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CHAPTER I

INTRODUCTION

t

The principal objective of this technical report is to
identify the feaéible_water sources and to estimate the
magnitude of the available water sources for the rural
water supplf schemes. The pfoject SuxVey sites distribute
over a wide range of dry areas which receive annual preci-
pitation leés:than 500 mm/year. At present the available
hyermeteorological data is only limited in these areas.

although water sources taken from the surface water requires
various kinds of treatment in many cases for domestic
purposes, on the other hand, groundwater sources obtained

_ based on the prﬁdeﬁt hydrogeological considerations provide
potable water for domestic purposes without any significant
treatment devices. Accordingly, an emphasis was given to
the groundwater sources for the project in order.to provide
potable and stable water sources for the urgeht requireménts

of the rural water supply schemes.

In the foliowing Section of the report, the general con-
dition of hydrogeoldgy'in the Republic is discussed and the
specific condition of hydrogeclogy at each survey site is
analyzed. Based on the above discussion and analysis, the

safe yield of each*propoéed borehcle was estimated.

Since most survey sites are located in rather dry areas
domestic and cattle Watering purposes is increasing, it is
expected that the shortage of water will also be prevalent

in future.

In order to meet the future demand of water alternative
watér.sources wére_proposed_in some sites. As these

alternative water sources require further data and field



investigai;i_on, they are not recomiéndétble’ for immediate -
purposes; however, consideration should be given to these
alternatives for the future developmant.



CHAPTER I1

GENERAL DESCRIPTION OF THE SITES

2-1  Geoworphology

The Yemen Arab Republic (YAR) is located at the soﬁth west-

ern corher of the Arabian Peninsula between latitudes 13°00'N
and 17°30~N and longitudes 46°30'E and 46°l0'E, bordering

Saudi Arabia in the north and the People's Democratic Repub-

- lic of Yemen in.the south, The YAR faces the Red Sea in the
west and extends into the great desert of Ar-Rub' Al-Khali in

the east, where the border line is not clearly defined. The YAR
lies in the highest altitudes of the Peninsula with a total

- . S
land area of approximately 195 thousand km=.

. The YAR is divided into four to?ographical zones according to
altitude and relief. These four zones are roughly aligned

from north to south as long belts.

Fach zone is shown in Fig. 2-1 as follows from west to east;

the Tihama low preésure zone, Central mountain zone, Highlénds
‘and Desert zone {a continuation of thé Ar—Rub.Al—Khali). The
céntral_mountain zone with many peaks of 3,000 m altitude is
diétinctly separated from the Tihama Low Pressure Zone in
the.weét'by precipitoﬂs:cliffs of approximately 2,0QO m rele-
tive height. The central zone, however, extends into the desert
in the east with gentle slépes; changing From steép'hiils to
“desert plain through transitional table lands. THis type of

relief is commonly called a "one-sided mountain”.

River systems are c¢learly divided by the Central Mountéin Zcne
into the easterly flowing system and the westerly Fflowing sys-
'tem. 'The_westérn system, which flows into the Red Sea, has
rapidé'énd“shorﬁer river courses whereas the eastern system
has'gehtle'and longer river courses. Except for a few wester-—

ly flowing rivers, rivers (called wadis) are not permanent and
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Table 2-1

LIST OF PROJECT SITES

SURVEY SITE

B

DISTRICT GOVERNORATE
i HA - | - At~ Madon 8- Al - Ahnoon - HAJJA (HA5
g8 villages :

L HA - 2 Eltman 8 : Al - Ahnoon
: 4 Other VillLages

HA-3-A Sihara Sthara

HA~3-B Thci‘i ~ Sihara
HA = 4 Horad Harad
: A= | Al -Mahweet City Al -Mahweet AL-MAHWEET (Aj;
A-2 Hufash AL-Mabweet 1
a-3 AL-Rajom AL-Mahweet
A4 AL-Khobet - AL-Mahweet _

S— | Bany Shaker & Al-Suhman SANA' A ()

Bait Abo Saba'ag

S- 2 Bait Abo Hashem Al -Suhman

S- 3 AL-Sheab Al-Aswad Boni shadad
S5~ 4 Bany Farhan & Banis hadad
; Bany Sariata

-1 Ghulayfagah Duraihmi HODEIDAH (H)
-2 Al - Dah! Hodeidah |

 H=- 3 AL-Mounirah Zuhrah - |
{ to supply Ebn- Abbgs
o and Al-Harunia } ' j

T | AL-Mashjab AL-Sutou TALZ (1) 1

T-2 AL—Manara & AL-Dukum AL-Sulou

T- 3 AL-Maydan, AL-Jubail Kadler AL~ Buraih

Sheibd  Hamud '

T-4-A Hodod, Qahfa AL-Turba

T-4-B AL-Kudha, AL-Hagt AL-Turba

T—5 Shohat, At-Kodash AlL-Turba

T—-6 _AL—Zokiro' AL«-TQrbu

T-7 Bob-AL~Mandob de -Al -Mandab

T8 Yahkhtol Mokah

T-9 Makbana Makbana

TOTAL 26 15 5




intermittently flow durihg.shbrt periods-after the rain.

2-1-1 Tihama Low PresSure:Zone

This is a vast and flat reglon, extendlng from south to north
about 400 km and from east to west approximately 50 km,
located between the Red Sea and the Central Mountain Zone.
The;average siope of the area between 250 -~ 300 m altitude

and the Red Sea Coast is 1/100 ~ 1/200 {i.e. a moderate gradi-

ent) .

This zone can roughly be subd1v1ded into two reglons' one is
the desert region ‘covered by eollan sand and the other is a
fan-like geomorphlc surface region formed by the. wadls further
inland. The exact position of the border between the two sub~
divisions meanders and is not clearly defined. In the desert
region, sand hills of 10 -~ 20 m height occur, spaced at rather
regular intervals of 500 ~. 600 wm and aligned from east to west.
In the central part of this zone, there are smaller hills of
approximately 50 m height. Near the coast, rock salt deposits

are also found in this locality.

2-1-2 Central Mountain %one

The Central Mountain Zone is formed of rugged spine-like
-ridges at the stage of maturity, rising as ‘high as 3,000 m
A.$.L, running from north to south. Mountain slopes are great-
ly dissected by wadis and many deep V-shaped valleys are found.
Canyons are also prevailing features found in the western

slopes.

In this zone, small river basins_such as Sana'a, Dhamar, Yarim,
Tbb and Taizz are located along the line extending from north
to. south. Particular attentidn should be drawn to the wide
expanse of Quarternaxy 1ava plateaus spreadlng north of Sana a,
wegt of Dhamar and north of Taizz which ‘holds qooﬁ water

bearlng aﬁujfers



.2-1-3  Highlands

The:ﬂighland ZOne'coﬁSisﬁs of gently undulating hilly terrain
of- 1,500 ~ 2,000 m A.5.%, located between the Central Moun-
tain- Zone and the Desert Zone, The Highlands gradually dec-
rease in altitude to the east and change into the Desert
Zone transitionally. The great wadis like the Wadi Al -Jawf,
the‘ﬁadi-Al’Adhahah etc., bcdur in this 2zcone, usually with
vegetation in the Wadi beds. In general, wadis in this zone
are large in width, having many tributaries. The wadi banks
are less dissected compared to the westerly flowing wadis.

2-1~4 Desert Zone

The Desert Zone is the contlnuatlon of the great Ar—-Rub' Al-
Khali Desert and the barren desert zone. Although most wadls
in the Yemen Arab Republlc are located either in the easterly
or westerly flow1ng system as determined by the Central Moun-
tain Zone, in the south, some wadis flow southerly towards the
People's Democratic Republic of Yemen. Western and southern.
wadis have shorter courses and more rapid flows, forming"deep
V-shaped valley withfsteep cliffs.  A'signifi¢ant humber of
them maintain permanent fiow. On the o;hér'hénd, eastern wadis
with longer courses and wider valley beds, are filled by water
flow o only during the rainy season. A c1a931flcatton of wad1%

according to the direction of flow is presented in Tabla 2~ 2

Table 22
List of Major Wadis

Westerly Southerly Easterly
flowing. wadlq flowing wadis flowing wadis
Wadi Mawr Wadi Aden Wadi Jawf

m ~ Surdud " Bana " Abrad

" Siham o Hafib

N  Rimé " Jonnah

" Zahid



" 2-2 Geoloqy

The geology of the Yemen Arab Republlc is pr1n01pally ot
-posed (in upward sequence) of Pre- Cambrlan rock as basement,
OrdOVLClan Jurassmc ‘and Cretaceous qedlmentary rocks, and
igneous rocks of ‘the Tertlaly Trap serles, which crop out .
exten51vely, Wlth granitie and basaltlc 1ntr051one of the
Quarternary perlod in some 1ocalltles._ The Qualternary
basalt. ‘lava forms a w1de expanee of lava plateau over -the
foreg01ng strata 1n the reglons north of Sana'a, west of
Dhamar and north of Taizz. Alluv1um covers the surface ef
lowlands along wadis and of ba51ns. Eelien sands are exten-
sively distributed in the Desert zone and 1n a greater part

of the Tlhama Lower Pressure ‘Zone.

The stratlgrdphlc sequence in the Yemen Arab Republlc is
shown 1n Table 2-3 and. geologlc map: in Fig. 2-2.
“Table 2~3
Strat;graphlc Sequence

—

Geologic Period Stratum | constituents ,
5 ' [ Eolian Formation | sand - ;
- 1 1, sand
Quarternary 5 Alluv1um gigve !
Aden Volcanlc basalt
P N 1 series = andesite”
Cenozolic |
: Intrusive rock asalt, granlte
- i Tertiar | ‘ Trap series : basalt andeelte
g Y | rap series . rhyolite, tuff
E UMadj 7ir Series sandstone
e fady 212 T conglomarate |
- Cretaceous Tawilah group sandstone ;
: conglomarate |
Mesozoic _ Amran series limestone ‘
Jurassic e eeﬁdst' S 4
g ' iKohlan series : one . o '
i . I b conglomerate [
Paleozoic _QOrdovicien Wajid Sandstone | sandetone an
SRS .  Pre-Cambrian ;.granlte__ i
P_re—Cambr:L_an rock i § ‘gneiss:
SO — ’ |_schist . ‘



2-2-1 Pre-Cambrian Rock

Pre-Cambrian récks comprize various rock gpecies such as
granite, gneiss, mica sdhiét,_@reen schist, slate etc. and
:crop out exten31vely in the western part of the Central
Mountaln Zone and the nghlands from south to north How-
ever, they are not expoged along the Hodeidah Highway over
apprOX1mately 130 km travelllng distance or within about

70 km north and south of the wadi Al-Jawf, whlch flows
ueastwards Although there are some local exceptlons, gene-~
Ially granite and gnelss are predomlnant on the western side
of the Central Nountaln Zone. A con51derable number of
occurrences of peqmatlte dykes lntrudlng into granite are
found in the hllly area west of Saadah. In the Highlands
gneiss and schist occurrences prevail while granite occur-
réﬁces diminish. Among schist rocks, biotite schist and
 se£icité5schist occurrences are overwelmingly the majority.
This zone inaicates.strong metamorphism wiﬁh.complicated
small-scale foldings generally along north to south axes.
Although faults on a small-scale are frequent, heavy fault-
.ing is mainly=locatéd in the north (Saadah province) and in

the south (Taizz province) .

2-2-2 Wajid Sandstone

There is a wide distribution of Wajid sandstone in Saadah
province. Wajid sandstone is compased of well~sorted_méd—
jum to fine grain quartz sands, and oécasionally'accompa~
nies granule-leﬂses; In outcropping areas, the surface is
Cementéd by calcareous material so'rigidly that even by
geoloqlcal rock hammer, often it cannot be brokén. By
referrlng to problng ‘records of dug-wells and deep wells,
this Formation is described to be interbedded alternatingly
by'ddmpééﬁ'and hafd:sandstone layers. and'by péorly cemented
'loose ones The ldtter is regarded as a good aquifer.

Tn Ma]ada prov1nce north west of Saadah, ‘this formation has

_ remarkably developed lntraformatlonal folding and cross



lamina, often accompanied by hematite lenses, This formation
is believed to be formed from shallow marine deposits during the

Ordovician period.

2w2-3 Kohllan Series

Major: components of thls series are'sandstone and shale cover-
'1ng Precombrlan rocks wit th urconformltv under lain by Lhe
basalflc cona]omerate. This series distribute in Lhe central

mounta1n zone in the north west from Sana'a.

Most probably this series represents the Lower Jura551r_

1nd1cat1ng a cycle of scdlmentatlon
2-2-4 Arran Series

The Amran series is an upper Jurassic formation, which ex-
tensively crops out from the northern part of Sana'a to the
southern part of Saadah both'ih the Central Mountain Zone and
the Highlands. This series is mainly composed of llmeetone.
At the outer frirge of the Central Mountain Zone south of
Yana'a, some of this feormation dlscontlnuously crops out.

In the Tihama Low Presure Zéne, extending to the south of

the Hodeidah Highway, a group of hills of this formation rises

and accents the otherwise monotonous landscape.

2~2-5 Tawilah Group, Madj Zir Series

No dlfierentlatlon has so far been made befween the Taw1lah
oroup “and Mdd] 7ir series. Both of them are composed cf al-~
ternating strata of medium to fine graln sandstone and shale.
which are unconformably over lain by the Upper Trap serles and
.occur dlscontlnuously at the marqln of the Central Mountain

. Zone. Arkose sandstone 15 predomlnant among the sandstones

in these formatlons Tawilah group 13 thought to be Cretaceous

and Madij er serles, a Tertjary sedlmentary rock.



'2#2n6 Trap Series

Trep'scfiee cr0ps out in a wide region covering most of the
Central Mountain Zone south of Sana'a. The formation is
made of Tertlary volcanlc lock whlch overlies Pre- -Tertiary
formations unconformably. There is an out crop of this
formeﬁibh,580-Km lohg from south to north and 50 Km wide from
east to west, in the hilly region south of Saadah. Amran
series ef_Jurassic period is overlain by this formation in
that locality. The main constituent rocks are basalt,
rhyelite, ande51te lava w1th 1ntru51ve basalt dvkes through
the ande81te-leva. These vocks are sometimes 1nterbedded

by tuff, shale;'eandstone and conglomerates. The rocks in-
dicate small-scale micro?foldings, but are generally cha-
racterized by the almost horizontal sedimentation faces with

- a thickness presumed to be more than 1,200 m.

2~-2-7 Intrusive Rock

Intrusive roeks are scattered in the Central Mountain Zone

and are of Tertiary origin. They are roughly classified

into basic rqcks {mainly basalt) and the.acidic rocks (granite,
diorite, etc.). Ba51c 1ntru51ve rocks crop out on a minor
scale on the western Slope north of the Central’ Mountaln Zone.
On the other hand, intermediate and acidic rocke form con-
tinuous and magnificent out ¢rops in the piedmoﬁt and foothill
reglons between Hodeidah and Taizz. They have addltlonal

minor occurrences in the mountain region.

2-2-8  Aden Volcanic Series

The Aden volcanic series is comprized mainly of bhasalt which
foim Quarternary lava plateaus with occasional occufrences of
intermediate to acidic rocks such as andesite, rhyolite, etc.
Lava plateaﬁs_and many volcanic cones are located in the
baSins of Pre-Quarternary rocks north and west of Sana'a and

north of Dhamar and Taizz. Three prominent lava plateaus



formed at slightly different times have been 1dent1f19d in’
Dhamar province. Each platbau has a 10-20 m relathe d1f~
ferenée indhéight Amonq the Cones thch prodnced the laVa

to form the plateaus, ‘the large t one has a 500 m wxde d;ameter
and a helght of 30 50 m. The sizes ‘are not too larq@f'DUt
they Stlll malntaln their orlglnal shapeg Wlth crators at |
their centers. In some crators, a central cone can be identl-
fied.‘ This éeries crops out south of the Tihama Low Presqure
Zone as a group of hlllg with helght 6Jfferences of 50- 100 nm.
The group of hills is ?ecognlzable along the MOChc"T&l?Z nghm
way and@ in the v1c1n1t1es of Dubab and Umarl.' The lavas oﬁ

the Aden Volcanic series atre porous in general.

2-2-9  Alluvium

Wide distributions of Alluvium were observed in wadis and
river basins located in Tihama Low Pressure Zone, Desert
zone, Central Mountain Zone and Highlands. Alluvium can be
subdi#ided into the following groups according to the form

of its ooccurrence.

Alluﬁium - A : Occurrence 1is in belts along the wadis in Central
_Modntaianone and Highlands. The major constituents are fine
sands, occasionally with silt and gravel interbedding. Gravels
are unweathered and angular without extensive continuvous
stratification. Thickness is presumably not more than 20 m

(i.e., thin layered).

Elluvium - B : Occurrence is in isolated portions near the
surface of river basins in the Central Mountain Zone and
Highlands. ”Sand siit “clay and gravel are main constltueht
elements. Most of the surface elements are the eolian fine
sands. The largest scale of alluvium ~ B is in the Sana'a
basin, where thickness is not less than 100 m. Its gravel

layer bears a promising amount of groundwater,



Alluvium - C : Occurrence is along the eastern fringe of
fheITihama_Low Pressure Zone. It mainly consists of gravel
and‘forms'faﬁwlike'geomorphic terrain. In the region where
wédis-flow out. Q_f the mountaineous 'regio.n to the Tihama Low
Pres$ﬁre'Zone}_dne or two river terraces can be clearly
recognized: This alluvium is overlain by the widely distri-
buted:eolian sand in the lowlands along the Red Sea coést.
‘Italconsult has reported the thickness reached 150 m. There
'afé twb separate gravel beds in it which form iﬁportant aqui-
fers..-It is'doubtful whether the overall strata of this par-
ticular group consist of Alluvium. The lower part may be of

Dilluvium origin.

-Ailﬁvium -~ Dt Occurrence is in the main part of the Tihama
Low PreSsﬁre:Zone and in the Desert Zone. Its constituents
are eolian-sands. In Desert %one it is an integral part of
 the great of Ar-Rub' Al-Khali Desert.
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2-3 LHydrometeorology

Aithoﬁgh the Yemen Arab Republic is located at the southern
mbst eorner_of.the Arabian Peninsula, it enjoys cool and
COﬁfdrEable:climete'duc to the high altitudes (more than

000 mA.S. L.) of the hlghlands which constltute most of
'Lhe YAR land arma However, in the Tlhama Low Pressure
Zone, it is very hot and humid. In Zabid, for example, the
monthly max1mum atmospheric. temperatures never get lower
than.jéod, and those of June to August are d3(w 45°C. On
the'other hand, the monthly mlnlmum atmospheric temperatures
are between 10°C and 25°C, with occasional lowering to 10°C
.1n the months from November to December._ In contrast to
these condltlons, the maximum average. monthly atmospheric
'temperaturc in Sana'a (located in Central Mountain Zone) is
22°C and 27°C ~ 32°C in July and August. The monthly minimum
_atmospheric temperatures are lower than 7°C, and reach 0°C to
3°C during November to February. In addition, the average
monthly maximum/minimum temperature difference throughomt
the vear approaches 20°C and temperature difference between. ‘
day and night is 15°C ~ 20°C. These characteristics are typi-

cal of a continental c¢limate.

Pfecipiﬁation in Y.A.R. is not greét by world standards; how-
ever When compared with the.other countries in the Peninsula,
the Y.A.R. enjoys relatively frequent rainfall. The rainy
season ig from February to September and the dry season is from
November to January with soma local varlatLOns

The 1able 2-4 states the recent average ennual precini-

tatlon for selected localities based on the records from 1876-
1974,

Table 2-4 Average annual precipitation
' ' for selected localities

Locality: Geomorphological Zone | Precipitation
Sana'a [Central Mountain Zone . 157 mm
Yarim " ' 489
Ibb " » western fringe 1,239
Zabhid Tihama Low Pressure Zone 127

- 15 -



Ag shown in Table 2~%, there is a great variation in annual
precipitation from year to year. This indicates signifi-
cant instability for regarding preéipitation as water sour-

ces.

annual precipitation at selected localities

Unit: mm (No. of rainy days)

1944 | 1974 11975 | 1976 {1977 {1978
, 215.4 { 350.6 | 154.2 | 335.6 | 167.1
Sana’a (35) | (62) | (32) | (44) [ (33)
e T ‘ T
Hodeidah .| 16.3 | 78.5| 78.0
@ L am (2)
. 528.4 | 359.6
talz () | | (a8

The maghitude of daily_rainfall,-calculated from Tahle 2-5,-

is small {5am - 8mm) except er'that of Hodeidah in 1978.

The isohyet map of Y.A.R. in the 1973 Italconsult report
_is.reproduded in Fig. 2-3. In this mar, a. 1,000 mm zone
'centerinq around IbB'togethér with a 600 mm zone nearvr ﬁhe
border of Hajja province form an isohyetal ridge on the
western slope of Céntral.Mountain Zone. This high precipi-
tation zone in.mainly attributed to the humid westerly winds
which blow from the Red Sea and are blocked by the Central
‘Mountains where they produce rains. Permanent streams, flow-
ing into the Red Sea, are.consequently maintained by this
‘meteorological system. In the neighbouring zone, on the cast-
ern slope of'Cehtral Mountain_Zoné-(zod?\ISOO mm) aﬁnual
‘precipitation is still observed, and this can be'fegardéd:as
replenighing groundWater'through'ﬁhé wédis§ -
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CHAPTER III

HYDROGEOLOGY

3-1  General Condition of Hydrogeology

As already stated, the'hydrological conditions of the Yemen
Arab Republic are divided into two separate regions: the
Tihama coastal region along the Red Sea and the Mountain
.region_east of it. UTwo methods of water resource develop-
ment Were considered as follows: exploiting groundwater
and sb?ing water, and storing rain water and surface water.
n the.Yémen Arab Republic both methods bf developing water
sources_ére currently used. However,'the examinations in
this report focus on the dévelopment of groundwater which
is relatively stable in quantity and gquality, for the fol-

lowing reaSons:

l). This 5urvey is a part of the Rural Water Supply Project'
planned for operation in the near future in the Yemen
Arab Republlc,

2) The selected survey 51tes are dlstrlbuted on a nation—
wide scale, _ .

3) Precipitation is genera1ly low and varies from yvear
to year; it is also accompanied by hlgh evapotransplra—
flon, and o _

4}  Water treatment techniques for hygiene'aréwstill in-

efficient.

This chapter will discuss the hydrogeological conditions in
the Mountaineous region and the Tihama Coastal region in

gseparately.
3-1-1 General Condition of Hydrogeology in Mountaineous
Reglon

Until now the follow1ng deep well drilling prOJects listed

in Table 3-1 have been conducted.

~ 18 -



Table 3-1

Deep Well Drilling Projects.in Y.A.R.

Number of  Total Drilled Average

Project Wells Depth (M) Depth (M)
USAID Project 60 10,682 178.0
IRAQI Project 22 1,967 ~ 89.4
SAUDI Project 38 _ 9,497 1 249.9

Ceorce Stow. Co. 21 3,008 0 143.2

A conoiderable number of wells have been drilled in addltion
to those in the table, but statistics on the exact number of

wells and depth are not available.

Tn order to estimate the apprOXimate attainable v1eld for
single bhore hole wells in the Mountaineous region of Y.A. R.

a2 histogramme was made as shown in Fig. 3-1. Although the
wells considered in Fig. 3-1 differ in structure, pumping
method, tapped aquifer, etc., the greatest number (25%) have
a daily’pﬁmping rate which fall in the range 200-300 m3/D per
well. Tt is noteworthy that 29 of the wells (22%) are empty

{i.e., have a zero rate).
1) Yield of Boreholes by Aquifer

The dlstribution of the existing wells is shown in Fig. 3-2.
Most wells are found in the Central NOuntain zone and corpara-
tively near the main highway connectlng Sadah-Huth-Amran-Sana' a-—
Yarimerb._ Since information on the hydrological characte-
ristics of the'regioﬁ_is insufficient to discuss the recion
generally, discussion is limited to sites with' sufficient

_data as listed in Table 342. The pumping rates according to’
the strata are given in ‘fable 3~3, and attainable yieids for
single borehole wells are grouned in 200 H3/D claeses.

Although wmany empty wells were found in the Awran Series,
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Table 3-2

Yield of Existing Boreholes

Well . Yield 3. ﬁonductjvity
No. (m”/day) (m~/day/m} ( Py /cm)
Alluvium u-4 801 20.9 368
U-5 627 102.8 385
§-10 662 33.5 480
5-11 1,252 907.2 360
§-23a ) 0 -
Quaternary S-23B 1,183 1,820 340
Volcanics 5-24A 87 2.2 300
| S-24B | 90 | 2.2 260
U-12 245 - -
U= 30 218 - -
S-17A 0 0 -
$-17B 307 4.6 820
5-18 75 0.5 1,350
S-19 1,951 145.9 800
5-20 316 9.8 420
5-21 295 20.6 590
'Trap §-22 1,183 17.7 960
Series 5-26 503 6.4 1,050
S~27 60 0.6 440
S-28A | 0 0 ;
5-28B 1,384 790.9 400
5~29A. 0 0 -
$-29B 1,657 67.3 400
S-30A 0 0 | -
S-30B 328 4.2 280
§-31 593 13.7 390
$-32 2,071 344 -
U-1 327 L ,
U=2 327 8.8 -

S e R



Table 3= (Cont'd)

u-3 300 14.1 -
U-5 . 3,816 - -
U-6 894 86 400
U-7 92.7 - -
Trap U~-9 273 - -
Series u-11 273 - N
U-13 245 10.7 365
U-14 ' 382 - -
U-16 2,715 119 -
U-32 382 390 : -
U=-33 832 - -
Tawilah J-P-14 1,232 - 722 | 620
Group J-P-16 959 416 410
s-1 237 262 925
g-2 _ 0 0 -
5-3 221 5.8 520
5-4A - 0 0 | -
S~4B ' 691 - 17.7 500
S~5A 4 | 0 -
S~5B . 0 0 -
Anran S-6 613 12.9 1,050
Series S“?_ 0 _ 0 -
S-8 0 0 -
§--9 160 4.2 520
S~12A 256 _ 3.3 130
S-12B 1388 12.0 1,000
S-13 361 3.3 750
S-14 0 0 -
$~15 42 0.4 1,580
S-16A 0 0 -
S-168B 165 2.6 2,200

- 23 -



Table 3-2 (Cort'd)

S-25A 0 -
S-25B - 38 0.2 480
S-135 818 28.5 760
U-8 512 - -
Amran U=10 48 48 700
Series g-17 ' 0 0 -
U-19 354 - -
U-24 0 -
U-25 654 18 -
U-31 0 0 -
| 533 164 2.7 1,220
Wajid 5-3¢ 1,400 139 600
Sandstone 28.5

5-35 818

760

- 24 -
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“the Trap serles has only about l3ﬁ enpty. wells, with the

' majority- produc1ng water at the rate of 201-400 m3/D and

23% of these produ01ng more-than 1,001 m3/D. 1In Quarter-

narv volcanlco, the majorlty of the vroduce 1- d00 m3/D but in
some cases 1,000 m3/D or more water is produced Less data
is available for other strdta, so: it ig difficult to deter-
mine the propertles of other formations to the same degree

of accuracy, however, rough average vield values for all

strata are summarlzed below for reference:

Averege Daily Pumping Rates for Geologic Strata

Aiﬁviﬁm_' - 700_m3/D
Quarterhary volcanics - 450 m3/D
Trap series - 700 m3/D
'Tewilah'group ' ~ 500'm3/D
Amran sefries - 200 m3/D
Wajid sandstone - 1,000 m3/D

2) . Watexr table

The data for hydrostatlc water level contour in the Sana'a
reglon is ‘available with thher regional concentratlon and

is shown in Flg 3-3.

According to the water table contour, groundﬁater is appafent—
ly controlled by the surface topography Groundwater levels |
are hlgher in the hilly district east, west and south of Sana'a
which is the replenishing area for the Sana'a sloping to the-
north of Saha'a. In the region extending from Amran.to Raydah,
another groundwater basiﬁ exists. Water table gradient is
steep in the hilly district, but very gentle in valley district.
Major geological formations in this region are Amran series,
TaWilahISandstone, Trap series Quarternary Volcanics and Allu-
vium, Each_formation has already been tapped. There is no
eminent difference in water table level from the variations of
each formation. The very noticeable contour indentation of

L
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2,200 m into. the Sanafa city area cannot be explained in
detail, but the recent rapid lowering of the water table
in this loéality could he attributed to this feature in

the groundwater contour map.

3-1-2 General'Conditions of Hydrogeology in Coastal Region

A long belt of the Tihama Low Pressure Zone 50 Km in width
spreads along the éoaétal regién, located in the western
part of the Y.A.R. and extends alonq the Red Sea. This
region congists of eolian sands and wadi deposit transported
from the mountaineous region to the west. fTwo kinds of explo-
ration reports have been published so far concerning the
groundwater in this particular region: one is for the major
wadi reglon (Wadi Zabid: Awad, Toson M., and Hassan, Tawfik
A., 1978: Wadi Mawr° Boros I.J.,=1972, Tipton and Kalmbach,
Inc. Engineers, 1979) and the other is for the vicinities éf
Hodeidah (Italconsult 1973).

In this sectlon, the hvdrogeology of thlS reglon is summarlzed
based on the present survey and the survey. report entitled
"Development of Wadi Mawr" by Tipton and Kalmbach, Inc. Engi-
neers in 1979, which gives a comparativeiy systematic and well
summarized view of the groundwater behavior in the Tihama Low

Pregsure Zone.
1) Water Bearing Formation

Among the existing wells for groundwater supply, there are
hand-dug wells tens of meters in depth and'deep Welis 100-150
m deep. According to the columnar séctions, the'main éonsti~
tuents of the formation are sand, silt, gravel, etc. Fig.
3-5 presents the east-west geological section, which followé
approximately along the Wadi Mawr, based on columnar section-
al data as well as electric probes in the bore holes. The
schematic columnar section deducted from these data is shown
in Table 3-4.



Table 3-4 ‘Schematic Columnar Section
of the Coastal Region

Depth (M) Thickness (M) Majqr constituents
0-23 11-23 Silt, mixed with find
sand
1156 19-45 sand (containing silt in
_ some chalities)
39-70 . 4-15 Sandy gravel
54-95 ' 2955 Sandy gravel, mixed with
' cgilt :

95-132 623 Sandy gravel

106, or deeper Sandy gravel, mixed with
. 31lt

Judging from the above constituent elemehts, the main water
bearing formatlons are presumablv the sandy gravel strata
at 39-70 m and 95-132 m depths. '

These foimatiCns are layered parallel to the surface élope
with a gentle gradient of 1/350 from east to west. The.for—
mations are extehsively distributed throughout the region,
ﬁarying in thickness from place to place. Italconsult also
reported (1973) the occurrence of sandy gtavel_fbrmations

at around 50-60 m and 100 m depths in the Hodeidah area.
However, the underground assemblage of the wells indicates
that thevy are tapping out.only these water bearing formations

but other ones insgtalling strainers there.

2) Water table

The water téble in thé Wadi Mawr river basin was determined

as 1n Fig. 3-6 hy Tlpton and Kalumbach Inc, Engineers, 197§
The figure clearly 1llustrates that Wadi Mawr is replenlshlng
the surroundlng a0u1fers Nonetneless, the 1n£1uence of an
exten51ve 1rr;gat10n sy%tem must be taken into consideration;
however, the fact that Wadi Mawr is one of the rare Wadis with
year round flow could also explain the underground flow.system
‘presented.
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