sufficient water in existing
borehole

Sufficient water from
borehole 525
1 borehole 150 n probably
existing
1 borehole
Other well after testing
quality
Borehole io ALRX

1 borehole
I borehole

Geo-e1. survey
+ model study
Geo-e1. survey
Geo-e1. survey
EM survey

Geo-el. + EM survey

Geo-el. + EM survey

Geo-el. + EM survey

EH survey
Geo-e1. + EU survey
Geo-el. + EM

Geo-el. + EM

Geo-el. + EM

Geo-el. + EM

t20
120
11524

0

r3.4

x
I = 2.1 mg/I

1800 mg/l

1700 mg/I

A1 Bayda North

525 t636

38.5 t84.4 1650 ngll

Borehole in ALRX
Sufficient water frout
existing wells social
problem.

At present increase in
pumping from existing
wells1 in future 2 r.ew bore-
holes on fault EM surveY

1 borehole in area BL
on fault
1 borehole
1 borehole
I borehole

80

80

x
x

527
0
0

56
x

155
t72.4
67

129
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Table B.IV.2 - Remedies and investigations required (continued)

Town/village llater shortage Ilater
quality
problen

Remedy Required
investigations

Present
(n3/d)

Future
(n3/a)

AI Bavda l{es t

Es Zahir
AI Quah
Al Isa
Dougee
AI Quah
Hayd al Mob.

Juban
Nowah
Bani Gaysh
Hannakah
AI Aggar

Jahair
Hangar
AI Ouabbel
R'Zyan

Safiah
Abbas
Sena/Ghan

Zanabah

Surnadah
Jabar
Ath Thra

Nubah

32
30
x
x
x
x

15
34
x
x

x

x
x

Juban

t0l
98

t22
r01

I borehole
1 borehole
shallow well
1 borehole
I borehole
1 borehole

L borehole ia JB
I borehole
I borehole
1 borehole
I shallow wel}

I borehole
I borehole
I borehole
I borehole

I borehole
I borehole
I shallow well of borehole
east of village

1850 mgll Other well

1900 mg/I

EM

Eu
EI'1

EU
EU
EM

EU
EM

EM

El,t

+ geo-el.
+ geo-el
+ geo-el.
+ geo-el.
+ geo-el.
+ geo-el.

+ geo-el.

Geo-el. + EM

EM + geo-el.
EM

+ geo-el
+ geo-el.

Geo-eI
Geo-el

114
0

47
36
31

100
49
x

x

42s
130
127
104
98

Wadi llansur

272
119

EM

EU

+
+

EM

EU

Wadi Matar

I borehole EI'I
I well in side wadi
1 borehole in side wadi (MN) EH + geo-e1.

Borehole in valley east or
west of main wadi (brackish) EM + geo-el
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Table B.IV.2 - Remedies and investigations required (continued)

Townlvillage Water shortage Water
quality
problem

Remedy Required
investigations

Present
(m3ld)

FuLure
(m3/d)

Nasfan
Rubat
Nasrin
Mingatha
Hammas

Yaf t an
Sa1wah
Gasheb

289
163
58

103
72

Dhi Naim

ss6
300
155
190
130

?

1 borehole east of town
1 borehole
Existing borehole?
1 borehole

shallow well?
borehole

EM

EM

EM

EM

EM

+ geo-e1

+ geo-eI.x
x
x

1

1

?

fr[=waLershortage
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ANNEX C

AGRICUITI]RE

c.1 fntroduction

c.1.1 9sesrel

This annex presents the detailed results of the agronomic
survey conducted in AI Bayda province. The survey started at the end ofApril and went on till mid-October 1983. From November 19g3 to the endof January 1984 compilation of aII data and drawing of the different
maps took place.

The method of data collection is described and the compiled
data and other field data are presented. The areas covered by theagricultural survey are briefly described and some general remarks are
made about cropping patterns and irrigation practices and efficiencies.

c.t.2

c.1.2.1 Obiect.ives and scope of survey

The objectives of the agricultural survey are:
- to determine the total amount of water presently used within the

surveyed areas for irrigated agriculLure;
- to identify areas potentially suited for expansion of irrigatedagriculture io view of both quantity and quality of availafle land

and water.

As crop irrigation makes the highest demand on waterr ESexact as possible an assessment of water quantities used to this end isessential. The survey therefore concentrated on the irrigated areas
around operational wells. The areas covered are given below plus the
number of surveyed wells:
Rada Basin 1g
Sabah/Ar Riashiyah 4
Al Bayda North-Easr 13
Al Bayda l,/est 12
Wadi Juban 7
I{adi Mansurllladi Amad 4
Idadi Matar/Wadi Ar Rin 5
Wadi HubabahlWadi Ar Riashiyah 6
I.ladi Dhi Na'im 5
Abbas g

Total gz

The following basic data have been collected:
- act.ual discharges of shallow wellslboreholes;
- the total irrigated areas in the areas covered.

Methodologv of the survev
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- the typical cropping patterns withio each of the areasl
- the average irrlgation dosages for the croPs grovrn;
- irrigatioo water losses through seepage (infiltration measurements)

or surface waste water;
- potential irrigation expansion areas, as far as soil quality is

concerned.

C.7.2.2 Survev method and field-work

The field sLaff consisted of an assistant agronomist and an
interpreter. The survey was carried out on the basis of a questionnaire
(see Appendix C.I) and a field form.

Before going into the field a selection was made of the
subareas to be visited by means of aerial photographs and/or on Lhe
indication of other Leam members. In each subarea it was tried to
locate a - in terms of cropping pattern practised - representative
farmer, which was not always an easy task: especially farmers with
unusual crops were usually eager for an interview, and it was not
always possible to refuse their invitation. However, the surveyed
sample can generally be considered a representative one.

Each farmer was first informed by the interpreter of the
background of the survey. After this explanation the questions 1, 2,
5 (for rough indication),5, 7 and 8 were asked. Questions 6 and 88
were sometimes a problem; if a farmer seemed slightly wary, it was

better not to upset him by those guestions.

4

After this introduction the ptrmp irrigation diecharge was

measured (if not already done by the hydrological section), either by
means of a 20- or 9O-litre drum, or, if the outflow of the Pump was Dear
the surface, by using a constructed linear BCR-fIume. The latter is a

discharge measurement profile, which has to be put level into an irrigation
ditch; after a steady state of the water-Ieve1 upstream has been reached,
the discharge is read from the water-table in the flume at ao indicated
point. Also a water sample was taken for the EC-value and the pH-va1ue.
After those measurements, the farmer was asked to show all the seParate
plots irrigated by the well. Per ploL the foLtowing data were askedl

- the crop(s) grotdn during winter and summerl
- the hours of irrigation;
- the time between two applications (the interval);
- the growing season of the croPs (planting date and harvesting date);
- application before planting (pre-irrigation).

After all the plots had been visited, the farmer was asked
what kind of problems he had in growing his crops; if these seemed easy
to solve the RIRDP project was informed to assist. (In case of severe
diseases an extension co-ordinator of'the RIRDP solved those problems
often a few days later). Finally, the separate plots were measured by
means of a 50-m measuring-taPe.
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0n a working-day (7.00 a.m. to 1.00 p.m.) normally one or two
wells were visited. The interviews took quite a long time, especially
getting the permission for and the actual measuring of the separate
plots.

The Rada Basin area was reserved for the period of Ramadan.
During this period sometimes the surveying of one well took more than
one day, as no farmers were available in the field or they were not
willing to co-operate, and the working-days were shorter (from 6.00 a.m.
to 10.00 a.m. ) .

Sometimes additional measurements were carried out. If a
farmer had irrigated the previous day, a soil sample was often taken at
25 cm and/or 50 cm with a soil auger. The moist soil sample (including
Lhe container) was weighed aL AI Khabar and put into the oven (105 oC).
After 24 hours the dry soil sample as well as the empty container were
weighed again for determining the water content at field-capacity
(weight percent.age). Measurement of the basic infiltration rate (i.e.
t.he infiltration rate which has reached the steady state) of the soil
was only possible if the farmer had stopped irrigating just before and
the water:-level in the separate basins of a plot was steadyl in those
cases a r+ooden stick was marked and put into a basin (preferably in the
centre of the plot), and after about 30 minuLes the falling of the
water surface was measured.

C.I.2.3 Reliabilit of results

The result.s of the survey are used to calculate the tolal
water dosages given to a crop per unit of area in the growing season of
the crop.

The number of applications (Appl.) multiplied by the hours
irrigated (h) and the discharge (Q) gives the water abstract.ion (i{.A.
in m3) per crop:
W.A. = Appl. x h x Q x 9.6 (conver:sion facLor).

m2)

I{.D

The water abstraction divided by the cropped area (area in
gives the total water dosage (W.D.):

I,lI.A.
area

The answers given by the farmers were reliable most of the
time. It should be realized that the field survey was implemented in a
relatively short period. In fact th.e visits to individual farms or
selected areas constitut.e an instantaneous view only of the situation,
while for the remainder of the year one has to rely on the farmers'
information with the inherent risk of misunderstanding.

Often the farmers declared that the discharges vary with the
season or even during one day, especially in areas with water shortage.
If a farmer has not been told to operaLe the pump at normal irrigation
discharge, he tends to let the pump work at ful1 capacity. Especially
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in the beginning of the survey the mistake was made to measure under
such condltions.

Sometimes farmers irrigate with reduced dischartes, since
fields on a higher level are supplied by narroe, pipes. The calculated
water abstractions had to be adjusted in those cases. ?he results of
the household water consumption were also adjusted afterwards.

Sometimes the farmers change the irrigation intervals in
accordance with the different growing stages of a crop, which makes it
difficult. to find ouL the real number of applications. The total number
of applications may also be effected by rainfall.

It was not always possible to measure all t,he plots irrigated
from one and the same well, because some of the plots belonged to other
farmers and the interviewed farmers did not allow measuring of those
plots. In those cases an extrapolation was made from the already collecLed
data, which was checked afterwards by counting steps and on aerial
photographs.

The reliability of the results can be increased by monitoring
farms throughout the seasons, together with rainfall measurements. 0f
course this takes a lot of time, buL it will give a complete picture
about farm operations. A negative aspect is the smalI number of wells
which can be handled this way.

c.2 Survey results

c.2.t 9rgeprgg-Ps!!9re9

Since the present study concerns the water resources and
their present and future applicalion, the agricultural survey has
focused on irrigated agriculture supplied with water from shallow
we1ls, boreholes and springs. Rainfed agriculture, which covers ao area
twice as large, has not been considered as it plays a negligible role
in the whole water cycle

During the agricultural survey 82 wells 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 to produce unreliable
figures, on account of the areas having to be estimated instead of
measured because of absence or non-cooperati-on of the owners of the
wel1s.

For each of the selected areas visited (t/adi Arsard/Wadi Saru
and As Sawadiyah were not covered by the agricultural survey) the
cropped areas per crop were totalled and a cropping pattern was derived
by dividing them by the total area cropped either in summer or winter,
whichever was the largest. Usually this is the summer area, but an
exception is formed in case of water-melon for which the cropped area
in winter is larger (Abbas and Wadi Amad). The cropping pattLins for
the individual selected areas as we1l as the overall arr"rage cropping
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pattern (approximating the one for the shole of A1 Bayda Province) are
represented in Table C.1.

The patterns for Rada Basin and Wadi Mansur/I{adi Amad were
composed by weighting (for acreage) partial patterns of areas which
have a clearly discernible difference in cropping pattern. Thus, Rada
Basin can be divided into a qat area between Al Jayf and Mawr, a waLer-
melon area in Qa'Rada, and the remainder, while in the t^ladi Mansur/Amad
area, Wadi Amad clearly distinguishes itself by its vast area under
water-melon. Although A1 Bayda North-East can be clearly split up into
Wadi Nakhar and Wadi Mash'abah, there is no sufficient reason to use a
weighted average pattern here: the former contains relatively much
alfalfa and vegetables and is more plentiful in irrigation water, while
the latLer has more qat. The part.ial patterns are represented in Table C.2.

Table C.2 also shows separate cropping patterns calculated
for the Rada Basin subareas supplied by shallow wells and those irrigated
from boreholes (excluding the qat and water-melor areas with their
disLorted cropping patterns) so as to study a possible influence of the
cost of water on the composition of the cropping pattern (see also
Annex D).

From Table C.1 it can be observed that total cropping inLensities
vary generally between 158 and 770 %, with an extreme figure of 798 %for Sabah which must be due Lo the high rainfall, which is about double
the rainfall of for instance the Rada Basin.

Both in the summer and winter season a certain area remains
fallow for a while. Farming systems research in Wadi Tha and Wadi Mansur
has shown the extent to be 25 and 17 ofi of the irrigated area during the
sunmer and winter season respectively (Ilaco, 1982 and 1983). When the
area covered by infrastructure (roads, villages, and canals), for which
a figure of 15'f, is adopted in this report., is included as well, one
arrives at the gross irrigated area (see also Section C.4).

The cropping patterns show extensive areas under qat, which
could be expected because of its high returns and good rnarket prospects.
The area under al-fa7-fa appears to he rather variable with an extreme
figure of (on average) 40 % for !{a<ii MaLar/Ar Rin. It has been st.udied
whether this has anything to do with a high livest.ock density in the
area! this was found t.o be exLremely 1ow, but it should be noted Lhat
the sample of households sludied ryas very small.

From the comparison of cropping patterns for shallow-weII-
irrigated and borehole-irrigated farms it can be concluded that boreholes
serve the more commercially profitable crops such as gat and vegetables,
while the shallow wells serve a relatively high percentage of alfalfa
and cereals, excepL wheat. fL must, however, not be forgotten that a
time factor may play a role as well: the absence of fruit in the figures
for boreholes is possibly an illustration of this aspect., as fruit
planting has only recently sLarted.

In Table C.3 the average annual abstract.ion per well covered
by the agricultural survey and Lhe average electrical conductivity (EC)
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of the well water, calculated for each of the selected areas' are
indicated: the former figures reflect the relative abundance of irrigation
waLer, while high EC figures point to poor-quality irrigation waLer.
These figures were calculated to find out whether there is a correlation
between these factors and the prevalent cropping patterns. Abundance of
irrigation water would probably induce relatively high total cropping
intensities, while poor-quality irrigation water would limit the area
under crops sensitive to saline water (such as alfalfa, onion, and
potato). The figures are, however, not consistent in the sense: the
selected areas with the highest annual abstraction per well (Rada Basin
and Wadi Dhi Na'im) have a lower total cropping intensity than Abbas,
which has the lowest abstraction, and similarly Wadi Mansur/Wadi Amad

and t{adi lTatar/\tadi Ar Rin, in spite of having by far Lhe highest
average EC, show high percentages of (summer) potatoes and alfalfa,
respectively.

Tab1e C.3 - Water abstraction and areas irrigated

Selected area Average annual
absLraction per

welI1 (m3)

Maximum area
irrigated per

we112 (ha)

Average EC of
well waLer3 .

(trs)

1. Rada Basin
2, Sabah
3. A1 Bayda North-EasL
4. AI Bayda West
5. Wadi Juban
6. Wadi Mansur/Wadi Amad
7. Wadi Matar/Wadi Ar Rin
8. I.iadi Hubabah
9. l^/adi Arsard/I{adi Saru

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

Overall average

35 340
18 170
n 49a
16 990
11 100
16 860
15 170
12 100

896
415

1 057
1 365

707
2 437
2 325

3.26
4.92
1.67
1.52
1 .55
1.69
0.57
1.44

noL available
1 .60
0.70

not available
7.72

41 900
6 200

1 370
8s4

21 310

1 Excluding waLer abstracted for domestic use.
2 These figures indicate the average areas irrigatedlcropped per well for

the summer season, which are usually the largest, except for Abbas where
the area cropped is larger during winter due to the extensive cropping
of waler-melon.

3 For wells included in the agricultural survey only.

c.2.2

c.2.2.1

Characteristics of the selected areas

Rada Basin (Map C.1)

This area can roughly be divided into three subareas: a qat
area (between A1 Jayf and Mawr), a water-melon area (south of Qa'Rada),
and the remainder.
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(i) Qat area

The area is characterized by more than 50 % qat in the cropping
pattern. This area has a lot of boreholes, which all supply other plots
in addition to those of the borehole owner. The water quality is always
good. In certain areas a genuine maze of aII kinds of pipes is found.
In frosty winter-nights the crop is protected by a framework covered by
colourful patchwork quilts. The qat is sometimes lntercropped with
fruit-trees and,/or grapes and onions (the last are thought to protect
the qat against disease attacks). A special feature of this area is that
there are always labourers working in the qat-fields (cutting watershoots,
picking qat, irrigating, etc.). There are not many crop diseases in
this area, and if there are the farmers use insecticides bought on the
Rada suq. They are not always familiar with those insecticides and
accidents occur, especially when the sprayed qat is picked too early.
Duriog the survey one harvest was destroyed by a severe hailstorm.

(ii) l,later-melon area

This area is characterized by enEerprising farmers. They try
out new crops (especially fruit-t.rees) and the outcome is very saLisfactory
from an economic point of view. The emphasis lies on water-melon, which
is grown from the end of January till June/July, after which the produce
is sold at Rada suq. The crop is very profitable and other farmers
follow this example. Qat is also important, but does not expand in this
area.

(iii) Remai-nder area

A few visited wells provided water for a wheat crop in summer,
which normally should have been sorghum. At the beginning of the growing
season of sorghum the wells did not work properly, so wheat \das sown
six weeks later. The water quality is the limiting factor in the cropping
pattern. The plain north-east of Rada is almost only suitable for
cereals and alfalfa because of too saline irrigation riiater.

The farmers in the remainder area are more inclined to practise
subsistence farming; only a few cash-crops are grorr,n. Crop diseases
occur frequently, and most farmers are not familiar with insecticides.
The local wheat (Samrah, Ba1ladih) lodges during winter.

C.2.2.2 Sabah

0n1y a part of this large area was visited, so LhaL the
cropping pattern is valid for this parL on1y. Most crops are rainfed
because rainfall is relatively high. During the last years new wells
have been built or the existing ones deepened out.

As can be seen from Table C.l, Sabah has a cropping paLtern
that is quite different from the ones practised in the other areas
surveyed, mainly because of its altitude of about 25O0 m above sea-Ievel
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Sorghuur and qat cannot stand frost and can only be grown in the lower
parts of Sabah P1ain. The irrigated crops are mostly grown for the
markets (local market and Rada suq).

The high potato percentage in the cropping pattern is remarkable.
Three years ago this croP was introduced in this area and it does well.
The farmer do not use seed-potatoes for planting, but they split harvested
potatoes into about four parts. However, in the Sabah area the potatoes
always occupy the same field: as polatoes are very sensit.ive to diseases,
failures may occur if the farmers continue with this practice- At first
sight Sabah Plain has possibilities for expanding irrigation and/or
supplemental irrigation, because of higher rainfall, suitable flat
areas, and better access in future.

C.2.2.3 A1 Bayda North-East (Map C.2)

This area comprises t/adi Nakhar (east of A1 Bayda Town) and
Wadi Mash'abah (north of At Bayda Town).

In this area there are several large waterlogged areas. MosL
wells in those areas are abandoned. With an efficient drainage system
those areas can be made suitable again for agriculture. During the
l982l83 winter season floods destroyed a lot of cropped fields, especially
in l,Jadi. Libanih, Wadi Mash'abah, and Wadi Arthu1 Hoseisj. Most irrigated
produce is for home consumption. Only in the north farmers try out
different cash cropsl because of their unfamiliariLy with those new
crops there are a lot of failures. Besides, there are a lot of crop
diseases, and insecticides are difficult to 8et: farmers have to go to
Rada or even up to Sana'a to buy Lhem. The farmers in the area around
Maradhim are very eager for information. Extension in this area wi}l
be very effective on agriculLure.

C.2.2.4 AI Bayda t{est (Map C.2)

The main irrigated areas are situated around A1 Quah and
As-Zahairr and most farmers in those areas are very familiar with
irrigated agriculture, so that extension officers can hardly improve
agriculture in those areas.

The qat is generally thought to be of an excellent quality
and is the most important source of income. Therefore, a lot of farmers
can experiment with new crops, and large areas are planted with all
kinds of fruit-trees. There is no night-frost in Lhose areas and the
quality of irrigation water is good to reasonable, so there are no
limitations for those new crops.

C.2.2.5 t{adi Juban (Map C.3)

The most important limiting factor in this area is the overall
shortage of irrigaLion water. Even drinking-water for home consumption
is not everywhere available. During the survey there was a shortage of
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rain, so farmers had to irrigate part of their normally rainfed sorghum"
This can be considered supplemental irrigation, so the figure for
sorghum in'normalr years in the cropping paLterns (see Table C.1) is
even lower. A very important crop (over 50 % of the irrigated crops) in
Lhis area is qat, which is the main source of income. (Anothe, majo,
source of income is derived from labourers working abroad because of
the small scope in agriculture; a lot of these speak English very
weII.) Several farmers are trying out nelJ crops (coffee, bananas,
fruit-trees, vegetables), but because of the limiting factor of water
availability it is only on a sma1l scale. The farmers are very eager
for informalion on those new crops, as they lack experience in growing
them.

C.2.2.6 Wadi Mansur lWadi Amad (Map C. 4)

This area can be divided into two subareas:
- l{adi Mausurl
- Wadi Amad (area IID on Map C.4).

Water quality in the greater parL of Wadi Mansur varies from
reasonable to very poor. Only in the west of this subarea, south ofAl Muqfuri, water quality is good and here the main crop grown is qat.fn the remaining area sorghum is the main crop, which gets in most
cases supplemental irrigation,

Farmers are t.rying out other crops (tomato, water-melon,
onion, pot.ato), but the water quality j_s so poor that. a lot of failures
occur. Besides, there are a 1ot of diseases which attack those new
crops (e.g. blacknose rot in water-melon). There is a water shortage inthis area: mosL wells can only pump for a few hours with a low discharge.
Unfortunately, there is not much scope for expanding agriculture or
introducing new crops in this area; extension should focus on improvementof the already existing crops (plant protection) and assist in tiialsof new crops.

Agriculture in t{adi Amad is quite different. ^d very important
crop in this area is water-melon, which is why this subarea is alsocalled l{adi Hab-Hab (wat.er-me1on wadi). This crop was introduced threeyears ago and nowadays almost every farrner in this wadi grows lrater-
melonsl for profit.able marketing at the Rada suq the farmers co-operate.
The total acreage trnder irrigated sorghum has decreased because itsgrowing season and the one for water-melon overlap: harvesting of
water-melon is in June/Ju1y, while sowing of sorghum is in the beginningof June. For Lhis reason maize and potatoes were introduced three years
a8o r as they can be sown later and their growing seasons are shorter(3, -l+ months). The qat area is reducing, becauie water-melons are moreprofitable in this area. The farmers are very enterprising, but lackinformation about netr crops like fruit-trees. Extension can be veryvaluable in this area.
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C.2.2.7 Wadi Matarllladi Ar Rin (Map C.5)

Almost aII agriculture in t/adi Hatar is rainfed. The irrigation
water in Wadi Matar is in most cases of a poor to very poor quality,
being only in the side wadis good to reasonable. Farmera give an overdosage
in case of saline irrigation water to delay salinization of the soil.
Large areas are unsuitable because of saline soils and the only way to
develop those is by leaching.

As can be seen from Table C.1, only traditional crops are
irrigat.ed (alfalfa, wheat, barley, sorghum, qat). There are some trials
supported by the RIRDP extension officers near Ar Rawk. Remarkable is
the high percenLage of alfalfa in the cropping pattern, probably the
result of other crops (cereals) being mostly rainfed.

In Wadi Ar Rin itself there are no irrigation wells. The only
irrigated crop in this wadi is alfalfa, which is supplied by smal}
springs from the mountains. There is a perennial stream draining from
this wadi, but the water is not used for irrigation, probably because
the low populatioa density in this area.

C.2 .2.8 Wadi Hubabah/I{adi Ar Riashivah (Map C.6)

lCadi Hubabah is mainly irrigated by small perennial streams,
hradi Ar Riashiyah by welIs. The streams are divided among the villages
according to an old local tradition.

The water quality is good and farmers are trying out new
erops. The acreage under maize is expanding: as reasons the locaI people
mention the duration of the growing season, the taste, and the high
market price. t{adi Hubabah suffers from termites, which not only attack
the crops (especially sorghum), but also the houses; there were a lot
of termitaries. The people in Wadi Hubabah dislike interferencel they
wanE to be left on their own.

The total gross irrigated area in both wadis is 108 ha, which
can be expanded, as far as soil quality is concerned, to 154 ha (see
also Map C.6).

C.2.2.9 Wadi Dhi Na' im (Map C.7)

The water quality for agriculture is in most areas very good
to reasonable. West of AI Mingatah there are saline soils, which are
not cultivable; desalinization may be effected by applying sufficient
guantities of good-quality irrlgaLion water. Also the water availability
per well is goodl water shortage occurs very seldom. This water availability
aad the fact that the soil is more sandy than in most other areas are
probably the reasons why the t.otal irrigation water dosage per crop is
generally the highest of all areas (see also Table 23 of the Main
Report). Irrigated agriculture produces good-quality crops, especially
Lhe traditional ones (alfa1fa, wheat, barley, and sorghum).

Ann. C



169

Several farmers started with fruit-trees four years ago. Last
sunmer the first fruits were picked and everybody was quite enthusiastic.
Unfortunately those farmers lack experience and information is scarce,
so that noL everyone was successful.

C.2.2.70 Abbas (Map C.B)

The water quality of the wells is always very good in this
area. As can be seen from Table C.l this area has quite a different
cropping pattern: cereals are never irrigated, almost all irrigated
crops being cash crops produced for the Rada suq.

IrrigaLed agriculture is very recent. Most wells have been
constructed during the last five years, the main motive being qat
cultivation. Tria1s have been made with other crops. Very remarkable is
the cultivation of tobacco: the growing season lasts nine months
(including seed setting and seed ripening); during seed ripening
irrigation is stopped. The tobacco was generally thought to be of
excellent quality.

Onions, waLer-me1ons, sweet peppers and potatoes are also
doing very well in this area. The qat is of not so excellent quality
and the acreage is being reduced in favour of fruiL-trees.

There are some crop diseases, but only very local: the farmers
are familiar with plant protecLion measures and in case of serious
problems they call in the assistance of the RIRDP project in Rada.

c.3

c.3. 1

Irrisation pract.ices

I rri Lion water s ly
In Table C.4 the irrigalion water distribution systems

prevailing in the areas surveyed are presented. Shallow wells combined
wit.h either pipelines plus earthen ditches or earthen ditches only are
the most common feature.

c.3.2 Irgeeligg-!ytgs[':
In AI Bayda Province two main irrigation sysLems can be

distinguished: basin irrigaLion and furrow irrigation.

(i) Basin irrigation

The irrigated plots are usually subdivided in small, flat
basins. The size of those basins differs, but is usually about 4 x 4 m.
The separate basins are supplied by furrows which cross the plots.
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The basins may be irrigated separately, but also in clusters. After abasin has got its dosate of iriigation'*ui".l-i.u. a certain water-Ieve1has been reached in thI U""i"i"j, rhe inler is closed wirh soil and rhefarmer continues with the nexi Ua"in(s).

This method of irrigation- is very suitable for small dischargesand easy to manage for farmerJ who have liiti"-**p.rience with irrigatioa.This is the main method of i..ig"tion in ef faVJ. province. preJominanrly
*:tl;il:::::3.crops are arrarra, qar, sorghurn, whear, barrey, onion,

(ii) Furrow irrigation

The irrigated plot.s are subdivided by furrows of about 50 cmwidth at an interval of ibout 1 m. The crops are pfrated oa both sidesof the furrows or sometimes in the furro*". tt.-length of the furrowsdiffers (depending on plot size and dischu"g.i, but is normally about35 m. Each furow. is iirigated individuaffyl-i..r"rally the discharge isa lit.tle higher rhan for tasin irrigation.
?his method of irrigation requires more skill from the farmer,as it. is more difficult to ailtribute t'he ir.ig"ri"n lrater evenly overthe plot. Predominantly furrorlirrigaled ..op*-"ru water-melon, tomato,Potato, tobacco, and sweet pepper.

fntermediate forms of the two systems also occur.

c. 3.3 g3 tion fIrri

In Table C.5 the average intervals of irrigation applicationsand the prevailing range in those intervals for the crops grown aregiven. If the average intervals are compared r+ith the intervals used inWadi Dhi Na'im aad Abbas (se. Vof,rme IV, Ap;u;;i. III, Tables III.i7_20)there is a remarkable difference: in the fait". areas the intervals aregenerally shorter (except for fruit-trees in Abbas and alfalfa inWadi Dhi Na'im) and, 
"or,r.q*.rriiy, the irrigution frequency is higher.

Ann. C



172

Table C.5 - Irrigatioa intervals and their range in the areas
covered by the agricultural survey

Crop Average interval
(days)

Interval range
(daYs )

Alfalfa
Sorghum
WheaL
Barley
Potato
llai-ze
Qat
Onion
Melon
Fruit-trees
Vegetables + other crops

9
20
16
76
2A
t7
4t

9
10
25
I

't -t4
14-30
14-30
14-30
L4-30
14-30
30-60 1

7-14
7 -14

74-601
5-302

1 When only recently planted, the root system has not fully
developed yet, and so requires shorter irrigation intervals.

2 This range is so wide because of the variety of crops which are
included under this conrmon denominator (e.g. tomato, tobacco,
sweet pepper, lentil), which all have different intervals.

c.3.4 Irrieelres-EffisiessY

The irrigaLion efficiencies of the areas covered by the
agricultural survey are studied on the basis of the alfalfa figures,
because:

- alfalfa is a perennial crop; there is no problem in determining the
exact growing season: harvesting and irrigation take place year-round.
Besides, there are experimenLal data available about the crop factors
of alfalfa which can be averaged to one crop factor for the whole
year;

- most farmers grow alfalfa and the crop occurs in all the areas covered
by the survey.

In Table C.6 the net requirements of alfalfa are given,
calculated from the Penman evapotranspiration figures of A1 Khabar
multiplied by the overall crop factor of alfalfa (0.90) (Doorenbos
& Pruitt, 1977). Rainfall data are noL considered because the rainy
season is excluded from the irrigation period.

For the study of the irrigation efficiencies of alfalfa only
the cases where wells are reliable and water dosages are exceeding the
net requirements are included. In case of underirrigation the effect of
water saving through underirrigation is contrary to the amount of rsater
wasted through deep percolation losses: to be able to determine irrigation
efficiency in such a case more daLa would have to be collected, e.g. on
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the well discharge, the discharge at field inlet and how evenly the
e/ater is distributed over the plotsl however, such data were not
collected during the survey.

In Table C.7 the calculated irrigation efficiencies and their
range are presented for the areas covered by the survey. For the wells
considered the efficiency rates are low to moderate. There seems to be
scope for improvement of irrigation practices by reducing deep percolation
losses.

Table C.7 - Irrigation efficiencies of alfalfa and their range (%)

Area WelIs includedl Average
irrigation
efficiency

Range of
irrigation

efficiencies

Rada Basin
SabahlAr Riashiyah
AI Bayda North-East
Al Bayda West
I{adi Juban
Wadi Mansur/hladi Amad
Wadi Matar/\ladi Ar Rin
t{adi Hubabah/Wadi Ar Riashiyah
Wadi Dhi Na'im
Abbas

67
50
5b
7t
60

100
61
75
50

100

62
66
66
49
s6
77
4?
54
42
69

46-892
56-80
43-952
43-78
4B-67
69-872
47-44
47-63
36-52
55-87 2

1 [,/ater dosages > 2149 mm and reliable supply.
2 The high efficiencies are probably the result of underirrigation

C.3.5 Additional measurements

In some areas additional measurements regarding soil water
availability and infiltration rates were carried out. In Table C.8 the
average water availability (in weight percentage of dry soil) and the
range are given.

Table C.B - Soil water availability in some areas surveyed (in weight
percentage)

Area Average water availability Range Number of
samples

Rada
trladi
I.Jadi
Wadi
Wadi
Wadi

Basin
Juban
Mansur
Matar
Ar Riashiyah
Dhi Na'im

24.9
77 .t
14.6
24.7
26.4
18.2

22 . 3-30.0
12.8-19.5
8.7-19.5

22.3-25 .B
24.3-28.s

5
B

4
,
2
1
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The water availability in the areas Wadi Juban, Wadi Mansur,
and l{adi Dhi Na'im is clearly less, which might have been expected
because of their light-textured soils. For determination of water
availability in volume percentage additional measurements would have to
be carried out.

In Rada Basin a soil sample was Laken out of an alfalfa fieldjust before irrigation, and another one of the same plot, but in another
basin which had been irrigated the day before. The ,d.y, soil sample
had a water availability of 'j,7.4 %, while the 'wet' "oil ""rple had a
water availability of 23.4 r1", so the soil was deplet.ed by L2 f, which
is 51 % of the Lotal water availability.

In Lhe areas Wadi Mansur, Wadi Matar and Rada Basin also a
single infiltration measurement was carried out. The basic infiltration
rates measured were 384 mm/day, 640 rwn/day, and 720 nn/day, respectively.
Since Lhe number of measurements is so sma11, Lhey form a,otrgh indicationonly; more infiltration measurements would have to be carried out(preferably with a (single) ring-infiltrometer) for a complete picture
of the infiltration rates of the soils in the different areas.

Summarizing, for more exact data about irrigat.ion practices
additional measurements are required. Especially a thorough ioil surveyin A1 Bayda Province would be very valuable.

c.4 Land resources

By means of aerial photographs and field observations thegross irrigated areas were plotted on maps with the same scale as theaerial _photographs. Those maps were subsequently enlarged to a proper
scale (1:20 000 or 1:25 000) by means of i photographic proceduie andepidiascope. 0n the maps a division was made into subareas: a subarea
r,qas chosen in such a way that it formed a unity (a side wadi or a partof a main wadi) , for each of which the acreages of the caLchments,
alluvium, and gross irrigaLed areas were determined with the aid of aDigitizer.

In Tables C.9 to C.16 the net irrigated areas are calculatedby multiplying the figures of the gross irrigated areas by a fact.or.This factor takes into account the infrastru.trr" (which is assuned tobe 15 /") and short-term fallow (which is also assumed to be 15 %).

The net irrigable land of a subarea is determined by theacreage of Lhe alluvium multiplied by a reduction factor. This reduct.ionfactor Lakes into account an estimated proportion of the alluvium
considered suitable for cultivation (saline soi1s, too shallow alluvium,
and relatively high elevated alluvium are considered non-suit.abJ.e) andthe infrastrucLure.

The irrigation requirements are calculated with the figuresof Lhe net irrigable land and the figures giving the crop water reguirennentsper hectare for the selected areas (see Tabl e 2i of the Main nepori).

Ann. C
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The 'watertwater reguirementsr
irrigable land whichtnet irrigated areat
is arrived at.
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'available for irrigationr was calculated by the
(see Annex B).

available for irrigation' in relation to the
(both per subarea) provides the proportion of
can acLually be irrigated. After deduction of the
at present, the 'incremental irrigation potential'
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APPENDIX C.I
I'IATER RES0IiRCES SUR'vfEY IN TI{E COVERNORATE OF At BAYDA

1)
2)

Well number
Village

DaLe , 1983.
Catchment

3)
Distauce to village _ m Direction
Agricultural characteristic of the wadi

to village _o

4) Observations on wadi concerned:
- Halophytic vegetat.ion or other signs of salinity? yes/no
- Signs of waterlogging? yes/no
- Soil quality otherwise (sandy?)

lladi

s)

6)
1)

8)

Presently irrigated in wadi as compared Lo aerial photo %
Reason for change
Farmer is tenant,/owner of the land. 0wner of the well yes,/no

Ph
yes/no

- Water puurped also for domestic use? yes/no _ hours I interval _ days
- Water also pumped for irrigation by others? yes/noe) irgiee!igs-ss!sr-sEs:

Summer 1983

I rrigation

Ug!:g_gSgEg5ggrgglg: Pump capacity I/sec. EC _Limitation in pumping?
hlater use:

Crop

Alfalfa (berseem)

Sorghum

[/heat

Barley

YTaize

Qat

Onions

MeIons

0thers 1 )

Others 2 )

Interval I )
(days )

Winter 19821'83

Area
(in m2 )

Hours per
time

Intervall)
(days )

I rriga Lion Area
(in mz)

llours per
time

1) Interval in absence of rains.

Ann. C



10) Irrig
- inf

atIi
fa

l88

ion water losses:
on rate
ter losses

mm/day (measured)
1/sec measured/estimated

trati
ce r{aurs

Rada, 14 April 1983
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ECoNoMrcs oF rRRffiilr'.oo, PR.DUCTI,N

Introduction

9ssesel

There are Lhree sources of irrigation water in AI Bayda, vlz'

spr

largely dependenL on the construct

the returns to i tt a

in the various areas sele
against the cost of pumping, an indication can be given
of irri
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these aspects sys CS u e

v ield and in

made a start wi

t levels and prices of prod resul

The fi
based on these s

held in Lhe cour

ures on c returns res
, compl
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devel
will
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usinS average values. It ls importanL that the consequences of this
method be stated clearly at the outset.

First1y, Lhe use of average values instead of marginal values
means that no attempt has been made to introduce croPs or design cropping
patterns which will maximize agricultural benefits. Such an exercise
requires a much nore detailed knor,rledge of crop production potentials,
input-output coefficients, prices, markets and development constraints
than is currently available. We also believe that cropping patterns
will not drastically change in the short run. This study is therefore
limited to an analysis of the present situation usi-ng the very rough
daLa provided by the RIRDP and obtaiaed from interviews with farmers
and extension agents as mentioned above.

A second consideration concerns the use of financial prices
in the analysis. Financial prices rarely reflect the real scarcity of
goods and resources and almost certainly do not reflect the Eocio-economic
development goals of the country. It is therefore conceivable that
irrigated agricultural production may seem financially attractive'
while from the economic point of view of the society as a whole or in
terma of the country's employment, income distributioo and regional
development objectives, it will be unacceptable or vice versa. It is,
however, beyond the scope of this study to try to assess appropriate
weights and development criteria which incorporate the economic conditions
and socio-economic goals of the country. t'lith Lhe assessment of financial
efficiency at least a start is made with evaluating the scope for
irrigation development in Al Bayda. l,/hen more daLa become available,
the method can be refined in fo1lol4l-up studies.

One more aspect should be mentioned in this respect. The
rural economy of A1 Bayda, as in many other parts of Yemen, is still
strongly subsistence-oriented, especially with respect to Lhe production
of staple grains and livestock products. The purpose of production is
not sale but or*n use, and farmers are willing to spend quite a large
amounl (in cash) on producing crops for their own consuqptioa. Iu this
analysis, subsistence crops have been valued at. prevailing market
prices; their social values might be different, but to what extent is
not known and would require further research

l{e have elaborated on the above issues so as to make it clear
that the results of the present economic analysis should not be regarded
as Lhe last word in judging whether or not and to what extent there is
economic potential for irrigation development in A1 Bayda. The results,
however, help establish a base for the assessment of development
possibilities and help indicate the direction future studies and
research in economics and agriculLure should take.

D.2 Returns to irrigation

The most direct measure of Lhe value of irrigation water is
its selling price. In most cases, irrigation waLer is used by the well
owner himself or paid for in kind through share-cropping arrangements
in which the laad/welI owner and the farmer take - usually equal -
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shares of the yie1d. However, selling of waLer for agriculture does
take p1ace, and in A1 Bayda water prices have been reported to range
from YR 10 to YR 50 per hour. For certain crops such as qat the price
may go up to YR 100 per hour.

These wide variaLions are explained by one or a combination
of the following aspects: kinship or tenure relationships between
seller and buyer, the type of crops (cash crop or food crop), the
source of water (spring, shallow well or tubewell), and the number of
wells, that is the availability of irrigation water. Because of these
distortions, we believe that the selling price of water does not accurately
reflecL its actual value. In this report, the value of irrigation water
is measured in terms of net crop returns. Crop budgets of the main
crops are calculaLed, which are Lhen set against the crop water requirements
and weighted for the prevailing cropping patterns to obtain an average
value per unit of water.

D.2.1 IigI9:_es9_{ers'_rtpslt

Table D.1 summarizes the esLimated yields and input levels
for the main crops. These are average figures for A1 Bayda Province,
estimated on the basis of interviews with farmers and extension personnel
and on t.he basis of result.s of Lhe A1 Khabar research farm and farmers'
demonstration plots. Furthermore, the estimates have been cross-checked
with the results of the farming system research surveys in Wadi Tha
(Ilaco, 1982) and Wadi Mansur (Ilaco, 1983) and the sorghum production
survey in Wadi Tha (RIRDP, 1983).

Table D.1 - Yields and input leve1s by crop

AlfaIfa Sorghum Wheat/ Maize QaL
Barley

1,/ater-
melon

Potato

Yield (tlha)
mairr product
by-product.

Seed (kg/ha)
Fertilizer (kglha)
Agro-chemicals (YR/ha)
Labour (days/ha)
Tractor (h/ha)7)
Animal (days/ha)

100
18
11

80
18

8

100
1B

11

3.5
2

60

350
6

2.5
2

16
25

2.5
3

120
25

t6
25

20

5

50
300
150
i8

15

3000
50

250
18

1

3 4

200

5006
11

Notes: 1

?

3

4

5

6

20 000 bundles.
1500 bundles of stalk and leaves.
YR 100/ha.
YR 30 000/ha.
YR 1001ha.
2 permanent labourers.
Alfalfa and qat are perennial crops and LracLor hours as well as seed
requirements are average annual figures for a period of respectively 3
and 5 years.
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The main activities include land preparaLion, sowing, cultivation
(weeding, application of fertilizer and agro-chemicals, and irrigation)
and harvesting and post-harvesting operations. Farming practices are
dealt with in Annex C and only some salient points will be mentioned
here. fn most parts of AI Bayda, tractors have replaced draught animals
for the preparation of land, which usually includes one ploughing and
two harrowings. The number of tractor hours is very high due to the
small size of the plot and the inexperience of the drivers. Draught
animals (camels, oxen or donkeys) are used for the sowing of sorghum
and wheat and for weeding, which is usualfy combined with ridging. The
use of fertilizer for wheat and sorghum production varies widely,
ranging from no application to some 8 bags/ha. Qat and vegetables use
more fertilizer than cereals, whieh is reflecLed in the average figures
ln Table D.1. In additioo, manure i.s given but this could not be quantified.

There are no records whatsoever on farm labour input, and the
data presented here should be regarded as indicative only. Migration
has affected both the availability of farm labour and its price. The
shortage of manpower has increased the participation of women in crop
production. Typical womenrs tasks include harvesting and post-harvesting
operations. Typical men's Lasks ar:e land preparation, planting, irrigation'
and ridging, although the men may also help in other activities.

Hired labour is difficult to obtain and expensive, with'wages
varying from R 40 to YR 70 per day over the year. For Lhe report, an
average wage of YR 50 has been adopted. In addition to availability and
price of labour, there are of course other factors influencing the
extent of employrnent of hired labour, e.8. size of the holding, size
and composition of the household, and socio-economic factors such as
level of cash income from non-farm activities. It has been observed
that in food and fodder crop production most work is done by the family.
If employed, hired labour is used mainly for land preparation, sowing
and ridging in combinaLion with the use of tractors or draught animals.
In vegetable cash crops such as onion and water-melon, the contribution
of hired labour in the Lotal farm labour input is usually higher, while
for the production of qat nearly aII work is done by hired labour, with
the farmer having a supervisory task. fn order to lndicate the actual
labour cost paid by the farmer, it has been roughly calculated that for
the production of alfalfa, sorghum and wheat, hired labour constitutes
2A % ot the total farm labour input. For onion, potato and water-melon,
this proportion is in the order of 50 /"; for qat, it, has been assumed
that aII farm work is done by hired labour.

The yields have been derived from a variety of sources,
including the result.s of agricultural research, demonstration plots,
interviews with farmers, and the consultants' own observations. They
have furthermore been cross-checked with the average crop water dosages
found in the agricultural survey (see Annex C) and while no accuracy
can be claimed, they are considered to reflect reasonably well the
present levels obLained in the province.

In Table D.2, Lhe yield estimates used in this study are
compared with the 1980/81 yield levels for A1 Bayda Province found in
the Agricultural Census (Ministry of Agriculture, 1983). In addition to
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grains, sorghum and maize produce sLalks and leaves for fodder, which
are harvested separately. Wheat straw is locally used in brick-making.

Table D.2 - Comparison of yield levels in A1 Bayda
Province (t/ha)

Crop Consultants
(1e82/83)

Agricultural Census
( le8o/81 )

Alfalfa
Sorghum (grain)
Wheat (grain)
Barley
Maize
Qat, bundles
Water-meIon
Potato

60
2.5

20
15

33 1

7
4
6
9

7

I

2.5,(
3.5

00020

,
)
1.
3.

34
20

D.2.2 Briss:-el9-srgp-lsdgsls

The prices of the major farm inputs and outputs are sunmari,zed
in Table D.3. The prices have been derived from information collected
in the Rada and A1 Bayda markets and from interviews with farmers. If
the basis is a market price for produce, a reduction of 20-25 % has
been applied to arrive at farmgate prices. The consumer preference for
Iocal1y grown products explains the high prices that can be obtained.
For example, the market price of 1ocal wheat is about 50 % higher than
that of imported North American wheat. For qat, a conservaLion price
estimat.e has been adopLed. If the produce is of high quality, or sold
in the off-season, prices may be considerably higher.

On the basis of Tables D.1 and D.3, crop budgets have been
calculated. The results are given in Table 0.4. The figures represent
total production values. As discussed in Section D.1.2, these values
are not identical to cash incomes because of the large proportion of
home consumption"

Net values have been calculated with and without labour
costs, and with hired-labour cosLs only. The latter will be used as the
basis for further calculations as they include Lhe cost.s which are
actually incurred by the farmer.

As can be expected, gat is the most profitable crop. The
traditional staple food crops are the least profitable. Table D.5 gives
the net returns per labour day. It is shown that for all crops the net.
returns per labour day (before deduction of water cosLs) are higher
than the prevailing rate of YR 50 per day.
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Table D.3 - Farmgate prices of agricultural products and inputs

ProducLsl inputs Unit Unit price (YR)

Alfalfa
Sorghum - grain
Sorghum/maize - stalks and leaves
Wheat/barley - grain
Wheat/barley - straw
t{aize - grain
Qat
Potato
Water-melon
Sorghum seed
Wheat/barley seed
Maize seed
Potato seed
Fertilizer (urea)
Labour
Tractor
AnimaI tract.ion

buadle (r.S kg;
kg

bundle
kg
kg
kg

bundle
kg
kg
kg
kg
kg
kg

50 kg
man-day
hour

day

t5

0.8
2.5
2
3
0.3
2.5

3
2
3

3.5
3.0
4

70
50
70

150

Table D.4 - Crop budgets (YnTtra;"'

AlfaIfa Sorghum l{heat/ Haize Qat Water-melon Potato
BarIey

Gross value:
Main product
By-product
Total gross value

Costs:
Seed
Fertilizer
Agro-chemicals
Labour
Tractor
AnimaI
0ther
Total costs

Net value, incl. labour
cost

Net value, excl. labour
cost

Net value, incl. hired
labour costs**

32

32

000

000

100

6 250
3 000
9 250

50
40

5 000
7 260
1 650

B 000

1 250

6 250

5 250

7 500
900

B 400

l+20

6 920

1 730

5 730

4 930

B 750
3 000

11 750

5 000
t 260
1 650

I 000

3 750

8 750

7 750

300 000

300 000

40 000

40 000

100
70

9 230

30 770

38 270

34 520

4s 000

45 000

12 000
70

300
12 500
t 260

25 830

19 170

31 670

25 42A

30

60

50
4040

00
28

0
0

17 500
420

18 020

13 980

31 4B0

27 980

I
100

199

259

199

000
774

000r.-,1-&

050

950

950

950

4 000
1 260
1 200

7

1

s00
26A

Notes: * Figures rounded off to nearesL yR 10.
*:k Estimated percentage hired labour of t.oLal la

alfalfa, sorghum, wheat, barley and maize
qat
water-melon, potat.o -# Depreciation of pipes, fence and watch-tower.

nputbour i
20%

100 %

s0%
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Table D.5 - Net returns per labour day

Alfalfa Sorghum Wheat/ Maize QaL Water-meloa Pot'aLo
BarleY

Net returns per ha (YR)
Labour days per ha

(man-days )
Net returns per labour
day (YR)

31 480

350

90

6 25A

100

63

5 730

BO

72

8 750

100

88

2s9 950

s00

s20

38 270

150

255

31 670

250

127

D.2.3 Returns to c isg-Bs!!ergg

Average cropping patterns for each of the selected areas are
given in Annex C. In Tables D.6 and D.7 Lhe crop net returns are weighted
for these cropping patterns. The net returns per ha thus obtained range
from about yR 20 500 in lrtadi Dhi Na'im Lo about YR 113 000 in Abbas and
yR 153 000 in the qat area of Rada Basin. For the province as a whole,
Lhe average value is of the order of YR 70 000 per ha.

This very high value' as well as the variaLions between the
areas, is largely explained by the proportion of qal in the cropping
pattern. Qat, which has net returns of nearly YR 200 000 per ha as

shown in Table D.4, is prominent in Rada Basin, Wadi Juban, Wadi Hubabahl
Wadi Ar Riashiyah and Abbas but less so in the other areas.

Set against irrigation requirements, the net returns of each
crop and cropping pattern can be calculated per m3 of water. This will
be done in Section D.4.

D.3

D.3.1

Costs of ir ation

InvesLment costs

The investment costs of wells consist of two components, viz.
well construction, and pump, engine, ancillary structures, and equipment.
The unit costs are presented in Table D.8; these are based on RIRDP

conLracts and quotations of loca1 agencies. The distribution system
generally consists of simple, hand-made, earthen field chanoels and
bunds which need restoration every year as part of the farm labour
input; their cost has not been taken into account. Qat is often irrigated
by pipes and these costs as well as those for the fence and watch-tower
are included in the product.ion costs (see Table D.4).

The economic lives of a deep well (borehole) and a shallow
well have been established at 30 years. For civil structures, such as
the pump house, the same period has been taken. For pump' engine and
ancillary equipment (pumphead and shaft) an average economic life of
10 years has been assumed.
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Table D.7 - Calculation of returns per ha cropping pattern, Rada Basin
sub-areas

Qat area WaLer-melon Remaining area
area

Boreholes Shallow weIls

CI
(%)

ReLurns
(YR)

CI
(%)

CI
(%)

Returns
(YR)

Returns
(YR)

Returns
(YR)

CI
(%)

Alfalfa
Sorghum
Wheat
Barley
llaize
Qat
Potato
Others

TotaI/ha

1 399
788
247

74s 963
508

152 905

4s 989

27 676

74 632

4 r97
1 733
1 282

49

33 992

5 868

47 127

6 756
2 153
7 824

247
155

L7 997
508

t 726

24 766

5
15

:

15
2

2
7
oL

s60
368

99

15
33
26

1

l7

aa

41
37

5
2
6
,
5

23

80

Table D.8 - Unit costs of a well (YR)

1. Borehole
Mobilization and de-mobilizatioo"
Drilling costs incl. devel-opmenL,

Ittttrtt,

Casing 10-12 inch
Cement slab
Cementation (tO m)
Testing (24 hours)

2. Shallow well

0-150 m

over 150 m

10 000
600/n
850/m
225/n

10
10
72

00
00
00

Unconsolidated
SofL rock
Hard rock
Concrete lining

(soft) soil 500/m
2 jAO/n
5 000/m
3 000/m

3 000
5 000
8 000
3 000
6 000

12 000
700/3 m

3 000
2s 000
7 000

13 000
17 500
29 000

3. Punp and ensine
Pump, discharge

It il

tt il

Pump, discharge
il ll

It Il

Flexible shaft.
Pumphead
Pump house
Engine incl. installation,

3-5
il

il

7 -70
It

ll

L/s,
,
,

rls ,

t

t

head
head
head
head
head
head

25n
50m

100 m

25m
50m

100 m

tl

il

tl

il

It

t?

ll

il

ll

hp
hp
hp

I
15
22
35 hp
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Tables D.9 and D.10 give the invesLment. costs of respectively
boreholes and shaltow wells at different weIl depths and water-depths.
The pump discharge is kept constant at average provincial levels. Lrhilethis does not affect the well construction costs, the size of pump and
engine does vary wit.h different pump discharges. However, the iost
inrplications are minor relative to the t.otal investment costs.

Tab1e D.9 - Borehole investment costs ('000 yR)

Well
depth (m)

Head (m)

10 15 20 30 4a 50 60

Well construction*
50
75

100
150
200
250
Pump and esgfs6:bt

78
93

108
138
180
223

t6

79
94

109
139
181
224

27

BO

95
110
t40
182
225
26

82
97

112
742
185
227

34

i,
1.14
744
187
229
42

tiz
11.7

747
189
232

49

riq
149
191
234
59

* Includes cost of pump house.*! At a pump discharge of 8 1/s;
include pumphead and flexible

costs apply to all well depths and
shaft.

D.3.2 Recurrent sts

Recurrent costs include maintenance (repairs and spare parts)
and fuel consumpt.ion. The cost of a pump operator has been excluded asthis functj.on is usually performed by the farmer; his labour cost isincluded in the farm labour input given in Table D.1. Annual maintenance
costs have been estimat.ed at 10 [ of the initial investment in pump,
engine and ancillary equipment (see Table D.11). This rate seemi acceptablein view of the economic life assumed for the machinery. Inadequate
maintenance would result in a shorter life, as is borne out b1i thefindings of the water-supply and sanitation survey.

Fuel consumption has been estimated at 0.25 litre diesel per
hour per actual horsepower (hp) used (see Table D.11). The latt.er isthe required horsepower calculated .on the basis of pump discharge andwater-Ievel (head). As shown by the hydrogeological ani water-sippfy
and sanitation surveys, the mos! common types of engine have capacit.iesof 16 or 24 hp, which is generally highe" ihrn required. Farmers,therefore, overinvest in pump and urrgir", which is caused partly by the
absence of a suitable type in the local shops and partly Uy ttre'people'sbelief that a stronger engine will abstract more water irrespective ofthe well characteristics.

D.4 Costs and returns Der unit o f irrisa tion water

Table D.12 summarizes the average pump discharges and annualabstract.ion of we1ls as found by the hydrogeological 
"rriuy. Nearly
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Table D.10 - Shallow well investment cost ('000 yR)

Well
depth (m)

Head (m)

5 10 15 20 30

Well construction:t
10
20
30
40

75
125 125 725

175
225

Pump and e.ngine*:!
10
20
30
40

B

10 12 74
19

24

:t Includes cost of pump house.
*-* At a pump discharge of 5 1/s; includes costs of

pumphead and flexible shaft.

Table D.11 - Maintenance and fuel costs

Head

5 10 15 20 30 40 50 60

Boreholes:
Maintenance (YR)
Diesel (1) 1

Diesel (YR)2
Shallow weIls:
Maintenance (YR)
DieseI (1) 3

Diesel (YR) 2

1 600
1 570
2 920

00
75
66

20
80
65

4
6

t2

2 600
3 663
6 813

0
2
2

27
26
48

400
854
448

3 400
5 233
9 733

4 .900
8 372

t5 572

5 900
t0 465
79 46!t

800-1 000
309
575

1 200
618

1 150

1 400
927

1 724

1 900
1 236
2 299

2
1

J

1 Based on 2093 hours,
abstraction of 60 284

2 At a cost of YR 1.86/
3 Based on 1236 hours,

abstraction of 22 240

i.e. a pump dischapge of B t/s and an average annual water
m3 (see Table D.12).

1 (YR 1.55/1 for diesel plus 20 % for lubricarion).
i.e. a pump discharge of 5 I/s and an average annual waLer
m3 (see Table D.12).
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Table D.12 - Average pump discharges, water-level depth (head) and annual abstraction
of wells*

Area Boreholes Shallow wells

No. Pump Head Annual
discharge (m) abstraction

(lls) (m3)

Pump Head
discharge (m)

(1/s)

No. AnnuaI
abstraction

(m3)

Rada Basin
AI Bayda
Wadi Juban
Wadi Mansur/W. Amad
Wadi Matar/W. Ar Rin
Wadi Dhi Na'im
Abbas
Weighted average

143
4

3
4

3

8.1
3.3

4.O
7.0

644
951
426
726
174
a62
170
240

,-o

32
8

t4
t:

,:

60 284
47 400

14 600
20 662

24 183

4t3
207
153
740

30
84

:,

14
7

9

8
76
10
15

5.9
5.3
3.6
3.6
4.0
5.7
4.5
5.0

28
23
t2
t2
t2
30
72
22

* l{ells in operation only.

all boreholes are located in the Rada Basin and the average annual
abstraction of 60 284 m3 has therefore been used for calculating the
costs .of pumping per m3 irrigation water. These costs are given in
Table D.13 and include capital recovery - calculated as an annual
annuity aL 10 /o over a period of 30 years for well construction costs
and pump house and over a period of 10 years for pump, engine and
ancillary equipment -, maintenance costs and fuel costs.

Tab1e D.13 - Cost of irrigation water pumped from boreholes (fn7mr;r.

WelI depth Head (m)

10 15 20 30 4A 50 60

0.79
0.84
0.91
0.99

0.36
0.39
0.42
a .47
0.55
0.62

31
34
36
42
49
57

0.66
0.68
0. 73
0. B1
0.89

45
48
51
56
63
7l

50
75

100
150
200
250

olsz
0 .59
0.6s
0.72
0.80

0
0
0
0
0
0

0
0
0
0
0
0

25
28
31
36
44
51

0
0
0
0
0
0

is At an annual discharge of 60 284 m3 (see Table D.12).

It is shown that the costs fise as either the well depth or
the depth of the water-Ievel (i.e. pumping depth or head) increase. Of
course, Lhe cost per m3 water pumped also varies rvith the annual abstraction
orr in other words, the number of hours pumped. An increase in pumping
would lower the fixed costs and thus the total cost per m3 of water.
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The costs of water per m3 for shallow wells are given in
Table D.14. The average annual abstraction of shallow r+elli varies
considerably between areas, as shown in Table D.12. Therefore, the
cost.s per m3 water have been calculated at different abstraction rates,
assuming however a constant pump discharge. The table shows that pumping
costs per m3 water decrease drastically as the annual abstraction
increases due to a relative drop in the fixed cost.. Fuel costs per m3
water, on the oLher hand, fluctuate only with the head and are not
influenced by the total amount of water abstracted.

Table D.14 - Cost of irrigation water pumped from shallow wells
(yR/m:)

I{el1 depth
(m)

Head
(m)

Annual abstraction (ma)rr

10 000 15 000 l) )[Qrr* 30 000

10
20
2A
20
30
40

5
5

10
15
2A
30

1.02
7.62
7.66
1.77
2.4s
3.18

0.69
1 .09
1. 13
1.27
7.67
2.18

0.48
0. 75
0.79
0.85
1. 17
1 .53

0. 36
0.56
0 .59
0.64
0.88
7 .77

:k At a pump discharge of 5 l/s.
x)i' Average annual discharge for the selected areas

Tab1e D.12).
(see

Generally, the unit cost of water pumped from shallow wellsis higher than that pumped from boreholes which is due mainly to thedifference in annual abstraction. The unit costs for boreholes aregraphically shown in Figure D.1. For the present report, the costs have
been calculated for only one average annual abstraction and for alimited number of well depths and water-level depths. However, forpractical use in the field, a series of graphs covering a wide range ofannual abstract.ions, well depths, and water-leve1 depths should be
drawa, which is possibte witl the cost data available.

The returns per m3 water for individual crops are given inTable D- 15. The unit values are obtained by dividing lhe net-returnsper ha by the irrigation dosages as derived frorn the agronomic survey.

The unit net returns per crop, which are average values forall areas covered by the survey and are believed to be tairty representativefor the province as a who1e, can now be compared with the unit costsgiven in Tab1es D.13 and D.14.
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COST AND RETURNS OF IRRI6ATION WATER PUMPED FROM BOREHOLES
AT AN ANNUAL ADSTRACTT0N 0F 60284m3
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Table D.15 - Returns t.o irrigation water, per crop

Net returns
per ha (YR) 1

I rrigaLion
dosages

per ha (m3 ) 2

Returns
per m3 irrigation

water (YR)

Alfalfa
Sorghum
I{heat
BarIey
lTai-ze
Qat
Potato
0thers

27
5
4
4
'l

199
25
34

980
250
930
930
750
950
420
520

640
560
970
010
820
800
360
500

0
0
o
0
1

25
4
2

32
7

6
6
5
7
5

13

86
69
77
B2
33
63
74
56

Notes: 1 See Table D.4.
2 Derived from the agronomi-c survey.

Qat and potato production and the production of other (commercial)
crops such as vegetables and fruits seem economically viable at most
well depLhs and water-level depths. A1falfa and food crops are more
marginal, parLicularly when irrigated from shallow weIls. The critical
well depth and water-level depth below which the net returns no longer
cover the cost of pumping can be read from Figure D.1. For example, for
sorghum, which has an average neL return of YR 0.69 per m3 water,
cultivation becomes economically unattractive when water-leveI depths
exceed approximately the following values:

- 60 m aL a well depth of 100 m;
-45mr? il rr '' il150m;
-37mtr tr il rr tt200m1
-30mtrrttrrttr250m.

For shallow wells it can be seen that at the average annual
discharge of 22 240 n3 only a well depth of between 10 and 20 m and a
water-level dept.h of 5 m would al1ow for profitable irrigated production
of sorghum. With higher annual abstractions, say of 30 000 m3, well
depth and head could increase to over 20 m and 15 m respectively (see
Table D.14). The same exercise can be done for other crops.

The net returns per m3 water for Lhe average cropping paLterns
in the selected areas are given in Table D.16. As mentioned in Section D.2.3,
the high values in t.he Rada Basin, Wadi Juban, Wadi Hubabah/Wadi Ar Riashiyah
and Abbas are caused by the high proportion of qat in the cropping
pattern. The influence of qat on the returns per m3 water is also
evident when comparing the Rada Basin sub-areas: in the qat area the
returns are more than 3 times higher than in the other sub-areas.

Ann. D



210

Table D.16 - Returns to irrigation water, per cropping pattern

Net returns Per
ha (YR) 1

Irrigation
dosages

per ha (ms; a

ReLurns
per m3 irrigation

water (YR)

Rada Basin (tota1)
Qat area
l.later-melon area
Remainder
- boreholes
- shallow wells

Sabah/Ar RiashiYah
Al Bayda N.E.
AI Bayda W.

Wadi Juban
Wadi Mansur/Wadi Amad

Wadi Matar/Wadi Ar Rin
Wadi Hubabah/Wadi Ar
Riashiyah

Wadi Dhi Na'im
Abbas
TotaI

12 100
9 190

13 670

7.6
16.6
5.5

e2 460
152 905
74 632

47
24
an

2B
43

108
2B
27

L27
766
108
6A9
634
410
4s6
045

9

15
19

12 510
14 440
15 410
13 860
t2 070

840
020
080

10 360
14 100
t2 740
13 170

3.8
7.7
2.7
2.1
3.6

11.0
1.9
1.4

56 776
20 476

112 648
70 339

6.4
1.5
8.8
5.3

Notes: l See Table D.6 and D.7.
2 Derived from the agronomic survey.

Comparison of the net returns per m3 waLer of the cropping
patterns with the unit cost given in Table D'13 and Figure D'1 indicaLes
it"t utl cropping patterns are economically viable for the various
boreholes considered.

The same ,iloes not hold true when water is pumped from shallow
wells, which are at present the major source of groundwater in areas

outside the Rada Basin. In areas where returns per m3 water are low and

at the same Lime the water-level is deep and annual abstracLion low,
the cropping patterns are marginal. This holds Lrue parLicularly for
Wadi MaLar/\ladi Ar Rin where, at an average absLracLlon of about 12 000 m3

and an average head of 16 m, the unit cost per m3 water pumped is
approximately between YR 1.7 and YR 2.5, as against an average return
oi-yn 1.4 per m3 waLer. For Wadi Mansur/Wadi Amad, the average net
return is YR 1.9 per m3 water which is just sufficienL to cover the
cosL of pumping *ni"n is roughly \tR 1.7 per m3 water'

It should be realized, of course, that many shallow wells
have been dug more than a generatior ago and are pasL their economi-c

life. In economic terms, they are written off and the only costs the
farmer incurs are for maintenance or replacement of pump and engine and

for fuel consumption. The relevance of the analysis, however, is that
it provides a bisis for fuLure decisions on well consLruction' The farmer
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is becoming cost-conscious, as is indicated by a comparison of the
cropping paLterns in the Rada Basin: areas with a high incidence of
boreholes (qat area, waLer-melon area and "remainder borehole area")
have more high-value crops, resulting in a higher return per m3 water,
than the area with shallow wells. In recent years, groundwater has been
exploited mainly through boreholes. The results of analyses indicate
that boreholes are indeed more economic than shallow wells.

D.5 Conclusions and recommendations

We believe that thete is scope for further irrigation development
in AI Bayda. Annexes A and C show that more groundwater and land are
available. It. is economic to develop these resources. Of course, the
speed by which and the extenL to which they will be actually developed
depend also on other factors such as the availability of capital and
labour.

In the long run, agricultural development should be supported
by the formulat.ion of prograrnmes and advice on crops and cropping
patterns as well as on the use of modern irrigaLion techniques to
maximize agricultural benefits and the use of irrigation water. However,
extension work in Al Bayda has just begun and it will take some years
before sufficient experience has been built up to adopt an integrated
approach as suggested above. Moreover, for this type of farm planning
to be realistic and effective, it should be backed up by proper (applied)
researth and trials and by farm management surveys.

The graphical presentation of unit pump costs provides a
simple way of assessing the average profitability of irrigated crop
production for a variety of well types. However, the method should be
refined before it can become a practical tool for exlension. In the
first place, a range of unit cost graphs should be designed which would
reflect in detail the variations of the locaI conditions of groundwater
availability and water quality. Secondly, farm management research,
that is a study of the entirety of the farm and not only of iLs separate
aclivities, should be carried ouL to assess more accurately than was
possible in this study the net returns of crops and cropping patterns
and irrigation requiremenls under various soil and management conditions.
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