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GEOGRAPHIC NAT4ES

Most geographic names in this report have been verified in the United
States Board on Geographic Names (BGN) Official Standard Names Gazelteer,
Yemen Arab Republic, L976 | as approved by the Board on Geographic Names,
Geographic Names Division, Defense t'lapping Agency, Hydrologic/Topographic
Center, Washington, D.C. 20315. Other processing of names, compilation,
review, editing, for cartographic and report use was done in the Office of
International Hydrology, National Center, Reston, Virginia 22092.

Spellings of standard names in the report are approved by eGN. Names
preceded by an asterisk (*) are not approved by BGN. Previou-s reports used
a transliteration of the native name, itat is, A1 Ivlukhar jan'a', utta Ar Rab/
aI Khali, in preference to the conventional name spelling approved by BGN.
In this report, the conventional name is used, followed by the pative name-
shown-in pirenthesis, fo! example, Mocha (A1 MukhE), Sana (!an(er) and Rubr
ar xrrilI (Ar Rab'ar xn5rl).
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CON\IERSION FAC:TORS

The following factors may be used to convert the International System
(SI) of Units pubtished herein to inch-pound units.

SI Unit MuItipI rl bv Inch-Pound Unit

sqUare kilgmeter
(nr /yr) /kmz

cubig meter per second
(m'ls)

liter per second (L/sl

square meter per day (r2a)
(transmissivity)

square meter/per day

degree Celsius (co)

@2/a)

acre-feet per year Per
square mile
(icre-ftrzy r) /ni2

cubicrfeet per second
(fL'/s)

gallons per minute (galrlmin)

square feet per day lfl2/dl

gallons per day per foot
(gpdlf t)

aegiee Farenheit (or)

millimeter (mn)

meter (m)

kilometer (km)

square hectometer (hm2)
(hectare)

square kiloneter (xm2)

cubic meter (*3)

cubic meter per year per

0.0394

3.281

.62L5

2.47L

.3 851

8. I07x10 -4

.002r

3s .31

15.85

10.75

80.5

I.8 (oC) +32

inch (in)

feet (ft)

mile (mi)

acres

square mile (mi 2

acre-feet ( acre-ft)
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GROT'ND-WATER RESOURCES IN\TESTIGATION
IN I]rIE AII{RAN V?\LLEY, YEMEN ARAB REPUBLIC

By G. C. Tibbitts, Jr., and James AubeL

ABSTRACT

This report, based largely on intermittent fiel-d work from Novenber 1974
to March L978 | describes the results of hydrologic studies and exploratory
ilrilling to evaluate the water-bearing properties of the Unconsolidated
alluvial sediments and associated rocks in the semi-arid temrEn Basin in
north central Yemen Arab Republic. The investigation and test driLling
were undertaken jointly by the Government of Yenen Arab nepublic and the
U.S. Agency for International Development with technical assistance from
the U.S. Geological Survey and the Anerican Peace Corps.

rhe'amran Valley extends approximately 45 kilorneters northeast to
southwest and averages 6 kilometers in witlth. The area described in the
report covers about 800 square kilometers and lies at an altitude ranging
from 21100 to 21300 meters above sea level (p1. 1, inset B). Most of
the population of 64 1777 lives in villages and smalI to$rns and subsists
on locally grovrn crops and livestock products. Snall-scale farming, based
on irrigation from wells and, in part, on rainfatl, is the chief occupation
of the area. Dug and drilletl wells equippeil with pumps provide much of
the water for irrigation.

Wells drilletl in the unconsolidated alIuvial fill of the south-central
part of the valley have the highest yieltls. Wells penetrating the linestone
and volcanic rocks occurring elsewhere in the report hrea generally have
low to no yieldl except when located in fracture zones. Basalt flows occur
interbedcled with the watli alluvium at several depths. A major basalt
flow outcropping northeast of Rayclah restricts ground-w4ter flow to the
northern pait of the basin. nocl" cropping out in the remrEn valLey range
in age from Late Jurassic to Holocene.

Observation weII and rain-gage networks were established in the basin
in 1974; since that tirne selected wells have been measured periodically.
Water levels in most welIs throughout the area have declined during the
period of record. In the area of heaviest pumpage, near the town of Amran,
water levels declined at a rate of 2 neters per year during a trreriod of
above average rainfalL. The water resources of the area are currently
(1978) overexploited and water conservation measures should be instituteil.
Such measures should include lirniting purnping for irrigation, prohibiting
new well construction and deeping of existing weLls, andl lining of irrigation
canals to prevent loss of water through Leakage. tumping tests conducted
iluring the investigation shor the ground water occurs under serni-confined
leaky-aquifer conditions in the valley fill.

1



The chemical quality of the water from the unconfined and semi-confined
aquifers in the area is general-Iy good and suitable with few exceptions,
for domestic supply, livestock support, industry, and irrigation.
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INfRODUCTION

This report summarizes data cotlected during studies of the ground-
water potential and the geohydrology of the /amrEn Valley, Yemen Arab Republic.
Field r+ork was done interrnittently from November 1974 to March 1978.
The report, in part, also presents conclusions regarding the occurrence,
quantity, and chemical quality of ground-water in the alluvium, volcanics,
and linestone bedrock of the area of investigation. Accompanying tabulations
present the basic data on which the report is founded.

The present investigation of the /amr5n vaIley area, a principal element
of the Water Survey of North Yenen project, has been sponsored jointly
by the Yemen Arab Republic ttlinistry of Agriculture and the t{inistry of
Economy through the Minerals and Petroleum Authority (!4PA), and the United
States Agency for International Development (USAID). Technical advisors
were assigned to the project by the United States Geological Survey (USGS).
The American Peace Corps assisted by detailing a geologist assigned to
the Ministry of Public Works (MpI{), Department of Rural Water.

The Government of the Yemen Arab Republic has begun the devetopment
of its internal capability to appraise, develop and manage the nation's
water resources. Although appraisal of the ground-water potential at
a given site was often an integral part of the development project, heretofore
such appraisals were largely the work of expatriate consulting firms.

Over the period of this project, however, yemeni personnel were assigned
to the geohydrologic investigation of the'amrEn Valley as well as to water
investigations elsewhere in the Republic. l,iany aspects of training in
the multi-disciplinary science of hyclrology are best accomplished by working
on actual field investigations. Accordingly, personnel from the MpA,
and Yemeni nationals hired by USAID were assigned unit,s of field and taboratory
work involving well inventories, hydrogeologic mapping, exploratory drilling,
geophysical well logging, aquifer testing, sample descriptions utilizing
a microscope, observation well monitoring, and the collection of meteorological
data. On becoming proficient in one skill, personnel were rotated to
other tasks for additional training. AIso, 5 geoJ-ogy students and 2 general
science students from Sana lSan b; university were employed by the project
during summer vacations for a total of 6 to 9 months each of on-the-job
training in the previously mentioned aspects of work.

In addition to the on-the-job training, two participants were sent
to the United States for further training. One field assistant studied
basic drilling techniques for 3 months at the J. Sargent Reynolds school
in Richmond, Virginia. One geophysical technician spent 7 months with
USGS personnel at several locations in the United States. This training
consisted of a 2-month course in hydrologic techniques and 5 months of
training in field and office procedures.

As ground-water resources of the'emrdn Valley hrere poorly defined,
the major effort in the investigation was necessarily directed towards
test drilling and aquifer testing. During the project field operations,
2 rotary drill rigs with down-the-hole air hammer capability vrere assigned
by the MPW to accompi-ish the test drilting.
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The area or- investigation referred to as the ranrEn Valley lies entirely
within the SanararProvince or Governerate, and consists of parts of the
il;iE; att,uB, and 

/ty-al suraylr districts in the $an 
ta'subProvince and ar1

;;-;;i.;-ti In" trr'ar,, as-s-aia, As sfiilah, ,labal"tvit vazra, Ravdah, and
ptri-ain districts in the rAmr6n Subprovince (p1. 1). ^ The area is located
in the north:centraL par! of the Republic between tSo 30'and I5o 55'
North and 43o 115' and 44o 15r East and covers approximateLy 800 square
kilometers (kmz) (fig. 1). The area extends about 45 km northeast to
southwest and averages 6 kn in wiclth. The northeasterLy limit is the
border of the otri sln District and the southwesterly-extent is the limestone
escarSrment in the Thuti District. The district"-"i'6*;an, Jabat tryEt

yazTa, and Raydah conprise the major part of the study area' The names

Q6'a! Bawn aI xabfr "ta Qa'at januilah are commonly used on maps to designate
the 'amr5n valIey..

Location and Extent of S Area

Well Numberi tem

The test holes clriltetl by the project are identified by name on plate
I and numbered seria}ly at each test site. !{ells from the well inventory
table 5 are grouped by area on the map beginning in the QEtat jamudah
area in the nortirwest part of tmrEn aasin and the numbering pr6ceeds serialLy
by groups to the southern end of the valley.

Economic and Cultural Features

/Srra--rr, the largest town in the tamr5n valley, has a population of
3,2ggL and Raydah, the second Largest town, has a population of I1637'
The numerous remaining villages in the area all have IeFs than 1r5001 inhabitants
each. The total popuiation ior the three districts of /emr6n, Jabal lyEI
yazfa and Raydah is 64 ,777. The all weather road extending from Sana,
the capital, to the Kingdottt of Saudi Arabia border in the North, connects
remrin ind navdah. Another all weather road under construction wil-I connect
(amrIn to the Tihdmah coastal plain to the west via the village ofJajjah'
The valley fJ-oor is criss-crossed with numerous tracks that become impassable
at times during the rainy season. Rains, howeverr if,e intermittent and

most tracks are closed for no nore than 3 or 4 days at a tine' The two
Lowns of ramrEn and Raydah are major trade centers for thousands of people
Iiving on the higher plateaus that surround the valley and there are a

number of very steep anct clifficult trails connecting these tov'ns to the
top of the escar5xnent. lthe highway from the Kingdom of Sauili Arabia is
heivily used as a najor truck route to bring imported goods to the Yemen

arab nlpublic, and therefore, nany itens of foreign manufacture are available
in the'amrfn Valtey, some of which cannot be found elsewhere in the country'

L/ All PoPulation figures are
of 1975, as shown in Volume No.
I975r' by the Swiss Technical Co-operation Service.

based on the Housing and Population Census
5: iData Bank of the ropulation Census
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EXPLANATION OF ,{D},IINISTRATIVE BOUNDARIES USED ON FIGURE 1

Flgure l shows boundarLes and names of provinces i'n the Yemen Arab R'epublic'

Al-so shovrn are the report area and the dlstrict boundarLes within thaL area" Thls
area is shorrm at larger scale on plate 1 as an lnset l-ndex map in order lo show

ahe names *f ,listricis and cther adrnlnlstratl-ve areas'

Adininlstrat j.ve subdivislons of ihe report aree, and iudex Tnap gazetteer

$^
I\.c nort name tsGN a standard name

Province of Sana

Subprovlnce of Amran

Liw6'San 
-a'

'f__

QrEa'tr rdn

nv, N6hiyat
nv, NdlrlYat
nv, Nalrlyat
nv, Na$lyat
nv, NElriyat
nv, Nalrlyat

oadd'Saiar\J*-

nv, N

nv, N

nv, N

DlsErict
Dlstrlct
Dlstrlct
Dlstrlct
District
Dlstrict

Aruran
As Sawd
As Sudah
Jabal IyaL Yazld
Raydah
Dhl Bln

of
of
of
of
of
of

a_
Amran
As Sawd
es suaaU
J abal I 1 Yaz-td
Ravdah
Dhi Bin

Subprovlnce of Sana

Dlstrlct of Thula
Dlstrlct of Iyal SuraYh
Dlstrlct of Arhab

ahtyar Thul5 (ncH, Thi15)
afrrvat 'Fa-Lsuravh

v 

-

Shivat Arhab.5'-+-

Note.-Informatlon source: Yemen Arab Republlc, !977, Prellmlnary Report No' 5,

Databank of Yemenrs PopuJ-atl-on and Houslng Censusr.. L975t ZurLch, Swltzerland'
Thls publicatlon follows the BGN/pCCrq Systen' Admlnlstratlve names qualified
above as not verlfled (nv), are not llsted ln the current (1976) BGN gazetteer
of the Yemen Arab Republlc. Underllned naroes are BGN short fom designatlons'
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!e'.v building is i.ntense along the highway, and the Lowns of, R.aydah and
'Amr6n are growing rapidly. f,n a irearrs Lime, four 5retrol stations were
being built over a distance of about 15 km. Agricultural development
and general growth in the inore rural areas away from r-.he highway, appear
t,o be,leereasing, aL l-east lemporarily, owing to the iack of farm l-abor*rs.
The prcbiern of iabor short,age i.s cornrnon to ail" of the Yemen Arab Republ-ic
since the hi-gher wages a'railab1e in Kingdcrn of Saudi Arabia atlract much
,:f the wcrking population, Aceording to ihc previousiy eiled i-975 :ensus
f igures, 26.5 percent of the poputation ernigrated frorn fcur of i.he distrr"ct,s
in the area to seek work elser*here. ?he only najor governine;rt iaciiilyjn the area is a iarge xri}-itary camp iocated at the southwest edge of

lqmr6n t-own. Future deveiopment pLans include a cement factory ,qear t.nri'n
Lown. The West German .[gency fcr Techniuai Coo5reration {cTZ) program
for lhe area incl',:des a 2-year feasibil-ity study of rural development
i"n agricuitureo secondary roads, an<l village water supplies.

Previous Invest iqations

The basis for planning the present investigation was provided by
James R. Jones, USGS, and Stanley M. Remington, USAID, who completed a
reconnaissance study ;in early 1973 and proposed the present ground-water
investigation of the'AmrEn Va1ley. previous ground-water investigations
in the Yemen Arab Republic have, for the most part, been limited to spot
studies of specific areas by c:nsultants or foreign donors although some
of these jstudies have been rather extensive. It is believed, however,
that the'Amran Valley stuoy is the first such investigation undertaken
by the YAR using appreciable Yemeni technical personnel and equipment.

a preliminary report on the geohydrology of the'amrdn Basin, based
largely on data supplied by the project, was prepared for the GTZ by the
Federal Institute for Geoscience and Natural Resources in 1978.
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GEOGRAPEY

The Yemen Arab Republic is ilivided into three major physiographic
provinces. From west to east, these provinces are the _coastal p1ain,
the mountainous region, and the interior plateau. the'amrEn Valley lies
entirely within the interior plateau physiographic province at altitudes
ranging between 21100 and 21300 meters (m) (p1. 1, insert B). The valley
is bordered on all but the southern side by steep limestone escarpments
ascending from 400 to 800 m above the valley floor. The main axis of
the valley is oriented southwest-northeast and is approximately 45 km
in length.

The valley floor is, for the most part, flat and undissected. The
alluvial deposits within the valley consist of windblown silt, Ioam, sand
and pea gravels. At some locations, extensive lag gravel deposits predominate.
At other scattered locations, large midden mounds (ancient rubbish heaps),
likely dating from the Himyarite civilization, occur as low symmetrical
hilIs. These midden mounds contain deposits of red clay pottery shards.
A particularly prominent midden is located southeast of Rayclah near the
base of the escarpment.

Surface drainage is northeast towards the WfaI af Khirid (fig. 1)
that, in turn, drains into the Wiaf ,fawf. Although there are no perennial
streams in the area, surface inflow enters the valley from the south via
the wIdI Day5n following seasonal rainstorms. Often intense rainstorms
also contribute to sheet flooding which delivers large quantities of water
and accompanying erosional debris to the valley floor. The writers observed
a localized rainstorm during August 1975 that fell on the escarpment above
Al Gusair in the north end of the vatley. Although the storm lasted only
about 20 minutes, the escarpment faee in the immediate vicinity was quickly
flooded and runoff continued for about 2 hours Sfter the rainfall ceased.
The resulting temporary rivuLets flooded a 6 kmz area south of AI Gusair
on the QE'at lamudah (Hamudah Plain) . The entire process from the start
of the storm to the time when the basin ceased filling, took about 2 L/2
hours.

The valley narrows to a width of approximately I km east of the town
of Raydah where a recent basalt flow large3.y blocks the drainage. Otherwise,
the intermontane valley ranges between 5 and 10 km in width. Smaller
Eributary valleys, oriented east-west, branch eastward from the main valley

a*at'AmrIn town; the wiaf Qum5mah, and north of Raydah; the Q5rat-Eamudah.

the total 800 km2 of land in the /amr6n basin, only an estimated
are farmed. This is due, in part, to the fact that, in the center

of the valley, the soils consist largely of sand and do not retain irrigation
water. Locally, and for more limited areas, such conditions as midden
mounds and exposure of bedrock also make farming impractical. The intermitlent
flow fron desert rainstorms is channeled to farm fields. At times during
the rainy season, much of the valley is subject to flooding although these
floods are usually of limited areal extent.

200
of-z

km
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CLI!4ATIC FEATT'RES

The area described in this report has semi-arid climate marked by
sporadic and scanty rainfall, abundant sunshine, violent wind movement,
wide diurnal and seasonal range in tenperature, and low relative humidity
except near the irrigated farm areas. The higher relative humidity is
localized in and around areas of natural and irrigated vegetation as is
characteristic of a semi-arid climate and results, in part, from evaporation
from free water surfaces.

_ From the short period of available record, annual rainfall within thetamrdn basin ranges betwen 200 and 500 millimeters (mm). Storms are usually
short, intense, and often localized. In the 6mrin valley, rain gages
as close as 10 km apart have recordetl clifferences in precipitation of
as much as 50 mm on the same day. Since much of the agriculture in the
area is dependent', in part, on supplemental irrigation from weIIs, this
variability in rainfall chiefly affects the availability of vegetation
for grazing. A year without any rainfatl in an area, however, may mean
that farmers will not attempt to start a major crop such as wheat. Sorghum,
on the other hand, can be raised on rainfall alone in the wet years.

Rainstorms mainly occur in August and September and, in some years,
continue into October. This period constitutes the principal rainy season
during most years. There is a shorter rainfall season beginning in early
May and continuing into June. Sporadic storms may occur at other times,
most likely in December and January, but these months, like the remainder
of the year, can be completely ilry.

The project operated 4 rain gages in the ramrln Basin during the period
of investigation. These gages, which continue to be part of the hydrologic
network for the Republic, are located, south to north, at thi1E, A1 JannEt
(Jannat), Menjidah (Menjeda), and Raydah. In adilition, Gernan Technical
Cooperation (GTZ) maintains a rain gage tocated between tamr6n and Raydah
approximately 20Q m east of the main road near Jub as Sulfa (coordinates:
44o Oo' 3O"E; 15o 40'O0r N). The gage at rhilE recorded 490 run of pre-
cipitation during 1976 whereas the gage at Raytlah registered only lGZ
mri reflecting the localized pattern of desert rainfall. Annua1 precipitation
at Sana south of the valley, ranged from a high of 388 mm in 1975 to a
low of 202 nun in 1977. Rainfall data for the srAmrin Basin stations and
Sana are shown in table 1. A longer record for Sana however, shovrs an
average, annual precipitation of 300 nun. This figure is likely applicable
to the'emrdn area.
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TABLE I.--Annual rainfall, in millimeters, ramr5n Basin and Sana

Station L975 L976 L977

ThiIE

aI ,IannEt

rlmrEn

Menjidah

Rayilah

Sana

(Jannat)

The notion of a short and a long rainy season each year describes
conditions recorded regionalLy over the tonger term. Records for individual
rain gages do not necessarily foltow the same Pattern in the short-term.
Eor example, the heaviest monthly precipitation occured during March at
the A1 JannEt stations in l-976 when 4 storms occurred during the nonth.
Records from the other tenrin sLations, however, tend to reflect the regional
rainfall pattern even in the short-term. The greatest number of storms
recorded during a single month for the period of record was twelve. This
frequency vras recorded three times; at Raydah during August 1975 ancl at
fhila during botlr May and August l-976. The establishment of a field head-
quarters in the'amr6n VaIIey made possible daily checking of the rain
gages for at least part of the time on sone of the stations, during the
period of investigation. Table 2 shows the month of highest rainfall
and the number of storms during the month, during times when it is known
that the gages were serviced ilaily. Personnel timitations precluded claily
servicing of the gages at other times and, accordingly, when the gages
were not serviced daily it is not known whether the measurements record
precipitation for a single or several storns during a given month.

255

362

NA

304

388

392

490

250

283

290

t67

225

NA

305

NA

188

202

202

TABLE 2 - Month of highest rainfall- and,
of storms durinq month,'AmrEn

when measured daily,
Basin (NA: not known)

the number

L97 5
Month Storms

L976
Month Storms Month Storms

L977
Station

rhila

a1 JannEt

It{enj idah

Raydah

JuIy

August

August

August

NA

NA

NANA

3

9 3

NA!{ay

NA

NAL2

May

Ilarch

l4ay

!4ay

L2

4 October

MaY

Temperature observations made during I976 at the German Technical
Cooperation station are suqllnarized in table 3. The extremes recorded
during that year were 28.4oc in June and -o.4oc in January. The annual
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average temperature was 14.6oC. The/emrdn area was cooler by 1 to 2 degrees
throughout the year than Sana. In the spring and summer, hot, sand-laden
winds, usually of short duration, parch man, animal and plants alike.

- So far as is known, no other meterological data were collected in
the remrEn Basin during the period of invesligation.

TABLE 3 - Monthly maximum, mininum and mean temperatures in degrees Celsius
1976 at the GTZ Station'AmrEn Basin

for

Month l'laximum Minimum Mean

Jan.
Feb.
Irlar.
Apr.
I"lay
June
JuIy
Aug.
Sept
Oct.
Nov.
Dec.

22.0
23.4
24.3
23.9
25.2
28.4
25.7
26.L
24.0
2L.4
L7.7
19 .3

-0
3

7

7

10
8

I1
9
5

4

2

0

4

4

3

2

0

2

0

6

7

I
2

9

10 .8
13 .4
15 .8
15 .6
L7.6
18.3
18.9
L7.9
14 .9
L2.3
10 .0
9.2

Year 28.4 -0.4 L4 -5
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AGRICULTT'RE ATiID INDUSTRY

Small-sca1e farming, based on irrigation and, in part, on rainfall
is the chief occupation of the area, although the grazing and sale of
livestock also provides agriculture income. Dug and drilled wells equipped
with pumps provide much of the water for irrigation. Agriculturat activity
is on the decline in the area, however, due to the nigration of farm labor
seeking higher wages in the Kingdon of Saudi Arabia and elsewhere. Consequently,
care of the family farm is often left to the women and children who remain
behind. The decline of agricultural activity is shown by the general
deterioration of terraced farm land surrounding the valley. Once breached
by runoff, these terraces require immediate repair to prevent destruction
of the encLosed farm land by erosion. At the present tine (1978), there
is neither sufficient labor nor sufficient financial incentive to effect
repairs and considerable terraced farn land is being destroyed.

Alfalfa is the most important local forage crop and is an important
source of farm income. Wheat and sorghum are the most important cultivated
grains in the area. A variety of garden vegetables are raised also, chief
among them being potatoes, onions, tomatoes, melons, peppers and beans.
A few grape vineyards are scattered throughout the eastern part of the
area. "Qat" a small tree producing a leaf which when chewed produces
the effect of several cups of coffee, is grown on some of the terraced
fields. Sale of Qat production in excess of family use can be very profitable.

Livestock, chiefly sheep and goats, and livestock products are major
sources of agricultural income in the area. Animals gtaze in the surrounding
highlands in the winLer and are fed supplemental fodder, usually alfalfa,
during the rest of the year. Cattle and camels are not nunerous, but
most farms have at least one for plowing or possibly nilking. Some poultry
and rabbits are raised, mostly for local consumption.

Water for irrigation is a limiting factor in agricultural production
in the /amrin Basin. Although many areas are unfit ior farming Lwing to
the tlpe of soil, given adequate irrigation many other areas now unused
could be cultivated. Further, lack of technical knowLedge and skiIIs
in water conservation, irrigation practices, soil drainage, and farming
methods prevent better agricultural production.

Cottage industries are virtually unknown in the area except for some
basketweaving and pottery making for family use. Almost atl qtensils
and tooLs are purchased from outside sources. Small scale quarrying of
Iimestone and basalt blocks for building is a minor industry as is the
open pit mining of sand for cement. There are no J-arge industgies in
the area, but a cement factory is planned for a location near lmr6n town.
The water reguirement for a cement factory is considerable and carefuly
consideration should be given to the priority of water allotment. It
is unlikely that the industriaL, agri-ultura1, municipal, and domestic
water requirements can be met simultaneously from the ground water resource.
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IRRIGATION

Before the widespread introduction of turbine pumps in the early
1950ts, irrigation from wetls was limited to small plots of alfalfa and
vegetables. Water was raised from dug weIls by the means of animal power.
After the introduction of turbine punps, irrigation increased and field
size expanded. Water levels in the dug wells, however, began to drop
and deepening wetls either by iligging or with a drill rig became the rule.
In the central part of the va1ley the botton of the water table is commonly
marked by a basatt becl which usually precludes further deepening by hand.
These basalt beds are interfingered with alluvial sediments that are water
bearing both above and below the basalt. Where basalt !ilas encountered,
a clrilling rig became a necessity if the well was to be deepened further.

The irrigation rnethod used in the ramrln Basin involves flooding the
field and allowing the water to stand ancl infiltrate. Irrigation water
is spread to fields by way of unlined ditches; leakage and consequent
waste of water can be considerable. In sandy soil, Iosses fron unlined
irrigation ditches can range up to 70 percent although in clayey loams,
the waste factor is nearer l0 percent. There are several general practices
that are important to the overall effective utilization of irrigation
water. Chief among these is the use of lined ditches to prevent the waste
of water by leakage. The construction of lined canals, however, is usually
beyond the financial resources of individual farmers in the'amrdn area.
Sprinkler, trickle and perhaps other irrigation methods undoubtedly would
increase irrigation effectiveness and conserve vrater.

Field infiltrat.ion rates range from 1.5 nun per hour for clayey tilled
soil to I50 mm per hour for sandy undisturbed area (personal communication,
GTz). There are an estimated 2,000 hectares of land irrigated by either
channeling, direct rainfall to fields or from wells, in the tmrEn Basin.
I{uch of the arable land is suitable for mechanized farming and larger
scale irrigation. a limiting factor, however, is the availability of
ground water.

GEOHYDROIOGY

Rocks in the Yemen Arab Republic range in age from Precambrian to
Holocene (pI. I and table 4). Precambrian rocks, primarily granite gneiss
and mic-a schist, are exposed in deeply incised wad-is I0 to 20 km west
of the'Amr5n Valley. The Kohlan Series of Early Jurassic age unconformably
overlies the Precambrian rocks at these same Iocations. The KohLan Series
in this area ranges upwards to 150 m in thickness and consists of massive
white sandstone interbedded with thinner beds of conglomerate and violet
fine-grained sandstone. The oldest formation cropping out in the Amran
Basin, however, is the Amran series of Late Jurassic age. The contact
between the Koh1an and Amran Series, though not exposed in the tamrEn Basin,
is gradational with no break in sedimentation.

The Amran Series crops out over a large part of the northern third
of the Yemen Arab Republic extending northwards from Shibim, 20 km south-
southwest oftmrdn town to SarDah. In the area bound roughly by J-atitudes
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I'ABLE 4.--Generalized stratigraphic section for /amr6n Basin and nearby
areas, Yemen Arab Republic.

QUA,TERNARY

TERTIARY

CRETACEOUS

Tawilah Group
Predominantly coarse grained crossbedded continental sandstone
interbedded wiLh shale and clay stones; cut by numerous basalt
dikes. Good aquifer especially in the fracture zones. Wells
tapping this formation supply- part of municipal water for Sana
city. Outcrops southwest of'amrdn Valley in Thili-shibam area.
Thickness to 350 m at ShibEm.

UPPER JURASSIC

Amran Series
Fossiliferous, massive to fine bedded, limestone of shallow
water origin with intercalated sandy layers; shale interbedded;
major solution structures rare in report area. Generally, poor
aquifer except in fracture zones. Cut by basalt dikes. Forms
eastern, western and northern flanks of'amrin VaIJ-ey. Thickness
to 800 m in wiaf Attaf.

Alluvia1 deposits
Loess, J-oam, silt, clay, sandn gravel, and boulder erratics.
Principal aquifer in area wirere significant thickness of unconsolidated
permeable sediraents occur at depth" Very fi.ne and surficial
deposits not water bearing. Thickness exceeds 300 m at some
locations. trnterbedded with basait layers.

Younge[ vo]canies

Dark grey to black basalts. Not proven to be aguifer in report
area. Essentially unexplored; 5 dry test holes drilled in lava
flow northeast of Raydah. Ground water occures in fracture
zones, tubes, and along bedding plains in volcanic rocks. In
Sana area wells penetrating similar rocks can have large yields.
Thickness unknown, but exceeds 200 m as proven by test drilling.
Occurs on the southern and eastern flanks of report area.

Medj-Zir Series
Predominantly fine to coarse grained crossbedded continental
sandstone with lenses of conglomerate and gravel and interbeclded
shalet upper part rich in hematite. Cannot be separated from
underlying Tawilah Group on the basis of stratigraphjc relation-
ship.- Fair to good aquifer. Outcrops southwest of'amrEn Valley
in Thila-Shib5m area. Thickness to I50 m at Shibdn.
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LOWER JURASSIC

Koh1an Series
Massive white sandstone with interbedded conglomerate beds;
contact with overlyi.nE Amran Series is gradational ryith no i:raak
in sedimentation. Water-bearing properties unknownr bul potent'ia113z
good. Occurs west of report area in steep clj'ffs ranEing up

to i50 m in thickness.

PRECAI,IBRIAN

Basement
Predominantly granite gneiss and mica schist exposed in deeply
incised wEals west of report area. Poor aquifer, ilmiteo amounts
of ground water occur in fracture and fault zones.

tSol0r and l5ossrN and longitudes 43020'and 45045'E, rocks of the Amran

Series predominaLe although interspersed with occasional volcanic plugs
and flows, along with scattered granite plugs, stocks and plutons, as
well as more extensive alluvial and volcanic deposits. The flanks of
the famous Himyarite dam at Ma'rib, 110 km east of Sana and one of the
seven wonders of the ancient world, are cut into timestone of the Amran

Series and the massive headworks are also constructed of the same material.
The Amran Series formerly covered the entire area of the Yemen Arab Republic
and beyond, with parts of the Tih6mah possibly excepted. Post Jurassic
erosion largely removed the covering limestone mantle from most of the
eastern and southern two thircls of the country. Outliers of the Amran

Series occur, however, in the Tihinah, in the northwest and southwest
as horsts uplifted thro,ugh the Yemen Volcanics, to the eagt in the area
of SEfir and in the Rub'aI Khali, and south along the Wadi Bana near the
frontier with the Peoplers Democratic Republic of Yemen.

The Amran Series is everywhere calcareous although facies change
with tocation. In the'nmrdn Basin, the formation consists of fossiliferous,
yellowish-white limestone of shallow water origin; an origin evidenced
by both the fossil assembtage and the occurrence of intercalated sandy

layers. The bedding is horizontal to subhorizontal. The flanks of the
'emrEn Valley are formed by alternately interbedded layers of massive cliff-
forming limestone, sandy fine-bedded limestone and shale that, in turn,
weathers to form less abrupt stopes. The limestone is faulted and cross
faulted and heavily jointed, but caves, sink holes or smaller solution
structures are rare. The thickness of the Amran Series underlying the
alluvium of the valley floor is unknown, but the thickness exposed by
the cliffs on the valley flanks ranges between 400 and 500 m and exceeds
800 m in the Wadi Attdf, to the northeast of the valley.

To the southwest of the ramrEn Basin, sediments of the Tawilah Group
and !4edj-Zir Series form elevated plateaus that are visible from the southern
end of the valIey. Although the Tawilah group appears bare of fossils,
it is considered Cretaceous in age because of geometric position. Both
formations consist of coarse, crossbedded, white sandstone with conglomerates,
gravels and interbedded shale. The Medj-Zir Series is of probable Tertiary
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age. The volcanic formations exposed in the report area are primarily
dark-grey to black basalt flows of Tertiary to Holocene age. The very
dark basalt flows occuring northeast of, and to a very limited extent,
within the vaLley were extruded during historical times. The historical
age of these darker flows is assumed because of their similarity to flows
in the Eamd5n volcanic field north of Sana. At the HamdEn location, lava
flows of similar litho-logic character and color have inundated the works
of man._ Numerous basalt cones and craters occur east of and parallel
to the tmr6n vaIIey.

Beds of basalt also occur interfingered at depth within the alluvium
fitling the valJ-ey. The interbedded basatt layers tikely result from
a succession of lava flows at different intervals as the valley filled
with sediments rather than intrusion as sills. This is evidenced by the
fact that the basalt beds are persistent over distance within the alluvium.
Further, wells penetrating the alluvia1 sediments may encounter multiple
beds of basalt interspersed at different depths in the alluvial section.
These basalt beds tend to confine water in the underlying sand and gravel
and act, at least in part, aquitards.

The alluvia1 deposits filling the te*rin 
Va11ey constitute the principal

aquifer system in the area. Together with the interbedded basalt layers,
the alluvium has a thickness in excess of 300 m at some 1ocations near
the valley center. These alluvial deposits consists of loess, loam, silt,
clay, sand, and gravel with occasional limestone boulder erratics. The
sandy material, in all likelihood, was eroded and transported from the
Tawilah-Medj-Zir escarpment to the southwest. Limestone gravels, which
are often waterbearing at depth, are derived from the Amran serils surrounding
the valIey. The lithology of the unconsolidated sedimentary sect,ion reflects
periods of successive fLooding, ponding, and probably also periods of
desiccation. Coarser material was deposited in the valley trough by floods
during times of higher rainfall when water ponded in the valley. The
occurrence of loess in the upper part of the alluvial section indicates
a period of desiccation when these wind-borne sediments could accumulate.

Alluvial sediments are thickest along the main axis of the va1ley
and feather out against the flanking linestone an-d basalt escarpments.
Mobile sand dunes occuf at random throughout the'emrEn VaIIey, but are
most evident in the QE/at llamudah area.

Structure

the ramrEn Valley is formed by a northeast-southwest tending graben
structure (p1. I, inset A) thought to have been formed contenporaneously
with the Red Sea rifting that started in the Oligocene. Approximately
45 km to the northeast the graben changes direction to east northeast-
west southwest and changes again, in the WiaI attEf, to an east-west orien-
tation. North of Raydah the graben is cirt by major cross faults oriented
north northwest-south southeast that likely account for the escarpment
forming the northern boundary of the ea'at Jlamudah p1ain. parallel faults
on both sides of the valley form a series of steps on the valley flanks
as successive blocks of bedrock slipped into the depression. The apparent
throw of these faults exists within the graben slructure and accounts,
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in part, for the variation in clepth to bed rock at different locations
benlath the sedimentary valley fill. Small horsts resulting fron the
same tectonic action that caused the faulting arise in the graben fLoor
and some are seen in outcrop above land surface within the valley ProPer'
The outcrop of Amran limestone occurring as an outlier 1 kn east of Raydah

at the site of the Kharif f6 test hole is a typical example of an exposed
horst. The availability of ground water in the alluviaL sedinents forming
the graben fill is partly controlled by J-ocal subsurface structural conditions'
When horsL blocks rise to near or above land surface, water-bearing deposits
may be thin to non-existent. Faults and variations in the thickness of
alLuvial fill due to subsurface tectonics in some instances can account
for the targe difference in yield between closely spaced weIls.

Water-Bear inq Character ist ics

The coarse. sediments interbedded in the atluvial filt of the Nnran
VaIIey contain the principal ground-water resources in the report area.
Iocally, where structural conditions are favorable, the Amran limestone
can be productive. Likewise, in favorable structural situations, the
volcanics have the potential of yielding worthwhile quantities of water
to wells as these rocks do elsewhere in the Yemen Arab Republic. Li-mited
test drilling in the report area, however, failed to discover any usable
quantities of water in the basalts. Admittedly, the test drilling in
the volcanics was lirnited to a restricted area northeast of Raydah and,
therefore, the negative results obtained are not conclusive for other
areas of volcanic rocks in the report area. In one hole near Raydah,
perched water t as encountered, but quickly depleted by pumping. Other
test holes at this same general location were dry even at depths as much

as 60 m below the level of the water table in the nearby alluviun.

Other geologic formations mentioned in this report, although important
to the overall understaniling of fhe areal geohydrology, are not locally
potential water sources since they neither crop out nor are known to occur
at depth within the area. The Precambrian outcrops in the deeply incised
wiais to the west of the'amrin valley are characteristicalty a poor aquifer
everywhere in the Yemen Arab Republic and ground waEer occurs, for the
most part, only in fracture zones. The Koh1an serils overlying the Precambrian
is largely unexplored, but has the potential of being a high yieLding
aquifer since it is colttposed primarily of losely cemented sandstone.
In the outcrop area west of the'Amr6n Valley, however, the Koh1an Series
shows littLe potential for yielding water to wells. This is owing to
the fact that the formation occurs in cliffs resting on exposed basement
rocks precluding the possibility that water could be retained within the
formation even when available from recharge.

The sandstones of the Tawilah Group, although not Present in the
report area, are the best aquifers in the Yemen Arab Republic and wells
penetrating this formation have high yields where considerable thicknesses
of the formation occur below the water table. The lledj-Zir Series consists
of coarse sandstone and is, therefore, a potentially high yielding aquifer.
Although relatively unexplored, large yields could be expected from this
fornation at locations where significant thickness exists.
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At the onset of the project, test drilling efforts were directed
at obtaining water supplies for villages situated on the stopes of the
highlanils flanking the hmrin Va1}ey. Consequently, welL sites were located
on the limestone outcrops at the base of the escarpnent or in the narrow
valleys reentrant to the escarpment. The najority of these wells penetrated
Amran limestone throughout most of their depth. The second test well
at Menjidah yielded I4.5 liters per second lL/Sl by airlift and the test
weII at AL $ajz yielded 6 L/5, also by airlift. The upper 43 m of the
I{enjidah well penetrated 8 m of gravel and 35 m of basaLt before encountering
Amran limestone and the limestone was overlain by 3? m of limestone breccia
at the AL $ajz site. With the exception of these two wells, other wells
constructed in the Amran limestone near the ftanking escarpments had poor
to no yield.

Yields of dug and drilled wells in the wEdi altuvium where located
at distances fron the escarpments, on the other hand, consistently range
between 3 and LB L/s. Many of the dug wells, however, have been deepened
several times. This reflects, in part, an effort to follow a declining
water table and, in part, an effort to meet increasing demand for irrigation
water. t{any of the dug wells first bottomed on basalt which, in effect,
marked the bottom of the unconfined water table. When water levels in
the overlying unconsolidated aquifer declined, efforts to deepen the well
by digging into and through the basalt were often attempted. Owing to
the hardness of the volcanic rock, efforts to excavate the basalt with
hand tools hrere, as a rule, unsuccessful. This work was further complicated
by the necessity of keeping the hole dry by pumping as the work proceeded.
Accordingly, well owners usually hired a local contractor equipped with
a cable-too1 drilling rig to penetrate the basalt and the underlying alluvium.

Water in the sediments under the basalt occurs under confined or
partially confined conditions and water leve1s in wells penetrating one
or more basalt layers may be higher than the locaI water tabIe. Generally,
when the dug weLls are deepened, the yields increase. This is also the
case in dug wells in the alLuvium where basalt is not encountered.

Deepening drilled wells is practical only when the we1l has been
initially constructed with.out a netal bail plug at the bottom of the casing
string. When the well is left open at the bottorn it may be possible 1ater
to drill it deeper. If part of the well is uncased, initially producing
water from the open hole through the aquifer section, there is a serious
danger of collapse during subsequent deepening. Wells that are screened
in the aquifer and equipped with a metal bail plug sealing the bottom
of the casing string generally cannot be successfully deepened. Any attempt
to drill through the bail plug will likely lead to separation of the we1l
casing up the hole and destruction of the well. When practical, deepening
of selected drilled wells should produce increased yield. Of course,
the benefit of deepening any weJ-l in the'amrEn Valley is linited by the
aquifer thickness at the weII site.

Ground Water Occurrence

The ultimate source of fresh ground water is precipitation and, with
the exception of some desert regions, the ground water reservoir is periodicalty
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recharged by rainfall or infiltration from streams through pore spaces
in the soil to the zone of saturation, the upper surface of which is the
water table. Water-table conditions exist where the aquifer is not confined
by overlying impervious strata. Unconfined water occurs in the permeable
sand and gravel resting on top of the first relatively impermeable bed,
either clay or basalt, at depths ranging from 6 to 50 m below land surface
in the alluvial fill of the hmrin Valley. The water in the zone of saturation,
sometimes referred to as "phreatic waterr" moves by gravity flow from
sources or points of recharge to areas of discharge. This migration,
coupled with evapotranspiration and artificial withdrawal by pumping plus
recharge by precipitation, accounts for fluctuation of water levels in
wells tapping the water table. Natural discharge and withdrawal by pumping
togelher with migration down slope results in lowering the water table,
especially during the dry season. Water levels recover during the rainy
season, reflecting recharge to the ground-water body and also the effect
of decreased pumping when precipitation substitutes for irrigation from
we11s.

Water in the alluvium occurs under semi-confined conditions and,
at some locations, possibly under confined conditions. When ground water
is confined or semi-confined, it is often termed artesian. Although the
popular concept of nartesian" connotes water from a vrell flowing above
Iand surface, in the hydraulic context ,artesiann refers to ground water
under conditions producing hydrostatic head. Artesian conditions occur
where the water moving down-gradient through permeable water-bearing strata
passes beneath impermeable strata that form a confining bed. If the materials
beneath the water-bearing strata are also impermeable, water acquires
a hydrostatic head related to the vertical distance between the altitude
of land surface at the point of confinement and lhe slope of the potentiometric
surface, and the bottom of the confining bed at the point of discharge.

The lenticular character of the alluviaI aquifer indicates that water,
for the most part, occurs in these beds under semi-confined conditions.
Further, analysis of the four pumping tests conducted by the project in
the'AmrEn Valley show leaky aquifer conditions. A leaky aquifer is defined
as a semi-confined aquifer whose confining bed will conduct significant
quantities of water into or out of the aquifer, but the term is somewhat
of a misnomer. Although water does leave the aquifer, it is the confining
lced_or aquitard that is leaky. The aquifers in the atluvium filling the'Amran Valley below the partially confining strata of either clay or basalt
are in hydraulic continuity with other water-bearing strata occurring
either above or below the producing aquifer.

The hydraulic aradient of lhe water table in the ramran ValIgV reflects
the surface drainage and slopes to the northeast towards tne Widi Attef
and a mutual discharge area. The natural hydraulic gradient is 1ocally
altered where pumping we1Is are concentrated as is the case around'amrdn
town, Raydah, and in the eastern q6rat $amudah. The gradient of the water
table is steepest near the valley flanki and flattens towards the center
of the valley where the alluvial sediments are the thickest. Dug wells
along the margin of the valley range in depth from I0 m to over 70 m in
the eastern Q5'at famudah. Generally, irrigation we1ls in the center
of the valley are over 50 m in depth and may range up to I00 n where deepened
with a drilling rig. Depths to water are greatesl, on the other hand,
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near the ftanks of the nain vaIley and occur at shalLower depths below
land surface tovrarils the center of the vaIley.

Wet-season and some alt-weather springs and seeps issue, at places,
from the escarpments flanking the valley as weII as from fractures in
the tinestone bedrock in w5ais reentrant to the rnain valJ-ey.

HISTORY OF H(PIPRATORY DRILLING

During most of the test clrilling Program, two Ingersotl-Rand T4 drilling
rigs were assigned to the project. These rigs are designed primarily
for ilrilling in hard consoliclated rocks, such as voLcanics, utilizing
compressetl air and donn-the-hole hammers. Although originally equipped
with a smaIl mud pump for conversion to the direct rotary dlrilling method,
these rigs proved unsuited for drilling in alluvium and limestone where
lost circulation problems lrere common. Accordingly, it was necessary
to equip these rigs with large capacity auxiliary nud punps in order suc-
cessful-Iy to complete many of the test holes. The drilling difficulties
encountered are best ilLustrated by the drilling sequence at the midclle
Raydah site. A successful observation weII was eompleted at this site
in March of 1976. Subsequent attempts nearby to construct production
wells over a period of several months ended in abandoned holes owing to
lost circulation problens. The production hole that was eventually completed
in E'ebruary 1978 had been spuclcletl in the preceding September. Equipment
breakdown aclmittedly contributed to the time necessary to complete this
well, but again, circulation problems were the major cause of delay.

The initial phase of the ramran Valley ground-water investigation
provided for exploratory drilling to obtain village water supplies. F'irst
efforts, beginning in June 1974, centered in the volcanic area 4 km northeast
of Rayclah and were directed at fintling drinking water for the village
of Kharif. Five test holes in the basalt bedrock of this area proved,
for all practical purposes, clry although one test encountered limited
amounts of perched water. It was necessary eventually to move onto the
alluvial plain south of the volcanics to obtain water for Kharif. At
the new location, the first hole was reported dry and the second produced
2.5 L/s by airlift which, however, !{as sufficient for the village when
pumped continousJ-y into reservoir storage. rnitially samples of the well
cuttings were not always collected and some well logs are incomplete for
welIs completed during the early test clrilling efforts.

Subsequent efforts to provide village water supplies centered on
A1 Sajz southwest of 'emrin town and AI Gusair in the northern end" of the
valiey. The weLl at A1 $ajz yieliled 6 L/s. T\do holes drilled at AI Gusair
location near the head oi a north to south draining 6af were dry. The
third hole, located downstream in a wider section of the wEdi, yieliled
4 L/s. Although this well yras a welcome addition to the village water
supply, it was obvious that larger yields sufficient for irrigation of
crops would be obtained only in the thicker sections of alluvium along
the main valley axis.

t\mong the first effogts to explore conditions alray from the flanking
escarpments includeil the'amrdn town and the nearby al iannit sites. otring
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to poor design, the tmrin town weII proved disappointing although the
geophysical J-og indicated the presence of water-bearing strata. yield
by airlift of the al {annEt weII was only I f,,/s. An earlier effort at
AI Jubi northeast of tmrEn town and the iirst project test hole near the
axis of the southern part of the'amr6n Val1ey, yielded 3 L/s by airlift.
A test hole at A1 Sheikh approximately in the center of the northern part
of the valley was dry. The area where yield from wells would be sufficient
for irrigation accordingly was narrowed to the central part of the valley
south of the volcanic intrusion and flows that outcrop east of Raydah.

The production well at !4enjidah yielded L4.5 L/s and was the first
hole drilled near the center of the southern valley axis. This hole,
however, penetrated Amran limestone throughout much of its depth and conse-
quently, did not explore the al1uvia1 section as intended. The relatively
high yield from this well as contrasted to yield from other wells constructed
in the limestone is probably due to 1ocation at the mouth of a smal1 wadi
reentrant to the hain vaIley. This tributary wadi was probably formed
by erosion along a fracture zone that could, in turn transmit water towells. South to north, the Warehouse, Raydah South, and Raydah Middle
groups of wells were located to test and evaluate the hydraulics of thealluvial aquifers. As was the case with lt{enjidah, one or nore observation
welLs were constructed at these sites along with the production weII.Drilling, developing, and conducting aquifer tests at these sites continuedinto the spring of 1978.

DRILLING METHODS

A complete description of wel1-drilling nethods is beyond the scopeof this report. It is desirable, however, to describe briefly methods
used in the investigation and by others constructing wells in the area,particuLarly with reference to inherent drilling problems. We1ls in the
area are drilled by the percussion (cable-too1), direct rotary, and airrotary (down-the-hole hanuner) methods. Further, dug wells are constructed
with hand tools and, when basalt is encountered, often blasted downwards
with explosives.

The percussion (cab1e-tool) methods of ilrilling involves raising
and dropping a heavy string of drill tools consiting of a bit, drill stem
anil drilling jars att,ached to a steel cab1e. The cable passes from a
collecting reel over a pulley wheel at the top of the derrick before connectingto the tool string. The string of tools is activated up and down by meansof a pitman arm and the resulting blows crush material (stratal struck
by the bit. The crushed naterial is removed from the hole with a bailer.
The percussion method often produces a hole of several different diameters,
with the largest diameter at the surface. When it becomes difficult todrive the larger tubing the diameter of the hole is reduced and drillingis continued with a snaller bit. Several different diameters of weII
tubing each smaller than the preceeding one nay be necessary to complete
a well.

Percussion drilling is particularly well suited to very coarse sediments
and is also suited to very hard rocks such as basalt. When it becomes
necessary to deepen a dug weLl bottoned on a basalt layer interfingered
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with wadi alluvium, the well owner often hires a Iocal driller with a

percussion rig to deepen the weII. The rig is positioned on a platform
constructed over the open dug well and a tength of pipe is then secured

to the botton of the hole to act as a tool guide. In theory, the equipment

should be abte to penetrate the basalt at a rate of roughly a meter per

8 hour shift. In practice, the rig may remain over the well for months'

Antiquated equipment in part accounts for the delay, but inexperience
in cable-tool drilling techniques is a more important factor' When drilling
very hard rocks by the percussion method, it is necessary to keep the
ariff bit to gug". A p"t"u""ion bit can be brought to gage by heating
on a forge and reshaping with a sledge hammer or by resurfacing with an

electric welding machine. The welding procedure puts a harder surface
on the face of the bit and is the preferred method. Local percussion
drilling contractors, however, are seldon equipped with a weLding nachine'
I,luch of the time lost in deepening dug wells through the basalt beds is
due to stuck tool strings reiulting from the bit being out of gage causing
the hole to be out of round or out of gage.

The direct rotary nethod of drilling involves rotating a string of
drill tools with attached bit in an open ho1e. Simultaneously, drilling
fluict is circulated from a mud pit by a pump down the hollow rods and
out the openings in the bit to return back up the open hole to the mud

pit. The returning colunn of drilling fluid carries material cut by the
bit to land surface and thence to the rnud pit near the well head' Drilling
fluid consists of water mixed with local clay and often other material
used to increase its density (weight). Bentonite, a volcanic clay that
swells when wetted, is the preferred material used to make up the drilling
mud. Both rock roller bits and drag bits are used in rotary drilling'
Rock roller bits are best for drilling in sand, gravel, and hard rocki
drag bits perform best in silt and clay.

Ivlost of the test wells constructed as a part of this investigation
were drilled by the rotary method. Owing to problems with lost circulation,
it was necessary to equip the drilling rigs with large capacity auxiliary
mud pump. Even with the large capacity pumps, however, it was not always
possiUt- to maintain circulation in zones of high permeability in the
i[uvium, a condition that sometimes resulted in the collapse and eventual
abandonment of the weII. In general, it was found that zones of lost
circulation could be penetrated if sufficient drilling fluid was available
on the first try. This often meant naking up an extra pit of mud as a

standby before drilling the very permeabJ-e zones. When zones of lost
circulation $rere penetrated without adilitional drilling fLuid immediately
avaitabte, the hole invariably collapsed and subsequent efforts to restore
circutation to continue ilrilling were, for the most part, unsuccessful.

Air rotary drilling involves much the same principle as direct rotary
clril).ing except that. cuttings are removed by a column of compressed air
nixed with foan rather than by a mud column. Compressed air and foam
circulate down the hollow rods and the air activates the down-the-ho1e
hanurner bit at the bottom of the tool string. The hammer bit vibrates
up and down in short strokes in an action similar to a jack hammer, the
result of which can fracture and penetrate the hardest rocks. Short-toothed
rock roller bits and button bits can also be used with the air rotary
method to drill hard rocks.

22



Although the air rotary method can be used to drill unconsolidaled
atluvium when these deposits are essentially dry, the method is unsuitable
for very permeable sands and gravels containing abundant water as is the
case at some locations in the project area. The rigs used to drill the
test holes in the "amrEn Val1ey had both direct and air rotary capability.
Often it was desirable to drill the interbedded basalt strata with the
air rotary method and use lhe direct rotary method to drill the alluvial
section of the weIl.

GEOPHYSICS

Geophysical well logs were run on many of the test holes during the
investigation utilizLng project procured equipment. This eguipment was
capable of recording the resistivity, spontaneous potential, natural gamma
rays, and the density (gamma gamma) of formations penetrated by the test
weIls. In addition, the logger hras also capable of continously measuring
the diameter of an open borehole by means of a caliper logging attachment.
The resistivity and spontaneous potential were measured simultaneously
utilizing a single down-the-hole toot (sonde) and single recording module.
To record other formation characteristics it was necessary to change the
down-the-hole Lools and record through separate module systems.

nossibly the most useful logs for ground-water exploration are the
resistivity and spontaneous potential, both of which must be run in a
open uncased hole. The resistivity log measures the resistivity of rocks
penetrated by the borehole under direct application of an electric current
or an induced electric current. The spontaneous potential log measures
the natural potentials developed between borehole fluid and surrounding
rock material. Used together these measurements identify water-bearing
zones, rock types, and the quality of water in permeable formations through-
out the depth of the open hoIe. Resislivity and spontaneous potential
logs are particularly useful in delineating aquifers in unconsolidated
sedimenls and consequently, proved an important tool in designing welts
in the ramrin valley.

Natural gamma logs measure the natural-gamma radiation of rocks penetrated
by a borehole. The gamma gamma (density) log utilizes a source of radiation
within the sonde and records gamma radiation from this source after it
is backscattered and attenuated within the borehole and surrounding rocks.
Natural gamna and gamma gamma logs may be run both in open holes and in
cased holes.

AII of the described logging systems are useful in geologic correlation
between wells and in locating water-bearing zones penetrated by a single
lcorehole. This geophysical capability was particularly important to the'Amran Valley study because of the inexperience of the yemeni drilling
crevrs. If information was not collected during drilling operations or
was lost or unrecorded, it was often possible to retrieve that information
by geophysical logging procedures.

Copies of the down-the-hole geophysical logs run by the investigation
project are on file with the Itydrology Section of the Ministry of petroleum
and Minera1s.
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AQUII'ER TESTS

Tvro major hydraulic characteristics that affect the development of
an aquifer are its ability to transmit water and its capacity to yield
water fron storage. These properties, which affect the water levels or
artesian pressure and yield of wells, are quantified in terms of transmis-
sivity (a rate of movement) and storage (a dinensionless coefficient)
and were first defined by Theis (Ferris and others, L962r PP. 72-781.
In L972, these terms were redefined by Lohman and others. When these
characteristics are known for an aquifer or part of an aquifer, it is
possible to forecast approximate water leve1 or artesian pressure trends
at different rates of withdrawal from producing wells.

To establish the transmissivity values and storage coefficients of
aquifers in the ramrdn Valley, four aquifer tests were made at selected
sites. In addition, a third formation constant had to be determined to
evaluate aquifer hydraulics since the semi-confining beds overlying or
underlying the aquifer transmitted water upwards or downwards by leakage.
This constant is called leakance, or the leakage coefficient as defined
by Hantush and Jacob (1955) and Hantush (1956).

Some difficulty was encountered in perforning the aquifer tests.
The problems, vrere, for the most part, related to newly purchased pumping
equipment. The direct drive turbine PumPs used by the drilling section
vrere unavailable for use in aquifer testing and, as a consequence, an
electrical submersible pump with generator was purchased. This new equip-
ment proved difficuLt to regulate and pumping rates, therefore, were some-
what erratic. Results of these tests, howeverT Er€ judged to be within
acceptable l-imits when the data are matched to the Hantush-Jacob leaky-aquifer
model. Data fron these tests do not natch the Theis curve except for
some of the early resPonses. Semi-Iog ptots and recovery data, therefore,
can be misleading and accordingly, alt plots consist of logarithmic values
of drawdown versUs the parameter time divided by well radius squared (1oS

d versus Log t/rz). Obtained values of the transmissivity are about 1,/2
Lo 2/3 those determined from semi-Iog plots whereas storage coefficients
are higher than those obtained from demi-Iog plots.

A1 Jubi Site--An aquifer test was performed at the Al Jubi site on September 5,
L977. The aquifer at this site consists of mixed volcanic and limestone
gravel and was screened with slotted pipe between 85 and I04 m. The weII
was also gravel packed. The pumping rate varied somewhat, but averaged
L2 L/s (190 gal/min). Figure 2 shows the drawdown curve for the AI Jubi
test. Data prior to 6 minutes are erratic and something unexplained happened
to drawdown between 60 and 90 minutes. llatching the data betryeen 5 and
20 minutes, and 90 and 450 minutes, transmissivity, I 3 AIA n'/d
(361000 gpd/fL) and the storage coefficient, S 3 2 x 10 Apparent
Ieakage is a significant .026.

Warehouse Site--The aquifer test conducted at the Warehouse site between
July t0 and 15, L977, utilized a pumping well screened with a commerical
continuous slot screen. The 5 n length of screen was set at the botton
of a 23 m sand bed and extended into the underlying basalt bed. This
test was badJ-y flawed by a 40 percent decrease in pumping rate during
the test (fig. 3). Assuming a harmonic mean pumping rate of 2 L/s (130
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gallmin), TZIS n2/a (6,000 ggd/fEl and S 31 x IO -3. Departure of
the drawdown from the Theis curve is partly due to the decreasing pumping
rate, but may be partly due to a leaky aquifer. Confidence in T and S

is high, but the leakance of .011 is somewhat questionable.

Raydah South Site--An aquifer test was made at the Raydah South site (fig. 4')

August 21 to 24, L977, utitizing a 3-we1l complex. The production and
one of the observation wells were screened with slotted pipe and gravel
packed between 49 m and 61 m. Both of these wells were finished in gravel.
The second observation well was screened with a colunercial 40 slot screen
and gravel packed from 53 m to 59 m. Apparently the third weJ.l tapped
a fractured basaLt rather than the gravel bed penetrated by the other
two wells accounting, in part, for the difference in response between
the observation wells. The production well was purnped at 9.5 L/s (152
gal,/min) .

Analysis of data from obse{vation well number 1 indicates a f ! Zeg n2/a
(20,000 gpd/fLl and^S 4 2 x I0-J. The data from the second observation
well show T z 372 nt/a eor000 gpd,/ft) and S I5 x lo-a which is congistent
with the fractured rock hlpothesis. Apparent leakance is 9.34 x l0-r.
Data from the punped well cannot be analyzed with any confidence owing
to difficulty with the airline measurements.
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Bq(lah Middle Site--The aquifer test conducted at the Raydah Middle site
between February 6 and 9, 1978, utilized a pumping well screened betweenI58 and 183 m with 15 m of slotted screen. The well was pumped at 9.7L/s (154 gallmin) with a drawdown of 2.I5 m. The aquifer at this siteconsists of a fractured basalt. Eigure 5 shows^the test curve for this
:i:" and analqsis of the dara shows a T E A6O mz/a (G9r50O gpd/fl) an
S = 9.8 x 10 ", and a leakage coefficient of 2.5 x tO-J per-iay. Inaddition, well loss was estimated to be in the order of I meter. Attemptsto analyze the pumping and recovery cycle fron the observation weII separatelyyielded inconsistent results and therefore, these data were combined and
used in the type-curve method of analysis. Fluctuations in the observeddata near the end of the test may result from barometric effects.

Figure 6, shovrs a semi-Iog plot of the recovery cycle data from thepumped well. It can be shown that for smal_t r,/B, such as would be thecase, in the pumped well, that the early part of the semi_Iog data plotshould be a straight line having a slope of:

Where: s = drawdown, in meters
s* = recovery, in meters

A s = ?.3,4 e = well discharge, in cubic meters per daycycle 4 tf T T = aguifer transmissivity, in squari
meters per day

Hantush (1956) shows that for small r/n and 1arge u, for the earty timeinterval, the values of W(u, r/Bl are the "a*" i" Theis, W (u) explainingwhy the equation above is valid (symbol definition given below). Thetransmissivity determined in the analysis of the early part of the recoverydata should falt on a straight line that has a slope s,r7cyc1_e = 0.177m. In this case, well tosses are assumed to be constant with time andwould not affect the slope. Such a line drawn in figure g shows the valueof transmissivity is reasonable.

The observed steady-state drawdown or recovery in the pumped we1lis in the order of 2.1 to 2.3 meters. The theoretical drawdoron o, recovery(fig. 7), without well losses would depend on effective well radius.The inset on figure 8 shows the theorelical drawdown or recovery for effectiveradii ranging from 0.I to 0.5 meters. Assuming that the effective radiusof the well is in this range, well losses would range from 0.75 to 1.20meter s.
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The punping tests carried out at four sites in the /amr6n valley provided

the necessary hydrogeologic information for computing rates of drawdowns

for varying levels of ground water development'

AII the data plots of figures 9, 10, LL, L2' as well as the tithologic
infornation obtained from welL drill-ers indicated that the aquifers of
il '*;;;-;"ii; are leakv and receive substantiaL amounts of water from

the overLying aquifers when stressed.

The equation used to compute potential drawdown for various levels
of pumpage is that of Hantush and 'lacoU (1955; see p' 320-324 of Freeze

and-Chlriy, 19?9). This equation can be written as:

s=.Oe$w(u,r/B)

where s = drawdown in meters, (m) ?

Q = wel-I discharge in cubic meters per day (m-,/d) 2 . -
T = transrnissivity of the aquifer in square meters per day (m-/d)

W (u, r/B) = well function ior the leaky aquifer' a set of dimensionless
numbers given in tabtes, for exanple Itantush (1956) ' as a function
of u and r/B which in turn are given by:

,u=r-S andr=r
4Tt B

t
T

kr
br

where r = radial distance from the weII, in meters (m)

B = aquifer thickness in meters
S = storage coefficient of the aquifer, dimensionless
t = timer in days (d) _1

f = leakug" .o.tticient, day-', where k' = per[eability in meters per day

bt and b' = thickness in meters of the
leaky aquifer

The graphs iltustrating the rate of drawdown as a function of distance
from the weII and for various levels of pumpage are given in figures 9'
I0, 11, and 12.

Although the initial computations were made for different tine periods
(such as t week and 50 years) the results indicated that time was not
a significant factor foi the tevels of pumpage that were chosen (that
is, steady-state conditions prevailed) .

The pumpage levels used in the conputations were in line with those

used during the pumping tests and thus conform realisticatly to the existing
field conditions at the sites.
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CHEMTCAL QUAT,ITy oF WATER

The chemica] quality.of water from the unconfined and semiconfined
aquifers in the ta*ia" valley is generally good and is suitable, with few
exceptions, for domestic supply, Iivestock, and irrigation. l\nalyses
of water frorn 16 wells in the report area (table 7) show the ion concentra-
tions are beLow the maximum limits suggested by the U.S. Public Health
Service (1962) for drinking water. The water from aquifers in the report
area is generally moderately hard, usually from I10 to 250 nilligrams
per liter (W/f) total hardness as CaCO3.

The water from the aquifers of the Amrin Valley is suitable in chemical
quality for irrigation on many types of soils. !4ost of the water analyses,
when plotted on a classification diagran (fig. 13) indicate a low to very
Iow sodium hazard except for 2 analyses which plot in the high salinity
hazard range. The effect of the salinity hazard may be overcome by leaching
cultivated soils with excess irrigation or naturally with rainfall. Most
of the water is predoninately a calcium-magnesium-bicarbonate type (fig. 14)
except for water from the well drilled by USAID to supply the village
of Al llaz I km southwest of /amrEn town (* 383). Water from AI [ijaz well
is a cifcium-nagnesium-sulfate tlpe indicating that gypsun is prtsent
in the subsurface section. The bicarbonate ion concentration of the water
sampled ranges from 130 tyg/t to a relatively high 300 mg,/L.

The diagram for the classification of irrigation water (fig. 13)
developed by the U.S. Salinity Laboratory of the Department of Agricplture
(1954), is based on electrical conductivity in micromhos/cn (N, x 10")
and on the sodium-absorption ratio (SAR). Electrical conductivity is
coltunonly used for indicating the total concentration of ionized constituents
of a natural water and is closely related to the sum of the cations or
anions as determined by chemical anal-ysis. Conductivity is a measure
of the salinity hazard of water for irrigation. SAR, used as a measure
of the sodium hazard, is a calculated value in which the concentration
of the ions involved are expressed in milliequivalents per liter (meq/L)
and is defined by the Salinity Laboratory as:

Nao
SAR =

4fcT+ MF1l-2 -
The classifications of irrigation water discussed above were designed

primarily for use in arid regions, such as the'amrin valley, where these
classifications are directly applicable. Water classified as having a
high salinity hazard can, however, be used occasionally on a supplenental
basis with little danger to aII but the most sensitive crops. OnIy two
of the wells sampled (fig. f3) show water with a high salinity hazard
and the remainder of the analyses shovr a medium salinity hazard. AlI
of the analyses indicate a low sodium hazard.
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Conductivity was measured in the field for water from most of the
wells inventoried during the investigation. These field conductivities
ranged between 340 and 780 micromhos/cm with the majority of the water
tested having less than 750 micromhos/cm. Field measurements, therefore,
shovr that most water from wells in the area have conductivities in the
mediun salinity hazard range.

Six of the water samples were analyzed for boron which is essential
for the growth of all plants. Concentrations of boron are reported in
micrograms per liter (VG/L in table 7) and over 33 UG/L boron would affect
the growth of crops sensitive to that element. The concentrations of
boron reported from the ground water of the trmrEn valley, however, pose
no threat to crops.

RECHARGE AND WATER USE

Currently, one of the more popular methods of evaluating the water
resources of an area involves calculating the nwater balance. n Eormulas
vary in detail, but generally include adding yearly recharge by rainfalt
percolating downwards to the aquifer system to annual inflow of water
from surrounding areas and subtracting the annual use of water and the
annual evapotranspiration, plus outflow to arrive at a figure for the
change in water storage within the aquifer system. Changes in storage
are reflected in the rise or fall of water leve1s in wells throughout
the study area. When all of the above factors are known, even within
reasonable limits, a water balance can indeed be predictive of the water
in storage in the aquifer system. When on the other hand, one or more
of the hydraulic parameters are unknown or eslimated, a less mathematical
approach based more on reason is indicated.

For the remrdn Valley it is known that water levels are declining
during a period of above average rainfall; as much as 2 m per year in
an area of heavy usage. Additionally, the principal aquifer system is
continuous within a narrow graben structure bounded by precipitous limestone
cliffs. The limestone in these cliffs is undoubtedly in hydraulic continuity
where contiguous with the wfaf alluvium. The ilmran ieriLs, however, is
a poor aquifer regionally and the low yield seasonal springs issuing from
the valIey flanks are probably indictative of the snall anount of water
in transit through this formation. Consequently, recharge to the valley
is in all likelihood largety restricted to a part of the limited rainfall
and a part of the limited surface inflow. Topographic, structural, and
geologic conditions are not very favorable to recharge and these constraints
coupled with facts of low rainfall and the decline in water levels in
wells leads to the inescapable conclusion that the aquifer system is currently
being over produced and the water mined.

The annual pumpage from the trmrEn Valley, based gn information obtained
during the well inventory, is estimated to be 1I x-10o *tTyear of which
90 percent is extracted fron the AI Bann plain (eE'aI Bawn aI Kabfr) that
forms the central and southern part of the valtey. Naturally, this is
also the area with the greatest decline in water levels in wells. Other
evidence indicating that water is being removed from storage is indicated
by the progressive deepening of existing weIIs. As water levels and yields
decline many existing weIls are dug or drilled deeper in an effort to
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maintain sufficient water for irrigation. Pumping costs, of course, increase
and there is also a practicat timit beyond which an existing well can
be deepened and stitl expect to increase or maintain yield. Additionally,
some of the shallow wells, for the most part near the valley flanks, have
gone dry indicat,ing overproduction of the water resources. It is apparent,
therefore, that pumpage should be restricted and the dritling of new wells
and the deepening of existing wells prohibited; nost prudently as an immediate
measure. Current knowledge indicates that ovgr the long term there is
not sufficient ground water available in the trmran Valley to meet present
demands. rrojected future reguirements which, among other things, include
a cenent factory would compete with existing use and contribute greatly
to the rate of mining water from the aquifer.

Based on the well inventoryr, there are currently between 400 and
500 dug and drilled well-s in the'AmrEn Va11ey. Approximately 45 new wells
are constructed annually which is balanced somewhat by the fact that as
many as 10 existing we1ls are abandoned each year. Many of the older
wells have been deepened at least once and nany several times. Approximately
80 percent of all wells are equipped with motor-driven pumps ranging in
tlpe from centrifugal to deep well turbines.

An observation well network was established in the area in 1974 by
the USAID project and since that time selected wells have been measured
periodically. Water levels in the area around ramr6n town and at AI JannEt
declined at a rate of 2 m per year from 1975 to 1978. Elsewhere in the
study area water leve1s declined at a more gradual rate generally averaging
about 0.3 m per year. Everyvrhere, however, the regionat trend is dovlnward.
Recharge is noticeable in 1975 following a heavy rainfall but not clearly
indicated in other years. Figures 15, 16r EDd 17 developed by Wagner
and Nash (1978) show water level fluctuations in 7 observation wells in
the hmrin Valley as related to rainfaIl. It should be noted that rainfall
vras greater than normal during this 1975-77 period.
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CONCLUSIONS

I. The area where wells can be successfully developed for irrigation
lies in the south-central part of the tmrEn Valley. Generally, the permeable
a1luvia1 sediments are thickest in that area and drilled or dug wells
may penetrate one or more water-bearing beds at depth. Aquifers within
the alluvial fornation contain the principal water resource in the study
area. The Amran limestone and the Quaternary volcanics yield significant
quantitites of water to wells only where these rocks are tapped in fracture
zones.

2. The alluvial aquifer system is currently (1978) being over-exploited
and ground water is being mined. Water levels in wells are declining
and discharge is in excess of recharge.

3. Analyses of four aguifer tests on drilled weIIs screened in the
unconsolidated sediments and basalt constituting the valley fill show
leaky aguifer characteristics.

4. The basalt flow northeast of Raydah acts to retard ground-water
movement to the valley north of this ftow. Wells north of this basalt
flow generally have low yields and the valley fill may be essentially
dry even at considerable depth.

5. The chemical quality of water from aquifers in the basin is generally
good and suitable, with few exceptions, for domestic supply, Iivestock,
industry and irrigation. as applied to irrigation of crops, the salinity
hazard is medium and sodium hazard low for the great majority of the water
tested. Boron, although present, does not constitute a hazard to agriculture
in the concentrations encountered.

6. Enough data are not yet available to establish a meaningful water
budget for the basin. Additional observation wells are required in the
northeastern part of the valley and the observation weII network needs
to be expanded to include more wells in tributary wadis.

7. Current irrigation practices are inefficient with regard to water
conservation. Alternatives to the open ditch and flooding relhods of
irrigation need to be researched and the results applied to local cropping
procedures.
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RECOMI,IENDATIONS

1. The observation well and rain gage (monitoring) program established
by the USAID project in the Amran Basin should be continued. Data obtained
from the monitoring program will become more important, particularly as
a management tool, as the ground-water resource is increasingly exploitetl.
Although aquifer test data provide a basis for predicting effects of pumping
on water levels, long-term observations of water levels are more useful
in defining regional water-level trends. This is particularly true relative
to achieving the optimum utilization of the resource and balancing the
natural and artificial discharge with recharge to the aquifer system.

2. Five to ten percent of the wells throughout the area should be
reinventoried annually. This effort should be limited to wells other
than the observation wells where data are already collected periodicatly.
Such a reinventory would fill in possible gaps in the observation well
network and may define problems that are not otherwise immediately obvious.

3. In view of the declining water levels, restrict the use of water
from wells for irrigation. Considering the political and social mores
extant in the area, probably the only possible vray to limit pumpages is
to prohibit drilling of new wells and the deepening of existing wells;
even this strategy may be impossibte to enforce. The prohibition should
stay in eff,ect, until- pumping levels stabilize; at which time the policy
can be reviewed. It may then be possible to gradually increase pumpage,
balancj"nE discharge and recharge.

4. Drill" a deep test wel-l in the southern center of the Amran graben
(p1. 1, i.nset A). The alluvium and interbedded basalt layers have not
been completetr-y penetrated by any of the test holes ai-onE the center axis
of the val ley" This well should be continued tc a depbh of at least 100 m
into the under)-ying limestone bedrock. The hole shcuic, be logged geophysically
and, permeable zones tested as encountereC. This would establish whether
cr nct productive aquifers exist, bel-ow the depths thus far tested. To
obtain maxirnur. informat,ion, t*his hoj_e should be siteo qqiqly on geohydrologj.cai
considerat.io*s, avoidinf any and ai-1" press-Ltres t* becomJ a future water
supply well-" The upper se*tior; of the hcie where characteristics are
now knovm shouid be cemented off to preciude any leakage to or frorn overlying
aquifers. Equipment shouLd be .:n hand ta Lake cores as indicaled, both
by lhe l*ire i-ine and c*:e ba::rel methods" Thj.s wiii *e a:i expensive test
a.nd lhe qr:est.inn *f us:l-nq or not using surf,aee geopirys;'l*.: methode wj-l_L
undoubtedl-y n* eor:sioared-, If, suj.table ::urf,ace Eeophy;-:r;:I- equipment
is j. cir',Jntri, th* a*J j. li*ne]- ex6rense I,rcuid iihei-ir be r,*j. l_ justif ied"
lf.. on th* *ther h*,rr::.. s.*ch *guipment rbl-ir:rg vait_h operatinq perlicnnei must
be *on*racLe;C ::ult-ci*cc,.rr"-:i" the expens* .*i t.kre geoph;"si*al investigation
ccuiri aF,Elr,Jac;: the cost ;:i the test. r+,eii 

"

5" fo::'3uci iseti:pe. st,udies t* dere:rr,j.ne t,he ag* *i ii:e vraLer from
wel-l-s. ?hese str"rdies shculd pravide an afidittonai insj.ght into the vol_ume
and mecrrar:.isr. r.,f recl:er-J*.

6. Expe;::"men'i: irir,l: ai"r,ernative me?i:rcads: c,f ag:piiring i.:rigat,iori water,
estrle*:"all1, th*se melli,:de tirat csneerve water" a*q, ior exampj-en spray and
drip irrigat:cn, Re*:i:arci: s:i";rrpl* and e*on*inir:ai methr:ds sf Iininq eurrently
rrs*Ci j" r r i-<.;a r:i o,i di" s t.r i';ut" -iq:n d;'L*he s "
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7. Decide priorities on water use. Obviously domestic'.Iivestock'
and municipal water have the highest priorities' This decision recognizes
that the giound-water resource is not being replenished as rapidly as

it is being used. Once this fact is recognized, industrial use and expanded

irrigation take second Place.

8. Obtain data on ground water inflow to and outflow from the Amran

Basin that is needed to establish a water balance' Data on inflow can
likely be obtained by installing observation wells in wadis tributary
to the Amran Basin. To obtain information on outflow, several observation
welts should be instatled in the northeastern end of the valley in order
to observe water-Ievel fluctuations near the area where ground water flows
out of the basin.

g. Establish the elevation of measuring points of observation wells
in relation to land surface and sea level by means of a leveling survey'
The water-leveI contours in this report are based on an altineter survey
of measuring pointd and accordingly, show only the general trends of ground-
water flow and hydraulic aradient. The water-level data will become much

more useful when more precise measuring points for wells are established'
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Depth to l,Iater:

KNY TO WELL INVENTORY TABLE 5

WelUl: numbered serially by areas, but in no specific order within an area.

Location: hwy, Km72; means 72 Kilometers from Sanara on the Sanara - Saradah
highway. Other directions are given from prominent landmarks.

Oumer: ownerts name, and in parenthesis the name of the wel-l.

Approximate Age: The date when the well was first completed, however, on
many wells it is probably the date when first deepenedl

v.o1d = very old
d.m.x = deepened many times
d.s.x = deepened several times
d.4x = deepened four times

":U. = not deepened
= no report

Type: kind of well; dug - by hand 1oca1 labor
drilled; C.T. = cable tool rig

R = rotary, direct method

Total Depth: gi-ven i-n meters; * = not corrected to L.S.D.
Rpt = Reported, Dyn = Dlmamic

given in meters; * = not corrected to L.S.D.

Tvpe of P ump or
Method of Lift: f = turbj.ne, right-angle drive

S.P. = electric submersible pump
63m = means pump is set to 63 meters depth

Yield: gi-ven in liters/second.

Use: use of well; D = domestic and number of persons using
A = agriculture-irrigation and number of square

meters irrigated.

Aquifer: type of water bearing rockl all. = alluvium
1.s. = limestone

basalt = volcanic rock, consolidated
cal. = cal_crete

Date of Inventory: the date when the well was inventoried, two dates, one in
parenthesis, means that the well was inventoried twice;
measurements made the second time are also in parenthesis

Remarks: who drilled the we11, pumpage, specific conductanee, etc.;
SC = 600 G 21.7 means The Specific Conductance in micromhos/cm

at 27.7" Celsius.
WS: means Wet season, or rainy season
DS: means Dry season, or times wlthout rains
P: means Pumpage, or general average of pumpage
h/d,d/wrmly. means hours/day, days/week, months/year pumped
n.p. means not pumped
Water Sample See table 7 where sample locatloni shows well number;

lab ID given here
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EXPLANATION TO ACCOMPANY DRILLER'S LOGS, TABLE 6

The drillerrs logs which are included in thls report are coples of

logs on file with the llydrology Section of the }{ineral and petroleum

Authority in Santar. The units of measurenent for the wells are inches

and feet, following the practlce of the Drilling Section of the joint

Yenen Arab Republlc-USAID drilling project. When a neasurement frorn

a 1og is used in the text is ls converted to its metric equivalent.
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TABLE 6.--Driller's 1ogs, Amran valley, Yemen Arab Republic.
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', .11q of Al llajzr'Amrin-Valley,)
iil.,a":. . I

l; L{:: rl il

rl I

le, L.9\;
722.
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TABLE 6.--Dri11er's Iogs, Amran Va11ey, Yemen Arab Republic - Continued
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TABLE 6.--Driller's logs, Amran Va11ey, Yemen Arab Republic - Continued
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TABLE 6.--Driller's 1ogs, Amran Valley, Yemen Arah Republic - Continued
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Site

TABLE 6.--Dri11er's 1ogs, Amran Va11ey, Yemen Arab Republic - ContinueC
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mainli' basalt w,/few 1i$esLone;625-
700'medium to pebble size. i
(lB 5-190' ,3C5-310' Sample miJsinE)

cal
ne-

Sana

E'.,' t,t3 +?
I

S;rrC5 , * ^
1o.r,r

iil:y ru.,

21eE 0 Th ila
-.- -\

_ , t-.-o^'
Uf aV? r t: oP:-

Ilasrit iI':j,

Sanple

1t2

,/ \i



TABLE 6.--Driller's 1ogs, Amran Va11ey, Yemen Arab Republic - Continued

',1.. warehouse fl i'il; ilU lJiiil lrt'.,:.1: .1 ',,f 1
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.'( , 925 i;.; r r.,: sana-Ja/d.h hryr'Anr-an Valley r. r rl i'l

rl t ri, .,1 ). ).ir.g.!;.,?-"r'xi.Fota-ry -- - , i.;-'tiuii ?7Marr75. g .,1,.r,tt0. Junt?5-
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TABLE 6.--Driller's 1ogs, Amran Va11ey, Yemen AraLr Republic - Continued

Warehouse #2
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development vith
eirlift= 10 GPI\il

I

NI

rs"so

o,

(lLoM

1

I

o
N
{-

Gf0t Ioan,yellow-brownS /
much gravel of limestone and

7G-100t Gravel,varied
1 /16-16 nrn.,angular to

44f700r Sandrtan, IIIID T r
subrounded to well-rounded;/
Dluch basalt conta^rnination
lessens with depth.

( t6r-t7r,,19;-195t,460-4611
Sanples misslng)

'rt/'/',/'/J

sub-
and volcanic.

1

some gravel of limestone

195-2051 a:rd
grey to blackrl 50 s!r.,sub-
angular to subrounded;of vo1-

tone
20r-, trdalk grey;
some welL roundedrfrosted

1/8-20 mm.ran8uLar to rounded
stone and

30o

sb

tLon.

6c,d

Raydah

AI Me idah

L!

\-I\-
' ELEV\T toNS

lN METE(S
-G"+4

t-oan ,XX
Sand :j,j.ii:

kaveL lg;Zi
Basalt ,Yur{ t

'Amrdn. Sana
4s06'l +t: a7'I

Sample
Missing

trdark
and
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TABLE 6.--Dri11er'i 1ogs, Amran Va1ley' Yerrren Arab Republic - Continued

r , 'rr.rrehouse #1

r r.i^ : 02)

0t t ir: l'1r '..

':{ 11| l0s U:gci i-hr:d i\Y-

i)ttnp i-ia!11: ll,:,ar'iir".
^*;,:ig 'ir.,tn -

PuBp l'.'"s
-- ^ t.
DrilLer renorts
with a irlift
deveLopment 70
GPM

N*;\..-lott'
to Yra,J,J.1|9ft1 

,

S\o.oe.! a-

1e {.ooo5'r/[t
o^^I a^^

-2Se \vto ".

-,..-.- Date---*.*..--".-.otlror Data-
tcd !1.

l.(lr Oir i.','r.,1, tii-.:cr -.,1...-ri....! ^

About 1'5 i(m east of Ifu 5L marker. Sana-

, :,.,$& 6ah hvy, ir*6o V.tt"y and 1OO'south -i'lelri llr -...-- -.. .-
'of $t

lr: jil lirLn')d... Bo.ttIX*-- -.. ,;;cg.n-U?rr??-..C';:''r'Lcfca-lprlJ?" 
-"-

l',.t,)! irrp,li-410 ..--.1'r. Sirlle t{ I'|rvel_*---''---Ft''Dilte-* --' -"-}liac" Pt"-- "-'-'
' l: ri.1 /tl Il'
1"i- ;;c)'st ;-,ll ,t)'. li1r'u''Cgourid-"*'-" '." -- F't'' Yi'ola'- 'llra:rdo";:r

Resistivity, S.P., 0dia'ni, A1 Ihari

rrr1.1 e.R. Banasijanlil.r, r.:o...5.-G:ophyaj.cal Lo89-aam-P'-pe'r-IPl!y-r-94-ip9'I','"-'By-A\',!-e-lt-'Qchlueter

11.

,-. *. e.-^ -..-.-.-.- Fr.- ir.iI i.,i..t-cr Levci^.-- -....---ft

I
!,

b

l.et i,otr &

rdah

TYPE

STIOE

Lllho logic Dsocrif,iion

t Sand, pale Yellow brown,

/4mm., subrounded to
and

to gray
ith

J-, varied colored
1/1 Omm., subangular to

, volcanic origin with
caliche and limestoner I

yellow, 1

16.Omm., subangular to we 11-
, with gravel of limes

\{f[ e vwears

1ur*6i,^1 so).<

\ \jDt\*
I

tone

d,
I

I

!

i

;;;;;r;; 'l

volcanic

Sard, ye1low
15-1.Onm.r argular to sub-

with gravel of line-
tone and volcanic

ye 15-
.Omm. t angular to wel
ith ve1 of volcani.c

Iow,
.Omm., with gravel of volcanl

Bas:11 di:rk grayt th

lO-

)vl
Raydah

AL Mejidah

o,U-LU(

'e*rao It surr.
-44'odl

I

Sand

Gravel

hi :'. *

.,..': r ; ,

EtU:'

Ioam

Basalt

_ 0crrt-ir
(Feet )

Log

1 5 .0-1 /l5nlr ., angular to sub-

volc;rnics 1oam.

ore, varied

, composed of calichet

Iow
tth

Ioam,
and

c{srNq
a'6

SraYt
of limestone or

20d--:'

3c,0

''PNil-.-l
\Yv;"i
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TABLE 6.--Dri11er's 1ogs, Amran Va11ey, Yemen Arab Republic - Continued

Raydah South #I
02' r

l.rd Oli ',i :tSite

j,.rr lr 200r l'l ll1i,i i r i\r

;..,About 2 IOn southeast of Raydah,
lmr6n Valley

\,t. r i; .t,it,al Rotary- ... . ,)tl,r1 .Jant75

irtri.- 99.5o .[; 11a1e:11MaYt]J
TI

lli'rt ...1 ..rf 1

r'l r', I il i.:

; .rii):Cti,j. Feb !76

i::rar Ir Co"re"l.A

. i)I ;r.i;j ;:, '

. - -,.iil'

,.: ,il,r.v;j

t"L.s.s' i. i,i,ir.!. r :i li

R.Banasi.ian , . ,,.
. ! i: ." v ..rrri i.u

sr:rn1,

i!r,!rl

,Dri11er reports :

,with air 120GPM

'OteqwqA\$roe\,

I,, 1r,.., (ii't)i':irl, Ft:.. tiCl.)^

5 1:.'.',.trvii icsl Log.fone

1-,t,rt

0gDt lt
(re;t)

r L/.9

i rj.i(l r;,/_ , oat{r-
i1 ila r er?

I 
r'f l:ii'':;l'/

','c i '

C, ,'n1,.. i.,), ,

at irrnir!

Otiiex D".ira.
li.

. .F,-- Piril[)i.ng i.ri:ter Lev.:!
ill -.

,o .t't

\- "4r i\..+s\
22-zsl$q'11

'!

{.hi !1,i. D,:c,::ipii.o;r 
i

",:

T,oam ryeLlow-brown l I

sed of sand & volcanids,
mmrrounded to subrourlded.

I

I
!

i
I

I

I
I

o-651
c onpo
1/8,-7

*)

PIPE

50

r50

20d

Raydah

ia

)

:roo
:

I
I

rI

I
I
I

I

!

I

65-85t Basal-trdark brownl
contamination of sand &

85-179, Sandy loanryellow-
brownlcomposed of 75% sand

' lOgl volcanics,l/16-10 nn,
rounded to subroundedibeco
less clayey fTora 165-1701.

17O-2OO] Graveltvaried coI red,
1/8-?o mmrrounded to sub-
roundedlcomposed of volc

and sand;195-2OOt grain si
is less than 20 mn.

1

oot!

12"6
os

1CS

l+
lE"so

'os
. (tLoMe].E(s
, 

ELEVATIONS
lN METE(S

:r3'++'

i ri .

J

I. ;'
da.n

tArrirr, sr.r.
- 41"oo,1

:,

Loam

Sandy

Gravel [,a]g'
u"."r, 

IVyg;loam
Xt\'**
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TABLE 6.--Dri1ler's 1ogs, Amran t/alley, Yemen Arab Republic - Continued

Site Rayd.ah South ff l,\ tJ CF 1t..,,!

About 2 I(m southeast of Raydah, tAmrdn Val1ey
l't',,.1 "' . 025

',)ff i:: l:...

i,t il * ,l: ', l:

ta L,s-o. , .

i i' ,"r and 100' south of well slte fI iald li1

I l.il l.,.t.h'r'1,. Rqt.afy,--. .r19::,.Mall]5 _.C riir*.,t((i-..Ma1.r115......-

:'t sini{rr !; r."ai,.. 2!:9-9.-iri. 0rte.21J1.n.'7?-..rtr"- pl -Grt"S-l:4..
!. i,.l) . l:l.L.tr 6'r()u:irl. ...Fi.- Yleld.-, .. ..1)tli:ir-rr;'.':- ..... .-..

20.9

1br.rc
iirr I ol"

iir t.i ,. R. Banasijan , f,i:). 5 -C".rli,iryoical Log none

lo.(pl r' i:::rii"it"':rd i,,.,'M.L. Eryani... .Ustp-....Nov.:26-..Oll:3i: I)"rts_ llydrogeolcgic. testhcle
11 ilo t:){

Il t;ei,r::it-;r, ...

ivttj
l:ri' ig 1 l-i:rr gg

l\rxiP - ,.i1 r 1.1 ).)i h t1.

--.(u-- .- -t,f,. ;rur.,lin11 iirj!er l/3vn-r..- --

li

-i't.
-a

I

rj';: !. i , i..ir i

l" r.r 'l'?ri-3 l

This is a {rr obser-
vation we11. i

t

I'oil Litirn; igie ilcocr ip:: ior;

G5!r ioamryellow-brordn;
composed of sand and
1/8-J nmrrounded to

composed of volcanica and
195-2OO' -graln size is less
than 20 nm.

T' r'.i.

EMENT

,d

6

PI PE

50

100

150

200

Raydah

o(o

th dah

,,
'Amrdn, sanr.

4+'oo'l

-ts'so'

.--.--.. 4{o7'.1
(t,,, t Ilam'iuL',

lp-'
Sanciy rtir. #a
roan

Uavet l'";.'9;i

Basa]-t i|yJ:t

'l

i
rl

107

Depth

(Feet )

55-85t 3"".rt' u."u
contanination of sand &

8r-170I Sandy Loamryellon-
brownlcomposed of J!16 sand &
1 C% volcanics,l f 15-10 nn,
rounded to subrounded;become
Lese clayey from 155-170r.



TABLE 6.--Dri11er's logs, Amran Valley, Yemen Arab Republic - Continued

Site Raydah South #3

02, l" ,

1_1{: irir ..r!',,,. , S_ne.,r 1 -rf ^ 1.

About 2 I(m southeast of Raydah, tmrEn Valley
,.,-,and. about IOO' east of veII sites fI and 2 rloid N,l'1

,tf i rr..

T.'1.:, i;,'l ii'.

1l

:], 1..i,,..ri Rotary.... ,,f ilrrrf 26 JulytTT'.:r'r:l,ctr.o 1{-Augr]l
!

20Q .'t St*Ltc tI Lcvel.- - ... . " f't,gilllr-
n|t.vc il
'r.rr ;r j q i) t. ia. . lir our.tl. it 'iield-

lrr aL.. Pi . .- * .

.Dtar:dorir,. ..

, -..By Jq4q!e-L - .-Drl.i,rr Ba.nnistiiaaR lrj, No.. 5, G€.oPiryBical Log.S.P.lResis-!1yity

,ir.'i 't r)r-trrr iiJ,1d iti saLeb & Taj IJtte. Julyf.?7 olhei L)rla" Productlon testhole
!t. 14",)ltrll. f '.. q; it, irth

' :!'', r'rrt,
1 r'r'i, ii ,i:'

'i'
I

t,r . il ir t c(i
!:t. ia1,.qgirv,.,..

.lfe.ii- " - -'

i:r.,n.pletiotr &

_ _ .6r..

C€pt

,,o

HOLE

50

001

a;J

I
I
t'. I

55-B5r S.u"rtrdark brown;w/
contarination of sand &

85-1 70r Sandy }oa.urryellow-
brovn;composed of J!!6 sand &
1 Of volcanics,l /16-10 Dra,
rounded to subrounded;becooes
less clayey from 155-170r.

170-2OOr Gravelrvarled col
1/8-70 mmrrounded to
composed of volcanica and
19r-2OOt grain size is less
than 20 mm.

150

200

Raydah

i__ -, .:.i.
la:,'ii- i1rp

)rI
!s"ao'

io 5:L-r--.4
4uomerels
ELEV\TroNs

, tN METE(S
E'eq'

oan

/Amrdn, sana
4loool 1. - ..

q>
weLu\
SITE€

Iroam :ry*
INN

Sandy .n..::+
- .ddrom

uavet \eoJ1.oj:

Basalt ivy,
108

sl07

.i

}1

.t



TABLE 6.--Dr^iller's logs, Amran Valley, Yemen Arah Republic - Contjnued

* Ray.{g-h l'1t(l(j 1e /i i tl
About I Kro

[.r{cr r '. ;]a 6ah hwY,

. . urLrl ,' ,r ',r',1 llotnrY

l0oo _t,r ,\ r , ,. ,r i .,,, lo7.g/r

lrr - ,47 I

E of Km 66 marxer, Sana-
/Amdn valreyr r,,1ect".!31 ..

0f f tct llu .*

f,rt rI Leptlt
tl

L,ll.D. . p1.

t)r nlcr.Bi.lnatttr"n.,, rq s,, 2

slooplG6 tlcacr i.heri li'.. Seluwl
L.

,runp oate, n*prh ).i

I.q..ri N'

.ri FrhrT(r 1..,,i .,ir,. l\layr76

. l)lrrcrii,-"c:l

(r I,obr /0 ,' Corroctcd to

l;.1'. ^ f.t.'"f oaf rf ty,a,,trl,.'"'r'"'r.n"O"t
ii:.'t.i , rr.. ' Nntrrrnl Gommn, DenBlty. ::; J.Zaifullah

,1r:. Aug t 76 ir' . ., , Ilydrogeologlc teethole
,:., I ?.j

Cillt!,1
1,1

| 
-"-b;i;;*ri;.t" -

i lhup rer, s :

1.. -.-e-tsr-,"-,
|Obacrvatlon well .

lfor aqulfer test,
i6-11, Peb t78
l:

9, ..f
(ILOMET ER

ELEVATIONs
I rN METeRS
ft,+1

KttY; Srltv ';.:-Ioam' .- .-

Crrfli,'r' ,

6

d
cASlNg

V,A
I l()r. t,

io"6
tlAt)lNt1

cAsr Ng

200

+oo

Raydah

()7" bro()
o

i1r ti40% aand l07. llm.dtone
00-11 5 ;1 rown.I llne

cAsrNq

HOLE
$ . eoci

b

,var co rQdr
l-30 mrrounded to eubrounded;
407. baaalt;357 eand;257. I tm€{tonc i

60-395 ' I t6-4

nd ;400-41 0 t ,420-4?5t wlaonq
-425 rw/out aandilge e qo_ry,;!!Q

25-415' Clay
/few bssalt

,pale red-brownJ
fragmenta.

aaa t
eome clay,red-brown;455-500r

eand
aYrPA

/eonre basalt fraSmente:r/f
nd

aoo

I

4+'o'f' I

rltle Q^nL!:.---.---.
,)

"a:iii"""jgmc nte ; 745-
!5-7tt', t Cl nyrpnlc r
sorne llrnestono fro

1.r,,(:rt i { t r760-7751 g,rey clay;775-

t Basaltrdark brownl
ahundant aand.

)'/

50

dan

,"^f

.,
Amran, Sana

1 1o'o o' I

6+ 1t/
SITEf I

Crave 3"1

Basa I

I

tclay 
._ 

l---

109

lo:
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TABLE 6.--Dri11er's Iogs, Anrran Val1ey, Yernen Arab Republic - Continued

.;ir".B!y-{S-!1ltltllt ll? 
Abour, I lon E or Km 66, sana--,,p,drh 1,,,

nrolact-9?5 - r'' r" r''r' tt"y' t"a" Valley' rOO U' o"r uetr #r

()tll{i No,-.- ttria fr l'}"1' llotnrY llrry'7(r

torut neDth'.l8o . . rl li'"'t r: r1

M rll"!r/':

I

.r..,, Novl76

a

zso

3"(5

Raydah

110

14'o1'l

l/t lxr{'&' !,.1' ll , i]:: / .l' '

0rtt t.r.BtnlacttJnn p.16 1,rr 2

l,('rlfl I I Y rNntllra (ia[nnAt

(12,r,1,r, ..rr'.,:. , ,c. ltetr.-li.l'. r ()fl1 lPor ;'' J'Zalfullah

ssDPlad oelcrtberl n',- Seluwl

Puop Drtrt DePtih ul'' '.;ri'':' .

July'77

:iit i

Ilydrologtc testhole

::r:i.

:..: ,., i.;r. ir{l:ttii.t t(")
{),*r1,r^ ' l '

I\)
l

n r\roir
.-O o 0-l 75r cravelrverlcd colored'

I / 1 6-40 mm, roundcd to aubrotrrxlcd I
/r07. I lnBetone ; 307. cand ; 3tlX

haaalt;0-25r,ll 5-140t atltY
krnmrpnle RrcYiw/somc bnsoltr,

brown.rl
r25 275t dark

75-300' (;r ove ,varted co

!-10 mr,rounded to strbroundedl
bnsol t'.4()7. sand ; 1Otr 1 lrneston€.

Basalt ark brorn.

l-30 mnrrrounded to subrounde
ed,
d;

,vert co

407.basa1t; 35% sand; 251'. Ilmeotone;
360-395 | I 15-4 m.hn

5oo

sand ;400-410 t,420-4251v I aone I

limeBtone 4t0-4251
aY'Pa re

/aome aand.

i,'.1, ,,-,,

)rt
[,1c r,

'Amrd.n, sana
++Poo't

5l

Grave 1 3o o.

B88a1t vvv

t-*-J
KlLot\^cTERs

ELEVATION S
IN METERS

-t5'4(

Ll"

St ltv-- -loam'..-/
Clay ---_r,



TABLE 6.--Driller's logs, Amran Va11ey, Yemen Arab Republic - Continued

Site Raydah Middle fl
Abour.- I Krn east of Km marker, Sana- Sardah

Proraot-g?). h,y.'AmrEn Valley. and fOO' south oC#I

OMcd t*r"-- a,, ,, i, r .ir llotur'.v Aprr'l'1

rbtrl t)Gptlr .54\ - .;'t ', ,, r'
I I ,1:,,'.f'

-.-..*.:-. . r;. . 1\u t'rr !,.: t,

Jun'77

nrlllcdr."BalarlJrrnl.l,,,,i )

Sauploe lrencr {trr.r} 11 ..

PtrGp Dotas Uep.th

(lrrrrrrrr;t, l)ort;t l1,y Odatnl,
lit'rrirrl,lv i [v, li.l'., (lallrrer,Aubolr,\thary

. : llydrologlc resthole

,, 0flta
Puop Tcst8

du. to drlll-
lng problcma.

1,._

li rr 'rii'J!
;.i ' c;r;,., ', ,

(;it,:,r"I i.illi i
irilr

: ,r(ve t o
,-)t' \r')
(t6 rs(t

<rr. ) "r \\ 
r'

$ ;('lt $s
o '.r orr 0 r\o\\_o -..tzs' ,id,.;t;i

J - .c, ..)!
rr ., .,, (, )

yv!vv
u. \ v.\/ v
v,v \', v .v

, v !'\ ! !
25O vvv.\v

v-v v v I

'0-175t Gravelrvarled colored, I
I/16-40 mrrounded to eubrounded;
1+07. limestone;307. quartz aandi

. 307, basalt;0-25r r'l I 5-140r atlty
loamrpnlc greylw/some baealt, Io

o)
I\J c(stNq

ark b

JO()r Crrvc
l- l0 rrn, rorrn,lc
rr07. bnrrrrl t;(07.

t(, no .

r;;;*-hrow;.-t
tr"^ti"a;,r1";;ii,
rl to arrl'rourxlcri i
s{n(liI07. llmc-

r-dgr!.-l:.row!t-
,varled colore(,
Eo aubrounded I

sand; 257 I ime- '

V,
+
b) 0-

I 5- l95t Grave I
1).,1, 30 mrrounded

basa I t;35%
s tone 360-3I
95-4251 trdark brownl

sand i400-410r .420-4251 w/some,
out

l37s

?"6 ; 500
HOLE

Baydah

v v-Y v -V-
few basal

vv v 435-500 Ba aa t rdark brownl
lay rred-brown; 455-500 t

,pale red-brownl
ntB.

yrpale red-biwn;i-1
t fragmente;w/feu 

1

tc

i,
+

" 
vy SOme C

5

/eome hagal

sl5-545 I Baaaltrderk brown;w/ I

oome eanrl.

o

-_ - -1.
[;f(il]i'

\

(rLoMET
ELEV{TION6
rN METE(S

t5'44

'tr;*f$fii- -.-'*l-:j
Clay ::j

--i

, Sana
- . r+lod I

LL
SITE

+d:o7'l
Crave I
Basalt

o'obo

111

.t



TABLE 6.--Dril1er's 1ogs, Amran Va11ey, Yernen Arab Republic - Contjnued

ii,i.! IlAY.rlr, l) lirl'ilr'

ProJr.r:t...-..0i1 !.,'.,''

(rI ( lcc HiJ ' . [ir .,

Tr,t. i ncpth .605 . t r. ::
il ',lrr,..r:

tO, L.8.D.. I"t ih',1/. l' I l)

E-of hwy, Kl 66 marker, Sana-

'Amr6n Valle.r, IoO NW of )1' , ' ,l

liotlry ]irr1r r'l'/ ;". i

1\)'/.'/t) .. 
1 l l"ol'r7lJ ,. ,'

,, , ', i

About I Km
-a-..sa oan nvY_t _- ,,-uell- #I

!.e trr Zll

corre c t ed

ilrlllrr..H... Nng[ .lrlrl rt,, 'j ri.l'.- ll,r;i.ntivil:y'cRl-ipf.t J.Ahrncd

l'r:Lr r'l[.] ', : , ,' r Ilydrolor:ic teslholeSunpla6 rrlt( r i l,otl il'/ ,Al. Thary,'.
PumP ne! dl tr,)i'rh l: r 'j. .ri.: .

"'*oil'fr-ri*t; 'i " ',k'
Ituop 'ieoto ij,rn:'r!r;1 i 1' ,

. ' :' i\.,.,a;).:

o.tf-.
Aquifer Teet: i
Pumpcd I for :

64 houre A 1r4 |

OPM (9.7 L/a) , t,

w,/ a total drawl
doun of 7.0, f|l
(2.15n) rnumpinB r

wat,r levo1E I

(rr.?4n). 
,

6peolflc Calnc-.
Itye 21.8 gn11-'
onl/fl, dd. I(4,5 t/a per m l-
of drawdown). :

i' ,r
MENT

l?'(\ tzS
ItotE l

?50

a"6
CAS\Nq

175

i 504)

d$to'
EN

60()

Raydah

9-., 9 tr

i$ffi

1 176-!10 mrrottlded t^ .rrhrorrnded.
1r0% 1 lnrestone ; 307. aand ; 307
brroal t;l)-25r r1.15-140t stltv
lorrmrpalc grey 1w/aome baaslt

t6 dnrk
75

- 300
: [e9 tt-r_{id!_!ro.yr:.I crnvel rvarled colored,

V

on

!-'ltl
\07.

nrnrrrounded to aubrounded;
!{rI rll _t ;.zg!l1_s!1g!.; 10L 1 lme e tone
3 irl - 9l-"1_!t _:b:!_u.e-un:_ti-ci.""1,i"ited;toiA,;

U
tr)
n

l0 nrnrrrr>unded to aubrounded3
baealt; 357. aand;25% ltme-1r)

o(,
40"1

Btone 360-3C5' 1 6-4
95-425 | Bsssltrdark brorn;w/

s and ; 400-41 0 I ,420-425r , w/ eome
I lmeslone ;410-425 rw/out eand.
25-4i51 Clayrpale red-brown;,

w/few basalt fra nts.
asalt,dark brown;

riolrte c lty rrcd-llrovn;/r55-500 |

"- ttoof

4+" 01 |

435-500r h

t.

tr.,rrr l.,l. ,,

I/
ldr.h

64

,)
'Amrdn. Sana

5rtEtr4

fs'si
I
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1
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@
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Er.nzAtionrs
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TABLE 6.--Driller's Iogs, Arnran Va11ey, Yemen Arab Republic - Continued

site Menjidah #t 
l'(''! (jr"'

About )+ Km east of I(,1

:'r . , .025 l. ,., ., trly, and about O'! I{'n
'Amrdn Val-Iey

tifir i. i, i',,irr'l, . Ro-!gf)'..

fntd i ')rrprlr . 265- -.1:1 3:-.'i',' li 1.r'va.r.-DrY..
i: *l)o!/i

.- I'i ,:;a+ I .li U. , r,.::l f:'r'irrtd. - . -.

)rillrr F. Osman ,i:i; l!,r...5 .(:.roi,iryrical Log..

Snripl .r r,-:ei.. i b^{} :.' Adel Kaid . ltarcr Sepr 76

64 marker, sana-laftrr5,;'':;: 
l -ri I

south of A1 Menjidah, r{r d lt.

,;rr;1,rn .l!-.Jun-l 7 l0 rri,lcrrd.25 Junr 75

i a Drto. .. l!r;)$ Pi , -

Ft. Ii.rlr! J".f -Diar:d.::r.I
- _r.a]!-< . .... -_8J,. : _.-*

. O:1hcr I)oi:n- Hydrogeological testhole.

r!rp l-r',.i; []1.,i:h
-'.-i' 

11,, 
-irnt,r'-"

lr,rp.n TDr r g

.e."( -. ----.,
Driller reports

I no traces of
r.rater found.

254-265r Lime-
, stonervery hardl j

.used hard forn- .

ation bit with i

500 lbs. hydrau-
lic pulldownr the
speed r*+ 1 f oot ,

per 37 minutes. ,

No casing rre
instal led .

yf.

r-s'so

os
K i I ometers

Elevations
in meters

6"+4

Lirnestcnet'T\

Il. il,ltcd u.

'I?t C^J.'acit-'/, ..- ."..€!... -.. - ..t"t. hlupi.11.' iJ:ri:ur I.ev(:1.
t't..

. . ..- -ii

I

i

I

I

I
I

I

I
I

I
I

I

I
I

I
I

I

I

I

I

I

I
I

i
j
I
I

t
i
I
I

I

I

I

I
I

I

i
i

ri
1
L,

i

1
t1
o
a,l

'!bl n

Cin:nI?-tiou q
Dep tfr I to8
(Feet

I00 -
tli'a
HOLE

WeI

Raydah

AI-Me j id.ah

113

20

3

.t
-l

I00' i
{

--l
'l
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..)

I..,

-.!
:

.1I
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'arraf,, s"o.
++'odl.

q

++'a7'1.
ti- l1:
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TABLE 6.--Dri11er's 1ogs, Amran Va11ey, Yemen Arab Republic - Continued

site Menjidah p . About 4 * 
"r"'i"'.rt"iaJ'5f, 

*""t.r, saoa-ga rd"h t""ot.,l -rrf - I

pru.l: r .-92J .. r.,",r,.",,nhwY, a!1it.o'5 h :o-Ytn 
of At Meniidahl and clrl Nt'-" 

about 1oO M vest of Menj id.ah ffL, 'ArrrAn- Y^lf"v . 
'

(iif ii lrrr.-. 't 11l.',,1i.1r(.. .-"Rot.ary. 
-';cl,ur29-3unr./!C.-;ri:istcd-10 

oct!75 ..-

Iotar .)tpth..-" 17.9.--.1'r Slirtir- ('l l'''xt'.152'29 i''i 'pag6'l-sePtt76''!'tr;r'' t'; ' -€err'etc{cA '' l, nh(,ve M'

-to L.S.S. 1,'1 ,,:!r,\! I 1.tl , ii,r',.tiir:r!i,tl.., -.-- .. Ft. lii-giil . fitilt,{] !"

:;riI

'..t.,.

F. ,Osman :.i;.., i:n . 5 r-:eol,irynical Log.-, .4qLe-.-.-.. .. . .8]'. --- -'.---.

Ali . - Dete- Sept-176 .Other Datr.. Hydrologic tes!b91e....- -.-..--.
rlrlicd lf,. M.,

C^t)r"(:i.t.','. . . .-, ....--e.,-. - --.--ft.. Punlri.c;; l::lt-er Lova)1. . --... - --Ft.

Dril lerr s report.:
t found

r)r,r:1, tci iorr ir
: , (4/.!

lus€ as a Produc- '

tion well. I

Litho'.eAic Deacrlp:) loo

Gravel rpale yellowish-
brown and blackrfine to
ble sizerrounded to angulari

of limestone

tonerlight red
to pale ye
ves icul ar
light red;

( 190-19 5,,295-300"345-3 50'
385-400' Sample urissing. )

llowish-brosn;r/ i

basalt; I40-I60' all
160-]65',180-I85',:

230-23 5' ,2 50-2 55' w./out vesir
ular basalt i 305-32 5"3 50-360
370-385r ,410-41 5r ,425-430' r,
black limestone.

,.i,, ,.1,.1

sa td"ah

r.og

44'6?'1.

on

l.,ater-fif
at 190'i

il.r,e I I sas
end deve

ncreasedi

screenedl
loped for'

@

iwith depth.'Airlif! tests:
HOLE

2"a
CASING 100--'

"a

200

GRAVEL
PACK

300*

.PIUG

NENT
1,tr/6 400

1@ 275' was about
ll20 GPM\
,O 4OO' was about
izro cprq. o

l'P
!-

n-o(fl
,

vl. J

-rs'sd Raydah

o5u4
. Kilooeters
i Elevations
l in roeters
. -rs'+4

4+'oo'l

A1-Ne j id.ah

I

wel
Si

, Sana

crare rirt-t3oi,

:Vvr'
Aasalt ttt

Lirestoneffi-
Sample ,^.*,21

missing t'z'\'

114

Dept tl
(reet)

brown ; contaminated w,/sooe
I im€stone, pale yel I or.rish ; 3
40r r85-95r w,/out 1i-mestone;

5-140' limestcne is

Ves ar a t



TABLE 6.--Driller's logs, Ar'rran Va11ey, Yemen Arab Republic - Continued

Kharif ;11 ,ll2rilrrll4,/17 IIJG oil l)rir-I' $1::c!.. .1..- r,!t 1. - -

. 022 r... -rr.:.About 4 Kn northeagt of Bayda.br'Amr6n VaIIey,tL.i l.l.:

.ttif ir:r il'-

Iatal ,"i)'ih. ., .-.. .I'lt
[''i, rilt{)ve

t't " irc l(r'J
Bourgoln

;r:iiicr.G94.9b?.1J -

$l.upLr:.'l Ii ) Jr: !' r:.t).:rJ

?urrp frI!'.e, ll lirih-..
Dr']-9,. D.'.t-P,

Puirp L€rto
e'"a- i

i
A1I uel1s were dry,
drilled
in basal
reached

!.r.
0...---- -*.Ft" !ucll)i,'i; :Ji::.ei-' Lcvc3.. -. -*-.-.-:rL.

TD of 281 r.
vere lost in
ltT.

Too

I Ccr:'P!'cl;l-orr &

[-3cn:]iL
dah

[aso, WETA

LoB Llti3,!ogic ucscri.pt ion

Sar,-t\* f'ro\ ar:or-\oL\c.,
\rl^4crrral€- d..\\crs G1 .

lr
I

--lii

t'a,ir l'1 rf)

Nt

r5'so

XIL OMETERS

ELEVATION5
IN

t5++

ES

I Raydah

O6 f

i
I

___.1.--

METERS o. -)Amran, JanS

_-_. -. _-. -*-- -. .. - +t'-o-es - -.. -
K::y r r.:i

li

r---. Il-_l i::l
i'--!

l:]
;*l
i_ .._ll[..]

i15

Dapttr



TABLE 6.--Dri1ler's 1ogs, Amran Va11ey, Yemen Arab Republic - Contjnued

.i:11:,:. Kharif #5.. 'oG ol" l,lli'i-I. $hcei..J,,--r!-..i..

projscig-?2-.Q2!...Ior:nr.i.c,l.About 4 Km northeast of Rayd.ah, 'Amrdn VaIIey'cld i.;j.

oIf i(.i- ilr. -, il:-r.g,a,'ir..ired."-Bqtgty*-----, aagrrn-=^{lIL'-?4.-.C..'nplcecd--.

Torat ueprh---551---tr. stctic r,l. LevetJ-41*rr!.,Dcfef?Aqg.l7-4.i:.as. pr., -*=-*-.---_--M. nbcvc l,l.
Irt " be lct.' L" S. D. r n l ev, Grouad *__--- !'t " f iel<'l--.-,.-*,. -...--llrorrco::xr--

Dr:il ler-Bo-urgpin-,-. . ;l.g tio, . .. .. * c,zoF,hyo ical Log--- none

Saroplee t)..it,\'ib?d E',,. .-.,.

Pump lrata: Ucpth.-, - - -F'i
Drl-9" Dat.s
Pdnp Teot:s

Small amount of
water hit on i
17Junt74t but not
sufficient for 

i
development. Ho16
reopened on 12Aud

'74. HoIe had 
;

caveo. to !221 and,
had a SWL ot 1421

i

i

I
i

1

3tr

t4, ti"
O..-*--'-'-- Ft " !ril:1:i.nr; iil ::cr Le"e ?.-..- ----*----trt.

. Rttr:ri

. Csprci

Log Li,Cirologic l)asctlpt ionion 8r

om

-\>vr\\ex-s \--o1r
6- s55 t.=-".1.+

94-s rt ,\ arxL\&\

I

i
I

I
I

I
I
I
I

I

I

,

I

I

I

i
1,.

--ti

*lt
--.)

-Jr
!

-*i

I
"1*,1

*-"1
ll1

Ldah
p

l)v

t5'50

os
l'.!!g
KIL O M ETE,Rs

ELEVAT/ofl5
IN

ts'4

t T

7
Raydah

t-'*tL-_-.r

116
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TABLE 6.--Dri11er's 1ogs, Amran Valley, Yemen Arab Republic - Contjnued

,,.rgq I*rarif../6 .,.. .. LoG c'r li[']'l' $hcaiJ..--*oi -..1.-.

i,rcject-*-Q?5---- p:r:ai,i.r:n.About 2 1dm northeast of Raydab,'Amrdn Valley,'.cid ilc..

office No.--.-.-*-,--Drl,g,i,a!t-hod-,Eo--t*r-y*---... ;lcg"c-,99P1J4-.--.CinPl'ctcd*-q9!JJ4. ..-

Totr.. Dr:prh-...2J5.--.1,r. stotic r{ lcvelJ9.:2--ir1.D61q-2-q'I-u}175--il"ao" pr' !---:t1'.}-€J-' i.t , abw,c lt.
{o- L..!,-b. tfi.. be1ff, l,.,li"D. , Elorr.,Groirnd-- !'t" Yi.e}(i---...^ .--..-.--Dra!'dc:rn-.'-_,-' *"---.

0rttlur.B=1-E-ogl99-i-1tl.tl n-o..-..1,Gaophyaical Log-.3-o.9 
---'-.09'*-*

srrplr-D Described B)--.-.,-- - ---- * Datc***----.othar ort"3.-XsAos-\re--\P.gS,'-.-.*-.-
Pu,np D.{i:a: llspt.h...--- .-r'[t; 

"llllt
lr., 14"

(,J--.---_-- Fr... Fretping lallicr I-,Jvc i.-.-*---***U 1,,
r-..

a I'!
Cor:,pl.etlorr &

Depth
(I'eet)

* -.1

J

225*"1
I
!

_t
-I

30d-ri
"1

Log Llthol,.cgic Descrlpiion
: ie
Pump Te6tg

Dril}er reports
40 GPM by air-
1if t.
Drawdown and
recovery
rnents could not
be taken.
ft is'assumed
that the ve]I
could produce
nuch more than
40 cPl'I
of fast

bec

and surging of t

vater outside tl.i:
eductor pipe.

o5
kildMEtZRs
ELEVATIONS
IN ME1-ERS

o

S.*r.g\.r v*\ aso*\ol.\e,
\narcur6.}e- &uUrx's Ltr

e

rl(

6

9,

I
o
rO

oa
N

.-.. --. --*.-L,--- .:.,,
,a"u , r-a:1,

tN
'dah

,wEr()sl7Eb*s

, Sana

Raydah

t'"- i

r
M

ii.r E"* i [ '-'r
t.. .. .t

t--'
i i. -'I
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TABLE 6.--Driller's 1ogs, Amran Va11ey, Yemen Arab Republ ic - Contjnued

Ji-l+. Al Sheikh (Km. 72) L(i'J GIi I'iilt'
About J Krn wesb of Kta 72 marker on the

Prr.r j* : . 025 - I.-,.nr i.r-rn. Sanada td.ah hwy, tAmrEn Valley

()tf i('t. t:.,. ,)r i..,1 .r. :i.1,..1r. Rqtaqy--., ,,rt,,r*,_-4Jun'7.5

Tot-dl D.l)tl'. .800- "-.i;1 3t,rilJ.c l'J
li. rli)1vo

ra",c1-Df\ .!'r D$'re,

ili:eir.-. I-.f .l

Li.lLC lir

.. i:-ir| Pt:

.- i)r awioi:,t.

..._.4\, .Crl!:ar. H.. Nagi _. ,f,j.g ljo,,. 2 Ceophl,'oical Log-.

ttrmp'1 ,s Descr(h.d 8.,.. U.L. Eryani .D4tc-..9ct,..:76.iJthcr Dai;a. Hydrogeologic testbo.1q.. ..

[)(!rxp f]n' :l Dr:ot]r_
i'-'-ii.)f. iirtil-.-
; P.r!'p l'e':i:$
:. -e-r;C _.- *.,
,Driller reports i

sIight trace ot
, water, not meas-l
. urable. i

1,1. ?nied
It. 6a,;..!cig_.7. -

lrtrr ) rt"

CcillLr'l;i,oir &

rr_

Ft.
t4.

400 ^
:

i)aL.:r l-e"c],. -(ft.

i Borehole was
i developed.

"rl.

i3'so'

o, fr(.q

7

ryNpLi
***-lN N-l

* >-l

t

!:' :

lrell

HOL

"@

CASING

Depttr k'8 Lit.ho l. og ic
(Feet

0-485r Silty
ouish-orange;
gravel,varied
s ize , angu I ar

200---.

-'- " -'-'----" *1
Ucec; i1;i. icn i-i

loaorpale yell- 
|

calcareousl 5-l0t
coloredrpebble I

to roundedrpoorly

"i.,u-

sortedi90% limestone; I07, clay;
calcareousl 15-20' u/few rounded
to subrounded limestone grains;
20-25r dark-brown;75-85r r230-
245t,25O-470a v/vety few fini
to very fine Iiuestone grainsl
l6 5-17 5r,210-2 I 5',220-22 5rwhite,
b ighly calcareous ; I 7 5-180. r2 I 5-
22O' r225-230, moderately calcar-
eous ; 445-455t,470-48 5'w,/c lay

ish-bl ack.
Loamrpale yellow

brownrcalcareous ;w,/I 5-2C 1i
gravel rvaricrl col ored rvcry
fine to grenulerangular to

not,

a
E

.to'A

0Lt
7
H

oI
F

600-'"

800. .

roundedlcomposed of lihestone;
62 5-6 50' w/10 % gr avel ;680-69p'
u/lO L gcavel 13 % calcrete;690t -
730' v/40-50% gravel, 57. calciete ;
730-600r w/40-50% gravel,no
calcrete.

Km 72

o5
ul ,l l

i Kilometers
i Elevations
I in reter s

E'<l'
Loam

Sandy
I oam

.r
'Amrdn, Sana l;

Silty L_.^l
Ioao l- *'

craveriPffi
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TABLE 6.--Dri11er's logs, Amran Valley, Yemen Arab Republic - Continued

A1 Gus;ir #1 (Al Ghola /11)
North of Itu ?6

025 wddf belov the
rAmr6n va1ley

., .:

,. .r Rotary .. _..,

5 0..-\i,l!..'rjtral Ltg. none

' Llilt(l

irt 1j r: 1 r'l . none

l-

Sana-Sa
vill-age

(reet)

4@
c{sr

sroT

5;a'dah

A1 Gusa lr

Raydah

td.ah hwy in the
of Al Gusair,

410

F. Osman

.:n' j

,"' ij.'i:r
L'i -r ,t g

. rli,i r,.i
i :..1q,. I , l_i .., .

' rr:iJ-' -

C;.i ,i '. ir,r lr

I stone ori

, ".1 i- Salf A1i 1-r11111.Qc!r/5 tr: i:li: L.ii;r.Hydrogeologic testhole -

,'i.,,.,,,l,bs*.|,'i"A'

\foU- ot-*A"ne|
b."ot se .\ :

le"J^v."c"\

1,rot\evrac,

s.
I

I

I

,l

_t

I

i

il*l,)
'tl

!

i
I

-;
I

i 3oo
I

I
I

I

i
i
,

li+oo

I

I

i
I

i,il-:ii.,''.i1 U:l.i:,:i.i,-i(.: i
I

,. l

O-1lt Ioam, silty, pale yellow

15-250t Gravel, pale yel1ow,
brown and black, 2.G-{.Om,
angular to subroundedr lime-

@

Ng

00

( t eo-245 ,

miss ing.
2!G-{10'sample

o
!-

PIPE'

\0

)Yl
-L5o 5)+'

WELL
o €
ltlt|

KTLOMETE(S

, ELEV\TTONS
lN METE(S

It>'\g'

\",i Sana

Grave 1 z,e

Smrlc ><
l,lLss 1n8

I
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TABLE 6.--Dri11er's 1ogs, Amran Valley, Yemen Arab Republ ic - Continued

siLe Atcusair#3(.qrcirora#:) -."1 "t. -:-icc:-.I- -.-r. J-

r r;,, .0-25 i, i.r,,,,I:i:l :l"T,il;#:?{?'3i:.1}f ii,lul'i"li3i,"id ,i'
i)!:f icr it,, r'.;ii l'Lr'r(i, ...-!o-!tty ". ,,rgu,,.l ,Jul'75,r rii: lc.icd--17 I-tY:45'--

259'oot 17 Dec'75
l'-tAI Ur t, lOO0' .f t ::rjl,r'i li t-..;tt..- 262,7211'r []nt.a-16. fJaytT6-i,l:ra6, Pi , "G.f==*\g4..

': (i)i.,,,g l.l,

b, L.9.'b.,' .,rr.n, L s; .{). - !,r .. il.',rirnri..... F't- Yiel,l-, .. -. -[]iaudoi;n

rr 1., . r? ll.- Nagi .R;.1'. lqo. 2 . i;,:.ophygi.cal Log-,

r, ,1, ,, i).'scrti);rd i:,1 Taj..Yahya--.... oute-.,9S!]7,Q
t,. Satod

itt (lapar:it,

Othe_r !ts{:a- Hydrogeologic testhole -""" -ul-""- 
?rot ^".\*," t'rat!- .. 1';.

. -,"..lit-.- purxpi,!:i,, ,,j,.ti)r Lc-'_,c1. t.t. ,

I,it-h.,'.ugie U:rrr:iil' ioa

".rJ; i l':i
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CHEMICAT, ANALYSES OF GROUND WATER, TABLE 7

41L analyses were performed by the U.S. Geological_ Surveyts CentraL

Laboratory, Atlanta, Georgia.

Lab ID number is shor^m in the remarks co1umn of well inventory

table 5. Wel-1 numbers of tabl_e 5 are given here in the sample

l-ocation entry.
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