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'MATHEMATICAL/CHEMICAL ABBREVIATIONS

meters

centimeters

millimeters

meters per second

meters squared per minute

cubic meters per hour

meters squared per day a reduction of
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meters cubed per minute
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CONCLUSIONS AND RECOMMENDATIONS

The conclusions presented are based on the results of the
work completed and on the professional 3judgement of the
consultant's staff. Recommendations are those viewed to be most
important to the improvement of water resources development

ard/or to the operation of future water projects. These
recommendations may not necessarily reflect the opinion or
desires of USAID or WDA. Recommendations incorporated .in

Volumes II and IIT are not necessarily reiterated here. The
interested reader is advised to review those volumes.

A clear distinction between a conclusion and a
recommendation was not always possible because one evolves from
the other. For purposes of discussion, however, conclusions and
recommendations are identified. The numbers adjacent to major
headings correspond to the section of the report where that
subject is addressed.
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VOLUME II
GENERAL ACTIVITIES

2.0 INSTITUTIONAL SUPPORT

Institutional Support covered a number of activities aimed
at strengthening the ability of WDA to construct, operate, and
maintain rural water supply systems. Conclusions and
recommendations are presented for each activity.

2.1 Equipment and Material Support Conclusion

In excess of 9 million dollars worth of equipment and
materials that included 3 rotary drill rigs, two pump rigs and
numerous heavy and light vehicle support equipment and spares
were provided.

Recommendations:

1. Selected members of the proposed project team should be
mobilized well in advance of project start to assist
in equipment selection and procurement and to set up
warehouse facilities and establish an inventory control
system.

2. All equipment to be utilized on a proiject should be
paid for and used only by that project, and should be
under the total control of project perscnnel.

3. Existing cable-tool rigs should, where feasible, be
rehabilitated, and additional rigs purchased.

4. Choice of vehicles for <the project should be
standardized to the greatest extent possible.

5. All vehicles planned for use in the Central Rangelands
should be equipped with high chassis, flotation tires
and four wheel drive.

6. Provisions should be made to enable WDA to procure
parts for USA manufactured equipment.

2.2 Training Program Conclusion

Training was provided in the form of O0JT, classroom
instruction, and short term and university degree programs in
the U.S. In excess of 120 individuals received one or more
levels of training. Manuals covering 8 topics were prepared to
support the training, six in both English ané Somali.
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. Recommendations:

lﬂ'-English language training should be made a continuous
- effort for all counterparts, and in particular for
~individuals required to report to consultant's staff.

2. ?roject'team should have total, cr equal, control to
- that of WDA over counterparts. '

3. 'Salaries of WDA employees should be adjusted to -
encourage continued employment with the Agency. Field
per diems, in particular, should be so structured as to
create the necessary incentive for working outside of
Mogadishu.

4. Training programs should continue to be developed
within the Agency to encourage improvement and

advancement. Training by expatriates on a periodic
basis should be conducted in country . This training
should involve all levels of personnel from drivers to
managers.

5. fTraining for hydrogeologist should emphasize well
design, well development, and testing.

6. Training for drillers should include rig mechanics,
welding, well design, well development, and grouting
procedures.

7. Training for pump installers should include welding,
and pump troubleshooting and maintenance.

8. All employees should receive driver education with
emphasis on safety and maintenance.

2.3 Planning Unit Development Conclusion

Estaklishment of a planning unit, pending approval of a
planning department, proved to be marginally successful. The

lack of qualified personnel available within WDA and the lack of
incentives were the primary limiting factors.

Recommendation:

Efforts to recruit and retuin an appropriate staff of
sociologists, economists, and hydirogeologists should
continue. A commitment should be made toward
strengthening the Planning Unit and making it an
integral part of WDA operations.
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' 2.4 Well Site Maintenance Conclusion

. Well site maintenance, maintenance of pump and distribution
systems, is minimal to non-existent.

Recommendations:

1. A managenment Prog:am should be developed for
maintenance operaticns.

2. Well site operators should be given basic training in
operation and maintenance, and provided with the
necessary tools and materials to do the work.

3. WDA should upgrade regional office capabilities to more
efficiently conduct maintenance efforts.

4. WDA should consider sub-contracting maintenance
cperations to private sector contractors wherever
etpedient.

5.

Maintenance schedules should be prepared and imple-
mented.

2.5 Community Participation Conclusion

H

Community participation and water committees are established
in 12 communities. They prove very effective when developea
prior to well construction, and when provided adequate support

by WDA.
Recommendations:
1. Efforts should continue tc establish and to support the
community participation and water committee programs.
2. Additional staff should be hired and trained within the
Planning Unit to support this effort.
3. The role and responsibility of the CAPP nmust be updated

to reflect policy changes that occur within WDA.

2.6 Water Quality Laboratory Conclusion

The water gquality laboratory was provided equipment and
supplies, personnel were trained, and standards were established
for proper analysis of water samples.
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'Recommendations:

1. A renovation contract should be let for the water
quality laboratory. All plumbing and electrical
systems should be upgraded. All electrical controls
for laboratory eguipment should be installed outside
the laboratory. This work should be completed before
additicnal new equipment is installed.

2. A supply/maintenance manager should be assigned to the
laboratory to  insure that adequate reagents are
available and that the lab is Xkept in a clean and
operative condition.

3. The laboratory should be organized to operate on a
self-supporting basis. Charges for analyses should be
established, and proper business practices instituted.

2.7 Electronics and Geophysical Lab Conclusion

An electronics and geophysical laboratory was established
within the WDA compound to provide repair and maintenance
service to mobile radios, geophysical equipment, hydrogeologic
field equipment, and laboratory instruments. No full time
counterpart staff were provided.

Recommendations:

1. A full time electronics/geophysics technician should be
assigned to this lab with four field assistants.

2. An expatriate service contract should be let to provide

training and repair of equipment, until the 1lab can
operate independently.

3.0 MONITORING AND EVALUATION SYSTEM CONCLUSION

A monitoring and evaluation program was to have been
established 10 integrate sociceconomic considerations with
technological.

Because of the 1la-k of qualified Somali manpower, a
monitoring and evaluatic program was not able to be initiated.
A Monitoring and Evalu.tion System (MES) was developed and
tested instead.
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'Recommendation:

-Adequate qualified staff should be recruited and
trained within +the Planning Unit to <fulfill the
objectives of this systen.

4.0 COST ANALYSIS CONCLUSION

Cost analysis models were developed, based on data from the
project, and intended as a management tool for use by WDA.

Cost ana1y31s models have been developed which indicate that
the current price of water is adequate to cover all operation
and maintenance costs. The price would have to be doubled to
recover direct construction costs.

Recommendations:

1. Similar cost analyses must be carried ocut for all other
WDA operations.

2. A "standard form of accounts" should be used throughout
the WDA.

3. Drill rigs need to be more fully utilized, and downtime
reduced, to reduce the cost of well construction.

4. Future drilling in the Central Rangelands should be
conducted from regional offices to reduce cost of well
construction in that area.

5. Water meters should be installed at all sites having

motorized pumps, and pump operators should be trained
in data collection procedures.

5.0 SOCIOECONOMIC CONDITIONS CONCLUSION

Background information was collected on the socioceconomic
conditions prior to testing of the MES. lLack of sufficient water
points during the dry season caused increases of morbidlty and
mortality of humans and animals that often resulted in mass
migrations. Evidence exists that this situation has been
considerably alleviated at sites where wells have been
constructed. Populations at well site villages have
substantially increased in most cases.

Recommendation:
The MES should become an active program to determine

the changes that occur following the development of new
water resources.
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6.0 PRIVATE SECTOR CONCLUSION

A special study was conducted to evaluate the potential of
the water development industry in Somalia.

An adequate number of private sector industries exist that
are capable of making a significant contribution to the
developnent of water resources in Somalia.

Recommendation:

Please refer to the original report as recommendations are
too numerous to adequately describe in this volume.

7.0 WDA'S FUTURE ROLE IN WATER RESOURCE DEVELOPMENT CONCLUSION

i was made

Based on the experience of the CGDP, an evaluatic
p groundwater

of WDA's role as sole provider's of the nations dee
resources.

The present water needs, and the increased water demands
that are required to improve the socioceconomic conditions of
Somalia, cannot be adequately provided solely by WDA.

Recommendations:

1. WDA must assume the role of administrator and regqulator
of the nations water supplies. It must gradually move
into this role, and reduce its efforts as an
organization engaged in production well-drilling.

2. The respcnsibility for well operation and maintenance
should ne given to communities, and the task
subcontranted to the private sector.

3. WDA must establish itselif as the planning and data
collection agency for water development.

4. WDA's drilling capabilities should be utilized

primarily for exploration purposes and for emergency
production drilling.
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VOLUME III
HYDROGEOLOGY

2.0 BAY REGION CONCLUSION

Exploration and exploitation throughout the Bay Region
resulted in drilling of 94 boreholes, 53 percent of which were
completed as production wells.

Only 23 percent of the Bay Region area is suitable for
development of water resources by drilled wells. At present
only one percent of estimated recharge is being discharged by
wells.

Recommendations:

1. Other water development schemes for those areas not
suitable for drilled wells should be investigated.
Infiltration galleries, surface catchments, and springs
should be considered.

2. Additiocnal well construction should continue with
attention toc water quality and ecological effects.

3. Review of Section 2.8 Recommendations for Future Water
Development in Volume III.

3.0 CENTRAL RANGELANDS CONCLUSION

ExXploratory drilling was conducted over large areas of three
regions in the Central Rangelands. The Trap Series Basalt, and
the Jessoma sandstone were found to be most reliable aquifer.

Potential for water development by wells in the Central
Rangelands is limited by quality of water. A more detailed
investigative program needs tc be developed in conjunction with
the National Range Agency.

Recommendations:

1. sSurface gecphysical methods should be conducted to
locate and define limits of the Trap Series Basalt.

2. Davelopment of surface catchments, and infiltration
galleries in drainages and along the coast should be
considered.

3. Additional development of wells in the Jessonma
sandstone should be investigated. :

2. A review of Section 3.8 Recommendations for Future
Water Development in Volume III.

Xxix



VOLUME I
EXECUTIVE SUMMARY

1.0 INTRODUCTION

This End of Project Report (EPR! —-vmmarizes the results of
five years of intensive effort to investigate and to develop the
groundwater resource potential of tro areas in Somalia. The
scarcity of dependable water supplies for the rural population
and for their 1livestock is one of the most serious constraints
to the economic development of the country. The Gecvernment of
the Democratic Republic of Somalia (GDRS), in recognition of
this problem, and in cooperation with the United States Agency
for International Development (USAID), established and funded
the Comprehensive Groundwater Development Project (CGDP).

This project was administered throuch the Water Development
Agency (WDA) of the Ministry of Minerals and Water Resources
(MMWR) , and was provided technical assistance by the firm of
Louis Berger International, Inc. in association with the Roscoe
Mcoss Company (hereinafter referred to as LBII/RM).

In additien to developing water supplies in the designated
priority areas of the Bay, Hiran, Galgudud and Mudug Regions
(Figure 1.1.1), the overall purpose of the CGDP was to
strengthen the WDA's capability to construct, operate, and
maintain rural water supply systems. The CGDP was designed to
be integrated with two existing USAID projects, the Bay Region
Agricultural Development Project (BRADP), and the Central
Rangelands Development Project (CRDP). '

Exploration and exploitation of the groundwater resources
were made possible through the provision by USAID of required
equipment and materials, and by the regquirement for the training
of WDA personnel in the use and maintenance of this equipment.
In an effort to insure that water supply facilities would be
properly received and maintained, a socioceconomic program was
included in the project to monitor impacts and to foster
community participation.

1.1 Organization of Report

This report has been prepared in five volumes with the
intent of providing one set of documents that cover the main
goals and accomplishments of the project. Volume I, this
Executive Summary, was prepared tc provide an overview of the
project. Volume II, entitled General Activities, describes the
accomplishments in the areas of institutional support, the
monitoring and evaluation system, cost analyses, and private
sector development. The results of the exploration and

1-1
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o exploitation work are presented in Volume III, entitled

--Hydrogeclogy. All basic data pertaining to Velume II are
- provided in Volume IV, and all of the basic data pertaining to
“Volume III are provided in Volume V.

1.2 Previous Reports

Ten reports, not 1nclud1ng this End of Project Report, were
prepared by the technical assistance team of LBII/RM during the
life of the project. The interested reader is advised to refer
to specific zeports for a more comprehensive review of work
completed. The objectives of these earlier works are briefly
described here and the key findings are included in the
appropriate volumes of this (EPR). All reports, althcugh
identified in some instances by major contributor, are reports
of Louis Berger International, Inc..

One of the earliest reports completed pertained to the
potential environmental impacts of the project (Pape, 1982).
Other than potential rural road damage and possible well
contamination, no negative impacts were cited. The next two
reports addressed the economic and socioceconomic aspects of the
project. These reports developed the basic methodologies for
collecting and monitoring economic and socioeconomic data (Pape,
1982, & Roark, 1982).

After twenty-five wells had been completed during the
exploratory drilling in the Bay Region, a report of findings was
completed (LBII, 1983). This report provided the information
necessary to plan the continuation of other drilling activities.

As the project moved into the second and third years,
reports were completed that described the results of the
monitoring and evaluation programs, and %the economics of the
drilling operation (Schwarz, 1983 and Brandon, 1984).

A final report, covering all phases of project activity,
was conmpleted in July of 1984. This report, although entitled
Final Report, covered what was ultimately referred <o as Phase
One (Final Report Phase I, 1984). The project was extended for
two additional years until July of 1986. The Final Report Phase
I is a three volunme report incorporating all basic data
collected to that time. One of the recommendations of the
report was to pursue involvement of the private sector in water
resources development. As a result, a special study to evaluate
this potential was made a part of the project extension.

After the first year of the extension period, an interinm
report was prepared to serve as an update of activities to that
time. The basic data collected, and the progress and problems



. encountercd were reported (LBII, 1925). The 1last two reports,

prepared prior to this EPR, were related to the private sector
- study. The first was an executive summary of what was to be
contazined in the completion report. It described the status of

the water development industries in Somalia and made

recommendations for greater private sector involvement.  The
completed report, entitled Somalia Water Resource Development
Industry, consisted of three volumes. Volume I contained the
main kody of the report, Volumes II and IIT contained appendices

- of all basic data, and recommended a phased program for long L

term develcpment.

Other reports prepared included monthly reports, work plans
and other administrative documents. These are not discussed in-
this report.

The eleven reports prepared by Louis Berger International,
Inc.,; included in the Selected References, are:

1. Louis Berger International, Inc., 1981,

Inception Report, Comprehensive Groundwater Developmént
project: WDA, MMWR, Mogadiscio.

2. Louis Berger International, Inc., 1982,
Exploratory Drilling Program for the Bay Region: WDA,
MMWR, Mogadiscio.

3. Pape, M.B., 1982,
Preliminary Analysis cf the Potential Environmental
Inpacts of the Comprehensive Groundwater Development
Project: Louis Berger International, Inc., Mogadishu, 45
j o)

4. Pape, M.B., 1882,
Preliminary  Economic Analysis of the Comprehensive
Groundwatex Development Project: Louis Berger
International, Inc., Mogadishu, 71 p.

5. Roark, Paula D., 1982
Phase I Socioeconomic Report

6. Schwarz, R.A., 1953,
The Somalia CGroundwater  Project: The Community
Participation Process, Monitoring, Evaluation and
Training: Louis Berger International, Inc., Mogadishu.

7. Brandon, C., 1984,
Economic Evaluation of the Comprehensive Groundwater
Development Project: Louis Berger International, 1Inc.,
Mogadishu, 99 p.



ff[;.a Lpuls Berger International, Inc., 1985

Comprehensive Groundwater Development, Project 104, Final
Report,; Vol. 1-3: WDA, MMR, Mogadishu.

9. Louis Berger International, Inc., 1985,
Interim Report, Comprehen51ve Croundwater Development
_PrOJect (Extension): WDA, MMWR, Mogadiscio, 115 p., annex.
10. Louis Berger International, Inc., 1985, '
Specifications for Civil Werks for Comprehensive
Groundwater Development Project: WDA, MMWR, Mogadishu.

11. Lerner, H., and Coolidge J., 1986,
- Study of Private Sector Participation in Somalia's Water
Resource Development Industry. Four Volumes Comprehensive

Groundwater Development Project, Louis Berger
International, Inc.,



- 2.0 INSTITUTIONAL SUPPORT

Institutional support to the WDA and the MMWR has been
provided throughout the life of the project. This support has
been developed in response to particular needs and has consisted
of equipment and material support, training programs, and
the development of a planning unit.

: The primary goal of this support has been to strengthen
"WDA's capability to deal with the growing demands for water
resources while lessening their dependence on assistance from
outside of Somalia. This goal has to a large extent been
realized.

2.1 Equipment and Material Support

. One of the major contributions to the institutional support
effort has been the provision of equipment and materials to
conduct an intensive drilling program. Over nine million
dollars of USAID funds from three projects have contributed to
this effort. Equipment includes everything from three rotary
drilling rigs and a fleet of support trucks, to hydrogeoclogic
and laboratory test equipment. Material support has included
everything frecm acetylene to zinc oxide.

2.2 Training Program

In order to assure continued utilization of techniques and
methods employed by LBI/RM staff in the development of
groundwater resources, training of counterpart personnel was
emphasized. Training was a part of the institutional support
provided to WDA and MMWR staff in order to strenagthen their
overall capabilities. Training consisted of on-the-jocb
instruction, intensive seminars, university degree programs in
the USA, short-term training in the USA, and English language
instruction.

On-the-jeob training (OJT) was provided to all WDA assigned
staff regardless of whether specific consultant counterparts
were assigned. OJT consisted of continuous demonstration and
explanation of all project related activities that included, but
was not limited to: drill rig operations, pumping operaticns,
hydrogeologic investigations, water distribution systens
construction, water dquality analysis, data collection and
sociceconomic analysis.

Although some training was provided to all staff, six main
groups, namely hydrogeologists, chemists, drillers, pump
installers, mechanics and planners received the most attention.
Other project staff, such as truck drivers and 1laborers,

2-1



”',jreceived'littie training, although drivers were given periodic

lectures in driving safety and maintenance. This training
‘resulted in a cadre of counterpart personnel who are capable of

eg ¢ undertaking the basic activities of a groundwater development
- program.

2.3 Planning Unit

Although a Planning Department was initially planned as
part of the project extension program, the time required to get
Department status sanctioned by the President was prohibitive.:
The WDA agieed to establish a Planning Unit (PU) as an interim
group. Ten staff members were to have been assigned toc the PU,
however, a shortage of qualified staff within the WDA prevented
this from being realized. Those assigned to the PU had varied
educational and work backgrounds that only marginally prepared
them for the tasks required.

LBII provided 12 manmonths of an economist, 5.5 of an
anthropolegist, and 2 of a water resource planner/computer
instructor. All three individuals had previous African
experience and were able to make a significant contribution to
the PU effort.

The National Water Data Center (NWDC) which was to have
been established in 1984, was only partially in place at the
time of report preparation. Five staff members were to have
been provided from UNDP, sponsors of this program, however, a
project manager had not yet been selected and no personnel were
assigned at the time of this writing.

The initial objective of the PU was to "...integrate
technical, sociological, and maintenance plans...not only on the
selection of well sites, but alse on the use of WDA resources:
(financial,human,and material) in order to help improve overall
WDA operations." This was categorized into four functions;
planning, economic analysis, sociological evaluation and policy
studies.

Specific objectives were established for each of these
functions, however, because of the short fall of staff assigned
to the ©PU effort, the initial objectives were considerably
modified. The modified obijectives in most cases were achieved.
In addition, other tasks were undertaken by the PU. These
included: preparation of a computerized stores inventory for all
parts and equipment provided to WDA during the project,
preparation of a budgetary procedures manual, technical
assistance +to other sections of the project and training to
interested WDA staff.

‘Two micro computers, a COMPAQ and an IBM PC-XT vere
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*;p#bﬁided;to thé PU in addition to printers, electrical control
- components and an assortment of software packages. This
“‘equipment was indispensable for the storage and evaluation of

fj.data generated during the course of the project.

: A prbposed future strategy'for the PU should include the
following objectives:

(1)

(2)

(3)

(4)

(5)

(6)

WDA Resource Management. This involves monitoring WDA
activities, and planning the most efficiert use of WDA
resources, that include but are not 1limited to:
manpower, vehicles, and drilling equipment. This
requires the establishment of management information
systems in all WDA regional operational units. It
alsoc involves the coordination of Planning Unit data
collection and reporting functions with those of other

agencies and programs with water development
components.

Economic Analysis of WDA Activities. A comprehensive
economic analysis of water development includes the
cost of drilling construction, and the operation and
maintenance of water distribution systems. The
objectives are to provide data for more efficient
rescurce planning and to analyze the relative
egficiency of pumping operations at different well
sites.

Technical Monitoring and Evaluation. The cecllection
and analysis of data on: the design of water supply
structures; punping operations; water use; the

management of community water systems and; WDA support
services.

Socioeccnomic Monitoring and Evaluation. Community
baseline data must be collected on a periodic basis to
monitor and evaluate changes related to water
development. Areas of study include water use:
patterns, population changes, including physical
infrastructure, and crop and livestock production.

Community Participation. This involves the
organization and support of local institutions to
partic ipate in the development and management of WDA
wells.

Policy Studies. The Planning Unit should be in 1
position to advise the Government on all aspects of
rural water development in Somalia. Information from
the evaluations will ke analyzed in relaticn to policy

issues, such as the role of cummunity groups in water
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.development, and the ownership and management of
wells, pricing and revenue collection, fuel supply,
and maintenance and repair services.

(7) Water Resource Data. In cooperation with the NWDC,
the Planning Unit should have on-going groundwater
data collection  responsibilities, and  should
contribute to the national water resource database.

(8) Training. ‘The Planning Unit should also - be

_ responsible for training members of other WDA
departments, and the extension and evaluation staff of
other agencies. Training in community participation
strategies, and methods to monitor and evaluate water
development programs will be emphasized.

_ In order to accomplish the objectives and carry out the
functions 1listed above, the Planning Urnit will need a five
person professicnal staff, six to ten field staff, and
administrative personnel that includes computer operators and
drivers.

2.4 Well Site Maintenance

Well site maintenance addresses the most neglected aspect

of all water development activity. Well site maintenance as
related to the CGDP, refers to two distinct categories, well
maintenance and digtribution system maintenance. Well

maintenance, regardless of how completed, hand pump or diesel
pump, is of primary impertance. Manuals in both English and
Somali were prepared to deal with the problem in detail. A
minimum requirement for well maintenance should include the
keeping of amonthly water level records and of monthly water
quality analyses.

Distribution system maintenance 1is asseciated with those
sites equipped with motorized pumps, and having completed civil
works. The civil works completed during the course of this
project included storage tanks, and animal and domestic water
points. The structures and the piping betwesrn structures needs
to be looked after on a continuing basis to insure that piping,
cement work and sanitary conditions are properly maintained.

2.5 Community Participation

The original prolect paper (1979) did not propose a
significant role for villagers nor did it allocate funds +to
develop and support local water management institutions. This
oversight was corrected in the CGDP Inception Report (1981)
which proposed a strategy to include villagers in the planning,
construction and management of the water facilities. The
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process, initially called the Tuulo Village Assessment and
Participation Process (TVAPP) was implemented in twelve
villages. In spite of its apparent success, the community
participation program did not receive adequate support from WDA,
USAID and other agencies. After January 1984, few community
meetings were organized.

_ The CGDP Supplement Project Paper (1984) gave considerable

attention to the local participation program and its personnel
needs. Responsibility for these activities was assigned to the
new Planning Unit of WDA which was to hire a full time Somali
sociologist and four sociological field assistants. WDA was not
able to recruit qualified staff, however, and the limited
consultant resources, were not able to adegquately implement the
community participation program components.

In spite of the failure to strengthen and expand local
participation in 1985 and 1986, village committees established
by the project continued to function and play an active role in
the construction and maintenance of water systems constructed by
the CGDP. In addition, +the participation strategy was revised
and integrated into other project activities. This approach is
called the <Community Assessment and Participation Program
(CAPP) .

2.5.1 The Community Assessment and Participation Program (CAPP)

The goal of the CAPP is to strengthen the capacity of WDA
to install, operate and maintain rural water supply systems.
The approach calls for close cooperation among technical
personnel, communtiy participation specialists and villages
leaders. The program and network plan presented identify the
stages and principle events of a strategy to integrate community
participation intoc a comprehensive technical and administrative
framework for groundwater development. Although the program was
developed and tested in the Bay Region, it can readily be
adapted to water development projects in cther regions.

The CAPP organizes water development into four stages each
of which includes technical activities and village
participation. The stages are:

1) Community Orientation and Assessment

2) Drilling of Boreholes

3) Construction of Civil Works and Pump Installation
4) Operations and Maintenarce

The events and activities of each stage and their relationship
to the MES are presented in Figure 1.2.1.

Water committees have been established in 12 project
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communities in the Bay Region. In spite of the 1limited
attention they received from the project, the water committees
effectively organized local contributions of labor and food. &
comparison of communities in which the participation program was
implemented with those in which it had not, revealed that
contributions were more than three times higher from
participation communities. In the CAPP communities, villagers
contributed 1,803 person days of labor valued at approximately
325,000 Somali Shillings, or $4000 dollars.

The participation of water committees in the management of
operations, however, has not met the villagers expectations. 1In
spite of frequent recommendations to increase their role in
well management, little progress has been made during the past
eighteen months. Some community leaders feel that WDA has not
kept agreements made at the start of the project. They point
specifically to issues, such as the setting of water fees, the
procurement of fuel and other supplies, and maintenance and
repair services; all of which remain fully under WDA control.

In general, +village 1leaders in the Bay Region have
demonstrated a high level of interest and ability to promote and
manage water development. The concept of shared responsibility
among residents of different villages is well established in the
Bay region and the contributicin of goods and services has been
relatively high. The social science activities supported by the
CGDP demonstrated the viability of community participation and
produced an integrated program (the CAPP} to guide this
component. With adequate logistical and manpower support from
WDA and the donors, the CAPP strategy could facilitate the
expansion of water resource development and reduce capital and
administrative expenditures.

2.5.2 CAPP in the Central Rangeliands

The socioeconomic and development contexts in the Central
Rangelands are significantly different from those found in the
Bay Region. Population density is smaller, the number of
animals per household is much larger (about ten times greater)
and the principle mode of production is pastoral. The NRA and
the CRDP have a strong informal education-extension program
which focuses on the creation of Range and Livestock
Associations (RLA's) at the deegan level.

The RIA's are still new organizations and while they are
based on social and geographical conditions, they are composed
of many groups spread out over a large area. Because the
management of a diesel powered pump and civil works is complex
and has a high potential for generating conflict, the
appropriateness of 1local control of these systems by the
embryonic RLA's cannot yet be determined. Additional long term
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research is needed to adapt the CAPP to extension activities in

the CRL, particularly in regard to the role of RLA's in water
management.

2.5.3 Recommendations

The WDA PU must be provided with adequate professional
resources and field personnel if the potential benefits of the
CAPP program are to be reaiized. They include a professional
social scientist, preferably an applied anthropologist skilled
in community development, field staff in each region, and a
trainer. The CAPP needs to be integrated into future water
development programming and adapted to villages where pumps have
already been installed. Based on the evaluation of current well
sites, policy changes to strengthen the role of the private

sector would be welcomed by community water committees and would
increase their role in well management.



3.0 MONITORING AND EVALUATION SYSTEM, MES.

In an effort to maximize the water resource development
aspect and to integrate the socioceconomic considerations with
technological, a monitoring and evaluation program was to have
been established. Unfortunately, the manpower that was to have
been provided by WDA, and the cooperation anticipated from the
BRADP monitoring staff never materialized. As a result, the
ocbjective to fully develop and operationalize a monitoring and
evaluation program was changed to prepare a monitoring and
evaluation system. Data collection instruments were prepared,
and a framework for data entry and analysis was developed. This
system and the data collection instruments were ultimately field
tested in ten Bay Region communities. Prior to a discussion of
the MES and field test results, the socioeconomic conditions are
reviewed.

3.1 Sociceconomic Conditions, Bay Region

The socioceconomic conditions described relate to the
conditions existing prior to the installation of the wells.
Most of this data was taken from existing reports and/or from
investigations made by the consultant's staff early in the

project. These conditions are presented for both the Bay Region
and the Central Rangelands.

The Bay Region has an arid to semi-arid climate with four
seasons, two dry and two wet. The main dry season, Jilaal,
occurs between January and April. It 1s often a time of severe
climatic and ecologic stress when villages are forced to move
for lack of water and pasture.

Of the estimated 40,000 square Kkilometer area, it is
estimated that up to 65% has some agricultural potential. Some
parts are heavily cropped at presgent. It reportedly has the
highest number of livestock of any region in the country, and
seasonal grazing patterns are therefore an important factor in
local land use.

3.1.1 Population

The total population is estimated at over 720,000, of which
the rural population is estimated at 490,000, and the nomadic
population is 118,000. The population density is 18.6 people
per square kileometer. There are 1500 villages ranging between
30 and 65 households per village, with an average village
population estimated at 305 inhabitants.
3.1.2 Administration

The Bay Region is divided into four districts, which are
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divided into beels, the administrative centers for groups of
villages (tuulocs), and for hamlets (buulos). There are 55 beels
in the region comprizing 1500 villages.

3.1.3 Social QOrganization

The village is the central focus of =ocial orgnization and
it is where residents claim a common male ancestor. Although
residents often consider themselves of the same heritage, most
villages are composed of members of several lineages. Villages
have a strong sense of autonomy and cohesion which finds

expression in the traditional institutions, such as the water -

committees which manage and maintain water resources. These

institutions are an important element in social relations and in
resource management.

3.1.4 Water Resources

Rainfall is the most important source of water, and in
addition to its direct effect on the wholly rainfed agriculture
of the region, it replenishes groundwater resources. Rainfall
fills reservoirs, (wars) which are hand-dug pits that are able
to store up to 1500 cubic meters of water. Most average about
800 cubic meters. In the region there are an estimated 38000

wars, of which 40 to 50 are government built wars that hold from
5000 to 20,000 cubic meters of water.

One study has estimated that 94% cof all villages in the
region have access to at least one war, and 70% have access to
two or more. In the dry season, only one village in four has a
reservoir that provides a reliable supply of water throughout
the year.

3.1.5 Agriculture and Livestock

The dominant system of agricultural production in the Bay
Region is agro-pastoralism. Approximately 20% of the population
is nen-agricultural, 45% settled farmers, and 35% pure nomads.
Of the settled farming population, most have some livestock.
Only a small percentage of the sedentarized rural population has
no livestock. Estimates of average family holdings are from 10
to 15 livestock units. A variety of crops are cultivated,
including sorghum, peanuts, and beans, along with an assortment
of garden vegetables.

3.2 Socioeconomic Conditions, Central Rangelands
The Central Rangelands 1is a sparsely settled dry region
almost exclusively used for livestock production with 1little

cultivated agriculture. Its three regions comprise an area of
roughly 117,000 sguare kilometers.
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The population of the region 1is estimated from the 1975
census figures to be about 900,000; growing at about 3% per
year. At least 75% of the population is nomadic, 15% consists
of sedentary pastoralists, and the remainder is urban-coriented.
Population wvaries seasonally as changing climatic conditions
compel nomads to move herds in search of water and pasture.

3.2.1 Social Organization and Livestock Production

The basic social wunit of the area, the degaan, is the area
inhabited by a given nomadic group. This area is the year-round
residence for at least some members of the group. A degaan may
be 1000 to 1500 square kilometers in size, and each will have at
least one year-round water source. The social cohesion found
within a degaan may or may not extend beyond its limits. Some
neighboring degaans cooperate over such issues as water and
grazing rights, while others do not. For this reason siting of
wells is a delicate problem. Siting a well on the boundary

between two or more degaans may result in conflicts over control
and access.

A degaan may have less than 100 to over 1000 1livestock
owners who are considered as heads of households. Degaans may
have populations from a few 100 to 5000. ©Populations of degaans
fluctuate seasonally, and tend to concentrate around the few
water points that contain water at the height of the dry season.
Consequently, conflicts often arise over the use of water and
grazing areas during this time.

The number of animals per family ranges from 20 to over 350
with roughly ten times the number of goats and sheep to cattle
and camels. An average family owns nearly 300 goats and sheep,
25 camels and 14 cattle.

3.2.2 Impact of Well Drilling

A trend toward agro-pastoralism, due to recent well
construction has emerged whereby families stake claims in a &
kilometer radius around a well site. Fences are erected to
protect these areas 1in which cowpeas are cultivated in the wet
season, and animals are pastured in the dry season. Families
with enslosed areas can ensure themselves incomes from cowpeas,
and forage for their animals in times of stress. Those who have
not made any claims are forced to walk their animals great
distances through the fenced area to the well site, and then
back out to pasture beyond the fenced land.

This system is a source of conflicts because it is the

private appropriation of access to a public resource. These
changes in 1land use have caused severe degradation around the
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well sites, and require that water management schemes be
integrated with land use schemes. Long-term effects may result
in the creation of sand dunes that are worse than no wells at
all. Problems of managi..z these new cc~2!tions were recognized
at the beginning of the CGDP, but are ¢::.: just beginning to be
investigated in any detail.

3.3 MES and Water Resource Planning

The MES focuses on four major areas which directly concern
water development planning and the management of routine WDA
activities to construct and operate wells. These are: the
physical status and operating conditions of the pumps and civil
works; patterns of water use by people and 1livestock;
socio-~eccnomic conditions, including changes in population,
physical infrastructure; economic activities and social
services; community participation in well construction and
management; and the effectiveness of villagers' participation in
the management of water facilities.

The MES system was used to conduct a field assessment of ten
villages. Although the 1lack of Somali staff limited the
guantity of data which could be collected, enough information
was obtained to produce a preliminary :waluation of CGDP
activities and the impact of the new wells on water use,
socio-economic conditions and community participation. As a
result of this effort some policy issues are discussed.

Water use. In regard to questions pertaining to the design
and operation of the water system, villagers pointed out several
problems related to the storage and distribution systems. These
were subsegquently addressed by the project civil engineer in a
set of specifications presented to the BRADP and CRDP staff.

On questions pertaining to maintenance, the major problem
related to the unavailability of fuel at those sites equipped

with diesel pumps. Additionally these sites were found to have
a minimal supply of o0il and oil and air filters.

The availability of water from wells has decreased
collection time, both for people living near to the wells, and
those 1living within the target zone. Estimates for water
collection time ranged from 4.5 toc 8 hours before well
construction, and from 1.5 to 3 hours per day after well
operations began. On a yearly basis the total savings ranged
between 64 and 79 days. Water demands are at very high levels
in the dry season with average daily pump use of 4 to 6 hours
per day; between 8,000 to 11,000 liters being pumped per day.

Socio-economic Conditions. In all well site wvillages
surveyed, the numbers of households increased, usually with
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permarent families moving from villages in the target zone to
the well site village, or temporary families settling
permanently in the well site villages. In some cases, where
there was no village before the well was constructed, villages
have literally sprung up in 1less than a yvyear. The number of
Koranic schools, tea shopg, and stores have increasead
dramatically in most villages. No additional government
services in the form of schools or health dispensaries have been
built. Other unqualified <changes noted were healthier
livestock, increases in the price of agricultural 1land, and an
increase in marriages,

Community Participation. In all villages surveyed, members
of the community particpated in some form with the construction
phase of the wells by donating their labor, food and/or cash to
the work crews. Highest levels of success in participation came
from villages which were involved at the earliest stages of site
selection and construction,. Most villagers expressed
disappointment that they did not have full ccntrol of the wells,
having believed that witk their contribution of labor and money
they would eventually own the well. Nconetheless, in nearly all
cases, villagers have reacted positively to the well sites. An
appreciation was expressed for the time saved, the improvement
to animal health, and mos* of all. for the dependability of
water during the dry season.

Policy Issues. Control of the well sites by WDaA,
particularly with regard to fuel sales and repairs should be
reduced. Moreover, with pump operators being WD employees,

their allegiance is to WDA rather than to the village.

Privatization of services and supplies to the well sites
should be encouraged wherever possible. A percentage of the
tremendous revenue generated from water sales, estimated
anrually at over 150,000 sShillings at some well sites, should be
placed in the control of villagers for operation and
maintenance.



4.0 COST ANALVSES

One of the objectives of the CGDP was to determine the cost
of water well drilling operations in Somalia. Project drilling
and other day to day operations, were conducted under the
supervision of the consultant's staff. Whether the WDA staff,
operating independently, would perform in the same manner is not
known. Projections and estimates, where possible were based on
project experience.

Two earlier eccnomic reports were prepared by LBII staff.
The first devaloped a costing methodology and layed the
foundation for subsequent economic evaluations (Pape 1982).
This report was conducted early in the project when virtually no
experience had yet been obtained. The second report was
prepared after two years of project activity (Brandon, 1984}.
This report contained detailed costs of project activities and
estimated program costs to cover the useful life of the drilling
rigs.

The analysis presented 1ir this report addresses well
construction, well operation and maintenance, amortization of
well costs and revenues, and concludes with a discussion of
major findings.

4.1 Well Construction

Many variables were incorporated in the computer model to
yield a realistic cost estimate of well construction under
varying circumstances. The variables are not discussed in this
summary because a thorough understanding of rationale and
methodology associated with the variables 1is necessary to
appreciate the results obtained. Variables where this is
especially important include:

1. Currency exchange rates

2. Freight and insurance

3. Travel time to sites

4. Vehicle and equipment costs

5. Direct, indirect, and sunk capital costs
6. Labor costs

The model details well construction in six stages that are
separately costed. These stages are:

1. Hydrogeoclogy

2. Drilling

3. Well Testing

4. Well Logging

5. Civil works

6. Pump Installation



For a specific drilling program the model gives total costs
split Dbaotween local currency and foreign exchange costs. It
also - details the manpower and vehicle and equipment budgets
necessary for the program. The variocus assumptions associated

with each of these stages results in a number of conclusions -

- regarding well construction costs. The most significant factor
in varying the cost of a well was found to be the time taken to
drill the well. :

Direct costs vary little with time taken, the only increase
being to laber costs which are a small part of the total. The
major cost elements which increase significantly with increase
in time taken are the capital replacement and repairs and
maintenance provisions for vehicles and equipment. This would
come as no surprise to a driller in developed countries. Within
WDA, however, these indirect costs were never accounted for:

much of the equipment having been fully depreciated or simply
donated,

4.2 Well Operation and Maintenance

Well operation and maintenance costs were broken down into
three main elements; pump operation, routine maintenance, and
major overhauls. Pump operating costs relate only to wells
equipped with diesel powered pumps.

In the Bay Region, annual operating costs were found to be
8%, and major overhauls 35% of the total annual costs.
Proportionate costs in the Central Range were not significantly
different, though the actual costs were higher.

4.3 Anmortization of Total Well Costs and Revenues

The amortization of total costs and revenues were only
prepared for wells equipped with diesel pumps; these are the
only wells for which a charge for water is made. Because a
typical cost-benefit analysis was not feasible for the type of
well use, a costing statistic of cost per cubic meter of water
produced over the life of the well was calculated. These
calculations included the total well construction costs and the
operation and maintenance costs. The amortized cost per cubic
meter are as foilows:

Bay Central

Region "Average" Range
NPV Total Costs $114,948 $156,672 $198.396
NPV Total Water 156,987 156,987 156,987
Cost/cubic meter $0.73 $1.00 $1.26
Cost So.Sh.@83:1 61 83 105



Costs are higher in the Central Range because of the greater
distances involved. This affected the time to get to the site
and the amount of additional support equipment required. The
ratio of successfully completed wells was alsc lower in the CR.

4.4 Major Findings

The bottom line to all the costing exercises pointed to one
major factor; well construction and water production costs could
be reduced by increased efficiency in the use of equipment and
supplies. In theory, the current price of water is adequate to
cover all operation and maintenance costs. In order to recover
the direct costs and construction costs, the price would need to
be at least doubled. In practice, however, it was found that
many of the wells in the Bay Region were not sufficiently
utilized to recover these costs, that maintenance support at the
level assumed in the costing model was not provided by WDA, and
that irregularities in the final delivery and revenue collection
system prevent the full recovery of these costs. A summary of
the total costs is shown in Table 1.4.1.
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5.0 PRIVATE SECTOR

In recognition of the constraints that 1lack of water
development has on the economic development of Somalia, USAID in
granting the extension of the CGDP required that a special study
be conducted to evaluate the existing and potential invelvement
of the private sector. This study, referred to as the private
sector study, was divided into four phases. These four phases
as set forth in the Inception Report were:

Phase I Planning and Reconnaissance
Phase ITI Information Gathering
Phase III Analysis

Phase IV Recommendations and Report

Phase I was essentially completed with the submittal of the
Incepticon Report in January 1985. Phase II was initiated in the
LBII Washington offices and continued with the arrival of the
study team in Mogadishu. In Mogadishu, two sub-contractors,
Geomatec and MAM Brothers, were retained to assist in the
information gathering exercise.

Conceptual models of potential options were formulated
during the information gathering period, and Phase III was
formalized wupon completion of Phase II. Policy options were
developed and circulated to WDA, USAID and CGDP team members for
comment.

Upon-completion of this effort an executive summary of
recommendations was prepared in anticipation of a seninar to be
held in Mogadishu prior to commencement of final recommendations
and a final report. Unfortunately, the seminar was cancelled,
but the study team met with key individuals of WDA, and USAID
to review their initial recommendations.

A four volume final report entitled, "Study of Private
Sector Participation in Somalia's Water Resource Development
Industry" was completed in February of 1986. The report was
organized in three sections. Section ocne provided an
introduction and overview of the study, section two explained
the three phases of the recommended program and section three
discussed the need for private sector participation in the water
resource development industry.

Section I is self explanatory. Section II of the report,
the consultants' recommended program, contains the main thrust
of the study. Each of the three phases described under Section
II were presented in a logical segquence of steps that would be
required to strengthen the water resource development capability
of Somalia.



'-'Phéee- one, Well. Rehabllitatlon and Maxntenance, outllnes =

;fgrfﬁe”- steps ' required to upgrade" ~the ' numerous exlstlng,w_f¥
,%;ﬁnon-operatlng wells throughout Somalla by 1nvolvement of - the .
© private sector._ ‘The action components and technlcal assxstancesﬁrf

?iffrequlred are carefully detailed.

‘Phase two," Water Security Role for Somall Private. Sector;ajf

.~ discusses the role the private sector would take in water
S development durlng emergency situations. The action components;

- Cof this phase employ'OPtion F as dlSCU;SEd in an earlier report -

Phase III, Reoriented WDA Role, d;scusses the major~

fo:reorientation of WDA's role as a rural water well drilling andof;i
. parastatal agency. It recommends that WDA concentrate on frve_EE“

- functions:

'(1)'-Contrecting-with_ the Somali private sector for well
- -_operatlon and maintenance,. drllllng and constructlon,""

and prov151on of related inputs;

.12)‘ Research and planning for rural watér resourcee_-?ﬁ

development in Somalia,

{3) Public utility regulation of water prices and service;

(4) Exploratory and emergency drilling; and
(5) Operotion of selected wells and water systems.

Section III of the report provides the documentation that
- supports the need for greater private sector participation. The

current and future water needs of Somalia are illustrated and

capabilities and constraints of the private sector 1ndustry are
described.

Because the material in this final report on private sector

participation is too voluminous for inclusion in this-report,"i

the interested reader is strongly encouraged to review the
orig1na1 document. It is the consultant's opinion that
1mplementation of the recommendations provided will go far to
improve Somalia's self-sufficiency in water development
activities.



' 6.0 HYDROGEOLOGY -

ff_bufinQ;the\bourSei'of the project, a total of 118 boreholes

'77f'WEre:Tdrilledf 'in the Bay Region and Central Rangelands,

- Ninety-four of these weére in the Bay Region, one at Afgoi and 23

e in the Central Rangelands. Fifty-three percent of those in the.

Bay Region and forty-one percent. in the Central Rangelands were

| " completed as production wells equipped or waiting to be equipped.

‘with either a motor pump or a hand pump. Table 1.6.1 Provides a

- compilation of wells completed during the project.  These
" results - are the culmination of ‘the hydrogeologic - effort that
involved a  number of tasks from well siting through drilling, .
‘testing, and completing. Volume III of this report presents, in

- separable  sections, a  comprehensive discussion of = the

- hydrogeology in the BR and CR areas. For the sake of brevity
- these sections are combined in this summary volume.

'_6}1 Methods of Investigation

The basic methods of investigation for the - two regions was

not significantly different. Previous investigations were
reviewed, maps and air photos studied and field inspections made
- prior to approving a potential site for - drilling. = These

-technical efforts were coordinated with the respective BRADP and
CRDP staff pricr to. actual drilling. Both rrojects had
sociologists and ecologists that selected sites based on need
and in accordance with their project development plans. In a
few instances, the hydrogeclogist's recommendation against
drilling in a particular area were overruled by  the
socic-ecological considerations. In all such instances the
borehole was unsuccessful.

Drilling was conducted with Ingersol Rand TH-60 rotary drill
rigs and with a Dando cable tool rig. In the Bay Region
air-foam technigques were used and in the CR mud rotary
technigques. The cable tool rig was initially used in the Bay
Region and then transferred to the CR where it was utilized in
the coastal area.

Whenever logistics, fuel and manpower allowed, boreholes
were logged using one or more geophysical logging tools that
included gamma/resistivity, caliper, temperature and flowmeter.
While results of these efforts did not prove satisfactory for
regional stratigraphic mapping, aquifer zones were able to be
identified in the respective boreholes.

Upon completion of the well, development work consisting
primarily of air Jjetting techniques was conducted. In some
instances this was combined with bailing of the hole. No
chemical development was attempted in any of the boreholes.
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7iﬁ:ffﬁdfihgﬁthe dévelopment effort, a decision was made regarding

?3'thefipotential;sugaass::cf'.the, well and the need to conduct =

“':aqgiﬁer”pumpingﬁtést31f Testing was done in most instances with -

 fff;a,G:undfqusubMetsible*vpump; and in a few]cases_with-;theuﬂbnogfL
- .Gdiesel pump  earmarked = for permanent -installation.  Where

::7'Pqﬁﬂiblé;}247hcﬂrﬂt¢sts;were conducted.

”’:~W&ﬁe£'skﬁﬁies uwéreiﬁéiiéctédfduringfthe teétingjpéridd*ahd}37

':fffSéht to the MMWR laboratory for analysis. All of the major

cations and anions were tested. In the Bay Region some wells

- were monitored for bacterial contamination. The logistics:

- associated with this effort required that it be discontinued.
6.2 Geology R | | )
s Lﬂ'Therdeolde'of ‘the Bay Region consists of -three'bgsic rock
- types, lgneous and metamorphic rocks in what is known as the Bur
 area and sedimentary rocks in the plateau area (Figure 1.6.1).
- The - lgneous-metamorphic complex was found not to be very

.. productive in terms of gquantity and quality of water.

. The sedimentary rocks, mainly the limestones of the Iscia
Baidoa Formation were most productive. This formation contains
sufficient joints and fractures enlarged by karstic development
to yield developable supplies of water to wells. Table 1.6.2
provides a brief geclogic description and the water-bearing -

characteristics of the rocks in the Bay Region. |

In the Central Rangelands the geology is considerably more
complex. Although only four basic rock types occur in this
- . area, igneous, sedimentary, eolian and alluvial, the sedimentary
sequence is highly varied. Limestones, siltstones, sandstones
and evaporite deposits are interlayered beneath aeolian dune
deposits. The evaporite sequences caused special problems with
regard to quality of water, and the limestone formations caused
lost circulation problems during drilling. The most productive
formations were found to be the Trap Series basalts, and the
Jessoma sandstone. Table 1.6.3 provides a brief geologic
description and the water-bearing characteristics of the
formations in the Central Rangelands.

6.3 Hydrogeology

A description of the hydrogeology of an area generally
involves a discussion of the recharge, movement and discharge of
water through geclogic formations. In the Bay Region most
recharge results from direct infiltration of precipitatien
through enlarged Jjoints and fractures of the limestone exposed
at the surface and through dessicated soil layers early in a
precipitation event.
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o TABLE 162,

RECENT -
PLIDCENE

MIOCENE

BAY REGION GEOLDGIL UNITS AND THEIR WATER-BEARING CHARACTERISTICS

SUITE OR SERIES
AND SYNBOL

APPROXIHATE
HAX IR
THICKNESS, M

Giuba and Shabelle

Rivers alluvium, also

allavius of the Bur f00
area; fal

feplian sand, sand-

stone, and reef

deposits of the 120
eastern coastal zone

Kp- fpl+al

Proluvius, aliuvius;

ciay, silt, sand, and

gravel 1n flood deposits 120
of the iower Giuba

River, No- @pl+tal

Mudug-Merca S0
Surte; N, ad

OCCURRENCE, LITHOLOGY AND WATER-
BEARING CHARRCTERISTILS

In the valleys or flood plains of the
fiuba and Shabellz Rivers, the wadis
of the Bur area; clay, s1lt, sand
and coarser alluviue yield water

tp shallow (less than 30 a) wells.
Water of less than 3500 aicroshos/ce
specitic conductivity is found in
about 10 percent of the wells.

fctive and :nactive dunes on the
eastern cpast, of well-sorted
aeolian sand; yizlds water of
guality to shallow (less than 7 &}
wells, Bored wells in this zone
yield saline water

Fluvial sedisents of the lower Giuba
River Flood plain eostly af clay,
silt, and sand with lenticular gravel
near the river; yields water of
useable quality to shallow (less than
Z0 &) wells. There are no bored
wolls of record in this unit east of
the Biuba River,

Fostly in the Central Rangeland, but
extends westward to the near-vicinity
of the Bay Region; lieestone, marl,
gypsus, clay, sandstone, talcrete

and related rocks not isportant to
the Bay Region as an aguifer, but
yields water to shallow iless than

1 a1 wells.



Near the rivers and in the aorth-
mIGCENE- Bacalt; BPg-N, BO western Biuba-Shabeile interfluve;
PALEOCERE plivine basalt with layers of storia -

and with coluenar jointing. Yields
water to a few seall springs. '

Main Dypsua and Mao North of the Bay Region between the
LATE Subsuite ¢f Babra 4536 Giuba and Shabelle Rivers; gypsums,
CRETACEDUS  Harre Suitz; Lr, ag anyhydrite, e doiomte, marl, clay and

siltstone, yields water of sargirally
useable guality to a few hand-dug

kells.
Busui Subsuite of North of Bay Region between the
Babra Harre Suite; 460 f1uba and Shabelle Rivers; lisestona,
Jsbs dolosite, aarl, aad sandstone yield

water of marginally useable guality
to hand-dug wells,

A o A ok 2 o b k. s s ek e e S o R o e o o e e ok A ol O . o 0 T o g o

In the northwest part of the Bay Region

LATE Uegit Suite; dsug 350 also northern and eastern part of the
JURASSIC interfluve of the Biuba and Shabelle

Rivers; limestone, dolomite, and amari,

hand~dug and bored wells yield water

ot useabie quality. One proiect well,

B: 15, penetrates but does ot yield

water frok the Uegit Suite.

Extends through the northwestern part

finole Suite; Jsan 450 of the Bay Region, also the northern
and eastern part of the interfluve ot
the Giuba and Shabeile Hivers, lises-
tone, aari ang ctlay, preject wells Bi4g
ang BLS yield unuseable saline water
tros this suite.




T T8 e a3 e T R R T o} R o e ok i e s SRR L TR e S L L o e

: Broupies part of the Bay Reglion

LATE Iscia Baidoa adjacent to the northwest side of

JURRSSIC Surte; Jahd gio the Bur area; kastic lisestone
garl, clay, and sandstone yield water
of generaily good chesical guality
to aost project wells in the Bay
Region. Average depth of the wells is
123w,

e A e R b T R T i e i i i S i Ak 8 o S e o s b o o i ke ik e ek R L TR, o i o e o . e o o e D e PR AU O . Y PO o kA0 B L e

fccupies a large part of the central
Bav Region forsing the Bur area;

PRECAMBRIAN, Melamorphic and granitic gneiss, schist, amphibolite
UNDIFFEREN-  1gneous sassif, undeterained gneiss and schist, guartzite, aarble,
TIATED undifferentiated; and related silicepus metamorphic

Fra tospiex with intrusive stocks and

dikes ot granitoid to gabbroid
cosposition and pegmatites. Fractured
areas of the massif yield water of
useable guality but also sose highly
saline water in other places, not all
detined,




TABLE 1.5.3.

CENTRAL RANBELANDS GEOLOGIC UNITS AND WATER BEARING CHARACTERISTILS

SUITE OR SERIES

APPROXINATE
HALIHUN
THICKNESS

OCCURENCE, LITHOLOGY, AND WATER
BERRING CHARACTIERISTICS

RECENT
PLEISTOCER

Streas Alluvium
fal

100 a

In the fiood plain of the Shebelle
River and along wadis throughout the
Central Rangelands; clay, silt, sand,
and -oarse allevius; yields water to
shallow {less than 35 o) wells; mwater
specific conductance of less than
3500 umhos/ca found in approximately
10 percent of wells.

fleplian sand,
sandstone and
reef depasite,
geoltm

120

Active and inactive gunes on the eastern
coast consisting of well-sorted aeolion sand.
Yields small aaounts of fresh water to
shaliow (less than 10 m) wells.

PLIDCENE-
MIOCENE

Upper Daban
Beries,
N; - Nz ad

120 a

Possible in the eastern portions of Lentral
Rangelands; sandstone, and jcoagloserate;
yields water of variable quality froe pore
spaces and along bedding planes.

.-_—-—--—a------___—--_----—-------——__u---—-----—----_____,,---______-m__--__--______‘_______‘_--____—_

MI0CERE

Kudugh-HNerca
Suite, N; ad

300 o

Continental sediments covering much of

the northern Central Rangelands; limestone,
marl, sand, sandstone, gypsum, clay calerete,
and related rocks. Yields varying guantities
of water froa pore spaces, bedding planes,
ang karst foraations water gquality is
variable with specific conductance

from 3,000 to 30,000 ushos/ca, sultate
conccentrations are generally highy water
with specific conductance ot less than

3,000 uehosica is found in less than

15 percent of wells,

_--_—“¢-__-_-_‘__-__-"______-_,_n________---w___-____*ﬁ-_--F__________d----n____-____--_-_,_-_-_____a‘u

&
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HIDCENE Trap Series;

POLEDCENE B Pg-Ni B0 a
Middie Dazban

DL IGOCENE sprips 800 - 2000 =
PQS pdu
Lower Daban

EBCENE series 85 s
szlﬂ

Foras intraforsatienal flow extending

¢roe Dhusasareeb to £1-Bur and north to
Wargaloh. Basalt and tuff, may be related to
the existence of fesh water found during

this project.

karkar Suite
Pgakr 230 »

Ll e e e e ik e i i b e e

Taleh Suite

Pgatl 3 »
furady series 410 @
Pgaar

Sandstone, silistone, lenses of boulder
conglomerate; generally contains highly
eineralized

Sandstone, siltstome, sarl, lenses of
gypsum and congloserate; generally contains
highly mineralized water.

Lisestone, minor sarl, clayey doloaite,
siltstone; may contain saall amounts of
water but not an acuifer of reqional
iaportance.

o e e i o e o g Y P o i ———

Anhydrite, gypsum, interbedded dolomite
and marl; generally contains highly mineralized
water in karstified zcnes.

i o iy o o il o . e o TR = B T T T T T = T T T U

Qutcrops 1n a band extending through the
western part of Balgudud region; massive
lisestone, dolomitic lisestone, dolomite, mari,
siltstone; limestone beds are comsonly
fractured and offer good potential for
groundwater storage and developsent;

trequently yields large quantities of

fresh water.




In a north-scuth section east of the
Shabelle River and west of El-Bur. Inequi-
granular crossbedded sandstone, minor siltone,
PALEQGCENE Jessosa Suite 00a 7 and compacted clay; supplies water with specitic
conductance of less than 3500 ushos/cs to
wells and springs but frequently yields only
seall amounts of water due to low effective

porasity.
UPPER Beled Weine Suite fast of the Shabelle River, lisestone,
CRETACEDUS  (rabl 200 » marl, gypsiferous shaley clay. Generally

contains highly sineralized water at depth.

West of Shabelle River, gypsiferous
CRETACEQUS  Mustahil Suite siltstone, sudstone, interbedded lisestone;
Lr, 180 a karst formations suppiy water which is
generally highly sineralized, specific
tontuctance is rarely below 3300 uahos/ce.

et e o e o o S e P o P e e A D B o T e R Y o o P o e AR e T B T T TR T T A . e e L L D e L

CRETACEDUS Marehan Suite fccurs only at southwestern border of
Iri-z-sr 300 a Central Rangeland. Generally supplies
small ampunts of fresh water to wells.

et o e o o o i e e B T e e S e AR A o T P S L e L e e 1 A A L L e e S

Froa: UNDP, 1971, Pozzi etal, 1983, Pozz: etal, 1984.
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Movement of groundwater is toward the Juba River to the west
of the region and eastward toward the escarpment. Discharge
occurs to the river and to springs along the escarpment.

In the Central Rangelands, recharge results from direct
infiltration of precipitation to the dune deposits and to the
shailow limestone aquifers. The Trap Series basalts and the
deeper Jessoma sandstone are recharged in the outcrop areas of
these formations in the highlands of Ethiopia.

Movement of groundwater is less well defined than in the Bay
Region, but is assumed to be toward internal basin areas and
toward the coast. In the areas adjacent to the Shebelle River,
movement is assumed to be toward the river.

Discharge of groundwater is likewise 1less well defined.
Some discharge from the shallow limestone aquifers occurs to
internal basins where it is quickly evaporated. Discharge from
the Jessoma is known to occur from springs located near the

village of Jessoma. Other discharge is assumed to be to the
ocean.

A nminor amount of discharge in both areas occurs through
wells. This will eventually be of significance in the Bay
Region, but is not likely to reach significant quantities in the
Central Rangelands.

6.4 Quality of Water

The quality of water in both areas was more often the reason
for abandonment of a well than quantity. In the Bay Region this
problem was less severe, especially from wells completed in the
Iscia Baidoa formation. Waters in the Bay Region are of the
calcium bicarbonate type, with a few areas containing calcium
chloride waters. Total dissolved solids ranged from 640 mg/l to
6640 mg/1.

In the Central Rangelands the quality of water varied with
location but was universally of high TDS. Total dissolved solids
ranged from 272 mg/l to 23,192 mg/l. Two types of water were
found in the CR that included calcium-~chloride along the coast,
and calcium-~-bicarbonate inland.

Because of the unusually high total dissolved solids in both
areas, a standard for well acceptance was established on the

[ep]
)

17



basis of use. This standard was based on the electrical
conductivity of the water and was as follows:

Camels < 10,000 michromhos
Cattle, goats and sheep < 7,500 michromhos
Domestic use < 3,500 michromhos

Depending upon availability of water, even these standards were
exceeded in some areas.

6.5 Civil Works

Civil works were designed and intended to be installed at
those sites equipped wgth diesel-operated pumps. The civil
works consist of a 45 m~ storage tank, animal-watering troughs
and domestic water points equipped with laundry basins and wash
boards. The task of constructing the civil works was initially
assigned to the BRADP and CRDP projects, however, it was taken

on by the CGDP only to be reassigned to the respective projects
after the first three years of the project.

Only 7 sites were completed with civil works in the Bay
Region and none in the CR. Those in the Bay Region were
evaluated approximately a year after installation and design
modifications made. These modifications were presented to the
BRADP and CRDP project staff in a set of specifications.

6.6 Pumping Systems

Three types of pumping systems were installed during the
life of the project, hand pumps, motorized punps, and wind
punps. The hand pumps were Robbins and Myers Moyno rotor/stator
tvype pumps. These were received with a factory defect and had
to be repaired after a relatively short time in omeration.

The motorized pumps were the Mono/Lister pumps. These were
also of the rotor/stator design, but were manufactured by the
originator of the rotor/stator systemn. Both the hand pumps and
the motorized pumps were capable of lifting water from depths of
S0 m.

Only two wind pumps were crdered, and only one was
installed. These were Wind Baron pumps manufactured in the USA,
and ordered because of the ability to pump water at windspeeds
of 8 km/hr. Conventional wind pumps generally require wind
speeds of 15 km/hr.

The unit installed was in the Bay Region at the Agricultural
Research Farm. It was installed at this locaticn to enable the
collection of data on the performance of windmiils in the
region. Sufficient data was collected to allow an evaluation,



however, technical difficulties resulted in less data collection
than originally planned.

6.7 Recommendations for Future Water Development

A small advance has been made in the water development
effort in Somalia as a result of the CGDP. <Considerably more
water development is needed to meet the minimum needs of the
people and satisfy livestock water requirements. In addition to
having been an exploration, exploitation and +training project,
the CGDP can be regarded as a learning project for rural water
development operations.

Drilling techniques wtilized during the project were
adequate to excellent. In the BR; cable tool techniques should
be utilized more extensively. 1In most parts of the CR, the mud
rotary technique is the only feasible wav to complete wells of
200 to 250 m depth. The area just inland from the -‘coast can be
drilled using cable tool rig methods.

In both regions there are 1large areas where conventional
wells are not feasible. Potential for successful wells in the
Bur area of the Bay Region for example is minimal. There are,

however, many wadis heading aleong the escarpment and
disappearing in the alluvial and aeolian materials overlying the
igneous-metamorphic rock. These wadis, if equipped with

infiltration galleries and gabion structures, couvld be potential
sources of water.

The coastal area of the CR presents a special problem for
conventional wells, namely upconing of salt water. This problem
is solvable to some degree by installation of infiltration
galleries along the coast. These can be constructed so as to
skim the fresh water off the salt water without causing
upconing.

Two other recommendations regarding water development
pertain to improvements in existing practices. These
recommendations apply to both regions, and relate to
improvements in the construction of surface catchments and wars.
Two of the major problems with surface catchments are erosion of
channels and/or loss of water through seepage. Erosion problems
can be solved by the use of rip-rap and improved sloping and
grading of the system.

Losses of water from seepage into sand can be solved by the
use of synthetic 1liners or clay mixes that can be compacted in
the field and covered with rock to reduce the potential for
erosion, Based on  average annual precipitation, sized
catchments can be constructed where most needed. Invariably,
these catchments are constructed in conjunction with berkeds.



Improvements to these structures are provided in vVolume III,
Figure 3.3.15 and 3.3.16.

War improvements consist of solving the problem of bank
erosion and contamination of the water by people and animals
entering the war for water. This problem is solvable by
constructing a stilling well outside the war embankment and
connecting it with 8 inch pve pipe tc the center of the war.
Where the PVC pipe enters the war it is perforated and protected
with gravel.

Additional recommendations for future water development
concern menitoring programs and publication of basic data. All
wells installed should be equipped with a one inch diameter PVC
pipe to enable the measurement of water level in the well. This
data should be maintained on a quarterly basis at minimum.
Records of this data will enable better management of existing
wells and allow for planning of future wells. This is
especially important in the Bay Region where the density of
wells in an area will ultimately be of concern.



7.0 WDA's Future Role

WDA's role as providers of water resources has been changing
slowly since its inception in 1971. Many of these changes have
been outside the control of WDA, yet they have radically altered
WDA's ability to fulfill its original objectives. WDA can be
described as a “service agency" providing water development to
other agencies of government as required. 1In terms of creating
new water sources, it is required only to advise on
hydrogeological issues, and to carry out the actual construction
and development of the resources. Site selection per se is out
of WDA's hands. WDA still has a formidable rcle to fulfill in
the construction and maintenance of water supply systenms.

As a result of the work completed during this project, it
has become obvious that WDA's role will need to change from what
it was originally. The plan proposed for this change in roles
has been discussed rather extensively in the special study
report subnitted as part of the CGDP (LBII, March 1986). This
proposes that WDA's role be reoriented by curtailing production
well drilling programs and c¢ivil works functions; and by
focusing on explorati n drilling, administration and regulation
of water resources.

A methodology for transferring the production drilling, and
operations and maintenance functions to others is detailed in
the special studies report. In its role as administrator and
regulator of water resources, WDA will be responsible for
establishing construction standards and for managing water
resource development.



8.0 RETROSPECT

This section is presented in an effort to aid those persons
planning future water development projects. What has happened
during the course of this project is now history, and cannot be
changed, however, the experience must serve as a guide to what
could be in the future.

A prerequisite for project success is the ability of those
responsible for implemention to have the authority necessary to
exercise control over all aspects of the project. When this
function is divided, the chances of success in the project are
greatly reduced. In the following sections, those aspects of
the project that were affected by this lack of control are
discussed.

8.1 Project Cbjectives

In retrospect the project was over ambitious in design.
Greater successes may have been realized if the various

components of the project were segregated. This would have
likely resulted in slightly higher costs, but would have been
more effective. The three components could have been

institutional support, training, and exploration and development
drilling.

Institutional support would have been more effective if
counterparts were provided from the Deputy General Managers
level on down to the director of drilling operations. These
individuals should have shared offices with respective
counterparts, and dealt with day to day operations of the over
all project. This would have been especially effective in the
accounting department.

Training was relatively successful, but would have been more
effective with professional trainers. U.S. drillers are highly
qualified in the work they do, but they are not professional
trainers. This applies in all vocational disciplines, such as
mechanics, pump installers, and civil constructors. The
technical level disciplines were more adaptable to training by
professionals in the respective disciplines.

Exploration and development work was fairly successful, but
could have shown greater success if conducted as a turnkey
project. This is not to say that some OJT could not have been
combined with this effort, but it should have been under the
control of the contractor.

8.2 Personnel Management

All members of the consultant's staff expressed the same
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feeling with regard to personnel - frustration at the 1lack of
control experienced from not being able to hire and fire. On
. numerous occasions, certain individuals were reported to be not
perfcrming adequately, but were allowed to remain on the job,
ostensibly because of the inability to find replacements.

The consultant was aware of the problems faced by WDA in
not being able to offer adequate salaries to attract and retain
competent staff. The consultant was alsoc aware of the conflicts
generated by paying higher salaries to those employed on the
project. A serious question arises as to what is really
demonstrated by a development proiect that pays staff more than
they can expect to earn after the project is completed.

8.3 Supplies and Equipment

One of the difficulties in fulfilling the objectives of the
project was the failure of appropriate supplies and equipment to
be received in a timely manner. There are numerous reasons for
this, not all of which are readily solvable. O©One potential
solution to this problem is to have select members of the
contractor's team mobilized in advance to procure equipment and
to establish the infrastructure required to carryout the work.
This team might consist of the project manager, and one or two
key personnel of disciplines appropriate to the project being
considered.

Means to reduce procurement time should also be sought.
This might involve placing the consultant in direct contact with

a procurement agent of +the donor's choice. By reducing the
number of people involved in procurement, the chances for error,
as well as the times involved, are reduced. In addition,

accountability for errors ie more clearly defined. Fuel should
also be under the control of the contractor or the donor. A
reliable fuel procurement and distribution system is paramount
to project efficiency.

8.4 Warehousing

As with procurement, warehouse space and warehouse
procedures should be established prior to initiation of project
activities, and should also be a task of the advance tean.
Attempting to establish a system when the project 1is already
underway, leads to confusion and loss.

If accountability for supplies is ©placed with the
contractor, then complete control over those supplies must also
be given. It is virtually impossible to account for a warehouse
of supplies and equipment where only token control is permitted.

8.5 Planning/Monitoring Evaluation
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Key factors in the 1less than optimum success of the
Planning Unit were the absence of qualified staff and the late
“establishment of the Unit. The objectives of planning,
monitoring and evaluation were to track construction, and
operation and maintenance of wells, and to monitor the impacts
of the wells on village communities. Normal feedback ' of
information on a day-to-day basis provided adequate monitoring
of construction, and operation and maintenance activities.
Monitoring the impacts of the wells on village communities,
however, was handicapped by a shortage of qualified staff.

In retrospect, the Planning Unit should have been
established a2t the beginning of the project rather than towards
the end. A4ll too often the Unit was regarded by WDA management
as a resource for the project, rather than for WDA as a whole.

As a result, the 1level of institutional support originally
intended was not possible.

Site selection, with the exception of the hydrogeologic
elements, was carried out by the BRADP and CRDP personnel. The
establishment of a community participation program shoulid be
initiated and monitored by the Planning Unit as soon as possible
after site selection has been made. This will be especially
important if the WDA is to remain as the administrator of water
resources in the country.

8.6 Well Site Selection

The selection of well sites must by necessity be a joint
effort with the agency for whom the well is being drilled.
Final approval of the site, however, must rest with the
hydrogeology team selected for that purpose. Considerable time
and expense was invested in sites which were inown, on the basis
of professional judgement, to be poor risk sites for drilling.

Acceptance of the well site by the village community should
be insured prior to mobilization of equipment and personnel.
The TVAPP process, described in Section 5 of the Phase One Final
Report, should be implemented well in advance of the drilling
teamn.
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