i - - - -

SOMALI DEMOCRATIC REPUBLIC
MINISTRY OF MINERAL AND WATER RESOURCES

Water Development Agency

COMPREHENSIVE GROUNDWATER DEVELOPMENT
Project 104

FINAL REPORT
VOLUME |
General Activities

. LOUIS BERGER INTERNATIONAL, INC.
~ ROSCOE MOSS COMPANY MARCH

1985



VOLUME I

Table of Contents

INTRODUCTION

WELLS

Exploratory Wells

Production Wells

Water Storage and Distribution Systems
4 Well Construction Techniques

NN
LN

2.

DATA COLLECTION

3.1 Preliminary Data Collection
3.2 On-Going Data Collection

INSTITUTIONAL SUPPORT

4.1 Training

4.2 Finances and Management
4.3 Warehousing

4.4 Vehicle Maintenance

4.5

. Water Quality Analysis
SOCIOIOGY
5.1 Objectives of Sociological Studies
5.2 Description of TVAPP
5.3 Socio Study Results
5.4 Recommended Criteria for Site Selection

9 Future Use of TVAPP
ECONOMICS

6.1 Utilization of Econcoie Report

2 Well Production, Operator and Maintenance Costs
3 Summary of Well Costs

4 Benefits

5 User Fees

6 Economic Analysis Conclusions

ENVIRONMENTAL Assessment

i Well Construction

.2 Aquifer Contamination
7.3 Well Operation

7.4 Social Impacts
RECOMMENDATIONS AND CONCLUSIONS

BIBLIOGRAPHY



Table

2.1

4.1

7.1

LIST OF TABLES

Title
CGDP Wells

Outline for Classroom Training in Country
Training Program - Somalia

List of WDA Staff Receiving LBI Certificates

Costs of Well Construction and Maintenance,
Assuming Normal Equipment Lite and Bigh

Production Rates 18 Wells Per Year (in thousands
af constant 1983 dollars)

Summary of Well Construction and Operating Costs
(in constant 1983 dollars)

Estimated Annual Cost of the Groundwater
Development Project for the Years 1984-1991, USS

Potential Environmental Impacts of CGDP Wells



Figure
1.1
2.1
2.2

2.3

LIST OF FIGURES

Title

Central Rangeland and Bay Regions
Mono Diesel Powered Pump

Typical Hand Pump Installation

Typical Well Site Distribution Design with
Motcrized 2ump

CGDP Construction Organizational Chart

Construction and Operating Costs, Per Well



ACKNOWLEDGMENTS

We wish to thank the staff of the Water Development Agency and
the Ministry of Mineral and Water Resources for their

assistance in the preparation of this report. Photos used in
the text were by Wes Glessner.

This report is dedicated to the memory of Ken Sanders, driller,

who died while working on the Comprehensive Groundwater
Development Project.

/)



1. INTRODUCTION



i. INTRODUCTION

In Somalia, the scarcity of dependable water supplies for the
Trural population and their livestock is the most serious con-
straint to continued economic development and the most wvital
problem in efforts to provide better human serwvices. Thus, the
Government of the Democratic Republic of Somalia, with assist~
ance from USAID, established and funded the Comprehensive
Groundwater Develicopment Prouject (CGDP). The firm of Louis
Berger International, Inc., in association with the Roscoe Moss
Company (hereafter referred to as LBI/RM})}, was contracted to
provide technical assistance to the Water Development Agency
(WDA) under the Midistry of Mineral and Water Rescurces (MMWR).
Field operations began in July of 1981.

The overall purpose of the CGDP was to strengthen the WDA's
capability to install, operate, and maintain rural water supply
systems, and the specific goal was to develop the water
resource base in the designated priority areas of the Bay,
Hiran, Galgadud, and Mudug Regions (Pigure 1.1). Thus, tech-
nical and material assistance was primarily focused on the
installation of a specified number of wells for domestic and
livestock use in each ¢f tnese regions in support ©f ongoing
integrated rural development proijects. The CGCDP was designed
to be integrated with those projects, namely the Bay Region
Agricultural Development Project (BRADP) and the Central
Rangelands Project (CRP), and to rely upon general institu~
tional and specitic commodity support from those projects.

In order to achieve the purpose and goals of the CGDP, four

primary objectives were defined in the LBI Inception Report
{August, 1981). They were:

i. to conduct preliminarv data collection;
2. to undertake an exploration and production program;

3. to provide instituytional support to the WDA and the
MMWR; and

4. to establish an ongoing data collection system.

1.1 Report Objectives

It is the primary purpose ¢f this report to summarize project
activities from the beginning of the LBI/RM contract to the
present (July, 1981 - June, 1984). This report is divided into
two volumes and an Appendix. Volume I is ®General Activities
of the CGDP,"” which provides a summary of activities in well
production, data collecticn, and institutional support. Volume
I aiso contains sections on sociology, economics, and environ-—
mental assessment, all of which have been given in-~depth treat-~-
nent under the project,
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volume I1I is "Hydrogeology™ and contains a summary ©f informa-
tion relating to the occurrence and distribution of ground-
water, Most project activities have been undertaken in the Bay
Region and therefore the report will prove valuable for future
groundwater development in the Bay Region. Limited drilling
has taken place in the Central Rangelands and the results are
also included in the report.

The appendix contains data sheets including sketch maps of well
locations, pumping tests, lithological protiles, electrical
logs, well construction, and water gquality. Water quality data
includes not only CGDP wells but other selected locations.

Volume I is divided into nine chapters including this Chapter 1
"INTRODUCTION."

A brief summary of the succeeding chapters is provided in the
following paragraphs.

1.2 wells

The construction of wells has been the primary focus of the
CGDP. Drilling has been undertaken both in the form of
exploratory drilling and production drilling. Exploratory
drilling was undertaken in areas where, because of limited
intormation, it was difficult to predict the probability of
success. Production drilling was undertaken when sufficient
data was available to provide a reasonable chance of obtaining
water. This chapter alsc provides a description of well con~-
struction techniques including the construction of distribution
systems,

1.3 Data Coliection

Data collection has been undertaken throughout the project
life, Data collection is an ongoing activity primarily in
hydrogeology but also in other diverse fields including
SOCiceconomics,

1.4 Institutional Support

Chapter 4 provides a description of institutional support pro-
vided to the WDA and MMWR. Training has been the keystone of
this support as all counterpart personnel have received train-
ing in selected subject areas. Institution building has also
provided support in the fields c¢f financial and planning manage-
ment, warehousing, vehicle maintenance, and water gquality analy-
sis at the MMWR laboratory.

1.5 Sccivlogy

Chapter 5 provides a resume of sociological findings. Much of
this work was accomplished early in the project and then uti-
lized during project implementation to assure community partici-
pation in well construction and maintenance activities,



1.% Ecoromics

In Chapter 6, the economics of water well development are pro-
vided. Project costs are detailed and shown according to the
various components involved.

1.7 Environment

Chapter 7 provides a summary ot environmental coasiderations
present in gr-undwater development and actions to mitigate any
possible deleterious effects.,

1.8 Recommendations and Conclusions

Finally, Chapter 8 provides a summary of the key conclusions
and recommendations for future activities of the WDA.
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2. WELLS

The primary focus of the CGDP as been on the construction of
wells. The wells have been of twd types, exploratory and pro-
duction. The drilling of the wells required the development of
techniques based on the available equipment and the particular
geologic conditions encountered. FProduction wells, after the
completion of drilling and pump tesuitg, were equipped with a
distribution systen,

2.1 Exploratcry Wells

In the Bay Region, exploratory wells were undertaken primarily
during the first year (February, 1882-January, 1983) ot drill-
ing activities. A total of 26 exploratory wells were drilled
throughout the Bay Region in areas where the geology was little
known, and, in most cases, where there was an expressed need for
water wells. The results were published in the "Exploratory
Report for the Bay Region.” This report provided probabili-
ties of success for finding groundwater in relation to the
various types of geology. Although low probabilities of find-
ing water were indicated for the southern part of the Bay
region underlain by crystalline rock. it was an area of high
water need as determined by the BRADP authorities; theretore,
further exploratory wells were undertaken at specific sites.

tn the Central Rangelands, drilling was not begun until March,
1983, as management preparations were nol completed by the CRP
until that time. Since the geology of the Central Rangelands
was broadly known although iittle information on the hydro-
geology ©of specitic areas was available, drilling of an
exploratory nature was begun. The sites were chosen within
areas wherz the CRP had undertaken the development of range
management plans. Drilling in the Central Rangelands was beset
with problems. The drilling proved difficult from a tectnical
perspective and ultimately security problems, resulting in the
killing of an RM staff driller, caused the suspension of acti-
vities in the Bulo Berti district of the Central Rangelands in
December of 1983. A total of six wells were drilled in the
Bulo Berti district. In May of 1984, drilling was begun in the
Hobbio district and one well was completed at the time of this
report.

2.2 Production Wells

Whenever water was found in sufficient quantity and gquality, the
vorehole was completed as a preduction well, Sufficient quan-
tity was considered to be a minimum of about 10 cubic meters

per day or the amount that a hand pump could produce. Suffi-
cient gquality regquired a specific conductivity of less than

3500 umhos for human consumption or 10,000 umhos it the well

was to be untilized for stockwater purposes.



In practice, whenever a well yvielded sufficientiy to justify
the construction of a storage system, which was typically 45
cubic meters, a motor pump was instalied. Otherwise a

hand pump was installed.

Production wells were eguipped with either PVC or steel casing
and screen. The screen was installed in appropriate aquifer
zones. Steel casing was required for all deep wells, usually
exceeding 50 meters, while PVC casing was utilized in shaliow
wells. 1In some cases, where the rock was stable, the lower
part of the borehole was not cased but left “open hole.”

The total production wells completed by the end of July, 1984,
in the project areas was 32 wells (30 in the Bay Region and 2

in the Central Rangelands). Of these, 20 had been equipped with
pumps and the remainder were scheduled for pump installation,
and, if warranted, the construction of a distribution system
(see Table 2.1.).

The success rate of 30 production wells out ot a total of 69
boreholes (46%) was low because of the need for exploratory
drilling. 1In areas where exploratory drilling had yielded
conclusions on drilling probabilities of success, such as the
Limestone Plateau of the Bay Region, the production well rate
was good (74%). A comparison of production wells by area is
given below.

Boreholes Production 3

Bay Region
Limestone Plateau 35 26 74
Basement Complex 27 4 15
Central Rangelands 7 2 29
Total 69 32 46

Tn addition to the CGDP wells indicated in Table 2.1, other
wells were also cor>leted with the assistance of project per-
sonnel. In the Ba: Region, three wells were constructed to
assist road construction by the WDA under contract to the
Ministry of Transport at Foolfayle, Qansax Dheere, and Ceel
Muri. Also, during start-up activities at the beginning of the
project while Phase I data collection was 1n progress, four wells
were constructed in Mogadishu. These wells were located at the
Bendair Childrens and Maternity Hospital, the Presidential
Compound, the American School, and a municipal site in
Mogadishu. In total, the LBI/RM staff has assisted in the con-
struction of 39 production wells during the three-year life of
the project.

=
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Tabnie 2.1

CGDOP WELLS
Well Date Total Production Pump
No. Locaticn Completed Depth Wall Tvpe
{m)
1 Bonkay 4/2/82 19
2 Bonkay 27/2/82 201 X {Monitor well)
3 Bonkay 13/4/82 160 X
4 Tugerew I 11/6/82 42 X
5 Gasarta 21/3/82 42
6 Waraji I 23/3/82 80
7 Wwaraji II 25/3/82 39
8 Tugerew II 29/3/82 48
9 Bur Halab 30/3/82 32
10 Sarman Dheere 27/4/82 84 X
il Min. Agric. Cmpd 2/6/82 137 X
12 Hareero Jiifo 7/7/82 166 X
13 Shabelile Dugsilow 13/7/82 172
14 Warta Jaffay 3/8/82 91
15 Qansax Omane 19/8/82 174
16 Taflow 1€/8/82 153 X M
17 Robay Gaduud 6/10/82 138 X H
ig Gaduudo Dhunte 6/10/82 73 X M
19 Buule Fuur 14/9/82 94
20 Durei Ali Galle 14/10/82 116 H
21 Min, Agric. Cmpd 42 M
22 Buulo Gaduud 5/1/83 189
23 Kurman 22/1/83 148 X H
24 Yaaqg Braawe 26/1/83 10 X |
25 Dodole 13/1/83 24
26 Shiidaiow I 20/1/83 67
27 Sniidalow II 2271783 84
28 Bur Akaba I 25/1/83 54
29 Rur Akaba II 26/1/83 24
30 Bur Akaba III 1/2/83 30
31 Bur Akaba IV 2/2/83 63
32 Bur Akaba V 85
33 Bur Heibl I 10/3/83 27
34 Bur Heibi II 22/2/83 73
35 BRur Heibi III 23/2/83 60
36 Bur Heibi IV i5/3/83 25
27 Bur Heibli V 15/3/83 26
38 Bur Heibi VI 16/3/83 36
40 Ls. Depression 23/2/83 32
41 Dolondole 166 X
42 Buulo Fuur II 3/5/83 130 X M



Table 2.1 (cont.)
Well Date Total Production Punp
No. Location Completed Depth Well Type
{m)
43 Aborey I 3/5/83 120
44 afar Irdood 6/83 174
45 Min. Agric., Cmpd . 120 {(Monitor well)
46 Qansax Dheer 5/83 103 p'4
47 Awshiini 31/17/83 143 X M
48 More Ari 28/6/83 102
49-1 Maxas {(Jeejo)} 9/9/83 190
49-2 Maxas (Jeejo) 15/10/83 i8¢0
50 Bonkzay Seed Farm 22/9/83 200
51 Mintaano 11/83 132 X H
52 Maleel 11/83 130 x M
53 Aborey II i9/12/83 133
54 Isgeed 19/12/83 150 X H
5% Marti Moog 23/1/84 147 X B
56 Jimcaada Dheen 3/3/84 41
57 Hagarka 3/3/84 154 X B
58 Bur Akaba VI 25/3/84 27
59 Shawka 18/3/84 138
60 Kannanax 27/3/84 le X
61 Hubay 5/4/84 152 X
62 War Asha 29/4/84 201
63 Bonkay Seed Farm 25/4/84 153 X
64 Buulo Yussef 85 p
65 Aborey III 18/5/84 210
66 Buulc Hawo 144 X
67 Wargoleh 252 X
68 Dumbal Aalin 122 x
€9 Tagaal 92 %

x Indicates production well (gquantity and quality) of water sufficient
for rural water supply needs) that has been cased and screened.

M Indicates motorized pump installed,

g H Indicates hand pump installed.




It was originally planned, as indicated in the Inception Report,
that at least 72 wells would be drilled, of which 48 would be
production wells, during the three-year life of the project.
These goals were not met for several reasons, including delays
in commodity procurement, fuel shortages, and security
problems.

Loeng delays in procurement of required commodities prevented
drilling to proceed as scheduled. 1Initially, available project
funding was insufficient to begin drilling as even basic
requirements, such as drill bits, were not stockpiled. Support
eguipment, such as water trucks and fuel trucks, were insuffi-
cient to operate three drilling rigs at the same time. No
pumps for well testing were available. When funding became
available, $4 million in commodities were specified in May,
1¢82, but delivery took from 9 to 21 months. The final delivery
of the last item on the May, 1982, order was not delivered to
Somalia until Pebruary, 1984.

Fuel shortages have been a continual problem throughout the

life of the project. While it was recognized and so stated in
the Inception Report that Somalia had a past history of fuel
shortages, assurances were given that the CGDP would receive
priority in obtaining fuel, However, the project never operated
more than three consecutive months with a complete supply of fuel.
Usually, fuel was rationed in less than sufficient quantities,
and, at times, the project was completely stopped for having
exhausted all supplies.

Finally, security issues reduced project efficiency more than
originally expected. The killing of an RM staff driller in
Bulc Berti district caused the suspension of drilling in that
area, Other incidents, of less magnitude but nonetheless sig-
nificantly affecting project efficiency, included Ethiopian
jets overflying Baidoa, difficulties in making arrangements for
travel permits and providing armed guards to work in certain
areas, and the occasional disruption of activities because of
priorities of the Somali military.

2.3 Water Storage and Distribution Systems

After completion of a production well, a distribution system
was designed which often required a storage system. The design
of such systiems, the selection of equipment and materials, and
the actual construction process were all issues which required
the development of coordinated planning. LBI engineer David
Boggs and WDA engineer Mochamed Burale Guled undertook the devel-
opment of the civil works systems.

2.3.1 Pumping Eguipment

Pumping equipment consisted of two types, diesel-powered pumps
and hand pumps.



Diesel-powered pumps have been supplied by Mono Pumps, Ltd. of
Great Britain. The pump is a positive displacement helical
rotor, line shaft model. It is driven by a twin cylinder, air
cooled, diesel engine, using a V-belt and centrifugal clutch.
This combination results in a simple, efficient, low cost
operation and maintenance system capable of producing approxi-
mately 11.4 m3/hr (50 gpm) at 150 meters total dynamic lead.

Bandpumps were procured for use in small villages where demand
is low or in boreholes that fail to produce sufficient water
for the diesel-powered pumps. The handpump, supplied by
Robbins and Meyers of the United States, is of helical rotor
design. It is known for long life, low cost maintenance, ease
of operation, and acceptability by persons in rural areas.
These handpumps were stocked in two models. The Robbins and
Meyers IV12 is designed to pump .9 m3/hr (4 gpm) from 45 meters

depth and the 2v12 is designed to pump .9 m3/hr (4 gpm) from 90
meters.

A sketch of a diesel-powered pump is shown in Pigure 2.1 and a
hand powered pump in Figure 2.2.

The type of pump installed at any given location was dependent
upon the water yield of the well and the static water level.
Those wells with high yields received motorized pumps and
large storage and distribution systems, while low yield wells
were equipped with hand pumps.

2.3.2 Storace Reguirements

At high-yielding wells, it was necessary to provide a storage
reservoir to maintain a reserve in the event of equipment
failure or fuel shortage. Based on limited information, esti-
mates of human and animal population for the Bay Region were
made to determine a daily water demand at each site. 5Surveys
were also made of the nearest pump, permanent spring, or all-
season reservoir at each site, in order to estimate the service
area that each well might encompass. This allowed a rough
estimate of potential water demand for each well site.

These surveys revealed that during periods of severe drought,
people and livestock from very large areas could rely on these
wells as the only supply of water. At most sites, potential
service areas ranged from 80 to 700 square kilometers. By
applying available water consumption rates and potential ser-
vice populations, it was found that a storage volume of 45 to
100 m3 was required teo provide a two-day reserve of water. Two
days were considered to be the maximum transportation time for
a maintenance crew or a fuel delivery vehicle to reach a well
site. For these reasons, it was decided to provide a water
storage reservoir of 45 m3,



iy, «.t

MONO DIESEL POWERED PUMP

i

PO P |

1 5]

Stabitizer

o g

Lokunn Piping

Line Shoft

Roter

Stator

inie?

P

LBiIl/RM




T I e B

Geurs P NHandie

Geor Box

\ /9”“

Pump Stoad

TYPICAL

HANDPUMP

INSTALLATION

"Rated at | mS per

hour ot 9O0m depth"

} | LBII/RM




The water storage reservior was designea toc be constructea
above ground, with sufficient elevation for water to gravitate
to the watering points., The alternative of providing below-
ground or ground-level storage was rejected due to the likeli-
hood of contamination by the iantroduction of unclean vessels
into the reservoir.

2.3.3 Selection of Materials

Construction materials were selected based on cost, durability,
compatibility with local skills, speea of construction, and -
availability of local materials. Several alternatives of
materials were considered: masonry, fiberglass, and steel,

Cost estimates were made for each alternative, and, for material
only, the results were found to be as follows:

1. Masonry sh  4,000/m3
2. Fiberglass 11,250
3. Locally-made steel tanks 10,000
4. Imported steel tanks 8,000

The decision was made to use masonry tanks because the masonry
tank is more economical than any of the other alternatives
considered, masonry construction is more compatible

with the skills of local masons, and repairs can be made

more easily on masonry structures by local workers. The use ot
steel tanks was not considered economically viable because of the
highly corrosive water found in Somalia which limits the usetful
life of steel tanks. The disadvantage of masonry construction
was that the construction time reguired is greater thnan that

for other types of tanks.

The type of piping used was limited to three choices: galva-
nized steel, polyvinyl chloride (PVC), or polyethylene (PE).
Although plastic (PVC and PE) pipe 1is less costly, it is

not in common use in Somalia. Plastic pipe must be buried for
protection from weathering, vandalism, and animal traffie,
whereas steel pipe can be laid above ground, if necessary.

It was decided to use both galvanized steel pipe and polyethy-
lene pipe. In those areas where trenches could be dug easily,
polyethylene pipe was used. In rocky areas, where trenching
was nct possible, galvanized steel pipe was used.

2.3.4 System Layout

The typical layout for a motorized-pump well installation con~-
sists of the pump foundaticn with the pump discharging to a 45 m3
masonry water storage tank, Prom the storage tank, water



is distributed by gravitation to two or more livestock watering
troughs via 1 l/4-inch diameter galvanized steel water pipe,
and to a fountain with five to twelve spigots for people.

The system layout varies according to village preference,
topography, and water guality. In general, livestock watering
troughs are located at a distance from the village, in areas
where forage material is available and in such a way that
wastewater drains away from the well site to a sump pit which
1s dug to receive this wastewater. 1In most cases, the storage
tank is located at the highest elevation in the immediate area
with drinking fountains located near the willage. Drainage
Gitches, livestock troughs, and fountains are protected from
animal intrusion by thorn bush fencing. 1In wells where salin-
ity content of the water is above the accepted limit of 3500
umhos, drinking fountains are not consiructed. The exact
system layout thus varies somewhat between sites. A typical
system 15 shown in Figure 2.3.

2.3.5 Training

Training of WDA staff consisted of both formal classroom
instruction and on~the-job training. During the rainy seasons,
when access to sites became limited, classroom training was
provided by LBI technical staff to WDA personnei. In the
construction of civil works, however, the majority of the
training was on-site. During the construction of the first
major civil works at the village of Sarman Dheere, both the LBI
engineer and WDA civil engineer were present full-time in order
to assure that design specifications were being followed and
proper construction techniques were applied.

Masons were introduced to new concepts such as use of line
levels, testing of sand for organic content {with 5% sodium
hydro-~oxides), silt content, concrete slump testing, and pre-
paration of correct concrete mixtures. Plumbers were intro-—
duced to the use of teflon tape for making pipe connections,
use of modern pipe threading equipment, and use of lubricating
cil in the pipe threading process. After the completion of the
first major civil works site, the construction crew was split
into two crews, operating independentiy, with reduced need of
outside sypervision.

2.3.€ Construction Personnel

Personnel required for the construction of civil works systems
consisted of three teams. Two teams were involved in motorized
well distribution systems while a third team installed hand
pumps. Figure 2.4 shows an organizational chart for the Bay
Region consisting of seven WDA perscnnel for eacn or the
motorized-well teams.
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In addition to the seven WDA staff, each village was expected

to provide fifteen unskilled laborers to assist in the con-
struction process on an "Iska Wax U Qabso®" (self-help) basis.
The requirement that the wvillage provide workers for the con-
struction process was always agreed to beforehand, but, in prac-
tice, the process varied between wvillages.

Depending upon the cooperation and influence of the wvilliage
leaders and the season, the number of wvillagers actually
available for working was variable. This ultimately affected
the speed of completion of each construction site. During
periods of planting or harvest, village manpower was usually in
short supply. In many cases, the village laborers expect to be
paid by the wvillage water committee. Sometimes the water com-
mittee did not keep its promises f£or payment, and laborers
refused te work. -The "self-help" process results in construc-
tion that otten proceeds slowly. However, in the long-term it
is expected that the self-help process will contribute to
better maintenance for the water distribution system,

2.3.7 ™"Crash" Program ot Pump Installation

During January through April, 1984, Suvmalia experienced a
severe drought. 1In aa attempt to mitigate tne efrects of the
drought, it was decided to pour foundation pads and install
handpumps at all potential production wells. A temporary steel
adaptor plate was fabricated to allow a handpump to be
installed at wells where a motor-driven pump would eventually
take its place. This program helped to relieve some of the
problems ¢of drought, but it also slowed the completion of the
major <¢ivil vworks due to the drain on manpower and transpor-
tatign facilities. 1In several cases, the hand pumps will even-
tually be replaced with a motorized system if warranted.

By July, 1984, a total of 11 hand pumps and 9 motorized pumps
were in operation in the Bay Region. Construction crews were
continuing their work although motorized pump systems, which
require two months to complete, cannot keep pace with the
drilling process. Since the WDA does not have sufficient staff
with the reguisite technical background to expand the construc-
tion crews, other alternatives are bLeing explored. These
include contracting with independent construction firms or uti-
lizing fiberglass storage tanks. The latter cfters the ease ot
prefabricated construction which would cut construction time.
Fiperglass tanks are being manufactured by a new Somali firm
and, at the time of this writing, their feasibility is being
explored further,

2.4 wWell Construction Techaniques

The obiectives of the drilling program during the production
phase of coperations were:



i. To utilize the methodolegy developed during the
Exploratory Phase and develop the most erficient
use of available eguipment.

2. To improve completion technigues for drilling preduc-
tion wells and provide continued training ef the WDA
crews,

The project was provided with three Ingersoll Rand TH~60 drill-
ing rigs. The rigs were equipped with 600 cfm, 250 psi Compres-
sors and Gardner Denver 15}2-inch by 8-inch mud pumps. The
equipment was adeguate for constructing wells utilizing 8 inch
casing and for pumping depths up to 150 meters. In addition, a
cable tool rig provided by the WDA was sometimes used in par-
ticular circumstances.

2.4.1 Drilling Technigues

The drilling techniques were based upon the exper ience gained

in the Bay Region during the Exploratory Phase of the project.
In most cases, the Bay Region wells were drilled in consolidated
formations, such as limestone and sandstone with the down-—hole-
hammer method. When unconsolidated formations were encountered,
the down-the-~hole-hammer was replaced with a tri-cone bit. In
both cases water and drilling foam were ipjected to extract the
drill cuttings. In karst limestone formations, where there
were no returns of cuttings, the hole was reamed with a 1512-
inch bit and 12-inch casing set through the lost circulation
zone. A l0-inch bit with a stabilizer was then used to
complete the open borehole, If adequate quantity and quality

of water were found, the borehole was cased with steel casing
and slotted screen (slotted casing) in the deeper wells and
with PVC casing and slotted screen in shallow wells of 50
meters or less.

In some limestone areas, the rock was found tc be hard and
generally stable enough to remain uncased. The initial bore-
fioles were drilled with a 7 7/8-inch bit and then reamed to 10
cr 12 inches using a stabilizer. Right-inch casing was then
installed to serve as a pump chamber., Below this casing the
borehole was left open.

In a few wells where gravel pack was required, the annulus was
iimited to 3}2 inches due to the l2-inch diameter limitation
when drilling with air, In aquifers with good transmissivity,
this is an adequate gravel pack thickness. In low yielding
aquifers ceonsisting of fine silty materials, similar gravel
pack thickness could be used but particular attentioa to size
of screen opening and size of gravel pack material would be
required. The gravel obtained for use in packing wells is only
available at a few scattered locations in Somalia. Particular
attention was necessarily directed to gravel procurement, as it
was an important factor in determining well yields.



Mud drilling was used almost exclusively in the Bulo Berti
area. The formations in this area are primarily unconsolidated
residual clays with a high sand content, gypsum and weathered
sandstone. At the location of Aboorey well 1, a 50-meter-thick
layer of coarse sand was encountered from 60 %o 110 meters. At
120 meters a complete loss of circulation caused the mud to
érain into a cavernous area and completely collapsed the well.
Several attempts, using a thicker mud to recover the hole, were
futile and a new well was drilled at the Aboorey III site.

This well was completed to 210 meters by using mud and with no
ioss or circulation,

2.4.2 Rock Characteristics

During drilling operations various types of rock were encoun-
tered as described in the "Hydrogeology"® chapter. The tech-

nical characteristics of these rocks in relation to drilling

are described in the following paragraphs.

i. Limestone

This rock is generally hard and dense encugh to allow air
rotary drilling and completion without casing. The top layers
may be karstified to a depth of several tens of meters making
drilling with mud impossible. Drilling with air as the cir-
culation medium and using an air hammer is fast where the
limestone does not contain cherty layers. The middle Baidoa
Limestone is overlain by caliche and by terra rossa, which have
a tendency to fall back into the heole and plug drilling bits.
This problem also occurred in the Qansax Dheere area at well
numbers 6, 9 and 20).

2. Marils

These rocks were encountered in the Baidoa Formation and in the
Anole Formation, with various degrees of carbonate content,
Marls may become very soft in contact with drilling fluid and
cave into boreholes, requiring casing while drilling. Problems
in boreholes number 13 and 14 in the Anole Formation were due
to swelling of clay and caving of sorft marls.

3. Clays and Shales

These occur mainly in hard shale interlayers in limestone of
rhe Baidoa Formation with no immediate tendency to swell.
Clay and shale beds in the Anole Formation, however, are soft
and cause more potential risks toc the borehole.

4. Residual Clay

Clays with various degrees of silt and sand content OCCur over
large areas of the Limestone Plateau and in the patches of
limestone that overlie the basement. While in contact with
water, these clays begin to swell, making vehicle access to



the drilling sites impossible and closing the boreholes atfter
the completion of driiling. Clay swelling and caving negati-
vely affected the irrigation well No. 2 ot the Bonkay Farm.

2.4.3 Recommended Procedures

Drilling and completion procedures developed during the
exploratory and production phases are described below. These
procedures were developed over a wide variety of geclogical
conditions:

i.

10.

11.

A surface string should be cemented in place. This

must be steel pipe so that drilling may ensue inside
the pipe.

The diameter of the surface casing should be no less
than 14 inches,

A borehole should extend to a depth of 10 meters below
the aguifer.

Reaming should be to a 12)2~inch diameter and as deep
as the TH-60 will penetrate and still permit cuttings
to reach the surface.

Water guality samples should be taken for chemical

analysis as each aguifer is reached, preferably before
the introduction of foam.

A static water level should be taken each morning
before drilling begins.

A casing schedule shouvld be approved by the assigned
hydrogeoclogist before casing the well.

An 8-inch string of casing should be lowered until the
screen is opposite the water zone as determined by the
hvdrogeologist from the electric log. The hole
diameter should be logged prior to introduction of the
casing it caliper logging egquipment is avaiiable,

The temperature of the water and the electrical con-
ductivity should be taken as each aguifer is reached.

Compressed air should be used to circulate thne water
in order to estimate the available water supp.y as
drilling encounters each aquifer,

For wells completed in unconsolidated materials, a
tormation stabilizer or gravelpack should be intro-
duced between the borehole and the casing up to within
20 meters of ground surface., A gravel makeup pipe
should be installed,



iz.

i3,

i14.

15.

ie6.

i7.

18.

A sanitary seal should be set above the gravel pack to
ground surface and capped by a cone-mater sguare cement
pedestal which slopes away from the casing.

In areas where large solution cavities are encountered
a cable tool drill rig should be used.

For deep wells, where the aquifer is at considerable
depth and water guality is saline and potentially
corrosive, thick walled PVC casing with screw joints
and couplings should be used. Shallow wells in corro-
sive areas should use the thin-walled PVC casing held
together by epoxy cement. Setting time for cement is
critical and should be maintained at least 15 minutes.

It is preferable that a well shculd not be attempted

until all supplies are at the site, then continue
until completed.

A 'minimum amount of time should be allowed to pass
between compieticn of a well and eguipping it for pro-
duction to prevent calcium carbonate cr cther encrus-
tations from plugging up the screens.

Development to remove fines from the well bore and the
aguifer in the vicinity of the well should be made on
the well when completed during which pumping water
levels should be taken and specific capacity values
calculated. The well should be pumped at a higher
than anticipated rate of production. When no further
improvement in specific capacity of water clarity is
made, the pump test should be stopped.

Appropriate well development technigues should be used
on every well.



3.

DATA COLLECTION




3. DATA COLLECTION

Data collection has been a major component of the CGDP. The
obyectives were, first, to conduct a preliminary phase of data
collections affecting groundwater development in Somalia.
Secondly, the proiject proposed to establish an on-going system
of data collection so that this component would become institu-
tionalized within the MMWR and WDA.

3.1 Preliminary Data Coliection

Preliminary data collection took place under three components;
the undertaking of a general nationwide survey of published

materials, a detailed study of project priority areas, and the
compietion of an exploratory drilling program.

3.1.1 Literature Review

The £irst activity undertaken for data collection was a general
resource survey of groundwater related literature for Somalia.
A literature search was conducted of all pertinent documents
and reports on the groundwater of Somalia. This literature was
far from extensive, although some areas have been studied in
detail. A list of referenced literature is included in the
“Bibliography®” Chapter. One study conducted by the UNDP in
1973, entitled "Groundwater in the Scmali Democratic Republice”®,
provides data related to many groundwater sources. All
available data from earlier studies were incorporated into this
report, including well logs, water gquality analysis, and loca-
tion of wells. Other documents published since 1973 have been
collected when available, or at least located for perusal and
consultation. Uanfortunately, however, there were some reports
identified that were unavailable. Alsc many drilling reports
of wells completed previocus to the CGDP in Scmalia have been
lost and are irretrievable,

The second activity undertaken was a standardization of forms
for data compilation. This activity was instituted within the
WDA with support from GTZ, the German technical assistance
organization for development. The forms were extensive,
covering all phases of water resource development, but, unfor-
tunately, were inappropriate as few ¢f the forms could be
completed entirely. The CGDP has been preparing data collec-
tion forws as shown in the Appendix of this report.

3.1.2 Detailed Study of Priority Areas

A detailed study of the Bay Region was completed in early 1982,
A preliminary field survey was undertaken of existing wells and
water points, but, because of the lack of hydrogeologic measur-
ing equipment, litctle information other than the location of
wells was obtained. The only groundwater literature produced
on the Bay Region was a report on the "Bur area", an area
within the Bay Regiocn of limited hydrogeclogic potential
(Idrotecneco, 1975).



In the absence of significant data on which to base the
explorateory program, exploratory driliing was conducted in
areas where a water demand existed. The exploratory prograim
was thus designed not only to provide a representative coverage
of the Bay Region but also to determine the availability ot
water in areas where identified demand exists. A site selec~
tion process was developed, in cooperation with the BRADP, which
answered the needs of expicration as well as those of water
provision.

At the time that studies of the Bay Region were underway, the
CRP had not begun. It was not until early 1983 that priority
areas of the CRP were established. Therefore, detailed studies
of the CRP were not undertaken by the CGDP. It was considered
that management plans developed by the CRP would provide the
data collection required to determine well sites based on water
needs.

3.1.3 Exploratory Drilling Program

The exploratory drilling program was completed in January,
1983, A total of 25 boreholes were completed along with
electric logs. All data collected during the preliminary
collection program were included in the "Exploratory Report for
the Bay Region". In addition to the results relating to hydro-
geology, the report included water guality analysis, drillaing
technology, and socioeconomic studies. Only minor data on pump
testing were included as the necessary equipment was not
available until later in the project.

3.2 On-going Data Collection

An on-going data collection program was established to collect
and collate data generated during the production phase of
drilling. ©Data collected included drillers reports, geo-
physical logging, pump testing, and water guality analysis.

All such data have been collated and are reported in Volume YI
of this report. Maps and repcrts have been updated and results
analyzed to produce the recommendations and conclusions pro-
vided in Volume II.

A separate economic report was produced in February, 1984, and
is resumed in this report. The effectiveness of the fee
collection system was analyzed in the Economic Report and found
to be adequate in meeting the recurring costs of well operation
and maintenance.

It was originally planned to evaluate the use of completed
wells in a complete and systematic manner. However, since
wells under the CGDP only first became operational with the
arrival of pumps in late 1983, only preliminary observations on
the use of wells were obtained. It is planned that the CGDP
wells will be monitored under the proposed Project Extension.
The monitoring will become an integral part of the newly
created Planning Departmeant of the WDA and the reporting of the
results is expected to beccme institutionalized,

b




As a part of the Project Extension, the CGDP will cooperate
with an FAOD project to improve the water data system at the
MMWR and to assist the National Water Technical Committee into
a fully operating unit. Reporting on the monitoring otf wells,
it is planned, will then be made to the Technical Committee,
Until recently, the data collection system at the MMWR and the
Water Committee have not been functiconal to the degree reguired.
Emphasis during the proposed CGDP Extension will be placed on
assisting these organizations to become fully operational in
order to meet the overall planning needs of water resource
dewelopment in Somalia.
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4. INSTITUTIONAL SUPPORT

Institutional support to the WDA and MMWR has been provided
throughout the life of the project. This support has been
developed in response to particular needs and has been under-
taken in the fields of training, financial and planning manage-
ment, warehousing, vehicle maintenance, and water quality
analysis.

4.1 Training

In order to assure continued utilization of techniques and
methods utilized by LBI/RM staff in the development of ground-
water resources, training of counterpart perscnnel has been
emphasized. Training is a part of the institutional support
supplied to WDA and MMWR staff in order to strengthen their
overall capabilities. Training has been divided into com-—
ponents of on-the-job instruction, intensive seminars, univer-
sity degree programs in the USA, short-term training in the
USA, and English language instruction.

4.1.1 On-the-Job

On-the-job instruction has been provided by all LBI/RM staff to
assigned counterpart personnel. This has consisted of con-
tinuous demonstration and periodic explanation of all project
related activities. As such, on-the-3job instruction has
covered fields of endeavor that the CGDP has been involved in
as part of its groundwater development activities. This
includes, in the broadest sense, drill rig operation, pumping
operations, hydrogeologic investigations, water distribution
systems construction, water guality analysis, and socioecono-
mics analysis. In a more detailed sense, all of the aforemen-
ticoned fields have been subdivided inte many more elements
which have been the subject of specific instructional matter.
A list of these subjects is provided in Table 4.1, Outline for
Classroom Training in Country Training Program -~ Somalia.

Counterpart personnel from the WDA and MMWR who have been
assigned to the project include 150 staff members all of whom
have received at least some on-the-job training. Most staff,
particularly drillers, rig hands, pump crews, hydrogeologists,
civil works engineers, chemists, loggers, and social monitors
have received considerable on~the-job training over the three-
year period of the project. Other project members, such as
truck drivers and laborers, have received little training,
although drivers have been given periodic lectures in driving
safety and maintenance. This training has resulted in a cadre
of counterpart personnel who are capable of undertaking the
basic activities of a groundwater development program.



Table 4.1

QUTLINE FOR CLASSROOM TRAINING IN
COUNTRY TRAINING PROGRAM ~ Somalia

Louis Berger - Roscoe Moss

I. BASIC GROUNDWATER GECLOGY Dr. Rainer Eckart

A,

Map Reading

i. Scales
2. Grid Nets
3. Contour Intervals - Elevations-Surface Gradients
4, Symbols
5. Direction - Magnetic Declination
6. Triangulation
7. Drainage Patterns
8. Buried River Channels
9. Map Utilization - construct cross-~sections,
geclogy maps, depths to water surface and waterx
table gradients, recharge areas, thickness of
agquifer, structure contour maps, fence diagrams,
and related features
10. Other Tvpes of Maps - geologic, solils, engineering
geology
Air Photos, Use ana Interpretation Phil Roark
1. Use as substitute for topographic maps
2. Scales
3. Stereoscopic pairs (overlap)
4. Photomeosaics
5. Black and white, <olor
6. Side-lcoking radar

Remote Sensing

l.
2.

Groundwater Geology

Satellite photos
Intrared photography

Robert Turney & Roark

1.
2.

Hydrologic Cycile

Geclogic Regimes in Groundwater PLOwW
a. Alluvial

b. Residual

c. Sedimentary

d. Crystalline

e. Volcanic
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3. Groundwater Balance - (Hydrologic Eguation)

4. Groundwater Management
a. Owerdraft of Basin
b. Monitoring of Water Levels
c. Moanitoring of Water Quality
d. Meteorological Records
e. Seawater Intrusion
£. Artifical Recharges

iI. APPLIED GEQPHYSICAL TECHNIQUES

A.

ITY. COLLECTICN OF CORRELATIVE DATA

Geophysical Surveys

1. Seisnic Surveys

2. Eléctrical Resistivity Surveys
3. Magnetoneter Surveys

4. Gravimetric Surveys

Drili Hole Logs

i. Electrical logs - Eguipment
2. Caliper logs

3. Temperature logs

4. Radiation logs

Evaluation of Borehole Logs

Photographic and Other Weil Surveys

1. Single Vertical Photo Surveys
2. Stereo Photo Surveys

3. Television Surveys

4. Motion Picture Surveys

5. Other Well Surveys

A.

Meteorcological

1. Rainfall

2. Bumidity

3. Evapcration

4. Evapotranspiration
5. Temperature

Well and Spring Records

1. Extractions

2. Hater Levels

3. Water Quality

4. Flows

2. Wars

6. Underground Storage Quantities
7. Infiltration Rates

8, Surface Flows

Pehr Soderman

Ross Bowman

Robert Turney or Dr. Paillace



Iv.
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C. Water Quality
1, Bacterioclogical
2. Chemical
3. Physical
D. Sociceconomic Dr. Paul . Donnelly Re=rx
i. Discussion of social and technical informatior at
field levels
2, viliage meetings -~ purpose and use of data
CONSTRUCTION OF WELLS Jake Woerner
A. Methods of Drilling and Types of Eguipment for Each
1. cCable Tool (Percussion)
2. Reverse Circulation
3. Mud Rotary
4. Air
5. Combination
B. Uses of Ingersoll Rand (TH-60) Bruce Pike
1, Rig Capacities
2. Drilling Capabilities in Various Formation Using
Air/Poam and Mud
C. Operation of Ingerscll Rand (TH~60}
l. Set-Up Rig
2. Drilling with Hammer
3. Driliing with Cone Bit
4. Reaming and Running Hole Openers
5. Operation and Air Compressor
6. Operation of Mud Pumps
D. Well Completion
1., Casing Installation
2., Gravel Packing
3. Cementing
4. Development
E. Well Sanitation and Prevention of Contamination
1. Sanitary Seals
2. Surface Sealings
3., Preventing Communication of Aguifers
F. Well Problems

1. PFishing
a, Drilling Tcols
b. Casing
c. Pumping



G.

E!

1.
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Rig Maintenance Roy Steele

Safetv Eguipment

1. Accident Prevention
2. FPirst Aid Procedures

Construction Inspection Dr. Rainer Eckart

1. Check Casing Lengths and Types, Thicknesses
2. Check Screens for Openings, Length and Thicknesses
3. Check Drilling Depths, Penetration Rates
4. Identify Cuttings, Prepare Lithologic Logs
5. Measure Water Levels and Flows (Pump discharge)
a. Orifice Plates
b. Weir Box
c. Open-Pipe Discharge
d. Flow Meters

Weli Development Pehr Soderman

1. Objective: Remcove FPines from Well Bore and Agquiter
in the Vicinity of the Well

2. High Rate Pumping (Overpumping and Backwashing)

3. Use of Explosives in Crystalline Rocks

4. Surging (Intermittent Pumping, Surge Plungers)

5. BHigh Velocity Jetting and Compressed Air

6. Chemical Agents

7. Pressure Acidizing - Acids in Clay Formations

8. Hydraulic Practuering ("Hydrofracking®)

9. Development Time

10. Post-Development Test

WELL AND AQUIFER DATA ANALVYSIS Dr. Rainer Eckart
A. Aquifer Characteristics ~ Definitions
B. Pump Test for Production
1. Fundamentals and Preparation
2. Step-Drawdown - Four Rates
3. <Continucus Test at Selected Rate
4. Recovery Test
C. Analysis of Test Results

1. Agquifer Characteristics
2. a, Specific Capacity
b. Transmissivity
¢c. Storage Coefficient
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D. Pump Motor Selection Criteria Bud Kellums
i. fTotal Dynamic Head
2. Horsepower
3. Type of Pump
4. Depth Setting
Vi. PUMPS Bud Kelliums
A. Submersible Pumps
i. Fundamentals
a. Advantages
b. Disadvantages
2. Pump Repair
a. Fundamentals
b, Trouble Shooting
¢. Preventative Maintenance
3. Pump Controls
4., Generators
B. Line Shaft Pumps
i. Pump Applications
a. Fundamentals
b. Advantages
¢. Disadvantages
d. Performance Curve Evaluation
2. Pump zepailrx
3. Drive Unit
a. Fundamentals
b. Advantages
¢. Disadvantages
d. Operation
e. Preventative Maintenance: Short-term vs.
Long-~term
C. Hand Pumps
l. Pump Applicat:ons
a. Pundamentals
b. Advantages
c. Disadvantages
d. Performance Curve Evaluation
2. Pump Repair
D. Jack Pump
i. Pump Applications
a. Fundamentals
b. Advantages
c. Disadvantages
d. Performance Evaluation
2. Pump Eepair



VI‘

Table 4.1 {(Cont.)

3. Drive Unit
a. Pundamentals
b. Advantages
¢, Disadvantages
d¢. Operation
e, Preventative Maintenance
£. Repair

Windmill

1. Pundamentals
2. Operation

Solar Power

Pump Rig Safety

R S T Robert Turney

Hature of Xarst

l. Meaning of Karst

2. Types cof Karst

3. Pseudokarst

4. Karst Literature and Terminology
5. Methods of Investigation

Rarst Rocks

1, Limestone

2. Reef Pacies

3. Dolomite

4. Evaporites

5. Pores and Planes of Weakness:
Permeability and Strength

Rarst Processes

l. Solution and Precipitation
2, Piping

3. Subsidence

4. <Collapse

5. Other Weathering Processes

Minor Solution Sculpture

1, Factors Afrecting Minor Soclution Sculpture
2., Types of Minor Socluticen Form on Limestone and Other
Rocks

Draiiage

l, infiltration, Overland Flow, and Throughflow
2. Surface Rivers: Regimes; S$inking of Rivers
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3. Springs: Regines
4., Relation of Surface and Underground Drainage
5. Theory of Karst Hydrology

F. Surface Landforms

1. Gorges

2. Meander Caves

3. Natural Bridges

4. Construction Acticn of Rivers
5. Semiblind Valleys

6. Blind Valleys

7. Steepheads

8, Dry Valley

8. Dolines and Cockpits
10. Uvalas
11. Poljes
i2. Rarst Margin Plains

G. Rarst Caves

l. General Characteristics

2. Cave Formation

3. Morphometric Analysis of Caves
4. Underground Solution

H. Influence of Climate and Rates of Denudation

1, Rates of Karst Denudation

2. Arid vs Cold Extremes

3. Tropical Humid Karst

4, Karst Climato-Morphogenic Systems

I. 1Inrluence of Geological Structure

1. Depositional Relief in ®eef and Dune Limestone Karsts
2. Structural Relief in Reef Karst

3. Holcockarst and Merokarst

4., Structure in Tropical Humid Karsts

5. Structure within Caves

6. Hydregeclogic Systems

J. BHistorical Geomorphology of Karst

1. The Karst Cycle

2. <Climatic Change

3. Tectonis Movements and Changes of Base Levels
4, Complex Evolution

X. Present State of Karst Geomorphology and its Value

Vii. WELL REHABILITATION Robert Turney

A. Problems with Wells

1. Collapsed or Broken Casing or Scireen
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B.
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2. Pumping Sand
3. wWater Quality Changes
4. Decrease in Discharge
a. Incrustation
b. Corrosion
5. Polluted

Perform an Adeguate Investigation
1, History of Well and Physical Characteristics
a. Original Pump Test Results
b. Groundwater Hydrographs of Area
c. Quality of Water
Causes of Well Problens
Rehabilitation Methods
1. Sand Pumping
2. Decline in Discharge
3. Shooting with Explosives and Acidizing
4. Chlorine Treatment
5. Rehabilitation of Rock Wells
WATER QUALITY Dr. Magnus Edgren
Statistic Tools
Alkalinity in Natural Waters
Relationship Between Weathering and Water Composition

Note: A manual for chemical metheds is in preparation to

be used at the laboratory. It will be in both
Somali and English.

MAINTENANCE

a.

Safety

l. Prevention of Playful Actions Around the Rig
2. Suitable Clothing for the Job
3. Working While Sick - Inform Driller

4. Reporting Broken, Loose, Unusual Equipment
5. Attention to Cakle Clamps

Cleanliness

1. Keeping Rig and Surrounding Areas Clean
2. Clean up 0il Spillage and Leaks
3. Report Leaks as You Find Then
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a. Gear BRoxes
b. Hydraulic Hoses
¢. OQOthers

C. Maintenance
1. Responsibility of Crew Members
2, ©il Levels: Instruction on Problems of Overfill
3. Use of Tools: Damage to parts
4. Being Observant and Using Common Sense
ELECTRICITY Ron Myers
A. Theory of Electricity
1. Proper Use and Care ot Test Equipment and Tools
2. Basic Theory of Electricity
B. Theory on Bow Motors Work
1. Break down and Assembly of Electric Motors
2. Trouble Shooting Electric Motors
3. Repairing Electric Motors
4. How to Check for Proper Rotation of Motors
C. Theory on Generators
1, Breakdown and Asembly of Generators
2. Troubleshooting Generators
3. Repairing Generators
D. Study of High and Low Voltages
l. How it Affects a Motor
2. what Damage it Can Do to Moteors
3. Proper Wire Sizes
B. Study of Relays
1. What They Are
2. ¥hat They Do
3. How They Work
F. Study of Control Panels
1. wWhat They Do
2. How They Work
3. Troubleshooting and Repair
G. Study of Capacitors

1. what They Do

o
r .‘a‘p}
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2. WwWhy They are Used
3. How They Work

XI. TRAINING OUTLINE FOR ASSISTANT

HYDROGEOLOGISTS Dr. Rainer Eckart
A. Sample Taking
B, WwWater Levels
Use of Sounders
C. Water Quality
l. Use of EC Meters - Instructions
2, Instruction, Maintenance and Repair
3. Sample Bottles and Sampling
D. Rock Identification
1. Basic Minerals - Hardness, Acid
2. Sieving Tests - Diagrams
3. Secil Classification
E. Map Reading
1. Distances
2. Altitudes
3. Contours
4. Scales
F. Pumping Test
1. Development 48 hours
2. Surging - Intermittent
3. Production 72 hours
4. Step Drawdown
5. Pump at Single Rate
6. Recovery 24 hours
7. Measurements of Discharge and Water Levels
G. Basics of Electrical Logging
H. Well Drilling Movie
I. PForms
J. Ceonstruction Inspection

l. Check Casing Length and Types, Thicknesses

2. Check Screens for Openings, Lengths and Thicknesses
3. Check Drilling Depths, Penetration Rates

4. Identity Cuttings, Prepare Lithologic Logs

Scientific Bnglish and Conversions




4.1.2 Seminars

Intensive seminars or classrcom type training has been provided
during two major periods. This training was scheduled during
the rainy seasons when project field activities were
necessarily shut down. ILater it was found that, by planning
sites which were accessible during the rainy season, most pro-

ject activities could be continued during the rainy season with
relatively few delays.

The development of a ¢ourse curriculum was based on LBI/RM
staff appraisals of the learning needs of counterpart person-
nel. An initial cutline of course titles and subtitles was
prepared for 10 areas of study. These areas of study vere sub-
divided into specific subjects, a complete list of which is
given in Table 4.1.

Because ©of the work locations, equipment needed for demonstra-
tions, and sufficient room to handle large groups for training
films, four locations were selected for training. Assistant
hydrogeologists training was conducted in Baidoa; hydrogeolo-
gists seminar training was conducted in a classroom in the WDA
building; drilling crews of approximately 45 persons were shown
training films and given lectures in the auditorium located in
the maintenance yard of WDA; and counterpart training for the
electrician and geophysical technician were held at their work-
shop at the LBI office. Laboratory chemists and technicians
reczived their training at the MMWR laboratory.

Training methods included the use of training films, slides
with recorded lectures, demonstrations of processes using
various type of equipment, overhead projector, blackboard
instruction, textbooks and operational and maintenance manuals.
For the English language films a more efifective method was

used in which the sound was turned off during the film and a
WDA drilling superintendent described the picture in the Somali
language. The texts included groundwater and applied hydro-
geoclogy as well as geologic dictionaries, drilling manuals on
the cable tocl and rotary methods of drilling. Portions of the
operations manual for the Ingersoll Rand drilling equipment
were translated into the Scmali language. A simplitied tri-
language dictionary was prepared in Somali, Italian and English
to facilitate communication between expatriates and non-English-
speaking crew members.,

The training seminars were conducted during two periods, the
fall of 1982 and the spring of 1983, lasting five weeks each.
The former session included all project personnel while the
latter was confined to hydrogeologists as they required a more
theoretical type of instruction. As a culmination of the semi-
nar training certificates were lssued during a ceremony on July
23, 1983 f¢.: all staff who successfully completed the training.
2 list of the trainees is included in Table 4.2.



Table £.2
LIST OF WDA STAFF RECEIVING LBI CERTIFICATES

1. Askar Ibrahim Hussein
2. Yussef Abdi Said

3. Abdirazak Mchamed Abdulle
4. Abdi Mohamed Hashi

5. Mohamed Aden Muuse

6. Mohamed Omar Addow

7. Hassan Mohamed Apdi

8., Hashi PFarah Samater

9, Aideed Salaad Hassan
10. Ahmed Mohamed Hassan
11. Aden Ali Jama
12. Abdi Hassan Muuse

13. Abdi Jama Samater

14, Xhalif Arab Mohamed
15. Abdi Abshir Ismail

16. Mohamed Ahmed Ibrahim
17. Mohamed Sulub Abdi

18. Osman Ali Koshin

19. Ali Mohamed Alasow

20. Hassan Hussein Omar
21. Ali Mchamed Ibrahim
22. Mohamed Ahmed Raage
23. Abdi Jama Barre

24. Askar ibrahim Hussein
25. Parah Mohamud Elmi

26. Muuse Sagadi Abdulle
27. Noor Hussein Abculle
28. Abdullahi Mohamed Jama
29. Aden Yussef Mumin

20. Mohamud Mohamed Mahamud
3i. Deerow Adbulle Mohamed
32, Hassan Ali Mohamed

33. Ahmed Ali Hassan

34, Abdi Hassasn Aw-Muse
35. Farah Mohamud Huusef
36. Alimed Hilowle Mohamed
37. Noor Hassan Farah

38, Abdi Barre Haile

36, Ilyas Mohamed Mohamud
40. Ahmed Nadif Agip

41. Hassan Ahmed Egal

42. Said Farah Duale

43. 2abdi Ahmed Warsame

44. Hassan Mchamud Aw-Essa
45. Hassan Hussein Ibrahim
46. Omar Hail Monamed Shurie
47. Abdillahi Ahmed Ibranim



Table 4.2 {cont.)

LIST QF WDA STAFF RECEIVING INGERSOLL-RAND CERTIFICATES

Dahir Macalin Hassan
Ismail Ali Ibrahim
Mohamed Ibrahim Adan
Shire Tahlil Awaale
Muhuden Noor Mcohamed
Ashur Amin Osman
Ahmed Hassan Haji
Abdi Monamed Ahmed Warsame
Hashi Parah Samater
10, Aideed Salzad Hassan
11, Ahbmed Mohamed Hassan
12, Aaden Ali Jama

13. Abdi Jama Samater

i4. EKhalif Arab Mohamed
15. Abdi Abshir Ismail
16. Mohamed Ahmed Ibrahim
17. Mchamed Sulub Abdi
18, ©Osman Ali Koshin

19, Ali Mohnamed Alasow
20, Hassan Hussein Omar
21, Mchamed Ahmed Raage
22. Abdi Jama Barre

23, Askar Ibrahim Hussein
24. Parah Mohamud Elmi
25, Muse Sagadi Abdulle
26. Abdi Hassan Muuse

27. Mohamed Aden Muuse
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The training seminars were coordinated by Senior Hydrogeologist
Bob Turney with lectures provided by, in adadition to Turney,
the following staff members:

Ross Bowman, Geophysical Technical

Dr. Rainer Eckart, Hydrogeologist

Dr. Magnus Edgren, Water Quality Chemist
Bud Kellums, Pump Technician

Phil Roark, Team Leader

Dr. Paula D. Roark, Consultant Sociologist
Pehr Soderman, Hydrogeologist

Jake Woerner, Drilling Supervisor

apart from the LBI/RM regular staff, lectures were also pro-—-
vidad by other consultants including Bruce Pike, Ingersoll Rand
representative from Nairobi; Constantine Faillace, hydrogeolo-
gist assigned to WDA from GTZ; and Ron Schwartz, anthropologist.
Dr. Schwartz provided instruction to Bay Region project per-
sonnel in social data collection., Six staff members from the
BRADP took part in the instruction who were later assigned to
work with the Wyoming social analysis team for the Bay Region.

4.1.3 University Degree Programs

Four counterpart statf members were selected for masters degree
programs in the USA. Three staff members from the WDA, two
chemists and one hydrogeologist, and one hydrogeologist from
the MMWR are presently attending classes at the University of
Arizona. This university was selected because of its emphasis
on water resource studies and because of its arid zone loca-
tion.

The chemists began their studies is September, 1883, and the
hydrogeologists began in January, 1384, 1t is expected that

each student will require 2}2 years to complete their degree
training.

The participants are:

Cmar Mohamed Abdi Chemist
Abdulkadir Sheikh Ali "
aAbdi Barre Eaile Hydrogeologist

Hassan Mohamud Aw Issa

4.1.4 Short-Term Training in USA

Eight counterpart personnel were selected to attend a two~month
training session conducted by the USGS in Colorado. This
session was scheduled during June-July, 1%84. The USGS program
consisted of a comprehensive progran of water resource studies
covering surface water, groundwater, water gquality, measurement
and instrumentation, and management techniques. Valuable
insights are expected by participants from field trips wnich

N



will allow first hand observations of techniques and conditions
in the western USA. Participants included the following:

Hamud Hassan Duale Chemist

Ali Hassan Roble »

Hassan Noor Roshin "

Abdi Eimi Weheliye -

Abdi Hassan Aw Muuse Hydrogeologist
Mohamed Abucar Muuse -

Mohamud Mchamed Mohamud Geophysicist

Saleh Farah Mohamed

4.1.5% English Language Training

In order to help overcome critical limitations in undertaking
training activities, English language instruction has been pro-
vided to many counterpart personnel. Considerable technical
training has either been diluted because of the limited English
capacity of a majority of WDA staff, or not been provided at
all to staff with no English background. Two organizations
were utilized in providing this training.

First, the organization "Experiment in International Living"
was contracted to provide four months of imstruction. This was
conducted from Januvary 15 to May 15, 1983. (Classes were taught
on two levels, beginning and intermediate. For the inter-
mediate speakers a TOEFL exam was utilized to select students
for university training. Pour students passed the exam
although more scholarships would have been awarded if addi-
ticonal students had passed the exam.

Second, the USIS began English language instruction in the fali
of 1983 and courses were set up for selected WDA staff. Twelve
students, primarily hydrogeologists, took the lessons in order
to raise their English capabilities to the level required for
short-term training in the USA. Five months of twice a week
instruction was provided and eventually eight staft members
were selected for the training.

4,2 Finances and Management

As a part of institutional support tc the WDA, advice has been
provided both in finance management and in planning management.

Finance management has consisted of preparation of commodity
specifications, budget submissions, and local purchases. Over
$7 million in commodity purchases have been specitied to pro-
vide the required equipment, tools, spare parts and vehicles.
The actual procurement was contracted te specialized US pro-
curement agents in most cases but liaison for receiving the
commodities was undertaken by the project. Bob Van Valer of

RM was primarily responsible for providing the comnodity speci-
fications.

giroma
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Assistance was provided by the team leader, Phil Roark, in
annual budget preparations tfor the CIPL unit. This required
writing justifications and explanations of all requirxed shill-
ing expenditures for the project by the Scmali government on a
semi-annual basis. Line items included fuel, statf allowances,
per diem, and local purchases. Monthly review of expenditures
and semi-annual reporting of progress was required.

Specifications for local purchases ol miscellaneous commodities
in support of drilling operations was provided. In addition,
monitoring of fuel supplies and assisting in the logistics of
moving fuel to the required locations was given. Much of the
latter was provided at Baidoa to support the Regional Director
of the WDA.

Formal training in management was providec¢ to the WDA Project
Manager, Yussef Mohamed Elmi. Mr. Eimi completed a four week
course given by the American Management Association in New
York. This intensive course covered all aspects of business
management and was given in September, 1983.

Planning management has been an integral part of project acti~
vities and will be a focus of future support during the Project
Extension. A Planning Department does not exist within the WDA
but plans have been formulated to begin a formal arrangement
for institutionalizing a planning capability. Annual work
plans were required as a normal part of Project activities and
were prepared by Phil Roark in consultation with Yussetr Mohamed
Elmi, Deputy Director of WDA. This required exteasive coordi-
nation meetings with BRADP and NRA staff as well as meetings
witn local officials primarily in the Bay Region.

It is significant to note that several factors have negatively
influenced planning management beyond what could normally be
expected. First, long delays in receiving needed project com-
modities did not allow the timely execution or coordination Of
project activities. Second, fuel supplies were constantly
being disrupted which either slowed or sometimes stopped pro-
ject activities. PFinally, security precautions at times where
imposed on planning designs. Por future project endeavors,
planning exercises must take into account the above indicated
factors, although it is recognized as being exceedingly dif-
ficult, as these are problems which are largely beyond the
scope of the project te control.

In addition to the prcblems cited above, another signiticant
factor frequently hinders WDA management as well as other
governmental organizations. WDA staff complain of low salaries,
per diem, and other compensation. At times, WDA starf have
refused or delayed work assignments because of their dissatis-
faction with available compensation. During the course of the
project, allowances and per diem have been raised but this has



not kept pace with inflation and staff morale remains low.
Some stafi look for other means of supplementing their income
which distracts from their WDA job assignments. Solutions to
this problem are largely ocutside the scope of WDA management
and will require a complete review by the Somali Civil Service
Commission.

4.3 wWarehousing

In order to systematically control the use of commodities
purchased under the project, assistance in warehcusing has been
provided. Several discrete tasks are involved including impor-
tation, inspection of received merchandise, cataloging of
merchandise, and inventory control. This process is complex
and has been beset with difficulties during much of the
project.

The importation of commodities has required extensive liaison
with various commodity procurement companies in the USA. Com-
munication involving changes in specitications, dates of deli-
very, and tracking of shipping both via air and sea has been
constant and often difficult., Delays in procurement were
numerous with the average time of procurement exceeding one
year.

After the arrival of specified commodities in Mogadishu, inter-
action with port authorities also proved difficult. Shipping
documents were not always complete, thetft and damage of stored
commodities occurred and arranging cranes and transportation
was time consuming. In one instance the Somali military
removed from the port a shipment of project commodities

inciuding 12 truckxs and 3 containers, although it was later
returned.

A system of cataloging and inventory control was establishea.
This system required the systematic cataloging of all received
commodities. This task was also made difficult by the fregquent
comission by the shipping agents of packing lists. Warehouse
consultant Bob Cooper of RM established a card system for
inventory control during two separate consultancy periods. LBI
staft members Dennis Wick and Joe Sharp, General Service
experts, have advised in the operation of the system.

Whiie a system of inventory control has been established since
the fall of 1981, the functioning of the system has been
compromised by several changes in WDA employees. Each orf the
four warehousemen trained by Mr., Cooper has lett the project
tor various reasons. This has required that warehouse staff
replacements begin their work without an adequate background,
Because of the abruptness of the departures, many records were
left in incomplete or altered states. However, during the past
six months, the warehouse has been functiocning acceptably with
the arrival of a stable group of WDA staff.



4.4 Vehicle Maintenance

At the beginning of the CGDP vehicle maintenance was undertaken
by an interagency garage set up under an Agricultural Extension
Project. All CGDP project vehicles were to have been serviced
by the garage but, cover time, the service became increasingly
unacceptable, partially because of greater vehicle demands
being placed on the garage by the variocus projectisn. It was
therefore decided that the WDA should establish its own garage.

In May of 1983, a contract was established with a local firm to
construct a garage and warenouse. Largely because of delays in
funding of the contract, the garage was not completed until
January, 1984, In July, 1923, LBI mechanic John Quackenbush
arrived to begin vehicle maintenance operations. Without a
garage, maintenance was done in the open air which was most
difficult due to the harsh elements of heat, dust, and rain.
Since January, however, the garage has been established with
full maintenance capabilities including toels and spare parts.
A schedule of preventive maintenance, repair, and training ot
counterparts is presently proceeding normally.

Heavy eguipment maintenance, including drilling rigs and trucks
has been established and has proceeded normally since the
beginning ot the Project under the direction of RM mechanic,
Roy Steele.

4.5 Water Quality Anaiysis

The major institutional support provided to the MMWR has been
to the water quality lab located at the Ministry. The LBI
chemist, Magnus Edgren, has provided advice and tralning to the
lab. As a result, the lab routinely undertakes water quality
analysis for all CGDP samples and also for samples provided by
other Somali and international organizations.

Analysis consists of providing values of physical parameters
including Ca, Mg, Na, X, Ci, BCOz, so4, PH, BC, TDS, and on

special request NOp, p, Pe, Si02, and NH4. Bioleogical
assessments of fecal coliform and fecal streptococus are also

provided in the field with mobile kits,

Training in water gquality analysis techniques and procedures
has proceeded with MMWR ana WDA chemists and with laboratory
assistants. Presently, two chemists are undertaking graduate
degrees in the USA and will be expected to assume management of
the water guality lab upen thelr return,

An extensive list of commodities, including instruments and
chemicals, have been provided to the lab. In addition, repairs
of laboratory electronic equipment has been undertaken periodi-
cally by Ross Bowman, logging technician.



5. SOCIOLOGY



5. SOCICLOGY

Sociological studies for the CGDP were undertaken primarily
during the first year of activities. The results were reported
in the "Exploratory Report for the Bay Region®, and the reader
is referred to this report for details. This work was com-
pleted by Paula Donnelly Roark, consultant for LBi. As a
result of these studies, a methodology was developed and
refined to assist in site seliection by assessing village com-
mitment to and need for a deep bore well, Tnis methodology has
been utilized, with some modifications, throughout the life ot
the project, and is considered important to achieving project
success. The objectives of the sociological studies, a des-
cription of the process used, the results of the studies, and
plans for the future requirements of sociology within the proj-
ect are provided in the following sectiouns,

2.1 Obiectives of Socioclogical Studies

A primary objective of the CGDP is to strengthen the govern-
ment's capability to install, operate, and maintain rural water
supply systems. However, while the capabilities of installa-
tion and operation are technical in nature, the capability for
maintenance of water technology is part of a broader develop-
ment guestion, namely what social change is reguired in order
for a society to adopt technology trancferred from one culture
to another culture. Water development experience in a variety
of countries has iliustrated that adeguate loeng-term mainte-
nance of wells is vulnerable to social and behavioral factors
emanating from the accepting culture. The consensus is that
though the technical phase may be successtul in implementing
the appropriate infrastructure, this alone has not been sutffi-
cient to assure its long-term viability. Typically, if the

is not community motivation to maintain and support the
improved water point, once the technology £falls into disrepair,
it is not fixed. The participant population returns to its
traditional preproject modes of water procurement, and the
water supply project, despite its initial successful technical
impiementation phase, will ultimately be classified as a
failure.

The recognition that changes in technical delivery systems, no
matter how heneficial to the participant population, regquires
corresponding changes in the sociceconomic support system at
the local level and the institutional support system at the
regicnal level, and has served to focus interest on the need
for integration of technical and social factors in project
implementation. There is 1ncreasing consensus that only
through this sociotechnical integration can specitic rural
water supply projects encourage and engender the community
participation and instituticnal cocoperation needed to ensure
adeguate local support for long-term use and successful main-
tenance of the new water supplies at the community level.



Presently, at the organization level, project staff of inter-
national aid organizations are aware of the importance of this
"sociotechnical integration,® but as the World Bank suggests,
"they are without an operational framework for integrating
social and behavioral factors with engineering, economic, and
institutional issues, and with the project cycle itselt." Thus,
one of the key strategies for the CGDP is the establishment and
maintenance of organization and management techaigues at both
the project and institutional levels that will encourage and
facilitate such sociotechnical integration.

The first requirement for any successful sociotechnical inte-
gration is that of adequate information. Therefore, just as
the technical section ot the CGDP has emphasized the gathering
of information that will assure high levels of technical suc-~
cess in the production drilling for the Bay Region, the sccio-
economic study, during the Exploratory Phase, has gathered
information and defined processes that encourages and assists
in, at both the local and national level, the sociotechnical
integration of information and process that is needed for the
long-term successful maintenance ¢f the improved water points
in the Bay Region.

5.2 Description of TVAPP

The project sociologist has identified and descripbed the infor-~
mation needs and subseguent development ©f a research methodo-
logy for the CGDP. Three categories of information were
detined as necessary to fulfill the sociolcgical objectives for
the Exploratory Phase of the project. They included: informa-
tion for participation procedures; information for development
of socioeconomic criteria for the placement of production wells;
and information for the development ot project monitoring and
evaluation criteria. A specitic and innovative methodology
that would achieve both the data gathering and participatory
cbjectives was dictated by these information and process needs.
A theoretical framework based upon general systems theory and
hypotheses concerning change at the local level, integrated
with identified field conditions, was therefore developed and
described. The resulting detined components formed the basis
for the "Tuulo Village Assessment and Participation Process™
{TVAPP).

The sociceccnomic study of the Exploratory Phase has gathered
information and defined process that encourages and assists in,
at both the local and naticnal level, the sociotechnical
integration of information and process that is needed for the
long-term successtul maintenance of the improved water points
in the Bay Region.

To meet the information and process needs described earlier the
TVAPP was dJdesigned and field tested in the spring of 1982. Tne
basic design incorporated the focus, strategy, and process of

)



the general research methodology into & specitic pattern of
three serial wvisits to each of the Tuulo arsas that had been
selected for exploratory drilling actaivities.

The overall purpose of these meetings was to discuss with thne
community iIf they wished t¢ become involved with the project,
and, if so, what their participation responsibilities would
consist of. 'The specific participation respossibilities of the
Tuulo area, if they decideg to become part of the {GDP, were
the followinu:

1. Community assessment for information

2, Community work support o©f the actual installation of
the borehole.

3. Communitv payment for the distribution system and
construction of the partial payment of recccurring
coBts,

4. Community mapagement of the new water point for preven-
tive maintenance and healthful use nf water.

The first of the three meetings had the primary objective of
information exchange. The project cclliected information con-
cerning the guantity, quality, reliability, access, and tradi-
tional management of existing water supplies., Ian exchange, the
community leaders were provided with information concerning the
CGDP and the Tuuloc responsibilities if they decided to partici-—-
pate. B significant amount of time was spent in the informa~
ticn exchange concerning the negative as well as the positive
effects of improved water supply. The participants oi the
tirst meeting wers usually confined tc Tuulc elders.

The second TVAPP mesting was styled as a Tuulo area meeting for
all the peoplie designated in the designated area. Specificalliy,
it was requested that representatives from all the Tuulos or
satellite villages be in attendance, The objectives were Lwo-
fold. First, the project was again explained to evaryone in
attendance to assure a complete understanding ang it was asked
if there were any changes to be recommended. Second, an expla-
nation of the community assessment was provided, specitically
providing iastructions on how to comgliete the guesticnnaire.,
The purpose of the guestionnaire was to assist in the siting of
the well within the Tuulo area and to provide some baseline
data s0 as to later measure the impact ot the well on the popu-
lation. Atter the meeting, a request was often made to assist
the hydrogeclegists in finding sinkholes in the vicinity. In
the limestone areas of the Bay Region this was utilized zs an
indication of sites of potential groundwater.

{Ji



The third meeting reguired the participation of the Tuulo
Committee, the Water Committee and the representatives from the
Tuulos who worked on the guestionnaire. The objective of the
meeting was to review the guestionnaire to make sure the intfor-
mation was complete and to choose the actual site for drailling.
1f, from a hydrogeologic point of view, several sites looked
egqually promising, the community was given a choice as to the
site. If one particular site was decided more favorable from a
hydrogeclogic view point, then the community was asked to
approve that site. Finally, instructions were given for com-
munity work in constructing a trail and clearing the proposed
well site, it necessary, and the date that drilling was sched-
uled to begin.

In most cases, the TVAPP, as described in the preceding para-
graphs, was carried out completely wherever wells were proposed
within "villages". Meetings did not take place, of course, for
those sites that were cutside of "villages™. This included
wells for road construction or in areas designated for range
development., Most wells in the Bay Region reguired the TVAPP
process but none in the Central kangelands. The Central Range-
lands well sites had, however, been studied as part of the
range management plans developed by the CRP. In several
iastances, the TVAPF process was not undertaken completely
because of lack of personnel, fuel shortages, Oor other reasons.
while the lack .f a TVAPP was regrettable, it did not appear to
have a negative etfect in the Bay Region since most of the
Tuulos knew, from the proijects reputation which was learned
from other willages, what the respsonsibilities and conditions
of acceptance were for having a well prcject in their village.

The most important feature of the TVAPP was to assure a
complete understanding of the expectations and responsibilities
of the community. It was always ciearly emphasized that there
was no guarantee of finding weter, If water was encountered
during drilling and pump testing and the well was deemed
suitable as a production well then a fourth meeting was held to
arrange for the construction of the storage and distribution
systems. 2gain, an exchange of information between the project
and the community was the key objective iIn order to assure the
best possible sclution to meeting the communities needs. Work
reguirements were specified and a plan developed for construc-
ticn activities. The arrangements for civil works construction
was undertaken by David Boggs and Mohamed Burale Guled,

5.3 Socigo Study Results

Baseline data has been collected in four areas of emphasis:
organization of local communities; local water management
systems; community production systems; and community demo-
graphics,. Information concerning organization of communities



and production systems of communities was partially gathered
during the TVAPP program, but was also supplemented with Sroup
and individual interviews. Especially helptul were the “"women's
meetings® which, as a gathering cof the principal water pur-
veyors, often provided important insights into water-related
guestions. The details of this baseline data are fully des~
cribed in the “Exploratory Report for the Bay Region”®.

The water use of the Bay Region displayed patterns which were
generally typical of underdeveloped rural areas. Distance to
the water source was the dominant factor in per capita water
consumption. Since most water is traditionally supplied from
wars, there is a large difference, between the rainy season
when all wars are filled and the dry season when few wars
retain water, in per capita consumption. Dry season consump—
tion was founa to be only about 3 liters per person per day
(pdpp) for people requiring a long distance to walk teo the
water source, For people within 500 meters of the well, con-
sumption was 12 liters pdpp during the dry season. These con-
sumption rates must be considered as life sw~caining only ang
any lower rates of consumption, becaus=2 of ai<rupticn in thae
existing water supply, would be disastrous,.

women are the typical carriers of water, For short distances
of a few kilometers, the water is carried by women in clay pot
containers. If very long distances are involved, then donkeys
or camels are used to carry the water. Dry season distances to
water sources vary considerably but it is not unusual to find
water being transported 10 kilometers and more. Under these
cenditions, procuring water is clearly a full-time iob during
the dry season for many women.

Water quality has beer measured and reported in other sections
of this report. However, it is important t¢ emphasize that
there are large differences in acceptance ¢f the amount of
salinity by water users in the Bay Region. Many people, par-
ticularly in the southern part of the Bay Region, receive water
from hand dug wells or springs which are often extremely salty.
They have necessarily developed an acceptance of water which is
well beyond the recommended limits of salinity. Bacteriological
contamination ot open water sources is, of course, present
everywhere. Improved water guality from project wells will
therefore not necessarily be recognized by the local people as
their standards ditfer from scientific stancards. A program of
water hygiene education will be necessary te fully maximize the
benetits available from improved water sources. Such a program
is potentially available through the on-~-going Primary Health
Care Project.



5.4 Recommended Criteria for Site Selection

Provision of adeguate water supply is basic to the realization
of Somalia’s statec deveiopment goal to reduce rural poverty.
Rowever, because adeguate universal water provisgion is an
ynreachable goal for the near future, the guestion of who will
receive the initial water systems in specific areas, after they
have been technically defined as feasible for groundwater
exploitation, becomes most important. The igentification and
explanation of criteria to guide this decisionmaking process is
necessary for adeguate long~-term planning in the provision of
rural water supply for people and livestock.

The identification of sccioeconomic criteria for the siting of
the CGCDP/WDA water wells was a major objective of the baseline
ztudy. The baseline study has identifiea three primary Cri-
teria and two secondary coriteria that will: 1) positively
assist the overall selection process; 2) is congruent with
prezent national anéd regional institutional development objec~
tives: 3) will enhance local support for maintenance; 4) will

enhance eguity at the lccal level; 53) and will increase rural
participation.

These primary and secondary soclioeconomic ¢riteria for selec-
tion of well sites are listed below:

Primary

1. Distance. Population centers in which there is not a
year-around water point within five kilometers.

2. Local Management of Resources. Population centers that
have traaitional water committees and are willing te
include the new CGDP/WDA water point in their present
schemes, or those population centers that are willing

to form a water committee to carry out the needed local
maintenance.

3., Populaticn Centers serving over 1,000 people, or those
which have a scate school or primary health care unit,

Secondary

4., Identified arable areas that are utilized because ot
lack of minimal water resources.

5. Identitied transhumant areas where a new water source
would improve nomadic movements.

5.8 Putuyre Use of the TVAPP

As was indicated previously, the TVAPP was not implemented
fully in some well locations because of the lack of qualitied
staff from either LBI/RM or WDA. 1In order to alleviate



the problem, two soluticns were attempted. First, an anthropo-
logical consultant, Ron Schwarz, was brought to Somalia to
train BRADP staff in the use of the TVAPP. This approach was
recommended by the USAID evaluation team which evaluated the
project in March, 1983. Dr. Schwarz proposed to expand the
TVAPP and trained BRADP "monitors" in the use of the methodo-
logy. However, only very limited use of the trained personnel
was affected as the monitors were assigned full-time to the
sociological study program being conductea for BRADP by the
University of wyoming.

Arrangements were alsc proposed with a newly formed monitoring
and evaluation unit within the Ministry of Plan to provide
monitoring ot social impacts from the water project. This also
did not proceed to expectations because of difterent priorities
established by the unit. The Monitoring Unit is, however,
monitoring some selected sites in the Bay Region, which include
wells developed by the CGDP, and which may provide some useful
insights in time.

In the future, under the proposed 18 month project extension,
emphasis will be placed on developing the Planning Department
within the WDA. To assist the Planning Department a full time
LBI socioclogist will be assigned to the Department. In addi-
tion, 2 or 3 Somali socioclogists are to be employed by the WDA
as permanent members cf the Department. with this staffing the
CGDP will for the first time in the history ot the project, be
capable of fully carrying out the recommended sociological
interventions. Emphasis will be placed during the Extension
Period on monitoring the completed wells to assure that the
wells satisfactorily meet the needs of the water users and to
recommend modifications in operations if reguired.

The operation of the newly constructed water wells have pro-
vided an indication of the short-term success of CGDP technical
activities. The long-term success of the CGDP, is however, in
great measure dependent upon community support and motivation
to maintain the new water point. Thus, adequate community
participation activities are a recognized factor in the long-
term success of the CGDP installed water points,

The socioeconomic activities undertaken within the Exploratory
Phase of the CGDP ofters to the project ana WDA a substantive
and innovative operational framework within which to achieve
the needed community support and motivation. In addition, this
operational framework, or the TVAPP, integrates sociological
and technical project activities and information. A primary
function of the TVAPP organizational framework is to integrate
project inputs and outputs in a time frame that takes into
account and puts into equilibrium the community participation
process with the technical process. 1In a broader sense this is
comparable tc the equilibrium necessary for any integrated
rural development strategy between the top down, or institu-
tional inputs, and the bottom up, or community inputs.
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6. ECONOMICS

An economic evaluation of the CGDP was completed in April,
1984. This evaluation was based on intormation collected over
a two-year period and resulted in a report, to which the reader
is referred for in-depth details, entitled, "Economic Evalua-
tion of the Comprehensive Groundwater Development Project.”

The report was completed by LBI economist Carter Brandon.

The primary purpose of the study was to estimate the long-term
cost to the Somali government of producing wells. As such, it
encompases the hydrogeology of the project area, the site
selection procedures, and the actual working conditions under
which the CGDP was undertaken. A discussion of benefits was
included in a general manner, but insufficient water user data
did not alliow the quantification of benetits.

The economic evaluation ccnsisted of three distinct parts:

i. an analysis of the full costs of a Groundwater
Development Program for a period of ten years.

2. an analysis of projected benerits, measured by the
number of water points completea, the approximate
number of beneficiaries, and the qualitative type of
benefits to be expected.

3. an analysis of the long~term well operating and main-
tenance costs, with a review of possible financing of
these costs through user fee ceollection.

A time frame, 1982-1991, was chosen as the projected life of
the most long-lived and expensive capital equipment purchased
under the CGDP, which was three rotary drill rigs. An
annualized average cost per well was calculated based upen an
assumed annual well completion rate.
The costing of the program took into account the following:

- capital equipment COsis;

- all WDA salary. materials, equipment, fuel, and
workshop costs;

- WDA aaministrative overhead;
- well operating and maintenance costs.
The costing analysis did not include:

- expatriate salary costs (the expatriate consultant
statf under CGDP is serving primarily as advisors and



trainers of WDA groundwater personnel, and their costs
do not represent recurring costs to the Somali
government; )

- expatriate housing and support costs;

- Somali training costs (the USAID program to send
Scmali technical personnel to the U.S. for university
training is not a well production cost.)}

6.1 Utilization of the Economic Report

It is expected that the results of the economic study will ke
used in several ways. First, it provides a financial guide to
all future plananing of the CGDP program. By explicitly deter~
mining direct, indirect, and capital costs, and by distinguish-
ing between past or sunk costs and future cost projections, it
is possible to estimate the annual financial needs of the proj-
ect. Also, these estimates can be easily varied as more
information on well-drilling rates, costs, and capital equip-
ment life expectancy becomes available.

Second, it can be used by the Somali government as a basis for
requesting future foreign assistance, if necessary. The study
locks at the degree to which the project can be self-financing
5y estimating what percentage of total costs are recoverable
through user fees. It also locks at the foreign exchange
requirements of continuing the groundwater project.

Third, as more information becomes available on the alter-
natives to drilled wells in Somalia, such as surface reser-
voirs, this report will allow useful compariscons of costs of
different technologies and development strategies. Similarly,
as nmore information becomes available on project benefits, a
more detailed cost-benefit analysis could be easily undertaken
and used as a basis for comparing technologies ang development
priorities.

Pourth, the report can be used to compare the cost of
constructing wells in Somalia with that of similar programs in
other countries. In this way, it can be of use to policy and
program offices of the various internaticnal donor agencies.

6.2 Well Production, DOperation and Maintenance Costs

All costs associated with the CGDP have been divided into three
categories: direct per well costs, indirect costs, and capital
costs. A summary of all of these costs appears in Table 6.1.
Direct cosis are broken down by diesel and handa~-pumped wells,
and by construction and recurrent (operating and maintenance)
costs. Overhead costs, including indirect costs (labor and
materials) and capital costs, appear as a lump sum. Also shown
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are the number of diesel and hand-pumped wells assumed to be
constructed in each year, and the cumulative number of wells in
service for each year.

The first column of Table &.1 shows the net present value of
each of the cost streams, discounted at the rate of 15%. For
the purpose of calculating the per well costs, the number of
wells constructed and the cumulative number of wells in service
are discounted at the same rate. The discounting of the physi-~
cal number of wells has the same significance as the discount-
ing of costs: It reflects the increased value of a well in
service now over one in service in the future. In order to
calculate average costs per well, the cost net present values
are divided through by the net present value of the number of
wells constructed and operated.

Average costs per well are affected by many factors, of which
the most important are (a) direct and indirect costs, (b} the
annual project production rate, and (¢) the service life of the
capital eguipment. Assumptions concerning these factors are
varied in order to calculate an indicative range of average
costs. Specifically, the assumptions made were:

1. the average well service life would be ten years;

2. normal expected eguipment life would be ten years for
the heavy drill and pipe rigs; shortened life would be
seven years service; and extended life would be fir-
teen years service;

3. averge well costs should be calculated both with and
without the $6.1 million ‘sunk' capital costs:;

4. a high annual production rate for the three rotary
drill rigs would be 30 boreholes per year, of whaich 18
would become production wells (10 diesel and & hand-
pumped};

5. a high failure rate would be only 12 production wells
per year (7 diesel and 5 hand-pumped) for the thirty
borenholes;

6. a low production rate would be 20 boreholes ancd 10
production wells per year (6 diesel and 4 hand-pumped}.

For the set of ‘normal' assumptions embedded in Table 6.1
{normal eguipment lite and high production rates), the average
costs per well are shown at the bottem of the tables. The four
average costs are: (1) average constructicn costs including
sunk capital costs ($188,0006), (2) average construction costs
excluding sunk capital costs ($113,000), (3) average costs per
year of well service, including all construction, capital and
service costs ($42,000), and {4) average costs per year of well



service, including all costs except sunk capital costs ($27,000).
These costs show that sunk capital costs are a very large part
ot total costs: when sunk capital costs are excluaed, total
costs decrease by aimost 4u%. In order to bring down the over-
all cost per well, therefore, it is important to keep the
equipment procured under (GDP-I operating as long as possible.

When the assumpticons concerning preduction rates and projected
eguipment life are varied, a full range of average costs can be
calculated. In Table 6.2, it 1s seen that:

1. average construction costs per well range from
$188,000 to $307,000, and total cost per vear of well
service ranges from $42,060 to $66,000, depending on
the assumptions. When sunk capital costs are
exciuded, these costs range from $113,000 to $172,000,
and $27,500 to $39,600, respectively.

2. average coastruction costs raise by 50% between the
high and low production rate assumptions, and by only
35-40% between the high production and high failure
rate assumpticns. It is, thererore, economically more
sensible to produce as many wells as possible, even if
the success rate drops, than to drill a small number
of wells.

3. the sensitivity of costs to the production rate shows
the costly impact of fuel shortages and other logisti-
cal problems. Accordingly, any steps that can be
taken at a reasonable cost to minimize logistical dif-
ticulties are likely to have wvery high payofis.

4. total costs per year of well service rise by 20%
hetween the normal and shortened capital eguipment
lire assumptions. It is important to keep the heavy
equipment operating for at least ten years. After ten
years, however, the average costs per well remain
about constant: this is because the recurrent costs
of capital upkeep ofriset the lower costs derived from
prolenged equipment lite,

S. average construction costs per diesel well are about
$32,000 {or 15% more than for hand-pumped wells), and
average costs per year of well service are about
$15,000 {or 30% more). 1In those locations where a
diesel pump 1s required {i.e. where there are both
sufficient water rescurces and surficient demand) the
higher costs would be ofrset by the benetrits of
serving a larger number cf benetriciaries.

In order to analyze costs further, the three cost categories--
direct, indirect, and c¢apital costs--have been broken down
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along the lines of project activities. This allowed the esti-
mate of costs associated with each phase of work. The six
types of activities were:

1. site selection

2. well drilling, logging, and development
3. well testing

4. final installation

5. well operation and maintenance

6. central office, warehouse, and workshop

Table 6-3 shows the same cost accounting matrix, but now
complete with the values calculated in the last three sec-
tions. With this matrix, not only can total costs per well
and/or per year be calculated, a complete breakdown of costs
between direct, indirect, and capital costs, and by type of
activity, c¢an be readily seen. The figures in Table 6.3 show
the full cost of preducing and operating wells for the midale
case (high failure rate) shown in Table 6.2. This table shows
that:

1. the direct cost of well installaticn, operating and
maintenance is about 27% of the tctal;

2. the indirect cost is about 11% of the total;

3. the annualized capital cost of the project, including
sunk capital costs, is about 62% of the total. MThe
annualized capital costs are calculated using the
appropriate capital recovery factor.

When the total cost is divided up along the lines of the six
project activities, the percentage breakdown is:

Direct and

Iindirect Total

Cost Costs

l. site selection 1.1% 7.5%
2, well drilling and logging 23.7% 45.5%
3. well testing 1.3% 3.2%
4, £final installations 22.0% 16.5%
5. operation and maintenance 23.7% 12.1%
6. central otffice overhead 26.2% i6.2%

The up-front costs of well planning, drilling, and construciion

represent about 89% of the total cost ¢of each well. The cpera-
tion, maintenance, and monitoring costs, which are calculiated
as a ten-year obligation, are only about 11% of the total cost.
Although well maintenance represents a smail part of tha
budget, effective maintenance is essential to the success of
the project.
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3 graphic summary of these basic findings appears in Figure &.1.
vhe second graph shows the high (823} component of capital costs.
The graph underscores a previous conclusion; namely, that if

the capital procurements under the CGDP are considered as sunk
costs, which they effsctively are; then th2 continuaticn of the
Comprehensive Groundwater Project is very cost efrective. The
marginal, or future cost of continuing the project would be

much lower than the historic cost.

6.3 EBummary ¢©f Well Costs

The full cost of drilling wells has been calculated and sum-—
marized in Table 6.2, The cost of construction of an averge
well, including "sunk™ capital costs {defined as the $6.1
million of capital egquipment procured under CGDP-1). is abcul
$200,000-5280,006, and the average c¢ost ¢f providiag one year
of well service, inclucding 21l costs, is about $45,000-$60,000.
When "sunk" capital costs are excluded, these Ccosts decrease to
only $3120,000-$150,000, and $200,000-$35,000, respectively.
These costs are for what is defined as an average well--whose
2ssumed average depth, diameter, type of pump, and period of
use, are all based on the past experience of CGDP.

0f the total cost of an average well, more than 60% is the
capital cost of the heavy eguipment and tools used by the pro-
ject, and less than 40% is the cost of the materials, labor,
fuel, and overhead required by each well. The finding that
capital costs are such a large part of total costs is impertant
in several respects:

i. The marginal cost of constructing each additional

weli, once the capital eguipment has been procured, is
a small part of the total.

2. Any attempt to cut costs shoula focus first and fore-
most on the procurement of capital eguipment. Any
given reductioun in capital costs, say 108, would lead
to much greater cost savings than an equivalent reduc-
tior in dirsct costs or overhead. It was not the pur-
pose of the economic apalysis to judge where, if at
all, capital expenditures have been excessive; rather
this report enables project planners and evaluators to
see the high incidence of capital costs, to weigh the
impact of specific changes or savings, and to compare
the procurements of this project with that of other
well-driilira programs.

3. The program costs are very sensitive to the expected
1ife of the capital eguipment, since longer egquipment
1ite means that the capital equipment costs can be
spread out over a greater number of years and over a
greater number of wells. TIf the drilli rigs are only
used for seven, as opposed to ten years, the average
cost per year of well service weuld rise by 20%.




FIGURE 6.1
CONSTRUCTION AND OPERATION COSTS , PER WELL (™)

A. Direct and Indirect
Costs Only

Waelt
Drilling and Testing
(26%)

B. Direct, Indirecy,
and Capital Costs

" Weld
Drilling
and
Testing
(30%)

{*} ASSUMING i = 15%, NCRMAL EQUIPMENT LIFE, AND WELL OPERATION FOR 10 YEARS
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4. Maintaining a high annual well production rate is
essential to keeping per well costs at an acceptable
ievel. This is because annual fixed costs, including
both capital costs and overhead, together account for
708 of program costs. A 44% reduction on the assumed
well compietion rate, from 18 to 10 wells per jyear,
would increase tctal costs per year of well service by
almost 60%. A higher drilling rate reduces average
costs, even if the rate of well failure increases.

5. Since the cost of capital eguipment is such a large
part of program costs, the original choice of tech-
nolegy is an extremely important determinant of costs,
The costs for the CGDP have been estimated for a
period of ten years, which is the projected lifespan
of the three rotary drill rigs. The CGDP is, essen-
tially, locked in to the use of the rotary drill rig
technolegy. Planners of future similar groundwater
projects should be able to compare the costs shown
here with those of other technolegical alternatives in
order to chcocose the most appropriate technology for
achieving the desired results at the lowest overalil
cost.

6.4 Benefits

The data used in the evaluation of project benetfits was less
detailed than for costs and the results were much more ten-—
tative. An effort was not made to quantify benefits, but
rather to estimate the number and type of project benefi-
ciaries, and to describe the type and relative importance of
the water-related benefits,

In both project areas, water demand will be quite seasconal, due
to (a) the availability of surface water in the wet seasons
which allows a much shorter carrying distance for many people
and (b) the fact that traditional surface water sources are
free of charge. 1In the dry season, however, the wells will
enable signiticant improvements in water availability and water
guality. By averaging projected demand throughout the year,
estimates were made ot the annual average number of people and
animals using wells in the Bay Region and Central Rangelands,
and of the reguired pumping times,

In the Bay Region, it is estimated that the average ananual
number of beneficiaries per well would be about 1,500 to 2,500
people, together with an equal number of family livestock
(measured as livestock units). This is equivalent to an

average user population, per well, of about 300-400 families
and their household livestock.

The provision of clean year-round water in the Bay Regicn will
generate important public health benefits in the form of
reduced incidence of water-related diseasgs. It will also free

e Y



up significant labor resources, especially of women, currently
devoted to drawing water. Other project-generated benefitis
will be (a) agricultural production benefits gained by seden-
tarizing populations that currently migrate away from their
home villages during the dry seasons, {(b) livestock production
benefits attributable to increasea water availability and
improvements in water guality and (c) the potential for
improved range management and grazing patterns that would lead
to more productive grazing areas.

In the Central Rangelands, it is more difficult to estimate the
number of future project beneficiaries because of the paucity
of data on the population, livestock, and water requirements of
the specific areas (called degans) under consideration, How-
ever, it can be assumed that during the harsh dry seasons, one
well will serve the residents of from one to three degans, and
that most wells will operate at or near to capacity. Dry
season demand is likely to be the equivalent of about 230 fami-
lies and their associated livestock, up to a total of 7,000
ilivestock units. Wet season demand wil! probably drop off to
almost nothing, as in the Bay Region. Any estimates of an
annual average number of beneficiaries would be conjecture, but
would fall somewhere between these two extremes,

6.5 User Fees

The current government water tariff, which is 10 SS per m3, is
sufficient at the projected levels of demand to pay the govern-
ment back for all of its operating and maintenance CoOsts, and
slightly more than half of its direct costs incurrec¢ in con-
structing diesel wells. The direct costs are those costs such
as labor, fuel, and materials (pumps, well casing, cement, .
etc.) that are used in the construction of each well. A tariff
of 20 SS/m3 could generate enough revenue to recover both proa-
ect direct and indirect costs. Even this higher tariff would
not, however, generate enough revenues to even approach those
required to recover the capital cost of the project.

1t has been recommended that the government explore the possi=~
bility of collecting periodic lump-sum payments from well:
users, as opposed to unit payments. It is possible that lump
sum payments would {(a) increase the volume of water consumed,
especially during the wei seasons, with a corresponding
increase in health benefits, (b} increase total revenues, (<)
simplify the administration of the revenue~collecting body, and
(d) correspond more closely with the traditional manner with
which villagers organize and administer water resource, thereby
improving viilage participation and sense of responsibility.

The determination of user fees should be based on concerns of
egquity. The guestion of how much should a rural inhabitant
have to pay for water can only be answered by the coacernead
Somali authorities. Raising the fees to cover a higher per-
centage of costs will, at some point, result in reduced water



consumption which is, obviousiy, an undesirable outcome. Rural
water supply must be evaluated along with urban water supply in
determining an eguitable distribution of costs as the guestion
of whether urban dwellers should share in those costs is
appropriate.

It has been the conclusion of the economic analysis that, if 18
production wells per year are constructed, if the projecti's
capital equipment is well-maintained, and if gufficient atten-
tion is paid to the collection of water fees, then the CGLP

can become partially self-supporting. The direct costs and
overhead could become almost entirely user-financed, and only
the capital costs would regquire eitner government subsidy or
foreign assistance.

6.6 Economic aAnalysis Conclusions

in conclusion, the futucre of the CGDP will probably reply upon
two kinds of foreign assistance:

1. Assistance in the procurement of capital eguipment

To date, about $5 million has been spent on the pro-
curement of capital equipment, and it is projected
that S7.3 million more will be reguired between 1985
and 1991 to keep the program operating at current
levels. It is not foreseen that this cost, ail of
which would be a foreign exchange cost to the Somali
government, will be recoverable through well user
fees. Unless the Socmali government appears willing to
devote general revenues t¢ the procurement of wellw-
drilling capital equipment, foreign aid will be
required to keep the groundwater project going. The
projected capital needs are modest, however, slightly
more than $1 million per year through 19391.

2. Technical assistance

In.order to maintain that target rate of 18 prcduction
wells per year and to xeep equipment operating, Con-
tinued technical assistance will be necessary. This
assistance includes, in particular, hydrogeologists to
assure a high percentage of production walls, mechanics
to keep equipment operational, and planning and logis-
tics experts to assure coordinaticn of activities.

The economic analysis has calculated the basic costs of the
project's well-drilling activities, taken initial steps towards
estimating project benefits, and establishing financial targets
for the user-financing of well constructica cests. It is
expected that these results will assist the government of
Somalia and interested donor agencies in planning the future of
groundwater development.
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7. ENVIRONMMENTAL ASSESSMENT

in order to assess potential environmental impacts resulting
from groundwater development, an assessment of project activi-
ties was undertaken and a report was subseguently written by
LBI consultant Mark Pape in May, 1982, entitled, "Preliminary
Analysis of the Potential Environmental Impacts of the CGDP".
The assessment considered the following subjects - impacts of
well construction, aguifer mixing and contamination, physical
impacts of well operation, and social impacts of well
operation,

7.1 Well Construction

During construction, the impacts of damage to rural roads,
disposal of materials from the well, and aguifer contamination
from the introduction of foreign materials have been con-
sidered. The presence of heavy trucks going to and from a well
site on unimproved roads may cause minor and localized damage.
Usually, however, village labor is required for road construc-—
tion and such tracks can be easily repaired.

cuttings, soil, and rock which are removed from a well are
routinely scattered in the near vicinity ot the well. Drilling
£luids such as bentonite clay and drilling foam are mixed with
the cuttings but these materials are inert and non-toxic and
pose no environmental or health problems,

Some of the drilling fluids are lost in the subsurface rock
strata in the near vicinity of the well., The amount of losses
is dependent upon the drilling conditions., Well development
normally removes nmost of these materials. Because of the
chemical nature of the drilling fluid, the introduction of such
fluids into the agquifer does not appear to pose a significant
environmental problem.

Casing, screen, gravel packs, pumps, and cement are other
materials that are permanently placed in a well, The project
uses both steel and PVC as casing and screen. All of these
materials are manufactured for the purpose of use ir water
wells and do not pose a significant threat to .he aquifer or
its users.

7.2 Aquifer Contamination

Potential aquifer contamination, which arises at the time of
construction and continues throughout the life of the well, is
a concern. Chemical contamination is not seen as problem but
biological contamination from surface or near surtace water
could potentially occur. The biological contamination results
from animal or human wastes in the near wvicinity ot the well
which infiltrate into the well itself. Proper well construc-
tion and maintenance techniques are necessary to minimize the
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risk of biologic contamination. Similarly, proper filling and
closing of wells after their retirement will minimize the risks
of aguifer contamination by abandoned wells. Training has been
provided in the recommended technigues used for sealing a
completed well; however, the actual procedures are site depen-
dent and vary with actual conaitions.

7.3 wWell Qperation

The physicil impacts on the environment of well operation
include the depletion of a regional aguifer, land subsidence,
defoliation and surface erosion resulting from the use of a
well, Land subsidence is considered to be insignificant.

A hydrologic review of the safe yield (pumping rate which will
not permanently lower an aguifer) was undertaken. Calculations
were made showing the areal concentration of wells and the
withdrawal rates necessary to deplete an agquifer under the
rainfall and recharge conditions found in the Bay and Central
Rangelands. Although recharge rates are relatively low,
particularly in the low rainfall areas of the Central Range-
lands, proposed pumping rates and densities of wells are well
below the level whereby agquifer depletion is likely to occur.

Surface erosion is considered a potentially signiricant

problem. It may occur when, because ot a large increase in
concentration of animals, overgrazing defoliates vegetation,
leaving the soil exposed. Ercsion and possibly desertification
may then occur from water or wind effects. To mitigate the
potential erosion hazards, a range management plan needs to be
in place before the well is constructed, The need for a manage-
ment plan, before the well is constructed, has been emphasized

to tha NRA and BRADP who are the Somali Agencies responsible
for developing range plans in the project area.

7.4 Social Impacts

Primary and secondary social impacts resulting from well opera-
tion include improved health, productivity, and qguality of life
to the users. These primary impacts are all seen as beneficial,
though difficult to measure. Water borne diseases are probably
the most prevalent diseases in Somalia and result in signifi-
cant loss of human production. Improved water gquality and
quantity can be expected to provide a significant improvement
in health benefits. This is especially true for pecoplie who
live within the near vicinity of the well. Others, who live
further from the well, can be expected to use less water which
will result in less benefits.

The potential secondary impacts of increased production (human
and livestock) in the vicinity of a well and the resultant
increase in stress on the area‘'s resources are potential concerns
during normal years. However, the impact during abnormally bad



years, when prolonged drought, crop failure or pump failure
occur, can be a major problem. It is statistically certain that
such events will coccur and contingency plans need to be in

pilace to help alleviate tha problems. A well-conceived monitor-
ing program will provide baseline data and early indicators of
human and livestcck problems arocund a well and of environmental
stress that may resuilt.

Table 7.1 provides a listing of the "Potential Environmental
Impacts of Wells”. 1In summary, the major potemtial impacts of
well construction that must be of concern to the environment
are those of defoliation, surface erosion, and unsupportable
population growth around wells. No other potential impacts
appear to create significant regional risks.

. |
o b

/i



sa1o>usie
YT]{RWOS JO JUIWUIIAO0H I9YJ0
YITA 8320338 JO UOTIBRUTPIOCOD O
g119Aa (1w
o asn pue s38eyroj 3o Buraocjjuouw o
STT79M RO0189ATT TT®
103 sauoz Sugrzead jo ZFuraojzruouw o
jupuaBenew *Bujuuerd *yd>agvssa o : 89} A0UTR ueriexadp 124 punoae
uofsoly 92wJING
pue uoyleIrOIoq o

801318119300V YD
o73foads~a37s uo juspusdsp o aTqTE804g ON uorreaadp 22uVpISEqNG pPUBT] -
8071316718338 RYD
273ioeds~a31s uwo juapusdap o 2118804 oN nworaieasdo uotrilsydoq a93inby -
sanso7o 1® Buyjiese pue JuITITI © atqrssod 9i1qiEsed juawaiyioy
)JURULIUERE pue nopleasdo izadoad o

gT2T19231BW uUOT3d2an3suod 1adoad o SuIxIR
gonbyuydsay vorzanijeuos xadoad o 81qIs80( A0BTH votairvaadg 20aN0g 123®M Aq
- oN oN UOT3ID2NA38U0D uely

-guiueIuo) asjjnby -
mou poagsaappe Ajejenbape oN oN UOTI9NIIRUO0Y TTem ul TeYaAd3I8K 3JO
uoflieeul Aq uoyl

-guiweiuo) aajinby
mou possaxppe A7a3enbape oN ON UuorTI1oNIIsSU0H TIen woal
Tela23en 3Jo jesod

«-8T(@ pue [rAOWDY A
. sjovay

ou passaippe Afeienbape ON oy UOTIoN138uod 868220y 03 a8vweqg A

5QCTIDY PAPUIWMODIY] TE201 Tsuojday J¥e3s paaopIsuo)d 3oedumy

8N8FY JIUBDTIIUBTS 119M-19318Y

BTTI9N 409D 3O B8310BduUy [@JuUsWUOITAUZ TBFIURIOL [ [ o[qe]



saTouady

PETYHOS JO JUANUIDA0D 13430
374 8310332 JO UOTIBUTPICOD ©

1124 punoie

wyndod pue A3yowded Buykazed jo

pioijuowm pur Huyuuwid ‘ydxeesar © B2} A0UTH uoyiwaadp A3131oeded Burdaaeod
wisj=-3uoy puclaq

sasvaadu] uojzeindog

poidadua
asodand yoaessaa aoj Buyaojjuouw o & 3uau
AIe8E802U UOTIVE OU O -aaoaduy oy uotjeasdp 2317 3O
£arrend s,198e1T1TA
£3TAT3
-dnpoad € ,198e11TA
UITBOH §,308BTTTA
BU0T10Y pPRpUIWUOIIY 1eo07 feuoy3ay . 33eas peiepyeuony i1ovduy

8N6FY JUBOFIFUBTS 119M~-a83eH

(ponuFIuo)) S119M 409D JO 830VIE] [BIUBWUOITAUZ TPTIVRIOL 317 [ dq¥L




8.

RECOMMENDATIONS AND CONCLUSIONS

g



8. RECOMMENDATION AND CONCLUSIONS

The CGDP has completed three years of work during which time
significant progress has been made in all areas of activity.
Because of the long time required to procure and ship com-
modities to Somalia, the CGDP has only been fully operational,
with required eguipment and materials, since early 1984. During
that time progress has been significantly enhanced. Many pre-
viously drilled wells have become operational by installing
pumps, drilling has continued in both the Bay- Region and
Central Rangelands, and data collection and training has also
been continued. However, in order for the WDA and MMWR to
achieve a status of high operational efficiency in the instal-
lation, operation, and maintenance ot rural water systems, much
remains to be done. The following brief comments are to serve
as points of reference from which, it is propeosed, the WDA and
MMWR will continue to progress in the future.

1. Within the Bay Region, the Limestone Plateau contains
moderate gquantities of groundwater in the Baidoa for-
mation. Wells in this zone are deep, averaging about
120 meters.

2. Quantities of water in the Limestone Plateau will be
sufficient for village and stockwater needs only. A
few of the wells could possibly support irrigation for
small plots, but this would be unusual.

3. Other areas of the Bay Regicn are underlain by a
Basement Complex and further drilling is not likely to
produce wells of sutficient guantity or quality.

4. Wwater quality is a limiting factor in certain areas ot
Somalia. High salinity values are found primarily
with chlorides and sulfates as the major constituents.

S. prilling in the Central Rangelands has been difficult
geologically, logistically, and from the point of view
of security. These problems, plus the vastness of the
areas, allow only preliminary observations. Ground-
water development, at this time, can only be analyzed
on a site-by-site basis.

6. Significant improvement by many WDA and MMWR staff in
technical capabilities has been observed. More
intense training is required for hydrogeoclogists and
mechanics in particular.

7. Greater progress would be possible for counterpart
staff if they were satisfied with their salaries and
per diem, Significant time is lost in discussing job
requirements in relation to remuneration. It is noted
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11.

that this is not uniguely & problem oi the WDA but
oxists zlsewhere within goverament organizations.
Phis point underlines a proposed USAID study of the
civil service system.

Logistics and planning are coasidercad waak points
within the WDZ and emphasis will be placed oa
strengthening the proposed Planning Departmeat within
the WDA during the Project Extension.

The Planning Department is expected to develop 2 moni-
toring and evaluation capability which is important to
assure long-term success of the wells. Continued use
of the TVAPP or modifications thereof is recommended.

A functioning Operation and Maintenance Unit should be
emphasized during the Extension Phase again to assure
long-term operational capabilities of the wells.

The continued assistance of the two LBI/RM mechanics
is vitally important to assure the mechanical con-
dition of equipment and to continue training of
counterpart staff. The newly created garage at the
WDA has been successful in maintaining the existing
vehicles and keeping down time to a minimum.
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