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1.0 INTROODUCTION

During the ccurse of the project 2 total of 118 boreholes
were drilled in the Bay Region and Central Rangelands. Ninety
five of @hese were in  the Bay Ragion & tw e“tv-h“zee in the

of *those in the Bay

Central angelands. Fifgty-three perce
Region a%d ferty ne oer y t
as production wells eguipped

either a motoy punp or a has :
this effort are h“a subiect of thiaz vol
data are presented in Table 2.1.1

Range were conpleted
*o be egquipped with
data accunulated in
of the report. Well
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An ext eﬁs*ve digeussion ¢ the hydrogeology was cvriginally
pvese“»e& in the CGS? Phase I Final Report that summarized
activities for the first three yvears of the project. Additlienal
hydrogecologic data wﬁre presented in the Interism Report, that
described activities from July 1%84 through July 1%85. During
the past twelve months, additional data have been collected and
reviewed. T+ is the intent of this report te present an
in-depth discussion and graphic illustration of hydrogeologic
rondivions in the two areas. Sone information, for example
uzrhods of Investigation is scmewhat repetitive for the two
regions, hewever, this was done o grcvide separable reports for
trme raspective areas

Tne establishment »f a nydrogecleglc data ccilection,
storage and retriroval sygtem was cne of tne major zolIltilves o
+he CGDP. The initial program of data coilection dealt mainly
with the Bay Region. dydrogeolegic data from all avallable
scurces were collected and filed for reference in planning
groundwater exploration activities. These data were useful, but

not definitive as the d stances between locations of data peints
were tooc great for correlation, and the gurlity of some olider
dnxta was Jjudged to De Gu suitable.

Published docurents, Main;y rer) 1 payers in scigntific
bulletins and investigative reports by governmen tal and
international agencies, have heen prime sources of hydrogeologic
datz and other related information. Most ©f <these sources are
listed in th report under Seglected References. As the
exploratory phase of the CGDP o*eg*essed nydrogeolecglic data
from borenholes in the Bay Region and the Central Rangeland were
accumuiated, analyvzed and appropriately filed in the storage and
retrieval system.
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he files and
in preparation

A1l hyd Pogaa- ogic wer
porenclies were umbere nsec:
Bay Reglon hc*es and a CR-p
Rangeland, Thege 4ata were extvarted from
assembled in tabular form as a preliminary step
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of  Thydrogeolegic data for computer processing, storage, and
retrieval, {Table 3.1.1.) The completicn dates indicate that the
roreholes were not finished in order of well number, The
borehole locations are shown in Plates 1 and 2. The contents of
Table 3.1.1 are briefly described below.

Well Name: The well naze is generally the name of the
nearest community, small geographical area, or grazing locality.
where more than cone borshole was located near a community, the
name was foilowed by a nunber in suffix in order of
construction. Well name spelliings wmay differ between
publications, however, an attempt has been made to standardize
in this document.

Well Coordinates. Well coordinates were 1in some cases
deternined by satellite navigation nmethods, which although more
accurate, were found to be time-consuming and subject to
aquipment mzlfunction o fallure. Well coordinates
altarnatively were determined from 1:2580 C00~scale and 1:1 000
a00-scale base maps of the Bay Region and Central Rangelands,
(HTS, 1%82). Coordinates are given by degrees, minutes and
renths of minutes nesth latitude and east longitude, Greenwich
reference. One minute of longitude or one minute of latitude is
about 1.85 kilcmeters.

Borghole Elevation: Elevatiorr of borehole sites are given
in meters above mean sea level. In the absence of physical
surveys for elevations, these were determined from 1:100 000 =~
scale series topographic rmaps cof Somalia; elevations of borehole
sites were estimated %o the nearest 5 meters. Completion date
of +he borehole is the darte when the well was ready for pump
testing.

Depths ©f Wells: Tctal depth of the bored well was given in
Teters and was determined by the number of drill rods of Known
length used to Treach the total depth. Total depth is accurate
to plus or minus 1 metear,

Screened int i1: Intervals completed with screen,
perforated casing cor left as open hole, refars to the section of
porehole open teo that interval of the aguifer determined to be
most productive . All depths and intervals are given in meters.

Static Water lLevel: Static water level in the bored well
was cetermined by nmeasurezent with an electrical-contact
sounder, or with a steel survey tape, and is accurate to + 0.05
meter. The measurenents recorded were made after the well had
been develcoped, but before 1t had been tested.
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taken. These data were useful in determination of
rock Ltypes, presence of potential agquifers, and
relative guality of formation water.




2.0 BAY BEGION

The Bay Region lozated in the soautharn pari of Somalia, was
selected 23 one of tha priority areas for the exploration and
development o©f groundwater supplies [(Figure 2.2.31.). This
designation was based primarily on the needs of an  existing
project in that regior The Bay Recion Agricultural Development
Project (BRADP}, ﬁ%ﬁaunﬁﬁ primarily %o increase the efficiency
of animal and rainfed crop producticon. has bean in operation
since April, 1%8D. ﬁgvaﬂcpmen c¢f the physical resource

an assesspent be made of the
available wataer rescurces from drilled wells: the water source
least affected by &*eughh. The cbiective of the CGDP in the Bay
Region was To expiore and develop rounﬁwate: by drilled wealls.

K
h

.
petential of the area *aq“**aﬁ that
o)y

This section £ the repert was prepared in a format that
L1l allow the Interested reader o extract hvdrogealogic
1foraation pertaining only to the Say Region.

2.0.% Physliography

-

E3% )

The B2y Region comprises 402320 kn” of an arvrea betwean the
Jubba and Shabelle Rivers [Iigure I.Z.1:. Slightly mors than
nalf of the region, 2070% kx®, is underiain by the igneous and
metamorphic rock complex of The BHur area. The Bur arsa is
separated from a limestone plateau in the west and north of the
Bay Reglion by an escarppent that =may rise abcve The Bur area as

=%

much as 100 m in a 3 km distance. The limestore plateau attains
z2n altitude of about £42 = above ses level in the northeastern
mart of the Bay Region and the Bur area descends To about 80 nm
apove sSea level in the scutheastern part of the regicon.

Tre drainage ivide of the Jubka and Shakelle Rivers lies
generally northwest of the escarpment, kbut also passes through
the western~-»os8t part of the Bur area (HTS base topo. maps,
1:2508C0). About 28 per cenz of the Bay Regicn drains to the
Jubba River an about 72 per cent to the Shabelle River by dry
wadls: there are ne perenr.al strearms In the Bay Region. Small
interzittent stireams resulting fromx a few springs at the
limestone escarpment flow for short distances.

Drainage ccurses are absent on most of the limestone
plateau indicating prebable karst ﬂaveﬁcpm 1t that permits
-ufz’t:atian of rainfall. In the western and northwestern parts
of the region, drainage ccurses have developed on less permeable
geclogic formations not susceptible %o karst development: they
drain %o the Jubba Flver. wadis on the Bur area drain
sputheastward and disappear n nearly flavw alluvial fans ar the
southeast side of the area. Average zradient of these wadis is
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about 3 o/ /km. During rainfzlil sez2sons, a few random storms of
high intensity may produce floods that reach the Shabelle River:
oot wadl runcff is ¢f short duraticn and distance.
2.0.2 Cilimpate

The climate of southern Somalia is described as arid with
sume years of nec raznfall, and rainfall insufficient for regular
dry-farm cCcrop prodguction: thi climate is classified as
Conrtinental~Stepre (Ven Te <Chow, 1%64). Climatic conditjions
described below are taken primarxiy from the Hunting Technical
Services {HTS) report of 1I%82.

aempe*a»u*a. The =mean annual temperajfure at Baideoa is
26.3°¢  with only s1i ight var iation about 2°C in mean monthiy
temperature. . The highest daily mean temperatures cccur in
March, before the Gu' seascon of rainfall, and the lowest daily
mean texperatures folliow the Gu' season in July.

*,

Humidity: 1In the Bay Reglon, humid.ty is least at Bur
Akaka, increasing toward Baideca and southeastward toward the
coast. Humidity ranges during the year from about 65 to 75 per
cent: the lowest is from January through March and the highest
is during the Gu' and Dayr rainfall seasons.

Rainfall: Most rainfall in Sumalia occurs as randomly
dispersed adv ct;ve storms of high intensity and short duraticn
”"rlrg two wet seasons. The Gu' seascn, april through May,
prcv:ees about 58 per cent of seascnal rainfzll in 3 of 4 vears
and is less variable than the Dayr seascn ¢f Cctobar through
Nevember. A small amcunt of rainfall, less than 10 per cent of
mean annual, may occur between the Gu!' and Dayr seasons, June
through September. Mean annual rainfall is abeout 550 mm at

aidoa and 442 mm  at Bur Akaba. Ischyets of Gu' and Dayr

rainfall seasons are given in Tigure 3.2.2 (KBTS, 1982},
Locally, droughis are Cconmenl owing to the random distributicn of
sTOormS. There are insufficient dat o Iorecast widespread,
ilarge-scale droughts that may have a uYCilC recurrence,

2 recorded annual
%. For the pericds
veed was 3.1 m/sec

Wind: Wind speed at Baido
3 o]

mean of 1.2 m/sec in 1%54 £
1884~-74 and 1578~ 80, tn mean annuzl
S

m\m U!H

f12.1 Kkz/hr, 6.9 =mifhr), ranging fror .3 sec in November to
4.0 m/sec in 331? (stan&ard deViatlcn .52, (Statistical
Asbstracts, Minist of Xational Planning);. The avarage wind
speed, 3.1 ﬁfseu, is sufficient o power some windwill-driven

water punrpe for nored wells.
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Evapotranspiration: Potential evapotranspiration in the Bay
Region is greatest during the periocd January through March with
2 monthly peak o©f about 2380 mm. At Baidoa, mean annual
evapotranspiration by the corrected Penman methoed is about 2300
wm; a potential water deficiency of about 1700 mm annually.

2.09.3 Land Use

Iand capability in the Bay Region has been classified
according to the USDA systam, hut with some modifications to
mneet local range conditions (HTS, 1982). The BRADP has divided
the Bay Region inte land suitable for grazing, land with a
potential for rainfed cultivation, and land potentially suitable
for irrigation; pending water availability. USDA-system Class I
land, suited to a wide range of cultivated crops, is not present
in the Bay Region. Clasgses II through IV, suitable for
cultivation, limited cultivation, and potentially reclaimable
land, cover about 54.7 per cent, 21880 km“, of the Bay Region.
Classes V through VIII, capable ¢f some very limited cultivation
but mostly suitable cnly for rangeland or limited grazing cover
45.3 per cent, 1812¢ kn”, of the Bay Region (HTS, 1982).

Irrigation of cropland must coincide with suitable soils
and availability of chemically suitable water in sufficient
guantities. At the present time the cost of pumping water from
bored wells probably makes this type of irrigation economically
unfeasible. Scme experimental plots using this type of
irrigation are recommended in order to determine accurately the
costs and effects on soils o©f the use of groundwater for
irrigated cultivation. There are some bored wells on the
limestone plateau capable of producing sufficient water for
experimental irrigation; they are:

xo. 10, Sarman Dheere No. 71, Usle

No. 16, Taflow No. 74, Migdaloo
Neo. 42, RBuunleo Fuur No. 81, Hare

No. 52, Maleel No. 32, Asha Fartow

Ne. 64, Buulo Yusuuf

2.1 Previous Investigations

There have been many studies dsaling with the hydrogeclogy
of the Bay Region and adjacent areas. Some of these are listed
by author under Select References of this report. Those studies
dealing more directly with the hydrogeclogy of the Bay Region
and adjacent areas are briefly described here. Reference is
made tc others throughout the text.

Stefanini, 3
o

nd Paoli, G., 1%
studies of hydr »

. an 3. One of the earliest
geology in  the central

a and southern parts of

Z2-5



Scmalia, <this report gives general observations on the
occurrenca ©f shallow groundwater, and the potential for deeper
bored wells in the area. The initial exploratory work for the
proiect was basad in part on the findings of this report.

UNDP, 1968, 1876, 1973. The United Nationa Development
Programme {(UNDP} supported a national inventory of water
resources from 1368~-1873. These reports contain an inventory of
dug wells, bored wells and springs in the Bay Region and
adiacent areas. Although no longer current, these reports
contain physical and chenical data fo: numerocus locations in the

Eay Region.

Faillace, ., 1960, 1962, 1964, 1583, and 1984. TFor a
numbex of vyears and for numerous entities, inportant
hydrogeological studies have been made by Mr, €. Faillace in
areas within and adjacent to the Bay Region. These publications
provide valuable physical and chemical data of bored wells, the
potential for additional groundwater development, and
reconnendations for water resource development. Although mostly
in areas adiacent to the Bay Region, the hydrogeology is in part
related to that of the Bay Reglon.

IDROTECNECO, 1873. A hydrogeological study of the Bur area
in the Bay Regicn was undertaken by IDROTECNECO. The report
deals mainly with geophysical methods for detecting groundwater
and near surface permeable 2zones in the mnetamorphic rock
complex. The report includes data on chemical quality of
shallow groundwater in the Bur area complex.

Hunting Technical Services, Ltd., 1982. A comprehensive
study of scils and agricultural potential of the Bay Ragion was
made for the BRADP. This report includes information and data
about water resources in the Bay Region: availability, use, and
chemical guality. Scre of the data from this report served as a
guide for exploratory borehole locations in the Bay Region.

2.2 Methods of Investigation

Prior to beginning the production well drilling program in
the Bay Region literature search was conducted, and maps and
aerial phcotos were studied. On the basis of this data an
exploratory drilling program of 25 wells was initiated in the
limestone plateau area and in the "limestone depression® which
appeared to offer the highest possibility for finding
significant guantities of water, These areas wvere also
documented as having the highest population and water demand.

The Bur area or area containing Igneous metamorphic rocks

was not expected to yield significant guantities of water.
Warer in these rocks coccurs conly in decints and fissures, and

2=6



data from one borehole cannot be extrapolated areally.

The methods of investigation used in the Bay Region are
briefly described in the sections that follow. These include
well site selection process, drilling methods, geophysical
logging, developzent and testing, and water guallty sampling and
analysis.

2.2.1 Well Site Selection

The site selection process after the exploratory drilling
was completed became more of a verification prccess. The BRADP
perscnnel selected well sites on the basis of need and on the
basis of potential for expanding agricultural production. The
BRADP staff net with commissioners from the four poliitical
districts, Baidoa, Quansa Dhere, Dinsocor, and Bur Akaba, to
develop & list of proposed sites. Staff of the CGDP then
vigsited the sites, and in conjunction with the village elders
selected a drilliing site.

Beginning in September 1985 +the hydrogeoiogist of the CGDP
in collabkoration with the BRADP technical manager drafted a list
of wells based on gecographic distribution. The iist was then
presented ¢to the Bay Region Council for its approval.
Thereafter, villages were visited to determine their desire for,
and their ability to manage, a groundwater supply. Generally,
the villagers were found to have a water committee in place. A
few villages had no desire for such a water supply. Other
viliages were adamant about a specific lccation and were
accommodated when possible.

The use of aerial phetos, became less important as
additional knowledge was gained from each borehole completed,
however, the photos assisted in identifying major structural
features. Maps prepared by the CGDP hydrogeologist were more
useful teools in verifying the potential for successful wells.,

2.2.2 Drilling

with few excepiions, all driilling conducted during the
project in the Bay Regicn was dJore ith Ingersoll =Rand TH-60
rotary drilling rigs. These r.gs were equipped with a 600 cfm
two-stage screw-type compressor, and with Gardner-Denver 5 1/2 ¥
2 mud pumps. Early driiling technigues consisted of drilling
é~inch diameter pilot holes with a 6-inch air-hammer bit, and
then reaming the hole to acceoxmodate an 8-~inch steel or FVC well
casing. &5 confidence was developed in site selection, and in
an effort to conserve time and fuel, 6 meters of 12 or l4~-inch
surface casing was set and grounted, fecllowed by drilling to
total depth with a 10-inch air-hammer bit. Removal of cuttings
was in all cases assisted by circulating drilling foam.

2~7



Given the site logistics, fuel constraints, and equipment
rovided, this was found to be the best available technigue. It
was, however, not totally satisfactory. The effectiveness of
downhole gecphysical logging was minimized, the collection of
4rill cuttings was less accurate, loss of circulation occurred
from time t3 time, and the drill site was perpetually under 2
sea of foam. Scme of these problems were sclivable, but the lost
circulation problem was not. An auxillary compressor or the
completion of smaller-diameter holes may have solved the
problem. Unfortunately, additional CoOmpressors  were not
available, and the completicon of smaller-diameter wells was
unscceptable To WDA.

A Dando cable-tool rig of British manufacture was iritially
utilized on a few roles, but not effectively. The early uses
were in the Bur arsa that consists of igneous and metamorphic
rocks. When utilized on the limestone plateau under constant
supervision by consultant's staff, the cable rig performed
satisfactorily. It is recommended that cable-tool drilling be
utilized in the limestone plateau area. This rig requires less

fuel o operate, less water, ard no drilling additives, In
addition, maintenance costs are generally less on the cabls rlg
than on the wotary rig. The time for well c@ﬁpletion, assuning

knewledgeable operators, should not be significantly different
than that reguired £2r a rotrv rig.

2.2.3 Gecphysical Logging

Wnenever possible gesphysical logs were run prier +o
setting casing in the rols. The project was sguipped with three
Mﬁnera; Legging Systems geophysical logging units. Twe of these
we mocunted in four  wheel drivs suburban-type vehicles,
chging tools provided were 1 3/8-inch diameter except for a
long normal resistivity/gamma rrobe which 1is 2 inches in
diameter. Other tcols incliudead a caliper probe,
gamma/resistivity probe, fiow meter, and a temperature probe.
An operatcer's marual was preparad by consultant's staff to
assist counterparts in operating +he equ*pme“ This manual was
irn addition to that provided by the manufacturer.

The geop! hysical logs were used to determine lithologies and

water-bearing zones. No well-defined marker bed was noted on
the logs for areawide geologic correlation of stratigraphic
units. Scme correlaticns were possidle in localized areas.

Resistivity and spont&neoas~pctenti:l logs were the most
useful in identifyving potential aguifer 2zones. The natural
gamma=~ray logs wers most useful in deteruining the clay horizons
of the formaticns. In limestone formations the caliper log was
the most useful in delineating zones c¢f secondary permeability



and fracturing.

As more wells are drilled and Jlogged in the Bay Region the
usefulness of the gecphysical logs for stratigraphic correlaticn
should improve.

2.2.4 Davelopment and Testing

Well development, 7regardless of drilling technique was
minimal. When wusing the rotary rig, develcpment consisted of
blowing the hole with air untii the water being discharged was
free from sediment. This method was satisfactory for wells
driiled in limestone.

Development methods with the cable Yool rig consisted of
bailing the hole until nc cuttings could be recovered. Because
a2 bailer tends to a limited degree to surge <the hole, thisg
procedure was adeguate in the types of formations drilled.

After a well was drilled, cased, and developed, it was
pumped using air 1lift techniques to obtain a rough approximation
of its potential yield. 1In some instances a well was &ble to be
blown "dry" and recovery measurements mnade. Based on these
preliminary data, the pump Iinstaliation and test crew would
install 2 submersible pump in praparation for further testing.

In those wells selected for long-term, 24-hour testing a
l-inch diameter PVC pipe was installed in the well with the
lowering of the submersible pump. This pipe, referred to as a
water-level tremie pipe, allowed drawdown and recovery of water
leve]l readings to be taken without interfarence from cascading
water or entanglement with the pump electrical cable.

A 2-inch diameter continuous-roll PVC pipe was used to
carry the discharge water away from the immediate area of the
well. In wmost cases this was 200 meters. In limestone areas
where the surface contained numerous open joints, the discharge
distance from the well was nmade greater than 200 meters.

A gate wvalve and an accumulating flowmeter were installed
in the discharge line for controlling and measuring the flou.
Discharge was also measured with a 55-gallen drum and a stop
watch to insure that the flowmeter was operating properly.

Wnen conditions warranted, a step-drawdown test was
conducted to determine the optimum rate at which to conduct the
constant-rate 24-hour test. The well was allowed to fully
recover from the step-drawdown tests before beginning the
constant-rate discharge tests. Drawdown and recovery, data were
recorded and plotted on sexi-leog and/or log-log Dpaper for
analysis. Section 2.4.4 describes well hydraulics.

2-9

.m)
o



2.2.5 Water Quality Sanpling and Analysis

Electrical conductivity neters were provided to the
hydrogeclogist for monitoring water quality during the drilling
of wells. Because water guality was found to be highly variabie
from one are> to another, pericdic measurement of conductivity
was inmportant. This measurement provided a rapid means of
determining whether or not a well should be completed.

During the testing of & well, conductivity measurements
were also taken. The obidective was to determine if water
quality significantly deteriorated or improved with pumping. In
addition, two water samples were collected during a pumping
test; one about midway through the test and another at the end
of the test.

Water samples were taken to <the MMWR laboratory and
analyzed for the =major ions. Microbiclogic testing was
conducted for a short pericd on a selected number of wells to
monitor any changes 4in guality due to use. Results of all
analyses are discussed in section 2.5.

2.2 Geology

Scmalia rests on a shelf of the Precambrian basement
complex underlving vhe Horn of frica. Jurassic and younger
strata cover the sh2lf €3> <thicknesses of about 5000 m in the
Hobblo basin, but 1=ave basement complex exposed in the Bur
Akaba and Xogal uplirts and along the coast of the Gulf of Aden.
Northwest of the Bur Akara uplift 1is another structural
depression, +the Lugh-Mandera basin, (Figure 3.2.3). These
regional structural features affect the general regional
occurrence and flow of groundwatel; flow direccions are away
from uplifis and teward basins. Locally, groundwater
occurrence, guality, and movement may be subject to restricted
geologic conditions, such as facies crhanges or karst
development. Geeclogy of the Bay Region is shown in Plate 3.

2.3.1 Geomorphology

The largest part c¢f the Bay Region is the Bur area
underlain by the Precambrian metamorphic and intrusive complex.
The Bur areaz has probably been at cr near land surface since at
least Jurassic <time and it lies exposed or obscured by only a
thin cover of alluvial or aeolian sediment of Recent origin.
Geomorphologically, the Bur area is at a mrature stage of
development; it is a peneplain with isolated inselbergs of
resistant intrusive granitic rock that =nmay rise more than 300 m
apcve the plain., Therse are no perennial streams in the Bur
area, however, scutheastward-coursing wadls with dendritic to

2=10C



P = AN < 5cP
N I <
h h\b\al\w,f« e c B e’
f’—“" : p O
- ; ¥ o
!/ Diidout: o U L ~ ,M’! 7
S, o - /N ¥ Lli;{", LX! 1
\\_—4@;: b;‘ga‘ W
e \ _— } P
;x\ *ﬁqqu }
- o — /
e~ (NOBAL™S_
e QPLIFT
50 4
!
OCEAN
o° |
£0°

Figure 3.2.3 GENERALIZED STRUCTURAL BASINS AND UPLIFTS OF SOMALIA



pinnate tributaries cress the Bur area. Joints and fractures in
the Bur complex relate tc the pinnate tributaries, (Plate 4}.

The limestone plateau northwest of the Bur area, is at a
submature stage of development, showing little or no drainage
development over "karst” areas, but contalining some wadis on the
northwest slope coursing to the Jubba River. Drainage on the
nerthwest sliope is fairly rapid owing to gradients of € m/km or
more toward the Jubba Rivar.

Widespread topographic features commonly associated with
true Karst development are not found aﬁyuhere in the Bay Ragion.
The lack of perennial sireanms and limited rainfall prevent rapid
}arst development. Suall sink holes and enlarged joint patterns
are fairly conmmon. in a recent investigation by Dr. George
Brooks, University cof Gecrgia, no caves or sinks were found that
axceeded 2 neters in depth, {(Brooks,G,, 1985, Personal
Communication). Significant ka*s* development, discovered
during drilling operaticns, generally occcurred at depths of less
than 50 Teters. Relatively few holes drilied actually
encountered cavities large encugh for the drill string to drop.
The term karst ﬁeveiowmewt must henceforth be used with caution
when referring to the limestones of the Bay Region.

2.2.2 Straticgraphy

Geplogic units of the Bay Region and nearby areas and their
water-bearing characteristics are given in Table 3.2.1. The
areal distribution of the geologic units with their
stratigraphic and structural *e‘ationships are shown in the
generalized gaalog¢b map of the area, Plate 3. Inferred
stratigrap“ic centacts and structural fearures from Landsat
imagery of the Bay Regicn are shown in Plate 4.

The most important stratigraphic unit containing
groundwater in the Bay Regiocn is the Iscia Baldoa Suite of
Jurassic age; it has a well-developed secondary permeability and
limited karst development that furnishes water to bored wells on
the limestone plateau and to springs at the escarpment that
faces the ur area. The Iscia Baidca Suite reflects several
depositiocnal environments., It began with a continental and
deltaic envircnment, and continued int 2 reducing, closed-
basin, and lagconal environment that was followed by a littoral
and finally a shallow (<200 m) facies phase. This suite
consists main?v cf crystalline {micritic) limestcne with oolitic
intervals and coguinas. The lowermost part is conglomerate and
sandstone followed by limestones, marls, shales and sandstone
with lateral facles cﬁanges over short distances. Trace
hydrocarbens are present in the cliosed-basin facies.
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The Iscia Baidoa Suite is underlain by metamorphic and
intrusive rocks of the Bur massif of Precambrian age; part of
the crystalline basement beneath the Horn of Africa. The Bur
metamorphic complex consists of gneiss, schist, quartzite,
marble, amphibolite schist, pegmatites and intrusive plugs of
granite. The intrusive granite is resistant to erosion and
forms inselbergs above a plain that represents the metamorphic
complex.

The Is~ia Raidpa Suite is overlain by the Anole Suite,
(Plate 3), (rable 3.2.1). The Anocle Sulte of Jurassic age
extends through the northwestern part of the Bay Region with a
generally northeast strike and northwest dip of 2 to 4 degrees,
in common with the underlying Iscia Baidoca Suite. The Ancle
Suite consists of black marl and shale with interlayers of
compact blue limestone representing a neritic environment of
depcsition. Evaporites are present in the marl and shale facies
and lateral faciles changes occur over short distances. Where
groundwater is found in the Anocle, as in boreholes No. 14 and
No. 10%, it is +*oco saline +to be of use. Borshole No. 105
found unuseable water in the Anole Suite, but penetrated to the
underlying Iscia Baidoa Suite where groundwater of useable
chemical quality was found.

The Anole Sulte is overlain by the Jurassic U=sgit Suite in
the northwestern corner of the Bay Region. The Uegit Suite
consists mainly of biogenic limestone with marl, shale, and
calcarecus conglomerate. There are some evaporites with the
shale beds. The depositional environment was neritic to
littoral and restricted littoral. Much of the limestone has
been recrystallized and altered to dolomite. The Uegit Suite
was penetrated by borehole ¥No. 15, which preduced saline water
of unuseable guality.

The Uegit Suite is overlain by the Gabbra Harre Suite cof
Jurassic and Cretaceous age which consists of the Busul aud Mao
Suksuites, part of a regressive marine depositiocnal environment.
The Busul Subsuilte consists mainly of micritic limestone,
dolomite and sandstone, and the overlying Mac Subsuite consists
of gypsum and anhydrite alternating with dolonrite, limestone and
sandstone. Crossbedding is common, indicating a littoral
environment with restricted circulation for deposition and
accunulation of evaporites. The evaporites contribute to the
salinity of groundwater.

A1l of these stratigraphic units dip gently, 2 to 4
degrees, away from the Bur complex as indicated in the
generalized geclogic map c¢f the Bay Regicon and its surrounding
area {Plate 3}.

No detailed lithologic correlation has Dbeen attempted
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between boreholes. Gross lithologic data from well cuttings in
boreholes only short distances apart were no%t adequate for
definitive correlation. Litholegic data correlation with
borehole geophysical 1logs was equally unsupportive of more
detailed stratigraphic correlation. Drill cuttings from wells
in the Bay Region were sent to the Somalia University for more
detailed lithologic work. {This work will be carried out over
an extended period c¢f time}. Detailed studies of stratigraphic
correlation should be undertaken to provide for stratigraphic
and structural synthesis of the Bay Region limestone plateau.
Analysis of drill core for coefficients of permeability,
presence of microfossils, and micrelithic units or
unconformities, may establish criteria for correlation.

2.3.3 Structural Ceology

A major fault strikes about north é0-degrees east, crosses
the southeast corner of the Bay Region, and separates the
metamorphic complex of the Bur area from the sedimentary strata
underlying the Shabelle River valley, (Plate 3). This fault is
not exposed at land surface, but is covered by Recent alluvium;
it Thas been located and defined by seismic geophysical
exploration. Displacement  of the fault is not known accurately,
but is on the order of hundreds of meters (UNDP, 1973).

The Bur area has the aspect of a structural uplift between
the Lugh~Mandera basin on the northwest and the Hobbio basin on
the northeast (Figure 3.2.3). Strata of Jurassic age overlie
the Bur area complex in the west, northwest, north and northeast
parts of the Bay Region and dip gently, 2 to 4 degrees, awvay
from the exposed Bur complex. Lineaments that may be seen and
traced from Landsat imagery 1in the sedimentary strata are
interpreted as faults (Plate 4). Determination of the width or
displacement of these probable faults is beyond the scope of
this investigation, but they most likely represent a parallel
series of faults or fault zones. Because their displacement is
not known, they are not shown in the ross-sections (Plate 5).
Within the exposed Bur-area conmplex, joint sets and fractures
may be traced from 1lineation on Landsat imagery; there are
prominent west and northwest-trending joint sets and subordinate
sets trending nearly north. Possible faults in the Bur complex
also trend northerly. Faults at the southwest end of the Bay
Regicon in the Iscia Baidoa Suite probably prevent
southwest-flowing groundwater from reaching the area east of
Bardera; borehecle No. 27 at Buulo Gaduud about 45 km southeast
cf Bardera was dry at 18% m total depth, all in limestone of the
Iscia Baidoa Suite (Plate 1).
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2.4 Hydrogeology of the Bay Region

The hydrogeclogy of the Bay Region was first addressed in
the Exploratory Report for the Bay Region (LBII, 1983}. Data in
that report were based in part on 1literature survey and to a
greater degree upoeon the completion of 25 boreholes.
Recommendations were made as to the most promising areas for
groundwater development. These recommendations took into
account lithology and structure.

There evolved basically one water-producing area in the Bay
Region; the limestone plateau. Within the 1limestone plateau,
the Iscia Baidoa Suite was found to contain the major aguifer.
Contours on top of the main aquifer are shown in DPlate 5. It
extends southwestward and is approximately coincident with
topography. Average depth of wells drilled on the limestone
plateau is 123 m. The main aquifer of the Iscia Baidoa Suite is
developed from Xkarstic limestone and is irregular in thickness
and transmissivity, but vyieids water of useable chemical
guality. Diagrammatic cross—-sections projected through selected
borehcles of the Bay Region indicate the probable generalized
configuration of the aguifer (Plate 5). Borehole geophysical
records of resistivity and gamma logs show no basis for
correlation between boreholes, probably owing to rapid facies
changes over short distances. Locations of the cross-sections
in Plate 5 are shown on the bored-well location map (Plate 1).

Cccurrence of groundwater in the Bur area metamorphic
complex is within joints or fractures, or in overlying alluvium.
There is little circulation of groundwater in the Bur complex
and dissclved solids in groundwater are concentrated by
evaperticon leoss through capillary rise into overlying alluvium.
Bored wells in the Bur complex have small yields of generally
saline water, but a few wells produce useable water.
Groundwater near the base »f the Iscia Baidoa Suite immediately
above the Bur complex may also be saline, as in well No., 50 at
Bonkay, owing to restricted groundwater circulation.

The so-called "limestone depression" of earlier reports
(Cohnson, 1$78, and HTS, 1982) was evidently inferred from a
conceptual analysis of the northern part of the Bur area. This
part o©f the Bur area, however, is not a topographic or
structural basin; wadis course southeastward over it witheout
interruption. The area is net everywhere underlain by
limestone. A thin cover of colluvium and alluvium with aeoclilan
sand as shown from borehcle Nos. 4,5,9,40 and 104, overlie the
metamorphic complex east of the escarpment. The potential for
development of greoundwater from bored wells in this area is
poor, as the geologic materials consist of mixed silts, sands,
clay and weathered limestcone.
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The ilgneous and metamorphic rocks of the Bur area were not
expected to yield large quantities of water, however, it was
hoped that small quantities of good water would be available.
Unfortunately, most exploratory wells had small yields of highly
saline water. Potsntial for water development in +this area is
discussed in Section 2.7.

The discussion that follows c¢onsiders the three main
elements of groundwater systems; recharge, movement, and
discharge. Most information crovided relates to the 1Iscia
Baidoa aquifer.

2.4.1 Recharge

The main aquifer in the limestone of the Iscia Baidoa Suite
receives recharge from direct infiltration of rainfall during
the Gu' and Dayr seasons. Recharge to the limestone takes place
mostly by direct runoff into enlarged joint and fracture systems
that are passageways to the aguifer. The absence of surface
drainage courses on the limestone plateau indicates that there
are abundant openings and sinkholes that readily accept

rainfall. The aquifer response, as observed in well water
levels, was observed to be from rapid, (within hours) to as much
as one month. Observation of water levels in well No. 21

showed a rapid response to intense precipitation events and a
delayed response to those of lower magnitude (Figure 3.2.4).

Minimal recharge to the main aquifer takes place from
infiltration through soils or alluvium. These materials are
clay, or contain relatively large percentages of clay. 7Two soil
infiltration tests were performed in the Baidoa area by Hunting
Technical Services, Ltd. at 1.5 k& southeast of Baidoa in
Asharow Valley and at 7 kxm east of Baideca adiacent to the
iimestone escarpment. Infiltration rates were 18.2 cm/hr (for
£:30 hrs) at Asharow Valley in ‘'eandy clay leam”, and 7.5 cwm/hr
{for 7:00 hrs} on the limestone escarpment in “light clay loam®.
These rates are greater than average infiltration rates for
similar materials given by USD2 Technical Bulletin 729, but
negligible in comparison to the rate of direct rainfall runoff
into sinkholes.

Infiltration studies conducted by the BRADP on soils
overlying the aguifer in the wvicinity of Bonkav wells No. 2 and
3, yieided rates from 13.56 cm/hr %o 0.2 cm/hr with a mean of
4.8 em/hr, {(BRADP, 1985) scil in the area ranges in thickness
from 3 to 20 meters. At the mean infiltration rate, water would
transit the soill profile in 3 to 18 days under saturated
conditions.
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transmissivity values of the Iscia Baidoa Suite may range widely
over very short distances. Plate 8 shows isopleths of the
natural logs o¢f transmissivity values. The lack of uniformity
indicates typically uneven karst development. Transmissivity is
discussed in more detail in Section 2.4.4.

2.4.3 Discharge

Groundwater discharge may be observed at springs along the
escarpment of the limestone plateau and inferred as underflow in
alluvium of the Bur area wadis that rise at the escarpment.
Nearly all groundwater discharge to the springs and wadies is
ultimately dissipated as evapotranspiration. Groundwater that
flows toward the Jubba and Shabelle Rivers is discharged as base
flow to these streams; this is indicated by the hydraulic
gradient and direction of groundwater flow shown in Plate 7.
The volumes o¢f groundwater discharged to the springs, wadi
alluvium, and to the rivers cannot be gquantified separately, but
in total, should approximate the estimated recharge to the main
aquifer. This is true only because there are no significant
manmade withdrawals from the system. Groundwater pumped from
bored wells was estimated to be about 1 percent of the estimated
volume of recharge.

2.4.4 Well Hydraulics

A well is simply a *¥.,.hydraulic structure which, when
properly designed and constructed, permits the econemic
withdrawal of water from a water-bearing formation." (Johnson,
1875} . The hydraulic characteristics that are essential to the
understanding and solution cof aguifer problems and to the proper
evaluation and utilization of groundwater resources are
transmissivity, storativity, and boundary conditions. Analyses
cf ‘these characteristics are dependent upon many factors
including an appreciation of the hydrologic and geologic setting
of the aguifer. Although many of the conditions precedent that
influence an aguifer test are known, deviations from the ideal
on which analyses are based and the limitations of testing
procedures generally prohibit precise results. This paradox may
be stated another way. Although numercus assumptions are made
to enable a mathematical soluticn to an understanding of flow
conditions, some of the assumptions are never met, while others
are only rarely ocbserved. Nonetheless, formulas can be applied
with success and the resultant calculated  hydraulic
characteristics can be useful for most purposes.

The information provided is presented in a format that will
hopefully be understandable %o +the casual reader, and yet
maintain enough detail to be of use +to the professicnal. A
glossary of terms has been provided, and only a brief, if any,
description is provided in the text for terminsclogy used.
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Because of the emphasis on exploration and exploitation,
less emphasis was placed on the collection of data for the
determination of detalled aguifer characteristics. Wells were
located sufficiently far apart and surface-~water bodies were so
few, that concerns for interference between wells or from
surface-water bodies was nonexistent. Time and cost constraints
were such that no observation wells were drilled to enable
detailed aquifer tests to be attempted. Thirty-seven well tests
were conducted, however, throughout the Bay and Central Range
Regions. Twenty-two of these were tests of 24 hours duration.
Storativity data were assumed or determined on the basis of
water level data taken in completed wells not yet equipped with
pumps.

Boundary effects were lccalized and appeared to be related
to structure or changes in stratigraphy. Although not apparent
from the agquifer-test data, water gquality data indicate some
regicnal boundary effects (Section 2.5}.

Aquifer characteristics are described in the following
sections in general terms. This apprecach is in deference to
describing the results of each and every well test conducted.

2.4.4.1 Transmissivity

Transmissivity (T} is a measure of the volume rate of flow
through an aquifer. It provides a means to evaluate the
potential contribution of the aquifer to a well. If one
envisions a rectangular sponge sandwiched between two glass
piates, the amount of water able to move through a unit width of
that sponge woeuld be a2 measure of its transmissivity.
Transmissivity is cbtained by graphical means utilizing semi-log
or log-lcg graph paper. All test data were therefore plotted on
semi-log and/or on log-log paper. Semi-log plots were analyzed
using Jacob straight-line methods, and log-log plots were
analyzed using matching-curve methods. (Detailed descriptions
0of these methods can be found in a number of texts on
groundwater hydrology). Log-lcg plots vield curves that are

characteristic of aguifer conditions. Three types of log-log
curves were found; those that approximated 2z true confined
aquifer condition, those that reflected leaky artesian

conditions, and those that indicated delayved yield conditions.

Aguifer conditions, or types, can alsc be described on the
basis of the permeability of the cverlving materials, if it is
assumed that the bottom of the aguifer is impermeable. No
distinction between horizontal and vertical permeability will be
made, but in general horizontal permeabiliiy will be two to tan
times greater than vertical. On the basis of these criteria an
aguifer that has overlying materials with relatively the same
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permeability can be referred to as unconfined. If the overlying
materials are less pervious than the main aquifer, but
horizontal flow cannot be neglected, the aguifer is semi-
unconfined. Often overlying materials have some permeability,
but horizontal flow can be neglected. In this case the main
aguifer is considered semi-confined. Where the overlying
materials can be considered impermeable, the aquifer is referred
te as confined. In reality no material is totally impervious,
but for all practical purposes the amount passing through is
negligible.

It will be noted that while referring to conditions within
the overlying materials, the aquifer is actually being defined.
Although the overlying materials are used for descriptive
purposes, underlying beds may exhibit similar characteristics.
These references are given other descriptions, such as leaky
artesian for semi-confined, and unconfined with delayed yield
for semi-unconfined. Delayed yield may also result from storage
within an unconfined agquifer.

In the Bay Region, a gqualitative appreciation for
transmissivity can be obtained by relating the aquifer's
potential to supply water for domestic use. A transmissivity
range for a S50-metey thick limestone aquifer can be from 4 x
10 to 4.0 x 10 m"/d. If the aquifer potential is described
according to the following divisions;

-1

4.0 x 10 to 410 Poor

4.0 to 4,0 x 10 s Fair

4.0 ¥ 107 to 4.0 x 10 Good
nearly 50 percent of the wells reflect poor aquifer cenditions,
and only 17 percent good agquifer conditions. Only foui wells,
Nes. 16, 11, 52, and 71 had T's greater than 1.0 x 10° {Table
3.2.2.). These wells c¢ould be considered for smali-scale

irrigation use.

Because of the many variables inveclved, determination of
the transmissivity using only the producing well, must be viewed
with caution. The water producing zone is not always completely
open to a well, and the formation is definitely not homogenecus.
Collectively, the transmissivity values indicate a highly
hetercgeneous and complex aquifer system of low-yielding wells.

The natural logs of transmissivity values were plotted and
contoured, Plate 8. These contours, although somewhat tenuous,
show increasing transmissivity away from +the groundwater divide.
This is especially true in the northwestern part ¢f the area.
Toward the scuthwest nc interpretable trend exists. The reason
for the increase in the northwest area 1is not known with
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certainty, but may be due to the greater number of faults in
that area. Faults have one of two effects on groundwater
movement in an area; barriers to flow or conduits of flow. In
the Iscia Baidoa formation both conditions occur at different
locations. In the northwest the faults and related fractures
appear to have increased transmissivity. In the southwest,
faulting has inhibited groundwater movement. This is reflected
in the water quality as well as in the transmissivity, (Section
2.5).

Although karst conditions, sinkholes and solution cavities,
were noted in some areas at the surface, well-developed
subsurface Karst conditions were not everywhliere defined. lLess
than 40 percent of the wells drilled contained sections
described as karst, and some of these are suspect. Where karst
conditions were described it was, with few exceptions, within
the first 100 m and in many instances within the first 50 m of
hole. Water movement in the limestone is predominately
horizontal along bedding planes and vertically through fractures
and joint sets. The three <types of aguifer curves previously
mentioned are a reflection of the areal heterogeneity of these
conditions. Figure 3.2.5 after Davis and De Wiest (19686)
clearly demonstrates the potential for the resultant Theis-~type
curve, and delaved-yield type curve. The leaky artesian curves
are reflecting conditions similar to well C in Figure 3.2.5, but
with a semi-confined or leaky unit overlying the screened zones.
Shale layers or dense limestones were found overlying the water

producing zones in those wells where a leaky artesian type curve
occurred; wells No. 46, 54, 706, and 97.

Most shales, based on drill cuttings, were Dbrittle,
suggesting thin horizontal bedding and the potential for
vertical fracturing that could permit movement of water between
beds. It is 1likely that any contribution from these layers is
strongly diminished in the areas adjacent to the well where
dewatering will cause comprassion of the beds.

Specific capacity values, calculated using Walton's
eguation, Walton, 197¢ P. 31%), were plotted versus
transmissivity, Figure 3.2.6. Twelve transmissivity values,
covering the range of those measured in the field, and two
storage values, one for confined conditicns, 0.003, and one for
unconfined conditions, 0.015, were usea in the equation.
Specific capacity and transmissivity values derived from field
measurements were then plotted on the graph for comparison. The
number of wells that reflected confined agquifer conditions were
only slightly more than those that reflected water-table aquifer
conditions. The vertical scatter of data points above the
confined agquifer plot for the same specific capacity reflects
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wide variation in tr.nsmissivity with depth. This is typical of
areas where secondary pernmeability is dominant. Secondary
permeability invariably declines with depth.

An excellent example of varying transmissivity with depth
are the wells within the BRADP compound, and those relatively
close to the escarpment. These wells had a fairly well-
developed karst zone to depths of 20 to 30 m, but simply bedded
and fractured limestone below this depth. If pumped during or
shortly after the rainy season, these wells will appear to have
a very high T and a very high specific capacity. This is
because of the shallow karst development. Other times of the
year, when the karst zone has drained, T's are very much lower.
This factor should be noted when reviewing transmissivity data.
The time of year during which the test was conducted should be
noted as carefully as the geologic log of the well.

2.4.4.2 Storativity

Because observation wells were not drilled in conjunction
with the exploration/production well ©program, values of
storativity could not be calculated using pump test data.

Estimates of storage were made based on changes 1in water
level. Water level measurements were made in a number of wells,
Table 3.2.3, and showed an average fluctuation of two meters.
If the 590 mm average annual precipitation over the Iscia Baidoa
formation is assumed to be uniform and85 3percent of this is
recharged to groundwater, then 2.8 x 10  m” of water would be
recharged. Recharge from direct infiltration of precipitation
is affected by upon many factors, however, not the 1least of
which is the fact that it is irregularly distributed in time and
place. The character and thickness of soils, the depth to the
water table, topography, vegetal cover, land use, intensity and
duration of rainfall, air temperature, and other meterological
factors all affect recharge.

Another approach to estimating storativity is assuming an
average value for the type of aquifer, that is 0.2 for an
unconfined aguifer or 10 for a confined aguifer, (Lohman,
1872). Using the, confined aquifer storage coefficient would
vield 1.9 x ig 3 of storage and using the unconfined would
vield 3.7 x 10° m~ of storage. Compared with the average annual
precipitation, the required recharge is tco low or too high to

effect this volume of storage. Coincidentally, by using the
average porosity of limestone, 0.015, as the storage

coefficient, the volume of storage is approximately equal to 5
percent of the average annual precipitation. <Coincidentlly must
be emphasized, however, it falls within the realm of reality.
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In some areas the water level response to rainfall is
almost immediate, Figure 3.2.4. This would suggest a higher
storativity than 0.015, however, it also indicates the rapidity
with which water moves out of the aquifer, and thus the limiting
storage characteristics of the agquifer.

2.4.4.3 Boundary Effects

Boundary effects are commonly noted on semi-log plots of
pump test data by a significant change in slope of the straight-
line portion cf the curve. Impermeable boundaries are marked by
an increase in slope and recharge boundaries are marked by a

decrease in slope. Wells No. 61, 66, and 98 indicate the
presence of an impermeable boundary and well No. 76 suggests
the presence of a recharge boundary, (Vol.V Appendix 3). Wells
No. 61 and 66 are potentially affected by the proximity to

faults. The cause of a becundary at well No. 98 is unknown.
Neither structural nor litheologic differences are readily
apparent from available data. As the number of wells increases,
the presence of significant areal boundaries will become Xnown.

In all 1likelihood, the indication of an impermeable
boundary is simply the result of drawdown passing from a zone
containing larger solution cavities to one where the limestone
is fairly competent. The recharge boundary effect may be
attributable to the opposite circumstance described above, or to
contribution from a zone with storage.

2.5 Quality of Water

The predominant water types from bored wells in the Bay
Region are calcium-bicarbonate and sodium-chloride. These are
shown in Stiff diagrams in Plate 9. Other water types, calcium-
sulfate, calcium-chloride, sodium-sulfate, sodium-biocarbonate,
and magnesium-chloride are present, but uncommon. Water quality
data for all boreholes is provided in Volume V, Appendix 4.

The major sources of total dissolved solids in groundwater
of the limestone plateau are the soluble mineral constituents of
the limestone aquifer in the Iscia Baidoa Suite. Rainfall,
because of carbon-dioxide in the air, is slightly acidic,
containing small amounts of carbonic acid, H co3. This dilute
weak acid is sufficient, however, to react wzth limestone and
produce dissolved material. The total dissolved solids content
of water from bored wells in the limestone plateau ranges from
640 mg/1l {milligrams per liter) in well ©No. 90 at the BRADP
Compound, to 6640 mg/l in well No. 83 at Misra, Iscopleths of
total dissolved solids concentrations are shown in Plate 10.

Concentrations of total dissolved solids in groundwater
from bored wells in the limestone plateau are least in the area



of recharge north of Baidoa at boreholes Nos. 51, 52, 54, 44,
61, 70,74,73, 982, and 24 (Plate 1C). Groundwater has been in
contact with the aguifer for the shortest length of time in this
area. Groundwater from boreholes in the Ancle Suite, where
perneabilities are low and evaporites present, has high
concentrations of total dissolved solids as in borehcles Nos.
13, 14, and 15. Where groundwater c¢irculation is probably
restricted by fault barriers as in boreholes Nos. 10 and 47,
total dissolved solids concentrations in groundwater are
mederately high.

There are slight wvariations in total dissolved solids
concentrations throughout the other parts of the limestone
plateau owing to mineral variaticons in facies of the Iscia
Baidoa Suite, to restricted circulation by faults or other
structural or stratigraphic barriers (boreholes Nos. 83 and
g28), and to increasing distances of boreholes from the recharge
areas north of Baidoa and along the topographic divide of the
Jubka and Shabelle drainages. The high concentration of
dissclved solids in groundwater from borehole No. 59 comes from
a deeper aquifer with restricted groundwater circulation. One
well, No. 104, drilled in the Bur area ait Ceel Jaalle, had
total dissolved solids o¢f 14080 mg/l in a scdium-chloride type
water. The probable source cof the more saline water in bored
wells of the Bur area 1is concentration of dissoclved solids by
evaporation through capillary rise from groundwater +that is in
restricted storage with no circulation.

Isopleths of chloride-ion concentrations, sulfate-icn
concentrations and specific conductivity are shown in Plates 11,
12, and 13, respectively. Specific conductivity of groundwater
is a measure of the dissolved mineral content. The relation of
total dissolved solids to specific conductivity in the Bay
Region is shown by a linear-regression analysis plot in Figure
3.2.7. The relation of chlcride-ion concentration +to specific
conductivity is shown by a linear-regression plot in (Figure
3.2.8). The difference in the slope of the linear plots
indicates the greater influence of the chloride ion on specific
conductivity. The concentrations of chloride and sulfate ions
generally follow the same pattern as that of total dissolved
solids and specific conductivity; having the least wvalues in
recharge areas and greatest values 1in areas distant from
recharge areas, or where groundwater circulation is restricted
or in contact with evaporites.

2.5.1 Recommended Criteria

Water guality criteria for domestic and animal consumption,
as estabxlished by WHO, have no validity in Somalia. The
availability of water tends to outweigh any concerns for
particular levels of specific constituents. The standards for
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the chemical quality of water in the Bay Reglon are related to
the tolerance levels of people and animals. An approximation of
upper limits of salinity in terms of specific conductance of
water, were established during this proiect to be as follows:

Pecple < 3500 micromhes/cm at 25°%¢ ,
tattle, goats, and sheep < 7300
Camels, < 10000

People and animals have been known to accept water cf greater
salinity than these arbitrary 1limits. It is recomnanded that
the concentrations of chloride ion not exceed 800 mg/l and
sulfate ion not exceed 500 mg/l in drinking water for people,
wut even these limits are Xknown t¢ be exceeded. Tha specific
conductivity, chloride and sulfate- ion content of water from
bored wells in the Bay Region are shown in Plate 14.

2.5.2 Special Problens

The occurrence of groundwater unsulitable for use or of
iimited use in boreholes No.l4 and No.1l5 is due to their
iocation in the Anole Suite, a gesologic unit containing large
amounts of evaporites. The poor-guality water from borehole
Nos.10, 47, and 87 is attributed teo restricted groundwater
circulation caused by northwest-trending faults that serve as
barriers (Plate 4). The sgaline water from boreholes Nc.30 and
No.59 originates in a deeper aguifer than the main limestone
agquifer of the Iscla Baidea Suite. Groundwater of poor quality
in borehole Nos.76, 20, 83 and 88 may also be due to rastricted
groundwater circulation by fault or stratigraphic barriers
(Plate 4).

At Ufurow, No.75-2 and at Dhubol, No.76, trace hydrcgen-
sulfide was reported in water from the boreholes. The trace
hydrogen-sulfide results from the reaction of mathane with the
sulfate ion in groundwater: CH, + SO, + 2H = H,5 + €O, + 2H,0.
sources of the methane are hyd ocarb%ns in trage amoun%s in %he
Iscia Baideca Suite. These boreholes were backfilled to
eliminate the hydrocarbon-bearing strata from the wells. Trace
amounts of hydrogen-sulfide may be eliminated from water by
aeration if this water is to be used for human consumption.

Corrosion of steel well casing has nst been observed to
have been a problem in the Bay Region. The potential for
groundwater teo cause corrosion or incrustation of well screen or
perforated casing may be calculated by a formula for the Ryznar
Stability Index (Schafer and Moog, 1566}. Data neaded for the
caleulation are analyses of groundwater for total dissolved
solids, calcium ion, bicarbonate ion, and pH. Groundwater having
indices of less than 7 may cause incrustation, and indices of
greater tnan g may cause corrosion. Ryznar indices of



groundwater from most of the bored wells in the Bay Region
limestone plateau range from 7 to 8. A few wells in the
northern and northvestern part of the region have groundwater
with Ryznar indices of less than 7 (Plate 15). Groundwater in
these areas has 2 potential for incrustaticn of well screen or
perforated casing. The highest Ryznar index is at well No.46,
g.21. Groundwater having a potential for corresion, Ryznar
index greater than 2, has not been found in the Bay Region,

2.6 Civil Works

Civil works consist of a storage tank, animal watering
troughs, and demestic water distribution tans. These works were
conpleted only at those sites where diesel powered pumps were
installed. Civil works have besen constructed at the following
sites in the Bay Region:

No. 10 Sarman Dheere No. 12 Harsere Jiifo
¥No. 16 Taflow ¥No. 18 Gaduuda Dhunte
No. 42 Buulo Fuurow No. 47 Awshiini

No. 52 HMaleel

Initially the civil works were to be constructed by the
projects, huwever, they did not have adeguate staff or the means
to carry on this task. The CGDP took on the task until July,
1984 when the project was axtended. At this time civil works
were again assigned to the respective projects for completion.
An improved design for the storage and distribution syster was
cempleted 1in Octocber 1985 after an inspection of existing
facilities. The consultant's engineer in conjunction with the
WDA engineer, vrevised all the structures to more closely meet -
the needs of the people. Revised drawings and specifications
were prepared and given Lo ths BRADP and CRDP managers. The
features of these structures are descriked in sections that
folleow.

2.€.1 Storage Tank

In order to meet the requirements for a two~day reserve og
water without pumping, the storage tank was designed for 45 m
capacity; this will supply about 1000 people at 20 1liters per
rerscon per day. The tank was designed for gravity £low to the
distribution systen for people and for.animals. With normal use
tge system may distribute about 7¢ m /4, and is capable of &4
m /4@ for peak periods. The improved storage tank design
provides for an elevated structure of masonry, using locally
available stone for the elevated foundation and <ank. Cement
and sand mnust still be transporied to the site. The original
design provided for rectangular tanks with ne covers, but this
allowed algae to grow in the tanX and restrict drainage through
the distribution systems. A circular tank was recommended in



the revised design to reduce the cost of materials, and a cover
was added to prevent the growth of algae.

2.6.2 Watering Troughs

The watering troughs originally designed were the same for
all animals. The revised design changed the construction to
prevent sheep and goats from entering the trough. The troughs
were pogitioned sufficiently far from the domestic system and
from the well head to reducs chances for contamination.

2.6.3 Domestic Standpipes and Washing Facilities

This part of the distribution system provides water for
domestic containers and provides facilities for hand laundry.
Domestic containers may average about 20 liters per person. At
peak demand, it is assumed that ten of twelvs taps will be on
delivery at the same time, drawing 7 liters/minute each, or a
total of 70 liters/minute while pumped water is available.
Laundry washing facilities consist of large basins with an
adjacent scrub board. These have been redesigned to be separate
from the water distribution taps.

2.7 Pumping Systems

Under normal circumstances the selection of a pump for a
well is Dbased on the anticipated vyield of the well and on the
purpose for which the well was constructed. Normal
circumstances are those where the items desired are readily
available in a short period of time. Because project operations
required advance purchases, decisions had tc be made well in
advance of intended use, and without benefit of firm data. The
pumps ordered for installation in wells completed during this
project were ordered on this basis. Four tyvpes of punmps were
obtained; hand pumps, direct-drive diesel pumps, submersible
pumps, and wind pumps. The dilscussion of pumps that follows has
been divided into three main categories; hand pumps, motorized
pumps and wind pumps.

2.7.1 Hand Pumps

Hand pumps, as the name implies, move water by manual
operation. Hand pumps were sometimes referred to as
reciprocating pumps because they invelved an up-down motion.
The hand pumps obtained f£or <this project are, however,
non-reciprocating. The principle c¢f operation for these pumps,
the Mcne by Robbins and Myers, is the helical screw or rotor.
This rotor turns inside a molded stator and causes water to move
upward. The main advantage cf this type of hand pump is that it
requires virtuaily noc maintenance.

]
t
[V
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The models ordered for the project were the 1vl2, designed
for single person operation for 1ifts up to 45 m, and the 2v12
for two person operation for lifta up to 90 m. Unfortunately, a
factory defect in the shaft construction caused most of these
pumps to fail shortly after installation. The company, after
considerable delay, provided repair kits for these pumps.

Additional requirements of hand pumpe led to the purchase
of Mono pumps. Mono was the inventor of the helical rotor pump:
however, until recentiy they were made only in England and were
not eligible under USAID regulations. These pumps have the sanme
1ift capability characteristics as the Robbins and Myers pumps.
At the time of report preparation these pumps were not vyet
delivered.

One other type of hand pump was installed during the
project; the India Mark II. Two of these pumps were provided as
demonstrators by Export Trading Co. of Nairobi. These pumps are
the basic reciprocating type hand pump that has been

successfully wused in many other African countries. The main
feature of these pumps is low cost, and potential for being
locally manufactured. The disadvantages are a lower 1lift

capacity, 60 m, and meore freguent maintenance requirements. The
maintenance reportedly can be conducted locally.

Hand pumps generally have not been well received in the
project areas where users prefer motorized pumps. Reports from
other water development projects, mostly refugee relief,
indicate that hand punps are being accepted. The early
breakdowns on those installed by the project may account for the
lack of user confidence. Hand pumps, and especially the helical
rotor type, are recommended. Although more expensive initially,
when properly received and installed these pumps should outlast
all others. The main feature of these pumps, no maintenance, is
a major reascn for the recommendation. During the five years of
the project, <the general lack of maintenance on all sguipment
was found to be a critical problem.

2.7.2 Motorized Punmps

Two types cof motorized pumps were purchased for the
project, direct-drive ¢ 2sel pumps and submersible pumps. The
direct-drive diesel pumps are those manufactured by Mono pump
and oparated by Lister diesel engines. These pumps were
purchased for permanent installation at selected well sites.

Stainless-steel Grundfos submersible pumps were purchased
for use as test pumps on newly completed wells. These pumps
could also be used as permanent pumps during an emergency
situation.



2.7.2.1 Mono Diesel Pumps

Mono diesal-driven pumps were selected for installation at
high-yield well sites with bhuman and animal populations large
encugh to regquire one. These punps have the same helical
rotor/stator design as the Mono hand pumps, but are capable of
producing more water at greater depths. DRepending upon motor
size, these pumps are capable of water 1lifts from 15C m.

The direct~drive dlesel engine was selected for its ease of
operation, low maintenance, and comparatively low cost. In many
cases submersible pumps would have heen preferable, however,
power suppllies =zre not available at most sites and diesel
generators would be regquired. These are mnmore expensive and
require more maintenance to keep operating properly. Ancother
advantage of the Mone pump is that it is interchangeable with
the hand pump. By standardizing the motor pumps and hand pumps,
parts requirements can be kept at a minimun.

2.7.2.2 Submersible Punps

Two Grundfos stainless-steel pumps, a 40 hp and a 20 hp,
were purchased for use primarily as test pumps. Submersible
pumps were chosen over direct-drive deep-w=2l1ll turbine pumps
because of the ease of Iinstallation. Deep-well <turbine pumps
require more care and handiing in both transport and
installation. The road conditions and the technical ability of
the c¢rews warrant installation of submersible pumps. In
addition, deep-well turbine pumps require that the wells in
which they are installed be plumb throughout the length of
installation. Submersible pumps are more f{orgiving in this
regard.

The Grundfos stainless steel pumps are three-phase having
from 7 to 20 stages. The number o¢f stages reflect the heads
against which the pumps are capable of operating. This includes
depth below water level +to the highest point of discharge.
Generators were mounted on each of the 4two pump installation
rigs in conjunction with cable reels to enable these pumps to
cperate from cone vehicle.

2.7.3 Wind Pumps

Wind pump=, or more commonly windmills, gained increasing
interest as the proiect matured. This was due primarily to the
realization that fuel to operate the diesel pumps was going %o
be a continual problem in Somalia. Windmills are not new to
Somalia, but have suff.red the same fate as most mechanical
equipment; lack of spare parts to keep them maintained. Other
deterrents to the widespread use of windmills have been the high
cost to import, the difficulty in transporting and erecting at
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remote sites, and the inability to operate under low wind
conditions.

Two windmills were obtained for installation and monitoring
during the project. These were US-manufactured Wind Baron
pumps. This particular windmill was selected on the basis of
its ability to function at windspeeds as low as 8 kilometers per
hour. Because of the high cost and advanced technology of these
pumps, interest turned to +the less axpensive Kenya-manufactured
Kijito pumps. These two pumps will be briefly discussed and
compared.

2.7.3.1 Wind Baron Pump

The Wind Baron Pump (WBP) was selected for operation in
Somalia because of its ability to produce water at low
windspeeds, and to serve as an experimental system. The ability
of this windmill to function at wvelocities as low as 8
kilometers per Lour was believed to be important for research
purposes. Conventicnal windmills generally require wind speeds
of 24 kilometers per hour. Figure 3.2.9 shows the theoretical
discharge of the Wind Baron Pump and the observed discharge as
measured at the Bay Region installation. The erection of the
windmill for the Bay Region was completed in February, 19885.
Unfortunately, pericdic operational problems with the systen
prevented the gathering of data as initially planned. Some data
were able to be collected, however, and an evaluation made of
the windmills performance.

An anemometer was installed on the windmill tower at nine
meters above ground surface to measure wind velocity at the
operating height. Data from this instrument were compared to
data from an anenometer at the standard 2 meter height above
ground surface. This anemometer was located at the Bonkay Seed
Farm approximately 150 meters from the windmill tower. In an
effort %o insure that the two recording instruments were
comparable, the anemometer/compilator used on the tower was
positioned adjacent to the Seed Farm instrument and at the same
height. A small correction factor of 0.92 was found toc be
necessary, that is 0.92 <times anemometer (Seed Farm) readings
would yield the same as the compilator (Figure 3.2.10).

The anemometer/compilator was then reinstalled on the tower
at nine meters above ground level and readings taken were
compared with the Seed Farm anemometer at two meters above
ground level (Figure 3.2.11).

Data cecllected from both instruments were then plotted
resulting in a 1linear correlation for the comparison period
(Figure 3.2.10). Collecticn of comparative data will continue
with the objective of Dbeing able to assess the potential for

2-42
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windmill operations by colliecting wind data from standard height
meterological stations.

The data collected at the Bonkay Seed Farm for 1984,
and 1985 was compared with the 24 vyears of record for Baidoa
provided by the Ministry of National Pianning (Table 3.2.4 and
Figure 3.2.12). Very 1little difference exists between the
24-year average and that of the past 2 vyears. It is important
o note that the months of minimum wind speed are during the wet
season. Loss of yield because of low wind speeds would
therefore not be a serious problem.

Flow data were alsoc collected and compared to the
theoretical data to evaluate the pumping performance of the
systen. The Wind Baron pump installed has a gear ratio of
3.25:1, that will allow pumpage of water at depths ranging from
300 to 400 hundred meters. At a wind speed of eiahteen km/hr it
should be capable of prgducing approximately 40 .~ /day, however,
it only produced 34 m” /4. This suggests that the system is
operating at 85 percent efficiency; this is not unreasonable.

2.7.3.2 Kijito Pumps

Kijito windmills are manufactured in Nairobi, Xenya and
have therefore gained considerable interest in East Africa.
Additionally, these pumps have the potential to be manufactured
in Somalia. Figure 3.2.13 shows the performance graph for the
Kijito pump. If a rotor or wheel assembly of 7.3 m diameter is
erected in the RBay Region it could potentially produce between
15 and 21 cubic meters per day during medium winds of 10.8 to 14
Xm/h. Below 10.8 km/h this potential vield drops off
drastically. With the exception of the wet season months, the
mean wind speeds are at or above these rates. This performance
is only about 25 to 30 percent less than what the Wind Baron
punp could produce at six times the cost.

There are numerous other wind pump manufacturers from whom
comparative data could have been obtained, however, it is
reasonably safe to say on the basis of data collected to date,
that wind pumps are a viable means of producing domestic/stock
watering needs in the Bay Region. Manufacturer's performance
should be compared with area wind data prior toc selection of
specific punps.

2.8 Recommendations for Future Water Development

During the course of this investigation, it became clear
that water requirements in the Bay Region could not be totally
satisfied by the addition of drilled wells. The area of the
limestone plateau recommended for additional borehole drilling

[x]
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is shown in Plate 16, based on drilling results and geclogy.
There are large areas in the southern *we~-thirds of the Bay

Region that will by necessity have to be satisfied by other
means.

In addition, much was learned about the drilling technigues
used. Recommendations for future water develcopment are made
regarding drilling methods, other structures such as galleries,
catchments, and wars and in terms of monitoring programs and
reperts.

2.8.1 Drilling Methods

The drilling technigue utilized almost exclusively in the
Bay Region involved a rotary rig drilling with an air-hammer
bit. Wnile this method can continue to be utilized, some
modifications to improve its efficiency should be made. One of
the major problems was the 1loss of circulation that resulted in
the inability to return drill cuttings to the surface.
Utilization of commercially manufactured driiling foam helped to
a large degree, however, the karstic nature of the main agquifer
made this soluticn inadequate. One of the factors contributing
to the problem was the necessity of having to drill 10 1l/2-inch
diameter holes to set 8-inch diameter casing. The drilling rigs
used are not eguipped with adequate compressor volumes to
efficiently remove cuttings from this large-~diameter borehole.

Two solutions are available; provide an additional
compressor to operate in tanderm with the rig compressor, and/or
drill smaller diameter holes. An attempt was made during the
project to change from wells completed with 8-inch casing, to

wells completed with 6-inch casing, This recommendation was
negated by the WDA administrators for fear that future pump
installations would bpe a problem. Apparently the WDA
experienced such difficulties in the past. Based on the

potential yields of wells in +the Bay Region and the types of
pumps utilized during this investigation, 6-inch diameter holes
would be more than adeguate.

Another solution tc the leoss circulation problem would be
to use cable-tocl 1rigs instead of rotary rigs. One cable-tool
rig was utilized in the Bay Region for a short period, however,
not satisfactorily. The only probiem with the operation of the
cable-tool rig was the time required to drill a well. This
problen would have been easily sclved by changing the driller.
The driller assigned to this rig was an older, experienced
operator who was unwilling to change drilling habits. When
under constant supervision by the censultant's drilliers, wells
could be completed in the same time frame as a rotary-drilled
well. Cable~tool rigs reguire less water, less fuel, no
additives, and generally regquire less maintenance than a rotary



rig.

The main limitations to the cable~teocl rig, at least for
the rig made available to the project, were the depth it could
drill and the reqguirement of a separate vehicle to move it from
site to site. For most well completions in the Bay Region the
depth limitation will not be critical. Increased mobility could
be cbtained by mounting the rig o¢n a four-wheel drive truck; it
is currently trailer mounted.

2.8.2 Infiltration Galleries

As previously mentioned, many areas of the Bay Region are
not suitable for the construction of conventional water wells.
Large warts of the Bur area, for example, provide 1little
opportunity for drilled wells. Horizontal wells or infiltration
galleries may, however, be feasible. Infiltration galleries are
subsurface drains that intercept underflow in permeable
materials. They are used nost effectively to collect underflow
in the alluvium of ephemeral wadis (Figure 3.2.14}.

Infiltration galleries are most commonly constructed with
the use of perforated ceramic or concrete drain pipe, but
perforated PVC pipe or other perforated pipe may be used.
Perforated PVC pipe is recommended for the Bay Region because of
cost, ease of handling and local availability. Although 45 cm
diameter pipe is generally recommended to reduce entrance
velocities, smaller diameters can be used. The length of the
pipe must depend on the depth of the alluvium that is to be
trenched, and the width of the wadi that is t¢ be intercepted.
The pipe is usually buried in a trench well below the level of
underflow. The pipe should be be backfilled with sized gravel
or coarse sand if the material in the wadi is teco fine cor ill
sorted.

Because deep scouring usually occurs during heavy rainfall
events, a gallery not adeguately buried or protected may be
displaced or destroyed. A gabion constructed across a wadi a
few meters downstream from the installation will restrict the
depth of flcocod scour and protect a gallery system. A gabion
will also cause alluvium to accumulate to the top of the
structure, and result in retention of underflow, wmaking more
water available to the gallery.

Wadis heading at the escarpment and coursing southeast
across the Bur area can be identified on aerial photos. Based
on size and location, a select number of these should be
investigated during the dry season for depth and character of
aliuyvial material. Infiltration galleries could then be
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designed to fit the respective conditions. This recommendation
helds even if wadis inspected are found to be dry over the
entire depth investigated. The use of subsurface dams or
gabions at the surface could make these useful watering points.

2.8.3 Surface Catchnments

Surface catchments «re small natural or man-made drainage
basins medified for the collection of surface runoff and
rainfall. Water captured is channeled for storage in berkeds,
wars, or other reservoirs. Surface catchments are commonly
developed where no other source of water is available.

Generally, a minimum of development work is done to effect

a catchment. This results 1in relatively large 1losses of
rainfall tc infiltration in sandy areas, and rapid accumulation
of sediment in storage. By use of a small anount of

labor-intensive development, surface catchments can be made to
deliver more runoff with less sediment. A catchment paved with

laid or rolled stone, concrete clay or plastic sheets, can be

used to increase runoff and reduce sediment 1loads (Figure
3.2.15}).

A catchment in rougitly c¢ircular shape, of about 320 m
diameter, capturing 5 of runoff will £ill a be:rked of 20 x 20
m to 1 m; this is 400 m~ of available water.

With sow- ~asic data on precipitaticn and runoff,
catchments c¢ould be preoperly planned and designed. Existing
catchments should be provided with a standard rain gage and some
means of measuring the volume of runoff from each storm; a staff
gage in the storage reservoir would be adequate. Records of
rainfall and runoff kept on a regular basis by the catchment and
reservoir supervisor would allew for improved surface
catchments. Any catchment, improved or unimpreved, must be
fenced with thorn brush to prevent access and possible pollution
by animals or people.

2.8.4 War Modification

Wars are storage reservoirs constructed by creating raised
embankments or dikes of compacted earth. Wars are located such
that all available runoff is collected from surface catchments
or wadi diversions. The main problems with most wars, aside
from ercosion and siltation of entrance channels, are loss of
water by evaporation and seepage, and destruction and
contamination by people and animals.
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Evaporation 1lcsses are reduced somewhat by the raised
embankment and by windbreaks of trees or bkrush. Seepage losses
have peen reduced by lining the war with packed clay or packed
clay over a plastic liner. The plastic 1liner must be buried
deeply enough so that it cannot be removed for other uses.

Destruction and contamination are concurrent problems
caused by the movement of pecple and animals in and out of the
wars. ©One scluticn to this combined problem is to modify the
war such that water can be obtained outside the war. Figure
3.2.16 shows a recommended modification to existing or proposed
wars that would help solve the problem.

2.8.5 Groundwater Monitoring Program

An observation-well network for the main agquifer of the
Iscia Baidoa Suite was designed and implemented in February,
1985 for the collection of basic data. Measurements were to be
made and water samples taken for chemical analysis from bored
wells to determine what seasonal changes took place before and
after the Gu' and Dayr seasons. Counterpart hydrogeologists
were trained and have demonstrated their capability to measure
and record the data. Observation well locations were selected
in the agquifer area on the basis of accessibility and probable
sensitivity to hydrologic and chemical change.

In order to determine hydrologic trends of any
significance, at 1least 5 vyears of records are needed. Table
3.2.3 lists the wells and water-level data collected +to date.
Locations of the wells are shown in Plate 2. The period of
measurements during this extension phase of the CGDP was too
short to indicate any significant hydrologic changes.
Measurements of water levels at the end of the dry seascn, and
again at the end of the rainfall season will indicate the amount
0f recharge that has occurred for that season. Correlation cf
recharge between observation wells will allow a better estimate
of seasonal and annual recharge to the aguifer. Estimates based

on records for longer periods, more than 5 years, will more
accurately indicate the availahility of groundwater during
seasons o©of rainfall and during dry periods. These data are

essential for the effective planning and development of water
resources.
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2.8.6 Publication of Basic Data

The hydrogeolegic work begun during this project for the
Bay Region and the three regions in the Central Rangelands
should be continued for all of Somalia. Numerous donors are
conducting wvarious water projects throughout the country,
however, most of the results of this work become buried in the
files of that donor agency. The MMWR and perhaps more
specifically the WDA, should plan a series of water-rescurce
studies by region for the country. This work should begin in
the most water short regions and continue until the entire
country has been surveyed. Reports entitled, '"Water Resources
of Region", should be completed and made available to
those ministries, runicipalities, and those in the private
sector, involved in water-resource development.

The outline used for the hydrogeology section of this
report could be used as a guide. In those areas where surface
water can play a significant role, a section would be included
to show drainage basin boundaries, gaging stations, current
diversions and related parameters.



3.0 CENTRAL RANGELANDS

The Central Rangelands consists of the Mudugh, Galgadud,
and Hiran R=gions in central Somalia and covers an area of
approximately 150,000 square kilometers (Figure 3.3.1). With
the exception of a small area in the flocdplain of the Shabelle
River, the Central Rangelands is entirely arid toc semi-arid. 1In
many areas of the Central Rangelands the lack of an adegquate
water supply has been a serious constraint to bringing
potentially productive rangelands into use for Somalia's
livestock resources. Figure 3.3.2 shows accessibility to water
sources and thus regions of water scarcity within the Central
Rangelands.

According to the best available estimates there were
approximately 35 boreholes operating in the Central Rangelands
prior to 1279 (Resocurce Management and Research, 1979). The
exact number and location of all boreholes operating in the
Central Rangelands is unknown. Since 1979 additional boreholes
have been drilled by this project, by the Water Development
Agency, and by other development projects. Nonetheless, most
watering points in the Central Rangelands consist of hand-dug
wells constructed in shallow unconfined agquifers where the water
table is subjected to significant seasonal variations and has a
high potential for contamination. The majority of the hand-dug
wells in the Central Rangelands are less than five meters in
total depth and are constructed to a depth averaging 0.5 meters
below the static water level (UNDP, 1973). It is clear that
even in areas where adequate water is available the supply is
highly vulnerakle to drought.

The Comprehensive Groundwater Development Project has been
working in close association with the Central Rangelands
Development Project to improve the water supply for the pastoral
population of the Central Rangelands. Development of
groundwater resources is, and will continue to be an important
aspect of the overall develcpment of the Central Rangelands.
Tocations of all boreholes completed in the Central Rangelands
during the Comprehensive Groundwater Development Project are
presented on Plate 2.

3.0.1 Physiography

The Central Rangelands consists of a broad central plateau,
a narrow coastal plain, and a portion of the drainage area of
the Shebelle River. With the exception of the Shabelle River,
which occurs in the extreme south of the Central Rangelands,
there are no perennial streams or important watercourses in the
area.
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The central plateau ranges in elevation from 50 to 700
meters above mean sea level and 1is covered by sand, caliche and
evaporites. It is characterized by gentle slopes with
micro-relief associated with caliche bands and sand drifting.

Between the central plateau and the coastal plain is an area of
hummocks and stabilized dune fields grading into a transition
zone of small gulleys and steep escarpments.

The coastal plain ranges in elevation from sea level to 50
meters and 1s covered by recent aeolian deposits with active
barchan and seif sand dunes. Adjacent to the ceast it is
characterized by gentle slopes and low limestone cliffs.

The Shabelle floodplain, in the southern portion of the
Central Rangelands, ranges in elevation from 100 to 200 meters
above mean sea level. The Shabelle floodplain is covered by
recent alluvial sediments with essentially flat terrain.

3.0.2 Clipate

The Central Rangelands has an arid to semi-arid climate
with a range in mean annual precipitation from approximately 100
mm in the north to 390 mm in the south ({(Resource Management and
Research, 1979). The extremely irregular rainfall patterns in
the Central Rangelands are typical of arid regions . Tromendous
variations in precipitation occur both spatially and temporally.
A map of mean-annual precipitation for the Central Rangelands is
presented in Figure 3.3.3.

Precipitation is generally concentrated into a minor rainy
season, the Dayrr which occurs from October to December, zand the
main rainy season, the Gu, which lasts from April to June.
Storms tend to be concentrated in small geographic areas and it
is not wuncommon for an area to receive no rain 4uring one or
more rainy seasons. The rainy seasons are separated by the drv
mensocons. The southern monsoon, the Hagai, cccurs from July
through August and 1is generally dry except for slight rains on
the southern coast. The northern monsoon, the ilaal, occurs
from December through February.

Thg temperagure throughout the Central Rangelands varies
from 20 C to 3B C throughout the vear. Maximum tempergture
occur in April 40°C and minimum temperature in July 15°C as
measured at Belet Weyne.

) The potential evapotranspiration in the Central Rangelands
has been estimated at 2225 mm/year (McGowan, et al, 1979). This
relatively high potential evapotranspiration rate is the result
of the high winds, high temperatures, dense thornbush cover, and
of the phreatophytes which cccur in the wadis. A potential
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annual water deficit of over 2000 mm/year exists throughout the
Central Rangelands.

Winds are generally constant on the c¢oastal plains,
decreasing somewhat iniand. Although wind speed information is
scant and of questicnable guality the average ccastal winds are
estimated at over 10 n/s. Inland wind velocities are estimated

to range from 7 to 1¢ n/s in the Mudugh and Galgaduud regions
(Pallabazzer, 1983). Winds are generally lower during the rainy
seasons and higher during the dry monsoon seasons.

3.0.3 Land Use

Land use 1in the Central Rangelands generally consists of
opportunistic cropping by settled people in the towns and
villages, and of year-round heavy grazing by livestock, (RMR,
1879) .

The western portion of the CR 1is characterized by 1low
densities of opportunistic cropping and by heavy livestock use
(Figure 3.3.4). The central plateau is characterized by low
density opportunistic cropping by nomadic families and by year
round livestock grazing that is concentrated in the wet seasons.
The transition zone between the central plateau and the coastal
plain in the northern portion of the CR is characterized by high
densities otf opportunistic cropping by nomadic and settled
familieg, and by vear round livestock use that is concentrated
during the wet seascns. The northern portion of this zone
receives no cropping and light livestock use; chiefly in the wet
season. The scuthern coastal plain is generally used by
livestock vyear round and is only occasionally used for
opportunistic cropping. The Shabelle floodplain is
characterized by high density regular cropping, and by year
round livestock utilization <that is concentrated in the dry
season.

3.1 Previous Investigations

Several investigations <o¢f the water resources 1in the
Central Rangelands have been conducted, however, only those
investigations found useful to this study are summarized below.

UNDP, 1973. This report offers a comprehensive review of
the groundwater resources throughout Somalia. The conclusions
reached are generally reliable and do not substantially differ
from the conclusions of <this report. The inventory of
boreholes, hand dug wells, and springs, though out of date, is
relatively accurate and was extremely useful. A list of well
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lithologies and chemical analyses is included and was found to
be helpful. A serious drawback toc the chemical data presented
in the report is that sodium and chlcocride were apparently
derived by ion differences rather than by analyses. Therefore,
any evaluation of the accuracy of the data was impossible. Many
of the sampled wells were resampled during the CGDP, and the
correlation between results was found to be very poor. This may
e due, in part, to the difficulties in positive well
identification, but it does suggest some doubt concerning the
guality of these data. For reconnaissance level investigations,
however, these data are useful.

The geologic data presented 1in this report are extremely
general. Although the stratigraphy appears essentially correct,
the 1:1,000,000 geological map is not of sufficient quality to
be useful in field work.

Resource Management and Research, 1979. This report is
conmprehensive and 1s useful in any work undertaken in the
Central Rangelands. Data concerning the c¢limate, land use,
geomorphology, and water sources throughout tne Central
Rangelands are presented.

German Agency for Technical Development, 1981. This is a
comprehensive hydrological report covering the well installation
at the town of Dhusa Mareeb. Complete data are reported

covering the hydrology, lithcoclogy, production tests, and water
cquality of the wells.

GKW, 1983. These reports detail the well installations at
Bulo Berti, Ceel Bur, and Beled Weyn. They contain data on well
installations, lithology, production tests, and water quality.
The report on Beled Weyne, Vol. 7, also contains an analysis of
the hydrologic connection between the Shabelle River and the
alluvial aguifer.

Pozzi, et al, 1983. Pozzi's report contains valuable
information on the stratigraphy and water quality of the central
portion of the Central Rangelands. The presentation,
organization, and English translation, however, are confusing.
Place names are difficult to locate due to unusual spellings.
The 1:1,000,000 geologic map presented in this report is
particularly useful and 1is the most detailed geoclogic map
available for the Central Rangelands.

Pozzi, et al, 1984. This report contains wvaluable
information on the water resources and stratigraphy of the
northern portion of the Central Rangelands. Potassium-argon age
determinations from the Trap Series basalts are particularily
useful for interpreting the Central Rangelands stratigraphy.
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The specific conductance map of the shallow groundwater shcould
be useful in future planning of shallow wells. The organizatien
and English translatiocn are, however, confusing.

Louis Berger Internaticnal, Inc., 1581~1986. The
Comprehensive Groundwater Develcoprent Project has been operating
since July, 1981. Several reports including a final report on

the first phase of the project have been completed. Because the
main thrust of the CGDP for the first three vears of the project
was in the Bay Region, 1little data relevant to the Central
Rangelands were generated. All relevant data, conclusions, and
recommendations from these previous reports have been summarized
in this report.

3.2 Methods of Investigation

Previous groundwater development 1in the Central Rangelands
has consisted of ¥..,. an inefficient program of poking holes
throughout Somalia in the hope of finding sufficient potable
water to sustain the population.® (AID, Project Paper, 1979).
The CGDP has attempted to inject some degree of rationale in
planning for water resources development and to establish a
reliable data base.

Because of the 1imited amount of borehole data in the
Central Rangelands, the efforts of the CGDP were mostly
exploratory. Methods of investigation consisted of well-site
selection, drilling, geophysical logging, development and
testing, and water-quality sampling and analysis.

3.2.1 Well Site Selection

Boreheole sites were selected by the CRDP personnel based on
extensive sociological surveys, water requirements, and on a
careful consideration of the ecological implications of the
site. The proposed sites were then investigated by the CGDP for
hydrogeologic suitability and, in some cases, were "“vetoed" or
relocated as appropriate.

Water is an intensely political issue in arid Somalia.
This issue has caused occasional dJdisagreements and freguent
delays over proposed borehcle locations. Because a great deal
of random drilling has besn done throughout Somalia, the areas
which experience the most intense water shortages are fregquently
areas in which previocus drilling has indicated that there are no
useable aguifers at exploitable depths. Boreholes ware
attempted at Cagacade, Xasan Afra, and Quralai due to intense
local pressure, but against nhyvdrogeclogical recommendations.
All of these wells were unsuccessful. The success ratio of
wells completed by this project was lowered by the political
necessity c¢f drilling walls at hydrogeologically doubtful
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locations.

Record Xeeping during most previous drilling in the
Central Rangelands was so poor that most drilling in the area
should be considered exploratory. In this sense, even the
unsuccessful boreholes are valuable for the understanding of
Somalia'’s groundwater rescurces.

As has been noted by all previous investigations, the
primary problem with developing the groundwater resources of
Somalia, and the Central Rangelands in particular, is one of
water gquality rather than guantity. Berehole locations have
been considered largely on this criterion. Wwhile the tolerance
of the local population to saline wacer is remarkably high, much
of +the water encountered in the Central Rangelands is still
unusable for domestic purposes.

The regional geology, geomorphology, and previous drilling
experience have all been examined when locating boreholes. One
great and recurring difficulty has been the lack of reliable
information concerning previous drilling. Many wells which
produced unusakle water were backfilled with rocks by the local
population without chemical analyses having been performed,
lithologic logs taken or static water levels recorded. These
wells were essentially forgotten. A typical experience in
investigating proposed borehole sites was to find a previously
attempted, and subsequently, abandoned borehole on the site. A
variety of conflicting rumors were heard concerning the depth,
water level, and water quality of the well. Proposed sites at
War Shupo, Haji Imam, Dhalwa, Xindheere, and Godin Midgod were
rejected because borehole attempts at these sites would have
merely duplicated previous unsuccessful attempts.

In all cases, physical well site inspections were performed
by the CGDP hydrogeclogist in the accompaniment of
representatives from the CRDP. Following the site inspection all
available information on the hydrology, geolecgy, and previous
drilling in the area were reviewed. A decision to drill or not
drill was then made.

3.2.2 Drilling

The majority of the wells drilied in the Centir2l Rangelands
have been drilled with an Ingersol Rand TH-60 drilling rig
vtilizing mud-rotary techniques. Surface casing, dgenerally
l6-inch diameter, was cemented to a minimum depth of 3 meters.
In areas where a relatively gooé charce of success was
anticipated, 1l2-inch diameter boreholes were drilled followed by
completion with 8~inch diameter casing. Washed samples of the
borehole cuttings wers collected and examined at each lithologic
change cr at a maximum of 3 meter intervals. In exploratory
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boreholes a 6 or 7 7/8-inch diameter pilot hole was drilled, and
then reamed to a 1l2-inch diameter hole if usable water was
encountered. In some instances, the long time reguired to
provide the desired casing neccessitated the utilization of
casing at hand. On occasion, 6-inch diameter slotted casing was
used for well completion. For the same reasons, slotted 8~inch
diameter casing was set above the static water level in
ingtances when blank casing was not readily available.

In Dboreholes where saline water was encountered at
relatively shallow depths, 8, 10, or l2-inch diameter casing was
used to seal off the bad water, and the borehole was advanced
with a 7 7/8-inch bit to the target depth. Boreholes were
abandoned by removing all casing, when possible, and backfilling
the borehole with grout. Where it was not possible to remove
the casing, a steel cap was welded onto the well casing.

In addition to the rotary-drilling rig, one British made
Dando cable-tool rig was used in the Central Rangelands. This
rig completed two boreholes in the Ceel Bur District one in
Xaradheere and two in Hobbio. Boreholes drilled with the cable-
tool rig were drilled to a diameter of approximately 12 inches.
Samples of the drill cuttings were collected and examined at 3-
neter intervals or change of formation. After +the hole was
drilled, it was completed with 8-inch diameter plastic casing or
8-inch steel casing. The plastic casing was perforated with
handsawn slots spaced at 4-inch intervals along a length
corresponding to the aguifer thickness.

Drilling in the Central Rangelands most fregquently
encountered unconsolidated sands, sandstcnes, and limestone. A
recurring drilling problem was the collapse of boreholes when
drilling was interrupted for unreasonably long periocds:
generally due to lack of fuel or serious mechanical problems.
Lost circulation in porous limestone was another problem. It
was not usually possible te regain circulation with conventional
lost—circulation materials. In several instances, the
utilization of a "diesel squeeze" (a mixture of diesel fuel and
bentcnite) was reguired to regain circulation anéd enable
drilling to continue.

Another fregquently encountered problem was the difficulty
of mixing bentonite drilling mud with high-saline makeup water,
Mud additives made especially for utilization with saline makeup
waters should be mude available for future drilling projects in
the Central Rangelands.

3.2.3 Geophysical Logging

Whenever possible geophysical logs were run oprior to
setting casing in the hole. The project was equipped with three
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Mineral Logging Systems geophysical logging units. Two of these
were mounted in four-wheel drive suburkan-type vehicles.
Logging tools provided are 1 3/8-inch diameter except for a
long-normal resistivity and gamma probe which is 2 inches in
diameter. Other  tools included a caliper probe,
gamma/resistivity probe, a flow meter, and a temperature probe.
An operators manual was prepared by consultant's staff to assist
counterparts in operating the equipnent. This manual was in
addition to that provided by the manufacturer.

The geophysical logs were used to determine lithologies,
and water-bearing zones. The boreholes in the Central
Rangelands were not spaced sufficiently close to provide an
opportunity for stratigraphic correlation on the basis of
geophysics.

Resistivity and spontanecus-potential 1logs were the most
useful in identifying potential aquifer =zones. The natural
gamma-ray logs were most useful in determining the clay horizons
of the formations. In limestone formations the caliper log was
the most wuseful in delineating zones of secondary permeability
and fracturing. As more wells are drilled and logged in the
Central Rangelands the usefulness of the geophysical logs for
stratigraphic correlation will increase.

3.2.4 Development and Testing

When drilling with mud, it was frequently difficult te be
sure when water was encountered, and even more difficult to
evaluate the quality of the water. Whenever suspected zones of
water production were found the boreholes were cleaned by
thinning or removing the mud and blowing with air. The water
was then tested for gquantity and quality. Pocr—quality water
zones were sealed off with casing and drilling continued.

After casing was set, the wells were develecped by blowing
with air until +the sand production, as measured with an Imhoff
Cone, was less than 0.2 mg/l. When possible, a step-drawdown
test was conducted to estimate the production capacity of the
well. If determined to be significant, a 24-hour constant
discharge-pumping test was conducted. In scme instances, when
the well discharge could be estimated from the well development
activities, or when the fuel supply was critical, the step-
drawdown test was neglected.

An aquifer test was attempted on every well, and whenever
pessible a 24-hour pumping test was conducted. Wells were
pumped with a 19-stage submersibie pump, and discharges were
measured with a flowmeter or with a barrel and a stopwatch. 2all
water-level data were measured with an electric wall sounder.
In low-discharge wells, a bailer test was conducted to estimate
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the well production. Water temperature and specific conductance
were periodically measured throughout the test.

Predicted drawdowns and sustained yields were estimated
using the Jacob and/or Theis approaches. Aquifer test analyses
for each well are presented in Volume V. It should be noted that
the perforated intervals do not necessarily correspond to
aquifer thicknesses in wells completed in the Central
Rangelands. Occasionally, material logistics, such as the lack
of blank or perforated casing on site, rather than aquifer
thicknesses determined well-completion details. Any rigorous
hydrogeologic computations involving aguifer thickness should
therefore be based on the lithologic 1legs, rather than on
perforated intervals for estimates of aquifer thickness.

3.2.5 Water Quality Sampling and Analyses

Water quality samples were collected from each borehole
completed in the Central Rangelands following well development
activities. Additicnally, samples were collected from many of
the existing operating wells in the Central Rangelands. Water
samples were generally delivered within five days of collection
to the MMWR labrratory in Mr ,adishu. No field preservation of
samples was practiced.

Chemical analyses of samples included all major ions.
Analytical techniques developed during this project were used to
analyze the samples. Results were evaluated on the basis of the
ion balances. Ion balances that were within 10 percent, were
regarded ~< acceptable. Any analyses considered to be
questionable were rejected from the data base and repeated when
possible. Results of the water-quality analyses performed for
samples collected in the Central Rangelands are presented in
Volume V.

3.3 Geology

The Central Rangelands consists ¢of a sequence of marine and
continental sediments with minor, but hydrologically important,
intraformational basalt flows. The geology is poorly mapped and
published interpretations of the stratigraphic sequence are not
always in agreement.

The Central Rangelands extends northeast of the Shabelle
River to +the Nogal Valley in northeastern Somalia. Marine
sediments of mostly Tertiary age, and sub-recent continental
sediments cover the surface as part of a wide basin. The basin
extends through the Ogaden region, east of Beled Weyne to Johar.
The deepest part of the basin, the Hobyoc Embayment, is located
near Hobyo on the coast of the Indian Ocean {Barnes, 1976).
There have been several transgressive and regressive phases of
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the sea over the Horn of Africa and sedimentation thicknesses
generally decrease inland. Plate 17 presents the regional
geology of the Central Rangelands.

3.3.1 Geomorphology

The gecomorphic map of the Central Rangelands modified from
Resource Management and Research (Central Rangelands Survey,
1973) is presented in Figure 3.3.5. Five basic geomorphic types
were identified; the flood plain, the plateaus and basins, and
areas of stable and unstable dunes. The shallow groundwater
occurring in these geomorphological units bears the chemical
signature of the associated 1lithotypes. A brief descriptio of
the five geomorphic types are described below.

Flood Plains. The Webi Shabelle Valley floodplain region
is dominated by recent alluvial sediments consisting of sand,
silt, c¢lay, and gravel. The Shabelle landforms have been
created by normal valley cutting through the limestone plateau
and by alternate cycles of deposition and erosion.

Plateau Areas. The major portion of the central plateau is
composed of limestones which have experienced erosion by sheet
flow and wind-driven abrasive sands. Weathering of the
carbonate rocks generally produces a dense carbonate-caliche
layer from a few centimeters to several meters thick. Oolitic
and concretionary forms with iron-oxide coatings are common.
Coverings of terra rosa sand are also common. The terra rosa is
a friable bright-red ferruginous soil consisting of clay
minerals, iron oxides and hydroxides, fine quartz grains, and
small amounts of carbonate and hygroscopic moisture (Mikhailov,
1871). A thin veneer of sand covering limestone is common
throughout the plateau region.

Basins. large complexes of evaporite minerals, primarily
gypsum and anhydrite, have filled two ancestoral drainage zones
which have stagnated 1in the vicinity of the coastal fault.
These areas cut the central plateau from northwest to southeast
beginning from approximately Galcayo and Dhuusa Mareeb. These
evapcrite deposits have experienced karst weathering and are, in
places, overlain by limestone and sand sheets. Drilling results
from Dhuusa Mareeb, Ceel Bur, and Wargaloh suggest that these
ancestoral drainages may have controlled the flow of basalts in
the Central Rangeliands.
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Stabilized Sand Dunes. Large semi-stabilized sand dunes
are found in the transition zone between the central plateau and
the coastal plain. These dunes are generally compesed of fine
Pliocene sands from formerly mobile dunes which have been
recently stabilized. The stabilized dunes formerly provided
much of the source material for the sand sheets in the central
plateau (Resource Management and Research, 1979).

Unstable Sand Dunes. In the southern portion of the
coastal plain there are rows of large sand dunes, predominately
barchan and seif dunes, and sandy grasslands. These dunes which
are still mobile overlie coastal limestones east of the coastal
fault.

3.2.2 Stratigraphy

The stratigraphic units and their water bearing properties
are presented below in tabular form in Table 3.3.1. Opinions
concerning the stratigraphic segquence in the Central Rangelands
vary. In this report the sequence proposed by Pozzi, et al,
(1983) is considered to be the most probable. Drilling during
the course of this prejsct further delineated the extent of the
Trap Series basalts. ©No distinction was made in the more recent
stratigraphic units, such as the Mudugh~Merca, the Upper Daban,
and the Taleh Suites. Distinctions between these suites must be
made from paleontological or other age-dating technigues which
are beyond the scope of thils project.

Belet Uen Suite (Upper Cretaceous). The Belet Uen Suite is
the oldest formation considered in the groundwater exploration
effort in the Central Rangelands. It outcrops in the southern
portion of the Central Rangelands east of the Shabelle River and
reaches a maximum thickness of 200 meters. The lower portion of
the Belet Uen Suite is composed of interlayered 1limestone and
gypsum beds, overlain by limestones with sandy and marly beds.
The wupper portion of the Belet Uen Suite 1is composed of
alternating gypsifercus limestones, marls, sandstones, and
gypsum beds. Due to the presence of high-sclubility evaporites,
the water contained in the Belet Uen Suite is generally highly
mineralized.

Jegssoma Suite (Paleocene). The Jessoma Suite outcrops in a
north-south trend east of the Shabelle and south of Ceel Bur.
The Jessoma Suite consists of wvaricolored, quartzitic, well-
cemented, hard sandstone beds. Cross bedding of fluvial origin
is common. Limestone layers may occur and the top weathered
zocne of uncemented sandstone contains subsurface calcareous
concretions. The Jessoma Suite supplies relatively fresh water
(EC = 3500 micromhos/cm) to wells and springs.



TABLE 3.3.1. CENTRAL RANGELANDS SEOLOSIC UNITS AND NATER BEARING CHARACTERISTILS

OCCURENCE, LITHOLOBY, AND WATER
REARING CHARARLTERISTICS
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RECENT
PLEISTOLEN

In the fiood plain of the Shebelle
River and along wadis throughout the
Central Rangeiands; clay, siit, sand,
and coarse alluviea; yields water to
shallow {less than 35 ») wells; water
spezific conductance of iess than
3500 uehos/ca found in approxieately
106 percent of wells,

Active and inactive dunes on the eastern
coast consisting of well-sorted aeolion sand.
Yields swall aasunts of fresh water to
shailow {less than 10 mt wells.

PLIGCERE-
HI0CENE

Possible in the eastern portions of Lentral
Rangelands; sandstone, and jconglomerate;
yields water of variable guality fros pore
spaces and along bedding planes.

MIOCENE

SYITE OR SERIES wPPROSIMATE
HAY NN
THICKNESS
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Hal

fieplian sand,

sandstone and 120 »

reef depesits,

Genitn

Upper Daban

Series, 120 e
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Musugh-ferca

Suite, N, ad R |

lontinental sedisents covering much of

the northern fentral Rangelands; limestone,
parl, sang, sandstone, gypsue, clay calcreife,
and reiated rocks, Yieids varving quastities
of =ater froma pore spaces, bedding planes,
and kars! forsations water guality is
varialle with specific conductance

trog 3,000 to 30,000 ushos/ca, sulfate
concceatrations are generally high; water
uiih specific conductance of iess than

3,000 umhos/ce is found in less than

15 percent of wells.
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Foras intraformational flow extending

roa Uhusaeareeb to El-Bur and north to
¥argaloh. Basalt ang tuff, may be related to
the existence pf fesh mater found during

this project,
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Middie Daban
series 00 - 2090 &
Pgs ady

Sandstone, silisione, lenses of boulder
conglomerate; geserally contains highly
eineralized

ELCENE

Lower Dahan
serigs 245 a
Pgald

Karkar Suite
Poakr PRI |

Taleh Suite

Fgatl 35 a
furady series 100 a
Pgoar

Sandstone, siltstone, sarl, lenses of
gypsua and congloserate; gemerally contains
highly mineralized water.

Lisestone, ainor sarl, clayey doloaite,
siltstone; eay contain saall amounts of
water but not an aquifer of regional
1eportance.

Anhyarite, qypsum. 1nterbedded delosite
and warl- generally contains highly mineraiized
water 1n karstified zones.

Jutcrops 26 a band extending through the
western part of Galgudud region; massive
lisestone, dolomitic Iimestone, doloaite, marl,
siltstone; ligestone heds are coamonly
fractured and offer good potential for
groundwater storage and developaent;

freguently yields large guantities of

fresh water.

3-18



in a north-south section east of the
Shabelle River and west of El-Bur. Inegui-
granuler crossbedded sandstone, minor siltone,
FALEGCENE Jessosa Suite Wh e and cospacted clay; supplies water with specitic
conductance of less than 3500 uates/om to
wells and springs but frequently yieids only
spall amounts of water due to iow effective

porosity.
UFPER Beled Weine Suite tast of the Shabelle River, limestone,
CRETALERUS  Crati PAUU sarl, gypsiferous shaley clay. Generally

cantaing Mighly aineralized water at depih.
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West of Shabelle River, pgypsiterous
CRETACEDUS  Mustahil Suite siitstone, mudstone, interbedded lisestone;
£ry 187 = karst formations supply water which is
generally highly eineralized, specific
contuctance is rarely below 3500 umhos/ca.

ERETACEQUS Marehan Suite Dccurs only at southwestern border of
Lroz-ar Wi e Central Rangeland. Generally supplies
sgzall aaounts of fresh water to wells,
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From: UNDF, 1971, Pozzi etai., 19B3, Pozzi etal, 1984,



Transmissivities are, however, fregquently low (UNDP, 1573).
Outcrops examined during the course of this project appeared to
possess low porosities and permeabilities. More test drilling
is required to evaluate the potential of the Jessoma Suite as an
important regional aquifer.

Auradu Suite (Eocene). The Auradu limestone was deposited
conformably over the Jessoma Suite during marine transgression.
Outcrops of the Auradu are found in a band extending through the
western portion of the Galgadud region from Dhusa Mareeb to the
coastal fault. The lower section consists of a dark-brown,
fine, crystalline, coarsely banded 1limestone. The limestcne in
the upper portions contains a finer and clearer banding with
lighter colors.

The cutcrops of the Auradu limestone show some

karstification and the beds are frequently <f£ractured. The
artesian wells in Ceel 3ur and Dhusa Mareeb may be tapping a
confined aquifer in the Auradu Suite. Generally, the water

produced from the Auradu Suite is relatively fresh (EC = 3500
micromhos/cm) .

Taleh Suite (Eocene). The evaporite sediments of the Taleh
Suite were deposited during a regression of the sea from the
Horn of Africa, The Taleh Suilte consists of gypsum and
anhydrite interbedded with dolomite and marl. The Taleh Suite
reaches a maximum thickness in the Nogal Valley, north of the
Central Rangelands of approximately 350 meters. The Taleh Suite
was previously thought by some researchers (Altichieri et
al,1981) to be pervasive in the Central Rangelands. Recent work
by Pozzi et al, (1983) indicates that the Taleh Suite is missing
entirely from several sections in the western portion of the
Central Rangelands and that the surficial beds in the Central
Rangelands are considerably younger than the Eocene,

The Taleh Suite often displays intense karstification in
its outcrops. Groundwater is found in the fractures and
solution cavities in the Taleh Suite, but it is generally highly
mineralized and unusable.

Karkar Suite (Eocene). The Karkar Suite consists of
limestone, marly limestone, and gypsum. The Karkar Suite
reaches its maximum thickness, 230 mnmeters, in the Nogal Valley,
north of the Central Rangelands. The Karkar Suite 1is the
uppermost marine deposit in the Central Rangelands but is not
known to outcrop 1in the area. The Karkar Suite 1is not an
important aguifer in the Central Rangelands. It contains small
amounts of water that is generally highly mineralized.

lower Daban Series (Eocene). The Lower Daban Series is
characterized by sandstones, siltstone, marl, and lenses of
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gypsun and conglomerate. The lower Dakan Series is not known to
outcrop in the Central Rangelands, and is not an important
regicnal aquifer, Water encountered in the Lower Daban Series
is generally highly mineralized.

Middle Daban Series (Oligocene). The Middle Daban Series
consists of sandstones, siltstone, and boulder conglomerates.
The Middle Daban Series reaches its maximum thickness in the
northern regions of Somalia and is not known to outcrop in the
Central Rancelands. The middle Daban Series is not an important

regional aquifer and generally contains highly mineralized
water.

Trap Series (Paleocene-Miocene). The Trap Series consists
of basalt and tuff which occurs as intraformational flcws in the
Central Rangelands. The Trap Series occurrences appear o be
related to the ancestral drainages in the Central Rangelands.
Boreholes have encountered basalt at Dhuusa Mareeb, Ceel Bur,
Afwayne, Wargaloh, and Quracley. In most instances, boreholes
penetrating basalt have encountered fresh water. It is unclear
at present whether the fresh water is being transmitted within
the basalt, or whether the basalt is simply separating the fresh
water in the deposits below from the highly m.reralized waters
above.

The Trap Series, in any case. is highly important in the
groundwater resources of the Central Rangelands. A high
priority should be placed on refining the mapping of this suite
in any  future groundwater investigations in the Central
Rangelands. Locations, depths, and estimated elevations of the
pasalt are shown in Plate 17.

Mudugh-Merca Suite (Miocene). The Mudugh-Merca Suite
consists of a variety of continental sediments that cover the
rajority of the central and northern portions of the Central
Rangelands. The Mudugh-Merca Suite consists of limestone, marl,
sand, sandstone, gypsum, clay, calcrete, and related rocks. 1In
the ancestoral drainages sediments of continental lacustrine
conglomerates, fluvial sandstone, clay, and marl were deposited
as the climate dried. These " Mudugh Dbeds" are fregquently
karstified near the surface and may provide relatively highly
mineralized but easily accessible water.

The Mudugh-Merca Series produces water of highly variable
quality and gquantity from pore spaces, fractures, bedding
planes, an? karst zones. Specific conductivities of water
produced from the Mudugh-Merca Suite vary from 30600 to 30,000
micromhos/cm and are frequently high in sulfate. Measured
transmissivities in the Mudugh-Mgrca Suite are highly variable
and range from 10 to over 350 m“/day. The Mudugh-Merca Suite
is, by default, an important regiocnal aquifer in the Central

3-21



Rangelands.

Upper Daban Series (Miccene-Pliocene). The Upper Daban
Series occurs in the central and eastern portions of the Central
Rangelands and consists of sandstones and conglomerates. The
Upper Daban Series produces water of highly variable quality.
The delineation between the Upper Daban and the Mudugh-Merca
Suites is unclear at present. Depending on the interpretation
of the extent of these formations, the Upper Daban may be
considered an important aquifer in the Central Rangelands.

Aeclian Sand and Reef Deposits (Pleistocene-Recent)}. The
active and inactive dunes along the eastern coast in the Central
Rangelands consist of well sorted aeoclian sand. The high
infiltration rate of these sands allows for the accumulation of
shallow deposits of fresh water at the base of these sand dunes.
Shaliow wells in the wvicinity of +the sand dunes frequently
produce small amounts of fresh water.

Stream Alluvium {Recent-Quarternary). Stream alluvium
occurs along the floodplain of the Shabelle River and along
wadis throughout the Central Rangelands. The alluvium consists
of fine gravel, sand, silt, and clay. Shallow wells frequently
produce relatively fresh water from the alluvium. Stream
alluvium is an important, but very limited scurce of groundwater
in the Central Rangelands. Transmissivities in the stream
a%luvium measured near Beled Weyne are on the order of 225
m- /day {(GKW, 1983).

3.3.3 Structural

The main structural feature in the Central Rangelands is
+he coastal fault interpreted from geophysical exploration
(UNDP, 1973), which may affect +the underflow regimes of the
regional agquifers in the Central Rangelands (Johnson, 1978;
Pozzi et al, 1983). Exploration records suggest that the fault
zone could be 50 to 150 kilometers wide, (Johnson, 1978). A
second fault system, also defined by geophysical exploration, is
located in the Jessoma sandstone which outcrops in a northwest
to southeast strip in the southern portion of the Central
Rangelands {(UNDP, 1973; Pozzi et al, 1983). A third fault
system, alsc interpreted from geophysical exploration, runs
approximately parallel to the coastal fault but approximately
100 kilometers inland (Plate 17). Both of these faults appear
to be coincident with the cccurrence of fresh water ({Pozzi, et
at, 1983).

3.4 Hydrogeology
Hydrogeological data in the Central Rangelands were found

to be sparse. No direct measurements of infiltration, recharge,
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or discharge were carried out in most areas. No precise
horizontal and vertical control of potentiometric levels and
sampling locations exists. Because most boreholes are inexactly
located on a 1:1,000,000 scale topographic map, surface
elevations can be only poorly estimated. All discussions of
groundwater recharge, mnovement, and discharge are therefore
subject to change as additional data becomes available.

3.4.1 Recharge

The major source of recharge to the exploited aquifers
(Mudugh~-Merca and Upper Daban) in the Mudugh and northern
Galgadud regions appears to be direct infiltration fronm
precipitation. Mean annual precipitation in this area is
approximately 100 mm. The infiltration is assumed to be very
low. Measured infiltration rates in areas with similar ciimatic
conditions indicate that direct recharge <from precipitation
would be slightly less than 5 percent of the total preciwitvation
(Chow, 1964). The remaining portion of the precipitaticn would
be lost to recharging the scil moisture deficit and, eventually,
to evapotranspiration.

Due to the high soill moisture deficits and to the depth of
the water table in the Central Range, recharge to the deeper
agquifers is probably limited to exceptional precipitation events
if at all. There may be some additional component of recharge
to the deeper artesian aquifers in the Eocene Suites which
receive recharcge from their highland outcrops, but the extent of
this recharge is unknown.

Water levels in the numerous hand-dug wells in the area
frequently fluctuate more than 1 meter between the wet and dry
seasons (Johnson, 1879j. Most of the samples collected from
these shallcw hand-dug wells indicate that the quality of the
water is already degraded by the soluble evaporites in the area.
The majority of the water samples from the Mudugh and northern
Galgadud regions, showed chloride or sulfate to be the dominant
anions. This indicates that recharge 1is poor, and that
groundwater movement is sluggish.

In ceontrast, the samples collected from shallow wells
located at the kase of sand dunes, such as the wells at Dumaye

in the Xarrardhezre area, wvere vary fresh (EC = 600
micromhos/cm) . Bicarbonate was the dominant ion, indicating
direct recharge <from precipitation (Domenico, 1972). The

majority of the soluble minerals were presumably leached from
the source material prior to the formation of the dunes.

In addition to freguently bkeing very poor quality, the

water sampled from the Mudugh and northern Galgaduud regions is
highly wvariable. In most of the water samples from the
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Mudugh—Merca and Upper Daban agquifers, there was good
correlation between the samples collected from the shallow wells
and the samples from the boreholes. The most significant
control in the water gquality appeared to be geomorphic, ratcher
than depth. Therefcre, recharge tc these areas was belleved to
be localized.

Recharge to the aguifers of the Jessoma and Auradu Suites
is probably substantially more than to the Mudugh-Merca and
Upper Dakan aguifers, The Jessoma and Auradu Suiltes have
extensive outcrop areas in the southern portion of the Central
Rangelands where the mean annual precipitation is slightly
higher, approximately 200 mm. In addition, these aquifers
presumably cutcrep in the Ethiopian highlands where substantial
recharge from much higher precipitation 1levels is available.
The water guality from samples ccllected from these aquifers was
generally signifigantly Dbetter (EC's of approximately 2000 to
4000 micromhos/cm}. Although sparse, data indicated greater
consistency.

Annual recharge to the Mudugh~Merca and Upper Daban
aquifers, assuming a five percent infiltration rate and a 150 mm
mean annual precipitation rate, is approximately 7,500 cubic
meters per square kilometer. This indicates that approximately
20 cubic meters per sguare kilometer per day could be removed
without disturbing the groundwater balance. Because most of the
recharge in these aguifers appeared to be localized, and
groundwater in these aquifers occurs in isolated lenses, this
type cf regicnal analiysis may be invalid for specific wells.

In the region of the Shabelle flicedplain thzre is
significant connection between the riv _ and the grouncwater in
the shallow alluvium. Recharge from t 2 river to the alluvial
agquifer occurs during the wet seasc .s and drainage from +he
alluvial sediments To the river occurs during the dry seasons.

3.4.2 M¥Movement

Due to the paucity of data, and the poor state of geoloyic
mapping in the Central Rangelands, only a general conceptual
mecdal of the groundwater movement in the Central Rangelands may
be attempted.

The ccastal fault appears to have a significant effect on
thr: regional flow patterns. The lack of water in wells drilled
below sea level in the area between Alivabal and Xarrardheere,
less than 40 kilometers from the coast, suggests that the
coastal fault acts as a groundwater barrier. The extent cof this
effect, or even if the fault is <the cause, was not able toc be
verified during this project. Work tc Dbetter delineate the
fault, and toc explore along its length could prove beneficial to
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frture water~-development planning.

Groundwater Iin most of the Central Rangelands occurs in
unconfined aguifers of the Mioccene to Recent sediments, or in
confined agquifers in the deeper Eocene sediments. The upper
unconfined agquifers consist of lirestone, sandstone, and clay,
with evaporite sections. Althouch their overall 1lithology is
fairly unifeorm, individual strata grade and pinch out laterally.
Infiltration from heavy rains forms discontinuous lenses of
groundwater in these unconfined acuifers. Groundwater in the
deeper confined agquifers, which originates from recharge at
distant outcrops, can be expected te move down dip through the
agquifers. Movement Iin the unconfined lensed agquifers tends to
be toward playas and basins. Based on the high salinities of
water samples from these aquifers, movement must be relatively
slow, and residence times long.

Movenment in the confined aquifers, such as the Jessoma and
the Auradu, 1is expected to be down dip toward the north-
nertheast. Insufficient dJdata prevents any guesstimates of the
rate of movement in these formations.

Groundwater movement in the alluvium of the Shabelle valley
can be expected to coincide with river-stage conditions. During
high flow periocds, movement would be toward the alluvial aquifer

and during low or dry flow perinds it would be from the alluvium
toward the river.

3.4.3 Discharge

Discharge from aguifers identified in the Central Range was
not able to be guantified, however, based on the few operative
wells, it must be minimal. Some water is discharged to playas
and basins from the shallow unconfined agquifers. This water is
cuickly evaporated.

There are not many springs or known discharge points along
the coastal cliff areas. The spring near Jessoma discharges
into a thin alluvial channel that surfaces downstream only to
disappear after a relatively short distance as a result of
evaporation and seepage.

In summary, Jdischarge from aquifers in the CR can be
regarded as minimal. It takes place through wells, evaporation
from playas, and evapcration and seepage from springs.

3.4.4 Well Hydraulics

A well is simply a ".,.hydraullic structure which. when
properly designed ani constructed, permits the economic
withdrawal of water from a water-bearing formation." (Johnson,



1975). The hydraulic characteristics that are essentlal to the
understanding and solution of aquifer problems and to the proper
evaluation and utilization of groundwater resources are
transmissivity, storativity, and boundary conditions. Analysis
of +these characteristics are dependent upon many factors
including an appreciation of the hydrologic and geologic setting
of the aguifer. Although many of the conditions precedent that
influence an agquifer test are known, deviations from the ideal
on which analyses are based and the limitation of testing
procedure generally prohibit precise results. This paradox may
be stated another way. Although numercus assumptions are made
to enable a mathematical solution to an understanding of flow
conditions, some of the assumptions are never met, while others
are only rarely observed. Nonetheless, formulas can be applied
with suCCess and the resultant calculated  hydraulic
characteristics can be useful for most purposes.

The information provided is presented in a format that will
hopefully be understandable ¢to the casual reader, and yvet
maintain enough detail %o be of usz to the professional. 2
glossary of terms has been provided for the uninitiated, and
only a brief, if any, description is provided in the text.

Because of the emphasis on exploration and exploitation,
less emphasis was placed on the collection of data for the
determination of detailed aquifer characteristics. Wells were
ioccated sufficiently far apart and surface-water bodies were so
few, <that concerns for interference between wells or from
surface-water bodies was non-existent. Time and cost
constraints were such that no observation wells were drilled to
enable detailed aguifer tests tc be attempted. Thirty-seven
well tests were conducted, however, throughout the Bay and
Central Range Regions. Twenty-two of these were tests of
twenty-four hours duration.

3.4.4.1 Transmissivity

Transmissivity is a measure of the volume rate ocf flow
through an aguifer. It provides a means tu evaluate the
potential contribution of the aquifer to a well. If one
envisions a rectangular sponge sandwiched between two glass
plates, the amount of water able to move through a unit width of
that sponge would be a mnmeasure of its <transmissivity.
Transmissivity is obtained by graphical means utilizing gseni-log
or log-log graph paper.

All test data were plotted on semi-log and/or on log-log
paper. Semi-log plots were analyzed using Jaceb straight line
methoeds, and log-log pleots were analyzed using matching curve
methsads. {Detailed descriptions of these methods can be found
in a2 numper of texts on groundwater hydroloegy)}. Log-log plots
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vield curves that are characteristic of aguifer conditions.
Three types of log-log curves were Zound: those that
approximated a true confined agquifer condition, those that
reflected leaky artesian conditions, and those that indicated
delayved yield conditions.

Acquifer conditioens, or types, can also be described on the
basis of the permeability of the overlying materials, if it is
assumed that the bottom <¢f the aguifer is impermeable. No
distinction between horizontal and vertical permeability will be
made, but in general horizontal permeapility will be two to ten
times greater than vertical. On the basis of this criterion, an
agquifer that has overlying materials with relatively the same
permeabiiity can be referred to as unconfined. If the overlying
materials are less pervious than the main agquifer, but
horizontal flow canno. be neglected, the aquifer is
semi~-unconfined. Often, overlying materials have some
permeability, but horizontal <£flow can be neglected. In this
case the main aguifer 1s considered semi-confined. Where the
overlying materials can be considered impermeable, the aquifer
is referred to as confined. In reality no material is totally

impervious, but for all practical purposes the amount passing
threugh is negligible.

It will be noted that while referring to conditions within
the overlving materials, the aguifer is actually being defined.
Although the overlving materials are used for descriptive
purposes, underlyving beds may exhibit similar characteristics.
These references are given other descriptions, such as leaky
artesian for semi-confined and unconfined with delayed yield for
semi-unconfined. Delayed yield may also result from storage
within an unconfined aquifer. Because of the many variables
inveolved, determination of the transmissivity using only the
producing well must Dbe viewed with caution. The water-
producing zone is not always complietely open to a well, and the
formations are definitely not homogeneous.

Although tests were performed on all potentially useable
weils in the CR, not all tests resulted in good data. Table
3.3.2 lists those wells for which data are available. The test
at Wargaloh was conducted with the Mono/Lister diesel pump that
was to remain in the well. This pump did not have enough
capability to stress the agquifer sufficiently tc obtain
additicnal time-drawdown values. After five minutes of pumping,
t+he water level stayed constant. This was for a pumping rate of
11.24 mthr.

in a test curve that
ve or a leaky artesian
for either situvation.

DJ

The agquifer test at Dhaljimale resulte
could fit either a delayed yield tvpe cur
curve, Volume V., An argument could ke made
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The well is open to alternating beds of sand and clayey sand.
Depending uypon the permeability of the clayey sands, these may
be contributing fiow to the well. A calculation of
transmissivity using th leaky artesian curves resulted in a T
value an order of magnitude higher than when determined from
delayed yield type curves. Geplogic ceonditions would suggest
that the combination o©f events could ociur, namely there could
be delayed yields <from the sand layers and there could b2 sone
contribution from the overlying sands.

The resulting test curve from the test at Bud Bud suggests
the presence of an impermeable boundary. <Closer exanination of
the gelogy would indicate that dewatering of the limestone
aguifer was responsibkble for the sudden decliine in water level.

The Saddel well test results indicated just the opposite
effect; a recharge boundary. Again examinaticn of the well log
helped te clarify the situation. The aguifer at the Saddel site
appears to be the limestone ur .t. The overlying sands are the
materials through which recharge must pass, and no doubt provide
storage when the limestone aguifer is full. These conditions
would normally result in a delayed vield type of acuifer test
curve. It is therefore suspected that there was some residual
recovery taking place later in the test pericd. There are no
geclogic conditions that woul cause rapid recharge respc ze at
this well site.

The well at Cali Tun displayed similar characteristics to
that at Saddel; a delayed yield type curve resulted from the
plotted test data. The geology differs, but the hydrogeology is
similar, nemelv a water producing zone overlain by deposits
capable of trangmitting some flow. The T value for both wells
is of +the same order of magnitude, (Table 3.3.2). It is
possible that the fractured limestone agquifer is the same for
voth welli, however, additional Dborehole data would be required
for verification.

The well at Xaradhere was only %tested with the bailer on
the drill rig. Because th‘s well was gquite shallow and planned
only for a hand puxp, the wp»*esti‘g crew was not mobilized.
Thezballer test indicated that the well was c<apable of producing
g m”/hr.
3.4.4.2 Storativity

Ng data existed, nor were sufficient data able to be
collected, froem which t alculate storativity for aquifers in

o <
the Ceﬂtva’ Rangeland. The average storativity for confined and
unconfined aguifers of 10 © and 0.2 respectively {(Lohman, 1572)
are adecuate fcor any reguired estimates. The sparsityv of wells
in the Central Range renders tnis parameter sormewhat academic at
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Storativity may be of concern for the basalt aquifer if and
when it receives more intense development. The same applies to
the coastal dune aguifers if a program of horizontal wells or
infiltration gaileries is implemented.

3.4.4.2 Boundary Conditicns

with the exception of the well at Bud Bud, none of the
wells tested exhibited any boundary effects. Likewise none of
the observed hydrogeologic conditions would suggest the presence
of boundary conditions in the C(Central Range. The data from the
well test at Bud Bud indicates the presence of an impermeable
boundary, but this is more likely a result of water level being
drawn down below the producing zone.

Yot

3.5 water Quality

The water quality in the Central Rangelands, as is typical
of arid lands throughout the world, is generally very poor. The
poor gquality of the groundwaters in the Central Rangelands is
dLe TO a variety of reasons. One reason is the slow circulatioas
times in the groundwater regime, and the resultant increase in
the exposure time of the groundwater to soluble minerals in the
formations. A second reason is the high evapcoration rates whi“h
+tend to concentrate salts on the soil surface. These salts ai2
eventualiy flushed into the groundwater. A third raason is the
exposure of the groundwater tc the extensive soluble evaporite
deposits; these are prevalent in the Central Rangelands.

Tn the deeper aguifers, the high salinity levels are the
result £ dissolution of soluble evapsrite deposits. In the
shallower agquifers sall ies probably result from the
congentration of salts in aerated zone of the soil profile.
Salts are leached downwar ring the rains, and are "pumped®
wack upwards by capillary action during the dry seasons; thus
concentrating the salts Iin the aerated zone. Shaliow hand-dug
wells tapping aguifers in these zones frequently encounter
saline water.
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Generally, it is the guality rather than the quantity of
available groundwater in the Central Rangelands which limits its
utilization. The little water-guality data available in the
Central Rangelands are poor. A significant problem in
understanding water guality in the Central Rangelands on a
regional basis is that the available data are strongly biased in
the direction of faverable water. This is because,
historically, when boreholes have encountered saline water, the
wells have been abandcned and freguently backfilled before any
data are recorded.



Although there are insufficient data to conduct statistical
analyses of the water guality in the Central Rangelands, an
attempt was rade to define water-guality regions. This
informaticn is presented in Plates 18 and 19. The regions are
preliminary, and should be adiusted as more wells are drilled
and data collected. A high priority should be placed on
collecting water-guality data in any future groundwater-
development work in the Central Rangelands.

The CGDP concentrated activities irn the pricrity districts
established by +the CRDP. These districts are; Hobyo, Ceel
Dheere, and Ceel Bur, Ilccated in the Mudugh and Galgadud
regions. Additionally, szamples were <c¢ollected from existing
boreholes throughout the <Caentral Rangelands. Regults of the
water-quality sampling are discussed by .egion below.

&

Water Quality in the Mudugh Region. Four geomorphological
conditions occur in the Mudugh region, (Figure 3.3.5). The main
plateau consists of limestone and sand sheets or evaporite
deposits. The coastal plain consists of active sand dunes and
the transition zone between the coastal plain and the central
plateau consists of stabilized sand dunes. With the exception
of the few wells in the Mudugh region which penetrate <o the
Ecocene formations, the water quality appears to be related to
these geomorpheloglcal areas.

Groundwater occurring in the plateau area between Galcayo
and Hobye is generally moderately saline. Specific conduct-
ivities from borehole samples vrange from approximately 1,200 to
3,000 micromhos/cm with an increase towards the boundaries of
the geomorpholegical unit. Sulfate concentrations are generally
aboe 1,500 =mg/l, but appear to decrease in the northern
portions of this reglon (indicated Dby the 1lower sulfate
conzentrations at Jerriban, Bali Busle, and Bitale). The
contrelling factor in water quality for this region appears to
be the presence/absence of scluble evaporite deposits. The area
between Galcayo and Hobyo, cutside the limits of the evaporite
units, will produce, locally, marginal-quality water. Good
prospects for fresher water occur Lo the north of this region.

Groundwater occurring in the evaporite area in the Mudugh
region appears, from the scant information available, to degrade
as the water moves from the western boundary towards the east.
The three boreholes 1in <the eastern ro*t;o of this region,
Colgula, Afgaduudle, and Yamaarugle, all contain poor water with
high concentrations of sulfates and/cor chlorides {(Plate 18).
The abundance of evaporite deposits in this region will make it
difficult to locate usable water. Relatively fresh water has
been found in the western porticns of this regicn.
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Groundwater cccurring in the «c¢oastal plain and the
transition zones is of highly variable guality and appears to be
controlle ' by locally occurring conditions of evaporite deposits
and proxinity to the coast. Salr~water intrusion occurs in the
cecastal wells when they are overproduced. Scdium and chloride
are the dominant ions in 21l of the water samples collected from
the coastal piain.

The best-guality water in ths Mudugh region is the water
produced at the bkase of sand dunes (such as Damaye). The
development o©f this resource, however, presents ecological
problens with wmebilization of the sand dunes potentially
resulting from overgrazing. The cother consistent source of
good~ quality wate~ in the Mudugh region is beneath the Trap
Series basalts. Own.y one wall in the Mudugh region is known to
have tapped this aguifer; the well at Wargaloh. A high priority
should be placed on mapping this aguifer in order to plan a
groundwatey develcopment strategy for the Mudugh region.

wWater Quality in the Galgaduud Region. The water gquality
in the Galgaduud region follows the same patterns as in the
Mudugh. There are four geomorphologi “al types in the Galgaduud.
The central and western portions of tue Galgaduud are covered by
evaporite deposits which are surrounded to the north and south
by limestone and cand sheets. In the eastern portion of the
Galgaduud are the stable sand dunes of the transition zone and
the active dunes of the coastal plain. Water quality of the
broad plateau of szand and limestone in the northern portion of
the Galgaduud is essentially unknown.

Water in the evaporite region around <Ceel Bur is very
saiine, and dominated by sulfate and chloride. Fresh water can
be developed in this area beneath the basalt in confined
aguifers occurring in the Jesscma and Auradu formations. Water
pcecurring Iin the upper unconfined agquifers is fregquently very

saline (epecific conductivities frequently above 6,000
micromhos/¢cm) with sulfates and chlerides being the dominant
anions. wWater from the confined aquifers below the basalts

{sanmplied at Dhusa Marseb and Ceel Bur) had specific
conductivities below 3,000 micromhos/cm ard sulfate levels below
500 mg/l.

The water gualit in the ansition zone between the
coastal plain and the centr ateau is relatively gocd.
Specific conductivities range from 2,500 to 6,000 micromhos/cm
and sulfate levels are generally belew 1,000 mg/l. Relatively
fresh water is generally found in this region at depths between
60 and 9C meters.

o

The water quality on the coastal plain in the Galgaduud
region is wvariable, but usable at depths of approximately S50
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meters. The water Iis generally Dbelow 6,000 microshoes/cm
specific conductance and is dominated by sodium and chloride.
Gypsum depcsits are present in the small c¢liffs at the edge of
the ccastal plain and water produced near the boundries of the
plain may be adversely affected by soluble evaporites.

Essentially no data are available from the southern portion
£ the Galgaduud. ©Only one well, Mogokori, has been sampled
from this region. The water from this well was relatively fresh
with chloride being the dominant anion. It is presumed that
this well, and the nearby well at More Ari are producing water
€rom the Jesscma Sandstone. T+ is probable that relatively
fresh water may be found in the Jessoma and Auradu formations at
relatively shallow depths in the southern portion of the
Galgaduud.

Wwater Quality in the Hiran Regilcn. The Hiran region is
composed of two geomorphological units, the broad ssnd and
limestone sheat in the northern portion and the Shabelle
floodplain in the southern regicn.

the water guality in the northern portion of the Hiran
region appears good with a slight tendency, 2as in the other
regions, to degrade towards the east. The water is dcoiinated by
sodiuvm  and chleride, and sulfate levels are generally below
1,000 mg/l. The Jessoma and Auradu formations outcrop in this
region and are considerzd o be a good targel Lor watexw
development in the future. A spring cccurring in the Jessoma
Sandstone near the village of Jessoma produces water with a
specific conductance of 2,000 micromhos/cm and only 200 my/l
sulfate. Artesian water produced from the Auradu Limestene at
Ceel Bur was relatively fresh (specific conductance of 1,55¢C
micromhes/cm) and contains less than 200 mg/l sulfates.

The water occurring in the flocdplain of the Shabelle river
is generally good with 2 slight tendency to degrade downstream.
This awmuifer is probably in communication with the Shzbelle
river and 1is a reliable source of good water, The naturally
occurring groundwater, negliscting river infiltration in this
area, is pocor due to the presence of gypsiferous sediments;
specific conductances are approximately 6,000 micromhos/cm. The
specific conductance of the water from <the Shabelle River
neasured near Beled Weyne rangss from 500 nicromhos/cm to 2,000
nicremhos/cn from the wet tc the dry seasons respectively (GKW,
1983 . Mineralization in the groundwater increases with the
distance away from the river and exploitation of the groundwater
shcould be planned accordingly. Generally the alluvium in the
floodplain of the Shabelle may be considered as a reliable
source of good-guallity water.

o
§
»
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2.5.1 Water Quality Criteria

Internatioral Water Quality Criteria, as established by the
WHO (Worid Health Organization, 1971} are frequently exceeded in
the Central Rangelands. These criterla are, however, primarily
aesthetic rather than health-~related Ffor the major ions
anajyzed. The currently accepted water-guality criteria adopted
by the WDA for utilization by the CGDP are listed below:

Utilization Specific Conductance Chloride Sulfate

micromhos/onm ng/l mg/1l
1
Human Censumption 3,500 (64)° BGO{54) 500(45)
Livastock 7,500 {96}
Camels 10,000 (96}

{percentag@ of currentl utilized wells iIn the Central
Rangelands which meet the stated criteria, based on 28 samples).

Field observaticns have shown that the pastoral population
cf the Certral Rangelands will partmally accept water for
domestic utl. ization with specific conductance of up to 8,500
nicrorhos/om. Teste, the primary criteria in ioccal usage is
affected most strorngly by sulfate content. At levels exceeding
E00 mg/l, sulfates impart a bitter taste to the water.

Specific conductance, while an easily mneasured field
pavrameter, is not a very useful criterion for water quality in
the Central Ranqelanﬁs. Total dissolived scolids do not correlate
well with specific conductance. water in which sulfate 1is a
deninant ion will have a much higher specific conductance than a
esodivm-chloride water containirg the sgame amount of total
dissolved solids. Figures 3.3.6 and 3.3.7 show the relationship
between specific conductance and total dissolved solids for
zulfate and sodium-chloride waters respectively. The numerical
relaticonships are as {Qollows:

Dominant Anion

wifate TDS = 628 + 1.2 EC
Chipride TD 491 + 0.B2 EC

]

In pract it 1s diffigult, if not impossible, to control
water Ltl*lzatlﬁ in the Central EHangelands. Water utilization
ig related to water availability more than to anything else. 1In
Gl Harreri (Ceel Dheere Districi; water with a specific
conductance of 4,290 nicrom éos/cm .d 2 sulfate content of 882
mg/l is not used for drinking due te its bitter taste. Wells
containing sweeter water located 18 and 30 kilometers distant,
at Garable and Jacar respectlvely, are preferred. In Bud Bud
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{Hobvo District) water with a specific conductance «f over 29,000
nicromhos/cn, a sulfate concentration of over 2,500 mg/l, and a
very bitter taste is ccmmonly consumed due to the unavailability
of an alternative water supply. At Xindheere (Ceel Bur
District) water from a WDA berehcle with a specific conductance
of 16,000 micromhos/cm is occasionally utilized for livestock
watering in the dry seasons. The critericn utilized for water
consumption in the Central Rangelands will continue to be local
acceptance.

The decision to <complete or abandon a boreheole in  the
Central Rangelands should be made on a site specific basis. In
ceneral, any boreholes in areas where water is in short supply
encountering water with specific conductance of less than 10,000
micromhos/cn should pe conpleted.

It was beyond the scope of this project to investigate the
resulting health effects of the groundwater encountered in the
Central Rangelands. No data were found in the available
literature that indicate adverse health effects would result
from long-term consumpticon of high TDS waters. It is reasonable
to assume, however, that some exist. Further research intoc the
effects of long~term consumpticon of high TDE water, and in
particular high sulfates, shculd ke conducted. Xnown health
effects of some constituents are described in Section 3.5.2.

3.5.2 Special Problems

The extremely poor water guality freguently encountered in
the Central Rangelands presents several specific problems.
These include; screen incrustation/corrosion, drilling,
construction, and health problems.

Incrustation/Corrcsion. Metal screens and pumpz used in
wells may be subjected <o deterioraticn resuiting from poor
cuality water. Incrustation, the depcsition and accumulation of

minerals on +the well screen openings, and corrosion, the
dissclving of metal materials, are two common problems. Both
cause reduced well efficiency or total failure of the well. One
widely used method of evaluating incrustation or <zorrosion
potential is by use of the Ryznar Saturaticn Index (RSI)
(Campbell, M.D and Lehr, J.H. 1873). The RSI is based on the
calcium-carbonate saturation and is dependent on the total
dissclved solids, the hardness, and the pH of the water. In
general, a RSI of less than 7.0 indicates ti.at the water has a
tendency %o be incrusting, and a RSI of greater than 6.0

c

indicates a tendency for corrosion. Ryzrar Index valuas were
calculated for all of he sanmples collected tfrom Dboreholes
completed by this project in the Central Rangelands. These
values are presented in Table 2.32.3.
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Well Neo. Well Name Ryznar Index Casing Type
CRE7 Wargaloch 7.10 Steel
CR72 Afgaduudle 6.88 Hone
CR78 Phajimale 6.70C Steel
CR81 Bud Bud £.74 PVC
CR82 Saddal 7.25 PVC
CR8% Xarrardheere 8.01 PVC
CR93 Cali-Tun 6.61 Steel
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The use of plastic (PVC) well casing in waters which have a
corrosive tendency should alleviate the corrosion problem and
increas¢ che l1life of the well. (This was not done at Wargalch
due to the depth of the well which was beyond the limits at
which plastic casing can be safely used). Corrosion problems in
the Central Rangelands will tend tc¢ be amplified by the
relatively high tenperatures of the groundwater, {(over 36%¢ in
all samples collected). The high tenperatures reduce the
viscosity, and thus increase the diffusion rate of oxygen.

Plastic well casing should pe used, where possible, in

boreholes completed in the Central Rangelands. Incrustation
problems may result even with plastic casing but, can be
alleviated somewhat by proper wel. management. Due to the

pressure change {drawdcwn) which is necessary to make water flow
inte a well, dissclved carbeon-dioxide is released from the water
causing carbonates, primarily calcium-carbonate, to be deposited
around the well intake area. Proper well development and well
management, i1.e. minimizing drawdown, are the most effective
measures in preventing incrustation.

Drilling Makeup Water and Concrete. Much o¢f the water
available in the Central Rangelands is of substandard quality
for efficient utilization as makeup water for mixing drilling
fluids. High total dissolved solids and relatively low pH
values will result in excessive amounts of bentonite regquired to
achieve proper drilling-mud viscosities. Water which contains
more ithan 5000 mg/1 of +total dissclved sollids should be avoided
when possible. When it 1is necessary to use saline water for
mixing driiling fluids special drilling muds designed for saline
water, such as Quik-Treol or Quik-Mud, should be provided rather
than conventional bentonite. In addition, soda ash should be
routinely used to reduce the hardness, and to eleviate the pH of
the makeup water. Sufficient soda ash should be routinely mixed
to keep the pH of the drilling mud between 8.0 and 9.0,



The high total dissolved solids and particularly the high
sulfate content will have an adverse effect on the strength of
cement made with this water, Saline borehole water should be
avoided when constructing pump bases and civil works at
boreholes in the Central Rangelands.

Adverse Health Effects. As previously mentioned, the
adverse effects of long term consumption of high TDS water are
unknown. The effects of sulfates, flourides and nitrates are
however, fairly well documented. Sulfate imparts a bitter taste
te water at concentrations in excess of 500mg/l, and tends to
have a laxative effect at concentrations greater than 1,000mg/l.
Although it appears that the local population has been able %o
adjust to sulfate levels as high as 2,500 mg/l, further research
should be conducted on the long term effects of consuming waters
with high concentrations of sulfate.

Flouride was not one of the ions routinely analyzed in the
Central Rangeland sampling program, but during the initial
phases ©f this project 19 samples were analyzed for flouride.
An additional 19 samples were analyzed for flouride by GTZ in
1382 (Table 3.3.4). Flouride concentrations above 1.5 ng/1 have
been reported to cause mottling of <the +eeth, and flouride
concentrations above 3.0 =g/l have been reported to cause
skeletal fluorosis, (WHO, 1$70). Fifty percent of the sanples
analyzed contaired flouride concentrations above the 1.5 ng/1
level recommended as the maximum permissible concentration by
WHO. Because the water consumption of the rural population of
Somalia ‘s relatively 1low, a higher concentration may be
acceptable. Further investigation into the flouride
cencentrations of groundwater in the Central Rangelands should
be conducted.

Nitrates were not routinely analyzed, but 31 samples
from the <Central Rangelands were analyzed during the early

chases of the proiect (Table 3.3.4). Seven of the samples
contained nitrate levels in excess of the 10 mng/l level
recommended by WHO, Nitrates are a direct result of

ko
contamination from deomestic or animal excrement.
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Table 3.3.4. ¥Nitrates and Flourides In The Central Rangelands
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iocation Date NO,.~N F Source

Bg/ L mng/1

Qardo 1 l4.2.81 7 2.3 Drilled Well
Qardo 2 14.2.81 7 .4 Drilled Well
Qardo 3 14.2.81 10 2.4 Drilled wWell
Halin 14.2.81 nd. 2.8 Spring
Garowe 15.2.81 nd. 3.0 Drilled Well
Garowe 15.2.81 7 1.5 Hand Dug Well
Burtinle 16.2.81 2 2.6 Drilled Well
Burigap 16.2.81 0.2 2.7 Drilled Well
Galcayo 16.2.81 2 2.7 Drilled Well
Hotel Bulsho 16.2.81 i6 3.0 Hand Dug Well
Ghelinsor 1 16.2.81 6 1.8 Drilled Well
Chelinsor 2 16.2.821 5 1.7 Drilled Well
Cadado 16.2.81 4 1.8 Driiled Well
Godinlabe 16.2.81 nd. 1.1 Drilled Well
Dhusa Mar'b 1 16.2.81 g 0.8 Drilled Well
Dhusa Mar'b 2 16.2.81 & 1.2 Drilled Well
Auvsweyne 17.2.82 0.2 2.2 Drilled Well
Galacad 17.2.81 5 1.8 Drilled Well
Mareer-Gur 5.4.82 7 0.5 Drilled Well
Godinlabe 5.4.82 7 0.3 Hand Dug Well
Cadado £.4.82 5 0.8 Drilled Well
Ghelinsor 5.4.82 20 - Drilled Well
Gowlallo €.4.82 16 0.8 Drilled Well
Qargoie 6.4.82 7 1.8 Hand Dug Well
Gana Falle €.4.82 8 .4 Hand Dug Well
Balll Busle 8.4.82 G.2 0.8 Drilled Well
Jiriban 9.4.84 13 0.2 Hand Dug Well
Ceel Hammer $.4.84 1 0.3 Hand Dug Well
Garcado $.4.82 43 6.5 Hand Dug Well
Hobyeo 10.4.82 51 1.7 Hand Dug Well
Xarrardheere 10.4.82 % 0.4 Hand Dug Well
Mogokori 9,2.83 - 0.4 Drilled Viell
Shebelli R. $.2.83 - 2.5 Surface Water
Bugdz 1 10.2.83 - 2.7 Hand Dug Well
Bugda 2 10.2.82 - 2.5 Hand Dug Well
iborey §.2.83 - 6.1 Drillied Well
Bulo Berti 9.2.83 - 0.4 Drilled Well

——— T —— S U P ——— T A o T o S i S L . S W N e T e i Sk o e e e A S A S ——— o . S ————



Nitrates are considered to ke & health hazard to infants, and
possibly to older <children, if they are present in drinking
water at concentrations greater than 43 wmg/1l, (WHO, 1971).
Samples collected from hand-dug wells at Garcado and Hobyo
contained 42 and 31 wg/l respectiwvely. Rehabiliitaticn of these
wells and the implerentation of health standards should be
imposed. As in the case of sulfates, higher concentrations of
nitrates ma2y be tolerated but are definitely not recommended.

3.6 Civil Works

No consitruction of civil works was started in the Central
Rangelands during the project period. The CRDP with assistance
from the CGDP, coumpleted a design for civil works %o be
constructed at well sites having motorized pumps. Plans and
specifications with a materials ?15* were provided to the CRDP.
The plans called for construction of 48 cubic meter storage
tanks in addition to domestic and animal watering facilities.

Without benefit of completed civil works, the current
practice is for utilizaticon of <the mud pits, constructed during
the drillin operation, as water storage and distribution
facilities. The watering is accemplished relatively efficiently
but pelluticn problems are *arpan_. It is recommended that alil
boreholes completed with diesel pumps be fitted with civil works
as soon as possible.

An additicnal cbjective of the civi Ll-works construction is
to provide scme storage ;n the event of pump failures or fuel
shortages. An assessme c of the amcunt of time regquired to
service equipment, /“* to supply fusl to the remote locations
in the Central Kangel nds, renders this purpose absolete.
Civil-works censtrvoction in the Central Rangelands shouid
therefore concentyate on providing a hygenic system of water

supply.

Any civil-works constructlion undertaken for hand pumps
sneuld be minimal., Toe primary consideration should be to
provide sanitary cenditions arcund the well site,

3.7 Pump Systex

Under nermal cizcumstances the selection of a pump for a
well is Dbased on the anticipated vield of the well and on the
purpcse for which the well was constructed. Normal
circumstances are those where <the items desired are readily
availakle in a short pericd cf “ime. Berause proiect operations
require advance purchases, decisions had to be made well in
advance oF intended use, and without benefit of firm data. The

Ll
pumps ordered for instazilation in wells completed during this
rroject were cordered on this Dbasis. Four types of pumps were
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ocbtained: rand pumps, direct-drive diesel pumps, submersible
pumps, and wind pumps. The discussion of pumps that follows has
been divided into three main categories, hand pumps, motorized
punps and wind pumps.

3.7.1 Hand Pumps

Hand pumps, as the name inplies, move water by manual
operation. Hand punps were sometimes referred to as
reciprocating punmps because they involved an up-down motion.
The hand punps obtained for this project are, however,
non-reciprocating. The principle of operation for these pumps,
the Moyno by Robbins and Myers, is the helical screw or rotor.
This rotor turns inside a molded stator and causes water to move
upward. The main advantage of this type of hand pump is that it
requires virtually noc maintenance.

The nmodels ordered for the project were the 1lvi2, designed
for single person operation for lifts up to 45 m, and the 2vl2
for two perscn operation for lifts wup to 90 m. Unfortunately, a
factory defect in the shaft construction has caused most of
these punps to fail shortly after installation. The company,
after considerable delay, has provided repair kits for these
pumps.

Additicnal regquirements of hand pumps led %o the purchase
of Mono pumps. Mono was the inventor of the helical rotor pump,
however, until recently they were made only in England and were
not eligible under USAID regulations. These pumps have the same
1ift capapility characteristics as the Robbins and Myers pumps.
At the time o¢f report preparation, these pumps were not yet in
country.

Cne other +type of hand punmp was installed during the
project; the India Mark II. Twc of these pumps were provided as
demeonstrators by Export Trading Co. of Nairobi. These pumps ate
zhe basic reciprocating-type hand pump that has been
successfully used in many other African countries. The main
feature of these pumps is low cost, and pctential for being
lccally manufactured. The disadvantages are a lower 1lif:
capacity, 60 neters, and more freguent maintenance reguirements.
The maintenance reportedly can be conducted locally. The two
pumps provided were installed in the Bay Region.

Hand pumps generally have not been well received in the
proiect areas where users prefer motorized pumps. Reports from
other water  develcpment projects, mostly refugee relief,
indicate that hand pumps are being accepted. The early
breaxdowns on those installed by the project may account for the
lack of user confidence.



Hand rumps, and especially the helical retor type, are
recommended. Although more expensive initially when properly
received and installed, these pumps should eoutliast all others.
Th2 main feature of these pumps, ne maintenance, is a major
reascon for the recommendation. puring t»e five years of the
project, the gerneral lack ¢of maintenance on all equipment was
found tc¢ be a critical probliem. There would not appear to be
much prospect for change in the near future.

3.7.2 Metorized Puaps

we  types of motorized pumps were purchased for the
proiect, ﬁ: ect-drive diesal pumps and submersible pumps. The
cirect-drive diesel punps are those manufactured by Mono pump
and operated by Lister dissel engines. These pumps were
purchased for permanent installation at selected well sites.

tainless-steel Grundfos subrmersible pumps were purchased
for .se as test pumps on newly completed wells. These pumps
could alsoe be used as permanent pumps during an emergency
situation.

-~ % ™4 % "
3.7.2.% Mono Ulesel Punmps

Mono diesel uriven mps were selected for installation at
high-y;e‘a well siles w hruman and animal populaticns large
encugh t¢ reguire one, These purps have the same helical
rotor/stator design as the Mono hand pumps, but are capable of
producing more water at greater depths. Depending upon motor

"

size, these pumps are capable of water 1ifts from 150 m.
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The direct~drive diesel engine was selected for its ease of
operation, low zmaintenance, and comparatively low cost. In many
rases submersihle pump would have Dbeen preferable, however,
power supplies are not awvailable at mest sites and diesel
generators wculﬂ he recuired. These are more expensive and
reguire mor maintenance to keep operating properly. Another
advantage of the diesel~gperatad Mong pump is that the
rotor/stator asserply 1s interchangeable with that of the mono
hand pu=mp. By stangardizing the motor pumps and hand pumps,
maintenance cf spare parts can be Xept at a minimum.

1.7.2.2 Sukmersibkle Pumps

»

Twoe Grunifos stainless-stsel pumps, a 40 hp and a 20 hp
were purchased for use primarily as tTest pumps. Submersible
cume were chosen over direct~drive deep-well turbine pumps
recause of the egase o¢f installaticon. Deep-well turbine pumps
*ecufve more care nd  hardling in  zoth transport and
installaticn. The rsad conditions and the technical ability of
the orews warrant Installation el sukbzersible punmps. In



addition, deep-well Turbire pumps reguire that the wells in
“hich they are installed be plumk throughout the length of

P

installation. Submersible punps are more forgiving in this
respect.

The Grundfos stainless-steel pumps are three-phase having
from 7 to 20 stages. The number of stages reflects the heads
against which the pumps are capable of operating. This includes
depth below water level to the highest point of discharge.
Generators were mounted on each of the two pump installation
rigs in conjunction with cable reels to enable these pumps to be
operated from one vehicle.

32.7.3 Wind Punmps

Wind pumps, or xcre commeniy windmills, gained increasing
interest as the project matured. This was due primarily to the
realization that fuel <o cperate the diesel pumps was going to
be a2 continual problez in Somalia.

Windmills are not new to Somalia, but have suffered the
same fate as most mpcba“‘ca‘ equipment, nasely, lack of spare
part to Xeep then maintained. Cther deterrents to the
widespread use of windmills have been the high cost to import,
the difficulty in transporting and erecting at remote sitesg, and
the inability to cperate under low wind conditions.

Two windmills were cbtained for installation and monitoring
during the preoiect. These were US-manufactured Wind Baron
pumps. This particular windmill was selected on the basis of
its ability to functien at windspeeds as low as eight kilometers

per hour. Because of the high cost and advanced technology of
these pumps, interest turned to the less expensive Kenya-
manufactured Xijite pumps. These Ltwo pumps will be Dbriefly
discussed and compared.

2.7.3.1 Wind Raron Pump

The Wind Baron Pump {WBP)} was selected for operation in
Somalia because o¢f *ts ability “T produce water at Ilow
windspeeds and 1o serve as an experimental system. The ability
of this windmill to furction at velocities as low as eight
xilometers per Thour was belleved to be important for rssearch
purposes. Cenventional windmills generally require wind speeds
of twenty-four kilcmeters per hour to function. One windmill
was *to be erescted in the Bay Regicn and ore in the Central
Rangelands.
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of a suitable site prevented the culmination of the effort.

Windspeed data were cobtained for three areas in the Central
Range, and all three were found tc have sufficient winds to
warrant consideration of wind pumps, {(Tables 3,3.5 to 3.3.7, and
Figure 3.3.85). TFligure 3.2.8 shows a strong correlation between
high and low w

ind menths, and it demonstrates the increasing

intensity of wind from the interior tc the coast. Selection of

wind purps shcould not be made without comparison of these data
ith the manufactures performance curves.
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3.7.3.2. XKii

#

Kizite windmills are manufactured in Nairobi, Kenya and
have therefore gained considerable interest in East Africa.
Additionally, these pumps have the potential to be manufactured
in Scmal.a. Figure 3.3.9 shows the performance graph for the
Kizito pump. If a roter, or wheel assembly, of 7.3 n diameter
is erected on a Xijito pump in the Central Rangelands it could
potentially preduce between 15 to 21 cublic meters per day during
medium winds of 10.8 to 14 ¥/hr. Below 10.8 X/hr this potential
yield drops off rasticalily. +#With the exception of the wet
season ponths, how , the mean windspeed is at or above these
levels. This perforrance is only about 25 to 30 percent less
Than what The Wi ron  pump could produc~ at six times the
cost.
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3.8 Rezommendations for Future Wate

w

Development.

rse  of this investigation, much has been
T ter rescurces of the Central Rangelands. It
at this experience will be incorporated into the
esource development of the area. The single most
tant recemmendation s  that information collected during
r development activities be collected and setained for
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1T reccommendations pertalin to drilling methods,
, water 1ifts, infiltration galleries and surface-
ants. These are discussed in the following
sections.
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Table 3.3.4. 146 Years of Wind Speed Data far Ceel Buur
in meters/second.

Yuar Jan Feb Mar Apr  Mav  Jun  Jul Aug  Sep  Oot Nov Dere My
195X
1994 6.9 5.9 4.9 9.0 5,0 8.2 7.4 7.4 207 G.e Y000 w7
1955 6.3 7.5 X3 3.5 4.8 4.5 4H.9 a6.% S 207 Lls EHLG
19856 5B.% 5, 4.4 4H,46 S0 PR I T S N S A d.% .4
45 A T & B T A T S S S S S N R T S ' I P I
1958 H.% 5.4 4.9 R4 5.7 6.3 6.0 H.9 6.0 8 .7 B4
LG9 0.5 9.3 5.0 B3 4.6 Y.T 0 5.5 6.1 5.0 S i, .7
1960 5.4 4.8 3.4 3.4 5.0 5.7 7.4 H.e S.8 00 f.u 4,0 4, &
1961 5.0 4.2 2.3 &% .1 &0 4.5 b9 Y. 4 2 e, gL
1962 &H.7 8.8 4.7 L0 6.0 7.6 H.1 9.4 &, I002.0 B~ PR
. 1963 4.0 2.6 2.3 B3 A R A N T - TR R N T AL.b
) 1764
" 19465 7.7 So6 7.0 104 1205 1000 6.7 L.® 2.2 .4 érr s
1966 &5 N N I T - T © D L ST N+ SR AT S S SR S Sau
1967 6.4 .1 2.4 5.4 4.8 %050 14 LJEHOR200 SO PR ) L I
19600 7.1 S 21 3.0 LG &8 &,/ PR
14976,
1970
1971 2.4 6.8 S, 4.8 6.5 B.9 .14 1S S g, 4 &, 5 £ & 7
1972 5.8 6,0 2.4 2.4 3.0 H.6e 4,1 2.9 WN.B 4L IR &, &
1973 B.9 4.8 4.0 5.4 4.4 ol &H.%  Y.8 22L& MUY e
1974 5.7 HB.4 3.0 G070 7.7 BLE L.h 4, S S.b
Mean m/s 6.3 5.3 3.8 4.0 4.9 .7 7.1 2. &04 0 L0 N8 G i 5
* m.p.h. 14.0 11.9 8.6 8.9 1.0 15.0 15.9 15.8 14.3 7.2 7.8 t1.7 tt.g
# km/hr 22.5 19,1 13.8 14.2 17.7 24.0 25.6 25.4 23.0 (1.5 12,6 7.9 12.¢

¥ 1 meter/second = 2.24 miles per hour = 3.6 kilometers/hour
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currently operated by WDA, and for which there are many
qualified operators in Somalia, should be glven preferance for
alli drilling in areas wher reliable information indicates
agquifers of legs than 100 meters. {The depth capability of
currently available cable-tool rigs in Somalia is approxinmately
125 meters). Productive drilling at these depths could include,
for example, a*lLLlng along the coastal plain or in the Shabelle
River £flocdplain. Exploratory boreholes as well as production

wells in many regions of the Central Rangelands will continue to
regquire rotary drilling.

ot
by
m

In mest of Cantral Rangelands thie presence of
uncensclidated or weak v cemented sands makes the utilization of
mud-rotary techaniques pvefera‘*a to air-rotary drilling. It is
recommended that special rilling muds or additives be made
available that can bhe used with the available saline makeup
water, Soda ash should be made available for reducing the
hardness and for raising the pH of the drilling fluid. The next
most fregquently encountered problem in mud-rotary drilling was
lost~circuiation =zones. Lest circulation material should be
made available whenever nmud-rcotary drilling is planned.

whenever possible pla
alleviate anticipated co
sheould be taken toc insure
Iimitaticns are observed.

cic well casing should be utilized to
rosion/incrustation problems. Care
that the pipe manufacturer's depth

&
i
.

In =nost areas c¢f the Central Rangelands, drilling will
continue <to be on an axploratory basis for the foreseeable
future. Exploratory wells should be drilled with a small-
diameter, 4 %o 6~inch, pilot hole that can be ketter utilized
for gecphysical lcgging, well testing arnd design. In meost
cases, a significant amcunt of surface casing will have t©o be
set to seal-off the shallow saline groundwater

Rearping bits, roller bits, and rock hlt should all be
available <¢ any driliing program coperating in the Central
Rancelands Drilling in +the basalts was accomplished during
this p?o:ec* with a downhole hammer bit, but tricone buttorn bits
are recommended for future driliing.

One frequently encoupntered preklem with mud drilling in the
Central Rangelands 1 the extrene distances which must be
traversed rfor makeup water. A minimum of ifwo 10,000 liiter-
capaclty water ‘rucks should ke available for remote sites.

All support vehlicles operating In the Central Rangelands
should be four-wheel drive eguipped with flotation tires. Loose
bleowing sand is the predominate surface nmaterial.

(]
|
[



3.8.2 Hand Dug Wells

Hand~dug wells are, and will continue to be, the nmost
inportant water source for the nomadic population of the Central
Rangelands. The most significant beneficial impact on the
overall water supply in the area would be the rehabilitation of
the existing hand-dug wells. The majority of the existing hand-
dug wells in the Central Rangelands are simply unstructured
holes. Providing some sort of borehole support, such as culvert
rings or other masonry construction, would alleviate some of the
maintenance problems associated with these wells. Concrete rinms
with aprons that sliope away from the wells would prevent the
entrance of polluted water and significantly improve the
sanitary conditions of the water. A typical hand-dug well
design which could ke easily constructed by local labor in the
Central Rangelands is presented in Figure 3.3.10.
Rehabilitation or hand-dug wells was successfully accomplished
by +he CRDP and should be encouraged and continued (Ficure
3.3.13). Additional modifications  to improve  sanitary
conditions adjacent to the well are shown ir Figure 3.3.12.

The most widespread methed of 1ifting water from the hand-
dug wells is by manually hauling a bucket attached to a rope.
This method is labcr intensive and time consuming, but it
involves no payments. There is no indication that the local
population is interested in utilizing animal power to accomplish
water 1lifting, even in wells from which the water must be lifted
25 meters. Although animal power has been utilized for water
1ift in Mogadishu and Merca, it is not thought to be appropriate
for widespread utilization in the Central Rangelands.
curiously, +the local population has shown little interest in

hand pumps. This seems to be due to the fact that water can
generally be produced quicker by manual bailing than by hand
DURPS - The main benefit of hand pumps over bailing is in

sanitation, which is an intangible benefit not appreciated by
the rural population.

Diesel pumps are the most favored method of water 1lift by
+the local population. The required maintenance for the pumps,
casing, and notors, however, makes for extremely short
operational life at most wells. The lack of resources available
for well maintenance results in costly situations where
replacement wells av:z drilled instead of maintenance being
performed on an existing system. It is our observation,
however, that the local population puts an extremely high value
on wells and will do anything possible to keep a well operable.
T+ is difficult to conceive of any rigorcus ecoromic evaluation
+hat would demonstrate the econcmic viabllity of diesel-powered
punps in the Central Rangelands.

3-32
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3.8.3 Water Lift

It is thought that +the Central Rangelands would Dbe more
economically, and perhaps more practically, served by the
utilization of wind-driven pumps. The majority of the pumping
water levels encountered are less than 100 meters and are well
within +the limitations of commercially available windmills.

indmills do zreguire mainte uaﬁbe, nowever, and the presence of
several inoperable windmills suggests that it does not get done.
Nevertheless, it is recomrmended that wind-driven pumps Dbe
considered in the future water develcpment of the Central
Rangelands.

P
5
-
-
Y

3.8.4 Infiltration Galleries

ien gallery is a horizontal well or subsurface
cepts underfliocw Iin perreable materials. This
type of system allows for development of groundwater resources
in areas where conditions, such as a thin aguifer underlain by
saline water, precliude groundwater developrent by normal wells.
This type of groundwater development would be uniguely suitable
for areas along the coeastal plain in the Central Rangelands.

53
drai“ hhag i

In many areas along the ceoastal plain of Somalia shallow
nand-dug wells, often placed in wadls, tap the thin layer of

fresh water which "flcats" on the more saline water below.
These wells produce a small amount of fresh water, but guickly
become saline when overproduced Nunercus wells of this type

can be seen alonyg the coast be*“een Ceel Dhere and Hobyo. The
installation of infiltration gallekxes to skim the fresh water
cff the saline water could greatly increase the water available
in these areas.

The galleries snould be constructed normal to the direction
of flew by excavating a trench and placing a perforated plastic
pipe horizcatally. This pipe should not be less than eight
inches in diameter, 2and should feed

3 into a sump which could be
fitred with a hand pump. The pipe should be completely
surrcunded with permealkle gravel. 2 typical infiltration
gallery for use along the coastai plain is presented in Figures
3.3.13 and 3.3.14. Design eguations for infiltration galleries
are presented in Groundwate; Manual (U.S. Cept. of the
Interior, 1981}.

Another application of the infiltration gallery could be in
tre development of springs. While springs are not abundant in
~he Central Rangelands they are an Iimpcortant water source in

1'!

eome locales. HNear the village of Jessoma, for example, a
perennial spring from <the Jessoma sandstcone produces on the

L
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rder of 20 liters per minute and provides a reliable source of
water to the local population. This spring discharges into a
thin alluvial channel in which . infiltration gallery could be
constructed and egquipped with a pump and water storage
facilities. This would greatly improve the efficiency and the
sanitation of this water rupply.

3.8.5 Surface water Catchmenis

Surface-water catchments provide a large portion of the
water utilized in the Central Rangelands. In scme regions of
the Central Rangelands, especially in the eastern portions of
the Mudugh and Galgadud regions where groundwater is freguently

saline, urface-~water catchments are the most viable
alternative. The surface water catchments usually consist of
+hree-sided dugouts termed Ywars”. These wars are sited by
1ocal experience to collect and store surface unoff. Local
krnowledge concerui the placement cf wars 1is relatively
scphisticated bput improvements in the constru :ction could be
achieved.

The main problems observed at the wars are erosion of the
feeder crannels and inlets, excessive sedimentation, and seepage
losses. Alithough there are generall inswfficient
meteorological data to justif detailed design of optimum war
capacities, som: improvements to the wars could be realized with
relatively simple measures [Figure 3.3.15}.

Most wars collect water from several drainage channels that
come together at a narrow inlet of the war. As the water is
concentrated into a narrow channel, the fiow energy increases
and causes soil ercsion. Twe simple sclutions to the inlet
erosion problem are: increasing the channel width, and utilizing
cobble-sized stones for armour.

¥ost surface catchmenis experience excessive seepage losses

when first constructed. After the war has beenn filled several
t’mes, however, a layer of fine silt puilds up in the bottom of
the war nd reduces these losses. These initial and any

subsequent seepage lcsses could be reduced in several ways. In
come instances, native clays could be used as liner material.
Whers native <clays were not available, additives, such as
bentonite could be nixed in with the soil to reduce
permeability. Plasti liners could Dbe installed, Dbut are
expensive and reguire semi-skilled larar. Figure 3.3.16 shows
timwcal catchment-berked modificatiens.

The mcst practical and econcmical technique would be to mix
pentonite with the scil as the war is excavated. Subseguent
compacticn of the scil with <the construction equipment, or with

ks
L
(49
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animals would increase the effectiveness of the bentonite-soil
mixture. A map of potential sites for surface-water catchments
has been prepared by Resource Management and Research (1984).
This map is shown as Figure 3.3.17. A program tc collect
meteorclogical data would facilitate the rational planning of
surface-water facilities ir the Central Rangelands. At minimum,

rain-gauge staticns should be established throughout the area
and wmaintained indefinitely.
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GIOSSARY OF TIRMS

adapted, with modifications, from "water Well
Techneliogy®
by Campbell and Lehr, 1973, McGraw-Hill, New York.
2dditional terms by consultant noted with asterisk.

anien. A negatively charged lon ox radical.

Annular Space. The space between the casing referred to and the
well bore or casing surrounding it.

Aguicliude. A formation which, although porous and capable of
absorbing water slowly, will not transmit it fast enough to
furnish a useable supply for a well or spring.

Aguifer. An aguifer is a formation, group ¢f formations, or
part of a formaticn +that contains sufficient saturated
permeable material to vield wuseable gquantities of water to
wells and springs.

Aguifuge. A rock without inter-connected openings which neither
absorbs nor transmits water.,

Area cf Influence. Th area beneath groundwater or
pressure=-surface contours medified by pumping.

Artesian. Artesian is synonymous with cenfined. Artesian water
and artesian water bodv are eguivalent respectively +to
confined groundwater and confined water body. An artesian
well is a well deriving its water from an aguifer bounded
above and below by impermeable materials. The level in an
artesian well stands above the top of the water body it taps.

rtesian Well. A well tapping a confined or artesian aquifer in
which the static water level stands above the aquifer. The
term is sometimes used to incliude all wells tapping confined
water, in which <case those wells with water level above the
water table are said to have positive artesian head
(pressure) and those with water level below the water table,
negative artesian head.

Basalt. A fine-grained basic rock usually occurring in volcanic
filows, dikes, and sills.

Red. Layer in sedimentary roc
Bedding, Bedding Planse.

markxing the boundary o
it.

lane ©of stratification; the surface
ween a bed and the bed above or below

- Glessary
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Bentonite. A h

ighly plastic, colloidal clay conmposed largely of
meontmorillonit

e,

-

Bridge. An obstruction to circulation of drilling f£fluids in a

borehcle.
Calciun. Ca. The most freguent cause of hardness. Affects
the scale~forming and corrosive properties of water.

Capillarity. The property o tubes
when inmersed in a fluid, rai
tubes azbove or below the surface
are ipmersed.

with minute copenings which,
r depress the fluid in the
cf the fiuid 1in which they

n
®
O

Capillary Fringe. The zone immediately above the water table,
in which all or some o©f the interstices are filled with
water, that is under less <than atmospheric pressure and that
is continuous with the water below the water table. The
water is held above the water table by interfacial forces
{surface tensicn).

Casing Shoe. A heavy-walled steel coupling or band at the lower
extramity ©f the casing.

Cation. A positively charged ion or radical.

Cement Slurry. A pumpable mixture cf czment and water.

Chert. Cryptocrystalline variety of guartz. Si02 G. 2.65,
H. 7.

Chlioride. The chiorides of czlcium, magnesium, sodium, iron,
etc. normally  fcurnd in water are extremely soluble. In
natural waters high hloride usually is from salt formations
in the earth or rom sea-water intrusion. A salty or
brackish taste may be imparted to water by sodium-~chloride.

Chlerination. The process of intreducing a chlcerine soluticn
intec a well for sterilization. Process used for well
develcpment where bacteria are found to be a major problem.

irculation (Driiling). The drilliing fluid movement from the
mud pit through the punmp, standpipe hose, drill pipe,
annular spabe in the hole, and circulatl g ditch back to the
mud pit.

Clay. A soft, plastic, varicus:y colored earth composed largely

of hydrous silicate of alumiza, formed by the decomposition
of feldspar and other aluminum silicates.
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Clay HMinerals. A family £ inerals, most <of them hydrous
aluninuz silicates and all either finely crystalline or
amorphous. All ‘those bz:% crysg.ilize are menoeclinic.
Species are indistinguishable except by laboratory methods.

onductance (Specific}. A =measure of the ability <f ths water
to conduct an electric current. It is related to the total
concentration of ionizakle solids in the water. It is
inversely proportional to electrical resistance.

Conductivity, Hydraullic. Replaces the term "Ifield coeficient of
Qermeabilihy “ If a porous medium is isotropic and the fluid
is homogenaous, the hvdraulic conductivity of the medium is
the volume of water at the existing kinematic viscesity that
will move in unit +time under a unit hydraulic gradient
through a2 unit area measured at right angles to the direction

of fiow.
Confined Groundwater. A beody of groundwater overlain by
material sufficiently impervious to sever ree hydraulic

connection with overl yl ¢ groundwater except a; the intake.

Confined water =moves in conduits under the pressure due to
difference in head between intake and discharge areas of the
cenfined water body.

Cenfining Bed. Is a term whrzh may now supplant the terms
Pagulclude," "aguitard," and "aquifuge® and is defined as a
boedy of "impermeable® material stratigraphically adjacent to
ocne or more agquifers.

Connate Water. Water entrapped in the interstices of a
sedigmentary rock at the time it was deposited.

Contact. Bounding surface be*wee two rock units, especially

the boundary hetween an intrusive and its host-rock.

Contamination. Dencotes impairment of water guality by chemical
or bacterial poilulicn to a degree that creates an actual
hazard to public health.

Dip. The inclination of a bped or fault measured from the
horizontal:; %thus the angle bpetween a line in the bed
perpendicular to the strike and the horizental plane.

Dolomite. CaMg(CO.), - Rhombohedral. G. 2.85. H. 3 1/2-4.
A sedimentary “rfck similar to limestone, but contalining
magnesium.

Perfect rhonbohedral cleavage. Does not
effervesce in dilute HCL (difference from calcite).

Cry Hole or Duster. A well drilled which produces no water of
significant quantity.



Evaporite. Sediments deposited f£rom agqueous solution as a
result of extensive or total evaporation of the solvent.

FPiltration Rate. Water less per unit time.
Fissure. An extensive crack, break, or fracture in rock.

Formation. An assemblage of rock units grouped together into a
single unit that is convenient for description or mapping.

Fracture. A break. Fracture 1s a general term to include any
kind of discontinuity in a body of rock if produced by
mechanical failure, whether by shear stress or tensile
stress. Trractures include faults, shears, jeints, and planes
of fracture cleavage.

Fracture System. Group of fractures, faults or Joints,
consisting of one or more sets, usually intersecting or

interconnected. System wusually implies contemporaneous age
for all of the sets.

Geoneorphology. (1) That department of physical geography which
deals with the form of the earth, the general configuration
of its surface, the distribution of land and water, and the
changes that take place in the eveolution of land forms. (2)
{Gecl.) The investigation of the history of geclogic changes
through the interpretation of topograrhic ferms.

Groundwater. Water in the zone of saturaticen.

Groundwater (Confined}. Under pressure significantly greater
than atmospheric, and its upper limit 1is the bottom of a bed
of distinctly lower hydraulic conductivity than that of the
material in which the cenfined water occurs.

Groundwater Divide. The boundary of the cone of pumping
depression which separates the area of influence and the area
outside. The boundary bketween groundwater flow directions as
delineated on water table or potentiometic maps.

Groundwater (Unconfined). Water in an aquifer that has a water
table. Water surface is open to atomospheric pressure.

Gypsum. CaS0, .2H,C. 3 scft mineral found in sedimentary
deposits mcét e%mmonly in large evaporite basins.

Hydraulic Gradient (Dimensionless). Is the change in static
head per unit of distance in a given direction.

Hydrograph. & graphic plot of changes in flow of water or in
elevation of water level against tinme.
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TIgneous Rock. Reck made by the solidification of molten matter
that originated within the earth. Ixanples: sclidified lava;
intrusive cgranite.

Intrusive. Ignecus rock, having while £fluid, penetrated into
or between other rocks but solidifving before reaching the
surface.

Isohyetal Map. A map on which precipitation is plotted by
connecting points of equal precipitation (ischyetal lines)
showing rainfall distribution in an area.

Isopleth. A line on a map drawn through points of equal value,
composition or concentration; similar to contours of contour
maps.

Joint. A divisional plane or surface that divides a rock and
along which there has been no visible movement parallel to
the plane or surface.

Lateritic. Extreme type of weathering common in tropical
climates. Iron and aluminum silicates are decomposed and
silica (along with most other elements) removed by leaching.
The product, laterite, is characterized by high content cof
alumira and/or ferric oxide.

Lattoral*. The near shore zone between hlgh and low tide.

Loss of Circulation. The loss of drilling fluid into formation
pores oOr crevices.

Metamorphism. Throughgoing change in texture or mineralogical
composition of rock, usually brought about by heat, pressure,
or chemically active solutions.

Methane. CH.. A colorless, odorless, tasteless, combustible
gas found ﬁn some groundwaters.

Neritic*. The sea-floor zone extending from low tide to 200 m.

Perched Groundwater. Groundwater in a saturated zone which is
separated from the main bYody of groundwater by unsaturated
rock.

Permeability. The capacity of water-bearing material to

transmit water, measured by the gquantity of water passing
through a unit cross section in a unit time under 100 percent
hydraulic gradient.

- Glgcssary -



PH. A nmeasure of the acidity or alkalinity of water; the
negative logarithm of the hydrogen-ion concentration. Values

less than 7.0 are acid, and greater than 7.0 are alkaline or
basic.

Phreatophytes. Plants that inherently send their roots to the
capillary fringe and deplete groundwater by transpiration.

Physiography. Physical geography:; more specifically, the study
or description of present land-surface features. Includes
cultural aspects.

Porosity (Effective). The amount of interconnected pore space

available for fluld transmission. It 1is expressed as a
percentage of the total volume occupied by the
interconnecting openings.

Potentiometric Surface. Replaces the term "piezometric
surface," is a surface which represents the static head. As

related to an aquifer, it is defined by the levels to which
water will rise in tightly cased wells. Where the head
varies appreciably with depth in the aquifer, a
potentiometric surface is meaningful only if it describes the
static head along a particular specified surface cor stratum

in that aquifer.
then recquired to describe the

More than one potentiometric surface is

distribution of head. The

water table is a particular potentiometric surface.

Pyrite. FeS,. Isometric.
less commogly octahedrons.
vellow with metallic lustre.
and igneous rocks.

cuaartz. 5i0.. Hexagonal. G,
white puf some varieties
amethystine. A very hard

igneous/metamorphic rocks and

Regelith. The mantle of loose
etc. overlying the solid rock

Regressiver*,
level.

left
and dryin

The material
of water

Residue.
sample

temperature; a measure of total

Commonly cubes
G.

Emxerging land area

in the

and pyritohedrons;
5.02. H. €-6 1/2. Brassy
A mineral found in sedimentary

2.65, H. 7. Colorless to
SmOKY, reddish, brewn or
nineral commonly found in
sand.
scils, sediments, broken rock,

cf the sarth.

as a result of receding sea

container after evaporating a
in an oven at a definite
dissolved solids.
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Sedimentary Reock. Rock which originated as a sediment. The
sediment may have been transported by wind, water, or ice and
carried in the form of soliid particles (sand, gravel, clay)
or in solution {rock salt, gypsum, Ssome calcareous
sediments}. Sedimentary rocks (unless still unconsolidated)
have been indurated by cementation or by recrystallization.

Seepage. Seepage is used in this text in two distinct and
different meanings: (1) The accepted usage up to the present
time; (i.e., the appearance and disappearance of water at the
ground surface. (2) As proposed in this text seepage {verb,
to seep) designates the +type of movement of water in
unsaturated material. It is to be distinguished from
percolation, which is the predominant type of movement of
water in saturated material.

Soda Ash. (Washing soda, sodium~carbonate Na,CO,) Used to
remove hardness from water by precipitatiné 2alcium and
magnesium salts, to raisa the pH of acidic waters, and to
treat anhydrite-contaminated drilling mud.

Sodium. Na. Present in most natural waters. A high seodium to
total cations ratic can be detrimental to soil permeability
in agriculture.

Soil. The layver or mantle of mixed mineral and organic material
penetrated by roots. It includes the surface soil (horizon
A), the subsoil (horizon B), and the substratum (horizon C)
which is the basal horizon and is limited in depth by root
penetration.

Solids, Total, Dissclved and Suspended. Suspended solids are
those which are not in true seolution and can be removed Ry
filtration. Dissolved sclids are in true solution and cannot
be remcved by filtratien. Total solids represent the sum of
dissclved and suspended solids.

Specific Capacity. The rate of discharge of water from the well
divided by the drawdown of watsr level within the well. It
varies slowiy with duratlion of daischarge which should be
stated when known. If the specific capacity is constant
except for the time variation, it is rcughly proporticnal to
the transmissivity of the aquifer. The relation between
discharge and drawdown is affected by the construction of the
well, its development, the character of the screen or casing
perforation, and the velccity and length of flow up the
casing. If the well losses are significant, the ratio
between discharge and drawdown decreases with increasing
discharge; it 1is generally possible to roughly separate the
effects of the aguifer from those of the well by
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step~drawdown tests. In aguifers with large tubular openings
the ratio between discharge and drawdown may also decrease
with increasing discharge because of a departure from laminar
flow near tke well, or in other words, a departure from
Darcy's law.

Specific Conduciance. The electrical conductivity of a water
sample at 25 C expressed in micromhos per centimeter. (Also
expressed as E.C. or electrical conductivity.)

Specific Yield. 1Is the ratio of (1) the volume of water which
the rock or seoil, after being saturated, will vyield by
gravity to (2) the volume of the rock of soil. The
definition implies that gravity drainage is complate. In the
natural environment, specific yield is generally observed as
the change that occurs in the amount of water in storage per
unit area of unconfined aquifer as the result of a unit
change in head. Such a change 1in storage is produced by the
draining or filling of pore space and is therefore dependent
upon particle size, rate of change of the water table, time,

and other variables. Hence, specific yield 1is only an
approximate measure of the relation between storage and head
in unconfined aquifers. It is equal to porosity wminus

specific retention.

Static Level. The water level in a neonpumping welil outside the
area of influence of any pumping well. This level registers
one point on the water table in a water-table well or one
point on the pressure surface in a confined-water well.

Storage Coefficient or Storativity, S. The storage coefficient
is the volume of water an aquifer releases from or takes into
storage per unit surface area o©of the agquifer per unit change
in head. In a confined water body the water derived from
storage with decline in head comes from expansion of the
water and compression of the aquifer:; similarly, water added
to storage with & rise in head is accommodated partly by
compression o¢f the water and partly by expansion of the
aquifer. In an unconfined water bkody, the amount of water
derived from or added to the aguifer by these processes
generally is negligible compared to that inveolved in gravity
drainage ¢y €illing of pores: hence, in an unconfined water
body the storage coefficient is virtually equal to the
specific yield.

Stratigraphy. Study of strata of sedimentary rocks,

particularly with reference to correlation or determination
of age. 2adj. stratigraphic.
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Stream {Gaining). A gaining streanm, which replacss the term
"pfficont stream,™ is a stream or reach of a stream whose
flow 1s beling increased by inflow of groundwater.

Stream {Losing). A losing stream, which replaces the term
“influent strean,” is a stream or reach of a stream that is
losing water to the ground.

trike. The bearing of a horizontal line in the plane of a bed
or fault.

Sulfate {(Sulphate}, SC,. Relatively azundant in  hard waters,
sulfate is widely distributed in nature. ts ability to
combine with calcium forms calcium-sulfate.

Suite. An assemplage of rock units grouped together into a
single unit convenient for description or mapping.

Surface Runerr, The runoff of rainfall which flows to stream
channels over the aL*Lace of the ground.

Transgressive *. Submergence of land area by rising sea level.

Transmissibility. The hydraulic conductivity multiplied by the
thickness of an aguifer.

Transmisgivity. The rate at which water of the prevailing
Kinematic viscosity is transmitted through a unit width of
the agquifer under a unit hydraulic gradient. It replaces the
term “coefficient of transmissibility” becavse by convention
-t is considered a property of the aquifer, which is
transmissive, whereas the contained liguid is transmissible.
However, though spoken of as a prop=rty ©f the aquifer, it
enbodies also the saturated thickness ¢f the agquifer and the
properties of the contained liquid. It 1is equal to an
integration of the hydraulic conductivities across the
saturated part of the aguifer perpendicular to the flow
paths.

Wwater—-Cement Ratic. The anocunt ©f mixing water in liters used
per sack of cement.
Water Spreading. Retention of water behiné dams or in basins,
raintenance of flow in ditches or stream channels, or feeding
water down wells and shafts 1in crder to develop influent

seepage.

Water Table. That surface in an unconfined water body at which
the pressu*e is atmos p r;c. It 1is defined by the levels at
whic ate stands in wel that penetrate the water body



just far enough to hold standing water. In wells which
penetrate to greater depths, the water level will stand above
or below the water table if an upward or downward component
of groundwater flow exists.

Water-table Depression, Cone of. A cone of depressicn in the
water table developed around a pumping well, the periphery of
which (groundwater dividae) delimits the groundwater moving
toward the well.

Zone of saturation. That part o¢f the water-bearing material in
which all wvoids, large and small, are ideally £filled with
water under pressurse greater than atmospheric. The saturated
zone may depart from the ideal in some respects. A rising
water table may cause entrapment of air in the upper part of
the =zone of saturation, and the lower part may include
accumulations of other natural fluids. The saturated zone
has been called the phreatic zcne by some.

Zone (Unsaturated). The unsaturated zone, which replaces the
terms "zone of aeration" and "vadose zone," 1is the zone
betwean the land surfacsz and the water table. It includes

the capillary fringe. Characteristically this zone contains
liquid water under less than atmospheric pressure, and wvater
vapor and air or other gases generally at atmospheric
pressure. In parts of the zone, interstices, particularly
the small ones, may be temporarily or permanently filled with

water. Perched water bodies may exist within the unsaturated
zone.
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