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EXECUTIVE SUMMARY

The Comprehensive Groundwater Development Project , CGDP has
been in progress since July, 1981. Originally scheduled to end
in 1984, the project was extended until July, 1986. A final
report was prepared in August, 1984 that summarized work comple-
ted from July, 1981 to July,1984. This interim report provides
an update of project activities from July, 1984 to July, 1985.

Drilling Program.

As in Phase I, lack of fuel continued to hamper progress in
drilling and other project activities. Some slowdown in drilling
was experienced in the Bay Region during the rainy seasons,
however, emphasis in the Central Range and classroom training
activities were given at this time. Logistics in the Central
Rangelands continued to be difficult, but progress was made.

There have been 26 boreholes drilled since July 19843 18 in
the Bay Region and 8 in the Central Range. Of the holes drilled,
15 wells were completed in the Bay Region and 4 wells were
completed in the Central Rangelands. Of the wells completed, &
have motor powered pumps, 4 are with hand pumps and 1 is equipped
with a windmill. Thirty-nine water samples from wells have been
analyzed for chemical and/or bacterial constituents.

Hydrogeology.

A considerable amount of hydrogeologic data have been
collected. In the Bay Region it has now become clear that most
well-drilling activity should be on the limestone plateau.
Landsat or other high-—altitude photography should be obtained for
analysis of geologic structure prior to any additional drilling
in the Bur area. In addition, the use aof surface-water catch-
ments and infiltration galleries should be considered in this
area as an alternative to bored wells.

In the Central Rangelands a variety of conditions exist

which make water development by drilled wells difficult. Along
the coastal area water tends to be saline at shallow depths.
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Inland, elevations are too high above potential aquifers in some
areas to drill with available equipment. There are shallow wells
of + 78 m. in the Xaradhere area. The best aquifer encountered
has been the Trap Series basalt in the El Bur-Dhusamareeb area. A
surface geophysical survey should be conducted in a grid pattern
over those areas known to have basalt at depth. I1f thes extent of
the basalt can be defined, future drilling can be planned more
effectively.

Institutional Support.

Approximately eighty-two counterparts including professional
and skilled personnel have been receiving continuous on~the—3job
and/or classroom training. Drillers and pump installers are able
to perform relatively independently. The chemical lab staff is
performing without supervision, and are providing analytical
results. Mechanics are able to make a significant contribution,
but are not yet able to independently diagnonsis mechanical
problems.

Hydrogeologists and assistant hydrogeologists are contribu-
ting to the data collection program by sampling well cuttings,
and by conducting pumping tests. Those conducting pumping teats
are working independently. Five of the hydrogeologists assigned
are receiving additional training at the U.5. Geological Survey
Center in Colorado.

Individuals assigned to the Planning Unit have been receivi-
ng microcomputer training and planning and mAanagement training
from a socio—economic view point. They are capable of satoring
and retrieving basic data, and of conducting spread-sheet
analyses.

Additional training is recommended for all counterparts in
several areas that include; bhydrogeologic report preparation,
driver education, welding, pump repair and maintenance, and
English language. These programs are recommended to be taught
in—country.

One outstanding problem of variable degree with all counter-—
parts has been the lack of incentive for continuous active
participation. This is not a readily solvable problem, but one
which will take time and considerable cooperation from
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management. Incentives must include a reasonable salary scale for
the level of effort expected.

The Planning Unit got off to a slow start, but picked up
considerable momentum with the arrival of the consultant’'s
economist. A Compaq microcomputer and subsequently an IBM
microcomputer were put into operation within the Unit. The
arrival of the consultant’'s sociologist provided additional
suppaort to the Unit. Forms for baseline information gathering,
project operations, and socio—-economic impacts were developed.
During this period, the Planning Unit personnel received training
in the basic concepts for monitoring and collection of village
baseline data.

The warehouse operations have been functioning almost
entirely with WDA personnel, although the chief driller and chief
mecbanic have been providing some technical assistance toward
this effort. All procurement specified in the extension, with
the exception of needed parts, has been ordered and has either
been received or is in transit.

The water—quality laboratory has been functioning under the
direction of a Somali chemist. Chemical and bacterial analyses
are being completed for water samples collected at new wells.
Although some data have appeared suspect, the wmajority of
analyses have been adequate for purposes intended.

Private Sector Study.

A three-phase private sector study of the water resource
sector/industry was initiated in December of 1984. Short-term
expertise was brought in to conduct evaluations of existing
infrastructure, policies, demands,capabilities and constrain-
ts. Local consultants were sub-contracted to collect data on
local contractors and suppliers in areas outside of Mogadishu
that were or could potentially provide services and/or materials
for water-resource development. This effort resulted in several
reports that will be evaluated and the pertinent points incorpo-
rated in a final report on the private sector.

Several additional programs have been recommended for
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consideration. These include further exploration in both the Bay
Region and in the Central Rangeland utilizing air photos and
surface geophysical techniques prior to any additional drilling;
evaluation of the potential for surface-catchment structures and
for spring-site development; rehabilitation and maintenance on
existing systems; concerted effort to evaluate and prepare a
program for private sector drilling and civil works contractors;
and review and evaluation of incentives that can be implemented
within the existing system.

Demobilization.

A tentative demobilization schedule for the consultant’s
team has been proposed that should provide a smooth transition to
WDA operations from current project 1level activity. This
includes a number of items, from transfer of equipment and
materials to preparation of a final report.

Froject Manager 's Note

In the period prior to July, 1984 the average drilling rate
was 237 m/month. From July, 1984 to July, 1985 the average rate
has been 33@ m/month; an increase of approximately 3@%4. As of
July, 1985 it is estimated that there are 2624 m> /day of
available water production. This amount of water is able to
serve 12,800 people and 200,000 animals. These gstatistics are
added here to provide an update as to where the project is as of
31 July, 1985. These numbers are not discussed elsewhere in the
text of the report, but are derived from data contained herein
and compared with data from the 1984 Phase 1 Final Report.
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1.2 INTRODUCTION

The Comprehensive Groundwater Development Project (CGDP) was
begun in July of 1981. An  Inception Report was ‘submitted in
August of 1981 that defined the objectives to be:

1. to conduct preliminary data collection.

2. to undertake an exploration and production program.
3. to provide institutional support to WDA and the MMWR.
4. to establish an ongoing data collection system.

In July of 1984 a three-volume Final Report, was prepared
that provided a summary of activities in well production, data
collection, institutional support, and hydrogeology. Sever:.l
reports relating to specific aspects of the project were compiled
during the interim between the Inception Report and the Final
Report. These included an environmental report, a sociological
report, and an economic report. Pertinent information from these
reports was incorporated in the Phase I Final Report.

In August of 1984 a work plan for the period from July of
1984 to July of 1986 was prepared. The purpose of this Interim
Report is to provide a summary of activities and accomplishrments
related to the work plan that took place from July, 1984 through
July, 1985. It is not intended as a scientific report, although
findings are discussed and basic data are presented in Annex
A. The report covers six of the project components concerned;
drilling program, hydrogeology or data collected, institutional
support, private sector study, recommended programs, and demobi-
lization.



2.0 DRILLING PROGRAM

The drilling program of the CGDP continued to be concentra-
ted in the Bay Raegion and in the Central Rangelands Region. The
objectives of the drilling program during the past year have been
oriented more toward completion of production wells than toward
completion of exploratory wells. These objectives have not been
realized given the lack of data in some areas, such as in the
Central Rangelands.

The selection of potentially successful well-site locations
has been aided by the availability of information acquired during
the initial phases of the project. The Bur area of the Bay
Region is, for example, excluded as a potential area of develop-
ment for borz=d wells, whereas most of the Bay Region north and
west of the Bur area is considered to be favorable for ground-
water development.

In the Central Rangelands, however, exploratory wells are as
yet too few and too widely separated to establish a trend or to
define a specific area as favorable for the concentration of
production well drilling efforts. Where areas unfavorable for
obtaining water from bored wells have been recognized, alternat-
ive means of water development have been considered. A discuss-—
ion of these alternatives is provided in subsequent sections of
the report.

2.8.1 Problems and Solutions

Problems associated with the drilling program during the
extension phase of the project were similar to those in the
initial phase. The most outstanding problem was the unavail-
ability of diesel and petrol. The productive capacity of the
project was reduced by nearly half because of the lack of fuel.
Lack of fuel caused delays in drilling, in field maintenance, and
in supply of materials to the field. An alternative source of
fuel was obtained by USAID from Djibouti, but this was not until
May of 1985 and it was only intended to provide a portion of
total requirement.



Shortage of well casing created some logistical prablems
early in the year, however, a casing order from Nairobi that
arrived in July averted any serious problems. Supplies of cement
had to be purchased on the 1local market on an as—needed basisg
from July of 1984 through June of 1985. A fifty-ton cement order
pPlaced by USAID was never consumated, and ultimately the Consult-
ant was requested to purchase the fifty tons through Nairobi.
This arrived in mid July of 1985.

Lack of pumps in the Bay Region prevented the completion of
some well sites. The pumps were ordered by the Bay Region Agri-
cultural Development Project (BRADP) in April, but had not yet
been received at the time of this report. The supply of Robbinsg
and Myers hand-powered pumps were being installed, bt - proved to
be unsatisfactory because of structural problems in the pump
shaft. Attempts were made to get corrective measures from the
manufacturer, however, it was 1learned they were no longer doing
business in the U.5. Mona hand pumps were selected as replace-
ments and an order was being prepared. In an effort to provide
some means nf obtaining water from drilled wells, a tripod
equipped with a PVC bailer was being built for testing, Figure
1. It is hoped that if successful, this set-up would be utilized
by the people until replacement pumps arrive. In some areas
these systems may be left as a permanent set-up.

Training problems were primarily amongst profassional
counterparts who 1lacked incentive to particpate. Long term
incentives, such as salary increases and promotions essential for
effective training to succeed, were not able to be provided. In
spite of this prnhlem, several hydrogeologists and most skilled
counterparts persisted in the necessary skills to work independ-
ently. Language differences occurred throughout all levels of
the program to varying degrees and contributed to the praoblem.
English language capability of most of the caunterparts ranged
from good to a very limited facility of the language. 1In this
regard, the counterparts tried very hard to learn.

Operations and maintenance manuals, dealing with almost
every aspect of project activities were prepared to assist in the
training effort, and to provide guidelines in the absence of
consultant supervision. Three of the manuals have been translat—
ed and it is planned to translate the remaining manuals into the
Samali language. The manuals currently completed in English
include:
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1. Light Duty Vehicle Preventive Maintenance.

2. Pump Rig Operation and Well Maintenance.

3. Manual for Pump Testing.

4. Well Drilling Operations and Preventive Maintenance.

3. Manual for Hydrogeologists.

6. Downhole Geophysical Logging.

7. Water Analysis at MMWR Laboratory.

8. Evaluation, Rehabilitation and Abandonment of Water
Source Points.

?. A Manual of Warehcuse Procedure.

Well site locations in the Central Rangelands created some
logistical problems, however, these were generally resolved by
persistent interaction with the Central Range field personnel.
Most problems resulted from the difficulty of simultaneously
satisfying political, ecological and hydragealogical considera-—
tions.

2.0.2 Recommendations

Drilling in the Bay Region should continue within the limits
of the area defined in Plate 1. The uppermost limestone aqui fer
should be the objective of bored wells in the Bay Reqgion. Deep
drilling, greater than 2080 meters, should be avoided as deeper
boreholes in that region are seldom successful. Contours on the
top of the uppermost limestone aquifer show its configuration in
Plate 2. Geologic wunits of the Bay Region and their water-bear-
ing characteristics area listed in Table 1 ; the geology of the
area is shown in Plate 3.

The Bur area of the Bay Region should not be considered as
favorable for bored wells. Experience in that area, although
limited to the Bur Hakaba and Bur Heibe areas, indicates absence
of sufficient quantities of groundwater , and the presence

locally of highly saline groundwater. Limited additional
exploration will be done to insure that these conditions are
truly representative. It is recommended that water resource

development in the Bur are be accomplished by the use of runoff
retention structures, such as wars, berkeds, gabions, paved
catchments, and small earthen dams. Water resource devel opment
utilizing these systems must be considered a continuous process.



TABLFE 1

-BAY

REGION GEOLOGIC UNITS AND THEIR WATER-BEARING CHARACTERISTICS

EPOCH SUITE OR SERIES APPROXIMATE OCCURRENCE, LITHOLOGY AND WATER-
AND SYMBOL MAXIMUM BEARING CHARACTERISTICS
THICKNESS ,M
Giuba and Shabelle 100 in the valleys or flood plains of
Rivers alluvium, also the Giuba and Shabelle Rivers, the
alluvium of the Bur wadis of the Bur area; clay,silt,
area; Qal sand and coarser alluvium yield
water to shallow (less than 30 m)
wells. Water of less than 3500
micromhos/cm specific conductivity
is found in about 10 percent of the
wells.
Aeolian sand, sand- 120 Active and inactive dunes on the
stone, and reef eastern coast, of well-sorted aeo-
RECENT - deposits of the lian sand; yields water of useable
PLIOCENE eastern coastal zone; qguality to shallow (less than 7 m)
N,-Opl+al wel"s. Bored wells in this zone
vield saline water
Proluvium,alluvium; 120 Fluvial sediments of the lower Giuba
clay,silt,sand,and River Flood plain mostly of clay,
aravel in flood depo- silt,and sand with lenticular gravel
sits of the lower near the river;vields water of use-
Giuba River, able quality to shallow (less than
N2-Qpl+a1 20 m) wells. There are no bored
wells of record in this unit east
of the Giuba River.
Mudug-Merca 500 Mostly in the Central Rangeland,but
Suite; Nl md extends westward to the near-
MIOCENE

vicinity of the Bay Region;limestone,
marl, gypsum,clay,sandstone,calcrete
and related rocks. Not important

to the Bay Region as an aquifer, but
yields water to shallow (less than
10 m) wells.




EPOCH

SUITE OR SERIES
AND SYMBOL

APPROXIMATE
MAXIMUM
THICKNESS,M

OCCURRENCE,LITHOLOGY AND WATER-
BEARING CHARACTERISTICS

MIOCENE-
PALEOCENE

Basalt; BPg-—Nl

80

Near the rivers and in the northwestern
Giuba-Shabelle interfluve; olivine
basalt with layers of scoria and with
columnar jointing. Yields water to a
few small springs.

LATE
CRETACEOQOUS

Main Gypsum and Mao
Subsuite of Gabra
Harre Suite; Crl mg

450

North of the Bay Region between the
Giuba and Shabelle Rivers; gypsum,
anhydrite,dolomite,marl,clay, and silt-
stone,yields water of marginally use-
able gquality to a few hand-dug wells.

LATE
JURASSIC

Busul Subsuite of
Gabra Harre Suite;
J3bs

300

North of the Bay Region between the

~Giuba and Shabelle Rivers; limestone,

dolomite,marl,and sandstone yield water
of marginally useable quality to hand-
dug wells.

Uegit Suite; J3ug

350

In the northwest part of the Bay Region
also northern and eastern part of the
interfluve of the Giuba and Shabelle
Rivers; limestone, dolomite, and marl,
hand-dug and bored wells yield water of
useable quality. One project well,

Bl5, penetrates but does not yield water
from the Uegit Suite.

Anole Suite; J.,an

450

Extends through the notrthwestern part”
of the Bay Region, also the northern
and eastern part of the interfluve of
the Giuba and Shabelle Rivers; limes-
tone,marl and clay, project wells Bl4
and BlS5 yield pnuseable saline water
from this suite.




EPOCH SUITE OR SERIES APPROXIMATE OCCURRENCE, LITHOLOGY AND WATER-
AND SYMBOL MAXIMUM BEARING CHARACTERISTICS
THICKNESS ,M
Iscia Baidoa 870 Occupies part of the Bay Region
Suite; J3 bd adjacent to the northwest side of
LATE the Bur area; karstic 1ime§tone,
JURASSTIC marl,clay, and sandstone.yield water
> of generally good chemical quality
to most project wells in the Bay
Region. Average depth of the wells is
123 m.
Metamorphic and Undeter- Occupies a large part of the central
igneous massif, mined Bay Region forming the Bur area; gra-
§§§§??ggé$§' undifferentiated; nit%c gneiss, gchist, ampbibolite
TIATED Pcm gnelss and schist, guartzite,marble,

and related siliceous metamorphic
complex with intrusive stocks and
dikes of granitoid to gabbroid compo-
sition and pegmatites. Fractured
areas of the massif yield water of
useable quality but also some highly
saline water in other places, not

all defined.




Repair or replacement of older structures, and construction of
new ones following or prior to each rainfall season will likely
be required.

Drilling in the Central Rangelands will continue to be semi-
exploratory in nature. Boreholes there are too widely spaced to
permit correlation or definition of hydrogeologic systems. Dril-
ling of deep holes near the coast generally results in the
interception of the salt-water interface and should be avoided.
Wells should not be deeper than sea level when drilled within 20
km of the coast. Boreholes located at higher elevations may have
to exceed 200 to 250m to reach groundwater.

Drilling records available from boreholes near larger
communities, and fraom a few oil-exploration boreholes, must be
evaluated carefully prior to selecting groundwater borehole
sites. Water bearing formations in the Central Rangelands consist
mainly of unconsolidated dune sands along the coast, Mudug Beds
inland, fractured basalt 1locally, Karkar Limastone in the
northeast, Auradu Limestone in the west and the Jesomma Sandstone
in the southwest.

There are many hand-dug wells in use year—round in the Cen-
tral Rangelands. Development of hand-dug wells must be conside-
red for those areas where bored wells are not feasible. Improve-
ment of existing hand-dug wells may increase seasonal use of the
wells and eliminate much of the ever-present contamination. Hand-
dug wells will continue to supply a large amount cf the water
used in Somalia, and the improvement of these wells must be a
considered option for future water-resource developnrent.



2.1 Bay Region

The Bay Region is located in the south-central part of
Somalia, Figure 2. It covers an area of 40,008 square kilo-
meters. Topographically the area is generally flat with minor
undulations. An escarpment trending northeast-southwest across
the region separates limestone from Precambrian metamorphic
rocks. Some steep-sided washes are cut into the limestone,
whereas gentle-sloping alluvial filled channels occur over the
metamorphic sequence.

The Bay Region is divided into four political sub-divisions,
the Baidoa, Q[ansaxdheere, Dinscor, and Bur Akaba Districtas.
Within the districts, commissioners meet with the villagers to
determine the n.ad for wells, and to decide the list of proposed
sites. This 1list of proposed sites is then submitted to the Bay
Region Aaricultural Development Project (BRADP) for their
consideration. After review, BRADP submits a priority list to
the CGDP hydrogeologist. The hydrogeologist evaluates the
proposed sites on the basis of potential to develop sufficient
water of useable quality.

As a result of the early stages of the CGDP, the potential
for proper well siting has been increased. This is not to say,
however, that these early efforts provide all the necessary
data. Some drilling will continue to be exploratory.

Emphasis of drilling activities has therefore been concen-
trated in the more favorable karstic horizons of the limestone
area in the northeastern part of the region. Sixteen wells have
been drilled in this region during the period July, 1984 through
July 1985. Only two of these wells have failed to intercept
water of sufficient quantity and quality for the use intended. A
summary of the wells completed, and the pertinent data is shown
in Table 2.

Unfortunately, not all wells completed were immediately put
into production. Nine wells, drilled prior to July, 1984, were

1@
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Tablte 2: List of all CGDP Eareholes

kef., tocation Map Co-ord's Elev- Date Well Screen depth Static Specific Total VYield Specific Puap Remarks
no. Long. Latit. ation Completed Depth 1: Start/end Water conduct- dissolved capacity type
2: Start/end Level i1vity solids
(hhuess) (haoss)IH  (m) ta) (a} (a) {a«} umhosscu  8g/l CuM/bhr Cul/hir/M

] Boonkay 1 433908 >0780 510 04.02.82 18 0 4] ¢} ¢} 0 o o 8 Abandoned Ory
[§] [\]

B2 Bonkay 2 433900 30700 510 27.02.82 231 30 201 48.5 2300 ] 0 0 0 Aband. Dbserv. Well
[§] [\]

B3 Bonkay 3 433900 36700 510 13.04.82 160 74 160 30 2700 2216 6.6 0.33 » In Use
Y [\]

Ba Tugerew 1 434239 30701 390 10.06.82 42 [ 12 3 1700 1348 3.7 0.21 n In Use
26 32

BS Gasarta 434812 30734 350 21.03.82 12 ] 42 12 1] [\] 0 [§] € Aban. Low Yield
0 0

Bvé Waraji | 433230 25348 475 28,03.82 89 [ 80 67 0 1] 1] 1] 8 Aban. Low Yield
0 0

B7 Waraji 2 433230 25312 430 29.83.82 39 1 39 0 [§] ] ¢} '] 0 Aband Dry
[} 0

B8 Tugerew 2 434142 30654 400 29.03.82 48 9 48 0 4 9 0 ] 8 Aband Dry
2 2

B9 Bur Halab 440612 30412 280 30.03.82 32 0 35 8 0 <} 0 0 € Dry
0 0

BE10 Saraan Dheere 432124 31636 450 10.04,82 85 30 50.4 12.9 3300 3600 2b6.6 140.2 o In Use
0 [ ’

B11 PBaidoa Aid Ceomp 433834 38716 440 02.06.82 137 18 140 7 1500 13¢0 13.3 28,9 @ Aban - Surface seal
[ 0

B12 HAREERD JIIFD 4323512 31384 478 089.87.82 164 Sl 73 2%.95 3990 3544 11.4 0.53 1 In use
0 0

E13  CSHABELLE DUGSILL 4313 31712 420 14.07.82 172 44 172 11 2400¢ 19772 0 4 0 Aban.Excess.Sal,
0 [

RI4 Warta Jaffay 430833 19 393 ©03.08.82 91 2 9t 17.5 10000 9188 D] ] 0 Aban.Excess.Sal.
2

B1S Qansax Onmane 410224 31954 365 19.08.82 174 0 174 165 24000 16436 [\] 0 0 Aband. Exc. salinity
[\ 4]

Bié Taflow 421124 30354 435 16.08.82 153 72 153 35.4 1580 1528 11.4 j.69 1 In use

’ [ 0
B17 Feobay gaduud §31884 24018 440 27.08.82 142 18 1] 22,1 1280 1824 11.4 0.2 H In use
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Table 2: List of all CGDP Boreholes

0 0
bl6 [RUR NHEIBI 4 442654 25848 230 15.03.83 25 | 25 <} 0 0 0 <} 0 Aban.Dry
0 0
BI7 OUR HELBI S 442554 25848 230 15.03.83 2% “1 25 0 0 0 0 <} 0 Abandoned, dry
-]
B39 BUR HEID! & 4425654 25848 230 16.03.83 3& 2 hY) 0 [+] 0 0 0 ¢ Abandoned, dry
0 ]
B40  LIMESTOME DEFRES 431524 31112 350 23.02.92 32 1.5 32 [\ 0 -] 0 [M] 0 Aban. Dry
0 ]
B41  DOLOMDOLE 441412 3186 480 02.03.83 166 5.4 10.8 - 1.9 1040 564 0 0 0 Well destrovyed
10.8 166
842  BUULO FUUR 2 4305 25348 435 03,05.893 130 £4.5 98 56.2 2050 1640 1.4 1.72 K IN USE
98 130
CR4T ABOREY 1 465112 35730 435 03.05.83 130 2 128 4 [+} [+} 0 0 0 Aban.Hot deep enough
8 9
CR4d AFA% IRDODD 455124 35930 284 21.05.863 174 37.8 3t b [ 0 0 0 0 Hot deep enough
8 2
©35  BAIDDA AID COMP. 433854 30718 460 20.07.83 120 65 117 6.5 1770 0 18.9 8.22 B Aban.seal defective
] ]
Bi& OAMSAXDHEERE 425718 25538 405 11.05.83 183 40 103 30.2 1900 1772 11.4 .87 H IN USE
[\ 2
BES7  AUSHINI 432330 31212 475 3C€.06.83 143 56 6s 25.8 3180 2740 11,4 0.72 H IN USE
90 143
CR4S MORE ARI 450212  351z0 180 23,.06.83 182 50 96 38 780 [ [} [} € PVUC casing rupt 4Sa
¢ e
CRS9 Haxaas Jeejo 1 4518 4406 20C 09.09.83 190 9 190 e [} \] ] 1} 0 Dry, not deep enaugh
] 0
CRI% Haxaae Jeejo 2 46108 4406 200 15.10.83 180 [ 180 8 [ 0 0 8 3 dry,not deep enough
] 0
850 Benkay seec farm 333836 31148 S10 22.09.83 200 ] 0 0.1 11400 0 11.4 0.21 0 Aband. High salinity
0 e
BE1 Mintano 333312 320848 490 ©2.10.83 132 S 3 §0.2 1400 1164 1.3 0.7 H In use
9 132
ESZ HMaleel 433512 32612 495 @87.12.83 120 5 53 48.5 678 608 25.2 23.77 H In use
99 130
CR5Y Aboorey 2 455048 35054 285 t1.12.82 133 3 133 ] -] e [M] 0 0 Dry,abandoned
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Table 2: List of al! CGOGP Boreheoles

0 [}
kS4  lsgeed 433312 12640 490 19.12.83 150 90 13 1 1350 992 17 0.76 & In use
120 150
BSS Harlimoog 432848 Jlio00 490 23.0!.84 147 ) 114 32.8 1150 954 22.7 g.083 n In use
120 - 147
BS6 Jiacada Dheen 442124 24542 175 03.02.84 41 0 0 (4 [} 0 0 0 0 Dry Abandoned
'} 0
BS? Hagarkaa 431842 25342 470 09,03.64 154 1] 114 0 [ [ 0 0 0 OGry Abanconed
s} ]
BSB Buur Hakaba & 440848 24438 190 20.083.84 27 0 0 20 45000 0 0 0 0 Abandoned saline.
[} 0
K59 Shawka 413148 30030 485 18.03.84 138 45.8 S1.6 30 13500 10224 11.4 0.27 Awaits investigatiaon
91,8 132
Bs® Yaananaz 432460 21224 200 27.0.84 15 9 15 8.6 4} [A] o o 0 Abandoned low yield
[} 0
B4l Hubay 425648 23818 405 05.04.94 152 39 1088 17 2550 1348 3.58 6.1 0 Low yield
108 18
E62 war Caasha 433236 30236 485 29.04.84 201 0 201 120 1250 1200 0 0 0 [}
[} [} .
K3
®53 Honkay ex‘ension 43353% 31148 510 10.04.8e4 153 117 137 25.é%~ 2200 1478 9.1 0.1 W Experia, Windeili
[ 0
Bb4 Buulo Yuusuf 432748 30382 480 15.05.84 85 58.5 es 18.2 2900 2458 15.9 3.6 1 In use
4 8
CkéS Adoorey 3 155048 35354 285 19.05.84 21¢ 3 219 4] -] 4] 0 ] 08 aban.ngt deep enough
0
Bts PBuulc Haawo 436636 30342 415 07.04.64 142 6.2 77.4 33.9 1825 1408 14,5 .43 M In use
83 142
Ck37 Wargaloh 473112 61548 205 25.07.84 252 185 177 100 3200 1156 11.4 0K In use
178 252
B&2 Dhazbaal Anlin 432654 30526 475 24.05.684 126 LE) 7l 17.7 1675 1856 14,1 ei16 M In use
98.5 [
B89 Togaal 435538 33124 425 18.07.84 92 37 4.9 18.7 970 576 15.3 0 0 Low yield
[ 0
678 gariimay 435232 33854 400 16.09.84 139 60 72 6d e 2 0 0 0 0
99 114
B7!1  Uusle 43308 32342 4465 19.06.84 182 50 80
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2: List of all CGOF Boreholes
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2: List of all CGDF Boreholes
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put into production with either a hand pump or a diesel driven
pump. One well, No. 63 completed during the previous period,
was equipped with a Wind Baron, high-performance experimental
windmill.

2.1.1 Wells Completed

Data from the 17 wells completed in the Bay Region since
July of 1984 are shown in Table 2. With the exception of the
well at Ufurow, which was drilled with a cable—-tool rig, all were
drilled with an Ingersoll-Rand TH-6@ rotary rig. The rotary rigs
are equipped with a 600 cfm (cubic feet per minute) Gardner
Denver compressor, and with an eight—-inch stroke Gardner Denver
mud pump.

The drilling method employed to depths of 20@m, has been to
use a 1@-inch air-driven percussion hammer bit combined with a
very thick foam—transport medium to 1lift cuttings out of the
hole. The hole thus constructed accepts either 8-inch steel or
PVC casing and avoids additional time and expense that would be
required if the practice of reaming from a é~inch ta a 1@-inch
hole were continued.

Geologic conditions encountered since July, 1984, have
generally been favorable for drilling the hard limestone with a
180-inch air hammer assisted by a {foam medium to lift cuttings
from the hole. 1In only one hole was karstifiction found to be
sufficiently advanced to cause significant lost—-circulation
problems. At Usle, No. &9, circulation was 1lost at about 50 m,
but the hole was deepened without return of cuttings to about
182 m. The cuttings lost to the secondary porosity presented no
problems to completing the drilling and casing of the hole.

2.1.2 Civil Works

Civil works for those wells equipped with diesael operated
pumps consisted of the construction of a storage tank, animal
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watering troughs, and domestic watering facilities. All of thase
structures are of concrete cement or combinations of concrete and
dressed stone, Figure 3.

Civil works activities in the Bay Region by the CGDP have
been curtailed since the beginning of January, 1985, when the
responsibility for construction was transferred from the CGDP to
BRADP. Civil works activities from July, 1984, to January, 1983,
consisted of the completion of facilities at Awshini, No. 47, and
partial completion at Isgeed, No. 54, Maleel, No. 52, Dhumbal
Aalin, No. 68, Buulo Yuusuf, No. 64, and Marti Moog, No. 55.

In preparation for assuming civil works activities, BRADP
has engaged a consulting firm to design civil works for the Bay
Region that will utilize local materials as much as possible, and
that can be constructed by local contractors. BRADP intends to
distribute a tender document shortiy after the plans have been
received, and reviewed.

2.2 Central Rangelands

The Central Rangelands (CR) area includes the central
portion of Somalia from Beled Weine to north of Galcaio, Figure
2. Topographically the area is comprised of undulating dunes
along the coast and broad flat plains interspersed with large
basins. Rainfall in the CR is sparse ranging from 150 to 300 mm,
Figure 4.

The CR encompasses three regions; Mudug, Galguduud and
Hiran. Each region is divided into districts that generally
include major population centers. Within the Central Rangelands
Development Project (CRDP) a district range officer is assigned
to each district. Thig officer works with the local villagers to
determine potential well site 1locations. The primary criteria
utilized in well site selection have been the demonstrated need
for livestock watering points, and the sociological and ecologic-
al suitability. After extensive research by CR personnel in these
areas, prioritized sites are submitted to the CGDP hydrogeologist
for further consideration. Unfortunately, hydrogeologic data
pertaining to the sites are frequently sparse, inadequate, or
non-existent.
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is a result, bhydrogealogic suitability including the
anticipated depth, quality, and quantity of water has often been
considered by the CRDP personnel to be subordinate to socio-
logical and ecological considerations. Consequently, borehales
have been attempted in hydrogeologically doubtful areas.

2.2.1 Wells Completed

A total of nine boreholes were drilled in the Central
Rangelands between July, 1984 and July, 1985, four in the Hobyo
District and five in the El-Dhere district, Table 3. All bore-
holes were drilled in coordination with the Central Rangelands
Development Project (CRDP). A well completed at the Faculty of
Agriculture College in Afgoi was also drilled under the CRDP.
During drilling operations, an equal emphasis was placed on
completing wells for water supply, training of counterpart
personnel, and on data collection for future planning purposes.
Four of the boreholes are currently in use, one is awaiting pump
installation, one was abandoned due to excessive salinity,
three were dry, and two are soon to be completed. The drilling
and testing results are summarized in Table 3. With tho except-
ion of borehole No. 82 at Saddal and borehole No.89 at Xaradheere
which were drilled with a cable tool rig, all borsholes were
completed with Ingersoll-Rand TH-6@ drilling rigs using a
combination of air and mud rotary techniques.

Geologic conditions in the Central Rangelands generally are
of two types; coastal dune sands, or alternating sedimentary beds
of limestone, siltstone and sandstone. Boreholes completed in
dune sands were drilled with a cable tool rig because of the
shallow depths anticipated. Borehales completed through the
sedimentary rock sequence were drilled using mud rotary tech-
niques. Lost circulation problems in same holes required the
use of mud additives. These methods, however did not always prove
successful.
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2.2.2 Civil Works

Completion of civil works in the CR has been delegated to
the CRDP. Unfortunately, only two wells of sufficient quantity
and quality were drilled in the CR to warrant construction of
civil works. These were at Wargaloh and Dhajimale. Civil works
at these sites were not started during the period covered by this
report. Materials required for this construction were ordered
but not received before July of 19835.

In an effort to expedite completion of the civil works in
the CR, the CRDP reportedly ordered prefabricated metal storage
tanks and prefabricated animal watering troughs. The logistics
of site accessibility and the shortage of native materials for
concrete structures supports this decision.

2.3 Drilling Problems

The term drilling problems, as used hare, refers to any
problems that caused a delay in borehale completion. Some
praoblems such as lack of fuel, lack of axygen, and counterpart
delays were common to both the Bay Region and the CR.

Lack of fuel during the period July, 1984 to July, 1985 has
accounted for drilling rig down time ranging between 30 and 6@
percent. This only accounts for the time the drill rigs were not
working. Additional delays were caused by the necessity of
having to redrill those holes that caved during the time the rigs
were without fuel. More down time resulted from delays in the
delivery of needed materials, such as bentonite, casing, and
cement.

Lack of oxygen was an intermittent problem, but one that
cumulatively was significatnt. A well cannot be cased unless
there is sufficient oxygen to cut the casing to size. In addit-
ion, rig repairs and other work requiring bending, and cutting of
steel were delayed.
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Other drilling problems were necuiiar to the respective
areas, and these are described below. Detailed daily records of
the delays attributable to these problems were not always avail-
able.

2.3.1 Bay Region

Drilling problems associated with the Bay Region, other than
lack of fuel, included logistics during the rainy season, lost
circulation 1in highly karstic areas, and 1lack of adequate
utilities in the expatriate compound. Solutions to these
praoblems were found and implemented, but not without resulting
delays in operations.

All present drilling in the Bay Region is in limestone, and
all holes encounter a certain degree of karst development.
Karstification is the term used to describe the development of
solution cavities in limestone. In some boreholes the develop-—-
ment of solution cavities is so great that rock cuttings result-
ing from the drilling operation were not returned to the sur-
face. This caused some delay in continuing the hole as cuttings
resulting from the drilling operation either fell into the area
being drilled or were washed back into the cavities. A potential-
ly serious praoblem results if these cuttings wash back over the
drill bit and prevent removal of the drill rod. Operations were
generally stopped and the holes cased to avoid 1loss of equipment
and to allow for completion of such holes.

The rainy season during the months of April, May, and June
was anticipated, and all but one rig was moved out of the area.
The one rig allowed to remain was moved to a site felt to be
more accessible during the rainy season, however, this also
became inaccessible. As a result, one month of drilling time was
lost, and other related work had to be abandoned.

Lack of adequate power and water in the expatriate compound
in Baidoa forced those individuals living there to return to
Mogadishu. Although the drilling crews are trained well enough to
carry on drilling activities without expatriate supervision, they

295



have not yet attained efficiency in management of operations. It
was estimated that a month of productive activity was lost as a
result of these problems. Efforts to resolve these problems did
not begin to occur wuntil March of 1985, and results were not
realized until June of 1985. Problems in the compound persist.

2.3.2 Central Rangelands

Drilling problems associated with the CR other than those
previously described were and continue to be logistics, site
selection, and to some degree security. Neither of these are
readily solvable by efforts on the part of the CGDP staff.

Logistics with respect to the CR sites refers to distance
and access conditions. Most CR sites to date have required one
and a half to two days to mobilize equipment and supplies. The
roads are mostly sand that creates traction problems for support
vehicles, such as fuel trucks, water trucks, and flat bed
trucks. Breakdowns and delays from getting stuck in the sand
were frequent. Once a breakdown occurred, it required as long as
a week to get another vehicle with the required parts and
expatriate expertise to recover. The time lost to these problems
was considerable. Solutions to the logistics problems involved
searching for better routes, changing drivers, and concentrating
work effort during the rainy season when the sand becomes firm.

Site selection was a problem in the El-Dhere area where eco-
logical and sociolaogical considerations had to be addressed. Two
weeks were lost in the selection of the Sadal site and one week
was lost in resolving the locations of three other sites. The
problem was solved by continual interaction wtih the CRDP staf+f.
A selection process was initiated that resolves the location of a
site before a rig completes the hole on which it is drilling.

Security problems were not as critical as during previous
years, haowever, five days were lost because of potential problems
in areas through which the crews must travel. Travel advisories
were provided by the U.5. Embassy and the consultants staff were
and are required to get travel permits to the Central Rangelands
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area. This was a problem for which no solution on the part of
the CGDF could be offered. All drilling in the CR is staffed
with two full time military guards to ward off any patential
problems after mobilization.
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3.8 HYDROGEOLOGY

An extensive discussion of the hydrogeology was originally
presented in the CGDP Phase I Final Report that summarized
activities for the first three years of the praoject. During the
past year, additional data have been collected and reviewed. As
a result, conclusions based on early data have either been
confirmed, rejected, or modified. It is not the intent of this
interim report to present an in-depth discussion of hydro-
geologic conditions in the two project areas, however
because additional data have been collected, and it is the intent
of this report to relate the activities of the project over
the past year, data collected and interpreted will be briefly
discussed. A more comprehensive treatment of the hydrogeology
will be presented in a project termination report.

The establishment of a hydrogeologic data collection,
storage and retrieval system is one of the major objectives of
the CGDP. The initial program of data collection dealt mainly
with the Bay Region. Hydrogeologic data +from all available
sources were collected, and filed +for reference in planning
hydrogeologic exploration for CGDP in the Bay Region. These
data were useful but not definitive as the distance between
locations of data points was too great for correlation, and the

quality of some older data was judged to be not suitable.
Published documents, mainly technical papers 1in scientific
bulletins and investigative reports by governmental and inter-—
national agencies, have been prime sources of hydrogeologic data
and other related information. Most of these sources are listed
in the report under selected references. As the exploratory
phase of the CGDP progressed, hydrogeologic data from boreholes
in the Bay Region and the Central Rangeland were accumulated,
analyzed and appropriately filed.

All hydrogeologic data were filed in order of acquisition,
boreholes were numbered consecutively with a B-prefix for the Bay
Region holes and a CR-prefix for holes in the Central Rangeland.
These data were extracted from the files and assembled in tabular
form as a preliminary step in preparation of hydrogeologic data
for computer processing, storage, and retrieval, Table 2. The
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bored wells are numbered consecutively in order of operational
priority with appropriate designation for location. The comple-
tion dates indicate that the boreholes are not finished in order
of well number. The borehole lccations are shown in Plates 4 and
9.

The well name is generally the name of the nearest community
or it may represent a small geographical or yrazing locality.
Where more than one borehole is located near a community, the
name is followed by a number in suffix in order of operational
priority.

Map coordinates were to be determined by satellite location
methods which are accurate but time-consuming and subject to
equipment malfunction or failure. Map coordinates alternatively
are determined from 1:2500808 — scale and 1:1000000 - scale base
maps of the Bay Region and Central Rangelands. Coordinates are
given by degrees, minutes and tenths of minutes north latitude
and east longitude, Greenwich reference. One minute of longitude
and one minute of latitude are about 1.85 kilometers.

Elevation of borehole sites are given in meters above mean
sea level. 1In the absence of physical surveys for elevations,
these have been determined from 1:100000 - scale series topogra-
phic maps of Somalia. Elevations of borehole sites are approxi-
mated to the nearest S5 meters. Completion date of the borehole
is the date when the well is ready for pump testing.

Total depth of the bored well is given in meters and is
determined by the number of drill rods of known length used to
reach the total depth. Total depth is accurate to plus or minus
1 metar.

Intervals screened or perforated refers to the borehole well
casing open to that interval of the formation where an aquifer
will yield water. Well screen or perforated casing may be used.
Where there is no screen or casing, the interval is designated as
open hole. All depths and intervals are given in meters.

Static water level in the bored well is determined by
measurement with an electrical—-contact sounder or with a steel
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survey tape, and 1is usually accurate to + 0.005 meter. The
measurements recorded are made after the well has been developed
and or prior to a pump test.

Specific conductivity 1is a determination of the electrical
conductivity of water expressed as the reciprocal of resistance
in micromhos per centimeter at 25 degree Centigrade. This
measurement is an indication of the dissolved mineral content of
water. Limits of specific conductance recommended during this
study for use by people and by animals are:

To 3508 micromhos; limit for use by people.
To 7588 micromhos; limit for cattle, goats, and sheep.
To 10083 micromhos; limit for camels.

Well yields are determined by pump testing the well at a
constant rate while measuring the decline or drawdown of water
level in the well. The vield of a well is the rate at which it
was pumped for a 24-hour period without drawing the water level
down to the intake level of the pump. The yield is expressed in
cubic meters per hour (m3/hr).

Specific capacity of a bored well is an expression of the

vyield of the well per meter of drawdawn. It is expressed as
cubic meters per hour per meter (m3/hr/m) or, simplified as
square meters per hour (m2/hr). It is obtained by the ratio

of well yield to drawdown.

The types of pumps used for the bored wells are determined
by the well yields. Generally, those bored wells that vyield 10
m3/hr, or more are equipped with motor powered Mono pumps. The
depth of the pump in the well is expressed in meters and is
predetermined by the pumping test.

The remarks column of Table 2 indicates the use or abandon-
ment of the well and any other information that may contribute to
the basic data. Abbreviated notations indicate additional data
or information available with respect to that well:
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PT — Pump-test data available. These data include pumping
rates, water-level drawdown with time, recovery of
water level with time after pumping, and plots of
water level versus time for determination of aquifer
characteristics. '

€D ~ Chemical analysis available. Laboratory analysis of
water includes:

PH Sodium ion
Specific conductivity Potassium ion
Total dissolved solids Calcium ion
Total hardness Magnesium ion
Alkalinity (as mg/1 HCOs) Chloride ion

Sulfate ion

These are minimal data that will determine the useful-
ness of the water; more detailed analyses are not
practicable at this time.

GL - Geophysical 1log available. Whenever possible,
downhole geophysical 1logs consisting of gamma ray,
.single—-point resistivity, caliper and flowmeter were
taken. These data are useful in the determination of
relative permeability of rock types, presence of
potential aquifers, and relative quality of formation
water.

3.1 Bay Region

Groundwater development activities in the Bay Region since
July, 1984, have been confined to the “"Limestone Plateau" area
described in LBII RMC Final Report, March, 1985. Data collected
over this period confirm the heterogeneous character of the mode-
rately karstified limestone described in the above report. Most
of the wells drilled in the limestone have been located where
karst features, are expressed at the surface. A few have been
located as much as one kilometer from such known features to test
the lateral extent of secondary porosity. All such attempts have
resulted in wells of low vyield. Wells drilled in obvious
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recharge areas have invariably been the better producers, but are
also more susceptible to contamination. The data indicate
greater karst development where jointing is more prevalent or
where the rock chemistry is more favorable for solution.
Karstification does not appear to have progressed sufficiently to
provide a pervasive aquifer throughout the limestone plateau
area. Additional drilling should help in the evaluation of this
condition.

Recharge in the limestone plateau area is directly through
the surface exposures of karst features. Although some areas are
known to have soils developed as much as & meters deep, much of
the plateau is covered by a soil mantle of only 8.5 to 4 meters
thick. Some recharge occurs through this material from deep per-
colation. The amount of recharge over the area has not been
quantified at this time.

Groundwater movement on the limestone plateau is indicated
to be from a northeast-southwest groundwater divide that roughly
parallels, but is offset 2-4 km. northwest of the escarpment that
separates limestone rocks to the northwest from the basement
complex to the southeast, Plate 3 and 6. Along the escarpment
this flow 1is evidenced as intermittent springs at several levels
along the face of the escarpment. Flow from these springs forms
small streams that disappear over short distances of their course
onto the alluvial cover of the basement complex. Flow to the
north-western direction is not known to discharge at the surface
within the Bay Region.

Since July, 1984 a basal conglomerate overlying the basement
complex has been explored for developing water in the Dinsoor
District. Four holes have penetrated the conglomerate. Buulo
Caddey No. 79 A and B, Tugere Hoosle No. B@, Misra No. 83, and
Copen Hegan No. 88. Holes 79A and 79B, both dry holes, en-
countered the basement complex at 25 meters and 50 meters
respectively. Hole No. 83 intercepted the basement at 170
meters. Hole No. 8@ has a low vyield, and hole No. 83 produced
moderate quantities of poor—-quality water. Hole No. B8 was
stopped at 294 meters, estimated to be within ten meters of the
basement complex. Yield was low and the water conductivity was
approximately 5100 umhos/cm.
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3.1.1 Observation Wells.

An attempt to firmly establish an observation well network
to begin collecting long-term data on the response of the aquifer
to seasonal changes was initiated in February, 1985. Water
levels and quality samples were to be collected from selected
wells four times per year; at the beginning and end of the two
wet seasons. Table 4 shows the wells and data collected. Data
collected from these wells must be continued over a longer period
of time to permit recognition of significant hydrologic trends.

Counterpart hydrogeologists were trained in the proper
method of measuring and recording this data, and are able, when
fuel is available, to proceed with the data collection.

3.1.2 Water QRuality

Conductivity values of water developed in the upper karstif-—
ied limestone of the Bay Region ranged between 970 and 2900
umho/cm. Total dissolved solids ranged from 575 to 2500 mg/l.
Reports of analyses on " the quality of water collected fraom the
conglomeratic aquifer aoverlying the basement complex had conduct-
ivities ranging from 3900 to 11,000 umho/cm, equivalent to total
dissolved solids of 2200 to 6000 mg/l. All analyses indicate
sodium is the dominant cation and chloride the dominant anion.

Analytical results should be regarded with caution.
Analyses of some samples from the same well have shown wide
variations in results without any known changes in aquifer
conditions. Cation and anion balances were in many instances
greater than normal analytical error would permit.

Groundwater having less than 500 mg/1 total dissolved solids
is virtually absent in the Bay Region. Better quality water is
found 1localized near the well developed karst recharge areas.
There is little chance, however, of finding water of less than
3502 umhos/cm, within the basal conglomerate underlying the lime-
stone plateau. Until the laboratory techniques are brought to a
much higher level of accuracy, a definitive assessment cannot be
made.
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3.1.3 Geophysical Data

Geophysical data have been collected from four holes since
July, 1984. One 1logging unit was repaired in late February,
1985, and field tested on holes at Dhorhaby No. 77 and Togeere
Hoosle No. 8@ in early March. The objectives of the test were to
field test the equipment, and to train expatriates and Somali
counterparts in its effective use. All praobes were field testad
in the two holes. Repeat logs were run with selected probes at
different scales to examine methods of log enhancement and to
check reproducibility. Training was focused on two Somali
counterparts, Abdullahi Mohamed Jama and Saleh Farah Mohamed,
each of whom has had previous experience with the equipment.

Logs from the two holes, 4 km. apart, failed to reveal
marker beds sufficiently clear to correlate stratigraphy.
Neither hole was in material sufficiently karstified to define
porous or permeable zones with the 1logging tools available;
gamma-ray, spontaneous potential resistivity, flowmeter, caliper,
and temperature differential. Togeere Hoosle, No. 8@, provided a
well-defined contrast in stratigraphy on the gamma-ray, resistiv-
ity, and spontaneous potential logs.

When Misra, No. 83 was completed, the untested logging unit
was dispatched to run a series of logs. The operator, trained on
holes No. 77 and No. 8@, could record on Misra No. 83 only a
single value response with the runs attempted, and the unit was
returned to Mogadishu to determine if the failure was due to
malfunction of equipment or to operational error.

The geophysical 1logging equipment was returned to the Bay
Region 22 June 1985, and Copan Hagan, No. 88, was logged the
following day. Gamma-ray, resistivity and spontaneous potential
probes and modules were operable and produced a log of which re-
sistivity displayed the better definition. The gamma-ray and
spontaneous potential responses were discernible, although they
could have been improved by magnifying the scale.
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3.2 Central Rangelands

Several publications, particularly the monographs "Ground-
water Resources in Central Somalia", (Pozzi, Benvenuti, Mohamed,
and Shuriye, 1983), and "“Groundwater Resources in the Hobyo
Area", (Porzi ard Mohamed, 1984), have contributed significantly
to the understanding of the hydrogeology of the Central Range-
lands. Revisions have been made in the conceptual model of
groundwater resources in the Central Rangelands based on these
publications, and on data from the drilling program.

The Central Rangelands consists of a broad central plateau,
a narrow coestal plain, and the Shabelle River drainage. The
central plateau ranges in elevation from 5@ meters to 700 meters
above sea level and is covered with lateritic soils and
caliche. The coastal plain is covered by recent aeolian sediments
and ranges in elevation from sea level to 50 meters. The
Shabelle floodplain, in the southerrn portion of the Central
Rangelands is covered with recent alluvium and ranges in elevat-
ion from 100 to 200 meters above mean sea level.

The Central Rangelands has an arid to semi-arid climate with
a range in mean annual rainfall from approximately 160 mm in the
north to 308 mm in the south (Resource Management and Research,
1984). The potential evapotranspiration for the Central Range-
lands is approximately 2225 mm/year, (McGowan etal, 1979). This
relatively high potential evapotranspiration rate is the result
of the high winds, high temperatures, and extensive thorn-bush
cover over much of the Central Rangelands, and of the phreatophy-
tes which occur in the wadis. A potential annual water deficit
of approximately 2008 mm/year exists throughout the Central
Rangel ands.

The Central Rangelands extends northeast of the Shabelle
River to the Nugal Valley in northeastern Somalia. Marine
sediments of mostly Tertiary age, and continental sediments of
sub-Recent age cover the surface as part of a large basin. The
basin extends through the Ogaden region, east of Beled Weine to
Jowhar. The deepest part of the basin, the Hobyo Embayment, is
located near Hobyo on the coast of the Indian Ocean, (Barnes,
1976). There have been several transgressive and regressive
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phases of the sea over the Horn of Africa and sedimentation
thicknesses generally decrease inland.

The main structural feature is the 1long coastal fault,
defined by geophysical surveys, which may affect the underflow
regimes of the regional aquifers in the Central Rangel ands
(Johnson, J. 1978). A second fault system, also defined by
geophysical surveys located in the strip of Jessoma Sandstone
appears to be related to the occurrence of fresh water, (UNDP,
1972, Pozzi and Mohamed 19B4). The areal distribution of the
geologic formations in the Central Rangelands is shown on Plate
7. Table 5 provides a brief description of the geologic units and
the waterbearing characteristics.

Groundwater recharge probably occurs predominately from sur—
tface runoff into karst areas, and from direct infiltration
through coarse alluvium in the wadis, and through the sand
dunes. No direct measurements of soil infiltration capacity,
rainfall intensity or rainfall duration are available. Some
researchers (Wilson, 1958; Pozzi and Mohamed, 19843 and Parson
197@) , estimate that as much as S to 1@ percent of the annual

rainfll infiltrates the groundwater system. A conservative
estimate of S5 per cent is used in the central plateau and 10 per
cent in the dune areas for purposes of this study. The total

land area of the Central Rangelands is 149,000 km* (World Bank,
1973). Utilizing an average annual rainfall of 200 mm/year, and
a conservative estimate of 5 per cent infiltration, the annual
groundwater recharge from dirnct infiltration is estimated to be
1.5 x 10 mS/year.

The deep groundwater aquifers in the Central Rangel ands,
including the Auradu and Jessoma Formations, and the Trap Series
basalts, extend into the Ogaden region and into the Ethiopian
highlands (Johnson, 1978). These aquifers probably receive
significant recharge in their western outcrop areas. Ground-
water flow through these units is laterally toward the Indian
Ocean. Geologic structure, including the coastal fault and the
intraformational basalts may affect the underflow regimes, but
the nature of this influence is unknown (Johnson, 1978).



TABLE 5 . CENTRAL RANGELANDS GEOLOGIC UNITS AND WATER
BEARING CHARACTERISTICS

EPOCH SUITE OR SERIES APPROXIMATE OCCURENCE, LITHOLOGY, AND WATER
MAXIMUM BEARING CHARACTERISTICS
THICKNESS
Stream Alluvium 100m In the flood plain of the Shebelle River and
RECENT - Nal along wadis throughout the Cehtral Rangelands;
PLEISTOCENE clay, silt, sand, and coarse alluvium; yields

water to shallow (less than 35 m) wells; water
specific conductance of less than 3500 umhos/cm
found in approximately 10 percent of wells.

Aeolian sand, 120 m Active and inactive dunes on the eastern coast
sandstone and consisting of well-sorted aeclion sand. VYields
reef deposits, small amounts of fresh water to shallow (less
Qeoltm than 10 m) wells
& PLIOCENE- Unper Daban 125m Possible in the eastern portions of Central Range-
MIOCENE i Series, lands; sandstone, and conglomerate; yields water
‘ Nl-N2 md of variable quality from nore spaces and along
; bedding planes.
Mudugh-Merca 500m Continental sediments covering much of the northern
Suite, Nl md Central Rangelands: limestone, marl, sand, sand-
MIOCENE stone, avypsum, clay, calcrete, and related

Rocks. viélds varying auantities of water from

pure spaces, bedding planes, and karst formations
Vater quality is variable with specific conductance
from 3,000 to 30,000 umhos/cm, sulfate concentra-
tions are generally high water;with specific con-

i ductance of less than 3000 umhos/cm is found in

| less than 15 percent of wells




Table 5 (Continued)

Trap Series; 80m Forms intraformational flow extending from
MIOCENE B P _-Ni Dhusamareeb to El-Bur and north to Wlargaloh.
PALEOCENE g Basaltand tuff. may be r~lated to the existence
of fresh water found during this project.
Middle Daban 800-2000m Sandstone, siltstone, lenses of boulder conglo-
OLIGOCENE Series rerate; generally contains highly mineralized
Pg3mdu waters,
EOCENE Lower Daban 245m Sandstone, siltstone, marl, lenses of gypsum
series and conglomerate; generally contains highly
PgZId mineralized water.
i Karkar Suite 230m Limestone, minor marl, clayey dolomite, siltstone
§ quKr may contain small amounts of water but not an
i aquifer of regional imnortance
3 —
. Taleh Suite 350m Anhydrite, gypsum, interbedded dolomite and marl:
[ sztl generally contains highly mineralized water in
i karstified zones. :
Auradu Series 400m Gutcropsin a band extending through the western

szar

part of Galgudud region; massive limestone,
dolomitic limestone, dolomite, marl, siltstone;
limestone beds are commonly fractured and offer
good potential for groundwater storage and deve-
lopment; frequently yields large quantities of
fresh water
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Table 5 (Continued)

Jessoma Suite 200m In a north-south section east of the Shabelle
River and west of El-Bur. Inequigranular cross-
bedded sandstone, minor siltstone, and compacted
PALEOCENE clay; supplies water with specific conductance

of less than 3500 umhos/cm to wells and springs
but frequently yields only small amounts of water
of water due to low effective porosity.

UPPER Beled Vleine Suite 200m East of the Shabelle River, limestone, marl,
CRETACEOQUS Cr2bl gypsiferous shaley clay. Generally contains
highly minaralized water at depth.

CRETACEOQUS Mustahil Suite 180m West of Shabelle River,gypsiferous siltstone,
Crlms mudstone, interbedded limestone; karst formations
supply water which is genrally highly mineralized,
specific contuctance is rarely below 3500 umhos/cm

CRETACEOQUS Marehan Suite 300m Occurs only at southwestern border of Central Rangelan
Crl_z-mr Generally supplies small amounts of fresh water
to wells.

From: UNDP, 1971, Pozzi etal, 1983, Pozzi etal, 1984.



Drilling activities were conducted in two districts of the
Central Rangelands; the Hobyo District, which covers the central
portion of the Mudug Region, and the El-Dhere District which
covers the eastern portion of the Galgadud Region, Plate S.

The Hobyo district lies mainly within the Hobyo structural
basin. Wells were drilled at Wargaloh, No. &7, Afgaduudle,
No. 72, Dhajimale, No. 78, and Bud Bud, No. 81. With the
exception of the well drilled at Wargaloh, which penetrated
Miocene-Paleocene Trap Series Basalts, all of the drilling
encountered continental sediments tentatively ascribed to the
Miocene Mudugh, Merca or Upper Daban Suites. The presence of
gypsum was noted in all wells, and the groundwater in 11 cases
indicated that degradation by contact with calcium sulfate had
occurred.

Fiezometric levels in the wells located in this area do not
indicate a gradient towards the Indian Ocean, so it must be
assumed that the groundwater occurring at exploitable depths in
this region is perched within a surficial basin, and that
recharge occurs locally within the basin. The regional ground-
water flow system, which presumably involves the Jessoma and
Auradu Formations, must 1lie at depths below the 250 meter
capability of project drilling equipment.

All of the four wells attempted in the Hobyo district
produced in excess of 375 lpm (liters per minute) at depths of
less than 200 meters. Only the well at Wargaloh, however ,
contained water of suitable quality for human consumption. This
well penetrated the Trap Series basalts. Within the sedimentary
aquifers of the Hobyo Region, the Upper Duban and Mudugh-Merca,
there is no indication that deeper drilling will yield fresh
water. Groundwater in the Hobyo district of useable quality and
at exploitable depths was found to be negligible.

The volume of groundwater resources in the Hobyo district
may be considerable at depth, out unless the equipment is avail-
able for very deep drilling into the Auradu, Jessoma Formations,
or the Trap Series basalts, the possibilities of developing large
quantities of potable water in this area are limited. No water
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was encountered in the Hobyo district which could be classified

as good 1irrigation water. Water produced at Wargaloh and
Dhajimale can be "... used for tolerant plants on permeable soils
with careful management practices.” (NTAC, 1968). Water of

adequate quality for livestock watering was encountered in three
of the four wells attempted.

Given the rainfall and recharge conditions in the area there
1s no assurance that mining of groundwater from bored wells will
not occur. Groundwater levels can be expected to decline locally
as pumpage increases. Based on the present groundwater data in
the district, development of water resources in the Hobyo
district should be concentrated on surface-water catchments.

Four boreholes were drilled in the El-Dhere District at
Saddal, No. B2, Cagacade, No. 84, Hassan Afrah, No. B84 and Ali
Yabaal, No. 87. Only the borehole drilled at Saddal through the
coastal dune deposits yields enough water to warrant completion
as a producing well. This well, now equipped with a hand pump,
was tested at 10.3 mS/hr. Unfortunately, the quality of water
from the well was poor; conductivity was 6180 umho/cm. This
quality of water is only suitable for watering camels and cattle.

The borehole drilled at Cagacade lost circulation at 139 m,
and was therefore not completed. Pre-drilling hydrogeolngic data
indicated that even if water were encountered, it would be of
unuseable Quality. This was one of the well sites drilled at
the request of the CRDF for ecological and sociological reasons.

The borehole at Hassan Afrah, No. 84, was drilled to 200 m
through sediments of the Daban Series. No indication of water
was found in this hole, and estimated depths of potential water
producing beds were beyond the capabilities of the drilling
equipment. The hole was plugged and abandoned.

The borehole at Aliyabaal was drilled to 250 m, and although
potentially deep enough to encounter water producing beds, only
minor indications of a water producing zone were found. The well
was cased with six—inch diameter s -=el casing and extensive
development was conducted prior to concluding that the hole would
not be a production well. The well was caoped and left as a
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potential monitoring well should enough seepage occur with time
to provide an indication of depth to water.

J.2.1 Observation Wells

Each of the production wells completed in the CentralRange-
lands may serve as an observation well. A formal monitoring
program for the measurement of water levels and the collection of
water samples has not as yet been established in this area.
The logistics of accessing these sites is too great to include
during the present program. Upon assignment of a WDA hydrogeo-
logist to the respective areas a pragram will be initiated.

J3.2.2 Water Quality

The assessment of the water quality in the Central Range-
lands is based on results published in the UNDF Technical Repoart
No.3 (1973), and on data obtained from analyses conducted during
this study. The water quality data supplied from the UNDP report
were utilized with caution. The ion balances reported indicate
that sodium and potassium concentrations were camputed by cation
and anion differences instead of by analysis. Many of the
boreholes sampled far the UNDP report were resampled during this
study, however, the accuracy of well identification was suspect
in some cases. Recognizing these constraints, an effaort was made
to characterize water quality conditions in the CR.

The analytical results of the Central Range water sampling
are presented in the Annex A. Preliminary maps of Stif+f diagrams
for boreholes and for hand dug wells were prepared from these
data, Flates 8 and 9. These data will be continually revised
and assessed throughout the remainder of the project.

The water quality throughout the Hobyo District is poor.
Hand dug wells along the coastal pPlain generally tap fresh water
in the discharge area which overlies more saline water. These
wells will frequently produce small quantities of relatively

43



fresh water (EC values from 1000 to over S@@@ umhos/cm) but, are
not able to sustain continuous withdrawal of fresh water (Pozzi,
Mohamed 1984). The groundwater along the coastal plain, as
indicated on Plate 8, is predominantly sodium chloride water.
This trend is evident in both hand dug wells and in boreholes.

Groundwater occurring in a closed basin within the BGalcaio
area rarely has a specific conductance of less than 3500 umhos/
cm. This applies to the shallow hand dug wells and to boreholes
extending to depths of 200 meters. The groundwater in this area
is characteristic of gypsum; generally dominated by calcium and
sulfate. The potential for developing groundwater with specific
conductance values below 35880 umhos/cm in this area is poor. The
Eocene deposits, which may lie at depths in excess of 300 meters,
may contain water with conductivities below 3500 umhos/cm.
(UNDF, 1973).

Groundwater quality in both hand dug wells and in boreholes
from Dusamareeb southward appears to be a mixtu. e of the two
dominant water types. This area has not been as well explored to
date as the other districts in the CR.

3.2.3 BGeophysical Data

Following the repair work completed on the geophysical
logging units in March, 1985, one logging truck was stationed in
the Central Rangelands. The boreholes completed at Cagacade,
Hassan Afrah, and Aliyvabaal were all lagged. The Central
Rangelands geophysical 1logging unit was also utilized for the
well completed at the Afgoi Agricultural College. Gamma-ray,
resistivity and spontaneous potential 1logs were made and will
continue to be routinely performed as additional wells are
completed.

The geophysical data collected during the extension phase of
the CGDF have been useful for the identification of potential
aquifer zones and thus faor well design. The available geophysi-
cal data were insufficient, however, for correlations of regional
stratigraphy. As additional data are collected, it is hopeful
that they will also be useful for this purpose.
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4.8 INSTITUTIONAL SUFPPORT

Institutional support for WDA in an advisory and instruc-
tional capacity has been one of the prime objectives of the
C6DF. Technical assistance has been provided for the training of
professional arAd technical rersonnel, for the improvement of
planning and financial management, supply and warehouse manage-
ment, and Ffor chemical laboratory supervision and management.
The level of effort for each of these areas was variable and
largely deperndent upon counterpart participation. The following
sections describe the accomplishments in these areas during the
period July 1984 to July 198S.

4.1 Training of Technical and Professional Personnel.

The purpose of training by the CGDP has been to provide su-
pervised experience for the development of technical skills ne-
cessary ta master the technology of madern drilling and support
equipment. In addition, training through experience has been
provided far improvement of the skills and capabilities of WDA
professional, administrative, and management personnel.

The scaope of training for WDA personnel has ranged fram
one-on—-one experience through direct supervision, to classroom
participation. Participants were not only involved in routine
tasks, but in those activities that deviated from the ordinary.
Fersonnel trained have gained experience in handling unusual or
changing circumstances in drilling procedures, in equipment and
vehicle maintenance, and in administrative and planning proce-
dures.

The educational and experience background of individuals
assigned as counterparts to the project are highly varied. This
situation, combined with language difficulties of counterparts
with expatriate personnel, and lack af counterpart incentives,
has made the free flow of information extremely difficult. These
conditions apply to mechanics and drillers as well as to profes—
sional staff.
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Specific training provided since July of 1984 for the
various disciplines follow. Training given prior to July of 1984
has been extensively discussed in the Phase I Final Report dated
March, 1985.

4.1.1 Hydrogeologist

Twenty hydrogeologists, including chemists and geophysicis-
ts, have received training during the project. Al have received
on—-the-~job training and classroom training either in-country, in
the US or both.

Of the twenty, eight remain in the employ of WDA or the
MMWR. Four are enrolled in graduate studies at University of
Arizona, others have taken jobs with other donor agencies or have
left the country. In addition to the professional level personn-
el, several young men with technical school training have been
brought into the project as assistants to the hydrogeologists.
These individuals provide help in the collection and logging of
drill cuttings and in the collection of aquifer test data.

During the past year, the eight remaining hydrogeologists
and the technicians have received on—the-job training in the
collection and identification of drill cuttings; record keeping;
well design; well development; pump testing; aquifer analysis;
drilling equipment operations; pumping tests and pump installa-
tion; hydrogeolagic investigations and borehole analyses;
water—quality analyses and relation to hydrogeology; borehole
geophysical logging methods and analyses; and use of microcompu—
ters.

Formal classroom seminars were planned for the rainfall
seasons when access to patential and existing drilling sites

became inaccessible due to impassable roads. In the Central
Rangeland, however, the cover of wind-blown sand makes access
difficult except during the rainfall seasons. Formal classroom

seminars were therefore deferred for those drilling crews,
support personnel and hydrogeologists assigned to work in the
Central Rangelands during the G6Gu’' rainfall season. Classroom
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seminars were conducted in Mogadishu for drilling crews and
support personnel that had been working in the Bay Region where
heavy rainfall made existing and proposed drilling sites
inaccessible.

In June of 1985, five hydrogeologists were sent to the
U.S. Geological Survey training program in Colorado. Attendance
at this program served as an incentive for those individuals, and
it will allow them to obtain additional intensive training in all
aspects of groundwater investigations. This program, and similar
programs, will need to be provided to elevate the intorest and
the 1level of participation of hydrogeologists. Consideration
Wwill need to be given to organizational structure, personnel
management, and various compensation schemes to continually
improve on—-the-—job participation. Field experience is essential
to an effective application of hydrogeological theory. Somalia
has a growing need for developing an internal hydrogeological
capability to evaluate and manage its limited water resources.

4.1.2 Drillers

The drilling crew personnel assigned to the CGDP includes
40 to SO people. A discussion of each individuals duties and
progress over the period July 84 to July B35 would be too extensi-
ve for this report. There are at present at least six drillers
that are able to operate the TH-68 rotary rigs essentially
independent of expatriate supervision. Another six individuals
are very close to being at this level.

The major weakness of the training program has been the
training in planning and decision making capability. Two
drillers bhave been receiving one-on-one experience in this
phase of drilling operations, however, they are still reluctant
to make a decision without first checking with a member of the
consul tant ‘s staff. The extent to which they will be able to
function totally independent of outside assistance is still an
unknown.
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During the course of the year, the drilling foreman from
each of the rigs has been rotated to a different function or to a
different drilling environment. Those that had been trained in
air-drilling techniques were moved to rigs employing mud-rotary
techniques. 0One drilling foreman was moved into the Baidoa
compound to 1learn more of the logistics and equipment control,
one was placed with the heavy vehicle mechanic for training of
rig repair, and one was moved to a driving position with the
ultimate objective of training him to drive a drilling rigqg.

Most of the drillers who have attained a comfortable
proficiency with rig operation have been teaching younger men how
to operate. All those drillers and crew that were not able to
operate during the rainy season were brought to Mogadishu for
classroom training. Unfcrtunately, once in Mogadishu, it was not
always possible to bring them all together for such training.

Field conditions in the CR allowed for training of techniqu-~
es with drilling mud additives and with the use of local materia-
l1s, such as sawdust, to solve lost circulation problems. Other
field problems presented opportunities for training in a variety
of well drilling procedures, such as well development techniques,
downhole retrieval of drilling tools, pulling casing, setting
screen, gravel packing, and well abandonment procedures.

4.1.3 Fump Installers

The pump installation Personnel were divided into two groups
of seven people; one group to work in the Bay Region and the
other to work in the CR. When work conditions require, however,
both groups work in the same area. This condition existed
during the part of the year when the windmill in Baidoa was being
erected. One of the two Pump rigs has been modified to allow for
independence of operation from other vehicles and equipment, and
the other is being prepared for similar modification.

Considerable emphasis was Placed on the installation of sub-
mersible pumps for testing purposes. The crews were not only
instructed in the installation of pumps, but also in the collect-
ion of aquifer data. As a result of this experience, one of the
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operators occasitonally serving as assistant hydrogeologist was
sent to the U.S. Geological Survey in the United States for

additional training. Hopefully, other programs and other
incentives can be developed to insure the continuity of a
qualified staff. Training programs that can be brought to

Somalia to improve the installation, repair and maintenance
capabilities of the pump crews are now being sought.

4.1.4 Mechanics

From the inception of the project there have been two groups
of mechanic trainees, one group to service light—-duty vehicles
and one to service heavy-duty vehicles including drill rigs and
pump rigs. Although entirely on-the-job training, individuals
participating in the program have received a broad range of
experience.

Light-duty vehicle mechanics during the period covered by
this report have received training in the following repair
procedures:

Routine preventive maintenance.

Electrical problem troubleshooting.

Camshaft/timing chaias.

Brake/clutch repair.

Parts warehousing procedures and use of cardex system.
Transmission trouble-shooting and repair.

At present there are four counterpart mechanics working on
light-duty vehicles; Mohamed Osman Absuge, Abdullahi Ahmed Omar,
Suleiman Mohamoud Warsame and Hassan Mire Mohamoud. All are con-
sidered assistant mechanics, as they came to the project with
little or no previous mechanical experience. The project has
been without a counterpart light-vehicle mechanic since March of
1985. The work required has been accomplished very efficiently
with the consultant‘s mechanic and these four assistant mechani-
cCs.

Obtaining counterpart heavy-vehicle mechanics has also been
a problem. There have been from two to five working with the

49



consultant ‘s mechanic over the duration of the project. During
the past year there have been two assigned on a full-time basis
and a third for short periods. The third is actually a driller
who is being given rig-repair experience with the consultant’s
mechanic. I+ this procedure of providing drillers rig-repair
experience proves successful, other drillers will be brought in
for short periods of training.

The heavy-vehicle counterparts have bcen receiving a broad
range aof mechanical experience including but not limited to:

Preventive maintenance.

Transmission repair.

Valve repair and assembly.

Hydraulic systems trouble-shooting and repair.
Brazing and welding.

Mud-pump repair.

Ball-~joint and suspension repair.

Injector repair and replacement.

The main difficulties in the training of mechanics has
been:

1. They are trained primarily on those systems that break
down.

2. They are under pressure to get a particular piece of
equipment back into aperation, and are often prevented
from getting full hands-on experience.

3. They do not have sufficient understanding of English
to allow them to use the manufacturers manuals and the
parts cataloques.

It is strongly recommended that an English-1anguage training
Program be provided to all skilled labor counterparts and that a
diesel-mechanic and a hydraulics-mechanic training school be
established for those attaining a proficiency in English.

The counterpart mechanics have attained a fair level of
competence, however, the ability to independently trouble-shoot
problems has not been attained. Attainment of this level of
expertise will require more time to develop than the remaining
project life.



4.1.5 Operation and Maintenance Manuals

In an effort to provide the Somali Counterparts with guide-
lines for continuation of operations upon completion of the CGDP,
nine manuals have been prepared. These nine manuals are:

1. Hydrogeologist Manual

2. Pump Testing

3. Water Quality

4. Downhole Geophysical Logging

3. Well Drilling Operations and Preventive Maintenance

6. Evaluation, Rehabilitation and Abandonment of Water
Source Points.

7. Pump Rig Operation and Wetl Maintenance

8. Light Duty Vehicle Preventive Maintenance

?. Warehouse Procedure

All manuals were prepared in English, with Somali translati-
ons being provided for most. Some manuals, those prepared by
manufacturers and those intended for the professional staff were
not translated. The contents of the manuals are self explanatory
and need no further discussion. The manuals will be made a part
of the WDA library, and will hopefully be utilized by existing
and future personnel.

4.2 Recommended Future Training

It is hoped that upon termination of the CGDP, those
individuals who received training will be sufficiently motivated
and provided enough incentives to continue their learning, and
will assist those employees who have not been exposed to the
project. In the interest of insuring continuity of effort,
appropriate training programs for the various disciplines should
be developed. These programs should be short term and preferably
be given in Somalia. The problems and conditions existing
in—country should serve as the basis for any additional train-
ing. All too often, training received in other countries has
limited application to the trainees when they return. Conditions
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in—-country are different, and the availability of high-technology
equipment is often lacking.

Areas in which additional training for current employees
should be "considered include; hydrogeologic report preparation,
driver education, welding, pump maintenance and repair, and
English language. Hydrogeologic report preparation should be
taught to those hydrogeologists that have a good grasp of the
overall task performed in groundwater investigations. Nearly
all publications in Somalia pertaining to groundwater have been
prepared by outside consultants. Personnel of WDA should learn
how to conduct regional hydraogeologic investigations and how to
prepare meaningful reports. With the current available database,
regional reports, or other divisional unit reports, should be
prepared. These reports should be made available to other
agencies and to the general public when large water-using
projects are under consideration.

Driver education courses, both classroom and practical, are
especially important for those individuals driving heavy duty
trucks and the drilling rigs. The 1large number of vehicle
repairs could be significantly reduced by improved driving
standards. Transmissions, brakes, tires, etc. could be saved
from excessive wear and failure if trained drivers were assigned
to the vehicles. This training should extend to preventive
maintenance.

Welding techniques should be provided to all drillers and to
the mechanics. Some training in welding techniques bhas been
given during the CGDP, however, lack of time and other difficul-
ties prevented a more intensive program. Welding, and associated
cutting and bending techniques are an integral part of most
drilling operations and of many mechanical repair tasks.

If welding is provided in the curriculum of the local trade
or technical school programs, arrangements should be made for
drillers and mechanics to attend. Drillers with good welding
techniques will save many hours of lost time that result from
casing failures and related problems.
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Because most of the pump work associated with the CGDP
involved installation of new pumps, there were limited opportuni-—
ties to provide training in the maintenance and repair of pumps.
AN in—-country training Program that deals with practical problems
and with troubleshooting techniques would be most beneficial.

English-language training should be made a continuous
program for all project counterparts. All equipment and vehicles
provided are American-made, and all operations and maintenance
manuals are written in English. Unfortunately, not all counter-—
parts provided have sufficient working knowledge of English to
allow them to research parts and supplies in manufacturers-
manuals. Nearly all counterparts, however, express a desire to
learn English.

4.2 Planning and Financial Management

Technical assistance in the development of planning and
financial management techniques was formally initiated with the
arrival of the consultant’'s economist in March, 1985. Prior to
the arrival of this expert, planning and financial management
assistance was provided on a limited basis through weekly
meetings and periodic discussions. These meetings and discussio-
ns, generally between the Team Leader and the Deputy Director of
WDA, have been continued, but emphasis on planning and financial
management was shifted to a newly created planning unit within
WDA.

4.3.1 WDA Flanning Unit

As part of the institution building task, a Planning Depart-
ment was to be established within WDA. Because Presidential
approval was needed, the establishment of a Department was
delayed. As a compromise, a Planning Unit within WDA was formed,
consisting of a Head of Flanning and five staff members. In
March of 1985, the consultant’s economist was assigned to work
with the Planning Unit in the use of microcomputer techniques
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applicable to planning, financial management, and data base
storage and retrieval. The computer generated data would then be
used for pcolicy decisions.

A Compaq, IBM-compatible microcomputer, and an IBM micro-
computer have been installed with requisite software. The
economist, with subsequent assistance from a water—-resources
planner and computer specialist, initiated training in computer
operations and in the use of applicable software. All training
utilized data available in-country in the development of useable
programs for the Planning Unit. Tasks defined for the Planning
Unit were set out as projects and prioritized for implementa-
tion. These projects included development of computer data
bases, cost-analysis models, and technical applications.

Computer data bases: Several types of data have been or are
being considered for inclusion in a computer data base program.
Five of these were started between March and July, 1985 and
include a drilled-wells inventory, a hydrogeological data
inventory, a water publications inventory and a human and animal
population data base for the Bay Region, Tables & and 7.

The drilled-wells inventory will consist of data on all
known wells in Somalia. Inquiries from the database will
allow lists of wells to be produced according to any characteris-
tics including age and geologic location. In addition, the
country has been divided into 26 areas that correspond to two
degrees of latitude and two degrees of longitude. This system
will enable the Planning Unit to quickly identify drilled wells
by areas which correspond to the water publications inventory.
The source of the available information was from the files
established within WDA. When this data entry has been completed,
data from other sources will be added. In addition, a system
will be established whereby the data held is routinely verified
and updated by WDA regional staff.

The exercise of updating the inventory will be a continuous
process, and it is planned to establish formal procedures for
supplying this data whenever any borehole is drilled in Somalia.
This data will enable WDA to schedule its maintenance and
replacement programs, it will facilitate studies of the avail-
ability of groundwater in any area relative to the popuiation and
demand in those areas, and it will provide the basis of a
hydrogeological data base described below.
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A hydrogeological data base was developed from existing WDA
data and from data generated during the CGDF. This data will
provide information on a number of parameters as shown in Table
2. This information will be vital to the planning of any new
drilling in the country.

A water publications inventory will be developed on the same
grid base as the well inventory. It will allow the Planning Unit
to identify what studies, and thus what water information, are
available for any area. This inventory will include the last
known location of the available publication.

Human and animal population census data presently available
from the BRADF and NRA studies will provide information needed
for the estimation of water requirements in various areas of the
country. As additional and revised information becomes available
the data base will be updated.

Cost analysis models: Two cost analysis models have been
prepared to date, a drilling and well-installation model, and a
well-maintenance and amortization model. The drilling and well
installation model has been set up on the computer, incorporates
over 120 variables, giving detailed costs of the installation of
wells by WDA, Table 8. The model provides vehicle use and
manpower budgets required for any given program of well installa-
tion; it provides for the distinction between Somali Shilling
costs and foreign currency requirements for a program covering a
number of years; and it allows for an anticipated inflation
rate. The model has been used to support WDA’'s submission of
project plans for 1986-88 to the Ministry of National Planning.
This model would also be useful in determining contract prices
for well installations undertaken by the private sector on behalf
of WDA.

The well-maintenance and amortization model is being set up
to give details of the recurrent costs of cperating and maintain-—
ing a WDA well. Besides the ability to schedule and accurately
assess the cost of operation and maintenance in future vears,
this model also gives the NPV (Net Present Value) and IRR
(Internal Rate of Return) of well installation projects.
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WDA Costing Analysis: Well Drilling Operations

Page 1

Table 9: Summary Cost of Installing Production Well

Hote

O LN 2 Cd PO =

Note

Hydrogeology
Drilling

Logging

HWell testing
Civil Works

Pump Installation

Grand Totals

Hydrogeology
Drilling

Logging

Well testing
Civil Works

Pump Installation

Grand Totals

8 Cost (So.S5h.)} Cost (USH)

16,605
118,973
6,412
24,749
73,224
29,840

sep
23,010
233
740
5,000
16,760

Version 21

US$ equiv.

705
25,479
312
1,046

.09.85

Table 18: Production Well Vehicle Cost Analysis

tHydrogeology
:Drilling

-------------------------------------- Logging

269,803

Labour

Materials

13,100

5,023

15,500

51,574

Transport

662
12,158
307
1,020
1,766
1,603

Well testing

Civil Works

Puap Installation

Table 11: Summary Cost of Installing Exploratory Well

Note

Note

Hydrogeology
Drilling
Logging

Grand Totals

Hydrogeology
Drilling
Logging

Grand Totals

# Cost (So0.5h.) Cost (US$)
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Technical applications. In addition to the many planning
functions that will be facilitated by data generated from the
microcomputer programs, many technical applications will also be
possible. Two computer systems that have already been utilized
are a program that plots and calculates aqui fer-test data and
one that plots Stiff diagrams of chemical data, Figures 5 and 6.
Several related programs are Planned for the computer that will
be implemented as time permits.

A second microcomputer is due to be installed in September
1985, thereby doubling the data-processing capability of the
Flanning Unit. At that time, it is planned to hold a further
training course on the operation of the computer for additional
WDA staff yet to be identified. The present staff of the
Flanning Unit are expected to be competent to conduct this
training course.

Socio—-economic Studies. \aluable socio-economic data were
collected from villages in the Bay Region where wells were
installed in the early vyears of the CGDP. Unfortunately, both
the data collection, and the Tuulo Village Assessment and
Farticipation Process, TVAFP system, ceased to function by early
1984. The project extension provides for a 3-—-month visit by an
LRII consultant sociologist to train members of the FPlanning Unit
and to establish procedures for the on-going collection of data.
Depsndent upon the availability of staff from the Bay Region
poroject, it is also hoped to resume a more modest form of the
TVAFF system. This work is planned for the start of the second
half of the extension period.

For the foreseeable future, this effort will concentrate
on the Bay Region, with additional data gathered from the well-
sites in the Central Range area. In the +future, if resources
become available and more staff are trained, the data collection
can be extended to other regions of the country.
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The initial effort will be to gather basic demographic and
socio-economic data from a representative sample of the wells
installed under the CGDP. This effort will contribute to the
knowledge of the positive and negative impacts of the well, such
as changes in population; increased sedentarization, reduced
travel for water, improved health, productivity, etc,. This study
is expected to illustrate the usefulness of the TVAPF visits in
terms of more successful management of the well by the villagers.

A pilot system has been established in three regions to
gather data on an on-going basis from the well sites. Pump
operators are required to record the numbers of people and
animals using the well each day, and the regional headquarters
staff are required to record the income received from each well
and the fuel issued each month. From these data, it will be
possible to gauge the demand for water as it varies over the
seasons, to evaluate the efficiency of revenue collection, and to
determine the demand for and adequacy af fuel supplied to the
pumps. I+ the system proves successful, and the data appear
reliable, it will be extended to all regions aver the second hal+f
of the extension period.

WDA Overall Planning and Financial Management: It is
expected that, by the end of the project extension period, the
Flanning Unit will be sufficiently trained to enable the WDA to
better plan its future operations. The Planning Unit, through
the Director of WDA, has instructed a!l department heads and
regional directors to begin submitting monthly report: The
first of these, due the first of August, required regional
directors to provide a manpower and a supplies and equipment
inventory. Thereafter, monthly reports will detail changes to
these inventories, and the plans and accomplishments for the
month.

This information, combined with information generated from
the models described above will allow for more realistic estimat-
ion of the capabilities and resource requirements of the various
departments and regions. WDA will also be able to prepare, and
to justify, its annual budget submission to the Ministry of
Finance, and if necessary, to adjust its plans to the level of
budget support given.



A major objective of the Planning Unit will be to create an
awareness among all development agencies in Somalia, of the need
to keep WDA informed of water resource development plans.

4.4 Supply and Warehouse Management

The warehouse being utilised during the course oaof this
project has been a leased building in the K—-4 area. During the
past year, employees of the WDA have been managing the warehouse
facility. The chief driller and the chief mechanic have assisted
with the cataloging and card-indexing of drill-rig and heavy
equipment parts. It is anticipated that the same staff will move
with the inventory to the WDA warehouse facilities wupon termina-
tion of the project.

4.4.1 Procurement

With the approval of the extension program, a procurement
package was prepared whereby USAID, LBI and RMC shared in the
procurement responsibilities. USAID was to procure casing and
screen under budgets for the Bay Region Agricul tural Devel apment
Froject and for the Central Rangelands Project. In addition,
they were to make a sizeable pProcurement of General Motors
spares, parts, and vehicles. These procurements are reportedly
on line.

LBl was responsible for procurement of a number of GSO
items, laboratory equipment, and eight-inch well casing. With
the arrival of the casing in the first week of July, all procure-
ment-package items to which the consultant was responsible have
been received in country.

4.4.2 Other Procurement

During the period July 1984 to July 1985 it became apparent



that there were a number of items, not previously included in
the procurement package, that would be highly beneficial to the
project. These were presented in a memo to the project officer
and are currently under consideration. Listed below are some
of the items requested.

A. Oxygen generator to use for filling of oxygen bottles;
must be adaptable to BOC British Oxygen Company fittings
and must be 220V - S2-60 HZ.

B. Miscellaneous coanstruction steel

8 - sheet plate steel 1/4" X 4° X 8°
9 - do 1/2" X 4° X 8°
20 - do 1/8" X 4° X 8°

C. Fipe threading equipment from McMaster CARR Supply Co.,
Elmhurst, 1Illinois, required to operate equipment no
in-country and to include:

a) 1 set 2587A999 BSFT dies for Rigid model 141 geared
pipe threader, die NBR 6464625, HSS RH 11 TPI.

b) 1 each 2640A999 NBR 44 pipe support NBR 425@5.

C) 1 cach 26460A999 NBR 753 loop NBR 42410.

d) 1 each 2660A999 NBR 844 drive, BAR NBR 42405.

e) 1 each 2660A999 model 300 power drive NBR 75435,
230V 25-60 HZ 3B RPM spindle speed 1/8" - 2¢ pipe
cap 1/2" - 2" rod capacity.

D. 4 each Aluminum landing MATS 2 X 10 ft.

E. 30 each monolift handpumps capable of drawing wat 2 from
2@m depth.

The monolift handpumps were requested as replacement units
for Robbins and Myers hand pumps that broke down shortly after
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installation. The problem was called to the attention of the
manufacturer, however, they were not able, at least to date, to
make any adjustments. This matter is being pursued.

Because the majority of vehicles and equipment are into the
tfourth year of operation, the number of breakdowns and repairs
are expected to increase in the remaining contract period.
Unfortunately, many of the items that will be needed are not
known in advance. An  upward adjustment to the line item,
contractor furnished equipment, is being made in Amendment 13 to
allow for such purchases.

Other potential items allowed for purchase were; personnel
tield-support equipment, miscellaneous construction materials,
and laboratory equipment. A large photocopier and a memory
typewriter were ordered in preparation for final report work and
as support equipment for the WDA in the preparation of regional
hydrogeologic reports.

4.5 Water Quality Laboratory

One of the major functions of the CGDF, in addition to
exploration and exploitation of wells, has been the training of
chemists and the upgrading of the water quality laboratory
located within the MMWR compound. The need for an efficient, and
qualified laboratory to function in conjunction with a water
resource development program is crucial, not only during the
development stages, but also for the maintenance and operation of
safe-water supply systems.

The personnel, facilities and operations of the laboratary
must be maintained to insure a successful water resource
program. Weaknesses in any one of these factors should be cause
for concern.
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4.5.1 Laboratory Persannel

The chemical laboratory 1located in the MMWR facilities
initially had a staff of twenty-five persons. 0Only ane of the
staff was a professional chemist. The remainder of the staff
consisted of laboratory technicians and cleaners. Attendance of
personnel at the lab experiences the same problems as discussed
with respect to other professional and technical staff; low
wages and lack of incentives. The few who maintained an interest
were trained in basic analytical work and were able to perform
various analyses under supervision.

Five professional chemists and two laboratory technicians
were recruited during the early stages of the project. All the
professional chemists and one laboratory technician have received
or are receiving training in the U.S. Two are still in the U.s.,
two have been dismissed, one has transferred ta the hydrogeol agy
staff, one has transferred to the Planning Unit, and one provides
intermittent service to the lab.

All those participating received on—-the-job training
in—country in water chemistry, microbiological field tests,
interpretation of water-—quality data, and in report writing.
Seminars have been given in water chemistry and microbiology.

4.5.2 Laboratory Facilities

The MMWR laboratories are the only major laboratory facility
outside of those associated with the National University of
Somalia. The potential exists therefore of making the lab a
self- sustaining unit. Prior to establishing this level of
operation, considerable work must be done on the building and
work areas; electrical and plumbing repairs are most impor-
tant. A reliable source aof water to the laboratory for prepara-—
tion of distilled water and for the cleaning of glassware must be
installed.
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Power will be a continual problem, and the laboratory should
have back—-up power generation equipment to insure that analyses
once started, can be completed uninterrupted. Voltage-regulator
equipment to prevent electrical spikes or voltage drops is also
essential, as analytical instrumentation will not produce
valid results if not able to function properly. Unfortunately,
some lab data are of questionable accuracy because of these
problems.

During the past year some chemical 1lab equipment has been

ordered, and a request for laboratory furniture, including
industry exhaust hoods, has been requested. Pending further
review by a laboratory specialist, the orders for the lab

furniture have been postponed.

In addition to the infrastructure improvements cited above,
the laboratory must have a qualified stores manager. Many of the
analytical chemicals and reagents in stock are old and of
questionable value, and other reagents are lacking. A praper
inventory and control program needs to be implemented, and
maintained.

4.5.3 Laboratory Operations

Three different 1laboratory data forms were introduced. One
form to acknowledge receipt of the sample, another for listing
the analytical results, and the third for the well file at the
LBI office.

Forms for water—-sample registration and analytical results
were introduced together with chemical routines. Before an
analytical method was used it was standardized, i.e. the method
was modified to local conditions (available chemicals and
glassware), and tested for analytical interferences. The
standardization was done by the consultant’'s professional
chemist. When the method was satisfactory, the laboratory atten-
dants were instructed in its use and the method established as
part of the chemical routine for water anaiysis.
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During the past year the laboratory, has analyzed 39
samples; 19 are samples collected from newly constructed wells,
1% are from wells set up for continual monitoring, and 7 are from
other wells or springs. Lack of power, 1lack of analytical
chemicals, and absence of laboratory attendants, have caused
periodic delays and interruptions of results, however, the lab
continues to function.
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©.@ PRIVATE SECTOR STUDY

The Frivate Sector study was made a part of the CGDP with
submittal of Amendment 12 to the contract. The terms of referen-
ce for the study were included in that amendment and in the
Inception Report submitted in January 1985. Basically, the
objective of the private sector study is to collect and evaluate
data concerning the potential for the private sector to make a
contribution to water resource development in Somalia. The study
was divided into four phases. The four phases as set forth in
the Inception Report are:

Fhase 1. FPlanning and Reconnaissance
Fhase Il. Information Gathering

Ptiase III. Analysis

FPhase IV. Recommendations and Report

The work accomplished to date and the status of each phase
are described in the following sections:

5.1 Fhase I. FPlanning and Reconnaissance.

The planning and reconnaissance phase of the private sector
study was completed with the submittal of the Inception Repart in
January of 1985. Work on Phase 1 was initiated in December 1984
in the Washington offices of LBII and was completed in Mogadishu
in January. The work conducted during Phase 1 consisted of
reviewing the literature and +files of LBIlI to evaluate what
has been done in other countries; conducting meetings and
interviews in Somalia with over 30 persons; and outlining the
data, the tasks, and the manpower that would be needad to
thoroughly evaluate the private sector status. The results of the
work accomplished during Phase I and the tasks to be completed in
remaining phases were presented in the Inception Report dated
January 22, 19865.
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5.2 Phase II. Information Gathering

Information gathering actually started in the LBII Washing-
ton offices prior to the submittal of the Inception Report and
continued with the arrival of the study team in Mogadishu. Four

investigators met with officials of various agencies, and
conducted interviews with private sector contractors and with
businessmen supplying materials to these contractors. The

experience gained by the consultants team during this early
effort was used to prepare terms of reference for a Somali
sub-contractor, Geomatec, to continue the information gathering
in Mogadishu and subsequently in Baidoa, Kismaio and Merca.

Similar surveys were conducted by MAM Brothers Consul tants
for Beled Wein, Dhusamareeb and Galcaio. This same firm is
currently evaluating contractors and industries in Hargeisa, Ber-
bera and Burao. All data will being analyzed in Phase I1I.

5.% FPhase III. Analysis

From data collected, a preliminary analysis was made, and a
staff working paper on policy options was prepared. These
options were circulated tn WDA, AID, and team members of the
LBEII, CGDP for comments. An analysis of the status of the civil
works construction industry in the private sector as it relates
to water resources development was also completed. This effort
included a financial analyses or recommended basic construction
units. These analyses will be reviewed and preliminary recommen-—
dations will be presented in an executive summary in late
August. Following review of the recommendations and conduct of
briefing workshops, the Final Report will be presented.
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6.8 RECOMMENDED PROGRAMS

The CGDP has the benefit of four years of exploration and ex-
ploitation experience in two relatively large areas of the
country, the Central Rangelands and the Bay Region. The data
collected and the experience gained have provided insights
to water resource development. Areas where additional devel opment
could occur have been previously described, Section 2.0.2. Areas
where additional exploration is needed, or where alternative
methods may be required, need to be addressed. Other recommended
programs include: surface catchments, spring development,
rehabilitation and maintenance, private sector, and incentives.

6.1 Exploration

From the drilling experience thus far in the project, it has
become obvious that more sophisticated exploration techniques
could be utilized. These techniques would include greater use of
aerial photos and surface geophysical techniques.

The area in the Bay Region recommended for further develop-
ment by bored wells coincides generally with exposures of the
Iscia Baidoa Suite, Plate 3. The stage of karst permeability in
the Iscia Baidoa Suite, the recharge from rainfall in the area,
and the generally good or useable quality of water from the
aquifer in this unit, combine to produce conditions favorable for
development of bored wells. The aquifer, however, is not uniform
and locally may yield less water than required or may yield water
of inferior chemical quality. Fortunately, these unsatisfactory
results are the exception rather than the rule.

Three bored wells in the Anole Suite, in the northwest corner
of the Bay Region, produce water too saline for use, 10,000 mg/l or
more total dissolved solids, Plate 1@. The Anole Suite overlies
the Iscia Baidoa Suite and the regional dip of both geologic units
is northwestward at 2 to 3 degrees from horizontal. The Anole
Suite contains evaporite deposits locally. Most of the successful
bored wells in the Bay Region are aligned northeastward from the
vicinity of Ufurow to Baidoa and thence northward. An area in
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the northeast corner of the Bay Region, more than 208 km2 of Iscia
Baidoa Suite, remains untested by borehole drilling, Plate 1. A
similar area, about 100 kmZ® of the Iscia Baidoa Suite southwest of
the Bur complex also remains unexplored by borehole drilling.
These areas should be investigated for degree aof karst development
and for borehole exploration potential.

The southern-most part of the Bay Reqgion lies under a cover
of older alluvium unexplored by borehole drilling. Hand-dug wells
in the area indicate that the alluvium is thin, 3 to 4 m, where it
overlies the granitic Bur complex. This area is not recommended
for exploratory borehales. Where alluvium overlies limestone,
there is no apparent karst development, and fracture zones if
present, cannot be defined beneath the alluvium, Plate 3.

In the southeastern part of the Bay Region, alluvium overlies
limestone and older indurated clastic sediments that are separated
from the granitic complex by a northeast-trending fault. The
fault is concealed but has been defined by seismic surveys, Plate
3. The few scattered bored wells in this material generally do
not exceed 13@ m in depth (UNDP, 1973). The chemical quality of
the groundwater is variable, and it may have as much as 9 g/l
(780@ milligrams per 1liter) of total dissolved solids locally.
This area of about 60@ km? merits further borehole exploration
of groundwater to define those localities where useable water may
be obtained from bored wells.

Boreholes by the CGDP in the Bur area of the Bay Region have
intercepted granitic intrusive rock or a metamorphic complex at
relatively shallow depths with little or no groundwater, Table
2. Linear features expressed on satellite imagery of the Bur area
may be zones of fractures where there may be sufficient permeabi-
lity to vyield water to bored wells. No exploratory drilling has
taken place over these linear features.

During the initial phase of exploratory borehale drilling, 15
test boreholes were drilled to shallow depths at random locations
in the Bur Akaba—-Bur Heibe area. In most boreholes there was no
groundwater, but in a few places concentrated brine was faound.
The presence of brine indicates the probability of groundwater
being ponded within small basins on the granite that
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are covered by shallow alluvium. Capillary rise and evapotranspi-
ration from the ponded groundwater results in high conceatration
of dissolved solids. Additional borehole exploration is recommen—
ded in the Bur areas if aerial photos or landsat imagery are used
to define the presence of any fracture systems through which
groundwater may flow.

In the Central Rangelands 15 boreholes have been drilled by
CGDFP through June, 1985, and six of these are productive. The
chief 1limiting factors for successful boreholes have been the
chemical quality of the groundwater, the depths to aquifers and
the depth to water. Estimates can be made by interpolations of
depths to groundwater from records of the few wells previously
drilled. Drilling sites must be avoided wherz estimated depths to
groundwater are greater than the capability of the drilling
equipment, where depths to water are expected to exceed the
pumping lift capacity of available pumping equipment, and where
water is known to be saline. These exclusions are for those well
sites 30 to 5@ km inland of the coast, where land surface eleva—
tons are near or above 200 m, and along the coastal area where
the groundwater interface aof fresh and salt water is near land
surface.

A basalt acquifer has been penetrated by boreholes at Dhusama-
reeb, El-Bur, and Wargaloh. This aquifer yields water of relati-
vely good chemical quality and of sufficient quantity to warrant
additional development. A basalt aquifer is found also in a few
places near the Uebi Shabelle at El-Bilal and El-Uarre (Pozzi,
etal 1983).

The extent of the basalt aquifer is not known, but it may
occur as volcanic flows through older topographically low areas;
valleys or drainageways now covered by more recent sedimentary
geologic units. Exploration for groundwater in the Central Range-
lands must include the basalt aquifer. Surface geophysical
methods should be used to locate the limits of the basalt, and
then the locations should be drilled.

In the coastal area of the Central Rangelands there are many
hand-dug wells where the depth to groundwater does not exceed & m.
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These wells, dug in coastal sand dunes, are usually dug less than
2 m below the water table. The chemical quality of water from
these wells is variable depending upon proximity to the coast,
elevation above sea level, and relative activity of the dune. A
program should be initiated to investigate the feasibility of
horizontal well systems along the coastal area in the more
stabilized dune areas and in those areas where dune stabilization
may be effective.

Ideally, all of the exploration activities described above
could be conducted by the personnel trained during the CGDP. Real-
istically, it is highly possible with periodic guidance from a
qualified expatriate hydrogeologist. This work would be best
suited for the WDA to carry out cnver a five year plan.

6.2 Surface Catchments

The use of surface catchments is practiced throughout a large
part of Somalia. With few exceptions most catchments, are natural
or moderately improved depressions. The few exceptions a2 the
privately owned or village constructed and maintained berikeds and
wars. Improvements in the siting and construction of surface
catchments any solve water availability problems in many areas.
Because the CGDP has met with 1limited success in developing
groundwater of useable quality by drilling in the basement complex
and in the Anole Suite of the Bay Region,the BRADP initiated a
study to explore the potential of improving existing catchments
and in designing new ones in this area. The study effort was
coardinated to a limited extent with the CGDP, and several sites
were jointly inspected to evaluate the method of greatest potenti-
al. Engineering properties of the soils at selected sites were
superficially assessed, and improvements to inlets for existing
catchments were evaluated. The main abjectives were improvement
of potential to increase quantity of run-off and of reducing
sedimentation in water storage.

In the Central Rangelands surface catchments are the most
important sources of water for many people. The CGDP has prcvided
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technical assistance in the construction of surface water catch-
ments and will continue on a limited basis. The local population
in the CR have a relatively sophisticated understanding of catch-
ments, but improvements in the areas of sedimentation, erosion,
evaporation, infiltration, and pollution control are badly needed.
The development of surface water catchment facilities is especia-
lly important in the area between El-Dhere and Xaradhere where the
depth to groundwater is beyond exploitable limits. Figure 7 shows
the locations of areas favorable for catchment development.

6.3 Spring Development

Although not widespread in Somalia, springs are numerous in
some areas, such as the Bay Region. At present most springs
become contaminated with animal waste and human refuse. A program
should be initiated for the proper development of the springs to
improve sanitation and to prolong the available use of water.

In most, instances, improvements could be effected utilizing
iocal labor and local materials. Cement, cement blocks and, if
needed, a pump would be the only materials required. A small tire
mounted backhoe, similar to the WDA John Deere, would be the only
major equipment needed. The springs should be evaluated during
the rainy season and construction done during the dry season.

6.4 Rehabilitation and Maintenance

One of the programs highly recommended for implementation is
a rehabilitation and maintenance program. WDA, through its own
and numerous donor agency efforts, has numerous well and pump
installations throughout the country that have fallen into
disrepair and abandonment. An assessment program should be
conducted to evaluate the potential for developing, rehabilitating
and repairing these existing systems. An effort must be made to
replace worn and broken pumps with those makes and models that are
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most abundant in the system. This effort toward standardization
must be accompanied with a maintenance and repair program. Thisg
program should involve the private sector, and should be coordina—
ted in such a manner that the physical apparatus is in-place for
continued maintenance.

Although initially oriented toward those systems containing
motorized pumps, a rehabilitation and maintenance program could be
oriented toward the numerous hand dug wells that occur through-
out the country. Indeed, both programs could be initiated simul-
taneously.

Hand dug well rehabilitation could be conducted with local
labor and materials. A survey of existing construction methods in
various sections of the country should be made in conjunction with
a tabulation of locally, site-specific, available materials. Armed
with this information, designs can be prepared for the various
conditions, and training teams sent to priority areas.

6.5 Private Sector

Perhaps the most highly recommended program of all is one to
increase the participation of the private sector in the water
resource development effort. The private sector study has
shown that there are several contractors, including a few highly
enthusiastic entrepreneurial firms that have expressed interest in
water development resource activities. Fresently there are policy
and contractural constraints that 1limit or make difficult wide-
spread private sector involvement. Serious constraints concern the
ability of the private sector to import, at reasonable cost, the
equipment and materials needed to perform efficiently. Even with
these constraints, however, there are those that bhave managed.
Two areas where private sector involvement can be initiated rather
quickly are well drilling and civil works construction.
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6.5.1 Well Drilling

Because there are areas in the country where drilled wells
represent the only potential suurce for water, well drillers have
a definite role to play. Thair efforts should be directed in
areas of known groundwater development potential. The WDA should
be reponsible for the research and exploration necegssary to define
these areas, and then the private drillers contracted to construct
the needed production wells. These contracts could be with WBA,
with villages or with private concerns.

6.9.2 Civil Works

There are more contractors equipped to do civil works
construction than there are for well drilling. Although civil
works construction is not always an extensive undertaking, it can
be extremely important. The construction of animal water troughs
is especially important to keep animals far enough removed from
the well site to minimize the potential for contamination.
Domestic water points are important to larger villages where
greater demands are placed on the system. Water storage faciliti-
es, in those villages where large numbers of animals are watered,
are badly needed.

Each of these structures can be designed and constructed to
utilize local building materials and local labor. In the case of
village owned systems, the timing and payment of construction can
be coordinated to coincide with the available revenue. 0One
component could be added each year over a period of a few years.
For example a storage tacility could be done one year, a watering
trough one year and a domestic tap the third vear.
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6.6 Incentive Programs

Because WDA will continue to be the key agency in the
development of water resources in the country, a program to
evaluate employee incentives should be initiated. It is not
reasonable to expect that professional and skilled labor personnel
will purform at an efficient level without adequate compensation.
Lack of incentives was and is probably the greatest single deter-
rent to effective technology transfer during the CGDP. This is
especially true amongst professional staff and to some degree
amongst skilled labor. The direction such a program takes will
require an evaluation of the agency and the rules and regulations
under which it must operate. It is a program that would not be
expected to produce immediate results, but that would begin slowly
and go through many changes before yielding results.
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7.8 DEMOBILIZATION

The Comprehensive Groundwater Development Project, is
scheduled to be completed by July 19846. In an effort to conduct
a systematic withdrawal of consultant’s support, and to effect a
smooth transfc- of equipment and materials to appropriate enti-
ties, the proposed project phase-out is discussed. It is not
cast in concrete, but should fairly closely represent the sequence
of events as presently envisaged. Included in the phaseout
program are tasks that are part of the work plan, such as this
interim report and the +final report. Likewise, there will be
certain activities occurring simultaneously, such as various
invientories to be taken and preparation of reports, while oversee-
ing operations by WDA staff. The following sections briefly
describe the rationale for the sequence of events that are
proposed.

7.1 Transfer of Parts. Tools and Supplies

_ Throughout the course of the project a large volume of parts,
tools and supplies have been purchased. A large share of these
have been consumable items, such as drilling mud and foam, cement,
oxygen and acetylene, welding rods, fuel, and lubricants. Other
than the above mentioned consumables, the +tools and parts will
need to be accounted for and moved to a new location for use by
WDA staf+f.

At present most of the parts, tools and supplies that are
needed for drill rig support are stored at leased facilities near
K-4. During phase-out, these items will be moved to WDA warehouse
facilities and to storage containers to be located within the WDA
compound. The WDA warehouse manager will then take charge of
issuing all items on a requisition basis for the remainder of the
project.

It is highly likely that there will be many ordered items
still outstanding during the phase-out period. These will be
cataloged and provided to the warehouse manager as received.

When all items except cement and drilling mud have been
properly inventoried, they will be transferred to storage
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facilities in the WDA compound. Cement and drilling mud will
remain in storage at K-4 until May of 19846 to avoid excess
bandling.

7.2 Establish WDA Team Operations

Al though WDA counterparts are in established positions, the
withdrawal of consultant’'s staff is likely to cause a vacuum and
an interruption of operations unless a structured system is left
in place. Organizational charts have been prepared to assist in
the orderly transfer of responsibility.

7.2.1 Drilling Crew Organization

At present there are four drilling crews responding to two

consultant ‘s drillers. During the phase-out, a drilling super-—
visor will be appointed to oversee the operations of all four
crews,  Figure 8. Each of the crews will consist of a chief
driller, an assistant driller, a mechanic/welder, a sample

collector and a number of laborers. In addition to the drilling
crews there will be support personnel, such as truck drivers
assigned to each rig. By having a formalized organizational
system, it is hoped the total assumption of operations by WDA
staff will proceed smoothly.

7.2.2 Pump Crew Organization

The pump rig personnel have been divided into two crews; one
crew to work in the Bay Region and one crew to work in the Central
Rangel ands. A supervisor and coordinator for both crews must
s5till be selected.

It is not intended that each of these crews be assigned
exclusively to one region or another. They will be expected to
work in whatever area of the country they are needed. The
division between the Bay Region and the Central Rangelands is
soley for identification and administration for the remainder of
the CGDP.
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7.2.3 Hydrogeology Team

During the project period, the hydrogeologists have been
assigned to various aspects of work operations. During the phase-
out period, an organizational chart will be prepared to provide
each hydrogeologist with a geographic region of responsibility.
This will not be to preclude mutual cooperation in a particular
area, but to insure that attention is given to the water needs
throughout the country. This effort will require the approval and
coordination of Engineer Yussuf.

7.3 Transfer of Equipment and Vehicles

After the various drilling, pumping and hydrogeology crews
have been organized, rig assignments and vehicle responsibilities
can be made. This will occur in conjunction with expatriate
departures and subsequent to a thorough inventory of equipment.

All equipment, welders, oxygen—acetylene bottles and appur-—
tenances, tools, spares, etc., that are normally part of a parti-
cular vehicle will be inventoried and assigned with the vehicle to
individuals. At present, no one person feels responsible for all
items assigned to his rig or vehicle. This situation will need to
be corrected early in the transition period.

Physical transfer of equipment and vehicles will begin taking
place in October and November, 1985. This will afford the
remaining expatriate staff an opportunity to view the operation as
it will be under the direction of their former counterparts.
Operational responsibility and decision making will be transferred
to the Somali staff at this time, and expatriate staff will assume
an advisory role with less hands—on involvment.



7.4 Consultant Team Phase 0QOut

Consultant ‘s staff will begin leaving Somalia in October,
1985. The proposed schedule of departures is shown in Figure 9 and
10. Specific departure dates may vary pending utilization of
vacation time and the necessity for emergency leave. Some aof the
professional staff have been given extended schedules tao assist in
the preparation of the finzl report, and to assist in the turnover
of documents and household furnishings.
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Fiqure 9: Schedule of Man-months.

==== =s===2 1984 1985 1984
Position 0 N D J F H A M J J A 5 0 N 0 J F M A M J

Cerrillo, J. Project Manager R R R R R R R R R R R R R R R R R E R F R EF R R R FEE R F N X BN RN FEEEEFRE=zczzmzzo==z=o=o

Sumsion, C Database/Training R R R R R P R R R R R E R R R R R R B R R F BN R R R F ¥ FR SRR EFE=cmmmzo=c====

Douglass, D. Hydrogeologist/CR R R R R R RN RN N N RN R R RN R E XXX RN FFRFmmcmc===sz=zzzzc=

Gillespie, J. Hydrogeologist/ER R R R R R R R RN R F B S R RN R FF R R B AR SN F¥#===cozoomzczm===

Chambers, B. Mechanic R N R R R N N R R N N R N P R R R FF E RN E R X PR RN FFXEF¥ S ¥=occzmsc=mszc===

Jones, G. GSG/Admin. R R R R P R R R R TR R RN R K R E SN F S ¥ PR ¥ B ¥¥oo=m=sms========
Lock, R. Economist 2 R s R R s R 2 Y R Y Y S RSS2 ]

Schearz, R. Sociologist EREERE +HE+ EREERE

Teaplar, F. Civil Engineer EERE

Roark, P, Water Rescurce Planner ¥ # EX

Fape, H. Computer Training EE¥ ' FEF

Bukoski, J. Procurement FEREFFRER RN RRRAERY FEER #EEE

GFPEN Report Finalization

Chemist -

Edgren, M.
OPEN

Daveys, F.
Kornell, R.

Lerner, H.

tE 222 2T IR R R IS S T TR P WA
Lab. Specialist

Logger /Radio Technician ¥ *

Coordinator

Coordinator
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Figure 10: Schedule of Man-months.

SS==== ==zZ== ==z===c 1984 1985 1986
Name Position o N D J F M A M J J A S 0 N D- J F M A
Woerner, J. Chief Driller R R R R R R R R N R R R R N R RN R E N F RN R RN E R KRR RS
Glessner, W. Driller/BR 2222222222 2R R 2 X2 2 S R RS R 222222 E SRS RS S

Williams, W. Driller/CR R R R R R R R E R F F R R F R R F RS S RN RN RE XN EEEESc=msz======
Hall, F. Field Technician R R R R R R R R R R E R R R R E R R RN R R RN E R NN NN E NN RNRR

Steele, R. Heavy Hechanic (222 R R R s R R R R R R R 22 R E R R 2222 RS2SR R RNS

Van Valer, R. Procurement * *

Van Valer, R. Caordinator ¥E XE

Trans. to LBII Logger/Radio Technician



7.5 Water Resource Conference

Prior to the termination of the project a two to three day
conference or workshop will be held at one of the local hotels to
present the work completed to date, and to solicit papers on work

other donors have been doing. The oaobjective of this conference
will be to fulfill the requirement of presenting a comprehensive
groundwater picture of Gomalia. We suggest this conference be

sponsored by MMWR/WDA with invitations to all donors supporting
groundwater projects, and to all ministries whaose activities are
water dependent. The private sector should also be encouraged to
attend.

LBII, WDA and the Ministry of Minerals and Water Development
would provide staff for oarganization and planning of the confe-
rence. The conference should be held about the 20th of November.

7.6 Preparation of Final Report

A draft final report summarizing all data and the status of
the project work will be submitted in March of 1986. April will
provide AID and WDA an opportunity for review, May will be utili-
zed for corrections and revisions, and the final report ready for
printing in June.
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SECTION 1.

As Built Drawings and Log of Borehole
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Well Location WARGALOH o4, q47 31.2'E

Page

of __1

HASSAN HUSSEIN

Hydrogeologist A -Cerillopriying MethodROTARY-MUD

Well Number CR 67 Driller QMER Bit Size 174-12}-71
Compietion
Dote ___25.7.84
Depth ]Grophic Lithologic Descripti Well
on
(m) Log 9 P omplt- Remarks
L 0 ——r Limestone;white,-soft ! l4-inch surface
e casing to 3 m with
—~10 cement seal
.20 No sample 8% inch steel ¢asing
Lo Bt Sand; fine to medium,with clay .
° = ic: o
40 F Sand,as above with interbedded
i Gypsum 11.5 inch centering
|50 guides
- 60 No sample 174 iuch hole to 3m
12} inch hole to
70 | 176.9 m
80 7% inch hole to 252m
~90  [27r.| Clay with sand,subrounded %o >
. i rounded, médium to coarse !
- 100 - grained,with fine gravel and {¥& Static water level
[ 110 v_t - hematite pebbles 98.4 m, 19.9.84
-——Ta Drawdown 0.2' m
120 —_— after 2:30 Hrs at
o I 11.4 m2/hr
-130 |77 -0
LT D
L1so |2 = Mono pump installed
e and,medium to coarse,with I at 134 m
L 160 .= /f:lay and fine gravel
Lotins 20 slot Johnson scre
~ 170 ‘f,\q;’v screen 164.9 to
WY« Basait 170.9 m,all 8 inch
- 180 MVAR ! 10 slot Johnson
"VVVV screen 170.9 to
F190 0 Y e 176.9 m, all 8 inch
200 P50 . . . .
= vv v Basalt with sand,fine to medium, 1 m Blank casing
21 —.—-- with .clay hematite,and gypsum . steel, 8 inch
-210 highe fragments
L 290 vvey 7% inch open hole
coTs to 252 m, Total
L 230 - - , Depth
— o Limestone,yellow,soft,with clay
L 240 | B !
1] ) |
| 250 I
252 m, Total Depth 252 m
hus




Region __BAY REGION _ 103891y Rig N2 Page .1 of 1

[o]
Well Location GARIMAY _ Coord 43 52.2'E_Hydrogeologist_J-D-C___Drilling Method ROTARY

Well Number B70 Drilier Bit Size 10

Completion
Date 16,9.84

Depth lGrophic Lith : ; Well
ologic Description Remor
(m) | Log 9 P [Complt- marks
I
- 0 Soil, Red No surface casing.
| 10
8-inch steel casing
i L1 to 126 m
20 S - Limestone .
T 1 T 11 (No lithologic log)
- 30 I
1
1 1
L 40 . T 1 T
1
1 . 1 L
1
60 [T Stati
i lI T I T Karstic limestone w::z;c ¥ Perforated casing,
= e—T] {(driller) 1/8x2 inch slots,
1 level 60 m
L 70 Sl 16.9 . 84 216 per 6 m length
"y to of casing
80 1 .
- ] 1 Limestone
1 1
1 ! 1
90 1 .
Perforated casing,
L 100 1/8x2 inch slots
A i
L Karstic limestone(driller)
L 110 —L_L_L4
_L_L_.L
L 120 ==
1
| 130 1 | ! 1 Limestone Open hole 126-135 m
11
1 i
135 m Total Depth ' 135 m Total Depth

ad 11‘0 1



http:7-16.9.84

Region __BAY REGION _ 3993 71y Rig Ne Page __1 of 1

)
Well Location __USLE __ Coord 43 30.1'E Hydrogeologist_J-D-G Drilling Method ROTARY
Well Number__B 71 Driller Bit Size _16-10
Completion
Depth ]Gwph‘c Lithologic Description 'lcw‘”
(m) Log g P omplt- Remarks
= 0 — Soil and weathered l4-inch surface
1 ll limestone,red casing to 1 m
I
ll Limestone,gray to olive -gray 8-inch PVC casing
| : to 80 m

Lost circulation:, No returns
(Karstic limestone) Staticy
water
level
36 m
_ 28.8.84 JITIM Perforated PVC
Limestone,light-gray |”|| casing 50-80 m

Lost circulation, |
No returns ﬂ
(Karstic limestone)

Open Hole
80-102 m

102 m Total Depth 102 m Total Depth




Region _CENTPAI_ RANGFLAND 5257.5,NRig Ne__100 Page 1 of 1
7°5

Well Location AFGAGUUDLE Coord _47 58.2'E Hydrogeologist _MARSHALE__ Drilling Method ROTARY-MUD
HASSAN HUSSEIN OMAR

Well Number _CR 72 Driller Bit Size 174-124-71-6
Completion

Dote _1.12.84

chg\t)h raphic Lithologic Description :w.“" Remarks
- 0 Limestone . era E l4-inch surface
52583 »8ray casing to 6 m, with
L 10 :”;:.’: cement seal
Conglomerate,brown-red Static X
20 ]l water .
I ) 8§ inch blank steel
o Limestone,gray level casing to 97 m
-30 l. ’ 17m,
‘0  ma | Water at 40 m, 18.11.84
- 26000 micromhos 17} inch to 6 m
No sample 12} inch to 94 m
50 P 1} inch to 164 m
| 6 inch to 204 m
60 L
Jibluel Sand,very fine,br
REELD »very fine,brown
-70 E._: .:;:'i-:: Lost circulation at 66 m
80 |ZI.T '
Tt Clay, sandy with Gypsum crystals
SN CEREY
oo |ETEE Fa 97 m, end of blank
- "_L’r: 1l steel casing driven
110 - = 3 m in clay to seal
= el off water at 40 m
T - S, «
120 [= =1
cre—_ l
(130 |7a Y
-140 :_"'h_:‘ Sand,fine,with some clay
- ~ ‘
F150 |70
160 e Water at 164 m, 12000 micromhos,
ot " well abandoned for excessive
170 P salinity i =4 7} inch open hole
L AR I' ! to 164 m
. ‘s, 6 inch open hole to
—180 .' v, : 204 m
‘. ::‘
-190 : : ',- 1 R
LQOO 'I:'l' ."
22 ot 204 m, Total Depth . 1] 204 m, Total Depth



http:18.11.84

BAY REGION

1

Region 3°36.4'y Rig N2 Page of
. o '
Well Location MIGDALOO Coord %3 50-5'E_ Hydrogeologist Drilling Method ROTARY
Well Number B 74 Oriller Bit Size __14 - 10
Completion
Date 13,10,84
Depth lGrophic Li . . Well
ithologic Description ] 3
(m) LO! 9 P ompit- Remarks
- 0 Soil,red | 12-inch surface
Lo Clay,yellow casing to 2 m
20 ~Limestone,weathered 8-inch PVC casing
[ sparse chert,and interbedded ) to 100 m
yellow clay
30
Limestone,olive-gray sparse
40 '] L chert and :lay,some weathering
50 1 1
i ] rl\‘Limestone,olive—gray iron-stained, | Perforated casing
60 - with chert and secondary calcite 58-64 m
3 1 1
1 1
|70
Static Perforated casing
I ll water 70-88 m
80 I level
. 74.7 m
90 1 Karstic limestone 3.10.84
[}
100 I
1 Limestone,weathered Open hnle 100-130 m,
iron stained
110
L
1120 _L;L:J- Karstic limestone !
L 1
.
130

130 m Total Depth

130 m Total Depth




Rig N2_102 page_ 1 of - ]

i BAY REGION
Region N 3031.6'N
WellLocation JIROW ___ Coord _43 50.9'E Hydrogeologist__J.D.G, _ Drilling Method ~ROTARY __
Well Number__B 75 Driller MUSSE Bit Size 15 =10
Completion
Date 1810 84
Depth Graphic Lithologic Description Well Remarks
(m) | Log omplt-
|
- 0 Limestone,red weathered 12-inch surface
casing to 2 m
L 10
8-inch PVC casing to
20 Limestone, yellow to olive-gray \ 132 m
F30
40 |
'j I I Static ¥
L1 water
>0 Ll T level I
1 l L 40,1 m
L 60 1 Limestone,weathered, 18.10.84
- T /karstic zone Perforated casing
- ' 60-72
70 T . .
I Limestone,gray with red and
1 T 1 yellow stains,sparse yellow clay
80 |
T : /and chert
| { . .
90 | T Limestone,gray,karstic Perforated casing
I 90-108
100 L
I
-
110 T ;l Limestone, gray
120 T l /
1
I .
130 L 132 m TD 132 m Total Depth
140 l
t
L



http:18.10.84

Region _BAY REGION

Page 1 of 1

- Rig Ne__102
203391 "
Well Location DHORHABY Coord 42°55-7'E Hydrogeologist.J-D-G- Drilling Method ROTARY
Well NumberB 77 Driller _M:M. Rage Bit Size _14-10-8
Completion
Date 28.12,84
Depth IGrophic Lithologic Description Well Remarks
(m) | tog IComplt-
L. 0 r——Soil — 12 inch casing to 2 m
T Limesc tone,light to medium-gray,
| 10 1 slightly weathered
Lost circulation,no sample 8 inch casing to 24 m
L 20 (Karst zone)
']
-30 Il 1 Water cascades from 26 m 8 inch open hole
| to 200 m
40 T ] Limestone,light-gray,
- | oolitic,iron-stained fractures
lr z Static water level
L 50 [ . . 46.51 m
] Limestone,medium~-gray, |
t slight weathering
L 60 -
]
1 1
- 70 T 4
[ Limestone,light to medium-gray, '
" 80 | karst 126-128 m
|
- 90 J
[ 1 |
L 100 |
]
| 110 I ] [
1
L 120 1 |
 —
) S
1
L 130 ll
) — . .
140 ] Limestone,medium~gray
[ ! partly oolitic !
150 l[ ——Limestone,light-gray,oolitic
L 160 l; I} " limestone,dark-gray,pyritic.
J r [}
. 170 — Limestone,light- liti
—— TJ - 2 g gray,oo 1tic
- 180 — Limestone,medium-gray,foliated
I - I i
r190 Limestone,gray oolitic
-
I
| 200 No sample 200 m total depth



http:28.12.84

Region _CENTRAL RANGELAND Rig N2__101 __ pgge_1 of _1

o
6 18.5'N
Well Location pHAITIMALE  Coord QQOIB.Q'E Hydrogeologist_D,DOUGLAS Drilling Method ROTAKY -MUD
Well Number CR 78 Driller SHIRE TAKLIL  git sizqe 15-12
Completion
Date 19.1,85
(m) Log. ithologi escription lcompit- emarks
|
- 0 K ——Gypsum 4 0 I l4-inch casing to
A 3m
10 4___*_2 — Sand with clay,Gypsiferous 8-inch blank casing
MEPeied to 56.8 m
- 20 o
: t
77| Sand with clay
[ 30 ="t
— e
L 40 ——— __Clay,sandy,gyp8iferous
50 W' +|_—~ Sand,medium to coarse, well-
[ Tt . rounded,well sorted I
| 60 I X U 8-inch perforated
TR I'|lll casing 56.8 to 68,8
S : G o,
L 70 . ‘., : Static watcla; %e\égl 69.65 m ¥ | 1/8-inch slots,used
H _- . . . .
80 P S — Sand, 4800 micromhos, i: Ll‘eu of blank
B - medium, drawdown 1.5 m 8—inc§ b%ank casin
e with clay after %1 hrs at ' &
F 90 '.‘._ ._'-' 16.4 m*/hr || || 8-inch perforated
(¢.: ..,]— Sand,medium to Il casing 86.8 to
[} v, ‘. l »
F 100 Sou coarse,well-rounded :”" 176.8m, 1/8 inch
110 == ¢|—Sand,fine to medium,with clay ” | slots
i kel and gypsum | l| Mono pump installed
Vet |I|| at 90 m.
- 1200 " ‘| — Sand,coarse,moderately well :l: '.'
o sorted and rounded il
B 130 N ‘o '. ||l I
¢ . .’ |"|I|
L, : |
- 140 — | ||'
_ i
. — - ) ) ik
150 - — Sand,fine to medium, with clay ' |
T— and gypsum l|||||
L 160 '_ .— i l'l l
Ll lj L l ' I
L 170 LT "~ Limestone lI|||
—==—1—Clay 176.8 m ot
' 176.8 m
- 180




100

1

Region _BAY gﬁg{gN A 2%°59.2'N Rig N® Poge of
) 0 ' .
Well Location _cannay _ Coord 42 48.1'E Hydrogeologist J.D.C. Drilling Method _ROTARY
o 1
Well Number B 79888 B 2,°%-> % Driller __TALL ABDI it Size _ 44-10
Completion A. 27.12.84
Du'. B. 11.2.85
BOREHOLES ABOU. 2Km APART
Depth lerophic Litholoai . Well
ologic Description
(m) | Log 9 P omplt- Remarks
79A
- O > —Soil 79A!
(|| . .
TTIII . . 12-inch surface casing
4~ Limestone,medium gray,
,_10 IIIXII .. t03m, no seal
Cra.00 oolitic fragments at top,
93&ef:é dendrites throughout 10-inch open hole to
-20 a-oéfq'-o_\conglomerate derived from 26 m P
2%°% .o '
jﬁgﬁ:za\\\gran1t1c complex 26m, Total Depth,
-30 Granitic rock no water
26m, Total Depth, No water,
Abandoned
I
o 79B 798
B w—Soil and clay,medium gray |
:_;_l;:"“alluvium,sand—pebble conglo- | it 12-inch surface
L 10 — — —| merate,weathered feldspar and [ Il casing to 18 m
[— ——] clay matrix I I
L 20 —— ] l 10-inch open hole
———= Shale,red,silty to 50 m,
e ] . No seal
L 30 — Limestone,dark gray,argillaceous
| —Conglomerate,with siltstone, |
[~ 40 sparse quartz grains,becomes
finer toward top
L 50 50 m, Total Depth

SGranitic complex,meta-sediments,
ferro-magnesian minerals,
some quartz and feldspar

50 m, Total Depth,
No water, abandoned

No water




R.gion BAY REGION R‘g NE Pw. 1 of 1

o '
TOGERE 2038.0 N
Well LocationQOSLE ___ Coord _42 54.6'E Hydrogeologist___1.D.C _ Drilling Method ROTARY
Well Number __B 80 Driller Bit Size __14-10
Completion
Depth [Gmphic Lithologic Description Well R
smarks
(m) | Log ¢ P omplt-
|
- 0 =—S50il1 & limestone,light olive-gray, [ ] 12-1nch casing to
. weathered 3 m.
L 10 1 . . . .
. ; 1mestone,Medium greenish-gray 10 inch open hole
20 I : argillaceous,slightly weathere to 212 m
B : X Limestone ,medium-gray,argillaceious, 1
T Oolitic
L 30 - \
 m— Limestone,light-gray,oolitic
L 40 T ; ~Limestone,white to light-pray,
y oolitic
L 50 — “SLimestone,medium-gray,argillaceous,
1 pyritic,very fine | SlStatic water level
| 60 ] I =57.08 m
x *—4, ‘Limestone,white to light greenish-
10 I \gray,oolitic
i L T | Limestone,light-gray,very fine
L 80 ] 1 |
T —Limestone,white to light-gray,
90. 1 oolitic,with thin medium gray
: T 1 limestone,oxidized 88-90 m, water

106 T T at 80~90 m

L
—
-

Limestone,medium-gray,oolitic &

L -
- 110 1 | very fine
T 1
L 120 T L
, Limestone,white to light-gray very |
L 130 w—© //five. slightly oxidized 130-134 m
- N}
- 140 — "
I : Shale,red-brown to dark-gray, |
- 150 —= //slightly fissile,silty,limy
160 | =——==

My

Limestone ,dark~-gray,argillaceous,
L 170 — —

iy shaley 1
L/

| 180 Siltstone,red~brown to green gray,
//some sand,grantic conglomerate
= 190
{
| 200 /,No sample
T._.Conglomerate of granitic &
Metasedimentary material

Gtatitti¢ complax Total depth Z21Z m



Region _CENTRAL RANGELAND o .\ Rig N2_101 _ poge 1 of _2

o ]
Well Location _BUDBUD _ coord 48 40.7'E  Hydrogeologiat_D-DOUGLAS pyrilling Method ROT -AIR/MUD

Well Number CR 81 Test Oritler _SHIRE TAHLIL Bit Size __12}-6}
Completion
Date 2,3,85
Depth lGrophic Li : : Well
ithologic Description .
(m) | Log ’ P ompl+- Remarke
- 0 T —Aeolian sand, loose 8-inch surface casing
kPR to 4 m,
_lo TLYX -Calcrete With GypSUm
f— . 6}-inch open hole
—- —| Water To 133.5 m
20 = -——|—Clay,red,sandy,soft,expansive {
— —| Water
= —_} Static ¥
|30 E\Water Taver 12}~inch to 4 m
Limestone,Karstic : 63-inch to 133.5 m
- hale,red,hard,gypsiferous 17.65 m Pilot Bore hole
40 . ‘ ’ ’ ’ T 2.3.85
Z_'_‘:—.-_ imestone |
o Shale,red,hard,gypsiferous
= - Dolomite
+ Ty Gypsum
6 :::- = hale,gray-white,soft,calcareous |
60 *Conglomerate,well cemented
===k Mimestone
T rx hale,gray-white,soft gypsiferous
-70 —E X imestone
Shale,gray~white,gypsiferous
Gypsum !
- 80 -y
LI Limestone with seams of red
- gypsiferous shale
-90 | A |
L1
~ —=Gypsum |
-100 I : —Limestone
) |
t 4 4| ~Gypsum,karstic,much water,
5 “« 4 .
110 + 4 & 11000 micromnos {
+ &
+ 4N
L1 + 4
120 +++ .
PSP
B ...t |—Sand,very fine,well-sorted, |
130 K1 3
weakly cemente 133.5m, Total Depth,
133,5m, Total Depth Open hole
140
]
e



http:pfeos17.65

CENTRAL RANGELAND Rig N2__101 _ poge __2 of 2

ion
Regio 6°10.6'N
Well Location BUDBUD _ Coord 48 40.7'E_ Hydrogeologist_D.DOUGLAS Drilling Method RQTARY-ATR
Well Number _CR 81  Completion Driller _SHIRE TAHLII Bit Size _13i-10
Completion
Date 3.85
Depth [Graphic Lithologic Description Well Remarks
(m) | Log ~
- 0 v
PR Aeolian sand,loose 12-inch blank
2 4.;: casing to 24 m
i . e Calcrete, gypsiferous
—_— —
—= -
L 10 -_'_—;G-_-I Clay,sandy expansive, soft
prayia dgry
+'l-'-'o-'
i - Limestone
1 lI
S - Cement seal,
- 20 = with 5 percent
—— Clay,sandy,expansive, soft Bentonite,19 to 24m,
__:_:_ Static ¥ ellgd sand fill to
X — - - : water n
:—:—: ’ ;(;Vf;lm 8~inch slotted steel
== 11'3 85 casing to 61 m
L 30 . . e -1
3 o Limestone,karstic 7400 micromhos |I! || 1/8-inch slots,.
LT 1 231 m draw- II” All slotted casing,
1 dawn after I Il no'blank casing
— = LIt available
!  —+~__| Shale,red,hard, 2:10 hrs at T
*4' gypsiferous 1 m3/hr ] ll
. Limestone I
4 Ny Hand-powered Mono
- 40 e
il Shale,red,hard ;I |: Pump at 40 m
—_— — HEL
-_—— Il |l
g S~ h l
AN . ) i
O\ Dolomite,karstic i
-y , ul
- l
50 . lI '|
S 0
II':I
g o — :I ll
;__'_‘_:_ Shale,Gypsiferous || ||
L 60 o 9.0 ﬂ/Conglomerate,well cemented I: l:
. Y ‘
* 61 m, Total Depth —L 61 m, Total Depth
b




CABLE

Region _CENTRAL RANGELAND 4%6.4'N Rig N&TOOL Poge __1 of 1

Well Location _SADDEL, __ Coord Mﬂydmooloqm D-DOUGLAS Drilling Method CARLE TQQI.
Well Number __CR 82 Driller MUHYADIN NUR _ Bit Size __16-12-7
Completion

Date 25.4.85

Depth [Graphic Lithologic Description Icw.” Remarks
(m) | Log omplt-
L 0 |
f.::t' Sand and silt,pink aeolian L l4-inch surface
R o= ig;; Silt and fine sand,pink jaeolian } : casing to 8 m,
= Silt,white,aeolian I I C?ment seal backed
L with sand
1 1.1 [}
L T | . C 1 .
0 T alcrete,hard,pink to brown 8-inch blank casing
1111 to 48 m
L1 1
L
= I_1
lllllll
f:.:“ : Sandstone,fine,gray-white,
- 20 LA calcareous cement |
Sandstone,fine,pink
- 30 LT |
] _~Silt and fine sand,pink,asolian
Dt v L
= v ]=——=Sandstone moderately hard,pink,
. calcareous cement
- |
L 40 Sand and silt,pink,aeolian’/////, Y
: Static water level
L] Static water level 40.4 m, 40.4 m, 25.4.85
- MR 5.4.85.
. - .
| S| Li t hite,moderately hard 27 m of 6 inch
- 50 lIl o7 ITESRORE A = l:: perforated casing
L ]l : ‘: to 75 m,
1 lI l'ﬂ 1/8 inch slots
B lll I
I hq Mono Hand pump ‘at
1 |
. 1 il 54 m.
- 60 1 'l ll
. i
I i
5 L1, i
I ﬂ"
| l'%
I |'“
1 )
1 1
L 1 M
- N 75 m Total Depth




Region_Bav Region Rig Ne_102 page__ 1 of 1

Well Location _Misra Coord _____ __ Hydrageologist_Gilicsnie Drilling Method
Well Number B 83 Driller Abdi Warsame _ Bit Size _14.10

Completion
Date 17.4.85

Depth [Graphic Lithologic Description Well Remarks
(m) | Log omplt-
- 0 -—Cl i
lA/l/; ay soil, brown i 12-inch casing to

10 T T I I]—Llimestone,white to light-gray, 12m, cement seal
lJ[llll oolitic,moderately weathered
11 1 .

20 LLIH  Static Water level 21.18m -4 io_i';gh open hole
TT]1 17.4.85 ° "

~—Limestone,white to light-gray,

30 % oolitic,some dark-gray,argillaceous,| -
40 —_— and purple siltstone

- T 1T imestone,dark-gray,argillaceous.
‘J Limestone,white to light-gray,
.50 T ] oolitic,weathered surfaces iron- |
| :

L TT stained
60 ‘-4  Limestone,medium to dark-gray,

L L /oolitic,partly lithographic.

1

70 L |

] ']' Limestone medium~gray very dense,
80 /sparse dark-gray fragments

] water

-90

= Limestone,light to medium-gray,
\oolitic,sparse Bioclasts
————4 ‘“Limestone,white to medium-gray,
—— — very fine,argillaceous, sparse
110 _— fine pyrite

— — —|—Limestone,medium greenish gray,

— — — argillaceous,pyrtic I

-120 :—T.'_" Shale,redish~brown,silty,fissile
l]J ll\ .
130 i Limestone,medium to dark gray
L1 argillaceious calcite in fractures,
L pyrite traces "
F140 Ik \Limestone,medium—gray,argillaceous.
— =] >“lLimestone,medium-gray,argillaceous,
150 —_=] sandy

——|~~Siltstone,greenish-gray,some redish-
— -4 brown,sparse sandstone,fine

i
|
!

160 —_— e .
) ‘¥o.s.9,| —~Conglomerate,grantic and metasedi- ,
.. ’ ts .
o o,.?." mentary components,fresh granitic
~170 0-%/e'p rock in final sample,water at 170m 170 m, Total depth

170 m, Total Depth




R e gion CENTRAL RANGELAND Rig Ne__101 _poge ] of 1

Welil Location CAGACADE__ Coord Hydrogeologist_D.DOUCLAS Drilling Method ROTARY-MUD

Well Number CR 84 Driller _SHIRE TAHLIL Bit Size 6"

Completion
Dote __1,6,1985

Depth [Grophic Lith : : Well
ologic Description Re
(m) LOl 9 p omplt- mor.ko
- 0 S /Sand,medium to fine ¢rained, \
(;:f-;_fcf.'-,’{};' well sorted,lateritic,red
|
~10 1 r'1 —Limestone,sandy,moderately hard,
T 1 T white
1 T | Y 1
0
- 1
1
1 l I
| 30 1
> 1 1
|
! |
40 l 1
| |
|
50 1
1
1 [
L60
| 70
1
30
90 '
RRTE /Sandstone,very five grained,slightlv
100 o clayed,moderately well cemented,
- __ HPT calcareous,white-red
=i
110 e——— . .
i = Sandstone,very fine grained,clayey,
,‘:-‘: weakly cemented,calcareous,white-red
e
. PTOIEL . . Minor loss of circu-
-120 11 —— Limestone,hard,with chert modules, i 1not loss of circu
I S . lation
I 1 fractured,white
e S \C}ay.soft,expansive red Lost circulation 132.5 m
L 130 === ~Limestone,hard,with chert modules, 18.5.85
[ 134.5 - fréctured,whise Lost circulation 134.5 m
\C]ay,soft,exp‘ansive,red 1 1.6.85
Limestone hard,with chert modules, Bore hole abandoned
fractured,white No water encountered
TD= 134.5




Region BAY REGION 3°1.2'n Rig N2_102 __ pqge ! of 1

; : ° ' J.D.Gillespj
Well Location Buklaabow cogpg 43 24.3°F Hydrogeologist- pber"“ng Method Rotary
Well Number B85 i} Driller Abdi Warsame gy gizq 14 - 10
Completion
Date 30.5.85
Depth ]Grophic N : . [well
ithologic Description
(m) | Log 0 P omplt- Remarks
- 0 —— Limestone, Weathered, iron stain , 12 Inch surface
LT decreases downward Ht l casing to 3.5m,cemenf
| 10 T | T Limestone, light-gray to light- seal
I buff, fine, slight t d te .
I wzatherizz sligh © moderate 8 Inch PVC casing to
I T "—”’,,,—4§§ \ 106, perforated from
- 20 T 1] Static water level 14.0 M 88 to 106 M.
l ] 30.5.85
L0 P
1
) L] Limestone, medium-gray, fine, slightly
L 40 argillaceous sparse weathered surfaces |
11 T -Limesfdﬁe: light to medium-gray,
] l ll oolitic
- 50 LTIy ,Limestone, white to medium-gray,
] chalky, platy
Limestone, medium-gray, fine, |
. 60 . :
argillaceous
1 .
LI IJ~Limestone, white to light-gray chalky,
- 70 - platy, oxidized surfaces 64 to 68 M
~Limestone, medium gray, fine dense,
argillaceous (
- 80 L L T l-Limestone, light gray, oolitic
1
Limestone, light-medium-gray, sparse
L 90 oolites, slightly argillaceous,
slightly oxidized surfaces 88' to 94 M:ﬂlq 8 Inch PVC perforated
T —~Limestone, medium-gray, sparse black |ﬂ“| csing 88 to 106 M
fossil fragments, very fine. ﬂll
+ 100 | . . . . |
I T 1j-Limestone light to medium-gray, fine, H |
iyaH sparse fossils II”
i T rd~Limestone, light-gray, fine, platy
110 I 1L 11 cuttin |
| gs 10 Inch open hole
lll . . . . 106 to 130 M
L 120 | ~Limestone, light to medium gray, fine
L sparse fossils.
T1
Ty 10 t | 130 M Total depth
- 130 LIT total depth P
]
- —




ion _CENTRAL RANGE i 10
Region NTHAQSAN 4207_7,NRIQ Ne 1 Page ___! of 1
Well Location _areal _ Coord _47 07.6'F HydrogeologistD.DOUGLAS  Drilling Method ROTARY
Well Number _CR 86 Driller ABDI DHEERE Bit Size 6
Completion

Depth [Graphic Lithologi : Well
gic Description Remarks
(m) FLOQ omplt-
3 Sand,red,fine to medium,lateritic, 6-inch open hole to
10 po2ati and calcrete 200.3 m
i | 1
| I |
20 l I .
i l| T Limestone,white,with stringers of ,
, l] fine, well-cemented sandstone
- 30 T 1
1 1
i . |
- 40 |
| |
| |
- 50 i1
| |
i |
L 60 | -
I |
] l_l |
- 70 T
| |
| |
- 80 | |
| |
1 1
L 90 -
1 1
|
100 1 '
AERRERN Sand with clay, red-brown fine
r110 TR to medium
-120 XX
EREREE |
130 TN
T
150 A !
160
Sand,Brown,fine,well sorted, Minor circulation
-170 well rounded 1 loss from 163 m to
Sand £ ) total depth, no water
i80 nd fine,with clay, brown found, dry hole,
Sand,Brown,fine,well sorted, Abandoned
190 well rounded
» . ‘
900 Sand fine with clay,brown
201.3 Total depth 201.3 m Total depth




ion CENTRAL RANGELAND i e 101 1 1
Regio 158,31y Ri9 N Page of TABLE TOUL
Well Location ALYCABAL _ Coord 47°05.1'E_Hydrogeologist D, DOUGLAS Drilling Method ROTARY
Weli Number _CR 87 Driller ABDI DHEERE Bit Size __16-12
Completion

Date 6.7.85
Depth [Graphic Li : i Well

ithologic Description
(m) Log 9 P omplt- Remarks
l
- 0 . .
RS Sand red,fine,well-sorted [-ﬂ——] l4-inch surface
R P! ] ’ ] | .
L 10 lateritic ' casing to 6 m
L 5 J=—Sand,white,medium to fine,well-sorted, 6-inch steel casing
0
calcareous to 245.5 m.
30 <Sand,white,fine,well sorted '
Sand,brown,fine to gravel,poorly Perforated casing
- 40 sorted(to 1 cm diameter) from 0-132 m in lieu
of blank casing
- 50 —Sand,tan,fine to medium,well-sorted
- 60
. |
. 70 *.|.~Sandstone,red-brown,silty to medium,
poorly sorted,calcareous cement
80 Clay traces at 76-78 m,85-89 m,
90 100~-103 m
[ |
100 [ih
L 110 3??3:5_ andstone, red-brown silty to very-
:%:ff.{ fine, poorly sorted,calcareous cement,
- 120 | some clay .
- 130
F 140 KRN . . .
o] ,Sandstone,white,silty to verv-fine
L 150 .R:SJ.H'//poorly sorted,calcareous cement |
160
L 170 Sandstone,red-brown,silty to very-
fine,poorly sorted,calcareous |
- 180 cement
- 190 Sandstone with clay,red-brown,silty
to very-fine,poorly sorted,
- 200 calcareous cement X 1/8x2-inch slot
F 210 el Sandstone,red-brown,silty to medium, perforated casing
Py j‘//calcareous cement 216-240 m
- 220 Xl Static water level
Sandstone,red-brown,fine to medium Iﬂl 220 m 6.7.85
- 230 well rounded IHI
20 [ o . il
........ ~—Sand with clay,red-brown,silty to
L 550 e fine 245.5 m cased,
[ 230 Total Denth . 45 m caved




Region BAY REGION Rig N® 102 Page 1 of 1

o
~ COPAN HACGAN 2,40.0'N .
WellLocation______ Coord _43 04.0'E_Hydrogeologist__1.D.G. __Drilling Method ROTARY _
Well Number B 88 Driller _ABDL WARSA __ Bit Size _14=6
Completion
Date 16.6.85
Depth [Graphic Lithologic Description Well Remarks
(m) | Log [Complt-
- 0 I
10 ~ Soil,clay,dark-brown 12-inch surface
5 i \to gray
- 20 . ~Limestone,light-brown to gray
L 30 I : 1 weathered Stati%
. . water
- 40 lill /leestor.le,hgh?flgrown to level ! 6-inch pilot hole
| R gray, Fine,Oolitic 50-52 m, jgp to 294m, uncased
50 1 weathered 26.6.85
- 60 ! | & |
B | _Limestone,light-gray,Fine
;8 T /weathered,secondary calcite
[ vugs 76.78m. |
L 1
90 l —Limestone,light to dark-gray,
100 [ Fine and Oolitic in part
1
110 T 1
20 |
8 |
130 i
P =
1150 1 'imestone,light to medium-gray,
160 o Fine i
1 1
H 70 T
. | B |
H 80 .
190 1
- | 1 l
200 : | :
210 Tl I T Shale,red-brown
1220
e Shale,dark-gray,limy and marl
230 s ate gray, timy |
240 yyky Limestone,mediun~gray,argillaceous ¢
250 -
1260 -
270 No sample !
280 . 4Sha1e,dark-gray with sand and
I ==X metamorphic rock
1290 No sample _I
300 294m Total Depth L{J 294 Total Depth
]
L




Region CENTRAL RANGELAND 40 Rig N28_C.T _ Page 1 of _1

. XARADHEERE 039-
Well Locohon__?__R_ JL.___Hydroqoologlot_my_D_n_,Dnlllng Method CABLETOQOL
Well Number __ (i 89 Driller _Mohudin Bit Size _28-12
Completion

Date __20,7,85

Depth lGrophic Lith ; ; Well
ologic Description Rema
(m) Log ¢ P omplt- marks
L 0 ' |
m Sand,medium, lateritic with l4=-inch Y
B RARCALS silt,red | ( inch surface
. J I] casing to 4m
1 1
L1 Calcret i
Jl : alcrete,white,hard 8-inch PVC casing
: 1
T 1 Static to 21lm
Sand,ill-sorted water
Fine to gravel,red level HEH .
13.5m Nl'”' Perforated casing
20.7.85 Nllhl 15-21m
11l
Sandstone,white,calcareous, Open hole 21~28m,
hard |” with lost drill bit
28m Total Depth 21-28m

28m Total Depth




1

Region BAY REGION Rig Ne__ 101 Page 1 of

(o]

ion CORBOUND 3092-3.N
Well Location Coord 43 38.9'E_Hydrogeologist_./:D.G. Drilling Method ROTARY
Well Number __B9O Driller __Shire Bit Size __14-10
Completion

Date 27.6.85
"Chinese Well"

Depth lGrophic Li ; ; Well
ithologic Descri
(m) | Log 9 ption omplt- Remarks
- 0 a—— ,Limestgne, Buff, weathered l_'_j 12-inch surface
casing to 1.5m
ill T —Limestone,white to light-gray 8-inch PVC casing
r 10 light-gray, moderately weathered to 18m
. . . Stati
11 [1] [ J— Limestone,white to light-gray |: :I: wa::,;i'c
L 20 l I : | Il |:| level
wll. _Shale,medium-gray,li |l >-6m, 27.6.85
— gray.limy HH
s I  Perforated pvC
L 30 ]l'/Lim('estone,light-gray,platy, :| |:| casing 6-18m
7 argillaceous,limy Illlll
NI
L 40 ~———"4 __Shale,medium to dark-gray,limy l Open hole 18-30m
L 50 === |
| 0 |==== 30m Total Depth 30m Total Depth




Region _BAY REGION

3230.8'N

Rig Ne__101 _

Page

1 1

of

Well Location _uare _ Coord 43 33.8'E_ Hydrogeologist___J.D.G. _ Drilling Method _ROTARY
Well Number B9l Drilier Shire Bit Size 16710
Completion
Date 13.7.85
Depth F"’Phic Lithologic Description Well R
emarks
(m) | Log 9 P [Complit-
- O ~Limestone,red,highly ) l4-inch surface
10 weathered casing to 1.5m
i L1
1 [lj —Limestone,light-brown
20 lI‘I to gray moderately weathered ! 8-inch PVC casing
L to 116m
30 11 . . )
[ ’//leestone,llght—gray sparse iron
|- stain,medium-grained
L 40 lI ]l Static
Il ;,ale?sFone,vh}te to light-gray, water Perforated
T oolitic,oxidized,water ! |1 level .
- 50 . Y 44.om casing 44-50m
: Ll —Limestone,medium-gray, 9 ; 85
L 60 T argillaceous e
1 1
1 |
70 | I |
s T T . . . e g
1 Limestone,medium-gray ,oxidized, Perforated
///water casing 72-84m
- 80 1
I 1
: Jd . 1
-90 = No sample
——~Limestone,medium-gray,fine
-100 .
| Limestone light-brown to medium
110 ~ ’//gray,oxidized,water Perforated
- . . . . casing 104-116m
;::L1mestone,med1um—gray,f1ne 116m Total Depth
[ 120 No sample
116m Total Depth
|
]
]




Region BAY REGION ﬁggiON 1915 1N Rig N2__102 __ Page.___l of 1
Well Location FARTOW  Coord _43°34 0'E_Hydrogeologist_1.D.G,  Driling Method ROTARY-A]R
Well Number __B92 Dritler ABDL WARSAME gy gjzq _14-10
Completion 18.7.85
Date
D?r""')h rophic Lithologic Description w.:" Remarks
- 0 l . .
/Soil and brown-to-yellow clay 1 T 12-inch casing
| 1 to 24m
o
10 ! ]
r 20 . 8-inch PVC casi
-inc casing
— Limestone,white to light-yellow, to 118m
L 30 - Wweathered,some clay
T
r] A T]—Limestone,white to light-brown,
L 40 L deeply weathered, fractures with |
- clay fillings. Water at 58m
| Static ¥
50 T water
‘1 L level
S
o rTt... . 46,48m . .
} - Limestone,medium to 16.7.85 1/8-inch perforations
h \dark brownish-gray, in 8~inch PVC casing
: argillaceous
70: LJ T : ('\'. . R
) Gum Limestone,white to light-yellow
L calcite vuglinings,water
F 80 Lol \Limestone,1ight—gray,veat:hers
chalky ,water
- 90 Limestone,light-gray,soft with
T 1 much clay
- »
100 T_T]-—Limestone,light to medium-gray
/Limes tone,dark-gray,very fine
Limestone,medium-gray,
110 : :
, Fossiliferous
I T_]—Limestone,white to light~gray
I
+ 120 . weathered 120 total depth
open hole
3




Region _BAY REGION 3914 3y Rig N2_101L _ Poge 1 of 1
Well Locotion _BAQALLEY Coord Mﬂydmodoﬂt J.D.G. Drilling Method _ROTARY-ATR

Well Number B 94 Driller ___SHIRE Bit Size __14-10
Completion
Date 20.7.85
Depth Graphic i Well
(m) Log Lithologic Description ompit- Remarks
- 0 |

e=—=S0il and clay, red l +

| 12-inch casing
to 4.5 m
+ 10 — Limestone, light-gray
weathered, vuggy 12-14 m,
28-30 m \ 8-inch steel casing
0[O static ¥| || o 6m
——
1| water
30 __-z-:_. level
ﬁi-:_—_ 20.5 m
‘ -- 18.7.85 : Specific conductivity]
p 40 ] — Limestone,medium-gray |
T iron stains on fracture
—1 surfaces
==
peded- _1,imes tone ,medium gray to brown, 1/§-—1nch slots in
‘ 8 inch perforated
L 60 water 56-58 m , casin
~No sample ‘ &
hemedea] —Limestone,medium-gray, 66 m, total depth
L 70 water

66 m, total depth




Region__BAY REGIQN 3% o'y RI9 N2_1OL__Page 1 of 1
Well Locofbn_m;[iu_ Coord Mﬂydmodmot J.D.G. Orilling Method _ROTARY _
Well Number _B95 Orilier ABDI VAR Bit Size _14-10-6
Completion
Date 5.8.85
DOP"\‘FI‘OPMC Lith Well
ologic Description Remark
(m) |Log ¢ P ;Comlp::- *
F o — Limestone,light yellow to 12 inch surface
T T dark red, weathered cagsing to 3.5 m
- 10
" Limestone,light-gray,oolitic,
[ 20 weathered with clay 8 inch steel casing
{ to 130 m
} 30 - :/,Clay,yellow and gray oolitic
3 limestone
L 40 L L
[I‘Il —Limestone olive-gray to gray Static water level
FJLI fine moderately weathered ¥ 43 m
30 Ly ) _ | 3.8.85
Limestone,gray,argillaceous,
| 60 //partlv oolitic,some oxidized
strata with clay
1
k 70 1 1 |
T 1 i :
L 80 7 i Perforated casing,
h | 1/8x2-inch slots,
i | 216 per 6 m length,
r 90 i 76-100 m
1§
- 100 F __Limestone, dark-gray, | !
- with chert
1110 |_~Limestone,gray,argillaceous
some oxidized strata with clay
L 120 '
/,Limestone,gray,oxidized : :
130 ) Perforated casing
i . . 1/8x2-~inch slots,
’//leestone,gray,arg1llaceous, 124=130 m
L 140 with sparse interbeds of ]
dark-gray shale 6 inch open hole,
150 130-160 m
L 160 160 m total depth ! 160 m total depth
-




Region _Bay Region Rig Ne&__101 Page .1 of 1

0, .
_ Qansax 2°55.5'N
Well Location Dheere 2 Coord 42°57,3'E  Hydrogeologist_l.D.G. __Driling Method Rotary
Well Number _pos Driller __Shire Bit Size _14-10

Completion
Da'. 8.8.85

Depth [Graphic Lith ; : Weil
ologic Description
(m) Log 9 P ompit- Remarks
. O —Soil,clay and weathered i
ﬁl- limeétonz, red ig;igghtgugfgce
- 10 T 1 IJ
- TI]— Limestone,yellow-brown 8-1 1 i
r! T . weathered’y ’ tolrllg Istxlt:ee casing
- 20 T 1 '
r 30 r—Clay and 1i 11
== y an i1mestone,yellow
S P |
T
40 ‘74— Limestone,white to brown I
; I . I weathered,oxidized with clay.
L 50 T Static *
| water
T level
T §o8%8s" |
- 60 Limestone,light to dark. T
gray weathered to clay,
1 IT limonitic vugs in some "
L 70 T 1 . I intervals. 1
) Galllll |
I 1 ‘ .
- 80 gt Shale,dark gray,with some
- yellow-brown hmest:one ' Pc/erforat:ed casing,
. . 8 x 2 inch slots
T ] —Limestone,light-brown 'l l 1‘ ’
- 90 . moderat:ely’v weathered 11 g%ﬁl er 6 m length,
o H "
. , I
100 =t Limestone,light-gray to |
) dark-brown,argillaceous
) L 1
1 1
110 N i
1 1
1 1
| I |
120 .
T‘ 1.l Perforated casing
| 1 -
130 - l"ll 124-130 m
1
Ll 136 m total depth 136 m total depth
140 -
[]
\ Gom




Region Bay Region
Well Location Toosilow _ Coord 43°11.6'E

Wsell Number __B97

3%sg.6'n Rig Nt

Poge

1 1

of

Hydrogeologist_J-D-G.

Driller Abdi Warsame

Drilling Method _Rotary
Bit Size __ 14-10

- 150

Completion
Date _22.8.85
Depth Li : Well
ithologic De
(m) ] Description iComplt- Remarks
|
0 Limestone,white to light=~gray, 12-inch surface casing
highly weathered to 2 m
|_ 10
8-inch steel casing
to 140 m
L 20 !
Limestone,light-gray,
- 30 weathered
Static water
level 32 m
| 40 23.8.85
!
. 50 . .
-fklmestone,llght-green to
medium gray,weathered
60 -Limestone,gray and brown, I
i | weathered,water at 60 m
jtlay,green—gray to dark gray
L 70 11 . . . 6 1
I _TLlimestone,light-gray to light- 8| | i;gfgr;&eglgszlng,
. TJ brown,weathered,iron-staubed |: ” 216 slots per 6m
| 80 L fractures. sl Il length, 68-80 m.
I 0
[ [Limestone light green-gray to
L _llera
12
- 90 T
L] 92 Perforated casing,
Limestone light-gray to gray, | (§ 92-110 m.
100 argillaceous | |
1 I3
|
l[ ll Limestone,light-gray to gray, h d
1 1 idi
110 L oxidized fragments b
11 110
| .
: | I |
120 T, .
T— T]Llimestone,green-gray,
) S | argillaceous
1 I Ll |
i
W | 1
1 |
F140 140pmmdesnbad 140 m total depth 140 m total depth




SECTION 2.

Basic Well Data



TABLE NO.

'BASIC WELL DATA. CGDP

— :
o = ‘ - . . B
a0 - H _ H H H S a
=] O o ) o . o | o @ e
gl 3% | O = = ol s & | S el | B[S0
oo oD s 838 | % Sl ows |8 5| BB (e’ s 2 |E
02,02 coordlnatc-as « ,2_:“ ﬁ oo 43 _: - WE- o & S - §'A
'gm‘é Name S, satellite 53 | Bt o ,E.’-U;:_;, 3 g._ _Q.ES g-- 20 §.- | o & M
=N locaticn R o= f] 888 o~ [G9E 2|7 2 | |08 |92 -iREMARK S
B M, Map location | S @ ~. | Wado A & kA0 & | g & o |wo.| ®a
—~m s p S I m 9 % Boo » UL A | O - - | og |losw
. o Py AL LEe. [ ebun JOg0un | Bees | 0 0N [on A
U »ki- ~ Q 0 Q [N} & U T RO OQmm o~ .mn o =3 I
jc--18) = B [=1=} =~ Ex 1" un*ng:‘fnozcmr"ﬁcwcm:' T nE A -
‘Bl |Bonkay 1 S 30 07.0' N 510 }4.2.82 | 1ig Dry Abandoned Drj
437-39.0" E
B2 | Bonkay 2 s 32 07.0' N 510 P7.2.82 | 201 Ppen hole | 48.5 2300 Abangdoned
437 39:0' E " 30-201' [|27.2.82 |27.2.82 ebservation
GL
B3 Bonkay 3 S 32 07.0' N 510 {13.4.82 | 160 Ppen hole 30 2700 2216/ 6.6 [0.33 |Motor In use
: 43" 39.0' E 74-160 M 119.7.84 |19.7.84 ] 533/12 - 114 M ET ;cp,GL
10.9.83
B4 Tugerew 1 S 32 07.1' N 390 ({10.6.82| 42| 6-12 3 1700 | 1348/ 3.7 10.21 {Hand In use
: 437 42,5 E 26-32 31.1.84 2.2.84 | 461/55 29 M PT,GD, GL
2,2.84 i

1., Elevation taken from 1:1Q0,000 National Topographic Maps.

2. PT- Pump test data available .
3. CD- Chemical quality data available.
4. GL- Geophysical log available.




/A

BASIC WELL DATA. CGDP

H . - - .
@ LB : - . N :
g m;:" .'ﬁ - g‘ g' o ﬁ . . -ﬂ' - -
§ >0 | mo = - o' | " el e o] wo|o. - 3
5™ Map 2% i -, = - > =g ™. 35’?.. 8. &:, g )
oo coordinates Ci 920 <= H - ] sl LY ol om &l o la . :
.g:?g * oa o5 ‘E:. 0 °B ] ﬁ :';‘\m ﬁ g:' '5 e @ = él-o" S
End s Name S, satellite o Er o | d-u = g jodg g0 g B | oS |Tes
N location -t 00 A - o Qo SfBg |75 g | loyurlilk A
Z >0 D o | BEH 0« 5 [WoH = o = . sl 3-|lo-4 ~IREMARKS
O M, Map location o in — [TK] e o« b S O » =T e LB | H O @
e ’ P ati 5. U - o) U oW LUO » |UTHO ~ O Q & .o log loww
3 o 128 |88 | 8-| 258 |o5HE |2508F | 538F |2 | 25 (525
ZR0 mE =T=0 B =1V nHRA MOEAR TTHwAR | M| v e
B5 Gasarta M 32 07.6' N 350. |21.3.82| 42 iopen holel 12 . - ' Abandoned
437 49.2' E 6-42  [21.3.82 - g low yield, GI
B6 Waraji 1 M 22 54.8' N 475 |28.3.82 80 |open holel 67 ‘ : Abandoned
43" 32,5' E 6-80 23.3.82 : low yield, &
B7 Waraji 2 M 22 53.2' N 430 |29.3.82 39 |open hole Dry : : Abandoned Dry
437 32.5' E 1-39 :
B8 |Tugerew 2 |S 32 06.9' N 400 |29.3.82| 48 | open hole| Dry . Abandoned Dry
437 41,7' E 0-48
B9 Burhalab M 32 4,2'" N 280 |30.3.82 32 {open holel Dry Abandoned Dry
447 6,2' E 0-35

1. Elevation taken from 1:1Q0,000 National Topographic Maps.
2. PT- Pump test data available .

3. CD- Chemical quality data available.

4. GL- Geophysical log available.



BASIC WELL DATA, CGDP

. — i
z . . pi . .
3 ~ - - oy = 1o .
§ 29 | ud = @ > | % 8| 9. - -
&= Map as. | & - = oy CulpEti|agti g E e
o coordinates T eS| 8] 8s |8 SFlEg|%E s £F B
B2 Name S, satellite §9 = o | 2od 5= B [oh8 B |80 B | ™ | o&E |M8m "
3 & location - oo (=] o Qc O -.-u.:,g L T~ O R - - e = I
= >0 L o= >EN 0~ = WwoHEH = o = . ~olu 3-Jo4 «SIREMARKS
<O M, Map location |0 @ — N U0 el & IO - ~—T & o o 0. Lo .
r—m ’ == Q ~ o U O N U0 & |UTDHO » ol O & = Ou. oW
o 35 |88 |5 | B8R |S88x|2BiMe | 598k | 3 | A5 |BRE
=Moo m g an = - npy m-AQ MOEAR | Huag | M N>R X T~
B0 |Sarman Dheere § 37 16,6' N 450 [10.4,82| 85 [30-50.4 - | 12.9 3300 - | 3000/ | 26.6|140.2| Motor |In use,PT,CD,G
437 21,4 E 28.6.821 29.6.82| 649/47 ‘ ' 50 ¥ .
~]1.29.6.82
B1l |Baidoa AID S 32 07,3' N 460 2.6.82 137 |open hole 7 1500 | 1360/ | 13.3] 28.9 ". |Abandoned
Compound 1 437 38.9' E 48-140 “4.,5.82(14.10.82| 343/125 ‘ surface seal
14.10.82 Defective,PT,C
Bl2 |Hareero Jiifd S 32 13.9' N 478 9.7.82{166 |51.6-73.2| 29.5 | 3900 3544/ | 11.4/0.53 |Motor |In use,PT,CD,C
437 25.2' E i 10.7.82)26.1.84 %312/227 ' 77 M-
B13 |Shabelle S 32 17.2" N 420 |[14.7.82| 172 |open hole 11 |24000 19772/ Abandoned
Dugsilow 43" 13.0' E 44-172 13,7.82(26.6.82 | 9618/284 Excessive
26.6.82 Salinity, CI
1. Elevation taken from 1:1Q0,000 National Topographic Maps.
2. PT- Pump test data available .
3. CD- Chemical quality data available.
4. GL- Geophysical log available.


http:14.10.82
http:14.10.82

BASIC WELL 'DATA, CGDP

- —
)] = . - . .f e .:
&0 o - H ~ N e
: T S| . 803 8 5
§ Map an | & . = TR B ol - et BT - &
Leriet dinat @ Q - o H e Q R S ge 2l =l
Q b0 coordinates -, o o o K-} et O (2o = >~ . [ N E=EE
B Name S, satellite &9 B¢ & | dod Sm £ |0R8 B |85 B | | o0& MYy
3 o locati At | 60 a L] S [bg 8 |7 & U ol - N b~ L
Z G ocation . i o S ou 9 ~ = [HOH = - sy 3 o ¢ REMARK
o M, Map location |82 o - o it D00 ~ [0B80 - | B3 a - S |82 |08
~ o~ Q R B I PR LA PE Dy Jlogow LA I Dy ] U~ |pum A
U ~M ~ a L) o gfoow $odd |poOHUT 00 dda ) am >E
=mo mE | Aaa = =T weaQ oEAS JEHwAn | > | wnis - |EeAA
B1l4 |Warta Jaffay|s 32 19.0' N 390 |3.8.82 | 91 |open hole| 17.5 10,000 |9188/ Abandoned
437 08.5' E 2-91 22.8.82| 10.9.83|3024/105 Excessive
10.9.83 Salinity, CD
Bl5 |Qansax Oomane| S 32 19.9' N 365 |19.8.82|174 |open holef 165 | 24000 |16436/ . Abandoned
437 02.4' E 0-174 22.8.82 16.6.82}874/362. Excessive
16.6.82 Salinity.CD,
B16 |Taflow S 32 03.9' N 435 }16.8.82[153 |open hole| 35.4 1580 |1528/ 11.4 | 1.69 |Motor {In use(PT,CD
437 11.4' E : 72-153 |[5.1.84 | 10.9.83 265/130- 67 M
10.9.83
Bl7 |Robay Gaduud | S 22 46,3' N 440 (27.8.82[142 | 48-88 22.7 1280 [1024/ 11.4/0.20 |Hand |In use,PT,CD
' 43" 18.8' E 27.3.84| 4,4.84 |355/89 88
4.4,84
1. Elavation taken from 1:1Q0,000 National Topographic Maps.
2. PT- Pump test data available .
3. CD- Chemical quality data available.
4. GL- Geophysical log available.



'BASIC WELL DATA, CGDP

—
) = _ . - N .
")) - - . - o] o] N B T .
: SRl A o A I I -
&% Map %5' gl - = YRR B et - yi ol B gf.g. )
o dinat — QU - ¥ H oA o B a ] Onn A ol O . -
@ &0cg coordinates - o oy 33 o - I -1 S~ . S N - -
228 [ Name S, satellite §9 g & | 23 S B |ond B .88 B | | & |%Bg
=2 G location RGN 5™ a Egﬁ o2 [GoE 2 |8 £ | . |O8 %S . iREMARKS
30 M, Map location (8 2 o g o it & EHZ0 & | ~d « o |HQ.| w.o
—~m s P 1o >.0 G o 0 U4 LYY~ JOUDHO A | DA | = | Oglons
~ - '@ Un. o] vy, [ OSon |ogoms | Leom @ I | an o
Q ~n ~a o & o £00 P YW |noHdd | oonwm o amn- | 5g o -
R0 =mE | aa H | Hua | w-QQ moEon [Beuar | e | o [&ha -
Bl8 [Gaduuda §5 20 47.5' N 430 |29.9.82] 73 |16-64 23.5 | 3800 [1932/ 11.4/0.90 |Motor- |In usg ,PT,CD,
Dhunte 437 15.8' E 13.3.84(13.3.84 |1148/204 50
- 113.3.84
B19 |Buulo Fuur 1|S 20 53.8' N 435 |20.8.82| 94 |open hole| Dry * |Abandoned dry
437 05.0' E ' 0-94
B20 Duri Ali S 22 49.9' N 405 ]11.10.82 116 |82-100 59.4 2000 |1816/ 11.4/0.34 [Hand .- |In use ,PT,CD,
Galle 427 55.,9' E 29.4.84129.4.84 |448/100 ' 88
29.4.84
B21 |Baidoa AID- | S 32 07.4' N 460 |16.12.83 42 |19.6-36.4] 8.5 2500 19238/ 5.5 Motor |[In use ,CD,GL
Compound 2 43" 39.7' E 18.9.84(15.1.83 | 341/64 40
15.1.83.
1. Elevation taken from 1:1Q0,000 National Topographic Maps.

2. PT- Pump test data available .

3. CD- Chemical quality data available.

4. GL- Geophysical log available.















BASIC WELL DATA, CGDP
—
) = >
) - H H - H )
c o o o 0 | o ! o
o s 132 |2 = Sl a8 80 | 5|8
S conedi 83 |8, | g | wuo |3 |35 .|38 | 2|8 |B
ey coordlnat?s B 2 S - § g o5 8 mg 5 = o 23
"E:&’ﬁ N ame S, satellite gm g“é % ._4-53 25 o u.,..f;',’ o .go o = ol 9=
3 o location o tn 00 (=] o o S favg o | U~ O _ wHH |uE T B M ARKS
Z N o (3351 =R U & 5 (WO = n = " w D o
VO M, Map location « — = o0 s & b3 O -~ —~0C - o -0 S =]
—m ’ - =] Q -~ « U O POV A |OUOROY » ol U & — [3 o] [ ES e
— Lol Q &N & O M [ -FER-N [ R-JSFTR-N S D Q U~ an A,
O M —~a o & o Svo LD U8d |poHwa 00 ©d = am | e o
=m0 (S [=T=] = — upy n-AA joEaoA | BwvwAA > nE |erda
B39 Site .abandond
not drilled
B40 |Limestone M 32 11.2' N 360 j23.2.83} 32 ©pen hole Dry Abancioned,
Depression 44" 15.4' E 1.5-32 dry
B4l |Dolondole M 3° 16.1' N 480 |2.3.83 |166 |5.4-10.8 1.9 1040 564/71/72 Well destroye
44°© 14.2' E Open hole |14.3.84(10.9.83 |10.9.83 filledwith ro
10.8.-166
B42 {Buulo Fuur 2 |S Zg 53.8' N 435 |[3,5.83 {130 |64.5-98 56.2 2050 1640/320/ 11.4/1.73 |Motor |In use
437 05.0' E Open hole|16.4.84 (20.6.84 |309 92
98-130 20.6.84
CR 43 |Aborey 1 M 3° 57.5' N 281 3.5.83 |120 |Openhole Dry Abandoned, nd
‘ 46° 51.2' E 2-120 deep enough
CR 44 |Afar Irdood M 3° 59.5' N 284 |21.5.83|174 |37.8-81 Dry Not deep enou
46° 53,4' E
B45 |Baidoa AID s 32 07.3' N 460 |20.7.83|120 |65-117 6.5 1770 10.9{ 0.22 Abandoned, se
Compound 3 43° 38.9' E 20.7.83 defectiveslo
yield

1. Elevation taken from 1:100,000 National Topographic Maps.

2._PT- Pump test data available .

3. CD- Chemical quality data available.

4. GL-

Geophysical log available.



BASIC WELL DATA, CGDP

—
V = >
) - o) M - " H)
25 |48 |- §l B38|y |
e Map 28 |50 e | 2 s BT 218 e
@ 60 coordlnatc?_s —. rx] oo g f ;; f, 3,: f :ﬁ\ 3] = 5"_;
B8 | Name |5 catellite 185 | B2 |5 | g3 5= ElEfE | E = g% |32
z(:?m location ] Hi o= - f‘..’ - = u:‘g'g = H%: = - u;:g o-(—cu - REMARKS
e M, Map location g‘é’ Q- o o ou D0 [0BRG A | RO - A o .c 0o'S
— » Q < & Dy & MM Q> P>y UE O D> = I Dy 1] [« an A,
U »k — Q  © [o] c oo & U@ .0~ @ © (oMo N1 Xy ] ord a.m >E D
=m0 m E (1=} H — upy wHAA MUEAA | HuAA  |wnE |eeHA
B46 pPansax Dheerq S 2° 55.5' § 405 [1.5.83 | 103 pPpen hole 30.2 1900 1772/391/|11.40.87 FMotor In use PT,CD
42° 57.3' E 60-103 17.5.84 | 62 92 GL
17.5.85
B47 PAwshini s 392 12.2' N 475 F0.6.83 143 [56-86 29.8 3100 2740/851/111.4 |0.72 |[Motor In usePT,CD
43° 23.5' E Open hole [10.4.84 |10.4.84 | 371 92 GL
90-143 10.4.85
CR48 More Ari s 3° 51.5' N 180 P3.6.83 | 102 B0O~-96 36 3700 -/488/ LRVC casing
46° 02.6 E 9.12.83 [30.6.83 | 249 ruptured at 4
30.6.83 Cb,GL"
CR49-1 Maxaas Jeejo | M 4° 40.1' N 200 P.9.83 | 190 Ppen hole| Dry Abandoned, GL
46° 10.1' E 9-190 Dry not deep
enough.
CR49-2 Maxaas Jeejo M 4° 40.1' N 200 [5.10.83 180 [Open hole Dry Abandoned, GL
46° 10.1' E 65-180 Dry,not deep
enough
1. Elevation taken from 1:100,000 National Topographic Maps.
2. PT- Pump test data available .
3. CD- Chemical guality data available.
4. GL- Geophysical log available.
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BASIC WELL DATA, CGDP
FEE
[+
c0 - H H H H >
= v o d g | o : o
o 52 |3 | = . Sl o2 28 | 513
o~ Map . i “ . H o~ o - f?g | °a 2 & E'
S8 socTainates Sl (R ].%8 |8 5|53 E | |02 |os
E€5 | Name 8, satellite §o | £% o | 29 Bm g |ond g | do g = | 9SS |Le=
2 G location i o [ S ER v -~ 2 [HoE 2 @ = ‘o lus D o= « |[REMARK
]° M, Map location |2 2 P H oo oI o =R I =T A o |-HO o
—em ’ p > Q - « U O LYY A |JUTDHO » e O & ] v.o jupw
%o 5% |g2x |2 | B85 |Zz8m |2ESsm | sgsr | @ |23 |28
:‘i—’m’? F::J-'QE, /A [ ] - npy wAAQ MoEAN [ R i > . x= (s
B50 [Bonkay s 3° 11.8' N 510 [22.9.83[200 |open. hole|30.1 11400 11.4|0.21 Abandoned, PT,
Seed Farm 43° 36.6' E 29.11.8320.11.83 excessive
salinity
B51 Mintadpn s 3° 20.8' N 490 2.10.83 {132 |51-93 40.2 1400 1164/248/]11.3]0.70 |Hand 60In use,PT,CD,
43° 33.2' E Open. hole|[8.12.85 | 8.2.84 |40
99-132 8.2.84
B52 Maleel S 32 26.2' N 495 [7.12.83|130 |51-93 48.5 670 608/112/ | 25.2}23.77 |[Motor {In use,PT,CD,
437 35.2' E Open hole|21.12.831.-84 67 92
99-130 1.-.84
CR53 |aborey 2 M 3° 58.9' N 285 [11.12.83133 |Open hole |Dry pbandoned, Gl
45° 50.8' E 3-133
B54 Isgeed S 3° 26.8' N 490 §19.12.83150 [90-114 37.1 1350 'P92/283/4017.0 0.76 |[Motor [{In use,PT,CD
43° 33.2' E Open hole|25.1.84 [26.1.84 [26.1.84 92
120-~150
1. Elevation taken from 1:100,000 National Topographic Maps.
2. PT- Pump test data available .
3. CD- Chemical quality data available.
4. GL- Geophysical log available.
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BASIC WELL DATA, CGDP
P‘Z
v >
a0 - H H - - O
e O o ) o | o ) o
o 35 | o3 = = A nem | B e 5 | @
3 Map ]2 | © : . 5 | 2B .[98 - e |18 |E
:TE‘D’(-U‘ coordinates ~ gvc“ 'S 3—8 :_6' ﬁ -;\ ﬁ mg ﬁ m{ Q = 5-’6
22k Name S, satel}lte 5% ae by .‘_4‘:.0%, 5= g :.5.8 g B g 2 | 0S [Te=
é'}.g location 'ﬂf” 8§ [ >?:’u U o~ = u-au’é = % = ‘- ww3J |o~ « [REMARK
v M. Map location < 0 — [S Ve sl = A k4D O = —T o - O L =
~-im > p > s QU -~ 3] U O HUY - OO NQU ~ Cod U & i [N o U
- -~ L @ 4Dy o oM D> >y VL Oy =l Dy V] U~ an A
U AN -~ Q [ R [=] [~J SN }] Logn Q.0 8 O O ®ma® o 2.0 e D
=Moo ® E an = = np. v ~—an _4-‘0 o=EAn | & wAA > v A
B55 Marti Moog s 3° 34.0' N 490 )23.1.84 (147 | 76-114 32.8 1150 964/142/ | 22.7|0.83 |Motor In use,PT,CD
43° 28.8' E Dpen hole R1.2.84 {22.2.84 |21 91
120-147 22¢2.84
B56 |Jimcada M 2° 45.7' N 175 |[3.3.84 41 pper. hole Dry Abandoned, dr]
Dheen 44° 21.4' E T 3-41
B57 Hagarka S 28 53.7'" N 470 9.3.84 | 154 b4-114.5 [p9.3 2000 1656/560/] 11.4 0.2 Hand In use,PT,CD
43 18.7' E Dpen. hole P1.3.84 (5.4.84 [187 88
120-154 5.5.84
B58 Bur Akaba 6 S 22 44.5' N 190 }20.3.84| 27 Ppen hole 20 48000 L—~/22700/ Abandoned, C
44~ 06.8' E 0-27 20.3.84 {20.3.84 -~ excessive
20.3.84 1salinity
B59 Shawka S 3o 00.5' N 485 18.3.84) 138 |45.8.51.6 30 13500 10224 / 11.410.2 Awaits furth
43° 31.8' E 91.6-132.2[22.3.84 |3.4.84 {n760/782 investigatiol
3.4.84 pT,CD,GL.
1. Elevation taken from 1:100,000 National Topographic Maps.
2. PT- Pump test data available .
3. CD- Chemical quality data available.
4, GL- Geophysical log available.




BASIC WELL DATA, CGDP

1]

)] = >
o0 - ] ] o] ~ &
=] QU o o o o o o
e 38 |32 | ® = Sl a2l 8e | Y18
2 eonzat 22 |3 = w8 | BE LS8 .| 2|8 (B
'a.g‘o'_ﬁ‘ coordinates — 2_::: ﬁ oo g 'S yart g ',5 mg ',5 m\ o = ;E'U"
'ggﬁ N ame S, satel}lte 88 E‘é % a-g% P g :EE’,‘ g 'EL\) 8 = .g? ‘ng
é:».g location Sm 8§ A 5> gH SIS HoE 2 n = ~ |43 o ~ |[REMARKS
[0 M, M location | 8@ ~ M OO Bakmiid k43 O - —T - ) - O o .c
—~ » llap > v - o 0 O L UQY ~ [UTDHTY ~ e U~ —~ 02 |onw
—~ L) Q« & Dy L] 3 T > Dy [ R =S FT N =l WDy Q U~ [aW, R P
QU &~k - Q g O O [=J SN ] & O RO+ DT 00T om{ [=%s2] >
=mo mE [an]an] = — (LR laga _CDUEQQ lp izl =l=] > v = |l =]
B60 |Kannana M 22 12.4' N 200 [27.3.84| 15 |9-15 8.6 Abandoned,
43" 24.0' E 2.4.84 Tow yield GL
B61 |Huubay M 23 38.3' N 405 |[5.4.84 | 152 | 60-108 17 2550 13481497 15.6 |G.1 Low yield ,ql
42~ 58.8' S Dpen hole [5.4.84 |5.4.84 |/33
108-152 8:7.85
B62 |War Caasha S 32 02.6' N 485 |29.4.84| 201 pPpen: hole | 120 1250 :1200/252 Abandoned,
43~ 32.6' E 0-201 22.4.84{28.4.84 |/4l low yield,CD,
28.4.84
B63 Bonkay s 3° 11.8' N 510 30.4.84| 153 | 117-147 25.6 2200 1476/420] 9.1 | 0.1 Experimental
Extension 43° 36.6' E 6.5.84 | 6.5.84 | 324 windmill pum
6.5.85 PT,CD,GL
.B64 Buulo Yuusuf | M 32 03.7' N 480 15.5.84 85 pPpen. hole | 18.2 2900 2456/746115.9 1 3.60 | Motor |In use,PT,CD
43~ 27.8' E 58.5-85 (10.8.84 |11.8.84 | /128 55
11.8.84

ES BV S

. Elevation taken from 1:100,000 National Topographic Maps

. PT- Pump test data available .
CD- Chemical quality data available.
. GL- Geophysical log available.
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BASIC WELL DATA. CGD?P

—
=
b ‘- b H M o oy
[ Ul 5} (3] (5] o 5} : o
5} >.Q T = Q () Q LH 131 3]
5~ Map 29 o - = " > e | BT 3 & &
Hedded coordinates A g g Ba I S| BLE S2)82 & £ |8 E .
28X | Name S, satellite £9 | Bt | Bl Se B loR8 E |30 & |™ | of |"8=
éhg location S”’ 8§ A 282 U - s'?. L“d'é § e § ‘n u:"s 9= -~ [REMARKS
_ O M, Map location |§ 2 o - S 5 88 0o0 ~ (0900~ | Waa - S |52 |08
- E e z 205 S8R |Gy | E0&R B EN RED
=00 B [T} 4 — n~aa -FDUEQQ = wuwAan > wn = e (3
&R 55 Aborey 3 M 3° 58.9' N 285 19.5.84|210 {Open hole| Dry Abandoned,
45° s0.8' E 3-210 not deep
enough, GL
B66 |Buulo Hawo s 3°2 03.7' N 415 |7.6.84 |142 |66.2-77.4| 33.5 (1825 1408/3024 14.5| 0.43 |Motor |In use,PT,CD,
43° 06.6' E Open  hole| 28.8.84/29.8.84 |161 76
83-142" 29.8.84
CR67 |wWargaloh IMe° 15.8' N 205 |25.7.84}252 |164.9- 100 3200 3156/4184 11.4 Motor |Ip use,PT,CD,
47° 31.2' E 176.4 22.1.85/21.5.84 |[1352 134
Open hole 21.9.84
177.9-
252
B68 |Dambal Aalan | M 3° 05.6' N 475 |26.6.84|126 |49-71 17.1 1675 1456/391/4 14.1{0.18 |Motor |In use,PT,CD
43° 26.9' E Open hole| 22.8.84(23.8.84 |55 96 ;
98.5-126 23.8.84
B69 |Togaal M 32 31.4' N 625 |18,7.84] 92 |37-64.5 18.7 L 970 576,/104/3[15.3 ' Low yield,PT,
43° 57.6' E 11.12.84R4.12.84 | z4.7.%2

1. Elevation taken from 1:100,000 National Topographic Maps.

2. PT- Pump test data available .
3. CD- Chemical quality data availeble.
4. GL- Geophysical log available.



SECTION 3.

Site Location Maps, Stiff Diagrams and Pump Test Curves.



/b

to Doongaab

WARGALOH LOCATION MAP
WELL # 67

9 to Gaalkacyo

O 100 300 500M

to Hobyo




Borehole
#78

05 km

Hand dug well
To
Galkacyo 0-2 km
06 km X o o

27 km
(77 ohajimate

DHAJIMALE WELL # 78
SITE LOCATION MAP

Scale lem = 100m




SITE LOCATION MAP,

WELL # 8|

To Galcayo

To Ocean

Pilot
‘Wello

Well # 81

Not to scale

BUDBUD

LS

Hand Dug Wells

2km

& g
2 Bp <> BUDBUD




SITE LOCATION MAP CAGACADE

WELL # 84

N

A.

1T - To

Xarar Dheer
75km
Borehole #84 -09 km—

132 m
®

Cagacade
Village

S . Abundon;a

WDA Borehole

5

To-
Ali Yabal
Not to scale




SITE LOCATION MAP XASAN AFRAX g‘i
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Afgadudle

Weil §72
no+k d
-
[=+]
1 1 I ¥ I ! 1 I ! 1 1 1 1
-180 -~120 -850 ~40 0 40 80 120 180
Id: CR72 Long: 475BI2 E UTH-East BB31.506
Location:AFGRDUDLE  Lat: 55730 N UTH-North 458.823
ph 8.2 Type of well: dv
ag/1  wmeq/l 1 8/l seq/]
=s8=S ===== I 2= ===23
¥ patk 2408 106.9874 1 2192 61,83832 ¢l
1
a 163 8.13%7 1 387 6,34293  hcod
1
8 148 12.17448 I 1711 35.62302  sof
1
t na 2334 101,529 1
ok 74 1.8921E6 1
Total Dissolved Solids: 5245 ag/1
Electrical Conductivity: 12090 ushos/ca
Total Depth: 204 a

Static ¥ater Level

17

Date sasnle taken:11/01/84



Dhajimadale
Well §78

m+k d

I1d: CR78 Long: 481300 E UTH-East 8859.158
Location:DHAJINAAL  Lat:  61B30 N UTH-North 697.533
ph 1.6 Type ot well: dw
ag/l  seq/l I ag/l g/l
z=== =c=x3 1 zz=z zz=z2
# natk 990 43,9857 I 2367 66.77307 ¢l
I
ca 640  31.9346 | 316 5.17924  hcold
|
» 274 22,5392 1 1929 4014178  sod
1
t m 938 40.803 |
LI ¢ 92 1.32964 1
Total Dissolved Solids: 1924 ug/1
Electrical Conductivity: 9500 umhos/ca
Total Depth: 177 a

Static Water Level 49,65 a Date sasple takani03/20/83




Budbud

Wi gat
no+k d
-4
1 ¥ I 1 l I I T T T 1 1 1
-180 -120 -80 -4 0 40 80 120 180
Id: CRE1 Long: 484042 E UTH-East 8910.113
LocationsBUDBUD Lat: 61036 N UTH-North682. 8969
ph 1.2 Type of well: dw
89/l meg/l 1 g/l seq/l
=x== as=ez 1 E==2 zyz===
# natk 1727 76.73061 1 3508 98.96068 cl
I
a 872 43.5128 I 336 5.50704 hcod
1
g 317 26.07642 1 2916 60.71112  sod
1
t m 1614 70,209 1
LI ¢ 113 2.88941 |
Total Dissolved Solids: 10128 ag/l

Electrical Conductivity:
110a

Total Depth:

Static Water Level

25.93

12000 uahos/ca

[} Date sasple taken:03/12/85



Saddel

el $82
m+k d
1 1 LR 1 1 ¥ 1 ¥ I 1 1
-1860 -120 -8 -40 0 40 B0 120 160
Id: CRa2 Long: 473048 E UTH-East 8780.142
LocationsSADDEL Lat: 40642 N UTR-NorthAS4, 4342
ph 1.8 Type of well: dw
ag/l  aeg/l I g/l meq/l
Py s R e e
ta 211 10,5289 i 287 4.70393  hcol
8 42 3.45492 ; 915 10.7223  sod
t m 1044 45.414 :
LA ¢ 20 0.5104 1
Total Dissolved Solids: 4352 my/1

Electrical Conductivity:

Total Depth:

Static Water Level

75 a
40.11 »

4100 ushos/ca

Date sasple taken104/22/85



Wargaloh
well $87

no+k o

-
-
T T 71 1 T T T T T 1
-160 ~120 -0 40 0 40 80 120
Id: CRa7 Long: 473200 E UTK-East B782.7bb
Location:NARBALOH Lat: 61600 N UTK-North493. 2933
ph 1.2 Type of well: dw
ag/l  seq/] 1 ag/l  eeq/l
e o 1 muwsm o
ca 438 21.B562 } B 290 4.7531  hcod
e R
na 146 4,351 :
ok 13 0.33241 I
Total Dissolved Solids: 3156 ag/l

Electrical Conductivity:
Total Depth: 22 a
Static Water Level 110 o

3200 uahos/ca

Date sample taken:09/27/84



Time t/t'

SADEL WELL %82

O .2 e ? 2 a P ‘l? 2;0 A 410 4 i Y 1 .IQO @o A 40.0 i I " !O‘w g 3090 4L .27/15/.85. e
As=0-2m#- = T =%%
M 8
|..
2 T = 219-6 m2/day
¥ 4s by linaar regression
(ﬁ't) =0’152m
4. T =289m%Aay
51
61
7-
8.
* T= 23xQ
4T As
1 7= .23x240m¥day
4TMTx046m
114 = Q~. 2
Drawdown T=9549m</day
12 As by lineor regression
As=0-475
3 T=925 mPAoay
T~
N ——
) i 2 4 10 20 40_ . .. I00 200 400 " 1000 3000




SADEL WELL # 82

Step D raowdown 26/5/ 85

260
240

220+
Pumpmng

Rates

(liters pdr O .- -7 7
minutes)

180 -
160 ‘
1401 ‘

1 20- ’

, Drawdown after 2 hours pumping

T T

S | 2 3 4 5 6 7 8 9 10O N P2 B 14 15 16 17 1B 19

Drawdown (m)
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1000¢

T (minutes) Drawdown
t/t" Recovery BUDBUD WELL #*# 8i 1273/ 8%
| 2 3 5 10 20 40 100 300 1000 3000 L

24 ¥=2 2303(285)

ol 1 = m = I-59m%’duy

Q=28-5m3/doy Orowdown

6 As=3-25m

ol — — —Bottom of secondory storage zone
10

] T=2303 (285) _ .

12 AT 500 = © 73m%day
14~
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o \
20- T=2303!2;BS) =0216
22 '
24 \
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t(min} Drowdown DHAJIMALE WELL #78 25 /2/ 85
t/t Recovery
20 40 100 200 400 3000
o 1 1 1 [ I | 1 1 i a4 4 1 1 i, A
11 T=23Q Q=393-6m3Aay
Recovery 4TAs As=044m
02 T=22828) - 4967 m2/day
%1
044
05
S
0.6-
OT;
o8y
091
101
114
T=23
-2 Drawdown W'gi
I3 _2:3(393-6) _ .
T=arown) - 380 8m%/day
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