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CONCLUSIONS AND RECOMMENDATXOMS 

The conclusions presented are based on the results of the 
work completed and on the professional judgement of the 
consultantFs staff. Recommendations are those viewed t o  be most 
important to the improvement of water resources development 
a ~ d / o r  to the operation of future water projects. These 
recommendations may not necessarily reflect the opinion or 
desires of USAID or WDA. Recamendations incorporated in 
Volumes 11 and IIX 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 
recornendations 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: 11 
GENERAL ACTIVITIES 

Xnstitutional Support covered a number of activities aimed 
at strengthening the ability af WDA to construct, operate, and 
~aintain rural water supply systems. C o n c l u ~  ions 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, %wo 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 a s s i s t  
in equipment selection and procurement and to set up 
warehouse facilities and establish az inventory control 
system. 

2. All equipment to be utilized an a project should be 
paid far and used only by that project, and should be 
under the total control  of project personnel. 

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 ex ten t  possible. 

5 .  All vehicles planned fo r  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  farm of OJT, 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, s i x  in both English aaA Somali, 
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I .  

Recormnendationa: 

1. English language training should be made a continuous 
effort for all counterparts, and in particular for 
individuals required to report to consultant's s t a f f .  

2. Project team should have total, or equal, control to 
that of WDA over counterparts. 

3 .  Salaries of WDA employees should be adjusted to 
encourage continued employment w i t h  the Agency. Field 
per diems, in particular, should be so structured as to 
create the necessary incentive fur working outside of 
Mogadishu. 

4 .  Training programs shauld 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. Training for hydrogeologist should emphasize well 
design, well development, and t e s t i n g .  

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

7 .  Training f o r  p u p  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 

Establishment 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 w e r e  the primary l i m i t i n g  factors. 

Recornmendat ion : 

E f f o r t s  to r e c r u i t  and retdin an appropriate staff of 
sociologists, economists, and hydl-ogeologists should 
continue . A commitment should be made toward 
strengthening the Planning Unit 2nd making it an 
integral part of WDA operations. 
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2.4 Well S i t e  Maintenance Conclusion 1 
Well site maintenance, maintenance of pump and distribution 

systems, is minimal to non-existent. 

j Recommendations: I 
1. A management Pxogx:am should be developed for .I 

maintenance operations. 

2.  Wall s i t e  operators should be given basic training in 
operation and maintenance, and provided with the 
necessary tools  and materials to do the work. 

3 ,  WD3 should upgrade regional of f ice  capabil it ies to more 
e,f f ic iently  conduct maintenance e f % ~ r t s ,  

4 .  \JDA should consider sub-contracting maintenance 
cperations to private sector contractors wherever 
expedient. 

5 .  Maintenance schedules should be prepared and imple- 
mented. 

2 . 5  Community Participation Conclusion 
I 

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

Recommendations: 

1. E f f o r t s  should continue tc establish and to support the  
comiunity 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 must be updated 
to reflect policy changes that occur within WDA. 

2.6 Water Quality Laboratory Conclusion 

The water qxality laboratory w a s  provided equipment and 
supplies, personnel were trained, and standards were established 
for proper analysis of water samples. 



Recomraendatians: 

1. A renovation contract should be let for the water 
quality laboratory. A 1 1  plumbing and electrical 
systems should be upgraded. A32 electrical controls 
for laboratory eqyipment should be installed outside 
the laboratory. This work should be completes before 
additional 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 kept 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 w a s  established 
within the WDA compound to provide repair and maintenance 
service to mobile radios, geophysical equipment, hydrogeologic 
f i e l d  equipment, and laboratory instruments, No full time 
counterpart staff were provided. 

Recommendations: 

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

2 .  An expatriate sexvice contract should be let to provide 
training and repair of equipment, until the lab can 
operate independently. 

3-0 XONITORING AND EVALUATION SYSTEM CONCLUSION 

A monitoring and evaluation program was to have been 
established o integrate socioeconomic consideraZions with 
technalogical. 

Because of the a of qualified Somali manpower, a 
monitoring and evaluatic program was not able to be initiated. 
A Monitoring and E~alu~tion System (MES) was developed and 
tested instead. 
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Recommendation: 

Adequate qualified staff should be recruited and 
trained within the Planning U n i t  to fulfill t h e  
objectives of this system. 

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 analysis models have been developed which indicate t ha t  
the current price of w a t e r  is adequate to cover all operation 
and maintenance costs. The price would have to be doubled to 
recover direct construction costs. 

1. Similar cost analyses must be carried out far all other 
WDA operations. 

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

3. Drill rigs need to be m o r e  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 t h a t  area, 

5 ,  Water m e t e r s  should be installed at all sites having 
motorized p u p s ,  and pump operators should be trained 
in d a t ~  collection procedures. 

5 . 0  SOCIOECONOMIC CONDITIONS CONCLUSfOM 

Background information was  collected on the socioeconomic 
conditions prior to testing of the MES. Lack of sufficient water 
points during the dry season caused increases of morbidity 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 CONCLUS 1 ON 

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

An adequate number of private sector industr ies  e x i s t  that  
are capable of making a significant contribution to the 
development 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 

Based on the experience of the CGDP, an evaluatfsr; was mads 
of WDAts role as sole providerls of the nations deep groundwater 
resources, 

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

Recommendations: 

1. WDA must assume the role of administrator and regulator 
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 he given to communities, and the task 
subcontrar:ted to the p r i v ~ t e  sector. 

3 .  WDA m u s t  establish itself as the planning and data 
collection agency fo r  w a t e r  development. 

4 .  WDA's drilling capabilities should be utilized 
primarily for exploration purposes and for emergency 
production drilling. 
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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 walls. A t  present 
only one percent of estimated recharge is being discharged by 
wells. 

Recommendations: 

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

2. Additional well construction should continue with 
attention to w a t e r  quality and ecological effects, 

3 ,  ~eview of Section 2.8 Recommendations for Future Water 
Development in Volume 111. 

CENTRAL CONCLUSION 

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

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

Recommendations: 

1. surface geophysical methods should be conducted to 
locate and define l i m i t s  of the Trap Series Basalt. 

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

3 .  Additional development of welfs in t h e  Jessoma 
sandstone should be investigated. 

4 .  A review of Section 3.8 Recommendations for Future 
Water Development in Volume 111. 
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VOLUME I 
EXECUTIVE SUMMARY 

1.0 INTRODUCTION 

This End of Project Report (EPR,' :**~xtarizes 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 f o r  the rural population 
and fox their livestock is one of the most serious constraints 
to the economic development of the country. The G c v e r n m e n t  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 D e v e l o p m e n t  Project ( C G D P ) .  

This project was administered through the Water Development 
Agency (WDA) of the Ministry of Minerals and Water Resources 
( M M W R ) ,  and was provided technical assistance by the firm of 
Louis Berger International, Inc. in association with the Roscoe 
Moss 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 af the CGDP was to 
strengthen the WDA1s capability to construct, operate, and 
maintain rural water supply systems. The CGDP was designed to 
be integrated with two existing USAID pxojects, 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 USAXD of required 
equipment and materials, and by the requirement far the t r a i n i n g  
of WDA personnel i n  the use and maintenance of this equipment. 
In an effort to insure t h a t  w a t e r  supply facilities would be 
properly received and maintained, a socioeconomic 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 s e t  of documents that cover the main 
goals and accomplishments of the project.  Volume I, t h i s  
Executive Summary, was prepared to provide an overview of the 
project. Volume XI, entitled General Activities, describes the 
accomplishments in the areas of institutional support, the 
monitoring and evaluation system, cast analyses, and private 
sector development. The results of the exploration and 
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exploitation work are presented in Volume -1, entitled 
Hydrogeology. All basic data pertaining to Volume XI are 
provided in Volume IV, and a l l  of the basic data pertaining to 
Volume Iff are provided in Volume V. 

1.2 Previous Reports 

Ten reports, not including this End of Project Report, w e r e  
prepared by the technical assistance team of LBfI/RM during the 
l i f e  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, although 
identified in some instances by major contributor, are reports 
of Louis Berger International, fnc.. 

O n e  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 socioecanomic aspects of the 
project. These reports developed the basic methodologies for 
collecting and monitoring economic and sociuecanomic data (Pape, 
1982, h Roark, 1982) . 

After twenty-five wells had been completed during the 
exploratory drilling in the Bay Region, a report of findings was 
completed (LBIf, 1983). This report provided the infomation 
necessary to plan the continuation of ather 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 comgleted in July of 1984. This report, although entitled 
Final Report, covered what was ultimately referred ko as Phase 
One (Final Report Phase I ,  1 9 8 4 ) .  The project was extended for 
two additional years until July of 1986. The Final Report Phase 
1 is a three volume report incorporating all basic data 
collected to that time. One of the recommendations of the 
report w a s  to pursue involvement of the private sector i n  water 
resources development. As a result, a special study to evaluate 
this potential was made a part of the project extension. 

A f t e r  the f irst  year of the extension period, an interim 
report was prepared to serve as an update of activities to that 
time. The basic data collected, and the progress and problems 



encountered were reported (LBXI, 1985). The l a s t  t w o  reports, 
preparea prior to this EPR, were related to the private sector 
study. The first was an executive summary of what was to be 
conteined Pn the completion report. It described the status of 
the water development industries in SomaEfa and made 
recom8ndatio;as for greater private sector involvement, The 
completed report, entitled Somalia Water Resource Development 
Pndustry, consisted of three voBumas* Volume 1 contained the 
main b d y  of the report, Volumes IS: and III contained appendices 
of all basic data, and recommended a phased program far lang 
term development. 

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: 

2, Louis Berger Xnternational , Inc. , 1981, 
Inception Report, Comprehensive Gxcundwater Development 
project: WDA, MMWR, Mogadiscio, 

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

3. Pape, M.B., 1982, 
Preliminary Analysis ef the Potential Envf ronmental 
Impacts of the Comprehensive Groundwater Development 
Project: Louis Berger International, Inc*, Xogadishu, 4 5  
P@ 

4.  Pape, M . B . ,  1982, 
Preliminary Economic Analysis sf the Comprehensive 
Groundwate~ Development P r o j  ect : Louis Berger 
International, Inc., Fogadfshu, 71 p, 

5 .  Roark, Paula D. ! 1982 
Phase f Socioeconomic Report 

6 .  Schwarz, R.A., 1953, 
The Somalia Graundwater Prof ect : 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, Inc.,  
Mogadishu, 99 p. 



8. Xlouis Berger International, Xnc., 1985 
Comprehensive Groundwater Development, Project 104, Final 
Report, Vol. 1-3: WDA, MMR, Mogadishu. 

9 .  Louis Berger International, Inc.;  1985, 
Interim Report, Comprehens~ve Groundwater Development 
Project (Extension): WDA, rPMWR, Mogadiscio, 115 p., annex. 

10. Louis Berger International, Inc., 1985, 
Specifications for Civil Works for Comprehensive 
Groundwater Development Project: WEA, MMWR, Mogadishu. 

11. Lerner, H., and Coolidge J., 1986, 
Study of Private Sector Participation in Somalials Water 
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2 . 0  INSTITUTIONAL SUPPORT 

Institutional support to the WDA and the MMWR has been 
provided throughout the l i f e  of the project.  This support has 
been developed in response to particular needs and has consisted 
af equipment and material support, training programs, and 
the development of a planning un i t .  

The primary goal of this support: has been to strengthen 
WDAts 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. 

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 m i l l i o n  
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 hydrogeologic 
and laboratory t e s t  equipment. Material suppart has included 
everything f r c m  acetylene to zinc oxide, 

2.2 Training Program 

In order to assure continued utilization of techniques and 
methods employed by LBT/RM s ta f f  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 strengthen their 
overall capabilities. Training consisted of on-the-job 
instruction, intensive seminars, university degree programs in 
the USA, short-term training in the USA, and English language 
instruction. 

On-the-job training (OJT) was provided to all WDA assigned 
s t a f f  regardless of whether specific consultant counterparts 
were assigned. OJT consisted of continuous demonstration and 
explanation of all project  related act iv i t ies  that  included, but 
was not limited to: drill rig operations, pumping operations, 
hydrogeologic investigations, water distribution systems 
construction, water quality analysis, data collection and 
socioeconomic analysis. 

Although some t r a i n i n g  was provided to all staff, s i x  main 
groups, namely hydrogeologists, chemists, drillers, pump 
installers, mechanics and planners received the most attention. 
Other project staff, such as truck drivers and laborers, 



received little 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 
undertaking the basic activities of a groundwater development 
program. 

2.3 Planning Unit 

Although a Planning Department was i n i t i a l l y  planned as 
part of the project extension program, the time required to get 
Department status sanctioned by the President was prohibitive. 
The WDA agzeea to establish a Planning Unit (PU) as an interim 
group. Ten staff members were to have been assigned to the PU, 
however, a shortage of qualified s taf f  within  the WDA prevented 
this from baing 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 
anthropologist, and 2 sf a water resource planner/computer 
instructor. All three individuals had previous African 
experience and w e r e  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 s ta f f  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 also an 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 f a l l  of staff assigned 
to the PU effort, the initial objectives were considerably 
modified, The modified objectives in most cases were achieved. 
In addition, other tasks were undertaken by the PU. These 
included: preparation of a computerized stores inventory for a l l  
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 were 



provided to the PU in addition to printers, electrical control 
components and an assortment of software packages, This 
equipment was indispensable for tke storage and evaluation of 
data generated during the course of  the project. 

A proposed future strategy for the PU should incl?rde t h e  
following objectives: 

(1) WDA Resource Management. This involves monitoring WDA 

3 
activities, and planning the most efficiert use of WDA 
resources, that include but are not limited to: 
manpower, vehicles, and drilling equipment. This 
requires the establishment of management information 
systems in a l l  WDA regional operational units. kt 
ahso involves the coordination of Planning U n i t  data 
collection and reporting functions w i t h  those of other 
agencies and programs with water development 
components. 

Economic Analysis of WDA Activities. A comsrehensive 
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 f o r  more efficient 
resource planning and t o  analyze the relative 
efficiency of pumping operations at different well 
sites. 

(3) Technical Monit~ring and Evaluation. The collection 
and analysis of data on: the design o f  water supply 
structures; pumping operations; water use; the 
management of camunity water systems and; WDA support 
sentices . 

(4) ~~cioeconomic Monitoring and Evaluation. Community 
baseline data must be collected on a periadic 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. 

(5) comraunity Participation. This involves the  
organization and support of local institutions to 
participate in the development and management of WDA 
wells. 

( 6 )  Policy Studies. The Planning Unit should be in 3 
pos i t ion  to advise the Government on a l l  aspects of 
rural water development in Somalia. Information from 
the evaluations will be analyzed in relation to policy 
issues, such as the role of community groups in water 



development, and the ownership and management af 
wells, pricing and revenue collection, fuel supply, 
and maintenance and repair services. 

( 7 )  Water Resource Data. In cooperation with the WDC,  
the Planning Unit should have an-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 ageccies. 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 listed above, the Planning U l - i t  will need a five 
person professional staff, six  to ten field staff, and 
administrative personnel that includes computer operators and 
drivers. 

2 . 4  Well S i t e  Maintenance 

Well site maintenance addresses the mast neglected aspect 
of all water development activity.  Well site maintenance as 
related to the CGDP, refers to two di s t inc t  categories, well 
maintenance and distribution system maintenance. Well 
maintenance, regardless of how completed, hand pump or diesel 
pump, is of primary importance. Manuals in both English and 
Somali w e r e  prepared to deal w i t h  the problem in detail. A 
minimum requirement for well maintenance should include the 
keeping of aonthly water level records and of monthly water 
quality analyses. 

Distribution s y s t e m  maintenance is associated w i t h  those 
sites equipped with motorized pumps, and having csmpleted civil 
works. The civil works completed during the course of this 
project included storage tanks, and aniainf an4 domestic water 
points. The structures and the piping betwesc 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 project paper (1979) did E propose a 
significant role f o r  villagers nor did it allocate funds to 
develop and support local water management institutfans. 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 



process, initially called the Tuulo Village Assessment and 
Participation Process (TVAPP) was implemented in twelve 
villages. Xn spite  of its apparent success, the community 
participation program did not receive adequate support from WDA, 
USAID and other agencies. A f t e r  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 f i e l d  assistants. WDA was not 
able to recruit qualified staff, however, and the limited 
consultant resources, were not able to adequately 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 w a s  revised 
and integrated into other project activities. This approach is 
called the Community Assessment and Participation Program 
(CAPP) . 
2.5.1 The Com.unity 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 far 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 into a comprehensive technical and administrative 
framework far groundwater development. Although the program was 
developed and tested in the Bay Region, it can readily be 
adapted to water development projects in other regions. 

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

I) Community ~rientatfon and Assessment 
2) Drilling of Boreholes 
3) Construction of Civil Works and Pump Installation 
4) Operations and Maintena~ce 

T h e  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 



coxamunities in the Bay Region. In s p i t e  of the l i m i t e d  
a t ten t ion  they received from the project, the w a t e r  committees 
effectively organized focal contributions of labor and food. A 
comparison of communities in which the participation program was 
implemented with those in which it had not, revealed that 
contributions w e r e  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 m e t  the villagers expectations. In 
spite of frequent recommendations to increase their role in 
well management, little progress has been made during the past 
eighteen monthe. Some community leaders feel t h a t  WIlA 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 sf fuel and other supplies, and maintenance and 
repair services; all of which remain fully under WDA control. 

In general, village leaders in the  Bay Region have 
demonstrated a high level of interest and ability to promote and 
manage water development. The concept of shared responsibility 
amang residents of different villages is well established in the 
Bay region and the contributioin 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 logist ical  and manpower support f r o m  
WDA and the donors, the CAPP strategy could faci l i tate  the 
expansion of water resource development and reduce capital  and 
administrative expenditures. 

2 . 5 . 2  CAPP in the Central Rangelands 

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 
~ssociations (RLAis) at the deeaan 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 c iv i l  works is complex 
and has a high potential for generating conflict, the 
appropriateness of local  control  of these systems by the 
enbryonic RLAts cannot yet be determined. Additional long tern 





research is needed to adapt the CAPP to extension activities in 
the CRL, particularly in regard to the role of RLA1s in water 
management. 

2.5.3 Recommendations 

The WDA mJ must be provided w i t h  adequate professional 
resources and field personnel if the potential benefits ~f the 
CAPP program are to be realized. They include a professional 
social scientist, preferably an applied anthropologist skilled 
in community development, f i e l d  s ta f f  in each region, and a 
trainer, The CAPP needs to be integrated i n t o  future water 
development programing and adapted to villages where pumps have 
already been insta2led. Based an the evaluation of current well 
sites, policy changes to strengthen the role sf the private 
sector would be welcomed by community water committees and would 
increase their role in well management. 



3 . 0  MONITORING AND EXALUATION SYSTEM, MES. 

In an effort to maximize the water resource development 
aspect and to integrate the socioeconomic 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 
BFWDP monitoring staff never materialized. A s  a result, the 
objective 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 XES and f i e l d  t e s t  results, the socioeconomic conditions are 
reviewed. 

3.1 Sociceconumic Conditions, Bay Region 

The socioeconomic conditions described relate to the 
conditions existing prior to the installation of the wells, 
M o s t  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. f o r  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 w e t .  The main dry season, Jilaal, 
occurs between January and April. It is o f t e n  a t i m e  of severe 
climatic and ecologic stress when villages are forced to move 
for lack of w a t e r  and pasture. 

Of the estimated 40,000 square kilometer area, it is 
estimated that up to 65% has same agricultural potential. Some 
parts are heavily cropped at present. 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 
popuiation is 118,000. T h e  population density is 18.6 people 
per square kilometer. There are 1500 villages ranging between 
30 and 65 households per village, with an average village 
population est imated at 305 inhabitants. 

3.1.2 Administration 

The Bay Region is divided i n to  four districts, which are 



divided into beels, the administrative centers far groups of 
villages (tuulas), and for hamlets (buulos). There are 55 beels 
in the region camprfsing 1500 villages. 

3.1-3 Social ~rganizatian 

The village is the central focus of social 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 9000 
wars, of which 40 to 50  are government built wars that hold from 
5000 to 2 0 , 0 0 0  cubic meters of water. 

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

3.1.5 Agriculture and Livestock 

The dominant sys tem af agricultural production in the Bay 
Region is agxa-pastoralism. Approximately 20% of the population 
is nan-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 fivestock. E s t i m a t e s  of average family holdings are from 10 
to 15 livestock units .  A xrariety of craps are cultivated, 
including sorghum, peanuts, and beans, along with an assortment 
of garden vegetables. 

3.2 Socioecanomic Conditions, Central Rangelands 

The Central Rangelands is a sparsely settled dry region 
almost exclusively used fox livestock production w i t h  little 
cultivated agriculture. Its three regions comprise an area of 
roughly 127,000 square kilometers. 



The population of the region is estimated from the 1975 
census figures to be =bout 903,000; growing a t  about 3% per 
year. A t  feast  75% of the population is nomadic, 15% consists 
of sedentary pastaralists, and the remainder is urban-oriented- 
Population varies 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 u n i t  of the area, the degaan, is the area 
inhabited by a given nomadic group. This area is the year-round 
residence for at l eas t  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 w a t e r  and 
grazing rights, while others do not. For t h i s  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 aver 1000 livestock 
owners who are considered as heads of households. Degaans may 
have populations f r o m  a few 100 to 5 0 0 0 .  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 2 0  to over 350 
wzth roughly ten times the number of goats and sheep to cattle 
and camels. An average family owns nearly 3 0 0  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 S 
kilometer raaius around a well s i te .  Fences are erected to 
protect these areas in which cowpeas are cultivated in the wet 
season, and animals are pastured i n  the dry season. Families 
with enslosed areas can ensure themselves incomes from cawpeas, 
and forage for their animals in t i m e s  of stress. Those who have 
n o t  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 land use have caused severe degradation around the 



we11 sites, and require that water management schemes be 
integrated with land use schemes. Long-term effects may result 
in tke creation of sand dunes that are worse than no wells at 
all. Frobferns of managi.,g these new cc-.rl',tions were recognized 
at the beginning of the CGDP, but are c just beginning to be 
investigated in any detail. 

I 3.3 HES and Water Resource Planning 

The XES 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 livestock; 
socio-ecunomic conditions, including changes in population, 
physical infrastructure; economic activities and social 
services; community participation i n  w e l l  construction and 
management; and the effectiveness of villagerst participation in 
the management of water facilities. 

The MES system was used to conduct a field assessment of ten 
villages. Although the lack of Somali staff l imited the 
quantity of data which could be collected, enough information 
was obtained to produce a preliminary .;valuation of CGDP 
activities and the impact of the new wells on water use, 
socio-economic conditions and community participation. As a 
result of this  e f f o r t  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 
w e r e  subsequently addressed by the project c iv i l  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 diese l  pumps. Additionally these sites were found to have 
a minimal supply of o i l  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 living within the target zone. Estimates for water 
collection t i m e  ranged from 4.5 to 8 hours before well 
construction, and from 1.5 to 3 hours per day after w e l l  
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 w i t h  average daily pump use of 4 to 6 hours 
per day; between 8 , 0 0 0  to 11,000 liters being pumped per day. 

~ocio-economic Conditions. In all well site villages 
surveyed, the numbers of households increased, usually with 
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permarant families moving fi-om vfllages in the target zone to 
the well site village, or temporary families settling 
permanently in the well site villages. fn some cases, where 
there was no village before the well was constructed, villages 
have literally sprung up in lass than a year. The number of 
Koranic schools, tea shop, and stores have increased 
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 land, and an 
increase in marriages. 

community Participation. In a l l  villages surveyed, members 
of the e m u n i t y  particpated in some form w i t h  the constmctian 
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 t h a t  they did not have full ccnttol  of the wells, 
having believed that w i t h  their contribution of labor and money 
they would eventually own the well. Nonetheless, in nearly all 
cases, villagers have reacted positively to the well sites. An 
appreciation was expressed for t h e  time saved, the improvement 
to animal health, and mast of all. f o r  the dependability of 
water during the dry season. 

Policy Issues .  Control of the well sites by WDA, 
particularly with regard to f u e l  sales and repairs should be 
reduced. Moreover, w i t h  pump operators being WDL 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 Shillings at some well sites, should be 
placed in the  cont ro l  of villagers far operation and 
mal ntenance. 



4 - 0  COST ANALYSES 

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 consultantas staff. Whether the WDA s t a f f ,  
operating independently, would perform in the same manner is not 
known. Projections and estimates, where possible were based on 
project experience. 

Two earlier ecenomic reports were prepared by LBLL staff .  
The first developed a costing methodo%ogy and layed the 
foundation for subsequent economfe evaPuatfans (Pape 1982). 
This report was conducted early in the project when virtually no 
expexience had yet been obtained. The second report was 
prepared after t w o  years of project ac t iv i ty  (Brandan, 1984). 
This report contained detailed costs of project act iv i t ies  and 
estimated program costs to cover the useful  life of the drilling 
rigs. 

The analysis presented in this report addresses well 
construction, well operation and maintenance, amortization of 
well costs and revenues, and concludes with a discussion of 
ma j or findings . 
4.1 Well Construction 

blaxly variables were incorporated in the computer model t o  
yield a realistic cost estimate of well construction under 
varying circumstances. The variables are not discussed in this 
sununary because a thorough understanding of rationale and 
methodology associated with the variables is 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 eqiigment costs 
5 .  Direct, indirect, and sunk capi ta l  costs 
6 .  Labor costs 

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

I. Hydrogeology 
2 .  Drilling 
3 ,  Well ~esting 
4 .  Well Logging 
5. c i v i l  works 
6 .  Pump Installation 



For a specific drilling program the model gives total costs 
split bitween local currency and foreign exchange costs. It 
also details the manpower and vehicle and equipment budgets 
necessary for the program. The various assumptions associated 
w i t h  each of these stages results in a number of conclusions 
regarding well construction costs. The most significant factor 
in varying the cast of a well was found to be the t i m e  taken to 
drill the well. 

Direct costs vary little with time taken, the only increase 
being to labor casts which are a small part of the total. The 
major cost elements which increase significantly with increase 
in time t a k a  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 far: 
much of M e  equipment having been fully depreciated or 
donated. 

4 . 2  Well Operation and ~aintenance 

Well operation and maintenance casts w e r e  broken down into 
three maain 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  Amortization 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 l i fe  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 follows: 

Bay 
Region 

NPV Total Costs $114,948 
NPV Total Water 156,987 
Cost/cubic meter $0.73 
Cost So.Sh,@83:1 61 

Central 
Range 



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

4 . 4  Major Findings 

The bottom l i n e  to a31 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. fn theory, the current price of water is adequate to 
cover a l l  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, h~wever, it was found that 
many of the wells i n  the Bay Region were not sufficiently 
utilized to recover these costs, t h a t  maintenance support at the 
level assumed in the costing model was not provided by WDA, and 
that  irregularities in the f i n a l  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  lack of water 
development has on the economic development of Somalia, USAID in 
granting the extension of the CGDP required t ha t  a special study 
be conducted to evaluate the existing and potential involvement 
of the private sector, This study, referred to as the private 
sector study, was divided i n t o  four phases. These four phases 
as set forth in the Inception Report w e r e :  

Phase I Planning and Reconnaissance 
Phase XI Infomat ion  Gathering 
Phase 1x1 Analysis 
Phase IV Recommendations and Report 

Phase T was essentially completed with the submittal of the 
Inception Report in January 1985. Phase I1 was initiated in the 
LBII Washington offices and continued with t he  arrival of the 
study team in Mogadishu. In Mogadishu, two sub-contractors, 
Geomatec and MAM Brothers, were retained to assist i n  the 
information gathering exercise. 

Conceptual models of potential options were formulated 
during the ir,fo,-mation gathering period, and Phase I11 was 
formalized upon completion of Phase 11. Policy options were 
developed and circulated to WDA, USAID and CGDP team members fo r  
comment. 

Upon-completion of this effort an executive slrmmary of 
recornendations was prepared in an t i c ipa t ion  of a seminar to be 
held in Mogadishu prior to commencement of final recommendations 
and a final report. Unfortunately, t he  seminar was cancelled, 
but the study team m e t  with key individuals of WDA, and USAID 
to review their initial recomendatians. 

A four  volume final report entitled, nStudy of Private 
Sector participation in Somalia's Water Resource Development 
Industryt1 was completed in February of 1986. The report was 
organized in three sections. Section cne provided an 
introduction and overview of the study, section two explained 
the three phases of t h e  recommended program and section three 
discussed the need f o r  private sector participation in the water 
resource development industry. 

Section I is self explanatory. Section I1 of tine report, 
the consultantst recommended program, contains the main thrust 
of the study. Each of the three phases described under Section 
11 were presented in a Logical sequence of s t e p s  t h a t  would be 
required to strengthen the water resource development capability 
of Somalia. 



Phase one, Well Rehabilitation and Maintenance, outlines . 

the : 'steps required to upgrade the numerous existing. 
nun-operating wells throughout Somalia by involvement of the 
private sector. The action co6ponents and technical assistance 
required are carefully detailed. 

Phase t w o ,  Water Security Role for Somali Private Sector, 
discusses the role the private sector would take in water 
development during emergency situations. The action components 
of this phase employ Option P as discu.-sad in an earlier report. 

Phase 111, Reoriented WDA Role, dipcusses the major 
reorientation o f  W D A b  role as a rural water well drilling and 
parastatal agency. It recommends that WDA concentrate on five 
functions: 

( I f  Contracting with the Somali private sector for well 
operation and maintenance, drilling and construction, 
and provision of related inputs; 

( 2 )  Research and planning for rural w a t e r  resources 
development in Somalia: 

:(3) Public utility regulation of w a t e r  prices and service; 

( 4 )  Exploratory and emergency drilling; and 

( 5 )  Operation of selected wells and water systems, 

Section III sf 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 
capab5liti .e~ and constraints of the private sector industry are 
described. 

Because the material in this final report on private sector 
participation is too voluminous for inclusion in this report, 
the interested reader is strongly encouraged to review the 
original document. X t  is the  consultant*^ opinion that 
implementation of the recommendations provided will go far to 
improve Somalia's self-sufficiency in w a t e r  development 
activities. 



During the course of the  project, a total of 118 boreholes 
w e r e  drilled in the Bay Region and Central Rangelands, 
Ninety-four of these w e r e  in the Bay Region, one at Afgoi and 23 
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 
w i t h  either a motor pump or a hand pump. Table 1.6.1 Provides a 
compilation of wells comple2ed 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 111 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 w e r e  
reviewed, maps and air photos studied and field inspections made 
prior to approving a potential site for  drilling. These 
technical efforts were coordinated w i t h  the respective BRADP and 
CRDP staff prior to actual drillicg. Both ~rojects had 
sociologists and ecologists that  selected sites based on need 
and in accordance w i t 5  their project development plans. In a 
few instances, the hydrogeologist~s recommendation against 
drilling in a particular area w e r e  overruled by the 
socio-ecological considerations. In all such instances the 
borehole was unsuccessful. 

brillfng was conducted w i t h  Ingersol Rand TH-60 rotary drill 
rigs and w i t h  a Dando cable t oo l  rig. In the Bay Region 
air-foam techniques were used and in the CR mud rotary 
techniques. The cable too l  rig was initially used in the Bay 
Region and t hen  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 mapging, aquifer zones were able to be 
identified in the respective boreholes. 

Upon completion of the well, development work consisting 
primarily of air j e t t i n g  techniques was conducted. In s o m e  
instances t h i s  was combined with bailing of the hole.  No 
chemical development was attempted in any of the boreholes. 
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During the development effort, a decision was made regarding 
#a potential succ8ss of the well and the need to conduct 
aquifer pumping tests, Testfng was done in must instances w i t h  
a Grundfos submersible pump, and in a few cases with the Mono 
diesel pump earmarked f ~ r  permanent installation. mere - 
possible, 24 hour tests were conducted. 

P 

Water samplas w e r e  collected during the tasting period and 
sent to Ehe MMWR laboratory for analysis. All of the major ~ 

cations and anions w e r e  tested. In the Bay Region some wells 
were monitored for bacterial contamination. The lugistics 
associated w i t h  this effort required that it be discontinued, - 

6.2 Geology 

The geology of the Bay Region consists of three basic rock 
types, igneous and metamorphic rocks in what is known as the Bur 
area and sedimantary rocks in the plateau area (Figure 1.6.1). 
The igneous-metamorphic complex was found not to be very 
productLve in terms of quantity and wality of water, 

The sedimentary racks, mainly the limestones of  the Iscia 
Baidcla Farmation were most productive. This formation contains 
sufficient joi~ts and fractures enlarged by karstic development 
to yield developable  upp plies of water to wells. Table 1.6.2 
provibes a brief geologic description and the water-bearing 
characteristics of #e 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 w i t h  
regard to quality of water, and the limestone formations caused 
lost circulation problems during drilling. The moat 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 Hydrageology 

A description of the hydrogeology of an area generally 
involves a discussion of the recharge, movement and discharge of 
water through geologic formations. In the Bay Region most 
recharge results from direct infiltration of precipitation 
through enlarged j o i n t s  and fractures of the limestone exposed 
at the surface and through dessicated soil layers early in a 
precipitation event. 





WLE 1. b;?. BAY REGION GEOLDSIC UNITS AND THEIR WATER-BEARING CHBRACTERISTICS 

C----C-_3--1---_---__----------------------*-------d---------------------------+--+----------------------- 

EPOCH SUITE OR SERIES RPPROXIflATE OCCURRENCE, L XTHDLOGY AND YATER- 
AM S\HBflt \AX 1 ~ ~ 8  BEARiH6 CHARACTER1 STICS 

THICKNESS, I! 
-_-_1__11____1-____1_-----------------------&++-------------------+---------------*----------------------- 

Sxuba and Skabelle In the valleys or flood plains nf the 
Rivers alluvlun,  also Fiiuba and Shabel l~  Rivers, the wadis 
afiuvlur of the Bur 130 of the bur area: c lay ,  slit, sand 
area; Qal and coarser alluviua yield water 

t o  shallow Iless than 30 11 wells. 
Mater of less than 3500 mrrrarhas/cs 
spec~fic conductivity is found i n  
about 10 percent o f  the wells. 

_------_-_____-------------------------------------------------**------------------------- 

Beoilan sand, sand- Ac t lve  and inactive dunes on the 
EELENT - stone, and reef  eastern mast, of nell-sorted 
P l  IIlCENE deposl t s  of the 120 aeolian sand; yields water af 

eastern coastal zone; qualrty t o  shallow lless than 7 at 
Rz- Iipltal wells. Bared wells i n  this tone 

yield saline rater 

Proluvium, aliuviur; Fluvial sediaents of the lamer fiiuba 
c i a y ,  s i l t ,  rand, and River Flood plain mo5tly af clayq 
gravel In f lood  deposits 120 s i l t ,  and sand uith lentiruiar gravel 
of the iower Gruba near the river; yields a a t w  of 
River, N2- Qpl+al useable quality t o  shallon ikess than 

20 a)  wells. There are no bored 
re i l r  of record in this unit east of 
the Giuba Rivet. 

500 tiostly 10 the  Central %angeland, but 
extends westward to the near-vicinity 
of the cay Regi~n; l i ~ e s t o n e ,  marl, 
gypsum, c lay ,  sandstone, calcrete 
and related rocks not important t o  
the Bay Regron as an aquifer, but 
yields water to 5hallox (less than 
10 r.1 wells. 



tr.lDCENE- Basalt ; BPq-N, 
PPlt EOCENE 

Hear the rivers and i n  the north- 
80 western Giuba-Shabel le  i n  terf luve; 

olivine basa l t  with layers af woria 
and w i t h  columnar jaint~nq. Yields 
water ta  a + e ~  small sprinqr. 

Hain 6ypsua and f!ao Worth of the Bay Region between the 
LATE Subsuite c i  Gabra 4513 Siuba and Shabel le  Rivers; gypsum, 
CRETACEOUS Harre Suit. 2; Cr, mg anyhydrite, 9 dalorlte, i a r l ,  clay and 

siltstone, yieIds rater of aarqinally 
useahle quality t o  a few hand-dug 
nel Is. 

Busul Subsuite of 
Gabra Harre Suite; 
Jjhs 

Horth of Pay Region between the 
400 Siuba and Shabe! lc  Rivers: 1 irestone. 

dolori te, aarl , and sandstone yield 
water of marginal 1 y useabi e qualf t y  

tn hand-dug weils. 

LATE Uegit Suite; J,ug 
JUFiPISSIC 

in the  northnest part of the Bav Regrun 
also northern and eastern part of the 
lnterfluve o f  the 6iuba and Shabelle 
Rlverii: l ire3tone,  dolori te, and rar;, 
hand-dug and bored wells yield rater 
of useable qua1 ity. One project #ell , 
8:15, penetrate: but does sot  y ~ e ! d  
rater $ram the Uegit Suite. 

Extends thrauqh the narthuestern part  
Anole Suite; Jsan 4% of the  Bay Region, alsn the northern 

and eastern part of the interj luve  of 
the Giuba and Shabelle Rivers, limes- 
tone, sari and clay,  project aeifs 814 
and 915 yield unuseable saline water 
from f h 1 5  sulfe. 



Iscia baidoa 
Suite: J,bd 

Dc~uples part of the Bay Repion 
adjacent t o  the north~est side of 

870 the Bur areat kastic iiwrtone 
rarl, c l a y ,  and sandstone yield water 
of qeneral ly good chemxcal quality 
t o  most project re115 in the Bay 
Region. Bverage degth of the wells is  
123 B. 

Occupies a large part  nf the central 
Bay Region fwrlng the Bur area; 

PRECfiRBRIAti, fletamorpkic and g r a n ~ t r c  gneiss, sthist, aaphiballte 
U#BIFFEE#- igneous ~ss s i  f , undet ermned gnel 55 and schist, quartz1 t e ,  marble, 
TXATED undrfferentiated; and related sill ceous retarorphic 

Pcm romplex w l  th intrusive stocks and 
dikes of granltoid t o  gabbroid 
carposr tlan and peqnatitest Fractured 
areas of the aassif  yieid rater of 
useable quality but also same h i g h l y  
saiine water i n  ather places, not a l l  
def lned. 



TABLE 1.6.3. CEHTRBL liClN6ELANDS GEOLOSIC U I I  TS AND WATER BEAR IN6 CHARACTERISTICS 

---------------------------------------*-------------------------------------------------*-*------------ 

EPOCH SUITE OR SERIES IPPRDXIHLTE OCCUREIICE, LITHOLOGY, AND I T E R  
MI rnun BE~MIHG CHAPACT ERISTICS 
THICKNESS 

-----__-C*__+----------------**-----------------+--*----------*-+**---------------*--------------------- 

RECEHT In t h e  fiaod pialn of the Shebelle 
PLEISTOCER St t eamA~luv iur  100 n Hiver and along wadis throughout the 

Qal Central Rangelands; d a y ,  slit, sand, 
and Loarse aiiuviuo; yields water t o  
shalIow (less than 35 e) wells; rater 
specific conductance of less than 
3500 urhos!cr found i n  approximately 
10 percent of nei15. 

be01 i an sand, 
sandstone and 
reef depasi ts ,  
Bppl t m  

Active and inact ive  dunes on the eartern 
120 n coast const sting af we1 1 -sorted aeo l i~n  sand. 

Ylelds small amounts af fresh water t o  
shalfow (jess than I0 r) wells. 

PLIOCENE- Upper Daban 
II I DCENE Ser i cs , 

N1 - Nn 10d 

Possrble i n  the eastern port i~ns  of Central 
120 a Rangelands: sandstone, and ; c~ag lorente ;  

yields watw of variable qual i ty  fro8 pare 
spaces and along bedding planes. 

Hudugh-Herca 
tll OCEIYE Suite, Ni sd 

Continental sedi rents covering r u t h  of 
the northern Central Rangelands; limestone, 
aar 1, sand, sandstone, gypwm, clay calcrete, 
and related rocks. Yields varying quantl t les 
of water from pore spaces, bedding planes, 
and karst forratioas rater qual i ty  is 
variable ritk spec i f ic  ccnductance 
fro@ 3,000 to 30,000 uakosicm, sulfate 
conccentrat ions are general1 y high; lrater 
wrth specific conductance of less than 
5,000 u~hosica i s  found in less than 
15 percent of wells. 



UIOCENf Trap Series; 
FRLEDCEME 0 P,-Hi 

Farm intraf ornati onaI flow extending 
f ror Dhusarareeb to  El-Bur and north to 

BO a Margaloh. Basalt and tuff ,  nay be related to  
the existence of fesh rater found during 
this project. 

ltiddle Oaban Sandstone, si 1 tstone, 1 enses of boulder 
OLXGOLENE series BOO - 2000 a conglomrate; generally contains highly 

Pg3 adu aineralired 

Lorer Daban 
EOCENE series 

?gold 

Sandstone, sil tstone, marl, lenses of 
245 n gypsum and canglomwate; qenwally contains 

h i g h l y  mineralized water. 

karkar Suite Lirestane, oinar u r l ,  clayey datamite, 
Pgzkr 230 a siltstone; l a y  contain srail amounts of 

vater but not an a~ui fer  of regional 
irportance. 

Taleh Suite 
Pqztl 

Rnhydrite, q y p ~ ~ m ,  interbedded dolomite 
350 a and lar l ;  generally contains highly aineralized 

water i n  Carsti f ied 2 ~ 3 9 5 .  

luradu series 
Pg2ar 

Outcrops i n  a band extending through the 
western part of 6alqudud region; massive 
lirestone, dolomitit lirestone, dolomite, marl, 
sil tstone; 1 imestone beds are cormonly 
fractured and offer good potential for 
groundwater storage and development; 
frequently yields Iarqe quanti t ies of 
fresh water. 



PhLEOCER Jeswaa Sai t e  

I n  a north-south sectlim east of the 
9habelle Rivw and red of El-bur. Inequi- 
granular crossbpddrd randstone, minor siltone, 

200 a ' and coapacted clay; supplies water with specific 
conductance of less than 3500 umhosica t o  
wells and springs but frequently yields only 
small amounts rf water due to tow effective 
porosity. 

UPPER Beled Yeine Suite East af the Shabelle River, 1 irnstane, 
CRETACEOUS Crtb'l 200 r rarl , gypsiferous shaley clay. Senerally 

contdns h igh ly  mineralized rater at depth. 

CRETBGEOUS Hustahil Suite 
Cr , 

Yest of Sbabelle River, qypsiferws 
siltstone, rudstone, interbedded lirestone; 
karst formations supply water wtrich is 
generally h i g h l y  mineralized, specific 
contuctance is rare1 y below 3500 UI~PS/EI. 

CRETACEDtlS Harehan Suite 
Er 

Occurs only a t  southwestern harder of 
300 e Central Rangel and. Generally supolies 

small ar~unts  of fresh aster t o  melts. 



Hovement 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. 

Xn the Central Rangelands, recharge results from direct  
infiltration of precipitation to the dune deposits and to the 
shazlow 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 l ikewise less w e l l  defined. 
Some discharge from the shallow limestone aquifers occurs to 
internal basins where it is quickly evaporated. Discharge from 
the Jessama is known to occur from springs located near the 
village of Jessoma. Other discharge is assumed to be to the 
acean. 

A minor 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 
f o r  abandonment of a well than quantity. In the Bay Region this 
problem was less severe, especially from wells completed in the  
fscia Baidaa 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 m g / l  to 
6640 m g / l .  

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

Because of the unusually high to ta l  dissolved solids in both 
areas, a standard far well acceptance w a s  established on the 



basis of use. This standard was based an the electrical 
conductivity of the water and w a s  as follows: 

Camels 5 10,000 michromhos 
Cattle, goats and sheep 5 7 , 5 0 0  michromhos 
Domestic use 5 3,500 ntichr~mho~ 

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

6.5  C i v i l  Works 

C i v i l  works were designed and intended to be installed at 
those sites equipped ~ 4 t h  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 sf constructing the civil works was initially 
assigned to the BIZADP 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 
R e g i o n  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 
BFtADP and CRDP project staff in a set of specifications. 

6.6 Pumping Systems 

Three types of pumping systems were installed during the 
l i fe  of the project, hand pumps, motorized pumps, and wind 
pumps. The hand pumps were Robbins and Myers Moyno rotsr/statos: 
type pumps. These were received with a factory defect and had 
to be repaired after a relatively short time in operation. 

The motorized pumps w e r e  the Mona/Lister pumps. These w e r e  
also of the rotor/stator design, but were manufactured by the 
originator of the rotor/stator system. Bath the hand pumps and 
the motorized pumps were capable of GiZtbng water from depths of 
90 n. 

Only two wind pumps were ~rdered ,  and only one was 
installed. These were Wind Baron ptunps manufactured in the USA, 
and ordered because of the ability to pump water at windspeeds 
af 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 location to enable the 
collection of data on the performance of windmills in the 
region. Sufficient data was collected to allow an evaluation, 



however, technical difficulties resulted in less data col lect ion 
than originally planned. 

6.7 Recornendations for Future Water Development 

A small advance has been sade i n  the water development 
effort in Somalia as a result of the! CGDP. Considerably more 
water development is needed to m e e t  the minimum needs of the 
people and satisfy livestock water reqcirements, In addition to 
having been an exploration, exploitation and training project, 
the CGDP can be recjardea as n learning project f o r  rural water 
development operations. 

Drilling techniques utilized during the project were 
adequate to excellent. Tn the BR, cable tool techniques should 
be utilized more extensively. In most parts of the CR, the mud 
rotary technique is the only feasible wsy to complete w e l l s  of 
200 to 250 m depth. The area just inland from thepcoast can be 
drilled using cable tool rig methods. 

In both regions there are large 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 along the escarpment and 
disappearing i n  the alluvial and aeolian materials overlying the 
igneous-metamorphic rock. These wadis, if equipped with 
infiltration galleries and gabion structures, covld be potential 
sources of water. 

The coastal area of the CR presents a special problem for 
csn:rentional 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 
s k i m  the fresh water off the salt water without causing 
upconing . 

Two other recommendations regarding water development 
pertain to improvements in existing practices, These 
recumendations 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 liners or clay mixes that can be compacted i n  
the f i e l d  and covered with rock t o  reduce the potential far 
erosion, Based on average annual precipitation, sized 
catchments can be constructed where most needed. Invariably, 
these catchments are constructed i n  conjunct ion w i t h  berkeds. 



Improvements to these structures are provided in Volume 1x1, 
Figure 3.3.15 and 3-3.16. 

W a r  inrpxovemsnts consist of solving the problem af bank 
erosion andt 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 w i t h  8 inch W C  pipe to 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 raonitoring programs and publication of basic data. All 
wells installed should be equipped w i t h  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 o f  this eata w i l l  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  WDA1s Future Role 

WDA1s 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 
WDA9s ability to fulfill its original objectives. WDA can be 
described as a "service agencyn providing water development to 
other agencies of government as required. In terms of creating 
new water sources, it is required only to advise on 
hydrogeological issues, and to carry out the actual construetion 
and development of the resources. S i t e  selection per se is out 
of WDAts hands. WDA still has a famidable role to fulfill in 
the construction and maintenance of water supply systems. 

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 t h i s  change in roles 
has been discussed rather extensively in the special study 
report submitted as part of t h e  CGDP (LBII, March 1986). This 
proposes that WDA1s role be reoriented by curtailing production 
well drilling programs and c i v i l  works functions; and by 
focusing on exploratl' >n drilling, administration and regulation 
of water resources. 

A methodology f o r  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 w i l l  be responsible for 
establishing construction standards and for managing water 
resource development. 



8 . 0  RETROSPECT 

This section is presented i n  an e f fort  to aid those persons 
planning future water development projects. What has happened 
during the couxse 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 
respofisible 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 O b j  sc t ives  

In retrospect the project was over ambitious in design. 
Greater successes may have been realized if the various 
components of the project w e r e  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 mare 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 
a l l  project. This would have been especially effective in the 
accounting department. 

Training was relat ively successful, but would have been m o r e  
effective with professional trainers. U . S .  drillers are highly 
qualified in the work  they do, but they are not professional 
trainers. This applies in a l l  vocational disciplines, such as 
mechanics, pmp 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 0JT could not have been 
combined w i t h  this effort, but it should have been under the 
control of the contractor. 

8 . 2  Personnel Management 
/ 

A 1 1  members of t h e   consultant*^ staff expressed the same 



feeling w i t h  regard to personnel - frustration st the lack of 
control experienced from not  being able to hire and fire. On 
numerous occasions, certain individuals w e r e  reported to be not 
performing adequately, but were all~wed 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 salar ies  to attract and retain 
competent staff. The consultant was also aware of the conflicts 
generated by paying higher salaxies to those employed on the 
project.  A serious question arises as to what is real ly  
demonstrated by a development project 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 i n  a timely manner. There are numerous reasons far 
this, not all of which are readily solvable. One potential 
salution to this problem is to have select members of the 
contractorts team mobilized i n  advance to procure equipment and 
t o  establ ish 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 shauld also be sought. 
This might invalve placing the consultant in direct contact w i t h  
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 f o r  errors is more clearly defined. Fuel shauld 
also be under the cantrol of the contractor or the donor. A 
reliable fuel procurement and distribution system is paramount 
ko project efficiency. 

8 . 4  Warehousing 

As with procurement, warehouse space and warehouse 
procedures should be establi~hed prior to i n i t i a t i o n  of project 
activities, and should also be a task of the advance team. 
Attempting to establish a system when the project is 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 



Key factors in the less than optimum success of the 
Planning U n i t  were the absence of qualified staff and the late 
establishment of the Unit. The objectives of planning, 
monitoring and evahuati~n were to track ca~struction, 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 walls on village communities, 
however, was handicapped by a shortage of qua l i f i ed  staff. 

In retrospect, the Planning Unit should have been 
established at the beginning of the project rather than towards 
the end. A11 too ofton the Unit was regarded by WDA management 
as a resource for the project, rather than for WDA as a whole. 
As a result, the level of institutional support originally 
intended was not p~ssibPe. 

S i t e  selection, with the exception of the hydrogeologic 
elements, was carried out by the BRADP and CRDP personnel. The 
estabhishment of a community participation program should be 
in i t ia ted  and monitored by the Planning U n i t  as soon as possible 
after site selection has been made. This wiff be especially 
important if the WDA is to remain as the administrator of water 
resources in the country. 

8 . 6  Well S i t e  Selection 

The selection of well sites must by necessity be a joint  
ef for t  w i t h  the agency for whom the well is being drilled. 
Final approval of the site, however, must rest with the 
hydrogeology team selected for  that purpasg. Considerable t i m e  
and e q e n s e  was invested in sites which were ;xiown, on the basis 
of professional judgement, to be poor r i s k  sites for drilling. 

Acceptance of the well s i t e  by the village community should 
be insured pr io r  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 
team. 
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