
water currently consumed by type of use (e.g., urban households,
 
livestock, irrigated agriculture, industry), and by type of supply
 
structure (e.g., drilled wells, hand-dug wells). Also, it
 
projected growth in total consumption needs from demographic

trends, and assumed modest increases in standards of consumption.
 
For Level II - Drilling and Construction of New Water Supply

Structures, it projected the numbers of New Water Supply

Structures which would need to be constructed or rehabilitated
 
each year to 1990 in order 1) to replace failing facilities, and
 
2) to keep pace with growth in overall consumption needs. For
 
Level III - Water Industry Inputs, it estimated the input

requirements for activities at Levels I and II.
 

On the basis of WISyMS' analysis, it was determined that
 
water cgnsumption in Somalia in 1984 was about 1.2 billion cubic
 
meters. Of this total, about 4% was supplied by drilled wells;

2% by hand dug wells; 2% by uars (earth reservoirs); 2% by ballehs
 
(pond catchments); 7% by dams; less than 1% by burkeds (masonry

cistern catchments); and over 80% by intakes from rivers (see
 
Exhibit 3-B).
 

Of the 1.2 billion cubic meters of water provided through

the use of supply structures, agricultural crops accounted for
 
over 92% of this total; livestock consumption accounted for about
 
5%; human consumption accounted for less than 2%; and government

institutions and industry accounted for less 
than 1% (see Exhibit
 
3-C).
 

Of the 47 million cubic meters of water provided by drilled
 
wells, approximately 58% was consumed by agricultural crops, 16%
 
was consumed by government institutions and industry, 14% by

humans, and 12% by livestock (see Exhibit 3-D).
 

There was a stock of approximately 600 operational drilled
 
wells in the country as of end-year 1984. Construction of
 
functioning drilled wells ("production wells") in the country has
 
been about 100 per year for the past three years, of which about
 
28% were produced under government force account, 32% by the local
 
private sector (mostly irrigation wells), and 40% by foreign
 
firms.
 

As of end-year 1984, there were approximately 17,000 hand
 
dug wells, 18,000 uars, 12,000 ballehs, at least 10,000 burkeds,

perhaps 5,000 intake structures from rivers, and 5,000 dams and
 
earth diversions in this country.
 

I The estimate of 1.2 billion cubic meters represents only water
 
provided through the use of man-made supply structures (such as
 
wells, reservoirs, cisterns and intakes from rivers). The
 
amount of water consumed directly from nature is about two and
 
a half times the amount consumed through such man-made supply
 
structures in Somalia.
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EXHIBIT 3-B
 

1984 DISTRIBUTION OF WATER FROM SUPPLY STRUCTURES
 

BY TYPE OF STRUCTURE
 

TOTAL 1,211,562 (in Thousands of Cubic Meters)
 

HAND DUG WELLS UARS/RESERVOIRS BURKEDS/CISTERNS
 

DRILLED WELLS INTAKES FROM RIVERS/STREAS/SPRINGS BALLEHS DAMS/DIVERSIONS
 

............................. .... ...
 

46,958 26,523 999,820 24,754 5,343 82,504
 

25,659
 



EXHIBIT 3-C
 

1984 DISTRIBUTION OF WATER FROM 
SUPPLY STRUCTURES
 

BY TYPE OF CONSUMER
 

TOTAL 1,211,562 (in Thousands of Cubic Meters)
 

p... . 7,8HUMAN.................

5 0iIj;;i:i:Ii;;ii,;li.;:T 
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H ... .t[.it :. l.l:,:"
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GOVERNMENTI I 

8,550
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EXHIBIT 3-D
 

1984 DISTRIBUTION OF WATER FROM DRILLED WELLS
 

BY TYPE OF CONSUMER
 

TOTAL 46,958 (in Thousands of Cubic Meters)
 

AGRICULTURAL CROPS 27,302 
 100 %
 

rrigation Farms
 

5,417 28.3 	 40.4 30.6 0.7 % 

'ANfIL 

Camels Cattle 	Sheep Other
 
/goats
 

6,581 80.3 11.6 8.1 % 
 7,658 	 91.7 8.3 %
 

Urban Rural Nomadic SetedbGvernment 	 IvreSTRt Industry 
Settle 12. 058.0 16.0 %
TAL 0NSUMPrION EM 

DRILLED WELLS
 

46,958 Hnan Animal Agricultural crops (bvernment & Industry 

1984 



Maintenance work on water supply structures currently is
 
sub-optimal, such that the useful life of pumps for drilled wells,
 
for example, may be only three or four years. Improved
 
maintenance activity could increase useful life for these
 
facilities to about 10 years or more.
 

3.2.2 Projected Future Consumption
 

In a further refinement of WISyMS, LBII disaggregated the
 
entire section pertaining to drilled wells, and split that
 
category into four sub-categories:
 

1) urban wells (including municipal wells serving entire
 
cities and private wells primarily for individual
 
industrial/commercial or government facilities);
 

2) rural wells equipped with hand pumps;
 

3) rural wells equipped with diesel pumps; and
 

4) irrigation wells.
 

We then took into account the possibility of well rehabilitation
 
and pump replacement as an alternative in some cases to drilling
 
new wells. This involved no change in estimates of numbers of
 
currently operational wells but led to revisions in the projected
 
numbers of needed new wells.
 

The Consultants' WISyMS projections to 1990, based 
on
 
trends in population growth and urbanization, and allowing for
 
moderate increases in per capita water consumption and economic
 
activity, indicate a growth in water consumption to over 1.5
 
billion cubic meters. Of this total, about 5% may be provided by
 
drilled wells, 3.2% by hand-dug wells, 2% by uars, 2% by ballehs,

0.5% by burkeds, 8.2% by dams, and 79% by intakes from rivers 
(see

Exhibit 3-E).
 

The same projections indicate that of the 1.5 billion cubic
 
meters of water projected to be provided by water supply
 
structures in 1990, human consumption will account for about 2.5%;
 
livestock consumption, 5.6%; government and manufacturing, 0.6%;
 
and agricultural crops, 91.3%. (See Exhibit 3-F.)
 

The WISyMS analysis indicates a need for a stock of over
 
1,000 drilled wells by 1990. Excluding irrigation wells, there
 
will still be a need for a total stock of 819 wells to serve
 
human, livestock and industrial needs by 1990. If a program of
 
routine maintenance and timely pump replacement is in effect on
 
the stock of wells, these requirements could be met by an annual
 
drilling program of about 52 new wells in 1986 rising to 80 in
 
1990. This would provide for a total of 327 new wells over the
 
five year period 1986-1990 (see Exhibit 3-G), some of which can be
 
supplied by the rehabilitation of currently non-operational wells.
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EXHIBIT 3-E 

1990 DISTRIBUTION OF WATER CONSUMPTION FROM SUPPLY STRUCTURES
 

BY TYPE OF STRUCTURE
 

TOTAL 1,560,134 (in Thousands of Cubic Meters)
 

DRILLED HAND DUG 	 RALLPIIS 
WELLS WELLS INTAKES FROM RIVERS/STREAMS/SPRINGS 	 UARS/ BURKEDS/CTSTERNS


RESERVOIRS | DAMS/DIVERSIONS
 

*.......
 

77,916 49,162 
 1,235,807 
 31,438 1 7,568 128,789
 

29,453
 



EXHIBIT 3-F
 

1990 DISTRIBUTION OF WATER CONSUMPTION FROM SUPPLY STRUCTURES
 

BY TYPE OF CONSUMER
 

TOTAL 1,560,134 (in Thousands of Cubic Meters)
 

CSUMER VOLUME99in Thousands of) 

________~ VOUEcbic ~mnete~r 

~ ~ ~86,591111111 


AG ICULTJ.E ijIi$ ,424,9 89 

MDUSTRY'EmE AT/I 019,55 2 
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EXHIBIT 3-G
 

WATER INDUSTRY SYSTEMS MODEL FOR SOMALIA:
 
LEVEL II SUBMODEL, MIDDLE-LEVEL PROJECTIONS
 

Past Achievements and Projections of Requirements for Well Drilling and Pump Replacesent/Well Rehabilitation through 1990
 

UNITS/YEAR 1980 
 1981 
 1982 1983 1984 1985 L986 1987 1988 1989 1990
 

URBAN WELLS
 
Needed Total Stock 
 26 49 88 112 
 124 138 153 170 189 210 233
Needed Drilling 5 23 39 
 24 12 15
14 17 19 21 23
Needed Rehabilitation 3. 
 5 9 12 13 14 16 17 19 21 24
 

DIESEL PUMP RURAL BOREWELLS
 
Needed Total Stock 
 64 96 125 159 199 223 250 280 314 352 395
Needed Drilling 13 32 34
29 40 24 27 34
30 38 43

Needed Rehabilitation 
 7 10 13 16 20 23 
 25 28 32 36 40
 

HAND PUMP RURAL BORENELLS
 
Needed Total Stock 
 56 72 86 103 122 131 141 152 
 164 177 191

Needed Drilling 
 7 16 14 17 19 
 9 10 It 12 13 14

Needed Rehabilitation 6 
 8 9 11 13 14 15 16 17 18 20
 

ALL NON-IRRI6BATION WELLS
 
Needed Total Stock 146 217 299 374 
 445 492 602
544 667 739 819
Needed Drilling 25 71 82 75 71 47 52 58 65 72 8B
Needed Rehabilitation 16 23 39
31 46 
 51 56 61 68 75 84
 



In addition, to support increased water consumption from
 
all sources, annual construction for other types of structures
 
will have to rise to the following levels by 1990: hand-dug wells
 
- about 900, river intakes - almost 1,000, uars - 150, burkeds 
-

2,000, and dams - 30.
 

This construction program (along with maintenance and
 
operations) in turn implies a need for certain inputs which are

available or produced locally or have the potential to be produced

locally. In 1990, these quantities could be as high as:
 

cement - 56 thousand cubic meters,
 
stone - 85 thousand cubic meters,
 
gravel - 6 thousand cubic meters,
 
sand - 27 thousand cubic meters,
 
hand pumps - 300 units,
 
skilled labor - 682 thousand person-days,

unskilled labor - 389 thousand person-days,
 
fuel - 10.7 million liters,
 
drill/pump rigs - 8 thousand equipment-days.
 

In all, the Somalia water industry could represent an $80
 
million industry by 1990, (in 1985 dollars), of which almost $3
 
million would be paid to local labor directly, and an additival
 
$3.65 million might have the potential for local production.'
 
For further detail, refer to Appendix I - 4.
 

3.2.3 National Goals
 

The 1982-1986 Five Year Plan called for WDA to construct 50

drilled wells per year. In the 1984-1986 revision, this was
 
adjusted downward to 30 per year. Actual achievements from

1982-1984 were in the range of 10-15 production wells per year,

including wells drilled by WDA under contract to other government
 
agencies for special purposes.
 

The Ministry of Mineral and Water Resources (MMWR) has
 
produced "The Plan for the Drinking Water Supply and Sanitation
 
Decade" that includes ambitious goals for 1990: urban consumption

of 40-130 liters per capita per day (lcd) and rural consumption of
 
20-30 lcd. Using the WISyMS model and assumptions on demographic

trends, this implies a 30% per annum growth rate in human water
 
consumption from 1984, which would in turn imply 
a need for over
 
1,400 drilled wells by 1990, of which almost 1200 would be needed
 
even excluding irrigation wells. Even if a program of routine
 
maintenance and periodic pump replacement were in effect on the
 
entire existing stock of wells, these goals would require a

production program of a total of 673 non-irrigation wells between
 
1986-1990. (See Exhibit 3-H). For further detail, refer to
 
Appendix I - 5.
 

2/ This assumes the local market provides all needed stone,

gravel, sand and half the needed cement, pipes and fittings and
 
handpumps by 1990. 
Source: LBII's Revised WISyMS, Appendix I.
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EXHIBIT 3-H
 

WATER INDUSTRY SYSTEMS MODEL FOR SOMALIA:
 
LEVEL II SUBMODEL, NATIONAL GOALS PROJECTIONS
 

Past Achievements and Projections of Requirements for Nell Drilling and Pump Replacement/Well Rehabilitation through 1990
 

UNITS/YEAR 
 1980 1981 1982 1983 1984 
 1985 1986 1987 1988 
 1989 1990
 

URBAN NELLS
 
Needed Total Stock 
 26 49 88 112 124 153 189 234 
 289 358 448
Needed Drilling 
 5 23 39 24 12 29 
 36 45 55 69 
 90
Needed Rehabilitation 
 3 5 9 
 12 13 16 19 
 24 29 36 45
 

DIESEL PUMP RURAL BORENELLS
 
Needed Total Stock 
 64 96 125 159 199 233 273 320 375 439 
 516
Needed Drilling 13 32 
 29 34 40 
 34 40 47 55 
 64 77
Needed Rehabilitation 
 7 10 13 16 20 
 24 28 32 38 
 44 52
 

HAND PUMP RURAL BOREWELLS
 
Needed Total Stock 
 56 72 86 103 122 135 . 16&150 184 204 230
Needed Drilling 
 7 16 14 17 19 13 15 16 
 18 20 26
Needed Rehabilitation 
 6 8 9 11 13 14 15 
 17 19 21 23
 

ALL NON-IRRIGIGATIDN YELLS
 
Needed Total Stock 
 146 217 299 
 374 445 612
521 720 848 1001 1194
Needed Drilling 
 2 71 82 75 
 71 76 91 1D8 128 153 193
Needed Rehabilitation 
 16 23 31 39 54
46 62 
 73 86 101 120
 



3.2.4 Minimum Needs
 

In addition, the Consultants have used WISyMS to project

"minimum needs" for Somalia to 1990. 
 This minimum needs
 
projection was based on growth trends for human and livestock
 
population, and allowed for no increase in currently prevailing

consumption standards (in terms of per capita water consumption).

This projection establishes a minimum need for a total stock of
 
598 non-irrigation wells by 1990. If and only if a program of
 
routine maintenance and timely pump replacement is in effect on

the entire existing stock of wells, these minimum water consump
tion needs could be met by a construction program of 132 wells
 
over the period 1986-1990, (see Exhibit 3-I). Any shortfall from
 
this combined maintenance, rehabilitation, and construction
 
program would imply an absolute reduction in currently prevailing
 
consumption standards, measured in terms of per capita groundwater
 
consumption volumes.
 

Exhibit 3-J displays the three alternative projections of
 
annual needed well drilling (for non-irrigation wells) based on,

respectively:
 

1) the Consultants' middle projections, (allowing for
 
modest increases in per capita water consumption),
 

2) Somalia's national goals for the decade (involving more
 
ambitious goals for per capita water consumption), and
 

3) the Consultants' projection of minimum needs (allowing
 
for no increase in consumption standards).
 

Actual well-drilling achievements from 1981 through 1984
 
are presented for comparison.
 

3.3. SOMALIA'S WATER INDUSTRY 
- SUPPLY SIDE ANALYSIS
 

3.3.1 Maintenance Capabilities
 

Somalia's groundwater development needs include a
 
combination of new drilling and construction, and a program of
 
maintenance and repair on existing structures. There is currently
 
no functioning program of maintenance for WDA's wells whatsoever,
 
although some maintenance activities are being performed on an ad
 
hoc basis, particularly under foreign aid drilling projects. It
 
is for this reason that the Consultants have focused first on a
 
program of contract well/pump maintenance.
 

As of the end of 1984, WDA was operating 359 borewells in 
rural areas, and had an additional 130 wells which were n3p
operating due to a lack of operating pump/generator sets. / Some 
of these wells were newly drilled, and had yet to receive a 
pumping unit. However, for the rest, had there been a program of
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EXHIBIT 3-I
 

WATER INDUSTRY SYSTEMS MODEL FOR SOMALIA:
 
LEVEL II 
SUBMODEL, MINIMUM NEEDS PROJECTIONS
 

Past Achievesents and Projections of Requireeents for Well Drilling and Puap ReplaceeentIWell Rehabilitation through 1990
 

UNITS/YEAR 1980 1981 1982 1983 
 1984 1985 198b 1987 1988 1989 1990
 

URBAN WELLS
 
Needed Total Stock 
 26 
 49 88 112 124 128 
 133 138 143 148 156
 
Needed Drilling 5 23 
 39 24 12 4 5 5 
 5 5 8

Needed Rehabilitation 
 3 5 9 12 
 13 13 14 14 15 15 16
 

DIESEL PUMP RURAL BOREWELLS
 
Needed Total Stock 
 64 96 125 159 199 213 228 244 261 279 299
Needed Drilling 13 32 29 40
34 14 
 15 16 17 18 20
 
Needed Rehabilitation 7 10 
 13 16 20 22 23 25 27 28 30
 

HAND PUMP RURAL BOREWELLS
 
Needed Total Stock 
 56 72 86 103 122 125 128 131 137
134 143
 
Needed Drilling 7 
 16 14 17 19 3 3 3 3 3 6
 
Needed Rehabilitation 6 
 8 9 11 13 13 13 14 14 14 15
 

ALL NON-IRRIBIGATION WELLS
 
Needed Total Stock 146 217 374
299 .445 
 466 489 513 538 564 598

Needed Drilling 25 71 
 82 75 71 21 23 24 25 26 34
Needed Rehabilitation 16 23 39
31 46 
 48 50 53 56 57 61
 



EXHIBIT 3-J 

DEMAND SIDE PROJECTIONS OF NEEDED WELL DRILLING THROUGH 1990 
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pump maintenance in place over the past several years, the
 
Consultants estimate that approximately 70% of those wells would
 
be in operation now.
 

In other words, there may be up to 90 wells in the country

currently out of operation due to the lack of a program of routine
 
maintenance and repair. In some cases, these wells are 
left in
 
disuse for long periods of time. This represents an utter waste
 
of what is usually a $50,000 to $70,000 investment. It forces the
 
local community to resort to less reliable and sanitary surface
 
water sources, or 
to undergo frequent long journeys to fetch safe
 
water supplies from distant sources, or to uproot and move to
 
communities that have functioning borewells.
 

In other cases, the whole pump and/or generator eventually
 
may be replaced, at a cost of $20,000 or more for 
the new equip
ment alone (to which the costs of labor and transport would have
 
to be added), when a simple repair could be made for 
a small
 
fraction of the replacement cost.
 

More importantly, once in place, a program of routine pump
 
monitoring and maintenance can often more than double the
 
effective life-span of a pump/generator set. While unmaintained
 
equipment may have a lif3span of as little 
as three or four years,
 
a properly maintained pump should be able to 
last for ten years.
 
Appendices A-1.3 and A-2.2 include preliminary estimates of the
 
savings to the Somali economy of an effective program of routine
 
pump maintenance and repair.
 

3.3.2 Drilling Capabilities
 

Somalia had a stock of approximately 600 operational

drilled wells as of end-year 1984, of which about 445 
were non
irrigation wells, with 159 operated by WDA. Construction of
 
functioning drilled wells ("production wells") in the country

averaged about 100 per year from 1981 through 1984, of which about
 
75, on average, were new non-irrigation wells. In the construc
tion of non-irrigation wells, government production accounted 
for
 
an average of 20 wells per year (including WDA, the Urban Water
 
Agencies, and the Ministry of Defense) or about 27% of the total;
 
production by foreign firms accounted for an 
average of 41 wells
 
per year or about 54% of the total; and production by local
 
private firms accounted for an average of 14 wells per year or
 
about 19% of the total.
 

Simple linear correlation estimates of the data from 1981
 
through 1984 show that the trend in non-irrigation drilling

activity has been only slightly positive and quite erratic. If
 

3/ 	 Ministry of National Planning, "Performance of the Somali
 
Economy in 1984", Mogadishu, June 1985.
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construction of production wells between 1986 and 1990 could
 
continue the trend established from 1981 to 1984, it might climb
 
from about 95 in 1986 to 115 in 1990, for a total of about 525
 
over the five year period. This achievement, however, would
 
require a sustained increase in foreign drilling, while current
 
donor plans indicate a decline in their drilling assistance. (See
 
exhibit 3-K.)
 

At this point in time, it appears that foreign drilling
 
activity can only be expected to fall from the drilling levels
 
attained over the past four years for the following reasons:
 

1. Of a total of 269 foreign-aid funded non-irrigation wells
 
drilled or planned for 1981-1987, about 16% of those
 
wells were drilled under the auspices of refugee relief and
 
resettlement efforts, which are largely completed.
 

2. Almost 10% were undertaken by German aid for a number of
 
medium sized towns. Two phases of that program have been
 
completed, anu funding for the third has not yet been
 
allocated as of this writing. There are no immediate plans
 
to fund the third phase, and it is possible that the
 
program will end as it stands now.
 

3. 	Almost 20% have been or will be undertaken by USAID's CGDP,
 
which is scheduled for completion in the middle of 1986,
 
with no further extention in sight.
 

4. 	About 15%, being funded by the Saudi's for rural water
 
development, are scheduled for completion this year, and as
 
of this writing, there were no plans for an extension.
 

Thus, unless and until foreign donors decide to fund more
 
well drilling in the future, WDA must assume that foreign funded
 
drilling will fall off to less than half the average achieved
 
during the previous five years. (See Appendix C-3.2)
 

In addition, foreign drilling over the period 1981-1985 has
 
shown itself to be highly erratic, with an upward trend of about
 
1.7 additional wells per year from 1981-1985 but very large
 
variability (see Exhibit 3-L).
 

Meanwhile, the total number of wells produced under local
 
efforts (i.e., by the Somali public and private sectors but
 
excluding foreign firms) would more likely range from about 45 
in
 
1986 to 58 in 1990, for a total of 260 over the five year period.
 

Government drilling has also been rather uneven. 
Although
 
averaging 20 wells per year, with moderate variability, thc:
 
overall trend has been slightly (but insignificantly) negative
 
(see Exhibit 3-M). Local private drilling, growing from a very

small base, has exhibited an upward trend of about 3.6 additional
 
wells per year, with very low variability (see Exhibit 3-N).
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EXHIBIT 3-K
 

PAST ACTUAL AND PROJECTED/PLANNED WELL DRILLING THROUGH 1990
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EXHIBIT 3-L 

TRENDS AND VARIABILITY IN DRILLING - FOREIGN DRILLING
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EXHIBIT 3-M
 

TRENDS AND VARIABILITY IN DRILLING 
- GOVERNMENT DRILLING 
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EXHIBIT 3-N
 

TRENDS AND VARIABILITY IN DRILLING -
 LOCAL PRIVATE DRILLING
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A comparison of the supply-side projections of local
 
drilling activity with the demand-side projection of the drilling

needed 	to support forecasted consumption needs through 1990 (the

Consultants' middle level projections) reveals a significant

shortfall (see Exhibit 3-0). This comparison shows that under
 
current policies and conditions, Somalia is not self-sufficient in
 
water resource development, and could not significantly increase
 
the water consumption standards of its population without either
 
foreign assistance or a significant diversion of resources from
 
other important activities to the water industry. In particular,

the lack of a program of maintenance and repair, combined with
 
unbalanced geographical patterns of local drilling activity,

indicate that a fall-off in foreign assisted drilling may actually

lead to an absolute decline in water consumption standards in many

rural areas. (For more details as to the supply side of the
 
Somali 	Water Development Industry, see Appendix C.)
 

Exhibit 3-P illustrates how the Consultants' recommended
 
program (Phase One and Phase Two) compares with the demand side
 
middle level projections of need. The recommended program will
 
allow for modest but significant increases in per capita consump
tion of water from drilled wells of about 13% per capita per

year), although falling short of the National Goals embodied in
 
the Plan for the Drinking Water Supply and Sanitation Decade.
 
(Somalia could conceivably meet its full goals, although it would
 
probably require a considerable increase in donor assistance
 
and/or 	rapid and substantial diversion of financial, material, and
 
human resources from other national endeavors).
 

Exhibit 3-Q illustrates the breakdown of drilling and
 
rehabilitation activity by source and by year through 1990 with
 
the recommended program, and shows past performance for sake of
 
comparison. Government drilling stays at approximately the same
 
level as has been achieved in the past; foreign drilling is
 
increasingly taken over by local private contractors, and the
 
rehabilitation program considerably boosts output during the
 
transition. For further detail, refer to Appendix 1-5.5.
 

3.4 	 CURRENTLY EXISTING CONSTRAINTS TO THE EXPANSION OF SOMALI
 
WATER RESOURCE DEVELOPMENT
 

Expansion of the supply of safe, reliable water facilities
 
for Somalia depends crucially on the ability of the country to tap

its groundwater resources. This in turn requires the appropriate

human resources, materials, and equipment; and financial
 
resources, organizational abilities, and a set of policies and
 
incentives conducive to encouraging efforts in this industry.

Somalia faces constraints in most of these areas, each of which is
 
discussed below, first in a summary of the current situation at
 
each level of the industry, and then in a more detailed
 
presentation by type of constraint.
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EXHIBIT 3-0
 

DEMAND SIDE VS SUPPLY SIDE PROJECTIONS OF DRILLING -
 PAST ACTUAL
 
TOTAL DRILLING AND PROJECTED LOCAL DRILLING
 

COMPARED TO PROJECTED NEEDED DRILLING
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EXHIBIT 3-P
 

DEMAND SIDE VS SUPPLY SIDE PROJECTIONS OF STOCK OF WELLS - PAST ACTUALTOTAL, PROJECTED NEED AND ACHIEVEMENTS WITH CONSULTANT'S RECOMMENDED PROGRAM 
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EXHIBIT 3-Q 

PAST ACHIEVEMENTS AND RECOMMENDED PROGRAM 
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3.4.1. Summary of Constraints by Industry Level
 

In Somalia, Level I (water supply) is heavily dominated by
 
the public sector, at least as far as groundwater is concerned.
 
Private ownership of groundwater supply to serve the public is 
not
 
recognized by the State, and water sales are subject to official
 
price control. This situation has discouraged investment in
 
groundwater resources. The current national price of water is set
 
at 18 So.Sh. per cubic meter throughout the country, although dry
 
season water prices are known to climb (unofficially) to 20 times
 
that amount.
 

Level II activities (well drilling and construction of
 
water supply facilities) in groundwater are under State control.
 
Private drillers must be licensed by WDA and receive permission
 
for each well drilled. Most drilling activities for public water
 
supplies are carried out under foreign aid funding and work is
 
often done by foreign firms.
 

Level III activities (production/provision of manufactured
 
and raw material inputs) are carried out by a variety of public
 
and private entities in Somalia:
 

" 	 Locally available materials (gravel, sand, stone, and
 
some 
PVC pipe, covers, and small tanks) are available
 
from both the public and private sectors;
 

" 	 Imported materials (drilling fluid, well casing and
 
screen, diesel pumps, and fuel) are procured primarily by
 
WDA or foreign donors; and
 

* 	 Other materials are currently imported, but have the
 
potential for local manufacture in the foreseeable future
 
(cement, handpumps, rebars, steel pipe, and
 
spun-reinforced concrete pipe).
 

3.4.2 Equipment
 

There are at least 35 drilling rigs (and probably more) in
 
Somalia judged by the Consultants to be in operation or capable of
 
operation. Of these, 14 belong to the public sector (WDA,
 
Mogadishu Water Agency, and Ministry of Defense), 13 belong to the
 
local private sector (including Somalfruit, a mixed-ownership
 
company) and 8 are being used by expatriate firms primarily on
 
foreign aid projects.
 

Some of these rigs are in need of major repairs. If all
 
rigs were operational, and assuming each rig could drill eight
 
production wells per year (and four non-production wells), Somalia
 
could sustain a production rate of at least 280 wells per year 
almost three times the current rate.
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Much of the drilling and construction equipment is old,
 
however, and even assuming adequate maintenance and repairs are
 
performed, will need to be replaced eventually with new equipment.
 

3.4.3 	Materials and Supplies for WDA Drilling and Civil Works
 
Construction
 

In the past, WDA has undertaken to procure needed imports

of drilling materials (drilling fluid, well casing and screen,
 
etc.) for public sector wells (except foreign aid projects) and,

if sufficient funds are available, for sale to the private sector.
 
For internal budget calculations, for transfers to other public

agencies and sales to the private sector, WDA estimates materials
 
costs at CIF Mogadishu (at the official exchange rate) plus 45% 
to
 
cover local transportation, storage, administration, and handling.
 

For the past year, however, WDA has been short of funds,
 
and has been unable fully to meet public sector needs for well
 
materials, much less maintain an inventory surplus for sales to
 
the private sector. In addition, a lack of control over distribu
tion of materials may have contributed to WDA's inability to
 
complete fully its drilling responsibilities under the National
 
Plans.
 

The shortage of materials is due primarily to the shortage

of foreign exchange with which to purchase them. With respect to
 
the public sector, WDA itself is constrained in its foreign
 
currency purchases by the Central Bank and Ministry of Finance.
 
Since budget estimates for approved public sector programs are
 
calculated one to six years in advance of actual implementation,

changes in costs due to inflation/devaluations are often not
 
anticipated and are not corrected until the Ministries of Planning

and Finance make an official revision.
 

With respect to the larger institutional setting, private

sector alternatives for procurement of materials have so far
 
failed to materialize for the following set of reasons:
 

A. There is a disincentive to potential private sector
 
investment in inventories oL water resource materials due
 
to WDA's involvement in the market because:
 

e 	WDA has an exchange rate advantage over potential
 
private sector importers;
 

e WDA 	mark-ups may not be adequate to cover all the
 
costs involved in importing and maintaining an
 
inventory that would be faced by a private sector
 
firm; and
 

e 	a lack of effective control within WDA over public
 
sector inventory may represent an unacceptable risk to
 
private sector investment.
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B. 	There are economies of scale in maintaining an inventory
 
of relatively expensive, imported, specialized materials;
 
with one large competitor (WDA) already established in
 
the market.
 

C. 	Future exchange rate, import licensing, and tariff
 
policies are uncertain.
 

D. 	There exist other possible sources of market failure
 
facing potential private sector investors.
 

3.4.4 
 Summary Analysis of the Private Sector in Somalia's Water
 
Industry
 

Private sector enterprise structure in the water industry
 
falls into three basic patterns:
 

" 	Small, family run Somali firms capable of doing one or two
 
types of work, and working on one or two projects at one
 
time;
 

* 
Medium size Somali firms capable of handling a variety of
 
types of work and having sufficient personnel, equipment,

and managerial capacity to undertake a number of different
 
projects at one time; though constrained somewhat by lack
 
of finance, foreign exchange, and technical expertise; and
 

" 	Subsidiaries or affiliates of large expatriate firms
 
engaged in large scale development projects with foreign
 
aid funds.
 

From 1982 to 1984, the private sector has accounted for
 
almost 30% of all the wells drilled in Somalia. Private sector
 
firms have been involved, in particular, in well drilling for
 
irrigated agriculture, livestock, and industry; primarily in the
 
coastal plains and river valleys. Some of the larger domestic
 
firms have done work for foreign aid projects, and at least two
 
wells have been contracted out by WDA to smaller private firms.
 
In addition, under the CGDP, four rural wells may be contracted
 
out to private drillers this year.
 

The Consultants' overall analysis indicates that the local
 
private sector firms have the technical and administrative
 
capacity to expand immediately their role in providing water
 
development services to the market - both to public and private

customers. For a more detailed analysis of the p-' 'ate sector
 
firms operating in the Somali water industry, pl, refer to
 
Appendix D.
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3.4.5 Administrative Constraints in the Water Industry
 

WDA drilling contracts to the private sector have been
 
limited for two reasons:
 

" 	 First, WDA only opts for contracting to the Somali
 
private sector when: (a) it is overburdened with
 
commitments relative to its equipment availability and
 
(b) it has the funds to pay for private sector contracts
 
and (c) it has the necessary materials for the well;
 

* 
 Second, WDA bases its per-meter well cost estimates (and

therefore the price it is willing to pay for contract
 
well drilling services) on historical average nationwide
 
costs, regardless of the geological formation through

which drilling takes place or other logistical

difficulties involved. Thus, the private sector has only

been interested in contracts for wells where costs are
 
substantially below average.
 

WDA contracts to private individuals for operation of
 
public fountains are used on a few of WDA's wells. 
Generally

speaking, however, WDA's limited contract administration
 
capabilities have stifled the expansion of this option.
 

3.4.6 Financial Constraints
 

A shortage of investment funds has plagued the industry for
 
many years. There are currently two banks in Somalia available to
 
serve 
the private sector, and both are government owned and
 
controlled. Officials at both institutions agree that there is a
 
shortage of investment funds at the prevailinq interest rates
 
(14 - 17% fixed annual). They are obliged to ration loans on the
 
basis of priorities (currently agriculture) established by the
 
central Government and by foreign donors who support the
 
institutions financially.
 

In addition, local bank officials indicate that they would
 
be unwilling to lend to a private firm in this high-risk industry

without guarantees of long term contracts to provide sufficient
 
revenues to ensure repayment of the loan. This consideration
 
apparently is not offset by the standard requirement for
 
collateral of a value substantially in excess of the value of the
 
loan.
 

3.4.7 Regulatory Constraints
 

Perhaps most important, the private sector is constrained
 
by the lack of a free market. The public sector regulates and
 
dominates all levels of the industry at the moment:
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* 	 At Level I (water supply), the lack of recognition and
 
protection of property rights in groundwater resources,
 
coupled with legal price controls on the sale of water,
 
have discouraged private sector investment in water
 
supply. This has in turn had a dampening effect on
 
industries relying on adequate water supplies, such as
 
the livestock industry.
 

0 At Level II (well drilling and construction of water
 
supply facilities), the requirement that the private
 
sector must obtain permission from the State for each
 
well drilled discourages long term financing of private
 
sector drilling firms.
 

* 	 At Level III (inputs of the water industry), WDA has long
 
controlled the supply of the most important material
 
inputs to the industry; while pervasive government

control (through parastatals) of most industrial activity
 
has slowed the potential development of local supplies of
 
such materials as cement, pipe and handpumps.
 

A more in-depth analysis of the private sector in Somalia's
 
water industry is contained in Appendix D-2. Profiles of
 
individual firms are contained in Appendix D-4.
 

3.4.8 Foreign Exchange Markets for the Private Sector
 

Prior to 1985, USAID's Commodity Import Program (CIP) made
 
hard currency available to private Somali businessmen for approved

business investments, at the official exchange rate. Since the
 
price of foreign currency at the official exchange rate 
was
 
substantially lower than its shadow price, government agencies and
 
individuals with access to foreign currency at 
the 	official
 
exchange rate enjoyed a large subsidy. Thus, the CIP helped local
 
businessmen compete with the public sector, and was 
for many the
 
only legitimate source of foreign exchange in a country where
 
supplies were short.
 

On January 1, 1985, Somalia devalued and moved to a dual
 
exchange rate. The "official rate" went from 26 So.Sh. to the US
 
dollar to 36; and a "market rate" was created which was set at 75
 
So.Sh. to the dollar. The official exchange rate was to rise at
 
the rate of about half a shilling per dollar per month and the
 
market rate, which was intended to float, rose slowly to just over
 
80 So.Sh. per dollar and stayed at that level. The latter is the
 
exchange rate used at the local banks for changing dollars into
 
shillings and for many quasi-official transactions, but it has
 
been extremely difficult for private individuals to buy hard
 
currency at that rate.
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Since January 1, 1985, USAID policy with respect to CIP has
 
been to price its foreign exchange for the private sector at the
 
newly legalized "market exchange rate." 
 For several months, there
 
were no disbursements from the CIP: 
the Somali businessmen
 
maintained that the market rate 
was "too expensive," and that if
 
they wanted foreign exchange at that price, they could obtain it
 
elsewhere more quickly and with fewer restrictions than were
 
attached to CIP funds. Gradually, however, a third rate, known 
as
 
the "auction rate," was allowed 
to develop between foreign

exchange earners and potential importers, which rose to over 100
 
So.Sh. per dollar by the latter half of 1985.
 

Although the Commercial and Savings Bank can sometimes help

bring buyers and sellers together, in most cases these
 
arrangements are made 
informally within established
 
extended-family or regional networks. 
 In practice the flow of
 
information within the auction market 
is sub-optimal, and it is
 
particularly difficult for new entrepreneurs to break into old
 
networks. The CIP, which uses 
the cheaper market rate, began to
 
look more attractive to many businessmen than the alternatives.
 
Over the summer and fall of 1985, 
imports through the CIP resumed,

including two packages for drill rigs and 
related equipment,
 
spares and tools, for two separate investors interested in
 
drilling operations in northern Somalia.
 

The CIP must be considered an important avenue of
 
assistance to private firms 
in the water industry. However,

certain shortcomings must be noted. 
 First, purchases are
 
generally restricted to US products, whereas there is 
already a
 
need for spare parts for equipment from a variety of other
 
countries. Second, at 
the moment at least, local businessmen must
 
usually obtain local currency financing from the Somali

Development Bank, where loan funds are 
short and priorities are
 
often skewed toward direct assistance to the agricultural
 
industries.
 

3.4.9 
Market Constraints and the Privatization Issue
 

The issue of privatization in Somalia's water industry has
 
recently become current among much of the donor community. USAID,

GTZ, the World Bank and several consulting firms involved in
 
projects, have recommended, in general terms, the privatization of
 
many of WDA's functions, including well operations, maintenance,
 
drilling, and the construction of well head civil works.
 

The process of privatization has not until now been
 
described in specific terms, 
in all probability because the issue
 
is highly complex and would in practice require substantial donor
 
support to alter long-standing methods of operation.
 

3-31
 



3.4.9.1 Water Prices
 

The primary issue underlying all others in Somalia's water
 
industry is 
that of the price of water. Past Somali tradition
 
strongly supported property rights in water: every membership
 
group, along with its territory, had its water resources (which it
 
controlled to the point of refusing access to outsiders or
 
charging as stiff a fee as the buyer might be able to pay).

Following the revolution, all groundwater resources were
 
officially nationalized, and eventually a national water price was
 
established, which became the single legal ceiling price which
 
could be charged for water at any time and at any place.
 

Over the past several years, this national water price has
 
risen from 4 So.Sh. per cubic meter to 10, 13, and most recently

to 18 So.Sh. per cubic meter. This price reflected the average

direct cost of supplying water to urban systems, at official
 
prices. In a study conducted by the Consultants in the Bay Region

in late 1983-early 1984, figuring at the (then) official exchange

rate and official prices for fuel and wages, the price of 10
 
So.Sh. per cubic meter was found to cover 
the costs of operation

and maintenance of a well pumping an average of 70 cubic meters
 
per day, and to recover part (but not all) of the direct costs of
 
constructing the well. It did not begin to recover either the
 
indirect costs of constructing the well (WDA overhead, for
 
instance) or the capital cuts of the equipment purchased for well
 
drilling and construction. If the shadow prices of foreign

exchange, fuel, and labor were used in the calculations, it is
 
unlikely that 10 So.Sh. per cubic meter would be found to cover
 
the real costs even of the operation and maintenance of the rural
 
wells.
 

The difference between the costs of providing water in
 
rural Somalia and the price charged for that water is not
 
subsidized by the urban dwellers (who also probably pay less than
 
the full real cost of their water), nor by the State fully on its
 
own resources, but largely by the resources of the foreign donor
 
community. Over the past several years, more than half the
 
drilling for public water supplies in Somalia has been under the
 
auspices of foreign aid, and most of that work has been done by

foreign firms. 
 As well drilling projects have been completed,

project equipment has been turned over to the local water
 
agencies. Local currency project funds have supplemented the
 
salaries of many of the agencies' personnel. Consequently, the
 
unit costs of both drilled wells and of the water produced by them
 
has been figured by the Government as a small fraction of the
 
total real costs involved.
 

4/ "Economic Evaluation of the Comprehensive Groundwater
 
Development Project," LBII, April 1984.
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In addition, the fuel used to 
run the pumps of the drilled
 
wells in Somalia comes, (in irregular supply), nearly free from
 
Saudi Arabia or with subsidies from other foreign donors. While
 
this fuel has been available in inexpensive, but rationed supply
 
to some consumers, there are frequent shortages which often
 

-prevent the running of the water pumps on 
their full schedule.
 

The overall situation has greatly benefited a relatively
 
small number of people in Somalia: those who live in communities
 
that have received a drilled well, receive regular supplies of
 
fuel to run the pumps, and have their repair needs taken care of
 
on a timely basis. The Consultants estimate that almost 70% 
of
 
the water consumed for human use in urban areas (those served with
 
water distribution systems) comes from drilled wells; while at
 
most only about 10-15% of the water consumed by rural people comes
 
from drilled wells. The vast majority of rural people still must
 
resort 	to hand-dug wells and (in the rainy season only) 
a variety

of surface water resources for their water needs, which are much
 
less reliable and sanitary than water from drilled wells. 
Dry
 
season water prices in rural areas often climb many times higher
 
than the official national price of water.
 

This situation bespeaks a chronic and perhaps a progres
sively 	deteriorating underinvestment in groundwater resources in
 
Somalia. Nevertheless, a number of important donors seem
 
reluctant to continue their assistance to public sector water
 
development, citing their dissatisfaction with the past

performance of the public sector. In particular, they make
 
reference to shortcomings in the organizational efficiency, record
 
keeping, d revenue collection functions of public 
sector
 
agencies.
 

They have for this reason suggested the privatization of
 
key functions of the water industry now performed within the
 
public sector (local or foreign).
 

3.5 	 SUMMARY ASSESSMENT OF PRINCIPAL APPROACHES TO IMPROVING
 
WATER RESOURCE DEVELOPMENT CAPABILITIES
 

There are at least three alternative strategies for Somalia
 
to improve its own water resource development capabilities:
 

One would be to attempt to find foreign donors willing to
 
continue to fund direct public investment in water resource
 
development. This appears to be a high-risk strategy, judging

from the current atmosphere within the donor community.
 

5/ "Management Appraisal of the Somali Water Development Agency,"
 
Coopers and Lybrand Associates, Sept. 1980.
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A second alternative would be to rely entirely on domestic
 
resources, either within the public sector or 
the private sector.
 
If the public sector approach were chosen, the government would
 
need to devote vastly more of its resources to the water
 
development effort in order to 
increase the pace of expansion of
 
water supply. If the private sector approach were chosen, a rapid

deregulation of the industry (and related sectors of the economy)

would be necessary before market forces could direct substantial
 
private resources into the water industry. Either of these
 
accelerated self-reliance approaches would also appear to carry

high risks, as there are many other pressing complex and
 
inter-related problems facing the nation.
 

A third alternative would be to seek to sustain foreign
 
support for the water industry at levels similar to those
 
prevailing in the past, by emphasizing an increasing role for the
 
local private sector. This alternative has the advantage of
 
drawing local private sector resources into the effort. Given the
 
current atmosphere in the donor community in 
favor of private
 
sector involvement in many economic development efforts, this
 
approach should have the additional advantage of capturing donor
 
interest and support, and thus increasing the resources available
 
to devote to efforts in this field.
 

It is this third alternative that the Consultants judge to
 
have the highest probability of success, and 
have thus developed

into the full-scale program described in Section Two. 
This
 
approach would require, during an intermediate period, foreign
 
support 
to the public and private sector of approximately the same
 
level as that received by the public sector in the past, until the
 
currently prevailing subsidies to prices and production processes
 
can be p.iased out and the system becomes self supporting with all
 
prices covering all real costs involved.
 

The Consultants' recommended program would facilitate an
 
efficient division of labor between the public and the private

sectors. 
The program involves carefully targeted adjustments to
 
policies and incentives along with direct technical and financial
 
assistance to both the private sector (primarily to build up its
 
productive capacities) and the public sector (primarily to build
 
up its administrative capacities). In particular, the program is
 
designed to release constraints that currently apply to private

firms, to allow them more efficiently to utilize available
 
resources and participate in serving the Somali public.
 

3.5.1 Privatization in Drilling
 

Local private sector drillers will have two sources of
 
competition. One is WDA itself, which operates with the rigs

given to 
it by donors, and which costs its well drilling services
 
only in terms of marginal direct costs at official prices, leaving
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out both depreciation of its capital assets and its overhead
 
costs, and figuring only the subsidized price it pays for fuel.
 
The other source of competition is from foreign firms, who are

commonly allowed to write off all equipment costs to a particular

project, who have firm contracts for a substantial number of
 
wells, and who are skilled and experienced organizations both
 
technically and in a business sense.
 

If the local private sector is to become more involved in

drilling for public water supplies in 
the face of such competi
tion, the donors must agree on a program of assistance. This
 
program should include, first, some technical assistance for the
 
private firms; but equally important will be a program of
 
financial assistance and administrative support. The donors
 
could, for example, agree to exclude the WDA from consideration
 
for any contracts on foreign aid work so long as they fail 
to
 
price their services to cover 
the full costs of the operation,

including equipment depreciation, overhead, and the real cost of
 
the fuel and foreign exchange involved. The donors should also
 
agree to guarantee enough work for local firms 
so that they can
 
safely invest in necessary equipment and materials, and pay off
 
their investment on that work.
 

There already exist a number of small local drilling firms
 
in Somalia. 
These firms, however, have very old equipment, often

acquired as used equipment ten to twenty years ago. This equipment

is maintained with parts fabricated in local machine shops, and is

of limited use 
for drilling in many parts of Somalia. The prices

charged by these firms, like the prices charged by WDA, bear no

relation to the real current costs of investing in new and modern
 
equipment. Drilling in certain areas, in particular, practically

requires the use of relatively sophisticated and expensive rotary

drilling rigs. The prices which need to be charged by local
 
Somali firms for drilling services using these rigs cannot be much
 
less than those charged by the foreign firms operating in Somalia
 
in the recent past, because equipment costs in the form of

depreciation and/or amortization, constitute a very significant

proportion of total drilling costs.
 

3.5.2 Privatization in Maintenance
 

Similarly, related aspects of the water development

industry in Somalia, such as well/pump maintenance, will require

substantial (though less costly) donor commitment to the
 
privatization process. Pump maintenance is a necessary and highly

cost effective function which is currently neglected in Somalia.
 
While donors are willing to fund high-profile well drilling and
 
construction, they have failed to institute and enforce a program

of well maintenance to protect the investment. Pump failure in
 
rural areas, which often happens within three or four years of
 
installation due to lack of proper maintenance, generally leaves
 
an 
entire community or region without groundwater supplies. These
 
areas remain without groundwater unless and until the WDA or
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another donor comes in and drills a whole new well, or perhaps

replaces the entire pump and generator unit, at almost half the
 
entire cost of the original well.
 

Although 	a portion of the national water fees 
are
 
officially earmarked for "maintenance and repair," no routine
 
maintenance program is available. 
 Repair requirements happen

sporadically and unpredictably, and sufficient funds cannot be
 
counted upon to pay for repairs when they occur, especially when
 
general inflation in costs runs well ahead of 
the fee schedules
 
for water and the actual revenu , generated. Thus, maintonance
 
and repair costs, if they are to be covered, must usually be
 
subsidized by the State and/or the foreign donor community.

Subsidies are required until water prices rise to the point where
 
these functions can be covered by domestic revenues 
(along with
 
all the other real costs of water provision which need to be
 
covered by the same revenue source).
 

The Consultants therefore recommend that a program of
 
routinc pump maintenance and repair be made an integral part of a
 
coordinated donor-funded well drilling program. Regional pump

maintenance firms should be selected, fully equipped, and provided

with medium term contract guarantees sufficient to ensure that
 
their investment costs are covered. This is a substantial
 
commitment in monetary terms, but is far less expensive than the
 
alternative of periodic pump replacement or well replacement. The
 
cost of a program of pump maintenance and repair has been
 
estimated at a maximum of $1,200-2,400 per well, per year,

including periodic repairs; while the 
cost of a pump replacement,

which may be required after only three years, is in excess of
 
$20,000.
 

3.5.3 How the Consultants' Recommended Program Meets the Need
 

The expansion of the water resource development industry

has been shown to be limited by a complex web of material,

equipment, financial, foreign exchange, and 
- more importantly 
administrative, regulatory and market constraints. 
 The
 
Consultants' recommended program, as outlined in Section Two of
 
this report, addresses these constraints as follows:
 

3.5.3.1. 	Materials, Spare Parts, Financial and Foreign Exchange

Difficulties
 

The materials and equipment (more particularly, spare

parts) constraints are primarily the result of financial and
 
foreign exchange shortages. WDA itself faces a tight budget

constraint for both shillings and foeign exchange, while the
 
private sector's access to financing is hampered by an overall
 
shortage of loan funds and a set of priorities at the two Somali
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government banks which often relegates them to a low position on
 
the waiting list. 
 Its access to foreign exchange is limited to
 
two sources: the "auction market," which is expensive, not well
 
organized, and where information flows between potential buyers

and sellers is inadequate; and USAID's CIP, which is limited 
in
 
scope, governed by policy (as opposed to market) priorities, and
 
must restrict its resources primarily to purchases made in the
 
United States.
 

In its first phase, the Consultants' program would address
 
the foreign exchange problem directly through donor funding of the
 
project's prime contract. The contract would provide donor
 
funding for needed equipment and technical assistance. In the
 
second and third stages, the problem would be dealt with by the
 
establishment of PRlfund, which would be dedicated 
to the water
 
industry, involve the resources 
of a number of donors, assist in
 
arranging seed capital for new water industry firms and would
 
assure a minimum value of contracts between WDA and/or donors and
 
local private firms. These contracts will make it easier for the
 
private firms to obtain financing for their initial investments,
 
and facilitate the maintenance of adequate private inventories of
 
necessary materials and spare parts for contract maintenance,
 
operations, and drilling activities.
 

3.5.3.2. Administrative and Regulatory Constraints
 

The private sector has also been hampered by the lack of a
 
reliable market. Contracts between the public and private sectors
 
have been sporadic and few, with fixed prices that are often
 
inadequate to cover all relevant costs. 
 Private sector contracts
 
have been contingent on obtaining permission from WDA for each
 
well drilled. Foreign contracts have usually gone either to
 
foreign firms or to WDA itself, rather than to local private
 
firms.
 

The Consultants' program addresses these constraints by

building the WDA's ability 
to tender and administer contracts and
 
encourage competitive bidding; by releasing some inefficient or
 
unnecessary restrictions on private drilling; and by restricting

WDA's ability to compete with private firms for foreign 
contracts
 
by subsidizing its prices.
 

The program of assistance will both directly facilitate a
 
transition to a situation of local self-sufficiency in water
 
development and ensure that immediate and pressing water needs 
are
 
addressed during the transition process.
 

3.6 CONCLUSIONS
 

Over the long run, in order to become self-sufficient in
 
water production and to extend groundwater services to more of the
 
rural areas, the price of water should be allowed to rise to cover
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all relevent costs, including all overhead and capital recovery

costs. 
 If the Somali people wish to subsidize the price of their
 
water to the poor, then this should eventually be accomplished

with domestic revenues or cross-subsidies.
 

Private sector participation in the development of

Somalia's groundwater resources should prove an effective and
 
efficient complement to the State's exploratory, emergency,

regulatory, and supervisory role. 
 If the donor community wishes
 
to promote movement in 
the Somali water industry in the direction
 
of privatization, it should be prepared to devote substantial
 
resources 
to building up the capabilities of the local private
 
sector in the face of competition from both the local public
 
sector and from foreign firms.
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APPENDIX A
 

CONSULTANTS' RECOMMENDED PROGRAK. DETAILS OF
 
ESTIMATED FUNDING AND RESOURCE REQUIREMENTS
 

The Consultants' recommended Private Sector Water Resource
Development Program is described in general terms in Section Two
 
of the main body of the Final Report. This appendix explains the
 
details of the project requirements in terms of funding, services,

equipment, and materials. 
Exhibit A-i provides an overview of
 
project activities including numbers of wells affected by each
 
activity during each quarter. Exhibit A-2 provides an overview of
 
technical assistance, studies and institutions designed to support
 
the program.
 

A-i PHASE ONE PROGRAM
 

Exhibit A-3 outlines the project cost estimates by line

item. The line items labeled."Other Costs" (which would include
 
such items as R&R, mobilization, per diems, and office supplies)

were based on rules-of-thumb, and were not actually costed out in

detail. Other specific line items are treated in more detail
 
immediately below.
 

Exhibit A-4 outlines the expatriate staffing requirements,

duties, qualifications, and person-months of 
time for each

position for the two year program. 
The sum total for expatriate

staffing costs for Phase One is estimated at about $2.6 million.
A more complete description of the duties for these personnel are
contained in Section 2.2.2 of 
the main body of the Final Report.
 

Exhibit A-5 provides the quantity and cost estimates for
 
the needed equipment for the project. 
 Actual numbers of flatbed
 
trucks, pickup trucks and construction equipment may depend on 
the

existing equipment resources of the potential local subcon
tractors; the figures used are 
for the estimated maximum. Actual

numbers of pumps will depend on the proportion of wells in the

rehabilitation program that are 
suitable for operation. We assume

that about half of the 130 wells involved in the rehabilitation
 
?rogram will be suitable (66 wells), 
and that the four wells to be

irilled by local contractors will be equipped similarly. In
addition, the project will supply 25 temporary replacement pumps

to support the contract maintenance program. Unit costs are
 
Listed as F.O.B.; insurance and freight is assumed to add 40%.
 

Exhibit A-6 provides the quantity and cost estimates for

:he needed imported materials for the project. The unit costs for

:ivil works consumables are based on the average costs for civil

Forks for rural wells in Somalia under the Comprehensive

;roundwater Development Project. Quantities for civil works
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EXHIBIT A-i 

PROGRAM TIME FRAME: KEY ACTIVITIES 
OF CONSULTANTS' RECOMMENDED PROGRAM 
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EXHIBIT A-2 

OVERVIEW OF TECHNICAL ASSISTANCE, INSTITUTIONS, AND STUDIES
 
FOR CONSULTANT'S RECOMMENDED PROGRAM
 

PHASE ONE PROGRAM PHASE TWO PROGRAM PHASE THREE PROGRAM 
TWO YEARS THREE YEARS FIVE YEARS 

1986 - 1988
 

FOCUS: Option D
 

Contract Well Maintenance
 

*initiate well survey: 1988 - 1991 
130 wells 
 FOCUS: Option F 

einitiate high impact well 
rehabilitation: Water Security Role for 
66 wells 66 Private Drillerswells1991 
 - 1996
OfBegin routine contract maintenance 
 *Contintie well rehabilitation:
program: all new and rehabil-itated wellsFOU: 72 wells ptoi Continue and expand routine con

*Begin routine contract operations tract maintenance: all new Re-Oriented Role for WDAprogram: all new and rehabil-
 and rehabilitated wells
 
itated wells 
 o Continue and expand routine con-
 * Continue well rehabilitation:
*Begin contract well drilling: tract operations: all new 72 wells
4 wells wells 
 $Continue and expand routine con-


Expand contract well drilling: tract maintenance: all new
 
8 + 12 + 16 new wells and rehabilitated wells
 

* Continue and expand routine con
tract operations: all new
 
wells 

*Further expand contract well
 
drilling: 20-30 new wells
 
per year
 

OWDA assume regulatory role
 

USAID BILATERAL TRANSITION FROM BILATERAL U
 
FUNDING TO MULTILATERAL FUNDING
 



---------------------------------------------------

EXHIBIT A-3
 

BILATERAL AID CONPONENT OF THE PHASE ONE PROGRAN
 

(1986 - 1988: Two Years) 

SCHEDULE DESCRIPTION COST
 

1. FOREIGN EXCHANGE COSTS (U.S. DOLLARS)
 

A. Expatriat Staffing $2,566,000 

B. Contractor Furnished Equipment $3,046,000 

C. Imported Materials $1,298,000 

D. Other Direct Costs 1488,000 

TOTAL FOREI6N EXCHANGE COSTS 
 $7,398,000
 

If. LOCAL COSTS (SOMALI SHILLIN6S)
 

A. Subcontract Activities 
 84,338,000
 

B. Other Local Costs 
 23,543,000
 

TOTAL SHILLING COSTS 
 So.Sh. 107,881,000
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EXHIBIT A-4
 

PHASE ONE EXPATRIATE STAFFING REQUIREMENTS
 

POSITION 
 DUTIES 
 QUALIFICATIONS 
 MONTHS
 

1.Team Leader 


2.Civil Engineer 


3.Light Duty Mechanic 


4.Heavy Duty Mechanic 


5.Inspector 

(south) 


6.Inspector 

(north) 


7.Driller 


8.Donor Water Policy 

Coordinator 


9.Gov't Contracting Expert 


10.Sr. Pub. Util. Economist 


II.Water Engineer/Cost 

Analyst 


12.Systems Analyst 


13.Cost-Benefit Economist 


Responsible for administra-

tion of proj. t subcontracts; 
coordinates data 


Designs simple, standard civil 

works for wells; trains local 

contractors indesign 


Provides Tech. Asst. for t 

supervises repair ofequip-

sent, vehics, pumps & gen'tors 


Provides Tech. Asst. for & 

supervises repair of heavy 

vehicles and rigs
 

Provides tech. training in& 

supervises work of survey I 

rehab, subcontracts 


Provides tech. training inI 

supervises work ofsurvey 

rehab. subcontracts 


Provides tech. Asst. for 

drilling for local private 

contractors 


Arranges donor commiteents 

to private sector contracts 

inSomali water industry 


Designs appropriate 

contracting procedures and 

organization for NDA.
 

-Ackground inwater industry;
 
experience inproject adamin-
 24
 
istration indev'ing countries
 

Experience incivil works
 
design and training for rural 
 12
 
wells indeieloping countries
 

Experience inpump, gen'tor &
 
equipment repair and intech. 
 18
 
training
 

Experience inheavy vehicle
 
repair and tech. training 24
 

Civil Engineer with experi
ence inwell rehab., repair, 24
 
k pump installation
 

Civil Engineer with experi
e
ence inwell rehab., repair, 18
 
&pump installation
 

Experience indrilling in
 
diverse rural conditions, 6
 
and intech. training
 

Background inproject design
 
and finance; strong diplomatic 6
 
skills
 

Businessperson with experience
 
ingov't contracting 
 6
 

Coordinates Iundertakes 
overall analysis for Wattr 

Economist with expertise in 
Public Utility Pricing Policy 12 

Pricing Study 

Provides all relevent cost 
data and analysis for Water 

Water Industry Engineer with 
cost-analysis capabilities 10 

Pricing Study 

Undertakes all data analysis Economist/statistician with 
for Water Pricing Study experience incomputer-aided 9 

systems analysis 

Coordinates I undertakes 
overall analysis for Private 
Sector Well Ownership Study 

Economist with expertise in 
Cost-Benefit Analysis & 
familiarity with water industry 

12 
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14. Privatization Specialist 
 Provides analisis of economic Businessperson with expertise
 

15. Livestock Ind.Expert 


16.Groundwater Ind. Expert 


17. Joint Venture/ 

Legal Expert 


18.Ind. Dev't Specialist -

Hand Pumps 


19.Ind. Dev't Specialist -

PVC products 


20. Ind. Dev't Specialist -

Cement 


21.Ind. Oev't Sptcialist -

Steel Pipe 


22. Ind. Dev't Specialist -

Concrete Pipe 


23. Procurement Officer 


24. Coordinator 


SUBTOTAL PHASE ONE 


benefits to private sector 
 inprivatization processes 
 12
water resource investment
 

Provides analysis ofbenefits Agricultural economist speci
to livestock industry of im- alizing inlivestock industry 
 6

proved water supply
 

Provides analysis of costs of Economist specializing in
 
water supply investment for 

livestock industry
 

Develops guidelines for the 

formation ofJVs inSomali 

water industry 


Feasibility study for manu-

facture of hand-pumps 


Feasibility study for expan-

sion ofPVC production 


Feasibility study for expan-

sion ofcement production 


Prefeasibility study for mano-

facture of steel pipe 


Feasibility study for manu-

facture of spun-reinforced 


Responsible for procurement 

of all project equipment and 

materials
 

Oversees project 


water industry analysis 
 &
 

Corpordte law expert with
 
experience information of 
 2
 
Joint Ventures
 

Industrial Dev't Specialist
 
with experience inmanufacture 6
 
ofhand-pumps
 

Industrial Dev't Specialist
 
with experience inmanufacture 4
 
marketing of PVC products
 

Industrial Dev't Specialist
 
with experience inmanufacture 4
 
& marketing of cement
 

Industrial Dev't Specialist
 
with experience inmanufacture 2
 
of steel pipes
 

Industrial Oev't Specialist
 
with experience inmanufacture 2
 

Experience inproject pro
curement 
 4
 

4
 

233 
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EXHIBIT A-5 

PHASE ONE CONTRACTOR FURNISHED EQUIPNENT AND COSTS
 

(Based on Estimated Maximum Requirements)
 

UNIT TOTAL
 
ITEM DESCRIPTION 
 QTY COST COST
 

A. Cable Tool Rig 


B. Flat Bed Trucks 


C. Station Wagon, 4od 


D. Pickup Trucks 


E. Satellite Nay. Locators 


F. Machine Shop Fac. & Tools 


6. Cement Mixer & Block Maker 


H. Contractor Required Spares 


1. Test Pumps 


J. Pumps 


Total F.O.B. 


I.F. Mogadishu 


Total C.I.F. Mogadishu 


1 $90,000 


3 550,000 


I $20,000 


0 $20,000 


3 $6,500 


j $50,000 


2 58,000 


1 $100,000 


3 f15,000 


190,000
 

1150,000
 

$20,000
 

$160,000
 

$19,500
 

1150,000
 

$16,000
 

$100,000
 

$45,000
 

95 $15,000 $1,425,000
 

$2,175,500
 

40Z $870,200
 

$3,045,700
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EXHIBIT A-6 

PHASE ONE IMPORTED MATERIALS AND COSTS
 

UNIT TOTAL
 
ITEM 
 UNITS COST 
 COST
 

A. 	Civil Works Consumables
 
(cement, etc.) 


B. 	 Fuel - Diesel 

3 Cable Tool
Rigs

500 liters/month 

18 months
 

3 Flat Bed Trucks
 
550 liters/month 


IBmonths
 

9 Light Duty Vehicles
 
1050 liters/month 


20 months
 

C. 	Pump Spares 


D. 	Drilling Consumables 

(cement, collars, casing,
 
screen, gravel)
 

TOTAL 


70 	 $15,000 $1,050,000
 

27000 $0.35 $9,450
 

29700 $0.35 $10,395
 

189000 S0.35 $66,150
 

28 $4,200 $117,600
 

4 $11,000 $44,000
 

$1,297,595
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consumables will depend upon the proportion of wells 
in the
 
rehabilitation program that are suitable for operation. Fuel
 
consumption estimates are based on past averages in Somalia.
 
Pumps spares for the well maintenance program are based on the

assumption that about 30% of the pumps 
in the program will require
 
some repairs each year, and that the spare parts costs for each

repair will represent about 20% of the original cost of the
 
pump/generator unit. Drilling consumables are for wells of about
 
100 meters in depth, drilled with a cable tool rig, and include
 
the costs associated with a 25% probability of drilling a
 
non-production well (i.e., four production wells plus one
 
non-production well).
 

Exhibit A-7 summarizes the project activities and
 
associated maximum shilling cost estimates for the Somali
 
subcontracts for the well survey and well rehabilitation/

abandonment programs for 130 rural WDA boreholes, a two year

maintenance program, and a four well drilling program. 
It is
 
assumed that the expatriate project contractor will be responsible

for tendering and administering the subcontracts, for procu:ing

all needed equipment and materials for the project, including

fuel, and for administering the subcontractor equipment leases and
 
distribution of materials. These activities are described in
 
greater detail below. The financial models refered to in the text
 
are bound separately as an Annex to Appendix A. This should allow

the interested reader to follow the discussion of the models with
 
the data readily at hand.
 

A-1.1 Locating the Wells.- Local Engineering/Survey Subcontract
 

The first step of the project will be to send a local

engineering firm, as a subcontractor, into the field to locate the
 
130 non-operational WDA wells and to make a preliminary

determination of each well's rehabilitation potential and the
 
resource requirements for either fully rehabilitating and
 
equipping or properly abandoning the well.
 

Annex A-1 presents a financial model of the needed

engineering/survey operations, assuming the firm has neither the
 
pickup trucks nor the satellite locators needed for the job (which

will all be procured by the project and leased to the firm for the
 
duration of the project).
 

Part A of the model outlines the assumptions with regard

to equipment, labor and overhead costs. 
 Part A.1 outlines
 
equipment costs as 
follows: The unit cost of the satellite
 
locators, CIF, is about US $9,100; 
the pickup trucks are about US
 
$28,000 each. It is assumed that the firm will need to send out
 
three crews in order to complete the entire survey in one year.

Thus the firm needs three satellite locators and three pickup

trucks. The lease payments will be made monthly, based on an
 
imputed interest rate of 20% per annum and deposited into the
 
PRrfund trust. In addition, the subcontractors will be given the
 
option to purchase the equipment at a depreciated value at the end
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EXHIBIT A-7 

PHASE ONE LOCAL SUBCONTRACT ACTIVITIES AND COST
 

(Somali Shillings)
 

SHILLING REPAYMENTS TO PRifund
 

SUBCONTRACT TYPE COST HIGH LOW
 
.................... 
 ...........................---------------------------------


A. Engineering Firm 5,650,000 4,375,350 1,105,650 
(Locate wells) 

B. Well Rehab. Contractors 42,525,000 21,556,600 10,168,200 

C. Maintenance/Repair 24,712,500 13,176,000 
 10,395,000
 

D. Operations (funded from 
 0 
 0 0
 
revenues collected)
 

E. Drilling 
 11,250,000 
 0 0
 

~~--------------
TOTAL 
 84,337,500 39,109,950 21,668,850
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of the contract. In the case of the satellite locators, this
 
should be set at 25% of the original value, or the market retail

value, whichever is less. As explained in Section 2.1.1.1 of the
 
main body of the report, this accelerated depreciation schedule is

comparable to the contract terms commonly available to expatriate

firms working on foreign aid projects, who generally are allowed
 
to write off all their equipment costs to the project.

Maintenance for leased equipment will be provided by 
the project.
 

Labor costs (Part A.2) are for one overall engineer/

supervisor (responsible for all three crews), and three survey
 
crews each composed of a survey leader, a driver, and two
 
assistants. Each crew spends an average of eight days per well,

which includes transport time and time to be spent locating and
 
assessing each well. 
Some wells can be located and assessed in a
 
few days, others may take about ten days. If payment is per well
 
located, the firm should not waste too much time searching for any

single well.
 

Overhead costs (Part A.3) for an office, one 
clerk/

secretary, and one watchman for one year are 
included in the
 
analysis.
 

A contract price (Part B) of about 25,000 to 40,000 So.Sh.
 
per well located should suffice to cover costs, including

equipment rental, and provide for a reasonable profit. The
 
analysis works with the mid-point of 32,000 So.Sh. per well. The
 
Preliminary Financial Analysis (Part C) examines the situation by

quarters. It is assumed that the firm will be paid an advance
 
each quarter equal to about half the estimated quarterly service
 
payment (although actual payment should be made on a monthly

basis, less the advance). This advance should nearly cover wages

and equipment rental for each quarter.
 

The figures in the analysis assume that the firm exercises
 
its option to purchase the used project equipment at its
 
depreciated value at the end of the contract; 
this is shown in the
 
line labelled "Purchase Equipment." However, the last line item

is for the 'Depreciated Value of the Equipment," which exactly

offsets the end of project purchase price. If the firm decides
 
not to exercise its option, the bottom line figures will remain

the same, as the firm will 
not have made the purchase payment, but
 
will not have received the equipment, either.
 

The analysis shows the Net Present Value (NPV) of the
 
quarterly balances over the year long contract, discounted at a
 
35% nominal effective annual rate (which would include about a 15%

real annual opportunity cost of capital if the inflation rate were

20% over the period). 
 The analysis also shows the NPV discounted
 
at 20% and at a zero discount rate. (A calculation of an
 
"internal rate of return" is not relevant, as the firm will have
 
made no substantial initial investment.)
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Part D presents a simple sensitivity analysis on a few key
variables. 
The first table shows how varying the number of wells
located and the contract price affect the NPVs, if all other
variables are held constant. This points out that if the number

of wells to be located is reduced, the price per well located may

have to be raised in order for fixed costs 
(such as equipment

leases and overhead) to be adequately covered. The second and

third tables simply demonstrate that, 
so long as the post-project

purchase price of the equipment matches their depreciated value,

the NPVs are unaffected.
 

The model presented in Annex A-2 is essentially the same
 
as 
that in Annex A-1 except this model assumes that the
engineering firm already has its 
own pickup trucks, and needs from
the project only the satellite locators. As before, the firm will
lease the satellite locators from the project, and will have the
option to purchase them at the end, 
for a depreciated value. For

pickup trucks, however, the analysis assumes that the firm must
undertake its own maintenance and repairs and be reimbursed for
depreciation and opportunity cost 
(equal to about 100% of the
value of the used trucks over the life of the project).
 

A firm with its 
own trucks will nevertheless have the same
labor and overhead costs as 
a firm leasing its equipment; these
 
figures are the same as 
in Annex A-1.
 

The payment for the service of locating wells should be
approximately the same whether the firm owns 
its own trucks or

leases them from the project. In the former case, it earns an
imputed rent for its equipment, which is fAir reimbursement for
maintenance, and depreciation and opportunity cost of its capital

assets. In the latter case, 
it pays rent to the project for the
equipment from its earnings. In the former case, a firm can earn
 more cash with which to invest in new (or used) equipment; in the
latter case, it 
can acquire used but serviceable equipment largely
written off by the project. To the extent that the model

assumptions hold, 
a firm leasing project equipment, which
reinvests its earnings wisely during the life of the project (at

say a 15% real rate of 
return over and above inflation) may be
able to use 
these proceeds to purchase the project equipment at
the end. Otherwise, the firm would have to make use of 
some of
its own (outside the project) financial resources even to meet the

depreciated price of the equipment.
 

In either case, the engineering firm may in the future

find a market for its services not only for locating existing

non-functional wells, but for locating 
new wells, potential well
sites, and other remote sites, such as springs, mineral deposits,

archeological sites, 
or sites of agricultural interest.
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A-1.2 Well Rehabilitation--Local Subcontract
 

The second step of the Well Rehabilitation Program is the
 
physical work of either equipping or properly abandoning each

well. It 
is assumed that this work can be performed by three
 
separate, geographically based subcontractors over an eighteen

month period, overlapping (and following) the ongoing work of the
 
engineering firm locating the wells.
 

Annex A-3 presents a financial model of a single such

firm, assuming that the firm has none of the essential equipment

required for the work, and must lease all 
its equipment from the

project. Part A of the model outlines assumptions with regard to
 
equipment, labor and overhead costs.
 

Part A.1 of Annex A-3 outlines the assumptions with regard

to equipment procurement and leasing. Each firm will need one
 
cable tool rig (about US $126,000 CIF Mogadishu for a new rig),

one flat bed and one pickup truck (about $70,000 and $28,000 CIF
Mogadishu, respectively), and one cement mixer and block making

machine (about $11,200 CIF Mogadishu). As in Annex A-1 above, the

equipment 
lease payments will be made monthly, based on an imputed

interest rate of 20% 
per annum and deposited into the PRIfund
 
Trust. The pickup trucks, cement mixer and block machine may be

purchased at 
the end of the project at a depreciated value of 10%
 
of the original 
 cost, or the market rate, whichever is less.

However, the catle tool rig, having a longer useful life, should
 
be sold for 25% of the original value, or the market retail value,
 
whichever is less.
 

Labor costs per well (Part A.2) could be divided into
 
three portions. For equipping a well, the borehole itself may

have to be cleaned with the use of the cable tool rig, the old
 
pump pulled, the 
new pump installed, and civil works constructed
 
or repaired. This is estimated 
to take about fifteen days for
 
pump replacement and for civil works construction, although the

civil works construction can 
follow behind the pump installation
 
and requires the use of a pickup truck, but not 
the drill rig.

The time allotted allows for transportation and some down time,

and represents an average time estimate per well while the actual
 
time spent on any given well may vary from one 
to three weeks.
 

Abandoning the well involves filling the well with
 
bentonite and capping it with cement. 
This procedure is necessary

to prevent contamination of the aquifer with disease carrying

organic matter (such as 
manure) or other poisonous chemicals (such

as lead). The time estimated for this procedure 
is about five
 
days, allowing for transportation time.
 

Annual overhead costs (Part A.3) for an office, a clerk/

secretary, and a watchman have been included. 
All fuel and
 
materials will be provided by the project, including bentonite,
 
cement, pumps and fixtures. Project equipment leased to the
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subcontractor would be maintained under the auspices of the
 
project.
 

Payment for services (Part B) should be 
in the vicinity of
about 400,000-600,000 So.Sh. for each production well and 60,000
to 100,000 So.Sh. for each abandoned well. The analysis uses 
the
mid-point prices of 500,000 shillings per production well and
80,000 shillings per abandoned well. 
 It is assumed that among the
130 wells, about half will be production wells and half must be
abandoned. Under this assumption, each firm will handle about 22
production wells and 21 non-production wells. 
Over an eighteen
month period, this works out to about seven wells per quarter, of
which there might be four production wells and three abandoned
 
wells, or vice-versa.
 

Part C of Annex A-3 presents the financial analysis of the
well rehabilitation/abandonment operation3, 
if all the above
assumptions hold. 
 Lease payments and overhead costs 
are fixed,
while labor costs and payments to each firm depend on the numbers
of wells equipped and abandoned, respectively. It is assumed that
an advance will be paid each quarter equal to about half the value
of the estimated service payment for the quarter. 
This should
approximately cover equipment lease and labor costs for each
 
quarter.
 

At the end of the contract, the firm will have the option
of purchasing the project equipment for its depreciated value.
The financial analysis assumes 
that this option is exerc'sed; this
is shown in the line labeled "Purchase Equipment." Offsetting
this 
is the last line item of the table, fqr "depreciated value of
the equipment." 
 If the firm chooses not to exercise its option,
the bottom line figures will not change, as 
the equipment value

and price are assumed to be equal.
 

The NPV of the balance of the firm's operations over the
18 month contract period is presented, using 35%, 20% and 0%
nominal effective annual discount rates. 
 (A calculation of the
"internal rate of return" is meaningless, as the firm does not
need to make any investments up front).
 

If a firm is able successfully to reinvest its quarterly
earnings at a nominal effective annual rate of, say, 35% 
per annum
(which would represent a real rate of 15% 
if the inflation rate
 were running at 20% per annum), 
then the firm could use its
project-derived earnings to purchase all its project equipment at
the prices set for their depreciated value. If it could not
reinvest its earnings, it would have to rely on other resources 
to
finance a purchase of the project equipment.
 

Part D presents a simple sensitivity analysis for a number
of key variables. 
The first table shows how varying the number of
total wells involved, and the contract price per production well,
affect the NPVs, holding all other variables constant. This
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indicates that if the number of wells 
involved in the
 
rehabilitation operations must be reduced, then the price per well
equipped may have to be increased in order for the firms to cover

their fixed costs 
(such as equipment rental ard overhead). The
second table shows how varying the number of total wells involved
and the price per non-production well affect tha NPVs. 
The third
table shows how varying the proportion of production wells to be

equipped and the price per production well affect the NPVs,

holding all other variables constant. The NPVs are highly

sensitive to this proportion, so that per well prices 
for both
production wells and abandoned wells may have to be adjusted, or
minimum quarterly payments guaranteed, in order to ensure that the
firms can adequately cover all their fixed costs. 
 The fourth

table shows how varying the proportion of production wells and the

price per non-production well affects the NPVs.
 

The model presented in Annex A-4 is similar in most
 
respects to that in Annex A-3 except that the firms in question

are assumed to have all their own equipment, and would not need to
lease any from the project. The value of their equipment is lower
than those brought in by the project, because they are probably

already used. 
 These firms will be responsible for the maintenance

of their own equipment and must be reimbursed for depreciation,

assumed to be about 100% of the value of 
the used rolling stock
 per year, and 50% 
for other equipment.
 

Labor and overhead costs are as described for Annex A-3

above. 
 Payments to these firms will be at approximately the same
 per well prices as for the firm described in Annex A-3. These

prices are 
necessary to reimburse the firm for the depreciation of

their capital equipment used on the project. At the end of the

project, they may have enough cash on hand from their project

earnings to purchase some new 
(or used) equipment.
 

It is assumed that there may be two firms in Somalia with
all or most of the equipment needed to carry out the work of well
 
rehabilitation; and that 
one new firm may have to be nearly

completely outfitted. In either case, at the end of the project,
(or even before) these firms should have the equipment they need
 
to begin immediately contract well/pump maintenance work. 
This
would involve the wells they had originally rehabilitated, in

addition to all wells drilled after the start of the project and
 
all newly rehabilitated wells in the future.
 

A-1.3 Well/Pump Naintenance Activities
 

Annex A-5 presents a financial model of a well/pump

maintenance firm taking up the business as a primary and

independent activity. It is assumed that such a firm would

already have the cable tool rig sometimes necessary for well

cleaning; would lease a fully equipped repair shop and a pickup

truck from the project, and may perhaps make use of a used pickup

truck in order to keep up with the expansioa of activity.
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Part A.1 
of the model outlines the firm's equipment costs
associated with this activity. 
Its cable tool rig will be used
only rarely, and therefore the maintenance and depreciation costs
associated with well maintpnance activity are assumed 
to be only
10% per annum. The pickup truck and the repair shop would be
leased on the 
same terms as the equipment involved 
in other
project activities: based 
on an imputed 20% per annum interest
 
cost, with the option of purchase at the end of the project at a
price reflecting the depreciated value (25% of the original cost
 
or 
the market value, whichever is less). At 
some point, as
maintenance responsibilities expand (see Part B, below), 
the firm
 may need an additional pickup truck. 
 We assume that the 
firm will
resort to use 
of a used pickup truck already on hand, worth about
$5,000, with maintenance/depreciation and opportunity costs
representing about 100% 
of the value of the vehicle per annum.
 

Part A.2 cutlines the 
unit prices for maintenance
 
services for WDA wells, 
and the service price markup for private

contracts. (Since 
 he project subcontract for WDA wells is
essentially riskless, 
it need.not yield the firm a 
high return and
therefore need not carry such a high price.) 
 The subcontract

service price should be about 40,000-70,000 So.Sh. per well per
visit, if the length of the 
contract is limited to the life of the
Phase One program. If 
the contract is guaranteed for Phase Two as
well, this price could be substantially lower (see Appendix

A-2.2). The repair fees are on a
set time-and-materials basis,
including a markup which is substantially higher for private
contracts 
than for project contracts (again because project

contracts involve less risk). 
 The market exchange rate for
mid-1986, the estimated start-up date, is projected 
to be about 90
Somali Shillings to the dollar. 
The estimated percent of the
 pumps needing repair in any given year is 30% 
of the total.
 

Part A.3 outlines direct costs for routine maintenance and
for repairs, per pump per visit. 
 (Each well should be visited at
least once each quarter; 
repairs are made on an as-needed basis.)
Labor will be hired on a as-needed basis, not as permanent staff.
Fuel costs per unit are given in order to estimate costs for

private well maintenance contracts--the WDA (project) well

maintenance contracts will have fuel provided by the project.
 

Parts for pump repair (Part A.4) are figured on the

assumption that the average repair will involve parts 
costs
representing about ?0% 
of the value of the original pump. For WDA
wells, theso parts will be provided by the project; for private
contracts, the firms will probably want to maintain spare parts

inventory equal to somewhat 
over 30% of the wells under those
contracts. Overhead (Part A.5) is assumed to be about the same as
for firms involved in 
the other activities.
 

Part B outlines quarterly variables: the number of WDA
 pumps under contract for each firm are one third of the total
number of pumps involved in the maintenance program. (This
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includes all new and all rehabilitated wells since the beginning

of the program; see Section 2.1.1.3 of 
the main body of the Final
Report.) Since 30%, on average, may need a repair each year, this

is equal to about 7.5% per quarter. Multiplying the number of
 crew days per pump times the number of pumps for maintenance and
repair, respectively, gives the number of 
crew days needed per
quarter for the firm to accomplish its duties. Dividing the 
crew
days by 90 gives the number of 
c:ews needed each quarter. Since
each crew needs its own truck, this 
row also indicates when the
 
firm must acquire a new truck.
 

The financial analysis contained in Part C 
itemizes the
 
costs and 
the payments to the maintenance firm. The first line

shows the lease payments to the project (deposited into the
PRlfund Trust) for the repair shop and 
the truck. The second line

shows the cost of purchasing the repair shop and the 
truck at the
end of the project. 
 The third line shows the maintenance and

depreciation costs associated with the 
use of the rig and the
 
extra, (used) pickup truck. 
 The fourth line shows the quarterly

overhead costs. 
 The fifth line, since the project provides all
 
parts and materials, is blank so long as 
only WDA wells are

involved. 
The sixth line shows the direct costs of well

maintenance activity. 
 In the case of WDA wells, this will involve
only labor, since fuel 
is provided by the project. The seventh

line shows direct costs associated with repair activity. 
Again,
for WDA wells, this involves only labor. The eighth line shows

client's payments for parts; 
but this is only for private wells.
The ninth line shows payments for routine maintenance activity,

based on 
the fee per well shown in Part A.2. 
 The tenth line shows
 
payments for repairs, on a time and materials basis (in the case

of WDA wells, this represents payment for time only). 
 The last
line shows the depreciated value of the repair shop and the
project truck at 
the end of the project, at the time of purchase.
 

Under the 
income stream is shown the NPV of the quarterly

balance discounted at an effective annual nominal rate of 35% 

annum, 20% per annum, and 0% per annum, respectively. It is 

per
 

assumed that the firm may be able to purchase the repair shop and
the project truck at 
the end of the project out of the earnings

received for contract work, if 
those earnings were reinvested
 
wisely during the course of the project.
 

Part D presents a sensitivity analysis for key variables
 
in the model. 
The first table allows the number of WDA wells and
the maintenance service price to vary. 
 (In the model, varying the
first value for numbers of WDA wells changes values for subsequent

quarters proportionately). 
This demonstrates that if the number
of wells involved in the contract were reduced, then the price per

well may have to be raised in order for the firm to cover
 
adequately all its indirect costs.
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The second table varies the number of other, non-WDA wells
for which the firm has maintenance contracts. 
 It is this activity
that allows the firm to show a significant profit. The third
table varies the markup for repairs for WDA wells. This has

little effect on the firm's bottom line.
 

Part E highlights the cost to the project of the contract
maintenance program, if all the above-discussed assumptions hold.
For each quarter of the program, the table shows the total amount
paid to all three maintenance firms for routine maintenance
service, and estimated average repair costs. 
 It then shows the
average cost per pump per quarter in shillings and in dollars;
then the average cost per pump per year in dollars.
 

The table then compares the cost of the maintenance
 
program with the alternative of pump replacement after each major
breakdown in 
the absence of a program of routine maintenance.
(Other alternatives are to 
leave wells without a workable pump
after a breakdown or to drill a new well.) 
 If a pump will break
down an average of 
once every three years, then a policy of pump
replacement will require a $21,000 expenditure every three years.
The maintenance program will cost, at most, $3,700 per year, and
$21,000 in the tenth year, when the pump will require its first
 
replacment.
 

The Net Present Cost (NPC) of a ten year program of
routine maintenance, under these assumptions (which involve the
highest possible estimated costs for the maintenance program) is
still 
less than the NPC of a policy of pump replacement, even at
discount rates of 35%. As discussed below in A-2.2, the long term
costs of the maintenance program are likely to be much less than
 
those outlined in this model.
 

The model presented in Annex A-6 is similar in most
respects to that 
in Annex A-5, except that the firm is assumed to
have a growing number of non-WDA wells under maintenance contract.
The firm would make use of the same equipment, except that they
may have to resort to use of the old truck sooner than if 
they had
only WDA wells under their responsibility. The basic service
price charged to private customers for routine maintenance is
assumed to be about 50% higher than that charged to WDA, in order
to cover the higher risks associated with non-project contracts.
The firms will have to keep a stock of spare parts on hand for
needed repairs on non-WDA pumping units. Although about 30% of
wells are assumed to require repair in any given year, the firm
would be well advised to keep a somewhat larger inventory of parts

on hand for this purpose. At the same 
time, it would be justified
in charging a substantial markup over the parts costs to their
private customers, to cover the opportunity cost of keeping
capital tied up in inventory and ensuring the capability for
 
prompt repairs.
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The profitability for the maintenance firm which

successfully markets its services beyond WDA will be substantial.
 
NPVs may be three to four times higher than for firms which
 
service only WDA wells.
 

A-l.4 Start-Up Operations
 

Responsibility for starting up operations following well
rehabilitation will 
rest with WDA *and will not be directly handled
 or funded by the project. This activity is described in Section

2.1.1.4 of the main body of the Final Report.
 

A-1.5 Contract Well Operations
 

Responsibility for contract operations of wells will 
rest
with WDA and will not be handled directly or funded by the

project, aside fro, some 
technical assistance or advice to WDA in
contracting procedures. 
 Contract costs will be recovered by the
 
revenues generated by the sale of water, with a portion returned
 
to WDA.
 

Annex A-7 presents a financial model for well operations

and revenue collection. We assume that output per rural well is
about 10 cubic meters per hour, and that initially, at least,
 
pumps will run an average of 10 hours per day, 200 days per year.
Fuel consumption for that level of operation would be about 1.5

liters of diesel per hour. 
 The price of diesel fuel is a crucial
variable in the calculation of the balance of operating costs and
 
revenues (see below). 
 The other major costs associated with well
operation are those of annual maintenance/repair, figured at about

100,000 So.Sh. per year on average (including periodic repair
needs) and daily operations labor. It is assumed that the well
 
operations contractor will want 
to earn, at a minimum, the
opportunity cost of foregone wages elsewhere in the private

sector, which would probably be at least 200 So.Sh. per day.
 

The distribution of the balance between the above outlined
 
costs, and the revenues generated from the sale of water at the

official price, will be the issue under negotiation between the
contractors and the WDA. 
The WDA will want to have as much
 
revenue as possible returned in order to cover the direct and

indirect costs of drilling and equipping the well, which amounts
 
to about $15 
- $20,000 (1.6 million So.Sh.) for the pump, which
 
must be replaced once every ten yers or so and an additional

$50,000 (4.0 million So.Sh.) 
for the well, which should last for
 
many years.
 

At a price of 20 So.Sh. per cubic meter for water, and 30
So.Sh. per liter for fuel; 
 and under the assumptions outlined

above, WDA could receive 136,000 So.Sh. per year, net, from the
sale of water from .its wells. 
 Over a ten year period, discounted
 
at 20% 
per annum, this would show a net present value of 570,000
 
So. Sh.
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The sensitivity analyses contained in Annex A-7 examine

the following potential sources of variation:
 

Table 1 shows how the price of water and the price of fuel
affect the average annual return to WDA per well. Table 2 shows

how the price of water and the price of fuel affect the net
present value of the 
revenues returned to WDA. Obviously, if the
price of fuel rises, so must the price of water, in order to
 recover a given level of revenues per well. Table 3 shows how
 
water price increases must match fuel price increases in order to
 
recover a given level of revenues per well.
 

Tables 4 and 5 show how increasing the volume of water
 
output per well affect the net present value of the revenues

returned to WDA. Although the fuel costs increase with the volume

of water output, the fixed costs 
(e.g., of maintenance) do not.
 

Table 6 illustrates how the annual percentage return to

WDA (return as a percentage of total water revenues) is affected
by the price of water and by the daily earnings of the operator.
 

Finally, Table 7 illustrates the effects of including
straightline depreciation of the pump as 
a cost to be recovered by

water revenues. 
All other variables held equal, attempting to
 
recover the cost of 
a $17,500 pump over ten years (its expected

useful life) would require water prices to be over 20 So.Sh. per

cubic meter.
 

A-1.6 Well Drilling Program
 

Annex A-8 presents a model for a drilling firm which has
invested in 
a new cable tool rig and ancillary equipment.
 

Part A.1 outlines equipment and other initial investment
 
costs. 
 If this were a purely commercial venture, undertaken
 
primarily for the purpose of contracting for the drilling of
public wells (through WDA and/or foreign donors), and if adequate

guarantees were presented to a domestic lending institution (such
as the Somali Development Bank), then financing may be obtained

for about 65% to 751 of the total investment, for five years at
 
161 per annum.
 

We assume that about 25% 
of all wells drilled will be
non-production wells. 
 The firm may be paid about 20,000 So.Sh.
 
per meter for a production well and half that rate for
non-production wells. The average depth of the wells is assumed
 
to be about 100 meters.
 

Direct costs per well are presented in Part A.2. Labor
 
costs are shown in the first table. 
 The second table itemizes

materials costs for production and non-production wells. Note

that a cable tool rig rarely uses bentonite or foam, and rarely
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needs its bit replaced. Fuel costs for each vehicle are shown in
the third table. It is assumed that the project will furnish all

materials and fuel foL wells drilled under its auspices, and that
 
private customers will be charged a markup for the materials used
 
by the firm and procured for the customer's well.
 

Part A.3 shows the overhead costs for the firm, in 
terms

of vehicle spares, administration costs, and insurance.
 

Part B shows yearly variables. We assume that the firm

might get a contract from WDA and/or foreign donors for drilling

four rural, public wells per year for the next five years, (this

assumes 
that Phase Two of the project is funded) and that an
additional, non-production well might be drilled each year. 
 We
 
assume that the contract will increase to six wells per year for
 
1992-1996, with a 25% probability of drilling a dry hole.
 

Part C presents the financial analysis of such a venture.

It is assumed that the loan would be paid off in 
five installments
 
involving equal payments on the principal, plus accumulat I

interest 
on the balance (only the third, "payment" line ei~cers

into the calculations of the balance). The fourth line shows

labor costs, based on 
the number of wells drilled (both production

and non-production). 
 The fifth and sixth lines, for materials and

fuels, are blank because the project will furnish them and they

therefore represent no cost to the contractor. The seventh line

is for overhead. 
 The eighth line shows revenues for services,

based on 
the price per meter (for production and non-production

wells, respeotively), 
the number of wells (both production and

non-production), and the number of meters per well. 
 The ninth

line, or payment for supplies, is not necessary for the WDA

wells, as they are provided directly by the project.
 

The balance is discounted at 35%, 20% 
and 0% per annum for

1986-1991 and 1986-1996. 
 If the WDA is the only source of
business for such a driller, and 
if the price per meter is set at
 
20,000 shillings, then the firm would barely avoid a loss.

Profitability would require that the driller acquire additional
 
customers, as illustrated in Annex A-9.
 

Part D presents a simple sensitivity analysis for a few

key variables. The first table demonstrates how varying the

number of wells per year and the price per meter affect the NPVs.

This shows that if the number of wells is reduced, then the price

per meter may have to be increased in order for the firm to 
cover
 
all its fixed costs adequately.
 

The second table shows how the proportion of

non-production wells and the price per meter for non-production

wells affect the NPVs. The third table shows how the price per

meter fov non-production wells and the price per meter for
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production wells together affect the NPVs, holding all other
 
variables constant.
 

The fourth table shows how increasing the number of other,

non-WDA wells, and the markup in the price per meter for non-WDA

wells, affect the NPVs. 
This shows that a driller can
 
substantially increase his profitability by successfully marketing
 
himself beyond WDA.
 

The model presented in Annex A-9 is similar in most
 
respects that presented in Annex A-8, except that the firm is

assumed to have a growing clientele aside from the contract
 
activities.
 

We assume that a driller may initially have a contract
 
for about one well per year in addition to the WDA wells, and that
this may increase by one well every other year for the next ten
 
years.
 

Non-WDA clients may be charged about a 50% higher price

than WDA, as 
there is greater risk associated with their
 
patronage. In addition, private clients will be 
required to pay

the driller directly for the materials used in drilling and
equipping the wells, or 
to provide those materials to the driller.
 
(We assume that the driller will procure the materials and charge

the client a markup to cover the logistical and inventory costs
 
associated with procurement.)
 

Part D presents a simple sensitivity analysis, as in

Annex A-8 above, except that the fourth table examines how varying

the yearly increment to the number of non-WDA wells, and the price

markup for non-WDA wells, affect the NPVs.
 

A-2 PHASE TWO OF THE CONSULTANT'S RECOMMENDED PROGRAM
 

The Consultants' recommended Phase Two program is

described in general terms in Section 2.2 of the main body of the
Final Report. This section explains the details of the project

requirements in 
terms of funding, services, equipment and
 
materials.
 

Exhibit A-8 outlines the Phase Two Foreign Aid budget

estimates by line item. The lines labeled "other costs" (which

include items such as mobilization, or office supplies) were based
 
on rules-of-thumb, and were not actually costed out in detail.
 
Other specific line items are treated in more detail immediately
 
below.
 

Exhibit A-9 outlines the expatriate staffing requirements,

duties, qualifications, and person-months of time for each
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---------------------------------------------

EXHIBIT A-8 

PHASE TWO FOREIGN AID BUDGET ESTIMATES 

(1988 - 1991: Three Years) 

SCHEDULE DESCRIPTION COST
 

1. FOREIGN EXCHANGE COSTS (U.S. DOLLARS)
 

A. Expatriat Staffing $2,232,000 

B. Contractor Furnished Equipment $3,059,000 

C. Imported Materials $3,109,000 

0. Other Direct Costs $467,000 

TOTAL FOREIGN EXCHANGE COSTS 
 $8,867,000
 

I. LOCAL COSTS 
 (SOMALI SHILLINGS)
 

A. Subcontract Activities 
 236,362,000"
 

8. Other Local Costs 
 23,000,000
 

TOTAL SHILLING COSTS 
 So.Sh. 259,362,000
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-------------------------------------------------------------------------------

EXHIBIT A-9 

PHASE TWO EXPATRIATE STAFFING REQUIREMENTS
 

POSITION 
 DUTIES GUALIFICATIONS MONTHS
 

I.PriFund Manager 


2.Financial Coordinator 


3.Business Extention/ 

Procurement Advisor 


4.FinEquip Advisor 


5.Government Contracting 

Expert 


6.Public UtiLity Expert 


7.Procurement Officer 


8.Coordinator 


SUBTOTAL PHASE II 


Manages PriFund, Coordinates Project manager with experience
 
Donor policies aiding private with oulti-lateral institutions 36
 
sector contracting
 

Responsible for PriFund's fi- Senior accountant/financial
 
nance I accounting; including expert w/experience inrevol- 36
 
revolving fund 
 ving funds & mult. inst.
 

Advises private sector cont- Water industry businessperson
 
ractors, especially w/import with experience inwater ind. & 
 36
 
procurement inprocurement
 

Starts up FinEquip, responsible Financial manager with exper
for establishing leasing pro-

cedures &procurement 


Responsible for assisting WDA 

establishing & implementing 

contracting procedures 


Assists WOA inestablishing & 

implemeniing appropriate 

water pricing policy
 

Responsible for procurement 

ofallproject equipment and 

materials
 

Oversees project 


ience infinancial leasing of 9
 
equipment
 

Businessperson or economist
 
with experience ingov't 24
 
contracting
 

Economist with expertise in
 
Public Utility Pricing Policy 24
 

Experience inproject pro
curement 
 6
 

&
 

177
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position of the two year program. 
The sum total for expatriate

staffing costs for Phase Two is estimated at about $2.2 million.
 
A more complete description of the duties for these personnel are
 
contained in Section 2.2.2 of the main body of the Final Report.
 

Exhibit A-10 provides the quantity and cost estimates for

the contractor-furnished equipment for the project. 
Actual

numbers of vehicles (particularly pickup trucks) may depend on the
existing equipment 
resources of the potential subcontractors; the

figures used are for the estimated maximum. The number of pumps

corresponds with the numbers of wells to be drilled (36 wells) and

rehabilitated (72 wells) during the three year program, plus 
19

additional pumps to be used as 
temporary replacement pumps to
 
support the maintenance program outlined in Exhibit A-i, 
above.
 
Insurance and freight for shipment of goods from the U.S. 
to
 
Mogadishu could be up to 40%.
 

Exhibit A-li 
presents the quantity and cost estimates for

imported materials for the Phase Two program. 
 Civil works will be

required for up to 
108 wells, of which 36 will be newly drilled by

local contractors and perhaps all 72 wells scheduled for
 
rehabilitation. 
 Fuel costs are based on an assumed monthly or
 
daily consumption rate for each type of vehicle, given the level

of project activities. It assumes that three cable tool rigs used
 
for project activities will be nearly fully utilized. 
 One or two
 rotary rigs may also be used to drill 15 of the wells during Phase
 
Two. Drilling consumables are divided between those associated

with the use of a cable tool rig (cement, collars, casing, screen,

and gravel, including a 25% probability of drilling a dry hole),

and those involved with the use of a rotary rig (all of the above
 
materials plus bentonite and drill bits).
 

Exhibit A-12 presents shilling cost estimates for the

local contracts for on-going well rehabilitation, maintenance, and

drilling activities. These are each discussed in detail below.
 

A-2.1 Well Rehabilitation
 

Annex A-10 presents a financial model of the on-going well

rehabilitation activities described in Section 2.2.1.2 of the

Final Report. 
At this point in time, there will probably be only

one 
firm needed for this activity, rehabilitating an average of
 
six wells per quarter.
 

Part A.1 outlines assumptions concerning equipment costs,

assuming all equipment is already on-hand and used. 
 "Values" for

each piece of equipment are current market values. 
The imputed
maintenance and depreciation costs for the rig, cement mixer and
 
block machine are set at 50% per annum; those costs for the
 
rolling stock are set at 100% per annum. (Note, for sake of
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EXHIBIT A-10
 

PHASE TWO CONTRACTOR FURNISHED EQUIPMENT AND COSTS
 

(Based on Estimated Maximum Requirements)
 

UNIT TOTAL
 
ITEM DESCRIPTION 
 OTY COST COST
 
................................-----------------------------...
 

A. Station Wagon, 4wd 
 5 $20,000 $100,000
 

B. Pickup Trucks 
 4 $20,000 $80,000
 

C. Contractor Required Spares 
 1 $100,000 1100,000
 

D. Pumps 
 127 115,000 81,905,000
 

Total F.O.B. 
 $2,105,000
 

I.F. Nogadishu 
 401 S874,000
 

Total C.I.F. Mogadishu 
 $3,059,000
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EXHIBIT A-Il
 

PHASE TWO IMPORTED MATERIALS AND COSTS
 

ITEM UNITS 	 UNIT TOTAL
 
COST COST
 

A. 	Civil Works Consumables
 
(cement, etc.) 
 108 $15,000 $1,620,000
 

B. 	 Fuel - Diesel 

3 Cable Tool Rigs
 
700 litersimonth 
 75600 $0.35 526,460
 
36 months
 

3Flat Bed Trucks
 
550 liters/month 59400 
 $0,35 $20,790
 
36 months
 

18Light Duty Vehicles
 
1,050 liters/month 
 680400 $0.35 $238,140
 

36 months
 

2 Rotary Rig
 
250 liters/day 37500 $0.35 $13,125
 
75 days
 

C. Pump Spares 	 182 $4,200 $764,400
 

D. 	Drill Consumables (Cable Tooll 
 21 $11,000 $231,000
 
(cement, collars, casing,
 
screen, gravel)
 

E. 	Drill Consumable (Rotary) 15 $13,000 $195,000
 
fallabove plus drilling
 

fluids and bits) -----------


TOTAL 
 $3,108,915
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EXHIBIT A-12
 

PHASE TWO LOCAL SUBCONTRACT ACTIVITIES AND COSTS
 

(Somali Shillings)
 

SUBCONTRACT TYPE 
 COST
 

A. Nell Rehab. Contractors 31,500,000
 

B. Maintenance/Repair 
 77,049,875
 

C. Drilling (Cable Tool) 58,750,000
 

0. Drilling (Rotary) 
 69,062,500
 

TOTAL 
 236,362,375
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comparison, that rental rates for rigs 
in the U.S. are commonly

set at about 10% of the market value per month; the Somali market,

however, is undoubtedly too weak to support such rates, and it can

be assumed that the owner will be using his equipment with more
 
care than would a rentee.)
 

Labor and overhead costs (Parts A.2 and A.3, respectively)

are the same as those described in Appendix A-1.2 (Annex A-3) for
Phase One, above. The payment schedule for Part B differs from

that used for Phase One activities largely because there should
not be any need for well abandonment: all wells rehabilitated
 
after Phase I are assumed to be recently operational, with major
breakdowns in 
the pumping equipment calling for replacement (with

some well cleaning) rather than simple repair. 
 Parts C and D

(Financial Analysis and Sensitivity Analysis) function as 
in Annex
 
A-3, above.
 

A-2.2 Well Maintenance
 

Annex A-I models ongoing maintenance activities for a

single well maintenance firm during Phase Two. 
 The number of
wells under maintenance contract for each of the three firms is

assumed to be one 
third of the total number of wells involved in

the maintenance program during each quarter, as 
presented in
 
Exhibit A-1, above.
 

Part A.1 covers equipment costs. All equipment is assumed
 
to be on-hand and used. 
 The maintenance and depreciation costs

associated with the use of *the cable tool rig for maintenance
 
activities are set at only 10% 
per annum, as the rig will be used

only rarely. Rolling stock maintenance, depreciation and

opportunity cost, as 
in earlier models, is set at 100% of market

value per annum. The annual costs of the repair shop for

maintenance and depreciation are set at 25% per annum of 
a market
 
value of about $35,000.
 

Direct and overhead costs (Parts A.3 - A.5) are the same
 
as described in Appendix A-1.3 (Annex A-5) above; but since the
equipment costs are substantially lower, the per well price for
 
routine maintenance activities can be cut approximately in half.

Parts C, D, and E proceed as in Annex A-5. Note that per well
 
costs to the project are also substantially reduced, making this
activity extremely cost effective, compared to pump or well
 
replacement.
 

The model in Annex A-12 
is similar in most respects to

that in Annex A-11, except that the firm is assumed to have a
growing private clientele (10 wells at the beginning of the three
 
year period, growing to 32 at 
the end). If the above assumptions

hold, this additional market can 
increase a firm's NPVs threefold
 
over those accruing solely from servicing WDA pumps.
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A-2.3 Nell Drilling (Cable Tool)
 

Over the course of the three year program it is
anticipated that at least 21 
wells will be drilled by cable tool

rig. 
 The financial analysis for the highest cost assumptions

associated with the use of the cable tool rig were presented in
 
Appendix A-1.6 (Annex A-8).
 

A-2.4 Well Drilling (Rotary)
 

Annex A-13 presents an analysis with the highest cost

assumptions associated with the use 
of a rotary rig. It is

assumed that at least 15 wells will be drilled by rotary rigs

during the course of the three-year, Phase Two program.
 

Part A.1 outlines the equipment and other initial capital

costs associated with the purchase of a rotary rig. 
 As in Annex

A-8, it 
is assumed that a local lending institution (probably the

Somali Development Bank) would be the 
source of finance for about
70% of the initial investment. The loan would have a five year

maturity, charge 16% per annum, and be paid off with annual

installments for equal portions of the principal, plus annual
 
accrued interest.
 

Direct costs for labor, materials, and fuel are outlined

in Part A.2. For WDA wells, materials and fuel will be provided

by the project. 
 Annual overhead costs are described in Part A.3.
 

Yearly variables are set out in Part B. One firm with a
rotary rig could drill five wells per year for WDA, and still have

time to execute other contracts. We assume that the probability

of drilling a dry hole is about 25%.
 

Part C presents the financial analysis of such 
a venture.

It is assumed that the loan would be paid off in five installments
 
involving equal payments on 
the principal, plus accumulated

interest on 
the balance (only the third, "payment" line enters
 
into the calculations of the balance). The fourth line shows

labor costs, based on 
the number of wells drilled (both production

and non-production). 
 The fifth and sixth line, for materials and

fuels, are blank because the project will furnish them and they,
therefore, represent no cost to the contractor. The seventh line
 
is for overhead. The eighth line shows 
revenues for services,

based on the price per meter (for production and non-production

wells, respectively), 
and the number of meters per well. The

ninth line, or payment for supplies, is not necessary for the WDA
 
contract wells, as they are provided directly by the project.
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The balance is discounted at 35%, 20% and 0% per annum for
both a five year and 
a ten year payback period. If the WDA is the

only source of business for such a driller, and if the price per

meter is set at 32,500 shillings, then a firm investing in 
a new
 
rotary rig would barely avoid a loss. Profitability would require

that the driller obtain additional customers, as illustrated by

Annex A-14.
 

The model in Annex A-14 is similar in most respects to
 
that in Annex A-13 except that the firm is assumed to have a

growing clientele for well drilling services in addition 
to its
 
WDA contract. The model shows the firm initially drilling one

well per year for customers other than WDA, growing by one
 
additional well every 
two years. This activity would allow the

firm to achieve a rate of return in excess of 50% 
over a five year

period, and almost 75% over 
a ten year period.
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APPENDIX B 

BACKGROUND INFORMATION ON DEMAND FOR WATER
 
AND WATER SUPPLY FACILITIES IN SOMALIA
 

B-1. INTRODUCTION
 

In this appendix, 
the projected national consumption

requirements for water, and 
the resulting requirements for water
supply structures, civil works, services, manufactured inputs and
 
raw materials are analyzed. The appendix will:
 

• Describe the determinants of demand for water;
 
0 Describe current consumption;

* 
 Estimate future consumption needs for water;

* 
 Compare estimated current and future consumption
 

needs with existing supply;

* 
 Estimate consequent need for additional 
water supply


structures, civil works, manufactured inputs, and
 
raw materials.
 

B-2. DETERMINANTS OF DEMAND
 

Demand for water resource structures and related
 
components rests fundamentally on 
the basic demand for water.
This basic demand is in part determined by the level and growth of
human population, animal herds, agricultural land area,

manufacturing and other activities which use water; 

and
 
by water
consumption standards; and by responses to changes in the price of
 

water.
 

"Demand" in the economic sense 
refers to the quantities of
water consumed as a function of the price of water. 
 Since there
is a legal ceiling on the price of water 
in Somalia, there is
insufficient data 
to determine demand in 
this sense. However, it
is possible to estimate total current consumption of water by
examining population figures and per unit consumption estimates
 
for different types of water use.
 

The Consultant's Water Industry Systems Model for Somalia

(WYSyMS) which appears in a separate volume, 
is designed to
illustrate the major uses 
and sources of water throughout the
country. In 
a number of cases, reliable data for many of the
variables were not available, and 
in other cases, various sources
of data and estimates conflicted. Therefore, three different

scenarios are presented to illustrate the range within which the
actual situation probably falls. 
 The estimates discussed in this
report are 
taken from the middle range of estimates for all

variables, and middle-range projections to 1990.
 

B-2.1 Human Consumption ofWater
 

As in all arid countries in the developing world,

obtaining water is 
a major concern of the Somali people,

especially in 
rural areas. The locations of water points and
quantities of water available 
are the primary determinants of the
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location and even the size of rural villages. In the nomadic
 
lifestyle, which is followed by about half of Somalia's
 
population, the availability of water and grazing land are the
 
greatest influences on patterns of migration.
 

Much of the water consumed by people, especially in rural
 
areas, is taken directly out of rivers, springs, and natural
 
ponds (called "Ballehs" in Somalia). 
 In the wet season, rainwater
is collected in cisterns ("Burkeds") or earth reservoirs ("Uars").
In the dry season, people must 
rely more heavily on groundwater

sources: both borewells and hand-dug wells.
 

Water use varies considerably throughout the year, between
 
wet season and dry season; and also between years, depending on

the strength of the rains and the water level in the rivers.

While water is used for drinking, cooking and washing; the latter
 
two forms of consumption may be sharply curtailed in the dry

season to conserve limited water supplies for their most vital
 
uses. Communities lacking groundwater resources may have no
 
nearby sources of water at all during the dry season;

necessitating daily journeys of six hours or more, roundtrip, to

collect water and carry it home. 
Especially for poorer families

who may not have donkeys or camels, the length of this journey

limits the amount of water that practically can be provided.
 

By Somali tradition and law, drinking water for immediate
 
consumption should always be available free of charge; 
but water

for livestock and water carried away in containers carries a

charge. The current legal national price of water is set at 18
So.Sh. per cubic meter (= 1000 liters), although dry season prices

in arid areas can easily climb to 20 times the legal price.

During the wet season when surface water is readily available,
 
most people prefer to obtain their water free of charge from
natural sources or simple catchments, even though the quality may

be inferior to groundwater.
 

Rough calculations of average human consumption can be
 
made on the basis of population figures and per capita consumption

estimates. Estimates of human population in Somalia cover a wide
 range. There was a national population census in Somalia in 1975
(which was subject to some criticism for its coverage and
 
methodology); it estimated a population of about 4.2 million,

excluding refugees. The Ministry of National Planning (MNP)

estimated a total population of 5.35 million as of end-1984, while
 
an aerial reconnaissance survey estimated a population of almost 7
 
million.
 

Since per capita water consumption varies significantly

between urban and rural dwellers, it is useful to divide the

population along these lines to estimate total consumption. The

MNP estimates that 25% of the population live in urban areas,
approximately 29% are settled in rural 
areas and the rest are

nomadic. 
 Urban dwellers with individual household connections

might consume up to 100 liters per capita per day (lcd) in

cleaning, and cooking as well 
as direct consumption, while dry

season nomads' consumption may be as low as 3 liters per day 
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barely sufficient for survival. 
 For purposes of simplicity, the
Consultants' figures represent rough estimates of average
consumption throughout the year. 
Actual consumption varies
considerably between wet and dry 
seasons and from year to year
depending largely on 
the amount of water readily available.
 

Most urban water is provided by deep drilled wells and an
extensive distribution network leading to individual household

connections or neighborhood standpipes. 
Rural communities and
nomads rely more 
heavily on hand-dug wells, surface water from
rivers and ponds, and from rainwater catchments. The Consultants
estimate that total urban consumption of water for human use is
currently about 8 million cubic meters per year; 
rural and nomadic
consumption is about 12 million,, 
For livestock consumption, also

predominantly rural, see below. / 

Population growth rates for the country as 
a whole are
estimated to be about 
2.9% per annum. This is a weighted average
of an urban population growth rate of 4.5%, rural settled growth
of 3%, and nomadic population growth of 1.9%. 
 This would give a
total population of about 6.35 million in 
1990, of which 1.74

million would be urban.
 

Growth in per capita consumption is harder to judge.
Goals established under the United Nations' Drinking Water Supply
and Sanitation Decade and formally endorsed by the Government of
Somalia are to provideabout 40% 
of the urban population with
household connections and 60% of 
the urban population with nearby
access to public stand posts. 
 Consumption goals are set for a
minimum of 30 Icd in urban areas 
(130 Icd for household

connections) and 20 
lcd in rural areas. This would require
provision of'almost 50 million cubic meterd of water per year for
human consumption in urban areas and 44 million cubic meters in
rural areas for human consumption alone. 2!
 

The Consultants estimate that achievements to 1990 will be
 more modest: 25 
icd in urban areas (100 Icd for household
connections), 
15 Icd in settled rural communities and 10 icd for
the nomadic population. 
This would lead to a total urban demand
(for human consumption only) of about 21 million c 
ic meters ofwater, and rural human demand of about 20 million. ' 

1/ Appendix I, Section 1-6
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3/ Appendix I, Section 1-4
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B-2.2 Livestock Consumption of Water
 

Livestock production is the principal economic activity in
Somalia, accounting for approximately half of GDP and up to 80% 
of
 
export earnings. Almost half the Somali population is engaged in
nomadic pastoralism, while four-fifths of the population are

involved in livestock raising of one sort or another. 
Rural
 
people derive about half their caloric intake for most of the year
from milk and meat, and sell surplus animals, milk, hides and

skins to purchase food staples. In urban areas, dietary

preferences result in 
a high level of consumption of meat and
 
milk.
 

The current basis of livestock production is an extensive
 
and mobile system of grazing adapted to the natural characteris
tics of the country. Natural rangelands cover about 80% of the

land area. 
 Since large portions of the rangeland are unsuitable
for any other use, it 
is expected that it will continue to serve
 
as the nutritional base for the national herd. 
 Utilization of

arid rangelands can be improved by better distribution of watering

facilities and by better management of grazing areas.
 

Livestock population estimates vary, but the MNP estimates
 
a current population of about 4 million cattle, 5 million camels
and 27 million sheep and goats. 
Growth rates for the national

herds will depend on market conditions (especially export markets)

as well as human population growth rates and climatic and range

conditions. 
Over the past few years, the MNP estimates that
livestock populations have increased by about 1% per annum 
(net
after off-take). 
 If this rate continues, 1990 populations can be

expected of about 5.3 million camels, 4.2 million cattle, and 28.7
 
million sheep and goats.
 

Livestock water consumption varies with climatic and range

conditions, and they 
can meet many of their water needs from the
moisture content of their forage or browse. 
 Cattle must be
watered once every other day on average; whereas sheep and goats

can be watered every two to six days, and camels are watered

anywhere from one, to three weeks. 
Volumes of water consumed at

each watering can therefore vary significantly; but the

Consultants work with the assumption of 
an average daily water

need of 25 liters 
 er head per day for camels and cattle, and 3

liters per head per day for sheep and goats. Per head consumption

figures are not expected to increase significantly over the next

five years. Thus livestock consumption, figured at about 100
million cubic meters 4 or 1984, is projected to rise only to about
 
130 million by 1990.'t
 

Livestock watering fees are supposed to be based on

legal national price of water. In practice, the 

the
 
volume of water
 

4/ Appendix I, Section 1-4
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consumption per head per watering can only be estimated, and the
 
fee set on the basis of that estimate. The table below presents

typical livestock watering fees at a government controlled
 
watering point as of 1983-84. Dry season watering prices in the
 
more remote areas in Somalia, beyond effective government

regulation, can be many times higher.
 

Livestock Watering Table5/
 

Average 

Type of 
Livestock 

Est. Number 
of Dead 

Frequency
Est. Volume of 
per Watering Watering 

Charge 
per So.Sh. per 

Watering Cubic Meter 

Camel 
Cattle 

5,000,000 
4,000,000 

100-150 1. 
40-60 1. 

1-3 wks. 
1-2 days 

0.7 So.Sh. 
0.4 So.Sh. 

5 - 7 
6.7-10.0 

Goats/
Sheep 27,000,000 6 1. 1-2 days 0.1 So.Sh. 16.7 

B-2.3 Agricultural Water Consumption
 

About one-fifth of the Somali population are engaged in
 
crop production activities, 80% of them on a subsistence basis.
 
Agriculture is considered an especially important sector by

virtue of its contribution to export revenues (mainly bananas);

its role in import substitution, especially of food items; its

function as 
a supplier of inputs to the manufacturing sector; and

its potential to absorb some of the growing number of entrants to

the labor force. The major crops include the staples maize (corn)

and sorghum as well as bananas, sugarcane, cotton, rice, citrus
 
fruits and some vegetables.
 

Agricultural production is 
from two sources: a relatively

small commercial sector employing controlled irrigation, and

traditional farms which produce the main staples. 
The largest

segment of the population engaged in agriculture lives outside the
 
monetary economy, producing primarily for its own consumption and

marketing any excess 
beyond family needs. Agricultural practices

have remained rather simple with minimal use of modern inputs or
 
technologies.
 

The vast majority of crop land in Somalia is under purely

rain-fed conditions; some agricultural land benefits from (semi-)

controlled flood-irrigation in the rainy se&son, which makes use

of small earth dams to divert run-off to the agricultural fields.

About six percent of cultivated land, all of it near the Shabelle
 
or Juba Rivers, is under controlled channel irrigation. This land

is devoted primarily to production of export crops, particularly

bananas and grapefruit. Since rainfall is beyond practical human
 

5/ MNP, "Five Year Development Plan (1982-1986)"
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control, this study will examine only the portion of agricultural

water use that is directed through water control structures.
 
Further, since data are unavailable on the extent to which earth
 
dams are used in flood-fed agriculture, we shall focus primarily
 
on water used in controlled irrigation agriculture.
 

The MNP estimates that there are currently about 55,000

hectares under controlled irrigation. Estimates of water use 

hectare are very rough, and heavily influenced by assumptions 

per
 

about the efficiency of water use. One figure used by the MMWR

assumed a 45% water use efficiency and estimated annual per

hectare water use at about 25,000 cubic meters. Most agricultural

experts in Somalia, however, agree that water use efficiency is

currently under 20%, implying that the MMWR's estimate of about
 
one 
billion cubic meters per year for irrigation water consumption
 
may be far too low.
 

Most irrigation water comes directly from the Shabelle
 
River; but since the river 
runs dry at least once, usually twice,

each year, irrigation wells have been drilled to enhance water
 
availability. This groundwater probably provides less than three
 
percent of water used in irrigation, yet irrigation accounts for
 
over half of all groundwater consumption in Somalia.
 

The Ministry of Agriculture is anxious to increase
 
irrigated crop production, and has plans both to extend the area
 
under irrigated cultivation and to increase the intensity of

irrigation. There is plenty of scope for introducing irrigation

to the Juba River Valley, but the Shabelle River is considered by

most experts to be over-exploited already. 
Since there are no

laws governing water rights from the 
rivers, upstream plantations

make heavy demands on the Shabelle's waters, leaving many

downstream users dry shortly after the end of each rainy season.

FAO and World Bank agricultural advisors insist that all future
 
increases in irrigation intensity along the Shabollo will have to

be accomplished through improvements in the level of irrigation

efficiency. This can be achieved by replacing the current
 
open-channel irrigation systems with closed-tube irrigation

systems. (PVC pipe manufacturing facilities are available

locally; preliminary specifications for such a system are
 
presented in Section 2.1.2.4 of the main body of the Final
 
Report).
 

The Consultants estimate that by 1990, there will be about
64,000 hectares under controlled irrigation, and consumption of
 
irrigation water will be at least 1.35 billion cubic meters per
 
year.
 

B-2.4 Institutional/Industrial Water Consumption
 

Little information is available on water consumption in
 

6/ Appendix I, Section I-4
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industry and manufacturing in Somalia. 
The MNP has compiled a

list of about 300 firms with five or more 
employees, but admits

that many companies were probably missed. 
 For Mogadishu,

estimates made during the Second Water Supply Project suggest that
government institutions accounted for over half of all water
consumed in the city in 
1981, and that private industry accounted
for another 3%. The Consultants estimate that total institutional/industrial water consumption was about 8.5 million cubic
 
meters in 1984.
 

Projections of industrial/institutional demand to
depend crucially on 
1990
 

assumptions about the economic environment,
including economic policy. 
The Consultants assume 
that there will
be little growth in water consumption in the public sector, but
due to privatization policies and industrial growth, private

industrial water use may grow by as 
much as 15% per annum. In
this case, total water consumption for institutional/industfal
 
use 
could climb to almost 10 million cubic meters per year.
 

Currently, many private firms prefer to dig or drill their
 own wells, rather than subscribe to metered city water. 
These
wells may yield about 5 or 6 cubic meters per hour. As private
commercial and industrial activity expands, this 
sector may form
 an important market for the local private sector drillers in
 
Somalia.
 

B-2.5 Effects of Price on Demand for Water
 

Little information is available about the elasticity of
demand for water with respect to price. Somalia currently has a
fixed legal price for water of 18 So.Sh. per cubic meter; and
although it is well known that people must often pay much higher
prices during the dry season, there is no reliable data on this

activity. It is also clear that 
in the wet season, rural
populations usually prefer to obtain their water free from surface
resources, including rivers, ponds, uars, and burkeds rather than
pay for groundwater, even though it may be of better quality.
 

There is no indication that the current price 
is a barrier
to water consumption in general. 
Water is provided as a utility
good, not as 
a social service, and user charges are levied to help
defray the cost of providing that good. The imposition of user
charges has strong economic justification: not only does it help
meet expenses involved in providing water, it also encourages
water conservation (e.g., by encouraging livestock 
owners to sell
non-productive animals in order to help pay their watering fees).
 

The uniform national price for water 
is based on the
 average delivery costs of several urban water systems, such as
Mogadishu and Hargeisa, and does not 
reflect the varying cost of
delivering water throughout the country. 
 In one study of water
 

7/ ibid
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prices carried out by the Consultants 
in 1984 in the Bay Region,

the ten shilling price (using the official exchange rate) appeared

to be sufficient to cover operation and maintenance costs and to
make some uontribution towards recovering the investment cost of
the well, but it was 
figured to be far from sufficient to recover
 
the full investment cost.8 / 
 Since the 1985 devaluation there has

been some pressure from regional WDA offices to raise the official
price. Although an official national price increase to 
18 So.Sh.
 per 	cubic meter was recently approved, some urban offices earlier

raised their fees to 25 So.Sh. per cubic meter.
 

B-3 ELEMENTS OF UP-STREAM DEMAND IN THE WATER INDUSTRY
 

Above the first-level provision of water to ultimate
 
consumers, there extend second-level services and activities
 
necessary for the production and distribution of water (e.g.,

drilling wells, constructing water lines and other civil works)

and above these, third-level activities, which include the
production of manufactured and raw-material inputs to the
industry. 
Together they make up the industry structure:
 

Level I: Water Supply
 
A. 	Well/reservoir ownership

B. 	Well/reservoir operation and revenue 
collection
 

Level II: tonstruction and Related Services
 
A. 	Drilling and construction services
 
B. 	Planning and administration of well/reservoir
 

operation and of drilling and construction
 
C. 	Hydrogeological services
 
D. 	Repair and maintenance of water supply facilities
 

Level III: Inputs
 
A. 	Labor
 
B. 	Materials
 
C. 	Equipment
 

Thus demand for water gives rise to demand for the water

facilities such as 
wells and uars. These must be designed,
constructed, operated, and maintained. 
This in turn gives rise to
demand for drillers, drivers, cement, pipe, pumps, fuel,
equipment, and all that goes into the construction and maintenance
 
of water facilities.
 

In the Water Industry Systems Model for Somalia, estimated
 current consumption for all uses has been compared to estimates of
the numbers of all categories of water supply facilities, taking
into account the likely percentage distribution of each type of
 use across the range of supply facilities. This establishes a
 

8/ Carter Brandon, LBII, 
"Economic Evaluation of the Comprehensive

Groundwater Development Project", April 1984
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quantifiable relationship between demand for water 
(which can be
analyzed separately for each type of 
use of water) and the numbers

of each type of water facility needed to meet that demand. 
 In
this way, projections of future water demand can help determine

demand for water supply facilities. Knowinq what goes into the

production of each type of water supply facility can 
help in

estimating the likely quantities of inputs required.
 

The WISyMS Level III submodel, which projects quantities
of inputs for basic production as well as maintenance and repair

are estimated for all types of water supply facilities.
 

B-4 IMPACT OF FOREIGN AID
 

A large proportion of water development projects in

Somalia are 
funded through foreign assistance. Since 1981, more

than forty percent of wells drilled in Somalia, including the

major urban wells, were financed through foreign sources.
 

To meet water development requirements and objectives,
continued 
foreign assistance will be required for the foreseeable

future. The only other alternative, which should be considered as

complementary 
to foreign aid programs, would be the mobilization
 
of private domestic resources for water development.
 

A description of each of the recent major foreign
sponsored water resource development projects is contained in
 
Appendix F-4.
 

B-9
 



APPENDIX C 

OVERVIEW OF INDUSTRY AND SUPPLY STRUCTURE IN SOKALIA
 

C-I INTRODUCTION
 

This appendix will examine the supply side of the water
 
resources development industry in Somalia. 
The 	purpose is to
present a picture of the 
industry as it currently exists. The
 
appendix will:
 

* 	 Define the industry;
 
* 	 Examine the current supply of water and of water
 

supply structures;

0 	 Describe th2 administrative, regulatory, and
 

legislative structure of 
the industry;

0 Examine existing hydrogeological, design and other
 

scientific and engineering services;

0 Describe drilling and civil works construction
 

resources existing in Somalia;

0 
 Describe the methods of operation of water supply


facilities and of collection of water related
 
revenues; and
 

0 	 Describe requirements for and existing capacities to
 
maintain water supply structures.
 

C-2 DEFINITION OF INDUSTRY
 

The water resource development industry in Somalia is

large and diverse and of crucial importance to other facets of the
 
economy. While it is recognized that many of the components of

the industry are inter-related, a detailed examination of private

sector involvement in 
all 	aspects of water development (e.g., in
irrigated agriculture) is clearly beyond the scope of this study.
 

Study boundaries have thus been established to permit an

analysis of private sector opportunities generally felt to be
closely related to drilling or construction, equipping, installing

and maintaining water points; including storage and distribution
 
systems. 
The primary emphasis of this appendix will be on
groundwater development, particularly wells and boreholes, but
 
some surface water development will also be examined. 
P&ticular
 
consideration is given to the scope of activities carried out by

individual entrepreneurs and establishments.
 

The water resource development industry is defined to
include 
the activities of organizations and individuals engaged
 
in:
 

0 	 Drilling and digging wells and 
installing pumps in
 
drilled wells;


0 Constructing civil works related 
to water resource
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development, including the construction of 
reservoirs,
 
dams, cisterns, other water retention structures, and
 
other water sources, as well as the operation, repair,

and maintenance of these works;
 

* 
 Planning, designing, and engineering wells and other
 
structures described above;


* Manufacturing and assembling in Somalia 
inputs such as
 
pumps, tanks, metal and PVC pipes, plastic liners and

other material inputs used in drilling wells and

constructing other water resource structures described
 
above;
 

* Providing raw material inputs, such as gravel, stone,

and wood, used in drilling wells and constructing
 
other water resource structures.
 

C-3 WATER SUPPLY
 

This subsection will provide an overview of current water
 
resources and water supply in Somalia. 
 The sub section will
describe the existing water resources, mechanisms of water supply,

numbers of supply structures, and amounts of water supplied.

Water in Somalia 
is obtained by several mechanisms and from
 
several sources. These mechanisms and resources vary by

geographic location, purpose of use, and 
season.
 

Somalia's water resources are generally sparse and are not
evenly distributed because of 
the variation in rainfall distri
bution, topography and geology. Rainfall varies 
from a high of
450 - 780 mm per year in the inland highlands to a low of less

than 50 mm per year along 
the Gulf of Aden.'s Coastal strip. Heavy

individual ra~nfalls of 50'-
 150 mm have occurred, and periods of

prolonged drought, 
some lasting for years, are not uncommon.

There are four distinct seasons in Somalia: 
Hagai, a dry season
from December to March, Gu', 
an intense rainy season from April to

June; Jilaal, a dry season from June to September/October; and
Heyr, a 
short rainy season from October to December. Over the
 year, potential evapotranspiration greatly exceeds rainfall.
 

C-3.1 Existing Water Resources
 

Outside of the Shabelle and Juba River Valleys, surface
water supplies in Somalia are scarce resources. Because of the
arid climate, permeable soil, and high rate of evapotranspiration,

surface water is seldom available year round in most areas.
 

The Jdba and Shabelle Rivers are 
the main perennial

sources of surface water in the country. The rivers provide a
major source for irrigation in the southern part of the country.

Other streams are intermittent, flowing only during monsoons.
 

The Shabelle River rises 
in Ethiopia and enters Somalia at
Far-Far. It drains about 100,000 sq. km in Somalia and about

200,000 sq. km in Ethiopia. In Somalia, the 
river flows about 630

km, and terminates 
in a swamp about 30 km east of the Juba River.
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The flow of the Shabelle at Jowhar averages 66 cubic meters per
second and ranges from zero 
to 200 cubic meters per second. The
southern reaches of the river generally run dry twice each year,
and the quality of water varies greatly with the seasons.
 

The Juba, the other major river, is the only true
continually flowing stream of Somalia. 
 Like the Shabelle, the
Juba flows from the Ethiopian plateau. The drainage basin of the
Juba covers about 275,000 sq. km of which 98,000 sq. km is within
Somalia and has a channel length of about 800 km. 
 The volume flow
of the Juba River is almost three times that of the Shabelle. In
normal years it is an estimated 190 cubic meters per second with a
range of about 20 
to 700 cubic meters per second. The quality of
Juba's water is less variable than the Shabelle and contains fewer
dissolved solids, but the quality fluctuates with the seasons.
 

The mountainous area 
.n the north contains many small
 
streams which at 
times become torrents, but there is little
information about the flow of 
these seasonal streams.
 

Surface water resources 
in Somalia are insufficient to
satisfy consumption requirements. Use of groundwater resources is
therefore a necessary complevent to surface water.
 

Despite the drilling activities and the continuous search

for groundwater during the past several years, the 
state of
knowledge of the location, quantity and quality of groundwater

resources 
is still very limited. There has been a lack of
adequate systems for measuring, record keeping and monitoring.

Efforts are being made to carry out proper hydrogeological

investigation and data collection and interpretation.
 

Although Somalia has been experiencing frequent droughts,
it is believed that the overall groundwater resources development
of the country has not exceeded the (admittedly limited) capacity

of these resources.
 

Groundwater is the predominate dry season source of water

supply in many parts of the country, and is in most parts of the
country the only perennial water source. However, the availability of groundwater varies across areas. 
Also, there are

serious water quality problems, especially in the shallow
aquifers, where hand dug wells may be constructed. Another

serious problem is risk of over-development of groundwater in 
the
Shabelle alluvium and in certain arid parts of the country. 
 In
 some areas of the country, conditions may not favor the recharge

of groundwater resources.
 

Hydrogeologists on the second Mogadishu Water Supply
project estimated, for example, that the sustainable yield of
groundwater bodies located within the Afgoi-Balad-Mogadishu

triangle is about 25 million cubic meters per year. 
This region's
groundwater is derived from recharge of the Shabelle River during
high river stages. It is estimated that maximum use of this
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resource will occur by the early 1990s and will require careful
regulation of water production throughout the Basin. 
 After this
time Mogadishu may have to secure supplemental supplies directly

from the Shabelle River and/or from more distant groundwater
 
sources.
 

Mechanisms of water supply include water available without
charge and water that is purchased. Where available, free surface
water resources (i.e., 
without charge) are the preferred sources
for most users, including water for human consumption, livestock
consumption and irrigation. Such sources 
include river water, and
during wet season, rainwater catchment resources, including uars,
burkeds, and ballehs. 
 The latter are all man-made or at least
potentially man-improved water sources, designed 
to store surface
 water, especially rain and runoff water, for extended periods.
 

Wells, both deep and shallow, drilled and hand-dug, are
commonly used to tap groundwater resources and to provide extended
water availability. 
 Many are designed to provide year-round
 
water.
 

Other, less utilized and still uncertain sources include
natural springs and desalinized seawater. 
 In urban areas, piped
water supply distribution systems are being extended. 
Ten

communities are currently served by piped water systems.
 

C-3.1.1 Drilled Wells
 

The WDA operates approximately 360 public wells in 
rural

and semi-urban areas, and has another 130 which are out of
 
service.
 

WDA rural wells are estimated to produce approximately 70
cubic meters per day, on average. Municipal wells in the large
towns and cities have much greater capacities and rates of
consumption. 
Wells recently completed in Mogadishu each have an
 average daily capacity of about 1,375 cubic meters per day. 
 In
Hargeisa, the six wells recently completed by the Chinese have an
 average capacity of about 800 cubic meters per day.
 

Except in Kismayo, where water is obtained from the Juba
River, all existing urban water supplies rely on groundwater from
drilled wells, which is usually pumped into elevated reservoirs
and distributed by gravity pipeline to the communities, through

public standpipes and individual house connections.
 

In rural areas, well use is frequently seasonal because
 users prefer, when water is available, to obtain their water from
 sources 
that do not require payment. The traditional water
 sources for most inhabitants of the Bay Region, for example,

uars, waddies and shallow wells. 

are
 
When these sources dry up, as
most do at least once if 
not twice a year, villages must seek
water at the nearest available site, which often involves a
roundtrip of up to one or two days. 
 It is common for entire
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villages to uproot and move nearer to 
a dry season water point if
 
the round trip is longer than six to eight hours. Even if an
 
entire village does not uproot, the young men will lead most of
 
the family livestock away to other less dry regions. 
 Thus, during
the two set seasons, well water usage will drop virtually to zero,

while during the two dry seasons, the user population per rural
 
well could rise to over 5,000 people and their associated
 
livestock.
 

The Consultants estimate that as 
of end-1984, there were
 
in Somalia approximately 125 urban wells, 200 rural boreholes

equipped with a diesel pump, 120 rural boreholes equipped with a

handpump, and about 155 irrigation wells.
 

C-3.1.2 Hand Dug Wells
 

Available data on the number of dug wells is 
scarce and

imprecise. Aerial reconnaissance data from the National Range

Agency suggests that as of end- 984, 
there were about 17,000
 
hand-dug wells in the country. Traditional dug wells may be two
 
to thirty meters in depth. There is, 
in fact, a great range among

dug wells. 
The vast majority of wells are temporary (seasonal) or
only moderately durable structures. The Consultants estimate that

the average dug well can yield up to three to five cubic meters
 
per day.
 

C-3.1.3 Uars
 

Uars, man-made surface water impoundments, are a
 
traditional water source. 
They are usually dug in relatively

impermeable clay soils and are occasionally lined with plastic

sheets. The importance of construction of uars has been

recognized by the Government of Somalia. 
This is reflected in the
 
Five-Year Development Program, 1982 
- 1986, which established the

goal of construction of 500 new large uars, including ten per year

by the NRA. It has been estimated that there are about 18,000
 
uars in Somalia, ranging in capacity from a few hundred cubic
 
meters to 30,000 cubic meters or more; and yielding an average of

perhaps 1,000-1,500 cubic meters of water per year for human and
 
livestock consumption.
 

C-3.1.4 Burkeds
 

Burkeds are underground cisterns or containers lined with
 
cement and/or stone, which store runoff water. Burkeds have long

been common in the northern area of Somalia, and the technology

has been adopted on a large scale elsewhere in the country. There
 
has recently been a great increase in the rate of construction of
 
burkeds.
 

1/ Resource Management and Research of London, Southern Rangelands
 

Surveys, 1985
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There are thought to be many thousands of burkeds in
Somalia; the Consultants estimate that there are over 10,000

burkeds in the country, ranging in size from 10 
to over 600 cubic
meters, and yielding an average of perhaps 500 cubic meters per
year per structure. 
 During the dry season, burkeds may be filled

with water trucked in from an outside source.
 

C-3.1.5 Springs
 

Natural springs exist, particularly in the three

northeastern regions of Somalia. 
There are a few in the Upper
Juba areas, but their number and potential are not well known.
 

The 1972 UNDP Mineral and Groundwater Survey estimated the
number of springs in Somalia to be about 260. 
 The report

indicated that most have an insignificant discharge. 
 Most springs
were used for water supply of nearby habitations and livestock
 
watering.
 

C-3.2 Planned Water Supply Development
 

A recent World Bank study of overall water resources and

requirements concluded that Somalia 
is not seriously water

deficient, and that adequate water supplies for its human and

animal populations 
are available provided water development is
 
carefully planned and implemented.
 

Reflecting this opportunity, a substantial portion of
Somalia's development budget is devoted to projects associated
with water exploration and the channeling and harnessing of water
supplies. 
Ten percent of the Five Year Plan (1982-86) budget was

planned for water resource development. 2/
 

Because of the importance of 
the need, the Government of
Somalia has identified the rural water supply subsector, which
includes the nomadic population, as a major priority area. Fifty
percent of the investment projected in the water sector 
in the
Five Year Plan is ear-marked for this subsector, the remainder

being equally shared between sanitation and urban water supply

(see Exhibit C-1).
 

C-3.2.1 
 Human and Livestock Consumption
 

Rural Water Supply
 

One of the objectives adopted by the Government is 
to
provide each rural and nomad inhabitant with 25 liters per capita

per day (Icd) of safe drinking water by 1990. Service is
 

2/ In the adjusted three-year Public Investment Program

(1984-1986) the total share was 
increased to about 11.0% but
annual expenditures in constant dollars are planned to be at least
50 percent higher during 1984-1986 than in 1982 and 1983.
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EXHIBIT C-i
 

WATER SUPPLY FOR HUMAN CONSUMPTION1'
 
CURRENT WATER SUPPLY AND GOALS
 

Present Situation Decade Targets

Water Supply (1982) 
 (1990)
 

Urban Centers
 
Percent of service coverage2 /  60% 80%
 

Consumption in liters per

capita per day (lcd, by:


Private connections 
 40 lcd 
 130 	lcd
Public fountain 
 15 lcd 
 30 lcd
 

Rural Areas
 
Percent of service coverage3/4/ 20% 50%
Consumption 
 10 lcd 
 25 lcd
 

I/ 
Source: Plan for the Drinking Water Supply and Sanitation
 
Decade


2/ 	Accessibility criterion: Not more than 200 m from dwellings
3/ 	Design criteria for per capita allowances have been adopted on
the assumption that water resources will be sufficient to meet
 
the demand
 

4/ 	Accessibility criterion: Not more than 500 m from dwellings
 

C-7
 



considered adequate if the source is 
not more than 500 m from a
 
village or dwelling of temporary nomads. According to Government
 
estimates, this would imply an eight-fold increase in water
 
supplied from 1982-1990, from 3 m~llon cubic meters per year to
 
25 million cubic meters per year. The Consultants' estimates
 
based on the Government's goals as well as the most recently

available demographic data, indicate a need for 44 million cubic
 
meters of water in rural areas. This in turn would imply a need
 
for 74f/rural boreholes in order to supply this quantity of
 
water.
 

The Government target for the 1982-1986 Five Year
 
Development Plan was to construct 250 deep wells in rural 
areas.

In 1982, less than ten wells were completed. Objectives to 1986
 
have since been reduced to 30-35 wells per year. For financial as

well as technical reasons, the WDA is currently operating at a
 
level below that called for by the FYP. For example, in 1983, 10
 
rigs drilled 17 boreholes in eight regions. Eleven of these are
 
production wells, the others have either found water in
 
insufficient quantity, or 
the water has been too saline for use.
 
Other government plans for the decade are illustrated in Exhibit
 
C-2.
 

In addition to human consumption, rural water systems must
 
serve the needs for the livestock populations. Livestock obtain
 
their water requirements from a variety of surface and groundwater
 
sources. During the wet season, pastoralists tend to water their
 
herds at free, surface water catchments. During drier periods,

the livestock are often brought to the uars and wells. 
There is,

in practice, little difference between "animal" and "human" water
 
resources.
 

In addition to the rural water supply projects discussed
 
in the previous subsection, which will also serve livestock, there
 
are several ongoing programs managed by the NRA to build uars and

other waterpoints to serve livestock. The construction of 500
 
uars and 150 wells was planned for the Five Year Plan, although it
 
seems unlikely that these targets will be fully realized.
 

The Consultants' middle-level projections to 1990,

including more modest targets for per capita consumption, would
 
provide a total of about 20 million cubic meters of water for
 
rural consumption and require a stock of almost 600 rural

boreholes. This would require the construction of about 232 wells
 
from 1986 through 1990. (See Section Three of the main body of
 
the Final Report).
 

3/ Source: 
Plan for the Drinking Water Supply and Sanitation
 
Decade.
 

4/ Water Industry Systems Model for Somalia (WISyMS).
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EXHIBIT C-2
 

INVESTMENT OBJECTIVES FOR RURAL WATER SUPPLY
 

Unit Cost Total Cost
 
So.Sh. (US$) So.Sh. (US$)
 

Item Quantity million million
 

Deep wells drilled 50 1.26 (0.084) 63.21 (4.20) 

Deep well pumps 90 0.15 (0.010) 13.55 (0.90) 

Pump houses 90 0.10 (0.007) 9.48 (0.63) 

Houses for pump 
operation 90 0.30 (0.020) 27.10 (1.80) 

Piping 2" diameter 1600 0.26 (0.017) 409.36 (27.20) 

Standposts 550 0.12 (0.008) 66.22 (4.40) 

Shallow wells dug 2000 0.037 (0.0025) 75.25 (5.00) 

Shallow wells 
rehabilitated 1200 0.023 (0.0015) 27.09 (1.80) 

Hand pumps 8000 0.011 (0.0075) 90.30 (6.00) 

Clear water storage in 
thousands m 3 3600 0.226 (0.015) 812.70 (54.00) 

Rain catchment area Km2 30 45.15 (3.00) 1354.50 (90.00) 

Rain catchment area 
in thousand m 3 500 0.10 (0.007) 526.75 (35.00) 

Slow sand filters 1000m 3 3 1.20 (0.080) 3.61 (0.24) 

Infiltration 
galeries Km 40 1.13 (0.075) 45.15 (3.00) 

Fence Km 750 0.075 (0.005) 56.44 (3.75) 

Individual latrines 150 2.26 (0.15) 338.62 (22.50) 

TOTAL 3919.33 (260.42) 

1/ 
 Source: Plan for the Drinking Water Supply and Sanitation
 
Decade.
 
Note: Exchange rate used is 15 So.Sh. = 1 US$
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Urban Water Supply
 

By early 1984, piped water supply systems served ten urban

communities: the three major towns of Mogadishu, Hargeisa and
 
Kismayo; and seven smaller towns of Berbera, Baidoa, Merca, Afgoi,

Balad, and Jowhar. In addition, the WDA considers an additional
 
62 Regional and District Centers as "urban." It is estimated that
 
60 to 65% of the urban population has nearby access to drinking
 
water.
 

In the city of Mogadishu, the population coverage is the
 
highest, estimated to be 87% of the total city population. Most
 
of the "excluded" urban population (those further than walking

distance from an urban standpipe) are served by private transport

and sale of water, either from water tanker trucks or from a
 
vendor with a donkey cart carrying a 200 liter drum.
 

The Mogadishu water supply system is currently undergoing

expansion through an IDA credit with co-financing by Arab funds.
 
Most of the present water supply system for Mogadishu was

commissioned in 1973 with the construction of 19 
wells producing a
 
total of about 24,000 cubic meters per day. By 1980, the number
 
of production wells had dropped to 17 and production fell below
 
19,000 cubic meters per day.
 

Expansion was planned in two phases. Phase I of the
 
Mogadishu Water Supply Expansion was completed in 1982 with the

drilling of eight new production wells, and storage and
 
distribution facilities. 
Phase II entails the construction of 47
 
production wells and associated works. Phase III, a river water
 
extraction scheme, will begin late in the plan period. 
 The
 
objective is to meet by 1990 
the target of 58,000 cubic meters per
 
day.
 

The Hargeisa water supply system currently has six
 
municipal wells, and has plans to double capacity with the
 
construction of six additional wells with assistance from the
 
People's Republic of China.
 

Other urban water programs to extend water supply in 
towns
 
carried out with West German assistance have been planned, but are
 
on hold. Italian aid is upgrading the Berbera city water system.

See Appendix F-4 for more details on 
these and other foreign aid
 
water supply projects.
 

The Government has adopted an objective of eighty percent
 
coverage for urban areas by 1990, with 130 lcd for private

connections and 30 lcd for public fountain service, with the
 
levels of service differing according to the importance and stage

of development of a particular town. 
 Commercial and institutional
 
water requirements are included 
in these per capita targets.

Achievements of these targets will require the construction of
 
about 25 new urban systems and expansion for three urban systems.
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The WDA at present manages water supply systems in some
 
towns and envisions extending its activities by 1990 to all towns
 
with water supply systems not managed by separate entities
 
(Mogadishu, Hargeisa, and Kismayo). By 1984, financing for
 
expansion of new construction of water supplies for 17 centers was
 
either assured or being negotiated with potential bilateral and
 
multilateral donors.
 

The Consultants' projections to 1990, including more
 
modest estimates of increases in per capita water consumption,

would require a stock of about 230 urban wells by 1990 (including

municipal, industrial, and other private wells), and would require

drilling about 95 wells from 1986 through 1990. 
 (See Section
 
Three of the main body of the Final Report.)
 

C-3.2.2 Water for Agriculture
 

Water for agriculture is obtained through diverted flood
 
irrigation, rainfall, or through controlled open channel
 
irrigation. In some areas, notably the Shabelle River Valley,

river water is supplemented by water from shallow drilled wells.
 
Water used for agriculture in the Shabelle River basin was
 
estimated in the 1982-1986 Five Year Plan to be 757 million cubic
 
meters per year; in the Juba River basin, 209 million cubic meters
 
per year.
 

On the basis of planned expansion of irrigated

agriculture4 .the Consultants estimate a requirement of 1.35
 
billion cubic meters of irrigation water by 1990, if ttie currently

prevailing technology and reliance on irrigation wells continues
 
over the next five years. This would in turn require a stock of
 
about 230 irrigation wells in 1990, and thus the construction of
 
about 75 irrigation wells from 1986 to 1990. 5
 

C-4 PLANNING AND ADMINISTRATION OF WELL AND OTHER WATER SOURCE
 

CONSTRUCTION AND OPERATIONS
 

Organizations and Their Responsibilities
 

Several ministries and agencies share responsibility for
 
water resource development. The three autonomous municipal water
 
agencies of the Ministry of Mineral and Water Resources are
 
responsible for administration, operation, and maintenance of the
 
larger urban systems in Mogadishu, Kismayo and Hargeisa, while the
 
Water Development Agency (WDA) has the responsibility for all
 
other towns and rural areas. Management often passes to local
 
bodies once systems have been established. In addition, the
 
Ministry of Agriculture, the National Range Agency, Ministry of
 
the Interior and other agencies are responsible for some water
 
projects.
 

5/ LBII, Water Industry Systems Model for Somalia, 1985.
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Until now, there has not been a water law governing the
 
development of water resources in Somalia. 
 In cooperation with
 
the FAO, the Hydrogeological Department of the Ministry of Mineral
 
and Water Resources is undertaking the tasks of developing water
 
legislation.
 

At the central government level, two organizations have
 
key policy roles in water development: the National Water
 
Committee and the Ministry of Minerals and Water Resources. The
 
National Water Committee is reinforced by the National Technical
 
Committee. 
 The Ministry of Mineral and Water Resources is
 
responsible for the Water Development Agency and municipal water
 
utilities. The 
function of these agencies is discussed in greater

detail in Appendix F-i.
 

C-5 	 HYDROGEOLOGICAL DESIGN AND OTHER PERTINENT SCIENTIFIC AND
 
ENGINEERING SERVICES
 

There are relatively few domestic organizations or

individuals capable of providing hydrogeological, design and other
 
scientific and engineering services. The Government of Somalia
 
recognizes this shortcoming and through technical assistance
 
programs, and educational programs (abroad and at the National
 
University), is attempting to increase the country's reservoir of
 
trained 	personnel.
 

Currently, in Somalia, the 
sources 	of such services
 
include:
 

a) 	 The Ministry of Mineral and Water Resources, through its
 
Hydrogeology Department, is responsible for research and
 
hydrogeologial studies, the collection and assessment of
 
hydrometeorological data, and the design and implementation

of groundwater exploration projects.
 

b) 	 The WDA has its own 
technical department and personnel. This
 
department is capable of undertaking hydrogeological studies,
 
design of wells, uars and other structures.
 

c) 	 Other Ministries: The Ministry of Defense possesses its own
 
technical capabilities. Other ministries, such as the
 
Ministry of Agriculture, are able to design their own
 
irrigation systems and certain water retention structures.
 

d) 	 Private Sector: There are several individuals in the private
 
sector, often ex-WDA employees, with the training and
 
experience to undertake certain investigations and design.

Geomatec and Aaron Construction and Consulting Company are
 
two companies that have been identified with the technical
 
capacity to undertake related work.
 

e) 	 University of Mogadishu: A number of Somali students are
 
receiving education in engineering, hydrogeology and similar
 
disciplines. Other students are receiving advanced degrees
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abroad and training from the WDA and other organizations.

Thus a cadre of individuals educated in these disciplines,

albeit lacking in experience, is becoming available.
 

None of the organizations in Somalia currently have the
 
capability of undertaking major studies or designs without
 
external assistance. The domestic ministries and agencies

typically receive foreign technical assistance. For major
 
programs of study, design, or construction, technical and
 
supervisory work is normally tendered to foreign organizations.
 

C-6 DRILLING SERVICES
 

This section reviews the availability of drilling services
 
in Somalia, the magnitude of drilling activities over the past

five years, and the respective market shares in drilling activity
 
of the government, foreign firms, and local private drilling

firms. It presents a number of different forecasts of future
 
drilling activities and compares these with forecasts of future
 
consumption needs.
 

As discussed above and in Appendix F, the WDA and the
 
urban water agencies share the legal responsibility for well
 
drilling in Somalia. The WDA has primary responsibility for well
 
drilling throughout the country outside of the urban areas of
 
Mogadishu, Kismayo, and Hargeisa, which have their own autonomous
 
water agencies. All other organizations and individuals are
 
required to seek authorization from WDA for their drilling.
 

Rigs are owned by the WDA, the Mogadishu Water Agency, and
 
the Ministry of Defense; byt several privat6 drilling companies

including the parastatal Somalfruit, and by foreign firms. (See

Exhibit C-3). The government agencies between them own 14 rigs

deemed by the Consultants to be operational or capable of
 
operation after some repair; local private firms own a total of 13
 
rigs; and foreign agencies and firms own another 8. Assuming each
 
rig could drill up to 8 production wells per year (and 4-non
 
production wells), these rigs could drill up to 280 production
 
wells per year.
 

Figures on actual well drilling activity by drilling

organizations over the past five years, and plans for 1985-1987
 
are presented in Exhibit C-4. A breakdown of this drilling

activity by project/customer as well as by drilling organization

is presented in Exhibit C-5. Between 1981 and 1984 average market
 
shares for overall drilling activity break down as follows:
 
Government agencies had about 29% of the entire market, the Somali
 
private sector had about 31%, foreign firms working on foreign aid
 
projects accounted for about 39% of the market, and foreign firm's
 
other work accounted for about 1%.
 

Drilling activity can be divided into drilling for 
irrigation (about one quarter), and other drilling (including
drilling for the public, livestock, mining, and unknown purposGs 
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EXHIBIT C-3
 

OPERABLE DRILLING RIGS IN SOMALIA
 

ORGANIZATION 


WDA 

WDA 

WDA 

WDA 

Mogadishu Water Agency 

Ministry of Defense 

SomalFruit 


SomalFruit 

National Drilling 

Horn of Africa Drilling 

Horn of Africa Drilling 

Murri 

Murri 

Murri 

Somali Drilling 

Somali-German Drilling 

Wild Drilling 

Chinese 

Chinese 

Juba Enterprises 

Juba Enterprises 

USAID Project 104 2/ 

USAID Project 104 


RIG TYPE 


Speedstar SS 20 rotary 

IR TH60 rotary 

Failing 1500 rotary 

Dando 800 cable tool 

Speedstar SS-22 rotary 

Russian URB-3AM rotary 

Italian Piacenza PRC 10
 
cable tool 

Failing 1500 rotary 

Failing 1000 rotary 

Mayhew 1000 rotary 

Walkeneer cable tool 

IR T4 rotary 

Italian Mait cable tool 

Failing 1500 rotary 

5ritish Rustom 22 cable 

Homemade German rotary 

German Bomag rotary 

Huanghe SPC-300H rotary 

Jiefang DPP-100 rotary 

Italian Pesina rotary 

Italian cable tool 

IR TH60 rotary 

Dando 800 cable tool 


QUANTITY
 

4
 
3
 
1
 
2
 
1
 
3
 

1
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
1
 
3
 
1
 

1/ In operation or capable of operation 
2/ Comprehensive Groundwater Development Project 
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EXHIBIT C-4
 

AMOUNT OF DRILLING BY SOURCE IN SOMALIA 1980 
- 1987
 
Production Wells
 

AGENCY/YEAR 1980 1981 1982 1983 1984 1985 1986 1987 TOTAL 

WDA 
Mogadishu Water Agency 
Ministry of Defense 
National Drilling 
Horn of Africa 
Somali Drilling 
Somali/German Drilling 
Somalfruit 
Juba Enterprises 
Fratelli Murri 
WILD 
8KW (GTZ) 
Kamphil 
Roscoe Moss 
Chinese 
Unicef 
Japanese 
Mowlen 
Other 
TOTAL 

15 
0 

13 
3 
0 
0 
0 
7 
I 
2 

41 

15 
0 
17 
3 
3 
0 
0 
6 
2 
3 
5 
4 
3 

24 

4 

89 

8 
0 
17 
3 
8 
0 
0 
15 
2 
5 
5 
5 
8 
9 
10 
14 

4 

113 

17 
0 
14 
3 
6 
3 
0 
12 
3 
10 

5 
8 
10 
11 

102 

12 
0 
14 
4 
2 
3 
6 

10 
4 
10 
1 

10 
17 
6 

99 

15 

2 
4 
I 

20 
4 

20 

I 
20 
9 
5 
4 

105 

18 

1O 

10 

38 

15 

15 

, 

82 
0 
75 
16 
21 
10 
7 
70 
16 
30 
49 
14 
30 
56 
46 
43 
29 
8 
0 

602 

MARKET SHARES (inpercent) 
 AVERAGE 

'81 - '846overnment 
 68 36 22 30 26 14 0 
 0 29

Somali Private Sector 32 19 29 36 
 39 30 0 0 31

Foreign Aid 0 
 45 49 33 29 55 100 100 39

Foreign Imports 0 0 0 0 I
5 0 0 1

TOTAL 100 100 100 
 100 100 100
1o0 100 100
 

NOTES:
 

Figures for 1985 - 1987 include well drilling activity planned for those years as of mid 1985.
 

'Govt' includes NDA, Mogadishu Water Agency, and Ministry ofDefence. Itisuncler at this point

how many production wells they have drilled inthe past five years. 
Itmay be less than
 
figures shown above.
 

'Somali Private Sector' includes National Drilling, Horn of Africa Drilling, Somali Drilling,

Somali-German Drilling, Somalfruit, Pesina/Juba Enterpise, and Murri. 
 They all seem to
 
have drilled wells primarily for the private sector, especially irrigation wells.
 

'Foreign Aid' includes allother drillers listed, minus work done by foreign firms for the local
 
private sector (Kampihl has drilled 6 wells for an Arab mining firm between '82 and '84.
 

'Foreign Imports' includes allwells drilled by foreign drillers for non-Aid purposes (see note
 
above).
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EXHIBIT C-5
 

AMOUNT OF DRILLING BY PROJECT IN SOMALIA 1980 


Production Wells
 

AGENCY/YEAR 1980 1981 1982 1983 1984 1985 

Rural Water Supply (WDA) 
Other Drilling (WDA) 
Ministry of Defence 
Urban Water Supply (GKW) 
Urban Water Supply (WILD) 
Mogadishu Water Supply (Nowlen)
Mogadishu Water Supply (Kampihl) 
COOP (Roscoe Moss ) 
Hargeisa Water Supply (Chinese) 
NE Water Supply (Chinese) 
North Water Exploration (Chinese) 
Refugee Water Supply (Unicef) 
NW Water Supply (Unicef) 
Rural Water Supply (WILD) 
Banana Irrig. (Soealfruit) 
Grapefruit Irrig. (Murri) 
Mogadishu Water Supply (Japanese) 
Govt. wells, Horn ofAfrica 
Other wells, Horn ofAfrica 
Foreign Financed (Murri) 
Govt & Other (Murri) 
Mining wells (KampihI) 
Berbera, (Somali Drilling) 
Private, (Somali Drilling) 
Govt, (Nat'l Drilling) 
Other, (Nat'l Drilling) 
Private Irrig. (Somali-German) 
Aid Irrig. (Pesina/Juba) 

12 
3 

13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
2 
0 
0 
0 
1 
2 
0 
1 

12 
3 
17 
4 
5 
4 
3 
0 
0 
0 
0 

24 
0 
0 
6 
0 
0 
0 
3 
0 
3 
0 
0 
0 
2 
1 
0 
2 

7 
1 
17 
5 
5 
4 
8 
9 
6 
0 
4 
14 
0 
0 
15 
4 
0 
8 
0 
1 
0 
0 
0 
0 
2 
1 
0 
2 

14 
3 
14 
5 
0 
0 
8 

10 
0 
0 
II 
0 
0 
0 

12 
5 
0 
6 
0 
2 
3 
0 
0 
3 
1 
2 
0 
3 

10 
2 
14 
0 
0 
0 
5 

17 
0 
6 
0 
0 
0 
1 
10 
0 
0 
0 
2 
5 
5 
5 
2 
1 
1 
3 
6 
4 

12 
3 
0 

0 
0 
0 

20 
2 
7 
0 
0 
5 

20 
20 
0 
4 
0 
2 

I 
0 
4 

1 
4 

TOTAL 41 89 113 102 99 105 

1987
 

1986 1987 TOTAL 

0 

4 
6 

18 

10 

0 

15 

67 
15 
75 
14 
10 
8 
24 
56 
12 
19 
15 
38 
5 
39 
70 
9 
29 
14 
7 
a 
13 
6 
2 
8 
7 
9 
7 
16 

38 15 602 
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about three quarters). Foreign firms drilling for foreign aid
 
projects dominate drilling for public water supplies, and account
 
for over three-quarters of all drilling in this category. 
Almost
 
all the rest is undertaken by government agencies. In irrigation,

local private firms account for almost two-thirds of the drilling

activity, and the rest is done by government (including the
 
Ministry of Defense for its farmland). Other drilling activity is
 
also undertaken primarily by local firms, which have captured

almost two-thirds of that market.
 

Overall drilling activity over the past five years has

been somewhat erratic, especially drilling undertaken by foreign

firms for foreign aid funded projects and by government. Drilling

for irrigation by local private firms has exhibited growth with
 
some variability; and drilling by local private firms for
 
non-agricultural purposes has exhibited strong and steady growth,

though admittedly from a low base. (See Section 3 of the main
 
body of the Final Report).
 

The combined supply-side scenario can be compared with
 
some of the demand-side scenarios generated by the Water Industry

Systems Model for Somalia (WISyMS), as presented in Section Three
 
of the main body of the Final Report.
 

C-7 CIVIL WORKS CONSTRUCTION
 

Civil works construction includes such well-related
 
activities as the building of storage and distribution systems for
 
wells. 
It also includes such non-well related but water-related
 
activities as earthmoving for and lining of uars, and construction
 
of burkeds, as well as construction of urban water distribution
 
systems and irrigation systems.
 

Several Government agencies, including the WDA, NRA, and
 
Mogadishu Water Agency, have in-house civil works capabilities.

In the private sector, many domestic firms are capable of
 
undertaking water-related civil works programs (see Appendix D-4

for a partial listing). These private firmas range in size from
 
small family operations to large organizations, and their
 
capacities similarly vary considerably. Firms such as Juba
 
Enterprises and Murri, 
for example are capable of undertaking both
 
well-drilling and related civil works, and independent major civil
 
works projects.
 

Communities have become greatly involved in the
 
construction of civil works. 
Much of this has been through the
 
lead of the WDA and the Ministry of the Interior. Much of the
 
work is done through self-help programs. In the past lack of
 
organization had prevented full community participation in such
 
activities.
 

Private individuals also undertake civil works, either by

themselves or through contractors. Burkeds, for example,
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constructed by communities and by private individuals, have been
 

springing up all over the Central Rangelands in recent years.
 

C-8 OPERATION AND REVENUE COLLECTION
 

Autonomous water agencies are responsible for the
 
operation of water supply systems in Mogadishu, Hargeisa and
 
-Kismayo. In rural areas and other urban centers, the WDA is
 
responsible for water supply. (The NRA also manages uars.) In
 
addition, many individuals and industries operate their own
 
systems.
 

Water may be sold at a single official price which applies
 
throughout the cvI9 ry. This is a standard rate of 18 shillings
 
per cubic meter. Private individuals may also sell water, but
 
may not legally charge more than the official rate. Decisions on
 
changes in the price of water are made by the Council of
 
Ministers. Individual agencies may recommend changes to the Water
 
Committee. Upon recommendation of the Committee, the Ministries
 
of Mineral and Water Resources and of Finance then decide whether
 
or not to recommend the change to the Council of Ministers.
 

According to long-standing community custom among the
 
nomads, any family who digs a well or has a historical claim to a
 
particular well has control over the distribution of water from
 
that 	well, as "community custodian." In times of water shortage,

distribution of water to the community follows set priorities:

human needs first (which cannot be refused so long as there is
 
water at all, and is distributed without fee), livestock next (for

which fees may be charged), and other uses last (also for a fee).
 

6/ 	 The uniform tariff was increased in 1983 from 4.5 So.Sh./m 3
 

to 10 So.Sh./m 3 , in 1985 to 13, and in 1986 to 18 So.Sh./m

The new rates were intended to be sufficiently above
 
operating cost (before depreciation) so as to encourage the
 
agencies in their search for greater cost recovery and
 
financial autonomy. At the present time, however, the system

of fee collecting and the fees imposed are far from ensuring

that this is the case for at least CGDP wells. While the
 
standard fee appeared to be sufficient in 1984 to cover
 
operation and maintenance costs and to make some contribution
 
to the cost of the well, it was not sufficient to cover total
 
cost, particularly in high cost areas.
 

7/ Since the 1985 devaluation, despite the official price to
 
which WDA generally adheres, water is officially sold in some
 
locations at higher prices. For example, water is sold by
 

3 -
Kismayo Water Agency at 25 So.Sh./m
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At WDA wells, drinking water is also free of charge, but
 
water for livestock and water taken away in containers carries a
 
fee of the standard rate of 18 So.Sh. per cubic meter (1000

liters). Standard containers include the 200 liter drum and 20
 
liter cans. In practice, it is impossible to be precise, and
 
rural WDA employees must work with estimates and charge

accordingly: for animals there are official estimates of water
 
consumption by type of animal, and the owner is 
charged on this
 
basis, for example, 0.7 So.Sh. per camel per watering (see

Appendix B-2.2). Collection rates, particularly in rural areas,
 
are poor and enforcement is not consistent. Also, water losses
 
are high due to lack of, or defective water meters, leakages and
 
the frequent absence of drinking troughs or basins for animals.
 

At all urban public fountains and some important rural 
pumped supplies, there are water tariff collectors who charge for 
water used. The "tap minders" are sometimes paid a fixed salary 
as direct agency employees and sgetimes take a part of the return 
to cover their own remuneration. / In most cases, WDA wells are 
operated by WDA employees. The Regional Director decides whether 
to contract out the operation of the standpipe.
 

In towns where WDA operates the water supply, the billing

is frequently on a metered system. 
Most WDA urban standpipes are
 
metered; most WDA rural standpipes are 9t. In some cases, the
 
standpipe is operated by a WDA employee 
 ; in other cases, a
 
private individual operates the standpipe. In the latter system,

the private operator pays a reduced rate according to metered use,

and sells the water at the official rate.
 

C-9 REPAIR AND MAINTENANCE
 

All water supply structures require routine and periodic

maintenance. The maintenance requirements of each type of
 
structure ere described in Appendix 1-9 bound separately.
 

8/ 	In Hargeisa, there was (as of 1983) neither a salary nor a
 
fixed percentage deduction from revenues, but water minders
 
charge more than the standard tariff with the agency being

sitisfied to receive the full fixed standard rate 
(10 So.Sh./
 
m ).
 

9/ 	In the case of diesel pumps, 2 WDA employees, who come, if
 
possible. from the local village are required - one as pump

attendant and one as fee collector.
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The frequency of periodic maintenance required for

estimated useful life of each structure, given proper maintenance,

is listed below for each type of 
structure.
 

Useful Life 
 Periodic Maintenance
 
(Years) (Years)
 

Drilled Wells 10 1 (handpump) 1/4 (diesel pump)

Dug Wells 10 
 2
 
Uars 
 10 1
 
Burkeds 
 15 3
 
Intakes from River 10 
 1/2

Ballehs 10 3
 
Small earth dams 5 1
 

One of the sector's key constraints is poor maintenance of
 
water supply systems and equipment, especially in rural areas. Of
 
the approximately 490 wells operated by WDA about 25% 
are out of

service at any given time, and of the WDA's approximately 40
 
well-drilling rigs only ten are functioning. 
Water losses from

production wells are estimated by WDA 
to be as high as 80% in some
 
cases, as a result of leakage, wastage and improper metering.

Recognizing these shortcomings, WDA has established an 
0 & M
 
Division which so far is, however, only poorly staffed.
 

The operation and maintenance costs of wells and most
 
other man-madb water supply structures are small compared with the
 
initial investment costs, but are, of course, essential to the

securing of benefits. 
The quality of the routine maintenance
 
program will in 
a large way determine the functional life of the
 
well and water distribution system.
 

As most of the deep wells in the country have not received
 
adequate routine or even periodic maintenance, there will be an

inordinate number of existing wells in need of rehabilitation or
 
major repair, and the useful life of existing wells may be
 
significantly reduced.
 

The WDA and the urban water agencies are responsible for
 
the maintenance of structures under their responsibility.

Similarly, the NRA is 
responsible for the rehabilitation of
 
reservoirs under its authority.
 

The WDA often gives local community organizations and
 
operators responsibility for routine maintenance. 
Major repairs

are undertaken by WDA. 
This is also true of structures built with
 
the assistance of the Ministry of the Interior and under projects

such as those funded by Unicef. Urban water agencies (Hargeisa,

Kismayo) often contract the operation and maintenance of their
 
public fountains to individual entrepreneurs.
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The WDA and urban water agencies, and Somalfruit,

occasionally hire private drillers and private civil works
 
contractors to undertake maintenance activities. As described in
 
Sections C-7 and C-8, there are many private firms in Somalia
 
capable of undertaking such work.
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APPENDIX D
 

SOMALIA ENTERPRISE PROFILES
 

D-1 INTRODUCTION
 

This appendix will examine the Somali private firms
 
currently active in the well drilling industry, and several firms
 
interested in commencing well drilling operations. This appendix
 
thus presents descriptions of these firms and an analysis of
 
private participation in well drilling. Private involvement in
 
water-related civil works construction is briefly described.
 

During the course of the study, the Consultants
 
interviewed all identified Somali private sector firms engaged in
 
water drilling operations, and several Somali firms which are
 
actively attempting to begin drilling operations. The Consultants
 
also interviewed foreign drilling firms such as Kampihl. The
 
Somali firms identified and interviewed include:
 

0 	 Juba Enterprises
 
0 	 Fratelli Murri Company
 
0 	 National Drilling
 
0 	 Horn of Africa Drilling
 
* Somali Drilling Company
 
0 Somali-German Drilling and Windmill Construction
 

Company Ltd.
 
0 Tiger
 
0 Mr. Mohamed Ali Mohamoud
 
0 Guleed Company
 

Profiles of these firms are presented in the following
 
section, followed by general analysis of the private sector well
 
drilling industry.
 

The 	Consultants held extensive interviews with several
 
firms engaged in water-related civil works construction and held
 
identification interviews with many other firms. Profiles are
 
presented as well as a general description of private sector,
 
water-related civil works companies.
 

D-2 SOMALI PRIVATE SECTOR DRILLING FIRMS - SUMMARY ASSESSMENT
 

D-2.1 Description of Firms
 

Private sector drilling operations in Somalia are
 
undertaken by three categories of firms.
 

0 	 Foreign firms, generally working under projects
 
financed through foreign assistance.
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0 
 Large Somali firms, for which drilling operations are
 
only a small part of total activities.
 

0 
 Small Somali firms, for which drilling is the major
 
company activity.
 

The foreign firms are essentially based in Mogadishu.

Their presence in Somalia is due to foreign-financed drilling

projects, and their c.ntinued involvement in Somali well drilling

depends on their obtaining similar contracts. Their equipment and
 
resources are largely foreign, and because of the foreign exchange
 
component of payment and foreign sources of materials, they do not
 
face the same constraints as most Somali firms.
 

Although there are only six Somali companies in the Somali
 
private sector currently capable of well drilling activity,
 
company size and structure ranges from Somali-owned sole
 
proprietorship to large foreign-owned companies.
 

There are currently two large Somali firms engaged in well
 
drilling: Juba Enterprises and Fratelli Murri Brothers. Both
 
firms include a large component of foreign participation (Yemeni

and Italian, respectively). These firms are primarily

construction firms, and well drilling is a minor part of their
 
activities, often a support activity for their work in other
 
fields. Both firms, particularly Murri, have access to external
 
resources.
 

The smaller drilling firms may be ebgaged in other,
 
non-drilling activities, but drilling is the central focus of
 
their business. Ownership and drilling are generally the
 
responsibility of one individual, perhaps backed by local
 
investors. Their approach to business and new investment tends to
 
be less sophisticated than the larger companies.
 

Some firms perform their own civil works; other firms
 
either do not do well-related civil works or contract such work 
to
 
subcontractors.
 

A variety of equipment is owned and operated by the Somali
 
firms. These firms have in the past purchased their equipment

used. The companies have generally purchased their used rigs

in-country from foreign drilling firms terminating their Somali
 
operations. Several of the rigs operated by the drillers are
 
quite old.
 

The larger Somali firms employ both expatriate and
 
experienced Somali drillers. Murri Brothers have expatriate staff
 
available "on call" from other countries. Several of the key

personnel of the Somali firms are ex-WDA employees, and several
 
others learned the trade by working with foreign firms both in and
 
outside of Somalia. The larger firms hire employees on a
 
permanent basis, assigning them to other activities when there is
 
no drilling work. Smaller firms are more likely to hire part of
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their personnel on an as-needed basis. Generally, drilling teams
 

in the private sector are smaller than those in 
the public sector.
 

D-2.2 Risk-Taking Orientation
 

Private sector contractor in Somalia are subject to

different types of risks in their operations. They must deal with
 
the business and financial risks associated with a predominantly

socialist government and deteriorating economic environment.
 
Water well construction poses additional operational risks. 
 Due
 
to the high cost of well rigs and support equipment, contractors
 
must determine if the outlook for well construction justifies high

capital costs. Because the company structures in Somalia are so
 
different, the risks are also different.
 

D-2.3 Business-Financial Risks
 

Foreign contractors, such as 
Kampihl and Wild, mobilized
 
in Somalia to complete specific contracts funded by international
 
donors. Kampihl was 
awarded a 40-well contract for the Mogadishu

Water Agency, and Wild came to Somalia to drill 14 wells as part

of an urban water supply program funded by the German government.

Contracts received from foreign donors provide certain advantages

over locally awarded contracts. Because the contracts are payable

in hard currencies, contractors do not 
face the risks of
 
accumulating sums of Somali Shillings or expatriating profits.

They also have the ability to use the hard currency to procure

required materials abroad and import them into Somalia. 
 Foreign

contractors generally write off equipment costs to 
a particular

job. After completing their initial contracts firms such as
 
Kampihl and Wild are in a better position to tender other
 
international contracts. 
Wild recently tendered and was awarded a
 
40-well drilling contract funded by the Saudi government.
 

Rather than looking at a one-time contract, local drillers
 
must consider ways to maintain ongoing operations with the
 
limited contracts available in Somalia. Contracts, when
 
available, have been limited primarily to Somali Shilling

contracts from the Somali government, including the Water
 
Development Agency, farmers, or private individuals. In two
 
instances, Horn of Africa Drilling 
nas been able to secure

hard-currency contracts for work performed. 
Two water supply

wells were completed in 1984 for OJS and 20 shallow seismic
 
boreholes were drilled for ESSO in 1984 and 1985.
 

In order to complete contracts, local drillers, except

Murri, depend on 
the WDA to supply casing, screen, drilling fluids
 
and other well appurtances. In the last two years, private sector

drillers have faced a serious shortage of these supplies.

National Drilling has a one-well backlog and Somali Drilling has

three. Both companies need casing to complete the wells. 
As of

this writing, WDA is out of 8" casing and is unable to supply its
 
own needs. Because of foreign exchange restrictions, WDA is not
 
certain when more will be ordered. Thus, not only do contractors
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face risks in their own operations, their risks are also due to
 
the weakness of their prime supplier--the WDA.
 

The cost of the variability in drilling activity is hedged

by the local firms' staffing policies. Whenever possible,

drilling personnel are assigned other tasks when no drilling is
 
going on; other staff are considered only temporary hires for the
 
duration of the drilling assignment.
 

There are inherent risks in water well construction. Even
 
in countries where geological data are readily available, drilling

is unpredictable. In Somalia, the ratio of wells drilled to 
land
 
area is relatively small. Little information is actually

available on the approximately 1,500 wells drilled throughout

Somalia. This lack of information enhances the risks of
 
completing a successful well.
 

According to Brian Bowden of the Hargeisa Water Agency in
 
Northern Somalia, Somalis find it hard 
to accept that a borehole
 
will not produce water and usually will not pay a contractor for
 
work performed on a dry hole. Somali Drilling confirmed this
 
practice and indicated their drilling price per meter is higher to
 
compensate for this factor.
 

Drillers in the south limit their area of operation to the
 
softer formations of the coastal plains where well completions are
 
more predictable. They charge on a per-meter basis, whether a
 
particular hole yields water or not. 
 Their price per meter can
 
therefore be significantly lower than in the north. To reduce the

risk of an unsuccessful well, local drillers occasionally request

the hydrogeol-qical services of the WDA to select well locations.
 

For, drillers on foreign aid projects have had more
 
geological ritormation available in Somalia than their local
 
counterparts to help with tender preparation and equipment

selection. For example, the engineering firm, Sir Alexander Gibbs
 
& Son, completed a hydrcjgeological investigation before Kampihl

drilled the wells for the Mogadishu Water Agency. Similar
 
investigations were performed for the rural water supply wells
 
drilled by Wild.
 

Probably the biggest risk for contractors is trying to
 
predict the future in Somalia. Some local contractors are facing

the problem of aging equipment and will have to make decisions in
 
equipment replacement.
 

D-2.4 Management Orientation
 

Somali drilling firms are small family-owned businesses
 
and tend to be staffed by family members and relatives. They

correspond to most of the drilling companies in the United States
 
which are considered "Mom and Pop" type companies. The chain of
 
command goes directly form the owner-operator to the rig.

Owner operators tend to be involved in every phase of the business
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and drilling operations. Decisions are based on experience and
 
"gut feeling" rather than ratio analysis, PERT charts or other
 
more sophisticated business tools.
 

Even the larger companies like Murri operate similarly.

Every evening Mr. Murri contacts each of his construction sites to
 
review work progress.
 

The smaller companies seem to operate on a day-to-day

basis. Although they are concerned with prospects for additional
 
well contracts, they feel helpless to effect changes. Recurring

problems with fuel and material supplies negate the value of
 
future planning.
 

The foreign firms operate under a different set of
 
circumstances. Management structures is
are more defined, as the
 
work to be performed. The foreign firms not only have the
 
opportunity to plan, but must schedule activities and requirements

in advance to insure proper supplies are imported and on hand when
 
needed. For its construction activities, Kampihl even imports

fuel to meet its requirements. Very little dependence is [laced
 
on the local economy for their operations.
 

The Somali drilling industry is opportunistic in that no
 
marketing efforts are made by any of the local drilling firms 
to
 
increase the number of wells drilled. 
The firms in the southern
 
region believe that due to their longevity in the business, anyone

interested in drilling will contact them. 
 This lack of marketing

also reflects the considerable supply constraints on investment in
 
wells in both the public (availability of financial resources) and
 
private (restrictions on water sale, foreign exchange) sectors.
 

Drilling firms are willing to undertake government
 
contracts, but are wary of 
tardy payment. This is reflected in
 
the general demand for a 50 percent mobilization payment, and
 
additional progress payments.
 

Prices on government contracts are based on a standard
 
per-meter basis. Other contracts are negotiated on the basis of
 
the negotiated market rate. The smaller firms typically do no
 
detailed cost analysis of their prices.
 

Private Somali firms rarely undertake drilling activities
 
in distant or difficult areas. Standard prices on government

contracts restrict private interest to low-cost 
areas where a

profit can be made. Some firms have a regional preference (i.e.,

north or south), largely due to their generally small size and
 
scope. Most firms indicated that, given the proper terms, they

would be willing to drill in most areas of the country, including
 
more difficult formations.
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D-2.5 Marketing and Competition
 

Very little competition exists among the firms capable of
 
private sector well construction. Geographical separation, rig

capabilities, job preferences and the 
small number of firms all
 
contribute to the limited competition.
 

The foreign firms concentrate on multi-well contracts
 
sponsored by foreign governments or international organizations.

For their first contracts in Somalia, new rigs and equipment were

mobilized. Project management includes expatriate employees, and
 
expatriate drillers manned the rigs. Even expatriate mechanics
 
were mobilized to maintain the equipment.
 

Kampihl and Wild are headquartered in Mogadishu, but have
 
experience drilling in other areas of Somalia. 
 Drilling costs 'or
 
an average 150-meter well completed by a foreign contractor
 
reportedly range from US $70,000 to $75,000 per well 
(5.6 million
 
So.Sh. to 6 million So.Sh. at the market exchange rate) or 37,000
 
So.Sh. to 40,000 So.Sh. per meter. This is six to ten times the
 
price charged by Somali firms.
 

Both companies indicated they are not interested in
 
contracts with Somali Shilling components of any significance.
 

Wells drilled by Juba Enterprises and Murri seem in part

to be related to the firms' other construction activities. For
 
example, Juba drilled twelve water supply wells during the
 
construction of the Trans Juba project. 
No other wells were
 
drilled until the award of a four-well contract funded by LIBSOMA.
 
Juba's drilling prices range from So.Sh. 2,000 to So.Sh. 4,000 per

meter. Juba Enterprises relies on 
the WDA for their materials.
 
Murri is primarily interested in contracts paying foreign exchange

which enable the company to import necessary materials. For this
 
reason, Murri has constructed only a few wells for private

individuals.
 

The smaller independent firms are separated by

geographical boundaries and equipment capabilities. Somali
 
Drilling and Sornali-German Drilling have only drilled in the

northern region while National and Horn of Africa Drilling have

limited their operations to the south. The cable-tool rig

operated by Somali Drilling is better suited to the consolidated
 
formation found on the inland plateaus. Somali-German's homemade
 
rig is basically designed for coring but has limited capability

for shallow well construction. The small rotary rigs operated by

National and Horn of Africa Drilling are better suited for well
 
completions in the softer coastal formations.
 

There is a wide disparity between drilling prices charged

by foreign firms and local firms. 
 For cable tool wells, Somali
 
Drilling charges So.Sh. 6,500 per meter. Drilling prices charged

by National Drilling and Horn of Africa Drilling range from So.Sh.
 
2,000 to So.Sh. 4,000 per meter.
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Competition is further limited by economic factors.
 
Foreign contracts are generally awarded after an international
 
tender. The financial, bonding and equipment requirements of
 
these contracts are beyond the capabilities of smaller Somali
 
contractors, resulting in awards to the international firms. The
 
Somali contractors thus are limited to contracts with Somali
 
government organizations or private sector farmers or developers.
 

Well drillers in Somalia rarely lose a drilling

opportunity to another contractor. The deciding factor typically

is the prospective well owner's ability to afford a well and the
 
availability of materials.
 

D-2.6 Current Business Climate
 

Of approximately 100 wells constructed annually in Somalia
 
over the past five years about 30 
percent are constructed by

Somali private sector drillers, including the parastatal

SomalFruit. Of the average of 75 non-irrigation wells drilled
 
annually over the past five years, the private sector has
 
accounted for a 20% share of the markeL (compared 
to 27% for
 
government and 54% for foreign firms).
 

In general, rig utilization tends to be well below
 
theoretical capacity. This low utilization is, however, not due
 
to lack of business or salesmanship - but is primarily due to the
 
unavailability of materials for drilling and 
spare parts, caused
 
by the difficulty of obtaining foreign currency.
 

Contractors and current (1985) projects, 
if any, include:
 

e Kampihl -- 2 rigs idle
 
e Murri -- 3 rigs idle
 
e Juba Enterprises -- 4-well contract 
e National Drilling -- 1 private well 
e Horn of Africa Drilling -- 2 rigs idle
 
e Somali Drilling -- 3 private wells
 
e Somali-German Drilling -- 1 rig idle
 

LocAl contractors confirm that few inquiries for well
 
construction have been received since 
the devaluation of the
 
Somali Shilling. As previously mentioned, the other limiting

factor is the non-availability of fuel to operate the equipment,
 
spare parts, well casing and screen, drilling fluids, and other
 
well appurtenances to complete the wells.
 

Of the local companies, only National Drilling depends

completely on drilling activities for company revenues. Murri and
 
Juba have general construction contracts, Horn of Africa does
 
mechanical work, Somali Drilling is part of an 
import business and
 
Somali-German has agricultural interests.
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Most local contractors believe the demand for water will
 
require enough drilling this year to maintain their current level
 
of operations, but not enough to permit growth or equipment

purchases.
 

D-2.7 Private Sector Financing
 

Availability of local currency for investment or operation

does not pose a problem for Somali firms (see below). The
 
availability of foreign currency is, 
however, a major constraint,

limiting new investment, purchase of spares to maintain or rcpair

equipment, and purchase of materials needed to drill (e.g.,

casing, bentonite, fuel). As Somali firms are generally unable to
 
obtain drilling materials, their contracts usually require the
 
client to provide the materials (often obtained from the WDA).
 

Murri is the one firm that experiences relatively few
 
foreign exchange difficulties; their contracts usually are with
 
clients who are able to reimburse them in foreign currency.
 

Most firms must turn tc the open market to obtain foreign
 
currency. Self-financing has been the largest single source of
 
funds in Somalia for private sector involvement in the water

industry. However, the existing and prospective contractors in
 
the industry advise that the high capital costs will require

additional sources of financing for the industry to grow. The
 
Somali Commercial Bank has not been a big contributor to the
 
industry. Mr. Korfa Garane Ahmed, Manager of the bank's Hargeisa

office, says the bank has been reluctant to consider large loans
 
to private sector companies for capital equipment. He says it
 
would be difficult for the bank to justify the loans under the
 
present policies, because the responsibility for construction of
 
water facilities belongs to the WDA. Mr. Korfa believes a loan
 
would be considered only if a private sector company were awarded
 
a drilling contract large enough to permit repayment of the loan
 
during the course of the contract. He also advised that even if a
 
Somali Shilling loan were approved, it would be difficult to
 
provide the necessary foreign exchange to make the equipment
 
purchase possible.
 

Most Somali drilling firms have not obtained financing

from the Somali Development Bank although several potential

investors have attempted to pursue this option. The priority of
 
the Somali Development Bank is with the agricultural (including

livestock) sector, and drillers are typically unable to obtain
 
loans.
 

The role of USAID's Commodity Import Program (CIP) in
 
water industry equipment purchases has changed over 
time. Prior
 
to 1985, there was great interest on the part of the drilling

firms in the program. Much of this interest was due to the
 
possibility of obtaining US dollars at extremely favorable
 
exchange rates. Two firms did obtain Development Bank loans, but
 

D-8
 



due to low CIP priority, where unable to participate in the
 
program.
 

After January 1, 1985, the government of Somalia
 
introduced a "market" exchange rate, which, at 75 So.Sh. to 
the US
dollar, was more than twice as expensive as the official rate.
 
The market rate was adopted by the CIP, and during the first half

of 1985, Somali firms were unanimous in stating that they would
 
not be interested in participating in the CIP at the 
new exchange
 
rate.
 

Over the course of the year, however, the "market"
 
exchange rate, even at 83 
So.Sh. to the dollar, began to appear
 
more attractive to inventors than the two alternatives: 1) to
 
forego new equipment investments, and 2) to resort to the (legal)
"auction market" for foreign exchange (at over 100 So.Sh. 
to the

US dollar). Two requests for foreign exchange for rig purchases

through the CIP were approved. 
One for Tiger, and one for Mohamed

Mohamoud. 
 Both requests were approved on the condition that the
 
drillers would concentrate on the drilling market in northern
 
Somalia.
 

Existing contractors routinely request contract advances
 
that range from, 20% 
to 50% of the contract value, especially when

dealing with the Somali government. It is questionable whether a

Somali contractor could be awarded a contract large enough to
 
permit equipment purchases through contract advances.
 

Several contractors expressed an interest in 
foreign

investors and joint venture partners. Foreign investors, however,
would have to consider the amount of private sector work available
 
and competition for the existing work, economic and political

stability, and the ability to expatriate profits. Unless
 
guarantees were made from foreign sources along with firm
 
guarantees from the Somali government as to the rights of foreign
joint venture investors, these considerations make Somalia 
an

unlikely place for investment.
 

D-2.8 Private Sector Assessments of the Future
 

Existing and prospective drilling contractors feel the
 
future growth and prosperity of Somalia is dependent upon adequate

supplies of potable water.
 

There is a great interest in expansion and further

investment on 
the part of the Somali firms, and several companies

and investors have expressed interest in commencing drilling

activities. There appears to be a general recognition of the high

potential for investment in water resources, and confidence that

there will be a large demand for well-drilling.
 

Thus, despite current constraints and low rig utilization,

there is great optimism in the long-term prospects for the
 
drilling industry.
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Kampihl and Wild Drilling plan to maintain operations in
 
Somalia because they believe additional contracts will be tendered

for 	well construction. Kampihl will keep its 
two 	rigs in Somalia,

although the rigs are now idle. Wild Drilling has enough work to
 
last until the end of 1986.
 

Local contractors do not foresee further increases in
 
drilling until the economic situation improves or foreign

assistance programs include private sector participation in well
 
construction. The import constraints must be lifted and fuel must
 
be available before the industry can experience any growth.
 

Contractors, however, do believe that the current problems

will be resolved. When asked if 
they would be interested in local
 
purchase of drilling equipment, all except one replied
 
affirmatively.
 

Two Somali entrepreneurs planning to enter the drilling

business believe they can compete with the international firms.
 
The 	equipment packages selected 
total US $500,000 and $800,000.
 

SOMALI PRIVATE SECTOR CIVIL WORKS CONSTRUCTION FIRMS -

SUMMARY ASSESSMENT
 

The nature of and problems faced by the Somali civil works
 
and construction firms are in many ways similar to 
those of the
 
drilling firms, described previously.
 

There are three categories of civil construction works in
 
Somalia:
 

A) 	large building and civil engineering construction
 
requiring expensive equipment and large capital

investment, such as hydro-electric dams, highways,

bridges, marine works, municipal water works and large

reservoirs (uars),
 

B) 	medium sized construction such as office building and
 
house construction; and
 

C) 	small construction work, generally in rural areas, such as
 
the construction of well-head structures (pumphouses,

service tanks, watering troughs and drinking water
 
fountains) and burkeds, small uars, ballehs and small
 
dams.
 

For executing the large works in category A funded by

multi-lateral and bi-lateral donors, expatriate contractors are
 
used almost exclusively. For projects in the private sector and
 
for some locally funded public works in this category, the work is
 
shared mainly among five large domestic contractors:
 

Fratelli Murri (Murri Brothers)
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" Horn Contractors
 
• Juba Enterprises
 
* National Engineering and Construction Company (NATCO)

0 
 Buralhess Construction Company Limited
 

All these large firms have their headquarters in
 
Mogadishu. Some have branch offices in other parts of the
 
country. All are prepared to work anywhere in the country. 
They

all have earthmoving equipment, concrete mixers, trucks,

road-making equipment, and maintenance shop facilities. They are
 
physically able 
to perform all but the largest civil engineering

works in Somalia which are at present being executed by foreign

civil engineering contractors, albeit their management and

technical skills could be improved by training 
to bring them up to
 
the general standards of foreign contractors. There are no joint
ventures between expatriate and Somali construction contractors at
 
the present time.
 

In Somalia it is usual for skilled workmen (artisans) such
 
as 
carpenters, masons, plumbers, electricians, bar-benders and
 
fixers, concrete placers and steel workers to operate as

intergrated teams under a team leader. 
The general contractors
 
negotiate with the team leaders when they want to employ these

categorieo of skilled workmen. 
Work is then subcontracted out on
 
a piece-work basis or daily-pay basis, depending on 
the nature of
 
the work. The teams will travel to projects anywhere in Somalia,

sleeping in the 
nearest town or village to the project, or, if in

the bush, the general contractor provides tents or other temporary

accommodation. Most of the teams have their base in or 
around
 
Mogadishu. The general contractors provide their own foremen and

supervisors usually from their permanent staff, and they also have
 
a skeleton staff of skilled workmen for emergencies.
 

Prior to the early 1970s the quality of workmanship in

building and civil engineering was quite high, but with the

construction boom in Saudi Arabia and the Gulf States, most of the
 
best artisans were enticed by high wages to go overseas. While
 
this has helped the economy of the country in providing foreign

exchange through remittances, it has caused a severe decline in

the quality of workmanship in Somalia. With the expected return
 
of many of these artisans in the 
near future, due to the reduction
 
of work in the oil-rich states, general contractors interviewed
 
expect the quality of workmanship to improve. The return of these
 
men is also likely to create disturbance and unrest in the labor
 
market making it important for the country that more work should
 
be found for the private construction industry.
 

With the exception of Fratelli Murri, all the large

contractors interviewed said they had problems with obtaining

foreign currency for the purchase of equipment, spare parts and

off-shore material. They had no problems obtaining local currency

for their investment or operating capital. Murri obtains its
 
investment funds in foreign currency.
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USAID, through CIP program, has assisted some (smaller)

private sector entrepreneurs with the import of civil works
 
equipment and supplies. 
A Somali from Hargeisa imported a

Caterpillar loader, grader and dozer at 
a cost of US $650,000

under the CIP program. He has now had the equipment over a year

and has not been able to put it to work.
 

The principal inhibition to using the services of 
the
 
Somali Development bank and the CIP would appear to be 
the
emphasis placed by these institutions on the agricultural sector,

thereby relegating the application to a very low priority so that

the loan is unlikely to be approved due to the inadequancy of

funds. The merits of the financial and economic viability of the

loan, or the credit of the applicant, therefore have little
 
bearing on the outcome of the application.
 

In the absence of assistance from the Somali Development

Bank the firms requiring foreign currency for the purchase of

off-shore equipment and material must acquire the currency on 
the
 
open market. The foreign currency funds on the open market come

largely from the 65 percent that livestock exporters and other
 
exporters are allowed to 
retain, and from remittances sent by
 
overseas Somali workers. These sources are now shrinking due to
the Saudi Arabian embargo on the importation of Somali cattle, and
due to the 
return of Somali workers from the oil producing states.
 

A further complication faced by construction contractors

requiring foreign currency lies ahead, due 
to the fact that they

can no longer purchase off-shore items, even for public works
 
purposes, at the official exchange rate 
(presently So.Sh. 54 to US
dollars 1.00). 
 Since their earnings are primarily in local
 
currency they will have difficulty in amortizing the cost of items

purchased 
in foreign currency until the present reimbursement
 
rates for work have risen to match the rise in the exchange rate

(presently over So.Sh. 80 to US $1.00). This applies where a
 
contractor must purchase new equipment, spare parts, or consumable

material off-shore. It could, therefore, have a profound effect
 
on 
the expected expansion of the construction industry from the
 
implementation of the "privatization" policy.
 

There are many small to medium sized contractors capable

of executing works in category B. 
Some fifteen were interviewed

by the Consultant. All had their headquarters in Mogadishu but
 
they work throughout the country. Their equipment holdings

consist mainly of concrete mixers, concrete block-making machines,

carpentry machines and trucks. 
As with the large contractors,

they negotiate with artisan team leaders for the provision c,

skilled labor. 
 TF-y also face the same problem as large

contractors in obtaining foreign currency. 
The expansion of their

business will be severely constrained until construction prices

adjust to reflect the new price of equipment expressed in local
 currency. However, it would appear that, except for the foreign
 
currency aspect, they would also have no difficulty in handling

category C work such as the construction of pumphouses, tanks,
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watering troughs and drinking fountains associated with the wells
 
or intakes (work presently executed mainly by the WDA force
 
account 
- with some local villager assistance). They could also
 
construct burkeds.
 

With the exception of burkeds, which are constructed

mainly by rural skilled and unskilled labor, category C works in

the water resources sector are executed by WDA force account or by

the foreign contractors who are drilling wells, or by 
their
expatriate subcontractors (such as by Saarburg Interplan,

executing civil construction works for GTZ on 
the "Rural Water
 
Supply Project" funded by Saudi Arabia). All these works could be
done by organizing the rural skilled and unskilled labor on 
the
lines presently carried out for the construction of burkeds.
 

All construction contractors rely heavily on the present

practice of receiving a 50 percent advance payment before

commencing work. This is an irnportant 
source of working capital.

The requirement for this relatively high advance payment arises
 
from the history of tardy progress payments and often the long

time that contractors must wait to obtain final payment for their
 
work. It is important for the construction industry that these

advance payments should be made for government work. Where
 
foreign donor funds are involved, contractors must put up

performance bonds, 2 percent for EEC and 10 
percent for IBRD
 
projects, and must cover the advance payment with 
a 100 percent
 
guarantee bond.
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D-4 COMPANY PROFILES
 

D-4.1 Fratelli Murri Company
 

Company: Fratelli Murri Company
 
P.O. Box 418, Mogadishu

Contact: Mr. Paolo Murri, Director
 

Mr. Garauldo Giorgio, General Manager

Telephone: 20293 Telex: 711
 

Description/History:
 

Fratelli Murri is a company owned by three Italian

brothers, registered in Somalia, and with a permanent presence in

Somalia. Murri is international in its operations, and Mr. Murri

himself is involved in company operations in many places outside
 
of Somalia.
 

Business Activities:
 

Murri is a large firm of general building contractors,

working on roads, airports, dams, agricultural works, buildings,

etc. Murri is currently working on 
the Baidoa airport (extension,

surfacing, sheds) and the Juba Sugar Factory (dam, intakes,

canals, roads, etc.). 
 Drilling is of only minor importance.
 

Murri'has an associate company representing Caterpillar,

with large workshops. These workshops maintain other

manufacturers' equipment as 
well as Caterpillar. Murri also

repairs equipment for Government agencies, including the Army and
 
also for other contractors.
 

Equipment:
 

Murri has 5 rigs in Somalia, and 3 smaller testing units.
 
The company would have ready access 
to additional rigs from
 
outside Somalia, if it were warranted by business volume.
 

Percussion  3 Mait, which were purchased new. One is 7
 
years old, and is functioning. Another is
 
older, and is not complete. These unit are
 
used primarily for work connected with
 
Murri's own activities.
 

Rotary - 1 Failing purchased new, and is now 10-12 
years old. 1 Ingersoll Rand T4, purchased
second hand in 1978-1979 from another 
company. 

Murri also has considerable earth-moving, construction and

workshop related equipment, including: Bulldozers (Caterpillar D8,

D9, D4), Motograders (F.12, F.16 & F.14), Motoscrapers (D21),
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Fratelli Murri Co.
 

Excavator (Fiat Allis), Tipper Trucks, Water Tank Trucks,

Compactors, Marini Primix 70 
(80 ton/hour), 3 crushing machines
 
(Loro-Parisini), Telescopic Crane (Demag 18 
tons/12m), and
 
workshops in Mogadishu.
 

Personnel:
 

Murri uses both expatriates and Somalis on 
their drilling

projects. A Somali is 
in charge of the Failing rig. Of three

Euaropean drilling supervisors, one is in Somalia, one 
is on leave,

and one is on call in Madagascar. This is indicative of the fact

that the rigs are not fully utilized at the moment.
 

The company has a total staff in 
Somalia of about 700

local Somalis and 50 expatriates. Murri employees are all
 
permanent employees. 
Their drilling teams are permanent staff

(not temporary); when they are not drilling, they work elsewhere
in the company. Most of the personnel have been with the company

for a long time, and learned their skills with Murri. 
 Murri

estimates that the Failing has a team of 6 persons, the Ingersoll

has 12 persons, and the percussion rigs 7-8 persons - plus
supporting equipment and personnel such as bulldozers, water
 
tanks, etc.
 

In addition to their permanent construction staff, Murri
 
also makes use of local teams of artisans, with whom they

sometimes negotiate piece work rates or sometimes daily rates.
 

There is a shortage of good skilled labor at present and

Murri hopes that highly skilled Somalis working abroad would soon
 
return.
 

Wells Drilled/Contracts:
 

During the past five years, Murri has drilled
 
approximately 30 wells:
 

- 10-11 wells for the EEC Grapefruit Project (70 meters
 
with water at 60 meters, yielding 25-30 liters per

second)
 

- 3 under an Italian-financed project
 

- 1 financed by Kuwait 

- 1 for the Fiat Workshop (Italy) 

- 1 for the Common Market 

-
 the remainder for the Government and others.
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Fratelli Murri Co.
 

Murri drills few wells for private individuals. All the
 
wells drilled by Murri have been in the "easier" areas between the
 
rivers and the dunes. All Murri drilling contracts have a large

foreign exchange component.
 

Current major civil works contracts include:
 

- Afgoi - Merca Road
 

- Afgoi - Baidoa Road - Joint Venture
 

- Mogadishu Airport Building
 

- Murri Workshop in Mogadishu
 

- Grapefruit Project in Lower Shabelli
 

- Paved Roads in Mogadishu
 

- Kismayo Airport
 

Sources of Materials:
 

Murri has no difficulty obtaining materials, as all its
 
drilling projects have large foreign exchange components. They

purchase their materials in connection with specific contracts,

and maintain virtually no inventory. Typical sourcing is for PVC
 
(Germany), pipes (Italy - Capari or Rotes), and submersible pumps

(Italy - Marelli). Supply from Europe is very quick. Murri does
 
not obtain materials from WDA and has very little work with WDA.
 

Maintenance of Equipment:
 

Maintains its owns equipment. Murri is currently building
 
a new workshop outside of Mogadishu to repair Murri's own
 
equipment.
 

Financing:
 

Murri indicates that the present Government system for
 
paying contractors was not entirely satisfactory, leading to
 
frequent delays in payment.
 

For Government contracts with mixed local and foreign
 
currency, contractors must put up a performance bond in Somali
 
Shillings. 
 For IBRD sponsored projects, this amounts to 10
 
percent of the contract value; for EEC sponsored contracts, 2
 
percent.
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Fratelli Murri Co.
 

The Government advances 50 
percent of the contract value
 
at the commencement of the contract to enable equipment to 
be
 
mobilized and to provide working capital. 
 This advance must be
 
covered 100 percent with a bond or guarantee of repayment.
 

Murri would welcome the opportunity to acquire equipment

through a Financial Hire Agency.
 

Murri has severe problems in obtaining foreign currency to
 
import spare parts.
 

Interest in CIP Program as of Mid 1985:
 

Murri can use the CIP for a few items, but many items of

American equipment and spare parts come from stocklists and are
 
cheaper in countries such as Belgium. Anything financed by the
 
CIP must come directly from the USA.
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D-4.2 Juba Enterprises
 

Company: Juba Enterprises
 
P.O. Box 549, Mogadishu (Office is next to
 
Stadium south of Fiat Circle, office also in
 
Kismayo)
 
Telephone: 22238
 
also
 
P.O. Box 741, Kismayo
 
Telephone: 2050
 
Contact: Mr. Giafar M. Beder, Administrator
 

Business Activities:
 

Construction of all types (including water well

construction) earthworks, trucking, trade, agricultural works.
 

Equipment:
 

Two drill rigs:
 

1 - Italian rotary, trailer mounted 
(purchased used in
 
1983 from Pesina Company)
 

1 - Italian cable-tool rig (purchased used in 1983 from
 
Pesina Company)
 

The rigs are capable of a maximum depth of 150m and
 
maximum diameter of 24 inches.
 

Other equipment includes: 12 Tipper trucks, Fiat 682 N3, 5
 
Mercedes 30 ton tipper trucks, trailer trucks, 3 water
 
tanks, Caterpillar bulldozers D6, D8 and D9, 
Fiat
 
Bulldozer B14, Caterpillar Scraper D21, Poclain
 
excavators, Caterpillar Motograders G14, etc.
 

Personnel:
 

Total current employment is 800 on all projects. Of this
 
total, only about 20 are involved in water well construction.
 

Each drilling team consists of 5-6 persons, all permanent

employees. All personnel were 
trained with Pesina Company during

Trans-Juba Project (1980-1984).
 

Wells Drilled/Contracts:
 

With Pesina Company, from 1980-1984, 12 wells were drilled
 
for the Trans-Juba Project. Currently working on a four-well
 
contract in Afgoi funded by LIBSOMA (a development program jointly

funded by the Libyan and Somali Governments.)
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Juba Enterprises
 

In 1984, 7 wells were drilled with the rotary rig for the
 
Agricultural Research Station of Afgoi.
 

Civil works contracts have included:
 

* Trans Juba project (IDA)
 
* Breakwater for Kismayo Harbor
 
* 80 kms of unpaved road (for Texaco)

* 400 kms road Genale Agricultural Extension Service
 
* 200 houses for Afgoi Agricultural Extension Service
 
* Secondary School in Kismayo (IDA)

* Muigarulo Irrigation Project
 

Marketing/Pricing:
 

No special marketing efforts are made for drilling

services. Drilling prices are bid according to location. Prices
 
are usually 2,000-4,000 So.Sh./meter.
 

Source of Materials:
 

Tries to locate available spare parts through WDA. WDA
 
supplies most of Juba's casing, pump and generator requirements.
 

Maintenance of Equipment:
 

Performed by staff mechanics.
 

Constraints:
 

Difficult to obtain foreign exchange to import spare parts

for equipment through the Somali Central Bank.
 

Future Plans and Strategies:
 

Would like 
to increase its volume of well construction.
 
Would be interested in in-country purchabe in Somali Shillings of
 
drilling equipment.
 

Area of Operation:
 

Willing to mobilize any volume in Somalia.
 

Interest in CIP Program as of Mid-1985:
 

No plans to apply for CIP imports if the exchange is based
 
on the floating market rate.
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D-4.3 National Drilling
 

Company: National Drilling
 
P.O. Box 59, Mogadishu
 
Contact: Mr. Abdulahi Mohamed Ahmed, Owner
 
Telephone: 	Office - 20460
 

Home - 20982
 

Description/History:
 

In 1969, Independence Drilling completed its subcontract
 
with Sinclair Oil for drilling shallow exploratory holes in
 
Somalia. 
 Before leaving, Independence placed an advertisement in

the local paper for the sale of two used Failing 1000 drill rigs

and other support equipment. Mr. Abdulahi bought one rig and
 
water tanker. The other rig was sold 
to Mr. Murri. National
 
started its drilling operations with the help of two engineers

familiar with well construction. An Englishman worked with

National until 1972 and a Somali until 1974. 
 During that period

Somali drillers were trained in well construction.
 

Business Activities:
 

Well drilling is the only activity - National will install
 
well pumps, but does not perform civil works construction.
 

Equipment:
 

1 Failing 1000 drill rig; flatbed truck; water tanker
 

Personnel:
 

National uses a five-man crew on the rig. The driller and
 
one assistant driller are considered permanent employees. 
Both
 
started work when the rig was purchased and are related to Mr.
 
Abdulahi.
 

Wells Drilled/Contracts:
 

Since 1980, National has completed 16 wells - 7 drilled
 
for Government agencies and 9 for private individuals. National
 
currently has a contract to drill 1 well in Afgoi. 
 They plan to
 
mobilize after installation of a new rig engine.
 

With the recent devaluation of the Somali Shil g,

National has raised drilling prices from about SS 1,20,.iteter to

SS 2 0 00/meter. The following is a listing of major cost items for
 
drilling a 120m well in the Mogadishu area:
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National Drilling
 

1. Drilling 120m @ So.Sh. 2,000/meter
 
2. Installation of casing
 
3. Well development
 
4. Pump installation
 
5. Well test -- 24 hours
 
6. Mobilization
 

The cost of item 1 is So.Sh. 240,000. The total cost of
 
items 1 through 6 is So.Sh. 297,000 excluding the cost of casing

and screen or other well appurtenances.
 

Drilling Capability:
 

National feels that if 
the company were properly supplied,

its rig could complete a well every 15 days. The largest number
 
of wells that national has completed in a year is eight. National
 
feels that its rig is better suited to drilling the softer coastal
 
formations and therefore limits its 
area of operation to

agricultural wells in the Lower Shabelli region and domestic wells
 
around Mogadishu. National is willing to mobilize its rig in 
the
 
El Dheer region which the firm feels will provide suitable
 
drilling conditions. Almost all of the wells completed by

National are drilled to 120m although the rig 
is capable of well
 
completions to 180m. Domestic wells are drilled with a 13 
inch
 
bit and completed with 8 inch casing and agricultural wells are
 
drilled with a 15 inch bit to allow installation of 10 incq

casing. Most of the domestic coastal wells yield from 10m 
 to
 
30m per hour.
 

Financing:
 

National's new engine was ordered from International
 
Harvester in 1983. At that time, 
the Somali Commercial Bank
 
supplied the necessary foreign exchange at So.Sh.17/dollar.

Abdulahi believes that the same transaction today would not be
 
approved.
 

Abdulahi believes that the bank would only finance a new
 
rig for a guaranteed contract which would enable the borrower to
 
complete payments.
 

Sources of Materials:
 

Like other contractors, National experiences shortages of
 
fuel and other supplies. National has a letter of priority from
 
the Minister of Planning which makes it easier to get fuel, but
 
Mr. Abdulahi says its still takes a least 3-5 days to process the

paperwork. National relies coapletely on WDA for supplies of
 
casing, screen and other drilling consumables. The year 1984 was
 
particularly slow due to casing shortages at WDA.
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National Drilling
 

Naintenance of Equipment:
 

Outside mechanics are working on the installation of the
 
new engine. Drilling personnel perform routine maintenance, but
 
repairs and major overhauls are contracted to private mechanics.
 

Area of Operation:
 

Coastal areas around Mogadishu.
 

Main Constraints:
 

Shortages of fuel and supplies. The year 1984 was
 
particularly slow due to casing shortages at WDA. If National
 
were properly supplied, it is felt that the rig could drill a well
 
every 15 days.
 

Future Plans and Strategies:
 

National would be interested in purchasing an additional
 
rig if it were available in Somalia.
 

National would like to form a joint venture with an
 
American drilling firm. Mr. Abdulahi feels National could provide
 
cheaper management and in-country experience while the American
 
firm could provide technical assistance and supply of spare parts

and drilling consumables. He realized this association would be
 
difficult to arrange unless there were a foreign exchange
 
component.
 

Interest in CIP Program as of Mid-1985:
 

No consideration has been given to a CIP purchase after
 
the devaluation.
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D-4.4 Horn Of Africa Drilling
 

Company: Horn of Africa Drilling
 
P.O. Box 931, Mogadishu

Contact: Mr. Ahmed Hashi Jama ("PeeWee"), Owner
 

Business Activities:
 

Horn of Africa is engaged in drilling, mechanical and

electrical engineering. Seven brothers are 
in this variety of

fields, working together. Through a subcontractor, Horn of Africa
 
also does some construction and civil works, such as well
 
structures.
 

Equipment:
 

Horn of Africa has 3 rigs, 20-25 years old. 
 The company

has one Mayhew 1000 rotary rig which they are using, originally

purchased from IDC/Sinclair. The firm has one Franklin 1500
 
Speedstar Rotary, purchased from Rogers Drilling, which is not
 
operable. The third rig is 
a Walkeneer cable-tool rig, purchased

from Rogers Drilling, which requires a new cable. 
 The Mayhew has
 
an air compressor.
 

Personnel:
 

Horn of Africa Drilling has 15 permanent full-time
 
employees, plus temporary employees hired when there is work.
 
Several of the employees are family members to whom Mr. Ahmed

(popularly known in the trade 
as "PeeWee") taught the trade. Mr.
 
Ahmed himself has 30 years of experience, having started his
 
career with Rogers Drilling in Somalia. Rig teams usually include
 
4 helpers and 2 drivers.
 

Wells Drilled/Contracts:
 

Horn of Africa has drilled approximately 20-25 wells since
 
1980. These include:
 

1984-1985 - for ESSO, 20 20-meter dug wells (Seismic 
boreholes) 

1984 - for OJS, 2 wells at Afgoi 

1983 - 6 wells of 100 meters near Mogadishu, for the 
Ministry of Local Government
 

1982  2 wells for the Ministry of Local Government
 
- 4 wells at Afgoi for the Police
 
- 2 wells for the college at Afgoi
 

1981 - 2 wells for factories in Afgoi
 
- 1 well for a private individual
 

1980 - no wells
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Horn of Africa Drilling
 

Horn of Africa has drilled (in 1975) at Baidoa. They have
worked kor WDA - in 1972. In 1974-75 they drilled 27 wells for a
 
private banana plantation at Afgoi.
 

Pricing/Marketing:
 

Current prices for Horn of Africa's drilling services are

$777 per 10 hour day (ESSO contract), with the client providing

tires, fuel, and all other supplies. On a per meter basis, the
 
company currently receives 4,000 So.Sh. per meter, for drilling

only. The company normally does no cost analysis to prepare bids,

but negotiates on 
the basis of the "market rate."
 

Sources of Financing:
 

Primarily self-financed. Typically, the company receives
 
a 50% mobilization advance at the beginning of a contract, 25%
during the contract, and 25% 
at the end of the work. Mr. Ahmed

will not deal with banks. To purchase a new rig, he says he would
 
save enough from wells drilled with current rigs to finance the
 
purchase.
 

Sources of Material:
 

Spare parts can be made locally at machine shops. 
 The

WDA, through the owner of the well, supplies mud, pumps, screen,

casing and other materials. Drill pipe is obtained from the
 
United States.
 

Naintenance of Equipment:
 

Horn of Africa maintains its own equipment.
 

Main Constraints:
 

The main constraint is the lack of materials, particularly

casing and fuel. Mr. Ahmed believes the company could be working

at capacity if these constraints were removed.
 

Future Plans and Strategies:
 

Would be interested in purchasing new rigs if available in
 
Somali Shillings.
 

Area of Operation:
 

Interested in drilling anywhere in Somalia except in the
 
north.
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Horn of Africa Drilling
 

Risk Orientation/Payback:
 

Mr. Ahmed explained that in purchasing a new rig, he would
 
do no particular benefit-cost calculation or other analysis, but

would simply make a decision on his "feel of the situation."
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D-4.5 Somali Drilling Company
 

Company: Somali Drilling Company
 
P.O. Box 391, Hargeisa
 
Contact: Mr. Ahmed Yasir Omar Hashi, Manager

Telephone: 2573
 

Description/History:
 

The company is owned by Mr. Yusuf Mohamud Guma, and began

drilling operations in 1983 with the arrival of a used British

Rustom 22 cable tool rig from Qatar. 
The rig was originally

purchased by a British drilling compatk for a project in Qatar.
 

Business Activities:
 

Well drilling, civil works, import.
 

Equipment:
 

1 British Rustom 22, an 
English production version of the
 
Bucyrus - Erie 22W manufactured in the U.S.
 

Personnel:
 

The Somali Drilling Company's rig is staffed by a crew of
 seven--one foreman, two assistant foremen, and four helpers.

foreman, Mr. Ismail Diriye Madar, is 

The
 
a former WDA driller with
 

more than 30 years of experience. The entire crew is considered
 
to be part of the company's permanent work force, and when the rig

is not 
in use, Mr. Ahmed admits their salaries are subsidized by

the company's more profitable civil works and import operations.
 

Wells Drilled/Contracts:
 

The rig is now drilling its seventh well in Geriza,

located between Hargeisa and the Djibouti border, for a livestock

cooperative. Previously, six wells were 
completed, including two
for the Berbera local government, drilled to 350 feet each, and
four private farm wells drilled in the Gabiley District west of

Hargeisa. Well depths for the farm wells range from 140 
to 300
 
feet.
 

Somali Drilling has contracts for three additional

wells--two for refugee camps and one for 
a private farm--but
 
cannot drill the wells until 
a supply of 8" casing is found.
 

Pricing/Marketing:
 

The company charges 6,500 So.Sh. per meter drilled, which
 
is what the market will permit.
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Somali Drilling Co.
 

Drilling Capability:
 

The Rustom 22 rig is capable of drilling a 12" (30cm) hole
 
to 1,000 feet (300m), 
but Mr. Ahmed does not expect to complete

wells deeper than 500 feet (150m). The cable rig is capable of 12
 
wells per year in northern Somalia.
 

Sources of Materials:
 

Somali Drilling relies on WDA for its screen, pumps and
 generators. The company also gets hydrogeological advice from

WDA. Rig spare parts are purchased in Saudi Arabia by friends 
or

relatives working there, and repayment is made in Somali
 
Shillings.
 

Maintenance of Equipment:
 

The rig is maintained by a staff mechanic.
 

Main Constraints:
 

Availability of supplies 
- Somali Drilling has contracts
 
for three wells, but cannot drill until a supply of 8" casing is

found. The company made a down payment on a rotary rig in Qatar.
The devaluation of the shilling and currency restrictions have

prevented completion of the purchases.
 

Future Plans and Strategies:
 

So far, the drilling business has not been a major source

of revenue for the company. Mr. Ahmed feels, however, Somali

Drilling has a bright future if supply problems can be resolved.
 
He believes the cable rig could complete 12 wells per year in

northern Somalia and could be profitably used for well maintenance
 
and rehabilitation.
 

Area of Operation:
 

Somali Drilling is willing to travel, but prefers to drill
 
in the northern region.
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D-4.6 Kampihl
 

Company: Kampihl
 
P.O. Box 2993, Mogadishu
 
Contact: Mr. Per Wengler, Administration
 

and Financial Manager
 
Telephone: 81983
 

Description/History:
 

Kampihl is a consortium of two Danish contractors, E. Pihl
 
& Son Ltd. and Kampann, Kierulff & Saxild Ltd. Kampihl is
 
primarily a civil works contractor, but has a division
 
specializing in water supply and sewerage. 
The company came to

Somalia about four years ago to drill 40 wells for Mogadishu Water
 
Agency (MWA). Kampihl now maintains a regional base in Somalia
 
and has been involved in construction at the Gesira generating

station and with an office building in down town Mogadishu.
 

Business Activities:
 

Well drilling, construction.
 

Equipment:
 

Kampihl operates two rotary rigs. The larger rig is a
 
Failing 2500 which can drill large diameter wells to 2000 feet

(600m). The smaller rig, a Failing 1500, is capable of well
 
completions to about 1,000 feet (300m).
 

Personnel:
 

An experienced expatriate driller is responsible for each
 
rig. Expatriate mechanics also service Kampihl equipment.

Somalia helpers and drivers assist in well construction. When the
 
rigs are not in operation, drillers are used in other Kampihl

locations in Mali and Guinea.
 

Walls Drilled/Contracts:
 

Kampihl came to Somalis in 1980 to drill 40 wells for the
 
Mogadishu Water Agency. The project, known as 
Phase 2A, included
 
well construction, pipelines, pumping stations and a reservoir.
 
Funding was provided through the World Bank. 
 The KKS company

brochure lists the value of the 
contract at $14,200,000. The
 
company also drilled 6 wells for the Arab Mining Company.
 

Last year the company drilled six wells in Dusa Marcb for
 
the Arab Mining Company (AMICO) from Jordan. The wells are part

of a planned uranium mining operation.
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Kanpihl
 

In addition to the turnkey water project in Somalia,

Kampihl has completed the 55m high concrete chimney with steel
 
core at the generating station in Gesira and is constructing a six
 
story office building in downtown Mogadishu.
 

Sources of Materials:
 

The company imports all materials for well construction,

primarily from Europe. Kampihl even 
imports all fuel required to

supply its projects. It inventories the fuel in storage tanks at
 
the port.
 

Future Plans and Strategies:
 

Kampihl intends to maintain its operation in Somalia. The
 
company is very interested in future water-related projects and
 
the possibility of water well construction.
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D-4.7 Somali-German Drilling and Windmill
 

Company: 	 Somali-German Drilling and Windmill
 
Construction Company Ltd. (SGD)

P.O. Box 449, Hargeisa

Mr. Abdulkarin Ahmed Julaid, General Manager

Telephone: 2888
 

Description/History:
 

Mr. Abdulkarim owns about 100 hectares in 
the region known
 
as Cell-La-Helay, 	where he has established the SGD operations.

Although the company name is Somali-German Drilling, there are no
German or other foreign partners, Mr. Abdulkarim does receive

technical advice on different types of water-related equipment

from the same German advisor who constructed his drill rig.

Abdulkarirn returned to his native northwestern region of Somalia
 
from Gerimany after receiving his masters degree in business

economics and working as 
a computer programmer for Siemens for
 
nine years.
 

Business Activities:
 

Company activities include water well construction (the

major activity); also 
core sampling, windmill construction and

installation, water catchment and collection gallery construction,

and the manufacture of building blocks. 
 Future plans include the

manufacture of PVC casing and installation of drip irrigation
 
systems.
 

Mr. Abdulkarim plans to combine his company's activities
 
to provide complete irrigation systems for farmers 
in the
northwest region. 
To demonstrate SGD's capability, Mr. Abdulkarim

is developing an impressive water supply system on 
his own
 property. His water system includes 
five drilled 20-meter wells

and three collection galleries which feed into a central storage

tank and a large water catchment reservoir.
 

Equipment:
 

1 - Homemade German coring rig imported from Germany by

Mr. Abdulkarim. The rig was manufactured in 1980 and later
 
mounted on a truck in Somalia.
 

Wells Drilled:
 

Five 20 meter wells.
 

Financing:
 

More than 2 million Somali Shillings have already been
 
spent on the project. The construction has thus far been funded
by a relative. Mr. Abdulkarim's request for bank development

financing was denied.
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D-4.8 Tiger/Tiger Workshops
 

Company: Tiger/Tiger Workshops
 
P.O. Box 1005, Mogadishu
 
Contacts: Mr. Jama A. Farah, General Manager


Mr. Musa Ainan Gele, Manager, Tiger
 
Auto Parts and Accessories
 

Telephone: 80622 (office), 81023 (residence)
 

Business Activities:
 

Tiger's operations include equipment rental, some civil

works construction, machine shop, auto-truck parts supply, port

clearing agents. Tiger is the Somalia representative for Porclain
 
excavators and Colchester lathes. 
 Tiger also has a workshop which
 
repairs and maintains other firms', equipment. The WDA and NRA
 
use Tiger workshops, and use Tiger trailers to haul and erect
 
windmills.
 

Equipment:
 

5 - trucks with 10 meter flatbed trailers
 
1 - 30-ton crane
 
2 - 3- to 5-ton forklifts
 
1 - water tank
 
1 - Fiat Allis bulldozer
 
1 - G12 Caterpillar Grader
 
compressors, heavy duty working tools.
 
Tiger also has a workshop which repairs and maintains the
 

company's own equipment and those of other firms.
 

Personnel:
 

Tiger employs two equipment operators who trained as
 
drillers in Saudi Arabia.
 

Sources of Financing:
 

Tiger could make a down-payment of 10 million Somali
 
shillings on an equipment purchase.
 

Tiger has discussed financing the purchase of a rig with
 
Somali Development Bank.
 

The company obtains foreign exchange by working for
 
foreign firms and by buying foreign currency in the open market

where foreign exchange is furnished by Somalis working overseas
 
and by Somali experts.
 

Tiger would welcome the establishment by banks or others
 
of facilities for hire-purchase for heavy equipment.
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Tiger
 

Future Plans and Strategies:
 

Tiger has teams available which are able to repair and
 
rehabilitate existing wells.
 

In order to support the rig, Tiger indicates that water

well contracts in Somalia funded by foreign governments would be

their target. Ideally, the company would like to operate a rig in

the northern and southern regions of the country. Both gentlemen

are from the north and would like 
to set up a base of operations

in Hargeisa. They feel an excellent opportunity exists in well

and pump rehabilitation and maintenance. 
 In addition to their

machine shop in downtown Mogadishu, they have purchased equipment

to set up a machine shop in Hargeisa which they say would be used
 
to repair pump parts.
 

Interest in CIP Program as of Mid-1985:
 

Mr. Mussa Geelle said that their application for foreign

funds to purchase a drilling rig (1500-55 Holemaster) (approx.

cost before recent devaluation about US $500,000 when rate was 23

So.Sh. 
to US $1.00) had been approved by the Somali Development

Bank, but was shelved by the CIP. Their 1983 application to the

CIP program was however not approved, because the US $16 million
 
available for Somalia had been spent.
 

Tiger indicated that if the market rate of the Somali
 
Shilling is used, the company would not be able to meet the
 
down-payment requirement.
 

Mr. Geelle indicated that there is 
now little difference

between the legal "floating" rate and the open "black market"
 
rate. CIP exchange rate is as 
high as the black market rate and

few people want to use the CIP for procurement. There are also
 
long waiting periods for CIP funds as compared with capital from

other sources for foreign purchases. In the fall of 1985, the CIP

funds were approved and the purchase is in process.
 

Risk Orientation/Payback:
 

Tiger could make a down-payment of ten million Somali
 
shillings on an equipment purchase. 
They feel the return on
 
investment for the rig would require eight to 
ten years. They

estimate receipts for drilling only, excluding casing, pump and
 
generator, to be 7.2 million shillings 
a year.

(4,000 So.Sh./meter X 150 m/well X 12 wells/year).
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D-4.9 Mr. Mohaned Ali Mohanoud
 

Company: Mr. Mohamed Ali Mohamoud
 
P.O. Box 627, Mogadishu
 
Telephone: 20806
 

Description/History of Firm:
 

Mr. Mohamed is a licensed importer - exporter and
 
marketing consultant to the water well industry. He wishes to
 
start a drilling company.
 

Mr. Mohamed was in charge of purchasing for WDA for nine
 
years. He left WDA 
in 1977 to form his own import-export company.

He is the Somali distributor for Failing and Speedstar drill rigs,

Gardner-Denver hand pumps and Hughes bits.
 

Equipment as of Mid-1985:
 

None.
 

Mr. Mohamed contemplated a tender offer for a water well
 
construction project in Somalia during the last couple of years.

Because his CIP application was still pending he requested and
 
received approval from the Ministry of Minerals and Water
 
Resources for the lease of 
a WDA rig for the project. Mr. Mohamed
 
says the Ministry posed the question to the president and approval
 
was granted. He decided not to tender the project when he
 
inspected the rigs available from WDA.
 

Mr. Mohamed's CIP application includes the purchase of one
 
Speedstar SS 15 truck-mounted rotary drill rig. The SS 15 
is a
 
medium weight rig for wells drilled to 600 meters. Included with
 
the package are 
spare parts for two years, bits, 450 meters of
 
drill pipe and all hoses, cables and 
fittings needed to begin

drilling. The cost of this drill package is 
$500,000. In the
 
fall of 1985, his application for CIP funds was approved, and the
 
purchase is in process.
 

Pricing/Marketing:
 

With new equipment, Mr. Mohamed feels he can compete with
 
expatriate firms operating in Somalia. 
 Mr. Mohamed indicates
 
there is 
a big difference in prices of wells constructed by

expatriate firms and Somali firms. 
 Per meter drilling prices

charged by local contractors are about So.Sh. 4,000/meter while
 
expatriate firms have received between $4 5 0-$500/meter (So.Sh.

36,000-So.Sh. 400,000 at current market exchange rates). 
 At the
 
higher prices, Mr. Mohamed feels he 
can recover his investment in
 
two years. He also believes he can offer the same quality of
 
construction as 
that provided by expatriate firms.
 

D-33
 

http:36,000-So.Sh


Mr. Mohamed
 

Financing:
 

Mr. Mohamed made a CIP application for a $500,000 drill

package which was approved in mid 1985. Mr. Mohamed is willing to
 
invest up to 15 million Somali shillings. He indicated that the
 
Somali Development Bank supported the purchase of at least one
 
rig, and has letters of confirmation.
 

Future Plans and Strategies:
 

See above, desires to establish a new enterprise.
 

Interest in CIP Program as of Mid-1985:
 

Mr. Mohamed has applied to the CIP program for the
 
purchase of a Speedstar SS 15 rotary drill package. He was
 
however, reluctant to complete the purchase while the CIP exchange

rate was based on the "market" price of the Somali shilling. Over

the year, however, the market exchange rate used by the CIP began

to appear more attractive than the next best alternative, the

"auction ratew. 
 The CIP package was approved in the latter half
 
of 1985, and the purchase is now in progress.
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D-4.10 Guleed Company
 

Company: Guleed Company
 
Hargeisa
 
Representative: Mr. Ahmed Omar Hassan
 

Description/Siutory of Firm:
 

Mr. Ahmed represents a group of Hargeisa investors
 
interested in establishing a drilling company.
 

Business Activities:
 

Not yet defined. Expecting delivery of a Caterpillar 950

loader. 
Mr. Ahmed currently operates a restaurant with his family

in Hargeisa, and operates a Toyota parts store 
in Hargeisa.
 

Equipment:
 

Caterpillar 950 loader (delivery due in May, 1985).
 

Personnel:
 

No one in the group has any knowledge of drilling

equipment or well construction. Mr. Ahmed was educated in Texas
 
and worked for 7 years for Ramco as an Administrator in Dahran.
 

Financial Resources/Sources of Financing:
 

Group of investors.
 

Future Plans and Strategies:
 

Interested in well construction due to the water shortage

in the northern region.
 

Interest in CIP Program as of Mid-1985:
 

Caterpillar loader was purchased under the CIP Program for

US $12,0000 at an exchange rate of 17 So.Sh./dollar. The group

can afford a further US $250,000 CIP investment if the official
 
bank exchange rate of 36 So.Sh./dollar is applied.
 

Assistance Requested:
 

Technical assistance from USAID for equipment selection
 
and all phases of well construction.
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D.4.11 Warfa Trading and Construction Enterprise
 

Company: Warfa Trading and Construction Enterprise
 
P.O. Box 3200, Mogadishu
 
Contact: Mr. Warfa Jama Warfa, General Manager
 

Description/History:
 

Mr. Warfa received a degree in civil engineering in
 
Czechoslovakia. From 1976 to 1979, 
he was site construction
 
engineer and later project manager for a Belgian company, Sagres,

in Saudi Arabia. Sagres constructed the National Metal Industry

facility in the Saudi capital. From 1979-82, Warfa 
was employed

in Jubail, Saudi Arabia by Fichtner Consulting Engineers, a German
 
firm. Warfa was the civil engineer supervisor on a water
 
distribution system which included a main pumping station and
 
pipelines.
 

He returned to Somalia in 1982 to start 
a design and civil
 
works construction company.
 

Business Activities:
 

Civil works design and construction.
 

Equipment:
 

4 - concrete mixers with capacities of 180, 250, 350 and
 
510 liters.
 

1 - 12-meter hoist platform.
 

Contracts:
 

Design of 10 houses.
 
Construction of 3 houses.
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D-4.12 Buralhess Construction Company Limited
 

CoMany: Buralhess Construction Company Limited
 
P.O. Box 1264, Mogadishu
 
Contact: Mr. Ahmed Burale Farah, Vice President
 

Mr. Alessandro Muchiro, Administrative
 
Accountant
 

Telephone: 21234
 

Business Activities:
 

Civil Engineering contractors, import-export, some design
 
work.
 

Equipment:
 

2 - Bulldozers
 
2 - shovels
 
1 - case loader
 
2 - mini-loaders
 
6 - heavy duty trucks
 
4 - heavy duty tipper trucks
 
3 - light duty tipper trucks
 
2 - excavators
 
4 - concrete mixers (400 liter)

6 - concrete mixers (160 liter)
 
5 - vibrators
 
6 - pickups and landrovers
 
7 - small cars
 
7 - block-making machines
 
4 - timber cutting saws
 
3 - water pumps
 
1 - air compressor
 
2 - 25KWA generators
 
1 - 175KWA generator
 

The company also owns a 700-ton coastal vessel with
 

lifting gear for containers.
 

Personnel:
 

Employs artisan gangs for such items as 
cement block

making, shuttering, fixing reinforcement and masonry. Headmen in
 
charge of the gangs negotiate payment with the company. 
Payment

is on a piecework of daily rate basis, depending on the nature of
 
the work. The company has permanent Somali personnel of 
the
 
foreman type, who supervise and direct the work of 
the gangs.
 

Contracts:
 

Currently completing Phase 1 (housing) of the Mogambo
 
Irrigation Project. 
 Looking for other medium sized projects.
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Burainess
 

Sources of Naterials:
 

Most of the company's materials are ordered direct from
 overseas. The company occasionally purchases materials, such as
 
cement, from the local market. However, the company finds the
 
local market to be unreliable.
 

Delayed payments from the Government sometimes affect the
 
company's ability 
to order materials in good time, resulting in

their having to purchase items on the local market to avoid work
 
stoppages.
 

Future Plans and Strategies:
 

Buralhess would be very interested in taking on additional
 
concreting and earthworks if 
this should be divested by the
 
Government.
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D-4.13 National Engineering and Construction Company
 

Company: National Engineering and Construction Co.
 
(NATCO)
 
P.O. Box 900, Mogadishu
 
Contact: Mr. Hassan Mohamed Ali, Burao Branch
 

Manager
 
Telephone: 80886/80887/81522
 

Business Activities:
 

Construction of buildings, agricultural works, water
 
works, and indirect constructions. The company also has its own
 
quarry in Mogadishu and supplies stone and crushed aggregate to
 
Government and private contractors.
 

Equipment:
 

Considerable earth-moving equipment, workshop equipment,
 
construction yard equipment, trucks and cars, including:
 

Bulldozer (14B 150 HP Fiat/Allis), bulldozer (14B/Ripper
 
150 HP Fiat/Allis), motor grader (14D Caterpillar), shovel
 
loader (955 Caterpillar), excavator (Same Drago - Smae),
 
Austin Western crane (8 tons), crusher unit complete with
 
granulator and screen, 2 concrete mixers (Winget 400
 
liters), 2 concrete mixers (350 liters), air compressor,
 
welding machine (Portable), road roller (10 tons), bitumen
 
boiler and sprayer, compactor (Lombardini), electric air
 
compressor, joinery machinery, vibrator with pocker, block
 
making machine (Rosa Cometta), construction tools,
 
mechnical Workshop tools, 4 Tipper trucks (6 tons), truck
 
w/lowbed trailer and Land Rover and Range Rover.
 

NATCO has their own quarry and crushing equipment in
 
Mogadishu and supplies stone and crushed aggregate to Government
 
and to private contractors. The company also has its own
 
workshops to repair and maintain equipment and its own carpentry
 
and joinery shop for making doors and windows.
 

Personnel:
 

NATCO hires local specialist gangs for shuttering,
 
concrete placing, reinforcement fixing, carpenters, masons,
 
electricians, plumbers, etc. The gangs are prepared to go
 
anywhere in Somalia and sleep in the nearest town or village, or
 
in the bush where NATCO will provide tents. The gangs work under
 
ard are represented by a headman who negotiates for them. The
 
company has its own teams of artisans, living in Mogadishu, who
 
travel to the regions to do the work.
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NATCO
 

With the slowing down of construction in Saudi Arabia and
 
the Gulf area, NATCO expects that many highy skilled artisans will
 
be returing to Somalia. Mr. Hassan indicated that most of the
 
excellent work done in the construction field in Somalia was
 
executed before he early 1970s and that the company could no
 
longer do such high quality work because of the exodus of the best
 
artisans to the oil-rich states.
 

Contracts: Contract Price Year
 

Alowla Fish Factory So.Sh. 8,000,000 1965
 
Abdillahi Omer BLDG KM 5 So.Sh. 6,000,000 1965
 
Balad Textile Factory So.Sh. 7,800,000 1965
 
Mineral & Ground Water Survey BLDG. M. So.Sh. 2,200,000 1967
 
Agricultural Research Center Afgoi So.Sh. 4,100,000 1968
 
Consultants Camps for Hargeisa-Borama Rd. So.Sh. 4,000,000 1978
 
Experimental Banana Farm (Jilib) So.Sh. 11,400,000 1972
 
Break Water of Kismaio Port 2nd Phase So.Sh. 4,500,000 1973
 
Watsr Houses for Textile Factory Balad So.Sh. 3,800,000 1974
 
North-West Agricul. project 24 Houses So.Sh. 4,500,000 1978
 
Fishery & marine Institute So.Sh. 5,800,000 1978
 
Borama & Cebiley Secondary School So.Sh. 2,500,000 1978
 
Burao Potable Water Connection So.Sh. 4,250,000 1978
 
KM 4 Hotel in Mogadishu So.Sh. 10,000,000 1981
 
8 Private Villas So.Sh. 8,500,000 1980
 
National Agency for Electricity, Mogadishu (Buildings)
 
Culverts, Canals,. Sluice gates and Concrete breaks, Jowhar
 

Location of Work:
 

They have done a lot of construction in the north as well
 
as the south, and are prepared to work anywhere in Somalia.
 

Financing:
 

NATCO has never applied to the Somali Development Bank for
 
a loan. Most of their equipment was purchased several years ago;
 
when it was comparatively easy to obtain foreign exchange. In
 
order to expand, NATCO would be interested in the possibility of
 
time-purchase of equipment.
 

Future Plans:
 

NATCO wishes to expand and would be interested in the hire
 
purchase of equipment to expand. They would be interested in both
 
drilling and civil work.
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APPENDIX E
 

REQUIREMENTS FOR PRIVATE SECTOR INVOLVEMENT IN WATER
 
RESOURCES DEVELOPMENT
 

E-1 ENTREPRENEURS' EXPRESSED NEEDS
 

As discussed earlier in Appendix D, local 
firms in the
 
water works/construction industries are widely varied, but fall
 
into two broad categories:
 

* 
Large Somali firms with diversified capabilities and the
 
ability to run several projects at once. These firms are

fairly sophisticated in their technical and business
 
skills. They have a large component of foreign

participation, have access 
to external resources, and have
 
little need for special assistance.
 

Smaller Somali firms, which are usually equipped to handle
 
only one or two types of activities, and able to handle
 
only one or two projects at a time. The principals often
 
are former MMWR or MPW officials or former employees of

foreign firms. It is 
this group which could benefit from

targeted assistance. 
 This appendix focuses primarily on
 
this group.
 

As a result of extensive intervie.. 4ith each of the

local, private sector drillers in Somalia, a number of commonly

perceived needs have come to light. 
 These include:
 

1. An improved investment climate and reduction of market
 
risks faced by entrepreneurs, through changes in
 
government policies;
 

2. An assured supply of the imported materials and spare
 
parts required for well drilling; and
 

3. Reliable sources 
of credit and foreign exchange.
 

E-1.1 Markets for and Competition within Water Industry
 

Section 3.4.9 highlights the market constraints

confronting private sector firms in 
the water industry; and
 
Section 3.5.1 discusses the competition faced by local private

firms from both the WDA and foreign firms. The latter problem has
been of particular concern to local firms, who have on 
several

occasions been undercut by WDA in 
competition for foreign-funded
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drilling projects. The regulatory constraints, although probably
 
a substantial impediment 
to private sector growth potential, were
 
not 
specifically cited by many entrepreneurs.
 

E-1.2 Parts and Materials
 

As discussed previously, WDA is the primary source, and
 
for most local drillers the only source, of imported well drilling

materials (well casing, screen, bentonite, drill bits, etc.) 
for

wells not financed by foreign aid. 
 WDA orders these supplies for

its force-account well drilling program in 
the rural areas, for
wells it drills on contract for other public and private agencies,

and, funds permitting, a surplus which it may sell to the private

sector at CIF plus 45% to 
cover local transport, storage,

administration and handling. 
The foreign exchange to make these

purchases is supplied to WDA by the Central Bank on 
authority from
 
the Ministry of Finance.
 

Over the past few years, however, the severe shortage of

foreign exchange at the official exchange rate has forced drastic

cutbacks in all government projects with large foreign exchange

components. Although the currently operating Three Year Plan
 
calls for WDA to drill 30 rural boreholes per year, foreign

exchange budget cuts have left them with the ability to complete

only one third to one half of their assignments, due primarily to
 
the shortage of foreign exchange 
to buy needed materials.

Availability of supplies for the local private sector have
 
dwindled to nothing over the past year, leaving local drillers

with backlogs of wells for which they await supplies of casing and
 
screen.
 

E-1.3 Foreign Exchange and Credit Availability
 

During the early 1980s, some private businessmen could

apply to purchase foreign exchange from the Central Bank or 
from

USAID's Commodity Import Program at 
the official exchange rate.
 
There was a large excess of requests over supplies, but at least
 
two applications from aspiring local drillers were approved by the

Somali Development Bank. 
 Foreign exchange was also available,

illegally, on the parallel market, but tas up 
to three and a half
 
times as expensive as the official rate. 
 On January 1, 1985, the
Government 
 f Somalia announced a 40% devaluation of the official
 
exchange rate, the creation of a "market rate" which was

ostensibly a floating rate, and the legalization of private sales
 
of foreign exchange at any rate negotiated between buyer and

seller (called the "auction rate"). This, in effect, largely

supplanted the parallel market. Importers are now allowed to
 
arrange private purchases of foreign exporters or from individuals
 
who received foreign exchange remittances from family members
 
abroad. Foreign exchange, with few exceptions, is no longer

available to the private sector at the official exchange 
rate.

The livestock export industry, once a reliable source of foreign

exchange, has lost one of 
its biggest markets, as Saudi Arabia has
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closed its ports to all livestock from Africa for fear of
rinderpest. 
 Further, the economic recession in the Gulf has cost
 
many Somalis their jobs there, sharply curtailing the flow of hard
 
currency remittances into Somalia.
 

Somali businessmen thus need 
a reliable market from which
 to obtain foreign exchange, and improved facilities for ordering

and importing materials and spare parts. 
The foreign exchange

market, only recently freed from government control, is developing

slowly and has not formally expanded its network into the larger
business community. Importers must arrange their own sources of
foreign exchange, and this seems 
largely restricted to intrafamily or intra-community contacts. 
Over the immediate future, as
 more 
functions of the Somali government are privatized, the

foreign exchange market will have 
to handle the requirements of a
growing private sector, even as 
the best sources of supply are
 
drying up.
 

The Commodity Import Program (CIP) 
has undergone an
 extreme fluctuation in demand for its 
supplies of foreign

exchange. Following the foreign exchange reforms of January 1,
1984, it was in 
a state of limbo between the desires of the
 
government of Somalia, the private sector of Somalia, and USAID

policy. The view of USAID has 
been that all transactions

concerning the private sector should take place at the market
 rate, and therefore that CIP funds for the private sector should
 
use that rate. The view of the government of Somalia had been
that all foreign assistance should come 
in at the official rate,
and therefore that all CIP funds should be exchanged at 
that rate.
Private Somali businessmen of course preferred the more favorable

official exchange rate and noted that 
if CIP funds were only

available at the market rate, they might prefer to go to the open
market, where hard currency was available at the same rate, but
with less time involved and without restrictions as to where the
 
money could be spent.
 

The exchange rate issue represented an impass for the CIP
for several months. Investment decisions were 
put off, and there
 
were no purchases made through the CIP. 
 Private sector
businessmen said that market rate was 
"too expensive," and stayed
 
away.
 

Eventually, however, the CIP funds, at the market rate,

began 
to appear attractive when compared with the alternatives:

i:he 
"market rate" has been virtually unobtainable by the private

sector from the Commercial and Savings Bank or 
from any other

official source. 
 For truly private transactions, the auction
rate, which is about 25-50% higher than the market rate is the
only recourse. These funds 
can be obtained legally from foreign

exchange earners with an 
"external account" at the Commerical and
Savings Bank (such as livestock exporters and Somalis working
overseas), at any rate negotiated between buyer and seller. 
 Once
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a price has been agreed, and payment in shillings made, the seller

for foreign exchange transfers the funds to an "import account"
opened by the buyer. The importer can then obtain a letter of

credit from the Commerical and Savings Bank for an approved

purchase.
 

Given the difference of price between the auction rate and
the market rate available from the CIP, the restrictions on

purchases from CIP began to appear insignificant compared to the
 
advantages.
 

Somali businessmen typically rely on 
their own financial
 
resources, from surplus built up 
over profitable periods. The
next major source of finance is from members of their extended

family who are working abroad and remitting their earnings.

Operating capital requirements are met primarily by contract

advances, although these should probably be evened out into more

frequent but smaller performance payments. At the moment, some
local contractors do not even bother to approach the Somali

Development Bank or the Commercial and Savings Bank. 
 Loan
officers at both institutions said they have had to refuse sound
loan applications due to 
lack of funds. Bank credit is in short

supply at the prevailing interest rates, and policy directs them
 
to assign priority to the agricultural sector, to such an extent
that no 
loans were made for industry or commerce over several

months in 1984-1985. Other financial markets in Somalia are

similary underdeveloped: there are no markets for equity or

bonds, and no 
financial hire facilities for equipment acquisition.
 

Thus an important unmet credit need of the private

drillers is 
that for the finance of equipment acquisition. Even
when local banks have funds available for industrial/construction
 
purposes, they are usually unwilling to lend unless the borrower
has both a guaranteed market, in the form of contracts sufficient
 
to assure repayment of the loan, and collateral considerably more
valuable than the loan itself. 
 One manager of the Commerical and

Savings Bank pointed out that it would be difficult for the bank
 
to justify loans to private sector drillers.
 

These conditions have proved too onerous for most of the

smaller contractors in Somalia; therefore, the Consultant has
proposed that over the short run equipment should be procured by

the project and leased to local contractors. For the long run, 
we
have proposed the creation of an Equipment Finance Corporation in
Somalia to purchase heavy equipment for use and eventual purchase
by local firms. This is discussed in greater detail in Section

Two of the main body of the Draft Final Report. Other private

sector needs perceived by the Consultant include new equipment

acquisition, personnel development, and finance; 
each of which is

discussed in greater detail in separate sections below.
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E-2 EQUIPMENT SELECTION
 

Somalia is a widespread and geologically diverse country.
The organization, size and complexity of the WDA demonstrates the
difficulty of countrywide water well construction. The agency's

number of personnel, drill rigs, supplies, repair facilities, and
other infrastructure, although perhaps inflated 
by a lax
government bureaucracy and not restrained by the need for profitmaking, nevertheless indicate the necessary scale of operation.
 

This scale makes it unrealistic to suppose that any
private contractor could contemplate a countrywide operation.
without this scope, it is debatable if any area of Somalia can 
Yet
 

provide a sufficient and continuous volume of well construction to
allow for other than a small, localized, private-sector contractor
 
operation.
 

There is one primary negative aspect of water well
contracting, 
as opposed to, say, oil well construction. Although
both share the 
inherent risks of underground construction, in most
circumstances for the water well there is 
the relative (or

controlled) 
low value of the product produced. This low
end-product value limits the affordable price of the equipped
well. 
This restricts the amount a profit-motivated contractor can

invest in equipment. 
 For these reasons, most successful water
well drilling requires firms headed by entrepreneurial and
resourceful individuals. Water well contracting is 
rarely
successful as'
a branch operation of a larger commercial firm.
 

E-2.1 Drill Rigs
 

Worldwide, most water wells 
are constructed with one of
three types of drilling equipment; namely cable tool, rotary,

down-hole air hammers. 

or
 
Some specialized equipment utilizes
variations of these basic rigs, and more 
or less interchanges


their procedures, but one of these basic procedures is 
capable of
penetrating all water-bearing formations of practical importance.
The procedure and equipment selected depends upon the type of
formation, well design, and well diameter depth.
 

The drilling experience in Somalia has indicated that all
three types of rigs can be profitably utilized, depending both on
the sub-surface conditions and remoteness of the drill site.
 

Cable tool or percussion drilling is the oldest of these
methods, with wells having been drilled by 
some variation of this
procedure for many hundreds of years. 
 Portable cable rigs similar
to those used today first appeared nearly a century ago, with the
underground tools and drilling basics largely unchanged during

this period.
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The advantages of cable tool are 
the relative simplicity

of the equipment and tools, and its flexibility to adapt to a
variety of underground conditions. 
 In spite of development of
 
newer equipment, cable tool is still the method of choice in many

formations such as 
cavernous basalts and limestone, or in

construction of naturally developed wells completed in 
finely

graded sands and coarser materials.
 

Cable tool drilling also requires less fuel, drilling
water, and expendable supplies such as 
foam, mud, etc., than do

the alternate methods, so that it 
is easier to support in remote
locations. Another advantage is 
that the crew size is generally

smaller, allowing smaller and 
less complex camp facilities. In
 many formations, cable tool drilling also better tolerates work
interruptions, and can be performed on a single shift basis.

However, since drill fluid is 
not ordinarily employed in the work,

the borehole must be held open in incompetent formations by
advancing the casing with the drilling, which can sometimes be
 
complicated.
 

Hydraulic rotary drilling normally utilizes a drill fluid

both to maintain the borehole and remove the drill cuttings as 
the

hole progresses. 
The procedure permits relatively fast

construction compared to percussion drilling, and also allows

producing an oversize borehole to permit gravel packing of the
well annulus. This makes it an ideal procedure for wells such as

those drilled in the Somalia sand dunes.
 

The equipment is relatively more complex than cable tool,

and the rig, mud pumps, drill pipe, etc., require considerably

more transport. 
 Crew size is larger, usually requiring more
complex camp support facilities. Hydraulic rotary construction
 
requires more fuel, drilling water, and expendable supplies than

does cable tool, but as mentioned, is the ideal method for certain
 
type wells.
 

Air rigs using down-hole hammers are best suited for the
construction of relatively small diameter boreholes drilled into
hard or semi-hard rock. Air-construction procedures are sensitive
 
to the amount of water produced by the borehole, since it is
 necessary to remove the drill cuttings with the return air flow,
sometimes aided by admixtures such as foamers. 
Too much water
 
production can therefore stop the drilling. 
Air drilling also can
be impeded if large fractures or crevices are encountered, since
the increase 
in borehole diameter sometimes slows the return air
flow velocity sufficiently to allow drill cuttings to drop out,

sometimes forming a wall ring adjacent to the opening.
 

The primary advantage of air rigs is the high rate of

penetration in hard formations difficult to drill with the other
procedures. 
However, the rigs and air compressors are relatively

complex and require more sophisticated maintenance than the other

equipment. Fuel requirements are high, but relatively little
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drilling water is needed, and few expendable supplies except foam
 

are routinely required.
 

E-2.2 Drill Tools
 

Drill rig tooling can conveniently be divided into two

categories, underground and aboveground. Underground tooling

consists of those items such as 
drill bits, drill pipe, wire line,

etc., which are required for construction of the borehole and
which are expended more or 
less rapidly in the drilling operation.

Aboveground tools are those items, ranging from hand tools to mud
 
pumps and air compressors, needed to support the drilling

operation. 
 In the general range of water well construction,

aboveground tools tend 
to be the same or similar regardless of

well design, diameter, or depth. Underground tools, however, are
 
a function of well design, so that a wide variety of these tools
 
may be required by an individual contractor if differing designs

and diameters of wells are to be undertaken.
 

However, wells in most parts of Somalia are relatively

small producers, ranging from 50 to gallons per minute (3 to
150 

9.5 liters per second), so that a cased diameter larger than eight

inch is seldom required. This simplifies underground tool

inventory, since producing a borehole diameter adequate for eight

inch casing will satisfy the requirement for most wells other than
 
some found along the coastal strip.
 

E-2.3 Test Pumping
 

Underground tooling has been discussed above. 
An
 
additional necessary item for proper well construction and
 
completion is test pumps and engines. Both the pumps and

experienced operators are in seemingly short supply, both in the

public and private sectors. However, complete well development

and testing is an essential part of well drilling.
 

E-2.4 Other Factors
 

There are a number of other factors involved in water well

drilling, and as with any construction enterprise, final success
 
depends upon every link.
 

The word infrastructure probably best describes the
 
support components necessary 
to well construction. Unfortunately,

the infrastructure of Somalia, as 
in many developing countries, is
 
ill-suited to readily provide the degree of support needed by

small, entrepreneurial enterprises. 
This lack of infrastructure
 
then forces each firm to provide in-house nearly every facet of
 
support needed for the endeavor.
 

These additional factors include such items 
as transport

for men, equipment, drilling water, and supplies; 
and adequate

inventory of construction materials such as 
casing, screen, and

gravel where appropriate. Generally the contractor must insure
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that he also has on hand a sufficient quantity of such items as

fuel, drill mud or foam, and other expendables. He must also

provide and support camp facilities for the drill crews often at
 
remote construction sites.
 

Another major cost factor is 
the requirement to provide

and maintain repair facilities for a number of diverse pieces of

equipment, which for modern drill rigs, air compressors, and

trucks often requires considerable sophistication in tools and

skill of the mechanics. Also, any hope of expeditious operations

also requires that the contractor maintain a large and costly
 
spare parts inventory.
 

Elsewhere in this report, there is 
a proposal that a

Water Industry Supply Corporation (WISC) Le formed which would
provide a number of these services jointly for the several members

of the private sector contracting group, but lacking such a

cooperative, each contractor must individually provide these

items. 
 At the current scale of drilling activity, and at the

price structure currently imposed on private sector well
construction, it is questionable if the total 
investment required

can be 
justified for the individual contractor.
 

E-2.5 Drilling Equipment Life
 

Certainly one of the major initial expenditures for a
potential private sector drilling contractor is the actual drill
rig, equipped with the necessary above-ground ano underground

tools needed for the expected well construc.tion. As mentioned,

underground tools are considered an expendable supply in the
drilling process and the value of each of these tools must be

assigned as 
some pro-rata portion of operation costs.
 

However, the actual rig itself is 
a different matter: The
CIF cost 
in Somalia may vary from less than $100,000 for used but
serviceable cable tool equipment to many hundreds of thousands of
dollars for rotary or air equipment. The expected life of this
 
type of equipment is primarily a function of its degree of

utilization or operating hours, and the effectiveness of its
 
maintenance.
 

Even with a high degree of utilization, this type of

equipment reasonably has a useful life of many years, with good

maintenance probably easily 20 or more. 
Certainly many cable tool
and rotary rigs in the United States have operated successfully

for 30 
or more years, and up to some point, keeping this equipment

in operation for this number of years is economically sound. With
the exception of the air drills, there have been relatively few

equipment innovations which have made earlier equipment obsolete.

Often, the decision to replace equipment is often made for public

relation considerations rather than actual need.
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Admittedly, it reasonably can be anticipated that the

quality of maintenance necessary to insure this useful equipment

life can be difficult in Somalia, and a persuasive argument can be

made that periodic replacement of these expensive items is 
not

only justified but necessary. However, it is doubtful that the
 
Somali economy will have sufficient foreign exchange to permit

these exchanges to be internally financed within the near future.
 

Therefore, there is also the valid observation that a

decision to replace drilling equipment after relatively short
 
periods of use make the Somali contractors constantly dependent on

the largess of outsiders, which is in turn dependent on many

vagaries. In fact, easy replacement of drilling equipment may not

be a favor to the nation. Strong consideration should be given to

the alternative of supplying ample stocks of spare parts, together

with the necessary tools, equipment, and training to properly

maintain aging equipment. Although the cost of this procedure may

equal or even exceed that of new equipment, the eventual outcome
 
should insure more self-reliance on the part of private sector
 
contractors.
 

The negative aspect of this suggestion is that tools and
 
spare parts of this nature have a tendency to disappear into the

general economy without satisfying the needs for which they were
 
furnished. Controls are difficult to establish and maintain, but

nonetheless the prospects for long-term value received with this
 
approach may exceed those for merely repeatedly furnishing

expensive and sophisticated drilling equipment.
 

E-2.6 Equipment Costs
 

As previously stated, it is difficult to estimate the cost
 
of complete drilling packages, particularly when a variety of

different types of equipment is considered.
 

However, there is a general rule which Roscoe Moss Company

and other U.S. drillers have found when pricing possible off-shore
 
contracts. 
This precedent may have some value in establishing the

required investment of a private sector contractor in Somalia.
 
This general rule is 
that the total cost of a self-supporting

drill team working off-shore will be about two to three times the
 
price of the primary, fully equipped, drill rig or rigs. As
 
already covered, it 
seems that any private sector contractor in

Somalia essentially would be operating in this context, and that

his total investment would probably be in 
this range. Obviously,

the applicability of such a broad rule is debatable in many
 
circumstances.
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E-3 PERSONNEL DEVELOPMENT
 

Both public and private sector personnel in the water
 resource development industry could benefit from further training

in both technical and business/financial skills. Many of the

training needs are 
shared and could usefully be addressed jointly

by providing training services for the public sector while
 
welcoming private participation as well.
 

E-3.1 Technical Skills
 

Local contractors have proved themselves extremely

resourceful and creative in improvising materials when short of
supplies and dealing with other logistical difficulties. Their

maintenance procedures are good and they can usually undertake

their 
own minor repairs with spare parts fabricated, if necessary,

at local machine shops. In general, skills at this level are

beyond those obtainable solely in a classroom environment and are

best acquired 
on the job or in a combined classroom - field
 
setting program.
 

Local technical skills, while adequate for simple,

routine, well drilling procedures, are often not sufficiently

developed to cope witL technical complications. For instance, if
 
a loss of circulation is encountered while drilling a hole, local
drillers must frequently resort to starting over on 
a new hole,

instead of remedying t-he problem on the original hole.
 

Specific technical training needs include:
 

a) trouble-shooting complications encountered 
in the
 
field; and
 

b) learning more efficient operational methods.
 

E-3.2 Business Skills
 

At the moment, the level business skills of the local
 
private contractors are mixed. 
 On the one hand, many Somali
 
businessmen are well-known for their entrepreneurial skills: for
seizing opportunities; for shrewd verbal, face-to-face negotiation

with clients, suppliers, and employees; and for resourcefulness in
 
the face of scarce supplies of finance, materials, and skilled

workers. On the other hand, working as 
they do--primarily on a
cash basis and avoiding financial resources which could increase
 
their tax liability; they have not been in 
a position to
familiarize themselves with the 
common analytical tools used in
 
the business world. They work without the benefits from training

in financial analysis, cash-flow management, or accounting.

Consequently, most of 
the smaller scale entrepreneurs have been

unable to fine-tune their business tactics or maximize their
 
profit potential.
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For the most part, the private Somali contractors bring to
their business either a trading/commercial psychology 
or an
artisan's psychology which tends to set limits to their ability to
 manage an expanding concern. The trading/commercial psychology

strives for a rapid 
turnover and a big mark-up. There is a lack
of emphasis on long-term planning and operational efficiency
orientations which need 
to be well-developed in order 
to survive

in a more complex business environment. The artisan psychology
emphasizes quality workmanship and technical competence; 
sometimes
 
to the detriment of 
cost control and the vigorous marketing effort

required in an increasingly competitive industry.
 

As the private contracting industry grows in Somalia and
becomes more intensely competitive, the types of business
instruction most needed will 
include general management skills

(including personnel and equipment management), accounting and
costing procedures, (needed in particular for contracting), paying
particular attention to such concepts as depreciation of
equipment, amortization of loans, rates of return, and cash-flow
 
management. Also needed will be instruction in business planning
methods, cost and quality control, and marketing. As their
businesses expand, they will need to acquire the skills of
managing a large company: 
 keeping control of diverse projects,
delegating authority, and planning and coordinating activities.
 

As WDA begins to privatize its drilling and other
functions, its administrative staff will require specific training
in contracting procedures: 
 defining projects, putting out
tenders, evaluating bids, project supervision and quality control.

At the upper levels of WDA, the Director General and the head of
Planning should receive instruction in public utility pricing,

regulation and alternative approaches to public utility policy.
This instruction should relate to 
both well drilling services
(with associated civil works construction) and to the direct

provision of water to 
the public.
 

WDA employees also could benefit from technical,
managerial, and financial instruction. Presently experienced
rapid turnovers at the semi-skilled, skilled, and technical levels
necessitate frequent training sessions for 
new personnel.
 

At the administrative/managerial level, WDA personnel need
continuing assistance in establishing appropriate record keeping
procedures for all activities, including force account, contract,

and emergency drilling; operating expenses for water supply
systems; 
and water tariff collection. 
GTZ has provided Technical
Assistance in 
this field, but a failure to implement appropriate

incentives has hampered implementation.
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E-3.3 Potential Avenues of Assistance
 

Many of the above-discussed training needs relate to both
the private contractors and 
to the civil servants in the water
 
sector. 
Thus it would be beneficial to the water industry as a

whole to invite the participation of private contractors when

providing technical assistance to civil servants, and 
to recognize

that skills learned by WDA personnel will be useful to them if and
when they leave the agency to work in 
the private sector. WDA

will also profit from being assured of a supply of well trained
 
contractors in 
the private sector available to take on public

sector contracts. A well-rounded technical assistance training
 
program focused on private sector needs would be divided 
into
 
three main categories:
 

1. Technical 
training covering, in particular,
 
trouble-shooting 
common on-site complications,

preventive maintenance, and minor repairs;
 

2. General management and business skills 
including
 
accounting, finance, and personnel management and
 
equipment utilization management; and
 

3. A series of contracting seminars, 
run in conjunction
 
with foreign aid-financed projects containing

components to be contracted out, covering project

costing/bid evaluation, contract negotiation, and
 
project supervision (including methods for settling
 
disputes).
 

These training programs could perhaps best be offered
 
within an (expatriate) contractor--local subcontractor
 
relationship. The 
initial program would probably include specific

technical assistance components, with training per-diems paid to

all trainees, including those from the private sector.
 

Useful education and training programs already available
 
in Somalia should be utilized to 
the fullest. These are available
 
at the following institutions:
 

1. The University of Somalia, which offers degrees in
 
both Geology and in Civil Engineering. Both are four
 
year courses taught in 
Italian by, primarily, Somali
 
and Italian professors. Curricula are presented in
 
Exhibit E-l, immediately following this section. 
So
 
far, the tuition has been covered 100% by the
Government of Somalia, but there are plans to require

students to pay for a portion of their education in
 
the future. 
 In the past, the Government of Somalia
 
guaranteed government jobs to all graduates, and
 
required them to accept such jobs. 
 This policy has
 
been abolished, and students 
are free to accept jobs

in the private sector.
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2. The Somali Institute of Development and Management
 
(SIDAM), which offers classes in Business and

Management at the collegiate and graduate levels.

Tuition is free of charge to government employees if

sponsored by their departments or agencies. Private
 
entrepreneurs may find it more difficult to enroll
 
unless they are involved in government-funded or
 
foreign-funded projects and are 
sponsored under the
 
auspices of the project.
 

3. 	The Industrial Vocational Training Center, which is
 
being built by GTZ and is expected to be in
 
operation in 1986. Programs will include auto

mechanics, diesel mechanics, and auto electric. 
The
 
center will also provide courses custom-tailored to a
 
specific ministry's requirements.
 

4. 	Somalia Polytechnic Institute, which provides a
 
post-secondary two-year diploma program in relevant
 
technical fields of mechanical engineering and shop

practices. The institute 
can provide after-school
 
training in specialized subjects.
 

Another source of informal training could be available to
local partners of joint ventures working on foreign aid funded

projects. Practical, technical skills are 
readily transmitted in
the project setting; in particular, local contractors would have
 
an 
ideal opportunity to work with more modern technology. In
return, local technicians would provide expertise on local
geological and meteorological conditions of value to 
the 	joint

venture. 
 Expatriate joint venture administrators could transfer
 
accounting and general business skills to their counterparts,
while the latter provide knowledge of local markets and laws.

Higher level management and financial skills; however, have a
spottier record of transference in joint ventures, unless local
partners have already attained a high degree of proficiency in

these areas. It is recommended, therefore, that special attention

be given to financial management training for the private sector

in any technical assistance program in the water/construction
 
industries.
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EXHIBIT E-1 

UNIVERSITY OF SOMALIA GEOLOGY CURRICULUM
 

The degree in Geology is completed after a four year

program. 
There are four sections in the department, with the
 
following courses offered:
 

I. Geology
 

Introduction to Geology
 
Structural Geology
 
Regional Geology

Photogeology
 
Sedimentology
 
Petrology of Sedimentary Rocks
 
Mapping Geology

Physical Geography

Marine Geology
 

II. Applied Geology
 

Engineering Geology I
 
Engineering Geology II
 
Geotechnics
 
Raw Materials Geology
 
Hydrogeology
 
Applied Hydrogeology

Prospection of Geophysics
 
Cartography and Topography
 

III. Paleontology and Historiography
 

Paleontology
 
Micro-paleontology
 
Stratigraphy
 
Hydrocarbon Geology
 

IV. Petrography and Geochemistry
 

Mineralogy I
 
Mineralogy II
 
Petrography
 
Petrology
 
Geochemistry
 
Economic Geology
 
Mineral Prospection
 
Applied Petrography
 

Generally, the Department accepts about 45 
- 50 entrants;
but by the end of the program, the number graduated is down to 
about 15. 
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EXHIBIT E-2 

UNIVERSITY OF SOMALIA
 

CIVIL ENGINEERING CURRICULUM
 

COURSE TITLE
 

1ST YEAR, IST SEMESo IST YEAR, 2ND SEMES.
 

1. 	 Math I 5. Math II
 

2. 	 General Chemistry 6. Physics I
 

3. 	 Analytic Geometry & Algebra 7. Engineering Materials
 

4. 	 Italian Language 8. Engineering Drawing I
 

2ND YEAR, 3RD SEMES. 	 2ND YEAR, 4TH SEMES.
 

9. 	 Engineering Thermodynamics 13. Mechanics of Materials I
 

& Heat Transfer
 

10. 	 Analytic Mechanics 14. Hydraulics
 

11. 	 Physics II 15. Topography
 

12. 	 Engineering Drawing II 16. Electric Circuits &
 
Electromagnets
 

3RD YEAR, 5TH SEMES. 	 3RD YEAR, 6TH SEMES.
 

17. 	 Reinforced Concrete & 21. Architectural Technology I
 

Structural Steel Design I
 

18. 	 Soil Mechanics 22. Mechanics of Materials II
 

19. 	 Technology of Construction 23. Road and Airport Design
 
Elements
 

4TH YEAR, 7TH SEMES. 	 4TH YEAR, 8TH SEMES.
 

24. 	 Town and Rural Design 27. Architectural Technology
 
II
 

25. 	 Water Resources 28. Technical Plants
 

26. 	 Economic Estimation 29. Reinforced Concrete &
 
Structural Design II
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E-4 FINANCING PRIVATE SECTOR EXPANSION AND NEW VENTURES
 

Investment funds in general, and foreign exchange 
in
 
particular, are 
in short supply in Somalia, and are among the
 
greatest constraints to water resource development for both the
 
private and public sectors. The supply of bank loans 
is

considerably less than demand at prevailing interest rates. 
 Loans
 
are therefore 
rationed, and most Somali businessmen must rely

primarily on their own resources and personal contacts, including

members of 
their extended family, for investment funds. The

shortage of foreign exchange is even more critical. Since there

is no official supply of foreign exchange for the private sector,

businessmen must make their 
own arrangements, which are again most

likely to come 
from their own private network--members of which
 
may be sending rem~ittances 
from abroad or be involved in the
 
livestock export business.
 

E-4.1 Funding Requirements
 

Most aspects of the water resource development industry

require heavy capital investment. Drilling rigs, both rotary and
 
cable tool, and heavy earth moving equipment represent a

considerable investment by Somali standards. 
Many other material
 
inputs (drilling consumables such as bentonite and 
foam, the

casing and screen which go into drilled wells, and spare parts for

heavy equipment) must all be imported on a regular basis, which
 
requires regular access to 
foreign exchange.
 

Most of 
the private sector drillers currently in business
 
in Somalia purchased their drilling equipment used from foreign

firms which had 
been operating in Somalia or nearby countries. A
 
new rig, plus a two year supply of spare parts, was quoted by one
Somali businessman as costing at least $500,000. 
 Drilling

consumables and materials are acquired through WDA (when

available), which charges its own CIF plus 45% 
to cover storage,

transport and administrative costs. However, WDA has been unable
 
to provide these materials to the private sector over the past

year, as it has had insufficient supplies to cover its 
own force
 
account well drilling program.
 

Fuel is 
in short and often erratic supply at official
 
prices and is rationed. 
At a higher price, fuel can also be

obtained on the parallel market. 
Wages in the private sector are

considerably higher than 
in the public sector, but the private

sector can take advantage of its 
ability to hire personnel on a
temporary basis, thus reducing its payroll burden in 
times of low

demand. Appendix A-1.6 and A-2.4 present direct labor, material,

and fuel costs 
as well as overhead and capital costs associated

with the well-drilling industry, and with the use of a drill rig

and rotary rig, respectively.
 

Although it is not frequent, a fraction of well drilling

activity takes place on the basis of 
contracts between the public

and private sectors. 
This may go in either direction: Other
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government agencies or private sector parties may request WDA well

drilling services on a commercial basis; or a public sector agency

may put out a contract to 
a private driller if WDA is too busy to

perform the task itself. 
 This would form the basis of a

cooperative relationship between the public and private sectors.

Under current policy, contracts between WDA and other parties

follow a rigid format, with established fees set on the basis of

WDA's historical average well drilling costs throughout the
 
country and a 50% 
advance to the driller for mobilization. On the

other hand, there may be some competition for funds and 
contracts

between the public and private 
sectors. The Somali Development

Bank makes abut 10% of its loans to the public sector, including

parastatals. 
To the extent that WDA has access to foreign

exchange at the official rate of about 39 So.Sh. to 
the dollar,

they have an advantage over private sector contractors who would

be lucky to finance imports at the market rate of about 85 So.Sh.
 
to 
the dollar, unless they manage to obtain materials from WDA at
 
the official rate plus 45%.
 

H-4.2 Sources of Funds
 

For the Somali private sector, the most important source
 
of funds is from their own savings or from members of their

extended families. 
Most successful Somali businessmen are members

of families or private networks whose other members may be working

abroad and sending remittances or may be involved in the livestock
 export business. According to current Somali law, 35% 
of export

earnings must be changed at the official rate, but the other 65%
 
may be kept in the exporter's foreign exchange account at the
 
Commercial and Savings Bank of Somalia. 
The exporter may sell his
hard currency without restriction at the *auction rate," (now over

100 So.Sh. per US dollar). The buyer, who must open a foreign

exchange account and deposit his hard currency in it, can then

obtain a letter of credit from the Commercial and Savings Bank for
 
an import order. There are no longer licensing requirements for
most imports. In general, the Commercial and Savings Bank would
 
not be a source of financing for the capital requirements of the
water development industry, as 
they provide only short-term loans

of one 
to two years, which is too short a payback period for these

investments to cover. Even for operating capital, current policy
places priority on the agricultural sector, to the exclusion of
 
industry and construction.
 

Medium and long-term loans (two to six years and seven 
to
 
twenty years, respectively) are available at the Somali
Development Bank. The Development Bank can 
finance up to 65% of a

long-term investment at rates ranging from 14% to 16%. 
 The money

is lent in local currency, which can then be used 
to purchase the

foreign currency needed for the actual purchase of imported

equipment. The bank, in fact, approved two loans for private

investment in well drilling equipment. These approvals were in
support of applications for hard currency funds through USAID's
 
Commodity Import Program. (For more on 
the CIP program, see
 
Appendix E-1.3 above. The Development Bank may also finance the
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drilling of individual wells, particularly irrigation wells. They

may also be willing to finance wells in the livestock sector. In
general, loans to the agricultural sector receive priority, both
for availability of funds and in 
the terms of loan. Agricultural

loans (including livestock) are 14% for two to six year maturity

and 15% for seven to twenty year maturity loans. Loans for

industry 
are harder to obtain, and the interest rates are 15% and

16% for medium and long term loans, respectively.
 

Contract advances are an important source of operating

funds for private drillers. The most common arrangement is for

the purchaser of well drilling services to pay 50% 
in advance and
50% due upon completion of the well. 
 Prices are usually charged

per meter drilled, with the purchaser bearing the risk of dry

holes in southern Somalia; 
and the driller bearing the risk in

northern Somalia. 
The customers usually also pay separately for
the casing, screen (perforated casing), and collars for their

wells. 
 When they have their own sources, which is rare, they must
 
obtain these from WDA.
 

There is considerable interest in Somalia, in both the

public and private sectors, for subcontracts or joint ventures
 
with expatriate firms as 
a source of finance, foreign exchange,

and technical expertise. Although foreign investment in Somalia
 
was discouraged in the past, the 
current climate is favorable, so
long as 
the Somali partners are meaningful participants in the
 
venture. 
 Somali firms can contribute knowledge of local

conditions, marketing, local currency and local expertise and
labor. 
Specific proposals for local subcontracts in Somalia are

contained in Section Two of the main body of 
the Draft Final
 
Report.
 

Foreign aid has so far not been available for the private

sector drillers, except through USAID's Commodity Import Program,

and a special arrangement in the Comprehensive Groundwater

Development Project (CGDP) to finance the drilling of four wells

through contracts to the private sector.
 

Aside from the CGDP, at 
least two local drilling firms

have obtained contracts to drill for foreign-financed agricultural

development projects; 
and as the industry develops, may be in a
position to take on more such contracts, reducing the need to

bring in foreign drilling firms.
 

E-4.3 
 Framework for Economic and Financial Evaluation
 

Return on investment in this sector is highly variable.
 
For investors who can obtain financing from, say the Somali
Development Bank, a loan can cover 65% 
of the initial investment.

Interest rates are 14% 
to 16% per annum, fixed, while WDA drilling

prices have been rising at an average rate of 36% per annum since
1980 and the Consumer Price Index for Mogadishu has risen by an
 
average of 39% 
per annum for the past seven years. Thus real

interest rates are negative, and if private drillers can keep up
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with inflation in their costs, their pre-tax return may range up

to 25% to 60%, depending on availability of work and materials,

market well drilling prices, and the exchange rate facing the
businessmen. For examples of financial models for local well
 
drilling firms, see Appendix A.
 

Current well drilling prices for most local drillers range

from 2,000 to 4,000 So.Sh. per meter in the south and 4,000 to
6,500 So.Sh. per meter in the north (where geophysical and
 
logistical difficulties 
are greater and where customers are

unwilling to pay for dry holes). 
 In general, most Somali
 
businessmen are 
looking for a quick return on their investment,

and a short payback period. 
Those in the water resources sector
 
must, however, be prepared to accept longer payback periods, in
 
the range of 5-10 years.
 

Although the private sector 
in Africa is often described
 
as 
"risk averse,* Somali entrepreneurs are known for their
willingness to assume business risks of major proportions compared

to 
the size of their firm or volume of activity. Well drilling is
 a particularly risky business in Somalia, with dry holes
 
accounting for up to 60% of wells drilled in some parts of the
 
country. The Somali businessman faces risks also of shortages of
materials, spare parts and fuel. 
 Transport and security add to
 
his list of risks, so that the businessman who enters this line of
work is a hearty and dauntless soul indeed. 
 Few small businessmen

bother to take out any kind of insurance and risks can only be
 
spread or shared through individual contractual arrangement with
 
clients or suppliers.
 

Most firms in Somalia cannot get credit on an unsecured
 
basis. They are required to satisfy a lender's requirements for

security before a loan is made. 
 In the case of equipment

purchase, lenders will consider the firm's expected cash flows 
to
determine whether the company can meet a repayment schedule. To

provide security for the loan, the 
lender will require the company

to post the equipment purchased as collateral for the loan. In
 some cases 
the lender may even request additional collateral. To

decide the amount of collateral, the lender will consider the

marketability, life, and riskiness of the investment. 
 Equipment

used in the water industry is generally includes special purpose

machines and tools and, in Somalia, may have 
no viable secondary

market. In this instance, a lender will usually require security

with a market value substantially above the amount of the loan, in

the event they cannot sell the equipment for an amount to satisfy

the value of the loan.
 

The manager of the Somali Commercial Bank in Hargeisa, Mr.
Korfa, confirmed that due to 
a drill rig's limited marketability

in Somalia, and the 
industry's recent performance, the bank most

likely would only consider an equipment loan if a contractor were
awarded a contract which would permit repayment. In addition, the
 
successful loan applicant will have substantial expertise in his
 
field, and an expected rate ,.f return comfortably in excess of the
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interest rate on the loan. The Somali Development Bank reports a
 
good record from the Somali private sector.
 

Delinquent loans can be renegotiated if non-payment is the
 
result of temporary circumstances beyond the borrower's control
 
(e.g., natural disaster, drought, disease, war, etc.).

Delinquency can also land the borrower in court, although it
 
rarely goes so far. Members of the borrower's family or
 
community, afraid that his performance will reflect poorly on them
 
may, if they have the resources, come forward and cover his loan
 
obligations. While such arrangements may result in the borrower
 
repaying his loan to his new creditors, it is more likely that
 
they will take an informal equity position in the venture, sharing

in both the risks and rewards. There is no formal equity market
 
in Somalia available to service businessmen's capital
 
requirements.
 

Equity capital in the form of extended family

participation is the most common among Somali businessmen. The
 
consensus among contractors is that Somalis prefer investing their
 
money in tangible objects such as livestock, capital assets or
 
businesses rather than maintaining bank deposits or other paper
 
assets. As a result, they turn to investments or investors they

feel they can trust, namely, other family members.
 

In Somalia's cash society where tax avoidance is
 
paramount, accurate figures of available equity capital are not
 
available. Based on applications to the CIP program and
 
conversations with Somali importers, equity capital is available
 
to finance equipment purchases in the range of $100,000, figured
 
at the market exchange rate. At the moment, very few Somali
 
businessmen could provide equity capital in the $500,000 to
 
$1,000,000 category needed for new equipment purchases in the
 
drilling/construction business.
 

"Risk" is a major problem for the construction industry

worldwide, and includes a number of types of risk, the first of
 
which is the notoriously large fluctuation in demand faced by the
 
industry. Other risks can broadly be grouped into three general
 
categories as described in aiY984 publication on the Construction
 
Industry by the World Bank.
 

a. Inherent risks. These arise from the assumptions made
 
at the time of bidding; among them, work organization,

labor and equipment productivity, procurement and
 
expediting of materials, and weather conditions.
 

1/ The Construction Industry: Issues and Strategies in Developing
 
Countries (IBRD 1984).
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The ability to handle these risks depends on the
 
experience of the manager and the estimator, the
 
adequacy of cost control and feedback, and the quality
 
of the information available on the site and other
 
local conditions. The Somali drillers currently in
 
business have many years of experience and are
 
probably coping with these risks as well 
as can be
 
expected. The two new drilling companies expected to
 
begin operation in 1986 may have greater difficulty in
 
assessing and adjusting to these types of risks and
 
may therefore be at somewhat of a competitive
 
disadvantage while they go through the learning
 
process.
 

b. 	 Insurable risk. Damage to property, health and life
 
of employees, third party liability, and certain
 
commercial risks are included in 
this category. Formal
 
insurance markets in Somalia are available only

through the State Insurance Company of Somalia. While
 
the biggest of the Somali firms carry insurance, the
 
vast majority of the smaller firms do not bother to
 
cover themselves at all.
 

c. 	 Transferable risks. These are conveyed to others by

contractual arrangement. For instance, some
 
production and consequential risks can be transferred
 
to subcontractors, suppliers, and transporters. 
Since
 
supply shortages are a major constraint to well
 
completion, Somali drilling contractors routinely

require the client to provide the necessary materials
 
such as well casing, screen and pumps.
 

A specific transferable risk in the water industry is the
 
risk of dry holes. In Somalia, under government contracts and in
 
the south of the country in general, the client bears the risk of
 
dry holes, and pays the contractor per meter drilled whether or
 
not water is reached in a given hole. In the north of the
 
country, however, private clients are unwilling to pay for dry

holes; so the contractor bears the risk and must charge higher
 
prices to cover it.
 

Insurance is available in Somalia from the State Insurance
 
Company of Somalia (SICOS). Liability insurance is not required

for contractors 
in Somalia for work on local contracts, nor for
 
work on government contracts expressed in shillings. The smaller
 
Somali firms rarely bother to insure themselves. Foreign aid
 
funded contracts, however, require insurance and 
as Somali firms
 
begin to work on such contracts, they will be introduced to the
 
concept of buying insurance and the advantages involved.
 

In order to mitigate the severe fluctuations in demand and
 
associated business risks faced by the 
local contractors, the WDA
 
should attempt to contract out more to the private sector through

long term contracts, planned specifically to distribute the work
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more evenly across time, to fill in the valleys of private sector

demand for drilling services (i.e., to provide work during or just

after the rainy season when drilling demand is slack), and to
distribute the work among the available drillers. 
 However, the

ability of WDA to honor long term contracts is limited by the
availability of funds authorized for drilling by the Ministries of

Finance and Planning. 
For long term WDA contracts to be

considered reliable by Somali contractors and their potential

financial backers, they may have to be guaranteed by a sound,
external financial institution, and this guarantee in turn backed

by the donor community.
 

More generally, the Government of Somalia can 
improve the
business climate for the private sector by reducing distortions in

factor prices (e.g., allowing interest rates to rise to positive

real levels so that capital is not artificially cheap relative to
labor) and decreasing control of such vital 
inputs as the supply

of imported materials and spare parts. 
 Foreign exchange rates and
import tariffs have recently been liberalized in Somalia, and this

should prove beneficial to the economy in general and the private

construction industry in particular.
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APPENDIX F
 

ACTIVITIES OF THE GOVERNMENT OF SOMALIA AFFECTING WATER
 
RESOURCE DEVELOPMENT AND PRIVATE SECTOR PARTICIPATION
 

F-i ORGANIZATIONS AND THEIR RESPONSIBILITIES
 

Several ministries and agencies share responsibility for
 
water resource development. At the central government level, two
 
organizations have key policy roles in water development: the
 
National Water Committee and the Ministry of Mineral and Water
 
Resources.
 

F-I.1 The National Water Committee
 

The National Water Committee, previously known as the
 
Water Resources Development Committee, is the highest policy and
 
decision making body in the water sector, and is the coordinating

body with respect to all water resource projects. The committee
 
is chaired by the Minister of Mineral and Water Resources.
 

The following ministers and heads of agencies comprise the
 

membership of the National Water Committee:
 

" Minister of Mineral and Water Resources (Chairman);
 

* Minister of LiVestock, Forestry and Range;
 

* Minister of the Interior;
 

* Minister of Agriculture;
 

" Minister of Health;
 

* General Manager, Water Development Agency; and
 

* National Range Agency.
 

This committee is responsible for national water policy,

national water prices, and establishing priorities for actual
 
water development projects. In particular, they determine, on an
 
annual basis, WDA's rural borehole drilling program, choosing from
 
a list of requests from rural communities, and fitting the program

into the budgetary limits imposed by the Ministry of Finance.
 

F-1
 

•i\A 



The NWC is also responsible for setting national water
 
prices, currently officially set at 18 So.Sh. per cubic meter
 
throughout the country. For private individuals, there is no
 
authorization required to sell water, but they cannot legally

charge more than the established national price. It must be
 
noted, however, that official and unofficial exceptions abound.
 
In the dry season in rural areas, there is very little WDA can do
 
to enforce the national policy, so actual prices paid can easily

climb to 250 So.Sh. per cubic meter and above. Even some urban
 
committees have begun to charge prices 50% higher than the
 
official national price, although NWC has not sanctioned this.
 

The National Water Committee is served by an advisory

National Technical Committee composed of key technical officers
 
from the above agencies and ministries as well as expatriate

advisors. This body is authorized to hold regular meetings to
 
review information and options to be presented to the National
 
Water Committee.
 

F-1.2 The Ministry of Mineral and Water Resources
 

The Ministry of Mineral and Water Resources (MMWR) is
 
responsible for providing water for both human and livestock
 
consumption. At the ministerial level of the MMWR, the primary

task is to direct and monitor the activities of the WDA, Mogadishu

Water Agency, the Hargeisa Water Agency and the Kismayo Water
 
Agency. The Minister is closely involved in setting policy for
 
utilizing water resources. The Ministry is also responsible for
 
proposing legislation dealing with community water supply. The
 
Ministry's Hydrology Department, which was established in 1978, is
 
responsible for research and hydrogeological data, the design and
 
implementation of groundwater exploration projects, and advising
 
on water legislation and follow-up of policies. Shortages of
 
staff, equipment and training have so far hampered the
 
Department's effectiveness.
 

The three autonomous municipal water agencies of the
 
MMWR are responsible for administration, operation and maintenance
 
of the larger urban systems in Mogadishu, Kismayo and Hargeisa,

while the Water Development Agency (WDA) has the responsibility

for the other towns and rural areas under the WDA. Management

often passes to local bodies once systems have been established.
 
In addition, the Ministry of Agriculture, National Range Agency,

Ministry of the Interior, and other agencies are responsible for
 
some water projects.
 

F-1.3 The Water Development Agency
 

The WDA's original mandate included research into water
 
resources, collection and evaluation of water resource data,

preparation of comprehensive plans for the proper use of water
 
resources, coordination of water use within Somalia through
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project preparation, programming, and execution and construction

of water supply facilities. 
 This mandate was established under

Law number 28 of February 28, 1971, "Governing the Water
Development Agency," published in the BOLETTINO UFFICIALE on April

6, 1971. The full 
text of the law is presented immediately

following this section.
 

The WDA's role was later expanded to include direct

responsibility for the 
water supply including operation and
maintenance areas and the urban centers excluding Mogadishu,

Hargeisa and Kismayo. 
WDA's project work includes: the execution
of development projects within targets laid down by the National
Plan; provision of contract bo,,ehole drilling and other services
 
on a cost reimbursable basis to 
third parties; and emergency
programs carried out with little advance warning to meet national

emergencies, such as 
those relating to refugees.
 

In addition, WDA has 
a mandate to regulate the activities
of private sector drillers and other contractors working on
 
private water development contracts.
 

The WDA is headed by a General Manager appointed by the
President on the recommendation of the MMWR. 
The General manager

is assisted by a Deputy General manager, three operational

departments at Headquarters, and 16 Regional Managers located in

their respective regions. 
 The operations departments are (a)
Drilling, Central Workshop and Operations and Maintenance for

Rural Water Supply, (b) Engineering (for design and construction)
and (c) Urban-Water Supply including Operations and Maintenance.
 
The suppof departments are administration, personnel and
"
 planning. ' The organizational chart is presented in Exhibit 1.
 

The technical and other departments are very short on
personnel. 
WDA is partially funded through government budget and
partially through revenue producing activities, such as the
collection of water fees and well construction for other
 
ministries.
 

WDA is affected by understaffing at the professional

levels, and by factors such as 
its level of funding and the low
 
pay of its staff. The Agency is supported by various external

development agencies, and relies on expatriates in the planning

and design of water systems.
 

1/ Not yet officially established
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EXHIBIT F-i 

ORGANIZATIONAL STRUCTURE OF THE WATER 
DEVELOPMENT AGENCY 

General 
Manager 

Deputy
 
General Manager 

Drilling and 
Central Workshop 

Workshop 

Urban Water 
suply 

& M for 

Engineering 
Design 

oConstruction 

Personnel 

Taining 
Administration 

Aconti 
Procurenent 

Well-drilling 
Rural Water"
Supply (RWS) 

0 & MPWS 

Urban System and Stores 
Legal

tn g m t[.Mana ement 

16 Regions 

1/ Plan for the Drinking Water Supply and Sanitation Decade, 1984 



F-1.4 
 Other Agencies Involved in Water Resource Develop!Rent
 

The Ministry of the Interior represents local communities'

interests and 
itself promotes and initiates small scale water

supply projects in the rural areas. 
Upon completion, the Ministry

arranges locally for the operation and maintenance of the systems.

The Ministry also performs coordinating functions, raises funds

arid organizes self-help labor for relevant activities, mainly at
 
regional and district levels.
 

The responsibility for surface water (rivers and

irrigation water) is 
largely with the Ministry of Agriculture.

The Ministry of Juba Valley Development was recently established
 
to regulate the development and utilization of the Juba River.
 

The Ministry of Health's responsibility is not yet well
 
defined and its activities are constrained by a lack of trained
staff. 
The Ministry's role includes control and surveillance over
 
water quality, and advising on environmental and sanitation
 
issues. The Ministry has overall responsibility for the
qualitative monitoring of the sector. 
The Ministry is responsible

for potable water quality standards. Currently, there is a lack
 
of specific quality standards.
 

The Ministry of Planning has the responsibility of

coordinating overall economic planning activities in all sectors,

including water supply and sanitation. In this connection, the
 
Ministry is responsible for coordinating donor participation and
 
for arranging pledging conferences for external aid.
 

The National Range Agency has wide environmental
 
protection powers. 
The NRA must approve the location of boreholes
in rural areas and registers all rural water supplies. 
 The NRA

also takes a direct hand in constructing and maintaining rural
 
water supply structures 
such as uars and ballehs, particularly for
 
livestock watering.
 

Somali communities actively participate in water source

development and management. Village locations are often based
 
upon uars and other water points, and associations of users which
 
cooperate in construction and maintenance. Individuals may be
 
appointed to collect fees or perform minor maintenance.
 

Appointed local level water committees are responsible for

coordinating the water related activites of several villages and

hamlets. While the appointed committees may be involved in

overseeing government or donor financed projects, the more
 
localized, traditional committees have not, 
as a rule, considered
 
government-controlled wells to be their responsibility, and 
users

themselves tend 
to be unwilling to make contributions to maintain
 
the government systems.
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F-1.5 Laws and Regulations Governing Water Use and Development
 

There is still no comprehensive Water Law in Somalia
 
defining rights to own or use water, buy or sell it, or invest in
 
the development of water resources. An advisor from the Food and
 
Agricultural Organization was sent to Somalia in 1982 and a draft
 
Water Law was produced, but it has not yet been approved or put

into effect. "Water Law" in Somalia is thus an unintegrated set
 
of regulations, lacking a coherent structure and unifying purpose.

Some important points of traditional custom and current law are as
 
follows:
 

" 	The Government of Somalia does not officially
 
recognize private ownership of wells, although by

long-standing custom, a family which digs its own
 
well or has a historical claim to a particular well
 
can control the distribution of water from that well
 
as community custodians. Drinking water for human
 
consumption cannot be legally refused.
 

* 	Drinking water for immediate human consumption from
 
any well should be free of charge; water for other
 
purposes, including livestock watering, washing, and
 
water carried away in containers may be sold at a
 
price of 18 So.Sh. per cubic meter (= 1000 liters).
 
Charges for livestock watering can be based on
 
estimates of per-head consumption for each type of
 
animal.
 

" 	Privately developed surface water facilities
 
(including water intakes from rivers, reservoirs,
 
cisterns, and ponds) are not controlled and may be
 
privately owned. Water from these facilities may be
 
sold, but is subject to the legal national price.
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BOLLETINO OFFICIALE
 
LAW #28 OF FEBRUARY 20, 1971
 

THE PRESIDENT
 
OF THE SUPREME REVOLUTIONARY COUNCIL
 

HAVING SEEN the First Charter of the Revolution of 21st
 
October 1969;
 

HAVING SEEN Law, of 1st August 1966, no. 13 concerning the
 
Water Regulations;
 

HAVING SEEN Law No. 16 of Ist April 1970, Governing Auto
nomous Agencies and Audit of Industrial and Economical under
takings and Credit Institutions with State participation.
 

HAVING HEARD the Council of Secretaries;
 
TAKING NOTE of the approval of the Supreme Revolutionary
 

Council;
 

HEREBY PROMULGATE
 
the following Law:
 

CHAPTER I
 

GENERAL PROVISIONS
 

Section I - Establishing Water Development Agency
 

Article 1
 
Water Development Agency
 

1. The Water Development Agency, hereinafter called "the
 
Agency", is hereby established. It shall be an Autonomous Agency
 
with juridical personality.
 

2. The Agency shall be subject to the provisions of the
 
General Law governing Autonomous Agencies, Law No. 16 of 1 April
 
1970.
 

3. All moveable and immoveable properties, which at the time
 
of coming into force of this Law belonged to the Mogadishu and
 
Chismaio Water Agency established by Law No. 2 of 11 December 1967
 
and the moveable properties including equipment and vehicles,
 
which on the aforesaid date belonged to the Water Department of
 
the Ministry of Mineral and Water Resources are hereby transferred
 
to the Agency.
 

4. The Agency shall succeed to all the rights and obligations
 
of the Mogadishu, Chismaio, Water Agency and the Water Department
 
in so far as they are compatible with this Law and any other
 
provisions in force.
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Article 2
 

Supervision of the Agency
 

1. The Agency shall function under the supervision of the
 
Secretary of State for Mineral and Water Resources.
 

2. The Secretary of State for Mineral and Water Resources may

give the Agency such directives as he may consider necessary from
 
time to time in order to ensure that it acts in accordance with
 
the best interest of the State.
 

Article 3
 

The Agency shall have its Head Office in Mogadishu and may

establish branches in other places in the Republic.
 

Article 4
 

Purposes
 

1. The main purpose of .the Agency shall be the development of
 

water resources within the territory of the Republic.
 

2. In furthering said purpose, the Agency shall promote:
 

(a) 	the research of the necessary water resources;
 
(b) 	the construction of aqueducts, water networks and
 

distribution facilities;
 
(c) 	the collection and the evaluation of all data
 

relating to water resources and the potential thereof
 
in the territory of the Somali Democratic Republic;


(d) 	the development of research and studies in the field
 
of water resources;
 

(e) 	the preparation of comprehensive plans for the proper
 
use of water resources;
 

(f) 	the preparation, programming and execution of
 
projects relating to water resources, in order to
 
coordinate the use of water within the territory of
 
the Republic;
 

(g) 	the stipulation of contracts, conventions and
 
agreements necessary to such end;
 

(h) 	the provision of spare parts necessary for water
 
plants *of the various Local Governments;
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(i) 	the training of the subordinate technical and
 
clerical personnel, in order to ensure the maximum
 
efficiency of all service;
 

(j) 	the determination of the cost of water facilities
 
realized for the single Administrations of the local
 
governments and the charging thereof to said
 
Administrations;
 

(k) 	the reimbursement of loans obtained from the State,

the Public Agencies and national or foreign credit
 
institutions.
 

Article 5
 

General Powers
 

1. The Agency shall have all the powers necessary for the
 
achievement of its objectives under this Law or any other law.
 

2. Notwithstanding the generality of the above provision, the
 
Agency may use public or private right of way or public utility

easements for the purposes of research and construction
 
operations.
 

3. The Agency may obtain permits required for research and
 
construction referred to in paragraph 2 of this Article, from the
 
respective local governments.
 

Article 6
 

Rights to expense reimbursement
 

The Agency, where deemed appropriate shall exact from the
 
single Municipal Administrations the reimbursement of the expenses

incurred in for the realization of the water facilities built, and
 
also for services rendered in connection therewith.
 

Article 7
 

Power to hand over completed works to appropriate authorities
 

The Agency must hand over completed water works, water
 
points and related facilities to the appropriate Municipal

Administration for their operations and maintenance.
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CHAPTER II
 

ORGANIZATION
 

Section 1 - General Manager
 

Article 8
 

Appointment
 

The General Manager of the Agency shall be appointed by

decree of the President of the Supreme Revolutionary Council, on
 
the proposal of the Secretary of State for Mineral and Water
 
Resources having heard the Council of Secretaries.
 

Article 9
 

Emoluments
 

The emoluments of the General Manager of the Agency shall
 
be established by decree of the President of the Supreme
 
Revolutionary Council, on 
the proposal of the Secretary of State
 
for Mineral and Water Resources having heard the Council of
 
Secretaries.
 

Article 10
 

Functions
 

1. 
 The General Manager shall be the executive head of the
 
Agency and shall represent it.
 

2. He may conclude operating contracts on behalf of the
 
Agency.
 

3. He shall be responsible for the funds of the Agency and
 
for the maintenance of its accounts.
 

4. In case of temporary absence or impediment, his functions
 
shall be performed by an official of the Agency designated by the
 
Secretary of State for Mineral and Water Resources.
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Section 2 - Staff
 

Article 11
 

Staff
 

1. The Agency may appoint the staff required by it, provided

that while establishing the staff requirements the Agency shall
 
absorb all suitable personnel currently employed by the Water
 
Department of the Ministry and Water Resources.
 

2. No person, who has directly or indirectly any interest in
 
a contract or contract of sale or lease with the Agency or 
in any

work for the Agency, may become or remain a member of the Agency's
 
staff.
 

3. The terms and conditions of services of the members of the
 
staff of the Agency shall, subject to any general rules governing

the terms and conditions of service of the staff of autonomous
 
agencies issued by Government, be established in the Regulations.
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CHAPTER III
 

FINANCIAL PROVISIONS
 

Article 12
 

Patrimony
 

The patrimony of the Agency shall be:
 
(a) 	 an initial contribution made by the State;
 
(b) 	any other contribution made by the State, or public
 

or private bodies;
 
(c) 	 the income from realized water works and various
 

services;
 
(d) 	 the assets of the Mogadishu Water Agency and the
 

Water Department of the Ministry of Mineral and Water
 
Resources, which are transferred to the Agency under
 
Article 1 of this Law.
 

Article 13
 

Reserves
 

1. The Agency may set aside reserves for its operations.
 

2. Except the Government disposes otherwise the reserves set
 
aside for depreciation may be utilized only for the expansion or
 
replacement of the Agency's plants and facilities.
 

3. The Regulations shall specify the use to which reserves
 
other than those set apart for depreciation may be put.
 

4. Reserves may, without jeopardizing the Agency's ability to
 
meet its cash requirements, be invested on a long term or short
 
term basis only in Government credit institutions or Government
 
securities.
 

Article 14
 

Authorized loans
 

The Agency may, for purposes of its activity, obtain loans
 
from financial institutions within the Republic and abroad, with
 
the prior approval of the Secretary of State for Mineral and Water
 
Resources.
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Article 15
 

Financial year
 

The financial year for the Agency shall begin on Ist
 
January and end on 31st December.
 

Article 16
 

Budget
 

The General Manager shall, not later than 30th September

in each year, prepare a statement to be called the Annual Budget

Statement for the next financial year, showing the estimated
 
receipts and expenditure of the Agency. The Annual Budget

Statement shall be submitted to the Ministry of Mineral and Water
 
Resources and the Ministry of Finance.
 

Article 17
 

Annual Accounts
 

1. Within 31st March in each year, the General Manager shall
 
prepare the annual accounts, profit and loss statement of the
 
Agency, and shall submit them to the Ministry of Mineral and Water
 
Resources and the Ministry of Finance.
 

2. The Secretary of State for Mineral and Water Resources
 
shall, in consultation with the Secretary of State for Finance, be
 
competent to approve the annual accounts and shall give

instructions for their publication at the expense of the Agency.
 

Article 18
 

Accounts
 

The accounts of the Agency shall be maintained in the
 
manner prescribed by any general rules issued by Government for
 
the purpose and by its Regulations.
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Article 19
 

Audit
 

The accounts of the Agency shall be audited by the
 
separate unit established in the Office of the Magistrate of
 
Accounts for the purpose of auditing Autonomous Agencies.
 

Article 20
 

Exemption from taxation
 

Neither the Government nor any other entity within the
 
Republic shall subject the Agency to any taxes, fees, charges or
 
levies of any kind including any tax, fee, charge or levy for the
 
removal of underground water for the Agency's system, on the
 
Agency's properties or revenues, or on the purchase or use of
 
water supplied to the Agency.
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CHAPTER IV
 

FINAL DIVISIONS
 

Article 21
 

Regulations
 

The Regulations of the Agency shall be issued by decree of
 
the President of the Supreme Revolutionary Council, on the
 
proposal of the Secretary of State for Mineral and Water
 
Resources.
 

Article 22
 

Internal rules
 

Internal rules of the Agency may, subject to this Law and
 
Regulations, be issued by the General Manager. 
The said internal
 
rules shall be transmitted to the Secretary of State for Mineral
 
and Water Resources who may, if he deems it necessary, return them
 
for reconsideration and modification.
 

Article 23
 

Repeal
 

Law No. 2 of 11 December 1967 on the establishment of the
 
Mogadishu Water Agency and Water Law No. 13 of 7 August 1966 
are
 
hereby repealed.
 

Article 24
 

English text to prevail
 

Where there is any conflict between the English and
 
Italian texts, the English text shall prevail.
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Article 25
 

Entry into force
 

1. This Law will come into force on the Ist of May 1971 and
 
will be published in the Official Bulletin of the Somali
 
Democratic Republic.
 

2. All persons shall be obliged to observe it, 
and cause
 
others to observe it, as a Law of the Republic.
 

Mogadiscio, 20 February, 1971.
 

Major General Mohamed Siad Barre
 

PRESIDENT
 

of the Supreme Revolutionary Council
 

F-16
 



F-2 GOVERNMENT CONTRACTING WITH THE PRIVATE SECTOR
 

This section discusses the current volume of activity,

policies, and procedures for government contracting in the water
 
industry and in related industries; and it discusses options for
 
future development of government contracting to the private
 
sector.
 

F-2.1 Volume of Activity
 

Aside from its force account well drilling program, which
 
has an emphasis on boreholes in rural areas, WDA has established
 
contracting procedures whereby the agency can either undertake
 
work on behalf of public or private customers, or contract out
 
work to private sector firms. Legally, as the agency responsible
 
for all well drilling in the country, WDA has a practical right of
 
first refusal on all well drilling (and related construction,
 
operation and maintenance) in Somalia. In particular, WDA is
 
expected to drill all wells required by other public agencies.
 
Private drillers are licensed by WDA, and permission must be
 
obtained from WDA for each well drilled.
 

WDA records show that at least eighteen wells were drilled
 
under contract between WDA and other parties from 1978 through

1984, although the great majority have been contracts between WDA
 
and other public sector agencies or parastatal corporations. A
 
summary of each of Coe contracts, and full translations of two
 
representative contracts are presented immediately following this
 
section. In general, WDA only considers contracting out when it
 
is too busy to complete all its assignments on schedule.
 

On two occasions in 1984, WDA concluded contracts with
 
established local private drillers, engaging these drillers to
 
complete work originally assigned to WDA. On at least one other
 
occasion, WDA was prepared to rent one of its drill rigs to a
 
private firm for use on a contract well construction project.

This action required and received Presidential approval, but the
 
firm declined the opportunity after inspecting the rig.
 

In addition, the WDA nas arranged some contracts for well
 
operation and revenue collection, one of which is in the town of
 
Balad. The contrac*or must charge the official price of water,
 
and share the revenues with WDA.
 

These contracts between WDA and private firms are of
 
recent vintage and have been satisfactory to both parties; thus
 
there is every chance that such relationships will continue to
 
take place in the future. However, the WDA's use of a fixed price
 
per meter in all its drilling contracts has limited the private
 
sector's interest in them, as discussed in the section on
 
"Policies," below.
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For Civil Works, WDA sometimes does the work itself, but
 more often contracts the work out, particularly if the Agency is

lacking in the necessary materials. The WDA's engineering

department is responsible for designs and cost estimates. Civil
 
works for a standard well are costed at 600,000 So.Sh., (though

this may be under review soon) and each public fountain in urban
 
systems is costed at 350,000 So.Sh.
 

P-2.2 Contracting Policies
 

For all government contracts over 50,000 So.Sh. in value,

applications must go through the "Contracting and Control of Hard
 
Culrrency Committee" (a government procu:ement agency which serves

the entire central government). They publish the tenders in the
 
domestic and/or international press, r.questing submission of
 
bids, which they then receive and evaliuate.
 

For activities which fall exclusively and entirely under
 
the responsibility of the WDA (e.g., 
rural well drilling

services), WDA can undertake its 
own tendering, so long as it
 
follows the same procedures.
 

WDA is most likely to contract out drilling of a well when
 
it is for another government agency (rather than one of its force
 
account rural wells) and when its 
own resources are fully

committed. WDA can either (a) release the agency to make its 
own
 
contract with a private firm and issue a license for that

activity, or (b) subcontract the work to the private firm. 
 WDA
 
more frequently follows the former procedure.
 

Both for contracts in which WDA is the driller and in

which WDA is the client, the agency has a fixed price per meter
 
based on its historical average drilling and well development

cost, regardless of the well site, logistical difficulties, or

geological formation to be drilled. 
 In 1978, this was set at
 
about 400 So.Sh. per meter. The price was raised to 1,000 So.Sh.
 
per meter in 1982 and to 2,000 So.Sh. per meter in late 1984;

reflecting (but probably lagging behind) inflation and successive
 
devaluations of the currency. 
Because of this, private drillers
 
have been reluctant to respond to WDA tenders, unless the contract
 
was for drilling a relatively low-cost well.
 

On the other hand, a compensating advantage to WDA's
 
contract policies is 
that the price is paid per meter drilled

whether or not the well yields water. 
The contract will set an
 
agreed maximum depth; if at that depth, there is no water, the
 
contractor will still be paid. 
 If water is reached before the
 
agreed maximum depth, the contractor is paid according to the
 
actual depth. These-policies place the burden of the risk of dry

holes on WDA, which is a considerable advantage to the small
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drilling firms. This practice, in turn, has set the industry

standard, at 
least in the south of the country: private customers
 
are also expected to bear the burden of risk. 
 In northern
 
Somalia, however, private clients are less willing 
to accept this
 
provision, and will pay only for a productive well. Partly to
 
cover the contractor's risks, therefore, per meter prices in 
the
 
north are substantially higher than those in the south.
 

There is a time limit stipulated in each contract for well
completion. WDA pays an advance of 50% of the contract value to

the contractor to enable equipment to be mobilized and to provide

working capital; and 50% upon completion of the well, although

there have been complaints from the private drillers of tardy

payments. Private contractors are subject to a 3% registration

tax, a 2% stamp tax, and 11% income tax on their earnings.
 

WDA is the source of most necessary materials for
 
drilling, including imported materials for both public projects

and private wells. WDA, as a client 
in drilling contracts,

directly supplies the materials for all wells contracted out to

the private sector. 
Private clients are usually responsible for
 
obtaining materials for their wells - frequently these are also
 
purchased at WDA (if 
the agency has a surplus).
 

Contractor selection takes place among those private

drillers who have responded to a WDA tender. There is little
 
scope for price competition, although minor fees such as 

installation, testing, and cleaning may vary. 

pump
 
Contracts are more
 

likely to be awarded on the basis of established reputation.

Realistically, WDA may have very few responses from which 
to
 
choose.
 

The contractor is required to submit well logs containing

information on well location (coordinates and elevation), well

diameter, the screen diameter, length, depth, and type, the casing

diameter, gravel packing (if any), geological/lithological strata
 
encountered, aquifer type, and geophysical log.
 

At the Kismayo Water Agency, each of their twenty public

fountains is operated by a private contractor. The operator is
 
given a two year contract, renewable. The operator must charge

for water at the rate of 25 So.Sh. per cubic meter. He keeps a
 
percent, (about 35% on average) and gives the rest to KWA.
 

The contractor is responsible for cleaning, maintaining

(including such duties as purchasing new valves and other small
 
items), 
and painting the fountain and its enclosure. Contractors
 
are free to subcontract their maintenance activities. The KWA is
 
responsible for maintaining everything outside the enclosure.
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KWA tenders these contracts and awards contracts on the

basis of price (figured primarily on the basis of the lowest bid
 
percentage of off-take, given the fixd price of water).
 

The government of Somalia currently has no bonding

requirements associated with its own local currency contracts; but

for government contracts involving foreign currency, such as those
 
financed by foreign lending, Somali contractors must put up a

performance bond in Somali Shillings. 
For World Bank-sponsored

projects, this amounts to 10% 
of 	the contract value; the EEC

sponsored contracts, 2%. Government advances 50% 
of the contract
 
value at the commencement of the contract, which must be covered
 
100% with a bond or guarantee of repayment.
 

The unit price type contract favored by the WDA is a
 
reasonable compromise between the need 
to 	share risk between
 
contractor and client and the need 
to include incentives for cost
 
reduction. Alternatives exist on both ends of the compromise.
 
They include:
 

0 	Cost Plus Fixed Fee (CPFF), wherein the contractor
 
is reimbursed for all costs associated with the
 
project and receives a fixed fee for the service
 
of carrying it out. This type of contract,
 
however, builds in very few incentives for keeping
 
costs down and requires reasonably high standards
 
of record-keeping.
 

* 	Lump-Sum Contract, which provides a fixed sum for
 
an agreed upon task, wherein the contractor bears
 
the entire risk of cost-overruns and
 
complications.
 

One possible improvement on the existing unit-price
 
contract practice may be 
to 	allow the private drilling firms to
 
compete explicitly on the basis of price per meter, assuming the
 
location and probable geological formations involved are known.
 
WDA would be obliged to award the contract to the firm with the

lowest bid, unless there was evidence that the quality of work
 
and/or time requirements of a particular firm were likely to be
 
sub-standard. 
The contract would require the contractor to submit
 
a well log for each well, reporting on the specifics of the well
 
and materials used, as is currently the case; and WDA should make
 
a habit of on-site inspections to verify the data.
 

WDA planning with regard to use of private contractor
 
services is minimal. There is no official register of contrac
tors, as there are very few drilling contractors in the country,

and no pre-qualifi~ation process before tendering. Contracts are
 
tendered on a well by well basis, and there have been no 
multiple

well, long term contracts offered to the local private drillers.
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This means that contracts may bunch up, and contractors may face a
 
series of peaks and valleys in government contracting. This makes

contractors' planning difficult and hampers their ability to gain

the confidence of commercial lenders.
 

Multiple well contracts would be extremely valuable to

private drillers, as they would 
remove some of the risk involved
 
in investment decisions, and would assist the firms in obtaining

finance for major investments.
 

It may be desirable first for WDA to establish a
 
classified register of contractors, with firms categorized by the
 
size of the contract they are capable of handling. A more

important prerequisite would be guaranteed availability of funds
 
and materials. Given the constraints WDA itself faces in this

regard, such long term contracts might only be feasible 
in

conjunction with foreign aid projects or direct foreign aid to
 
support government contracting to the private sector. 
This could
 
take place under a guarantee mechanism administered by an
 
international financial institution, backed by foreign donors.

While donor or counterpart funds would be used to pay local
 
private drillers through WDA, WDA could receive technical
 
assistance in contract administration and supervision. This is

discussed further in Section Two of the main body of the Draft
 
Final Report.
 

Such long term contracts would go well in conjunction with

the establishment of an Equipment Finance Corporation (FinEquip)

for heavy equipment. In fact, it can only be expected that any

financial institution will be reluctant to extend financing to 
a

small contractor in the absence of firm guarantees of long term
 
contracts drilling contracts. In all probability, negotiations on
 
long term contracts through WDA and negotiations on equipment

finance services will have to proceed in step and be concluded
 
together.
 

F-2.3 Contracting Procedures
 

Administration of contracts with WDA is quite simple, as
 
are the contracts themselves. The complications of change orders

and escalation are not included in the contracts, and may account,

in part, for the lack of private sector interest in them. In the

future as contracting takes place more frequently, with a greater

degree of competition, and especially as they begin to cover
 
long term agreements, these elements will have to be included.
 
Escalation, in particular, will be a problem for long term
 
contracts: It is needed in countries with high inflation
 
rates, as contractors will otherwise be obliged to anticipate the
 
risk of inflation and price their services to cover it. On the
 
other hand, there is potential for abuse of escalation clauses
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unless carefully monitored. Government contracts 
in many

countries establish, for different aspects of the 
service contract
 
(e.g., labor, fuel, imported materials, etc.), escalation formulas
 
connected with the appropriate price indices.
 

Another problem which needs to be addressed in Somalia is

how to provide compensation for delays in payment, a complaint

which has already been heard from Somalia's private contractors.
 
One possible model can be found 
in Peru's contracting procedures:
 
contracts stipulate the accrual of commercial interest on delayed

payment and have, since their incorporation in most government
 
contracts, succeeded in discouraging tardy payment.
 

For contract supervision, assistance to the contractor,

and to help avoid contract disputes, the World Bank has suggested

that government clients appoint a trusted resident engineer with
 
authority to resolve on-site construction problems. But beyond

that, procedures for the settlement of contract disputes must be
 
established. Currently, WDA can declare any of its contracting

decisions "final". Alternatively, they can also conduct an
 
investigation and either change their decision, or 
issue a report

that would contain a written explanation of the basis of their
 
decision. While there is 
not yet enough contracting activity in
 
Somalia to warrant a special Claims Court, WDA will 
soon need a
 
separate contract adjudication office to handle questions and
 
disputes concerning its contracts; 
this office should be
 
independent of any office which makes the contracts.
 

F-2.4 Potential for Public Utility Pricing in Somalia
 

In general, given the 
nature of the water and drilling

markets in 
Somalia, coupled with the country's extreme sensitivity

for national economic security, it will probably be necessary for
 
Somalia to design an explicit Public Utility Pricing Policy.
 

For public supplies of groundwater, the fixed costs of
 
drilling a well, installing a pump, and constructing civil works
 
is extremely high compared to the marginal costs of providing

water (mostly fuel and labor) once 
the well is in place. This
 
situation gives rise to declining costs, with long 
run m;:ginai

costs below long run average costs. Marginal cost pricitc under
 
these circumstances brings about losses 
to the enterprise, as the
 
initial investment costs cannot be covered. 
Uncontrolled, this
 
could lead to a near monopoly situation: If one investor enters a
 
market (in the water market, a geographic/demographic service
 
area), 
other investors may not want to enter and begin ;competition

with an established enterprise, 
for fear of a mutually destructive
 
price war. The first (and perhaps only) investe'; may then be able
 
to charge monopoly prices. Although undesirable in some respects,

this 
may still be preferable to the alternative of no investment
 
at all in a given market.
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A roughly similar situation might be found in the drilling

market. There are few Somali drilling firms (six to eight in the
 
entire country, outside government agencies), most are small firms
 
with one or two rigs. They face relatively high fixed costs in
 
their initial investment in drilling rigs and other heavy

equipment and relatively lower per-well costs in the form of
 
labor, fuel, drilling fluid, and spares. If they have no
 
guarantees of constant work for each of their rigs over the useful
 
lives of those rigs, they will probably be subject to operation on
 
the declining costs portion of their cost curve, where marginal
 
costs are below average costs. If demand is strong enough to
 
force marginal cost pricing, then some firms could face a loss,
 
and be driven out of business. Small firms might find the high

initial investment, with uncertain contracts in a field controlled
 
by a government agency, a strong barrier to entry.
 

Government (and/or foreign) nurturing of such an industry
 
could try to assure:
 

0 	an adequate return on investment, including depre
ciation of equipment, probably through long-term,

multiple-well contracts;
 

o 	fair prices for consumers, through competition
 
among firms for all contracts, both short and long
 
term;
 

e 	protection from unregulated competitors,
 
(including government agencies).
 

For the long run development of the industry, the situa
tion in Somalia will probably require a generally cooperative

relationship between WDA and at least some of the private drillers
 
and other contractors. A climate of strong competition among all
 
private drillers will probably have to await a considerable
 
increase in the overall size of the market, sufficient to allow
 
each firm to operate its equipment at close to capacity, a
 
situation which seems unlikely to arise within the next five
 
years.
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EXHIBIT F-2
 

WDA CONTRACTS
 
(SUMMARY)
 

1. 	 Contract between WDA and Local Government to drill a well for
 

Local Government by WDA 10/3/85.
 

2000 So.Sh. X 120m Total 811,000/=
 

2. 	 Contract between WDA and China Jiangzu Int'l, to drill a well
 
for China Jiangzu Int'l by WDA 22/11/84.
 

2000 	So.Sh. X 150m = Total 848,000/=
 

3. 	 Contract between WDA and National Drilling to drill a well
 
for WDA by National Drilling 1/3/84.
 

1000 	So.Sh. X 200m Total 254,000/= 

4. 	 Contract between WDA and Horn of Africa to drill a well for
 
WDA by Horn of Africa 4/3/84.
 

1000 	So.Sh. X 130m Total 313,000/=
 

5. 	 Contract between WDA and National Petroleum Agency to drill a
 
well for National Petroleum Agency by WDA 27/2/84.
 

1000 	So.Sh. X 130m Total 701,000/=
 

6. 	 Contract between WDA and Settlement Development Agency to
 
drill a well for Settlement Development Agency by WDA
 
22/3/83.
 

1000 	So.Sh. X 80m Total 381,000/=
 

7. 	 Contract between WDA and Custodial Corps to drill a well for
 
Custodial Corps by WDA 22/2/83.
 

1000 	So.Sh. X 130m Total 243,000/=
 

8. 	 Contract between WDA and Somali Socialist Party to drill a
 
well for Somali Socialist Party by WDA 21/12/82.
 

1000 	So.Sh. X 150m Total 536,000/=
 

9. 	 Contract between WDA and Italian Program for Refugees to
 
drill a well for Italian Refugee Program by WDA 18/12/82.
 

1000 	So.Sh. X 20m Total 83,000/=
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10. 	 Contract between WDA and Somali construction Agency to drill
 

two wells for Somali Construction Agency by WDA 24/11/82.
 

1000 SoSh. X 130m Total 972,000/=
 

11. 	 Contract between WDA and Italian Program for refugees 
to
 
drill a well for Italian Program for Refugees by WDA
 
13/8/82.
 

-	 1000 So.Sh. X 20m Total 134,000/=
 

12. 	 Contract between WDA and Ministry of Youth and Sports 
to
 
drill a well for Ministry of Sports by WDA 13/3/82.
 

1000 	So.Sh. X 120m Total 271,000/=
 

13. 	 Contract between WDA and Somali Construction Agency to drill
 
a well for Somalia Construction Agency by WDA 9/9/82.
 

1000 	So.Sh. X 130m Total
 

14. 	 Contract between WDA and Qadi Company to drill a well for the
 
company by WDA 26/4/81.
 

430 So.Sh. X 140m Total 165,300/=
 

15. 	 Contract between WDA and Ministry of Defense to drill 
a well
 
for the Ministry by WDA 8/12/81.
 

300 So.Sh. X 360m Total 227,000/=
 

16. 	 Contract between WDA and Ministry of Rural Development to
 
drill a well for the Ministry by WDA 28/12/80.
 

430 So.Sh. X 130m Total 689,303/=
 

17. 	 Contract between WDA Ban-Geele Project to drill a well for
 
the Project by WDA 1/1/80.
 

430 So.Sh. X 130m Total 213,734/=
 

18. 	 Contract between WDA and Ministry of Defense to drill 
a well
 
for the Ministry by WDA 3/9/78.
 

400 So.Sh. X 300m Total 383,118/=
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EXHIBIT F-3
 

SOMALI DEMOCRATIC REPUBLIC
 

WATER DEVELOPMENT AGENCY
 
(CONTRACT)
 

10/3/1985
 
Mogadishu
 

Water Development Agency, when abbreviated "the Agency" and
 
"Mogadishu Local Government Industry and Commerce Department" made
 
a contract for drilling one well for the New Mode factory of the
 
Local Government, on 10/3/1985:
 

1. 	 The Agency is requested to drill a well of 120m for the Local
 
Government.
 

2. 	 The two parties have agreed to the cost of the well as
 
follows:
 

a) Drilling meters 2,000 X 120m = So.Sh. 240,000
 
b) Casing Meters 2,000 X 100m = " " 200,000
 
c) Screen Meters 
 7,000 X 20m = " " 140,000
 
d) Gravel-Loads 12,000 X 2L = " " 29,000
 
e) Rig Installation & Transport 
 " 
= " 60,000 
f) Survey, cleaning, & testing = " " 57,000
g) Bentonite = " " 40,000
h) Pipes 2" (b meters) 2,500 X 20m = " 50,000 

T 0 T A L 
 So.Sh. 811,000
 

3. 	 The Local Government promises payment as soon as this
 
contract is signed.
 

4. 	 The Agency's responsibility is to complete and finish this
 
well's work in accordance with the measurement.
 

5. 	 The Agency will start work after receiving 50% of this
 
contract which is 405,000 So.Sh.
 

6. 	 Those items which are in
not included the contract but will
 
be used for the execution of the well (such as the motor
 
pump) will be brought by Local Government.
 

7. 	 Any unforeseen natural disaster which hinders the smooth
 
running of the operation is not the responsibility of the
 
Agency and related expenses will be paid for by the Local
 
Government.
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8. 	 Any poor workmanship or technical error will be the Agency's
 
responsibility.
 

9. 	 The Local Government will write a letter of its Agent and
 
assume responsibility after the completion of the well.
 

10. 	 If a dispute arises between the parties, a technical
 
committee will be nominated to clarify the issue.
 

11. 	 The well will be dug at the New Factory premises.
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EXHIBIT F-4
 

SOMALI DEMOCRATIC REPUBLIC
 
WATER DEVELOPMENT AGENCY CONTRACT
 

Water Development Agency, abbreviated "The Agency", and
 
Company A signed a contract this date 6/2/84, the object of the
 
contract is that Company A drills a well in which the Agency had
 
a previous drilling contract with the Ministry of Post and
 
Telecommunications, Hareeri Aadle station.
 

ARTICLE 1
 

The agreed depth of the well is 180 meters.
 

ARTICLE 2
 

The agreed amount for which the company will execute the work
 
is 232,000 So.Sh., and is as follows:
 

1. Drilling meters 1000 X 180m = So.Sh. 180,000
 
2. Casing & Screen Instal.
 
3. Rig Movement/Install
 
4. Well Cleaning
 
5. Testing
 
6. Transport & Equipment
 
7. Pump Installations'
 

T 0 T A L So. Sh. 232,000
 

ARTICLE 3
 

The period for completing the well will be 20 days, starting
 
the date on which the advance payment is made to the company
 
drilling the well.
 

ARTICLE 4
 

If the company couldn't finish in the said period of time an
 
amount of 5% will be deducted from the original amount unless
 
there is a reasonable excuse such as a natural disaster.
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ARTICLE 5
 

The agreed amount which is 232,000 So.Sh. (two hundred
 
thirty-two thousand) will be paid as follows:
 

1. 50% advance
 

2. 50% after completion of the well and turnover stage.
 

ARTICLE 6
 

If the well doesn't function due to poor workmanship from the
 
company side, it will be the responsibility of the company to
 
drill another well, but if it is of natural cause the company will
 
receive its full amount as agreed.
 

ARTICLE 7
 

As indicated in Article 6, if the Company does not reach the
 
required depth of the well, appropriate payment will be paid to
 
the Company.
 

ARTICLE 8
 

If water is reached before the said depth of 200m the Company
 
will receive payment according to the meter where the water was
 
reached.
 

ARTICLE 9
 

Equipment for the well such as casing and screen will be
 
supplied by the Water Development Agency; the pump and, if needed,
 
a motor will be supplied by Ministry of Post and
 
Telecommunications; installation and organization will be carried
 
out by the Company.
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ARTICLE 10
 

The company is required to submit the following reports

(conditions) regarding the well as soon as 
it is completed:
 

1. Location coordinates
 
2. Water analysis/chemical, conductivity, etc.
 
3. Elevation
 
4. Well diameter
 
5. Geological/Lithological
 
6. Screen diameter, length, depth & type
 
7. Aquifer type
 
8. Casing diameter
 
9. Geophysical Log
 
10. Gravel Packing, if any.
 

Also it is required from the Company to submit generally the
 
hydrogeological data from the well for checking.
 

ARTICLE 11
 

Stamp duty relating to this contract will be paid by
 
Company A's representative.
 

SIGNED BY
 

COMPANY A GENERAL MANAGER, WDA
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F-3 SUMMARY OF FOREIGN AID PROJECTS CONCERNED WITH WATER
 
RESOURCE DEVELOPMENT
 

This appendix offers a brief description of recent,

on-going, and pending large-scale technical assistance projects

related to water resource development in Somalia. The information
 
provided concerns only the water development aspects of the
 
projects, and should not be considered a comprehensive summary of
 
any project. 
 Nor should this list be considered exhaustive, as
 
there are numerous small-scale self-help projects that deal with,
 
among other concerns, local water supplies. Some of these project

representatives could 
not be contacted by the consultants.
 

Urban Water Supply I funded by the Federal Republic of
 
Germany, provided municipal water supply systems in Burao, Afgoi,

Balad, Jowhar, and Merca. Drilling was executed by GKW and
 
administered by GTZ from 1981-1983. 
 They drilled two production

wells in Balad and three in each of the other towns. The civil
 
works (including water tanks, power stations, 25-40 public

fountains in each 
town, and 250-360 new household connections in
 
each town) were done by Saarburg Interplan under the design and
 
supervision of GKW. That work was completed in 1983.
 

Urban Water Supply II wells were drilled by WILD in 1981
 
and 1982 under the design and supervision of GKW. One well was
 
drilled in Dusa Mareb, two wells each in Galkayo, Garoe, and
 
Gardo, and three wells in 
Erigavo. Civil Works construction will
 
begin in late 1985 or early 1986. 
 The plan is for 20-50 public

taps in each 
town and 170-250 individual household connections.
 

Urban Water Supply III will provide municipal systems to
 
the towns of Bardera, Lug, Brava, Hodua, Bulo Burti, El Bur, and
 
Beletweine. Work is scheduled to begin in 1988.
 

Support to WDA/Urban Water Supply Project is provided by

GTZ as a follow-up to the three urban Water Supply projects

described above. The focus 
is on operation and maintenance of the

municipal water systems. 
They plan to form a mobile workshop unit
 
for maintenance and to provide training to WDA employees in
 
maintenance procedures. They will also assist the WDA Chief
 
Accountant in establishing efficient revenue collection, materials
 
distribution, and operations control procedures using materials
 
developed by Coopers and Lybrand Associates. Currently, this
 
project is working with the towns involved in the Water Supply I
 
project.
 

Mogadishu Second Water Supply Project funded by the World
 
Bank, EEC, and Arab Development Fund, drilled eight new production

wells in 1981 and 1982 to expand the Mogadishu water supply
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system. The drilling was done by Mowlen. 
For the next phase of
 
the project (1981-1984), Kampihl, a Danish consortium, drilled 40
 
wells (24 production wells). Their work also included
 
construction of pipelines, pumping stations, and a reservoir.
 

The Comprehensive Groundwater Development Project funded
 
by USAID and executed by Louis Berger International, Inc. and
 
Roscoe Moss Co. develops groundwater resources for human and
 
animal consumption in the Bay Region and 
the Central Rangelands of
 
Somalia. It also aims to 
improve the hydrogeological, planning,

and drilling capabilities of WDA. The project drilled 21 
wells in
 
1982 (of which 9 were production wells and the rest exploratory in
 
nature), 33 wells in 1983 (10 production wells), and 27 wells in
 
1984 (17 production wells). 
 The project expects to drill 10 to 20
 
wells in 1985. Civil works are simple: 19 of the wells have
 
diesel pumps, water tanks (45 cubic meter capacity), watering

troughs, and a structure supporting 4 public taps. Seven of the
 
wells have simple hand pumps, and one has a windmill driven pump.
 

Northwest Water Supply is funded by Unicef and will
 
provide a variety of water supply systems. For 1985, the plans

included 4 deep drilled wells (using a WDA rig), 
24 new protected

shallow hand dug wells, 16 
improved shallow wells, 4 re-excavated
 
ballehs, and 5 experimental burkeds of 100-300 cubic meter
 
capacity. By the end of the project, there will be a 
total of 60
 
dug wells, 30 improved catchment facilities, 5 subsurface dams, 20
 
new solar pumps and 500 handpumps. Unicef will also provide a
 
substantial amount of technical training in operation and
 
maintenance of the 
water systems. The personnel will be recruited
 
locally by WDA and become WDA employees. Unicef will also supply

maintenance tools and spare parts.
 

Hargeisa Water Supply funded and executed by the People's

Republic of China, is about to begin its 
second phase. In the
 
first phase, they drilled 6 production wells, which supplied

about 4000 cubic meters per day. The drilling was done with
 
Chinese equipment and Chinese drillers. They are now planning to
 
double the capacity with six more wells, which are 
scheduled to be
 
drilled within the 
next two years. Civil works structures include
 
a 150 cubic meter capacity water tank, two booster stations, and
 
20 kilometers of 300 mm diameter pipe.
 

Rural Water Supply in North East Somalia is also a project

of the People's Republic of China. They are currently working in
 
the Togdheer region, where they have drilled 12 wells 
(of which 8
 
are production wells). 
 These wells are each producing 20-200
 
cubic meters per day. They plan to drill 
three wells in Nugal,
 
two or 
three in Bari, and six in Sanag. The wells are intended
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primarily for livestock watering, so the surface structures are
 
rudimentary. Each well has 
a pump house and a generator, a water
 
storage tank, and cement watering troughs. The Somali government

is responsible for providing the pumps and generators, which they

will import from the United Kingdom and Italy.
 

The Rural Water Supply Project funded by Saudi Arabia and

executed by GTZ, will drill a total of 39 production wells in the
 
regions of Gedo (8 wells), Bakol (10), Hiran (6), Mudug (8), and
 
Galgadud (7). The water will probably be used for both human and

livestock consumption. Drilling by WILD began in 1984 and is
 
expected to be completed by the end of 1986. Civil works will be
 
done by Saarburg Interplan. Major inputs include imported Italian
 
turbine pumps with a capacity of 12 cubic meters per hour and

plastic/fiberglass storage water storage tanks imported from Japan

of 20 to 50 cubic meters capacity. Technical training for WDA
 
employees in operation and maintenance is part of the project,

with GTZ responsible for the maintenance for one year after the
 
completion of each well.
 

Berbera Water System Expansion is an Italian aid project.

They will not be drilling any new wells, but will expand the
 
storage and distribution capacity of the system. They will build
 
a new 4,000 cubic meter reservoir to supplement the existing 3,000
 
cubic meter one, and install 18 new public fountains and 21
 
emergency hydrants. Distribution capacity will increase from 20
 
liters per second to 50 liters per second. This should expand the
 
numbers of people and livestock served from 40,000 people to
 
60,000 people and 80,000 livestock units. The work will be done

by Edilter, of Italy; 
and most of the inputs will be imported from
 
Italy.
 

Rehabilitation of Rural Water Reservoirs is 
an FAO project

implemented through the Natioaal Range Agency. 
The 33 existing

subsurface earth reservoirs (uars) involved have a range of

20,000-25,000 cubic meter capacity. Rehabilitation will include
 
desilting the reservoirs, and building or replacing the
 
above-ground water storage tanks. 
 The water is pumped from the
 
reservoirs into the tanks with diesel pumps (imported from Italy).

From there, the water flows into water troughs for livestock
 
watering. 
 The project includes technical assistance in basic
 
operation of the facilities, maintenance mechanics, and civil

construction. The reservoirs are under the authority of the
 
National Range Agency.
 

The Refugee Water Supply Project executed by Unicef in
 
cooperation with WDA, drilled 24 production wells in 1981 and 14
 
production wells in 1982 for the refugee camps. 
 In addition, they

constructed 40 water tanks, and installed 800 public taps and 100
 
handpumps. Following the well drilling program, the rigs were
 
turned over to WDA.
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In addition to the completed and on-going projects

described above, there are plans for the Japanese to drill four
 
new wells and rehabilitate 25 others for the Mogadishu-area water
 
supply system.
 

Other Foreign Aid projects which include water resource
 
development components are 
the Central Rangelands Development

Project, which is developing surface water catchment systems, and
 
the various refugee relief and rural self-reliance projects

sponsored by UNHCR, Unicef, WHO, bilteral agencies and associated
 
private voluntary organizations: Ecumenical Relief and Development

Group for Somalia, Trans Century, Oxfam, Care, Africare, Save the
 
Children, the Belgian Survival Fund, the American Friends Service
 
Committee, and others. These are implemented through the National
 
Refugee Commission or the Ministry of the Interior.
 

Foreign assisted irrigation projects include Improvement

of Grapefruit Production, the North West Region Agricultural

Development project, Afgoi-Mordile Irrigation project, and the
 
Jenali-Bulo Morerta Irrigation project.
 

F-4 GOVERNMENT SUPPORT OF THE PRIVATE SECTOR
 

Under past government policy in Somalia, the domestic
 
private sector received very little support from government

agencies. 
A Chamber of Commerce exists, but has been controlled
 
by the government; the formal 
economy has been intended to run
 
under the direction of central planning, and the government has

been directly involved in the production and distribution of such
 
diverse goods and services as spaghetti and cigarettes as well as
 
drilling and civil works construction.
 

In 1982, Eliot Berg Associates produced a study on the
 
private sector in Somalia, and recommended wide-ranging

privatization of economic activities then in the hands of the
 
government in order to achieve more efficient production of goods

and services by taking advantage of typical private sector
 
incentives. This was followed by a USAID study of the entire
 
civil service in Somalia, which also recommended extensive
 
privatization in order to reduce government expenditure by

eliminating redundant workers from the government payroll. 
 In
 
principal, these recommendations have been approved by the
 
government of Somalia, although practical steps toward
 
implementation have been slow.
 

Plans have been made to encourage laid-off workers to go

into private agriculture. The government has announced that it

will grant land to former government employees, free of rent, to
 
start farming in the fertile inter-river plain-. They also hope

to be able to provide farm implements, seed, and other inputs (or

credit toward them), to the new farmers.
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The extent to which privatization will take place is still
 
not clear. There have been trade liberalization, a freeing of
 
exchange controls, and other policy improvements, all of which
 
look like benefiting the economy in general and the private sector
 
in particular. The recommendations proposed by the Consultant in
 
Section Two have been made on the assumption that policy will
 
continue to move in the same direction: toward privatization and
 
deregulation.
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APPENDIX H
 

REPRINT OF APRIL 1985 STAFF WORKING PAPER,
 

OPRELININARY ANALYSIS OF POLICY OPTIONS'
 

H-I. INTRODUCTION 

This Staff Working Paper contains a preliminary analysis

of policy options concerning drilled well public water supplies in

Somalia. The Working Paper was prepared in March ot 1985 in

connection with the special private sector studies being conducted
 
as part of the Comprehensive Groundwater Development Project.
 

The Comprehensive Groundwater Development Project (CGDP)

is being implemented by the Water Development Agency of the

Government of Somalia (WDA) with assistance from the United States
 
Agency for International Development. The private sector special

studies are being carried out by Louis Berger International, Inc.

(LBII) with the assistance of Roscoe Moss Company of the the
 
United States, and Geomatec Consultants and Mohamed Ali Mohamoud
 
of Mogadishu.
 

It should be understood that this Working Paper was

prepared in advance of the gathering and analysis of much
 
information pertinent to the recommendations to be included in the

final report. The quantitative analysis contained in this Working

Paper is therefore necessarily heavily based on order of magnitude

estimates and on simulations. Accordingly, very substantial
 
revisions in market share and other estimates may be made as data
 
gathering and analysis proceeds.
 

We solicit comments on any of the estimates contained in

this paper and on sources of information relevant to these

estimates, as well as suggestions concerning the scope and

substantive content of our analysis of policy options.
 

There are currently about 600 operational drilled wells in

Somalia supplying water for animal, human, agricultural and/or

industrial consumption. About 100 
new wells are drilled each
 
year, most of them paid for by foreign aid or other foreign
 
sources. This Working Paper is based on the premise that this
 
annual drilling rated usefully could be expanded to 300 - 450

wells a year if sufficient financing were available and if
 
institutional adjustments can produce a more efficient and
 
self-sustaining structure for water resource development.
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H-2. POLICY CHOICES
 

Drilled wells presently provide less than 4% of water
brought under human control through intake and distribution
 
structures in Somalia. However, because Somalia's deep groundwater
resources are 
largely untapped and because properly maintained
deep wells are generally less subject to seasonal and cyclical

fluctuations in supply than 
are many other water sources in
Somalia, there is considerable scope for the development of 
these

g-oundwater resources.
 

This section describes ten policy options concerning
private sector involvement in constructing, operating, maintaining

or owning drilled well public water supplies in Somalia. It also
examines the scope for private sector initiatives in industries

which provide inputs of 
raw material, manufactured commodities,

and distribution and other services for such activities in
 
Somalia.
 

Subsection H-2.1 provides an overview of the 
ten options.
Subsection H-2.2 discusses each of the 
ten options in detail. It
is 
believed that these options represent a sufficiently wide range
of choice 
to provide the basis for policy dialogue. Various

combinations and variations of these options are of course

possible, as are additions to and deletions from the list.
 

H-2.1 An Overview of Principal Policy Options
 

This Subsection provides an overvipw of policy choices
concerning the involvement of the Somali private sector in
activities relating to water supplied to the public from drilled
wells throughout the country. 
We set forth a series of ten policy
options, ranging from no change in the current size and 
status of

the private sector to pervasive privatization.
 

The ten policy options may be summarized as follows:
 

SUBSECTION 
 OPTION
 
REFERENCE 
 SUNMARY
 

H-2.2.1 Option A: No change
 

No basic change in the roles or relative market
 
shares of Somali private sector firms and

individuals engaged in activities related to well
 
drilling.
 

H-2.2.2 
 Option B: More community involvement
 

Increased community involvement in planning,

operation and maintenance of drilled wells for
 
public water supply.
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H-2.2.3 Option C: 
 Private sector well operation
 

Government of Somalia contracts a substantial
 
portion of the operation and revenue collection
 
activities for its drilled well water supplies to
 
the Somali private sector.
 

H-2.2.4 Option D: 
 Private sector well maintenance
 

Government of Somalia contracts a substantial
 
portion of the maintenance of its drilled well
 
water supplies to the Somali private sector.
 

H-2.2.5 Option E: 
 Private sector well ownership
 

Ownership of substantial numbers of drilled well
 
public water supplies by the private sector.
 

H-2.2.6 Option F: 
Private sector water security role
 

Government of Somalia contracts a sufficient number
 
of wells to private drillers to enable them to

maintain capacity to render assistance in times of
 
national w:ter emergencies.
 

H-2.2.7 Option G: Public/private competition
 

Government of Somalia regularly contracts out wells
 
for competitive bidding between government agencies

and private firms and --rquires government drilling

operations 
to show a fair rate of return on their
 
use of equipment and other government owned assets.
 

H-2.2.8 Option H: Reprinted WDA role
 

WDA's role is reoriented by curtailing drilling and
 
civil works functions and by focusing agency

activity on exploration, private sector
 
contracting, public utility regulation, and
 
emergency operations.
 

H-2.2.9 Option I: 
 Support activities privatized
 

Somali's private sector achieves substantial market
 
shares of key industries supporting the development

of drilled well water supplies.
 

H-2.2.10 
 Option J: Pervasive privatization
 

All three levels of industry structure relating to
 
drilled well water supplies are substantially
 
privatized.
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In the discussion which follows, these options are
 

examined in three ways, according to:
 

1. Main thrust or rationale of the option
 

2. Impacts on market shares of organizations

and individuals providing relevant goods and services
 
affected by the option:
 

(a) Activities principally funded and carried out by

Agencies, organizations and entities owned or
 
controlled by the national government.
 

(b) Activities principally funded and carried out by

foreign aid agencies, with significant participation

of expatriate technical assistance 
or operations

personnel.
 

(c) Commun'ty organizations and representatives

providing funds, services, assistance in planning,

and other forms of community involvement.
 

(d) Individuals and firms in the Somali private sector.
 

(e) Foreign sector including imports into Somalia and
 
activities of foreign private sector firms
 

The five-fold classification of institutions holding
market shares poses a few, but generally not difficult, problems

of definition and classification. Some Government projects

intermingle with government and foreign aid resources, and
judgments must be made as 
to the heading under which such projects

are 
shown. Where a project combines local and foreign resources,

that project is classified under foreign aid if the foreign
funding and in-country personnel presence is substantial, and if

the foreign personnel 
are directly involved in providing service
in the pertinent market. Thus the CGDP, which utilizes both
 
government and foreign aid resources 
in drilling wells in Somalia
 
is classified under foreign aid.
 

Community activities also often combine financial help and
technical assistance with local contributions. Sometimes
communities may receive assistance from the national government

after water development activities are 
initiated by the community.

In other cases, the national government may organize community

participation. A similar range of relationships may exist in
connection with foreign aid to communities. In general, we have

classified any form of direct community initiative or
participation as 
a market share for community involvement, even

though such participation takes place under the aegis of the
 
national or foreign organizations.
 

H-4
 



The Somali private sector consists principally of Somali
individuals and business firms. Where companies are organized
under Somali laws but are controlled in part by foreign nationals,

some questions of classification may arise. In close cases, such
companies are treated as being within the Somali private sector.
 

The foreign sector includes foreign private companies and
the meeting of market demand through imports. If imports are
financed by foreign aid, but brought in and sold without foreign
aid or technical assistance, they are classified under imports as
long as no processing or substantial value added through

distribution activity takes place in Somalia.
 

3. Functional levels of activity at which the option has
 
impact:
 

(a) Level I (ownership, operation, and maintenance of
 
drilled wells).
 

(b) Level II (construction of wells and civil works).
 

(c) Level III (provision of raw material and
 
manufactured inputs to Levels II and III).
 

The levels of industry structure at which each of the
 
options has its primary impacts may be summarized as follows:
 

PRIMARY LEVELS
OPTION SUMMARY OF IMPACT 

Option A: No change I, II, III 

Option B: More community involvement 
Option C: Private sector well operation
Option D: Private sector well maintenance 
Option E: Private sector well ownership 

I 
I 
I 
I 

Option F: 
Option G: 
Option H: 

Private water security role 
Public/private competition 
Reoriented WDA role 

II 
II 
II 

Option I: Support activities privatized III 

Option J: Pervasive privatization I, II, III 

Each of the ten policy options is examined in
detail in separate subsections below. 
The options are ordered to
reflect the level of industry structure on which they have their
primary impacts and, within each level, the extent to which they
represent change from present arrangements. Exhibit H-1 on the
following page summarizes the market shares of the private sector

under each of the ten policy options.
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EXHIBIT H-1 

DRILLED WELLS FOR PUBLIC WATER SUPPLY 
SUMMARY OF PRIVATE SECTOR MARKET
SHARES UNDER TEN POLICY OPTIONS 

(Numbers Show are Percentage) 

Level 1 Furction 

OPTION OPTIONS B OPTIO
C OPTION

D OPTON OPT[ON PTIOE F 6 OPTIONH OPT[ON
I OPTION 

Dilled ell Onership 

Well Operation/ 
RvenueCollection 

Well aintemance 

I 

2 

1 

I 

2 

3 

1 

so 

6 

1 

2 

48 

25 

27 
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I 
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2 
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88 
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Pipe 
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N" 

Windmills 
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35 
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18 
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15 

a 

1 

a 

37 

17 

12 

15 

15 

a 

15 

a 

35 

15 

11 

II 

15 

9 

1s 

8 

36 

16 

II 

11 

16 

9 

5 

1 

58 

26 

26 

32 

35 

15 

25 

1 

40 

29 

15 

15 

29 

8 

15 

1 

58 

25 

29 

25 

38 

15 

15 

a 

68 

30 

26 

32 

41 

15 

25 

8 

75 

38 

38 

35 

65 

15 

31 

75 

75 

38 

35 

48 

78 
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35 

86 
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U-2.2 Analysis of Individual Policy Options
 

This section presents our detailed discussion of ten
 
policy options.
 

H-2.2.1 
 Option A: No basic change in roles or relative market
 
shares of Somali private sector firms and individuals
 
engaged in activities related 
to well drilling.
 

Main Thrust of Option A (No Basic Change)
 

Option A consists of the continuation of currently

prevailing patterns of institutional responsibility. However,

Option A does not consist of a rigid or detailed freezing of the
status quo. It permits some specific changes as long as these
changes do not alter the basic allocation of water resource

activities among the national government, local communities, the

private sector, and the foreign sector.
 

For example, under Option A, significant shifts in

functions could occur among 
 the various government agencies
involved in water resource development without changing the
fundamental balance between government and private sector

activities. Likewise, under Option A, changes could take place
in the identities and numbers of Somali firms engaged in drilling
activities without changing the 
nature or magnitude of private

sector participation in that activity. Similarly, the foreign
donors can change in identity and in the relative shares of
support which they provide for water resource development without

necessarily altering the overall thrust of-foreign assistance in

this sector.
 

Changes in market shares which come about because of
facilities which are about to come on 
stream or are 
now under
construction in Somalia are not regarded as 
a departure from
 
Option A.
 

Finally, it should be emphasized that the focus in
defining options is on the relative market shares of each of the

institutions involved. Thus the volume of activity of all
institutions can increase or decrease as 
a result of factors such
 as population growth, weather conditions, or the effects of
hostilities, but no real change may take place in the

institutional balance. That is still Option A.
 

Market Shares Under Option A (No Basic Change)
 

Exhibit H-2 shows a 1990 projection of market shares under
Option A (no basic change in the roles 
or relative market shares

of Somali private sector firms and individuals engaged in
 
activities eelated to well drilling).
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EXHIBIT H-2 

DRILLED WELLS FOR PUBLIC WATER SUPPLY 

OPTION A NOFNDIWD/AL CNGE INROLEOROPMET SHARE OF PRIVATE SECTOR 

POLICY OPTION RELATED 

Furd ion/Organization: Somalia 
Goverment 
Activity 
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Exhibit H-2 shows that, under Option A, WDA and other
agencies of the Government of Somalia would continue to dominate
the ownership, operation, and maintenance of drilled wells, with
market shares in 
excess of 90%. The private sector's shares of
these markets is in the 1-2% 
range. The small shares reflect (1)
the "grandfathering" of certain prerevolutionary arrangements with
respect to private ownership of drilled wells from which water

is sold to the public; (2) some incidental sales of water to the
public from private wells (i.e, wells dedicated mainly to private
uses such as irrigation), (3) some contractual arrangements which
WDA makes for well operation/revenue collection by private

individuals at certain of its wells, (4) and certain incidental
 
maintenance spinoffs.
 

The foreign aid share of Level I activities is negligible.

The 5% share shown in the case of maintenance represents the
incidental result of participation in construction and technical
assistance projects. 
 The local community shares represent certain
historical arrangements and the results of efforts under the
Comprehensive Groundwater Development Project to encourage and
support community involvement. See Section H-2.2.2. for further
 
discussion of this subject.
 

It is interesting 
to note that foreign aid presently
directly accounts for 40% 
of the wells drilled in Somalia. The
Government's share (including wells drilled by urban water

authorities and parastatal organizations with their own rigs is
25% while the Somali private sector accounts for only 15%. Taking
into account .foreign aid, wells privately drilled by and for
foreign private companies, and government wells principally

oriented toward foreign trade (e.g., 
in camels and bananas), it is
clear that well drilling in Somalia has a very strong external
 
orientation. The Level Three activities (raw materials and
manufactured inputs) shown on Exhibit H-2 reflect market shares of
those supply activities judged 
 to have the highest potential for
involvement of Somali entrepreneurs. Certain supplies (e.g. steel
casing, screen, and Bentonite) have been excluded on the basis of
preliminary analysis indicating that local production is not
 
likely to be feasible.
 

It was noted in the previous section that imports financed
by foreign aid are placed 
in the "imports" category if not
accompanied by technical assistance 
or substantial operational

involvement in the principal import/distrlbution functions. 
 Thus,
where foreign aid agencies regularly involve themselves in the
business of supplying substantial quantities of petroleum products
for a variety of their own projects, they are regarded as being in
the petroleum distribution business, whereas the procurement of
 pumps for foreign aid financed drilled wells is regarded as
importing of inputs and as an 
incidental attribute of having a
market share of the well drilling business.
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H-2.2.2 Option B: 
Increased community involvement in planning,

operation and maintenance of drilled wells for public
 
water supply.
 

Main Thrust of Option B (Community Involvement)
 

Option B gives its primary emphasis to creating community
attitudes which are 
favorable to well installation and to actively
involving local people in the location, operation and maintenance
of their water supplies. Evaluation of rural water supply
projects throughout Africa and other developing areas show
repeated evidence of operation and maintenance failures after
wells are installed in rural areas. 
 These evaluations often
attribute such failures to 
a lack of effort and attention devoted
to community involvement during project design and execution.

Option B is 
intended to provide such involvement.
 

Option B in 
fact represents one of the significant initial
thrusts of the Comprehensive Groundwater Development Project, and
of original version of the Project Paper Supplement on which the
extension of CGDP from October 1984 
through July 1987 was first
based. 
 (A subsequent project Paper Supplement rationale, one more
directly related to private sector development than to community

involvement, was incorporated later).
 

Option B lays considerable emphasis on committing the
people and leadership of local communities to decisions to install
wells in the community. It seeks 
to involve them in considering
whether any well should be 
installed, in determining where it
should be installed, and in planning how the wells will be
operated and maintained. 
Members of the community are then

employed to carry out 
the plans.
 

Although the persons who are selected to perform operation
and revenue responsibilities actually become WDA employees, they
are nominated by the community. While communities are required
turn over most of collected revenues 
to
 

to the national government, a
small share of these revenues 
is retained at the community level
to provide a source of funds for emergency repairs and other
purchases required to keep the well operating. Thus while WDA is
relied upon for major maintenance, routine work can be carried out
 or arranged for by the community itself. Some of the funds
expended at the community level are used to purchase goods and

services from the private sector.
 

We understand that at least one other foreign aid program
has provided direct aid to communities, drilling wells in ;'eturn
for community commitments to use 
the revenues collected for
operation and maintenance of the pumps. Apparently, assisted

communities retain all revenue collection, and arrange for their
 
own maintenance without the involvement of WDA.
 

Option B is expected to have the collateral effect of
funneling additional business 
to the private sector, since
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communities have some funds at their disposal which could be used
 
to buy services and products from the private sector. 
This effect
 
is not the primary purpose of Option B, nor is it expected to have
 any large immediate impact. However, the decentralization of

responsibility and the placing of expenditure decisions in 
a

multiplicity of locations is expected to create an atmosphere more

conducive to private involvement in the long term.
 

It should be noted that "community involvement" is a
 
concept which has its greatest application to small and medium

sized communities with established leadership structures and a
population with a significant degree of periodic if not permanent
attachment to a particular location. 
Water authorities designated

by the national government to look after the needs of major urban
 
areas and drilling activities associated with the establishment
 
and maintenance of refugee camps generally do not fit this
 
description.
 

Market Shares Projected for Option B (Community
 
Involvement)
 

Exhibit H-3 shows the market shares expected to be
 
achieved under Option B by the end of 1990. 
 As noted in the

previous paragraph, the concept of community involvement appears

to have its greatest application in settled small and medium-sized
 
communities. Urban water authorities and refugee camps are
 
largely excluded from the definition.
 

In addition to showing projected market shares, Exhibit
 
H-3 shows the change in market shares expected to result from

Option B. These changes are calculated by comparing each
 
individual estimate in Option B with the corresponding estimate
 
for Option A (see Exhibit H-2 above). Option A (no change) shows
 
the respective market shares of the government, communities, the
Somali private sector, and the external sector under current
 
policies. 
 For a discussion of Option A and definitions of key

terms used in the Exhibit, see Section H-2.2.1 above.
 

It can be seen from Exhibit H-3 that there are projected

major shifts from the National Government to communities in the
 
areas 
of operations, revenue collection, and maintenance,

resulting in additional market shares in excess of 40% for these

Level I functions. 
A small increase in the maintenance share of

the private sector is expected to result from purchasing decisions
 
made at the community level. Well ownership will remain with the
 
National Government and no 
change in the allocation of this
 
activity among institutions is anticipated.
 

At Level II, there are modest shifts away from the
National Government to communities in the area of well-related
 
civil works. However, communities are not expected to undertake
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EXHIBIT H-3 

OPTION 8 INCREASED COMUNITY INVOLVEMENT 

POLICY OPTION RELATED TOMRREr SHARES
 
Function/Organizat ion: 
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drilling or well rehabilitation activities, and no shift in
allocation of market shares is expected to result for this 
the
 

activity.
 

At Level III, modest shifts to communities are expected 
to
take place 	in the provision of 
raw materials used in construction
and maintenance. 
Some small 	shifts to the private sector at this
level are also expected 
to result from the thrust toward community

involvement.
 

H-2.2.3 	 Option C: Government of Somalia contracts a
 
substantial portion of the operation and
 revenue collection activities for its drilled
 
well water supplies to the Somali private sector.
 

Main Thrust of Option C (Substantial Private Sector Well
 
Operation)
 

Option C would shift a substantial share of the
responsibility for operating and collecting revenues 
at drilled
wells from the public to the private sector. However, under
Option C, the public 
sector also would retain a significant market
share of well operation and revenue collection activity. 
Such
activities would be contracted out by the Government of Somalia or
communities at national, regional, or local levels, as
 
appropriate.
 

The respective markets of the public and private sectors
could be maintained by allocation of particular wells, areas, 
or
regions to each type of institution; through open competition
between the public and private sectors (which would require

special organizational arrangements within the public sector)
and/or through a combination of market allocation and competitive

bidding. 
 For additional discussion of such techniques, see
Section H-2.2.7, Option G (Public/Private Competition).
 

The Government of Somalia could of 
course choose to shift
all or nearly all well operation to the private sector. 
Such
eventualities are covered in Option I (All Key Functions
Privatized) and Option J (Complete Privatization) discussed
respectively in Subsections H-2.2.9 and H-2.2.10 below. 
The
present option, Option C, represents a significant amount of
privatizatlon, but not a full commitment in this direction.
 

Market Shares Projected for Option C (Substantial Private
Sector Well Operation and Revenue Collection
 

Exhibit H-4 shows the market shares expected to be
achieved under Option C by the end of 1990. 
 In addition to
showing projected market shares, Exhibit H-4 also shows the change
in market shares expected to result from Option C. 
These changes
are calculated by comparing each estimate for Option C with the
corresponding estimate for Option A (See Exhibit H-2 above).
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EXHIBIT H-4 

OPTION C 
PRIVATE WELL OPERATION AND 

REVENUE COLLECTION 

Funrtion/Organization, 

Level I Functions: 
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Option A (No Change) shows the respective market shares of
 
the government, communities, the Somali private sector, and the
 
external sector under current policies. For a discussion of
 
Option A and of definitions of key terms used in the Exhibit, see
 
Section H-2.2.1 above.
 

Exhibit H-4 shows that approximately half of all drilled
 
well operation and revenue collection activities will be shifted
 
from the public to the private sector by 1990. There will be a

modest increase in private sector shares of maintenance as a
 
result of the shift of well operation activity to the private

sector. The 
impact of Option C on Level III activities will be
 
slight.
 

H-2.2.4 Option D: Government of Somalia contracts 
a substantial
 
portion of the maintenance of its drilled well water
 
supplies to the Somali Private Sector.
 

Main Thrust of Option D (Substantial Private Sector Well
 
Maintenance
 

Option D is very similar in concept to Option C (private

sector well operation and revenue collection), with the difference
 
that some Option D maintenance functions can be conducted on a
 
more centralized basis. Option C well operation and revenue
 
collection activities are necessarily centered on the well site,

whereas maintenance operations can be run 
in part from commonly

used repair facilities. Option C and Option D easily could be
 
combined. However, as discussed in Sections H-2.2.6 and H-2.2.8,

well maintenance has a somewhat higher impact on regulation,

industry structure, and water security.
 

Option D would shift a substantial share of the
 
responsibility for maintaining drilled wells from the public to
 
the private sector. However, as with the previous option, the

public sector would retain a significant market share of this
 
activity under Option D. Such maintenance would be contracted out
 
by the government or communities at national, regional, or local
 
levels, as appropriate.
 

The respective markets of the public and private sector
 
could be maintained by allocation of particular wells, areas, 
or

regions to each; through open competition among the organizations

in the public and private sectors (which would require special

organizational arrangements within the public sector) and/or

through a combination of market allocation and competition. For
 
an expanded discussion of these concepts, see Sect* H-2.2.7,
 
Option G (Public/Private Competition).
 

The Government of Somalia could of course 
choose to shift
 
all or nearly all well maintenance to the private sector. Such

eventualities are covered in Option J (Complete Privatization)

discussed respectively in Subsections H-2.2.9 and H-2.2.10 below.
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The present option, Option D, represents a significant amount of
 
privatization, but not a commitment to place all well maintenance
 
activities in private hands.
 

Market Shares Projected for Option D (Substantial Private
 
Sector Well Maintenance)
 

Exhibit H-5 
shows the market shares expected to be

achieved under Option D by the end of 1990. 
 In addition to
showing projected market shares, Exhibit H-5 
also shows the change

in market shares expected to result from Option D. 
 These changes

are calculated by comparing each estimate for Option D with the
 
corresponding estimate for Option A (See Exhibit H-2 above).
 

Option A (No Change) shows the respective market shares of
the government, communities, the Somali private sector, and the

external sector under current policies. For a discussion of
 
Option A and of definitions of 
key terms used in the Exhibit, see
 
Section H-2.2.1 above.
 

Exhibit H-5 shows that approximately half of all drilled
well maintenance activity will be shifted from the public 
to the

private 
sector by 1990. No impacts on Level II 
or other Level I

activities are expected. 
The impact of Option C on Level III
 
activities will be slight.
 

H-2.2.5 Option E: 
Ownership of substantial numbers of drilled
 
well public water supplies by the private sector.
 

Main Thrust of Option E (Private Ownership of Wells)
 

Private sector ownership of drilled well water supplies

places the owner in the position of what is known in 
the United
 
States as a "water company,' a privately owned public utility,

which is subject to government regulation of rates, service

quality, health standards, environmental impacts, and other
 
practices.
 

Subject to reasonable rules to protect the public, private

ownership gives 
to the owner the right to select management and
employees, control well operations, oversee revenue collection,

and determine the arrangements by which maintenance
 
responsibilities 
are met. Rates are designed to provide a
 
reasonable return on investment, but the owner bears the risk of

losses, and must provide service for a reasonable length

of time even 
though losses are being incurred.
 

Option E (private ownership of wells) thus is a Level I

activity which has a close relationship to Option C (well

operation and revenue collection and Option D (well maintenance).

However, unlike Options C and D, Option E represents a
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EXHIBIT H-5 

PRIVATE WELL MAINTENANCE
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policy which would have very substantial secondary impacts

throughout all three levels of the industry structure.
 

Government can require that well owners pay a fee for the
right to sell water to the public and/or to collect a sales tax
from purchasers of water. Government could also require owners to
 
post security to assure performance of their commitments.
 

Option E involves a significant change in public and
private roles 
in Somalia, requiring the Government to relinquish

some direct control of water sources and to develop the capacity
to regulate private sector ownership in a way that assures that
reasonable standards of service can be sustained over an 
extended
period of time. However, in the short run, 
the most practical and
effective form of regulation could be the continued provision

of water from a limited number of strategically located

government-owned wells, such that people have some 
(if not very
convenient) alternatives if private sector service at particular

locations proves to be deficient.
 

Option E would also require foreign donors to re-examine
 
the ways in which they provide assistance in water resource

development. The private sector is 
not entitled to exemption from
duties on 
imports and is generally not entitled to preferential

exchange rates for purchases of equipment and spare parts abroad.
Nor have most foreign aid programs, within the framework of their
 own rules and procedures, found practical and effective ways to
assist the private sector. Given the fact that 
a substantial share
of new investment in the development of Somalia's water resources
 
comes from abroad, considerable readjustment and innovation in
 
foreign aid practices would be required.
 

Option E also involves some rather specific changes in
public/private relationships which are 
not present in the other
Level I options. For example, Options C (private sector well

operation and revenue collection) and D (private sector well
maintenance) can be undertaken through Government contracts in
which operation and/or maintenance of wells is treated as a
service purchased by the owner of the well 
(the Government) from
private contractors. In the case of Option E, a private person or
 company is the owner of the well and any contracts with government

agencies for services (to drill a well, for example) would place
the position the government agency in the position of contractor
 
to the owner.
 

Option E would mean that the private sector would bear the

risks of exploration for water, and of dry holes. However, a
possible variation of Option E would be for the Government to bear
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the costs of exploration, drilling and development of the well,

and then auction it off to the private sector.
 

Market Shares Projected for Option E (Private ownership of
 
wells)
 

Exhibit H-6 shows the market shares expected to be
achieved under Option E by the end of 1990. 
In addition to showing

projected market shares, Exhibit H-6 
also shows the change in
market shares expected to 
result from Option E. These changes are

calculated by comparing each estimate for Option E with the
 
corresponding estimate for Option A 
(See Exhibit H-2 above).
 

Exhibit H-6 
assumes that private ownership of wells will
 
occur 
for half of the new wells drilled in Somalia and that the
Government of Somalia will continue to own and operate 
its present

complement of wells until 
the end of their useful lives. It also
 
assumes an average useful well life of ten years and a 
level of
drilling activity during the period from 1985 through the close of

1990 that would result only in the replacement of the current
 
complement. 
 In other words, if ten percent of the current
 
complement of drilled wells are replaced each year and half of

these are privately owned, 
the share of wells owned by the private

sector will be 25% 
at the end of 
five years. From the viewpoint of

determining the 
extent to which Somalia will have turned to
private ownership of wells by 1990, 
the 25% ownership share is

significant. For purposes of determining the 
impact of private

well ownership on other types of activity, the annual share of the

private sector ownership of new wells is important.
 

Option E leads to substantially larger secondary effects
 
on the various levels of the 
industry structure than any other of

the five options we have discussed thus far. It is premised

that, during the 
course of the period, the private owners of 
new
wells will themselves turn increasingly to private sector sources
 
for drilling and construction of civil works. Thus by the close

of 1990, private sector well ownership could give a substantial
boost to the private sector market shares of Level II 
drilling and

construction, and have a widespread effect on 
Level III support

activities. Accordingly, well ownership could become a powerful

catalyst on privatization throughout 
the industry structure. The

projected changes in the 
industry structure assume that returns to
the private sector from drilled wells will be sufficient to
 
support investment in new well drilling activity and that foreign

exchange or other constraints will 
not inhibit or prevent such
 
investment.
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EXHIBIT H-6
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H-2.2.6 	 Option F: Government of Somalia contracts a sufficient
 
number of wells to private drillers to enable them to
 
maintain capacity to deal with water emergencies.
 

Main Thrust of Option F (Private Sector Water Security

Role)
 

Option F enables one or more firms in 
the Somali 	private

sector to play a significant role 
in dealing 	with Somalia's

periodic water emergencies. These emergencies, which result from

weather cycles, hostilities, refugee problems, and other causes,

occur with considerable frequency. The Government has difficulty

in mobilizing its own resources 
in these crises. Often, too, the

foreign aid community is unable to respond to urgent needs with

assistance that is timely and properly targeted. Thus, Somalia

periodically requires a drilling capability that can be mobilized
 
quickly and used flexibly to deal with immediate problems.
 

As we have seen in Appendix E, private drillers own a

relatively small number of the rigs used in Somalia. These rigs

have, on 
the whole, 	longer useful lives, and are utilized for a
higher percentage of the time during each year than those owned by
agencies of the Government of Somalia, and the Somali drillers
 
have shown considerable ingenuity in their use. They also have

established reasonably effective arrangements for mobilizing

drilling personnel with suitable skills on short notice, and for
 
motivating and managing them in the field.
 

However, Somali private sector drillers' assignments are

generally limited to those 
areas which have-the highest

concentration of water supply sources 
and fewest logistic

problems. While they have demonstrated considerable adaptability,

neither their equipment nor 
their current modes of operation

are currently well suited to emergency operations. Government rigs
are used for a variety of drilling assignments, ranging from the

relatively simple to those which are quite difficult. The
 government has some equipment and logistic experience which is

suited to difficult assignments, but it often has difficulty

mobilizing them in emergencies because of maintenance, staffing

and other problems.
 

Thus, in times of emergency, the best that can be done is
for the Government to contract with the private sector to handle
 
more routine and less difficult activities, while WDA and other
Government 	agencies attempt to mobilize their resources 
to meet
 
the emergency. All too often these agencies' full complement of

equipment cannot be put into operating condition quickly and the
Government experiences considerable difficulty in adjusting its
 
customary mode of operation to 
the multiple requirements of
 
emergency. The result is loss of property and human suffering

until outside assistance can be mobilized.
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The objective of Option F is to enhance the capabilities
of the private sector such that it 
becomes both a supplementary
resource and a realistic partial alternative to complete reliance
 
on the well construction capabilities of the government and
foreign aid community in 
times of recurring water emergencies.
 

This water security role of the private sector can be
implemented in the following four ways.
 

First, the Government of Somalia could enter into long
term contracts with one or more private sector drillers, (backed
by foreign aid funds). 
These drillers would undertake to purchase
and maintain equipment suitable for emergency drilling, and to
give government needs priority in 
times of water emergency. The
long term contracts would guarantee the drillers sufficient
drilling activity to pay back their initial investment within the
period of the contract. Equipment suitable for drilling in remote
 
areas could be purchased new 
from abroad, or where appropriate, on
a used/rehabilitated basis from agencies of the Government of
Somalia. This subject is discussed in greater detail under Option

G.
 

Second, the members of the foreign aid community could
designate an 
agreed share of each future well drilling project
over the next five years to the Somali private sector. This share
could be provided by (1) direct contracts between a foreign aid
agency and private drillers; (2) contract funds funneled through
agencies of the Somali government; and/or through joint ventures
and subcontracts with foreign drilling companies.
 

Third, private construction contractors could become the
favored source for building civil works for wells undertaken as
 
part of emergency programs.
 

Fourth, a pilot program could be undertaken to test the
capacity of drillers to serve as prime contractors, undertaking
responsibility for both drilling of wells and construction of

civil works.
 

Overall, the objective is to provide equipment and
experience that provide more rapid, more efficient, and less
 
expensive responses to crises.
 

Narket Shares Projected for Option F (Private Sector Water
 
Security)
 

Exhibit H-7 shows the market shares expected to be
achieved under Option F by the end of 1990. Exhibit H-7 also shows
the change in market shares expected to result from Option F, by
comparing Option F with Option A (Option A represents the
respective market shares of the Government of Somalia, community
activities, the Somali private sector, and the external sector at
 
present.)
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EXHIBIT H-7 
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Option F (private sector water security) does not involve
 any change in market shares for the Level I activities of well
ownership, operation, maintenance, and revenue collection and only
modest changes in support activities. The key changes envisioned
by Option F are 
in the market shares for drilling and civil works
 
construction.
 

Under Option F about ten percent of the drilling activity
in the country would be shifted to the Somali private sector over
 a period of five years, five percent from Government of Somalia

agencies and five percent from shares currently held by foreign

organizations operating under foreign aid arrangements.

Construction of civil works by the private sector wouiLd also

increase by ten percent. Shifts of shares from the government and

foreign organizations will make the private sector the leading

provider of civil works for drilled wells.
 

A substantial amount of private contracting of civil works
is presently carried out 
in the various regions of Somalia. Thus
 no major geographic reorientation is envisioned for this type of
private sector activity, nor will major reorientations in
equipment capabilities be required. As a result of increased
 
private sector activity at Level II, private sector market shares
 
would increase somewhat at Level III.
 

H-2.2.7 	 Option G: Government of Somalia regularly contracts
 
out wells for competitive bidding between government

agencies and private firms and reguires its agencies

which own rigs and other equipment used to construct

wells and related civil works to show a return on their
 
use of these assets.
 

Main Thrust of Option G (Public/Private Competition)
 

The objectives of Option G (Public/Private Sector

competition) are to increase the efficiency of both public and
private sector operations through competition, to enable at least
 a portion of the WDA to reward employees financially for efficient

performance, to 
introduce techniques of management control and
concepts of managerial responsibility for results into the
organization in which some private sector drillers start their
 
careers; and to turn WDA into a financially self-sustaining

organization at 
the same it builds up the private sector through

government contracting.
 

Under Option G, WDA would not only compete with private

sector drillers for private sector business as 
it does now, but it
would also be required to compete with them on assignments

performed for other government agencies and for a portion of the

work which it currently performs on its own account.
 

WDA is currently regarded as an exclusive contracting

agency in the structure of the Government of Somalia. Other
agencies of the government of Somalia may not enter into contracts
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with private sector drillers without first receiving WDA approval.

If WDA has equipment and manpower available, WDA has the right to

exclude private drillers and take on the assignment, even though

the purchasing agency believes it 
could obtain a better
 
price and/or better service from a private driller. If WDA offers
 
no objection to the engagement of the private driller, this
 
engagement may take the form of 
a subcontract between WDA and the
 
private driller, although a direct contractual relationship

between the purchasing agency and the private driller is also
 
possible.
 

Option G would eliminate WDA's right of first refusal on
 
the drilling assignments of other government agencies. It would

also require WDA to comtpete with the private sector for a portion

of the drilling work which it 
now normally performs on its
 
own behalf.
 

This approach would require WDA to separate its functions
 
as a 
contractor (performing drilling and civil works construction
 
under force account) from its functions as a government

contracting agency -- awarding'contracts following competition

between private sector drillers and its own in-house (but

separate) contracting organization. A certain amount of drilling

activity --
 perhaps that associated with emergencies at particular

remote locations --
 would not be offered for competitive bid, but
 
could be awarded to the in-house contracting organization on a
 
sole source basis.
 

The WDA in-house contracting organization would be subject

to some special rules, not applicable to other government

organizations. These include 
the following:
 

" 	 A requirement that it recover sufficient funds in
 
payment for the services which it renders to 
the
 
private sector, including a return on an assigned value
 
of the rigs, vehicles, and other assets which it uses;
 

" 
 The right to pay bonuses to its employees and its
 
management on the basis of productivity achievements,
 
independently measured 
on the basis of work
 
accomplished;
 

" 	 The right to hire and discharge employees on the basis
 
of productivity and efficiency;
 

" 
 Loss of equipment, employmeqt, and finally
 
elimination of the organization itself if prescribed

level of returns on 
assets are not achieved over a
 
period of years.
 

Option G represents a significant departure in philosophy

and practice from currently prevailing arrangements. It would

require a reorganization of WDA and substantial addition to 
the

contracting capabilities of the portion of the organization
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which is designated to administer competitive contracting

procedures.
 

As discussed below, the market share of the Government of
Somalia is expected to decline appreciably under Option G.

However, the resulting smaller share should 
 remain relatively

stable over time, reflecting a healthier and more viable
 
organization.
 

Market Shares Projected for Option G (Public/Private
 
Competition)
 

Exhibit H-8 shows the market shares expected to be
achieved under Option G by the end of 1990. Exhibit H-8 also shows

the change in market shares expected to result from Option G, by

comparing it with Option A (Option A represents the
respective market shares of the Government of Somalia, community

activities, the Somali private sector, and the external sector at
 
present.)
 

Option G (Public/Private sector competition) does not
involve any change in market shares for the Level I activities of
well ownership, operation, maintenance, and revenue collection but
 some changes in support activities. The key changes envisioned by
Option G are 
in the market shares for drilling and civil works
 
construction.
 

Under Option G about twenty percent of the drilling

activity in the country would be shifted to the Somali private

drillers over a period of five years, ten percent from Government
 
of Somalia agencies and 
ten percent from shares currently held
by foreign organizations operating under development assistance
 
arrangements. Construction of civil works by the private sector
would also increase by twenty percent. Shifts of shares from the
government and foreign organizations will make the private sector
the predominant provider of civil works for drilled wells.
 

H-2.2.8 Option H: WDA role reoriented by curtailing drilling

and civil works roles, and focusing agency activity

on exploration, private sector contracting, public

utility regulations and emergency operations.
 

Main Thrust of Option H (Limited WDA production role) 

Under Option H (Reoriented WDA role), WDA drilling of
production wells and and construction of civil works would no

longer be regarded as WDA's mission. The agency's drilling
capabilities would be focused on a program of exploratory drilling

designed substantially to improve knowledge of Somalia's

groundwater resources. 
 Such knowledge is very much needed, and
would substantially reduce the risks of dry holes in 
the drilling

of production wells'by the private and foreign sectors.
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EXHIBIT H-8
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WDA's central role will be to serve as 
the principal
government agency contracting with the private sector for the

drilling of production wells. It would also provide technical
services in locating suitable well sites, approve wells drilled by

the private sector and perform certain planning and

regulatory activities concerning the identification of high
priority locations for drilled wells, assessment of drilling

costs, and analysis of water rates.
 

As discussed in 
the previous subsection (Subsection
H-2.2.7, Option G) WDA as currently regarded has an exclusive

contracting role in 
the structure of the Government of Somalia.

Other agencies of the government of Somalia may not enter
into contracts with private sector drillers without first

receiving WDA approval. If WDA has equipment and manpower

available, WDA has the right to exclude the private driller and
take on the assignment itself. WDA's decision to undertake an
assignment prevails even though the purchasing agency believes
it could obtain a better price and/or better service from the
 
private driller.
 

If WDA offers no objection to the engagement of the
 
private driller, this engagement may take the form of 
a

subcontract between WDA and the private driller. A direct
contractual relationship between the purchasing agency and the
private driller is also possible. However, in such a case, WDA

provides inspection and other technical services.
 

Under Option H, WDA would continue to provide inspection

and technical'services. However, it would lose the right to
exclude the private sector from drilling production wells and
could only drill such wells itself in times of water emergencies:

that is, in situations where the private sector could not
meet urgent national requirements in 
a timely or cost-effective
 
way. Thus, in a certain sense, Option H is the public sector
 counterpart of Option F, which assigns an auxiliary water security
role to the private sector. However, under Option H WDA would

maintain its drilling capability through exploratory drilling,
whereas under Option F the private sector would maintain its

capabilities through long 
term contracts to drill production

wells.
 

Market Shares Projected for Option H (Public/Private
 
Competition)
 

Exhibit H-9 shows the market shares expected to be
achieved under Option G by the end of 1990. Exhibit H-9 also shows
the change in market shares expected to result from Option H, by
comparing Option H with Option A (Option A represents the
respective market shares of the Government of Somalia, community

activities, 
the Somali private sector, and the external sector at
 
present.)
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EXHIBIT H-9 
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Option H (Public/Private sector competition) does not

involve any change in market shares for the Level I activities of
well ownership, operation, maintenance, and revenue collection.

The key changes envisioned by Option H are in 
the market shares of

drilling and civil works construction.
 

Under Option H about thirty percent of the drilling
activity in the country would be shifted to the Somali private

drillers over a period of five years, twenty percent from

Government of Somalia agencies and ten 
percent from shares

currently held by foreign organizations operating under
development assistance arrangements. This would make the private
sector the leading provider of drilling services in Somalia.
 

Construction of civil works by the private sector would

also increase by thirty percent. Shifts of shares from the
government and foreign organizations give the private sector about
two thirds of the market of civil works for drilled wells.
 

H-2.2.9 
 Option I: Somali private sector achieves substantial
 
market shares of key Level III support activities.
 

Main Thrust of Option I (Key support activities
 
privatized)
 

In prior subsections (H-2.2.2 through H-2.2.8), 
we have
dealt with options whose primary impacts were at Levels I and II.
With the exception of Option E (discussed in Subsection H-2.2.5),

the secondary impacts of these options on Level III activities
would be relatively modest. 
 In the case of Option I, the primary

impact takes place only at Level III.
 

Under Option I, there would be 
no change in the present

government and private shares of well ownership, operation and
 revenue collection, well maintenance, drilling, or construction of

civil works. The government would continue 
to occupy its current
 
position in these activities.
 

What would change under Option I is the structure of
ownership and operation of key support industries such as the

distribution of petroleum products, and provision of manufactures

such as pipe and pumps, raw materials such as gravel and cement,

and services such as those provided by a local machine shop.

premise of Option I is that the efficiency of Level I and Level 

The
II
activities (public and private) is severely constrained by supply


problems, and that changes in market structure at Level III might
do more for water resource development in Somalia than changes in
the structure of the industry at Level I and Level II 
together.
 

Option I differs from all of the previous options we have
considered in that it implies significant changes in the market
shares and institutional structure of important industries whose
total markets dwarf the requirements on them generated by Level I
and Level II drilled well activities. Thus petroleum products
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represent critically important inputs to well operations, well
 

drilling and well-related civil works, but such well-related
 

requirements represent a relatively small share of the Somalia
 

market for 	petroleum products.
 

Option I assumes that a strategy of privatization adopted
 
in other sectors of the economy would result in substantial
 
improvements in the efficiency with which inputs are provided to
 
many industries and thus improve the functioning of the entire
 
economy. If such a strategy were to succeed in overcoming
 
presently existing bottlenecks, the impact on well related
 
activity would be substantially to improve the productivity of
 
drilled well construction and productivity at Level II and Level
 
III without any institutional changes at these levels.
 

Market Shv!res Projected for Option I (Key support
 
activities privatized)
 

Exhibit H-10 shows the market shares expected to be
 
achieved under Option I by the end of 1990. Exhibit H-10 also
 
shows the change in market shares expected to result from Option
 
H, by comparing Option H with Option A (Option A represents the
 
respective market shares of the Government of Somalia, community
 
activities, the Somali private sector, and the external sector at
 
present.)
 

As discussed above, Option I (Key support functions
 
privatized) does not involve any change in market shares for the
 
Level I activities of well ownership, operation, maintenance, and
 
revenue collection, nor in the Level II activities of well
 
drilling and related civil works construction. The key changes in
 
market shares of drilling and civil works take place at Level III
 
itself.
 

Exhibit H-10 shows very substantial shifts in market
 
shares from the public sector to the private sector in Somalia in
 
provision of cement, gravel, storage tanks, and petroleum
 
products. Shifts of such magnitude could not be made without major
 
reorientation of the internal structures of these industries in
 
Somalia, divestiture of important parastatal organizations, and
 
sale of their assets to the private sector.
 

H-2.2.10 	 Option J: All three levels of industry structure
 
relating to drilled well water supplies substantially
 
privatized.
 

Main Thrust of Option J (Pervasive privatization)
 

Option J would result in more extensive policy change in
 
the direction of privatization than any other option analyzed in
 
this Working Paper.-Option J is based on the premise that the
 
private sector could achieve a higher degree of efficiency than
 
the public sector in each key industry related to drilled wells.
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A correlary premise is that the Government can protect the
public interest with respect to environmental and health

regulation, reasonable charges for provision of an 
essential
commodity, and continuity of water service without itself being
directly engaged in any economic activity essential to the

provision of water from drilled wells.
 

In order to achieve the market shares shown for Option J
by the close of 1990, it is 
likely that the government will have
to sell a substantial amount of property, equipment, and other
assets to the private sector. While other options might require
some such sales, the property transfers required by Option J

would be pervasive and significant.
 

Option J is likely to generate requirements for the
development of Government regulatory capacities. Since drilled
wells in Somalia often represent natural monopolies at least in
certain areas and seasons, and since water is 
a vital resource
affecting the public welfare, effective public utility regulation
is seen as a companion to privatization under Option J.
 

Option J clearly represents a fundamental policy change,
with substantial shifts from public to private ownership. However,

although large changes in market shares are shown throughout the
industry structure, Option J does not constitute total
privatization. 
 In no case has a market share of zero been
projected for an activity in which 
a public sector capability

presently exists.
 

The reasons for retaining residual public sector market

shares even 
in this polar option are as follows:
 

First, the analysis seeks to define and estimate changes
in market structure which could occur by the end of 1990, a period

of about five years from the time policy decisions would start to
be implemented. To attempt to move 
to total privatization within
 so short a period could be beyond the the country's capacity to
adapt 
to a radically changed institutional structure.
 

Second, concern for national water security indicates the
advisability of retaining at least 
a bare minimum of established
 
government productive capabilities.
 

Third, provision of general services by government

agencies to other government agencies may in some 
instances
 
represent the most cost-effective means of supply.
 

Nevertheless, while Option J gives these considerations
weight at the margin, this policy option treats extensive

privatization as an effective way to 
improve the functioning of
the water resource sector within the structure of the economy of
 
Somalia.
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Market Shares Projected for Option J (Pervasive
 
privatization)
 

Exhibit H-1i 
 shows the market shares expected to be
achieved under Option G by the end of 1990. Exhibit H-i1 
also

shows the change in market shares expected to result from Option

J, by comparing Option J with Option A (Option A represents the
respective market shares of the Government of Somalia, community

activities, the Somali private sector, and the external sector at
 
present.)
 

In the case of Level I activities, the private sector
would have a market share of 80 percent or more in each function.
 
In the case of ownership, this would require that most 
new wells
 
be private and that many existing wells be sold 
to the private

sector by the government. Water from deep wells would in effect,

be supplied by water companies throughout most of Somalia. These

companics can 
be expected to operate and maintain the wells
themselves or to secure 
these services elsewhere in the private
sector, thus reinforcing privatization at Levels II and III.
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Government 
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6 
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B 

S 
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6 

7 
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8 
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65 
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7 
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65 
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29 
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0 

1 
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5 
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5 

5 

5 
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-1 
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a 

-5 
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5 
a 
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1 
1 

I 

I 

13I 

0 

11 

1 

0 
I 

15 

5 
15 
1 

I 

I 

75 

35 

4O 

76 

1 6 

35 

6 
25 

215 

36 

5 
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6 

6a 

68 
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82 
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5 8 
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6 
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6 
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APPENDIX I
 

STRUCTURE AND APPLICATIONS OF A
 

WATER INDUSTRY SYSTEMS MODEL FOR SOMALIA (WISyMS)
 

I-1. INTRODUCTION
 

1-1.1 Scope and Organization of Working Paper
 

This appendix sets forth the comprehensive data base used by
Louis Berger International, Inc. (LBII) 
in its study of water
resource development industries in Somalia. 
It also provides an
explanation of and documentation for LBII's Water Industry Systems
Model for Somalia (WISyMS) which was 
used to integrate available
data, to make projections, and to perform other types of analysis.
 
In addition to presenting and providing documentation for 
a
comprehensive data base, this working paper explains the


methodology used to:
 

1) 	Provide forecasts for the water 
industry in Somalia;
 

2) 	Analyze national water supply objectives in light of

existing resource and market constraints;
 

3) 	Demonstrate the effects on water supply of the
 
Consultants' Recommended Program; 
and
 

4) 
Generate integrated estimates of the characteristics of
the 	water industry system in Somalia as 
it currently

exists.
 

Annex I, bound separately, presents quantitative details.
 

This appendix is composed of eight sections and a set of
annexes in addition to this introduction. 
Section 1-2 provides an
overview of the Water Industry Systems Model for Somalia (WISyMS)
and its uses. 
 Section 1-3 provides an explanation of each of the
three submodels of WISyMS. 
Section 1-4 discusses the use of the
model for the Consultants' 1990 forecasts. 
 Section 1-5 discusses
the use of the model for a constraint analysis of national water
supply objectives and discusses LBII's supply side analysis of the
Consultants' recommended program. 
 Section 1-6 discusses LBII's
methodology by which the model was 
used to generate 1984
integrated estimates of system parameters.
 

Definitions used in the model are 
contained in Section 1-7;
Section 1-8 presents the methodology and formulae employed by the
model; and Section 1-9 discusses the sources of data and estimates
used in developing the model. 
 Annex I contains the detailed data
generated by running the model under various assumptions.
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1-1.2 WISyMS as an Integrated Data Base for a Private Sector
 
Project
 

WISyMS is a tool for comprehensive sectoral analysis for a
private sector project. 
 It is believed that the concepts and
methodology of WISyMS have general applicability for privatization
or divestiture interventions throughout their respective project

cycles. More specifically:
 

* 
WISyMS has been designed as a multi-purpose data base
which can serve the needs of project identification,
project monitoring, and project evaluation without
requiring substantial structural modification.
 

" 
WISyMS can be presented in layman's terms, 
so it can be
used by some of the primary beneficiaries of
privatization projects: 
 the local businessmen, to whom
it presents an integrated analysis of an entire industry
structure, 
including project complements and substitutes,
as well 
as upstream and downstream markets;
 

" WISyMS 
can be presented in more detailed, technical
 
terms, so it can be easily up-dated by local planning

personnel, and kept available for reference by local
government personnel, donors, and private individuals
interested in or concerned with the market; and finally
 

" WISyMS 
can reduce the "market information risk", which
businessmen in developing countries often face both by

providing a tool for reconciling conflicting information,
and by providing them with the results of sensitivity

analyses 
on the points of conflict.
 

1-2 OVERVIEW OF THE STRUCTURE AND APPLICATIONS OF THE WATER

INDUSTRY SYSTEMS MODEL FOR SOMALIA
 

The Water Industry Systems Model for Somalia, (WISyMS) has
been designed to provide an integrated analysis of the relationships between water consumers, water supply structures, and inputs
to the water industry. Exhibit I-i presents the symbols that will
be used to represent the principal categories of water consumers
throughout this paper in graphical explanations of the model.
Exhibit 1-2 presents the symbols used to represent the water
supply structures in Somalia considered in this report. 
Exhibit
1-3 presents the symbols used to represent the principal
categories of inputs to the water industry in Somalia.
 

Water needs begin at 
the level of the consumer. The need for
water leads to a need for water supply structures to serve the
consumers' water needs efficiently. 
New wells must be drilled and
 
new water supply structures must be constructed each year, and

this drilling and construction activity in turn gives rise to a
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EXHIBIT I- 1
 

PRINCIPAL CATEGORIES OF CONSUMERS OF WATER
 

A-URBAN
 
HUMANS -RURAL SETTLED 

-NOMADIC 

-CAMELS 
ANIMALS -CATTLE 

-SHEEP/GOATS
 

-OTHER 

-IRRIGATION PARMS
AGRICULTURE -RAIN FED FARMS 

7to 
 -FLOOD FED FARMS
 

GOVERNMENT/ 
 -GOVERNMENT 
INDUSTRY -INDUSTRY
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EXHIBIT I- 2
 

PRINCIPAL WATER SUPPLY 	STRUCTURES
 

AL L WELLS DRILLED
DRILLED 	 MECHA:NICALLY,
 
EU:PPE:D 1ITII
WELLS 	 -
DIFSEL OR HAND PUMP 

ALL WELLS DUG BY
HAND DUG 	 HAND, REGARDLESS
 
OF DEPTH
WELLS 


INTAKES FROM 	 CONSISTING OF PIPES 
IMMERSED INTO WATER
RIVERS/STREAMS/ 	 AND CONNECTED TO
 

SPRINGS ~A DIESEL PUMP 

- RESERVOIRS DUG INUARS/ RELATIVELY IMPERMEABLE
 

RESERVOIRS GROUiD TO CATCH RAIN-

WATER AND SURFACE
 
RUN-OFF
 

PONDS OR NATURAL
 
DEPRESSIONS WHICH


BALLEHS 	 CATCH AND HOLD RAIN-

WATER AND SURFACE
 
RUN-OFF
 

____ IN-GROUND MASONRY 	 CIS-
BURKEDS/ TERNS WHICH SERVE AS
 

WATER STORAGE TANKS OR
 
CISTERNS !WHICH CATCH RAINWATER
 

AND SURFACE RUN-OFF
 

MAN-MADE STRUCTURES TO
DAMS/ DIVERT OR HOLD BACK THE
 

DIVERSIONS NATURAL FLOW OF A
 
RIVER, STREAM, OR TUG
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EXHIBIT I- 3
 

PRINCIPAL CATEGORIES OF INPUTS
 
TO THE WATER INDUSTRY
 

- SAND 

RAW MATERIALS - GRAVEL 

- STONES
 

- OTHER
 

- CEMENTMANUFACTURED
MATERIALS -CMN 

- STEEL CASING 

- STEEL SCREEN 

- OTHER
 

- SKILLEDLABOR 
- UNSKILLED 

- DRILL RIGSEQUIPMENT 
- PUMP RIGS
 
- VEHICLES
 

- OTHER
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need for inputs of capital, labor, and materials. The physical
flows, of course, move in the opposite direction: inputs (Level
III) are supplied to 
serve drilling and construction activity
(Level II); 
water supply structures provide water to 
consumers
(Level I) (see Exhibit 1-4). 
 Each of the three industry levels,
and the submodels of WISyMS which analyze them, 
are explained

below.
 

The Water Industry Systems Model for Somalia (WISyMS) serves
the three basic functions of forecasting, constraint analysis, and
integrated estimation. 
 it 	is made up of three related sub-models
which correspond to the three basic levels of the water industry
structure in Somalia: 
 Level I - water supply, Level II - well
drilling and construction of water supply facilities, and Level
III - provision of water industry inputs (See Exhibit 1-5).
 

1-2.1 The Level I Submodel: Water Supply
 

Level 
I, 	water supply, is the business or economic activity
of 	providing water to 
consumers. 
Water supply "activities"
include water resource ownership, operation and maintenance of
physical water supplies, and revenue collection. The Level I
submodel analyses water consumption requirements in a given year
and translates these into the required complement of water supply
structures that need to be 
in place in that year. Characteristics
 
of the submodel are described below:
 

" 	Purposes: Forecasts the effects of changes in population

and water consumption on the magnitudes of Level I water
supply activities; projects the total complement of water
supply structures that will be owned, operated and
maintained by the public and private sectors 
in 	Somalia.
 

* 	 Data Inputs: demographic data, water consumption data,data on agricultural, livestock, and industrial activity
including water use, data on historical patterns of water
 
use and reliance on water supply structures.
 

* Data Outputs: requirements for volumes of water to beprovided by each type of water supply structure andassociated total numbers of each type of water supply
structure needed to provide that water 
in 	a given year.
 

" 	Principal Uses of Data Outputs: 
 planning for water
 
system capacity; analysis of public/private roles in
water supply; data input for the Level II submodel. The
Level I "activities" of water resource 
ownership,

operation, maintenance, and revenue collection, including
an 	analysis of market shares for the local public and

private sectors and the foreign import sector, are
discussed in Section Three of the main body of the
 
report.
 

1-6
 



EXHIBIT I- 4
 

OVERVIEW OF RELATIONSHIPS AMONG
 
LEVELS OF THE WATER INDUSTRY
 

INDUSTRY LEVEL
 

CONSUMERS
 

LEVEL I 
 WATER SUPPLY
 

LEVEL II DRILLING/
 

CONSTRUCTION
 

INPUTS
 
LEVEL III
 

TO THE
 

WATER INDUSTRY
 

HainM Flow A 	 Physical
of Needs 	 Flow of
 

Resources
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EXHIBIT I- 5
 

FUNCTIONS OF THE WATER INDUSTRY
 
SYSTEMS MODEL FOR SOMALIA
 

CONSTRAINT INTEGRATED
 

FORECASTING ANALYSIS 
 ESTIMATION
 

LEVEL I SUBMODEL
 

Water Supply
 

LEVEL II SUBMODEL
 
Drilling/
 

Construction
 

LEVEL III SUBMODEL
 
Inputs to
 
the Water
 
Industry
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1-2.2 The Level II Submodel: 
 Well Drilling and Construction of
 
Water Supply Facilities
 

Level II 
is 	the drilling and rehabilitation of wells and
construction of related civil works structures, and the planning,
design, and administration of drilling and construction. The Level
II submodel translates the annual needed stock of water supply
structures 
into annual drilling and construction requirements,

taking into account both the need for replacement (or rehabilitation) of old, failing structures and the need for net addition to
structural capacity. 
 Elements of the Level II submodel 
are
 
described below:
 

* 	Purposes: to forecast the effects of changes in water
consumption on Level II requirements (well drilling and

construction of other water supply facilities.)
 

e Data Inputs: Total numbers of each type of water supply

structure needed to provide the water requirements for a
given year (data output from the Level I Submodel).
 

* 	Data Outputs: 
 Numbers of old water supply structures to
 
be 	rehabilitated and numbers of new water supply

structures needed to be constructed both to replace old,
failing structures and to provide for 
net increases in
 
water consumption for a given year.
 

e 	Principal Uses of Data Outputs: 
A Level II market study

identifying needs for water supply drilling and construc
tion activity; data for Level III Submodel. 
An 	analysis
of 	the market shares for Level II activity in Somalia is

presented in Section Three of the main body of the
 
report.
 

1-2.3 The Level III Subnodel: Water Industry Inputs
 

Level III is the production or provision of manufactured and
raw material inputs, equipment, labor, and fuel for water supply,
well drilling, and water supply construction activities. The
Level III submodel translates Level II construction requirements
into needed inputs for a given year. 
Elements of the submodel are

described below:
 

9 Purposes: Forecasts the effects of changes in needed
 
water system capacity on Level III requirements (water

industry inputs.)
 

* 	Data Inputs: Requirements for 
new drilling, rehabilita
tion, and construction (output from Level II Submodel);

requirements for operation and maintenance of structures
 
(output from Level I Submodel).
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* Data Outputs: 
Annual required quantities of raw material

and manufactured material inputs, as well as 
labor and
equipment inputs to the water 
industry for a given year.
 

* Principal Uses for Data Outputs: 
 Level III market study
identifying need:s 
for expansion of facilities or new
ventures which could supply inputs to the water industry;
measuring the economic impacts of increased activity in
 
the industry.
 

1-2.4 Types of Analyses Performed with WISyMS
 

Three types of analyses can be performed using WISyMS:
forecasting, supply/constraint analysis, and integrated estimation. 
 Exhibit 1-6 shows the direction of analysis among the three
sub-models, depending on 
the purpose for which the model is used.
 

1-2.4.1 Forecasting
 

If used for forecasting, the analysis follows the flow of
needs. First, demographic and economic data are gathered and used
to forecast Level I demand for water for 
a given year and an
associated stock of supply 
structures. 
This stock of structures
is used to calculate Level 
II demand for the flow of drilling,
rehabilitation and construction activity needed to expand the
existing stock. 
The flow of new drilling/construction activity in
turn is used 
to calculate Level III input requirements. This
forecasting procedure is explained in greater detail in Section
1-4 of this paper. Annexes 1-4 
through 1-6 contain the
Consultants' 1990 forecasts generated by running WISyMS.
 

1-2.4.2 Supply/Constraint Analysis
 

Constraint analysis, on 
the other hand, is used most
often to evaluate the realism of proposed goals, programs, or
large projects. 
It asks the question: 
 "Are there bottlenecks,
resource 
shortages, or other constraints in the system which will
prevent the attainment of stated objectives?" Constraint analysis
proceeds by making forecasts over the relevant time period,
including specific goals and key assumptions of a particular
program. The model is 
run first as a forecast, and the implications in terms of drilling/construction requirements are compared
with past performance and 
resource availability. The major
constraints are identified, and these constraints 
indicate
restrictions on 
the degree to which desired goals can be achieved:
the availability of inputs constrains the numbers and types of
structures that can be produced in a given time frame, and this in
turn constrains the amounts of, say, groundwater resources 
that
can be made available for use in the nation. The crucial part of
the analysis starts at Level III and works back toward Level I.
This type of analysis is examined in more 
detail in Section 1-5,
as part of the Consultants' supply side and constraint analysis of
national water supply objectives in Somalia.
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EXHIBIT I- 6
 

THE DIRECTION OF ANALYSIS IN WISyMS
 

FORECASTING CONSTRAINTANALYSIS 
INTEGRATED 
ESTIMATION 

LEVEL I 
SUBMODEL 

LEVEL II 
SUBMODEL 

LEVEL III 
SUBMODEL 

SAnalysis

Follows Main 

Analysis AAnalysis

Follows 
 Proceeds
Flow of Physical in Both
Needs 
 Flow 
 Directions
 

I-l1
 



1-2.4.3 Integrated Estimation
 

Integrated estimation of system parameters, as presented

in the Consultants' baseline 
(1984) estimates for the water
industry system in Somalia (see Annexes I-I 
through 1-3) is

actually the 
first step involved in building the model. 
 It seeks
 
to identify the historical patterns of water consumption and
 
reliance 
on water supply structures.
 

The most readily available information includes some

demographic data and inventories/estimates of the stock of
existing water supply structures in Somalia. Other data can be
generated through the Delphi Method, whereby a consensus on a
variable is established on 
the basis of opinions supplied by a

variety of informed sources; and by eclectic methods which

combine, sift, weight, average, and then incorporate estimates 
in

the framework of the model. 
 Further, reasoned analyses of broad
behavioral patterns (e.g., seasonal 
reliance on surface water

resources) and technical constraints (e.g., on volumes of ,ater
output per structure) are incorporated in the model. 
Together,

available data, estimates, and logical reasoning 
can be used to
infer the parameters of key relationships between water consumption and water provision, as well as 
to infer logical estimates

for variables on which we 
lack reliable data. 
Thus, the analysis

for integrated estimation of system parameters proceeds in

directions among the submodels. 

both
 
This type of analysis is
 

explained in more detail in 
Section 1-6.
 

The overview of WISyMS provided above is expanded

Section 1-3 to describe the workings of each of 

in
 
the three


submodels. Detailed explanations of the procedures followed for

forecasting, constraint analysis and 
integrated estimation,

including examples of WISyMS' data output, 
are presented

respectively in Sections 1-4, 
1-5, and 1-6.
 

1-3 EXPLANATION OF THE WISyMS SUBMODELS
 

This section explains how each of the three submodels of
WISyMS works and how they fit together. A detailed methodology is
 
presented in Section 1-8.
 

1-3.1 WISyMS Level I Submodel - Water Supply:

An Integrated Analysis of Water Consumption and
 
Delivery Systems (Exhibit I-7).
 

This submodel analyzes water flow requirements in a given
year, as determined by demographic, economic, and water consump
tion data, and translates these into the required complement or
stock of water supply structures 
that need to be in place in that
 year. Actual data are presented in Annex I; notes and sources are
 
discussed in Section 1-9.
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EXHIBIT I- 7 

LEVEL I SUBMODEL 
Integrated Analysis of Water Consumers and Delivery Systems
 

Numbers of Per Unit 
ConsumptionUnits Consumption

Factor(per year) 

Human iters > 
x0 

AirTOTAL WATER CONSUMPTION BY 

Animal o TYPE OF CONSUMER AND BY TYPE 

0-i OF WATER SUPPLY STRUCTURE 
zno 

00 

Agriculture cubic meters . 11. 

Government/ cubic meters F" 
Industry -

TOTAL VOLUMES OF %ATER DELIVERED ANNUALLY BY TYPE OF STRUCTURE 

AV7:.AGr A-I-rPL 7OL=lIrS 137 5r:Mt.Z CT 

NUMBER OF OPEITIONAL STRUCTURES REQUIRED 

Drilled Hand dug Intakes Uars/ 
 ballehs Burkeds/ Uj.1s/Wells Wells 
 Reservoirs 
 Cisterns Diversions
 



There are four basic types of consumption examined in the
 
model*:
 

" 	Human consumption of water for drinking, cooking, washing
 
and cleaning;
 

" 	Livestock consumption of water primarily for drinking;
 

" 	Agriculture's consumption of water for crop production;

and
 

* 
Government and Industrial consumption of water for all
 
purposes.
 

Specific numbers for each type of consumption unit are
estimated: human populations, livestock populations, hectares
under cultivation, and numbers of government institutions and
industrial/commercial establishments.
 

Next, per unit consumption factors are estimated for each
type of consumption unit: for humans 
- average annual waterconsumption per capita; for livestock 
- average annual waterconsumption per head; for agriculture 
- average annual waterconsumption per hectare; and for government and industry - average
annual water consumption per institution, office, or
 
establishment.
 

Multiplying numbers of consumption units (in each category)
with the associated average per-unit consumption factors yields
total estimated volume of consumption by type of consumption. The
model focuses on water consumed through the 
use of man-made supply
systems, 
as opposed to water consumed directly from nature.
 

The next step is to analyze historical patterns of reliance,
(for each type of consumption) on each type of man-made water
 
supply structure:
 

" 
Drilled Wells - deep wells drilled by heavy equipment,

specifically drill rigs;
 

" 
Hand Dug Wells - shallow wells dug with the 
use of hand
 
tools;
 

" 	Intakes from Rivers 
- pumps delivering water from rivers
 
for various purposes;
 

" 
Uars - man-made reservoirs dug or excavated in relatively

impermeable ground to hold rainwater;
 

" 	Ballehs  natural ponds or depression which collect
 
rainwater and are often deliberately enlarged;
 

* Detailed definitions are provided in Section 1-7. 
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" 	Burkeds - masonry cistens 
for holding rainwater;
 

" 	Dams/Diversions - structures to hold back or divert the

flow of permanent or seasonal rivers.*
 

The model uses estimates of the historical percentage
distribution of reliance, for each type of consumption, on each
type of supply structure, and uses this to create a matrix of
water consumption, calculating the volume of water consumed for
each type of consumption from each type of supply structure. 
 This
is 	shown in the 
rows of the matrix in Exhibit 1-7. Summing down

each of the columns yields:
 

e 	Structural Supply Volumes: 
 the total volume of water

estimated to be supplied annually by each type of supply

structure.
 

At 	this point, we have specific estimates of the annual flow
requirements for water consumption. 
The next step is to translate
water flow requirements into associated stock requirements for
 structures. 
To do this, the Structural Control Totals are 
divided
 
by:
 

o 	Output per Structure per Year: estimated average annual
volume of output per structure for each type of supply
 
structure.
 

This yields specific requirements for total stock levels for
 
each type of water supply structure, presented as:
 

* 
Total Numbers of Water Supply Structures needed to

provide the 
amounts of water indicated in the calculation
 
of 	the structural supply volumes, above.
 

These stock totals are used 
in 	the second component of
WISyMS, the Level II 
Submodel, to calculate the flow of annual
construction requirements, as described below. 
 This data output
can also be used by planners at WDA to (a) forecast water
consumption needs based on demographic trends or 
(b) to analyze
objectives in 
terms of increased total consumption or increased
 
use of particular types of structures.
 

1-3.2 WISyMS Level II Submodel - Drilling and Construction:
 
Quantification of flow requirements for new water supply

structures for replacement and expansion of existing

capacity (Exhibit I-8).
 

The Level II Submodel starts with the bottom line of the
Level I Submodel: the total numbers of water supply 
structures
needed to provide the amounts of water indicated in the
calculation of the structural supply volumes. 
 Each type of supply
structure is examined in 
the manner outlined below.
 

' These structures are defined in more detail in Section 1-7. 
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EXHIBIT I- 8
 

LEVEL II SUBMODEL
 

Quantification of Requirements for New Water Supply Structures
 
for Replacement and for Expansion of Existing Supply Capacity
 

Total Stock at Beginning of Year 1 
 Total Needed Stock Year 2
 

at MINUS 

Closure During Year 1(~ ~i ~MINUS
 

Remaining at End of Year I Stock at Beginning of Year 2
 

NEEDED NEW/REHABILITED STRUCTURES IN YEAR 2
 



For each type of supply structure, we have:
 

e 
Total Numbers of Water Supply Structures needed to
provide 
the amounts of water indicated in the calculation
 
of the structural supply volumes.
 

This is compared with:
 

0 
Old Structures: existing capacity on hand in a given
 
year, which will be 
subject to a certain expected rate of

deterioration/failure during the year.
 

Drilled wells and other water supply structures can be

expected to fail at 
a certain rate, for a 
variety of
 reasons. 
 Some of these failed structures can be

rehabilitated by replacing worn parts, cleaning the
 
structure, or redrilling the well. 
 In other cases,

rehabilitation may prove 
to be more expensive or

complicated than drilling 
or constructing a new
unit. Thus, of the 
total number of failed structures,
 
some may be rehabilitated, while other mays have to be
replaced by new structures. Net increases to the supply

of structures, however, can only be undertaken by new
 
drilling/construction.
 

Over the past several years in Somalia, drilled wells
 
which have ceased functioning (due primarily to pump/

generator failure) have rarely been rehabilitated.
 
Instead, they may lay 
idle for a considerable period of
time, until the old well is 
replaced entirely by a new
 
drilled well.
 

Subtracting the numbers of functioning old structures from
the total numbers of needed water supply structures in a given
 
year then yields:
 

* 
 Numbers of New Water Supply Structures needed to be
 
rehabilitated or 
constructed to:
 

a) replace or rehabilitate old structures as they

fail during the course of the year, plus
 

b) provide for expected net increases in consumption

from all sources.
 

These numbers are used in 
the final Level III component of
WISyMS, 
to calculate the input requirements for the 
water industry
for a given year. These numbers can also be used for a market

study for drilling and construction services.
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1-3.3 WISyMS Level III Submodel - Water Industry Inputs:

Quantification of Inputs Required for Expansion of Water
 
Supply Capacity. (Exhibit 1-9)
 

The top row of Exhibit 1-9 corresponds to the bottom line
for each type of supply structure analyzed in the Level II
submodel. 
The left hand column of Exhibit 1-9 lists the types of
inputs required to construct each type of water supply structure.
 
These include:
 

* 	Raw Materials such as 
sand, gravel, and stone;
 

" 	Manufactured Inputs such as 
well casing and screen,
 
pumps, cement, reinforcement steel, plastic and iron
 
fixtures;
 

" 	Labor Inputs such as supervisors, drillers, or
 
carpenters; and
 

" 	Equipment Inputs such as 
drill rigs, bulldozers, and
 
pickup trucks.
 

For each type of structure, there are technical input coefficients for production, rehabilitation, maintenance and
operation which are used to calculate the specific physical

quantities of each type of input required, based on current
technology and practices. 
These are presented in terms of, e.g.,
cubic meters of cement, meters of well casing, man-days of masonry
labor, or equipment days of bull-dozer utilization for the
construction Qf one unit. 
These per-structure input requirements
are multiplied by the numbers of each type of structure to be
produced, rehabilitated, maintained, and operated in 
a given year
to yield total physical requirements for each type of input, and
for each type of structure. 
These can be summed across each row
 
to 	yield:
 

* 	Total Input Requirements for each type of input for all
 
types of structures.
 

This forms an annual bill of materials of key inputs 
to 	the
water industry. 
These numbers can be used for market studies for

the various types of inputs to the water industry, although some
of the inputs used in the water industry (such as reinforcement

steel) are used much more heavily in other industries (such as
basic construction), so that quantities used for the water

industry form an insignificant portion of total demand for that
input. A similar analytical procedure can, however, be applied to
 
these industries as well.
 

Note that at present, the model considers only those water

supply facilities which take water directly from natural sources.
Municipal water distribution systems, irrigation systems, and
water transport have not been examined, although they could be
incorporated into the model in the future.
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EXHIBIT I- 9
 

LEVEL III SUBMODEL
 

Quantification of Inputs Required for Expansion of Total Capacity of Supply
 

NUMBERS OF NLEDED NEW 
 WATER SUPPLY STRUCTURES TOTAL INPUT REQUIREMENTS
 

RAW MATERIALS 

RAW MATERIALS 

MANUFACTURED INPUTS 

MANUFACTURED IN.PUTS 

LABOR 

LABOR
 

EQUIPMENT 

EQU IPMENT
 

+t 



In 
summary, the three submodels of WISyMS work together to
illustrate the relationships between the 
most important variables
of 	the water system. 
The practical applications of the model 
are
discussed in the following sections.
 

1-4 1990 FORECASTS
 

LBII'S Water Industry Systems Model for Somalia has been
designed to 
facilitate practical applications for a range of
forecasting needs. 
 This section explains WISyMS' forecasting
features and procedures and presents 1990 forecast data generated

by the model.
 

1-4.1 Forecasting Features
 

The parameters of the model 
were estimated on 
the basis of
the best available information on historical patterns of water use
and relationships between types of consumption and types of
structures; 
but WISyMS has also been designed to facilitate
parameter adjustments based on changes in data or assumptions

including the following:
 

" 	Expected demographic or economic trends affecting water
 
use patterns;
 

" 	Expected technological advancements affecting the

performance of the physical water supply system;
 

" 	Expected technological advancements affecting the
technical input co-efficients for drilling and
 
construction;
 

* 	Proposed policy changes expected to affect water use
 
patterns; and/or
 

* 	New information or data.
 

1-4.2 Forecasting Procedures
 

The procedures involved in each of the above listed WISyMS

forecasting features 
are described below.
 

1-4.2.1. Expected Demographic or Economic Trends
 

Demographic and economic trends are 
the most obvious

influences on 
total water consumption needs and associated
requirements for supply system capacity and system inputs.
Starting from any assumed baseline data on, e.g., 
human and
livestock population, estimates of annual growth rates 
for these
categories (or sub-categories), 
can be used to project population
levels for future years. 
The model then translates these

projected population figures into requirements for water
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consumption and associated requirements for supply system capacity

and industry inputs.
 

Assumptions on growth in per capita water consumption
and trends in patterns of reliance on different types of supply
structures 
(such as wells vs surface catchments) can be similarly
incorporated into the model's projections for a given year and
translated into estimates of requirements for water, supply system

capacity and industry inputs.
 

Actual 1990 forecast data generated by WISyMS and a
discussion of the major assumptions involved are presented below
 
in Section 1-4.3.
 

1-4.2.2 Technological Advancements in Supply System Performance
 

The effects of technological advancements in supply system
performance on the basic relationships analyzed in the WISyMS 
can
be incorporated in parameter changes in the model. 
 For instance,
an 
improvement in maintenance capabilities in the country can
extend the useful life of supply structures and correspondingly

reduce the need for new construction for replacement purposes.
This can be translated into changes in the need for inputs 
- more
inputs going into maintenance and rehabilitation and fewer inputs

required for new construction.
 

1-4.2.3 Technological Advancements in Construction
 

Changes in drilling and construction procedures will
affect the technical input co-efficients for specific water supply
structures and will therefore affect the total quantities of
associated inputs required to support drilling/construction.

example, over time, For


it can be expected that drilling/construction
procedures will become gradually more capital intensive. 
 This
would tend 
to decrease the per-unit labor input requirements and
increase the per-unit equipment and fuel requirements and thus
alter the expected annual totals of employment and equipment units
needed by the industry as a whole.
 

1-4.2.4 
 Future Policy, Proqram and Proect Changes
 

The effects of possible future changes in government
policies on various aspects of water use can be analyzed by
WISyMS. For example, a change in 
the price of groundwater sold to
the public relative to 
the price of surface water can be assumed
to alter the pattern of reliance on groundwater vs. surface water
 sources of supply. 
This can be translated by the model into
estimates of requirements for specific types of supply systems and
related industry inputs. 
Other such elements are examined in more
 
detail in Section 1-5, "Constraint Analysis".
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1-4.2.5 New Information or Data:
 

As the relevant data base for 
use in WISyMS improves,
adjustments 
can be made to any of the variables or parameters used
in the model, and these adjustments will be translated into
associated changes in downstream variables. 
 For instance, if new
data is available on the numbers of 
industrial establishments in
the country, this adjustment may affect the total volume of water
estimated to be consumed by industrial sources, which will in 
turn
affect the estimates of the numbers of required supply structures,
the numbers of 
new supply structures needed, and the quantities of
each of the inputs involved. 
This element is discussed in greater
detail in Section 1-6, 
"1984 Integrated Estimates".
 

1-4.3 1990 Forecasts
 

Exhibit 1-10 presents the key data generated by the Level I
submodel (Water Supply) for the 1990 projections. The data
incorporates official estimates of population and herd growth,
urbanization trends, and increases in agricultural and industrial
activity. 
The consultants made other additional assumptions,
(e.g. that per capita human water consumption would exhibit 
a
growth rate in the range of 6 - 13% 
per anum) and incorporated
those into the model as well. Exhibit I-11, which is drawn from
the "Structural Control Volumes" column of Exhibit 1-10, provides
a graphic representation of the distribution of water by type of
consumer. Exhibit 1-12, 
which is drawn from the "Structural
Supply Volumes" row of Exhibit 1-10, 
shows the distribution of
water by type of structure. 
A detailed presentation of the data
is contained in Annex 1-4; 
notes and sources for the data are
discussed in Section 1-9.
 

Exhibit 1-13 presents the key data generated by the Level
submodel (drilling, construction and rehabilitation activities)
for the 1990 projections. 
For each type of structure, the first
row shows the stock of structures expected to be in place in 
a
given year. 
The second row shows the existing stock of old
structures available, taking into account the rate of failure of
each type of structure. 
The third 
row shows the numbers of new
structures which need to be constructed or rehabilitated in 
a
given year to make up the difference between the needed stock of
structures (including net expansion of capacity) and the existing
stock of old structures (taking into account their rate of
failure). 
 A more detailed presentation of the data is contained
in Annex 1-4.
 

Exhibit 1-14 presents the data generated by the Level III
submodel (inputs to the water industry) for the 1990 projections.
The full model contains 
four parts, one analyzing inputs for
drilling/construction, one analysing inputs for well rehabilitation, one analyzing inputs for maintenance, and one analyzing
inputs for well operation and revenue collection. Here we present
only the part analyzing new drilling/construction. 
The full level
III sub-model is presented in Annex 1-4.
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EXHIBIT 1-10
 
DATA FROM 1990 FORECAST,
 

CONSUMPTION UNITS 
 PER UNIT CONS'N LEVEL I SUBMODEL
TOTAL DISTRIBUTION OF WATER BY STRUCTURE # f TOTAL DISTRIBUTION OF WATER BY STRUCTURE
 

DAILY USE 
 STRUCTL DRILLED WELLS 
 DRILLED WELLS 
 HAND INTAKES
FACTOR MEASURE CONTROL URBAN/ DP RURAL HP RURAL 
UARS/ BALLEHS/ BURKEDS/ EARTH
IRRI6N
(O00s) DUB FOR RIV/
MEASURE RESER- PONDS CISTERNS DAMS/DIV
VOLUME INDOIOVT BOREWELL BOREWELL 
 WELLS 
 WELLS STREAMS VOIRS
 

HUMAN
Urban HC 


68 cu.Ieters 1350208 
 0 


Urban SP 
Rural Set 
Nomadic 

174 persons 
1567 persons 
1853 persons 
2757 persons 

100 liters 
25 liters 
15 liters 
1Oliters 

M'3'K/YR
6287 

14013 
9638 
9057 

M^3#K/YR M
4716 

10510 
193 
109 

'31K/YR M'
0 
0 

1677 
1395 

3*K/YR M'3
0 
0 

58 
54 

*KiYR 
0 
0 
0 
0 

M3SK/YR M'
629 
3401 
43737 
3170 

629 
1401 
1446 
1811 

3.K/YR 
126 
280 
482 
906 

M'SIK/YR N
0 
0 

193 
906 

'3*K/YR M
189 
420 

1253 
906 

'3K/YR M'3fK/YR 

0 
0 
0 
0 

38995 15527 2872 112 0 9537 5287 1794 1098 2768 0 
Camels 
Cattle 
Sheep~oats 
OtherAn 

5308 head 
4246 head 

28661 head 
30615 head 

25 liters 
25 liters 
3 liters 
3 liters 

31483 
30996 
23538 

581 

252 
930 
471 
32 

2771 
3534 
1789 

33 

126 
186 
94 
2 

0 
0 
0 
0 

6297 
10849 
8238 
174 

6297 
4649 
4001 

99 

6297 
6199 
3531 
116 

7871 
3100 
3766 
116 

1574 
3550 
1648 

29 

0 
0 
0 
0 

SUBTOTAL-2 LSU 
86598 -31901664 B126 408 0 

....... 
25558 15046 

- ...... 
16143 14853 4801 0 

Irrigfarm 64 hectares 
Rainfars 0 0 40506
804 hectares 13502 1215187 13502
35 cu.zeters 13502
67536 0 0 54008
0 0
Floodfarm 0
161hectares 0 0
25 cu.meters 7245 0 0 0 67536
0 0 0 
 0 0 
 0 0 0 
 0 7245
SUBTOTAL 3 
 1029 hectares 
 1424989 
 0 0 
 0 40506 
 13502 1215187 13502 13502 
 0 128789

60VT/INDUS
 

Bovt 13 cu.Aeters 7800 7032

2 estabs 


144 0
Industry 0 390 234
0.73 estabs 0
8 cu.meters 1752 1494 0 0 0
30 0 
 0 175 53 0 0 

2 0 0


SUBTOTAL 4 
 .73 estabs 
 9552 
 9552 8526 
 174 0 0 
 565 287 
 0 0 

STRUCT'L SUPPLY VOLUMES (M'3K/YR) 

0 0
 
1560134 25717 
 11172 
 520 40506 
 49162 1235807 31438 29453 
 7568 128789


COMMERCIAL SCALE STRUCTURES 

232 398 
 189 230 
 4634 6180 953 
 230 14166 156
 



EXHIBIT I-l
 

1990 FORECASTS OF DISTRIBUTION OF WATER
 
FROM SUPPLY STRUCTURES BY TYPE OF CONSUMER
 

CONSUMER VOLUME (in Thousands of,

cubic meters 

HUMAN 38,995 

AN 14AL 86,598 

AGRICULTURE 1,424,989
 

GOVERNMENT/INDUSTRY 
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EXHIBIT 1-12 

1990 FORECASTS OF DISTRIBUTION OF WATER 
BY TYPE OF SUPPLY STRUCTURE 

Total 1,560,134 (in Thousands of Cubic Meters) 

All 
Drilled 
Wells 

Hand 
Dug
Wells 

Ballehs 
Uars/ i Burkeds/Cisterns 
Reservoirs 

Intakes from Rivers/Streams/Springs/ Dams/Diversions 

. . . . . . . ........ . . . . . .
....... . .. 

77,916 49,162 
 1,235,807 
 31,438 7,568 128,789
 

29,451
 



EXHIBIT 1-13
 

PROJECTIONS OF REQUIREMENTS FOR NEW WATER
 
SUPPLY STRUCTURES FOR 1985-1990 

STRUCTURE/YEAR 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

URBAN WELLS 
Needed Total 
Old 
Needed New orRehab 

56 
51 
5 

74 
51 
23 

107 
68 
39 

123 
99 
24 

124 
112 
12 

13 
111 
27 

153 
124 
29 

170 
137 
32 

186 
152 
36 

209 
169 
40 

232 
188 
45 

OP RURAL BOREHOLES 
Needed Total 
Old 
Needed New orRehab 

120 
107 
13 

142 
110 
32 

159 
130 
29 

177 
144 
34 

199 
159 
40 

223 
179 
45 

251 
200 
51 

281 
224 
57 

316 
251 
64 

354 
282 
72 

398 
317 
81 

HP RURAL BOREHOLES 
Needed Total 
Old 
Heeded New orRehab 

99 
92 
7 

105 
89 
16 

110 
95 
14 

115 
98 
17 

122 
102 
19 

131 
OB 
23 

141 
115 
25 

152 
124 
28 

163 
133 
30 

176 
142 
33 

189 
153 
36 

IRRIGATION WELLS 
Needed Total 
Old 
Needed New orRehab 

91 
75 
16 

102 
84 
18 

123 
92 
31 

141 
113 
28 

155 
127 
28 

166 
139 
26 

177 
148 
29 

1B9 
158 
31 

202 
168 
34 

215 
179 
36 

230 
191 
39 

HAND DUG WELLS 
Needed Total 
Old 
Needed New 

2500 
2250 
250 

2771 
2275 
496 

3071 
2521 
550 

3404 
2774 
630 

3772 
3059 
714 

4181 
3376 
805 

4634 
3731 
903 

INTAKES 
Needed Total 
Old 
Needed New 

5000 
4500 
500 

5180 
4550 
630 

5366 
4680 
686 

5559 
4808 
751 

5759 
4943 
816 

5966 
5084 
881 

6180 
5232 
948 

UARS/RESERVOIRS 
Needed Total 
Old 
Needed New 

730 
675 
75 

780 
683 
98 

812 
705 
107 

845 
728 
117 

60 
752 
127 

915 
777 
138 

953 
804 
149 

BALLEHS/PONDS
Needed Total 
Old 
Needed New 

200 
180 
20 

205 
182 
23 

209 
185 
25 

214 
187 
27 

219 
190 
29 

224 
193 
31 

230 
196 
34 

BURKEDS/CISTERNS
Needed Total 
Old 
Needed New 

10000 
9333 
667 

10598 
9378 
1220 

11231 
9931 
1300 

11902 
10486 
1416 

12613 
11079 
1535 

13367 
11709 
1658 

14166 
12379 
1787 

DAMS 
Needed Total 
Old 
Needed New 

100 
80 
20 

108 
84 
24 

116 
88 
28 

125 
92 
33 

135 
97 
38 

145 
102 
43 

156 
124 
32 
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EXHIBIT 1-14
 

1990 FORECASTS OF WISyMS LEVEL III SUBKODEL
 

(Please turn over)
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The 	top row of the model 
for drilling and construction shows

the number of new structures which need 
to be constructed in the
 year 1990. The left hand column lists 
the major inputs required

for all types of drilling and construction, while the 
far right

hand columns in the full model presented in Annex 1-4 show:
 

1) 	 the total annual quantities required for each type of
 
input


2) 
 the 	unit cost for each type of input

3) 	 the total annual cost for each type of input
 

Detailed presentations of the methodology, the 
co
efficients, and 
the sources of data are contained in Sections 1-8
 
and 1-9 of this appendix.
 

The 	forecasting application of WISyMS can 
be used by private

sector entrepreneurs 
in the water industry to provide the basis
for 	market studies for both Level II 
and 	Level III. Although the

model can 
not be expected to provide precise predictions of future
activity in the water industry, it 
can 	provide useful information
 
on the industry as a whole and 
its key elements. This is the type

of information on which businessmen everywhere must rely for their
 
decision-making.
 

1-5 SUPPLY SIDE AND CONSTRAINT ANALYSIS
 

Use of WISyMS for evaluating national objectives for
 
standards of water consumption 
is another important application of
the model, and can provide useful insights into the physical

resource 
and financial implications of official goals, policies,
 
and programs.
 

1-5.1 Features of Constraint Analysis
 

Use 	of the model 
to evaluate national objectives can be

regarded as a special forecasting application focussing on 
the

supply side of the industry, in which the purpose of the forecast

is to determine whether the objectives have been set at realistic

levels. The objectives are translated into rates of build and/or

investment requirements. An assessment of 
the 	realism of the
 
objectives can be made by comparing the 
implied rates of build

and/or investment to historical 
rates of build, funding

availability, resource 
availability, or other measures.
 

While simple forecasting proceeds in a straight forward
 manner 
through the three submodels, the most important aspect of

constraint analysis concentrates on Level III. 
 Constraints

affecting the 
water industry can be tangible and physical (e.g., 
a

shortage of well casing) and explicitly analyzed by the submodel,

or they can be more general (e.g., difficult licensing

procedures), and may affect Level 
II activity indirectly.
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Constraint analysis thus analyses the implications of
constraints located at 
the industry input level on maximum
achievable rates of construction at Level II and therefore on
maximum achievable rates of water provision at Level I.
 

1-5.2 Procedures for Constraint Analysis
 

Generally, use of 
the WISyMS for this purpose proceeds as
 
follows:
 

1. One or more runs of the model are made with standard
 
projections assuming there is 
no change in policy (as
discussed above in Section 1-4, Forecasting). The
 
output, in terms of numbers of 
new structures needed and

the associated input requirements, provides a basis for

comparison with the implications of the new policy.
 

2. Demographic data, some economic data 
(e.g., livestock
 
population figures and growth rates), 
and some
technological data (e.g., output per structure, average

useful life of structures) are considered as 
"givens".
 

3. Explicit policy goals (e.g., specific levels of per

capita water consumption) are inserted in place of
standard projections or parameters as appropriate.
 

4. Where goals are announced in conjunction with the

adoption of new policies or programs, assumptions

associated with the implementation of the new policy are

used to adjust certain parameters (e.g., new drilled well
 
water systems installed in rural areas, although intended

primarily for human consumption, will also be used by
livestock, so that the percentage reliance by livestock
 
on drilled well water supplies would have to be adjusted
 
upward).
 

5. The model is run 
using the variables and parameters

associated with the proposed policy. 
The output of this
 
run indicates the total numbers of 
new structures and
associated inputs needed, taking into account policy

goals.
 

6. Output from the "with goals" run of the model is compared

with the output from the "without goals" run of the model
 
to indicate the physical requirements, in terms of

quantities of new structures and associated 
inputs, that
 
are solely attributable to the policy being examined.
 

7. The data provided by steps 5 and 6 can be compared with

funding and resource availability to determine first 
whether the goals can be considered reasonably

attainable, and second 
- what, if any, efforts can or
 
must be made to alleviate or circumvent particular

constraints. 
Here the model may be particularly useful
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in 	revealing unsuspected constraints and/or in showing

that what was thought to be a constraint is not
 
necessarily so.
 

1-5.3 Constraint Analysis of Somalia's National Objectives
 

Somalia's 1990 objectives with regard to water consumption

have been outlined in the MMWR's document "Planning for the
Drinking Water Supply and Sanitation Decade for Somalia".
In brief, these are objectives with regard to 
the provision of
safe, reliable, permanent water supplies for the Somali people.
Specifically, they include targets 
for "water service" for 80% of
the urban population and 50 - 60% 
of 	the rural population. Of
those so served, there are 
targets for water consumption of 130
liters per capita per day (lcd) for urban dwellers with individual

household connections (up to 40% 
of 	urban dwellers served by the
system), 
50 	lcd for urban dwellers with access 
to 	public stand
posts, 30 lcd 
for rural dwellers served by public watering systems
and 20 lcd 
for all other rural dwellers.
 

A constraint analysis of these goals was 
undertaken by
incorporating them into the WISyMS framework for evaluation. 
The
model employs a global analysis taking into account the explicit

goals plus:
 

" 
the water supply needs of populations who can not be

served by publicly provided water supply systems before
 
1990,
 

" 
all other types of water supply needs, including

livestock, industry and agriculture,
 

" 	water supply needs 
to 	be met by all types of potentially

available water supply systems, both public and private,

and
 

" 
the need for replacement or rehabilitation of aging water
 
supply structures.
 

The model 
further makes the following assumptions:
 

" 	That groundwater resource 
(from both drilled wells and

hand-dug wells) are 
the major source of safe, reliable,

and permanent water supplies,
 

* 
That water resources provided primarily for human

consumption will also be used by industry in urban areas
and by livestock in rural areas; 
and
 

" 	That each community will make use of a range of
groundwater, surface water and catchment structures,

depending on seasonal availability, cost, and
 
convenience.
 

1-30
 



Examining the national goals in light of the above considerations and assumptions, data provided by the model indicate a
needed rate of construction of drilled wells between 1985 and 1990
that is almost two and a half times the 
rate achieved during the
previous four years. 
 While the average annual 
rate of drilled
well construction was 
about 101 between 1981 and 1984, 
realization
of national goals would require an average 
rate of construction of
283 wells between 1985 and 1990. Assuming a construction program
for the national goals was begun 
in 1985, this would start with a
rate of 168 
in 1985 and rise to 440 
for 1990 (see Exhibits 1-15
and 1-16; detailed data are presented in Annex 1-7).
 

A second run of the model was made on the basis of 
a more
modest set of goals presented in 
the MMWR's planning document.
The second set of goals was more 
practically oriented, implying
less of an attempt to develop groundwater resources and relying
relatively more heavily on 
surface water resources and catchments
to serve its target populations. Examining the second set of
goals in light of the above outlined considerations and assumptions, data provided by the model indicate a needed rate of
drilled well construction for the six years 1985 through 1990
which would be more than double the rate actually achieved during
the previous four years. The needed construction program would
require an average of 
224 wells per year, starting with 149 in
1985 and rising to 319 
in 1990 (see Exhibits 1-17 and 1-18;

detailed data are presented in Annex 1-8).
 

In either case, 
a greatly expanded rate of well drilling is
implied, and in all likelihood, 
a rate of well drilling that can
not be achieved given existing resource and 
institutional
 
limitations.
 

Interestingly, an examination of the 
resource requirements

associated with implied drilling programs reveals that the
traditional approach of foreign assistance in 
this industry does
not necessarily address the most severe constraints. Many of the
foreign aid projects in the drilling industry have involved the
mobilization of a large ex-patriot drilling firm, complete with
new drilling equipment. However, there are now drilling rigs
35
in Somalia judged by the Consultants to be in operation or capable
of operation. 
Assuming each rig could drill eight production
wells per year 
(and four non-production wells), Somalia could
theoretically sustain a production rate of 280 wells per year.
 

A more cost-effective approach for foreign assistance would
 
be to target:
 

e the more immediate physical 
resource constraints, such as
well drilling materials, consumables, and spares; 
and
 

* the institutional constraints such as 
administrative
 
capabilities and market restrictions on private sector
 
participation.
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EXHIBIT 1-15
 

DATA FROH 1990 CONSTRAINT ANALYSIS

OF NATIONAL GOALS (FULL STANDARDS)
 

CONSUMPTION UNITS 
 PER UNIT CONS'N TOTAL DISTRIBUTION OF WATER BY STRUCTURE 
# I TOTAL DISTRIBUTION OF WATER BY STRUCTURE
 

STRUCT'L DRILLED WELLS DRILLED WELLS 
 HAND INTAKES UARS/ BALLEHS/ BURKEDS/ EARTH
 
DAILY USE CONTROL URBAN/ DP RURAL HP RURAL IRRIG'N DUB FOR RIVi 
 RESER- PONDS CISTERNS DAMS/DIV
(O00s)MEASURE 
 FACTOR MEASURE VOLUME IND/OVT BLPt ELL BOREWELL WELLS WELLS STREAMS VOIRS 

M*3wKYR l'3eK/YR M /'3IKIYR R 3*K/YRR M'4IYR M3Kfk/YR R'3#K/YR M'3t4/YR M^3E/YR M'3IIiYR3.KIYR 
HUMAN
 
Urban HC 696 persons 130 liters 32695 26156 0 
 0 0 2616 2943 327 0 654 0
Urban SP 1045 persons 41 liters 15326 12261 0 0 
 0 1226 1379 153 
 0 307 0
Rural Set 1853 persons 26 liters 16706 
 5Al 4444 67 0 66B2 2506 501 
 334 1671 0
omadic 2757 persons 26 liters 23548 353 3673 
 94 0 B242 471C 2002 2119 2355 
 0
 .......------- - ------------------------------------------------------------------------------

SUBTOTAL I 6351 persons 
 BB274 39271 8117 161 
 0 18766 11537 2983 2453 490b 0
 

ANIMAL
 

Camels 
 5308 head 25 liters 31483 315 5856 126 
 0 4722 4722 6297 7871 1574 0
Cattle 4246 head 25 liters 30996 1550 6075 124 0 9299
Sheep~oats 28661 head 3 liters 23538 3100 6199 3100 1550 0
706 3907 94 0 7767 2B25 3531 3060 164B 0
OtherAn 10615 head 3 liters 5PI 12 
 73 2 0 163 B7 116 99 29 0
------------ - ------.---------------------

SUBTOTAL 2 13190 LSU 
 86598 2582 15912 346 
 0 21951 10734 16143 14129 4801 0
 

AGRICULTURE
 
Irrigfarm 64 hectares 
 68 cu.meters 1350209 0 
 0 0 40506 13502 1215187 13502 13502 
 0 54009
Rainfarm 
 804 hectares 35 cu.meters 67536 0 0 0 0 0 0 0 0 
 0 67536
Floodfarm 
 161hectares 25 cu.meters 7245 0 0 0 0 0 0 
 0 0 0 7245
 .......------- - ----------------------------------------------------------------

SUBTOTAL 3 1029 hectares 
 14249B9 0 0 
 0 40506 13502 1215187 
 13502 13502 0 128789
 

GOVT/INDUS

Govt 2 estabs 13 cu.meters 7800 7176 156 0 
 0 312 156 0 0 0 0
Industry 0.73 estabs 
 8 cu.seters 1752 1524 
 53 0 0 123 53 0 0 0 0
 

SUBTOTAL 4 2.73 estabs 9552 9552 8700 209 
 0 0 435 209 0 0 0 0
 

STRUCT'L SUPPLY VOLUMES (M'3K/YR) 1609413 50553 24237 507 40506 
 54654 1237667 3262B 
 30085 9786 128789
 

COMMERCIAL SCALE STRUCTURES 
 457 863 184 
 230 5151 6189 
 989 234 18318 156
 



EXHIBIT 1-16
 
CONSTRAINT ANALYSIS PROJECTIONS OF REQUIREMENTS
 
FOR NEW WATER SUPPLY STRUCTURES FOR 1985-1990
 

UNDER NATIONAL GOALS 
(FULL STANDARDS)

STRUCTURE/YEAR 1980 
 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
 

URBAN WELLS
 
Needed Total 
 56 74 107 123 124 154 191 296 457
238 367
Old 68 99 112 Ill 140 174 217 270 36
 

51 51 

Needed New orRehab 
 5 23 24
39 12 
 43 51 64 79 98 121
 

DP RURAL BOREHOLES
 
Needed Total 
 120 142 159 177 
 199 254 414 676
324 529 B63
Old 
 107 
 II0 130 144 159 179 231 295 777 483 61R
Needed New orRehab 13 32 34
29 40 
 75 94 119 152 193 245
 

HP RURAL BOREHOLES
 
Needed Total 
 Q9 105 110 115 122 140 160
130 150 172 184
Old 
 92 89 95 9E 102 lOB ItS 123 140
131 150
Needed New orRehab 
 7 16 14 
 F 19 23 25 27 29 32 "5
 

IRRIGATION WELLS
 
Needed Total 
 91 102 123 155 177
I! 166 189 202 215 230
Old 75 84 IL
92 127 139 14B 16B 191
158 179
Needed New oi" 16 18
Rehab 
 31 28 28 29 34
26 31 :6 39
 

HAND DUG WELLS
 
Needed Total 
 2500 2820 '191 
3589 4048 4567 5151
Old 2250 2275 2570 2879 3233 !635 
 4091
Needed New 
 250 545 bI1 
 709 815 932 1061
 

INTAKES
 
Needed Total 
 5000 5181 5369 5764 6189
5563 5973
Old 
 4500 4550 4681 4811 
 4947 5090 5239
Needed New 
 500 631 752 883
688 817 950
 

OARS,'RESERVOIRS

Needed Total 
 750 785 961 944
822 ?02 989
Old 
 675 683 710 738 798
767 831
Needed New 
 75 103 112 123 135 146 15B
 

BALLENS/PONDS

Needed Total 
 200 205 211 217 
 222 228 234
Old 180 I82 189 196
185 192 200
Needed New 
 20 23 26 
 28 30 32 35
 

BURKEDS/CISTERNS

Needed Total 
 10000 11061 12236 13534 16560
14971 18318
Old 9333 9378 10395 11460 12646 13962 15422
Needed New 
 667 1684 1841 2075 2598
2325 2896
 

DAMS

Needed Total 
 100 108 125 145
116 135 156
Old 
 80 84 88 
 92 97 102 124
Needed New 
 20 24 33 43
28 38 32
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EXHIBIT 1-17
 

DATA FROM 1990 CONSTRAINT ANALYSIS OF
 
NATIONAL GOALS (PARTIAL STANDARDS)
 

CONSUMPTION UNITS PER UNIT CONS'N TOTAL DISTRIBUTION OF WATER .... TOTAL DISTRIBUTION OF WATER BY STRUCTURE
 

STRUCT*L DRILLED WELLS DRILLED WELLS HAND INTAKES 
 UARS/ BALLEHS/ BURKEDS/ EARTH
 
CONTROL URBANI OP RURAL HP RURAL IRRIG'N DUG FOR RIV/ RESER- FONDS CISTERNS DAMS/DIV
 

(00Os) MEASURE DAILY USE 
 VOLUME IND/GOVT BOREWELL BOREWELL WELLS WELLS STREAMS VOIRS
 
FACTOR MEASURE M'3EK/YR M'30i3YR M ,SK/YRM*3K/YR M'S#t/YR M'3ie/YR M-30.iIR M'34C/YR M3'1K/YR M'S3K/YR NM3SKIYR
 

HUMAN
 
Urban HC 696 persons 130 liters 32695 26156 0 (1 2616 2943 327 0 654 0
 
Urban SP 1045 persons 41 liters 15326 12261 
 0 0 0 1226 1379 153 0 307 0
 
Rural Set 1853 persons 26 liters 16706 334 
 2088 84 Q 5012 3341 1671 2506 1671 0 
Nomadic 2757 persons 26 liters 23548 471 2943 118 0 7064 4710 2355 3532 2355 0
 

SUBTOTAL I 6351 persons 8B274 39222 5032 201 0 
 15918 12373 4506 6038 4986 0
 

ANIMAL
 
Camels 5308 head 25 liters 31483 315 3337 126 0 
 6297 4722 7241 7871 1574 0
 
Cattle 4246 head 25 liters 30996 775 3719 155 0 9299 
 3100 7749 4649 1550 0

SheepGoats 28661 head 3 liters 23538 471 226f, 94 
 0 7061 2825 5884 3295 1648 0
 
OtherAn 10615 head 3 liters 581 12 56 2 0 116 87 139 139 29 0
 

SUBTOTAL 2 13190 LSU 86598 1572 9372 377 
 0 22773 10734 21014 15955 4801 0
 

AGRICULTURE
 
Irrigfarm 64 hectares 68 cu.meters 1350208 0 0 0 40506 13502 1215187 13502 13502 0 54008
 
Rainfars 804 hectares 35 cu.meErs 67536 
 0 0 0 0 0 0 0 0 0 67536
 
Floodfiar 161hectares 25 cu.meters 7245 
 0 0 0 0 0 0 0 0 0 7245
 

SUBTOTAL 3 1029 hectares 1424989 0 0 0 40506 13502 1215187 
 13502 13502 0 128789
 

GOVT/INDUS
 
Govt 2 estabs 13 cu.meters 7800 7254 156 0 0 234 156 0 0 0 0
 
Industry 0.73 estabs 8 cu.aeters 1752 1524 53 0 0 123 53 0 0 0 0
 

SUBTOTAL 4 2.73 estabs 9552 8778 209 0 0 357 209 0 
 0 0 0
 

STRUCTL SUPPLY VOLUMES 1609413 49572 14612 579 40506 52549 1238502 39022 35495 9786 128789
 

COMMERCIAL SCALE STRUCTURES 448 520 210 230 4953 6194 1182 277 18318 156
 



EXHIBIT 1-18
 
CONSTRAINT ANALYSIS PROJECTIONS OF REQUIREMENTS
 
FOR NEW WATER SUPPLY STRUCTURES FOR 1985-1990
 

STRUCTURE/YEAR 1980 

UNDER NATIONAL GOALS (PARTIAL STANDARDS) 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

URBAN WELLS 
Needed Total 
Old 
Needed New or Rehab 

56 
51 
5 

74 
51 
23 

107 
68 
39 

123 
97 
24 

124 
112 
12 

154 
I1 
43 

190 
140 
50 

236 
173 
62 

292 
215 
77 

361 
266 
95 

448 
330 
117 

DP RURAL BOREHOLES 
Needed Total 
Old 
Needed New or Rehab 

120 
107 
13 

142 
110 
32 

159 
130 
29 

177 
144 
34 

199 
159 
40 

234 
179 
55 

274 
210 
64 

322 
247 
75 

37B 
290 
88 

443 
34) 
103 

520 
400 
121 

HP RURAL BOREHOLES 
Needed Total 
Old 
Needed New orRehab 

99 
92 
7 

105 
89 
16 

110 
95 
14 

115 
98 
17 

122 
102 
19 

133 
108 
26 

146 
118 
28 

160 
129 
31 

175 
141 
35 

192 
154 
38 

210 
168 
42 

IRRIBATION WELLS 
Needed Total 
Old 
Needed New orRehab 

91 
75 
16 

102 
84 
18 

123 
92 
31 

141 
113 
28 

155 
127 
2B 

166 
139 
26 

177 
148 
29 

189 
158 
31 

202 
168 
34 

215 
179 
36 

230 
191 
39 

HAND JGWELLS 
Needed Total 
Old 
leeded New 

2500 
2250 
250 

2802 
2275 
527 

3140 
255: 
588 

3519 
2840 
679 

3944 
3167 
776 

4420 
3537 
883 

4953 
3953 
1000 

INTAKES 
Needed Total 
Old 
Needed New 

5000 
4500 
500 

5182 
4550 
632 

5370 
4682 
688 

5565 
4812 
753 

5767 
4949 
BIB 

5977 
5092 
884 

6194 
5242 
951 

UARS/RESERVOIRS 
Needed Total 
Old 
Needed New 

750 
675 
75 

809 
683 
127 

873 
734 
139 

942 
786 
156 

1016 
843 
173 

1096 
905 
191 

1182 
972 
211 

BALLEHSIPONDS 
Needed Total 
Old 
Needed New 

200 
180 
20 

211 
182 
29 

223 
191 
32 

235 
200 
35 

248 
210 
38 

262 
220 
42 

277 
231 
46 

BURKEDSICISTERNS 
Needed Total 
Old 
Needed New 

10000 
9333 
667 

11061 
9378 
16B4 

12236 
10395 
1841 

13534 
11460 
2075 

14971 
12646 
2325 

16560 
13962 
2598 

18318 
15422 
2896 

DAMS 
Needed Total 
Old 
Needed New 

100 
80 
20 

108 
84 
24 

116 
88 
28 

125 
92 
33 

135 
97 
38 

145 
102 
43 

156 
124 
32 
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The Consultants' forecast of reasonably attainable water
consumption standards and associated drilling and construction
activity would include a rate of drilled well construction for
1985 - 1990 which would be about 50% 
higher than that achieved
over the previous four years. 
 (See Section 1-4, above). This
middle-level program could be comfortably achieved with the
existing stock of drilling rigs; 
the constraints mentioned above
could be addressed by the Consultants' Recommended Phase One and
Phase Two programs in order for the targets to be achieved.
 

The full goals contained in the MMWR's Plan for the Drinking
Water Supply and Sanitation Decade could, however, reasonably be
achieved by 1995, with the implementation of the Consultants'
Recommended Program (Phases One through Three) as outlined
Section Two of 
 in
the main body of the final report. This is
discussed in greater detail in Section 1-5.5, below.
 

1-5.4 WISyMS Supply Side Analysis
 

WISyMS has also been used for a straightforward supply side
analysis of the water industry based on projections of Level II
well drilling activities. 
This type of analysis begins directly
with data, estimates, or projections of Level II drilling and
construction activities, based on historical performance and/or
known future plans. 
 The impact of this activity on Level III
(inputs to the industry) 
is analyzed in a straightforward manner,
as discussed above. 
 However, the impact of Level II activity on
Level I variables, such as 
stocks of wells, volumes of water
output, and per-capita water consumption, are of greater interest,
and the analysis is a bit more 
involved.
 

For example, we obtained data on well drilling
of over a period
time, and used that to make projections into the future. 
We
then translated the drilling projections (Level II data) into
projections of stocks of wells (Level I data) by utilizing the
estimated rate of old well deterioration. 
The stocks of wells are
in turn translated into volumes of water by utilizing the
estimated average output per well. 
 Finally, total annual volumes
of water are translated into average per-capita water consumption
volumes by assuming that a certain proportion of water production
will be consumed by humans 
(and/or livestock, agriculture, etc.)
and dividing the resulting figure by the relevent population.
 

Exhibit 1-19 illustrates how the analysis proceeds:
 

First, as with the standard Level II (drilling and
construction) submodel described in previous sections, we
assume a certain number of "old" structures as a given point
in time, which will deteriorate at a fixed rate, and be
added to by each previous year's drilling. This data is
contained in the first row of the table.
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EXHIBIT 1-19
 

LEVEL II SUPPLY SIDE ANALYSIS
 

ALL ION-IRRI6ATION DRILLED WELLS
 

1980 1981 1982 1983 1984 
 1905 1986 1987 1988 1989 1990 
 1991 1992 1993 1994 
 1995
 
Total old + prey. 250 250 294 341 374 397 443 
 495 606 705 810 
 951 1106 1266 142B 1596
New Drilling 25 71 
 82 74 71 78 89 92 
 lON 106 117 131 136 138 
 144 149
Total Stock 275 321 376 415 445 
 495 554 631 730 835 951 
 1106 1266 1428 1596 1769
Ave. VolumeJWell 36 39 44 44 44 44 
 45 45 45 45 46 47 
 48 49 49 50
Volume of Water (M'3k/yr) 9843 12471 16594 18914 19635 22005 24765 28357 
 32988 37932 43419 51783 60570 69587 
 78981 88665
Human cons (l34Klyr) 
 6574 7864 9446 11544 14333 17589 21485 26885 32983 39732 47273 55617
Proportion for human consumption: 
 331 36 381 411 431 46% 492 
 521 54% 571 601 631
Human Population (000s) 
 5350 5505 5665 5829 5998 6172 6351 
 6540 6735 6935 7141 7354
Ave. Human cons (M'31capita/yr)


J41 1.23 1.43 1.67 1.98 2.739 2.85 3.38 4.11 4.90 5.73
-. .3 6.62.2 7.56
49 75
 



The second row contains the data and projections on annual

drilling or construction activity. 
Adding the number of 
new
structures 
to the number of old structures available in 
a
given year gives us 
the number of total stock of structures
 
available for use, as 
shown in row three.
 

The fourth row shows the average volume of output per
structure per year, which is used to calculate the total
volume of water available from the total stock of structures

available in a given year; 
this is shown in row five.
 

We proceeded another step by making 
an assumption about the
proportion of the total water available which would be
consumed by humans. 
This is shown in row six. 
 We present
the total human population for each year in row 
seven, then
calculate the average annual human consumption in cubic
 
meters per capita per year in 
row eight.
 

1-5.5 Supply Side Analysis of Consultants' Recommended Program
 

The Consultants' supply side analysis for well drilling in
Somalia began with a survey and inventory of all known well
drilling activity in 
the country between 1980 and 1984, and
planned drilling activity through 1987. 
 Exhibit 1-20 contains a
comprehensive list of wells drilled by project (or type of client)
and by year. The wells are categorized in two ways:
 

1. The drilling agencies 
are categorized as "Government"

(Somali), "Foreign" and "Private" (Somali); and
 

2. The wells for each project are subdivided by type of well
 
(urban, rural, and irrigation).
 

Any combination of the two categories and six classifications of characteristics could be analyzed. 
 Exhibit 1-21 contains
 
a large selection of such combinations.
 

For the purposes of this study, we were 
particularly

interested in the numbers of non-irrigation wells (i.e., 
rural and
urban wells) drilled in Somalia, the market shares attained by
each of the three types of drilling agencies, and the trends in
non-irrigation drilling by each type of drilling agency.
 

The average number of non-irrigation wells drilled each year
between 1981 and 1984 
was about 75; of which an average of 20 (or
27%) were drilled by government agencies, 41 
(or 55%) were drilled
by foreign firms, and 
14 (or 19%) were drilled by local private

firms.
 

Of more importance than the averages, however, have been the

trends in drilling activity. 
The number of wells drilled each
year in Somalia has exhibited high variability, although the
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EXHIBIT 1-20
 

AMOUNT OF DRILLING BY PROJECT IN
 
SOMALIA 1980-1987
 

DRILLING TYPE OF
PROJECT TITLE OR CLIENT 
 AGENCY WELL 
 Combo NWBO NWBI NW82 NW83 NW84 NWBS' NW86§4NW87lt TOTAL WELLS
 

Rural Water Supply (WDA) G-WDA Rural GR 
 12 12 7 14 10 12 67
Other Drilling (WDA) G-WDA U-Other 
 GU 3 3 1 3 3 

Irrigation (Min. Defence) G-NinDef Irrig 8 10 

15
 
GI 10 8 8 
 44
Other (Min. Defence) 8-NinDef R-Other GR 5 7 
 7 6 6


Urban Water Supply (GKW) F-GKW Urban FU 
31
 

0 4 5 5 0 14
Urban Water Supple (WILD) F-WILD Urban FU 0 5 5 0 
 0 I)
Mogadishu Water Supply (HOWLEN) F-NOWLEN Urban FU 0 4 
 4 0 0
Mogadishu Water Supply (KAMPIHL)F-KAMPIHL Urban FU 0 
6
 

3 8 8 5 
 24
CGDP (La;i/RMC) F-ROSC NOS Rural 
 FR 0 0 9 10 17 20

Hargeisa Water Supply (CHINA) F-CHINESEf Urban FU 0 60 

56
 
0 0 2 4 12
N.E. Water Supply (CHINA) F-Chinese Rural FR 0 
 0 0 0 h 7 6 19N.Water Exploration (CHINA) F-Chinese Rural FR 
 0 0 4 II 0


Refugee Water Supply (UNICEF) F-UNICEF Rural FR 0 24 14 0 
15
 

0 

N.W. Water Supply (UNICEF) F-Unicef Rural FR 0 

3B
 
0 0 0 0 5 5
Rural Water Supply (WILD) F-WILD Rural FR 
 0 0 0 0 1 20 16


Banana Irr.(SOMALFRUIT) P-Somalfru Irrig 
39
 

P1 7 6 15 12 10 20 

Grapefruit Irr.(MURRI) P-MUURI Irrig PI 

70
 
0 0 4 5 0


Mogadishu Water Supple (JAPAN) F-Japanese Urban FU 
9
 

0 0 0 0 0 4 10 15
Government (HORN OF AFRICA) P-HOA U-govt PU 0 0 8 6 
29
 

0 
 14
Other, tHORN OF AFRICA) P-HOA R-Other PR 0 3 0 0 2 2 7
Foreign Financed (MURRI) P-Muuri R-Other PR 
 0 0 1 2 5 
 8
Government, (MURRI) P-Muuri 
 U-govt PU 2 2
1 I 

Other, (MURRI) P-Muuri R-Other PR 1 1 0 

6
 
2 3 7Mine Well (KAMPIHL) F-KAMPIHL R-indus FR 
 0 0 0 0 5 I 6


Berbera, (SOMALI DRILLING) P-Som Dril Urban PU 0
0 0 0 2
Private, iSOMALI DRILLING) P-Som DrilR-Other PR 0 0 0 
 3 I 4

Government, (NAT'L DRILLING) P-Nat'l DrU-Govt PU 

B
 
I 2 2 I I


Other, (NATL DRILLING) P-Nat'l DrR-Other PR 2 I I 2 3 
7
 
9
Private Irr, (SOMALI-GERMAN) P-SON DRIL Irrig PI 0 0 0 ) b 1 

Aid Irrig. (PESINA-JUBA) P-Pes-Juba Irrig PI I 2 2 
7 

3 4 4 lb
 

TOTAL 
 41 89 113 102 99 105 3 15 602
 

* Estimate 8 - Government U - Urban
 
ofPlanned F - Foreign R -
Rural
 

P - Private I- Irrigation
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EXHIBIT 1-21 

CATEGORIES OF WELL DRILLING 1980 - 1985 

YEAR 
TOTAL WELLS DRILLED 

1980 19611962 
41 89 113 

1983 
102 

1984 
99 

1985 
105 

AVERAGE PERCENT 
61-'84 '81-*84 

101 100% 

DRILLING AGENCY TYPE OF WELL 

Government any 6, 26 32 25 31 26 15 29 28% 

Government rural GR 17 19 14 20 16 12 17 17" 

Government urban GU I 3 1 3 2 3 2 2 

Government ;rrig. G1 a 10 10 6 8 0 9 9% 

Government non-irrig. 64-GI 20 22 15 23 IB 15 20 19% 

Foreign agencies any F* 0 40 55 34 34 59 41 40* 

Foreign agencies rural FR 0 24 27 21 29 53 25 :5. 

Foreign agencies urban FU 0 lb 26 13 5 6 16 15% 

Foreign agencies irrig. Fl 0 0 0 0 0 0 0 0% 

Foreign agencies non-irrig. F-FI 0 40 55 34 34 59 41 40% 

Private (local) any Pf 13 17 33 37 39 31 32 31X 

Private (local) rural PR 3 5 2 9 14 6 a 7Z 

Private (local) urban PU 2 4 l a 5 0 7 7% 

Private (local) irrig. PI 8 8 21 20 20 25 17 17 

Frivate (local) non-irrig, P4-PI 5 9 12 17 19 6 14 14% 

any rural ?R 20 46 43 50 59 71 50 50% 

any urban ?U 5 23 39 24 12 9 25 24% 

any irrig. ?1 16 18 31 26 28 25 26 26t 

any non-irrig. ?I-71 25 71 B2 74 71 80 75 74% 
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overall trend has bee: 
positive. Simple linear correlation

estimates were made on the number of wells drilled, by agency,
over a five year period. 
These data, for all non-irrigation

wells, are contained in Exhibit 1-22.
 

For non-irrigation wells drilled by Somali government
agencies, 
the overall trend has been slightly (and insignificantly) negative, with a variability of plus or minus 3 or 4 in
 any given year. For non-irrigation wells drilled by Foreign
firms, the overall trend has been to 
expand production by about 2
wells per year, but this has been highly erratic: the variability
has been plus or minus about 13 wells in any given year. 
 For
non-irrigation wells drilled by local private firms, the overall
trend has been to expand production by between three and four
wells each year, and the variability has been low: 
 not even one
full unit above or below the trend line.
 

These trends have been projected forward, on the assumption
that past conditions affecting the market can continue into the
future. These projections are shown in 
Exhibit 1-23. Actual
numbers of wells drilled, by agency and by year through 1984, 
are
presented, along with projected numbers of wells to be drilled
through 1990, on 
the basis of past established time trends. 
Along
with the trend-line numbers, an illustration of the likely
variability 
is presented for projections oif non-irrigation wells.
 

Exhibit 1-24 through 1-26 present the same data in graphic
form: 
 for each category of drilling agency, the exhibits show the
number of non-irrigation wells actually drilled through 1984 (or,
in the 
case of foreign wells, 1985) and the trend line projected
to 1990. The likely variability about the trend line is presented
also, for illustrative purposes.
 

The assumptions on which these trend projections are based,
however, are subject to change. 
Government drilling achievements
 are largely dependent on 
the overall budgets (and particularly
foreign exchange budgets) authorized by the Ministries of Finance
and Planning. 
 Foreign drilling is similarly depui.dent on the
foreign aid budgets of a few foreign donors, and by the foreign
aid policies of those donors. 
 Local private drilling activity is
driven mainly by market forces (however severely constrained), on
both the demand side (for drilled wells), and on the supply side
(particularly concerning availability of finance and of foreign
exchange with which to purchase imported materials, equipment, and
 
spare parts).
 

In addition, overall drilling activity is 
dependent on

hydrogeological conditions and past drilling activity in 
areas of
likely demand for drilling: 
 too many wells tapping a single,
limited aquifer can 
cause the water table 
to fall, making required
well depths progressively deeper and more expensive. 
 Drilling

supply is also limited by the country's existing stock (and
quality) of drilling equipment, and by the number and expertise of

its drillers.
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EXHIBIT 1-22
 

TREND EQUATIONS OF WELL DRILLING BY AGENCY
 

6oVernaent Drilled Non-irrigation Wells
 

Wt= 20.2 - 0.3 IT)+ 3.A65l S'2 134333)
 

Foreign Drilled Non-Irrigation Wells
 

Wt z41+ 1.7 (T) ' (S2
13204 177.43331
 

Privatly Drilled Non-Irrigation Wells
 

Wt m 5.2 +3.6 IT) 0.7303 (S*2 -0.5333)
 

Where:
 

Wt Wells drilled inyear 't'
 

T Year T (Il...n)
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EXHIBIT 1-23
 

WELL DRILLING SERVICES SUPPLY:
 
1980-1984 ACTUAL, 1985-1990
 

PROJECTIONS BASED ON PAST WORK
 

VEAR/CATEGORY 1980 1981 IH82 1983 1M64 1985 198o 1987 1988 1989 1990
 

Government Drilling 28 ;2 25 31 26 27 26 26 25 25 24
 

Foreign Drilling 40 55 34 34 59 50 51 53 55 
 56
 

Private Drilling 13 17 33 37 39 49 57 b4 71 76 85
 

Total Drilling 41 89 113 10. 99 135 133 141 149 158 16t
 

Government non-irrigation 20 22 15 23 18 19 18 1B 18 18 17
 
Government variability 15 22 14 21 14
 

Foreign non-irrigation 40 55 34 34 59 50 51 53 55 
 56
 
Foreign variability 
 36 65 40 68 43
 

Private non-irrigation 5 9 12 17 19 23 27 30 34 38 41
 
Private variab;iitv 
 26 31 33 38 40
 

Total non-irrigation 25 71 82 74 71 101 95 100 105 
 110 115
 
Total (variable model) 77 117 87 127 97
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EXHIBIT 1-24 
TRENDS AND VARIABILITY IN DRILLING - FOREIGN DRILLING 
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EXHIBIT 1-25 
TRENDS AND VARIABILITY IN DRILLING - GOVERNMENT DRILLING
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EXHIBIT 1-26
 

TRENDS AND VARIABILITY IN DRILLING -LOCAL 
PRIVATE DRILLING
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Drilling 	demand may depend, among other things, 
on the
 average effective volume of output per well 
(e.g., the more water
one can get from each well, the fewer wells are needed, given a

certain overall level of demand for water).
 

Thus drilling activity in the future could be substantially

different from (either higher or lower than) the trends projected

and discussed above.
 

The supply side and demand side of well drilling are most
appropriately compared using the WISyMS Level I and Level II
submodels, highlighting in particular the volumes of water,
averages of per-capita water consumption, and average volumes of
output per well. 
On the demand side, as discussed in section 1-4,
above, WISyMS works with categories of wells broken down into
urban, rural diesel pump, rural hand pump, and irrigation wells.
These differ, in particular, by the volume of output of each type
of well. However, the numbers of wells and volumes of water
needed can each be summed to determine the total volumes of
non-irrigation water needed and the total stock of non-irrigation

wells needed in a given year. 
On the supply side, the principal
analytical divisions used are those between the categories of
drilling agencies (government, foreign, and local private).
 

1-5.5.1 	The Consultants' 1995 Supply Side Projections (Without
 
Program)
 

Exhibit 1-27 compares demand side and supply side
projections of drilling in Somalia. 
The demand side projections
of the needeq volumes of water and stock of wells each year
through 1995 were made on the assumption that the national goals
for water supply (as described in the MMWR's Plan for the Drinking
Water Supply and Sanitation Decade) should be met by 1995. 
 The
full WISyMS data for these projections are contained in Annex 1-9.
The supply side projections are explained below.
 

In projecting local government drilling, we 
assumed it
would follow its projected trend through 1995.
 

Local private drilling, we assumed, would follow its
projected trend 
through 1990, and then flatten out, reaching a
combination of market, equipment, and hydrogeological limits:
private drilling market has been largely confined to areas 
The
 

in or
near urban centers, relatively simple geological formations, and
relatively shallow wells. 
Unless market circumstances change,
they may face growth limitations within five years.
 

Foreign drilling, according to current donor plans, may
easily decrease to about 50% 
of the average levels achieved over

the past five years by 1990, and sink to 30% 
or less by 1995.

(See Section Three of the main body of the Final Report).
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EXHIBIT 1-27 

1995 DEMAND SIDE PROJECTIONS FOR 
REQUIREMENTS FOR NEW/REHABILITATED WELLS; 
SUPPLY SIDE PROJECTIONS ASSUMING NO PROGRAM
 

GrowthRate P.A.
 
STRUCTUREI8EAR 
 1980 1961 1982 I83 1984 1985 1986 
 1987 1980 1989 1990 1991 1992 1993 1994 1995 84-.90"90-.95
 

TOTALNON-IRRIGATION...
 
HumanPopulation
(000s) 
 5350 5505 5665 5829 599 6177 o51 6540 
 6735 6935 7141 7354 2.901 2.961

Volumeof HateriU'3iC./yri 9843 12471 
16616 1e907 19656 21679 24!55 27111 30182 32601
4 37409 44816 53769 64384 77203 92597 11.321 19.871

Humanconsumption w
1H'3 rl 
 6563 7819 52'90 1137 1'.11 1556f, 18511 3266 29247 36762 462u9 58083 
10.811 25.701
 
Ave.Ann. Human cons.IN-3caplfr) 1.23 
 1.42 1.44 1.89 2.19 2.52 2.91 3.56 4.34 
 5.3, 6.47 7.90 15.461 22.06!
StockofHells 
 275 321 316 415 445 
 492 545 603 668 739 819 957 1122 1321 1560 2847 10.701 17.66?

NeededRehabilitation 0 25 2B 
 34 42 47 52 59 66 74 
 82 66 75 88 103 122
 
NeededOrilliiRehabilitation 25 
 71 82 75 71 94 IriS 117 11 145 162 204 241 287 342 409
 

HELLDRILLINGSERVICESSUPPLY:1989- 1984ACTUAL.1985- BASED CURRENT
1990 PROJECIIONS ON PAST W8Ri, PLANSANDIARkETCONDITIOHS
 

YEARiCATEGRY 
 1980 1983 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 199 1994 1995
 

GOVERNMENT tRILLING
NON-IRRIGATION 

Consultants' wi proqram
projection 20 
 22 I5 23 18 19 38 Is 38 
 1 17 17 17 16 16 16
 

FOREIGNNON-IRRIGATION
DRILLING
 
Consultantsprojection
winprogram 0 46 55 34 34 56 40 
 35 30 25 20 19 t8 17 16 15
ca
 

PRIVATEWON-IRR16A1iON
DRILLING
 
Consultants* w/oprogram
projection 
 5 9 12 17 19 23 27 
 30 34 38 41 41 41 43 41 43
 

TOTALNON-IRRIGATION
DRILLING
 
Consultants* win program 71
projection 25 82 74 71 98 85 84 82 80 78 77 76 74 73 72 

CONSULTANTS' SIDEPROJECTIONS.SUPPLY WITHOUTPROGRAM
 

ALLKOM-IRRIGATION
HELLS
 

Old 
 250 225 200 175 ISO 125 100 75 50 25 0 0 0 0 0 0(Previousl 25 94 266 224 272 343 394 438 476 500 536 559 579 595 609
 
Totalold4 previous 250 250 294 341 324 397 445 469 48 501 508 53h 559 579 595 609

NeedRehabilitation 
 0 25 28 34 42 47 52 59 64 69 73 51 54 56 SR 60 
Rehabilitated 
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HewDrilling 25 71 82 74 71 98 85 84 62 80 78 77 76 74 73 72

TotalStock 275 321 376 415 
 445 495 528 552 570 581 587 
 613 635 653 668 681 4.741 3.03!
VolumeofWaterl3'h0/yr) 9043 12471 16594 18914 19635 22005 23611 24835 25759 26407 26804 27994 28999 29838 30528 31084 5.321 3.03!
HumanPopulation
1800sf 5350 5505 5665 5829 
 5998 6172 6351 6540 6735 6935 7141 7354 2.901 2.901 
Humanconsumption
lr,3mk/yr) 6574 7864 906 10111 11192 12245 13263 
13852 14350 14765 15106 15381 12.411 3.011

Ave.Ann.Humancons.IH131caplyrl 
 1.23 1.43 1.59 1.73 1.87 1.98 
 2.09 2.1 2.13 2.13 2.12 2.09 9.24! 0.031
 



Following the normal WISyMS analysis in the opposite

direction, we have siummed all projected drilling activity, used
this to calculate an estimated stock of wells for 
a given year

(taking into account deterioration of old stock). We assumed that
the proportions of types of wells projected to be drilled on the
supply side are roughly the same as the proportion of wells
projected as needed on 
the demand side, and that the volumes of
output of each type of well will remain constant over time.

the above calculations and assumptions, we estimated a total 

From
 

volume of water output based on 
the supply side drilling

projections.
 

Taking the analysis one step further, we used the 
same
 
population projections used in the WISyMS demand side analysis to
estimate average annual per capita water consumption based on the

supply side projections.
 

The estimates contained in Exhibit 1-27 are 
presented

graphically below. Exhibit 1-28 contains a bar chart of past

actual and projected well drilling by source through 1995.

Although this is expeced 
to exhibit a downward trend from 1985,
under the assumptions outlined above, it would not decline below

the levels achieved during the early 1980s.
 

Translating the annual drilling activity into annual

stocks of wells and thence into overall volumes of water indicates
that the projected supply of water will grow at 
a very slow rate,
and fall far short of the national goals. (See Exhibit 1-29).
 

Assuming that the proportion of water production going

for human consumption remains constant, Exhibit 1-30 shows per
capita water consumption increasing slightly, and then falling off
again, as the declining levels of drilling activity fail to keep
pace with the need to increase the stock of wells for a growing

population (and to replace failing structures in the absence of
adequate well maintenance and rehabilitation programs). Human per
capita water consumption could be maintained, of course, at 
the
 
cost of decreasing water availability for livestock, government,

industry, or other consumption needs.
 

1-5.5.2 Water Industry Downside Risk
 

The supply side projections described in the foregoing
sections do not take into account certain downside risks. 
The

following downside risks have been identified:
 

* Government drilling programs may face more 
severe

budget cuts in the future than they have been subject to
 
in the past, leading to a slightly steeper decline in
 
well drilling activity.
 

e Foreign aid drilling may, under cirrent donor plans,

drop off to 38 wells in 1986, and 15 in 1987. This may
signal the beginning of a serious dropoff in foreign aid
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EXHIBIT 

1-28
 

PROJECTIONS OF DRILLING SUPPLY 
- WELLS BY SOURCE, NO PROGRAM 
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EXHIBIT 1-29
 

PROJECTED VOLUME OF WATER CONSUMPTION -
SUPPLY SIDE vs DEMAND SIDE, NO PROGRAM
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EXHIBIT 1-30 

PROJECTIONS OF HUMAN WATER CONSUMPTION -SUPPLY SIDE vs DEMAND SIDE, NO PROGRAM 
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due to a discontinuation of major donor-funded drilling
 
programs such as 
USAID's CGDP, GTZ's Urban wells project,

and the Saudi's rural well drilling project.
 

e 
Private sector drilling activity may have recently
peaked, and thus may start declining almost immediately

due to a combination of severe 
input supply constraints

(including supplies of credit and foreign exchange for
needed imported inputs) and market constraints (including
price and licensing constraints as discussed in section

3.4.9 of the main body of 
the Final report).
 

Thus overall drilling activity could conceivably suffer a
serious decline even before 1990, falling significantly below
levels achieved during the past five years.
 

Exhibit 1-31 presents estimates concerning the possible
downside risk facing the 
water industry in Somalia. Exhibit 1-32
displays the estimates on drilling for this scenario graphically,

through 1990. Although it 
is unlikely that the Somali government
would let the situation deteriorate so drastically for too many
years, if such a trend were 
to continue through, say, 1995, the
stock of wells and output of water from that stock of wells could
actually decline, as 
the rate of failure of wells could be even

higher than the 
rate of new drilling.
 

If that were to occur, and assuming that human water
consumption as 
a proportion of total water production remains
constant, then the standards of water consumption of the nation as
 a whole could actually sink below currently prevailing levels
estimated for the country. 
 (See Exhibits 1-33 and 1-34). Under
the circumstances outlined above, a decline in human water
consumption standards could only be avoided by sacrificing other
 
water consumption needs.
 

1-5.5.3 
 1995 Supply Side Projections (With Consultants'
 
Recommended Drilling and Rehabilitation Programs)
 

The same procedure can be used to analyze the effects of
the Consultants' Recommended Program of well drilling and
rehabilitation (leaving aside, for the time being, 
the contract
operations and maintenance programs, the effects of which will be

analyzed below).
 

Exhibit 1-35 involves the 
same demand side analysis
presented above; 
but for the supply side, adds the drilling and
rehabilitation portions of the Consultants' recommended program to
the trend line data discussed above in Section 1-5.5. 
 This brings
about 
a steady increase in new and rehabilitated wells each year
through 1995 (See Exhibit 1-36).
 

These portions of the Consultants' recommended program
would keep the stock of wells and the volume of water above the
demand side projections of needed volumes of water through 1994,
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SAIILBIT 1-31 

CONSULTANTS' SUPPLY SIDE DRILLING 
PROJECTIONS, DOWNSIDE RISK 

DemandSideProjectionsforRequirementsfoenew/rehubiltatewells;SupplySideProjectionsAssuminQDownsidePis$ 

8TPUETUREIVEAR 1980 1981 1982 143] 1984 19as 1996 17B7 19880 8 198 9ic 1991 1992 1993 1994 GrowthRateP.A.1995 94- 90 '90-15 

TGTALNON-IRRIGAIIO...HumanPopulationI000s) 
Volumeof HaeorNm3fKivrJ 
HumanconsumptioniRMSIn./vr) 
Ave.Ann.Humancons.If'3/caplyr) 
StockofWells 
NeededRehabilitation 
NeededOrilli/Rehabilhtation 

9643 

275 
0 
25 

12471 

21 
25 
71 

16616 

376 

l 

18907 

415 
!834 
75 

.,I50 5505 
19656 21879 
6581 ?l-
1.2! 1.42 
445 492 
42 47 
71 94 

5665 5829 5998 6172 
24355 27111 '0182:601 
929(- 1II1.7 1311: 1558" 
1.64 1.89 2.19 2.5n 
545 603 r6B 79 
52 59 66 '4 
105 117 131 145 

6751 650 6735 
174'9 44816 5-709 
18511 :620629247 
.5 3 56 4.34 
B19 c52 1122 
8, 6 75 
16: 24 

6935 
64284 
36762 
5.t 

1321 
88 
27 

7141 
77213 
46209 
6.47 

1560 
2ol 
42 

7354 
92597 
58083 
7.90 

1847 
122 
409 

2.901 2.98? 
11.321 19.87Z 
16.811 25.701 
15.461 22.06! 
10.701 17.661 

HELLDRILLINGSERVICESSUPPLY:19s - 1984ACTUAL.1985- 1990PROJECTIONSBASEDDRPASTWORi.ANDPOSSIBLEDOWNSIDERIS 
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EXHIBIT 1-32 

PROJECTIONS OF DRILLING SUPPLY
WELLS DRILLED BY SOURCE, DOWNSIDE 
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EXHIBIT 1-33 

PROJECTED VOLUME OF WATER CONSUMPTION -
DEMAND SIDE vs SUPPLY SIDE, DOWNSIDE RISK 

10000 
-

90000 -

k 80000 

4 
60000 

0 

50000 

40000 
m 50000 

4 
-- -----------------------------

w ---------------------------------------------------------------------------------------------------------

- - - -
z 20000 

0 

10000 -

1981 19821983198419851986198719881989 19901991 1992199319941995 

0 demand side -
Year 

supply side 



8 

EXHIBIT 1-34 

PROJECTIONS OF HUMAN WATER CONSUMPTION -
DEMAND SIDE vs SUPPLY SIDE, DOWNSIDE RISK 
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EXHIBIT 1-36 

PROJECTIONS OF DRILLING SUPPLY 
-

WELLS DRILLED BY SOURCE, WITH PROGRAM
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but would fall behind in 1995 and fail to sati.sfy the national
 
drinking water goals. 
 (See Exhibit 1-37). This same shortfall

would be reflected in the ultimate target variable, per capita

water consumption (See Exhibit 1-38). 
 Thus the drilling and
rehabilitation portions of the Consultants' Recommended program,

if implemented alone, would fail to achieve the nation's goals as
outlined in the MMWR's Plan for the Drinking Water Supply and
 
Sanitation Decade.
 

1-5.5.4 
 Supply Side Analysis of Consultants' Full Recommended
 
Program
 

We have analyzed separately the effects of the contract

maintenance and rehabilitation portions of the Consultants'

recommended program in order to highlight their importance. 
 In
the past, in spite of carefully designed projects including

provisions for ongoing maintenance of donor-funded facilities,

host governments have often failed to 
implement, and donors have
failed to enforce these maintenance programs in practice. 
 This
section illustrates the tangible water benefits of such a program.
 

A program of contract operations and routine maintenance
 
should have the effect of increasing the annual volume of water
output 
 from each well by reducing the downtime, leakage and
 
wastage of each well so served. 
 By the end of 1995, we estimate
 
that a minimum of 630 wells, out of 
a total national stock of

about 1500 non-irrigation wells, will be under a program of
routine maintenance (these are the WDA wells 
to be included in the

recommended program. 
If other public and private wells receive

routine maintenance, the benefits will be correspondingly higher).
 

The average annual output from un-maintained or

irregularly maintained rural, diesel-pump borewells is about

28,000 cubic meters per well. We should expect that wells under
 
contract operations and maintenance would yield about a 33%
 
increase in annual production, or over 37,000 cubic meters per
well. We assume that about 400 of the projected 929 rural
 
diesel-pump borewells will be under contract operation and
maintenance in 1995. 
 Then the total output from all rural
 
borewells would be about 14% higher than if 
no wells were in such
 
a program.
 

Exhibit 1-39 presents the data on the estimates of

drilling, stocks of wells, and volumes of water assuming that the

Consultants' full recommended program (including contract

operation and maintenance as well as well drilling and

rehabilitation) has been in effect through 1995. 
 Increased output

per well reduces the stock of wells needed to satisfy demand for a

given amount of water. 
Thus, with the contract operation and

maintenance program in effect, the drilling and rehabilitation
 
programs as outlined in Section Two of the main body of the Final
 
Report can comfortably achieve the national drinking water goals

by 1995 (see Exhibits 1-40 and 1-41).
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EXHIBIT 1-37 

PROJECTED WATER CONSUMPTION -
SUPPLY SIDE vs DEMAND SIDE, WITH PROGRAM
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EXHIBIT 1-38 

PROJECTED PER CAPITA WATER CONSUMPTION -
SUPPLY SIDE vs DEMAND SIDE, WITH PROGRAM 
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tXHIBIT 1-39 
DEMAND SIDE PROJECTIONS FOR REQUIREMENTS;
 

SUPPLY SIDE PROJECTIONS ASSUMING CONSULTANTS'
 
FULL RECOMMENDED PROGRAM
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EXHIBIT 1-40
 

PROJECTED WATER CONSUMPTION -
SUPPLY SIDE VS DEMAND SIDE, WITH PROGRAM
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EXHIBIT 1-41
 

PROJECTED PER CAPITA WATER CONSUMPTION -

SUPPLY SIDE vs DEMAND SIDE, WITH PROGRAM
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1-6 USE OF WIFyMS TO ESTIMATE CURRENT SYSTEM PARAMETERS
 

1-6.1 Introduction
 

This Section provides a description of the use of WISyMS to

provide estimates of the current characteristics and parameters of
 
the water system in Somalia. It gives an overview of the
 
"Integrated Analysis of Conformed Estimates" 
(IACE) which was used
 
to weave together a coherent and consistent profile of water con
sumption and facilities from a variety of data sources, technical
 
estimates and informed opinions. It provides a summary of WISyMS'

quantitative estimates for 1984, which are presented in detail in
 
Annex I-I through 1-3.
 

The forecasting and constraint analysis applications of
 
WISyMS were introduced earlier in this appendix (Sections 1-4 and
 
1-5) because they are less complicated and are easier to under
stand than the estimating applications. However, analytically and
 
chronologically, estimation of the characteristics of the existing
 
system comes first. Integration of available information to
 
define existing relationships between water consumption and
 
facilities is a prerequisite for making sound projections of
 
future needs and for making realistic assessments of national
 
water supply objectives.
 

1-6.2 IACE Methodology
 

Somalia's data base on water consumption and water supply

systems is incomplete. Some information is very much out of date;

other information is not reliable. Estimates of certain system

parameters vary widely. 
In order to provide an improved data base
 
and rational framework for market studies and an analysis of the

distribution of functions between the public and private sectors,

Louis Berger International, Inc. used its IACE methodology 
to:
 

" Determine current and historical relationships between 
types of water use and types of supply structures (i.e.,
what types of structures supply how much water for what 
types of uses); and 

" Synthesize information and generate internally consistent 
estimates for variables on which we lack reliable data,
but which form a logical and indentifiable part of the 
system being analyzed.
 

Prior to applying IACE procedures, the information require
ments of the three submodels comprising WISyMS were defined. In
 
the case of the Submodel for Level I, these information require
ments included consumption units, per-unit consumption factors, a
 
matrix of percentage distribution of water use across the range of
 
supply structures, and the associated numbers of supply
 
structures.
 

1-66
 



The first step in the IACE methodology was to gather as much
 
relevant data as possible. Official estimates and/or estimates
 
contained in well conceived studies were available on: human
 
population (and its breakdown between urban, rural settled, and
 
nomadic categories), livestock populations, and hectares of land
 
under cultivation. Other estimates derived from aerial surveys

were available on numbers of water supply structures such as

hand-dug wells, uars, and ballehs. The Consultant conducted an
 
investigation of well drilling activity over 
the past five years

to estimate the number of operational drilled wells currently in
 
the country.
 

Estimates on the average useful life of each type of
 
structure were available from experts and technicians who were
 
familiar with each type of structure, and were used in the Level
 
II submodel to help translate stocks of structures into flows of
 
needed new structures.
 

Estimates on the technical co-efficients of production

inputs for each type of structure were provided by engineers who
 
had designed or worked with the systems currently in use in
 
Somalia.
 

Missing pieces of data, such as numbers of burkeds,

diversion dams, and intake structures from rivers, were filled in
 
with rough estimates.
 

The Delphi Method was used to obtain estimates on some

variables: a variety of informed opinions were 
solicited; these
 
opinions were sifted, weighted, averaged, compared with other data
 
in the framework, and adjusted until a consensus was achieved.
 
This process of comparative analysis was used in particular to
 
approximate per-unit consumption factors and the percentage

distribution of water consumption across 
the range of water supply
 
structures.
 

All the above sources of information were incorporated into
 
the model, and used to estimate the average volume of output per

(single) supply structure per year. Knowledge of the reasonable
 
range of annual volumes of output for each type of structure
 
provided a basis for adjusting or "conforming" the rough

estimates. For example, during the first run of the model, output

per burked was calculated as several thousands of cubic meters per

year. This appeared unreasonably high and was considered as
 
evidence that the numbers of burkeds in the country had been
 
under-estimated.
 

Since there is a fairly wide range of estimates on most of

the variables examined in the model, three versions were made: one
 
incorporating the low end of the range of estimates for each
 
variable, one incorporating the high end of the range, and one
 
incorporating the middle, average, or most commonly accepted
 
estimate for each variable.
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The above described process of gathering, estimating,
 
integrating, and conforming information inputs is called "lACE"
 
for Integrated Analysis of Conformed Estimates. Stated in another
 
way, IACE is an orderly eclectic estimating procedure by means of
 
which available data, opinions, and technical analyses are
 
combined to provide consistent, reasonable approximations of the
 
quantitative characteristics of water systems in Somalia.
 

1-6.3 1984 System Estimates Summarized
 

Examples of data on the water system in Somalia as of
 
end-1984 generated by WISyMS (middle estimates) are outlined
 
below. A full presentation of data, including the range of high
 
and low estimates as well as the middle-range estimates for the
 
year are contained in Annex I.
 

On the basis of estimates generated by the model, water
 
consumption through the use of supply structures in 
Somalia in
 
1984 was about 1.2 billion cubic meters. Of this total, about 4%
 
was supplied by drilled wells; 2% by hand-dug wells; 
2% by uars,

2% by ballehs, 7% by diversion dams, less than 1% by burkeds and
 
over 80% by intakes from rivers.
 

Of that sane 1.2 billion cubic meters of water, use on
 
agricultural crcpland accounted for over 92% 
of the total;

livestock consumption accounted for about 5%, human consumption
 
accounted for less Lhan 2%; and government institutions and
 
industry accounted for less than 1%.
 

Of the 47 million cubic meters of water provided by drilled
 
wells, 58% was consumed by agricultural crops, 16% was consumed
 
by government institutions and industry, 14% by humans, and 12% by
 
livestock.
 

As of end-year 1984, there was a stock of approximately 600
 
operational drilled wells in the country, 17,000 hand dug wells,

18,000 uars, 12,000 ballehs, at least 10,000 burkeds, perhaps 5000
 
intake structures from rivers, and 5000 earth diversion dams.
 
Many of these are very small structures, built on an individual or
 
community self-help basis. Others, however, are larger or more
 
sophisticated structures requiring substantial capital input and
 
at least the potential for provision on a commercial scale. These
 
would include all the drilled wells, river intakes, and burkeds;

it would also include perhaps 2500 hand dug wells, 750 uars, 200
 
improved ballehs, and 100 earth diversion dams.
 

The absolute minimum commercial scale construction needed
 
during 1985, solely to replace failing or obsolete structures,
 
included at least 60 drilled wells, 250 hand dug wells, 75 
uars,
 
and 20 earth dams.
 

The replacement program (along with needed maintenance and
 
operations) implies a minimum need for locally produced 
or
 
available inputs as follows: cement - 22 thousand cubic meters,
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stone - 49 thousand cubic meters, gravel - 2 thousand cubic 
meters, sand - 10 thousand cubic meters, skilled labor - 551 
thousand man-days, unskilled labor - 80 thousand man-days, fuel 
4 million liters, drill/pump rigs - 7 thousand equipment days, and 
other vehicles - 211 equipment days. 

The model, as used for integrated estimation of current
 
system characteristics, presents the "big picture" of the water
 
industry in Somalia as well as an indication of the orders of
 
magnitude of each of its elements. The consultants expect that
 
the data base will be continuously updated to provide ever more
 
accurate analyses, and that the framework will be expanded to
 
provide more detail in the future.
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I-7 WATER INDUSTR. SYSTEMS MODEL FOR SOMALIA DEFINITION OF
 
TERMS, CATEGORIES, AND CONCEPTS
 

1-7.1 Introduction
 

This Appendix has three sections including this intro
duction. Section 1-7.2 contains an alphabetical listing of the
 
principal terms, categories, and concepts used in the Water
 
Industry Systems Model for Somalia (WISyMS) together with cross
 
references to the definition of these terms in Section 1-7.3.
 
Section 1-7.3 organizes definitions under nine principal
 
categories as follows:
 

A. Water Industry/WISyMS Structure
 

B. Consumption Units
 

C. Per Unit Water Consumption Factors
 

D. Water Consumption/Intake Structure Flow Relationships
 

E. Types of Water Supply Structures
 

F. Subset of Commercial-Scale Water Supply Structures
 

G. Volumes of Water Provided through Supply Structures
 

H. Numbers of Each Type of Water Structure
 

I. Inputs to Water Industry
 

1-7.2 Alphabetical Listing of Terms 
 Defined on
 
Page
 

Agriculture ........ ................. ... 1-73
 
Agricultural Consumption .... .............. . 1-73
 
Animal Consumption ...... ................. . 1-73
 
Animal Population ........ .................. . 1-73
 
Average Useful Life ...... ................. . 1-77
 
Ballehs ......... ....................... . 1-76
 
Burkeds........ .................... 1-76

Capital q n.................. 1-78
 
Consumption Units ...... . ................ 1-72
 
Diversion Dams ....... ................... . 1-75
 
Drilled Wells ........ .................... . 1-74
 
Flood-fed Agriculture ................ 
 1-73
 
Government and Industry ....... .......... . 1-73
 
Government and Industry Consumption .. ......... ... 1-73
 
Hand Dug Wells ....... ................... . 1-75
 
Human Consumption ....... ................. . 1-73
 
Human Population ....... ................... . 1-72
 
Industry Structure ................. 
 .1-71
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Inputs to the Water Industry .... ............ 1-77
 
Intakes from Rivers ...... 
 ................. . 1-75

Irrigated Agriculture ...... ................ . 1-73
 
Labor . . ............. 
 .............. . 1-77
Level I: Water Supply...... ............. ... 1-71
 
Level II: Well Drilling and Construction of Water
 

Supply Facilities ..... .......... 1-72
.
 
Level III: Water Industry Inputs .. ............ 1-72
 
Manufactured Materials ..... 
 ............... . 1-77
 
Material Inputs ........ .................. . 1-77

Needed New Structures ...... ................ . 1-77
 
Nomadic.........................1-72
 
Numbers of Each Type of Water Supply Structure . . 1-76
 
Old Structures .
 .......... •...
. .. 1-77

Output per Structure....... ................. 1-76

Percentage Distribution Across Structures 
. •... .. 1-74

Per-Unit Water Consumption Factors .. ......... . 1-73
 
Rainfed Agriculture ........ ..........
.. . . 1-73

Raw Materials ....... 
 ..... .......... 1-77
 
Rural Settled .... ..... ............ 1-72

Structural Control Percentage .... ............ . 1-74
 
Structural Control Volume 
..... .............. . 1-74

Structural Supply Volumes ....... 
 .......... 1-76
 
Subset of Commercial Scale Water Supply Structures . 1-75

Total Consumption of Water by Type of Consumption


and by Type of Structure .... ............. . 1-76

Total Needed Numbers of Structures .. ......... . 1-76
 
Types of Water Supply Structures ... .......... . 1-74
 
Uars ..... ................... 
 .......... 1-75
 
Urban HC ......... ...................... 
 1-72
 
Urban SP ................. 
 . . . . .. 1-72
Volumes of Water Provided Through Supply Structures . 1-76
 
Water Consumption/Supply Structure
 

Flow Relationships ...... ................ . 1-74
 

1-7.3 Definitions
 

1-7.3.1 Industry Structure
 

The Water Industry Systems Model for Somalia and its
 
respective submodels provide outputs useful in analyzing water
 
industry structure at three levels. 
These levels and the
 
reflecting submodels are defined below.
 

1. Level I: Water Supply - The direct prc ion of water
 
to the ultimate consumer, including wac._r resource

ownership, water supply operation, maintenance and
 
revenue collection. Water supply needs are analyzed
 
by the Level I Submodel of WISyMS.
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2. Level II: Well Drilling and Construction of Water
 
Supply Facilities -
The drilling and rehabilitation of
wells and construction of related civil works
 
structures; planning, design, and administration of
drilling and construction. This is analyzed by the

Level II Submodel of WISyMS.
 

3. Level III: Water Industry Inputs - The production or

provision of manufactured or raw material inputs,
equipment, labor, and fuel for water supply, well
 
drilling, and water supply construction activities.
 
These are analyzed by the Level III Submodel of
 
WISyMS.
 

1-7.3.2 Consumption Units:
 

A consumption unit is defined as an 
individual consumer
of water in Somalia. Consumption Units are classified into human
populations, animal populations, agricultural land, and government

and industry. Definitions of these categories are presented

below.
 

1. Human Population: Measured in numbers of people. 
For
 
the purpose of detailed analysis, the estimates of
total human population in Somalia are divided into
 
four categories:
 

a. Urban HC - urban population with private Household
 
Connections for provision of water,
 

b. Urban SP - urban population with access to
 
Standpipes for provision of water,
 

c. Rural Settled - rural populations that tend 
to live
 
year round in one location, and
 

d. Nomadic - rural populations that tend to move from

place to place during the year.
 

Total urban population for this study is defined as
populations in and around cities and towns containing municipal

water distribution systems. 
These are: Mogadishu, Hargeisa,

Berbera, Burao, Johar, Balad, Merka, Afgoi, Kismayo, and Baidoa.
The distinction between "rural settled" and "nomadic" (or even for

"urban" vs "rural") is conceptually useful but arbitrary in
practice. 
Many people move some years but not others; or move for
only short periods of time in any given year. 
We used official
estimates for the percentage breakdown of these categories (See

Section 1-9).
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2. Animal Population: measured in numbers of head. 
 They
 
are divided into four basic categories: a. Camels, b.
 
Cattle, C. Sheep and Goats (one category) and d.
 
Other, which is intended to include other household
 
animals including poultry, donkeys, cats, and dogs.
 

3. Agriculture: Measured by Hectares under cultivation.
 
It includes:
 

a. Irrigated Agriculture - land under controlled
 
channel irrigation;
 

b. Rainfed Agriculture 
- land fed almost exclusively
 
by natural rainfall; and
 

c. Flood-fed Agriculture - land fed by rainfall plus

flood water and tugs (small seasonal rivers)

diverted by earth dams.
 

4. a. Government and b. Industry: Measured in numbers of
 
establishments. They are primarily urban and include
 
government offices or institutions and industrial or
 
commerical establishments employing five or more
 
people.
 

1-7.3.3 Per-unit Water Consumption Factors:
 

A per-unit consumption factor is defined as 
the average
volume of water consumed per day by an 
individual consumption unit
in a particular category. 
Factors for each category of consump
tion are discussed in the following paragraphs.
 

1. Human Consumption: 
Daily per capita consumption of
 
water varies drastically by area and by season. 
 Rural
dry season consumption may be 
no more than the minimum
 
required for subsistence (3 - 5 liters), while urban
 
consumption can easily exceed 100 liters per day.
 

2. Animal Consumption: 
Although the figures presented in

WISyMS are for consumption per head per day, camels
 
are actually watered once every one 
to three weeks,

cattle are watered once every other day on average,

and sheep and goats are watered once every two to six
 
days.
 

3. Agricultural Consumption: Total amount of water used
 
for growing crops on agricultural land, whether or not

the water is actually absorbed by the plants (i.e.,

water applied to crops which evaporates directly or
 
percolates through to lower strata is included here.)
 

4. Government and Industrial Consumption: Weighted
average volume of water used in these categories.
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1-7.3.4 Water Consumption/Supply Structure Flow Relationships
 

At least three types of calculations/estimates are
required to relate consumption flows to flow through particular

types of supply structures. These are discussed below.
 

1. Structural Control Percentage: For each type of
consumption, the percentage of water taken from nature
 
with the use 
of man-made water supply structures or
improvements to natural sources. 
 (What is excluded,

"no structure", is water consumed directly from

natural sources, such as springs, ponds, or rivers,

without the 
use of man-made supply structures.)
 

2. Structural Control Volume: 
 For each type of
 
consumption, the actual volume of water consumed
 
through man-made water supply structures.
 

3. Percentage Distribution Across Structures: 
For each
 
type of consumption, the percentage distribution of
 
consumption across the range of types of water supply
 
structures listed below.
 

1-7.3.5 
 Types Of Water Supply Structures
 

Ten types of water supply structures are covered by

WISyMS. They are: 
drilled wells (including urban, rural diesel
pumped, rural hand pumped, and irrigation), hand-dug wells,

intakes from rivers, uars, ballehs, burkeds, and diversion dams.
Each of the types of structures is defined below. 
Note that wells
 are structures used to reach sources 
of groundwater and may be
almost any depth from two meters to over 300 meters 
in Somalia.
Although wells 
are sometimes classified as "shallow" vs "deep", in
the context of WISyMS they are classified as "drilled" or "hand
dug" in order clearly to reflect the type of input that goes into

the structure (see below).
 

1. Drilled Wells: 
All wells drilled mechanically by

cable, hydraulic, or rotary rig, regardless of depth.

They may be production wells, which are completed,

operational structures equipped with a pump and

producing water, or non-production wells, which are
 
test boreholes abandoned after it has been determined

that quantity and/or quality is not suitable.
 
Production wells can 
be further classified into:

a) urban wells, including both public, municipal wells
 
serving the city as a whole, and private wells serving
individual households or business establishments,
 
b) rural diesel pump wells, including all rural

drilled wells operated by diesel pumps, c) rural hand
 
pump wells, including all drilled wells operated by
handpumps, and d) irrigation wells, including all
drilled wells serving irrigated agriculture.
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2. Hand Dug Wells: All wells dug by hand tools,
 
regardless of depth. There are 
three basic types,

depending on local geological conditions: i) wells
 
dug in or near stream or river beds; ii) wells dug in
sand dune areas; and iii) wells dug in gypsiferous,

limestone, or sandstone formations. These are

important sources of water during the dry season in
 
rural areas.
 

3. Intakes from Rivers: Pipes immersed into a river and

connected to a diesel powered pump. 
Water is then
distributed to irrigation channels or, 
if for drinking
water, to water purification facilities.
 

4. Uars: 
Reservoirs dug in relatively impermeable ground

to catch rainwater and surface run-off and to serve as

retention basins. 
They are usually intended for
livestock watering, though they are 
also used by

people.
 

5. Ballehs: Ponds or natural depressions which tend to
 
catch and hold rainwater and surface run-off, which

have been or could be deliberately improved, deepened,
 
or enlarged. They are a traditional source of water
during the rainy season for both human and livestock
 
consumption.
 

6. Burkeds: In-ground masonry cisterns which serve as
 
water storage tanks or which catch rainwater or

surface run-off. They are primarily a wet season
 
source of water, although water may be transported to
 
them for storage and use during the dry season.
 

7. Diversion Dams: 
Man-made structures to divert or hold
back the natural flow of a river, stream, or tug.

They are used in all forms of agriculture, especially

"flood-fed" agriculture.
 

1-7.3.6 
 Subset of Commercial Scale Water Supply Structures:
 

For each type of above-listed supply structure there is 
a
subset of structures the construction of which involves some
capital input and at least the potential for construction on a
commercial basis. 
 These supply structure subsets are important
because they help identify potential markets for drilling and

construction firms. 
 The subsets include:
 

1. All drilled wells, because they require the use of a
 
drill rig;
 

2. Only those hand dug wells with a cement or stone
 
lining;
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3. All intakes from rivers because of the need for diesel
 

pumps;
 

4. Only those uars excavated with heavy equipment;
 

5. Only those ballehs improved with the use of heavy

earth-moving equipment;
 

6. All burkeds because of the need for skilled masons and
 
cement; and
 

7. Only those diversion dams built with the 
use of heavy

earth-moving equipment.
 

1-7.3.7 
 Volumes of Water Provided Through Supply Structures
 

Three terms are important in understanding the process by
which WISyMS calculates volumes of water provided through supply

structures. 
These are discussed below.
 

1. Total Consumption of Water by Type of Consumption and
by Type of Structure: A matrix in which the 
rows
 
illustrate the amounts of water used for each type of
consumption and its distribution across types of
 
structures. 
The columns of the matrix illustrate the
amounts of water provided by each type of structure
 
and its distribution among different types of use.
Therefore, the cells of the matrix specify the 
amount

of water used for each particular use AND supplied by
a particular type of structure (see Section 1-8,

Methodology, for the concise mathematical formulae).
 

2. Structural Supply Volumes: 
 The sums of the volume of
 
water consumed for each type of structure for all
 
uses.
 

3. Output per Structure: The weighted average volume of
 
water provided per single supply structure per year

for each type of supply structure.
 

1-7.3.8 
 Numbers of Each Type Of Water Supply Structure
 

This section presents definitions of terms used to
describe the process by which numbers of water supply structures
 
are calculated.
 

1. Total Needed Numbers of Structures: For the purposes

of WISyMS analysis, defined as 
the numbers of each
 
type of structure needed to keep up with growth in
 
consumption from all sources, depending upon the
 average volume of output per single operational

structure.
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2. Average Useful Life: For each type of structure, the
 
expected number of years it will be operational and
providing water before it becomes worn out, fails, and
 
needs to be replaced or rehabilitated.
 

3. Old Structures: 
 For the purposes of WISyMS analysis,

defined as those operational structures which had been

in existence before the year being analyzed in the

model, and which will be subject to a certain expected

rate of deterioration/failure during the year being

analyzed. 
 (See also "Previously Constructed"
 
structures in Section 1-8).
 

4. Needed New or Rehabilitated Structures: 
 For the
 purposes of the WISyMS analysis, are defined as the

numbers of each type of structure needed to be
 
constructed or rehabilitated to:
 

e Replace or rehabilitate those old structures
 
which are expected to fail during the course of
 
the year being analyzed, plus
 

e Provide for expected net increases in consumption
 
from all sources.
 

1-7.3.9 
 Inputs to The Water Industry
 

WISyMS deals with four categories of inputs to the water
industry: raw materials, manufactured materials, labor and

capital equipment. These are described below.
 

1. Material Inputs: presented in WISyMS include those of

primary importance to the water resource development

industry, and focus on those materials with a

potentially significant impact on "Level III"

industries and entrepreneurs' decision making. 
They

include:
 

a. Raw Materials available in Somalia  sand, gravel,
 
stone, and some wood:
 

b. Manufactured Materials, some of which are
 
potentially available in Somalia 
- cement, pipes,

plastic sheets, storage tanks, and hand pumps; and

other materials which must be imported 
- drilling

fluid (bentonite), drill bit, well casing and
 
screen, diesel pumps, reinforcement steel, and
 
fuel;
 

2. Labor - for supervision, drilling, excavation,
 
construction, mechanical and other services;
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3. Capital Equipment - drill rigs, pump rigs, heavy

vehicles such as flatbed trucks, dump trucks, water
 
tankers, and fuel tankers; and light vehicles and
 
equipment.
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1-8 DETAILED METHODOLOGY FOR THE WATER INDUSTRY SYSTEMS MODEL
 

FOR SOMALIA 

1-8.1 Introduction 

This presentation of the methodology employed by the Water
 
Industry Systems Model for Somalia (WISyMS) contains 
three
 
sections, corresponding to the t..cee the
submodels for each of 

levels of 
the water industry in Somalia. 
The Level I Submodel
 
analyses water supply, 
the Level II submodel analyses well
 
drilling and construction of water supply facilities, and 
the
 
Level III submodel analyses water industry inputs. (Detailed
 
definitions of terms used in 
this appendix are presented in
 

Section I-F).
 

Actual data generated by WISyMS has been bound separately
 
in Annex I. It is suggested that Annex 1-4, 
"1990 Middle Level
 
Projections" data be 
referred to throughout the following
 
discussion (unless otherwise noted) for illustration. Familiarity
 
with the general structure of the model, as presented in Sections
 
1-2 and 1-3, above, 
is assumed in the discussion that follows.
 

1-8.2 Level I Submodel
 

The Level I submodel 
is composed of three sections. The
 
first section employs data 
on numbers of consumption units and per
 
unit consumption factors to calculate total annual volumes of
 
water consumed by type of use, 
and estimates the percentage and
 
volumes of water consumed through the use of man-made water supply
 
structures. 
The second section contains a matrix of estimates on
 
the percentage distribution of consumption across 
the range of
 
types of water supply structures. The third section uses the
 
estimates provided by 
the first and second sections to calculate a
 
matrix of volumes of water by type of use and by type of supply
 
structure. 
This section also contains estimates on numbers of
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each type of supply structure and average volume of output per
 
single supply structure.
 

1-8.2.1 Level I Submodel, First Section
 

The first column of figures represents consumption units in
 
thousands: N.
 

The second column of figures represents average amounts of
 
water consumed daily per unit in each consumption category, and is
 
expressed in liters or cubic meters: 
 c.
 

The third column of figures represents the relevent number
 
of consumer-days per year: D.
 

The fourth column of figures represents the relevent
 
conversion factor for each category of consumption to cubic meters
 
(liters * 1000 or M33 1): F.
 

The fifth column of figures represents the total annual
 
volume of water consumed by each category in thousands of cubic
 
meters per year: V.
 

Columns 1 
- 5 relate to each other according to the
 
following formula:
 

V = (N * c * D) / F
 

Of all water consumed, some is provided through the use of
 
man-made supply structures and the rest 
is consumed directly from
 
nature, (e,g., Urban populations with private household
 
connections for water have 99% 
of their water consumption needs
 
provided through the use of man-made water supply structues; the
 
other 1% is taken directly from nature without the use of such
 
supply structures). 
 In order to assess the volume of water
 

consumed through water 
supply control structures Vc for each
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category of consumption, we multiply by the appropriate percentage
 
of total annual consumption:
 

e.g.: Vc = .99 * 6351 = 6287 

where Vc = Structural Control Volume by category of consumption
 
(volume of consumption from supply structures).
 

Similarly, "No Structure" is the volume of water consumed
 
directly from nature.
 

1-8.2.2 Level I Submodel, Second Section
 

The second section repeats the columns representing
 
consumption units, total annual consumption, structural control
 
percentage and structural control volume. To the right of these
 

columns is a matrix representing, for each category of
 
consumption, the percentage distribution (% of Vc) of reliance on
 
each of ten types of water supply structures. (e.g., Human Urban
 
Consumption from urban drilled wells accounts for 75% 
of the total
 
urban consumption from all types of supply structures). Each row
 

of the matrix sums to 100%.
 

1-8.2.3 Level I Submodel, Third Section
 

The third section repeats the columns representing
 
consumption units, total annual consumption, structural control
 
percentage, and structural control volume. 
To the right of these
 
columns is a matrix representing the total consumption of water
 
(Vcs) by type of consumption and by type of structure (e.g., for
 
the Human consumption category, urban (HC) consumption from urban
 

drilled wells is : .75 * 6287 = 4716).
 

This produces the matrix: [Vcs]
 

or:
 

I-RI 



Vsl Vs2 Vs3 ... VsM
 

Vcl VclsI Vcls2 Vcls3 
 ... 
 VclsM
 
Vc2 Vc2sl Vc2s Vc2s3
2 ... Vc2sM
 

Vc3 Vc3sl Vc3s2 
 Vc3s3 ... 
 Vc3sM
 

cN VcNsl VcNs2 VcNs3 
 VcNsM
 

where: 
 Vci is the volume of water (Vc) consumed by consumption
 

category i,
 

Vsj is the volume of water (Vs) consumed through type of
 
supply structure j, and
 

Vcisj is 
the volume of water consumed by consumption category
 
i and through type of structure j.
 

Knowing the volumes of water for each supply structure per
 
category of consumption, we can calculate the total volumes of
 
water for each type of supply structure (Vs) (in thousands of
 
cubic meters per year) by summing down each column of the [VcsI
 
matrix.
 

n 

Vsj = 
 cisj
 

No comprehensive figures existed, in 1984, 
on average volumes
 
of output per single supply structure for each type of structure.
 
However, using the available estimates of numbers of each type of
 
supply structure (S.), it 
was possible to calculate an estimated
 
output per single structure Vo:
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Voj = V sj/S j 

These estimates were then taken as 
fixed and given for use in
 
projections of needed water supply structures for each type of
 
structure for 1990 and 1995 
for the "without program" projections:
 

S = Vsj/Voj
 

For the "with program" projections (Annex I-10), Voj was
 
increased due to less down-time and wastage from drilled wells,
 
assuming programs of contract operations and routine maintenance
 

are functioning.
 

To provide an additional point of reference, the model
 
includes two extra rows as follows:
 

" DAYS/YEAR: is the weighted average number of days per
 

year each type of structure is in use: D.
 

SM3/STR/DAY: volume of output 
in cubic meters per single
 

supply structure per day, calculated as "Output per
 
Structure per Year" Voj divided by "Days per Year" D 
.
 

For each type of water supply structure, a fixed proportion
 
is assumed to 
form the subset of commercial scale structures:
 

SC. = S. * P.
 

where SCj is the number of structures in the subset of Commercial
 

Scale Structures for category j, and P. is 
the proportion of
 

commercial scale structures in category j.
 

Estimates of an 
average useful life U. for each category of
 
commercial scale structure can be used for a 
rough notion of
 

replacement or rehabilitation requirements R. (in the absence of
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detailed knowledge of the ages and conditions of the structures
 

concerned):
 

Rj SCj/uj
 

This would represent the bare minimum replacement or
 

rehabilitation rate without suffering a loss 
in crude supply
 

capacity. For the 1984 middle-base estimates (Annex I-1), these
 

replacement rates were introduced directly into the Level III
 

submodel to illustrate the quantities of inputs required solely
 

for replacement purposes at the drilling/construction level,
 

(assuming no rehabilitation takes place).
 

1-8.3 Level II Submodel
 

Section 1-4, above, discussed the procedures for using the
 
Level I submodel for making water consumption forecasts for future
 
years and presented estimates on, among other things, projections
 
of the numbers of needed new structures in 1990. 
 Section 1-6
 

discussed the 
use of the model to make estimates of the current
 

(end-1984) system. This provides the basis for comparison between
 

years, which is necessary to derive needed flows of drilling and
 

construction from needed stocks of structures.
 

The columns of the Level II submodel present numbers of
 

commercial scale structures by year. The rows of the Level II
 

submodel are grouped by type of structure. The first row in each
 
group represents "Needed Total Structures" for each year: SCjt.
 

Numbers of operational commercial scale structures in existence as
 

of end-year 1984 were taken as the basis of comparison.
 

Projections of needed structures in 1990 ("needed" to keep pace
 

with growth in consumption from all sources without the
 

Consultants' recommended maintenance and rehabilitation program)
 

were made assuming that the 1984 level of output per single
 

structure Voj was constant (see above). With-Program projections
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for 1995 were made on the assumption that decreased downtime and
 

waste would increase the effective annual output of drilled wells.
 

(see above).
 

Assuming there will be a constant growth rate (g) in the
 

stock of structures between 1984 and 1990, the total needed
 

structures for each year between 1984 and 1990 can be calculated
 

by expotential interpolation. For example:
 

=
1984 Total existing urban drilled wells 124; and
 

1990 Total needed urban drilled wells = 232; then
 

6
 
= (1 + g)
232/124 


g = (232/124)1/6 - 1 = 0.11 or 11%
 

therefore 1985 Total needed urban wells = 124 * 1.11 = 138
 

The second row of each grouping presents the stock of old
 

structures, SOjo, in existence at the beginning of the period of
 

analysis (pre-1980 for drilled wells; pre-1984 for all other
 

types of structures) and assumes a deterioration rate equal to the
 

inverse of useful life for that type of structure: (1/U.). From
 

those figures can be calculated the numbers of remaining old
 

structures (SOjt) for each type of structure j and for any
 

succeeding year:
 

Soit = Sojo * [1 - (t/Uj)]; 

where t = the number of years after the beginning period of
 

the analysis for a given type of structure.
 

The third row of each grouping, "Previous New Structures"
 

(SPjt) represents the status of structures built in succeeding
 

years (post-1980 for drilled wells and post-1984 for all other
 

types of structures). In each year, new structures are being
 

built. It is assumed that each new structure remains functional
 

1-85
 



for one year after construction (it gets one year grace), but in
 

the absence of a routine maintenance program, deteriorates at a
 

rate (1/U.) each year after that. For example, for urban drilled
 
wells, there were 12 new wells drilled in 1984, and 81 "Previous
 
New Wells" in 1984. Therefore, there are [12 + (.9 * 81)] = 85
 

urban drilled wells in the "Previous" row for the 1985 column.
 

The fourth row of each grouping, "Needed New or Rehabilitated
 

Structures", SNjt' represents the numbers of structures which must
 

be built or rehabilitated in a given year to 1) keep pace with
 

expanding consumption needs from all sources and 2) to replace or
 
rehabilitate deteriorated structures (as calculated above).
 

Specifically, they are calculated as the number of structures
 

needed to make up the difference between "Needed Total Structures"
 

and "Old Structures" plus "Previous New Structures":
 

SCjt - (SOjt + SPjt) = SNjt 

For each grouping, the 1990 numbers of "Needed New or
 

Rehabilitated Structures" have been used in the Level III submodel
 

to calculate needed inputs.
 

1-8.4 Level III Submodel
 

The primary objective of this submodel is to provide a system
 

which estimates the inputs of raw materials, labour and equipment
 
required to build and maintain a water supply system with a given
 

capacity. A major objective of this model is to serve as a basis
 

for the development of a market study for Level III of the water
 

industry to provide the private sector with a decision making
 

tool.
 

This model can be regarded as a simplified Input/Output model
 

based on current technology in Somalia. Inputs are the raw
 
materials, labour and equipment involved in the construction
 

and/or maintenance of the different water supply structures under
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consideration. Outputs are defined as numbers and types of water
 

supply structures which need to be "produced", that is, either
 

constructed or rehabilitated or maintainted. (e.g. number of
 

drilled wells to be constructed or number of burkeds to be
 

maintained).
 

Technical coefficients, establishing the quantity of Input i
 

required in order to produce (either drill/construct,
 

rehabilitate, operate, or maintain) one unit of Output (structure)
 

j are determined. (e.g., quantity of cement required for the
 

construction of one burked).
 

For purposes of the Level III Submodel, drilled wells are
 

divided into five categories:
 

- Urban Wells
 

- Rural Wells equipped with hand pumps;
 
- Rural Wells equipped with diesel pump;
 

- Irrigation Wells; and
 

- Non Production Wells, assumed to be in fixed proportion if 

rural wells.
 

The other structures are undivided.
 

Each of these structures is clearly defined in Section 1-7;
 

sources and estimating procedures are discussed in Section 1-9.
 

The framework has been designed in a way that allows more
 

structures to be considered. Estimates have been made of the
 

following:
 

- Technical coefficients of drilling/construction
 

- Technical coefficients of rehabilitation (drilled wells
 

only)
 

- Technical coefficients of maintenance
 

- Technical coefficients of operation (drilled wells only)
 
- Useful Life
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- Rehabilitation Period
 

- Maintenance Period.
 

The framework is designed in order to allow maximum
 
flexibility in the estimates. Any of the values that have been
 
assumed in the main framework can be easily modified.
 

Definitions:
 

APRj = Annual Production Rate: indicates the number of new
 

structures to be constructed in a given year for each type
 
of structure i (= SNj, Needed New Structures for Level II
 
if there is no rehabilitation).
 

ULj = 	Useful Life for structure j: represents the life
 
expectancy of structure j, assuming that the 
structure is
 
properly and regularly maintained.
 

MP. = 	Maintenance Period: indicates the number of years between
 
two consecutive maintenance services for structure j.
 

AMR. = Annual Maintenance Rate for structure j: indicates the
 
annual number of structures j to be maintained. AMR is
 
defined as follows:
 

AMRj = 	(Scj/MPj)
 

WRPj 	 Rehabilitation Period: indicates the number of years
 
between two consecutive rehabilitations of drilled wells.
 

AWRRj = Annual Wells Rehabilitation Rate for well j: indicates
 
the annual numbers of wells to be rehabilitated. The
 
maximum AWRRj would be estimated as:
 

AWRRjt 	= (SOil+ SPjt) - (SOjt _ 1 + SPjt 
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In practice, the rehabilitation rate will be defined
 
according to 
the program (or lack thereof) in effect at
 

time j.
 

AWORj = Annual Wells Operation Rate for each well j: indicates the
 

annual 	numbers of wells to be operated:
 

AWORj SC.
 

= 
n number of Inputs i (i=l, . . . n)
 
m = 
number 	of Outputs (structures) j (j=l, . .m) 

Aij = 	 Technical coefficient representing the quantity of Input i
 
required to drill/construct one unit of Output j.
 

Bij = 	 Technical coefficient representing the quantity of Input i
 
required for one rehabilitation service of one 
unit of j.
 

Cii = 
Technical coefficient representing the quantity of Input i
 
required for one maintenance service of one unit of j.
 

Dij = 	Technical coefficient representing the quantity of Input i
 
required for one year's operation of unit j.
 

Wi = 	Total annual quantity of Input i to be supplied in order to
 
drill/construct Output j.
 

xij = 	Total annual quantity of Input i to be supplied in order to
 

rehabilitate Output J.
 

Yij = 	 Total annual quantity of Tnput i to be supplied in order to
 
maintain Output j.
 

zij = 	Total annual quantity of Input i to be supplied in order to
 

operate Output j.
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Wi 	 Total annual quantity of Input i required for the
 
drilling/construction of all water supply structures in 
a
 
given year.
 

Xi = 	Total annual quantity of Input i required for the
 
rehabilitation of all wells in a given year.
 

Y; = 	Total annual quantity of Input i required for the
 
maintenance of all water supply structures 
in a given year.
 

Zi = 	Total annual quantity of Input i required for the operation
 
of all wells in a given year.
 

Relationships:
 

The following relationships can be established:
 

Wij = Aij *APR
 

Xij = Bij * AWRR 

=
Yij Cij *AMR
 

Zij = Dij AWOR 

m 

Wi= wij
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m
 

Xi = X..
 

j =I 

m 

=
YIIi 
 1YJ
 

j =l 

m 

j =i 

Finally, Wi + xi + Yi + Z. 
= the total annual quantity of 

nput i to be supplied to the water industry at Levels I and II 
or all purposes. 

In addition, for the sake of calculating the direct costs of
 
roduction in the well drilling industry, WISyMS provides unit
 
:sts (Pi, as CIF Mogadishu) for each type of input, in dollars.
 
ien the total annual costs (PWi) for each type of Input i for
 
rilling/construction of drilled wells can be calculated as:
 

PWi = 
Pi * Wi
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(Similarly for rehabilitation - PXi; maintenance - PYi; and
 

operations PZi )
 

The total costs for drilling/constrution for drilled wells
 
(PW) is then:
 

n 

PW= 7 pWi 

(Similarly for rehabilitation - PX, maintenance - PY, and
 
operation PZ)
 

WISyMS data output is presented in Annex I. Notes, sources, and
 
estimating procedures are discussed in Section 1-9, 
below.
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1-9 WISYMS NOTES AND SOURCES
 

1-9.1 Introduction
 

This appendix provides notes to accompany the presentation
of WISyMS contained in Section 1-8 
(Methodology) and Annex I
(Data). It discusses sources of data and estimates used in the
various runs of the model which are presented in Annex I and also
discusses some of the estimating procedures involved in building
the model. 
 This section is organized into four sets following the
presentation of the data contained in Annex I:
 

e 1984 BASELINE ESTIMATES
 
Annex I-I 
 Middle Level Estimates
 
Annex 1-2 Low Estimates
 
Annex 1-3 High Estimates
 

0 1990 PROJECTIONS/FORECASTS
 
Annex 1-4 
 Middle Level Projections

Annex 1-5 Low Projections

Annex 1-6 High Projections
 

o 1990 CONSTRAINT ANALYSIS OF NATIONAL OBJECTIVES
 
Annex 1-7 National Consumption Objectives (full
 

standards)

Annex 1-8 	 National Consumption Objectives (partial


standards)
 

e 1995 PROJECTIONS OF NATIONAL OBJECTIVES AND SUPPLY SIDE
 
ANALYSIS OF CONSULTANTS' RECOMMENDED PROGRAM

Annex 1-9 	 National Consumption Objectives without
 

Consultants' Recommended'Program (Demand Side
 
Analysis)


Annex 1-10 	National Consumption Objectives with
 
Consultants' Recommended Program (Supply Side
 
Analysis)
 

Each exhibit presents a run of some or all of WISyMS three
inter-related submodels under different assumptions. 
The Baseline
Estimates present 1984 estimates of current system parameters on
the basis of three alternative sets of demographic and economic
data and of inventory estimates as 
to the stock of existing water
supply structures. The 1990 Projections/Forecasts extrapolate

from the three baseline exhibits base3d 
on three alternative sets
of growth rates applied to the demographic and economic data. The
1990 Eviluations of National Objectives are based on Annex 1-4,

the middle range projections, and include specific national goals
for per-capita water consumption, standards, and service. The
1995 projections are an extention of the middle range 1990 projections, with the national goals for per capita water consumption

(full standards) included as 
a target for 1995. Annex 1-9
examines these goals in 
the absence of the Consultants'

Recommended Program; Annex 1-10 uses 
a supply side analysis to
show how the recommended program meets the need.
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1-9.2 WISyMS 1984 Baseline Estimates
 

The data presented in the first model, Annex I-1, 
"Middle

Level 1984 Estimates of Population, Rates of Consumption, and
Existing Structures" represent the Consultants' baseline estimates
for year-end 1984. Annex 1-2 
and Annex 1-3 present, respectively,
lower and higher estimates for most variables used in the model,
in 	order to illustrate the range of available estimates on each of
the categories examined. 
Definitions and sources 
are described
below, organized as 
in 	Section 1-3 of this appendix and in Section
I-7, "Definitions". 
 Sources indicated in <brackets> refer to the
bibliography, attached. 
 Figures for which specific sources are
not mentioned are Consultants' estimates. 
All calculations are
explained in Section 1-8.
 

1-9.2.1 Consumption Units:
 

" 
Total Human Population ("Subtotal 1l): Ministry of
National Planning (MNP) figures indicate a total
population of around 5.35 million <1> 
as 	of end 1984.
While these are the government's official estimates,
many experts believe that the 1975 
census on which
 
those figures are 
based was not an accurate one and
that there may have been significant double counting
and/or missed areas. 
 Annex 1-2 presents the
Consultant's estimate of the likely lowest end of the
possible range of population, and estimates presented

in Annex 1-3 are 
from aerial reconnaissance and ground
sampling techniques conducted by Resource Management

and Research (RMR) of London, which estimated the
total population at over 6,885,000 
as 	of 1983/84 <2>.
 

" 	Urban Population: Urban population figures are based
 
on MNP's estimate of 25% 
of 	total population. Surveys
for the Mogadishu Second Water Supply Project <3>

estimated that about 11 percent of Mogadishu

households have private connections ("HC") and 89%
have access only to standpipes ("SP"). Kismayo claims
to have about 20% of its households connected. 
The
figures presented represent the Consultant's estimate
that about 8% of the total "urban population" has
 
household connections.
 

" 
Rural Settled And Nomadic: 
 The figures presented are
in line with MNP and RMR estimates of the percentage
of 	the total population in each category:

approximately 29% 
and 46% respectively.
 

" 	Livestock: estimates for camels, cattle, sheep, and
 
goats are from the MMWR <4>, 
RMR <2>, and MNP <1>,
which are in close agreement. The estimate for "other

animals" is strluLly hypothetical. 
 "LSU" is Livestock
Units, where the average camel is counted as one LSU,
cattle are 
.8 	LSU and Sheep and Goats are .125 LSU.
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" 	Agriculture, (Hectares): for Annex I-1 are from MNP
 
<5> estimates for "current irrigated cropland",

"current rainfed cropland" and "flood-fed cropland".

Annex 1-3 estimates are from RMR <6 
& 7>, adjusted to
take into account different definitions for the
 
categories.
 

" 	Government And Industry: 
The MNP <8> lists about 300
 
industries with five or more employees, but admits
 
that probably many companies were missed.
 

1-9.2.2 Per Unit Water Consumption Factors
 

o 
Daily Use Factor: is the estimated weighted average

consumption of water per day for each type of
 
consumption unit.
 

* 	Human Consumption of Water: 
 the figures employed

represent rough estimates of average consumption,

based on a number of sources, including the Mogadishu

Water Supply Project <3> for urban consumption and

MMWR <4> and the National Range Agency (NRA) for rural
 
consumption.
 

* 	Livestock Consumption Estimates: 
 are based on a

variety of sources, including MMWR <4>, and the
 
National Range Agency (NRA).
 

* 	Agricultural Water Consumption: 
 the 68 cubic meters
 
per day for irrigated land was calculated from assumed
absorption of rainfall plus information in MMWR <4> on
 
agricultural demand for surface and groundwater,

(however, these estimates 
are based on an assumed 45%
efficiency of water use in 
irrigation, instead of the
 
more likely 20% efficiency estimated by most experts).

The consumption figures for "rainfed" and "flood"

agriculture are heuristic approximations offered for
 
illustrative purposes only.
 

* 	Government and Industry: 
The Mogadishu Water Supply
Project <3> estimates that government institutions use
 
over half of 
the water consumed in Mogadishu, and that

industry uses another 3%. 
 The Consultant's estimates
 
are based on an extrapolation to all urban areas.

"Average Daily Consumption" was derived from these

figures and from estimated numbers of establishments.
 

* 	Days per Year: is for use of water. This is 365
 
days/year for humans and livestock, the average

potential growing season for agriculture, and working

days/year for government and industry.
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" Conversion Factor: translates liters into cubic
 
meters of water for human and livestock water
 
consumption.
 

" 	 Annual Consumption (1M3 *K/YR-): for each type of
 
consumption unit is the calculated total annual volume
 
of water consumed in thousands of cubic meters per
 
year.
 

1-9.2.3 Water Consumption/Intake Structure Flow Relationships
 

" 	Structural Control Percentages: refer to the
 
percentage of water taken from nature with the 
use of
 
man-made water supply structures or improvements to
 
natural sources. Figures presented are the
 
Consultant's estimates.
 

" 	Structural Control Amount: 
 is then the calculated
 
volume of water consumed through man-made water supply

structures, in thousands of cubic meters per year.
 

" 	No Structure Percentage: percentage of water consumed
 
directly from nature without the 
use of structures.
 

" Percentage Distribution Across Structures: 
A matrix
 
illustrating the percentage distribution of
 
consumption across the range of water supply

structures, by type of consumption. Since there are
 
no published data available on this subject, the

figures employed represent the Consultant's estimates
 
based on conversations at the Water Development Agency

(WDA), NRA, and MNP. Further research will be
 
conducted by the WDA Planning Department.
 

1-9.2.4 
 Volumes of Water Provided Through Supply Structures
 

" 	Total Consumption of Water by Type of Consumption and
 
by Type of Structure: A matrix calculated from the
 
Structural Volumes for each type of consumption, and
 
the Percentage Distribution Across Supply Structures:
 
each cell of the matrix specifies the volume of water
 
used for each particular use and supplied by a
 
particular type of structure.
 

" 	 Structural Supply Volumes: 
 are the volumes of water
 
consumed for all uses 
for each type of structure,
 
summed down each column of the above-described matrix.
 

" Volume Output, M 3'K/STR/YR: is the weighted average

volume, in thousands of cubic meters, of water
 
consumed per single supply structure per year and is
 
calculated in Figures 1 - 3 as "structural supply

volumes" divided by the "numbers of watur supply
 
structures".
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" 	Days/Year: is the weighted average number of days per
 
year each type of structure is in use.
 

" 	 M3 /STR/DAY: calculated volume of output in cubic
 

meters per single supply structure per day.
 

1-9.2.5 Numbers of Water Supply Structures
 

" 
 Numbers of Water Supply Structures: are estimates on
 
the numbers of each type of water supply structure
 
which were operational and in use as of end-1984.
 
Numbers of drilled wells are Consultant's estimates
 
based on known drilling activity over the past five
 
years, and on the numbers of older wells assumed to be
 
still operational. Estimates of the numbers of dug

wells, uars, and ballehs are based on RMR data <7, 10
 
& 11>, along with standard errors, which were used for
 
the numbers of supply structures presented in Annex
 
1-2 and 1-3. Figures presented on intakes from rivers
 
and streams, burkeds, and dams are rough estimates, as
 
there are no published comprehensive data on these
 
structures.
 

" 	Commercial Scale Structures: are the subsets of
 
operational supply structures the construction of
 
which involve some capital input and at least the
 
potential for construction on a commercial basis. 
 In
 
other words, they have been selected on the basis that
 
their construction and/or maintenance require minimum
 
inputs of raw materials, labor, fuel and equipment
 
that can justify the involvement of "Level III" (water

industry inputs) industries. Structures built on a
 
self-help scheme and natural water sources are 
not
 
included.
 

1-9.2.6 Detailed Descriptions of Water Supply Structures
 

e 	 Drilled Wells: are
All drilled wells considered
 
commercial scale structures. Drilled wells are either
 
urban, rural equipped with a hand-pump or a diesel
 
pump, or irrigation wells. (Wind mill and solar pumps
 
are being seriously considered for the future but at
 
this stage, their number is too marginal to be taken
 
into account in the context of our framework).
 

Both urban and rurdl diesel pump wells have an average

depth of 120 meters. Most wells are completed with a
 
12" or 14" diameter surface casing and 8" steel or
 
plastic casing and screen. 
 Hand pump and irrigation

wells are assumed to be an average of 80 meters deep.
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Diesel pumped wells serving rural areas are equipped

with a diesel generator and pump unit that is capable
of yields from 8 cubic meters per hour. 
Water is
stored in 
an above ground concrete storage tank with a
capacity of 45,000 liters which supplies one human
 
water point and two animal water points by gravitation. It is assumed that about 70% 
of all rural
drilled wells are equipped with a diesel pump, as 
are
all urban and irrigation wells.
 

Hand pump wells are equipped with a lift pump which is
manually operated and yields approximately 10

liters/minute. A sloped concrete pad is built around
the well in order to drain spoil water. It is assumed
that about 30% 
of all rural drilled wells are equipped

with a hand pump.
 

Drilled wells are 
further classified as "production"
 
or anon-production wellso. 
 Production wells are
completed operational structures, equipped with 
a pump

and "producing" water. Non-production wells are
boreholes abandoned after it 

test
 
has been determined that
 

water quantity and/or quality is 
not suitable. It is
assumed that the number of non-production wells in a

given year averages 30% of the number of rural
 
production wells.
 

" Hand Dug Wells: Less than 15% 
of hand dug wells are

in the Commerical Scale category; 
 Depending on the
kind of layers encountered while digging the well,

well depth and lining requirements will vary. 
Wells
dug entirely through soft layers of unconsolidated

materials will require lining over the full height of

the well, wells dug partly through consolidated

materials will only require lining in the portions of
the well which are unconsolidated. Therefore, it is

realistically impossible 
to give one clear definition
of a hand dug well. 
 For the purpose of our analysis,

an average commercial scale well 
is defined, which is
 a combination of the three types of wells described

above. 
This well has a depth of 15 meters, is lined
 over 55% 
of its height and is covered in 20% of the
 
cases.
 

" Intakes From Rivers: 
All intakes are considered
 
commercial scale. 
 Intakes consist of a pipe immersed
into a river and connected to a diesel powered pump
with a generator. 
 In some cases, a concrete pump

house is built in order to protect the diesel engine

from the rain. For irrigation, water is then
 
distributed through hand dug distribution channels.
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" 	Uars: The Consultant estimates that about 4% of all
 
uars are commercial scale. 
 The commerical scale uars
considred in the model are defined as 
those

mechanically excavated with bulldozer or draglines.
Their average size is of 50 m x 25 m at 
the top X 4 m
days and of trapezoid vertical cross-section (this

shape has been used by the National Range Agency in

order to avoid degration). Their average volume is
2500 cubic meters. It is estimated that they are
lined with plastic sheets 
in 	10% of the cases.
 

" 	Improved Ballehs: The Consultant estimates that only
about 2% of ballehs are commercial scale. For a
commercial scale balleh, the natural balleh's shape is
improved by earth moving with heavy equipment such as
bulldozers. 
Then plastic sheets are installed in the
bottom and on 
the sides in order to reduce seepage of

the water. These balleh's holding capacity range from
10,000 
to 	over 50,000 cubic meters, with an average of
perhaps 30,000 cubic meters. 
The commercial scale
 
ballehs considered in 
the model are assumed to be 1.5
meters deep, 300 meters long and 100 
meters wide.

They are also assumed to be lined with plastic sheet
 
in 10% of the cases.
 

" 	Burkeds: 
 All burkeds are considered to be commercial
 
scale. 
 The range of holding capacities is extremely
wide, 10 to over 
100 cubic meters in the Central
 
Rangelands and South. 
 In 	the North, where they
originated, they may be as 
large as 600 cubic meters.

The average holding capacity is assumed to be 60 cubic
meters. They are 
sometimes roofed with materials such
 
as corrugated metal sheeting, concrete, plastic sheet
 or 	simply shaded with small bushes suspended over the
 
tank in nets.
 

" 	Diversion Dams: The Consultant estimates that about
 
2% of diversion dams are commercial scale structures.
The average commerical scale diversion dam is assumed
 
to 	be 120 meters long, of trapezoid shape, up to 4
meters high above channel invert with a top width of 2
 
meters. 
The side slopes of the earth section are 3 to
1 (average). 
 Diversion Dams are constructed across
water channels and are made of earth, stones, (the

stones may be contained in gabions 
- wire cages), or
 
concrete.
 

" 	Average Useful Life: 
 for each type of structure are

consultant's estimates. 
Actual lifespans for each
type of structure will vary widely. 
The figures

presented take into account the conditions and levels
 
of maintenance currently prevailing in Somalia.
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* 	Annual Replacement Rates: calculation gives a rough

indication of the 
number of new structures needed

solely to replace the ones likely to fail in a given
 
year. For the 1984 middle-level estimates (Annex

I-1), these replacement rates were introduced directly

into the Level III submodel to illustrate the

quantities of inputs required solely for replacement
 
purposes. 
Notes of the Level III submodel follow the
discussion of the 1990 forecasts and the Level II
 
submodel, below.
 

1-9.3 WISyMS 1990 Projections/Forecasts
 

The next step in the simulation, presented in Annex 1-4

through 1-6, 
was to make a set of projections by applying

different possible growth rates to the three sets of baseline
 
(1984) estimates. Annex 1-4 
contains the middle-level projections

for 1990, using middle-level growth rates applied to Annex I-l's

middle-level base line estimates for each of the key variables.
 
Annex 1-5 contains the low-level projections for 1990, using
low-level growth rates applied to Annex I-2's low-level baseline
 
estimates. 
Annex 1-6 contains the high-level projections for

1990, using high-level growth rates applied to Annex I-3's

high-level baseline estimates. This gives us the largest possible

range of projections for 1990 
for each of the variables.
 

1-9.3.1 Level I Submodel
 

e 	Population Projections: for Annex 1-4 assume a total
 
annual average population growth of 
2.9%. This figure

is a weighted average of urban population growth (4.5%

p.a.), rural settled growth (3.0% p.a.) and nomadic

population growth (1.9% p.a.). 
 The MNP calculates a
 
net natural increase of 3.1% <2>, but indicates that
 
net emmigration would bring the actual population

growth rate 
to just below 3% p.a. We also assume that
 
the percentage of urban households with private

connections increases to 10%. 
 Annex 1-5 assumes a
 
total annual average growth rate of 2.5%; with a 4%
 
p.a. increase in urban population, of which 9% will

have household connections by 1990. Annex 1-6 assumes
 
a total annual average population growth of 3.1%; with
 
a 5% p.a. increase for urban population, of which 12%
 
will have household connections by 1990.
 

9 Livestock Population Projections: for Annex 1-4
 
employ the MNP's estimate of about 1% for annual
 
average net increase <12>. Annex 1-5 uses 0.5% and
 
Annex 1-6 uses 2% net increase per anum.
 

0 	Agricultural Projections: 
Annex 1-4 assumes a growth
 
rate of 2.5% per anum for hectares under irrigated

cultivation; 
 and 5% per anum growth for hectares
 
under rain-fed and flood-fed cultivation. Annex I-5
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assumes 1.1%, 2.5% and 2.5% growth rates p.a.

respectively for the three categories; and Annex 1-6
 
assumes 5%, 6% and 6% growth rates p.a.
 

" 	Government and Industry Projections: All three 1990
 
forecast Annexes assume no growth in water consumption

for governmental institutions. Annex 1-4 assumes the
 
number of private commercial establishments will
 
increase by 6.5% per anum, and that per-establishment

consumption will increase by 8% per anum. 
Annex 1-5
 
assumes the number of establishments will also
 
increase by 5% per anum, and that per-establishment

consumption will increase by 5% per anum. 
Annex 1-6
 assumes the number of establishments will increase by

7.3 per anum, and that per-establishment consumption

will increase by 9.8% per anum.
 

" 	Human Consumption Projections: are the Consultant's
 
estimates which indicate 
the likely range of figures
 
on per capita consumption as of 1990.
 

" Livestock Consumption Projections: assume some growth

for cattle and camel, but not for sheep and goats

(except for Annex 1-5, which assumes some growth from
 
Annex 1-2).
 

" 	Agricultural Consumption Projections: 
Per hectare
 
consumption is assumed not to increase; for although
 
crops could usefully consume more water, this should
 
come about as a result of increased efficiency in
 
water use, and not through greater quantities of water
 
diverted to agriculture.
 

" 
Structural Control Percentage Projections: All three
 
annexes assume 
that there will be increased reliance
 
on water from structures in general, increasing
 
"Structural Control Percentage" by up to five
 
percentage points for each category of use.
 

" 	Groundwater Percentage Projections: All three annexes
 
assume that there will be increased reliance on
 
groundwater (water from drilled wells and hand dug

wells) in particular, changing the percentage

distribution in favor of drilled wells and hand dug

wells by up to 5 percentage points, at the expense of
 
surface water facilities.
 

The combined effects of human, livestock, agricultural, and
 
industrial growth, plus growth of per-capita, per-head, per
hectare, and per-establishment consumption of water are
 
significant. Annex 1-4 indicates 
an increase of 4.3% per anum for

total water consumption through all structural control facilities.
 
Annex I-5 and Annex 1-6 indicate a possible range of 1.6 to 6.6%
 
per anum.
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* 
Numbers of Water Supply Structures: For the sake of

projecting the numbers of water supply structures for

1990, the Consultant assumed that output per supply
structure per year would remain constant; 
 and calculated
the number of supply structures needed in 1990 to satisfy
the projected growth in water consumption.
 

" 
Commercial Scale Structures: are assumed to remain as a
constant proportion of 
total water supply structures for
 
each type of facilitiy.
 

* 	Useful Life: 
 is assumed to be unchanged.
 

These projections, together with the baseline estimates of

the numbers of each type of supply structure in existence as of
end-1984, 
are used to project the numbers of 
new supply structures

needed to (a) replace old deteriorated structures and (b) to keep
pace with growing water consumption needs. The procedure used by
the Consultant is described in more detail 
in 	Section I-8.
 

1-9.3.2 Level II Submodel
 

" 	Needed Total Drilled Wells: from 1980-1984, numbers

of drilled wells are Consultant's estimates based 
on

known drilling activity over the past five years, and
 on 	the numbers of older wells still assumed to be

operational; from 1985 through 1990 they are the

projected requirements of numbers of wells needed to

maintain existing (end-1984) volume of output per

operational drilled well, keeping pace with growth in
 
consumption from all 
sources.
 

* 	Old Wells: are Consultants' estimates on 
the number
 
of 	operational drilled wells which had been in
existence as of 1980. 
 At that point, they would have
 
had varied ages, and 
if 	their life expectancy is ten
 years, we can assume that about 10% of them would fail
 
each year. By 1990, we could not expect any of them
 
to 	be functional.
 

" 	Previously Drilled "New" Wells: 
 are wells drilled
 
since the beginning of 1980 but before the current
 
year of the column. For the sake of analysis, the
 
consultant assumes that all drilled production wells
will last at least one year, and will then begin to

fail at a rate of 10% 
per year.
 

" 
Needed New Wells: for years 1980-1984 are estimates
 
of the numbers of wells actually drilled each year,
based on known drilling activity. (Annex 1-5 assumes
 
we were double-counting or counting nonproduction

wells, and Annex 1-6 
assumes we missed some drilling

activity.) 
 For 1985 through 1990, they are calculated
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as 	the number of wells that need 
to 	be drilled or
 
rehabilitated to make up the difference between
"needed total wells" and "old wells" plus "previously
 
drilled new wells".
 

A similar procedure is used for each of the other types
of structures, although data are 
not available 
for past rates of
 
construction.
 

1-9.3.3 
 Level III Submodel, Input-Output Technical Coeffiecients
 
for Construction (Aij)
 

Note that all "inputs" used 
in 	the input-output model
represent averages currently prevailing in the country. These
averages are 
heavily influenced by work taking place under foreign
auspices which is relatively more capital intensive than average,
and by work taking place under governmental force account, which
involves larger payroll than is perhaps necessary. 
Work undertaken by the private sector, (whose inputs are described in
Section Three of the main body of the report and 
in 	Appendix D),
may make more economical 
use of labor and capital, but are also
currently restricted 
in 	their well depths and in the formations
through which they can drill. 
 Unit costs are 
from the "Economic
Evaluation of 
the C.G.D.P." 
(LBII, 1984) with updates from the
 
consultants.
 

Raw Materials Inputs:
 

The list of raw materials 
inputs does not presume to
include every single item involved in water supply structures
construction. 
The purpose of this exercise is not to give a
detailed bill of materials for each structure, but rather to
estimate the potential impact of an increase in the number of
structures on 
the Level III industries. Hence, the 
raw materials
inputs have been selected on 
the basis that they are likely to
influence Level III entrepreneurs' decision-making. More
precisely, these are 
either raw materials used in substantive
quantities or materials that 
are relatively expensive.
 

e 	Cement, stone, gravel and sand are used for well

construction and for civil works. 
Gravel for packing
of wells is used on a limited basis, and is not
 
included in calculations. 
 In the context of this
model, gravel refers to crushed stones, used to make
aggregate. Input coefficients have been assumed to

20% 
higher than standard civil engineering 

be
 

coefficients, to allow for lost and damaged materials.
The relatively high coefficients associated with rural
 
and urban wells equipped with diesel pumps are due to
the large storage tanks ircorporated into the civil
works. (See Definitions of 
the Structures in Section
 
1-7).
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* 
Steel 	casing, screen and conductor casing are used

exclusively in drilled wells. 
Technical coefficient

for production wells have been selected on the basis

that the average well depth for urban and rural diesel
pumped wells is of 120 meters. For irrigation and hand
 
pumbed wells, the average depth is assumed to be 80
meters. Coefficients estimates were provided by CGDP
 
experts.
 

* 	Shelter: The following structures are estimated to
 
have a shelter:
 

(i) 
All urban and rural drilled wells equipped with
 
a diesel pump


(ii) 	 20% of irrigation wells and rural wells
 
equipped with a hand pump


(iii) 10% of the Hand dug wells
 
(iv) 	 50% of the burkeds
 

" 
Pipes include plumbing and fittings in addition to the
 
pipe itself. Technically, pipes are not part of the
 
structures, but rather a link between different
 
structures (e.g., 
from a well to a storage tank) or
from a structure to the water end-user. (e.g., from a

river 	intake to an irrigated field). Pipe
requirements are substantial however and will increase
 
as 
development of water distribution systems

increases. 
 We 	exclude from this analysis the piped
distribution systems of municipal and irrigation water
 
works.
 

" 	Drilling Fluid (Bentonite): is used at 
the rate of 20
 
sacks per 100 meters drilled.
 

" 
Drill 	Bits: are used at the rate of one per 1000
 
meters.
 

" 
Hand Pumps and Diesel Pumps: CGDP experts estimate

that hand pumps are used in 20% 
of 	the hand dug wells

and 30% of the rural drilled wells. In drilled wells,

the choice between a hand pump versus a diesel pump is
usually determined by the production rate of the well.
 
Diesel pumps are generally utilised for needed

production rates greater than 40 liters per minute.
 
Clearly, other factors, when choosing between hand and
diesel pumps, such as the location of the well, its
 
accessibility to fuel and maintenance services, the

identification of water users and the rate of

utilisation of the well, 
are taken into account.
 

In 	low population density areas, where wells are used
 
primarily by the nomadic population as a source of
water for human and animal consumption, wells are
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sometimes equipped with hand pumps. 
 These areas are
 
often remote areas, thus 
not easily accessible for
maintenance and fuel services, another reason to
 
decide in favor of hand pumps. Solar or wind pumps
 
are also alternatives.
 

In high population density areas, urban areas- or
 
intensive agriculture areas, where substantial
 
quantities of water are 
needed, wells are usually

equipped with diesel pumps. 
 These areas are also
usually easily accessible for maintenance and fuel

services, a necessary condition to meet when opting

for diesel pumps.
 

Intakes from rivers are equipped with diesel pumps.

Clearly intakes are to yield substantial quantities of
water, mainly for irrigation purposes, and therefore
 
must be equipped with diesel pumps.
 

" 
Rebars and Wood: Rebars (reinforcement steel bars) are
 
used in limited quantities in order to improve the

tensile strength in masonry such as service tanks at

well-heads and burkeds. 
Wood is used for concrete
 
forms.
 

* Plastic Sheets: Plastic sheets are used 
to line some

of the ballehs and 
uars to prevent seepage through the
bottom and sides. The consultants estimate that

around 10% of the ballehs and uars are lined with
plastic sheets. Since a uar's average holding

capacity is estimated to be about 2500 cubic meters
 
(trapazoidal: 50 
x 125 top x 4 depth), plastic sheet

requirement per uar is 
1,043 square meters. A similar
estimate of plastic requirements per balleh (300 x 100
 
x 1.5) can be made and yields to approximately 15,000
 
square meters.
 

Labor Inputs
 

Labor inputs are measured in man-days and classified as
skilled or unskilled. 
 Note that these are current average labor
inputs and reflect the large amount of WDA force-account labor and
labor in foreign aided projects executed on behalf of the WDA.
 

* Drilling Labor Inputs: 
includes all labor involved in

the borehole test drilling, log taking, hole reaming,
well development, casing and 
screen installation. In
 
the case of rural diesel pump production wells,
drilling is estimated to be performed by a team of 13
 
people. 
 These include 3 skilled workers: chief
driller, assistant driller, and hydrogeologist plus a
 
crew of 10 unskilled workers. 
The team is assumed to
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spend 24 days on 
the well site. Drilling labor for

shallower irrigation and hand pump wells is
 
correspondingly lower. 
 In the case of non
 
production/exploratory wells, the same size team will
be present on the site but for a time period of 15
 
days.
 

Excavation Labor Inputs relates to hand digging and/or

earth moving with heavy equipment such as bulldozers.
Diggers are unskilled whereas bulldozer operators are
 
assumed to be skilled. Completion of hand dug wells
 are estimated at the 
rate of 3 men-hours per meter, 7
 
hours per day and an average well depth of 15 meters.
Thus excavation labor input coefficients per hand dug

well is:
 

(3 x 15)/7 = 6.43 men-days
 

Uars are assumed to be excavated with bulldozers and

graders (uars hand dug on a self-help scheme by

villagers are not included in this analysis since they

are not commercial scale and do not require the
 
involvement of "Level III" 
industries). It is

estimated that an average uar with 2500 cubic meter

capacity can be excavated with one bulldozer in 10
days. 
 Ballehs are also excavated with bulldozers and

graders. It is estimated that a balleh with a 30,000
cubic meter capacity will require 10 equipment-days.

Burkeds are hand dug at 
the rate of 0.5 men-days per
cubic meter of capacity, thus (0.5 x 60) = 30 men-days

for the average burked of 60 cubic meters capacity.

Diversion dams 
are dug with bulldozers and/or

draglines. These are estimated 
to hold 7,500 cubic
 
meters 
in average, hence will require approximately 15
 
equipment days.
 

o 
Civil Works Labor Inputs: CGDP experts estimate that a
team of 9 people (1 skilled civil works supervisor

assisted by 2 skilled workers and 6 unskilled crew
members) will work for 6 days in the 
case of rural
 
hand pumped wells and 36 days in the 
case of rural
diesel pumped wells. Urban wells require somewhat more
 
time, and irrigation wells somewhat less. 
 The

considerable amount of civil work associated with
wells equipped with diesel pumps is due to the number
 
and size of structures provided.
 

In the case of hand dug wells, civil works are
 
involved principally in lining the well. 
 The amount
of work involved is directly related to 
the structure

of the layers encountered. In soft layers, chances

that soil will cave 
in the hole are high, thus lining

is required over the full height of the well. 
Wells
dug in hard layers may not require any lining. On
 average, 55% of 
the wells need to be lined and 1.2
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men-days are necessary per meter of well lining.

Thus, total civil works labor input requirement

amounts to: (15 meters x 55% 
x 1.2 men-days/meter)=10
 
men-days which are practically split between one
 
skilled mason and his assistant (unskilled).
 

In most instances (80%), intakes from rivers do not

involve civil works. 
 Intakes usually consist of a

bare pump and an 
intake pipe immersed into the river.
There are however some 
intakes that involve the

construction of a concrete block structure, such as 
pump house. It is estimated that for those intakes 

a
 

that require some civil work, 1 mason 
and an unskilled
assistant will be working for 5 days. 
Thus, technical
coefficients for both skilled and unskilled labor are:

(10 men-days x 20%) = 2 men-days.
 

Uars and ballehs involve minimal civil works such as
masonry work, but in those 
uars and ballehs lined with

plastic sheets, labor inputs are 
required. These are
classified under civil work for practical purpose. 
 It
 
is estimated that the installation of pastic sheets
takes 1 man-day per 100 square meters, thus input

technical coefficients for uars 
and ballehs are
 
respectively of 1.5 men-days and 15 men-days.
 

Dams, for the purpose of this study, 
are structures

usually made of stones and earth, thus requiring civil
works. It is estimated that 6 skilled men-days, and
10 unskilled men-days are sufficient for the

construction of 
an average sized dam.
 

Mechanical Labor Inputs: 
 under mechanical labor
 
inputs are grouped all labor inputs that involve some
mechanical, plumbing or electrical work, such as
 
installation of the pumps, pipes and fittings,
 
generators, etc.
 

In irrigation wells and rural drilled wells equipped

with hand pumps, mechanical works are involved mainly
in the pump installation. 

of 

The pump crew is composed

one skilled supervisor and 4 unskilled crew members
who will be working for 3 days. Note that the pump
installation itself can be completed within 1 day but


it 
is reasonable to add 2 more days for deployment to
 
and from site.
 

In rural drilled wells equipped with a diesel pump,
 
pump installation labor requirements 
are comparable to
those of hand pumped wells; but mechanical work also

involves the installation of pipes and fittings
between the various structures attached to the well.
 
It is 
assumed that 7 men-days will be necessary to
 
complete the additional mechanical (plumbing) works.
 

1-107
 



Thus, the technical input coefficients for mechanical

labor per drilled well with diesel pump are 
(a)

skilled: (1 pump crew supervisor x 3 days + 7
plumbers-days) 
= 10 men-days and (b) unskilled:

(4 crew members x 3 days) = 12 men-days. for urban
wells, these co-efficients should be 67% 
higher.
 

As 	for those hand dug wells equipped with a hand pump,

mechanical labor inputs are 
similar to those required

for drilled wells, technical coefficients are (a)
 
skilled:
 
(1 men x 3 days x 20%)= 0.6 men-days and (b)
 
unskilled:
 
(6 men x 3 days x 20%)= 3.6 men-days.
 

Intakes from rivers equipped with diesel pumps require
mechanical labor 
inputs. As previously stated, in 80%
of the cases intakes merely consist of piping from the

river to the pump. Mechanical labor inputs are 3

skilled men-days and 12 unskilled men-days. 
 In 	the
remaining 20% more sophisticated structures, pipes and
 
fittings are installed, requiring about 2 additional

skilled men-days. Thus technical input coefficients
 
are (a) skilled:
 
(3 men-days + (2 men-days x 20%)) 
= 3.4 men-days, and
 
(b) unskilled: 12 men-days.
 

Neither uars, nor ballehs require any kind of
 
mechanical labor inputs, thus coefficients are nil.
 

Burkeds require a minimum of plumbing work which is

assumed to take 3 men-days of skilled labor and 6

men-days of unskilled labor.
 

In 	the case of dams, technical mechanical labor

coefficients are assumed to be nil.
 

Equipment Inputs
 

Equipment Inputs are measured in equipment-days of
utilization of drill rigs, pump rigs, heavy vehicles and light
vehicles. Minor equipment items such as 
chisels and trowels have

been neglected in order to simplify this analysis. Note that
these are current average equipment inputs and reflect the
relatively high capital intensity of work on 
foreign aid projects

and WDA force account work.
 

9 	Drill Rigs: Drill Rigs are used exclusively for the
 
construction of drilled wells. 
 Drilling is performed
with a rotary rig using a tricone drill bit; (or with
 
a cable tool rig). 
 The drill rig input coefficient is
estimated to be 30 days for urban wells, 24 
days for
rural diesel pump wells, 20 days for rural hand pump
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wells, and 18 days for irrigation wells. These
 
figures may appear a little high (under normal
circumstances, this coefficient would be about 7
 
equipment-days), but it 
reflects a real situation

where drilling progress is slowed down because of

logistics such as lack of fuel, and difficult site

accessibility. These amounts of time include 50% 
for

drilling and 50% for down-time.
 

In the case of non-producing exploratory wells,

drilling is stopped as soon as 
it has been determined

that the site is not appropriate for well completion.

The input-output coefficient is assumed to be 10
 
equipment-days.
 

" Pump Rigs: Pump rigs are 
used for the installation of

the pump in drilled wells. 
The pump installation
 
should not take longer than one day. One or two

additional days are needed to move 
the pump rig to and

from the site. Thus, the input coefficient is 2-3
 
equipment-days.
 

" Heavy Vehicles: 
 include a wide range of vehicles,

such as water tankers, fuel tankers, flatbed trucks,
 
trailers and bulldozers.
 

In the case of drilled wells equipped with hand pump,

equipment requirements are as follows:
 

1 Flatbed truck x 25 days
 
1 Water truck x 20 days

1 Fuel Tanker x 5 days

1 Crane Truck x 20 days
 

Thus the input coefficient is 70 equipment-days.
 

Coefficients for irrigation wells should be about 
33%
 
lower.
 

In the case of drilled wells equipped with diesel
 
pumps, additional equipment inputs are needed to
support the civil works 
involved in the construction
 
of the water storage and distribution structures.
 
These additional requirements are as follows:
 

Flatbed truck x 30 days

1 Water Tanker x 30 days
 
1 Fuel Tanker x 8 days
 
I Dump truck x 30 days
 

Thus additional requirements are for 98 equipment-days
 
so the input coefficient is: (70 + 98) 168
= 

equipment-days.
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Coefficients for urban wells should be about 33%
 
higher.
 

Hand dug wells require the use of 
two heavy vehicles
 
for 5 days, thus the coefficient is 10 equipment-days.
 

Non-production wells require the following heavy

vehicles:
 

1 Flatbed x 12 days
 
1 Water Truck x 10 days
 
1 Crane truck x 10 days
 
1 Fuel tanker x 3 days
 

The coefficient is 35 equipment-days of heavy vehicle
 
per non-production well.
 

Intakes from rivers require heavy equipment inputs.

It is estimated that 2 equipment days are sufficient

for the pump installation and basic civil works.
 

As previously stated (see Excavation labor Inputs),

uars and ballehs require respectively 10 and 62 heavy

earth moving equipment-days.
 

Burkeds can be completed with 2 heavy vehicles in four
 
days.
 

As previously stated, diversion dams require 25 days

of heavy earth moving equipment-days.
 

* Light Equipment Inputs: Light vehicles are used
 
principally for passenger transportation; estimates of
 
equipment-days are based on number of people and
 
number of days on the site.
 

" Fuel Inputs: 
 Fuel inputs are calculated as follows:
 
(Estimated daily fuel consumption x Number of
 
Equipment days).
 

Estimates of Daily Fuel Consumption are as follows:
 

Drill Riggs: 300 liters
 
Pump Rig: 112 liters
 
Heavy Equipment: 40 liters
 
Light Vehicles: 30 liters
 

1-9.3.4 
 Level III Submodel, Input-Output Technical Coefficients
 
for Rehabilitation (Bij)
 

Currently in Somalia, there 
are no functioning

rehabilitation programs, and even simple pump replacements have
 
not been performed. In the absence or 
a program of well/pump

maintenance and repair (see below), 
well rehabilitation and/or
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pump replacement may be called for as often as once every three
 years, instead of the ten years which should be available for a
routinely maintained well and pump. 
In many cases in the past in
Somalia, wells with a pump in need of simple repair have been
abandoned, and a whole new well eventually drilled to replace the
old. This alternative is usually three times 
as expensive as pump
replacement (including the cost of the 
new pump) or six to ten

times the cost of pump repair.
 

If a program of routine pump maintenance and repair is

place for a diesel pump well, it should be rehabilitated once 

in
 

every ten years. The rehabilitatic irocedure will involve
cleaning the well of the sand and 
 - impurities that preventthe passage of water. 
In some cases, it could involve drilling

the well deeper. At this stage, no rehabilitation procedures

involving casing or 
screen repairs are envisioned. Such
procedures require sophisticated equipment and skills which are
not available in Somalia, and wells in need of such extensive

service should be replaced with a new well.
 

Technical coefficients for rehabilitation are LBII/RMC
estimates, and since future rehabilitation is assumed to take
place on a contract basis, the 
inputs match those contained in
Annex A-10 (Finanical Model of Contract Well Rehabilitation

Activities) for labor and equipment utilization in the
rehabilitation of rural diesel pump wells. 
Material inputs per

rehabilitation procedure are as 
follows:
 

Material Inputs
 

" 
Cement, Gravel, Sand, Pipes and Fittings, and Rebars
 
and Wood: 30% 
of the original construction
 
requirements for each type of drilled well.
 

" Diesel and Hand Pumps: 
 one per rehabilitation.
 

Labor Inputs
 

" 
Pump Rig Operator and Skilled Construction Labor: 12
 
to 18 days each, depending on type of well.
 

" Rig and Construction Assistants: 
 three and two
 
workers, respectively, times 12 
to 18 days.
 

* Drivers (Other Unskilled): two workers times 12 
- 18
 
days.
 

Equipment Inputs
 

" 
Cable Tool or Pump Rig, Flat Bed and Pickup Truck: 12
 
to 18 days each.
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Fuel Inputs
 

* Cable Tool or Pump Rig: 50 liters per day,
 

* Flat Bed Truck: 35 liters per day,
 

* Pickup Truck: 20 liters per day.
 

1-9.3.5 
 Level III Submodel, Input Output Technical Coefficients
 
for Maintenance (Cij)
 

Currently in Somalia, little attention is paid to
maintenance of water supply facilities; 
there are no functioning
maintenance programs, so whatever maintenance there is takes place

on an ad hoc basis if at all. Thus repairs are needed frequently.
The repairs are also made only sporadically, so that communities
 
may be without a functioning well for considerable periods of
 
time.
 

A functioning, routine maintenance program would reduce

the overall annual construction, rehabilitation, and repair costs,
would ensure a reliable water supply, would ensure 
that financial
 
resources are directed to the construction of net additions to
stock (thus increasing the water supply), 
and would ensure regular
demand for goods and services provided by "Level I1" industries.
 

The following coefficients are estimates based on a
 
contract maintenance program which could be followed in the
immediate future, as described in Section Two of the main body of
the Final Report. 
This program involves only materials, skills
and equipment which are either locally available or can be
procured at reasonable cost and within a reasonable period of
time. 
A brief description of the proposed maintenance program and
the calculation of input coefficients is given based on the
finanical model of contract maintenance activities presented in

Annex A-12 of the Final Report.
 

Maintenance of Drilled Wells Equipped with Diesel Pumps
 

These wells should be serviced at least once every three
months for maintenance of the pump and every year for maintenance
 
of the well and attached structures.
 

The routine maintenance procedures for the diesel driven
 
pumps are as follows:
 

- Decarburize if the engine shows loss of compression or
 
blow-by past the piston;
 

- Adjust valve clearances; 

- Clean Cylinders
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- Check conditions of all belts and pulleys
 

- Clean the restrictor banjo union at 
the top end of the
 
lubricating oil feel pipe to each cylinder head;
 

-
 Renew fuel filter elements
 

-
 Make any necessary repairs to pump and/or generator.
 

The maintenance procedures for the well, storage tank, human and

animal water points are as follows:
 

-
 Sample the well, conduct chemical and bacteriological

analysis, and disinfect
 

- Clean thoroughly the human and animal water
 
distribution points
 

-
 Repair cracks in cement structures.
 

Maintenance and Rehabilitation of Drilled Wells Equipped with Hand
 
Pumps
 

These wells should be serviced at least once a year and
 
the following maintenance procedures should be followed:
 

-
 Remove, clean and make necessary repairs to hand pump,
 

-
 Pump the well with engine-driven pump to clean it,

removing all dirt and organic materials,
 

- Disinfect the well with bleaching powder, and
 

- Repair cracks in cement base.
 

The following inputs for drilled wells are 
required:
 

Material Inputs
 

" Pipes and Fittings: 
one half meter per maintenance
 
service for all diesel pumped drilled wells.
 

" 	Spare Parts for Diesel Pump: about 30% of all pump/

generator units will need repairs each year (or 7.5%
 
per quarter); each repair is estimated to involve an
 
average spare parts requirements equal to 20% of the

value of the original pump/generator set.
 

Labor Inputs
 

* 	Supervisor: one day per maintenance and one day for
 
each repair job
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& 	Mechanics: two workers for three days for each
 
maintenance and three days for each repair
 

* 	Assistants: two workers for three days for each
 
maintenance and three days for each repair.
 

Equipment Inputs
 

* 	Pump Rigs: 
 one day per pump repair,
 

* 	Pickup Truck: 
 three days per maintenance service and
 
three days per repair.
 

Fuel Inputs
 

* 	Pump Rigs: 50 liters per day.
 

* 	Pickup Trucks: 20 liters per day.
 

Maintenance of Hand Dug Wells:
 

Hand dug wells which are not equipped with a hand pump
require less maintenance than drilled wells. 
The following items
should be checked on hand dug wells:
 

-
 Inspect well for signs of collapse in the walls,
-
 Inspect ground facilities for any unsafe conditions,

unsanitary conditions, cracks in cement structure, and
for a proper well cover.
 

-	 Disinfect well.
 
-
 Make checks of water depth and turbidity.
 

The following inputs are required:
 

Cement, stones, sand and gravel: 
 10% of construction requirements
Civil work labor: 10% of construction requirements
 

Hand dug wells equipped with hand pumps are subject to
the same maintenance requirements 
as 	drilled wells equipped with
hand pumps. 
Diesel pumps for intakes from rivers require the same

efforts as for diesel pumped wells.
 

Maintenance of Other Structures
 

Yearly Coefficients for maintenance of other structures
 are roughly estimated to be 10% 
of the construction coefficients
 
for these structures.
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1-9.3.6 Level III Submodel, Input-Output Technical Coefficients
 
for Drilled Well Operation and Revenue Collection (Dij)
 

Operation of drilled wells is relatively simple, and
requires a responsible individual, though not necessarily someone

with extensive technical skills. 
 For drilled wells providing

drinking water to the public, the well operator may also function
 
as 	a fee-collector. For other wells, it is 
not necessary for the
"operator" to be present at 
the well at all times, but he or she

would be responsible for the day-to-day functioning of the well,

turning it on and off as needed, checking the meter and the fuel
 
supply, and calling for the repair/maintenance service contractors
 
if 	necessary.
 

The following inputs are involved in the operation of
 
each drilled well:
 

9 Well Operator: One person per well per day of 
operation for each type of well. 

e Diesel Pump: Operating as many days as cited in the 
Level I submodel. Unit cost is calculated as the CIF 
price, amortized over the useful life, divided by the 
number of days in operation. 

o Fuel: for urban wells, 36 liters per day (weighted 
average of municipal wells and private/industrial
wells); for rural diesel pump wells, 15 liters per
day; for irrigation wells, 25 liters per day. 

1-9.4 WISyMS Constraint Analysis of National Objectives to 1990
 

Two sets of projections for 1990 have been made on 
the basis

of the national goals with regard to human water consumption:

specifically, the goals established by the MMWR in the Plan for

the Drinking Water Supply and Sanitation Decade <4>. These are
 
presented in Annex 1-7 and 1-8. 
 Most of these figures are based
 
on the demographic assumptions contained in Annex 1-4, 
the middle
 
level projections to 1990, with the following significant changes:
 

* 	Human Population: The percentage breakdown between urban
 
families with household connections (HC) and those with
 
access only to Standpipes (SP) was made on the basis of
 
the Plan's Service Level goals of 80% of the urban
 
population "served" (i.e., 
having a private connection or
 
being within 200 meters of a standpipe), of which 40-50%
 
have a private connection and consume 130 
lcd, and 50-60%
 
are within 200 meters of a standpipe and consume 50 lcd,
 
while the remainder (20% of the urban population, all of
 
whom are served by standpipe) are at a distance of over
 
200 meters from a standpipe and consume about 25 icd.
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" Rural Population: Consumption estimates 
are based on the
 
Plan's service level goals of 60% 
of the rural population
being "served" (i.e., being within 500 meters of 
a public
standpipe) and consuming 30 
lcd, and the remaining 40% of
the rural population being beyond 500 meters 
from a
 
public standpipe and consuming 20 lcd. 
 The Plan further
assumes that rural settled and nomadic patterns of
consumption will be "similar".
 

" Percentage Distribution Across Supply Structures:
 
Implicit in the stated goals of the Plan is 
an increased
reliance 
on "safe, permanent" groundwater resources and
in drilled well water supplies in particular, although

the Plan did not explicitly link the growth in this type

of consumption with the quantities of needed new drilled
 
wells.
 

For Annex 1-7, the Consultant assumes 
that reliance on
drilled wells in urban areas 
increases to 80%, and in
rural areas to 30% 
(60% served by groundwater resources;

about half each by drilled wells and hand dug wells).

Once new water supplies are in place, it must also be
assumed that they will be used by industrial firms in

urban areas, and by livestock in rural areas, increasing

these categories' reliance 
on drilled well water supplies

along with human consumption's.
 

Annex 1-8 makes use of a more modest set of goals found
in the planning document. The second set of goals

implies less of an 
attempt to develop groundwater

resources and a relatively heavier emphasis on surface
water 
resources and catchments to serve its target

populations. The distribution for rural areas 
in this
 run is: 15% for drilled wells, 30% 
for hand dug wells,

and the rest distributed across the range of

surface/catchment supply structures.
 

e 
Numbers of Water Supply Structures: These numbers

increase greatly, solely due to the increased per capita
consumption of water assumed in the national goals. 
The
Consultant allowed WISyMS to show other structures to be

used as a source to make up the needed growth in
consumption, (even though many of these 
are surface water
and catchment structures and therefore not 
necessarily

"permanent and safe").
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1-9.5 1995 Projections of National Objectives and Supply Side
 
Analysis of Consultants' Recommended Program
 

Finally, we 
include two WISyMS projections through 1995,
based in the middle level projections to 1990, continuing with the
same growth rates for populations and economic activity (i.e.,

consumption units), 

for
 
used for Annex 1-4, and including the full
national objectives for per capita consumption as targets for


1995, as described for Annex 1-8, above.
 

Annex 1-9 makes a straight forward WISyMS analysis as
described above for Annexes 1-4 and 1-8. 
 Annex 1-10, on the other
hand, assumes that the Consultants' Recommended Program with
regard to well drilling, rehabilitation, maintenance, and
operations has been in effect for the ten year period 1986 
through
1995. The following assumptions are affected as described below:
 

1-9.5.1 
 Level I Submodel
 

e 
Numbers of Water Supply Structures: For the sake of
 
projecting the numbers of water supply structures for
1995, the Consultants assumed that a program of contract

operations and routine maintenance on 40% 
to 45% of about
1500 non-irrigation wells should have the effect of
increasing the annual volume of water output from each
well involved by about 33%; and thus 
increasing the
average annual volume of water output from the entire

stock of drilled wells by about 14%. 
 This would
correspondingly reduce the need for the number of wells
needed to satisfy the projected volume of water required

for 1995.
 

1-9.5.2 
 Level II Submodel
 

In place of the usual WISyMS demand side analysis for
non-irrigation well drilling for Level II, Annex 1-10 presents the
Consultants' "with program" supply side projections of driJling

and rehabilitation (as outlined above in Section i-5.5.4). 
 These
projections are summed for the section labled "TOTAL NON-IRRIGA-
TION," described in further detail immediately below.
 

* Old Wells: deteriorate as described for Annex 1-4, 
above.
 

e Previously Drilled "New" Wells: 
All new and newly rehabilitated wells, after the start of the Consultants'
 
Recommended Program, are expected to be included in 
a
program of contract routine maintenance and repair, 
These
 
wells should not "fail" for ten years after their
construction/rehabilitation. 
Thus the only deterioration
 
in the stock of wells will be 
from the old (pre 1986)
wells, which will continue to fail at a rate of 10% of the
original (1986 stock) per annum.
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" Needed Rehabilitation: This row highlights the numbers of

wells which fail (as described immediately above) in a
 
given year.
 

" Rehabilitated Wells: The well rehabilitation portion of
 
the Consultants' Recommended Program covers some, but 
not
all, failed structures each year.
 

* New Drilling: is the sum of all non-irrigation drilling

projected by the consultants, assuming implementation of
 
the Consultants' Recommended Program (see Section 1-5.5.4,
 
above).
 

* New Stock: For this supply side analysis is the sum, in
 
any given year, of old plus "previous" plus rehabilitated
 
plus newly drilled wells.
 

1-9.5.3 	 Level III Submodel, Input-Output Technical Coefficients
 
for Constructon (Aij)
 

Inputs for the Level III 
submodel of Annex 1-10 represent

estimated averages of drilling to be undertaken by local
 
government agencies, foreign firms, and local private firms,
assuming implementation of the Consultants' Recommended Program.

In 1995, about three quarters of all wells drilled are expected to
be drilled by local private firms (90% 
of all rural wells, half of
all urban wells, and 67% 
of irrigation wells) with a substantially

smaller complement of labor and equipmnent, and taking much less
time than has been required, on avaerage, in the past. 
Direct
 costs for rural diesel pump wells drilled by local private
contractors would involve the following level of 
inputs, based on
the financial models 
for contract well drilling presented in Annex
 
A-14.
 

Material 	Inputs
 

Same as described for Annex 1-4 above.
 

Non-production wells: 
 assumed to be 25% of all rural production

wells.
 

Labor Inputs
 

* Supervisor/Chief Engineer: 
 15 days per production well;
 
10 days per non-production well;
 

* Chief 	Driller/Assistant Engineer: 
 15 days per production

well; 10 days per non-production well;
 

* Civil 	Works Engineer: 15 days per production well;
 

* Mechanical Engineer: 
 10 days per production well;
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" 	Carpenter: 2 days per production well;
 

* 
Drilling technicians and semi-skilled assistants: 
 3 each
for 10 days per production well and 5 days per

non-production well;
 

* 	Construction Laborers: 
 5 laborers for 10 days;
 

* 	Mechanic Assistants: 1 person for eight days;
 

" 	Other Unskilled: 
 2 workers, each 10 days per production
 
well and 5 days per non-production well.
 

Equipment Inputs
 

" 	Drill Rig: 15 days per production well and 10 per

non-production well, of which 9 and 4 days respectively,

actually spent drilling;
 

* 
Pump Rig (pump tripod on pickup truck or cable tool rig):

3 days per production well;
 

" 	Pickup Truck: 
 22 days per production well and 13 days
 
per non-production well;
 

" 	Other Light Vehicle: 30 days per production well and 13

days per non-production well;
 

Fuel Consumption
 

* 	Drill Rig: 250 liters per day (50 if a cable tool rig is
used, although time spent per well of given depth would
 
be longer);
 

" 	Flat Bed Truck: 35 liters per day
 

" 	Pick up Truck: 20 
liters per day (petrol)
 

1-9.6 Final note
 

The Consultants' interpretation of WISyMS data output from
all three levels and for all three functions forms an important
basis for the analyses contained in the main body of tha report

and in the Executive Summary.
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FINANCIA'
I0DEL Of E 5INEERINS/URVn 2PEMATIONS:
PHASEONE- STEPOE
(BASISforcalculation
of;;propriat,
contractprice,rquiPmentrentalrate,and equipmentpurchaseprice)
 

A. MODELATSS1TfIOS Iferfir, lackinqtrucksandsatllite locar)v) 

.1 ECjipent Cosa 
 0.2 LaborCosts
 

3S.il~ite Locators Quint Position So.Sb.Idydaisperwell
 
initialcost: 127,300 11SdollarsCIF 

days 'Eost
 
LifeEipectancy: 
 10 yeary 
 I CnqineerlSuern.sor 
 500 2 1,0^0
Interest: So.Sh.1.W
201 perannum 
 I SurveyCre.btaers 250
Term: 8 2,000
I ar 
 I Drivers 

PM0li) Fayment t455 130 8 1,04040,050Su.Sh.lb 
 2 Assistants 
 175 H 2,800

Depreciated
Val: :S 
 614,250SO.Sh.
 

. Pinuo Trucks 
 6,840So.Sh./al
A.3 AnnualOserhead
 
inst.alcost: $81,600 USdollarstC 
 --...........................................................................

LifeExpectancy: 5 
years 
 Qint Item 
 So.Sh./mn months
Interest: 
 20Z perannum
Term: 
 I oear 
 I Clerk/Secrotary 
 5,000 12
Monthlylaysent 60,00 So.Sh.tyr
1l.fO 126,000So.Sh./sn 
 I Uatchsan 
 4.0m0 12 48,000
Depreciated
Val: 
 In 716.000So.5h. 
 I Office;yird 
 35,n0O 12 420,000
 

MarietBichPatemid-'86 
 90 so.Sh.fi 

528,OO So.S..Ir
 

TotaiPentPayment: 3,35,100
So.Sh.
 
'urthaseEnuipoert: 
 1,370,250So.Sh.
 

4,375.,35D
So.Sh.
 

8.CONTRACT
PRICE
 

Price guint. Total
 

Locateel!: 
 36.40 So.3..l 130 4,680,000
So.9i.
 

C.FINANCIAL
ANALYSIS 
 SomaliShillings
 

COPONTiQARTs 
 1 11 Ill IV
 

Nuaer ofBellsLocated 
 30 32 v4 
 34
 

Equipment 1
Rental 
 500,850!mp5,850O1500,850)
1500,9501
 

Purchase
Equipment 

(1,370,2501
 

LaborCosts 
 1205,200)
1219,8011732,5601
1232,5001
 

ODi'head 
 11327,000) 132,000)(132,002
1132,000) 


Payment W-Ils
forLocated 
 1,000,000 1.224.001.724."
1.152,000 


http:1.224.00
http:so.Sh.fi
http:Su.Sh.lb


MFVof balance at 3 51 nominal 

opportunitp
tost-31capital.
 

wv of balan:e 
et20!nominal 

oppocrtunit,
costof capital.
 

NFVof balanceat 0Z ominal 
Tpportunitycot of capat?.
 

D.SEqsITIVITY
94ALYSIS
 

1,034,833
 

I,I16,963
 

1,254.400
 

.:..tttS::::: : ,!?st:::::::::::::::::::::::::::::::::::::::::::::::::
 

W.,at 231 

1,116,503 

70 
Number 90 
of 70 

Well !00 
locatid II0 

120 
130 

14D 

ISO 

Ce-tract Price: So.Sh.per will 

20,000 25,000 30,000 35,900 45,000 45,000 

(1,442,425)(1,15,1471
1919,16911509,592)(197,3141113,96t
 
(1,348,361111,001,345)
(651,5291(307,313) 39,703 386,719 
f(,207,206!106,642) t406.010) 15,394l 395,229 795,053 
:1,1I1,20211676,940)(240,4791195,E04 632,2471,069,609
 
(972,1071(482,137) 7,633 497,803 997,7731,1;7,74i
 
(079,043 1352,3M) 173,373 699,CZ2 1,224,7901,750,490
 
(736,94011157,6321421,6841,001,0001,500,3162,159,632
 
1642,1141 127,030) 507,2251,202,2791,E17,3332,432,389
 
(501,7891166,B73 835,5351,504.1972,172,0592,841,5M1
 

PV 351 MPV 201 NPV 01
 
Depreciated ---------------------------- ----------.. 
Value, 01 1,034,8331,116,2631,259,400 
satelitt 10! 1,034,833I,'16,6631,25,400 
Locators 251 1,034,6131,116,2631,259,0 

3v4 351 Wv 20! NPV01 

2,precxatod 01 1,034,833 1,116,663 1,259,400 
Value, 10 1.034,B33 1,116,8631,259,4o0 
Trucs 25! 1,034,6331,116,863IM 9460 



FieANCtl4rnR OF CFEPTINSOP EERINSISU0EY 

A. MODELASEUMPTIONS 	 satellitelocators)
(forfirehavingtruckstut lacking 


0.1 EquipmentCosts 	 A.2 Unit Labor Costs- Direct 

Giant Position Se.Sh.Id daysperwell
 
SatelliteLocators 
 days cost
 
initialcost: 127,300 US oliarsCIF
 
LifeEnpoctancy: 10 years 	 I EngineeriSuper-isor 500 2 io0 So.Sh.Ial
 
Interest: 203 per annum 	 I Survey CrewLeaders 750 8 2,000
 
Terd: I year I Drivers 130 0 1,040
 
monthlyPayment 3455 40.950Su.Sh./mn 2 Assistants 175 8 2,00
 
DepreciatedVal: 251 £14,250So.Sh.
 

6,B40So.Sh./ml
 
3 	PickupTrucks 6.3 AnnualOverhead
 
value: 115,000 US dollars ------------------------------------------------------------------

LifeEzpectacy: 2 years Guant Ites So.Sh./n months
 
Ant, depr. cost:.a. I01 per year
 
Term: I year I ClerklSecretary 5,050 12 60,000Sn.Sh.Iyr
 
et, depr. costion: 11,250 112,500So.Sh.lon I Watchman 4,050 12 40,000
 
Depreciated
Val: o1 	 I 0ffice/Yard ,,-
0 So.Sh. 	 I2 42,0,000
 

Market Eich Pate wd-'S6: 90Su.Sh.l1 529,00So.Sh./yr
 

RentalPayment: 491,400So.Sh.
 
PurchaseEqipoent: 614,250
 

1,103,650So.Sh.
 

B. CONTRACTPRICE 

Price uint. Total
 

Locatewell: 3,000 So.Sh.Iml 130 4,610,000So.Sh.
 

C.F19CIAL ANALYSIS 	 Somali Shillings 

CGMPUNENTIgUARTEP 	 1 II 111 IV
 

luaberof Wells Located 	 3o 32 34 34
 

Equip.rent,ont& depreciation 160,350) 1460,35011460,350)(460,3501
costs 


Duy eqaipment 	 (614,2501
 

LaborCosts 	 1205,200)
(218.801 (232,5601232,5601
 

Overhead 	 1132,000)(132,000)[102,000)1132,000
 

PaymentforLocated 1,000,0001,152,0001,22,4,000
Wells 	 1,224,000
 

Depreciated 	 614,250
ValueEquipment 


PALANCE 	 282.45D 340,1; !-Q.Oc0 'o., 

http:Su.Sh.l1
http:Se.Sh.Id


V of balanceat351 nomial 

oppoarnity costofcapiltl 

,	V ofbalance1!201 nominal 

opparttfltv costof capPa! 

4rVof balanceat3,0nosloal 


opportauity
ct of capita!
 

0. oSrIVIY ANALYSIS 

NFV t 20 


1,761.,04 

70 

Nuabe60 
of 90 

yells00 log 

Located 110 

120 
10 

It0 

151 

,169,634
 

1,262,604 

1,42;,400
 

CoitractPrice:So.Sh.per wll
 

40,000 45,000
30,000 35,000
20,000 25,000 


133,95l)1,297,!941 1035,4061(675,12791 152,5731 25!,704 

t,203,6201 956,604)(500,501)!t2.772104.444 531,460
 
519,970 940,5M4


1.,062,725)1661,9011(261,2M7)139.346 


(68,;ll 32,04f 155,73il 340,~23 
 776,9672.213.350 

1337.36) 152,57t 642,W42 1,132,021 4,622,403
(8217,366) 

043,022 1,,31 1.95,239
1733,'021 (207,5M) 310,114 

(572,2C7) 12,951) 566,4275 1.145,7411,725,0572,304,373 
l,;:.074 ".577,129731,9651,-47,320(40,113) 116,911 
2,! I~' 2 ',62357.0411 311,,614 990.2761."3,;9 

NV, oxm;V,351 NFV,201DepreciatI Vl,-1. 

....- .. ...
----..--- .-- ....


LVt" 


- .-
5atel i .- ..- --------

25: -1.160,634 1,2bl, 1,421,400 

01 1,161,6341,261.6041,421,400 

I- ll,634 1.21,4 l.42I,4 0 
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FINANCIAL REiABIL!10A!ON PHASEOWE.STEPTWOMODELOFUELL OPERATiENS: 
(Basis for calculation of appropriate price, equipment rental rate,and equipmentpurchaisprice)contract 


A.AODELASSUVTIONS (fr ire lacing equipsentl 

A.1 EqutpreotCosts -.2 Labor Costs
 

Quant position tell Me:)
So.Sh./dy productico Aoandoetd 

CableTool Rig days cost days cost 
initialcost: 126,C'0 US DollarsCF 
Life Eipectr-cy: 25 years I Rig Operator 500 Is 7,500So.S.lo 5 2,500So.Sh.Inl 
Interest: 201 I Construction 450 I5 6,750 0
perannfs Lader 0 

term: 1.5 years 3 RigAssistants 175 15 71,75 0 0
 
onthlypayment: 12,100 129,000So.Sheon 2 Construct n Assistants 111 15 5,250 * 5 1,750
 
DepreciatedVal: 2512,835,000Su.Sh. 2 Drivers 131 Is 3,700 5 1'3 0
 

I FickupTruck,I FlatSedTruck 31,275So.Sh.lI! 5,550 S,.Sb.lul
 
initialcost: 099,000 US DollarsElF
 
LifeExpectancy: 5 years A.3 Annual Overhead
 

........................-------------------------------------.......................-----
Interest: 20? per annum - -- - -----
Term: 1.5 years Quart lItem so.sh.n earths
 
MontilyFayment: 11,633 147,000So.Sh.J/o
 

Depre-iatedVal: 101 882,000So.Sh. I Clirk/Secretary 5,000 12 60,00So.Sh.Iyr
 
I Watchman 4,L3 12 4,000
 

! Cementflzer and BlcckMacine I Office/lYard 35,000 12 420,000
 
Initialcost: $11,200 US ollars CIF -----------

Life Expectancy: I years 529,000So.S./r
 

Interest: 201 per annum
 
Tere: 1.5 years
 
MonthI,Fayment: IIS7 16,800 SO.Sh.mnn
 
DepreciatedVa): lt 1J0,8003.Sh.
 

Marlt Eck fate mid-1B: 90So.sh.l 

TotalEquipment 6,350,400Fayents: 

Fcrch;seEquipsent: 3,91?,E00
 

10,16,200 So.Sh.
 

B.PAYMENTSCHEDULE 

Price guant. Total
 

TOTALWELLS: 43
 
Proportion Wells:
Production 50
 

nell: So.Sh.sll 


abandonedsell: 101,000sc.Sh./il 21 2,100O00
 

production 620,000 22 9,247,0C0
 

11,340,O00
 

C.FINANCIALANALYSIS (midl66 SomaliShillings)
 

http:So.Sh.lI


------- ------------------ ------ ------------------------ ------------- -------------------- ----------------------------------------- ----------

Purcheu Eiuipeent 	 l,!17,,O0I 

1116,02511116,02511141,750)141,150)1141,750)1147,3001 

Oerkwad 1132,000)(132.0001(132,000)1132,0001 1132,000) (in,0o) 

PaymentProd*n MlIle 1,260,000 1.260,000',680,0001,690,0001,660,0001,60,000 

PaymentAba,.Vlls 

Lalortost. 


400,000 400,000 300,000 300,000 300,000 400,O0
 

ValueEquip.ent 3,817,OO 

BALAE 353,575 353,575 647,050 647,85C 647,E0- 712.100 

Depreciated 


WV of Balance at351ocainal 2,548,042
 

opportunity
costof capital 

I0V ofbalanceit 201nominil 2,846,C23 

opportunitycostofcapital
 

IV of balanceat 01 'ofinal 3,393.000 

opportunity coit of capital 

D.SEWSITIVIIANALYSIStalltablesihowlNV%it201)
 

Priceper Pon-Froduction Nell 

2,846,0230 200,000 300,000 400,000 450,000 S00,000 600,000 2,846,0231 50,000 75,000 100,000 125,000 150,000 200,000 

Well
0.1 PriceperProduction 	 0.2 

1601,317) 	 MoLber 20 12,5O0,080112,306,O03112,112,04011l,41B,10111,72,IOOMI,3 ll17 
of 0 1277,%71 441,08 366,962 &B9,2271,0l1,49l1,656,020 

Number 	 20 13,95,608113,lI9,286)12,279,963111,960,30l1)1,44D,6401 


of 30 l7,609,31l11,255,918)96,482 772,6821,448,8822,801,2712 

I,044,0552,3q5,4892,846,0233,296.5573,747,090 4,64B.158
 3lls 50 I (1,258,0271607,4502,472,9273,405,6664,339,4046,203,882 wlls 50 1 

4,167,4774,746,2005,325,00 5,9)3,8866,482,6897,640,296
Total 	 60 9,264 2,470,89 4,049,3726,030,6497,227,9269.606,481 Total 60 I 


Fric pc,Man-Productirin 

450,000 500,000 600,000 2,846,0231 50,000 75,000 100.000 ;25,000 150,000 200,000 

.3 Pricepr Production Well .A 	 Well 

2,84h.-2- 1 200,000. 300,000 400,000 

(1,587,831 (80,70) (17,6931 533,380 1,240,452 2,654,597
 

Proportion 301 i 12,504,04l11,665,4821 (026,1371 1406.494" 13,164 852,407 Proporticn 301 0 11,815,900)I1,237,0971 (658,2941 Il,4411 499,312 :,656,918
 

Produ:tion 40! 1 12,123,71611771.316)581,0041,257,2041,933,4813,205,BB1 Production 401 (1,500i 401,030 851,564 1,303,0471,752,6312,653,600
 

Wells 	 501 1,944,9552,345,400 2,046,023 3,-?6,5573,747,0 4,640,158 

01 : 2,020,203)11,180,801 (341,5571 78,004 497,766 1,337,000 	 201 i 

i'll; 	 50 11,250,0271607,4502,472,427!,405,6664,338,4046,203,92 


60% (1,742,6281122,0491,760,3212,921,0643,053,03 3,71942BO kO6 
 1,716,8722,039,1572,361,4212,623,6863,005,9503,650,480
 

70% 1 ll,361,5401 5,774,122 0,152,677 701 g 3,493,M2t3,677,2843,871,2714,04,274 4,259,2704,147.260 
 -17
I,017;0143,345,5684,B4,045 

11.070,675 	 lot 5,471,7485,671,7435,005,7!36.059,733 61253,72 6,641,719
(105,85112,395,7005,2^?,4126,733,22C9,179,043
801 
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FINANCIAL
MODELOF ME1 REHABILITATIOM
OPERATIONS
 

A.MODELASSUMPTIONS
!fo firswith Dun equipment) 

A.1 EquipmentCosts 

A.2 LaborCosts
 

CableToolRiR 
 Quint Position Su.Sh./dy ProductionNell Aandoed W.11 
'alue: 1,0,0(0 US Dollars 
 O.ys cost days cst
life Emnetancy: years 
ft50nt.,depIi Sz peryear 	

10I ig Operator 500 15 7,50 So.Sh.1m1 

I Constr:tion 
 5 2,500Sa.Sh.iml
Leader
Term: 1.5 years 	 450 15 6,750 * 3 RigAsstants
Saint,depr $21,03 	 175 15 7,W75 * 0 

0 0 
costtaz 
 187,509So.Sh.Imn 
 2 tonstr cA ssistants 17 IS 5,2505 1,750 

2 Drivers 
 130 1 
 3,500 
 5 1,300
 
I PickupTruck,I Flat hed Truck 
 ----- ...... ----------
value: $20,000 US Dollars 

LifeEmpectasc;: 
 31,275So.Sh.mlm 5,550So.h%.I.
2 years 
 A.3 r.nualOverheae
Saint.,dep
1: 1000peryear

Term: ----------1.5 years 
 Quant 
 lir S.Sb.jen months
Waintcostlen: 
 11,667 150.000So.Sh.
Imo
 

I ClerklSecretory 
 5,000 12 60,000So.Sh.Iyr
Ialue: 
 ,500 U Dollars
IementMLer andBlockMachine 
 Watchman 4,000 40,000
II Office/yard 	 12
35.00 12 420,000
 
LifeE pectancy: 2 years 
 520,0-... /
.
 
Soint..dep2: 01 peryear 
 328,000So.Sh.yr
 
Torm: 
 .3 years
 
Saintcostlmn: 
 1104 9,275So.Sh.ms
 

ParketEichRatemid-'6: 
 90 Sn.Sh.s$
 

9. CGOTRECTPRICE
 

Price 
 Duant. Total
 

TOTALWELLS: 

Froportion Production Wells: 

43
 
50!
 

productionell: 
 420,000So.Sh./.I 2- 9,240,000So.Sh.

abandonedwell: 
 100,000 So.Oh.Iml 21 2,100,no3
 

11,340,000
So.Sh.
 

r. FINNCATL ANALYSIS 
(t id-1906Somali ShillIngl 

CDMPONENTICUP.TER 
III IV 1 II Ill IV 

No.ProductionWells 
 3 3 a 

http:So.Sh.ms
http:So.Sh.yr


--- - - - --- - -- - -- -- - -- - -- - -- - -- -- - --

--------------- -

Ovehead 

(132,0001
(132,0001
(132,000)
(132,0001
1132,f00) (132,001

PspmentProd-.9el1 
 1,260,0001,260,000 1,690,0002,E80,0001,6,0,,00 1,60,000
 
PlAlaitAband.Wells 
 400,000 400,000 300,000 302,0'0 300,000 400,000
 

PALAKtt 


371,350 311,350 665,675 6 5.625 665,675 70,7 

NPVofbalance
at335 nominal 
 2,630,740
 
opportunity
costofcapital
 

MPOofbalanceat 
200nonnal 
 2,737,224
 
opportunity
costofcapital
 

NPv ofbalanceat 
01nosinal 
 3,499,65
 
roportunity
costof capital
 

0. SENSITIYITT
ANALYSIS,(alltablesshom FV # 20l
 

D.1 

PriceperProduction
Well 


2,937,73-- 0.2
200,000 2,73,724200000
304,0oo~oo0 40,C~ 430000F-ice
400,0-
0 450,0 
 00,000 
600,000 

2.937,224 

Nuaber 20 - - of (3,067,4111l3,029,072,lb,76s1l '6010211!,349,441)----------------------------51,17Wells 30 1 ua3r
60 ! 12,517,1171(1,164,71q) . .
(,166,828 17,602 
 963,6921,540,0932,892,493
6'9,6!42,564,1203,406,6674,429,606
6,205,004 of
Total bells 30
60 1 5 I163,4632,552,0194,940,37'6.129,9527,319.;:9
9,697.184 
 Toctal 
 60 


0.3 
Price perProdction Well 

D.4 
2_37.24 , 200,C0 300,000 403,000 4r,00 500,000 600,000 2,937,224 

Proportion 20? 11,72q,0011,001,61Production 30?1 1250,331)40% 1 (2,413,60!111,574,2631 69,304 500,06512,032,5181 !734,95711315,2M) 10;,364 1,428,219043,697 20Z:1680,1171672,2d41,348,49 2,024,6843,377,093 Proportion 
 30!1
Ikl Production
501 405 !
(1,166,R261690,6502,564.1203,406,9674,629,606
6,295,Q04
60?1 Wells
(1,651,430)214,0482,079,5263,012,2633,945,0045,910,402 
o 


70% 
 t11,270,341; 601!
1,109,2143,496,7694,676,0475,965,32!P,243,980
s: 1404,6521 70! 12,40U,9815,379,6166,524,4300.270,246
11,161,979 

90t 


perMca-Productin
well
 

5ovo 

f?...........................................
7500 
 1000 .200 .........
3,O 0Of
 
(186,3671135,897 4-6,162 78C,4271,102,6911,747,221
2,036,1552,406,6902,937,2243,_27,75%3,830,2924i,739,360
 

4,259,E794,837,49;5,416,2805
5,903.00 6,573.E2 
7,7!1,498
 

Price 

(1,724,701111,9,18) 1567,0051 11,709
41,606 590,5121,748,110
 

pmrlon-ProductaiWell 

50,OO 75,000 100,000 125,000 150,000 20n,000 

(1,46,639) (82,4931 .79,566)624,500 1,331,652 2,743,70. 
492,230 142,7641,303,2991,943,9322,744,00
 

2,036,155
2,4.6,6902,937,2243,397,78 3.83R,2924,739,360

1,09,093 
2,130,3572,452,622
2,774,9873,097,151
3,741,661

$,574,490
3,768,40S3,962,90 4,156,4764,;0,47i 
4,739,462


5,568,9503,762,M'S5,956,90 
i.150,9366,344,31 
6,732,922
 

L~~ 
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ANNEXA-A
 

FI2XNCALiPOtL FORPV4P AIIEkASCE FFIRS- PHASECI 

A3S:11P?1ONE
A. MODEL 

Costs lDirect'
Numers L Receivables A.3 Pump Raintenance 
A.2 PumpMaintenance
0.1 EquipmentCosts 

o,,pum So.5.Jpm yluao So.Sh.lpsSO.Sh./dp
IDA Private Labor 

maitenance repair repair
saln"er-a.ce
Contract Contract


Cabletoolrig 	 450 I 45(.al~u: 550,00 	 I Inspector: 45) 

1.650 3 1.5:2 Mechanic:s: 275So.Sh.ipusp.liteIpectanc,: 	 l 1 ' 1,05000,250 2 Assistants: 17! 10:'

l er~ice:: 5,500ant,de;rI p.a.: 
 . .
 

Term: 
 1.5 	 5o.S5h.4. 
3,15015
 

saintI deprcostiath: 
 37.500 	So.S4. lhep.pat.): 0 75b,Ou: Total 


SO.Sh.iFua
 
21,80i 	 So.StJI1 dt/eec;So.sh.ips


lFep.Iiaea: t,200 	 ue"
 

0 2,52'

MarkupSerice 0 501 50 lld!rio 	 50 


Pitk-upTrack. no. Iproect) old Percent 
0 


35 l;ultvuck 5 
 3 5.50 3 5,25
 
value: $:8,000 500" 
 ............


1001 10
5 2 PercentMarkupRepair
lifeetoectant,: 
 5.25f 7.750
 
interest;maint.I aior. 20, 1OU1 


I I
 

Total 


C.5 Incrementto contracts 
Term: 	 1.5 


sonthlypayment: 42,0-j 37,503 So.S:.
 
A.4fart forpuo:repair U1S'unt 1 parts cost U0Strepa:r
 

. . .. -------.---... . .
 
depreciatedvalue: 101 01 	 MarketE..Ratemidl9b: 50 


" 

2 5 2.030 0 S-. 	 -o. 


14,2"3I I Pump ; Oenerato 3:1.000 5.
FerceT needinqrecairlyr 


RepairShop,Ir:poo
 
Inentorv 	 UJ.zI,.rAnnual Parts lue;e:

initialcost: $70,O00 
 2t
j14
 
lifeexpoectiny: I D52 
 Pus:sSnaresii,.entorl $4.200 


23: 11,8Th

100 	 3L Ben. Snares tinentoryl S10.50 


1Iiianceo: 


Interost1: 201
 

Tersn:
 
Montnl Payeent: $1,167 105,000So.Sl.
 

s:.&n.isr v.;r So.Si.Jpr
0.5O.erheau 

resid.valueI9T1f 252: 1.50; 1.5715,000 


s0 12 60.00
I Clerk'z 

4C 12 48.02'
 

420.W,
 
1 iatchm.n 


2500 I-
SOffacelvard 


TottO 	 526,00C
 

I.Yearlo Varnatles
 

It IV
1 11
III IV
wear: 


3i
II T7 23 

No. 1- Pumps 	 

3 4 5 
 S 7
 
No. tuer FL@; 


NumberNeediigAvoair 11A I I 1 2 2 2
 
C0 1LIoer Needing Repair l0th; 

5 9t. 117 it
Cre. dasiquarter :7 


S.. . . s... 01 0- 0.0 . .
 

http:saln"er-a.ce


t=pair0o; & ve2 t-act payments (441.0"% (441.0001 1041.000) (#41,0 ; (4;1.000) '441,00' 

(1,927.0)4
PurchaseRepairShop,project truck 

C225.022(225,000) (225.C,(1112.50D) 11(2.5001 (112.500
Nalt t cepr.cost ri 6ZIC truck 

!132,00 2.00 (33.003)((2,00 1(32,0001 (132,000)
Overhead 

(19.450;(9,2"51 (132.300) (9.5.375;1231.525)t264.60 
Part! Stock 

OtherDirectCosts- Raznt. (40.950) (69,25) (95,55) (122,B501115.3W 11E.". 

(6.200 1.45'(3.1150) .3 11-150; 4.600
Other tirect Costs - Fep)! Fanmmntstotal 

TtlFfct
Pulamarts payments0 756.C00 0 756.000 0 
3.175.25C
2.166,750 2.5e.00K58.250 q09.500 1.310.750 1,712.00C

haint.Service
Pavments - cat. 

2.60 4C.X" 129.40(
6.0 912 6,300 344)

PAvactts - Repairs 
1.877.0. 9,I.65 

Resid.valueshop.projecttrue 


367.475 (.97,700 990.225 :.122.5!

1314.275) 915.310


BALACE 

at 33 nomnal 3.76.Mt.1FVof balance 
woort.nitncostoi capitil
 

PV of balanceat 201nomznal 
 4.374,324
 

cSt of capitaopportunitv 

5.369.375
1; of balanceat01 nominal 

cost
opportunityofcapita:
 

lalltablesshowNV I 22.D.SEmSITIVIIANAL4S0. PASE OE 

Service ftna'
flainterance Price.
0.:
Maintenance Service Price. d: 

9 J."0
4.2.2 50,000 603"v 70.t0: 0,tC.'


10.00 50.000 60.000
130.000
33428 

0.0 2,57t 2.347.219
,6,47 1
1.367.20


3.202.205 Number 2.202.1223 374°c31.761 1.083.5762.145.190 2.511.V2 2.68:.8!72.956.62 3.29.207 
Number -. 654,789 1.94t.5963,228.3894.515.19 o6 I 

oz 
 2.503.5(42.727.5772.95(1,502.175.72.3,399.795 62
 4,430.2705.971.312 Other 2 ; 
 .
 

Vells
Iff 6 1 1,349,1062.99.228 3 : 3.491.2992.766.67913215.9194,042.0514.117,41:4.5 

1,965.6953.736.7235,507.7507,270.777 -S I 3.515.0263,E61.7264.-M.,41f4.515.1524.941'
ells 4 132032 

- ,3.200.702 3.572.7703,9 .774 4.334.7704.712.7t!5 

SE21,185 4.359.4934.67q.7iV5.109.00 5.53E.'94 vol
 

Price.
Service Othe'
Raintenance
9.3 


70,000 EO.000 90.0'.

40.000 50.000 60,000
4.324.324 


1,672.3092,026.22:
 1,256,6161.410.5391.564,4631,718,36
0 
3,215.9193.491.2983,766,6774,042.0594.317.4S


Increment 
 4,592.El
to 
 I 1 


3,9.5,9630,222,9064.619,6135.016.4805.413.3(95.,10.155
 Other 
 2 
4.409,03 4,926.323 5.444.6275.962,922 6.491.2:16 6.,.:: 

Vells 9r717 77k Ai;791;p 6.997.2797.637.021l0.27. 

http:4,592.El
http:4.317.4S
http:2,026.22
http:5.109.00
http:4.712.7t
http:2.175.72
http:4.515.19
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ANNEIA-7 

FINANCIALMODELFORkTLLOPERATION5 COLLECTION
ANDREVENUE 

tla zszs..h...... ............ 
 ...............
 

Incrseant
tohours/day 0 hourtlday Vatesoutputlhourl 102*'3!hrlIncrement
todaystyear 0 
 PriceofEu.I: 30So.5h.1I

Mate,FriceincreaseIperunua: 0% 
 Priceincr.fuel: 01peryear

Fue LonSuIptonlIhor: 
 1.5liters/hr Prevailing
.jqrt 700So.Sh./day

Costoffusp 
 t0US$,CIF interest Otperannumratelr 

lipected
life( puep 20years MarketEach.rate TOEo.s8./US$
 

feat 1907 19a0 
 909 1990 992 1992 1993 1994 1995 1996
................................................................................................................
 

Rours/day to 10 t0
20 20 tO 20 10
20 10

Output(n31dayl 100 O0 100
100 1O0 100 200 2O0 2o0 2OC

Oarslyear 
 200 200 200 200 200 200 200 200 200 200

Outputln',;yr) 10,0002,000 20,00020,00020,00020,00020,00020,00020,000 20,000
 
........I..................................................................................
 
Fuel2lyr $000 3000 3000 3000 3000 3000 000 30003000 3000
Costoffuellyr 190,000) !90,000) (90,0001 (90,000)
(90,0001 190,000) 0O,00) 190,000!(00,000)(90,000)

Costofantler i01,010)120,0701i1101,Ob0(2l,07020,1 
 0,070(100 ,070)i102,07eltt
0l,070)(101,070)

Oepr.Fusp/yr 0 0 
 0 0 0 0 0 0 0 0
Price1'86So.Sh.) 20 20 20 
 20 20 20 20 20 20 20

Omnut 400,000i0000 400,000400,000
400,000400,000400,000400,000400,00 400,000
 
................................................................................................................
 
Balance
atwell 200,930200,930208,930200,930200,930208,V30
200,930208,930208,930200,930
"in.Wages 73,00073,00073,A0073,00013,00 
 73,00073,00073,00073,000 73,000
 
.............................................................................. 


...........
235,930 (05,930 135,930
ta. returntoVDO 235,930 135.,930 135,930
135,93021350,0235,930235,930
As1 of $e,. 341 340 341 
 34% 741 340 34, 340 34: 340
 
.ve. Ret.toW". 235930
 

NPV,20% 569,003
 
NPV,100 e5,232
 
NFV,01 1,359,300
 

5ENSITIVITY
ANALYSIS
 
... ::::t :....:
. ::.:. 

Table1: Aveage AnnualPpturn 298toWOAperNellt, 1990
 

Priceof Fuel ISo.5%./liter)
 

135,9301 
 2 23 25 30 35 40 45 50 60 90
70 90

" 


Price Is 

,........- ---...................................................................................................................
 

11093065930 50930 35930 20930 5930 -9010-24070 -54070-04070-11070 -144070of 19 140930125930110930 95910 80930 65930 50930 35930 
 5930 -24070-54000-94070
later 20 1
(00930165930 150930135930 120930 105930 90030 75030 ;5930 15930-14070-44070
(So.5h.1 25 1 200930265930250930235930220930205930190930175930 145930115930 95930 5590
0131 30 1 3009303659303509303359303209103059,j290930275930 245930215930105930155930

35 1 480930465930450920435930420930405930390930315930 !45930315530 B059!0
255130

40 2 5B093056593055093013593052093050530 490930475930 445%0 415930 39593035593050 2 7B0930765930 750930735930120930705930690930075930 64593061593058530 55193060 1 900930965930950930935930920930905930090930875930 945930015930785930755930
 

Table2: PVofReturntoMOA,2907- 1996,8201
 

FriceofFuel1So,5h./literl
 

569,983 
 I5 20 25 30 35 40 
 45 50 00 70 80 90........ --------------------.----------------------------------------------------------------------


Price 13 171598100711 45824-17063-79950
-142830-205725-268612 -394386 -645934
of 15 1 -520160 -77170a
339297276410213523150636 07748 24061-38026
-100913 -226607-352462-470235
-604009
Mater 
 20 2 75034469565763277056983 506996444107301221310334 192560 66706-48988-10762
lSo.Sh./ 25 2 11149041177791 105202798913092624386335690046 737582 61107 
 486033360259234405
1113) 
 2597030 1471264 121971611560291031055905200)79506653132
 
30 1 1534151 14093771345490120203 

35 1 20162862953399199011 10276241764737170150 163896315760762450302132452811907541072979
40 1 2435533237264623091592246872218390421210972050220
1995323 1259549114371516100011492227
50 327402732111403140253 3022479 28967053005366 2959592 
 283301 21C004325022692456495
2330721
60 41125224049635
3996747392390 30609731790086373519936723123546538342076432941903169215
 

Table3: 8PVofReturntoMOA,1007- 1986,4 200
 

YearlyIncrease offuel
inPrice 


569,0931 O 51 
 200 150 20? 250
 

Yearly 01 56983
0 
 505051424219323290197205 5V151

Increase 521 
 027624762792601960501031454947297499
 
Inprice 2001 220300511301731057341956412830320672979 
ofsiter 1581 165101115961791505347 227!34
1404410 222086


2011 
 22411062176274
20954421994513
1964292710980
 
2511 291944920546172773705262950 2567712309323 

table4j 80VofReturnto VA, 987- 906, 800
1 tableSi NFVofPelurn 199 1986,
toMDA, - 1201
 

Increent
toHoursperlay 
 Increment
toDaysperYear
 

http:So.5h.1I


-- -

of13 
 271597
of 210711 45824-17063-7950
15 : -142838-7U5725
-261612 -3943986
miter 
331297276410213523150636 07746 24861 -!9026 520160-645934"711708
20 
 -100913*226687
-35246t-477235
758544695657632770569083506996444109391221310334 192560 66796-5608 

-604009
1So.Sh.I 
25 2 
 117779111149041052017 164762

1,31 
 30 
 15970381534151 

989130926243063356800469737582 61190746603336C259234405
14717264
14083111345490
12026031219716
35 2016286195,199 11508291031055905700779506653732
18905111827624
40 2 17647371101050
1636063
243553323746 2309759224687221B3984 
15760761450302132452811907541072979
21210972058210
50 1 1995
3274C27 1969549
3211140 323 1743775
31482533065366 16160011492227
3022479
29595922896705
60 
 4112522
4 40416353986747 283381a270804325822692456495
392,6603861973 2330721
37980863735199
3672312 3546538
3420764
329499231690215
 

Tille
3: NPVofReturn
to 0, 1917- 1986,f 01 

yearlyIncrease
inPriceof fuel
 
569,893
..........
.....--- ...---- - - - -01 5?
- - -- -5--0--5------- - - -1ot IS?
- - - - - 20? 25?
 

Yearly 
 0 
 5980 505051424219323290197205 39757
Increase 
5? 
 027624762792681960591031454947297499
inprice 108 
 1203015113B171
1057341951412830328612879
ofaater 
 138 
 1651011IS16179
1505347140418 
1270!341120686
20Z2 
 224110621762;4
20954421994513
166B4281710980
2517 
 2919449
204617 277370526720557546?71
2109313

fable
4: PVofReturn
toVrA,19?7- 19E6,1 201 


faLlp
51 NFVofPeturn
toV04,1987- 1986,i 20?
 
Incregent
toHoursperday 


IncrvPr^
toDoa/perYear
569,3 0.1 0.25 0.5 
 1 
 569,693 
 5 10 65
 
Price ..........
of i5 --------............................
20 17769B21293 
 28595041264
609833669756769632969302 Price
Niter 25 of 15
2041967 20 1 218293285950353607
11212231253315 660758769632669507
151750;
2So.5h.1 Nater
30 25
147410115726871736990 112123 12533151305408
2065610 
 ISo.5h.I
35 1 5006236 1572687
2024152222068,) 131 

30 1 17369981901300
2613736
40 7 2338370247561727042, 3161654 
35 20,41522:206B0-417208


50 40
'2026383378547 2475617
36717208 27043632933109
4236090 
 50 2 
 3376547
36717293964909
 
rit 6:Pertentage
eh,.Irn
to 0A
 

Silhngs perleyforOperator
 

341 
 50 
.......... 200 10
------- ----- 200 250
- -------------------- 300 350
-- 400

Price ------------ ------------Is 308 248 
 lot 121
of 20 6 01 -6? -12481 431 
 M?? 34?Water 25 2 21 25?561 541 51I ::3 161
 
(So.Sh./ 30 471 44Z 401 361
61 331
62? 59M 
 561 533
9'S! 
 35 1 701 50? 471 44?671 
 651 621 601 
 571 54?
40 2 521
741 721 
 691 671 
 651 628
50 1 60? 581791 771 
 75? 74? 
 72? 70Z 
 601 06
 
Table
7: WV ofReturn
to1104,1987- 1986, 6 201 

TotalCostofPulp (ifCosl!epreclated overTenYears!
 
569,fl32 
 7500 0oo 
 12 m0
15000 27500 20000 22500
..
... . - ....................-..-..........
 

Prick 
 15 2 
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-415346
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35 I 
 L53732559402
154463214503021355971
1261641
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S s FINANCIAL.Isisa** •sc• MODEL OPERATIO9S PROGRAMz*masas cnmiu z*sa...Sna.......f..s..OFMLL RENASILIIATION - PHASETWO 


A.MODLASSUMPTIOS onequipment)(for fire vtth 

6.1 CqutpasttCosts A.2 LaborCosts
 

,Cable
TootRagdas Quint Position So.Sh.Idyiroduction
Mell
 
ct
days cost
 

LifeEipectancy: 1O years 

Value: 850,000USDolars 


I bigOperator 50(l 
 15 7,500So.Sh./l
lAnt,
dor.I P.A.1 501 perannum 
 I Constructioe
Leader 40 I5 60,750
3 years
Ter: 3figAssistants 175 Is 7,975onthlTy 
 12,003 187,500
art6 depri So.Sh./sn 
 2 Construct 
s Assistants 175 15 5,250 
2 Drivers 130 15 3,900
 

I PickupTruck,I FiatledTruck 

31,275
ScSO./It


Values 120,00 USDollar&
 
LifeEspectanry: 3 years 
 A.3 AnnualOverhead
Rbt.depr,I p.a.1 1000 perAnnul 
 -
 -
Ter: 3 years 
 havrt Item 50.Sh./an months
 
Rotblyant& depri $1,667 150,000
So.Sh.jan 

IClerk/Secretary 5,00 12 00,000So.Sh./pr 
IMatch'anICageefMiterandiloeMachine 4,000 12 46,000I fl.ce/furd 
 35,002 12 420,00,

Value: 32,500USDollars

LifeOspectuncy; 5 years
 
Nnt,dtpr. 501 peraonus 5O.Sh.IY
I p.a.c 521,000 

leri 
 years
 
Monthly
At & depri $104 9,375C.5h./i/a
 

,1arket
Etchfateaid-S:g 0 SO.Oh.l
 

9. CONTRACTPRICE
 
........ J.cl.... 
 a....nn............. .
 a..a.....n.....f...... 

Price Quaint. Total
 

TOTALWELLSi
 
production
Nell: 
 350,0005O.5h./ot 72 25,200,000SO.Sh. 

c. FINCIAL ANALySIS (lid1910SCOiaiShillingsn 
....
.... ...... 
...................................... 


IART0RS m....... .............. a.................. .. ..... . hm
. .. .....
I II Ill IV 1 It Ill IV I It IVIll 


No.ProductiomyWells 
 A 0 A A A 6A 0 


4up. lit I depr.Costs 

LaborCosts 
 (117,l501 1197,6501
1107,6500 107,6501
(l1,A50)(117,6301 (187,6501117,650)
1lB7,650) 
 (117,6501B7,650)1B7,05Am
 
lnerboad 112,O") (132,0001 1132,000) 1l32,0001
1132,000) 1132,000) 
 (132.000(132,0001 (132,0001 1132,0001
1132,0001 1132,000) 


Papuent Pro' Mells 2,100,000 2,100,000 2,100,0002,10,00C 2,100,000 2,100,000 2,100,000 2,100,00C2,100,0002,100,0002,100,0002,100,000 

.................................-..-..
. .LANCO . ----.- - - - 739,725 739,725 739,725 729,725 739,725 739,725 739,715 739,72- 739,775 739,725731,725 739,725
 

AWVof latyce at351moiall 5,635,714 
opportunity ofcapital
cost 


wV of balanceat 200 noaioal 6,6092,80
 
opportunity of capitat
cost 


RY ofbalance
at01nom:nal 9,B76,700
 
opportunity ofcapital
cost 


0. SENSITIVITY IWilANALYSIS At2011 

PriceparMll
 

6,82,5B81 250,000 275,000 300,000 325,000 30,000 375,000 400,00D 425,000 450,000500,00
 
3 700 9


40 i ( , ,02112,912,201)(2,124,309t11,336,410)
(549,526)209,365 1,027,257 2,003,0401,015,14B 4,172,23
50 1 12,689,612)11,786,2241(8B2,036120,552 923,9401,927,320
2,730,717
3.34,1054.537.493
6,344.26
55 ; 11,724,1571 303,3211,317,059 3,344,530 5,372,013
1710.4191 2,330,798 4,359,275 
 6.305,75;
1.413,22;to 1 (713,771415,3591,544,794 3.03,24 4,932,499 7,190.9709,32C,205 
ker 
 2.674.029 
 60.61,734 
 10,578,675
of a5 
 251,7791,491,365 3.970,53S
2,730,950 5,210,122 
 7,0B9,293
6,449,707 9,q29,379IC,169.46412.647.3!
wIls 70 
 1,262,259 M72.4242,617,341 5,327,506 
 10,747,935 14.613,0i:
6.LB2.BB0.037,709,392.752 12,102,917


30 2,227,715 5,153,503,693,147 1,624,013
8,009,445 11,020.311 13,951,176
9,554,378 12,425.743 16,91K,041
a5 I 3,238.195 1,400,053 9,561,912
4,919.124 7,980.983 
 11,142.141
12,723,770 15,805,62914,304,70 17.D47,49790 : 4,203,151 7.506,2105,994.930 9.277,490 
 14.5t.329
10,961,76912,6A0,049 lk,042,A09 '7,733,B6.t,11.447
9 7,020,907is 5,214,131 9,327,093 t0,A34,459 14,249,012 17,116,564 .3,281,19312,441,236 iA,054,768 1,661,341 


http:6.LB2.BB
http:6,344.26
http:5O.Sh.IY


raysent
rroan,sells 2,100,000 2,100,000 2,100,0002,100,000
2,100,000
2,100,000
2,100,0002,100,000
2,100,000
2,100,000
2,100,000
2,100,000
 

ANMC7 

731,72573,725 
739,725 737,725 739,725 739,725 739,725 739,72' 739,725 739,725 739,725739,725
 

IFYofhlance
at351 oinTial 
 5,635,794
 
opportunity
costofcapital
 

NPVofbalance
at201flomnal 
 6,602,588

Opportunity
costofcapital
 

WPVofbalance
at01niunal 
 8,976,700
 
opportunity
costofcapital
 

D.SENSITIVITY
ANALYSISiPYat2001 
.... s~... .~*. h..m.... . ................... 

............. .. ......... ... S.... 

Pricepergell
6,602,528 
 20,000 275,000 300,000 325,000 30,000 375.000 400,000 425,000 450,000500,00
--. 
 - - ...----
 --.-
. .----- --

40 1 3,700,09212,912,2011(2,124,300,(1,336,4iB) - .---- .-50 1 12,619,612)1,786,224) (548,5261(802,836120,552 923.940 239,365J,027,257
1,815,140
2,603,040
55 1,027,328 4,17e.623
(1,724,157) 2,730,717
1710,410) 3.634,054,237,493
303,3211,317,05q 6,344.209
2,330,798
Number 3,344,536
60 1 4,35,2755,372,0136.385,.752412222;
C713,6771
415,5591,544,794
2,674,029
3,003,264
4,932,499
6,C61,734
of 65 7.190.9700,320,205 10,578,675251,7791,491,365
2,730,950
3,970,536
Nells 70 5.210,122 6,449,7072,617.341
1,262.259 3,972.4,24 ,327,506 
7,6B,2939,929,878 IC,16.464 12,647.036.682.508.037,6709,392,752
10,747,035
00 12,102,9172,227,7153,693,147 14,13.0i:
 5,152,580
6.624,013
9,089,445
9,554,078
a5 11,020,31 12,405,7433,230,195 13,951,176
4,819,124 H,0;,0416,400,053
7,900.9 3 9,561,91290 11,142,41 12,723,7704,203,651 14,304,700
5,994.930 15,085,629
7,586,210 19.047,487
9,277,490
10,901,769
12,660.049
14,351,329
16,042,608
17,733,0B
95 : 5,214,131 1.,116.447
7,020.907
6,827.693
10.634,459
12,441.236
14,248.012
100 I 6,179,506 16,054,7117.961.5640,096,713 19,668.341
10,013,840 23,281,89:11,930,966
13,B40,093
15.765,220
17,682.346
9,59 ,473 21.516.60025.350,8:
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I. 1984 Baseline Estimates
 

Annex I-1: 
 Middle Level Estimates
 
- Level I Submodel
 
- Level II Submodel
 



INOUSTRY MODELFORSOMALIA, I SUDMODE. 

MIDDLE-LEVEL OF1981POPULATION,RATESOFCONSUMPTION,A NUMlERSOF WATER SUPPLYSTRUCIUPES 

ANNE!I-li WATER SYSTEMS LEVEL 

ESTIMATES 

Livestock Hectares andconsumption
iumanPopulation, Population, underAgriculture ratesforthe nation asa uhle 

CONSUPTIONUITS PERUNITCOUS'HFACTORS VOLUMECOSUKPIIUN 

STRUIT'LSTRUCT'LNOSTRUCNOSYRU: 

DAILYUSE DAYSPER CONV TOTALCONTROLCNIRULCONTROLCONTROL 
MEASURE '3iKYR IOS VOLUE lOSE VOLUMEIAT9sIMEASUREFACTOR YEAR FACTOR 

UrbanHE 107persons 60liters 365 1000 2343 991 2320 11 23
 

UrbanSF 1230persons 12liters 365 tO00 5307 97% 5226 31 162
 

RuralSet 15S2persons 10liters 365 1000 565 901 5098 lo 566
 

Nouadic 2461persons 7 liters 
 365 1000 6211 951 5345 151 943
 

ISUBTOTAL 5350persons I68,t 179B9 1695 

ANIMAL
 

Caels 5000head 20 liters 365 1000 36500 601 21920 401 14600 

Cattle 4000head 20 liters 365 1000 29200 751 21900 251 7300 

SheepGoats27000head 3 liters 365 1000 29565 701 2066 301 9070
 

OtherAn 10000head 3 liters 365 1000 10950 51 549 951 104D'
 

41172
2 LSU
SUBTOTAL 12425 106215 65045 


ARICULTURE 
Irriglane 55hectares 69 cu.sters 365 1 1315100 tO% 109208( 20: 273020 

hnflrm 600hectares 35cu.tiers 120 I 2520000 11 252co 9912494900 

Floodlara 120 hectares 25cu.e"ters Mo I 270000 11 2700 991 267300 

SUiTOTAL 775hectares 4155100 1119900 30351203 

SOVIIIN9US 
BRot 2 estabs 13 cnselers 300 I 7900 I01 7900 01 0 

Industry 0.5estabs 5 c.aeters 300 I 750 1001 750 01 0 

SUBTOTAL4 2.5 estabs DISC 950 0 

across o of Water StructuresPercentageDistributiono Consumption the Range Types Control 

COiSUMPIION VOLUME PERCEWTAGE OFCONSLMIPTI0MUNITS CONSUMPTION OISTRIBUTION 

STRUCT'L WELLS DRILLED HAND UAR51 30000051 EARTH TOTAL STRUCI'L DRILLED WELLS IN00ES DALLERSI 
TOTAL CONTROL CONROL URBANA DPRURAL IRRIG'N RIVI RESER- POS CISTERNSHPRAURAL DUGFOR DAMS/DIV 

1000s1MEASURE 1ASE VOLUME DOREWELLR^3e0IYR INOIGOJY IDMEkELLWELLS SELLSSTREAMSVOIRS 

UrbanC 107persons 2343 993 2320 70.001 0.001 0.00! 0.001 10.001 10.00 5.001 0,000 5.001 0.001 I00,0C1 
UrbanSP 1230persons 5307 970 5226 70.001 0.001 0.001 OO1 10.001 10.001 5.001 0.001' 5.001 0,001 100.001 
RuralSet 1552persons 5665 900 5090 1.501 12.731 0.751 000I 40.001 15.001 10.001 5.001 15.001 0.001 100.001 
Noladic 2461persons 6288 951 5345 0.001 1.701 0.501 0.001 30.001 20.00115.00195.001 10.001 0.001 100.001 

SUDTALI 5350persons 19693 17909 

ANIMAL 

CaNlS 5000 head 36500 601 21900 0.561 6,091 0.35! 0.000 15.001 25,001 2000 20.001 5.001 0.001 100.001 
Cattle 4000tead 29200 730 21900 2.001 7.501 0.50! O.001 30.001 20.001 20.001 15.001 5.001 0.001 100.001 
Sheepoats 27000lead 29565 701 20696 1.601 6.001 0.401 0.001 30.001 20.001 15.000 20.001 7.001 0.000 100.001 
OtherAr 10000head 10950 53 540 1.73 4.901 0.351 0.000 25.00Z 20.001 20.001 23.001 5.001 0.000 100.001 

SUBTOTAL2 12425LSU 106215 65013 

WGRICULTURE 
Irrlofara 55hectares1365100 90! 1092090 0.001 0.001 0.001 2.501 0.501 90.001 1.001 1,001 0.001 5.001 100.001 
lainfara 600 hectares 2520000 i2 25200 0.00? 0.001 0.001 0.00% 0.001 0.001 0.001 0.001 0.000 100.001 100.001 
Floodtar 120 hectares 270000 1% 2700 0.001 0.000 0.001 0.00? 0.001 0.001 0.001 0.001 0.0 1 900.001100.00! 

3 4155100
SUBTOTAL 775hectares I191BO
 

SOVTII00 
60e 2 estabs 7900 1001 700 97.300 2.701 0.001 0.001 5.001 3.000 2.00! 0.001 0.001 0.000 100.00: 
Industry 0.5 estabs 750 lool 750 B2.451 2.551 0.001 0.00! 20.001 3.001 2.001 0.001 0.00! 0.001100.001 

4 1550SUBTOTAL 2.5 estabs 930 

ofConsumption ofStructure.#.$
Total ConsumptionofWaterbyTypes andbyTypes 

CONSMPTIlON BYSTRUCTURE.e.m IV STRUCTUOE UNITS VOLUECONSUMPTION TOTALDISTRIBUTIONOFWATER TOTALDISTRIBUTIONOF WATER 

WELLS HILLEDWELLS INTAKES LARS/ 121105/ 
IDTAlCNITROLCONTROL OFRLRAL IRIGS RIVI CISTERNS 

STRACILSTRUCT'LDRILLED HAND DALLEHSI EAMNTH 

UR80N/ HPRURAL DUFOR RESER- PONDS DARS/OIL 
IOODsIM6[ASURE 1800 INO/1OVT DOEELL'35IYR VOLUME SOREWELL WELLS WELLSSTREAMS VOI
 

HUMANP
 

UrbaniC 107 persons 214: 99% 2320 224 0 0 0 232 232 116 0 116 0 

UrbanSP 1230persons 5397 97? 5226 3659 0 A 0 523 5Z3 21 .0 261 0 

RuralSet 1552persons 5665 901 5099 7L 650 30 0 2039 765 510 255 765 6 
anosdic 2461persons 629 951 5345 43 465 27 0 1t03 1069 002 at' 534 

I persons 14601 65 1619 167SJIUTOTAL 5350 17919 5401 Ills 0 4397 258 1057 0 

ANIMAL 
Camels 5000head 36500 600 21900 123 1334 77 0 3205 5475 4500 6132 1095 1 

ie~nA,ino nun n n 11 tYny un n ~ 68 25 



ARICULTURE
 
Irragfars 55hectares 1365100 800 1092080 0,000 0.001 0.00? 2.50% 0.501 90.001 1.001 1.031 0.001 
 5.001100.001
 
Raunfarm £00hectres2520000 1? 25200 0.00: 0.001 0.00? 0.001 0.05% 0.001 0.000 0.001 0.001 100.001100.03. 
Floodlarm 120hectares270000 
 I1 2700 0.001 0.001 0.00 0.00: 0.00 0 o.oo0010.00 0.00?100.001100.001 

SUITOTAL 775hKtares 2229003 4155100 


SOVT/I
N0U
 
Solt 2 ustabs 7800 1000 7800 
97.301 2,701 0.001 0.001 5.001 3.001 2.o0 0.001 O.0% 0.00%200.00%
 
Industry 0.5estabs 
 750 100 750 82.45? 2.55? 0.001 0.001 10.021 3.001 2.00? 0.031 0.00? 0.001 100.00 

SUBTOTAL 2.5'stabs 8550
4 8550 


of Water ofConsumption
NiotalCoosumption bytypes andbyTypesofStructure.$.$
 

CONSUMPTIONUNITS VOLUMECONSUMPTION TOTALDISTRIBUTION BYSTRUCTRE.$.@ OISTRIBUTION 8 STRUCTURE
CFMATER TOTAL OrWATES 

STRUT'LSTRUCT'L HILLEDWELLS DRILLED HANDINTALES UARS/ 8L000S0 EARTH
HELLS PALLEHS/ 

TOTALCONTROLCONTROLURBAN/OP AURAL HPRURALIRAIG'h D* FORRIVI RESSR- PO030
CISTERNS
DAI/DIV
 

1000sMEASUREM'3IYA 10AGEVOLUMEINDIGOVTBORONELL
BORENELLWELLS WELLSSTREAMS VO20
 
HUMAN
 

UrbanHI 107persons 2393 99? 2320 2'74 0 0 0 232 232 126 0 116 
 0
 
Urbn Sp 1230persons 5387 971 5226 35 0 0 533 523 261 0 261 0
 
RuralSet 1552persons 5605 901 5098 76 650 30 2039 765 510
0 255 7615
 
lomadic 2461persons 6289 853 5345 43 45 17 
 0 103 1069 802 02 530
 

.... . ................ ... ...... ...... ....... .................... ... .. .......- ------
SUBTOTAL1 5350persons 19068 17989 5401 1115 65 0 4397 2388 I69 1057 1L7L 0 

ANIMAL 
Camels 5000head 36500 60 21900 123 1334 77 0 3295 5475 430 
 6132 1095
 
Cattle 4000head 29300 751 21900 438 1643 110 0 
 6570 4380 4300 3225 10T
 
SheepBoats27000head 2950 701 2069 331 1242 0 0 
 0209 41!Y 3106 4139 140f
 
OtberAn 2OODOhead 10950 51 540 20 27 2 0 137 11C 220 126 27 0
 . .. . . ...... .......-.... ...... ....... .....................
.. ............. ....... 


SUBTOAL2 12425LSU 106215 65043 901 4245 271 0 16201 24204 11974 1362 
 344t 0 

AGRICULTURE
 
Irrl~farm 55 hectares 1365100 801 109206 
 0 0 0 27302 546 98:87: 2921 2092 0 5460N
 
8ainfarm 600hectares2520014 1' 25203 0 0 0 e 0 0 0 5201 
floodlrm 120hettares270020 2? 2702 0 0 0 6, 1 0 0 0 0 270, 

..... .... ..... ................... ........ .................................. ... ...
 
SU0TOTAL 775 hectares 4155100 1T1"83 0 0 0 27302 540 92873
3 
 10921 10921 0 82504
 

Soot 2 estabs 7800 1oo0 7900 6909 211 0 A 
 392 204 156 0 0
 
Industry 0.5estabs 750 1001 750 618 0 75 33 IS
19 0 s
 

SUBTOTAL4 2.5estmbs 1550 8550 7428 23C 0 0 445 257 171 0 0 0 

SUPPLY
ST8UCT'L VOLUMEStN'3NY/YR) 121562 13730 5590 336 27302 26523 9120 
 24754 25659 5343 826504 

VOLUMEOUTPUT: 1'30/st/yrT) 110.7282 2.7523 176.1419 199.9640 2.130286 16.5000
28.00201 1.560169 1.375240 0.534255 

(dayslyrl 365 280 365 120 365 250 120 90 60 6L
 
(8'31striayl 303 200 8 1468 4 oo 11 24 9 270 

lUERSOF VIATERSUPPLYSTRUCTURES 124 199 122 155 17000 5000 18000 12000 10000 500O
 

C0981ER1lALSCALESTRU0TURES 124 1" 122 155 2500 5000 750 200 I0000 I0
 
USEFULLIFE 
 20 20 20 20 20 t0 20 10 I5 5 
CRWO(REPLACEMENTIREQIlEMENT 
 12 20 12 16 230 5" 75 2o 67 20
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MAINTENANCE 	 CFEPL!IOHS 
= 
.5 annn = 1z =... 	 .. '=r... ... . s2 =. ... . ..... =. . .... ...........
 III 00.r=.L 	 =z - ==.=...... =......dSv LLEVEL 

;HHEII-I 

!994 MIDDlE HELLS 	 aTHERSTRUCTURES WELLS D.P.RURALWELLSTOTALPOJECTOICE 


D.P H.P. Hand Ints Tars Ballehs ar- Dis ARI%20L UrDan D.P H.P Irrsq- ANNUAL COST RAIN. 	 DPER. PHYSICAL 

rban Rural Rural Irri- Duq frog keds PAINT DrilledRural Rural atica OPER. PER cost CoSt QUAT. 
nilied 9cre- Eor- qatioa Nells Rio :KFUIS gells Tote- lore- Hells IPUTS UNIT US9IO+sIE iOlTT0s) 

:IUTS Peasure Wells Hell Wells tells 	 dells Hells 

f9ears 0.25 0.25 1 0.25 I 0.25 1 I I I 	 EICH;NE FDR 
;ATE ALL 

:5R Numberofstruct 496 796 122 f20 2500 20000 70 200 10000 100 S5411151 TIl-
LW JITIES 

d9 HNumber 	 l2W 122 15
of Stroc. 191 


. -oo-.~ n......... ........... .......... -----.......... 


"ATERIALS
 

0 0 0.3 0 	 144.40:ement Der st cubic mters 	 0.7 0.1 
9oAnnualcement cubic mters 170 2000 0 0 :O00 0 6750 	 so 

$5.95Stones per st cubic mters 	 1.1 0.25 0 V 0.7 64 
:nvualstones cubic meters 4000 5000 0 0 7000 1400 2400 	 30 to 

SundDer st cubic ltmrs 0.2 A 0 0 0.2 0 12.98 
Annual Sand cubic utters 2000 0 2000 sO to 

0 0 I 0 	 130.00'lpelFittins per st veters 0.5 0.5 0 0.5 0 0.375 
112 Ro
ntual PioelFittinqs lters 248 39 0 310 ) 7500 10000 11459 

12,000
wind Poat per st units 0.09 0.019 


II 5s 	 90 t0
Annual Hand Pumps units 	 45 


DieselPumpper st units 0.015 0.015 0.015 0.015 0 0 0 $21,000
 

AnnualDiesel Pumps units 7 
 12 9 300 329 $251 	 t0
 

2 0 	 935.71Rebars I Woodper st utters 	 0 0 0 

Annual RebarsiWood meters 	 20000 20000 so 90
 

Plastic Shet Per st sq.eeters 	 0 10.4 ISO 0 0 

AnnualPlasticsheets sq.aters 	 7800 20000 37800 

LABOUR 

Skilled:
 

Supervisory per St. Wet-days 1.075 1.075 1.3 1.075 1.073 

AnnualSupervisory sen-days 533 85 159 667 21500 23720 i5 so 

Escaatas Dew st. met-days 0 I I 3 3 15.95
 

AnnualEcan.rks mo-days * 750 200 30000 300 54972 90 s0
 

Civil lis.per st. en-days 0.5 0.03 0.05 0.15 1.5 3 95.06
 

Anual Civi! to . e-dies 1250 S00 39 30 15000 300 17211 90 t0
 

FRech.WrksRer st. Si-days 6.45 1.45 7.9 6.45 2.12 6.45 0 0 0.3 0 	 15.36 

oa.Gt.Rchantc rks. ut.-days 3199 5134 952 3999 5300 129000 3000 133842 	 t29 

- . 70P 'AS 170 17.!9 

55.95 



n.Oechtanc is. sen-days $199 5134 952 399 5300 129000 3000 150584 12 t 4 

OtherSkilled per st. 

Annual Other Skilled 
arn-das 

lus-days 0 
u5 

452h0 

280 

55720 

145 
44530 

020 
18600 144110 

12.21 

so 0133 164110 

U.skillerds 

zcavation per st. 
Annual Ercav.llrks 

.1:-days 
son-days 

0.64 
1500 

0 0 0 0.3 
3000 

0 
4400 

$2.01 

so 50 

Cievl.Irks per St. 
OAn.Ci l Irks. 

ws-days 
no-days 

0.5 
1250 

0.05 
1000 

0.05 
3 

0.15 
30 

1.5 
15000 

9 
900 18218 

$2.04 
00 0 

rKh.Irks. per st 
Anas.fecb5ac Iriks. 

sea-days 
hh-days 

0.45 
319 

4.45 
5134 

7.8 
552 

4.45 
3999 

0.72 
100 

4.45 
129000 

0 0 0.4 
h0o0 

0 
150004 

12.01 
111 so 

GJIPIENT 

Drill Rigs per st 

Anuaal Drill RigsUse 

Eq-days 

[q-days 0 

126 

t0 0 

PumpRigs per st 
Asual Pu p Rigs Use 

Eq-days 
Eq-days 

0.075 
37 

0.073 
40 

0.3 
37 

0.075 
47 

0.223 
4500 4480 

192 

05 so 

HeavyVehiclesper st 
PAnual Heavy VeWti Uss 

Eq-days 
Eq-days 

2 
5000 

2 
40000 

3 
2250 

9 
1800 

3 
300 49350 

1Ol 
so so 

Light Veicles per it 
Anual Light Vhcls Use 

Eq-days 
Eq-days 

3.225 
1600 

3.225 
2507 

3.9 
474 

3.225 
2000 

0 
20000 

3.225 
64500 

3 
22=0 

9 
1800 

3 
30000 

3 
300 125492 

$59 
191 so 

Diesel Puep per st. 

Anual 011sel Pumps 
Eq-days 

Eq-days 0 
!45 

45240 
200 

55720 
120 

18600 11950 
014 

So 107 11950 

Hand Pump per st. 

Annual HandPumps 
Eq-days 

Eq-days 0 
345 

44530 44530 
$0.13 

so S0 4450 

FUEL. CONSUMPTION 

Drill Rigs per st 

Anual Drill Rigs Fuel 

Liters 

Liters 234038 

$0.40 
so 0o 

Pump Rigsper At 

Antual PumpRigs Fuel 

Liters 

Liters 

3.75 

080 

3.75 

2905 

15 

1830 

3.75 
2325 

11.23 

225000 234000 

00.40 
12 so 

Heavy Vehicles per it 
Annual Heavy Vbc Fuel 

Liters 
Liters 

90 
2000.0 

00 
1600000 

120 
90000 

360 
72000 

0 120 
02000 1974000 

10.60 
10 0 

LightVehiclesper st 

Annual Light bhcrs Feel 
Liters 

Liters 
b4.5 

3192 

64.5 

51342 

73 

9504 

64.5 

39990 

0 

40 000 
64.5 

120000 

40 
45000 

000 
54000 

40 
00000 

00 
6000 2509040 -36 

10.71 

so 

Dieselper Pump 

Annual Diesel 
Liters 

Liters 0 
13140 

1629360 
4200 

83500 
0 

0 
3000 

445000 293010 
$0.40 

s0 501 2930160 

TOTAL(O00s) 

PER IIWYETRA 

0448 

12,249 
11,441 

57,242 

T0AL.0 e (000s) $19 

CANPEN 113 MAIER 21.38267 



. 1984 Baseline Estimates
 

Annex 1-2: Low Estimates
 
- Level I Submodel
 



LEVELSYSTERS FORSOMALIA, I SUIRDOEL
1-2: INDUSTRY MODELANNES WATER 

STRUCTURESAIDtRIERSOf MATERSUPPLT 
OF1904POPULATION, OFCONSUMPTION,RATESLOWESTIMATES 

rates forthenationasa wholeHectares Agriculture andconsumptionLivestock
HumanPopulation, Population, under 


VOLUMECONSUTION
PERUNITCONS*IFACTORS
UNITS
CONSUMPTIO 
NOStRUtNOSTRUt 

TOTALCONTROLCONTROL 
STRUCT'L
STRUCT*L 


CONTROLCONTROL
DAYSPER ONY 


(QU0sIMEASURE FACTOM YEAR 

DAILYUSE 


MEASURE FACTOR'3IeIYA URGEVOLUTE lAGE VOLUME 

25151 2445 11
2000 140 
UrbanH 100persons 40liters 365 	

4072 3 126
365 2000 4199 971
10liters
UrbanSP 1150persons 	 3911 101 423

325 2000 4234 901 


RuralS 1I persons t liters
2450 

365 2000 41 95 56 51. 

2254 
Nomadic 2300persons S liters 	 3 

225
240AM 

I 50Oupersons
SUBTOTAL 

ANIMAL	 401 20522
601 25762000 26280
leliters
Celts 4000head 365 
751 16725 251 6242


365 1000 246
22liters
Cattle 3800head 	 701 15969 301 6944
2000 22913
1.5liters 355

SheepGoats25000head 	 365 951 6935
51
365 1000 7300
2.5leOer
8000ea-d 


30532
 
OtherAn 


50226
81359 

S 2 .TOTALLOU
20705 


AGRICULTIURE	 1 111500 801 953570 200 223300
68cu.meters 365 

it 22600


IrriRlarm 45hectares 

9912245320
120 2 2269000
35cu.aters
Railnfar 540hectares 	 11 2250 991 222750
10 1 22500025cu.iters
200hectares
Floodiaru 
---	 3609900 910d5D 2611450 

65 hectares
3
SUBTOTAL 


6OVT1ItDIS 	 e1 0
1 6000 2001 6000
 

2 estabs tocm.melers300
Gurt 	 450 01 0

I 450 1001
300
5 caeters
0.3etabs
Industry 


064506450 
4 2.3estabsSUBTOTAL 


ofaiter Structures
theRangeofTypes Control 
across
ofConsumption
Distribution
Percentage 


OFCONSUMPTION
 
CONSUMPTION 


OISTRIBUTION
PERCENTAGE
VOLUMECONSUMPTION 


HARSINTAKES 2ARS ALiNS/ BURKEOSI EARTH TOTAL
 
UNITS 


WELLS
6LL15 ORILLED
STIU1TL ORILLED
STRCT'L 	 DATSIDIV
D0 FORR91 RESER- PONDSCISTERNS 

DPRURALHPRURALIRRI'W
TOTALCONTROLCONTROLuR02,! 
 STREAMS VOIRS
BOREWELL
INC(OOVT IOREWELLWELLS WELLS 

IO0sfMEASRtE31/KIAA 1000 VOLUPI 


HEUN	 
0.001 20.00110.001 5.001 0.001 5.001 0,001100.001 

UrhanIK 200persons 14t0 191 1445 70.001 0.001 0.001 
10.00120-01 5.00 0.001 5.001 0.001100.001 0.001 0.0014072 70.001 0.001 

UrbanSP 1150persons 4199 	 571 
25.000 10.001 5,001 25.001 0.001 100.001 

RuralSit 1450persons 4234 	 901 3911 1.501 12.751 0.751 0.011 40.002 
20.001 1 5.001 0.001 0.000 900.001 

851 3568 0.801 8.701 0.501 0.001 30.001 

Nomadic 2300persons 4199 


ISUBTOTAL 5000persons 14089 
1295
 

11 9 , 0 5 , 0.00 1 15 0 01 2 5 .00 1 2 0 .001 20.001 5.00 1 0,001 100 .001
 
4 0 h 58 0
NIMAL e 1 1 . 6


ANIAL 

501 20.001 20.001 28.001 5.001 0.001 1oo.00' 
Camels 4000hard 7620 20.001 25.001 5.001 0.001100.00160 125769 0.561 6.091 0.5 .0 

751 28725 2.001 7.501 0.501 	 0.001 30.001 22.001
Cattle 3100head 24966 	

0.40, 0.001 30.00120.001 15.00120.001 7.001 0,001 100.001200.001
25000headShempsoats 22823 	 701 15569 1.601 6.00, 25.00120.001 20.00123.001 5.001 
0.001 

1.751 4.901 0.351 0.00151 365
head 7300OtherAs MOO0 

50926
2
SUITOTAL 10785LSU 81359 


AGRICUtLUE	 
0.001 0.001 0.001 2.501 0.501 90.001 

1.001 1.001 ' 01 5.001 200.001 
601 393520 	 6001 100.001100.001Irrsflarm 45hectares 1116900 	 0.001 0.001 0.001 0.010.000 


Rainfarm 540 hetl.'.S 0.001 0.001 0.001 0.001 0.001 0.001
0.001 0.002
2269000 I1 22690 0.001 	 0.00%200.001100.001 

225000 I1 2250 •0.001 0.001 
FloodAars 100hWures 

116450
3609900
3 615hectares
SUITOTA 

0.001 200.001 

Govt 2 estabs 6000 1001 6000 97.301 2.701 0.00% 0.001 5.001 
3.001 2.001 

0.001 0.00% 8.001I00.001 
0.001 0.001 

0.001 0.001 10.001 3.001 2.001 
450 1001 450 82.451 2.351 

Industry 0.3estabs 


4504 2.3estabs 6450
SUBTOTAL 


of Structmre.6.1
ofWaterbyTypesof Cosuaption andbyTypes$TotalConsumption 


OFMATERIASTRUCTURETOTALDISTRIBUTION
BYSTRUCTURE.1.4
ORHATERDISTRIUT2OWTOTALCONSUPTIOwVOLUME 

WELLS HANDINTAKES IARS)BALLENSI 
COINPTIONUNTS 


1U0tKEDSEATY
 
STRUCT*L CISTERNS /RSIDI
STRUCI'L MILLEDWELLS DRILLEO 	 0DUGFOR IVI RESER- PONDS 

TOTALCONTROLCONTROLURAN/ o RURALHPRURALIR G'N 

0AGE VOLUME OREWELLSORHELL WELLS NELLSSTREAMSVIRINOGOVT9310/R100slREASTURE 


0 245 245 72 A 72
 
191 1445 1012 


UrbanfC 100persons 1460 	 0 0 
0 407 407 204 0 204 

971 4072 2950 0 0 	 0
UrbaSP 1150persons 42 	
0 1524 572 382 111 572 


57 496 29
901 3911 0
 
29 310 I8
MuralSet 1450persons 4254 	 0 2070 714 535 5 357 


851 3569 


720 1204 

omad/K 2300persons 411 


0
 
3146 2237 1192


7956 46 0 
_ UtOTiL 2 

1295 3949

5000cersons 14089 


Ect rdiliabl. Docum nt 



1.001 0.001 5,001 100.0?O
Irrqifare 45hectares111900 601 993520 0.001 0.001 0.001 2.501 0.501 90.001 1.001 

0.001 0.001 0.001 OO.I 0.001 0.00? 0.001 0.001 100.001 00.001
6tsnfare 540hectares 2200000 I1 22680 0.001 

0.001 0.001 0.001 0.001 0.00% 0.001 100.001100.001
FIoodfrna 100hectares 225000 It 2250 0.001 0.001 0.00? 

918450
SUBTOTAL3 605hectares3609900 

S)VT/IMUS
 
2.00? 0.001 0.001 0.001 200.0010.001 0,00? 5.001 3.001salt 2 Istahs 6000 1001 6000 97.301 2.701 

0.001 10.001 3.001 2.001 0.001 0.00? 0.001 100.00?
Industry 0.3 ,,tabs 450 1001 450 82.451 2.551 0.001 

SUBTOTAL 2.3Istab 6450 64504 

#Total Conuaption of bater byTypesof ConsumptionandbyTypesof Structirft.1 

OFMATERCONSUMPTION VOLUMECONSUMPTION TOTALDISTRIU9TIONOF ATERBY STRUCTUR[E.o. TOTALDISTRIBUTION BYSTRUCTUREUN11 


9 0RKEDS1WELLS DRILLED HAND INTAKESUA91DALL£HSI EA00TSTRUC'LSTRUT'L DRILLED ELLS 

CISTERNSCONTROLURBAN/OPRURALHP RURAL IRR6' DUGFORRI1 RISE0- PONDS DA95IDIOTA,CONTROL 

0OREWELL WELLS MELLSI000,2 K0ASU9 R*3olYR IA6 VOLU9IMOIOVT BO9ELL STREAKS 002R 

HUMAN 
UrbanH0 100persons 1460 991 1445 1012 0 0 0 245 145 72 0 72 

UrbanSP 1150persons 4190 971 4072 205o 0 0 0 407 407 204 0 204 C 

0ural0e2 1450ptrson& 4274 90? 3011 57 406 29 0 1524 572 302 292 57 

omadic 200 peroons 4290 951 3562 29 310 20 0 1070 714 535 535 357 0 

3146 1637 1192 724 1204SU107ALI 5000perscns 14009 12995 3946 796 46 0 

ONIRAL 

Cacti% 4000head 26290 601 1576B Be 940 55 0 2060 3912 3154 4415 780 0 

Lattle 3500head 24966 751 10725 374 1404 94 	 0 3617 3745 3745 280 9ZL 
0 4791 3194 2395 3194 212 1Sheep6oat$25000head 22013 701 15969 250 96 64 

OtherAn 9000head 7300 51 365 16 1 0 91 73 73 04 20 

50626 725 3341 214 0 2964 10954 907 10501 261 o2 	 LSUSUBTOTAL 10705 01359 


AGRICULIVE£ 
9935 	 9935 0 4467,Irrigoars 45hectares2226900 go0 093520 0 0 0 22330 4449 004260 

0 2268,
Ronfare 540hectares2269000 11 22600 0 0 0 0 0 0 0 0 

Floodfarnm 00hectares225000 It 2250 0 0 0 0 0 0 0 0 0 2250 

4460 004160 0935 0935 0 690o3 3609900
SUBTOTAL 605hectares 19450 0 0 0 22338 

SOVTlIIKu
 

0 200? 
Industry 0.3etbs 450 to001 450 371 
Solt 2estab 6000 0000 5238 162 0 0 300 160 120 0 0 0 

22 	 0 0 45 14 9 0 0 0 

194 129 0 0 2SUTOTAL4 2.3 astabt 6450 6450 5609 173 0 0 345 

9022 	 10291 4310 260 22330 20923 017152 29623 20162 4065 69606SUPPLY
SITRUC'L VOLMES2'3KIYR 


VOLUME 	 99.0193225.965962.552763 2.002332 .3002042.010232 27.6424OUTPUT: tRIostrlnr) 173.1627 326.5009 0.54199 

tdayal/rl 365 200 305 120 345 250 120 90 60 6( 

|1131$tri~ay) 273 q3 7 2443 6 1307 1 22 9 404 
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129 1250 2500 500 100 7500 5o
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I. 1984 Baseline Estimates
 

Annex 1-3: High Estimates
 
- Level I Submodel
 



MODEL LEVELI SUODEL SYSTEM7S FORSOMALIA,AA%61-31 WATERINDUSTRY 

OFWATER STRUCTURESAD NUMBERS SUPPLY
RATESOF1984POPULATION, OFCONSUPTION,NIGHE51TATES 

asa wholeaid Consubption forthenationHectares underAgricultureHumanPopulation, Livestock Population, 	
rate 

CONSUMPTIONCONS'FACTORS VOLUMEUNITS PERUNITCONSUPTION 
' 0OSTRUSRUC0L SRUC'L NOS7nUC 

CONTROL CONTROLDAYSPER CO0V TOIALCONTROL CONTROL
DAILYUSE 

ME0 VOLUEN'3oLIYRFACTOR 0A6 VLUMElOOulMEASUREFACTO91A5UR[YEAR 

991 3759 it 391000 379 
o000 6970 971.003UrbanHC 130person$ 30liters 315 

Am 2 1
 
UrbanSP 1120persons 15liters 315 

913 tOt 	8022 l0t $91
315 1000 
95"3- 7694 151RuralSet 2035persons 121iteri 


Nomadic 3100personsi I inrs 365 9000 t052 	 1358 

2553
 
SUBTOTAL 18B5persons 


2B076
30631

I 


ANIAL40 	 290400 2l900
25hters 315 	 1000 54750 601 32650 

1000 38325


Camels 6000head 

751 29744 251 	391
 

25liters 	 365 

365 1000 32850 701 22995 301 VASS
Cattle 4200head 


3 liters 

355 9000 10950


Shimpsal 30000head 

51 54a 951 10403 

Otherhn 9000 head 3 liters 

133 51730 
SUBTOTAL 

1360752 1390LSU 


AGRICULTURE
 201 322h10
 
Irrailfar 90 41017 qVt4061524
 

I 1113300 	 0011290640 

5hectares 	6Bcu.meter 315 


9 4107600 
470hectares 35cu.meters 120 

40 I 121500


lacniarn I1 1215 991120295
 
lodari 
 54hectares 25c.esters 


38424H 1332931 4509419 
3 1017hectares59TOTAL 


0 
6OVINDUS 0

300 1 12600 1000 12600 01

21 cu.weteriBt 	 2 estas 0l 0I 1200 100 1200 

Industry 0.5@stabs 9 cu.aeters 300 

01300 
S9JOTAL4 2.5 mtabs 13100 

Structures
uter ControlacrossthetanqeofTypesofof ConsulptionDistributiOn
Percentage 


OrCONSUMPTIONDISTRIBUTIONCONSUMPTION FOC[NTAG[ 

BURA006 EARTH 
U IS VOLUMECOSUMPTION 

INTAKESUARS/BALLEfSIWELLS HANDWELLS DRILLED
STRUT'LSTRUCT'LDRILLED 
D0006 FOR RATER- PONDS DAMSIDIVC95TERNS

UBAN/DPRURAL 	 IRRI'N 0HPRURAL 
IKDIGOV BODRIELLWELLS 

TOTALC0NTROLCONTROL 
ELL5STREAMS 0IR5

VOLUME IOREWELL(000%1MEASURER'3I1/YR 0A[ 

70.000 0.000 0.001 0.000 10.001 90.000 
5.001 0.000 5.000 0.001
 

UrbanMC 130pinsons 3791 9n 375 	 5.000 0.001 5.001 0.001
0.001 0.001 	 10.001 10.0019603 70.001 0.001 

UrbanSP 1620persons 3970 471 	
15.000 10.001 5.001 15.001 0.001

0.751 0.001 	 40.001
V00 9021, 1.501 12.751

RuralSl 2035 perncni 013 	
30.00120.00115.001 15.00110.001 0.000 

4052 951 7604 0.901 9.701 0,501 0.00 
Noadic 3100persons 

21079I fal5persons 30631SUBTOTAL 

0.351 0.001 15.001 25.001 20.001 29.000 5.001 0.000 

Camuls S0.00120.001 20.00115.001 5.000 0.0006000head 	 54750 100 32950 0.561 1.091 

39323 751 28744 2.000 7.50% 0.501 0.001 
7.001Cattle 4200head 

1.60% 6.001 0.401 0.001 20.001 20.001. 3.001 20.001 0,001 
Shefqp~ts 30000head 32950 701 27195 

0.351 0.001 25.001 20.001 20.001 23.001 5.001 0.001 
51 549 1.751 4.400

Otera 90000head 00950 

2 13673 1513SUBTOTAL13940LSU .O .0 
AgRICUW.TURE 

2.001 0.501 	 90.001 1.001 1.000 0.000 5.300 
Irrifars is hectares 1113300 00 1290640 0.000 0.000 0.001 

0.001 0.001 0.001 100.001 
It 41076 0.001 0.001 0.000 0.001 0.001 0.001 

Itulnfari 471hectares 4107600 	 0.001 .000 0.00 0.001 100.001 
10 9215 0.001 0.001 0.000 0.000 0.000 

loodfarm 54 hectares 121500 

5UTOTAL3 M21319o9 hectares542400 

Sevt 
Industry 

2 estais 
0.5 ibs 

12100 
1200 

1001 
100 

1200 
1200 

77.301 
72.45 

2.701 
2.551 

0.001 
0.001 

0.001 
0.001 

10.001. 
15.000 

5.001 
5.00 

5.00 
5.001 

0.001 
0.001 

0.001 
0.001 

0.00! 
0.00 

SUBTOTAL4 2.5 #stabs 13100 138100 

of aterby Typesof (onsueptiomandby typei of Structure.t.4
'Total Consumption 

101 ISTRIBUTIONOr 46TR BYSTRUCTURETALITSIRUCTURE.O. 
CONSUMPTION 

OF ATERDISTRIBUTION1O1ALVOLUECONSUTION 
EN9 
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NELLS H64WELLS DRILLED I1TAKES 6RS/0ALLE5/R9K[61
SRUCI'L DRILLEDSTRUCT'L 0AMSI06 FORRIV RI0N- PON05CISTERNS9

09BA!O RURAL 	 IRRIG'N9PRURAL 
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VOLUINIVT 40R02119I1(ELL
100009 0ASU 0'3019YR 00E6 

0 37 31 let 0 999 
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0 2304 1530 
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0 6753 3778 2574 1555 25 1 
. loil 24070 1935 1692 4930101 



600107 301 1 whectares58142400 133231 
00I .0MUS0 I0,0

Il
60VTI 


0.001 100.001 
sovt 	 2 astabt 12600 oot 12100 77.301 2.701 0.001 0.001 O. OOl0.001 0 .00110.001 5.001 5.001 0,001 0.001 000.00115.001 5.001 5.001 

industry 0.5istabs 
 1200 1001 1200 72.451 2.551 0.001 0.001 

4 31100 13800SUBTOTAL 2.5@stabs 

by Iypes0fStructure.$.$flotal ConsuaptIioof Waterby Typesof Co6upt0 land 

OF ATERBYSTRLCTUREC09845IU98T18YST8C0URE1.'.TOTALDITR1I1IN r0NATERVLU0 CONSUMPTION TOTAL81C05suRPl9tNUNITS 
808OALLEHSI 0I9hEATH 
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s5UI'L SRUET'L 0RILL8EEILLS DRILLED 40000INTAK5 UAOOS 

DAIIV
LI81 of RU01 P RURAL8081TOTALONTROLCONTROL 

E.L NILS WELLSSIREAMSVIRS 
0O0000 N'30KIYR VOLUREIOO6DVT K0080M00ElLLKRASURE 14[ 
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1 
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0 4928 82 3 1510104 2001 115 

CIai 4000head 	 54750 601 32050 5749 4312 1437 0
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SUITOTAL
3 1017hectares 5942400 1332931 0 
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1990 Projections/Forecasts
 

Annex 1-4: Middle Level Projections
 
- Level I Submodel
 
- Level II Submodel
 
- Level III Submodel
 



ANANEI INDUSTRY MODEL LEVELI SODMODEL1-41MATER SYSTEMS FOR SOMALIA, 

MIDDLE-LEVELPROJrECTIOOr 1990 POPULATION, OFCONSUMPTION,NEEDEDWATERSUPPLYRATES AND STRUCTURES 

Livestock Hectares riles
HumanPopulation, Population, underAgricultureandconsumption fo thenationasa whole 

CONSUMPTION PER CoNs'MFACTORS VOLUMEUNITS UNIT CONSUMPTION 

STRLUCT'L NOSTRUCSTRUAT'L NOSTRL' 
DAILYUSE DAYSPER CONY TOTAL CONTROL C0DTRLCONTROLCONTROL 

FACTOR YEAR1000 MEASURE MEASURE FOTOR'IIKt/YR I00 VOLUMEDOSEVOLUME 
HUMrAN
 

UrbanHC 174persons 100 liters 365 1000 6351 "1 6217 11 64 
UrbanSP 1567persons 25liters 365 1000 142VM 901 IROI 21 296 
RuralSet 1053persons 15liters 365 1000 10I5 951 96O 51 5C7
 
Nomadic 2757persons 10liters 365 1000 10063 901 157 101 IO6 

n
SUITOIALI 6351persons 40B5 3B995 1063 

ANIMAL
 
Camels 5301head 25liters 36 1000 48436 AS? 31R03 35 16952
 
Cattle 4246head 25 liters 365 1000 39745 A0 30996 301 774S
 
Shrieploats20611head 3 liters 365 1000 31314 751 233E 51 7046 
OtherAn 161Shead 3 liters 365 100l 11623 5? 91 91 11042
 

SUBTOTAL2 13190LSU 130167 06351 4!590 

AGRICULTURE 
Irriglara 64 hectures 68 cu.leters 365 I 158r0 511350101 15 231272 
Dainlarm 604hectares 35cu.meters 120 I 357620r 21 67536 9O 3309264 
Flondiara 161hectares 25cumaters Mo I 36250 22 7245 IX 355005 

SUBTOTAL3 1029hectares 53275!0 39025O
142491 1
 

SEVT/INOOS 
Sant 2 ests 13cumeters 300 1 7B00 1002 7800 0? 0
 
Industry 0.73estibs I cumseters 300 I 1752 1000 1752 0? 0
 

SUBTOTAL4 2.73estbs 7552 955, 0 

N Distribution of bater Structures N NNIN N a * * a Percentage of Consumptionacrossthe Range ofTypes Coutrol I 

CONSLMPTION VO1UE PERCNTASEDISTRIBUTION 1e DISTRIDUTIONUNITS CONSUMPTION OFCOhSLPTION PERCE1TAE OFCOMRWTIO 

STRUCT'LSTRUCY'L RILLEDWELLS DRILLED NAMIINTAKESUARS/WELLS BALLES/URKEDS/EARTH TOTAL 
TOTALCONTROLCONTROLUIRIAN/ HP RURAL IR011 FOR RESER- PONDS DiSIDIVOPRURAL IAS RIV/ CISTERNS 

1000fMEASURE DAME VLUME DRWELL STRIMSMaRIVkR IN/GOVT SDREVELLWILLS WELLS VOIRS 

UrbanHC 174persons 
6351 97 6287 75.00? 0.00? 0.000 0.001 10.00? 10.00 2.00 0.001 3.00 0.001 100.001 
Urban5P IS67persons 14299 901 1410 75.001 0.00? 0.00? 0.001 10.00110.001 2.001 0.00? 3.001 0.001 100.001' 
RuralSet 1150persons 10145 951 9639 2.001 17.401 0.601 0.001 R5,01 15.001 5.00? 2.001 13.00% 0.00Z 100.001 
tuoadic 2757persons 10063 1O 9057 1.20? 13.201 0.60? 0.001 35.00? 20.00 10.001 1.00? 10.001 0.001 100.001 

SUBTOTAL 6301persons R095 319mI 

ANIMAL 
Camels 5130head 49406 601 31413 .I01 1.101 0.40? .000 20.001 20.001 20.001 25.002 5.00? 0.00? 100.00? 
Cattle 4246 head 31745 90? 30916 3.00? 11.401 0.601 OD? 35.00? 15.001 20.00? I1.00? 5.00? 0.0E 100.001 
Sbeeplnats 21661head 751 2.000 0.40? 35.000 17.001 15.001 7.00131394 23538 7.601 0.00? 11.001 0.000 100.001 
OtherAn 10610head 11623 51 5l1 2.001 5.61? 0.32? 0.000 30.001 17.001 20.00? 20.00? 5.001 0.001 100.001 

$10UTTAL 1310LSU 1N,5M2 130187 

U1RICLLTRE 
Irrnlfar 64hectares 151840 IS? 1350200 0.00? 0.00? 0.001 3.00? 1.00 90.001 1.00? 1.00? 0.001 4.00? 100.00? 
Rainlar 904hectlares 3376100 2? 67536 0,00? 0.00 0.00 0.00? 0.001 0.00, 0.001 0.001 0.00? 100.00?10C.001 
Floo arm 161hectares 362250 2? 7245 0.001 0.0010 .001O 0.00? 0.00? 0.001 0.0?1 0.00? 0.00 100.00010D.00 

SUBTOTAL 1029hectares 142M993 5327530 

6OV7IIIOUS
 
Sove 2 estabs 7100 1001 7900 90.16? 1.041 0.00? 0.000 5.01? 3.001 0.00? 0.001 0.00? 
 0.00? 100.001 
Industry 0.73estabs 1752 1000 1752 15.262 1.74? 0.00? 0.001 10.001 .00? 0.00? 0.00? 0.001 0.001 100.001 

MITOIAL4 2.73 stabs 9532 532 

a NI a NI Total Consupton ofMater NyTypesol Conumptlina ndbyTypesof Structure a I a I e * 

CONSUMPTION VOLUME DISTRIBUTIONOFNATER a m TOTAL OPMATERUNITS CONSUMPTION TOTAL BYSTRUCTURE DISTRIUTION BYSTRIUCTURE 

STRUCT'L WELLS DRILLED RANDINTAKESUARS1ALLENIILREDS/ EARTHSTNUCT'L RILLED WELLS 
CETROLOitAA/OPRURAL CISTERNS

1000s)MEASURE ?NGEVOLUME IORENiLL STREAMS 
TOTALCONTROL NPRURALI115'1 Dug rwRIvit RESER- PONDS DAMS/DIV

AMDKytR ICiGOVT NORNeELLWELLS WELLS VOIMS 
'3N1/TRM 3NK/YR 13'0IYAM*3N0/YR R3KIYR 8*311/ R30/T11M'31KYRR'3NK/VFM'3lmRYR R'IKIYR 

UrbanHI 174persons 6351 9? 6267 4716 0 0 0 6:9 629 126 0 19o 
UrbanSP 1567persons 142" T90 14013 10510 0 0 0 101 1401 290 0 420 0 
MuralSet 
sile 

1053persons Ir15 
2757peso,s 10063 

95? 
MO 

96A 
9007 

193 
109 

1677 
I1" 

59 
54 

0 
0 

4337 
3170 

1446 
1911 

492 
"0 

1M3 
906 

1253 
106 

/ 
0 

.....- ..-..-..-.--................ ......- --- . -........ 

SUITOTALI 6351persons 40959 3915 15527 2872 112 0 9337 5297 1794 1O98 2768 0 

NJ
 



Irrfare 
 64hectares
1588480

Rilnfard 8511350208 0.001 0.002104hectare 337600o 0.000 1.000 1.80220 7536 90.000 1.000IloodIare 161hectares362250 0.802 8.802 8.00 302 2.000 0.000 4.000200.00020 0.000 0.0007245 0, 001 0.00 0.000.001 
 0.000 0.00, 0.00 . 0.00O 0.00 0.00:100.020 100.00:0.000.0c 
.O
 

SUOTAL 3 1029 hetares 5327530 14249819 

sort 2 estabs 7800 2001O 800Industry 90.161 1.040 0.000.73#$tabs 1752 001 5.0:,1002 3.000 0.0001752 0.1262 1.741 0.00 0.00.o.001 0.00: 200.0020.000 1O.002 3.00 0.00, 0.000 0.00 0 00.001SUBTOTAL 2.73eltabs 95324 952 

I## * * Tla Ciumptlo n of ijtgr by T1PSOfCoaIumPtlonandbyTypesof Structure * * * * *CONSUMPTIONLili5 VOLUMECONSM0TION TOTAL0IST8RIUTIOl,O WATER0 STRUCTURE, 04# TOTALS0TISUTIONrIIATERBy STRUCTURE 
STRUCT'LSTRUCT'LDR1LLEDTOTAL YELLS DRILLEDILLSCONTROL HANDCONTROLmat DPRURAL INTAKS U085/BALLEHSIHPRURAL 2URI4O. EARTH000) nEAYo8EMl3lK/yR 0A0 2RRI' DU FORR2V/ 1 

VOLUME REBER- PODS CISTERN5iK2/GOVT
BOR[RELL AR5/0IV90EWEL. WELLS WELLSTRAM5
H4AN 
 VO25
 
Urban R*311/yR'11K/IYA
HE M-31/YRR'3eilYR
174persons 6351 4'3#K/YgM'3,KIYR99 6227 M'3K/'R93#KI8 R'1II K/yRUrbanSP 4716 0 0 R3IK/YRR3ei/yf1567persons 14209 0 8.9 62990 12
RuralSet 14013 10520 0 0 189 t183 persons 10145 0 0 1401 2402
951 968 293 220 0hoeidir 1677 50 420
2757persons 10073 0 4337 1446 482900 9057 109 193 2532195 54 k0 3170 2822 906 906
SUBTOTAL 906
2 6351persons 4082 3699S 15527 2672 112 0 9537 5287 1794 1098 2769AMI tA.
 

Cabals 5309head 
 4843 650 31403
Cattle 252 2771
4246head 126
38745 0 12?7 6297
80 30996 930 6297 7871
ShelpGoats 3534 288 1574 020661hld 31384 0 20049 4649751 23538 471 6199 3100
OtherAn 1789 2533 010623head 1163 94 0 8238 400153 Sl 3531 3766
12 33 2 1648 00 174 99 1162l2 
 29 0
 
SUBTOTAL
2 13190LSO 
 130167 
 86596 
1664 
3126 
 406 
 0 255e 15046 26243 14033
AGRICUL.T 4801 0 OIrrql4are 
84hecta,1158400 90115020
Rainiars 0 0 0804hectares 

Floodlarm 0 0 0 0 5400i
 

3376800 21 67536 40506 13502 1215297 23502 135C,f8 hectares362250 0 020 724, C 0 0 0 00 0 6753o0 0 0 0SUBTOTAL 0 03 1029 7245hectares5327330 1424909 0 0 0 40506 135021215187 13502 13502 
 0 12799
 
Rovt 2 estabs 700 1002Industry 0.73 7100 703. 144@stabs 0 02752 f000 390 2342752 1494 30 0 0 0 00 175 53 

4 0 0 0 0SUBTOTAL 2.73estabs 9532 9352 1521 174 0 0 565 287 0STRUCT'L 0 05UPLYVOLUME5 CI-3bKeVyRj 1560134 23717 11172 520 40500 4926212507 31438 29453 7566VO.UMOUTP0lJ 127E(11-31tictrprl) 

110.728228.0801 2.752533176.14191.56019(diyslyri 199.96401.3752462.139206
365 280 0.53425526.5t3(R'1str/day 165 120 3 5 210 120
303 2oo 90 60a 145 t04 Boo 22 24 989RS OF3T.SIF STRCTLRES 275 

232 
 398 
 19 
- 230 31510 6800 22860 13774 14160CUS"C4L MALESTRUCTURS 78.5 
IF LIFE 232 230 4034 6290 953

A.L 398 19 
i 230 24160RUDEREPLACEMENT 10 2 0 156WDRE'2lT 10 l 10 10 20 323 -40 19 23 1

" 463 618 93 23 944 31 



A111if
I I1.497 
IKDSlp1R 5RSS AXE6LFORSWOLIA:LEVEL1 IPIA~.O~ 
* S I Frojectionsoflquirpiprts
forIt.WaterSuppl,Structure,
forSomalia
1955- 199 at FrevalllingLstflLiteIa a 
STUCIURI/EAR 

fIANNELLS 

198 9 1911 198, 190! 1964 I?95 1966 1 f7 909 1919 1f90 Rte FA. 

NeededTotal 
Old 
I rteorrUs 
heedoghe.orAehaL 

56 
51 

5 

74 
46 
5 
23 

10 
41 
28 
39 

123 
36 
64 
24 

124 
31 
8l 
12 

130 
25 
05 
27 

53, 
20 
104 
29 

170 
15 
122 
32 

lee 
10 
142 
36 

209 
5 

14 
40 

232 
0 

18e 
45 

II,:93 

P AURALPeeaedIORIL9[5total 
01 
IFreiwlusl 
NeededNo.offitab 

020 
J0 

13 

142 
96 
13 
32 

159 
86 
44 
29 

177 
75 
69 
34 

199 
64 
95 
4D 

223 
53 
025 
45 

251 
43 
157 
51 

281 
32 
192 
57 

i01 
21 
230 
64 

154 
II 
271 
72 

390 
0 

217 
II 

1:.23731 

IN90403.NeededIOR[H24.ESTolal 
Old 
IreroDu) 
heededbe.orRehab 

99 

92 

7 

l05 

03 
7 
16 

110 

74 
22 
14 

115 

64 
34 
17 

122 

55 
47 
19 

131 
46 
62 
23 

14 1 052 
37 2 
79 96 
25 28 

16 
IB0 
114 
30 

076 
9 

133 
!3 

19 
0 

153 
36 

7.647 

IRRIGATIONNILLSNeededTotal 
oi 

Iirtusl 
NeededNe.or Rehab 

91 
72 

16 

102 

i8 

18 
is 

123 

60 

32 
31 

141 
53 

60 
28 

155 
45 
02 
.8 

166 

30 
102 

28 

l7T 
3 

lie 

29 

189 
23 

035 
21 

202 
15 
153 

34 

213 
1 

171 

36 

23: 
0 

1ff 
39 

6,77943 

HANDDUG ILLS 
Neededtotal
old 

2500 2771 3071 3404 "772 41e1 4634 10.632!1 
lPre1islr 
bed bi. 

2250 

250 

2025 
.53
496 

1000 1575 
771 1199355 610 

1M0 
1709 
714 

1125 
2251
825 

900 
2835 
953 

NeedeOTotal
Od 

5000 51j0 53it 5559 5759 596 610 3.59401 
IfreelousI 
Ceededbe. 

4500 

500 
400 
500
60 

370 
00
606 

315V 
1858
150 

2100 
2243 
816 

2.52 
2,14
Bi1 

111)0 
3432 
948 

UIS/AES£RVDIRS 

NeededTotal 
Old 

750 780 1l2 045 10, 915 953 4.U6411 
(Preious) 
beeedbe. 

675 

75 

60875 

96 

540165 
:07 

473256 
117 

405247 
127 

338 
440 
lie 

:70 
534
149 

IALLOHSIPOkCS 
keededTotal 
Old 

200 205 209 214 219 24 2!0 2.32403 

(Previous)
Neededbe. 

100 
20 

16220 
23 

04441 
25 

128
it 
27 

J0 
82 
29 

90 
103 
31 

72 
12434 

RNUOSICISTERINS 
Ne~ededTotl1 
Old 

10000 10590 11231 11902 12613 03367 14166 5.97611 
IPrevrouil 
keded 

Itde I7 9333 1711b 60891042 74663020 004411,14 62225487 56006779 
667 1220 1300 1416 1535 I50 1707 

NeededTotalol 
I00 0o8 11t 125 135 145 156 7.7041 

1PreroauSl
Neededhe. 00 

20 
t4 
2024 

40 
4011 

32 
6033 

16 
0136 

0 
10243 

0 
124
32 
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PIRTEE E.. OPERATIONS 

A630 1-4 
1990MIDDLEPROJECTIONS tELLS OTHERSTRUCTURES MELLS D.P. RURALWELLS TOTAL 

l11,1,1 

Urban 
Drilled 

Measure eills 

D.F H.P. 
Raral Rural 
Sore- Bore-
Wells Mlls 

lrrs-
#atnon 
wills 

Hand 
Dug 
Mells 

Irks 
from 
in, 

Uars lallets Mar-
keds 

Dais ANNUAL 
AINT 
INPUTS 

Urban D.P H.P Irrg- ANNUALCOST 
Drilled Rural rUral at:.. OFER. PER 
Mells Rare- Bore- Nells INPUTSUNIT 

eills jels 

MA1011i PER 
COST COST 
US1IDOsll(COS) 

PHY1SICAL 
owl. 

lIP years 0.25 0.2. I 0.25 1 0.25 I I I j EIEHIS FUR 
,Ri Numberofstrut. 929 1591 19 920 3731 24721 131 196 12379 124 

RATE 
5OSHIUS 

ALL 
TYPES 

UdOR usherofStrut. 232 390 109 230 
64 A1TI-

VI'IES 
........ =..... .. ...... .. .............. z........u.a......f... . . n. .... .. .. u......an.n .. 

MATERIALS 

Eint per st 
Annualcement 

cubic setrs 
cubic oeters 

0.7 
2612 

0.1 
2472 

0 
0 

0 
0 

0.3 
3714 

0 
0 4797 

144.40 
10 Ho 

Stonesper St 
Annualstones 

cubic seters 
cubicsters 

1.6 
5969 

0.25 
AltO 

0 
0 

0 
0 

0.7 
t665 

64 
7965 22760 

15.95 
10 to 

Said perst 
AnnualSand 

cubiceste's 
ci:c siters 

0.2 0 0 0.2 
2476 

0 
0 247b 

12.98 
10 so 

PipitFattags perit 
AnnualPipetFittirs 

aiters 
astirs 

0.5 
465 

0.5 
796 

0 
0 

0.5 
460 

0 
0 

0.375 
9270 

0 0 I 
12379 

0 
23372 

030.00 
924 0 

HandPumppers5 
AnnualHandPumps 

units 
units 

0.09 
I1 

0.018 
67 84 

12,000 
10 s0 

Diesel Pup per st 
AnnualDieselPuaps 

antts 
units 

0.015 
14 

0.015 
24 

0.015 
14 

0.015 
371 

0 0 0 0 
422 

$21,000 
1501 10 

Rebars& oodperst 
AnnualRbiarsllodu 

aters 
meters 

o 0 0 2 
24758 

0 
24758 

133.71 
10 s0 

Plastic Shoetper sO 
AnnualPlastic sheets 

sq.mters 
sq.atters 

0 10.4 
8360 

150 
29407 

0 0 
37767 

LAROUR 

Skilled: 

Supervisory per St. sen-days 1.075 1.075 1.3 1.07T 1.075 55.95 
AnnualSierisrwy men-days 991 1710 246 939 26575 30524 si0 so 
Excavationperst. 
AnnualEcai.Irks 

men-days 
aim-daYs 

0 1 
804 

I 
196 

3 
37130 

3 
373 09037 

$5.95 
10 10 

Civilkks.perst. 
AnnualCivilbris. 

sea-days 
sea-days 

0.5 0.03 
1165 742 

0.05 
40 

0.15 
29 

1.5 
1B569 

3 
373 21619 

15.06 
to so 

lech.Mrkuperst. 
Anu.flechaicMrks. 

ara-days 6.45 
aen-days 3992 

6.45 
10262 

7.9 6.45 
1474 "33 

2.12 &.45 
7909 159448 

0 0 0.3 
3714 

0 
194732 

15.36 
155 so 

OtherSkilledperst. 
AnsualotherSkilled 

sn-days 

ams-days 0 

365 280 365 

84775 111374 6966 

129 12.3 

27596 292709 so 1265 2709 

Unskilled: 

Ecavaton per at. 
SaEcav.Mrks 

Man-days 
emn-dys 

0.64 
23B8 

0 0 0 0.3 
3714 

0 

1101 
12.01 

10 so 



AnnualEca..NrkIs 

Cial.ikfs per It. 

Sen.Ciilirks. 

rech.Mrks. per st 

Ann..echanicIris. 

[ D U I MM Y 

.-dayS 

le-days 

sen-days 

Gn-daIys 

aet-days 

6.4 
5992 

6.45 

10262 

7.0 

1474 

6.45 

5933 

0.5 

1865 

0.72 

2686 

0.05 

1236 

6.45 

159440 

0.05 

40 

0 

0.15 

29 

0 

1.5 

18569 

0.6 

7428 

9 

1120 

0 

2260 

1932231 

$2.0 

$2.05 

25 

so 

10 

21 

06 

OP 

Drill Rigs per st 
Aniual DrillRigsUse 

Eq-dals 
Eq-days 

0 
0 

so 
0 

so 
5 

PumpRigsper It 
AnnualPumpigsUSe 

Eq-days 
[q-aIys 

0.075 
?0 

0.075 
119 

0.3 
57 

0.075 
69 

0.075 
154 2169 

fit $9 

HeavyvehiclesperSt 
Annual leavy EW UliSe 

Light Vehicles per st 
AnnualLiht" USUse 

Eq-days 
Eq-days 

Eq-days 3.725 
Eq-days 299 

3.225 
5131 

3.9 3.225 
737 2967 

2 7 
1462 4944 

0 3.225 
29847 79724 

3 
2411 

3 
2411 

9 
1764 

9 3 
174 37138 

3 
373 84520 

.1 
373 163008 

S11o 

i341t 

s 

Diesel Pumpper St. 
Amull DiesulPumps 

HandPumpper St. 
AnnualHindPumps 

Eq-dayI 
q-days 

Eq-daysEq-days 

0 
365 280 

84773 11374 

365LO.1 

120 
27596 223742 

$14 
00 

It 

01,613 223742 

to 4956L 

FUELCOlUTIi 

Drilligsperst 

AnnualDrillRiosFuel 

Liters 

Liters 

100466 

S0846 

PumpRigs per st 
AnnualPumpRigsFull 

heavyVehicles per St 
AnnualHeavyVbclFuel 

Liters 
Liters 

Liters 
Liters 

3.75 
3484 

3.75 
5966 

1 
2834 

3.75 3.7$4 
3449 92702 

0o 80 120 
290465 1977647 U0459 

360 
70570 

0 

10643 

12( 
04935 243033 

10.0 s 

so 

Light Velitlls per st 
AnnualLight MIs Fuel 

Diesel per Pulp
AnnualDiesel 

Liters 
Liters 

Liters 
Liters 

64.5 64.5 
39922 102623 

78 
14732 

64. 
51331 

160 64.5 
596930 1394479 

60
4022 

0
3529 

6742750 
,t07467 32170' 

13140 4200 
30510201670611 

0 
0 

73 S 

3000 $0.6. 
60891 5412321 so 1994 5412331 

188. 10001s 0873 12,73 

ERNELlIYEAR $2,19147,.3 

10A. 0 & (0") 13,745 

0680PERN*3NATES 29.1599C. 



I. 1990 Projections/Forecasts
 

Annex 1-5: Low Projections
 
- Level I Submodel
 
- Level II Submodel
 
- Level III Submodel
 



ANEI 1-5: WATERIRDSTRT SYSTERSMOEL FORSOA.IA. LEVELI SUODEL
 

LON-LEVEL OF2990POPULATION. OFCORSUMPTIO,
PROJECTIORS RATES AP NEEDED SUPPLYWATER STRUCTURES 

HusanPopulation, LivestockPopulation, Hectariz under Agriculture andconsuzatiomratei for the nation as a .holl 

CONUlMP FACTORSIONUNITS PERNITCONS'El VOLUMECONSUMIION 

STRICT'LSTRCT'L. NOSTRAC80STRTIC
DAILYUSE DAYSPER CORY TOTALCONTROL CONTROLCONTROL CONTROL

1000s)MEASUREFACTOR YEARREASURE FACTORNM3#ITR IAiE VOLUM0 0USE VOLUME 
HUMLA
 

UrbanHE 142persons 20 liters 365 1000 4146 990 4105 1 41
"a. OP 1440persons 20 l'tars 365 1000 10512 91 10302 21 210

RuralSet 1731persons 12liters 365 1000 7582 92? 6899 91 62

Nomadic 2485Persns 2 liters 365 1000 7256 
 8h 6240 14? 1026
 

SUBTOTAL2 5798persons 2946 27546 2950
 

Caels 4122 head 20 liters 365 2000 30091 611 28355 391 11735
Cattle 3915head 20 litns 365 1000 20520 761 21720 24! 6859
SheepGoats25759head 3 liters 
 365 1000 70202 712 20026 29% 910

OtherAn 8243head 3 liters 365 I0OO 9026 51 451 
 951 8575
 

SUBTOTAL
2 11113LSU 
 5 902 60553 
 35349
 

AGRICULTURE 
lrrtqfara 4Rhectares 68Co.smter, 365 
 I 191360 a1 065002 19? 226558
Ratnfiar 626hectares 33ca.arters 120 I 2629200 i? 26292 9002602908Fioodfar. 226hctares 25 cu.meters 90 I 261000 It 2620 992 259390 

3
SUBTTAL 790hectares 4001560 993904 3DI7656 

800012HOLE 
sont 2 stabs I0 ca..tars 300 1 6000 200l 6000 a? 0Industry 0.4 estabs 6.7 cm.seters 300 1 804 1001 904 0? 0 

SUBTOTAL 2.4ostahs
4 
 6904 6804 0 

1 4 * a a e I PercentageDistribution of Consumts on across the iangeof Typesof WaterControl Structures I Sa I 

CONSUMPTIORUNITS VOLUELON TION PERCENTAGE OFCONSUMPTION DISTRIBUTIONDISTRIBUTIO a§ PERCENTAGE OFCORSUMPTIO 

SOTRi WELLS ORILLEOCL STRUCTL DRILLED HELLS HUNDINTAKES2RS1RALLES1DOKEDS £68TH TOTALTOTALCOITIM CONTROLURBAN/DPRURAL CISTERNSHPRAL IRRIG' DUGFORRVI RESER- PONDS DAMSIDIV1000s)REASURE ZAGE VOLUEi 3oEITR ID/GOVIOREELLRORERELLWELLS RELLSSTREAMSVOIRS 

UrbanHC 142persons 4246 9M1 4105 72.001 0.001 0.00? 0.00? 20.00? 10.001 3.001 0.00? 5.001 0.001 20.001UrbanSP 1440persons 10512 901 10302 72.00? 0.001 0.00? 0.001 10.001 20.00? 3.001 0.00? 5.001 0.001 100.001Rural Set 1731persons 75B2 91? 6899 2.50? 15.00? 0.50? 0.00? 40.00? 15.00? 10.00% 3.00? 15.00? 0.000 100.00?mosadio 2485persons 7256 
 86? 6240 1.101 10.501 0.401 0.001 35.00 20.001 13.001 10.001 10.001 0.001 200.00? 

SUBTOTAL 5778persons 29496 27546
1 

Canls 4122head 30092 612 28355 0.50? 7.001 0.50? 0.00? 15.00? 24.001 20.001 22.00? 5.00? 0.002 200.00?Cattle 3915head 20520 76? 21720 1.501 9.00? 0.50? 0.002 30.001 2.00? 20.002 15.001 5.001 0.001Sheepkuats 25759head 28206 712 20026 100.00?2.001 6.601 0.401 0.00? 30.002 19.00? 15.001 20.00? 7.001 0.00? 100.001OtherAn B243head 9026 5 451 2.001 5.62 0.321 0.00? 25.00? 19.001 20.001 23.00? 5.001 0.00Z 100.00? 



Irrilfar 48 hectjre119360 9ll 965002 0.OOZ 0.00!Eainf~a 0.00! 3.00!626hectare2629200 0.50! 90.001 1.00!IZ 26212 2.00! 0.00! 4.50! 200.0Floodfar O.OOZ O.OOZ 0.001116hectares263000 0.001 0.00! 0.00! 0.00! O11 2620 0.00! 0.00 .O00 0.001 200.002 200.00.00 010.00 ! .000 0.00! 0.000 0.00! 00.0OZ100.0
 
SUBTOTAL
3 790 hectares 40115O "3904 
SOVT/IIDUS 

RoVEI 08Industry 2 es0*6, 60000.4 astahs 904 1001 6000 90.16!JOI I.04Z 0.001004 85.26! 1.741 0.001 7.001 2.0010.00! O.OZ 0.001 0.00?12.00! 1.001 0.00! 0.00! 0.00! 200.020.001 0.00l 0.001 200.0 
SUB1OTAL4 2.4 ostabs 
 6804 
 6804
 

* * * I * Total Consumptio.of Waterby TypesofCtou-iolam and by Tyes of Structure a 4 v I I #CONSUrPTION
UITS 
 VOLUMECONSUTION TOTALDISTRIBUTION
OF WATER9Y STRUCTURE,I 
 TOTALDISTRIUTIONOF RATERBY STRUCTURE 
STR£T'L STRtIT'L 
 DRILLEDWELLS 
 DRILLEDWE.LSTOTAL CINTROL CONTROL 01RRA0/ 

HAND INTAKES 0RSI &ALLOHSI8REDS/ EA8TH

S005 UP RURAL P RURAL 2I086"N00EASURE DUG FOR RiVI3KR REER-
[iAGE VOLUME BOREVELL PONDSCISTERNSDAMSIDIV1101/GoVT DORE1ELL WELLS VELLS STRES VOIRS 

M 311/TR M3K1YR 9f/y9 
HUMAN 
UrbanHC 142persons 4146 

M'3KIyR M'311R/Yo N'31KIYENR31sIY R3*#X/YRRh/
N^10IY/R11101111 


Ur-h, SP 991 105 2756 I R1440persons 10512 0 0 0 410
98 10302 420 1237417
Rural 0 0 205Set 2732 perons 7582 0 0 1030 2030 0 
911 6699 309 0Nomic 103 2035 525 02485 persons 7256 34 0 2760 1035
86! 6240 69 690 207 1035655 25 00 214 
 1248 922 624
SUBTOTAL 01 5798persos 29496 

624 

27346 20545 2600 59 0 63015 3724 2033 92 2379 0 
Camels 
 4122head 
 30091 
 62! 28335Cattle 92 205 92
3915 head 28580 0 2733 4405ShmEoats 761 21720 326 3671 5139 92925759head 1955 028206 109 0
71! 20026 6516 4127
401 4344
otherA. 1322 9D 3258 20868243head 0 6008 30059026 51 451 300 4005 24029 26 02 0 223 
 06 
 90 
 104
5UBTOTAL2 2. 011113L"U 
 95902 
 60553 
 927 4587 
 282 
 0 15390 12423 
 11109 
 12507 
 3428 
 0 
Irrilfarl 
 40 hectares 1191360 
 812 965002 


626 hectares 2629200 
0 

4m35 060502
Rainfare 0 0 23950 
12 965026292 9650
0 0 0 43425FlIodfaru 016 hectares 261000 0 0 0
it 2610 0 0
0 0 0 2629:
0 
 0 
 0 
 0
SUBTOTAL3 

0 0 0 2610
790 hectares 4081560 "3904 
 0 0 0 28950 
 4825 968501 9650 
 9650 
 0 72327
 

6o0t 
 2 Istabs 
 6000 
 200!Industry 5410 
904 685 14 60 0 

0.4 sta!b, 804 2001 
6000 110 0 0 420 

0 0
0 096 
 D 
 0 
 0
SUBTOTAL4 6004 
0 j2.4 at!eb 


6904 6095 124 0 5J6 680 
5IT2UCTLSUPPLY9 

0 60 

VULLM 243on/YRj 208007 17467 
 6402 
 341 28950 
 27116 
884716 
 22693 
 22980VOLURE00UTPUT: 5907
t9'31K/str'o2 72321 

99.8932 
 .259659 2.552763173.16273.082332 326.96091.300206
2.016232
0.54190 
27.8424
 
(R131Itrldivl 365 290 365 365
120
273 250
93 120 
 90
7 1443 60 666 1307 22 22WINNES OF ATER SUPPLYSTRUCTURES 9 464 

273 247 234 
 167 13022 
 2707 17346 11401
019940L 10715SALE STRUICTURES 2590 
U 173 247
SEFULL 134 
 167 2628 2707 578 2241T20 o 10715
0CRDEREPLACtEMT0E0UII20 

20 so 10 5210
- 20 1017 20 2525 13 517 163 271 
 58
 



Whil1-5 oATER8NDUSlkW MODELFO0SOCALIALEVELI SO5RODEL
SSIENS 

6 a a ProjtooA Ofo1 qultIrenti torNae atr,SippleStructures 1985 0ietjlforSoualia " 199 , at Preaamhgn Lilt a 4 
Ororth 

STRICILREIVEAA 1900 1951 1902 1903 Itq8 1985 1906 1997 19E9 1989 1990 lateP.O. 

URBANMLLS 
Nedd Total 
Did 
lProious) 
headedIt.orRoab 

47 
43 

4 

62 
38 
4 
19 

8q 
3t 
23 
33 

103 
30 
53 
20 

103 
26 
6 
10 

813 
21 
71 
21 

123 
17 
St 
22 

111 
13 
9 
24 

147 
9 

112 
26 

160 
4 

127 
29 

875 
0 

143 
32 

9.19001 

DP URAL 10DRHOLES 
NeededTotal 
old 
IPreosousl) 
SeededSe. orRehab 

100 
99 

88 

118 
90 
11 
27 

132 
71 
37 
74 

849 
42 
57 
29 

166 
54 
79 
33 

177 
45 
104 
28 

189 
3 
122 
31 

202 
27 
It1 
34 

21 
Is 
161 
37 

231 
9 

182 
40 

241 
0 

204 
43 

6.93451 

NPRURALIIAH[LS 
NeededTotal 
Old 
IPtleSouil 
SeeOedse.orRehab 

ot 
78 

6 

09 
70 
6 
13 

92 
42 
I 
12 

97 
55 
20 
14 

102 
47 
39 
16 

807 
39 
51 
1 

112 
31 
63 
to 

117 
23 
74 
19 

122 
16 
94 
21 

128 
I 
99 
22 

134 
0 

110 
23 

4.59761 

IR116ATID0SILLS 
Neededlota 
01 
1pre'louol 
NeededMe.or Aehab 

74 
63 

13 

5 
56 
13 
15 

103 
50 
27 
26 

887 
44 
50 
23 

129 
39 
&3 
23 

135 
31 
95 
19 

141 
25 
95 
21 

147 
19 
106 
22 

153 
13 
11 
23 

160 
6 

129 
25 

167 
0 

111 
26 

4.37751 

44ODL6IOLLS 
M.eda r.111 
0l1 
lPfe'laums 
SeededNe. 

1250 
1125 

125 

1306 
1013 
125 
169 

1365 
900 
281 
894 

1426 
78 
437 
202 

1491 
675 
515 
220 

1550 
543 
756 
239 

1620 
450 
920 
259 

4.4192% 

INTAKES 
headedTotal 
old 
tPrtviousl 
NeededNto 

2500 
2250 

250 

2533 
2025 
250 
258 

2567 
1800 
483 
294 

2601 
1575 
719 
309 

2636 
150 
951 
332 

2671 
1125 
1191 
356 

2707 
9o 
1421 
300 

1.33281 

UARS/IES[RVOI5 
NeededTotal 
Did 
1Pre'louoJ 
NeededNe. 

500 
450 

50 

512 
405 
50 
57 

525 
360 
102 
63 

539 
3815 
155 
68 

551 
270 
207 
74 

564 
225 
260 
79 

578 
180 
313 
95 

2.45191 

9iLLESlFOM3 
leeded Total 
old 
[PrgetIol 
NeededNe. 

800 
90 

80 

102 
91 
80 
II 

104 
72 
20 
12 

107 
63 
30 
13 

109 
54 
41 
It 

112 
45 
51 
15 

114 
34 
61 
17 

2.20971 

1 01E01CISIERNS 
NeededTotal 
Old 
Ilfrviaol 
NeededNoe 

* 

7500 
7000 

500 

7959 
6533 
500 
926 

9447 
6067 
1393 
988 

8945 
5aO0 
2289 
1077 

9511 
5133 
3212 
1169 

10097 10715 
4667 4200 
4168 5152 
1264 1363 

4.1221 

DAMS 
NeededTotal 
oli 
lPrtviousl 
beodi Se 

50 
40 

to 

50 
32 
to 
1 

51 
24 
16 
20 

51 
16 
23 
12 

51 
8 
30 
13 

52 
0 
37 
14 

52 
0 

iN 
a 

0.64121 



i6in19i91 u 11I16363I 0 nlM 
 lilil lkLIINA Its IIIl howi II Il . .. 

RIS 

U.:, 6l , b'-ll I" ", I iN*
M bill 1.1,bll gil6I .. 4w I 43 II II 36 34 63.1,63.II I6 It I I 34446 96 

S.II I .ii. ii i I4 

. 
191g. W. I II I 

a 

144.fml 4.41146 6o 9 64 36 . I * 3wtw. 9 * 4 S I666.66ii Ia I 14w. No II
 

661l *I 16416IWll I Ii Ii 14 11 I11 I 11 t1i 
 MlIII 
1
 

3,' -III II 414w 33
i~~e.. ~6W.n , 9 . 1 
I~ 3 U 3361.614LI 6tU1 364.So1164 , igi . . 9..iRI X 4 So1. ......... w So I'm
...
 ,41,,1 I 43 II1 ,,. ,..
 

4fl1iI 4199 9I III4344 II 6i 11 
..... 
 lo,... 

.r~,.lI.4q414  6., 114 U1* 331 113. n. 13 6l i.. . ...... 33 6I IhI 
411. 

611 llla lo. 14:V o ... oi 1..1 Is I.1 in..; 
lili. 
 6 4M Ii.hli ,.,. I I I M , '.... ,.. . .
il .l. 0ll 1:.1 44 I3l 


Ins .41 Iibtll43,9 1 I. fIt 
M 1. I ' Ili 4,I I1 a paIII bf I a I I l 6ilfill I I I1 

blle 111.6.4 614 .3 11 . . . 
h I 1,i3I. *4 3. 3. 4. 

n I I 'lit4. 3.43 I 
IillII 
 6 II 

I..iP6w .
 I i., 3 1.3allm~
Plw, e,, g 4* 
,Sc
 -I I I.O S . II" I 

-"isi h6II t 4w So " ,6 411 3 fIII II 
 I 
 II SoI l a Ie 

&44 No 111 "1 1 fl . So6 17.11 6111I. Tw 'ft nIllI'Ill 

hi 1.1 So3 

klllSo iifII
 

661IIw,1 6,-I.. II 41116141699 61.111.1I 19 3 iI. I 
II 6 Ill I 6 43I4.........
64s11411W . 619.. ,3, 6, ,It ,,4 II ,' 1.1 

oUI3,6 .. 

S1 6-1- 413 tis lot 
at t6

.il.* 

IS4. C=,i. 

It 
. 

. 
6.19 -I" IS, I-S
.Mlill 

4t I'lIf I; .. a9 111 611, it6. 336 IS tiI6 a6 6 Dl63...6.... "" al IN. SoI .4af i , . 11 II 13 -I 3 ,. , 
 . 133,.1Si ,,So" So1,,.s ,. W,. 

illIls w A. -.. " " :l31 
Soll rm 

a3 "6 

1 

16y4 .1.1 6. 6 1 its 11 .3 
M114. 

in S fil"A IS o 

&.,. 144iii bin 

if. 6ll 

6i W11.6H11a inll 1 . . Is a4 Ii 6 6 itS 

llll w So. l* 

-S9 . :n6 So "Itwo,

ll ill So.19fs, 3ft13 4So46" 19 ill0m I 9 I3
bill 1 1 1w USIS I 63 it"1is it I3t 6 

i 6 4,13 5 41 I 31 11316'666 1114, ,361 136 444 ,4 49 34 I 94 a I'm 

ll119644l46Iw6a 94, 64 46 46 
644 m9 3 a 

1-4444136 344, 44919 
Its 6 3 I So634 III 3" tw 49m3 Sol3 34 a 4

I I SI Is So3 S1641", 

3110411l..61. 6I,,, as6 M6 6639 to6 is 6 16S6 

111941466LOSSWool -, , it1611.461 , 419 IN 61 a6 I 3lo6t611w, 6131 66 014 notn 11 16 16WO3 16 ." In1 co,4 is Wt 9IlIoilo31 if111 0141116 410 

&-it 6113.1MISS,o,So M4 316. 4MI" I3f"666S S 6 94 94 64 

66.411"41 1.1 fit-. 31716114 1111139444 a 1 1311 11"1 '. 3311 49l ow II 164 " 116 4i 6I' So4346 

Iall WON.1 

http:61.111.1I


IlSYNSLEM ITTmm- MITEiANHEC OPERATIONS COSTS 
ANNE1-5I "D LO1PROJECTIOS WELLS OTHERSTRUCTUIES WELLS 0.P. MUPALHELLS TOTiL 

INPUTS 

HP 

MR 

ANOR -- -

9.P M.P. Hand Tlks irs 
Urban Rural Rural Irri- Oug from 
Drilled to- Bore- ftion Wells R1,

Measure Hills mlls pollsl .llsllszszw 

Tears 0.25 0.25 I 0.25 I 0.25 I 

Natir of strac. 700 T8 134 609 1370 1027 413 

Nuber of Strae. H-, .0 Struc.,, 

Sflt...n. . .............. .. ..........II..... 

lalilis Bur-
keds 

I I 

97 9252 

.... 

pits AMUAL 
RAINT 
IUPUIS 

1 

44 

............I 

Urban 0.P H.P lrri 0 - ANNUALCOST 
rillpd Rural Rural ilio OPER. PER HAIlT OPEN PHfYSICALHills hre- or.- Hells IWIITS Uli COST COSt IIT. 

e lls OSTl OST O W.M elsll$ US110IDlO0C11 

EICHAEE FOR 

50AT/E50 TYPES 

01 TI175 2H7 131 117 VITIES 
l . iifl.s.l .llll .iif l u 

MATERIALS 

Cementperst 
A-nial cemnt 

Stams Or at 
Annual stones 

cubic mlets 
cbic mtors 

cubic voters 
cubic miters 

0.7 
959 

1.6 
2191 

0.1 
1083 

0.25 
2707 

0 
0 

0 
0 

0 
0 

0 
0 

0.3 
2906 

0.7 
6547 

0 
0 

04
2827 

4N47 

14272 

544.0 

15.95 

N.sO 

o 
Sind per st cubic mters 
Annual Sand cubic meters 0.2 0 0 0 0.2 

1870 0
0 1170 

00 No 
PipeiFittings per It 
AnnualPiptiFittings 

otters 
meters 

0.5 
350 

0.5 
493 

0 
0 

0.5 
334 

0 
0 

0.375 
4060 

0 0 I 
1322 

0 

14513 
020.0 

015 No 
HandPutp per st 
Hnvla HandPumps 

snits 
units 0.0912 0.01225 37 $2000 

isl Pu p per st 
AnsualDieselPumps 

ists 
soits 

0.015 
10 

0.015 
is 

0.015 
I0 

0.015 
162 

0 0 0 0 

I0 
121,000 

2311 t 
lehars A Hod per st 
lasl Nekarsblood 

mters 
meters 

0 0 0 2 
10704 

0 
18704 £25.71 

10 NO 

Platic Sheet per st 
Aenual Plastic sheets 

sq.lters 
Sq.meters 

0 10.4 
5131 

150 
1461 

0 0 
19747 

LIIOU 

Skillet: 

Stlorisory per St. 
Anal Servissry 

we-days 
men-days 

1.075 
752 

1.073
1060 1.3

174 1.075719 1.07511631 14350 
5. 1o 

Excavatlo par st. 
Anual Ezcav.ks 

Civil Wlks.per St. 
Hnnual Civil Irks. 

me-days 
int-da s 

ten-days 
mn-days 

0.5 
085 

0 

0.03 
325 

I 
493 

0.05 
25 

I 
17 

0.15 
15 

3 
20057 

1.5 
14029 

3 
I03 

3 
133 

43132 

15210 
05.04 
$0 

00 N 

No 
ftch.ork s per st. 

lto.HehancIrks, 
tn-days 
me-daps 

1.45 
4515 

0.45 
0361 

7.0 
1043 

0.45 
4313 

2.12 
2903 

0.45 
09133 

0 0 0.3 
2900 

0 
91774 15.30 

134 0 
Other Skilled per st.AnnualOtherSkilled am0d5m-days 

365 210 365 0 1 02.02 
-63871 69031 nv: .ot:.01M so l164 201776 

5 



Escaatio. per st. we-days 0.64 0 0 0 0.3 0 17.04 
AnnualEsca.Oris ouue-days 977 2606 36112 SO so 

Civil.lifsper st. M-days 0.5 0.05 0.05 0.05 1.5 9 2.06 
inn.CvilWis. on-days as5 541 25 15 34023 3" 15691 so so 

nch.iks,.per st me-days 6.45 6.45 7.B 6.45 0.72 6.45 0 0 0.6 0 62.C1 
inn.echaitc Irks. u-days 4515 6361 1043 4313 q9 69933 511 9262 it, t0 

EtNEII T 

DrillRigsper st [q-dys m254 
iaualDrill Riqs Use Eq-day 0 o s0 

Pwp Nils per st q-days 0.075 0.075 0.3 0.075 0.075 9i 
AnnualPumpNis Use Eq-days 52 74 40 50 812 1029 0' 0 

NuavyVhicle per it Eq-diys 2 2 3 9 3 lei 
AnnualHeavyVrhclUse Eq-days 2739 21154 1480 677 133 268a2 00 to 

Light Vlrkicleper st Eq-days 3.225 3.225 3.9 3.225 1 3.225 3 9 3 3 S38 
AnualLightVhclsUse Eq-days 2257 3100 522 2157 056 34917 4040 $77 29057 133 94535 1121 s0 

Diesel Pup per st. Eq-days 365 210 120 $14 
nnualDiesel Pumps Eq-days 0 63871 &9031 2)062 152964 $0 1.0011152964 

HandPM per st. tq-days 365 $0.16 
bnual Hand P.9ps Eq-days 0 40812 4912 So so 4912 

FUELCUMPT0On 

DrillRigsperit Liters 10.60 
AnnualDrillRigsFuel Liters 5147 SO so 

PulpRigspw st Liters 3.75 3.75 15 3.75 3.75 $0.60 
inuialPup RiqsFeel Liters 2625 369 2006 2509 40601 51437 $2 to 

HeavyVehicles per st Liters 90 so 120 360 0 120 10.60 
AnualHeavySot Fuel Liters 009565 666146 59204 35079 53011075295 so su 

Light Vehicles perst 
Anaj Light Ils Fuel 

Liters 
Liters 

66.5 
45147 

64.5 
63607 

76 
10431 

64.5 
43133 

060 
219130 

64.5 
699330 

60 
29602 

t0 
17539 

60 
561130 

60 
2651 1610700 

$0.71 
045 90 

Dieselper Penn Liters 33140 4200 0 3000 $0.60 
AnnualDiesl Liters 0 22993651035463 0 501552 3836380 so 110 33639C 

TOTAL10005) 0555 11,79 

PEt iELLI0AR 02,250 07.22: 

TOTA.0 I R (OOOsI I2,!M 

001PER N'3 9TER 30.64096 



IRUOrSTRI M0DEL L.EVEL 


H416H-LEVLPROJECTIONOF 990POPULATION,OFCONSUMPTION,NEEDED SUPFLV 


AIEI Hi. IITER SYSTEMS FORSOMALIA, ISITDOEL 

RATES AND WATER STRIJCTURI 

led coo l at auopte¢ ralesfor henation *hole
Raun PalIaticu, Livestock Population, Hectares older Agriculture 

PERUNITco00' T421040 VOLME CONSUMPTIONUNITS
CONSUMPTION 


STROTI'L56U01.r'L0S7800 O STRU
 

DAIL USE AiSPEP C009 TOTAL CONTROLCONTROLCOTROL COT01OL
 

10005l MEASURE FACTOR*341/YR 00E VOLUME ARE LU.
MEASUREFACTOR YEAR 

Urban 291persons 120laters 365 1000 12301 991 1 5105 1 2 ,MC 
LbanSP 2064persons 30liters 365 1000 22601 99: 2149 21 452 

BuralSit 2506persons 20 liters 365 1000 1000 9'1 17393 51 915
 
-


1490 90, 13416 101 1496

boasdic 3416person 12liters 365 1000 

SUBTOTAL 1269persons 68079 6519: 2907
1 

RI"IAL 
365 100 739E9 65. 41923 350 2509600 liters 

Cattle 4730hiad 30 liters 365 1000 51794 9o, 41415 200 10351 

Sheiploats 33785head 3 liters 365 1000 30975 751 27746 250 949 

Cansa 6757head 

957. 11715Othket6 11262 3 liters 365 1000 1233: 51 617 

SUBOTAL2 LSU 

head 


175109 117190 57219
15699 


AGAICULTE[ 

a5 1803549 151 323901
 Irriqlars 17hectares 60ce.seters365 1 2159340 

Raifirs 1397Hectares 35cu.Hoers 120 1 5925400 21 116509 9005708692 

floiars 77hectares 25 o.iterl 90 1 97350 22 3465 990 169715 

9157990 1955412 6202570
 

G0VIIIROUS 

Sort 2 ntabs 21cu.atr 300 

SUIIAL 3 1551hectares 


I 12600 1001 12600 00 0 

Industry 0.77 1st1bs 12 C.9lers 300 1 2772 1001 2772 00 0 

0
15372 15372
SUTTAL 4 2.77estabs 

4heRingso Tps7 1ol WaterControl Strutturn 41 4 IPtrceiage of Cosuaption*4 a a a 4 a Distribution across 

CO901PTIO UITS VOLUMECONSUMPTION PERCENTAGE Of CONSUMPIIONe PERCEIAE DISTIBUTION OF C'ONSUMPTIOND1STRIBUTION I 

HARD I16A[0 LARS/BALLEHS/I [ [0DS0 EARTH TOTAL 

106 CONTRL CONTROL0IUI Of RURALHP RURALIRI1'N 
STRUCT'LSTRUCT'L 0ILIED 4.LLS DRILLEOWELLS 


DUG FORRIV/ RSER- POND CISTERNSDAMS/DI 

OO0l 9M6SU9ER'3K/lR 0000 VOLUM I16OV7 0URE06LLI00[ELL WELLS ELLS STREA V0IRS 

3.000 0.001100,001
UrbanIC 297persons 12308 9n 	 12185 75.001 0.000 0.001 0.001 10.00010.00% 2.002 0.001 

10.001 2.001 0.001 3.000 0.001100.000 
UrbanSP 2064persons 22601 900 	 22149 75.001 0.001 0.00* 0.001 10.001 

0.000 45.00115.002 5.001 2.001 13.001 0.000700.001
RuralSet 2509persons 18309 93 	17393 2.001 17.401 0,601 

901 13466 1.20113.201 0.601 0.0013.001 20.00110.00110.00110.000 0.00119D0.00
Politic 3416persons 14962 

SU8TOTAL 1269persons 69179 651921 


0.00020.00120.00120.00125.001 5.000 0.001 100.001 
Canis 4757heat 73989 651 	49093 0.00 1.901 0.401 

41435 3.00011.101 0.601 0.00135.00115.00120.00110.001 5.001 0.000100.000 Cattle 4730head 51794 900 
2.001 7.601 0.401 0.001 35.001 17.000 15.00116.001 7.001 0.001100.001

Shepcioats33785head 36995 751 27746 
51 617 2.001 5.68 0.322 0.001 30.00 17.00120.00120.001 5.001 0.001100.000

OtherAh 11262head 12322 

SUIOTAL2 1569 LSU 175109 117990 

ARlICLULTUREt
 
4.001 900.001

Irrsl4ars 17Hectares 8537935439 0.001 0.001 0.001 3.001 1.00190.001 1.001 1.001 0.0002159340 

0.000 0.000100.001100.000Raifi ra 1387hectares 5925400 20 116509 0.001 0.000 0.000 0.001 0.001 0.001 0.000 

0.001 0.001 0.000 0.000 0.007 0.000 0.002100.001 100.001
floodfara 77hectares173250 22 3465 0.001 0.001 

SUTOTAL3 17551 hectares 9157190 135412 

0.001 0.001 0.001100.001Sort 2 esjtbs 12600 1000 12600 90.61 1.941 0.002 0.001 5.001 3.001 0.001 
10.00% 3.001 0.001 0.001 0.001 0.001 100.0012772 2772 1.741 0.001Industry 0.77vtsla1 1000 85.260 0.000 

SUBTOTAL4 2,77neabs 15372 	 15372 

1 6 4 4 4 1 Total Consumilo o Raltr by Typeso4 Contualtion and byIyn of Structurea 4 a 4 I I 

VOLU9 CNSUMPTION TOTALDISTRIBUTION0F 90T0RIV STRUCTUREI a TOTALD11RIBUTIONOf WIAERI7 STRUTURE U9ITS
CONSUMPTION 


HA01 INIAK89 UA1S68ALLE10/9URKE0S1 EARTH 
T 

TOTAL CONTROLCONROL 

SRU'76 WELL
STRUCT'L RILLED DRILLEDELLS 


URBNI DO 9URALH RURAL 1"16'N 000TOR970/ RES- PONlDSISTRS 0A6S/D.0 

VOLU9 IRONGOVT 6LLbI000s1 KEASUIOR'3KI/YR 09.0 601RELL9D0.ELL W1LL STREAKS 0IR1 

M'31k/9RN3e09 MY R 0 04KIYR 7'31kYP 114/10YR91*36(11R'303/ M'309|I e N'SIYR N'31XVP1'3101YR 

9739 1219 0 U6 0 

Uan SP 2064peyrso 22601-- 90-- . 22149 . ... - ,.n 1n., a S 
LUbanIC 211person% 12300 992 	 1215 0 0 0 121 244 

0 0 0 2215 2215 443 0 664 116612 	 Mti 
. .... 



A611likIURE
 
lrrillare 17 hectlare 2159340 
851 1135439 0.001 0.001 0.001 3.001 1I001Rainfarm hectares 90.001 1.001 1.001 0.002 4.001 100.0011347 5825400 21 111501 0.001 0.000 0.001 0.001 0.001 0.001Flacleare 77hetarers173150 22 3415 0.001 0.00 0 0.00 0,01 300.001 100.0010.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 00.001 100.001 

SU101A3 1551hectares
81579T0 1155412 

S011/04034
6ovt 2 estas 12600 1002 12600 90.161 1.841 0.301 0.003 5.001 3.001Infustry 0.77 estabs 0.001 0.001 0.001 0.001100.00%2772 1001 2772 05.211 1.741 0.001 0.001 10.061 3.001 0.001 0.001 0.001 0.00, 100.00. 
S0173T84 2.77estabs 15312 15372 

* I* 1 0 A feil Comsua;tihl of ater by lypes of Cosaumtson andby Typesof Structure a * a a *
 

CONSUMP
PIONtr01 VOLUMECONSUMPTION TOTALDIStRIOU7100FATR 3YSTRUTILEa A TOTAL17R1BU1101ON BYS11tcrUR1 O WATER 

StRCT'LSTROJI0' MILLDMELLS DRILLEDWELLS HA4D ITAKES00951IALLIHS/ EARTHlI lIS/TOTAL00N9I0L CONTROL0AN0/ Do RURALNPRURALI99IG'N 0U FR0 
PONDSIV/ R0ER- CISTERNSI000Os90AS0REM'3.K/09 IASI VOLUMEIN030uVI 01tWILL 

DMS/0I0 IORWELL WELLSWELLS1TREAS V0490
 
H'3IKIt/
1S10/I0M'361I0/ M-301KIYR 011-3I0/1YR K/IYM'3i0/01
9'31KR 113ir M'31K/YRM*31KI00
 

UrbanIC 201persons 12308 
 991 12015 9131 0 0 0 1219 1218 244UrbanSP 2064persons 22601 3-61 0981 22140 16412 0 0 0 2215 2215Rral Set 250Bpersons 14308 443 0 164 0951 17393 340 3026 104 0 7827 2609a.ir ..3401persons 14962 901 13441 162 1777 
870 344 2261 0

81 0 4713 2193 1347 1347 1347
 
SUBTOTALI 3219person, 6179 
 65192 26260 
4804 T8 0 15973 8735 2903 1694 4638 0
 

CAoNIS 6757head 7396q 
 651 4093 365 4232 12 

Cattle 40730 

0 9619 9619 9119 12023 2405 0
head 51794 00 41405 1243 
 4724 249 
 0 14502 213
SheepSoils33705head 2B87 4142 2072
36995 751 27146 555 2109 111 0 
 9711 4711 4162
OtherAn 11262 4439 1942 0
head 12352 51 Alf 12 
 35 2 0 
 085 105 023 02, 30
 
SUBTOTAL
2 151 LSU 175109 117190 2195 11099 554 0 34017 20155 22191 20729 6449 0AG8II'ULTUIE
 

Irraifarm 
 47hectares 2159340 851 1835439 o 
 0 0 55063 11B34 1 511 Tliearm 1087hectares545400 0 0 
18354 18354 0 7341i21 010011 0 
 0 0
flolare 0 0 0
77 hKtares 073250 22 3465 0 0 0 

0 116500 
0 0 
 0 0 
 0 0 341,
 

0007DTAL3 1551 hectares 0157990 0955412 
 0 0 0 55013 18354 1151095 1135 1354 0 19339:
UVIINOUS 

Bot 2 estAbs 1200 1001 12100 1156 232 0 0 130 378 0Irdamtry 0 0 C0.77 Ial, 2702 000 2772 2363 48 0 0 277 03 
 0 0 0 0
 
U8TOTAL4 2.77istabs 15372 
 15302 280
03724 
 0 0 90' 40 0C 0 0
 

Sl1UCI"LSUPPLY
VOLUMES0913f0l4t 
 215387 42174 1183 39 55013 1252 111747 43444 40718 0007 193391
 
0TPUI:VOLUME (fM31I/str/yr) 142.9197 32.170133.155425142.11211.448016 157.98851.526101 2.135431 0.48701415.0034;Idayslrt 


y 365 240 365 
 120 5s 250 120 90 60 1011l*31str/dal 
 392 117 
 1188 4 632 13 21 
 8 25:
 

UTARGETS
O WATRSUPPLY10800024R0 295 492 234 38 47174 10645 23470 17461 22758 12804 
L0OU[1l." SCIO STRUCTLES 295 412 234 

. 346 7812 01M45 10423 349 256USEFLLIFE 2203
10 00 t0 10 00 00CALK REPLAtCEN QIUIRMENT 10 10 i5 530 49 23 39 746 104 142 35 117 51 



014 

t51614Ma1- |- 40t719E 0SiSHS A,74lk 938M 0 r.LLI ,L 

3ar tiltIof18,uroltls an. S.4P9Strultr'l 140 -9I.* I I PRojectioel far ilte, forfosaliji t Fre'a:lin4 f 
0ro.10 

i961 	 196i 114 PittP.A.STUCTU[3AM8 1191 1911 1992 1983 1914 150 tMe 1987 
'14-90 

URI ELLS 
141 	 144 103 183 200 233 262 295 17.63591
hoodedToal 05 80 125 

oil 59 33 47 41 33 30 24 IB 12 6 0
 

1Pre'lvoU1 6 32 
 74 93 99 123 147 1MI 203 216 

Regardof.of id 27 46 28 	 14 34 3b 41 47 53 59
8s 6 

OFRURAL80P91OLtS 
207 	 232 263 298 331 303 434 49. 13.3191


NeededTolal 140 IM IR8 

17 5 02 s0 37 25 12 0
old 125 112 to0 


Ilferloill 16 
 52 	 to I l 230 330 369
IT 106 ob 27B 

4 2 61 104
811dt9 0e.Or 0TO 10 38 34 39 53 71 91 

HPRURALIOR[OL[5
 
199 	 I10 234 8.59131
124 129 135 14! 155 loG 183 


Dlid 109 98 8 7 65 54 

Witoldoftal I17 


44 33 22 It 0
 

IPre|ou1l 
 I 23 39 55 72 93 116 139 163 119 

loggedIe.orAlal 8 18 17 11 23 29 31 33 38 42 40 

WELLS
11I6AIN01 

100 	 140 38 13.41531
Total to0 118 144 R14 lot 233 233 204 


Old 8 79 20 iI 33 44 33 26 Is 9 0
 

lPrmiorsl 


Needed 


19 38 70 96 111 133 103 220 210 !06
 
71 	 11Neededhe. or R,05h 19 21 36 33 33 43 48 33 03 

400 	 4477 5011 5608 6:77 70125 762 11.92161
erded Total 


old 
 3600 	 3240 268c, 2320 2160 1600 1440
 

900 1197 2011 2687 3928 4642
Ipre'uico 

900 	 037 934 1077 1230 1397 1190
hogged e.
 

8!5 	 91472 10041 1064, 0.00970
7500 7951 6429
MergedTolal 

0730 1OI5 540 4723 400 3373 2700 

750 113 2141 3925 5030 0403 
old 


IPrlrmult 


Needed0e. 
 730 1126 1228 1302 1497 lST 1791
 

04,ISOSERvOIRS
 
1220 1280 1353 1423 5320,93
100 1105 1112 


943 851 

NeededTolal 


756 	 002 567 473 378
 

103 	 244 302 523 67 114IPrC4,oi 
103 	 149 162 179 19 214 232headed sm 

1ALL[HSOIII06
 

:01 313 3:9 337 349 3.75013
280 291herdedTotl 

252 	 227 202 176 151 126 101old 


28 	 01 94 12? 161 195 

39 43 40 s0 34 
FPrVlolD1I 

28 30NeededNo. 


1105OIGCISI[RMS
 
212!1 7.19513
13000 	1079 17230 18476 19001 22738
Rided Total 


14000 	13007 12133 11230 10267 9033S 0f
old 

1000 	 2946 4900 694 9076 11292IFZrovicjil 

1000 	 2013 2157 2370 2590 2922 306
04,dt In 

196 	 214 234 251 9.324:0
150 114 179
hoodedTotil 
120 90 72 48 24 0 0ClI 


30 2 93 129 164 201 

45 53 A1 70 55 
IPrO'lN&l 


30 3Neededs. 




.333131*11131 Ohu) Iwq11111
131-23i1311 *3iIir 

31) 
I.. 
II. a 

11 
m , 

11 
IVM 

Il 10. . a* Ibi ll ,,11 :3.1 111lllr I rpp~m i IelI 19 m I. 

a .a . o 1122 *- jIll II~ -I, 31 aS.1 SIInII in13 I 311 Ca11 S I 3II aI 33I Il3 

£ i* I II II II II II II II I I ml 

"InS 
W on I I I II 

imlt is.., a 1 I *t I * I I i S 1. hi Iw 

Um
iw 
 ml"
 . Ma.11 
.. .. I In3,,lt .....
, .1 I 

qC13.31ri1 o 13 1 ll a * lD 

. ........ ... .. 1= I II I IoS,L I I ,ol 1 1~ 


rA S ill1 m3 515 IO It
10.5 .. .3.. 13 11,1 Si , 131 

iL 

0 
","IC
 

I.m Is II l 1U / I C I I I - .II.IaqISII a .31I I/i 1.6I 
11 I .o1k lLMAtl.-S h I * Iit LI 1.I 'i U, . " : I13I ... .
 

1111. 5 IS .1 II 13113 l1"37 

II.1.Io -'w SoI III Illoi AlI u S IP It 311 

55511'. an.C 111 kl ~ ~ I a a 5 an111 

11II I i1 14 1 , III) m3iS' .43 ofI 11 Pm u C 3 

AI IIIq. l 5 l I II 1onl I II I I i II.It I i..... . . .... l 1 'l 1 , "In 
11...II.... .. 3 I m ,.oI,~lmt I , 

oi I I i n.m 
AS"sI on. AI I I I In on I II11. 

I--5131 m~1 m I II I, l IA) I I3 if 1 no 11 5 
11"II w- on on m I m I I I on on 3..N11R

I. In31551.5 41 1 1 11111So il I I I It1a on51 

WS In1111~I In ow I. o ItSu 

.......
INIIII I* I ,1 on,n3. I1 Intill II 
M I I vI 

w. on v-I 
,.,... . 

AI .I.3 RonW w IN InII In i I I S1U11q i onCmo,m=I ill me1 no "I Wol IN3I a Il of~ 1 
i~lI'.I. a.S 1.. w I I 'a I w 3 

I- I LI S. 4 3" U1 IIo ii t . 1. I ". "i II ft I I n1155lhII~imoo t. tMIITl11 11 I m
II. 1111 m11511 1 m~ N lt 313 

tAIIIS.II I I I .lfl S t II 



MAINTENANCE OPERTIONS COST! 
IS LEVELIII SUMOM .... . ...... .. .n ..... ....................................................... ........... .. 


HIH PROJECTION. VELLS OTiERSTRUCTURES WELLS D.P.RURALV! 

P H.P. Hand ilks bars atllehs Bur- Dais AJINUAL Urban D.P H.P Iri- ANNUAL COST 
Urban Rural Rural lrfn- Ou tro kids IAINI raIled Rural Rural almn OFER. PER BI 
DrilledRare- lore- 4arioe Wells is, INPUTS bell Hone- or bill% INPUTS UNIT COST 

easure Wells Vills wells Els Hells bels U3t, 

Rears 0.25 0.25 I 0.25 I 0,25 1 1 1 1 EICH I " 
RATE 

luBbero4 struc. I110 190 234 1544 6242 42579 1192 295 1962 201 S5OHIUSI 
64 

pucierof Struc. 245 492 34 321, 

or it cubic aliers 0.7 0.1 0 0 0.3 0 144.40
 
meent cubic meters 4397 4250 0 0 50 0 14563
 

o"t cubicoflers 16 0.25 0 0 0,7 b4 15.95
 
tones cubic lters 10051 10645 0 0 13785 12197 47367
 

it cubic lters 0.2 0 0 0 0.2 0 .12.9
 
and cubicmtler$ 2439 0 3434
 

14g per it iters 0.5 0.5 0 0.5 0 0.375 0 O I 0 430.00
 
IelFitings melters 590 985 0 772 0 15967 19642 58010
 

p per st units 0.09 0.01t 12,00U
 
Ld Pumps ctis 21 113 134
 

gap per t snIlts 0.01 0.05 0.015 0.015 0 0 0 0 121,00
 

Iel Paew units to 30 23 639 709
 

loodperst cotos 0 0 D 2 0 435.71
 
obaisllood elters 30345 34385
 

sheltper mt sq.elte$s 0 10.4 150 0 0
 
lastlic seets sq.ceters 12346 44301 56696
 

up perSt. menrdayl 1.075 1.073 .3 1.075 1.075 15.15
 

spervasory son-daps 1269 2117 304 1660 45772 51121
 

mo per SIt. en-days 0 I I 3 3 15 45
 
Jelcllirrs No-days 1192 20" 59077 604 112300
 

"iSPff st. rN-days 0.5 0.03 0.05 0.15 1.5 3 IO
 
:dl Irks. con-dys 3141 1277 60 44 213 604 34615
 

is per it. con-dlas 6.4, 6.45 7.0 6.45 2.12 6.45 0 0 0.3 0 40. 3
 
unit Iras, se-days 7614 12702 127 "061 13314 274634 5400 325965
 

t404ilper St. co-days 365 240 35 120 12.39
 

1thr Skilled ce-days 0 107714 137856 15443 46333 37740
 

ed:
 

ionper st. see-days 0.64 0 0 0 0.3 0 12,4O 

[emlOclrbs I-illys 4020 5408 1424
 

'ksper St. co-days 0.5 0.05 0.05 0.15 1.5 4 K.x 

ii kis. con-dlys 3141 2129 60 44 20534 I17 36725 

k6,perit "alys 1.45 6.45 7.4 6.43 0.72 6.45 0 0 0.6 0 12.011 

lisnicrks. co-dlys 7614 12702 1427 4461 4523 274634 11815 323074 

lo per st Eq-iays $256 
krillRig6Use Edays 0 

Is p it Eqc-days 0.075 0.075 0.3 0.075 0.075 142 
Pu Rigs Use l-days 119 144 70 116 3103 3M16 

kmicln perst f-days 2 1 44l1 2 3 3 
Money Wyci Use Eq-dlys 12564 43158 3576 2654 604 104560 



perSt. 
iC rks, 

I1 per St. 
r Skilled 

MR-days 
ato-days 

wn-dias 
sta-dis 

6.45 
7614 

.45 
12702 

7.9 
1927 

6.45 2.12 6.45 
961 13319 274634 

0 0 0.3 
5909 

0 
325965 

0 
365 290 

10771D137056 
365 

85491 
120 

46333 377400 

65.1 

$2.39 

perit. 
y.Vr|s 

pe st. 
drks. 

per 
" 
$I 

itCr1k. 

wn-days 
se-dais 

ero-dlys 
Ile*days 

er-das 6.45 
ih-d5ys 7114 

6.45 
12702 

7.9 
1927 

A.4 
9961 

0.64 0 
4020 

0.5 0.05 
3141 2129 

0.72 6.45 
4523 274634 

0 

0.05 
60 

0 

0 

0.15 
44 

0 

0.3 
5909 

1.5 
29539 

0.6 
11015 

0 

9 
1612 

0 

9920 

36725 

323078 

,.00 

:.06 

1u.00 

perit 
11Rigsist 

r it 
IRigslst 

:Iipr it 
'pVhClUse 

les per st 
it his Use 

.per it. 
ielP.s 

w it. 
IPuNS 

qvdeys 
Eq-doys 

[9-dys 0.075 
E9day& 99 

[qRdays 
[q-daps 

0q-dys 3.225 
Eq-days 3907 

[q-diys 
Eq-das 

[9q-6ys
1 
9dip5 

0.075 
148 

3.225 
651 

0.3 
70 

3.9 
913 

0.075 0.075 
116 3193 

2 2 3 
12564 953158 3576 

3.225 9 3.225 3 
4991 50256137317 3576 

9 
2650 

9 3 
2659 59077 

0 

3616 

3 
604 104560 

3 
604 269541 

0 

0 

365 200 
107710137856 

365 
95493 

1256 

92 

l93 

134 

120 114 
46331'291907 

11.11 
95193 

9 

92 

perat 
.1RiotFuel 

if 5t 
IRlgsFuel 

.itsperst 
,yYhclFuel 

:Inperit 
it VoclsFeel 

Pump 
wil 

Liters 
Liters 

Liters 
Liters 

Liters 
Liters 

iters 
Liters 

Liters 
Liters 

3.75 3.75 15 
4427 7365 3513 

64.5 64.5 79 
76140127025 1270 

19019I 

3.75 3.75 
5792 159671 110789 

60 90 120 360 0 120 
5025613406319143028106321 241624182391 

64.5 160 64.5 60 10 60 60.71 
99615I005121274634471514 53161 1181545 1203l5390916 

6 
13140 4200 

38771112067944 
0 
0 

I0.60 

10.60 

8O.X 

0. 

3000 80.60 
11593137104009 

TOTALlDO0,) 11,0i 

PERVEILIYEAR 12,1-

TOTAL.0 0 lOAOsi 

9IMPER1'1WATER 



II. Constraint Analysis of 1990 National Objectives
 

Annex 1-7: National Consumption Goals
 
(Full Standards)
 
- Level I Submodel
 
- Level II Submodel
 
- Level III Submodel
 



ANNLI1-7: MATER SYSTERSHAELFOR LEVELINDUSTRY SOMALIN, I SUAAODEL 

RIDDLE-LEVEL OF1990POPULATION,NATIONAL COALS! MATER STRUCTURAPROJECTION WITH CONSUMPTIONNEEDED SUPPLY 

Hwul Population, Liveslock Population, hectares under Agriculture andconsuption rates for the nation as a hole 

CO1NSUMPTION PERUNITCONS'FACTOR! VOLUMECONSUYPTIDOUNITS 

N 
SPRLI'L STRUCY'NOSTRUE STRU: 

DAILYUSE PER CONTROL CONTROLDAYS CONA TOTAL COtTROL CONTROL
 
IO0:l MEASUR FA:TUR FACTOR TASE DA[
REASUIEYEAR h'31KIR VOLURO VOLUIIY 

HUMAN
 

UrbanHC 196persons IDA liters 35 1000 33023 991 32695 IT 330 
UrbarSP 1045persons I liters 365 1000 15130 98 15306 2 313
 
RuralWet 1O' persons 26 ters 315 IOOA 1755 
 950 16706 50 g79
 
NoAmadl 2757 persons 26 liters 365 1000 26161 
 90 23549 10 2116 

SUBTOTALI 6351persons 
 9413 0274 4139
 

ANIMAL
 
Camels 5301head 25 liters 365 1000 443A 150 3146, 350 195
 
Cattle 4246head 25 liters 
 365 I000 33745 got 30996 .00 774
 
Sheepsoats28561head 3 liters 315 I000 313B4 751 23539 251 7846
 
OtAetAn 1015 head 3 liters 315 IND 11623 5D lRi 950 11012
 

SUBTOTAL2 I0190LSU 
 007 E659t 43590
 

AGRICULTLME
 
trrlgfanm 64 hectares It cu.eeters 365 I 1599490 951135020B 151 231272
 
Raintare MA hectares 35 cu.m1ters 120 I 3376800 20 67536 9913309064
 
Fleodlarm 11 hectares 25 ou. MA0tens I 
 3S2250 21 7245 981 355005 

SUBTOTAL3 1029hectares 
 5327530 14249B9 3902541
 

OVIT110DU
 
6ot 2 estabs 13 cu.seters 300 I 7000 1000 ?800 61 0
 
Industry 0.73Istabs N csteers 300 
 I 1752 1000 1752 01 A 

SUBTOTAL 2.73 stabs4 9352 9552 0 

a 4 4 a # I PercentageDislribution of Cmsuaption across the Rangeof TypesoRWaterControl Structures I #@ 4 

CONSULMPTIONUNITS VOLUMECONSUMPTION PERCEMTAGEDISTRIBUTIONOF CONSUMPTION I DISTRIBUTIOR4 PERCENTAGE OFCONSOiRPTION 

STRtAt'LSTR CT'L DRILLEDMELLS DRILLEDYELLS HANDINTAE5 OARS/MALLERS/ TOTALNUIMUDS/ EARTH 
TOTAL CONTROLCONTROL tRDANAOFRURALHP RURAL1R161N DUGFOR RIVI RESER- PONDSCISTERNSOAKSIDIV 

10001IMEASURER'3eI/it 10I100V56C0 VOLLUME IORiELL POREMELL MELLS WELLS STREAMS VAIRS 
RH4I[IT9 

HUAN
 
UrbanRE 691pesois 33025 990 32695 A0.001A.0 0.0001 0.001 9.000 0.001 2.001 0.0001.001 1.001 100.000 
Uraps SR 1045persons 15630 Met 15321 60.00 0.001 0.000 0.001 8.OAT 9.00% 1.001 0.000 2.001 0.000 200.000 
Rural Set 1953persons 17583 951 16701 3.00 0.401 O.0 .OAE 3.00026.101 15.000 2.001 20.001 0.00 100.000 
Noaadtc 2757 persons 2114 901 23548 1.500 15.600 0.401 0.000 35.001 20.001 8.501 9.001 10.00 0.000 100.001 

SIUBTOALI 6351persons 92413 R12T4 

ANIMAL
 
Casls 530 heat 4R6 60 31495 1.001 1.601 0.401 0.000 15.001 15.0 20.001 25.001 5.001 0.00 100.001 
Cattle 4246head M0745 NAT 30991 19.010 0.000 10.001 10.001 0.0005.001 0.401 3000Z 20.001 5.001 100.001 
Shenpolts 26661head 31314 750 23538 3.001 1.601 0.401 0.001 03.001 12.001 15.00 13.001 7.001 0.000 200.001 
OrherAn 10615head 11623 50 521 2.000 12.101 0.400 0.001 29.001 15.001 20.001 17.000 5.OA1 0.001 100.001 

ITOIMAL 13190L65 1301B7 65932 

AGAICULTUE 
IrrI3fara ANhectares 25140 i51 1330209 0.001 0.000 0.000 3.001 I.O00 90.001 1.001 2.000 0.001 4.001 200.000
Raintara N04hectares 3376000 21 67536 0.001 0.001 0.001 0.000 0.002 0.001 0.000 0.001 0.000 100.000200.001 
Flodilars 161hectares 12250 21 7245 0.000 0.001 0.000 0.001 0,000 0.001 0.001 0.001 0.000 100.000120.001
 

SUBTOTAL 1029 hectares 14249993 5327530 

6OOTIIODUS
 
Beet 2 estabs 7800 1001 7900 92.001 2.001 0.000 0.000 4.00 2.000 0.000 0.001 0.600 0.00 100.oo1 
Industry 0.73estabs 2752 1000 1752 97.001 3.000 0.000 0.000 7.001 3.001 0.000 0.000 0.001 0.001 :00.000
 

SUBTOTAL4 2.73estabs 1552 9352
 

* 4 I 1 1 1 Total ConsumptionoR later by TypesoRConumlptionandby Typesof Structere 4 4 4 4 

COMSIMPTION CONSIMMPTION DISTRIBUTION I LATAL OFWATERUNITS VOLUML TOTAL OF NATRIT SIRUCTUREi DISTRIBUTION NI STRUCIURE 

StRUCI'L STRUCt'L DRILLEDNELLS DRILLEDNELLS HANDI1A6E UAR/1ALI.EHA/NURKOOI EAITH 
TOTALC TROLCONTROLURBAN/DP RURAL HP RURALIR IG1 D00FORRIV PON;SCISTERNSRSER- 0AR9/OtV 

1000s MEASURER3KI/yR 0990 VOLUMA BARWLLIR[HOULL ELLSSTREAMS V1052ND/SOIT WILLS 
R'3NIIYRRiK/R 9'3t#1/AM*3i/YIR '3iKR9 M'll/IYR N13I1YR 'il/ R ''b11/KIR3'3E19HUR h 

Urian C 691persons 33025 991 32195 26156 0 0 0 2611 2943 327 0 L5R 0 
UrbanSP 1045persons 1500I 90 15326 12261 0 0 0 1226 1379 13 0 307 0 
RuralSet 1933persons 175 951 16701 50l 4441 67 0 2506 501 334 01111 1671 
Nosadic 2757persons 21164 900 23541 353 373 94 0 8242 4710 2002 2119 2005 0 

SUBTOTALI 01l persoes 92413 80274 39271 9117 151 0 11537 2993 2453 01171 4195 



Might 

CAeIs 5108head 48436 i5 31483 1.003 I1.401 0.401 0.001 15.001 15.001 20.001 25.001 5.001 0.001 100.€ 
Cattle 4246beat 38145 801 30990 5.001 10.101 0.401 0.001 30.001 10.001 20.001 10.001 5.001 0.001 I00.0 
S..ep~ots 28661 31384 3.00% I1.601 0.401 0.001 33.001 12.001 ]5.001 13.001 7.001 0.001 100.chead 751 25138 
Otkerhn 10435head 1162 51 581 2.001 12.401 0.401 0.001 21.001 15.001 20.001 17.001 5.001 0.001 300.C 

SUBTOTAL 13190LSU 845082 13017 

A6&ICVLUL
lE
 

Irriels 64hectares 1508400 851 1350208 0.001 0.001 0.001 3.001 1.001 90.001 1.00t 1.001 0.001 4.001 100.0 
Rafifirs 304hectares 3374830 21 67536 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 100.001 100.0 
Floofaro I1hectaresr .12250 21 7245 0.001 0,001 0.001 0.001 0.001 0.001 0.01 0.001 0.001 100.001 100.0 

SUBTOTAL3 1029 5327530
hectares 1424989
 

rOVIIINDI 

60't 2@stabs 7800 1000 78H0 92.001 2.001 0.001 0.001 4.001 2.00% 0.001 0.001 0.01 0.001100.0 
Industry 0.73 istabs 1752 1001 1752 87.001 3.001 0.001 0.001 7.001 3.001 0.001 0.000 0.001 0.001100.0 

SUBTOTAL4 2.73@stabs T532 t552 

I I a I I I Total Sonsuosilon of Water by Types of Corosptios and by Types of Structsro 4 4 4 # 4 I 

CONISUMPTIONUNITS YOLUM TOTAL OFMATER # I TOTAL OF WATER E CONSUMPTION DISTRIBUTION IV STRUCTURE DISIRIPUTION IV STRUCTURE 

S STRUCTL 0ILLED LLS 31RSI DSS141/031. WELLSDRILLEDWE HAN 3140(S 803L103458R00 EMIR 
0OTALCONTROLCONTROLURANI D RURALH3 RURAL II993 DU FORRI/ RES(R- PODSSCISTERNSDAK/10 

(0003)0EASU0E0 '341/TR 1A IND/8VT 80RE0LE. STREAMSVOLUME 0ORBELL WELLS WELLS VIRS 
0'43/0YRR14/YR R'S3K/YR M'3I1K/YR M'.3041/ K'3#KIYR'3#XIYR9 8*3KITRM'3I/IYR 0'39KIYR M*140/0R
 

HUMAN
 

Ur3i H4 404persons 33025 003 32005 24156 0 0 0 241 2943 327 0 054 0 
Urban5 3045persons 1545B 901 15326 122361 0 0 0 1226 1379 153 0 307 0 
Ruralsot 1053persons 17585 051 1706 501 4444 47 0 462 2506 501 334 171 0 
Bone*et 2757persons 2414 901 23540 353 3673 94 0 8242 4710 2002 2119 255 0 

SUTOTAL3 4351persons 92413 88274 39271 8117 It 0 1876 11537 2983 2453 4086 0 

Caiff 5309 head 48436 451 31493 315 50856 12 0 4722 4722 4297 7871 1574 0 
Cattle 4246head 38745 001 30996 1550 4075 124 0 9299 3100 4399 3100 355t 0 
50eipSoati2841 head 31384 751 23510 704 3907 94 0 7767 2925 3531 3000 16403 
OtherAn 10315head 1123 51 521 12 73 2 0 163 87 11 99 29 0 

...... .... ..... . ...... . . . . 

SU8TOTA.2 1310 LSU 130187 84598 2582 13912 346 0 2151 10734 16143 14124 4803 , 

016RICUUR 

IrrIfqr 64 hectares 1580480 851 150206 0 0 0 40506 13502 121517 13502 1350 0 54000 
Rainlere 004 hectares 3376000 2 17536 0 0 0 0 0 0 0 0 0 6753& 
Floodfare 161hectares 362250 21 7245 0 0 0 0 0 0 0 0 0 724! 

SUBTOTAL3 1029hmctares 5327530 1424089 0 0 0 4D0 13502 1215157 13502 13502 0 12878: 

10VTII00 

Sort 2 ustabs 7800 1001 7100 7174 156 0 0 312 156 0 0 0 
Industry 0.73 stabs 1752 1000 1732 1524 53 0 0 123 5! 0 0 0 i 

S01TOTL.4 2.73vstabs 0552 0552 1700 201 0 0 435 200 0 C 0 

SIt81'L SUPPLYVO.UMESI'3@KIyR) 101413 50553 24237 307 40506 54054 1237447 32428 30095 086 12171 

VOUME00IPUTi (m*34/stryrt 110.7292 2.08801 2.752533 174.1419 1.5 089 190.040 1.375244 2.13824 0.534255 16.501 
idays/ly) 345 290 35 820 365 250 120 90 60 60 
3911stridan3 303 to0 3 1468 4 00 3I 24 9 275 

WRENS LI 8RT(9SUPPLYSTRUCTUES 457 343 384 230 35030 119 2m725 14049 131 7105 

(:O111CIAL VALE SITRUCTURS 457 US 114 230 5151 611 9 234 131 15 
USFUL 4LIFE .10 30 30 10 10 10 10 10 I5 5 
CR01 IEPLAE1, 4t REJUIREMEN 44 4 13 23 515 039 00 23 1221 31 



E1'0 42140 EL9.42AW1.997 90219IRLL'07 : FUE 
0
: I1.0o 11EUIMLI 

o s oProjecliolio qI17.dr111tslothe. Il#,,, Itr244trelot9 50SMaill I0 l4. I F,.,ilIqiQ 11,00 LIIt I I 

510UEVt7[i9AR 149B 141 1962 4921 994 9iff 190 907 Me58 1469 10 haltfA. 
'14-10 

09909Nbl'ds 
NeedeoT01 36 74 107 123 114 154 191 238 240 30729t2209 37 

Old 
IPire'louI 

51 40 

5 
41 

26 
39 

64 
31 

61 
25 

05 
20 

120 
15 

I59 
to 

20) 
5 

05W 
0 

33 

Needed9Itv, i,1,0 5 23 39 24 12 92 51 I4 74 98 121 

heetedTotal 120 23 1594 177 194 254 324 414 529 910 63 27.70171 

Old 207 96 91 7 6 53 43 32 21 II 0 

IPreolosl 
heededN#.olRehab U. 

13 
32 

44 
29 

09 
34 

95 
40 

125 
75 

199 
94 

203 
119 

356 
152 

972 
193 

611 
245 

mp RUIPALBORIMCLI5 

eededTotal 
Old 
2Fre'INoIO 

99 
92 

105 Ito 
93 79 
7 22 

115 
64 
34 

122 
35 
47 

130 
90 
2 

140 
37 
79 

ISO 
29 
95 

1b0 
16 
113 

172 
9 

M31 

199 
0 

150 

7.1Wi6l 

ep 111 ollO it,9 7 2t 1 9I 17 19 23 25 27 29 32 35 

IN16A0109MELLS 
heededTotal 

Old 
91 

75 
t02 

60 
2213 

90 
24 

33 
155 

45 
166 

39 
177 

30 
299 

23 
:02 

15 
215 

I 
:30 

0 
6,77 11 

IPrevlNSl 
NeedledNe.0, e.b It 

16 
2o 

32 
31 

90 
26 

92 
2 

10 
26 

li1 
29 

15 
31 

13 
39 

:71 
30 

19 
34 

9AkD DUG NILLS 

Neededloal 

Did 
2307 
2250 

928; 
2023 

3151 
180 

159 
1515 

4C.9 
I50 

43 
1125 

3l52 
900 

12,900AU 

24,,,Io0ll 250 770 1309 I99 2510 3191 

heededIt. 25 59 611 709 925 432 1061 

lIIIAt[5 

HeededTotal Sct0 "11 599 1550 764 5973 0269 3.6:091 

old 4500 9050 390C 315; 270C 223. 900 

IPremuso) 

NeededNo. 500 

500 
631 

I:92 

68 

160 

752 

2:97 

117 

24, 

S93 

3434 

4SO 

UARSIRES[RV14INS 

NeededTotal 750 795 922 961 902 944 909 4.7102% 

Old 675 609 590 473 405 339 270 

2Prlrmosl 75 170 265 362 490 561 

Needed11r 75 103 112 123 135 16 159 

PALLEM51DI0NDS 

NeededTt2 
old 

200 
180 

205 
162 

211 
149 

217 
10 

222 
108 

229 
40 

234 
72 

1,39711 

Iprvusll 
NeededNe. 20 

20 
23 

41 
29 

63 
29 

14 
30 

l0 
32 

128 
35 

BURIL(SICIS1(RMS 

NeededTotal 

Od 
IPre.1009l 

10000 
9333 

11016 12239 

1711 9014 
607 2309 

253 14971 

746 6944 
913 5802 

16560 
0222 
7740 

I92B 
5600 
922 

10.61451 

heeded111 067 199 2942 2075 2325 2549 219 

NeededTotai 200 109 116 125 135 145 151; 7.7046 

Old 
IPrtvlousi 

90 it 
20 

49 
40 

32 
90 

19 
11 

0 
102 

0 
121 

Nededon. 20 24 26 33 39 93 32 
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IAEhtlAikci OPERATIONS COST! 
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FULL At'LGOALS ILLS OTHERSTRUCTURES MILLS D.P. RURAL NEPROJECTIOMS 


D,. H.F. Hand ln i Uars sallths I.,- Dass ANNUAL Urban 0.P H.P Irrig- ANNUAL COST
 

PAINT DrilledRural Rural ation OPEA. PER PAINT
 

rill Ior-r Dore- gatio0 Mils Iiil IVPUTS Weils fore- Ore- beils IMPUIS 1I1 COST 
MeasureIells Nell ls ls Sell% 

urban Rural Rural rri- Dig iro. fads 

bells Ubills US1IC
 

EICHASi
Year% 0.25 0.25 0.25 I 0.25 1 I 
RATE 

1216 3452 lot 920 4091 24759 o3i 200 1542: 121 SOSHIULS
lusterof strut. 


457 B63 194 237Muebicof Strut. 

I it Cubicutti 0.7 0.1 0 0 0.3 0 141.4 

pent cubicsetrs 2983 2476 0 0 4627 0 99t 

v st cubic Bett's I. 0.25 0 0 0.7 64 15.95 

:0f cubicotters 645 619 0 0 70745 7905 31915 

at cubic otteri A.7 0 0 0 0.2 ' 92.9e 

No tubi cterso 384 I 3094 

fleg per st Setr's 0.5 0.5 0 0.5 0 0.375 0 0 7 0 130.00 

potlit*tgi oer& 913 1726 0 400 0 9284 1522 2790| 

3 per it unilt 0.09 0.01 11.OO0 

id PuspS units 17 74 9' 

n perst units 0.017 0.015 0.01 0.015 0 0 0 I 451,0U 

JivslPumpi veils 27 52 It 371 464 .. 

Noot per it rters 0 0 0 2 0 935.71 

ibartimood steicr 31044 30141 

Sht per it sq.metery 0 10.4 I50 0 0 

laitic S"eeti tq.eters 9138 29964 38101 

DyYperSt. Mn-days 1.075 1.075 1., 1.075 1.075 $5.5 

upeicvitory awndas 1963 3710 
 240 919 2M415 33512
 

3 95.95 

404,.mrhs Mecdays M31 200 46265 373 st794 
0t plyIt. MRn-days 0 1 3 


45.06 

tell rhs. sen-davi 2045 743 42 30 23133 373 2M3AL 
i.pr St. ir-days 0.5 0.03 0.05 0.15 1.5 3 

s par it. ua -days .43 .95 7.9 6.45 2.12 6.45 0 0 0,3 0 1.30 

mIc Wil. e-isn 11779 22213 1439 5933 8672 15148 427 214399 

ied oerit. mn-dayn 30S 200 315 120 92.39 

,the Si7Ie3 meni-days 0 116612 2411 67291 27391 503136 

[lin et. ,uiaiy 0.14 0 0 0 0.3 0 12.00 

Ica.r1,ri s -dart 2179 4627 7245 

iS per St. sen-days 0.5 0.05 0.0 0.15 1.5 9 I2.0 

I Iris. mc-dje 2040 1238 42 30 23133 1120 2741 

S.per St see-day 1.45 6.45 7.1 .45 0.72 A.M3 0 0 0.6 0 17.P 

witC Irk. Me-dayi 1779 222613 143 5933 2945 459601 9253 2132q9 

Is per St Eq-days 47! 

illflag is El-dai C 

s 

i per It E-days 0.075 0.OTS 0.3 0.075 0.075 it: 

,agpRias Uie IQ-days 17 259 55 19 IRS' 737' 

* It: 

io V141 60, lo-das liI 0l516 249; 1794 373 62hZ 
lltcles per it Iq-days 2 2 3 9 

thiloesper it 4-days 3.225 3.223 3.9 3.225 9 3.22, 3 4 3 1 12i 

.Iqkt 9hcIiUse (9-days 51o 11131 7149 27 32726 79944 2492 179 4623 373 494204 

%lp per it. 14-days 345 201 120 014 

offsetPuli 14'iasi 0 1142 24113 27591 435451 

6.1, 

Nani Palo$ tq-das 617294 67741 
s per St. EaOdys6 

Ais litt 



irts. 114*-ols 2045 1231 4 30 23133 2I20 2 6..
 
par t seiiys 6.45 6.45 7.5 
 6.45 0.72 1.45 0 0 0.0 0c W as+. o dits 11779 22263 1430 5933 
2945 159620 9.53 21324t 
 2,
 

perat 
Eqa2l2l
 

I pigs list Evilss
 

or$I £o-dit C.M7. 0.075 0.3 0.075pisUse to-dvs 137 259 55 6 0.075105' 
 73?' 
 v: 
ItsperIt £o-da,, 


1 7#1ttIUlf t-a's 3 $eas2 49516 M;: 1T9e 
' 

373 623a7
 
Its per at I£'djas 3,225 3.225 
ttr s 3.9 3.273hIaU S [q-das 54O 11131 9 3.127 3 971 27 32726 7844 2497 31798 44265 373 14204 

Parit. to,Qdies14 242
fp9P2.l Oa-2ivs 

us 202 120 114
166142241613 
 275464355 
 6

St. 

hoot Eq-da,s 

u q67, 3E 22.2236! 111.It214 
 07194
 

0260
 

or 42 LI$tIipigs Fuel Literi 
2L.t
 

r It 
 Liters 3.75 3.75 25 3.71
RligFeel Liters 6548 22944 2765 319 3.719214 
 19632
i"
 

"per it Liter %
hclFull Liters 0 9o 2 63 0 I3327255110223 99664 7113 M14935249439f 


I,

" perIt Liters 04.5 64.5 79 64.5
Fuel 160 64.5
itltl 
 00 292Liters 117741222629 22379 5933265451125L077 49S32 3595 50 6925!10 74il360401" 


I:5.
 
Uteri 


23240 4200
0 0 300i519M2303624244 
 0 69929110313215 


TOTL1001 11.94 
PEANtLL/IVIP 12.25 

IOTAL0 I 1000s: 

01 PER11153259 



I. Constraint Analysis of 1990 National Objectives
 

Annex I-8: National Consumption Goals
 
(Partial Standards)
 
- Level I Submodel
 
- Level II Submodel
 
- Level III Submodel
 



0A111-0: WATERINODUIRSISE:5 OTELFORSOALIA, I SU1 E:LEVEL 

lIDLE-LEV[LFROJ[CIIONOF 1990 POfLLAtICN,WITHNAIONAL SOaLCOWSULPrION PArtIAL 59tAND95 

HumanPopulalon. LivfstOckPopulalon, hectares under Agriculture andconsustlionrites furte nion a, , shol 

CONSUMPTION
UNITS PERLNITCONSN FAOR.! VOLUMEClSUMPTIO 

SIROUCt'L NO ST;UCNO 5RU:
STRUCI'L 
DAILYUSE DAYSPeR CONV TOTAL CONT0L CONTROLCOt0OL CONtRO.


1OOs)MEASUREFACTOREASN(1YEA; FAC0O'SiI9YR EASE VOLUME %AS5 VOLUME
 
HURAL
 

LrianHC 696 tsors 130liturs 365 1000 33025 991 3290, 12 330)

UrbarSF 1045persons 41 liters 365 
 lo00 15,08 991 153M 21 31!
 
RuralSet 1953persons 26 littri 365 E, 1795 16706 51 I
 

'
 
951
t, u 

hamilic 2751petors 26liters 3 10" 26164 900 20519 l01 2616 

SUIOIAI 6151persons 92413 6274 139
 

"IRA,
 

Camels 5308head 25liters 35 l00 411436 65 31413 351 1610: 
Cattle 4246head 25 liters 365 (.30 3B745 (01 30996 7749
201 

Sheeploat21661head 3 liters 3t5 90c 31384 71 20539 251 79Te
 
OtburAn 10615head liters 1000I 305 116"3 51 51 951 110,
 

S1TOIAL2 13190LSU 
 10197 9608 459
 

ASRICULTV1[
 
IrrigfAi 64 hecties 69 (,u.etors 350 I50194e1 B! I!50200 151 23927:
 
ajinliro 904 hectares 35 c.eleters (20 
 I 337680 21 67536 VEX3309264
 

'loodisrs I&l hettres 25 cu.meters 9o I 362250 21 7245 
 oil 355005
 

SUTOT) 3 1029hectares 0027500 14249(9 390254)
 

SOVIIINDUS 
6ot 2 sltabs 13CU.slestr300 I 7O0 1000 7900 01 0

Industry 0.73tstabs 9 cu.meters 300 I 1752 100 1732 
 01 0
 

SUITOIAL4 2.73esats 
 952 9052 0
 

* g 41 1 1 1 Percentile Distribution of Consumption ars too Image of (IYS ef Control Structurn 0 eo ll 1 1 1 

CONSLmPTIDONUNITS VOLUMECONSUITION PERCENTAGEDISTRIJTIDOFCONSLMPTION E DIStARITINl1 PERCETA OfCONSUMPTILI 

1TRUT'L STRU51L DRILLEDNILLS DRILLED 9940 INTAE5 9090DS9 RTH9NILLS UARS1MALLEW/ EA TOTAL
TOTA L CONTROL L0 DP RURAL No 9MALCONTROL ) 11919'N DuorapREYA mO - CISTENS hlsIVPONDS11
10000 MELASURE 3AGE INDI(OVtBO4E1LLD1OREWLL EILLSMhSK/YR VOLLIE WELLSSTiR919 VOIS 

UrIrn HC 696 persons 33020 990 326095 0.001 0.001 0.0010.001 0.001 9.01 1.001 2.002
0.001 0.001 100.001UrbanSP 105 persons lSM 991 15326 80.001 0.003 0.00 0.001 9.001 9.001 1.052 0.00 2.001 0.001 I00.001
RurlISet 153 persons 17585 900 
36706 2.023 12.501 0.501 O.001 30.00 20.001 10.00 15.001 10.00% 0.001 100.00

lomddic 2757 persons 26164 9M0 23549 2.001 
 12.501 0.501 0.001 30.001 20.001 I0.001 15.001 10.00. 0.001 100.001 

0IT0tAL1 6351pursons 12413 9B274
 

ANIPAL 
Cames 5308head 48436 651 31903 1.001 10.901 0.401 0.001 20.001 t5.001 23.001 25.001 5.001 0.001 (00.001

Cattle 4296held 
 31715 801 3096 2.501 12.001 0.501 0.001 30.001 10.001 25.001 15.001 
5.001 0.001 100.001
Sbhepoats 28661head 3(394 750 23530 9.601
2.001 0.400 0.001 30.001 12.003 20.001 1.001 
 7.000 0.001 100.001
OthurAn 10615 held 11623 581 9.60051 2.001 0.401 
0.001 20.001 15.001 24.001 24.00? 5.001 0.001 100.001
 

910T9. 2 13190L0U 130197 
 1999
 

WRICOLI9 
Irrilfare 64 hectares 15094(0 (52 1350200 0.CI 0001 0,001 3.001 (.001 90.000 1.001 1.001 0.00% j,001 100.00,Rainfars 904hectares337(800 67539 0.001
23 0.001 0.001 
0.001 0,00% 9.001 0.001 0.000 0.001 100.001 IO0.00?
Floolrl (Mthettaes 362250 21 7245 0.001 0.001 0.001 10 0.0 0.001 0.001 0.1 0.0 100.001 (o.O0 

SUTOT 3 1029hectares5327530 942499
 

Soit 2 Istabs 79 tOO 7900 13.001 2.001 0.001 0.001 3.001 2.001 0.001 0.001 0.001 0.001 100.00Iniultry 0.73 estabs 1752 Iol 1752 97.000 0.001 3.001 0.001 0.0013.001 0.001 7.001 0.001 0.001 100.00 

09909TAL 2.73estabs 9552
4 
 02S
 

I I 4 I e o Total Cosumptionof lter by types ofConsueptionand by lypesof Structure I 4 o I 4 

CONSUNPII0PITS CONSUTIONlVOLUME TOTALDISTRIBUTIONOF AT0 H STRUCTUR9eaTOTALDISTRIlUTIlOO AT1 It STRUCTURE 

"thCIL S(RU 'L MIILLR WEL5 DRILLEDILLS HAND9IWTAOS UAR( DALLEh19UN519 EARTH 
TOTALCONTROL 099099 IF PL My RURAL IR14169 09 FOpRIVI RESIR- POND0SCONTRORL CISTERNS MSIIViKOslMEASURE VOLUME9'1(YR MSE IND60VTIORVELLSI[NILL WELLS WELLSSR9A9 VEIN9 

1111(199R3#14YR M*3tlltR'41KIYR M'S30/Yl9131KIYO 919(9l 9'34999l9 M'3(K9YR 
 9*1IYR 1'SI1XIYN 


UriaeK9 696 persons 30,5 991 32615 26151 0
& 0 2616 2943 :29 0 65 VUrbanSP 1015persons 151 911 IS1M 1226) 0 0 0 1226 1379 i5 0 307 I 
RuralSet (903persons 17565 951 16709 :34 2Me 99 0 5012 3341 1671 2306 9679 I
1omajiio 2757 persons 2616 901 23541 4t9 243 li 0 47T0 352 

,
7064 20.55 235 0 

0DTOTALI 9359 ptrims 92413 91299 39222 5032 201 0 1511 12373 506 6031 4996 1 '
 



Ral iare 804hectares 67536 0.01 0.001 0.0023076800 22 0.00? 0.00. 0.001 0.001 0.000 0.002
Flloolara l62hectares362250 200.001100.00:22 0245 0.00 0.02 0.002 0.000 0.00: 0.000 0.001 0.001 0.02!100,00?100.00
 

SUBTOT73 1029hectares
5327330 1424900
 
GOVllIlN"V
 

6ot 2estabs 700 
 1002 7800 93.002 2.002 0.00% 0.01 
3.00: ,1
Industry 0.73IstabS 2752 lol 0.001 0,002 OO2 o.OOoI0.00:1752 87.001 3.001 0.00: 0.001 7.001 3.001 0.001 0.001 0.00? o.OO 100.001 

7ITOIAL2.73 oslas4 9552 95
 

I * a I 10 TotalCon umntomof lterby typesofConsuuptioAndby Typesof Structuref #a I e I
 

COSU9F9000
UNITS VOLUME9
COSUMPTION 
 OTALDISTRIBUTION
OF WATER8YSTRUCTUREI S TOTALDISTRIUTIO0F bATERBY 2I79CTLP0 

M'CIIOSR,'/IL hILLEDWELLS DRILLEDWILLS MAN:ITALES WA*S/IALL[HSIBURE001 [ARI
TOTAL CONRL COIROL UR / 09 RU/RAL
HP RURAL IPRI' 
 D160O RIVI RESI- PON OSCllERiS DAKSIIV
20007MEASUREIR3*hlTR IAE VOLUME
1KD086DV 20[0ELL0WELLS WELLSIDIIELL 
 509009S V1: 
ro11ooyRM*3'iI8yr'3tl 
 */ O RMolt 9'31K'31 R'31i00 r'3#Y/yP'1!0/Rr*31KIYIr'311Y/F
 

UrbanW, 696persons 33025 
 992 02695 26150

r6an 0 0 0 2616 2943 227 0 6585 1045persons 15638 982 75326 1261 0 0


0 0 1226 2379 053 0 30,
Rural Se. 0853persons 17505 9:% 16706 334 206 
0 

84 0 5012 332 0070 2306
bladit 2757persons 26164 171
90? 23542 271 2943 
 116 0 7064 4710 2:55 05.S2 235 t
 

SUBTOTAL ....- -. ---------------- ---....... .- ... . ........ ...... - .............--
1 6351persons 9241 80274 3922. 5032 


201 0 15910 1373 4506 6030 4226 
 1
ANIM,.
 

rasels 5308head 
 843 652 30E42 315 3037 126 0 6297 4722 7241 7071Cattle 4;46 head 0117138745 82 30:996 775 3709 i55 0 9299 7749Sheetoat s 25661head 3150 4649 1550 1313E4 5 2353 470 2260 94 0 7060 202 3584 3295 2688 7OtherAn 10615head 
 I162! 10 580 02 50 
 2 0 116 87 009 229 
 20
 .....
- ..........-
 ..--......-..--.-.....--....--
- -..- -..............
5UBTTAL2 13190LII 
 11017 
 86592 157; 
 1370 377 0 227721 10734 21014 15955 
 4800 0
 

£2R CULILOR
 
rriaqlfar 64 hectares2582480 
 251 135C202 
 0 0 0 40506 1350: 121517 13502 13502
eInfans 804hectares33760 0 510:E
2? 67516 0 0 0 

Floojiara 161hectares 062050 

0 0 0 0 6753
0 0 

22 7245 
 0 0 0 0 
 0 £ 0 0 0 724!
 

SUB7TAL3 1021hectares 5327530 14249E 0 
 0 0 40506 13502 1215187 13502 1350 
 0 12070
;DVTIIROul.
 

20't 7800 00? 7800 7234e tstabs 156 0 234Industry 0.73estabs 1732 2002 1732 1524 53 0 
0 156 0 £ 0 
0 12: 51 0 rr,
 

9ICI082L04 2.73 estats "52 9352 8778 209 
 0 0 357 209 0 0 C 
 0
 

7RUC1'LSLPLy MIESfr'3O/7I8 1609413 49572 
 14612 579 40506 
52549 1231502 39022 35495 1716 
12700 

V20009 ('3lI/slrgen/0UTPUT 
 110.72U2 2.752533
21.08801 
 176.1419 199.9640
1.560119 1.375246
2.138280 16.5028
0.534235
idans/nrl 
 u5 280 365 120 
 365 250 02 90
lR'3/str/diavl 60 6,303 
 2o I 1468 4 I 200 2 24 9 275 
WRENSOFWATERSUPPLESTRXT7lMES 442 520 210 230 33681 6094 21374 06600 1318 703 
CEITE9C8Lj STRUCTIURSSCALE 441 520 210 
 230 4153 62i4 1182USEFLLIFE 277 1310 156

10 10 10 10 10 00C8UD0504LA0MIT n92 10 10 25 5900UI00 45 52 21 23 415 6ll 1 22 21 1222 31 



Ol 3-9I'@-IlkIkDU5161
Stifles
mj;[t9CRS290.3:
I[VL11SubMJDtL
 
* * * ProJectiort at 9 elteontsIQrWe.WitteSupplySr Itt"rr S0e1tj 3985 -992, atFretlhr, Utl,. LIIt C* 
SI0UCILIAEIV[AW 

IFFANWLLS 

1980 399f 1992 1963 Ilea 3955 f96 1988 1999 1989 1990 Aite 9.3. 
'It.90 

NeededToti 
Old 
tfreioa.W 
Weed,We.Or4ler? 

5 
51 

5 

?4 

46 
5 

23 

101 

43 
29 
39 

123 

36 
64 
24 

324 

31 
at 
12 

154 

25 
85 
43 

390 

20 
120 
30 

236 

15 
Ise 
tf 

292 

1 
205 
77 

30t 

5 
761 
95 

449 

30 
117 

23.9271 

of RURALNeededJOR(Nott3fatal 120 
Old 307 
IFreo.t0 
Needed . or kebab 11 

142 
9 
13 
32 

t 
16 
44 
29 

117 
75 

it 
39 

199 
H 

95 
40 

234 
53 
125 
55 

204 
43 

161 
64 

320 
32 

215 
75 

St6 
23 

20 
8 

440 
3 

329 
133 

520 
0 

400 
121 

17.37241 

HPRURALVAI3H203headed Total 
01i 

tlre.ta'il 
Needd ie.or AIN6t 

99 

92 

7 

305 

83 
7 
16 

110 

74 
22 
14 

115 

64 
34 
1? 

122 

55 
47 
19 

323 

46 
62 
26 

146 

37 
93 
29 

I6 

29 
It 
31 

175 

19 
322 
35 

192 

9 
145 
31 

210 

0 
Ise 
42 

9.51,92 

3181641100WILLSetdedtotal 
old 
IPte.i.liI 
WetdedAt. or 1ait 

NANOPUS IS 
Wld.9tot.! 
Old 
t1re.1ilt 
keedeldHt. 

91 
75 

36 

102 
68 
t 
39 

123 
60 
! 7 
33 

11 
53 
6 
28 

155 
45 
92 
29 

2500 
2252 

250 

166 
is 

302 
26 

21002 
2005 
210 
527 

37 
30 

339 
29 

3140 
100 
052 
599 

199 ;02 
22 15 

325 152 
3I 34 

251 3144 
1575 1350 
1.65 l917 
679 776 

215 
9 

171 
26 

4420 
125 
2412 
992 

230 
0 

191 
39 

4950 
90t 

3053 
3000 

6.71941 

12.07421 

INtANIS 
eedeldTotal 

0Pte~l,.1 $ 

WeededIe. 

5000 

4500 

500 

512 5270 

450 3600500 102 
632 Wei 

5t5 

31036t2 
753 

5767 

2700 
2249 
9i 

5977 

2250 
2842 
914 

6194 

1900 
3442 
51 

3.65251 

1953SI9aSEVOf3SNeededTotal 
O/ld fol 
OPreoId51 
Weede 
N/l4tdNo. 

IAL[SIPONDWNeededTota 
0ld 
011,10,11 
NeededIe. 

730 

675 

75 

200 
3o 

20 

909 

609 
75 
127 

211 
112 
20 
29 

973 

540 

1994 
139 

223 
144 
41 
32 

942 

473 

313 
151 

225 
126 
74 
05 

30311396 

425 339 
438 567 
173 113 

249 262 
806 90 
102 330 
39 42 

3392 

270 

702 
:it 

277 
72 
159 
46 

7,6028 

5.390 

lURVIOSICIS~tENS 
NeededTotal 
ol 

91,, se 
Neededoi 

30000 
9333 

667 

33063 12236 
7l 9089 

667 2306 
list 3848 

13534 14971"16560 1!11 
41 6644 6222 50 
31993 5802 7140 9822 
2075 2325 2591 2896 

10.6345 

WeededlTt 

OPrlrt$1 
lWeededWo 

3o0 

0 
20 

309 

64 
2024 

3f6 

41 
40
21 

125 

32 
60 
33 

135 

96 
93 
31 

145 

6 
102 
43 

356 

0 
124 
32 

7.10461 
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MAINTENANCE OPFRAIIOk E03 

9p91 L1VL 1 5000 

90PRTIALMIUL 60ALS PIOJ[CtPDN5WELLS OTHERSTRUCTURES HELLS O.P.RURAL 

n.P 

Urban Rural 
Drilled ore-

MeasureWells Bills 

H.P. 

Rural 
Iore -

bolls 

Irri-
galtlon 
.ell% 

Haid 

Lug 
H lls 

nlls 

Tro 
R3, 

Usrs RAlIhs 19ur-

ltdt 

bams ANNUAL 

AINI 

INPUTS 

Urban D.P 

Drilled Aural 

Hell$ $Or t" 
Hell$ 

H.P ],ro. ANNUAL COS' 

Aural illo 0FER. PER 

lore - ltl, INPUTS LNII 

Neils 

MAI 

cot 
U$ 

Sers 0.5 t.:5 1 0.21 1 0."5 I I I C1ICHA 

Mayberof stru,. I79 7001 250 920 3953 2474 17, 231 5422 12 SOSHIL/S 

RusberofStru:. 440 520 210 230l 

per at cubicater% 0.7 0. 0 0 0.3 0 144.4(, 
cesent Cubic erIte, 2167 7477 0 0 4677 0 9071 

perSt cubicsieu 1.6 0.25 0 0 0.7 64 15.95 
stone% cubicater& 0326 6194 0 0 10795 70965 31290 

of $I cubicmeters 0.2 U 0 0 0.2 U 12,90 
Sa d Cublotters 3001 0 3084 

Ittllqs uemrs O. 0., 0_171 0 0 S D 130.1'per st 0.1 0 0 
Pipeirlttigs Seots 895 1040 0 460 0 929 15422 27111 

-ofperst lnfts 0.09 0.019 82,02 
HandPulp% anits 11 7 

* Pl periSt units 0.015 0.015 0.015 0.015 0 0 0 0 425,00i 
I DeIsel PUlpS units 27 31 4 37, 144 

p9 oodpr it osters 0 0 0 2 0 115.11 
I Retasllood at#, 30644 30944 

icShortpr %I sq.stief 0 10.4 ISO 0 0 
1Plaistic %slts s4letlfs 0101, 34603 4470H 

visory oen-sais 1.075 1.075 15.9!perSt. 1.075 1.3 1.075 
1 Supesitory s.niay 1125 2237 273 999 2663 32062 

Atlo. pf it. it' i0 s5 I 55.95 
1Emosearkt aen-days 972 231 40265 373 79906 

kks.per st. sin-dis 0.5 0.03 0.0 0.15 1.$ 3 $0,.0 
.5Civil Irks. mea-da, 19177 743 49 35 23133 373 2630; 

Ilhtperst. " n-dars 6.40 6.45 7.0 6,45 2.12 0.45 0 £ 0.3 0 90.3t 
Wchlinc sen-days I050 1t40 8381 159795 205346irl. 13422 5533 4627 

Stilledper St. .ena-davs U5 290 515 420 40.34 
at otherStilled BN-days 0 13407 54566 76737 27596 413400 

.11441 

vaticnIer St. ,mi-days 0.19 0 0 0 0.3 0 62.0f 
AsT1,er.Wit me.-daya 253D 4627 7517 

I,Nrks ser-dirs 0.05 0.15 9 42.04perst. 0.5 0.05 1.5 
Civil Wril. son-dis 1577 1239 49 35 2313, 1120 2755: 

.Irks, sem-days 1.45 6.45 7.6 6.45 0.72 0 0 0.3 42.0eper t 6.45 0 
Plchilic Irks. ap-davs 11550 13412 1040 5933 2041 559795 925: 204440 

I illspenat tqvdiRy * .s' 
Ii DrillRigsUse Eq-dinv 0 

Rigsperit (p-diy 0.075 0.075 0.3 0.075 0,075 S9K., 
atIPolRiglUse toays 134 156 03 09 1959 2211 

iVVehil[ts Eq-dars 2 9 Sl.l!perit 2 3 3 
Jl Kier VehtI Use [q-davs 7900 4 549 2915 20E2 373 2121 

itVehicle,perIt [q-dis, '.225 3.225 3.9 3.225 9 !.225 3 9 3 3 IE.: 
oil Light VhclsUse (p-jvS 5775 6711 970 2967 31t62 79901 2915 2090 40205 373 179432 

selPimpperst. Eg-dis 305 200 120 114.4i 
oil Oiptl Pumps Edlvl 0 10340 14560 2750 33469 

i Pulp perat. [p-davs 300 42.28 
all Hind pIum [oa-ia 0 7032 76732 

:1 CONSUMlTO 

iS #IDSpr it Liters 10.t 

lull DrillRigsFuel Liters 11405t 

S11ug1 Liters 3.75 3.75 40.0per Ii 3.75 I5 3.75 

-a.*... alan. J15 7404 3153 3449 11402&
0It 92904 



ltl.IC) *CK'P*I 4t1 It 

i$ per St. 
I lks. 

mph-diis 0.5 0.05 
1977 1219 

0.05 
49 

0.15 
35 

1.5 
2313 1120 2755: 

5I2, 

a. per it 
anic ir,. 

ol-days 

ee-dals 

6.45 
1550t66 

6.45 
85422 

7.6 6.45 
5955 

0.72 
2847 

6.45 
159795 

0 0 0.6 
925: 

id 
204440 

ST,0 

4spe,st 

rillRigs Use 

Evl' 
8aQ-is 

6c'di s 

525.? 

Iit, it 
sop kilt Use ta'-iis 

LCder, (.0220.075 
134 156 

0.5 0.075 
63 69 

0.075 
1958 2291 

19:. 

ides per st 
4iv Vh(dUsie 

1l'da,t 
tq-d, 

2 2 3 
7907 49549 2915 

9 
206 

5 
373 61029 

161.2 

bidie, perit 
IghtVhclSUse 

tl-dies 2.225 3.225 
Ea-dnii 5775 6711 

5.9 3.225 8 .225 
820 2967 31620 7989! 2915 

9 3 
20B2 46265 

3 
3751 17913 

86.:m 

gai,per it. 
rittel pIs 

tg[0"ai 
14-da$ 0 

u5 280 
163407145666 

120 114.4i 
27596336668 

perit. 
i-0Puls 

to-°ivi 
toe-dais 76732 

II.1F 
76732 

1i perit 
K"him FiMfel 

Liter% 
Lteri 11405t 

l2.o 

Isourit 
Pasthas Fuel 

Liters 
Liter& 

3.72M 
6715 

L75 
7104 

5 
3153 

3.75 
3444 

3.75 
92904 11402 

elicltiper%I 
leAiyVhl fuel 

Liters 
Literi 

E0 4( 120 360 
3162791981959116603 U191 

0 12 
14935251296 

ILI 

ei0ites perit 
LigtOVts Fue 

Liters 64.5 6M.5 78 64.5 160 64.5 60 I80 60 61 
Liter, 115504 134220 16398 59331 3255e159795552302 41595925310 7467 3588639 

W.. 

perPut; 
tie!e 

Liters 
Liters 0 

13140 4200 
582645 2184194 

0 
0 

3000 I06: 
6084918757520 

OCTALl0L 
POR61[L1I000 

TOMAL06 P lNC, 
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IV: 1995 Projections
 

Demand Side Projections with
Annex 1-9: 

National Goals
 

- Level I Submodel
 
- Level II submodel
 
- Level III Submodel
 



INDUSTRY RODELANY 1-11 MATER SYSTEMS FOR50A9.IALEVELI SURNODEL 
MIDDLE PROJECTOIONSLEVEL 0 19T9POPLTAION, N 60ALSUSING 0TIONALASP3.UNI07CoVp7log20TARGETS,VIMOPR069RM
 
sh"'N P"pul'tAl~ 
 LIvmstochPopulation, hectures under Agriculture and coubteo rates for tie nation is a bhole 

CONSUPTION212S PERUITCON5'FACTORS 0tU1ECONSUMPTI0N 

DAILYUSE DAYSPER StRULC'LSTEO1TLN0 5T82CIO STiUCCORY TOTA.CONTROL COTROLCONTROL CONT9ROLMImU 1000,1 FACTORMEASURE MEASUREYEAR FACTORR,3#M10i INGE YOLURESASE VOLUME 
Lish IC 165persons 30liters 365 1000 4104t 992 40134Uran 5? 1217persons 41liters 365 1000 

it 410 
11410 981 19021 22RuralSet 248 persons 26 liters 365 2000 20385 

38 
Aosudic 3044persons 901 1935 52 101926liters 365 1000 2801 
 900 25999 
 102 2189
 
SUBTOA.t 7354persons 
 109726 
 105019 4707
4829k
 

Caunis 5579heat 30liters 3A5 1000 61090Cattle 4463head 701 42763 300 1932730 liters 3h5Sleepholts 30123head 
2000 48870 872 40073 let 17973 titers 365 2000 32985 8ot 26382 200 1597Othern 22256
head 
 3 liter$ 
 315 1000 12216 52 Ill 950 22805
 

SUBTOTAL 231 1.5
2 
155160 109135 45326
 

ARICULTURE

Irrillare 72 hectares Is c,.seters 315Aainfarm 1l2hectares 

I 1787040 o5 1519114 25 21805635 meaters 120 1 4309200Fleoirs 203hectares 22 ou.eeters 90 1 46120 
22 81BI 9824223016 
21 9225 931 432025 

503021.3 1303hectares 155740 
 114393 
 4943097
 

SO81,24020governnt 2.000@stabs 13 c,.beterz 300 1 7800 1000 7000 01Industry 1.000 0esths 12cu,.eters 300 I U02 1001T 30 01 0
 
SUBOTA4 3.000etubs 


11401 
 11401 
 0
 

* a* *eI I * Percentage Distrilution of Consuaptimoacros theRangeo0 typesof Rater ControlStructures * * * . A* *
 
C0NS9PIONUIT7S 
 VOLUMECONSUMPTION PERCENMTAGED2S9RI80T20NO
CONSUPIIIONi a PERCENTAGDISTRIBOIOINOFCON07"TI72 I
 

STLRUC'L57RU7'L DRILLEDWELLS DRILLED
HELLS 

CONTROL 

180 tIAKES U24S1IIALLES/ ERTH T0T1AT071. CONTROL I0900SIURiA18DPRURAL IRI6-H RURAL1000%1 m13ix/oY UGF00OR9IV/ IER- PODSC2STE[RNSM7ASURE 0AG1VOLUME 295102V183017 RORMJJELLIOREHELLHELLS WELLSSTREAKSVOIRS 

UrbanHC 325persons 41044 M 40634 30.001 0.0001 8.00Ura S 0.000 9.001 9.000 1.00,1297persons 19410 90 129021 i.O00 2.0001 0.000 0.001 
0.00 2.00, 0.00, 100.00,

Ruralset 2148persons 20385 8.001 9.001 2.001 8.00951 1365 3.001 21-601 2.00 0.001 100.0020.401 0.001iua4ic 2044perloe, 28888 40.000 15,001 3.001 2.000 10.000 0.001 100.08o902 25999 1.501 15,601 0.400 0.001 35.001 20.001 1.501 9.00IO .001 p.001100.00, 
SBT07A.t 7354persons 109726 105019 

Camels 5579head 1090 701 416 1.001 11.6 0 00 1
on2 40073 5.001 191002 0,401 

Cattle 4413heald 4u870 
.4010.0 5.001 5.001Z 20.001 25.001 5.001 0.001 Io0.000 

Sheepoats3012head 0.001 30.000 1O.0032985 800 21388 3.001 i.102 0.401 0,00 33.000 12.000 
20.001 I0.002 5.001 0.001 100.0IOtherlo 22156hea 22216 15.00, 13.000 7.000 0.00 000.00250 12 2.001 1201 0.401 0.000 28.001 15.001 20.001 17.001 5.00 O.0, 188.0, 

SUBTOTALT3m31s2 155160 209135 

Irrilurm 72hectars 1787040 951151184 .000 0.001RainIar. 1026hetiares 4309200 21 
8.800 4.00 2.002 18.001 2.000 1.001 0.0091294 0.001 0.001 0.802 0.000 5.001 l00.0ol 

461250 9225 0.001 200.001100.001Floodfar. 205heclares 0.000 0.000 0.800 0.00022 0.001 8.0o2 8.002 0.000 0.002 .0001 0.,0 0.00, 0.802 200.00, 200., 
002T01,3 1303hectares 8557490 2629393 

2.000estabslout 7800 2002 7854 92.O0 2.001 8.000Industry 1.000#stabs .001 4.00 2.001 0.001 0.001 8.0312 1001 3601 37.001 3.000 0.001 0.0001100.2000.001 7.001 3.001 0.000 0.000 0.00 8.000 200.00 
SUBTOTAL 3.000esilt 11401
4 11401
 

** * I Total Consumptionol MaterbyTypes04oCOs ,Ijo aMdby Typeslo Structurea e a# va o
 
£0SUP121N
UNITS VOLUECONSM,1N0, TOTALDISTRIBIO0NOF8A7RBYStRuC7LUE..#TOTALEISTIPUlIOUR MITER1YSTRUCTURE 

SIRUC'LSTU:1 DRILLED WELLS RAN&ITAK5 80RS/3ALLIG/IUR[D1j
WELLSDRILLED

737.1 CO9RL COTROLURBAN/ EARIHOF RALHPRURALIRI24 00 FORIVI RESER- P005CISTER2102 1i400 S DAhS/DIVMS/UR 081 01.VOLUMEIND16DTlOREWELLIOREHELL#ILLS VELLSSIA8 VOIS 
AN
UbanIHC 05 persons IYl N' [I 11A'31 M M R l8 I41044 "'5 lYflNl'31KIY9*31 yRP 31KlT!"'3Ri 1R '311. / M'3a4l'-1tp 0'3e1./99992 40634 357C7U2/anSP 1297persons 19410 

0 0 0 3251 3617 40b 0 $1! 098012902 15217 {/RuralSet 0148persons 20205 
0 I'l:: 1712 190 0 380952 215t 522t SIi 077 0.o.i.ic 7746 29C,5 387
3044persors 2182 901 25999 390 4051 104 0 

01 2937 U 
9100 5200 2210 2314,7210C.


U087071 7154persons 1097:6 1519 4615 9207 lei 0 21610 13474 3!87 27.2? 570, , 
LA-.. !. rue nLe ii111|f0 rrn aeu a,.& .5 1.,11. . . .. 



Irrifgirainlarg 72hectares02 6hectres 1787040309200 
2 83 18184 0.001 0.00:Foodifr s 0.00O0Ohectare, 4Be5 m4
l e8 ,00.00 
 0.00: 4 00
: 1.00:4 1250 21 9223 0.00! OOoz 0.001 0.001 

8.00: 1.0 1 M OT~ 0.001 5.001 1w o.0SU 0.00OTA 3 rt 0.001 0.001 :mT 303 he a r ut 65574940 0 00 0.001 100.00 : ,0 0.00 
 : 0.00 : 0.00 2 0.001 0.
Bowl 00 : 00.00 :
2.000estabsIndustry 7000 0001 7801.000#stabs 36 S400. 92.00 2. 00S
001 3601 81 0.1 0.00S ...... 00 0.00: 000001...... 4.0:: ,3.00: 0.00: 00: 0.001 .00.00: 7.00 3.00 0 000010.00: 00 0.00: 0.00: 30:300-O h bs 1142j 1140100,::z 
*0 0.c


* * * a5 l
Ota!C'5utoiS 0 Of lter by1yyesof ConsstlPIaAldby 
T
 
ypesof Structure e a as a * s00S400TIOiUNIT3 VOLUMECONU 
TrOM TOTALDISTRIuTIOO D 1WATERShAUt'LS 

BySRU RE.. TOTALrISTpoUoIs' ILDRILLED o Or u6t0rE WIL 1, StRUTOTAL C0T0OL COSTRO DRILLEDURBAN/ WELLS 
830A VOLUMEI 30 iLOS 51EO, 

iO.s1 4EASUR E 1 A01 
0P RURALHP RURAL IRAI4+it 

HA0 1I0A05 IlS JALIEHo,
!D I PBROWELL OA/
90 [,,60 ... 0 P URKIDS/4*473/6R FOR RIVI RESEA- H 

9e POR CISTERNS.'JOe R 3eKIRR AfoojIVrJ.oYg 93/y • I M'39l3,yLS9TREAMS.....I/RR2J
U j C 1 R "'JOKIYA 9IRS jy lisoiyUrtnn 65 person s 44044 M'30KlY/11113II 9'3.rVS? 4797 991 406.34 32507 - 1AR-
persons 19430 31 1qFl'l'Nomadi 2et 0 0 0 3251Rura 116 persons 982 19021 15217 3 611 06
4 persons 2030 951 I15315 rj 0 9Sal 

3044persons 28sa 

7, 0 774 367 40
boeaao 1 "I1 323: 

501 2!409 0 

51295 3670 19,1 00390 406 : 712Og 190 0SUTO!A01 .80... 0 1 387354firsos 100: . 901 290 3 
0 .......
 

30501 927
9 4I893 9207 0 30 0 
Camls I01 0 5200 2210 234(. 2600
23638 33474 338
557?9 0
hel 27.'? 5723
 
Cattle 70: 4;70:
4442head 428
40-0o 794
920
euoas 4M J7
2332 203 
 7054 
 6
C12 0 6414
20H 6414
772401:20; 306 8553 1Oll: 213CteAn 02022 011:56heat 4027;6 473?. 0 87:0 3367 

8235 
3918 
34300 184'371 
 92 
 122 
 104 
...3.2 . 3; 

. .L 20266 429 ....... ... .... 
. . ...... 

. .......
2 7135 
160 2064E 1822: 6014
7: octares17M 4I fli~d~rl705 e=]etes46:; 
(:
21 


6'7P 51 

E,:1 96149:
 

205a'Aeiries 51, ' ( ;
------ 1519: 1513,3
....... t 91
 ....... 
. ..... I5Reli
.......
.... .
.......
tertalls"U ...............
W- ..... .... .... ....
 
J01
519: 13307,6 
15190 
l5I;,


Isa-
 17M.'
7it: 
 17 
 I..... 
 IM 
 03!
 

....... 

-. 


....................
...... 
11.:.
0 . .....
.
 l.....
.....
.
 ..My.;:T'L SUPPLYvDL..! 3elA* 
21..... . .... .
4842640 62:3; 297:7


V%1 621 60759 64te?1364::: 29:25 :644/s 31740 173:;110872:21.: 
2.752523 

(days/yr3 476.34394.560389499.,64;I.375:462,3028t 

20G
W'Jq'g9OF60:$. 
6 36! Z;:S PLYSTBtl;trS 12C 5;
2 1037 
 26305


U 4141L
SrFUFE L22 2T522 16906 21991 40385E 60.:0REPLACopT 5U2 1oIE21IRta 0059 22640 345 6097
* j1 40 6' Isee 282 219123 34 o 20Pto
6e
182
I [TUL li, to24 20F15
1460 
 42
 



a
 
NMEIH1 84109hotJ519 MISl~. :2U FCFSOMA! LEVEL
11 Sa9L2iiL 

I 9 9 I lt:;,ch1c.. : ; 1 i1 r8n triait,.k. alit, 5 tr w'rml
S.;il, forSL*illa
1985 1995,itPrealliin LiIUseul I I a 1 kot9 68,o.t4i
C1if0v I90E 31E] 1482 193 1941 Il95 1917list 1708l i9 1990 1991 l99: 3993 1974 late199 P.A. katoP.A. 

a Kits '4-10 '9u-iad llal 50 
 74 107 123 138
124 153 170 188 209 232 217 331 171
Its 502 I1.U.121 1M.o++11
54 t4 41 3 
 31 25 20 is 10 5 0 0 0
83o* 0 0 05 9 44 It 05 104 122 142 
 14 169 213 256 305 389 435
odiAr oftiat 5 23 39 
 24 12 27 29 
 32 36 49
40 i4 
 75 90 407 I'8
 

TIiM.
iALMES

Slfatal 120 142 377
159 199 21 2151 281 31 315 395 349107 0 

49 74 971 105 12.24831 21,6123.96 1! 64 53 
 43 32 21 4I 
 0 0 0 0
1160 0 0
13 44 
 49 95 12 157 19 230 271 317 3*H 
 497 594 083 804
N!ibeof$that 32
13 29 34 4c 5145 57 
 6t 72 it 111 141 172 204 254 

Nltotal 99 105 340 142115 131 144 332 176143 1991 
 90 20! :4 2318 220 7.62961 3.1971.i 92 i3 71 84 55 IS 37 29 38 1 0 0yoos) 0 0 0 0
7 22 34 47 62 79 90 III I3 153i0At.orfRab 7 i4 14 374 178 115 1392 1917 I9 2323 29 30 33 36 22 24 25 26 27I
 

OTD
13* ELS
t otal 1 1402 123 141 155 lit 77 19 202 215 230 241 2931 75 t0 60 51 
270 313 345 6.2*2:1 8.94:945 38 2330 I5 a 0 0 0qlousp 0 0 01 3 80 02 0, Ile I'5 153


IN me. t Reo| it 0 3 8 
lt 191 3 1123 21 299 24 2911 20 26 29 34
31 34 39 38 1642 50 54
 

Fotal 
 2300 3771 307* 3409 3772 41i1 419 4890 5172 543 53772 0097 10.83311 3.093702250 2025 1800 3175 4350 1125 900flou$1 675 450 225 0 0250 721 119 1709
W No. 2252 2931 3451 3875 4319 490 5291ot ahab 
 250 496 550 450 
 714 905 903 770 80 904 967 006 

0 Total 5000 510 536 5559 
5759 516 4303
6100 1439 
0537 0680 0822 3.59443 1.9439f
4500 9050 300 3150 2700 2250 400 13509300s) 920 453 0 0500 1090 


a It. 
365 2243 234 3932 4037 450 5074 5000 6128
500 630 61 7531 
 Ik 191 948 917 919 1033 1096 it3
 

MOSEVO391W Total 730 781 812 945 13
85 933 990 1041 308 1137 33 4.07333 9.539:2 
075 600 540 U5
473 338 270 203 33 0 0 0doubt 
 75 130
W me. 75 25* 347 990 531 430 71 833 937 109393 407 131441 48 139 49 '75 19 200 145 

i totAl 200 205 21 2314 220 225 230 49340 200 
 271 232 2.570 9.421
to0 132 144 126 
 109 90 72 54 3
1t00l H9 0 020 41 61 0382 1324 146 171 222390 299lits. 
 20 23 25 2927 31 34 90 95
42 41 33
 

3SICISERMS

W total 
 10000 10590 11233111902 12013 O37 1416 15489 16991 10444 20140 219 5.97033 9.990


9331 9711 6089 746 6844$fault 222 500 979 4355 3733 3111 2499110 1842 3020 4234 5497 0779 114W h. 9950 44872 13951916101
407 1220 1300 141 1535 1659 177 25852377 2039 3109 3402 

d Total 100 03 
 4 125 135 145 154 165 175 135 398 208 7.69301 5.89350
 
30 64 32
,ims) 48 16 0 0 0 0 0 0 0
20 40 
 60 81 402 124 134 l3 147 150 I0
r28 
 24 21 33 43
33 30 34 36 40
31 43
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IV. 1995 Projections
 

Annex 1-10: Supply Side Analysis of Consultants'
 

Recommended Program
 
- Level I Submodel
 
- Level II Submodel
 
- Level III Submodel
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