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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 1984; 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, 6
 
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.
 

Hydrogeol ogy.
 

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 of 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 + 70 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. If the 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-job
 
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 diagnosis 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 tests
 
are working independently. Five of the hydrogeologists assigned
 
are receiving additional training at the U.S. Geological Survey
 
Center in Colorado.
 

Individuals assigned to the Planning Unit have been receivi
ng microcomputer training and planning and management training

from a socio-economic view point. They are capable of storing 
and retrieving basic data, and of conducting spread-sheet 
analyses. 

Additional 
training is recommended for all counterparts in
 
several areas that include; hydrogeologic rwport 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
 
support 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
 
mechanic 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 majority 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, demandscapabilities 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 level activity. This
 
includes a number items,
of from transfer of equipment and
 
materials to preparation of a final report.
 

Project 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 330 m/month; an increase of approximately 30%. 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 statistics 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 I Final Reoort.
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1.0 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. Severil
 
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 accomplishments
 
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 Region 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 bored 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.
 

2.0.1 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.
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Shortage of well casing 
created some logistical problems

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 local market on an 
 as-needed basis
 
from July of 
1984 through June of 1985. A fifty-ton cement order
 
placed 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 Robbins
 
and Myers hand-powered pumps were being installed, bt~t 
 proved to
 
be unsatisfactory because structural
of problems in the pump

shaft. Attempts were made to get corrective measures from the
 
manufacturer, however, it learned they were no longer doing
was 

business in the U.S. Mono 
hand pumps were selected as replace
ments and 
 an order was being prepared. In an effort to provide
 
some means of 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 professional

counterparts who lacked 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 problem.

English language capability of most of the counterparts ranged

from good 
 to a very limited facility of the language. In 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
 
Somali 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.
 
5. 	Manual for Hydrogeologists.
 
6. 	Downhole Geophysical Logging.
 
7. 	Water Analysis at MMWR Laboratory.
 
8. 	Evaluation, Rehabilitation and Abandonment of Water
 

Source Points.
 
9. 	A Manual of Warehouse 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 hydrogeological 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 aquifer
 
should be the objective of bored wells in the Bay Region. Deep
 
drilling, greater than 200 
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 units 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 development
 
utilizing these systems must be considered a continuous process.
 

5
 



TABLE 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; 
 quality to shallow (less than 7 m)


N2-Qpl+al 	 wel's. Bored wells in this zone
 
yield saline water
 

Proluvium,alluvium; 120 
 Fluvial sediments of the lower Giuba
 
clay,silt,sand,and 
 River Flood plain mostly of clay,

gravel in flood depo-
 silt,and sand with lenticular gravel

sits of the lower near the river;yields water of use-

Giuba River, 
 able quality to shallow (less than
 
N2 -Opl+al 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; N1 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-N1 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 
CRETACEOUS 

Main Gypsum and Mao 
Subsuite of Gabra 
Harre Suite; Cr1 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 quality to a few hand-dug wells. 

Busul Subsuite of 
Gabra Harre Suite; 
J3bs 

400 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. 

LATE 
JURASSIC 

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, 
B15, penetrates but does not yield water 
from the Uegit Suite. 

_ 

Anole Suite; J3an 

_from 

450 Extends through the northwestern 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 B14 
and B15 yield pnuseable saline water 

this suite. 



EPOCH 


LATE 

JURASSIC 


PRECAMBRIAN 

UNDIFFEREN-

TIATED 


SUITE OR SERIES 
AND SYMBOL 

Iscia Baidoa 
Suite; J3 bd 

APPROXIMATE 
MAXIMUM 
THICKNESS,M 

870 

Metamorphic and 

igneous massif, 
undifferentiated; 
Pcm 

1
I 

Undeter-

mined 

OCCURRENCE,LITHOLOGY AND WATER-

BEARING CHARACTERISTICS
 

Occupies part of the Bay Region

adjacent to the northwest side of
 
the Bur area; karstic limestone,
 
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.
 

Occupies a large part of the central
 
Bay Region forming the Bur area; gra
nitic gneiss, schist, amphibolite
 
gneiss and schist, quartzite,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 from 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 locally, Karkar Limestone 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 of the water
 
used in Somalia, and the improvement of these wells must be a
 
considered option for future water-resource development.
 

9
 



2.1 Bay Region
 

The Bay Region is located in the south-central part of 
Somalia, Figure 2. It covers an area of 40,00 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 limustone,
 
whereas gentle-sloping alluvial filled channels occur over the
 
metamorphic sequence.
 

The Bay Region is divided into four political sub-divisions,
 
the Baidoa, Qansaxdheere, Dinsoor, and Bur Akaba Districts.
 
Within the districts, commissioners meet with the villagers to
 
determine the ned for wells, and to decide the list of proposed
 
sites. This list of proposed sites is then submitted to the Bay
 
Region Agricultural 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
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Table 2: List of all CGDP Boreholes 

ie I. 
no. 

Location hap Co-ord's Elev- Date Well 
Long. Latit. ation Completed Depth 

(hhmss)(hmlmss)M(m) to) 

Screen depth Static Specific Iotal Yield Specific Puikp 
I: Start/end Water conduct- dissolved capacity type 
2: Start/end Level ivity solids 
(0) (m) (d umhosic. mg/I Cull/hr CuMl/hr/M 

Resaris 

OI boonkay I 433908 30700 511304.02.82 18 a 

0 

0 

0 

0 a a a a 0 Abandoned Dry 

D2 BonLay 2 433900 30700 510 27.02.82 231 30 

0 

201 

0 

48.5 2300 a 0 0 0 Aband. Observ. Well 

93 Bonkay 3 433900 30700 510 13.04.82 160 74 

0 

160 

0 
30 2700 2216 6.6 0.33 a In Use 

84 Tuqerew 1 434230 30701 390 19.06.82 42 6 

26 

12 

32 

3 1700 1348 3.7 0.21 h In Use 

95 Gasarta 43481, 30736 350 21.03.62 42 6 
0 

42 
0 

12 a a 0 a e Aban. Lou Yield 

I-j 

B6 Waraji 1 433230 25448 475 28.03.82 80 6 

0 

80 

0 

67 a a 0 0 0 Aban. Low Yield 

B7 Waraji 2 433230 25312 430 29.03.22 39 1 
8 

39 
0 

0 a a a 8 0 Aband Dry 

88 Tugerew 2 434142 30654 410 29.03.82 48 8 48 0 0 0 a 0 0 Aband Dry 

89 Bur Halab 440612 30412 280 30.03.82 32 0 

0 

35 

0 

a a a a a e Dry 

BI Sarnan Oheere 432124 31636 450 10.04.82 85 30 

0 

50.4 

0 

12.9 3300 3000 26.6 140.2 a In Use 

B11 Paidoa Aid Comp 433854 30718 46 02.06.82 137 48 
0 

140 
0 

7 1500 1360 13.3 28.9 0 Aban - Surface seal 

B12 HAREERO JIIFO 432512 31354 478 89.87.82 166 51 

13 
73 

0 
29.5 3900 3544 11.4 0.53 m In use 

813 SHAPELLE DUGSILL 4313 31712 420 14.07.82 172 44 

0 

172 

8 

11 24000 19772 0 0 0 Aban.Excess.Sal. 

B14 Warta Jaffay 43083 :19 390 03.08.82 91 2 

0 
91 

0 
17.5 10008 9188 0 0 Aban..Excess.Sal. 

815 Oansax Omane 430224 31954 365 19.08.82 174 0 
0 

174 
0 

165 24000 16436 0 0 0 Aband. Evc. salinity 

B16 Tallow 4:1124 30354 435 16.08.82 154 72 

a 

153 

0 

35.4 1580 1i28 11.4 1.69 M In use 

B17 Robay gaduud 431864 24.16 440 27.08.82 142 48 88 22.7 1288 1024 11.4 0.2 H In use 



Table 2: List 
of all CGDP Boreholes
 

0 0 

B18 Gaduudo Dlluunte 431548 24730 430 29.09.8: 73 16 

0 

64 

0 

23.5 3800 1932 11.4 0.9 m In use 

019 buulo fuur I 4305 25318 435 20.08.82 94 a 
8 

94 
0 

0 0 1 0 0 0 Aban. Dry 

B20 Durs Ali Galle 425554 24954 4155 11.10.82 116 82 
8 

100 
0 

69.4 2000 1816 11.4 0.34 H In use 

021 Baidoa Aid Compo 433942 30724 460 16.12.82 42 19.6 

0 
36.4 

0 
8.5 2500 1928 5.5 0 H In use 

922 Euulo Gaduud 423824 20724 260 04.01.83 189 0 
0 

189 
0 

0 0 0 0 0 0 Aban.Dry 

023 K:urman 425118 22Q54 350 10.01.83 148 30 
0 

54 
8 

20 2400 1868 3.6 0.12 H In use 

824 yaaq Paraawe 43146 157 160 24.01.83 10 5 10 1 8 0 0 a 0 Aban.Low yield 

025 Dodole 433354 21818 190 13.0l.8 24 17 

0 

24 

0 

12 900 660 0 0 0 Aban. low yield 

026 SHidallou 1 441612 25336 195 20.01.83 67 3 

O 
67 

2 
36 33000 32042 0 0 0 Aband. Exc. salinity 

827 Shidallow 2 441612 25336 195 22.01.83 80 2 

O 
6 

0 
37 34000 33376 0 0 0 Aband. Exc. salinity 

928 Bur Akaba I 441136 24836 200 25.01.83 54 I 

8 
54 

0 
22 14000 0 a 0 0 Aband. Exc, salinity 

B29 Bur AI:aba 2 441136 24836 200 26.01.83 24 1.5 

0 

24 

0 

7 34000 0 0 0 0 Abind. E;c. salinity 

830 

B1 

Bur 

Bur 

Al:;ba 3 

Akaba 4 

441136 

44056 

24836 

24730 

200 01.02.83 

200 02.02.83 

30 

63 

I 

0 

I 

0 

30 

0 

61 

0 

22 

20 

42000 

49000 

a 

0 

0 

0" 

0 

0 

0 Aband. Exc. 

0 Aband. Exc. 

salinity 

salinity 

B32 Bur AIfaba 5 44056 24730 200 15.02.83 89 6 

31 

31 

89 

17 1140 916 0 8 H Low yield 

833 

834 

Bur Heibi 

Bur Heibi 

1 

? 

442954 

442600 

25836 

25848 

230 10.03.83 

230 23.02.8Z 

26 

73 

0 

0 

8 

0 

0 

0 

23 

c 

18 

16 

0 

1328 

0 

952 8 

0 

0 H 

0 APAI.Low yield 

Low yield 

035, Bur Heibi 3 44260 25836 270 23.02.83 60 2 60 0a 0 0 Dry, Abandoned 



Table 2: 
List of all CGDP Borehole%
 

0 0 

D36 OUR HEIDI 4 442654 25848 230 15.03.03 25 I 

0 

25 

0 

0 0 0 0 0 0 Aban.Dry 

137 OUR HEIDI 5 442654 25048 230 15.03.83 26 "1 

0 

26 

0 

0 a a a 0 0 Abandoned, dry 

039 BUR HEIDI 6 442654 25848 230 16.03.83 36 2 36 0 0 0 0 0 0 Abandoned, dry 
0 0 

040 LIMESTONE DEPRES 441124 31112 360 23.02.93 32 1.5 32 0 0 a 0 0 0 Aban. Dry 
0 0 

041 DOLDNDOLE 441412 3166 480 02.03.83 166 5.4 10.8 1.9 1048 564 0 0 0 Well destroyed 
10.8 166 

042 BUULO FUUR 2 4305 25348 4Z5 03.05.83 130 64.5 98 56.2 2050 1640 11.4 1.73 M 114USE 
98 138 

CR43 AEOREY 1 465112 35730 435 03.05.83 130 2 

0 

120 0 0 0 0 0 0 Aban.Not deep enough 

a 
CR44 AFAR IRDOOD 465124 35930 284 21.05.93 174 17.8 81 a .0 0 0 0 Not deep enough 

0 0 
?
4
5 PAIDOA AID COMP. 433854 30718 460 20.07.83 120 65 117 6.5 1770 0 16.9 0.22 0 Aban.seal defective 

0 a 
046 OANSAXDHEERE 425718 25530 405 11.05.83 103 60 103 30.2 1900 1772 11.4 C.87 M IN USE 

0 0 
047 AWSHItI 432330 31212 475 30.06.83 143 56 86 29.9 3100 2740 11.4 0.72 M IN USE 

90 143 
CR48 MORE ARI 460212 35130 180 23.06.83 102 60 96 36 3700 0 0 0 0 PVC casing rupt 45m 

0 0 
CR49 Maxaas Jeejo 1 46106 4406 200 09.09.03 190 9 190 0 0 0 0 0 Dry, not deep enough 

0 0 
CR49 haaas Jeejo 2 46106 4406 200 15.10.83 180 6 180 0 a 0 0 0 0 dry,not deep enough 

0 0 
B50 Benkay seed farm 4336S6 31149 510 22.09.83 200 0 0 30.1 11400 0 11.4 0.21 0 Aband. High salinity 

0 0 
051 Nintano 433312 32048 490 02.10.83 132 51 93 40.2 1400 1164 11.3 0.7 H In use 

99 172 
B52 Maleel 433512 32612 495 07.12.83 130 51 53 4a.5 670 600 25.2 23.77 M In use 

99 130 
CR53 Aboorey 2 455048 35054 285 11.12.83 133 3 133 0 0 0 0 0 0 Dryabandoned 



Table 2: List of all CGOP Boreholes
 

0 2 

P54 Isgeed 433312 32640 490 19.12.83 150 90 

120 

114 

ISO 

17.1 1350 992 17 0.76 M In use 

B55 Hartimoog 432648 33400 490 23.01.04 147 76 

120 -

114 

147 

32.8 1150 964 22.7 0.03 P In use 

856 Jimcada Oheen 442124 24542 175 03.03.4 41 0 

8 

0 

0 

0 a 0 0 0 0 Dry Abandoned 

P57 Hagarkaa 431842 25342 470 09.03.64 154 54 

a 
114 

0 
0 0 0 0 0 0 Dry Abandoned 

858 buur Hakaba 6 440848 24430 190 20.03.84 27 0 

0 

0 

0 

20 48O00 0 0 0 0 Abandoned saline. 

B59 Sha-ka 433148 30030 485 18.03.84 138 45.8 

91.6 

51.6 

132 

30 13500 10224 11.4 0.27 Awaits investigation 

I.' 

Ln 

P60 

B61 

l:annana= 

Hubay 

432400 

425848 

21224 

23818 

200 27.03.84 

405 05.04.84 

15 

152 

9 
9 

60 

108 

15 
0 

108 

152 

8.6 

17 

0 

2550 

0 

1348 

0 

3.56 

0 

0.1 

0 Abandoned Io-

0 Low yield 

yield 

B62 War Caasha 433236 30256 485 29.04.84 201 0 
8 

201 
0 

120 1250 1200 0 0 0 0 

?6 Oonkay eilension 433636 31148 510 30.04.84 153 117 
0 

147 
0 

25.6' 2200 1476 9.1 0.1 W Experia. Windmi!l 

864 Buulo Yuusuf 432748 30342 480 15.05.84 85 58.5 
8 

85 
0 

18.2 2900 2456 15.9 3.6 K In use 

CR65 Aboorey 3 455048 35954 265 19.05.84 210 3 210 0 a 0 0 0 0 aban.not deep enough 

866 Buulo Haawo 430636 30342 415 07.06.64 142 66.2 

83 

77.4 

142 

33.5 1825 1408 14.5 C.43 M In use 

CR67 Wargaloh 473112 61548 205 25.07.84 252 165 

178 

177 

252 

100 3200 3156 11.4 0 m In use 

862 Dhazbaal AAlin 432654 30536 475 26.06.64 126 49 

98.5 

71 

126 

17.7 1675 1456 14.1 el1 M In use 

B69 Togaal 435536 33124 625 26.07.84 92 37 
0 

64.5 
0 

18.7 970 576 15.3 0 0 Low yield 

870 garlimay 435212 33854 600 16.09.84 135 60 

90 

72 

114 

60 0 0 0 0 0 0 

871 Uusle 43306 32342 465 19.08.84 102 50 80 36 0 0 0 0 0 0 



Table 2: List of all CGOP boreholes
 

8 8 

CR72 Algaduudle 435B12 55730 125 17.11.84 2134 0 

0 
0 

0 

17 12600 5245 0 a 0 Aband. Ezc. salinity 

073 Fajir-Lowger 435506 34148 605 12.U9.84 4 8 
8 

8 
8 

8 8 8 8 8 0 Aband. as directed 

074 Migdalo. 435030 33624 605 13.10.84 IN0 58 
70 

64 
88 

74.7 8 a 0 0 a 8 

B175 Labaatan Jirow 435854 33136 595 18.1c.84 1t2 60 
90 

72 

lee 

40.1 0 8 0 8 

875 Ufurow 425306 24536 395 28.12.84 85 49 
0 

73 
a 

49.5 2200 2068 4.7 0.24 H Replac.Wel for WDA. 

876 Ohuuboy 435300 24130 375 28.12.84 124 52 

8 
64 
100 

19.2 3500 2344 15.9 0.51 m 0 

877 Dhorhabay 425548 23354 390 28.12.84 200 0 
8 

0 
9 

46.5 0 8 8 0 0 0 

CR7 Oajimaale 481300 61830 113 19.01.85 177 56.8 
86.8 

68.8 
176 

69.6 4800 6720 12.5 8.33 11 In use 

879a Buulo Caddey 424806 25912 315 27.12.84 26 2 
8 8 

8 8 8 0 6 0 Abandoned dry hole 

879b Euulo Caddey 424806 310030 315 11.02.85 50 3 
Is 

26 

50 
8 0 8 e 0 0 Aban. holes 

E8 Tugere Hoosle 425436 23801 395 04.83.85 212 8 
8 

0 
0 

57 3900 2248 a 0 H 8 

CR91 Pudbud 484042 61836 70 11.03.55 60 24 
8 

60 
8 

25.9 121008 10128 0.65 0.03 H In use 

CR82 Saadaal 473048 40642 50 25.04.85 75 46 
8 

73 
8 

40.1 6100 4352 10.3 0.93 H In use 

"83 Misra 432418 23512 390 17.04.85 170 0 

0 

8 

0 

21.1 9400 6640 0 8 8 8 

CR94 Caqacadde 472260 42442 360 02.06.95 1:3 0 

0 

0 

0 

a 0 0 0 0 0 Abandoned 

485 Euklaabow 432418 30112 490 :0.05.85 1313 89 

a 

106 

a 

14 2900 2232 8 0. 0 

CR86 Xasan Afra7 470736 40742 290 30.05.85 200 8 

8 

0 

8 

a 0 0 a 0 0 Abandoned 

CR87 Cliyabaal 470560 35818 229 89.07.85 250 216 240 228 a 0 0 0 0 Low yield,obser.uel| 



7able 2: List of all CGDP boreholes 

8 9 

BO Kooban Ileegan 430400 24000 395 16.06.85 294 0 8 28 4000 3S4n 0 a a 
a a 

Cfi9 Xarardhioere 475118 43918 235 20.07.85 28 15 

0 

21 

0 
13.5 2800 a a 0 0 Awaiting pump 

890 BRADP CMPD 433954 38718 468 27.06.85 30 6 1e 5.6 790 639 0 a 0 a 
a 0 

991 Xaarre 433340 33048 588 13.07.85 115 44 5 42, 8 8 0 8 8 

72 83 

892 Caasha Fartow 433400 31560 5B5 18.07.85 120 54 72 46.4 a 0 0 0 a 
84 102 

CR93 Calytun 471S42 44654 185 88.01.00 8 8 0 0 8a 
8 8 

594 Baqalley 431312 3141B 470 19.07.85 66 48 
8 

66 
8 

18 1388 980 8a0 0 

895 Kurtun 431242 30100 470 00.01.00 0 0 0 0 0 a a a 8 0 
0 a 

896 Oansaxdheere 2 425718 25515 405 00.01.08 0 0 0 a "0 0 8 a 

a a 

CR Afgoi a 0 15.04.85 159 96 114 70.2 1950 8 5.45 0.35 0 Awaiting Puop 
0 9 

Total: 98 



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, whfch was drilled with a cable-tool rig, all were
 
drilled with an Ingersoll-Rand TH-60 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 200m, has been to
 
use a 10-inch air-driven percussion hammer bit combined with a
 
very thick foam-transport medium to lift 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 6-inch to a 1-inch
 
hole were continued.
 

Geologic conditions encountered since July, 1984, have
 
generally been favorable for drilling the hard limestone with a
 
10-inch air hammer assisted by a foam medium to lift cuttings
 
from the hole. in only one hole was karstifiction found to be
 
sufficiently advanced to cause significant lost-circulation
 
problems. At Usle, No. 69, circulation was lost at about 50 m,
 
but the hole was deepened without return of cuttings to about
 
102 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 diesel operated
 
pumps consisted of the construction of a storage tank, animal
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watering troughs, and domestic watering facilities. All of these
 
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, 1985,
 
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 shortly 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. This officer works with the local villagers to
 
determine potential well site locations. 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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As a result, hydrogeologic 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, boreholes
 

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 EI-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 Lh except
ion of borehole No. 82 at Saddal and borehole No.89 at Xaradheere
 
which were drilled with a cable tool rig, all boreholes were
 

completed with Ingersoll-Rand TH-60 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. Boreholes completed through the
 

sedimentary rock sequence were drilled using mud rotary tech

niques. Lost circulation problems in some 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 1985.
 

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 here, refers to any
 
problems that caused a delay in borehole completion. Some
 
problems such as lack of fuel, lack of oxygen, 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 60
 

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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lable ,: b.rreluIes Coapleted in the Centr.l fiangeland., July 1904 - July 1985 

Ref. Location Map Co-ord's Elev- Date well Screen depth Static Specific Total Vield Specific Pump Remarks
no. 
 Long. Latit. ation Coapleted Depth 1: Start/end 
 Water conduct- dissolved capacity type

2: Start/end Level ivity 
 solids
 

(hhamss)(hass)IN to) is) 4l 
 (a) (a) uahos/ca mq1i Cul/hr Cul/hr/ 

CR43 ADOREY 1 
 465112 35730 435 03.05.83 130 2 120 0 0 a 0 
 0 0 Aban.liot deep enough
 

CR44 AFAR IRDOOD 465124 35930 294 21.05.83 174 37.8 81 0 
 a a a 
 a 0 flotdeep enough
 
a a
 

CR48 MORE ARI 460212 35130 180 23.06.83 102 
 60 96 36 3700 
 a 0 a 0 PVC casing rupt 45&
 
a 0
 

CR49 laxaas Jeejo I 
 46106 4406 200 09.09.63 190 6 190 
 a a a a 
 a 0 Dry, not deep enough
 

CR49 llazaas Joejo 2 
 46106 4406 200 15.10.83 180 6 180 00 0 0 
 0 0 dry,not deep enough
 

CR53 Aboorey 2 455848 35054 285 11.12.83 133 3 133 0 0 a a 0 0 Dryabandoned 
0 8 

CR65 Aboorey 455046 35854 285 19.05.84 218 3 
00 

210 0 a a a 0 0 aban.not deep enough 

CR67 Wargaloh 473112 61548 205 25.07.84 252 165 177 ic 3200 3156 11.4 .0 M In use 
178 252 

CR72 Afgaduudle 435812 55730 125 17.11.84 204 0 

0 
0 

0 
17 12C00 5245 0 a 0 Aband. Exc. salinity 

CR78 Dajimaale 481300 61830 110 19.01.85 177 56.8 68.8 69.6 4600 6720 12.5 8.33 l In use 
66.8 176 

CR8I Budbud 484042 61036 70 11.03.85 60 24 60 25.9 12000 10128 0.65 .03 H In use 

0 a 

CR82 Saadaal 473049 40642 50 25.04.65 75 46 73 40.1 6100 4352 10.3 0.93 H In use 
0 0 

CR94 Cagacadde 472260 42442 360 02.06.85 133 a 0 0 a a a a 0 Abandoned 

a a 
CR86 Xasan Afrax 470736 40742 290 30.05.85 200 8 a 0 a 9 a 0 0 Abandoned 

a 0 

CR87 Cliyabaal 470560 3t818 229 09.07.85 250 216 240 228 0 0 8 0 0 Low yieldobser.well 
0 0 

CR89 Xarardheere 475118 43918 235 20.07.8U 28 15 22 13.5 2800 a 0 0 0 Awaiting pump 
0 0 

CR9: Calytun 471842 44654 185 00.01.00 0 0 0 a 0 0 a 0 0 

0 0 
CR Afgoi 0 0 0 15.04.85 158 96 114 70.2 1950 0 5.45 0.35 0 Awaiting Pump 

0 a 

http:15.10.83
http:09.09.63
http:23.06.83
http:21.05.83
http:03.05.83


Other drilling problems were peculiar 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 in highly karstic areas, and lack of adequate
 
utilities in the expatriate compound. Solutions to these 
problems 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 problem 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 loss 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
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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 until 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 sociological 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 staff.
 
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, however, five days were lost because of potential problems
 
in areas through which the crews must travel. Travel advisories
 
were provided by the U.S. 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 CGDP could be offered. All drilling in the CR is staffed
 
with two full time military guards to ward off any potential
 
problems after mobilization.
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3.0 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 project. 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 in 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 locations are shown in Plates 4 and
 
5.
 

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 1:25000 - scale and 1:100000 - 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. In the absence of physical surveys for elevations,
 
these have been determined from 1:10000 - scale series topogra
phic maps of Somalia. Elevations of borehole sites are approxi
mated to the nearest 5 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 metnr.
 

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 is 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 is 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 3500 micromhos; limit for use by people.
 
To 7500 micromhos; limit for cattle, goats, and sheep.
 
To 10000 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 yield 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 
yield of the well per meter of drawdown. It is expressed as 
cubic meters per hour per meter (m3/hr/m) or, simplified as 
square meters per hour (ma/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 yield 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.
 

CD - 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/l HCOm) 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 log available. Whenever possible, 
downhole geophysical logs 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 yield. 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 6 meters deep, much of
 
the plateau is covered by a soil mantle of only 0.5 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 is 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. 80, 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. 80 has a low yield, and hole No. 83 produced
 
moderate quantities of poor-quality water. Hole No. 86 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 ablr, when
 
fuel is available, to proceed with the data collection.
 

3.1.2 Water Quality
 

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 from the 
conglomeratic aquifer overlying 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/l total dissolved solids
 
is virtually absent in the Bay Region. Better quality water is
 
found localized near the well developed karst recharge areas.
 
There is little chance, however, of finding water of less than
 
3500 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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TABLE 4 . WATER LEVELS IN SELECTED MONITORING WELLS 
(DEPTR BELOW LAND SURFACE IN METERS) 

DATE INo.3 No.16 No.18 No.21 No.27 No.34 No.41 No.42 No.46 No.47 No.52 No.54 No.56 No.63 No.64 No.68 No.76 No.77
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 1 
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 1 
I 
_ _ 
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 1, I.. 
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_ __ " __ 
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1 1 
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 1 1 
3/1/85 32.19
9/l/85 , II
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20/3/85 33.10 1 I _ 1 1 
4/4 85 34.30 . I_ 
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3.1.3 Geophysical Data
 

Geophysical data have been collected from four holes since
 
July, 1984. One logging unit was repaired in late February,
 
1985, and field tested on holes at Dhorhaby No. 77 and Togeere
 
Hoosle No. 860 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 probes were field tested
 
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 logging tools available;
 
gamma-ray, spontaneous potential resistivity, flowmeter, caliper,
 
and temperature differential. Togeere Hoosle, No. 80, 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. 80, 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 logging 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", (Po~zi ai~d Mohamed, 1984), have contributed significantly
 
to the understanding of the hydrogealogy 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 coastal plain, and the Shabelle River drainage. The
 
central plateau ranges in elevation from 50 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 southerr 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 100 mm in the
 
north to 300 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 2000 mm/year exists throughout the Central
 
Rangelands.
 

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 long coastal fault,
 
defined by geophysical surveys, 
which may affect the underflow
 
regimes of the regional aquifers in the Central Rangelands
 
(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 1984). 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
face 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, 1984; 
and Parson
 
1970), estimate that as much as 5 to 
 10 percent of the annual
 
rainfll infiltrates 
the groundwater system. A conservative
 
estimate of 5 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,
 
1975). Utilizing an average annual rainfall of 200 mm/year, and
 
a conservative estimate of 5 per cent infiltration, the annual
 
groundwater recharge from dir4 ct infiltration is estimated to be
 
1.5 x 10'7 ma/year.
 

The deep groundwater aquifers in the Central Rangelands,
 
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).
 

37
 



3 

EPOCH 


RECENT-

PLEISTOCENE 


PLIOCENE-

MIOCENE 


MIOCENE 


TABLE 5 


j SUITE OR SERIES 


Stream Alluvium 

Qal 


Aeolian sand, 

sandstone and 

reef deposits, 

Qeoltm 


Uoper Daban 

Series, 


NI-N md 


Mudugh-Merca 

Suite, N1 md 


CENTRAL RANGELANDS GEOLOGIC UNITS AND WATER
 
BEARING CHARACTERISTICS
 

APPROXIMATE OCCURENCE,LITHOLOGY,AND WATER
 
MAXIMUM 
 BEARING CHARACTERISTICS
 
THICKNESS 
 _
 

loom 
 In the flood plain of the Shebelle River and
 
along wadis throughout the Cehtral Rangelands;
 
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 aDoroximately 10 percent of wells.
 

120m 	 Active and inactive dunes on the eastern coast
 
consisting of well-sorted aeolion sand. Yields
 
small amounts of fresh water to shallow 
(less
 
than 10 m) wells
 

125m 	 Possible in the eastern portions of Central Range
lands; sandstone, and conglomerate; yields water
 
of variable quality from onre spaces and along


1-{bedding 	 planes.
 

500m 	 Continental sediments covering much of the northern
 
Central Rangelands! limestone, marl, sand, sand
stone, qvpsum, clay, calcrete, and related
 
Rocks. Yields varying auantities of water from
 
pure spaces, bedding planes, and karst formations
 
Water quality is variable with specific conductance
 
from 3,000 to 30,000 umhos/cm, sulfate concentra
tions are generally high water;with specific con
ductance of less than 3000 umhos/cm is found in
 
less than 15 percent of wells
 



Table 5 (Continued) 

MIOCENE 
PALEOCENE 

OLIGOCENE 

Trap Series; 
B P -Ni 

9 

Middle Daban 
Seiies 

Pg 3mdu 

80m 

800 2 0 00m 

Forms intraformational flow extending from
Dhusamareeb to El-Bur and north to Wargaloh.
Basalt and tuff. may be r-lated to the existence 
of fresh water found during this project. 

Sandstone, siltstone, lenses of boulder conglo
merate; qenerally contains highly mineralized 
waters. 

EOCENE Lower Daban 
series 

Pa Id. 2l 

2 4 5m Sandstone, siltstone, marl, lenses of gypsum 
and conglomerate; generally contains highly 
mineralized water. 

TXarkar Suite 
P9 2Kr 

2 3 0 m Limestone, minor marl, clayey dolomite, siltstone 
may contain small amounts of water but not an 
aquifer of regional importance 

Taleh Suite 

Pg2 t l 

Auradu Series 

Pg 2 ar 

3 5 0m 

t 

0 mnart 

__lopment; 

_ _ _fresh 

Anhydrite, gypsum, interbedded dolomite and marl; 

generally contains highly mineralized water in 
karstified zones. 

o400mutcropsin a band extending through the western 
of Galgudud region; massive limestone,

dolomitic limestone, dolomite, marl, siltstone;
limestone beds are commonly fractured and offer 
good potential for groundwater storage and devefrequently yields large quantities of 

water 



0 

Table 5 (Continued)
 

Jessoma Suite 
 200m In a north-south section east of the Shabelle
 
River and west of El-Bur. Inequigranular cross-


PALEOCENE bedded sandstone, minor siltstone, and compacted
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 Weine Suite 
 200m East of the Shabelle River, limestone, marl,
CRETACEOUS Cr2bl 
 gypsiferous shaley clay. Generally contains
highly minaralized water at depth.
 

CRETACEOUS 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
 

CRETACEOUS Marehan Suite 
 300m Occurs only at southwestern border of Central Rangelan

Cr1-2-mr 
 Generally supplies small amounts of fresh water
 

to wells.
 

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



Drilling activities were conducted in districts of
two 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 5.
 

The Hobyo district lies mainly within the Hobyo structural
 
basin. Wells were 
drilled at Wargaloh, No. 67, 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.
 

Piezometric levels in 
the wells located in this area do not

indicate a gradient towards Indian
the 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 lie 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 irrigation 
water. Water produced at Wargaloh and
 
Dhajimale can be "... 
 used for tolerant plants an 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
 
is 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. 82, Cagacade, No. 84, Hassan Afrah, No. 86 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 mm/hr. Unfortunately, the quality of 
water
 
from the well was poor; conductivity was 6100 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 hydrogeologic 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 CRDP for ecological and sociological reasons.
 

The borehole at Hassan Afrah, No. 86, 
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 7one 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 cauped 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.
 

3.2.1 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 
program will be initiated.
 

3.2.2 Water Quality
 

The assessment of the water quality 
in the Central Range
lands is based on results published in the UNDP Technical Report

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 computed by cation
 
and anion differences instead 
of by analysis. Many of the
 
boreholes sampled for the UNDP report were resampled during this
 
study, however, the accuracy 
of well identification was suspect

in some cases. Recognizing these constraints, an effort 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 Stiff diagrams

for boreholes and for 
 hand dug wells were prepared from these
 
data, Plates 8 and 9. data will
These 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 plain generally tap fresh water
 
in the discharge area which overlies 
more saline water. These
 
wells will frequently produce small quantities of relatively
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fresh water 
 (EC values from 1000 to over 5000 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 Galcaio
 
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 3500 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.
 
(UNDP, 1973).
 

Groundwater quality in 
both hand dug wells and in boreholes
 
from Dusamareeb southward appears 
 to be a mixtuk 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 Geophysical 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 Aliyabaal were all logged. The Central
 
Rangelands geophysical logging unit was also utilized for the
 
well completed at the Afgoi Agricultural College. Gamma-ray,

resistivity and spontaneous potential logs were made and will
 
continue to 
 be routinely performed as additional wells are
 
completed.
 

The geophysical data collected during the extension phase of
 
the CGDP have been useful for the identification of potential

aquifer zones and thus for 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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4.0 INSTITUTIONAL SUPPORT
 

Institutional support for WDA an
in advisory and instruc
tional capacity 
has been one of the prime objectives of the

CGDP. 
Technical assistance his been provided for the training of

professional ard technical personnel, 
 for the improvement of

planning and financial management, supply and warehouse manage
ment, and for chemical laboratory supervision and management.

The level of effort for each 
 of these areas was variable and
largely depenlent 
upon counterpart participation. The following

sections describe the accomplishments in these 
areas during the
 
period July 1984 to July 1985.
 

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 to master the technology of modern drilling and support

equipment. In addition, training 
through experience has been
provided for improvement of the skills 
and capabilities of WDA
 
professional, administrative, and management personnel.
 

The scope of training for WDA personnel has ranged from
 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 oroinary.

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 of 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 of
July 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. 
All 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 WOA 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; 
 hydrogeologic 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 potential 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 Gu 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 interest and
the 
 level of participation of hydrogeologists. 
Consideration
will 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 50 people. A discussion 
of each individuals duties and
 progress over 
the period July 84 to July 85 would be too extensive for this report. 
 There are at present at least 
six drillers

that are able 
to operate the TH-60 
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 have 
 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
consultant'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. 
One drilling foreman was 
moved into 
the Baidoa
compound to learn 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 rig.
 

of the drillers
Most 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. Unfortunately, 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 
techniques with drilling mud additives and with the use of 
local materials, 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 Pump 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 
submersible 
pumps 
for testing purposes. The crews were not only
instructed in the installation of 
pumps, but also in the collection of aquifer data. 
As a result of this experience, one of the
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operators occasionally 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 

this 

during the period covered by
report have received training in the following repair
 
procedures:
 

Routine preventive maintenance.
 
Electrical problem troubleshooting.
 
Camshaft/timing chais.
 
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 considered 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
cs.
 

Obtaining counterpart heavy-vehicle mechanics has also been
a problem. There have 
been from two to five working with the
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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. If 
 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 
boen receiving a broad
 range of 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 operation, 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 catalogues.
 

It is strongly recommended that an English-language 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 fair
a 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.
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4.1.5 
Operation and Maintenance Manuals
 

In an effort to provide the Somali 
counterparts 
with guidelines 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

5. Well 
Drilling Operations and Preventive Maintenance

6. Evaluation, Rehabilitation 
and Abandonment 
of Water
 

Source Points.
 
7. Pump Rig Operation and Well 
Maintenance
 
8. Light Duty Vehicle Preventive Maintenance
 
9. Warehouse Procedure
 

All manuals were prepared in English, with Somali 
translations 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 training. 
 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 hydrogeologic investigations and how to
 
prepare meaningful reports. 
With the current available database,

regional reports, other
or 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 large 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 has 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.
 

4.3 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 Planning Unit
 

As part of the institution building task, 
a Planning Department was to be established within 
 WDA. Because Presidential

approval was the
needed, establishment 
of a Department was

delayed. As a compromise, a Planning Unit within WDA was formed,

consisting of Head
a of Planning 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 policy decisions.
 

A Compaq, IBM-compatible microcomputer, 
and an IBM microcomputer 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 6 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 added.
be 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 its
schedule maintenance and

replacement programs, 
 it will facilitate studies 
of the avail
ability of groundwater in any area relative to the population and

demand in areas, it
those and 
 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 CGDP. 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 availab}e

from the 
BRADP 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 1986-8B 
 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 operating and maintain
ing a WDA well. Besides the ability to 
 schedule and accurately

assess the cost of 
 operation and maintenance in future years,
this model also gives the NPV (Net 
Present Value) and IRR
(Internal Rate of 
Return) of well installation projects.
 

57
 



WDA Costing Analysis: Well Drilling Operations Page I Version 21.09.85 
 TABLE 8: Sanple of ost Mialysis Proqrai Fesults.
 

Table 9: Summary Cost of Installing Production Well :Table 10: Production Well Vehicle Cost Analysis 

Note I Cost (So.Sh.I Cost (USI) US$ equiv. : Drill Pump Fuel Water Heavy Light Logging 

I Hydrogeology 
2 Drilling 
3 Logging 
4 Well testing 

5 Civil Works 

6 Pump Installation 

Grand Totals 

16,605 500 705 :Hydrogeology 
118,973 24,010 25,479 : 

6,412 233 312 : 
24,749 740 1,046 :Drilling 
73,224 6,000 6,904 : 
29,840 16,760 17,128 : 

------------------------------------- :Logging 
269,803 48,243 51,574 : 

Rig 
a 
a 
0 

3,750 

3,750 

643 
0 
0 

Rig
0 

0 
0 
0 

0 

6 
a 

Truck 
0 

0 
0 

320 

320 

63 

a 
a0 

Truck 
0 

a 
0 

750 

750 

236 

0 
0 

Veh. 
0 

0 
0 

260 

260 

63 

0 

Veh. 
250 

250 
162 
375 

375 

243 

0 
a6 

Veh. 
a 
0 
0 
0 

0 

a 
117 
117 

:Well testing 
0 
6 

0 
270 

0 
0 

0 
0 

0 
0 

0 
-100 

73 
0 

Note Labour Materials Transport:Civil Works 

0 

0 
6 

270 

215 
0 

0 

0 
6 

0 

a 
0 

6 

0 
542 

100 

65 
208 

6 

6 
0 

Hydrogeology 

Drilling 

Logging 

Well testing 

Civil Works 
Pump Installation 

Grand Totals 

43 662 : 
221 13,100 12,158 :Pump Installation 

6 307 : 
25 1,626: 

115 5,023 1,766 
25 15,500 1,603 :Total 

----------------------------------- -:3,750 

435 33,623 17,516 : 

0 
6 

0 

0 

6 

3,750 

643 

0 
0 

270 

270 

215 

540 

540 

431 

0 
0 

0 

0 

0 

320 

320 

63 

0 
0 

0 

0 

6 

750 

750 

236 

542 
131 

260 

260 

63 

1,062 

1,062 

257 

268 
135 

10 

160 

65 

1,633 

1,633 

670 

6 
a 
0 

6 

0 

117 

117 
73 

51,574 :Capital recovery 
:Spares/maint. 

:Fuel 

7,572 

7,572 

2,372 17,516 

Table It: Summary Cost of Installing Exploratory Well :Table 12: Exploratory Well Vehicle Cost Analysis 

Note 

Hydrogeology 

Drilling 
Logging 

Grand Totals 

t Cost (So.Sh.) Cost (US$) US$ equiv. : 

16,605 500 705 :Hydrogeology 
92,135 14,700 15,837 : 
6,412 233 312 : 

------------------------------------- :Drilling 
115,152 15,433 16,855 : 

Drill 

Rig 
0 

0 
6 

2,500 
2,500 

Pump 

Rig 
0 

6 
0 

0 
0 

Fuel 

Truck 
0 

0 
0 

320 
320 

Water Heavy 

Truck Veh. 
0 0 
6 0 
6 0 

56o 266 
500 260 

Light Logging 

Veh. Veh. 
250 0 
250 a 
162 0 

253 6 
250 0 

Note Labour Materials 
:Logging 

Transport: 

539 
6 
0 

6 
0 
0 

63 
0 
0 

157 
0 
0 

63 
0 
a 

162 
0 
6 

0 
117 
117 

Hydrogeology 
Drilling 

Logging 

Grand Totals 

43 0 662 : 
153 7,640 8,644 :Total 

6 0 307 : 
------------------------------------- : 

202 7,040 9,613 : 
:Capital recovery 

0 

2,506 

2,500 
539 

4,197 

0 

0 

6 
a 

0 

320 

320 
63 

0 

50 

500 
157 

0 

266 

260 
6 3 

0 

500 

520 
324 

73 

117 

117 
73 

16,855 :Spares/maint. 
:Fuel 

4,197 
1,226 9,613 

http:21.09.85


Technical applications. addition to the many planning
In 

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 aquifer-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
Planning 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
Planning Unit 
are expected to be competent to conduct this
 
training course.
 

Socio-economic Studies. 
 Valuable socio-economic 
data were
collected 
 from villages 
in the Bay Region where wells were
installed in the early 
years of 
 the CGDP. Unfortunately, both
the data collection, 
 and the Tuulo Village Assessment 
and
Participation Process, TVAPP system, ceased to 
function by early
1984. The 
 project extension provides for a 3-month visit by an
LBII consultant sociologist to train members of 
the Planning Unit
and to 
 establish procedures for the on-going collection of data.
Dependent upon the availability of staff from 
the Bay Region
poroject, it 
 is also hoped to 
 resume a more modest form of the
TVAPP 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 wellsites 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 TVAPP 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 the of
record numbers 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 of fuel supplied to the
 
pumps. If system
the proves successful, and the data appear

reliable, it will 
be extended to all regions over the second half
 
of the extension period. 

WDA Overall 
Planning and Financial Management: It is

expected that, 
 by the end of the project extension period, the
 
Planning Unit will be sufficiently trained 
to enable the WDA to
 
better plan its future operations. The Planning Unit, through

the Director of WDA, has all
instructed department head- 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.
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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 
of 	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 upon 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 Agricultural Development

Project 
and for the Central Rangelands Project. In addition,

they were 
to make sizeable
a procurement of General Motors spares, parts, and vehicles. These procurements are reportedly 
on line. 

LBI was responsible for procurement 
 of a number of GSO
items, laboratory equipment, 
 and eight-inch well casing.

the arrival of the casing in the first week of 

With
 
July, all procurement-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
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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
 

must be adaptable to BOC British 


and are currently under consideration. Listed below are some 
of the items requested. 

A. Oxygen generator to use for filling of oxygen bottles; 
Oxygen Company fittings
 

and must be 220V - 50-60 HZ.
 

B. 	Miscellaneous construction steel
 

8 	 - sheet plate steel 1/4" X 4' X 8'
 
5 - do 1/2" X 4' X 8
 

20 - do 
 1/8" X 4' X 8'
 

C. 	Pipe threading equipment from McMaster CARR Supply Co.,

Elmhurst, Illinois, required operate
to 	 equipment no
 
in-country and to include:
 

a) I set 2587A999 BSPT dies for Rigid model 
141 geared

pipe threader, die NBR 66625, HSS RH 11 
TPI.
 

b) 1 each 2660A999 NBR 
46 pipe support NBR 42505.
 

c) 1 oach 2660A999 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 38 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 water from
 
90m 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

fourth 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

field-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 CGDP, 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 laboratory

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 Personnel
 

The chemical laboratory located in 
 the MMWR facilities
 
initially had a staff of twenty-five persons. Only one 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 to the hydrogeology

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 exists
potential 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 of 
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 lab 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 proper
 
inventory and control program needs to 
 be implemented, and
 
maintained.
 

4.5.3 Laboratory Operations
 

Three different laboratory 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 analysis.
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During the past year the laboratory, has analyzed 39
 
samples; 19 are samples collected from newly constructed wells,
 
13 are from wells set up for continual monitoring, and 7 are from
 
other wells or springs. Lack of power, lack 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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5.0 PRIVATE SECTOR STUDY
 

The Private 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:
 

Phase I. Planning and Reconnaissance
 
Phase II. Information Gathering
 
Phase III. Analysis
 
Phase IV. Recommendations and Report
 

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

5.1 Phase I. Planning and Reconnaissance.
 

The planning and reconnaissance phase of the private sector
 
study was completed with the submittal of the Inception Report in
 
January of 
1985. Work on Phase I was initiated in December 1984
 
in the Washington offices of LBII and was completed in Mogadishu
 
in January. The work 
conducted during Phase I consisted of
 
reviewing the literature and files of LBII 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 needted 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, 1985.
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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 Consultants
 
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 III.
 

5.3 Phase III. Analysis
 

From data collected, a preliminary analysis was made, and a
 
staff working paper on policy options was prepared. These
 
options were circulated to WDA, AID, and team members of the
 
LBII, 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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6.0 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 development

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 from the
water 

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,1W00 mg/l or
 
more total dissolved solids, 
Plate 10. 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 200 km 2 
of Iscia
 
Baidoa Suite, remains untested by borehole drilling, Plate 1. A
 
similar area, about 
100 km2 of the Iscia Baidoa Suite southwest of
 
the Bur complex also remains unexplored by borehole drilling.
 
These areas should be investigated for degree of karst development
 
and for borehole exploration potential.
 

The southern-most part of the Bay Region 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 boreholes. 
 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 130 m in depth (UNDP, 1973). The chemical quality of
 
the groundwater is variable, and it may have as much as 9 g/l
 
(9000 	milligrams per liter) of total dissolved solids locally.
 

km2
This area of about 600 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 yield water to bored wells. No exploratory drilling has
 
taken place over these linear features.
 

During the initial phase of exploratory borehole 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 found.
 
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 conce°itration
 
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
 
CGDP through 
June, 1985, and six of these are productive. The
 
chief limiting 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 whera 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 50 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 of fresh and 
 salt water is near land
 
surface.
 

A basalt &quifer 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 6 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 cmver 
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 a a the
 
privately owned or village constructed and maintained berkeds 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 limited success in developing

groundwater of 
useable quality by drilling in the basement complex
 
and in the Anole Suite of the Bay Regionthe BRADP initiated a
 
study to explore the potential of improving existing catchments
 
and in designing new oneF in this 
area. The study effort was
 
coordinated 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 objectives 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 provided
 

74
 



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 EI-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
 
bec,me 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

local 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. N 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. This
 
program should involve the private sector, and should be coordirna
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. Presently there are policy

and contractural constraints that limit 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 have 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 areat; in the country where drilled wells
 
represent the only potential 
s.rce for water, well drillers have
 
a definite role to play. Their efforts should 
be directed in
 
areas of known groundwater development potential. 
 The WDA should
 
be reponsible for the research and exploration necessary to define
 
these areas, and then the private drillers contracted to construct
 
the needed production wells. These contracts could be with WDA,
 
with villages or with private concerns.
 

6.5.2 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. One
 
component could be added 
each year over a period of a few years.

For example a storage facility could be done one year, a watering
 
trough one year and a domestic tap the third year.
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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 ptrform at an 
efficient level without adequate compensation.
 
Lack of incentives was and is probably Qhe 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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7.0 DEMOBILIZATION
 

The Comprehensive Groundwater Development Project, is
 
scheduled to be completed by July 1986. 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
 
inv(entories to be taken and preparation of 
reports, while oversee
ing operations 
desLribe the 

by WDA 
rationale 

staff. The following 
for the sequence of 

sections briefly 
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 staff.
 

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 1986 to avoid excess
 
handling.
 

7.2 Establish WDA Team Operations
 

Although 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. the phase-out,
During a drilling super
visor will be appointed to oversee the operations of all four
 
crews, Figure Each the will a chief
8. of crews consist of 

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
 
Rangelands. A supervisor and coordinator for both crews must
 
still 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 needed. The
are 

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.
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7.4 Consultant Team Phase Out
 

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 of the
 
professional staff have been given extended schedules to assist in
 
the preparation of the finel report, and to assist in the turnover
 
of documents and household furnishings.
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Figure 9: Schedule of Man-months.
 

LBII Staff
 

Name 


Cerrillo, J. 


Sumsion, C 


Douglass, D. 


Gillespie, J. 


Chambers, B. 


Jones. G. 


co Lock, R.
Ln
 

Schwar:, R. 


Templar, P. 


Roark, P. 


Pape, 1. 


Bukoski, J. 


OPEN 


Edgren, M. 


OPEN 


Daveys, F. 


Kornell, R. 


Lerner, H. 


Position 0 
1984 
N D J F M A M 

1985 
J J A S 0 N D J F 

1986 
M A M J 3 

Project Manager ***************fr ************************************.*.*..** 

Database/Training **------------------

Hydrogeologist/CR ************************************ ** 

Hydrogeologist/BR * 

Mechanic ** 

GSO/Admin. *** ******************** ****** 

Economist 

Sociologist *4**** ++++ *** 

Civil Engineer **** 

Water Resource Planner *** 

Computer Training *** *4 

Procurement ************* 44** *** 

Report Finalization 
4* 

Chemist- ............................ 

Lab. Specialist **** 

Logger/Radio Technician 4 , 

Coordinator 

Coordinator 



Figure 10: Schedule of Man-months. 

Roscoe Moss Staff 

Name Position 0 
1984 
N D J F M A M 

1985 
J J A S 0 N D J F 

1986 
M A M J 3 

Woerner, J. Chief Driller 

Glessner, W. 

Williams, W. 

Driller/BR 

Driller/CR 

Hall, F. Field Technician 

Steele, R. Heavy Mechanic 

Van Valer, R. Procurement * * 

Van Valer, R. Coordinator ** ** 

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 objective of this conference
 
will be to fulfill the requirement of presenting a comprehensive
 
groundwater picture of Somalia. 
 We suggest this conference be
 
sponsored by MMWR/WDA with invitations to all donors supporting
 
groundwater projects, and to all ministries whose 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 organization 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
 



Region CENTRAL RANGELAND 60 15.8'N Rig N2 100 Page 1 of 1 
Well Location WARGALOH Coord 47031. 2'E HASSANHydrogeologist L.A.CerilloDrilllng MethodROTARYUDHUSSEIN
 

Well Number CR 67 Driller Am1R Bit Size 17-12[-7L 

Completion 
Date  7i25-78
 

Depth Iraphic Lithologic Description Well Remarks 
(m) Log I Comlt. 

Limestone;white,-soft 

-casing 	 14-inch surface
 

to 3 m with
 
-10 
 cement seal
 
-20 No sample 
 8j inch steel Casing 

30 Sand; fine to medium,with clay 

- 4- Sand,as above with interbedded 
40 - Gypsum 11.5 inch centering
50 
 guides
 

-60 	 No sample 171 inch hole to 3m 
121 inch hole to70 176.9 m 

71 inch hole to 252m 

90 - Clay with sand,subrounded to
 
100 '-" roundd, medium to coarse
 

-100 grained,with fine gravel and 
 £ Static water level
 
110 ,' - -. hematite pebbles 
 98.4 m, 19.9.84
 

S.- -. Drawdown 0.2' m
 
120 ._.. 
 after 1:30 Hrs at
130 - .
 ! 11.4 m /hr
 

-130 -
140 " "
 

150 ... Mono pump installed 
,Sand,medium to coarse,with at 134 m
 

I.-" /clay and fine gravel
 
20 slot Johnson 
 scren 

170 ".180 viVv ", Basalt 	 screen 164.9 toBasait 
170.9 m,all 8 inch 
10 slot Johnson
V190 V 	 screen 170.9 to176.9 m, all 8 inch
 

Basalt with sandfine to medium, 1 Blank casing 

with .clay hematite,and gypsum 	 steel, 8 inch-2-10 - fragments
 

220 
 -22-	 7j inch open hole 
to 252 m, Total

230 
 Depth

-240 Limestone,yellow,soft,with clay
 

250 	 2 m
 
252 m, Total Depth 252 m 



Region BAY REGION 30 38.9'N Rig NI Page, 1 of 1 
Well Location GARIMAY Coord 43052.2 'E Hydrogeologlst, J.D.G Drilling Method ROTARY 

Well Number B70 Driller Bit Size 10 
Completion 

Date 6.9.84 

EGrophic Lithologic Description Well
(i) Log Remarks 

0 Soil, Red No surface casing.
 

10
 

8-inch steel casing

] I Ito 126 mLimestone20 


log)
(No lithologic 

30 

40 

50 

60 I 
 Karstic limestone Static
!iiwater Perforated casing,Proae aig
 
- (driller) le 6/8x2
60 m inch slots,70 .- .level7-16.9.84 
 216 per 6 m length


1 . of casing

80 "
 

Limestone
 

90
 
0' Perforated casing, 
100 liIi /8x2 inch slits 

ii0 _--- Kastc limstone(driller) 

120 

130 Limestone 
 Open hole 126-135 m
 

140 135 m Total Depth 135 m Total Depth
 

__________________________________I______________________ 

http:7-16.9.84


_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

0 

Region BAY REGION 	 30 23.7'N Rig N2 Page. 1 of 1 
Well Location USLE Coord 430 30- I'E Hydrogeologist J.D.G Drilling Method ROTARY 

Well Number B 71 	 Driller Bit Size 16-10 

Completion 
Date 19.8.84
 

Depth IGraphic Lithologic Description ll, Remarks
(m) /Logl m It. 

Soil and weathered 
 14-inch surface
 
-limestone,red 
 casing to 1 m
 

Limestone,gray to olive -gray 
 8-inch PVC casing
 
to 80 m
 

Lost circulation:, No returns
 
(Karstic limestone) 	 Stafics
 

water
 
level
 
36 m
 
28.8.84 Perforated PVC 

am=== Limestone,light-gray casing 50-80 m
 

Lost circulation,

No returns 	 iIi 
(Karstic limestone) 

Open Hole 
80-102 mn 

102 m Total Depth 
 102 m Total Depth
 

_ I _ _ __ _ _ __ _ __ _ __ __ _ __ _ __I 



Region CiF!TPAT RAN.ELAND 5057.5,NRig N2 100 Page. I of I
 
Well Location ________L Coord 47 
 58.2 'EHydrogeologist MARSHALE Driling Method ROTARY-MUU 

HASSAN 	HUSSEIN OMAR
Well Number_ r, 2. Driller Sit Size 17J-121-71-6 
Completion 

Date . -12.L.-8
 

Depth raphic Lithologic Description Well Remarks 
_ _ _ _ _ _ it. 

- 0 	 Limestone,gray 
 a 14-inch surface 
10 0e casing to 6 m, with10-
 cement seal
 

Conglomerate ,brown-red 
 Static ,

.20wae 

l20aev 

81 inch blank steel
 

30 	 Limestone,gray 
 17v, casing to 97 m
 

40 Water at 40 m, 18.11.84
 
26000 micromhos 
 171 inch to 6 m
 
No sample 
 121 inch to 94 m
50 
 pl 
 inch to 164 m
 

06 inch to 204 m

.60
 

*..- Sand,very fine,brown
.-


70 	 Lost circulation at 66 m
 

80
 
Z- .- Clay, sandy with Gypsum crystals
 

-90 """
 

-10097
10-7 	 mend of blank 
steel casing driven
110 .--r 	 3m in clay to seal
 

off water at 40 m
 

-120 - ' 

130 

-140 •
 .. .Sand,fine,with some 
clay
 

"150
10 o!
 
Water at 
164 m, 12000 micromhos,
 

60 
 well abandoned for excessive
 

170 "* salinity 	 - 71 inch open hole* I 	 to 164 m 
6 inch open hole to180 .:V 	
204 m 

190 • 

-00 2"
*204 in,Total Depth 	 2DL204 mn, Total Depth 

http:18.11.84


Region BAY REGION 30 36.4N Rig NI - Page.1 of 1 

Weli Location MIGDALOO Coord 43050.5'E Hydrogeologlat Drilling Method ROTARY 

Well Number B 74 Driller Bit Size 14 - 10 

Completion 
Dote - 1310.84 

I Lithologic Description P Remarks 
(m) Logcompit. 

0 Soil,red 
 12-inch surface 

10 Clay,yellow casing to 2 m 

20 -Limes tone,weathered 8-inch PVC casing 
sparse chert,and interbedded to 100 m 
yellow clay 

Limestone,olive-gray sparse 
40 chert and Jlay,some weathering 

50 'Limestone,olive-gray iron-stained, 
 Perforated casing
 
-
 with chert and secondary calcite 58-64 m
60 -

70 
Static 


Perforated 
casing
 

water T 70-88 m 
80 level
 

74.7 m 
90 Karstic limestone 3.10.84 

100 
Limes tone ,weathere d Open hnle 100-130 m. 
iron stained
 

-110
 

120 Karstic limestone 
 I
 

130 
130 m Total Depth 130 mnTotal Depth
 



_________________________________ 
_____________________ 

0
Region BAY LABATAN 	 Rig i 102 PgREGION 	 3°31 .6'N Ri N2 12 Page 
Well Location JTRow Coord 43050.9'E Hydrogeologlet J.D.G, 

Well Number' R 7s 	 Driller MUSSE 

Completion
 
Date 1R in qL
 

Det1oh Lithologic Description 1WellO.m)ro,_ ooit 

0 	 Limestone,red weathered 

10 F 

20 	 Limestone, yellow to olive-gray 


30 IF 

40 
Static 

50 water
 
level
 
40.1 m
 

60 	 Limestone,weathered, 18.10.84
 
S karstic zone 


70 - " - ' 

I V Limestone,gray with red and
 
' yellow stains,sparse yellow clay


80 ,/and chert
 

90 	 Limestone,gray,karstic 


100 . -	 i 

110 /Limestone, gray
 

120
 

130 	 132 m TD 


.140
 

_ of
 1 

-Drillng Method ROTARY 

sit Size 1 - in 

I Remarks 
.t.
 

12-inch surface
 

casing to 2 m
 

8-inch PVC casing to
132 m
 

Perforated 	caging
 

60-72
 

Perforated casing
 
90-108
 

132 m Total 	Depth
 

http:18.10.84


Region BAY REGION 20 33.9'N Rig N2 102 Page.. I of 
WellLocation .Hogimy Coord 42055.7'E HydrogeologistJ.D.G. Drilling Method ROTARY 

Well NumberB 77 Driller M-,M. Rage Bit Size 14-10-8 

Completion 
Date 28.12.84
 

Dth raphic(m Log q - Lithologic Description Iwe pit " Ii Remarks
 

0 ..- Soil 
 12 inch casing to 2 m 
Limectone,light to medium-gray, 

10 	 slightly weathered
 

Lost circulation,no sample 
 8 inch casing to 24 m
 
20 (Karst zone)
 

30 	 Water cascades from 26 m 8 inch open hole
 
to 200 in 

Limestone,light-gray,
1 1.40 

F . oolitic,iron-stained fractures
 

Static water level
 
50 /Limestone,medium-gray, 
 46.51 m
 

slight weathering
 
60
 

70
 

Limestone,light to medium-gray,
 
80 
 karst 126-128 m
 

90
 

100
 

110
 

120 

130 

140 N Limestone ,medium-gray 
partly oolitic 

150 -Limestone,ight-gray,oolitic 

160 " "' limestone,dark-gray,pyritic

170 	 Limestone,light-gray,oolitic 

180 Limestone,medium-gray,foliated
 

190 Limestone,gray oolitic
 

200 	 No sample 
 200 m total depth
 

http:28.12.84


Region CENTRAL RANGELAND 6 018.5N Rig N2 101 Page.1 of I 

Well Location nmAjTmAT. Coord 48 0 13.0'E HydrogeologJst D.DOUGLAS Drilling Method ROTARY=UD 

Well Number CR 78 Driller SHIRE TAHLIL Bit Size 15-121 

Completion 
Date 19.1.85 

Depth Lithologic,rophic Description [WeI I Remarks
 
(in) Log lcompit.I
 

0 	 + + .- Gypsum 14-inch casing to
+ + 3 m 

10 - Sand with clay,Gypsiferous 8-inch blank casing 

to 56.8 m 
20 m'' 

- Sand with clay
 
30
 

40 ". 'Clay,sandy,gyp iferous
 

50 " 	 Sand,medium to coarse, well

rounded,well sorted
 

60 
 8-inch perforated 
" '.. ' i casing 56.8 to 68.8 

°°,
 

70 	 Static water level 69.65 m m,1 
-.
 /8-inch slots,used
 

19.a,850 oin lieu of blank
 
80 Sand, 4800 micromhos, casing
medium, drawdown 1.5 m casing 

.1.. *__ with clay after 11 hrs at 8-inch blank casing 
90 	 . 16.4 m 3 /hr


"*..'"'"8-inch perforated
 
- Sand,medium to 	 casing 86.8 to
100 • ,., ." 	 coarse,well-rounded 176.8m, 1/8 inch 

I'--- Sand,fine to medium,with clay 	 slot110 -Sn:ie 
 lt
110 and gypsum 
 Mono pump installed
 
- l"l".at 90 m. 

-120 *. l
12' " - Sand,coarse,moderately well
 

130 sorted and rounded
 

L ll
 

140 "'

150 - -Sand,fine to medium, with clay
 

and gypsum
160 

170 -' 	Limestone
 

.-- Clay 176.8 m
 
180 176.8 m
 

180 



Region BAY REGION 
BUULO 

A 2059.2'N 
4 

Rig N 2 100 Page I of 1 

Well Location_.An .D Coord 4248 1 Hydrogeoogi J .DC. Drilling Method ROTARY 

Well Number B 79A&B B 2059.5'N 
420 48.1 'N 

Driller TALL ABDIS it Size 4410 

Completion A. 27.12.84 

Date B. 11.2.85 

BOREHOLES ABOU. 2Km APART 

Depth rophic Lithologic Description Well I Remarks(m) Log IMplt. 

79A- 79A sit/
 

J gra, 12-inch surface casin
_0 ,, ,--Limestone,medium gray, t n osa 

oolitic fragments at top,o,.o. 

o~o.U.; dendrites throughout 

20 o~o° .° conglomerate derived from
 
Total Depth,
granitic complex6 


30 XGranitic rock no water
 

26m, Total Depth, No water,
 

Abandoned
 

79B 79B
 
0 . --- Soil and clay,medium gray 
"Z "--alluvium,sand-pebble conglo- I 12-inch surface 

10 merate,weathered feldspar and, casing to 18 m 

--- -- clay matrix i I 
20' 10-inch open hole 

20 Shale,red,silty to 50 m,
 

No seal
 
gray,argillaceous
-Limestone,dark
-30 


--. -Conglomerate,with siltstone, I 

40 .o..0, sparse quartz grains,becomes, 

Sfiner 
 toward top
 

50 KGranitic complex,meta-sediments, 50 m, Total Depth
 

No water
 
ferro-magnesian minerals, 


some quartz and feldspar
 

50 m, Total Depth,
 

No water, abandoned
 



Region BAY REGION 0 Rig N1 Page I of 
TOGERE 2o38.0,N

Well Location4OOSLE Coord 42 54.6E.Hydrogeologst. j.D.G LDriling Method ROTARY 

Well Number B 80 	 Driller Bit Size 14-10 

Completion 
Date 4.3.85 

Depth IGrophic ! Lithologic Description le'"r1 
(a.i)ILog __Il.I R 

0 -Soil & limestone,light olive-gray, l2-Inch casing to 

weathered 3 m. 
IO 'imestone,Medium greenish-gray 
 10 inch open hole
 

20 argillaceous,slightly weathere to 212 m
 

Li2estone,medium-gray,argillaceious,
 
30 Oolitic
 

,Limestonelight-gray,oolitic
 

40 -Limestone,white to light-gray,
 

oolitic
 
50 " >Limes tone ,medium-gray,argillaceous,
 

pyritic,very fine S Static water level
 
60 -57.8 m
 

Limestone,white to light greenigh
70 gray,oolitic


Limestone,light-gray,very 

fine
 

80 
-Limestone,white to light-gray,
 

90. 	 oolitic,with thin medium gray
 
limestone,oxidized 88-90 m, water
 

at 80-90 m
l00 


Limes tonemedium-grayoolitic &
 
110-- very fine
 

120
 
Limestone,white to light-gray very
 

130 	 Live, slightly oxidized 130-134 m
 

-140 Is h
 
150 " Shale,red-brown to dark-gray,


-=I--- slightly fissile,silty, limy
 

160
 

- - - Limestone,dark-gray,argillaceous,
 
170 s
!haley
 

180 	 Siltstone,red-brown to green gray,
 
some sand,grantic conglomerate
 

190
 

No sample
200 

.Conglomerate of granitic &
 

0 . Metased~mentary material
 

C iatiti tonrio 	 Total depth ZIZ In 



Region CENTRAL RANGELAND 6°0.6'N Rig NI 101 Page 
HydogelogatD.DOUGLAS

Well Location BUDBUD Coord 48040.7'E HydrogeologiatD

Well Number CR 81 Test 	 Driller SHIRE TAHLIL 

Completion 
Date. 2.3.85 

(m] |og Veit.Depthaphic Lithologic Description M 
0 	 sand, loose*.:....-Aeolian 


10 	 -Calcrete with Gypsum

•_----

- Water 

"-- -Clayredsandysoftexpansive
 

20 Water
 
--- Static
 

Water water 
Limestone,Karstic pfeos17.65 level m 

_40 	 hale,red,hard,gypsiferous 2.3.85PioBrehl
 
imestone
 

Shale,red,hard,gypsiferous

50 	 Dolomite
 

--Gypsum 
-60 - hale,gray-whire,soft,calcareous
-0Conglomerate,well cemented
 

- ~= Limestone 
hale,gray-white,soft gypsiferous
 

70 
 imes tone
 
Shale,gray-white, gypsiferous
 

Gypsum

80 


Limestone with seams of red
 
gypsiferous shale
 

90
 

Gypsum
 

100 -Limes tone
 

1 +l-~-Gypsum,karstic,much water,
 
110 4+ + 4p 11000 micromnos
 

4- +120 


130 .."'30.. -Sandvery fine,well-sorted,
 
.. weakly cemented 


133.5m, Total Depth 

140 

21 of 
Drilling Method ROT.AIR/MUD 

Bit Size 12;-6; 

Remarks 

8ga-inch surface casing
 

to 4 m. 

64-inch open hole 

To 133.5 m
 

124-inch to 4 m
 
to m
Pilot6 -inchBore hole133.5 

133.5m, Total Depth,
 

Open hole
 

http:pfeos17.65


Region CENTRAL RANGELAND 60 10.6'N Rig N2 101 Page 2 of -

Well Location BUDBUD Coord 4. 7 Hydrogeologist. D.!.LALDriUing Method RoTARY-AT R 

Well Number CR 81 Completion Driller SHIRF TAHI4.T, Bit Size 15-10 

Completion 
Date 11.3.85 

Depth raphic Lithologic Description Well Remarks
(m) Log OIt. _R __ar_
 

0 I 
Aeolian sand,loose 	 12-inch blank
 

casing to 24 
m
 

Calcrete, gypsiferous
 

10 	 -- + Clay,sandy expansive, soft 

Limestone
 

I I Cement seal,20 '- I with 5 percent 
---- Clay,sandy,expansive, soft Bentonite,19 to 24m,
 

_ 	 and sand fill to 
19 m 

Static 

water 
level
 
- -23.5 Ilm 8-inch slotted steel 

30' 11.3.85 ii!1 casing to 61 m 
Limestone,karstic 7400 micromhos I /8-inch slots, 

23.1 m draw- 11 All slotted casing,

dawn after no blank casingii available 

Shale,red,hard, 2:10 hrs at

L- gypsiferous 1 m3/hr I
 

Limestone 	 i Hand-powered Mono 

-40 	 Pm a4Shale,red,hard 


I
 

Dolomite,karstic 	 II 

50 II
 

III
 
4---
 I
 

"I- 4 Shale,Gypsiferous I60 - , Conglomerte,well cementedI 

61 m, Total Depth 	 61 m, Total Depth 



CABLE
 
Region CENTRAL RANGELAND 40 06.4'N Rig N2 TOOL Poge47030.8 'E D .DOUGLAS I of 

Well Location .sAnnl. Coord 47 Hydrogeologist Drilling Method T 

Well Number CR 82 Driller MUHYADIN NUJR Bit Size 16-12-7 

Completion 
25.4.85
Dote 

8-inch blank casing
 

Depth orophic, Lithologic Description We lt Remarks 
(in) Log ptI 

0 -

Sand and silt,pink aeolian""' ' I I 
14-inch surface
casing to 8 m, 

'- Silt and fine sand,pinkaeolian I Casint 8 mk 

I I --II- Silt,white,aeolian wi t h s a n d 

10 Calcrete,hard,pink to brown 

to 48 m
 

Sandstone,fine,gray-white,
 
20 calcareous cement
 

Sandstone,fine,pink
 

30
 
-Silt and 	fine sand,pink,aeolian
 

"" "-" 	 Sandstone moderately hard,pink,
 
calcareous cement
 

40 	 Sand and silt,pink,aeolian 
 St
J 	 Static water level 

Static water level 40.4 m, 	 40.4 m, 25.4.85
 
5.4.85.
 

27 m of 6 inch
 
, ° .,Limestone,white,moderatelyhard 


I perforated casing 
' to 75 m,Il 

,l_ 1/8 inch slots
 

..... 
 Mono Hand pump at
 
' - -'- 54 m .
 

60 

75 mnTotal Depth 	 'l 



Region Bay Region Rig NP 102 Page 1 of 1 

Wall location Misra Coord Hydrogeologist Gilicspie Drilling Method 

Well Number B 83 Driller Ahdi War-cam. Bit Size 14,10 

Completion
 
Date 17.4.85
 

Depth h riphic~g I Lithologic Description IWelI Remarks(m) CompIt. 

oil--Caybron 
 li[[12-inch casing to
0 -Clay soil, brown
 
12m,cement seal
 

to light-gray,
I -Limestone,white0 -.-.10 oolitic,moderately weathered
 

20""J~.- 10-inch open hole
 
-20 Static Water level 21.18mto 170 mn
 

17.4.85
 

30 .Limestone,white to light-gray,

oolitic,some dark-gray,argillaceous,
 

and purple siltstone
40 

_Limestone ,dark-gray ,argillaceous.

Limestone,white to light-gray,
 

50 /oolitic,weathered surfaces iron/ stained
 

60 Limestone,medium to dark-gray,
 
7 ' ,/oolitic,partly lithographic.
 

"70
 

Limestone medium-gray very dense,
 

-80 ,/ sparse dark-gray fragments
 

water
 
-90
 90 --Limestone,light to medium-gray,
 

100 . \oolitic,sparse Bioclasts
 
Limestone,white to medium-gray,
 

- very fine,argillaceous, sparse
 
110 fine pyrite
 

---Limes tone,medium greenish gray,
 

-120 -- argillaceous ,pyrtic I 
- - Shale,redish-brown,silty,fissile 

130 '*-Limestone,inedium to dark gray
 
argillaceious calcite in fractures,
 
pyrite traces
 

-140 Limestone,medium-gray,argillaceous.
 
---- NLimestone,medium-gray,argillaceous,
 

"150 - -o-- sandy
 
--Siltstone,greenish-gray,some redish

-160 brown,sparse sandstone,fine
 
g0,0.,,
07_,-Conglomerate,grantic and metasedi
0 , mentary components,fresh gran'itic

170 0.,., rock in final sample,water at 170m __ 170 m, Total J)epth 

170 m, Total Depth
 



N2Region CENTRAL RANGELAND Rig 101 Poge 1 of I 

Well Location CAGACADE Coord Hydrogeologlst D.DOUIGLAS Drilling Method ROTARY-MUD 

Well Number CR 84 Driller SHIRE TAHIIL Bit Size 6." 

Completion 
Date 1.6.1985 

Depth )Grophic Description l RemarksLithologic Rl 
(in) Log I____M_________ 

0 ,,SandmediuIM to fine q~rained,
 

well sorted,lateriticred
 

-10 -Limestone,sandy,moderately hard,
 

whi te 

,20
 

0 

40
 

50 

-60
 

70 

8
 

90 

. :u3 /,~Sandstone,very five grainedslightlv 

"100 clayed,moderately well cemenred,
 
calcareous,white-red
 

110 
.--. ,-:.-. Sandstone,very fine grained,clayey, 

weakly cenented,calcareous,white-red 

120 .- :-- Limestone,hard,with chert modules, Minorin loss of circu

fractured,white 
- - Clay,soft,expansive red Lost circulation 132.5 m 

130 "- Lmestone,hard,with chert modules, 18.5.85 
134.5 -frictured,white Lost circulation 134.5 m\ Clay,soft,explnsive,red 1.6.85 

"Limestone hard,with chert modul-es, Bore hole abandoned 
fractured,whi te No water encountered 

TD= 134,5 



Region BAY REGION 3001.2'N Rig N2" 102_,..Page 1 of I 
welLcto drilling MethodWeltLocoti~nBuklaabow or Hyd rogeolo gist RtrCoord 43024. 3'E J.D.Gillesp M Rotary 

Well Number B 85 Driller Abdi Warsame Bit Size 14 - 10 

Completion
 
Date 
 30.5.85 

Depth raphic Lithologic Description Well Remarks(m) h go I icMplt.I eak 

0 ,Limestone, Weathered, iron stain 12 Inch surface
 
decreases downward I casing to 3.5m,cemen
 

seal
to light-
10 -Limestone, light-gray 

buff, fine, slight to moderate
jweathering 8 Inch PVC casing to
 
waei 106, perforated from
 

20 Static water level 14.0 M 88 to 106 M.
 

30.5.85
 

30
 

,Limestone, medium-gray, fine, slightly
 
40 argillaceous sparse weathered surfaces
 

-Limestone' light to medium-gray,
 
oolitic
 

50 -Limestone, white to medium-gray,
 

chalky, platy
 

60 Limestone, medium-gray, fine,
 
argillaceous
 

"Limestone, white to light-gray chalky,
 
70 platy, oxidized surfaces 64 to 68 M
 

-Limestone, medium gray, fine dense,
 
argillaceous
 

80 -Limestone, light gray, oolitic
 

Limestone, light-medium-gray, sparse
 

oolites, slightly argillaceous,
90 

slightly oxidized surfaces 88' to 94 M ill11 8 Inch PVC perforated


-Limestone, medium-gray, sparse black csing 88 to 106 M
 

fossil fragments, very fine.

100 ; ,-Limestone light to medium-gray, fine,
 

sparse fossils
 

110 -Limestone, light-gray, fine, platy
 
cuttings 10 Inch open hole
 

106 to 130 M
 to medium gray, fine 
120 J- I I-I-Limestone, light 

1 sparse fossils.
 

130 M Total depth
130 130 M

130_ depth __Total 




0 N2
Region CENTRAL 	 RANGE Rig 101 Page I of
HAqSAN 	 40o7.7,N

Well Location AAI Coord 47007.6'E HydrogeologStD . DOUGLAS Drilling Method ROTARY 

Well Number CR 86 Driller ABDT lHRF RF sit Size 6 

Completion 
Date 29.5.85
 

Dein) rah Lithologic Description Well*
 

0
 
Sand,red,fine to medium,lateritic, 6-inch open hole to
 

10 and caicrete 201.3 mn
 

20 	 Limestone,white,with stringers of
 

fine, well-cemented sandstone
 
30 

4o
 

50 

60
 

70
 

80
 

90 

100
 

......... Sand with clay, red-brown fine
 
.. ..
-11 0 .. ..


to medium
 

120 ...
 

130.. ..
 

........
 

150 .......
 

140 


160......
 
Sand,Brown,fine,well sorted, Minor circulation
 

170 well rounded loss from 163 m to
 
10 Sandfin~wit bowntotal depth, no water
cly,

Sa d fn8ih0l y r w found, dry hole, 

Sand,Brown,fine,well sorted, Abandoned 
10 well rounded 

.180 Sand fine with clavbrown 
201.3 Total depth 	 201.3 m Total depth
 



N2Region CENTRAL 	RANGELAND 3o58.3N Rig 101 Page 1 of I UL 

Well Location ALYCABAL Coord 4705. 'E Hydrgeologlit D.DOUGLAS -Drilllng Method ROTARY 

Well Number CR 87 	 Driller ABDI DHEERE Bit Size 16-12 

Completion
 
Date 6.7.85
 

(ie |Los Lithologic Description Well Remarks 

0 .:-:.::/Sand 	 ,red,fine,well-sorted, 	 14-inch surface
 

casing to 6 m
10 	 lateritic 


20 	 ... -Sand,white,medium to fine,well-sorted, 6-inch steel casing
"..::':
calcareous to 245.5 m.
 

30 .. and,white,fine,wel1 sorted
 
3O ' 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
 

60o
 

70 :::::::::::: ,".Sandstone, red-brown,s ilty to medium,
 
poorly sorted,calcareous cement
 

80 	 Clay traces at 76-78 m,85-89 m,
 

90 	 100-103 m
 

100 .. 

10 . " 	 andstone, red-brown silty to very

S/fine, poorly sorted,calcareous cement
 
120 some clay
 

130 

140 : 
to very-fine
/Sandstone,white,silty


150 /poorly sorted,calcareous cement
 

160
 

170 	 ...... Sands-tone,red-brown,siltv to very
170 /--fine,poorly
sorted,calcareous
 

180 ...... cement
 

190 Sandstone with clay,red-brown,silty
 
200 /to very-fine,poorlv sorted,
 :]:: 

200. calcareous cement 	 /8x2-inch slot
 

210 ':''. Sandstone,red-brown,silty to medium, perforated casing
 

/calcareous cement 216-240 m
 
220 .	 Static water level 

.. S andstone,red-brown,fine to medium I 220 m 6.7.85
 
230 :.::.::. well rounded I
 

.....- Sand with c1hy,red-brownsilty to
 
245.5 	m cased,
250 	 fine 


22O Tntal Dpnth 45 m caved
 



N2Region BAY REGION Rig 102 Page t of 1 
COPAN HAGAN 2°40.0 'N 

Well Location Coord 4 3 4.E Hydrogeologilst .T .. Drilling Method RTARY 

Well Number B 88 Driller ABDI WARSA. _ Bit Size 14-6 

Completion 
16.6.85
Date 


Depth rophic Lithologic Description jWilj Remarke
 
C(m) Log I compit I
 

10 - Soil,clay,dark-brown 12-inch surface
 
2to gray
 

20 Limestone,light-brown to gray
 
30 weathered StatirT
 

I I water
 

40 -ILimestone,light-brown level
to 6-inch pilot hole 
gray, Fine,OolitIc 50-52 m, 28m II to 294m, uncased 

50 weathered 26.6.85 

. 60 Limestone,light-gray,Fine
 

70 "- weathered,secondary calcite
 
80 
 vugs 76.78m.
90 -T _Limestone light to darkgray,
 

00 Fine and Oolitic in part
 

10
 
20I
 

130
 

"150 imestone,light to medium-gray,
 
160 II /IFineI
 

-170
 

-180
 

190
 

200 

210 Shale,red-brown
 

• 230 Shale,dark-'gray,limy and marl
 r240 Limestone,medium-gray,argillaceous 


-60
 

70 /No sample I[i
 
280 Shale ,dark-gray with sand and
 

-fmetamorphic rock
 
90 No sample LI
 

300 294m Total Depth 294 Total Depth
 

_________________________________i _____________________ 



0 

RegionCENTRAL RAN(ELAND 0XARALHEERE4o39.3 'N Rig NP C.T Page, . of -

Well LocationXA R DHEERE Coord 47051 .3'E HydrogeologlstLDAVID D. -Drilling Method CA.BLETOL 

Well Number Ch 89 Driller Mohudin Bit Size 28-12 

Completion 
Date 20.785 

Depth IGrophic Lithologic Description Wi 
(m) Log I it* Remarks 

Sand,medium,lateritic with 1
siltredI ] 14-inch sur-face 

slIt1e casing to 4m 

Calcrete,white,hard 8-inch PVC casing
 

Static to 21m
 

water
Sand ,ill-sorted 


Fine to grave,r~c level
 
II
13.5m Perforated casing 

' ... 20.7.85 III 15-21m 

Sandstone,white,calcareous, Open hole 21-28m,
 
hard with lost drill bit
 

' 28m Total Depth I21-28m
 
28m Total Depth
 



_________________________________ _____________________ 

Region BAY 

Well Location 
REGION 

uMruUND Coord 
3007.3'N 

43 38.9'E 

Rig N2_ 10 1 

Hydrogeooglst 

Page 
J .D.G. 

I of 1 

Drilling Method ROTARY 

Well Number B90 Driller Shire J)it Size 14-10 

Completion 
Date 27-689 

"Chinese Well" 

DephL opic Lithologic Description WellI Remarks 

0 .Limestone, Buff, weathered 12-inch surface 

casing to 1.5m 

10 
-Limestone,white to light-gray 

light-gray, moderately weathered 
8-inch PVC casing 
to 18m 

-Limestone,white to light-gray I Static 
JIlIIwater
 

20 level
 

Shale ,medium-gray,limy I 5.6m 27.6.85
 

Perforated PVC
 
30 	 . -Limestone,light-gray,platy, li1l casing 6-18m 

argillaceous,limy 

Open hole 18-30m
 - Shale,medium to dark-gray,limy40 

50
 

30m Total Depth
60 	 30m Total Depth 




Region BAY REGION 33.8'NRig N2 1 Pe of 

Well Location HARF. Coord 43 0 3.8'E Hydrogeologit J.D.G. Drilling Method ROTARY 

Well Number B91 Driller Shire Bit Size 16-10 

Completion
 
Date 13.7.85
 

Depth rophic Lithoogic Description IWOoI°I Remark 
(m) PamgJI~OlTt 

0 . .- Limestone,red,highly 14-inch surface 

casing to 1.5m
10 weathered 


- Limestone,light-brown
 
20 L to gray moderately weathered 8-inch PVC casing
 

to 116m
 

30 ,.Limestone,light-gray sparse iron
 
stain ,medium-grained
 

40 
 Static
 
.-Limestone,white to light-gray, Vwater Perforated
 

50 oolitic,oxidized,water level casing 44-50m
 
44.2m
-Limestone ,medium-gray, 

9.7.85
 

argillaceous
60 


70
 
Limestone,medium-gray,oxidized, 


Perforated 

water I casing 72-84m 

90 -No sample
 

.10Limes tone ,medium-grayfine
 

I Limestone light-brown to medium
 
Perforated
/gray,oxidized,water 


:-Limestone,medium-gray,fine 1l16m Total Depth
 

-110 ' ; q casing 104-116m 

cipthT 


"No sample
120 

116m Total Depth
 



Region BAY REGION Rig N2 12 pop 1 of I
ASHA 3 15.1'N
Well Location .A Coord _. Alp HydrogeologisLtJ.D.- -Drilling Method'ROTARY-ATR 

Well Number B92 Driller ABDI WARSAME Bit Size 14-10 

Completion 18.7.85 
Date 

DethI ophicj Lithologic Description Wel Remarks 
(mo 
 o pt 

0 .Soil and brown-to-yellow clay I 12-inch casing 

I to 24m
 
10'
 

20
 

8-inch PVC casing
 
.Limestone,white to light-yellow, to 118m
 

30 i*eathered,some clay
 

-Limestone,white to light-brown,
 
40 deeply weathered,fractures with
 

clay fillings. Water at 58m
 

Static
 
50 
 water
 

level
 
6t46.48m 
 I 

60 Limestone,medium to 
 16.7.85 1/8-inch perforations

dark brownish-gray, 
 in 8-inch PVC casing
 

\argillaceous
 
70 
 -k
 

Limestone,white to light-yellow

calcite vuglinings,water
 

80 .Limes tone ,light-gray ,weathers
 
chalky ,water
 

90 Limestone, light-gray,soft with 
much clay
 

100 -Limestone,light to medium-gray
 

ILimes tone ,dark-gray,very fine
 

110Limestone,medium-gray,

11i0 
 "'Fossi 1iferous 

Limestone,white to light-gray
 
120 weathered 
 120 total depth
 

120m Total Depth open hole
 
118-120m
 



__ _ _ __ _ _ __ _ _ _ __ _ _ __ _ _ _ __ _ _ __ _ _ _ __ _ _ _ _ _ __ _ _ __ _ _ _ __ _ _ __ _ _ _ 

Region BAY REGION 3 O14.3 ,NRig N2 101 Page of 1 

Well Location BAQALLEY Coord 43 0 13.2'E Hydrogeologlet J.D.G. Druiling Method ROTARY-AIR 

Well Number B 94 Driller SHIRE qit Size 14-10 

CompletionDate 20.7.85Date 

Depth Iraphic Lithologic(m) /Log IiCompt, DescriptionWellR Remarks 

0 -Soil and clay, red 
 12-inh casing 

to 4.5 m 
10 1 -- Limestone, light-gray 

weathered, vuggy 12-14 m,
 
28-30 m 8-inch steel casing
 

20 Static to 66 m
 

water 
30 level 

20.5 m 
18.7.85 Specific conductivity 

40 - - Limestone,medium-gray 

T I - iron stains on fracture 
surfaces 

50 

60 
..Limestone,medium gray to brown,60watr 56-8 m-water 56-58 m 

I 
IIinch

I 

1/8-inch slots in 
8-nch8loted perforated
cs 

-No sample casing 
I "--Liestone,medium-gray, 66 m, total depth 

70 water 
66 m, total depth 



Region BAY REGION 3 001.O'N Rig N2 101 pop I of 
Well Location. KURT IN Coord 43 0 12.7'E Hydrogeologist J.D.G. Drilling Method ROTARY 

Well Number gq5 	 DrillerABDI WARSAME Bit Size 14-10-6 

Completion 
Date 5.8.85 

()iDepth 	 Lithologic Description Well Remarks 
I 	 om p 

0 Limestone,light yellow to 12 inch surface
 
10 dark red, weathered casing to 3.5 m
 

Limestone,light-gray,oolitic,
 
20 /weathered with clay 8 inch steel casing
 

to 130 m
 

30 .Clay,yellow and g-ay oolitic
 

limestone
 
40
 

4Limestone olive-gray to gray 
 Static water level 
fine moderately weathered V 43 m 

5 Limestone,gray,argillaceous, 3.8.85
 

60 /partly oolitic,some oxidized
 
strata with clay
 

70
 

80 	 Perforated casing,
 
I/8x2-inch slots,
 

90 216 per 6 m length,

90 


76-100 m
 

100 ,.,.Limestone, dark-gray,
 
with chert
 

110 ,,,Limestone,gray,argillaceous
 

some oxidized strata with clay
 

120
 
/Limes-tone,gray,oxidized
 

130 Perforated casing
 

I30 /Limestone,gray,argillaceous, 1/8x2-inch slots,
 

with sparse interbeds of
 140 1 1 
dark-gray shale 
 6 inch open hole,
 

150 	 130-160 m
 

160 160 m total depth 	 160 m total depth
 



____ ____ ___ ___ ___ ___ ___ ___ ____ ___ ___ ___ ___ ____ ___ ___ ____ ___ ___ ___ ____ ___ ___ ___ ___ 

Region Ray Region
Qansax

Well Location.. 
0 
2 55.5'N 

Coord4205.Z. 
Rig NI IO1 

.Hydrogeologlt 
PageL

J.D.G. 
of 1 

Drllng Method, .try 

Well Number BQ& Driller Shirp Bit Size 14-i 

Completion 
Date 8.8.85 

Lithologic Description I Remarks(m) |Lo I .to 


0 .-Soil,clay and weathered - 12-inch surface
 
limestone, red casing to 2 m
 

10
 
- Limestone,yellow-brown, 8-inch steel casing


weathered to 136 m
 
20
 

30 -Clay and limestone,yellow
 

40 -Limestonewhit to brown
 
weatheredoxidized with clay.
 

50 Static :
water
 
level
 
48 04 m
 

60 Limestone light to dark- 8.A.85
 
- gray weathered to clay,
 

limonitic vugs in some
 
70 intervals.
 

80 ..Shale,dark gray,with some
 
yellow-brown limestone Perforated casing,
 

-Limestone,light-brown 1/8 x 2 inch slots,
 
90 moderately weathered per 6 m length,
0216 

I 82-100 m 

100 ,Limestone,light-gray to
 
dark-brown,argillaceous
 

-110
 

120
 

Perforated casing
 
124-130 m


130
 

136 m total depth 136 m total depth


I 40 



Region Bay Region 

Well Location Toosilow C

30 086'N 

oord 4 3ll.6'E 

Rig N 102 Po 

HydrogeoogistJ.D.G. 

I 

Drilling Method 

I 

Rotary 

Well Number B97 Driller Abdi Warsame Bit Size 14-10 

Completion 
Date 22 .. 

(in) Lo Lithologic Description Well R 
_.m o_ omplt* ReaI 

"0 Limestone,white to light-gray, 	 12-inch surface casing
 
highly weathered 	 to 2 m
 

10 
8-inch steel casing
 

to 140 m
 

20
 

28 Limestone,light-gray,

30 wethre
 

weathered 
 Static water
 

m 
40 23.8.85 

level 32 


52 tLimestone,light-green to
 
medium gray ,weathered
 

605 Limestone,gray and brown,
 
62 weathered,water at 60 m
 

66 Clay,green-gray to dark gray
 
70 68 Perforated casing,


-Limestone,light-gray to light- i118 x 2" slots
 
brown,weathered,iron-staubed 216 slots per 6m
 

80 fractures8 	 length, 68-80 m.
 
8 Limestone light green-gray to
 

gray
 
90 

92 Perforated casing, 
94 Limestone light-gray to gray, 1 92-110 m. 

.10 100 .argillaceous 

Limestone,light-gray to gray,
 

-10 oxidized fragments 110
110
 

-120 
124 i I 	 Limes tone,green-gray, 

argillaceous 

-130 

"140 140 140 m total depth 	 140 m total depth 

150
 



SECTION 2.
 

Basic Well Data 



TABLE NO. BASICWELL"DATA. CGDP 

d::aOCU 
o 

w $ 

z
CC 

00 
coordinateMap.4>4 
w bocoordinates

N a m e S, satellite 
7944 

0r-At4,)location M, Map location 

03a. 

CU-.0> 

r. Cd 
0a 

4J> 

>-
w M 

-4w 

5.4 

a) 

-

o 00 

4 C> 
WUC 

. '"i" 

) 

CU
.4J 
0 

0 

- 4 
W0 

r. $
W w 0 

w Q)44") " 
A.is$i . 
s:J0UJJCCw..lCC 

CWU 
3 

uJ 
.,1 r-1 

4 
CU0> 

(Do4 

$.4 

.D- &J '" 

> w 4 
, " 

O-ri0 g-
0- A 4J. 

A40 

U0 
WC:CO4i 

$4.' 

0ri *1 
-T >0> 

o.' 
I'41 

-H* r+ 
0.ql- 0 

7-4- a 

-
44J~ 

OO1C00 

Ii.:,"_1 

%.~ 
4 .~ 

.-4 o. 
r64 U-W . 
..(L) (L)

A m 

(0 Z 
4 
or-i aR

0 .0 
Q4-10-4: -
00 'a
>4 Q 

E,MA R K 

B1 Bonkay I S 3 ° 0 07.0' N 510 -47.2.82 201 Dryhoe4.5 20 Abandoned D 

B3 Bonkay 3 

43 ° 0 

S 3 ° 

43 ° 

39.0' E 

07.0' N 
39.0' E 

510 13.4.82 

30-2011M 

160 Open hole 
74-160 M 

27.2.82 

30 
19.7.84 

27.2.82 

2700 
19.7.84 

2216/
533/12 

10.9.83 

6.6 0.33 Motor 
114 M 

GL '9.-

.observation 

GL 

In use 
PT :CD,GL 

B4 Tugerew 1 S 30
430 

07.1' N
42.5' E 

390 10.6.82 42 6-12
26-32 

3
31.1.84 

1700
2.2.84 

1348/
461/55 

2.2.84 

3.7 0.21 Hand
29 M 

In use
PTCD,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
 

bo . . .14 p14 . 
ci >-4) 

Ma 
ro .W0 

04 0 
0 
0.O 

$4 

b coordinates -
. 14 . . 40 

O . 
0 

w N a m e S, satellite d rv., 
0P.,io 

01co0 0 4 .1 
> to 

.
41 

i1
W 4 

.-
41 

C ~ 0 

, 

-M 
'd 

M, 
location 
Map location 

-A tj 
Owto 

o ouz WC9: $4 
w0o 

U^z4 
-A 4 

o- -r 0 

r40O0 

. --oz4 
'. 

;. - 4.- 6 -4. R 
r4O 0 . 

MA RKSt 

:3 P-0w 

r4w O 
00 *P.Ja 

r00I 
4.) 
0o 

04 -
. C.) (1) 

PU0 

C42 

r4100 P 

1. WO.40j
2. C 
.~0Zr9:=C~ 

40.,1r-ia 
4))drJ0. 
00UE4=E

0-A 
.3

00 
04 

. 

B5 Gasarta M 30 07.b' N
430 49.2' E 

350. 21.3.82 42 open hole
6-42 

12 
21.3.82 Abandoned 

low yield, G3 

B6 Waraji 1 M 20 54.8' N
430 32.5' E 

475 28.3.82 80 open hole
6-80 

67 
23.3.82 Abandoned 

low yield, G' 

B7 Waraji 2 M 20 53.2' N 
430 32.5' E 

430 29.3.82 39 open hole 
1-39 

Dry Abandoned Dry 

B8 Tugerew 2 S 30 06.9' N 
430 41.7' E 

400 29.3.82 48 open hole 
0-48 

Dry Abandoned Dry 

B9 Burhalab M 30 4.2' 
440 6.2' 

N 
E 

280 30.3.82 32 open hole 
0-35 

Dry Abandoned Dry 

1. Elevation taken from 1:10O,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 

0Ir0.0 0 .4

d0 0  ,0 0 - .,4 0 -.094 Map o0 4)>Map4 0$4~>- >4.- " $4~ > >4 :.-. O- --;4 ca 0. 

D c o o r d i n a t e s 1-= 4 1 0 1 4 1 - 4- . o = U :
 

Name S, satellite . 0 0 > w" . t-4-1 M.
 

0 n 41 CO co >4. "r - . .. 

N"am. 

1W U.,4 0* 0 -. 4. , 0 

0 loato r4 U 00location4J oo P 0 
> 

w
0 14 

0 o -. r4 O0. .- 0 -. 1r4. 44v-4U 44 U - 4 z- oi,.. RRMARKSF M, Map location m'o rI *4WW4 Uo W 0 0 ) 41 4-)
>(r. 4.) 4J-l- 44JW0J4)4JQ-l OCU 00 0 0o ci ) 1 c 0 P.Or4'W 0o0 ~ 0 lar*d PrCV >.:3___ PQ U rA H1 p: E1 w1 4 r E-w TA= >1 W. E-44P 

BIO Sarman Bheere S 30 16,6' N 450 10.4,82 85 30-50,4 12.9 3300 3000/430 21,4' E 26.6 140.2 Motor- In use,PT,CD,G28.6.82 29.6.82 649/47 50 M
 

.29.6.82
 

RI Baidoa AID S 30 07,31 N 460 2.6.82 137 open hole 7 1500 1360/ 13.3 28.9 Abandoned
 
Compound 1 430 
38.9' E 48-140 '4.5.82 14.10.82 343/125 surface seal
 

14.10.82 Defective,PT,C
 

B12 Hareero Jiifc S 30 13.9' N 478 9.7.82 166 51.6-73.2 29.5 3900 3544/430 25.2' E 11.4 0.53 Motor In use,PT,CD,C10.7.82 26.1.84 1312/25 77 M
 

'26.1,84
 

B13 Shabelle S 30 17.2' N 420 14.7.82 172 open hole 11 24000 19772/ Abandoned
 
Dugsilow 430 13.0' E 
 44-172 13.7.82 26.b.82 
 9618/284 Excessive
 

26.b.82 Salinity, C,
 

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.
 

http:14.10.82
http:14.10.82


BASIC WELL"DATA, CGDP
 

r* W 0 0 10 U 1.4 q 
o Map Ma W >4 >4. ~>I >41 4 :-W$ -40) 0.-W boo coordinates CUp4 O- c 4. U 0..0N a erm ew44N.1 S, satellite 0OW~ 04 i-IW .1 4 >~ 034." W 0 0 W4-ra4 4. M U w 

qto 0 0 0.44W :3 0. -1IO. 0 10 - 0 UA..-.4zWlocation 00>r 4C,. 0 4 -93QUC Z u. z0oM, Map location 0.0 ) '-4 04.4 *ak -A:$0 " 3 r REMARK> W r4- U $.IOj - -0 . tO'41o 4 O-. r o1.Cd.00o4 R E A 
40 1 ... 0>- .a 3 U " 04 :t A
 

:____QUW___ 
 E-4 rA*W4p Cz E~ TA= .J= > O- -

B14 Warta Jaffay S 30 19.0' N 390 3.8.82 91 open hole 17.5 10,000 91881430 08.5' E Abandoned2-91 22.8.82 10.9.83 3024/105 Excessive
 

10.9.83 Salinity, CD
 

B15 Qansax Oomane S 3 19.9' N 365 19.8.82 174 open hole
430 02.4' E 165 24000 16436/ Abandoned0-174 22.8.82 16.6.82 874/362 
 Excessive
 

16.6.82 SalinityCD,
 

B16 Taflow S 3 03.9' N 
 435 16.8.82 153 open hole 35.4 1580 
 1528/ 11.4 1.69
430 11.4' E Motor In use,PT,CD72-153 5.1.84 
 10.9.83 265/130 67 M
 

10.9.83
 

B17 Robay Gaduud S 2 46.3' N 440 27.8.82 142 48-88 22.7
430 18.8" E 1280 1024/ 11.4 0.20 Hand In use,PT,CD27.3.84 4.4.84 355/89 
 88
 

4.4.84
 

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 

-4 0 
 04
~MaCO S- CO. . a . 

0 coordinates - 0) 4 U 0I. 0o.
Name S, satellite O 0 0 w . > 4J00) ) V'0 00 0-40 9- -4 a. U'1. 
* a 00
% 0-4 location Cd co 0: 0-w 0- R"..4r . r4 k--0 MA-K1 M, Map location 

> 4) 1 0o A 40 "P "a
-1 .4.J0 . 0 W44 J4)W $4.10O-
. ... . j 4Jr1 W w0. C4.JW. $4 1. CO .: >. ..- w~.i-.. .0 w- W S:6 

.,-4 - - •.'> .. 
PQ_______E-4 W-W~L2-4~pMF~O CJZ = 4wrA= 4 C0.19 E-

B18 Gaduuda S 2° 47.5' N 430 29.9.82 73 16-64 23.5 3800 1932/ 
 11.4 0.90 Motor- In us ,PT,CD,

Dhunte 430 15.8' E 
 13.3.84 13.3.84 1148/204 50
 

13.3.84
 

B19 Buulo Fuur 1 S 20 53.8' N 435 20.8.82 94 open hole Dry 
 Abandoned dry
430 05.0' E 
 0-94
 

0
B20 Duri Ali S 2 49.9' N 405 11.10..8 116 82-100 
 59.4 2000 1816/ 11.4 0.34 Hand In use PT,CD,

Galle 420 55.9' E 
 29.4.84 29.4.84 448/100 88
 

29.4.84
 

B21 Baidoa AID-
 S 30 07.4' N 460 16.12.B. 42 19.6-36.4 
 8.5 2500 1928/ 5.5 Motor In use ,CD,GL

Compound 2 430 39.7' E 
 18.9.84 15.1.83 341/64 40
 

15.i. 83
 

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
 

1.4cow~9: 

0.0 
14

0 	 Map lot o o4 w 
B39 coordinates 41 

Nam r. 0 u . 0 41 >'Uw 41$atllt 

360
locationi 4 t 00 	 W Dr 
004O H 4 .40U0o 
M, Map E > 	 i.400 31. location 	 4 

"5.4-1.8
0 	 2.3.83 1a 1.9 10405-
W 

4 
'$-4 	 0) 00 0 g: UW 41000c O p~.-4' d0 

4
 

B39 


B40 	 Limestone M 30 11.2' N 360 23.2.83 32 Oen hole Dry 


Depression 440 15.4' E 1.5-32 


1.9
B41 Dolondole M 30 16.1- N 480 2.3.83 166 5.4-10.8 1040 


440 14.2' E open hole 14.3.84 10.9.83 


10.8.-166
 

B42 Buulo Fuur 2 S 20 53.8' N 435 3,5.83 130 64.5-98 56.2 2050 


430 05.0' E Open hole 16.4.84 20.6.84 

98-130 


CR'43 Aborey 1 M 30 57.5' N 281 3.5.83 120 Openhole Dry 
1 460 51.2' E 2-120 

Cg 44 Afar rrdood M 30 59.5' N 284 21.5.83 174 37.8-81 Dry 

460 53.4' E
 

B45 Baidoa AID S 30 07.3' N 460 20.7.83 120 65-117 6.5 1770 

20.7.83
Compound 3 430 38.9' E 


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


2.-PT- Pump test data available
 

3. CD- Chemical quality data available.
 

4. GL- Geophysical log available.
 

o 

> --I 	 0 0 
'-'o) 0
 

wr4 41	j
 

0 H 4-4 

0.-4 a4 0 Co.=4rja^ 

r-4 	 U . 0,w 
41/7-w 2W W 0o 
000 4 >%93~ W 

564/71/P2 

10.9.83 


1640/320/ 11.4 1.73 Motor 


309 92
 

20.6.84
 

10.9 	0.22 


it aan d--

REa RK 

d-e. 


Site 	.abandond 

not 	 drilled 

Abandoned,
 
*y 

Well destroye
 
filledwith rc
 

In use
 

Abandoned, nc
 
deep enough
 

Not 	deep enox
 

Abandoned,se
defective&lo"
 
yield
 



BASIC WELL DATA, CGDP
 

r-4 

0 

z1location 
r-4 

,4i 
Wi S$o 

N 

COw 

$4~ 

a m e 
r0-4 

Map 
coordinates 
S, satellite 

M, Map location 

0 a) 
A- r-1 

0 Q 
o4o 

COw> 
Q)6J 

w 

'w 

Q)~ 
-4 

H 
00 

4J 
C 

Q 

-

41 
0 

$4n 
0r)-i** 

o 1 " 
M-(UW,> OU 
$ C 4 

4-SiI 
U w 

P 

Du 

- Z 
rq0.s1*4 W W .-

4 0>" 
41'wC 

Q) 

-. 
C2 

,-4 W.= oE Z 
4-4;)0 .U10 )o.WJo 

) UJJ" 
P 

wi Q) 

w-

r 
- 0 

r40 ^1Q 

4Jr-4 4J 
oo0 c 

$i 

o4 

x 

-

w0
-4 

) 

0 

°C 

U --
.74 

' 0 

-)-
O 

° 

0 z 
4 4-4 
o,-4 

. U0.tQ
;>%. w 

R E M A R K S 

B46 )ansax 

B47 hwshini 

DheerE S 2 55.5' N 
420 57.3' E 

S 30 12.2' N 
430 23.5' E 

405 

475 

L1.5.83 

30.6.83 

103 open hole 30.2 
60-103 

143 56-86 29.8 
Open hole 10.4.84 

90-143 

1900 
17.5.84 

3100 
10.4.84 

1772/391/ 1..4 0.87 
62 

17.5.85 
2740/851/ 11.4 0.72 
371 

10.4.85 

Motor 
92 

Motor 
92 

In 
GL 

In 
GL 

use PT,CD 

usePT,CD 

CR48 More Aui 

CR49-I Maxaas jeejo 

CR49-2 Maxaas Jeejo 

S 30 51.5' N 
46 ° 02.6 E 

M 40 40.1' N 

460 10.1' E 

M 40 40.1' N 
460 10.1' E 

180 

200 

200 

23.6.83 102 60-960 

9.9.83 190 Open hole 

9-190 

15.10.83 180 open hole 
6-180 

36 
9.12.83 

Dry 

Dry 

3700 
30.6.83 

-/488/ 
249 
30.6.83 

PVC casing1

ruptured at 4 
CD,GL"' 

Abandoned, G1 

Dry not deep 
enough. 
Abandoned, GT 
Dry,not deep 
enough 

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
 

0 >4--. 	 6 >I. >cCo ' $4 4-a 
01a- Cu 10 co r4C 

Ca > raw 01 ) 0 0) CU.cw 


Map 4 -*' 	 f '-4o 04w 	 coordinates 1-. , . ot 0 - *j - .u . 

N a m e S, satellite 0 a) pr4 w 4 ar. 
location 	 P>=a)0-430 -r40" 0 co"Z > 9: U4 	 0 : 0 R A R KM, Map location > 	 t- 4 W 4 .-J 4a) 4OW -H 04 U C41 A 

r-4 w 414 1 CU - >" w0)4-44 4J-10 4'J0 t-I a)0) CJw P).

(U-w - ( 0JC C.:> U4. w 4>a.1>o 0i.04'1> 4J-4J>, d> 01-
0,3:=u 	 00 1-0 - 40En 1..-~C u40 ~UW 4 	 011 4.I 

91 494 	 H 4 %:: Cin0 Emg=~ >4 U3.= E-P44 

B50 	 Bonkay S 30 11.8' N 510 22.9.83 200 Open.hdle 30.1 11400 11.4 0.21 Abandoned,PT
 
Seed Farm 430 36.6' E 29.11.8320.11.83 excessive
 

salinity
 

B51 Minta4n S 30 20.8' N 490 2.10.83 132 51-93 40.2 1400 1164/248/ 11.3 0.70 Hand 601n use,PT,CD
 
430 33.2' E 	 Open-hole 8.12.85 8.2.84 40
 

99-132 	 8.2.84
 

B52 Maleel S 3 26.2' N 495 7.12.83 130 51-93 48.5 670 608/112/ 25.2 23.77 Motor In use,PT,CD
 
430 35.2' E Open hole 21.12.831.-84 67 92
 

99-130 l.-.84
 

CP53 Aborey 2 M 30 58.9' N 285 11.12.8 133 Open hole Dry 	 Abandoned, G]

450 50.8' E 	 3-133
 

B54 Isgeed S 3 26.8' N 490 19.12.83 150 90-114 37.1 1350 492/283/4 17.0 0.76 Motor In use,PT,CD

430 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.
 

http:19.12.83
http:29.11.8320.11.83


BASIC WELL DATA, CGDP
 

o a-	 0 

4 coordinates "4 a) -jU Ow . . O
 

N a m e S, satellite = CO W4-0 > U)f 41 f-4
 r- . U.>0 0 C
0 location "9 00 0 ) 0 J 0 '- 0 .- '-E 

>% >I UUZ o Z 4 3 44Uo R E M A R K OU M, Map location 0 W4 P Wo -r :)0 - r-4a .' *r4 0 C 
> 0J) 0A a)C-4 -W W ) - U-0 )4 Q) O.-r4 W r-4 U, 4 W" " 

-4 414 C > 4j >1 WJCU" .1-.44J". ") 0)W-WQW"MO0W CO 41 9%
0) -I-4 -40) 0d 0 0 ~U W 41 Q)V0 C.O -H M 0000 *d Pm >%.00U 

B55 Marti Moog S 30 34.0' N 490 23.1.84 147 76-114 32.8 1150 964/142/ 22.7 0.83 Motor In use,PT,CE
430 28.8' E )pen hole 21.2.84 22.2.84 21 91 

-84
L20-147 	 2242 "
 

B56 	 Jimcada M 20 45.7' N 175 3.3.84 41 Dpen hole Dry Abandoneddi
 
Dheen 440 21.4' E 3-41
 

B57 	 Hagarka S 20 53.7' N 470 9.3.84 154 54-114.5 19.3 2000 1656/560/ 11.4 0.2 Hand In use,PT,CE
430 18.7' E 	 Dpen.hole 21.3.84 5.4.84 187 88 

120-154 	 5.4.84
 

B58 	 Bur °Akaba 6 S 20 44.5' N 190 20.3.84 27 en hole 20 48000 ---/22700/ Abandoned, C
440 06.8' E 0-27 20.3.84 20.3.84 ---	 excessive 

20.3.84 	 .salinity
 

B59 	 Shawka S 30 00.5' N 485 18.3.84 138 45.8.51.6 30 13500 10224/ 11.4 0.2 Awaits furth430 31.8' E 	 91..6-132.2 22.3.84 3.4.84 760/782 investigatic 

.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.
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B60 Kannan-a M 20 12.4' N 
430 24.0' E 

200 27.3.84 15 9-15 8.6 
2.4.84 

Abandoned,
low yieldGL 

B61 Huubay M 20 38.3' N 
42 58.8' S 

405 5.4.84 152 60-108 17 
)pen hole 5.4.84 
L08-12 

2550 
5.4.84 

3437497 
/33 
8:-7.Z5 

3.& o.1l Low yield ,(I 

B62 War Caasha S 30 02.6' N 
430 32.6' E 

485 29.4.84 201 )penhole 120 1250 
0-201 22.4.84 28.4.84 

1200/252
/41 

28.4.84 

Abandoned,
Low yield,CD 

B63 Bonkay 
Extension 

S 30 11.8' N 
430 36.6' E 

510 30.4.84 153 117-147 25.6 
6.5.84 

2200 
6.5.84 

1476/420 
324 
6.5.85 

9.1 0.1 Experimental 
windmill pum
PT,CD,GL 

| 

B64 Buulo Yuusuf M 30 03.7' N430 27.8' E 480 15.5.84 85 Open.hole58.5-85 18.210.8.84 290011.8.84 2456/746 15.9/128 

11.8.84 

3.60 Motor55 In use,PT,CD 

1. Elevation taken from 1:100,000 
2. PT- Pump test data available . 

National Topographic Maps 

3. CD- Chemical quality data available.
 
4. GL- Geophysical log available.
 



BASIC WELL DATA. CGDP 
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REMARKS 

I2 

WR65 Aborey 3 M 30 58.9' N 
45 50.8' E 

285 19.5.842-10 open hole 
3-210 

Dry I jAbandoned, 

not deep 
enough, GL 

B66 Buulo Hawo S 30 03.7' N 
430 06.6' E 

415 7.6.84 142 66.2-77.4 33.5 1825 
Open hole 28.8.84 29.8.84 

83-142' 

1408/302/ 14.5 0.43 
161 

29.8.84 

Motor
76 

In use,PT,CD 

CR67 

B68 

Wargaloh 

Dambal Aalan 

M 6 0 15.8' N 

470 31.2' E 

M 30 05.6' N 

430 26.9' E 

205 

475 

25.7.84 252 

26.6.84 126 

164.9- 100 3200 

176.4 22.1.85 21.4.84 

Open hole 
177.9
252 

49-71 17.1 1675 

Open hole 22.8.84 23.8.84 

98.5-126 

3156/418/ 11.4 

1352 

21.9.84 

1456/391/ 14.1 0.18 

55 

23.8.84 

Motor 

134 

Motor 

96 

In use,PT,CD 

In use,PT,CD 

B69 Togaal M 30 31.4' N 
430 57.6' E 

1625l 18,7.84 2 37-64.5 18.7 910
11.12.84 2 4.12.84 

526/104/3 5.3 
. 

Low yield,PT 

1. Elevation taken from 1:100,000 National 

2. PT- Pump test data available . 

3. CD- Chemical quality data available. 

4. GL- Geophysical log available. 

Topographic Maps. 



SECTION 3.
 

Site Location Maps, Stiff Diagrams and Pump Test Curves.
 



WARGALOH LOCATION MAP 

WELL # 67 
to Gaalkacyo 

*67 
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" O0 
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to Doongaab 0 390 500M 
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Borehole 

# 78 

0-5 kim 
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Golkacyo106 km / 
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02km 
e 

0Dhaji--le 
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To 
Xingod 

27 km 

DHAJIMALE WELL , 78 

SITE LOCATION MAP 

Scale Icm = lOOm 



SITE LOCATION MAP. BUDBUD 

WELL * 81 

N 

To Galcayo 

To Ocean 

*2 5 km Hand Dug Wells 
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O 0 o 

0 0 

0 0 

0 
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1 k 

Pilot 

WeIIO 
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SITE LOCATION MAP CAGACADE 

WELL * 84 

N 

To 
Xorar Meer 

75km 

Borehole #84 
132 m 

-0.9 km

5 Abandoned 
WDA Borehole 

Cagacade 
Village 

To-
Ali Yabal 

Not to scale 



SITE LOCATION MAP XASAN AFRAX / 
85WELLN 

7 Z Shadoor 

Not to sc l e 



Afgadud& 
Wdl #72 

,34 d 

-100 -120 -W -40 0 40 OD 120 180 

Id: CR72 Long: 475912 E UTH-East 8831.506
 

Location:AFGADUDLE Lit: 55730 N UTH-North 658.923
 

ph 8.2 Type of well: dw
 

g/l seq/ I gh1 seq/i 

# na+k 2408 106.9874 1 2192 61.83632 c]
 
---------------- I ---------------

ca 163 8.1337 1 397 6.34293 hco3
 
----------------I ---------------

sg 148 12.17448 1 1711 35.62302 so4
 
I 

* na 2334 101.529 1
 
# k 74 1.89216 1
 

Total Dissolved Solids: 5245 g/l
 
Electrical Conductivity: 12000 umhos/cm
 
Total Depth: 204 m
 
Static Hater Level 17 a Date simple taken:11/01/84
 



Dhajimeale
 

m4+k d
 

I I I I I I I I I I I I I
 

-100 -120 -10 -40 0 40 OD 120 iD 

Id: CR79 Long: 481300 E UTH-East 859.158
 

Location:DHAJINA L Lat: 61930 N UTH-North 697.533
 

ph 7.6 Type of well: do
 

mg/l seq/i I mqI seq/l 

* nask 990 43.9B57 I 2367 66.77307 cl
 
------------- ---- I------ ------

ca 640 31.936 1 316 5.17924 hco3
 
----- ----------- I--------------

si 274 22.53924 I 1929 40.16178 so4
 

I
 
* na 939 40.903 I
 
# k 52 1.32964 I
 

Total Dissolved Solids: 7924 s/li 
Electrical Conductivity: 9500 usos/cm 
Total Depth: 177 a 
Static Mater Level 69.65 a Date sample takeni3/20/5 



Budbud
 

no+k d
 

I I I I ! I I I I I I I I
 

-160 -120 -M -40 0 40 BD 120 Io 

Id: CR91 Long: 484042 E UTH-East 8910.113
 

Location:DUDBUD Lat: 61036 N UTH-North6S2.8969 

ph 7.2 Type of will: do
 

ag/i seq/ I ql/i seq/
 

* na4k 1727 76.73061 1 3508 98.96068 cl
 
---------------1I---------------

cA 872 43.5128 1 336 5.50704 hco3
 
---------------I ---------------

ig 317 26.07642 1 2916 60.71112 so4
 

# na 1614 70.209 1
 
* k 113 2.88941 1
 

Total Dissolved Solidms 10128 ag1l
 
Electrical Conductivity: 12000 umhos/ca
 
Total Depths 110m
 
Static Mater Level 25.93 m Date simple takenm03/121B5
 



Saddel
 

MA d
 

-160 -120 -M -40 0 40 Do 12 I1 

Id: CR02 Long: 473049 E UTH-East 8780.142 

Location:SADDEL Lat: 40642 N UTN-North454.4342
 

ph 7.8 Type of well: dw
 

mg/l *eq/1 I mg/i meq/I
 
==Z CZ= Izz x=z =22==
 

* na+k 1064 47.27352 1 1633 46.06693 cl
 
----------- ---- I-----------

ca 211 10.5289 1 287 4.70393 hco3
 
----------------I--------------

sq 42 3.45492 1 515 10.7223 so4 

* na 1044 45.414 I
 
* k 20 0.5114 ]
 

Total Dissolved Solids: 4352 q/l 
Electrical Conductivity: 6100 umos/ca 
Total Depth: 75 a 
Static Water Level 40.11 a Date sample takent04/22/85 



Wargaloh
 

-180 -120 -80 -40 0 40 00 120 ISO 

Id: CR67 Long: 473200 E UTH-East 8782.966
 

Location:WAR6ALOH Lat: 61600 N UTN-North693.2933
 

ph 7.2 Type of well: do
 

g/l seq/i I mg/I seq/l
 

* na+k 159 7.06437 1 418 11.79178 ci
 
---------------- I-------------

ca 438 21.3562 1 290 4.7531 hco3
 
----------------I ---------------

sq 133 10.94058 I 1352 28.14864 so4
 
I 

* na 146 6.351 I 
* k 13 0.33241 I
 

Total Dissolved Solids: 3156 gl
 
Electrical Conductivity: 3200 umhos/ci
 
Total Depth: 252 a
 
Static Nater Level 110 1 Date sample taken:09/27/84
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