In Wadi Juah and Wadi Ayan which lie‘north_and south of Wadi
Mawr respectively, similar situations as in Wadi Mawr have
not been ‘identified. Groundwater contours become parallel

i e} the coast line as they come near Lhe coast.

Table 3-5 presents the results from the present survey on “the
existing wells. ' {The well- 100atlons are shown in Fig. 3-2)

In Fig. 3-7 the relation between well's altitude A.S.L. and
the.hydroStatic'grouﬂdwater 1eve1'iq illustrated. A linear'
correlation is recognizable ‘between tneSe 1evels with. some
deV1at10nq caused by reading erros of ‘the ground level on the
maps (1/30 000 and 1/250 000 scale topoygraphical maps)._ PThis
'suggebts that the static groundwater level can be determined

by the well altltude in coastal reglon.

3} Water quality

Thé_electric conductivity of the groundwater in the Tihama
coastal region is mostly higher than 1,000 pw/cm (corrected
+o 25°C values, as in the follOW1ng paragraphs) and. generally
hlgher *han those values in the hlll region. This indicates

deteriorating water quality in the coastal region.

The deter1oratlon is dua to the sea water lntru51on cauSed
by the follow1nq factors:

(1) the geographical locaticn (i.e., lower altitudes aﬁd

| coastal leccation)

{2} salt enrichment enhanced by the. scanty preCipiﬁation
and significant potential evapo-transpiration, and

{3} ion exchange eguibrium betweén'gfoundwater and séil

particles in the high saline formation.

The correla*lon befween he 1ntra coast dlstance and the
electrlcal conduct1v1tw of the waters of the existing wells
is glven in qu. 3-8. The results do not snow a- 51mple'

CDIIelothﬂ as. tney do ‘in the alluvlal toastal plain in Japan,
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ELECTRIC CONDUCTIVITY
CONTQURS







but are scattered widely. This may suggest the fact that
the electrical conductivity of groundwater in the Tihama
coasfal region is not affected much by the present sea

water.

'ElectriCal_conductivity data in the report done by Tipton
and Kélmbach; Inc..Engineers, 1979 was plotted on a map with
contoursfdraWn. The result shdwn in Fig. 3-9, indicates
that the distribution of electrical conductivity seems to be
governed'by thé Wadi Mawr. In other words, electrical con-
ductivity is lower than 2,000‘yuycm near the Wadi, but it
increases as the site becomes the further from the Wadi.
Withih 20 Km from the coast, electrical conductivity has no.
clear correlation with Wadi locations in the downstream

region.

'Cdnsequently, it may be condludéd that’groﬁndwater_in the
Tihama Coastal region is replenished by the Wadi and diluted
by the Wadi stream water (650 pv/em in Wadi Mawr). The che-
mical equivalent ratios between Cl~ and Na© ien concentrétion
in groundwatey are shown in Fig. 3-10. The solid line in Pig.
'3—10-repxeéents a Cl*/Na+\ratio egual to 0.85 (i.e., the ratio
in the mean ocean water). Mést:61—/Na+.ratios of groundwater

are less than that of the méan ocean water.
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4)  Pumping Rate and Drawdown

Until recently, well drilling rarely conducted stepwise
puﬁping tests which provide data'shbwinq the relationship
between pumping rate and drawdown in the éurvey area.
Consequently, no established yield values ("attainable

vield values") can be utilized.

However, the set of pumping tests in Wadi Mawr performed

by Tipton'and Kalmbach, Inc. Engineers, 1979 (see ¥Fig. 3-11),
are exténsive'enough to determined the local propeities of
the aquifer.

At firs£ glance, the pumping data shows a large deviation

in the yield valueg (i.e. from approximately 200 to 5,600
.m3/day}. The most common patterh (70%) was found in the
range frbm 2,000 to 4,000 m3/day. The drawdown accompanying
the pumping was within the 10 to25 m range. Fig; 3-12
presents the analytical results of a pumping test conducted
at a dug well in Al-Umari {1 m in diameter, 14.07 m deep).
From this test, the transmissibility (T) was determined at
about 2.5 X lO*Bmz/sec and the permeability at about 5 x
10"2cm/sec, These figureé indicate that aquifers:'in Tihama
Coastal region_are_of good guality and large yields can be

expected with small drawdown.
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- CHAPTER Iy

TYPE OF EXISTING GROUNDWATER FACILITIES
AND FUTURE DEVELOPMENT

4-1 Existing Groundwater Facilities

The existing grbﬁndwater facilities were classified into
4 major types éccording'to their water~exploiting mechanisms:

Tube wells, hand—dug wells, collecting basins and cisterns.

4-1-1 Tube wells (Deep wells)

. Phese are machine-drilled wells of 60 ~ 500 m depth designed
for deep:gréundwater exploitation, Extraction is done by
motoerumpé to étorage tanks for cbnsumption. There are many
Such'weli fadilitieé installed with U.5. and Saudi Arabia aid.
Beéides-these, an'increasing number of such facilities

financed by local funds have come into use in recent years.

441—2 Hand~dug wells (Shallow wells)

These are the wells of 1 ~~ 2 m in diametre and 30 m or le s .
in depth.  Well holes are walled with stone work. These
wells tap the shallow groundﬁaters. ‘Most of the wells are
used without motor pumps, and instead, a.rubber bucket tied
at the end of a long rope is used manually to draw the water
up. These wells are often dug in wadi beds in the hilly
region, and the bottom may reach the baserock or slightly
deeper'dépth than this, judging from the depth of existing
wells. Accidents during well construction and afterwards
involvihg infants have been repdrtéd. In addition to this,
the wells are not clean since many objects have fallen or

been dumped into them.



4~1-3 Water Collecting Basin

These are-méde for collecting and'storing‘spring waters in
the hilly region. Collecting basins are sometimes built
out of stone and cement and sometimes carved in the base
rock. In places With.poor springs, the amount of stored
water was negligibie even 1 ~ 2 months after the end of
‘rainy season. On the other hand, in the rich spring region,
a great. amount of water was observed flowing out without
any utlllzatlon because of the insufficient design of the

facilities.

4-1-4 Cisterns

Cistefﬁs'are one of the traditional water storage facilit-
ies in Y.A.R. 1In hllly regions, cisterns are built in
natural depre581ons and constructed on mountain slopes with

- stone mounds to collect surface runoff. The gizes of ciétern
range'from'ééveral meters to 100 meters in diameter, They
have no cover and so they become polluted with algae growth

and an admixture of human waste.

Although the general schene of the present QIoundwatLr faci-
lities in Y.A.R. are as gstated above, some’ localltles hawve
conflouratlons of these facilities in hllly regions, "hand-
dug wells and ClSterﬂS are the major elements, although water
- collecting ba51ns are used only in those places where spring
waters are available; hand~dug wells and tube_wells are main

groundwater facilities in the Tihama coastal region.

4-2 Considerations for the Development of Future Water Re~
sources

This section presents a general Classlflcathn of water re-
sources exploltable in the future based on the results at

each survey 81te The detalls of the results for each gite

%



have béengdescribed in Chapter VI. Since the focus of this
' pfojéct“is pfincipally on instantaneously available, stable
and gébd'quality water the most attention was given to deep
and shallow groundwater and subsurface reservoirs as the

target water resources.

On the.other hand, those types of water resources specified
in Fig. 4-1 should be taken into consideration for planning

_fér the future development projects.

Water resources in Y.A.R. can be divided into two types Ii.e.
-groundwaters and surface flows). Groundwaters determine
the water exploiting facilities according to their occurrences:

whether they are deep gfoundwaters or shallow groundwaters.

As.shQWn_in'Fiq. 4-1, spring water is included 'in ground-

water for it can be regarded as a local variety of groundwater.
The sprihgs which were surveyed in the present work were,

with the exception of the Al—Mépah Spring, of extremely small
dischargé with a large seasonal variation. Conseguently, it
is'not_realistic to install intake facilities that utilize

only the present amount of spring flow because of its

uristable capacity. As a solution to this problem Ci and C,
type facilities shown in Fig. 4-1 are proposed, where local
grdundwaters around a certain spring are actively collected

and stored.

In the case of surface flow exploitation, ground surface

dams, cbnstructed in valleys in hilly regién,iare cdnceivable.
During the field survey, several topographiéaliy suitablé
places were found, but with'insufficient §1ahning data on
precipitation, eVapotranSQiraﬁion and hygienic restrictions

for drinking water. As this project has.been planned'fdr the
very'near term implementation, dams are excluded from the pian.
HoweVer, for further planning such dams should be considered,
especially in localities with relatively high precipitation.
For this purpose, data collection of hydrometeorology 1is

urgently required.
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Figure 4-1.  PROPOSED WATER SOURCE FAULLLLsny

SCHEMATIC PL}\N R TENARKS

: TYPE A DBEP GROUND WATER
- B0RE HOLE
s b : are regquired. to ensure the hiece-

Supporting hydrogeo]oglcal data

ssary amount of_yield,.-ln addlw;f
tion, accessibility of heavy E
i machinery is important. This ‘;
i o | type of water source is proposed |.
; - ig;giﬁeptlon at several sites as follows: I
- b
N . Al Madan, Al Man,. Sihara, Dare ;}
] e Bany Shaker/Bait Abo Sabaa, i
L%ﬁﬂ Bait Abo Hashem, Al Sheab Alaswagﬂ
| Bany Farhan/Bany Sariaa,
A | Al Mashgab, Al Manar/AL Dukm, |
- s g Al Maydan, Shebd Hamud/Al Jubalij
= Hadad/Oahfa, Aldahi, Almunayra, 1
é;. vahkhtol and Makbana.

~ j \.strainer

PYPE 'B-1' SHALLOW WELL

~The_thickness of water holding
strata has to be more than 20m
T o from the ground surface to the

impermeable strata at the bottom

o T ; S Required minimum hydraulic gradl
i \\ )
o : ent.

Feasibility study'of this type

of water source is proposed at

interception | shohat/Al Kadash, Al Munayra
: L~ cement . : ; :
.¢/f ‘ and Yahkhtol.
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' stralner
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SCHEMATIC PLAN

REMARKS

| DYPE 'Be2'  SHALLOW WELL

V::——Sg}}: _}

N
i :
b

1
I
e
Hi

' interception -
cement; ' :

.'applicable where ground water

hole is insufficient.

treineri=— ==
_ S S =
]

- vertical plamn

This type of water source is

level is sufficientry high

(less than 5m) and sufficient
amount of recharge is expected
although'the yield of a single

This type of water source is
proposed at Ghulayfagah and
Yahkhtol. o

YYPE_'B-3' UNDBRGROUND RESERVOIR |

‘plan

horizontal
mE ,

‘present water level

i ¢]
.
\

Suitaﬁle.topdgraphy and site
geology is required. Support=
ing data aré_necessary to en-
sure the sufficient subsurface
storage capacity.

This type of water source is
proposed at Shohat/Al Kadash.

Continued



' SCHEMATIC PLAN

~ REMARKS

. TYPB 'B-4' COLLRGTING WELL

horizontal plan

This is applicable at Wadi

Whefe_the'yield of a single

 wéll”iS_1nsufficiént while

the width of the Wadi is
sﬁffidientiy'wide (mbre than
200m wide) . Feasibility
Study'for_this’type of water

_source is:proposed at Al Kodha/

Al Had1} Ghﬁ1ayfggah, Almunavra
and Yéhkhtol.
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SCHEMAMIC ~ PLAN

REMARKS

R o ' ——

 PYPE '0-1' HORLZONTAL DRILLING

\\ggmefception”Cemant

Horizontal drilling is appli-

‘cable where watér"is'obtain“

‘able from structure zone along
fault or dykes. Supporting
data are required to ensure

“the amountfof_watér available.
‘Feagibility study is proposed
at Al Madan, Elman, Sihara,

Bany Shaker/Bait Abo Sabaa
and Al %akirah for future wa-
ter source.

TYPE

SUB-SURPACE STOBA SIN,

T smcx s'roa.mg B.agé '

‘An improvement of sPting atili-

zation. . Supporting data are

- required to ensure the amount of

spring yiéld Feasibility study
is pronosed at Al Madan and Al
Zakirah for future water source.
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SCHEMATIC PLAN

REMARKS

horizonﬁaiiplanWWWEMEwk

TYPE ‘D' RESERVOIR

1 collector), ~— Sand Filter

Vertical plan

'also_sufflclent.yleld from the

Su1table tonoqraphv and’ 93010g1~,i
cal condition are requred and -

catchment is necessary.
Feasibility study is proposed
at Bany Shaker/Bait Abo Sabaa,
Al Sheab Ai.Aswad'ané Badad/
Qahfa for the Future water

‘SOU.I‘CG

horizontal plan

water intake

T

3\.\{:1 |

égpk—SOcm high

;EE vertlcal plan
TYPE 'ge FLOOD TRAP

of structure is . proposed at .

Objective of this‘fécility is
to trap flood water with banks
provided at rectahgular direc-
tion to the flow.

Pea31b111tv study of thlS type

Al Madan and Shohat/Al Kadash.
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CHAPTER V

 SELECTION OF WATER SOURCE
FOR THE RURAL WATER SUPPLY PROJECT

Based on the hydrogeological éhalyses done in the preceding
chapters, data on the type of water source, quentity and
estimated safe vield are summarized in Table 5-1 for each
gsite. Most of the types of water sources were finally

decided to be deep groundwater for the following reasons:

(1) The present survey was made for the rural water supply
project planned for the immediate implementation.

(2) shallow groundwaters and springs exist at some of the
proposed development sites. However, feaSibie values
seasonal variations of spring discharge could not be
determined. Such deficiency in the available data
present serious uncertainties  to determine the scale
of water source in orderlto evaluate the stability of

the water source and its quahtity.

(3) Dam construction was ‘excluded among water sources under
the project, however, proposed for water éoufces to
utilize surface flow in future because of insufficient
hydrometeorological data to enable calculation of the
storage capacity and the size of the dam at present.

In order to take advantage of the ceuntless number of
suitable dam sites, thanks to the reﬁgh?tdpographic land
features in Y.A.R., it is strongly recommendedito-ihiti—

ate and continue collection and compilation of the pasic data,

For the reasons above, deep groundwater development,
which has been well experienced in Y.A.R., was chosen
as the planning focus. The scale of water sources
was deterﬁined based on the local geography, hydro-

geolbgical conditions, electric probing etc.
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In order to:eStimate the safe yield of the proposed borehole,

reference was made to the following aspects:

(1) Whether sufficient'back_up_data'of the aquifer is
available with recorded yield of existing boreholes,
(2) Whether the_results of electric proSpecting_Can

the prospecting yield of boreholes,

yielduof'boreholes; and
(4) Mether “uality of the nroundwafer is potable esrecially

at Tihama Plain.

Generélly} the yield of a-single borehole in Alluvium, Qua-
ternary Volcanice and Trap Serieseappeers ﬁoﬂbe relatively-
stable in the Republic as shown in Table 3-3. Especially at
Tihama area, the yield of a single borehole ranges between
2*066 and'é'OOOum3/day (Fig. 3-11) Also in the alluvial
deposxts of wadls which has a large catchment area and thick
accumulation of depo5lts, the yield of a single borehole is
iafge-at Al Mashjab:and Al-Manara/Al Dukum. The groundwater
_8ource in these ﬁypes of.aquifer is classified as caﬁegory A
in terms of the availability of water.

On the other hand, although the yields of the same type of
aquifer are recorded satisfactory oroduction wells, no record
is obtalnable in the Vl01n1ty of the. location of the proposed
'borehole in Hajja, Al Mahweet and Sana'a.

In this case, . the avallablllty of the groundwater is classified
as cetegory B. ':It is also classified as category B where the
yield of boreholes varies in a wide range although the bore-
hHole is drilled the same ‘type of aquifer as shown in Table 3-3.

In Turbah area, the survey site is locateﬂ on the high cllff
.Wlth more . than 1, 000 m relative helght and the catchment area
has only & 11m1ted extent Accordlngly, the avallablllty of
groundwater is extremely low which is cla881f1ed as categery C.
The cla581f1ed avallablllty of groundwater is summarized in
Table 5-1. '
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7

The depth of wells in the hilly region was chosen in
order to collect waters from the all available fissures
since-mostfgroundwaterS-are presumably born in fissure
zones. On the other hand, the well depth in the Tihama
coastal region was determined as down to the mean sea
level in general, although electric probes did not
indicate any sea water intrusion.

The estimated attainable yields are based on the data
previously obtained and discusséd in Chapter III (Hydro~
geology) and judgement of the hydrogeological conditions
at each site. '



. CHAPTER V1

HYDROGEOLOGY OF THE SITES AND CONSIDERATIONS
FOR THE FUTORE WATER RESOURCE DEVELOPHENT

The location of each site is shown in Fig. Gml,:

6-1:  Al-Madan and €ight neighbouring villages (HA-1)

6-1-1:. Geography (Plg 6 2) _
The areal extents of the sites are mostly around 10 Km
and -the altitudes varlety from 1,300 m A.S,L.,at,the,
wadi bed to 2,300 m at top of the hiilf_ Ptecipitous cliffs

rise for hundreds of meters from wadi to hili'topt. Local

2

communities are distributed mainly on the mountains,
located between the summits and the 2,000 wm altitude zone.

These residential areas are relatively gentle in surface

gradient with a high concentration of valleys.

6~1-2: Hydrogeology _
Trap series are predomlnant at thls site. Rock species
are rhyollte, tuff, andesite, etc. The andesite formation
is tens of meters thick and crops out at several levels
between the hill top and the wadi bed. There are 14 springs,
called Al-Maaian, in total, distributed around the center
of the villages and scattered on the gentle slopes to the
south east. These-springs come from betwéen the andesite
and tuff. The andésite is hard and has a number of joints
in the vertical direction. The tuff in contrast is soft
and relatively free of joinfs; the stuff therefore is
regarde& as an aquiclude rélatiyely'speaking. People store
water in collecting basins. The basins are not covered
and;thérefore algae and micro-zooids proliferate and,foreign
waﬁér.andfdirt is dumped into eventﬁélly causing ‘them to
become deteriorated from a sanitary point of view. Much of
" the water flows away w1thout belng fully utilized due to
tne small Volume of the basins. Only the Al-Maaian snrlno
group ig found to belong to this hydrogeologlcal system

._at the site. Another 8pr1ng (5~-1) is observed to issue
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from the. rhyolite formation on the mountain slope.in the

eastern part of the site. It dlscharges along the - jolntq_

aligning N40° =~ 50°W. However the discharge is very

emall.

Series

S

The re

The wa

Type A:
1.

Faults and dykes are not intensive in the Trap

Recommended water source _
commended water sources in this site are as follows:-

ter source of the project

Deep Ground water
Up stream from Wadi Gaaman is recommended as a QL11~
ling site. From there ea51er supply systems are
anticipated, since the service areav are located
on top of the nre01p1tous cllffs of 2,000 m A.S.L.-

and surrounded by extremely rough topograph;c relier.

The road must be widened and improved at two sections

betwsen the villaqe and the water source.

Well location should be determined relative to the

" mutual disposition instead of geological feature,

since vrevailing faults or joints exist,

Operational waters can be supplied from dug wells

nearby.

For the future water source development.

Type Cl: Horizbntal drilling

1.

‘Phe recommendéd site is somewhere near (S-1) spring

{situated at the foot of the mountain and installed
with a pump). The spring is réstricted to the
direction aIOng'the joints aligned N40°-50°W, there-
fore a set of diilléd Wells:canibe arranged crossing

the joints direction in oxder to collect water.

There 1is a fear among the people that the ex1&t3ng

'collectlng basin ystemo_WLth purmping and storage

fac1llt1es may be influenced by the newly introduced

well systems.
- 5O
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3. Judging from the topographical relief, many springs .
may disappear as the result of new wells, being installed

the estination of collectable watér volume is difficult.

4. As water source for this site it is not adequate and
further study is necessary on the recharge mechanism

of the spring water.

Type C2: Subsurface Reservolr &

1. The recommended site is the Al-Maaian spring'area {a
valley with 14 gprings). '_ _

2. At present there is only a 1.5 m wide road along the
valley, So a new road must be constructed prior to

- drilling. -

3. The volume of the Subsurﬁace‘reservOir'is to bhe deter-
mined accordihg to the required supply amount, however
a subsidiary reservoir could be constructed at the |
ground surface.

4. The dlscharge quantlty is comparatlvely large, judging
from the topography, geologlcal structure (the axises of
valley are in good accord with the regional dip and '
the valleys are dense)fand information from the local
peaple. The night discharge, (not used at all) is

supposedly ecuivalent to the day time consunption.

Type E: Other types _

1. It is conceivable to recharqé the surface flow from Wadi
Gaaman artlflclally into the ground

2. This type will be effective only when the shallow ground

_ waters of Wadi Gaaman_can be exploited.

3. Since the pfecipitation and the water shed area are not
large enough, the shallow groﬁnd wéter table may not
be capable of coping with the local water demand.

4. The new system can be expected to supplement the local
shallow aquifer which sustains the existing wells in

~ the Wadi. Necessary further study on hydrology.

6-2: Elman and four neighbouring viliages (HA-2)
6-2-1: . Geography (Fig. 6-1) '
The -site is located on the mountain slope between 1,500 - 2,100 m

A.5.L. up-stream from the 7adl Nahar and the villaces are
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bordcrlng on the prcc1plfous Cllffs which are 250 m hLlGht
-at Lhclr_lower level. The 10ca1 communities are built on

the top.of'hill and on the mountain slope and they c¢an be

subdiVidable into three groups according to the valley

where they belong.

6-2-21 Hydrbgeology
The geological formation is again the.Trap Series and the
major rock type is rhyolite. There are several storadge
basins for the small springs along the ﬁalley located at
the center of the wvillage. The spring water seems to crop
out from joints and weathered layers devéloped in the rhyo-
lite, however the gquantity is very small. The areal extent

of the watershed also suggests such a swall amount.

6~2~3: Recommended water source _
Water sources avallable at the site are listed below.
The Cl-type however, is not considered the most suitable

water source from the'sténdpoint of stability'of discharge.

Type A: Deep groﬂnd'water is proposed for the water source
of the project.
1. Recommended site is up- stream from the Wadl Nahar.

2. ‘There is one road sectlon 200 - 300 m length, where
'widening and improvement 1s necessary, between. the
‘village and the site. WNew road construction is mandatory
for the section éf'B_Km'alongja tributary of the
Wadi Nahar before the reach to the site.

3.  The site donsists completely'éf the Trap series and
is not accompanied by ény heavy faults or joints.

" This hydrogeological condition is regarded to be.unin
formed. ' _

4. The operational waters must be transported from out-

side'the site.

Type Cl: Horizontal drilling for the future development.
1. The recommended site is around the existing spfing
atong the joints and weathered éone aligned with a
N40°~-50°W axis, which is developed in the tuff and
rhyorite. Further study is necessary to determine

the safe yield.



2. EBven from the éXistiﬁg Spring'thc'diSchafgéfis'
extremely small so that a large and consistent
water dlschargc cannot be expected The geOgraphical
condition also suggeatq the small yleld._-

3. Man power can only be applied to ‘the’ transportatlon
between the road and the recommended site. The dig-

tance 1s about 300 -m.
6-3: Sihara (HA-3A)

6-3-1: Geography {(Fig. 6-2)
Villages are'located'from'l,BOO'm a.s.1l. at the foot of
the mountain to 2,500 m a.s.1. at the summit. _Major villages
are found on the summit higher than 2,300 mALS. L.
The valleys are deep and steep cliffs rise above_in
steps. In order to_approéch the major villagés on’ the
summit we must follow the mountain road on the éastern
slope.' This road hovever 1is so nafrow and steép”that only
four-wheel-drive vehicle can readh the destination. However,
the v111ageg are fortified by a wall preventing motor
vehicles from to coming inside. The aerial extent of the

site is approximately 1§ km2.

6-3-2: Hyérogeology
As at other sites, the site consists entireiy aof the Trap
series. In the eastern part, however an andesite dyke,
running from south to north, prevaiis. The small valley,
which is.conspicubus'with a small stone bridge built over
it at the ridge'near the'summit is parallel with the dvke.
At the present time, cisterns predomlnate in the area Wlth
about 50 of them having been built. The subsurface c19tern
is shown in Fig. 6-4. This cistern is dug out undérgouhd,
strengthene&'and the water seéled with stone works. . Only
one hole for removal of water and a round hole of 1 m in '
diameter were built in 1t for access from the out81ae.
There are springs at several locatlons._ all of them igsue
from the bounaarj between the land slide debris and base
rock or from the weathered zone of basé=rock.. Their dis~-

charge is very srall
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6~3?3 Recommended Water Source

The recommended water sources are as shown below.
The quantitiative potentiality and stability for the Cl type
exploiting springwater along the dykes is still unknocwn.

Further survey is necessary to estimate these values.

Type A: Deep Croundwater-recommended for the water source

of the project- 7

1. The major consumers are the residents on the hiil
surmits above the 2,300'm A.S.L. LEVEL.

2. The recommended drilling sites are located in the
wadi bed at 1,200 - 1,250 m A.S.L. in the east,
based on consideration of the hydrogeological
conditions and transportation of materials.

3. The location of borehole should be determined based

on other facilities and the local topography.

4. Operational waters can be drawn from dug wells in

the wadi.

Type Cl: Horigzontal Drilling-proposed for future development-

1. The drilling'diréétions'should be set in the east
‘to west direction in general, because_dyke rocks
are aligned from north to south with élmbst'vertical
ineclination and the'ground surface is sloping to the

east.
2. Dykes prevail from the foot of the western
mountain up to the level of 1,700 m A.S.L.

The dykes are_located several hundreds meters apart.

3. A single bore hole may penetrate 1 or 2 dykes

because of construction convenience.
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The existing roads are only passable w1rh fou1~
wheel-drive small vehicles; so road constructlon

is inevitable once this type of water source
construction is decided. _

In addition detailed study is necessafy O estimate

the safe yield.
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6-4 Thari (HA-3B)
6~4-1. Geography

' Viiiages are located from the foot of the mountain at 1,300

m A.S.L. to the summit at 2,500 m A.S.L. Most of the
villages are located at the summit. Major valleys are the
Wadi Nahar and Wadi Swnar west and east of the site respec-
tively. The sldpes of both wadis become steep above 1,500

m A.S;L. The precipitous cliffs rise above that level in
steps. This is the largest site in this region, i.e. roughly

36 km? (See Fig. 6-2).

6-4-2 Hydrogeclogy

The site geology consists of andesite, rhyolite and tuff
(partially green tuff), i.e. Trap Series. Regional strikes
are NE-SW and slight dips are in the NW direétidn. Fan
deposits, consisted of round gravels ranging from several
centimeters to tens of centimeters in diameter, are found
on the piedmont table mountains near the Wadi Swnar in the
ecast. The'elevation'is about 1,200 m A.S.L.

The main water souxce is cisterns; however, sSOme springs can
be added subsequently The springs were either dried up or
without any appreCLable amount of dlscharge during the sur-
vey period. These springs issue from debri dep051ts or
joints‘between the rocks. Since they have a narrdw watershed
area, it will be difficult to secure a stable discharge .

6-4-3 Recommended Water Source

Only a déep'groundwatér well is recommended at this site.
Con51der1ng the dlstance to the place of consumption and
the LOpographlc rellef a location 1,400 m A.5.L. zone along

Wadi Nahar is presumablv the best location of the borehole.



6-5 Harad (HA-4)

§-5-1 Ceography

Harad is located on the Tihama coastal plain at a level of
'lOO m A.B.L, Harad is a-twin_village, with 01d Haraa and
New Harad, 1.5 Km apart from each other. ' Wadi Harad flows

in a westerly direction north of 014 Harad. The villages

of Harad are situated on the 1eft‘baﬁk_of'Wadi Harad'or'at

' the fan top. There ‘are cultivated fields”Wiﬁh high furrows
(50~100 m high) around the village. A mountain mésg'donsiStw
“ing of sandstone, liméstone, andesite, etc. outcrops about

5 Km east of New Harad. (Fig. 6-5)

B2 Hydrogeblogy

Electric probing was carried out halfway between 0ld and New
Harad (See Fig. 6-5). The §=a curve tends to up 1ift in the
zone deeper than 120 m, The well depth could be limited to
126 m, based on this daﬁa. The_wadi hed is covered by  a mud
~layer several meters in thickness, but below this layer the

wadi deposits are sand and gravel including round gravels.

Electrical conductivity of the existing well waters is less
than 900'P1ch, indicating:that the groundwater in the Tihama

region is of good guality.

© 6~5~3  Recommended Water Source

Groundwaters from a deep aguifer are recommended.

Type A: Deep Groundwater

1. There are high furrows along_the_@adi_which are
constructed to intercepﬁ sﬁorm‘waters for agricul-
tural use.. Thé_roaa crogssed these fﬁtib&s and
lorries' ground clearance fs_ﬁotgsuffiCient to go
Qver_the'furrows'in gome piaces,' At such locations
grading of the furrows is néceSSéry.
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2. Consﬁrﬂction can not be gommenced in the rainy
seagen with any success due to the fact that several
wadis crogss this site. During the present survey
‘the stream depth of Wadi Maur, the largest wadi, was
20-~30 cm,

3. Base rock depth was estimated to be 120 m based on

the electric probing.

4. Operational water is available within the site.

6-6 Al-Mahweet City (A-1)

6-6-1 Geography

Al-Mahweet city is located on a gentle mountain slope at
2,000-3,100 m A.S.L. A steep cliff line, sloping northward,
is extends from east to west about 2 Km north of the city.
The gsouthern slope on the other hand hés a gentle gradient,
whereas the deep valleys run in a N30e4dwldirection._ Water

streams sometimes appear in these valleys (See Fig. 6-6).

6-6-2 Hyarogeology

Fig. 6~6 shows geolqgical occurrences around'Al~Mahweet and
Pig. 6-7 shows a geological cross section.in the B-W direc-
tion. . According to these profiles, arkose sandstdnes crop
out in the southern slope and an undérlyingIEOrmation, i.e,
limestone of Amran'SeriES“chps out window like .in valleys.
The strikes of both formations are N3O°Q40°W regionally and
their dips are 10-20S. These formations seem to be conform-
ably layered, but the assumed geological cross~section indi-
cates block'movement caused by the faults, i.e. lifted up in
the western poxtidﬁ and drawndown relatively in the eastern
portiono' The faults are supposedly running along the valléys
~and the valley formations may bé‘closely related to the faults.
FollOwing the sael Al-Eyown valley (stream flow confirmed},
located south of A1~Mahw¢et'city, to up stream, a straight
vailey formed by a fault is located.
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The general. aspectq of the 1ocal hydrogeologlcal Settlngs

can be summarlzed as follows

1. Porous and well jointéd séhdstonés.are functioning as
aguifers in COmparison'to_the'uhdorlying limestones.
The formations_are'dipﬁing.to 5W and valleys Formed
by the faults are running alwost pe:pendioulaf to this
direction. CroundWater Ln'the'qandStone ig invariably
issued at the valley bottom lnterrupted by the aqul—
cludes (llmestone) at relatlvely shallow levels.
Similar geologlc structures can be.conceived for the
springs in the neighbouring localities in the same

region,

6-6-3 Recommended Water Source

WHO 1aunched a project to iﬁtroduCe_Sael-Al-Eyown‘s stream
flow to the Al~Mahweet City water, however, theré is no
continuous river flow record. The rlver bed bkears large
boulders of several meters in diameter, and the local oeo?le
informed us that floods happen about 20 times every vear.
Accordingly the construction of the intake fac1lltv for the

wadi stream will be qulte difficult.

Although the amount of yield is insufficient, spring at
south of the city can be another object of development as

a supplementary water source.

Accordingly, groundwater development is proposed for the
‘project water source at the fault valleys. For this purpose
not only thE'boundaries between the sandstone ana limestone
but also water draws from the limestone aquifer in connection

with faults is worth consideration.



67 Hufash (B=2)
- 6-~7-1  Geography

Hufash is spread out over a large area, and its center is
situated at the summit 2,300 m A.5.L. The wmountain slopes
aré very steep ahd'théy become almost vertical at some loca-
tions.  There are several major wadis originating from this
mouhtain_mass: northwafd-runninq Wadi Ayyan, southward runn-
ing Wadi Urkh, northward rﬁhning:Wadi gheahe in the eastern
‘part of the mountain etc. Their river courses are straight.

in these wadis stream waters are present (Fig. 6-9).

6~7-2 Hydrbgeology_

Most of the site consists of Trap Series, specifically ande-
site_rocks and granite £00ks intruding_the formey ones. In
some places springs iésue from the mountain slopes and from
the summit, howevei,'the issuing mechanism is still unknown.
Arkose sandstone outcrops around Wadi Mosanaba in the north
ahd sandy gravels,'including pebbles, cover the table moun- _
tains upstream from the valley. On the left bank down stream,
sandstone outcrops at the lower level and andesite at the
higher level. On the right bank however, the outcrops of
bbth-formations are supposedly due to the faults. Andesite
and granhite bduideré‘s¢atteriﬁg:alohg the wadi course may

suggest seasonal large scale flooding.
6-7-3 Recommended Water Source

Development of the. springs out—crOpping'near the summit _
‘should be considered. Uncertainty arises however, concerning
the stability of discharge because of their location (i.e.
near the summit) and the narrow watershed area. Therefore,
deep groundwaters are to be developed for the project water
source; a site at'the estimated fault locaticon which lies near
Madeh and upstream from.Wadi Sheéhe is.recommended,'although
it is located at a distant point from the residential center.
Road'construdtion or impfovement is necessary for satisfactory
projeét operation._
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6-8 Al-Rajam (p«3)

6-8~1 GCeography

The site covers a very large area and its center is situated
in a basin at 2,000 m A‘S.L, The site is located east of
Al~Mahweet City. Through the_central part of the baein Wadi
Magdara flows down from NE to SW. A wvalley south of -the
basin joins Wadi Har. 5 Km north of the baSLn center, pre-
cipitous c¢liffs, sloping northward, running from east to west

(see Fig. 6-7)

6-8-2 Hydrogeology

Arkose sandetone'outcrops_at the ground surface and Amran
gseries cannot be observed'directly Two fault llnes, i.e.
with southunorth and east-west alignment respectlvely, ‘are
presumed. Springs are dlscharglng at the northern frlnge
of the basin, and some 8prings issue in the southern valleys.
These facts suggest an almost similar hydrogeologlcal system
to the Al- Mahweet region prevalllnq here. At present the

main water SOUICGS are cisterns.

6-8-3 Recommended Water Source

The only feasible sources are obtainable from deep ground-
water. ‘The best drilling site may be at the intersection

of two faults located west of the city center.

6-9 Al-Khabet (A-4)
6-9-1 Geography

Al-Khabet also spreads from wadi bed to the mountain top at
thoueand and some hundreds of metres A.S5.L. It covers a
very large area. The central part however, is situated on
the flat summit at about 1, 200 m A. S.L. West and eagt of
this Wadi Ayyan and Wadi Mosanaba are ruﬂhiﬁg respectively.
(sce Fig. 6-10)
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602 HydrogeOlogy-

At presehﬁ, the local people utilize cistern water and - stream
water in valleys. The geology of the site consisted of sand-
stone éxtensiVely. Regional strikes are N50°W and dips are
209N. A fault aligned south to north is estimated between
sandstone and Trap serics 3.5 Km east of the center.

Styeam flow appears in Wadi Mosanaba. On the riverbed ande-
site and granite round_graVéls reng of centimeters in diameter
are distributed. The fresh eroded stream banks in Wadi indi-
cate that floods of a considerable magnitude occur in a certain

sSeason.

6-9-3 Recommended Water Source

The'sub~surface_stream_of Wadi Mosanaba can be developed. -
There are, however, seasonal floods of considerable magnituée
and river bed deposits indicate significantly large mud flows.
In addition, thé trunk road, which passes through this'wadi
for Khabet and Hufash, may be blocked by the construction of

the sub-surface stream development.

Therefore, deep groundwater is proposed for the pfojeét
water source, considering the occurrences of o
andesite dykes with two alignments (i.e. N70°W, 80°N; N30Q°RE,
85°S) along the Al-Khabet road on the left bank of Wadi

Monasaba and estimated faults east of these dykes.

6~10 Bany Shaker and Bait Abo Saba'a (5-1)

6-20-1 Geography

Bany Shaker is located in a small valley surrounded by moun-
tains of about 2,300 m A.S5.L. The branching road, about 2 Km

long, connecting the village with the trunk road, is narrow

and rough with bare base rock at the ground surface.
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Paltlcularly in the v101n1ty of the vrllage entrance, the
foot of the mountaln slopes come closer ‘and the valley
becomes narrower with bare rock bed, being shaped jUSt

11ke a natural sub surface dam

 In order to obtain a flat cultivation field, the people
construct a rock mound of 5 m'height down-stream in the

valley.

6*10~2 ‘Hydrogeology

The geology of the site con51sts entlrely of sandstone.

The sandstone is arkose sandstone contalnlng con91derable
amount of eherty round gravelseseVeral centlmeters-ln dlam‘
meter. Regional strikes are N-8 and sligﬁr‘dips are westm
‘ward. A number of. andesite'dYkeS”rﬁn from east to west.
Near the vrllage entrance two faults wrth dlfferent allgn?
ments, i.e. N70°E and N20°E respectlvely, cross the 81te

6-10-3 Recommended Water Source

The recomﬁended Water.sources for development in this site

are as follows:; deep.groundwater through faﬁlté,_shallew
groundwater by horizontal drilling into andesite dykes and
surface waters by dams., A part of road constructlon is necessary
for transportatlon of drllllng equlpment and materlal

The recommended water sources are llsted below:

Type A: Deep Groundwater - proposed for the project water source.-

1. Near the intersectien of the two faults at the
entrance of Bany Shaker is recommended for drill-

ing.

2. The approach roadfto_the site~is.narr0w<and*r0ugh
with bare rock at the surface. . Road construction
‘is in progress;-however, a considerable humber,of
days and labor is necessary before the completion.
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Type Cl:

Traﬁsportatién to the site is impossible at the

present time.

Horizontal Drilling - proposed for the future
deve lopment -

'Regionai alignments of dyke rocks are in an E~W
'direction, so that the drilling direction should

be North-South.

The recommended position is at the foot of the
mountain north of the site and the drilling direc~
tion should be northward, restricted only by the

geographic condition.

Dyke rocks are spaced at intervals of approximate-
ly 400-600m.

The risk of the project could be great due to the
uncertainty of the potential capacity of aquifer,
geological conditions and poor traffic facilities,
stated above. |

"Dam - prdposedgfor the future development -

The area surrounding the Bany Shaker entrance is

recommended .

The water storage capacity could attain 5,000 m3

with a dam height of 5 m.

The watershed area is very small. Further study

on hydrology is necessary.
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6-11 BRait Abo Hashem (S-2)
6-11-1 Geography

The site is located. at the nbrth—western edge of the broad
table-land at about 2,200 m'A.8.L. A low wadi basin with

50 m relative height extends about_500_m ﬁorth of'ﬁheusurvey_
ed site. Villages are built in two lo¢alitiés: on the
table-land and on the summit 30 m highér than the gurround~
ing area. Valleys dissect the tahle~land with Steep'banks.
No soil formation is observed on the table-land and sands

and gravels cover the wadi bed (see Fig. 6-12)

6-11-2 Hydrogéology

Limestone (Amran Series) forms most of the table-land, how-
ever in the Survey Site Quarterhary volcanics are predomi-
nant. Regional strikes and dips of the limestone are N20°-
30°W and 5°S respectively, .and the occurrence of the lime-
stone is localized. The Quarternary volecanics cropout on
the hills formed on the table-land and in the wadi beds and
areas adjacent. Quarternary volcanicé are compact basalts
with well devéloped joints, forming small rock pieces.
Faults may run through the minor'valleys in a south-north
directien. A'geologicél cross section of the site is shown

in Fig. 6-13.

6-11-3 Recommended Water Source

Deep groundwater is feasible for water source development
when exploited from the faulted area. In such a case suffi-
ciently deep drilling must be accomplished since the site

is located on the table-land.



Deep Groundwater

The saddle point between the two'villages is the

recommended site.

Faults are estimated along a N10°E direction.

Drilling depth is presumed to be 100-150 m as the
relative height is 30 m around the wadi.

A road section of 500 m exists bhetween the wadi
at the front of the site and the entrance of the

mountain trail.

Operational waters must be carried from out side

the site.
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