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SUMMARY

1. Background

The Mogambo Irrigation Project was first formulated in a feasibility study
undertaken by TAMS/FINTECS (May 1977) and then studled in further detall in a
Supplementary Feasibility Study carried out by Sir M. MacDonald & Partners
(August 1979).

The draft study was submitted on 6th September 1979 and comments were received
from the State Planning Commission (SPC) in December 1979. A mesting with the
SPC and the funding sgencies, to be held in Cembridge, was then arrenged for mid
January 1980. Unfortunately, the representative from SPC was unable to attend.
During these discussions on 21/22 January 1980, the funding asgencies were
concerned by the uncertainties of implementing and operating the full 6 430 ha
project proposed in the Supplementary Study and suggested that a smaller
development of about 2 000 ha should be considered. The SPC with the
funding agencies and In & telex dated 28th January 1980 reference
GQRQ/TU/MI/269/80 instructed the Consultant to proceed immediately with an
Additional Study for an alternativa smaller development.

This Additional Study now being presented should be read in conjunction with the
St.g[l'ommtlry Study dated August 1979 which covers the full development of
6 430 ha of cultivated land. »

2. The Project

The terms of reference for this Additional Study called for two alternatives (A
and B) to be investigated. The development for alternative A has been based on
the proposals of the Supplementary Study and allows for future expansion ta the
full area. The development for siternative B has been chosen as the beat area to
be implemented independently of any future expansion. Alternative A identifies
2 052 ha net of surface irrigation and 163 ha net of overhead Irrigation, and
alternative B identifies 1 ha net of surface irrigation and 122 ha net of
overhead irrigation.

The irrigation water for elther altarnative would be pumped from the river Juba
and conveyed to the project area in a system of canals from which surface
irrigation by -gravity will be possible. Both alternatives include & small pilot
area for overhead irrigation which will be supplied with water by means of
sprinkler pump stations located along the canals. The peak Irrigation
requirement for alternative A is 3.70 m”/s and for alternative B is 3.26 m~”/s.

Flood protection works have been included to prevent flood damage to the project
works. The existing flood relief regulator at Bulo Yaag will be rehabilitated
and the channel will be re-formed and extended to discharge into the natural
channel system on the westemn boundary. A flood bund Is required for both
alternatives along the western boundery of the project erea. These flood
protection works are essential until the Bardheere dam Is constructed and flow
regulation provided along the lower Jubs River.

The drainage system for both alternatives consists of shallow surface drains
which discharge into the natural channels on the western boundary of the project
area. Disposal of the drainage water from the project area will be by gravity;
it will flow southwards following the natural ground slopes and olg chahnel
systems until it finds its way to the Dhesheeg Waamo.

s-1



The project will be operated as a state farm with a management hierarchy and a
paid workforce of technicians, supervisors, clerks, skilled and unskilled
labourers. The project incorporates a number of benefits designed to attract and
retain the labour force. These include a pined water supply, above average wage
levels and permanent employment. Villagers will be expected to organise the
construction of their own houses but will be provided with assistance end
materials.

Two crop rotations have been selected based on the arguments presented in the
Supplementary Study. These are:-

Crop Rotation 1
Surface irrigation 100% paddy rice (gu season)
- 75%  maize (der season)
Overhead irrigation 100% cotton (der season)
Crop Rotation 2
Surface irrigation 75% paddy rice (gu season)
75% paddy rice (der season)
Overhead irrigation 100% cotton (der season)

The rice/maize combination is a simpler crop rotation to manage. The mailze crop
requires less sophisticated management and has a shorter growing season than the
rice varieties proposed. Maize will not be subject to bird attack, and the
inclusion of maize in the rotation will ensure that the problems of & build-up
of aquatic weeds, which can arise when paddy rice fields are subject to
prolonged flooding, will not occur. :

Double cropped rice offers an economic advantage over the rice/maize
combination, allowing complete specialisation in agricultural equipment and farm
operations. A reduction in intensity to 75% Iin each growing season still
exploits these advantages and Is considered to allow a sufficient fallow period
to avoid weed problems. Subsequent Introduction of short maturing rice varieties
wo:l& aleo ease the time constraints and may reduce the occurrence of bird
attack.

Perennial crops have not been included in either rotation because their
cultivation would depend on the implementation of Bardheere dam.

A small area of levee soils will be planted for cotton under overhead irrigation
80 that the potential of development on the levee soils can be investigated.

As in the Supplementary Study, most of the agricultural operations will be
mechanised and include aerial spraying of crops. A base agricultural labour
force of 345 unskilled workers will be employed annually, supplemented by casual
labour at peak periods.

Due to the reduction in the scale of the project, the Agricultural Development
Corporation will assume the responsibility for crop processing and storage,
rather than the project Incorporating these facilities on site. This Is a
modification of the proposal In the Supplementary Study.






4. Conclusions

Alternative A with a double cropped rice rotation is the recommended option. It
has been chosen because of its high internal rate of return and because future
expansion can occur with less expenditure than for alternative B.

A summary of the capital costs and operating costs for the recommended

alternative, A/2, sre given below.

Summary of Capital Costs for Alternative A/2

(SoSh '000)
Item Local
currency
Land preparation 6 415
Irrigation and drainage system 22 685
Buildings and services 5 598
Operation and maintenance
vehicles end machinery 500
Agricultural machinery 1247
Engineering design and :
supervision of construction 3 242
Physical contingencies 2 948
Total 42 635

Foreign
currency

6 414
31 745
11 360

4 505
11 221

6 022
5474

76 741

Total

12829 (13 471)
54 430 (60 525)
16958 (20 349)
5005 (5756)
12468 (12 468)
9264 (10 653)
8422  (9431)
119 376 (132 653)

Note: Costs are 1979 economic costs and do not include taxes or duties.

Financial costs are shown In parenthesis.

Summary of Operating Costs for Alternative A/2

(SoSh '000)
Item
Replacement of agricultural items
Replacement of engineering items
Agricultural inputs
Project staff
Fuel, oil and spares

Total

Note: Coats are 1979 economic costs.

S-4

Total cost for

30 years project life

48 246
30 589
155 621
94 263
119 477

448 196






CHAPTER 1
INTRODUCTION

1.1 Reasons for the Additional Study

The Mogambo project was formulated in a feasibility study undertaken by
TAMS/FINTECS (May 1977), and a net irrigable area of 6 260 ha was identified.
Subsequent to this study, a Supplementary Feasibility Study (Sir M. MacDonald
& Partners, August 1979) was initiated in order that the proposals could be
examined in more detail. In the Supplementary Study a net irrigable area of
6 430 ha was identified and the following major changes to the TAMS/FINTECS
proposals were recommended:

(a) Revised cropping patterns and intensity.

(b) Overhead irrigation on 3 100 ha, surface irrigation on 3 330 ha
(TAMS/FINTECS proposed all surface irrigation).

(e) Inclusion of pumped drainage for about one-third of the area.
(d) No livestock feedlot component (recommended by TAMS/FINTECS).
(e) Comprehensive flood protection measures.

(f) Night storage system for surface irrigation.

The total cost of the project was estimated in the Supplementary Study to be
SoSh 334 million, which contrasts with the TAMS/FINTECS estimate of SoSh 181
million. The reasons for the differences are discussed in the Supplementary
Study, but the fundamental reason is considered to be that the TAMS/FINTECS
study lacked sufficient engineering detail to enable a realistic cost estimate
to be made.

Following a review of the draft Supplementary Study report the State Planning
Commission (SPC) submitted comments to the Consultant and these were received in
December 1979, The SPC requested that a meeting be arranged in Cambridge so that
representatives of the Commission, the Kuwait Fund for Arab Econaomic Development
(KFAED), and Kreditanstalt fur Wiederaufbau (KFW) could discuss the report with
the members of the study team. This meeting took place on the 2lst and 22nd
January, 1980, but unfortunately the representative of SPC could not attend.

During these discussions, the funding agencies KFAED and KFW considered that
technical and managerial problems and uncertainties involved too great risks in
implementing the whole 6 430 ha in one step. They suggested therefore that the
Consultants should consider a smaller initial development for an area of about
2 000 ha of predominantly surface irrigation but including a small trial area of
overhead irrigation. Terms of reference for such a study were drafted and
approved by the SPC.

This report contains the findings of this Additional Study and should be read in
conjunction with the Supplementary Study report (August 1979).



1.2 Terms of Reference for Additional Study

Terms of reference were discussed at the mesting held In Cambridge in January
1980 end these were communicated to the SPC by telex on the 22nd January 1980.
These were as follows:-

"In view of the uncertainties of Implementing and operating the
project, and arising from discussions with KFAED and KFW, we have been
requested to provide the following proposal for SPC consideration for a
short separate desk study report for an alternative development. This
additional study will consider two cases using existing data as

follows:
Case One

An aerea of about 2 000 ha which has the lowest capital cost as a first
stage development of the total 6 400 ha project area. Designs to
include for future development.

Case Two

An area of about 2 000 ha which has the lowest capital cost developed
as the most economical system without reference to the tatal project
area. Future development being independent.

Both cases to be predominantly surface irrigation including small trial
area of sprinkler irrigation. '

Study will include operation and maintenance and economic analysis and
implementation to same levels as Supplementary Study".

The SPC gave instructions for the Consultant to proceed in their telex dated
2Bth January 1980 which read:

"GRR/TU/M1/269+80. Ref your telex dated 23 Jan 80 concerning the
proposal for an additional desk study for Mogambo project. Wish to
inform you that Somali Government.approves such study and urges
immediate start of the atudy. Kindly Inform also KF AED and KFW. Hussein
Elabe Fahie Director General State Planning Commission".

1.3 Alternative Development

The terms of reference requested that two cases be considered In order to
determine the most appropriate alternative development.

In this report, these two cases are referred to as salternative A and
alternative B.

Also this slternative development is considered to be Phase I of the full

development of 6 430 ha, described in the Supplementary Study (August 1979).
Phase Il refers to development of the area remaining upon completion of Phase 1.

1=2



CHAPTER 2
THE ALTERNATIVES

2.1 Introduction

The two alternatives (A and B) adopted were based on surface irrigation because
this would be cheaper to construct and operate than the overhead system and
since higher value crops can be grown on the soils irrigated by surface methods
(before Bardheere dam is implemented). A small area of overhead irrigation has
been included to demonstrate its technical feasibility and carry out research
into design details, crops-grown and operating techniques before further capital
is invested in sprinkler irrigated areas.

2.2 Alternative A
This alternative is based on the designs prepared for the full project and

assumes that future expansion of up to 6 400 ha would take place. A total net
irrigable area of 2 215 ha has been selected comprising:

76 surface irrigation units = 2052 ha
4 overhead irrigation units = 163 ha
Total = 2215 ha

The area chosen is basically that block of land to the south of the flood relief
channel which has predominantly basin clay soils. The overhead irrigation units
are at the northern end of this block located on either side of the flood
channel. The irrigation layout is as for the full study but the drainage system
has been modified to keep costs to a minimum. This is discussed in more detall
in Chapter 4.

One village area would be provided, and this combined with the project
headquarters (PHQ), will be located adjacent to the main road opposite the
village of Mogambo (Village A location in Supplementary Study). The area
allocated for the PHQ in the Supplementary Study has been incorporated in the
irrigated area.

All works will be designed to permit future expansion without involving major
alterations. For example, the main canal siphon under the flood relief channel
will be constructed to its full size because later modifications would be
extremely difficult. However the main pump station would only be built to meet
the needs of the first stage since this can be extended at a later date without
difficulty.

2.3 Alternative B

The second alternative aims to cut costs to the minimum possible by designing
solely for the smaller area without provision for future expansion.

2=



The irrlgation and drainage layout has been prepared based on the revised
position of the pump station. This is located more centrally to the area, on one
of the reaches of the river nearest to the selected areas. The Irrigated area
_itself In fundamentally the same as for alternative A, but some areas of higher
ground have been excluded to reduce canal fill requirements and the pumping head
required, and no land to the north of the flood relief channel has been
incorporated. The net irrigable area Is thus 1 931 ha made up of:

67 surface irrigation units = 1 809 ha
3 overhaed irrigation units = 122 ha

Total = 191 ha

2.4 Future Dowlnpmnnlt

Any future development at Mogambo, following on from either alternative A or
alternative B, will involve a greater expenditure on engineering warks than for
the initial development. However, in the case of alternative A, the design of
the first phase will be such as to permit extension of the existing system
without major changes to the engineering works. For this alternative therefore
the costs of expansion should not be too different from the costs for the first
phase, depending on the location and size of the extension areas.

Areas which require overhead Irrigation require a greater capital investment
than the surface irrigated areas, but with only some 2 000 ha of land developed
in the first phase, there would be at least a further 1 300 ha of land suitable
for surface irrigation. Some of this area Is however Inherently more expensive
to develop because of its distance from the source of water, more dense bush
coverage and the need for pumped drainage.

In the case of alternative B the first phase is planned without provision for
future development although the design does not, of course, preclude future
expansion. The cost of such expanslon would necessarily be higher than for
alternative A because additional pump station(s) and canal systems would be
required and the drainage and flood protection works for the first phase would
require some revision (depending on the location of the extension ma£

However, once the first phase Is complete and is operating there will be an
established infrastructure which will facliitate future development. For example
access into the area will be much improved and there will be a larger labour
force available for construction works. Futhermore the expertise in management

and operation will be available, which will ease the problems of: implementation
of the new areas.

The same degree of expatriate assistance would probably not be necessary for the
management of the new areas as is proposed for the first phase. Experience
gained in the construction and implementation of the first phase would clearly
help in later phase development.

2=2



CHAPTER 3
AGRICULTURE

3.1 Introduction

For the alternative development detailed in this report the agricultural
proposals do not vary significantly from those described in the Supplementary
Study.

The choice of crops is based on the studies and investigations presented in the
Supplementary Study. Basically the aim is to minimise the number of crops in
order to simplify management and as far as possible to incorporate those crops

which show the best economic returns. Two crop rotations are presented. These
are:

Crop rotation 1

Surface irrigation 100% paddy rice (qu season)
70% maize (der season)

Overhead irrigation 100% cotton

Crop rotation 2

Surface irrigation 75% pladdy rice (gu season)
75% paddy rice (der season)

Overhead irrigation 100% cotton
These are discussed in more detail in the following section. The requirements
for . agricultural labour and machinery, and farm inputs are discussed in
subsequent sections.
The crop. yields assumed for the chosen crops are as given in the Supplementary
Study and are listed below in Table 3.1.
TABLE 3.1

Crop Yields (quintals/ha)

Year
Crop 1 2 3 4
onwards
Paddy rice 25 30 35 40
Maize 25 30 35 40
Cotton 12 16 20 25



TABLE 3.2

Summary of Alternatives - Crapped Areas (ha net)

Year 2 Year 3 Year 4 Year 5 onwards

gu
Alternative A -2 215 ha
Rotation 1
Paddy rice

Maize
Cotton

Alternative A - 2 215 ha
Rotation 2

Paddy rice -
Cotton -

Alternative B = 1 931 ha
Rotation 1
Paddy rice -

Maize -
Cotton -

Alternative B -1 931 ha
Rotation 2

Paddy rice -
Cotton -

der gu der qu der gu der

-- 4659 - 1431 - 2052 -
216 - 918 - 1377 - 1458
163 - 163 - 163 - - 163

Overall cropping intensity (Year 5 onwards) = 166%

216 459 918 © 1215 1539 1593 1539

- 163 - 163 - 163 R 163

Overall cropping intensity (Year 5 onwards) = 149% -

- 459 - 999 - 1809 -
189 - 7183 Wi 39296 - 129
122 - 122 - 122 - 122

Overall cropping intensity (Year 5 onwards) = 167%

89 459 972 1188 1215 1404 1377
122 =¥ - 122 - - 122

Overall cropping intensity (Year 5 onwards) = 150%

Naotes: Figures based on Impiemantatlon schedules presented in Chapter 8.



3.2 Cropping Patterns

The rice/maize combination for the surface irrigated soils is considered to be
appropriate (rotation 1) but, because double cropping of rice has some
advantages, and has proved feasible in other countries, it has been included
(rotation 2) so that the economics of the two proposals can be compared. In
order to ease management problems and also in an attempt to avoid the build-up
of aquatic weeds, 25% of the area of surface irrigation will be fallow in any
season for rotation 2.

For the small area of overhead irrigated soils, cotton in the der season has
been assumed for 100% of the area each year. However, it is recommended that
small areas of other crops are introduced on a trial basis to demonstrate the
applicability of this system of irrigation. Such crops should include upland
rice and maize and possibly other crops of which there is little experience in
Somalia.

Full details of the crop rotations for each alternative are given in Table 3.2
which also shows the build-up in cropped area during project implementation (See
also Chapter 8).

The advantages of the double cropped rice system are that it allows complete
specialisation in agricultural equipment and farm operations. It will obviously
be easier to manage if short maturing rice varieties are used, otherwise timing
of operations may be difficult, especially if there is a delay in the planting
of the gu season crop.

The rotation of rice with maize should be an easier system to manage. The maize
crop is less demanding in the management required and is not subject to bird
damage to the same extent as the rice crop. Although the degree to which bird
damage is likely is unknown and the timing of attacks is uncertain, there is no
doubt that there is a problem. Until rice crops have been grown at Mogambo for
some years it is impossible to predict whether the damage will be severe enough
to exclude rice from one season or to alter the timing of the rice harvest.

The inclusion of maize crop following rice will also ensure that the problems
due to the growth of aquatic weeds, which can oceur under conditions of
prolonged flooding of paddy fields, will not occur. Again the extent of such
problems can only be determined by trials when the project is underway.

The inclusion of perennial crops in the cropping patterns has not been
considered because these would depend on the implementation of Bardheere dam
and, in any case, were only proposed for the levee soils of which only a small
area is included in this alternative development. However it is recommended that
trials are carried out on small areas using overhead irrigation.

This should be possible if only a few hectares are planted to bananas because
there will be sufficient storage in the system to guarantee perennial supplies.

3.3 Labour and Machinery Requirements

3.3.1 Labour

Unskilled labour requirements for the four alternatives have been calculated and
are presented in Appendices Il to V. Table 3.3 below summarises the requirements

at full development. The base data and methodology from the Supplementary Study
were employed.
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Requirements for machinery operators are calculated in Section 3.3.2, and
management and skilled staff requirements are set out in Section 6.4.

TABLE 3.3

Summary of Unskilled Labour Requirements
(at Full Development)

Alternative Base labour force Extra man years Total man years
crop rotation (men/year) required’ .
A/l 370 23 393
Al2 330 29 359
B/1 320 21 341
B/2 300 24 324

3.3.2 Machinery

The same machinery specification and performance data as in the Supplementary
Study have been used to calculate the requirements for the four alternatives.
The detailed calculations are set out in Appendices Il to V and the requirements
at full development are shown in Table 3.4,

TABLE 3.4
Machinery Requirements at Full Development

Item Alternative
Al Al/2 BN B2

150 hp crn(vlar tractor
110 hp 4 wd tractor
75 hp 2 wd tractor

Chisel ripper

Salil saver plough
Disc harrows

Land plane
Fertiliser broadcaster
Combine drill
Inter-row cultivator
Border disc

Flail

Traller - 10 tonne
Trailer - 5 tonne

W1 AD 8 Wl W B N A A\ \nt:u\

Base combine units
Rice attachments
Malze attachments

Operators

NN MOENEHENWE & WO
& wvmoom 0NN W AL\ & o
1 ~J=~d PGNP GINWE I W W WO\

8 obs

&
8



3.4 Machinery Support Services

The two components of the machinery support services will be the servicing and
repair facilities and the operator training facilities.

3.4.1 Servicing and Repair Facilities

The servicing and repair facilities would comprise a workshop and store at the
project headquarters and one mobile workshop. The main workshop would be
provided with the following:-

- machinery for mechanical repairs

- body and paintwork repair facilities
- electrical repair facilities

- lubrication store

- store for spare parts

The mobile workshop would comprise of a long wheel base four wheel drive pick up
vehicle equipped with an air compressor, generator, welding plant and small
crane. A low loader trailer with a winch will also be provided to transport
machinery that cannot be repaired by the mobile workshop back to the permanent
workshop at the project headquarters.

3.4.2 Training Facilities

A training manager will be responsible for all aspects of training such as the
organisation of formal training courses with institutions and manufacturers, and
the monitoring of progress of the trainees.

The project staff mainly involved with the training programme would be the
workshop staff, drivers and machine operators. Training would then be carried
out by using the trainees as assistants to the more skilled and experienced
members of staff. '

3.5 Farm Buildings

No crop processing or crop storage buildings are to be provided; all crops are
to be sold direct from the fields to the Agricultural Development Corporation
(ADC) (see section 3.6).

Other buildings required are as follows:-

)] A main store will be required for the storage of incoming goods at the
project headquarters. A building of about 360 mz should be adequate for
storage, office and toilet space.

(i) A workshop with a floor area of about 900 m2. A sketch of the proposed
waorkshop is given in Chapter 5, Figure Nr 5.3.

(iii) Areas of covered hardstanding and open hardstanding have been provided
for vehicles, agricultural machinery and maintenance machinery.
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3.6 Crop Processing and Storage

Since the Project has been reduced to one third of the original scale proposed,
it is considered that It is no longer necessary for the project to own and
operate its own crop processing and storage facilities. Instead, this function
will be the responsibility of ADC. Since the project will now be selling
directly from the field to ADC, a price for raw grain rather than dried and
processed has been derived (see Chapter 7). The project will purchase seed from
ADC rather than operate its own seed preparation plant,

ADC will almost certainly be required to invest in new facilities to deal with
the Increasge in production not only from Mogambo but from other projects in the
Lower Juba valley. It is possible that ADC may decide to site some new
facilities at Mogambo.

3.7 Net Margins

The crop net margins derived in the Supplementary Study have been adjusted in
the cases of rice and maize to reflect prices for unprocessed grain, and are
summarised in Table 3.5, below. Otherwise, data are as in the Supplementary
Study.

TABLE 3.5
Summary of Crop Net Margins
(SoSh)
Per 1 000 m? of

Per hectare irrigation water
Crop Financial Economic Financial ‘Economic
Paddy rice 9 469 6 392 692 467
Upland rice 7 905 5 242 1192 791
Maize - surface 1233 2 357 126 237
Maize - sprinkler 1 325 2 424 178 325
Sesame - surface 47 811 8 138
Sesame - sprinkler . 47 811 6 10
Cotton - hand harvested 3 245 4 550 322 451
Cotton - machine harvested 1 880 2 753 186 273
Bananas - 4 464 9 631 182 393

3.8 Crop Water Requirements
Crop water requirements are unchanged from the Supplementary Study except that

the requirements for der season paddy rice have been calculated and the results
shown in Table 3.6.
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TABLE 3.6
Crop Water Requirements - Der Season Paddy Rice

Aug Sep Oct Nov Dec Jan

Evapotranspiration, ETo (mm) 147 157 160 147 161 179
Effective rainfall, Re (mm) 8 0 0 0 0 0
Crop factor - 1.10 1.10 1.10 1.00 0.95

173 176 162 161 170

Consumptive use (mmz‘1
) 0.3 0.96 1.00 0.63 0.04

Average cropped area

Prewatering (mm) 25 75 - - - -
Flooding (mm) - 40 110 - - -
Percolation (mm)2) - 20 95 150 95 20
Net requirement 17 201 374 312 196 27

Notes: (1) Cropped area based on that receiving irrigation. Last irrigation
takes place 3 months after sowing.

(2) Deep percolation adjusted for average cropped area. Based on rate
of 5 mm/d.

(3) Table assumes sowing starts on lst September and continues for
40 days. First prewatering starts 20th August.

It can be seen that the peak monthly net requirement occurs in October and is
374 mm. This is greater than the equivalent for gu season rice (355 mm) because
in the der season rainfall is less reliable and evapotranspiration is greater.
This will not affect the overall irrigation requirement since for rotation 2
only 75% intensity is proposed compared with 100% for rotation 1.

The Irrigation requirements for alternatives A and B are given in Tables 3.7 and
3.8 respectively. The field requirements have been calculated by dividing the
net requirement by the field efficiency. The field efficiencies are as detailed

in the Supplementary Study.

Crop Field efficiency
Surface irrigation paddy rice 0.80
maize 0.60
Overhead irrigation cotton 0.75
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CHAPTER 4
ENGINEERING

4.1 Bush Clearance and Land Levelling
4.1.1 Bush Clearance

A description of natural vegetation within the project area and a discussion of
methods of bush clearance are included in the Supplementary Study.

From the natural vegetation map (plate 2 of the Supplementary Study report), it
is estimated that for both alternative A and B 5% of the project area is dense
or medium bush and 95% is light or open bush.

The bush clearance requirements are summarised below:-

Alternative Gross project area Area of dense Area of open
(ha) and medium or light
bush bush
(ha) (ha)
A 2 700 135 2 565
B 2 350 117 2233.

4.1.2 Land Levelling

Land levelling is required for the surface irrigation areas to produce
horizontal basins. The size of each basin is 1 ha and thus the minimum size of
plot to be levelled is also 1 ha. The maximum size of plot to be levelled should
be determined by earthwork quantities, soil classification and efficiency of
machine operations. Ground levels will be determined on site from the results of
a semi-detailed land levelling survey on a 50 m grid. For areas where the
existing topography is very uneven it is proposed that a 25 m grid survey is
carried out. '

An analysis of sample land levelling areas was discussed In the Supplementary
Study and the volumes of earthworks required per hectare were estimated as given
below:-

Ml and M2  Microrelief Average = 450 m3/ha

M3 Microrelief Average = 775 m>/ha

By studying the land class maps produced for the Supplementary Study and the
layouts for alternatives A and B it is possible to make an estimate of the areas
of each class of microrelief. For the purposes of estimating the costs of
alternatives A and B an average volume of earthworks for land levelling has been
taken as 500 m3/ha (based on the areas of each class of microrelief occurring in
the project area).



4.1.3 Land Planing

Land plening is required prior to field preparation for the first planting and
for basin Irrigation it should be carried out after land levelling. For areas
irrigated by sprinkler, land planing is required to even out the microtopography
and It should be carried out after the removal of any termitaria.

4.2 Irrigation System
4.2.1 Alternative A

The irrigation system for alternative A Is based on the designs prepared for the
full project (Annex 5, Supplementary Study) and assumes that future expansion to
6 400 ha is a possibility. A total net irrigable area of 2 215 ha is proposed
comprising:-

76 surface irrigation units = 2052 ha

4 overhead irrigation units = 163 ha

The irrigation and drainage layout for alternative A is shown on Plate Nr 1.

The engineering works will be constructed to permit future expansion. Thus the
main and distributary canals and all canal structures will be constructed to
their full size. The main irrigation pump station, the sprinkler pump station
and the settling basin will only be constructed for the requirements of the
phase | development since they can be expanded at a later date without
difficulty.

The differences between the designs proposed for the full project in the
Supplementary Study and those proposed for alternative A are given below:-

(a) Main Irrigation Pump Station

The pumps recommended for the full project to pump a peak discharge of 6.5 m3/s
were three 36 inch pumps and two 24 inch pumps with one of the 36 inch pumps_as
a standby. To produce the required peak flow for alternative A of 3.7 m>/a
(Table 3.7, Chapter 3) it is not feasible to use such large pumps since there
would be too small a number of units to obtain the required range of discharges.
Instead it Is proposed to use three 24 inch pumps (one as a standby) and two 16
inch pumps. Under a design (maximum) static head of 6.1 m the design discharges
of the 24 inch and 16 inch pumps are 1.25 m>/s and 0.55 m:’h, respectively.
Adjustments to the engine speeds can achieve a flow variation of 0.80 Q to 1.05
Q where Q is the design flow. Table 4.1 shows the range of discharges which can
be achieved with the pumps selected, assuming constant static head.

Flaod lifter type pumps have been chosen as the most suitable farm of pumps for
this installation. A discussion on pump selection was included in Annex 5 of the
Supplementary Study.



TABLE 4.1

Pump Station Discharge Characteristics - Alternative A

Pump size Flow Ste

(m3/s) (m3/s)
16 in léin 24 in 24 in

80% - - - 0.44 -
105% - - - 0.58 0.30

80% 80% - - 0.88 -
105% 105% - - 1.16 0.28

80% - 80% - 1.44 -
105% - 105% - 1.89 -

80% 80% 80% - l.88 -
105% 105% 105% - 2.47 -

80% - 80% 80% 2.44 -
105% - 105% 105% 3.20 -

80% 80% 80% 80% 2.88 -
105% 105% 105% 105% 3.78 B
(b) Settling Basin

The same procedure as given in the Supplementary Study for determining the size
of the settling basin was carried out for alternatives A and B. The results of
the computer program gave a required storage of about half the required storage
for the full project. The size of the basin chosen was 36 m bed width and 200 m
length. In the event of future expansion to the full project the settling basin
could easily be increased in size to the required length of 400 m. Further
details of the design are given in Section 4.2.2,

(e) Distributary Canal Embankments

The bank top width for both banks of the distributary was deaigned as 4 m for
the full project. To reduce earthwork costs for alternative A it is recommended
to reduce one bank to a bank top width of 1 m whilst the other remains with a
bank top width of 4 m (Figure 4.1). However the hydraulic gradient for both
banks between design water level and the outer toe of the canal embankment
remains at 1 in 5.

(d) Main Canal Design Flows

The main canal wlll be constructed with a capacity for peak flow for the full
project of 6.5 m 3/s, however the design discharges for alternative A will be
less than for the full project. The main canal flows have been calculated in a
similar manner to that described in the Supplementary Study by using the
monthly irrigation requirements. Table 3.7 in Chapter 3 gives the main canal
flows for each month for both crop rotations.



(e) Sprinkler Pump Stations

A small sprinkler pump station (Pl location in Supplementary Study) is required
‘to supply the pilot overhead irrigation area of 163 ha net. The design
requirement of 70 1/s per overhead irrigation unit is as discussed In the
Supplementary Study. The required capacity of the sprinkler pump station for
slternative A Is thus 0,28 m;a, . Two diesel engined pump units are recommended
and a layout of the proposed pump station Is shown on Plate Nr 7. The design of
the sprinkler pump station for alternative A is simpler than the design for the
full project as shown in Supplementary Study due to its smaller size. The pump
station Is located sdjecent to the main canal and will thus be sble to draw its
water at any time. This will enable the overhead Irrigation system to operate
either at night or during the day.

The modifications required to expand the Irrigation system to supply the full
project of 6 400 ha are not difficult. The expansion would follow the layout
proposed for the full development as described in the Supplementary Study.

4.2.2 Alternative B

The irrigation system for alternative B has been designed to be the most
economical system for a project area of about 2 000 ha. No provision has been
made in the proposed system for future expansion and any such expansion would be
a separate project(s) supplied by its own pump station(s) on the river.

The irrigated area is fundamentally the same land as for alternative A, both
alternatives being predominantly surface irrigation located on the basin clays.
The proposed irrigation and drainage layouts for alternative B are shown on
Plates Nr 2, 3, 4 and 5. A total net irrigable area of 1 931 ha is proposed
comprising:

67 surface Irrigation units = 1809ha
3 overhead irrigation units = 122 ha

Although the irrigated land for both alternatives Is similar, the area for
alternative B is less than for alternative A. This is because the layout
proposed for alternative B has been designed to keep earthwork costs to a
minimum and so some high areas which could be irrigated have been omitted. Also
only 3 overhead irrigation units are proposed for alternative B as the irrigated
area has been limited to land to the south of the fload relief channel.

Discussions on the various components of the Irrigation system for alternative B
are given below. .

(a) Field Units

The field units for both surface and sprinkler irrigation are the same as
discussed in the Supplementary Study.

(b) Unit Channel Design

Fourteen hours Irrigation per day is proposed for the peak month(s) so that the
storage requirement, capacity of the distributary canals and size of the unit
channel cen be reduced.
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The design capacity of the unit channel is calculated for each crop rotation as
follows:

Crop rotation 1

qQ = 444 x27 x104 = 771/s
x 14 x
where 444 =  peak gross monthly requirement (May) (mm)
27 x 104 =  unit area (m2)
31 = number of days in month
14 x 3 600 =  length of irrigation period (seconds)

Crop rotation 2

qQ = 467 x27 x 104 = 8l1l/s
3T x 14 x 3 600
where 467 =  peak gross monthly requirement (October) (mm)

A design value of 80 /s has therefore been adopted.

For prewatering, when water is applied at a high rate prior to sowing a larger
unit channel capacity may be appropriate. Therefore the design section is such
that a flow of 100 I/s can be carried without overtopping. This flow will not,
of course, occur in more than a few unit channels on a distributary at any one
time because planting dates will be staggered.

(c) Siphon Pipes

Siphon pipes are required to divert the flow from the unit channel to the basin
being irrigated. To calculate the number of siphon pipes required for each
surface irrigation unit the same procedure has been followed as discussed in
section 4.10 of Annex 5 in the Supplementary Study.

A pipe diameter of 64 mm (24 inches) was recommended in the Supplementary Study
and under a head of 0.20 m this pipe gives a discharge of 4.2 l/s. For the
design discharge of 80 1/s per unit it can be seen that 20 pipes are required
for one unit. This is 2 less than for the full scheme and for alternative A.
Each pipe should be 3.0 m long.

At times of prewatering when a design flow of up to 100 l/s may be required in
the unit channel, it will be necessary to use more than 20 siphon pipes per
unit. The additional pipes can be borrowed from other units or from a stock of
spares.



(d) Distributary Canal Design

Distributary canals are designed generally as in the Supplementary Study but
based on 80 l/s per unit channel. In most months the cenals will flow for
12 hours per day or less. However, 14 hour Irrigation will be required in May
for rotation 1 and in May and October for rotation 2.

The distributary canals have a bank top width of 4 m for one bank and 1 m for
the other bank as discussed in Sectlon 4.2.1 (Figure 4.1).

The earthworks and design data for the distributary canals for alternative B are
given in Appendix VII in the form of computer print-outs. '

(e) Night Storage Reservoir Design .

The recommended method of night storage is by means of a night storage reservoir
at the head of the distributary canals. This has the advantage of requiring the
minimum quantity of earthworks and of being the easiest system to operate and
malntain,

Storage in the distributary canals was discounted due to the excessive amount of
earthworks involved In raising canal embankments caused by long lengths of
distributary canal and broken topography. It is also difficult to accommodate
storage in the steeper canal reaches unless cross regulators are provided at
short Intervals. Storage in distributary cenals is reslly only applicable for
irrigation projects on very flat land where canal commands can be kept low.

Storage In the main canal was also considered and although this method does not
result in extra earthworks, it is not recommended because to store the required
volume of water the width of the main canal would have to be 70 m. A 70 m wide
main canal would necessitate the removal of a greater area of valuable banana
plentation and would be difficult to maintain.

Having decided to adopt the night storage reservoir system is was then an:
obvious choice to adopt one large reservoir at the end of the main canal.

The capacity of the storage reservoir based on 14 hours irrigation (hence
10 hours storage) during the peak months Is calculated as follows:

Storage required =  3.26 x 10 x 3 600 (m?) -
= 117360m> ,

where 3.26 = peak main canal discharge (m>/s)

10x3600 = length of storage (seconds)

The live storage depth is taken to be the same as for the Supplementary Study
having a value of 0.75 m. Thus the required area of storage reservoir is:

117360 - = 156480 m2
u.:s

This gives one large reservoir of 400 m by 400 m.
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The maximum required water level in the storage reservoir has been determined by
the maximum command requirements of the distributary canals to be 11.92 m.
Adopting a freeboard of 0.5 m gives a bank top level of 12.42 m and thus an
average bank height above ground level of 2.67 m (the average ground level is
9.75 m). The cross section of the reservoir embankment is as given in the
Supplementary Study i.e. 4 m bank top width, 1 in 3 internal side slopes and 1
iln- 25external side slopes. The seepage gradient was checked and found to be
in 5.

(f) Main Canal Design

The main canal is designed to flow continuously except in February and March,
when river flows will generally be too low and the canal will be closed.

Three alternative designs were considered as follows:

1. Incorporate a movable weir structure at the end of the main canal as in
the Supplementary Study. Because of the depth of live storage of 0.75 m in the
night storage reservoir, the head loss across the movable weir will vary from
morning to evening from 0.15 m (min) to 0.90 m (max) respectively.

2. Incorporate gates on the upstream wall of the Inverted siphon passing
the main canal under the main road. These gates will help control the flow and
enable the pump station to pump to a constant head. The water level downstream
of the siphon will fluctuate throughout the day by the same amount as the
reservoir, that is by 0.75 m.

Fin Have no gates or control along the length of the main canal. The water
level in the main canal will thus fluctuate by 0.75 m and the pump station will
pump to a varying head throughout the day.

Alternative 3 (no gates) is recommended because it Is cheaper than both the
other alternatives. No problems should arise by the fluctuating level in the
main canal because the length of the canal is only 1.85 km and will thus act in
a similar way to the storage reservoir. Pumping costs will be reduced because
the pumps will not always be pumping to the maximum level.

The main canal has been designed using the Lacey Regime Theory as discussed in
the Supplementary Study. The design was carried out for the case when the water
level was a maximum with a silt factor of 0.4 thus keeping the velocity of flow
quite slow (0.18 m/s). At the end of the day when the water level is lower the
velocity of flow will increase to 0.36 m/s.

The cross section of the main canal is as for the Supplementary Study and is
shown on Plate Nr 42 of the Supplementary Study.

(g) Canal Structures

The designs of all canal structures are as given in the Supplementary Study and
the numbers of each type of structure are given in the cost tables in Section
4.6. Due to the reduced discharge in the main canal the size of the siphon under
the main road has been changed to two 1.2 m square barrels.
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(h) Main Irrigation Pump Station

To produce the required peak flow for alternative B of 3.26 m>/s (Table 3.8,
Chapter 3) it is recommended that three 24 inch pumps (one as a standby) and two
16 inch pumps should be used. Under a design (maximum) static head of 6.7 m the
design discharges of the 24 inch and 16 Inch pumps are 1.2 m>/s and 0.5 m’/s

respectively. Adjustments to the engine speeds can achieve a flow variation of
0.80 Q to 1.05 Q where Q is the design flow. Table 4.2 shows the range of

discharges which can be achieved economically with the pumps selected, assuming
constant static head.

The pump station for alternative B has been located on a section of the river
Whh:ﬁ.,'l from a study of the aerlal photographs, appears to be stable. This site
Is also positioned In a suitable location to supply water to the project area
via a short length of main canal. The proposed location of the pump station site
must however, be verified by a field survey at the detalled design stage.

The outlet arrangement of the pump station for alternative B is different to
that for the Supplementary Study. This is because the settling basin water level
will fluctuate and so the pumps will be operating to a variable head. The outlet
consists of two chambers, the first incorporating a hinged flap gate to prevent
reverse flow and the second a penstock gate to close off the pipes. The hinged
flap gate can also be raised to allow back flushing of any sediment depositing
in the pipes and pumps and removal of any debris which may have collected on the
inlet screen. Details of the design of the pump station for alternative B are
shown on Plate Nr 6.

TABLE 4.2
Pump Station Discharge Characteristics - Alternative B

Pump size (ﬁ.lyl\:) (gs}: \

16in, 16in, 24in. 241n.

80% B - - 0.40
105% - - B 0.53 0.27
80% 80% - - 0.80
105%  105% - - 1.05 0.31
80% - 80% - 1.36
105% B 105% - 1.79

‘80% 80% 80% - 1.76

105% 105%  105% - 2.31 0,01
80% - 80% 80% 2,32
105% - 105%  105% 3.05

80% 80% 80% 80% 2.72
105% 105% 105% 105% 3.57



Accumulated volume (m3)

30000 -

25000 -

20000 -

15000

10000 -
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Settling basin :

sediment mass curve

4.2

=9000m?3 /

Dimensions of basin :—

Months of mean year

Bed width = 38.00m
Length = 200m
Side slope =1in 2
Depth =2.7m



(i) Settling Basin Design

The design method for the settling basin is described in Chapter 4, Annex 5 of
the Supplementary Study where the computer program 'BUNKER'based on TR Camp's
method has been used to calculate the volume of sediment trapped for various
sizes of basin. For alternatives A and B, the optimum size of basin was found to
have a bed width of 36 m, side slopes of 1 in 2, length of 200 m and a maximum
water depth of 2.7 m. The optimum size is determined by the requirement that 99%
or more of all sediment of 0.06 mm diameter and larger must be trapped.

The water level in the main canal will fluctuate throughout the day, therefore
the water level in the settling basin will also fluctuate. The size of the basin
has been checked for minimum water level as well as maximum and has proved to be
sufficient for both cases. -

The results from the computer analysis for the chosen size of settling basin
have been plotted in Figure 4.2 which shows the monthly accumulation of sediment
in the settling basin. The dredging rate of 2 216 m3/month is calculated as the
rate sufficient to prevent any long term build_up of sediment in the settling
basin. From this the required storage of 9 000 m> is determined as the maximum
difference between the monthly dredging rate and the monthly accumulation of
sediment. This storage is required to allow the basin to operate at design
efficiency at all times and is easily provided by the selected size of settling
basin.

(j) Dredging Requirement

The settling basin has been designed such that all the sediment except the wash
load (less than 0.06 mm diameter) passing into the canal system will be
deposited in the basin. The main canal and distributaries have been designed so
that little sediment should settle out along their length and so it is assumed
that all the sediment passing through the settling basin will settle out in the
storage reservoirs. This can be considered as an over estimate since some of the
finer sediment sizes will remain in suspension. The quantity of sediment passing
into the storage reservoirs can be determined using the sand, silt and clay
proportions of the total load passing into the. canal system as determined in the
Supplementary Study,

I.e. 32.5% sand
37.8% silt
29.7% clay.

It is assumed that all the sand (32.5%) is deposited in the settling basin and
this quantity is given in'BUNKER'. From this, the proportional quantities of the
total silt and clay loads are determined and the difference between this total
and that settling in the basin is a measure of the load passing through the
settling basin and being deposited in the storage reservoir. This volume is
estimated at 14 500 m?> per annum so that a maximum depth of 0.09 m per annum
will settle out in the storage reservoirs of alternatives A and B. Thus the
intake channel, settling basin and storage reservoirs will all need dredging to
maintain the designed flow or volume.



Two methads are proposed
1. Dragline

One dragline operating from opposite banks with a boom length of 20 m is
suffi cient to cover both the intake channel and settling basin. These would
be required from the start of the project.

2. Flosating Grab Dredger

A floating grab dredger as proposed In the Supplementary Study would be
needed to dredge the large areas of the storage reservoir, however, a smaller
grab bucket (0.35 m> compared with 0.50 m?) could be used since the dredging
rate required has been halved. As all the storage reservoirs have been over
excavated to depths greater than 1.4 m to provide additional fill for the
canal earthworks, there is sufficient dead storage in the reservoirs to
delay the purchase of the floating grab dredger until year 15 (15 years x
0.09 m/year = 1.35 m).

() Sprinkler Pump Station

The sprinkler pump station is required to supply the pilot overhead irrigation
area of 122 ha. Each overhead irrigation unit (40.8 ha net) has a design
discharge_requirement of 70 l/s giving a required capacity for the pump station
of 0.21 m?/s. Two diesel engined pump units are recommended and a layout for the
proposed pump station is shown on Plate Nr 7. The sprinkler pump station for
alternative B Is located near the end of distributary canal C2.

m Sprinkler Storage Reservoir

The overhead irrigation serea Is intended ss a pilot scheme for the possible
future use of sprinklers, The system should therefore be as flexible as
possible. A small storage reservoir constructed near the end of distributary
canal C2 from which the sprinkler pump station can draw its water Is
recommended. It will enable the overhead irrigation system to operate either at
night or during the day. The required size of reservoir is calculated as
follows:- -

Peak storage volume (m?) = 0.2 x 3600 x 12
= 9072 m? for 12 hours Irrigation

A storage depth of 1.2 m requires a reservoir area of 7 560 m2.

4.3 Drainage System
4.3.1 General

The drainage systems in both alternatives A and B were selected so that the need
for pumped drainage was reduced to the minimum. This required selection of the
irrigated area so that low lying areas were avoided wherever possible. Thus in
both cases, only one pump station is used and the low lying land in the southern
part of the project area of the Supplementary Study has not been included.
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In the design of the system the same surface drainage rates reported in the
Supplementary Study were used.

i.e. overhead irrigated areas 3.5 1/s/ha
surface irrigated areas 1.5 1/s/ha
The minimum bedslopes were taken as:
unit drains 0.05 m/km
collector
main collector and 0.10 m/km

outfall drains

The drainage system has been designed to dispose of the water through the
western flood bund using pipe culverts with flap gates. The area to the south-
west of this flood embankment is sufficiently low to permit the drainage water
to flow away by gravity from the project area, eventually joining the existing
farta system which connects into Dhesheeq Waamo (see Supplementary Study,
Annex 5, Chapter 1, Figure 1.1). However, there is a critical area between the
western flood bund and the marine plain where the ground levels dictate the
minimum bed levels possible at the outfalls of the drains at the western flood
bund. A minimum bed level of 6.3 m was taken in both alternatives and this was
considered sufficient to be able to dispose of all the drainage water. Wherever
possible natural drainage channels have been used although in some cases these
channels require to be excavated to the necessary bed levels. These additional
earthworks have been included in the earthworks' quantities for the drains. The
water levels west of the western flood bund which will occur during the
operation of the flood relief channel were not used in the design of the surface
drainage system since the peak discharges in the drainage system occur in the gu
season whilst the flood relief channel normally operates only in the der season.

4.3.2 Alternative A

The basic layout of the drainage system is very similar to that of the
equivalent area in the Supplementary Study. The Mogambo Qutfall Drain has
however, been re-aligned to flow along the southern end of the project area and
through the western flood bund. The pump station location has also slightly
changed to allow for the re-allgnment of the outfall drain The design discharge
of the drainage pump station is 0.66 m 3 /s with a static lift of 1.28 m.

4.3.3 Alternative B

The design of the drainage system follows the same principles as alternative A.
However, the drains are all of smaller capacities and greater use is made of the
natural channels. The lowest areas were identified in the design and two small
collector drains were used to connect these areas (collector drains D1/2 and
D1/2.1). Flow in D1/2 was then pumped into drain D1. The pump station discharge
was thus reduced to 0.39 m3/s with a static lift of 0.58 m.

The earthworks and design data for the drains are given in Appendix VII in the
form of computer printouts.



4.4 Fload Protection Works
4.4.1 The Need for Flood Protection Warks

Flooding within the project area mainly occurs when the flood escape at Bulo
Yaag is in operation. The escape Is used at times of high water level in the
river to reduce the river flow. The water levels downstream of the escape are
thus reduced and the banana plantations adjacent to the river are given
protection from the rising flood water.

Two possible proposals for flood protection works were discussed in the
Supplementary Study:-

(a) Rehabilitate the flood escape structure and enlarge and extend the
channel so that it can pass 100 m2/s through the project area to the
western drainage system.

(b) Close the escape structure permanently and construct a protective
embankment adjacent ta the river. :

The Supplementary Study recommended that the escape structure be kept open
because of the difficulty of constructing a bund along the river bank through
the banana plantations, and because of the uncertainty concerning the
construction of Bardheere dam.

4.4.2 Alternative A

The proposed fload protection works for alternative A are based on the works for
the full development thus allowing future expansion to the full development to
take place with as few modifications to the works as possible.

The project proposals are therefore as follows:-

() Rehabilitate the flood escape structure and the main road bridge across
the channel, including the provision of bed and bank protection in the
vicinity of the structures, .

(i) Enlarge and extend the flood. relief channel so that it can pass
100 rrsa/s from the river into the drainage system and depressions on the
western boundary of the project area. This work includes associated
embankments on both banks of the channel to contain the flow from the
river up to the point where the main canal passes under the channel
through an inverted siphon. After this point the bank on the north side
of the channel is no longer required and only the channel and the bank
on the south side will be constructed. The northern bank of the flood
relief channel is not required because the land to the north s not
part of the project area for alternative A.

(1) The western flood bund will be constructed along the western boundary
of the project to protect the project area from the flood water
resulting from use of the flood relief channel. The western flood bund
will begin at the end of the flood rellef channel and will run
southwards for about 8.60 km until it reaches the extreme south of the
project area, where it will turn eastwards to join the existing flood
bund. The western bund would be constructed to follow the line required
for the full development so that future expansion to the full
development would not involve realignment of the bund.
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(iv) The existing flood bund adjacent to the banana lands will thus become
redundant and will be removed at places where it passes through the
project area thus providing a source of fill for the canal embankments.

4.4.3 Alternative B

The proposed flood protection works for alternative B are shown on the layouts
and are described below as follows:-

(1) Rehabilitate the flood escape structure and the main road bridge
across the channel, including the provision of bed and bank protection
in the vicinity of the structures.

(if) Enlarge and extend the flood relief channel so that it can pass
100 m?/s from the river into the natural drainage channels and
depressions on the western boundary of the project area. Associated
embankments on both banks of the channel are only required to contain
the flow and pass it under the road bridge. After the road bridge only
the embankment on the south bank of the channel is required to protect
the project area. No bank is required on the northern side and water
will thus flood some areas to the north. The northern bank of the flood
relief channel will have an embankment from the river to the point
where the existing bank ends.

(i) The western flood bund will be constructed along the western boundary
of the project area to protect the project from flood water resulting
from the use of flood relief channel. The western bund will begin at
the end of the flood relief channel and will run southwards for about
8.65 km until it joins the existing flood bund. The alignment of the
western bund has been determined by following the most direct line (to
reduce the length) and to keep to the highest ground where possible.
Plates Nr 2, 3, 4 and 5 show the location of the flood bund.

(iv) The existing flood bund adjacent to the banana lands will thus become
. redundant and will be removed at places where it passes through the
project area.

4.4.4 Earthwork Quantities for Flood Protection Works

The volumes of cut and fill for the flood relief channel and protective bunds
have been estimated for both alternatives by a computer earthworks program. The
embankments for both alternatives will have a bank top width of 4 m and side
slopes of 1 in 2. Figure 4.3 shows the cross sections of the flood relief
channel and protective embankment.

(a) Alternative A
Flood relief channel bank top level at river (km 0) = l4.6m
Flood relief channel bank top level at end (km 7.5) = 11.0m
Western bund bank top level at start (km 0) = 11.0m
Western bund bank top level at end (km 8.60) = 94m

The bank top level of the existing bund at the point where the western
bund joins it is about 2.5 m.



Estimates of earthwork quantities are given below:-

4

Required Required
Item volume of cut valume of fill
(m?) (m3)
Flood relief channel 244 000 165 000
Western flood bund - 170 000
(b) Alternative B

Flood relief in channel bank top level at river (km 0) = 14.6m
Flood relief in channel bank top level at end (km 5.75) = 114 m
Western bund bank top level at start (km 0) = 11.4m
Western bund bank top level at end (km 8.65) = 9.5m

The bank top level of the existing bund at the point where the western
bund joins it is about 9.9 m.

Required Required
Item volume of cut volume of fill
- (m?) (m?)
Flood relief channel 187 000 108 000
Western flood bund - 114 000

4.5 Operation and Maintenance
4.5.1 General

Good operation and maintenance of the system is essential for the efficient
running of the Project, to prevent loss of ylelds, Increased costs and reduced
income. The same principles applied to the operation and maintenance of the
irrigation and drainage system In the Supplementary Study apply In the
Additional Study. .

4.5.2 Operation of the Surface Irrigation System

Both alternatives A and B have been considered together, and the requirements
for both cases are very similar. The main difference is that alternative A is
based on a 12 hour irrigation period, whereas alternative B is based on a 14
hour irrigation period. Alternative A is designed so that the project area can
be easily. expanded to include areas for sprinkler irrigation which can be
irrigated for 12 hours at night. Alternative B has been designed solely for 14
hours of surface irrigation during the day, and any future development to
include night-time sprinkler irrigation would involve completely separate areas
and pumping stations. (Plate Nr 8). The difference in irrigation period does not
affect the operation of the main canal but allows a shorter overlap period
between the two B hour shifts of the operators on the distributary canals. The
operation of the field irrigation system Is Identical to that in the
Supplementary Study but the labour requirements will be less. The monthly
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TABLE 4.3

Labour Requirements for Field Irrigation

Alternative A 76 surface units 2 052 ha
4 overhead units 163 ha

Crop Rotation 1

Labourers

Month Surface Overhead Total Foremen
January 23 4 27 5
February - - = "
March - w - -
April 76 0 76 13
May 152 2 154 26
June 152 4 156 26
July 118 4 122 21
August 8 4 12 2
September 53 4 57 10
Oectober 105 8 113 19
November 105 8 113 19
December 99 8 107 18
Crop Rotation 2

January 28 4 32 6
February B - - -
March - ~ - -
April 57 0 57 10
May 114 2 116 20
June 114 4 118 20
July 89 4 93 10
August 28 4 32 [
September 57 4 61 10
October 110 8 118 20
November 114 8 122 21
December 72 8 80 14
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TABLE 4.3 (cont.)

Alternative B 67 surface units 1 809 ha
3 overhead units 122 ha
Crop Rotation 1
L.abourers
Month Surface - Overhead Total Foremen
January 20 3 23 4
February - - - A
March - - “ =
April 67 0 67 11
May 134 2 136 23
June 134 3 137 23
July 104 3 111 19
August 7 3 10 2
September 47 3 50 9
October 93 [ 99 17
Navember 93 6 99 17
December 87 (3 93 16 -
Crop Rotatlon 2
January 5 3 28 5
February - - i 5
March - % = L
April 51 0 51 9
May 103 2 105 18
June 103 3 106 18
July 80 3 83 14
August 25 3 28 5
September 51 3 54 9
Octaber 99 6 105 18
November 103 6 ‘109 19
December 65 6 71 12
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labour requirements for both alternatives and crop rotations are listed in Table
4.3. A permanent workforce for all 4 cases can be taken as 100 labourers and 17
foremen and the additional labour necessary at peak times can be recruited from
the agricultural workforce. The build-up for this permanent work force is listed
in Table 4.4.

TABLE 4.4

Build-up of Permanent Labour Requirements

Year Labourers Foremen
1981 = -
1982 24 4
1983 66 11
1984 100 17

The operation of the main pump station is described in section 7.4.1 Annex 5 of
the Supplementary Study.

4.5.3 Operation of the Overhead Irrigation System

The layout of the sprinkler system for alternatives A and B is described in
section 4.2 of the Additional Study. Both areas are small and have only one pump
station each, they comprise :-

Alternative A: 4 irrigation units
Alternative B: 3 irrigation units,

The operation of the sprinkler system is however very simple, being confined to
moving laterals during the day and supervising the operation of the pump
stations at night. This operation is fully described in section 7.3.1 and
section 7.4.2 Annex 5 of the Supplementary Study. _

In alternative B, the sprinkler pump station is supplied with water from a small
storage reservoir. The water for the reservoir comes from distributary canal C2
via a gated pipe requlator. The operation of this regulator can be supervised by
the distributary canal operators (ditch riders) during the day and by the
sprinkler pump station operator during the night. The labour requirements for
the overhead irrigation system have been included in Table 4.3.

4.5.4 Operation of Drainage System

The majority of the project area for alternatives A and B is drained by gravity
and only one pump station is required in each case. The drainage system requires
little operation although the concrete weirs in the bund at the end of each
basin needs to be checked frequently to ensure that they suffer no damage. As
the operation of the drainage pump station is intermittent only one operator
plus a relief operator is needed in each case.
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4.5.5 Maintenance of Irrigation and Drainage System

The maintenance of the system |s described fully in Section 7.6, Annex 5 of the
Supplementary Study. Although it Is intended to use the same methods to dredge
the intake channel, settling basin and reservoirs the grab dredger and split
bottom barge will not be required until Year 15, as there is sufficlent dead
storage in the storage reservoir to accommodate any sediment deposited in this
period. The drag lines should be purchased at the start of the project and can
be used to dredge the intake channel and settling basin from the start of the
project,

4.5.6 Overall Labour Requirements for Operation and Maintenance

The labour requirements for the operation of the irrigation system at field
level are shown in Table 4.5. .

TABLE 4.5

Staff Raqulll'emants for Operation of the Irrigation
and Dralnage System

Location Designation Number of staff
Alternative A Alternative B

Project HQ@ ‘ Irrigation engineer 1 1
Field Irrigation supervisor 1 1
Main pump station Operator 4 4
Sprinkler pump station Operator 2 2
Dralnage pump station Operator 2 2
Main canal requlators Operator 4 -
Distributary canals Ditch riders 14 14
Field units Block supervisors & (3
Fleld units Foreman 17 17
Field units Labourers 100 100

The overall machinery requirements are listed in Table 4.6. This has been
determined in a similar way to that described in the Supplementary Study.

4.6 Costs of Engineering Works

4.6.1 Introduction

All prices, including fuel and oil, are as given in Chepter B of Annex 5 in the
Supplementary Study, together with the percentages of capital costs for spare
parts and materials. Unit rates for the engineering works were based on current
construction data at June 1979 prices.
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Vehicles and Machinery for Operativn anu mamwenance

Item

Bicycles
Motorcycles
Motorcycles
Motorcycle

FWD station wagon
FWD pick up

FWD pick up

Truck (12 ton)
Tipper truck (12 ton)
Tractor and trailer
Dragline

Floating grab dredger
Split bottom barge
Grader

Bulldozer

Low loader

Water bowser
Concrete mixer
Vibrators
Compressor with tools
Mobile workshop

Water pump

Flail mowers on hydraulic arms

Circular saw

TABLE 4.6

Use

Foreman irrigators

Block supervisors

Diteh riders

Irrigation supervisor

Irrigation engineer

Surveyor

General maintenance

General maintenance and transport
General maintenance snd transport
General maintenance and transport
Canal and drain maintenance
Settling basin and reservoirs
Settling basin and reservoirs
General

General

General

General

General

General

General

General

General

General

General

Note: Dredger and barge purchased in Year 15
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The costs for agricultural mechinery, fertilisers and seeds, and the salaries
for all project staff are included in Chapter 7.

4.6.2 Presentation of Costs

Costs have been presented separately for alternatives A and B.

Construction costs have been divided into the proposed 2 year construction
programme and shown in Tables 4.8 to 4.19 for alternative A and in Tables 4.24
to 4.35 for alternative B.

Figures 4.4 and 4.5 show the proposed construction programmes for alternatives A
and B respectively. .

Annual cost schedules for replacement costs, operation and maintenance costs and
total engineering costs sre shown in Tables 4.20 to 4.22 for alternative A and
in Tables 4.36 to 4.38 for alternative B.

Bath economic and financlal costs are given in this section. Total Engineering
economic costs are given in Table 4.22 and the corresponding financlal costs in
Table 4.23 for alternative A and corresponding costs for alternative B in
Tables 4.38 and 4.39.

Replacement costs of major items have been bullt up using capital costs and
expected lifespans as given in Annex 5 of the Supplementary Study.

Table 4.7 gives the unit cost, expected lifespan and numbers of vehicles and
machinery purchased for the operation and maintenance of the project and is the
same for bath alternatives. '

The method of computation of fuel costs for the main irrigation pump station Is
illustrated belaw. -

Main irrigation pump station (alternative A).

The peak demand (in May) is 3.7 m?/s at a pumping head of 6.1 m.

The power output of the pump station for the peak month is = 393.2 kW.
Power absorbed for peak month = 292 Mllkw-th.

The menufacturers quote an epproximate fuel cunlumbtlun of 0.3 litres per kW-
hour output.

Thus:  fuel requirement for peak month = 87 763 litres
cost of diesel for peak month
including 15% for oil and lubricants = 117 076 SoSh

4-20



The fuel costs for the other months in the year are found in a similar manner
and are listed below:

SoSh
January = 9177
F ebrl..lary = =
March = -
April = 62 653
May = 117 076
June = 87 019
July = 65 502
August = 8 227
September = 43 351
October = 36 390
November . = 51 895
December = 48 414
Total annual fuel and oil cost = 529 704 SoSh

All the fuel calculations have been based on a rice/maize cropping pattern. The
fuel and oil costs for the main irrigation pump station will be different for
the rice/rice crop rotation because the irrigation water requirements are
different. It is estimated that the total annual fuel and o0il cost for
alternative A for a rice/rice rotation is 607 867 SoSh and for alternative B is
493 319 SoSh.

4.6.3 Comparison of the Alternative Schemes

Alternative A has a greater total cost than alternative B. This is mainly due to
increased earthworks and canal structures, since the main canal in alternative A
has been designed with a capacity for Phase Il of the project. Likewise the two
siphon underpasses and the main canal structures for alternative A have been
designed to be large enough to allow for future expansion.

Most other costs in alternative A are marginally larger than in alternative B
due to the larger net area of alternative A. It can be seen from the annual cost
schedules that after construction is completed, the recurrent costs of the two
schemes are similar.
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TABLE 4.7

Capital Costs for Operation and Maintenance: Vehicles and Machinery ~ Alternatives A and B

Lifespan Number and year of purchase
{years)

Item

g
T
o5
2

Yearl Year2 Year3 Year4 Year 5

1 1

Dragline :

Grader

Bulldozer (D6)

Low loader

12 ton truck

12 ton tipper truck
Tractor and trailer
Mobile workshop

Water bowser

Concrete mixer
Compressor and tools
Vibrators .

Water pump

Flail mower on hydraulic arm
Circular saw

FWD station wagon (LWB)
FWD pick up

Motorcycles

Bicycles

Floating grab dredger
Split bottom barge
(purchased in year 15)
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4.7 Future Development
4.7.1 Alternative A

Alternative A is designed as the first phase of the development of the full
scheme described in the Supplementary Study, and thus allows future expansion to
the full scheme without requiring major changes to the engineering works. The
layout for the future development is as shown on Plate Nr 26 in the
Supplementary Study.

The main canal structures and earthworks have been sized as for the
Supplementary Study and so no increase in size or alteration to these structures
would be required. However, the pumps in the main pump station have been reduced
for alternative A and so additional pumps and engines would be required for
future expansion. In alternative A, the Mogambo outfall drain has been
positioned to run down the southern boundary of the project; for future
development, this drain would have to be re-aligned and the flood bund in the
south-west corner removed.

4,7.2 Alternative B

The possible future development of the alternative B project area is shown on
Plate Nr 8. This phase II development area of about 4 600 ha is independent of
the phase | area and comprises two parts each fed by a separate pump station.
One area lies to the north of the alternative B phase | area and the second area
to the south of it. The two areas could easily be brought into operation
independently and at different times.

The location of the northern pump station is the same as that of the main pump
station in the Supplementary Study. The main canal from this pump station also
follows the same line as the main canal in the Supplementery Study. The main
pump station for the southern project has been located about 2 km south of Mana
Moofi. The site is thought to be on a stable section of the river, however, this
would have to be confirmed by a field survey. The main canal for the southern
project has been aligned such that it passes through as small an area of banana
plantation as possible, The canal and drain layouts are based on the layouts of
the equivalent areas in the Supplementary Study.

The total developed area is approximately the same as that in the Supplementary
Study with approximately equal areas of sprinkler and surface irrigation;
however areas that have been allocated as villages in the Supplementary Study
have been irrigated in this case. Very few alterations need to be made to the
layout of alternative B. The western flood bund will need to be removed and
rebuilt further west. However the fill from the removed flood bund can be used
for the canal earthworks. The drains from the alternative B project area
discharge into the area that will be used in the future development area.
Although the area is largely for sprinkler, these drains will have to be linked
into the drainage networks of the additional areas.

The areas identified for the future development schemes are listed below:

1) Northern area project
Surface irrigation = 243 ha net
Overhead irrigation = 1 754 ha net
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(2) Southern area project

Surface irrigation = 1350 ha net
Overhead irrigation = 1 265 ha net

4.7.3 Caost Estimates for Future Development

The cost estimates for the future development of alternative A have been taken
as the costs for the full scheme as given in the Supplementary Study less the
costs for alternative A (Phase I).

It is difficult to make an accurate cost estimate for the future development of
alternative B without doing a detailed analysis. However a cost estimate can be
made by considering the costs of the alternative B project and producing & pro
rata rate for surface irrigation and for infrastructural works. To produce a
cost estimate for the overhead irrigation areas pro rata rates have been
obtained from the costs for the overhead irrigation areas given in the
Supplementary Study.

Table 4.40 gives a comparison of the costs for future development for both
alternative A and B.

TABLE 4.40
Comparison of the Construction Costs for the Future Development
of Alternative A and Alternative B. (SoSh '000) .

Alternative Alternative

A : B
Phase It irrigation and drainage
works 81 384 60 128
buildings, services and
equipment 20 519 20 458
total 101 503 B0 586
Phase 13 irrigation and drainage
works 132 911 168 000
buildings, services and ;
equipment ' : 50 177 52 166
total 183 028 220 166
Total development: irrigation and drainage
Phase 1 & Il works 214 295 228 128
buildings, services and
equipment 70 636 72 624
total ' 284 931 300 752
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As expected the costs for the future development of altenative B are greater
than for alternative A. However it must be emphasised that no detailed design
for the expansion areas for alternative B has been done and so cost estimates
are indicative only.

4.8 Effect of Bardheere Dam

Bardheere dam is scheduled for construction in the upper reaches of the Juba
river and provided that funds are available its earliest possible completion
date is 1987. The advantages of the dam are as follows:

(i) There will be no problem of water shortage during the dry months
(February and March).

(ii) The flows in the Juba river will be requlated to eliminate water
shortage in the gilal season and greatly reduce the probability of
flooding in the der season.

(iii) The profitability of development schemes will be increased because of
the reduced need for flood protection and the wider range of crops that
can be grown.

(iv) Allows for the installation of hydro-electric generation which could
provide power for pumping plant along the river.

The greater water control provided by the dam ensures adequate water supply for
the project throughout the year and so enables perennial crops to be grown.
Annex 3 of the Supplementary study discussed the possible range of crops that
could be grown once the dam was completed. The Supplementary Study concluded
that the most suitable perennial crop was bananas. However, bananas should be
grown on levee soils, of which the alternatives A and B have very little. Hence
the dam would not have much effect until future development, when the levee
soils would be included in the project area.

Alternatives A and B are predominently basin soils on which paddy rice is grown.
Since paddy rice is a high value cash crop it would still be grown after the
construction of the dam, but a longer maturity, higher yield variety could be
used.

The most significant effect of the completion of the dam for alternatives A and
B'is likely to be due to the reduction in flood risks in the area. Smaller flood
flows in the Juba river would reduce the rate of change of the river course.
However, the reduction in the river silt load will tend to increase the scouring
effect downstream of the dam. This is likely to be small at Mogambo due to the
natural armouring of the river bed and the distance of the project from
Bardheere. Any scouring that does occur at Mogambo can be mitigated by the
addition of flexible protection at the pump station site and by lowering of the
pump intakes by the addition of extra lengths of pump casing.

Once the dam is complete the flood protection works provided for in alternatives
A and B are largely redundant. However, risk analysis (in Supplementary Study)
has shown that it is unacceptable not to build these flood protection works due
ta possible damage caused by a 1 in 10 year flood. The works could be omitted if
the project was delayed until the dam was complete. The reduction in flood
levels also means that it will be easier to drain the western drains as there
will be lower water levels to the west of the flood embankment.



CHAPTER 5

INFRASTRUCTURE

5.1 Project Headquarters and Village

The project headquarters and village are located about 1 km west of the village
of Mogambo adjacent to the flood relief channel. They are sited on levee soils
because special foundations are not required for buildings constructed on that
type of soil. Expansive solls such as the basin clays in the project area are
not so suitable for construction of buildings because piled foundations would be
required. Good access is provided for the project headquarters by 0.5 km of
surfaced primary road connecting it to the main Gelib-Kismayo road.

A suggested layout for the project headquarters and village is shown in
Figure 5.1. It will be the centre for all administration and operation of the
project and will house the senior and junior management staff. Four village
wards housing 224 workers associated with the project will be located in the new
village built at the project headquarters. The remainder of the workers will
live in the existing villages of Mogambo, Bulo Yaag, Fagan and Mana Moofi.

The location and layout of the project headquarters and village will be the same
for both alternatives A and B.

5.2 Buildings
The buildings to be constructed for the project have been kept to the minimum
requirement so as to keep the costs as low as possible. No community facilities
have been provided.

A list of the buildings to be constructed for both alternatives is given below
in Table 5.1.

TABLE 5.1

Buildings Constructed in the Project

Building Nr Appmxlma(tezunit floor area
m
House Type AA 2 230
House Type A 7 200
House Type B 10 100
Office block 1 545
Workshop 1 900
Stores 1 360
Fuel station office 1 30
Training centre 1 200
Meteorological station 1 -
Security hut for sto {e)s 1 12
Operators' quarterstl 5/4 20

Note: (1) All the buildings listed above, except the operators' quarters are
situated in the project headquarters. The operators' quarters are
located at pump stations and regulator groups. 5 Nr are required
for alternative A and 4 Nr for alternative B.
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The new village housing for the labourers will be constructed under a self help
scheme with materials and assistance provided by the Contractor. It is intended
that with this assistance and with guaranteed jobs at acceptable rates of pay,
_the labour required for the project will have sufficient Incentive to construct
their own houses In designated plats. Only about half the project work force
will live in the new village housing at the project headquarters, the remainder
will live in the existing villages of Mogambo, Bulo Yaag, Fagan and Mana Moofi.

No community buildings such as schools, clinics, shops and mosgques will be
constructed under the main civil works contract; these will be the
responsibility of the relevant governmental agencies concerned or as in the case
of shops will be undertaken by private enterprise. :

A brief description of each type of building to be constructed by the project is
given below :-

(a) Management Housing

Sketches of the 3 types of management staff housss are given in Chapter 6 of
Annex 5 of the Supplementary Study. The general manager and the deputy general
menager are to be accommodated in Type AA houses and the remainder of the senior
executive management will have Type A houses. Junior executives will be
accommodated in the Type B houses.

(b) Village Housing

A sketch of the proposed layout for the village houses is given In Chapter 6,
Annex 5 of the Supplementary Study. The layouts and descriptions of the
neighbourhood groups and village .wards are as detalled In the Supplementary
Study.

(c) Office Block

A sketch showing the layout of the office block Is given in Figure 5.2. It has a
floor area of 545 m and comprises 16 rooms, a conference room and toilets.

(d) Workshop

The workshop is located adjacent to the surfaced road connecting the project

headquarters to the main Gelib-Kismayo road. It has a floor area of 900 and a

g?ncmt;shardstandlng area of 200 mé. The layout of the workshop Is shown in
gure 5.3,

(e) Stores

A storage building (size 12 m x 30 m) is required to store seeds, chemicals,
timber and other building materials. There will be an office and toilet for the
storekeeper and clerk.

(f Fuel Station Office

A small office of 30 m2 floor area is required for the fuel station attendant

and clerk. The fuel station yard comprises an area of 300 and should include
a fenced area for storage of fuel and oil drums.

5=2
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(g) Training Centre

The proposed design for the training centre is as shown in Chapter 6, Annex 5 of
the Supplementary Study. It has a floor area of 200 mZ2,

(h) Meteorological Station

The meteorological station will include a rain gauge, anemometer, wet and dry
bulb thermometer and an evaporation pan. It will be located in an open area and
enclosed by a chain link fence.

(i) Vehicle Park

The vehicle park is situated adjacent to the workshop and has a total concrete
hardstanding area of 2 000 mZ of which 500 m2 is covered.

5.3 Roads

A good quality bitumen surfaced road already exists on the eastern boundary of
the project connecting Gelib to the port of Kismayo; a similar quality road
connecting Gelib to Mogadishu is under construction and is due for completion in
1981. These roads will provide the necessary access for transportation of
materials and machinery to the project area.

Access within the project area is provided by the following cateqgories of road
constructed for the project :-

(a) Surfaced Primary Road

The surfaced primary road is provided to connect the main Gelib-Kismayo road to
the project headquarters. Details of its cross-section are as given in the album
of drawings for the Supplementary Study. The length of surfaced road for both
alternatives is 0.5 km.

(b) Primary Road

The primary road will be a graded earth road with a width of 6.0 m on a minimum
embankment height of 0.15 m. It is required to provide access into the project
area.

The primary road for alternative A runs from the project headquarters to the
main canal and then runs adjacent to the west bank of the main canal. Its
approximate length is 7.2 km.

The primary road for alternative B runs from the project headquarters to connect
with the access roads which run parallel to the main collector drains. Another
section of the primary road for alternative B runs parallel to the main canal to
connect the main Gelib-Kismayo road to the access roads running adjacent to
drain D1 (see Plate Nr 2). The approximate total length of both sections of
primary road is 3.2 km.
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(c) Access Roads

The access roads are generally provided on both sides of the drains and will be
the main access routes within the project area. They will be formed from
material excavated within the drains and will be on embankments with a bank top
width of 6 m. The earthwork quantities for the access roads have been estimated
from the computer printouts for the drains.

(d) Inspection Roads

The inspection roads are provided on top of main and distributary canal
embankments. They are generally for inspection and operation and maintenance of
the canals and will not be heavily trafficked. In fact, the use of these roads
by general traffic should be discouraged to limit damage to canal banks. Both
banks of the main canal have a bank top width of 5 m and thus there will be an
inspection road along both banks. There will, however, only be an inspection
road on one embankment of the distributary canals, the bank top widths being 4 m
and 1 m, respectively.

(e) Unit Roads

The unit roads are graded earth roads at ground level which have a minimum width
of 4.5 m. ;

5.4 Power and Water Supply
5.4.1 Power Supply

Electric power is required to supply the buildings and the electric pumps for
the potable water supply In the project headquarters. Two 400 kVA generators.
were required for the project headquarters In the Supplementary Study, however
the majority of this requirement was for the grain dryer and rice mill. No grain
dryer or rice mill has been proposed for this Additional Study and so the power
requirements can be greatly reduced. Figure 5.4 shows a suggested layout for the
project headquarters generator house that is recommended for both alternatives.
Two 100 kVA diesel driven generator sets are required. '

5.4.2 Water Supply

The potable water supply for the project headquarters is as proposed for the
project headquarters for the Supplementary Study. The system should supply water
to each management house and to each of the 56 neighbourhood groups of the
village housing area as well as to all project buildings. One 10 I/s electric
submersible pump and one 70 m> elevated storage tank are required. The cost
estimates _have been based on the costs for a system using groundwater, however,
the availability of sufficient quantities of potable groundwater must be
confirmed by further tests on site.
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CHAPTER 6
ORGANISATION AND MANAGEMENT

6.1 Form of the Project

Various forms that the project could take were discussed in the Supplementary
Study namely :-

(a) A state farm

(b) A farm corporation

(c) A settlement scheme for smallholder tenants
(d) A group farm.

The recommendation for this Additional Study (as for the Supplementary Study) is
to adopt a state farm Incorporating a strong centralised management. This would
have the advantage of providing strict control on the operation of the farm, the
timing of agricultural operations, the organisation of agricultural machinery
and the type of crops grown.

However, it must be emphasised that a settlement scheme for smallholder tenants
provides a greater incentive to work because a farmer has a plot of land which
is his by right instead of being part of a large paid labour force.

The engineering designs for this Additional Study have been based on the state
farm concept but there is no major feature of the designs which would preclude
the development of the project as a settlement scheme. Each farmer could be
allocated an area of 2 to 4 ha and groups of farmers could work collectively
within an irrigation field unit to perform such tasks as priming and supervising
siphon pipes and moving laterals.

The settlement scheme option would still necessitate centralised control of the
irrigation system and a pool of agricultural plant. The farmers would have to
pay charges for water and for hire of machinery and equipment. They would also
purchase the farm inputs (seed, fertiliser etc) from the farm management and
market their produce through this management.

To summarise, it is considered that the project should start as a state farm but
could change to a settlement scheme if desired at a later date when the
organisation of the project had been established.

6.2 Labour Availability

The Supplementary Study discussed the problems of finding the required numbers
(peak requirement 2 450) of labourers from the surrounding villages. The labour
requirements for this smaller alternative development are much lower and no
problems are envisaged. The recommended smaller development (alternative A/2)
has an unskilled labour requirement of 420 and a semi-skilled labour requirement
of 190. Most of these labourers should be available locally but some of the
semi-skilled labourers such as machine operators and ditch riders will have to
undergo some basic training.



6.3 Mogambo Farm Organisation

It is proposed that the Mogambo Farm Board be established as described in the
Supplementary Study. The board members would represent the Ministries of
National Planning, Agriculture, Livestock and Industry and the Juba Valley
Development Authority (when established). The chairman of the board would be the
General Manager of the Mogambo project (Figure 6.1).

The organisation of the Mogambo state farm at the operational stage once
implementation has been completed would be as shown in Figure 6.2. Only one farm
manager Is required for the smaller alternative development as compared with
the four farm managers proposed in the Supplementary Study for the full
development. -

The farm organisational structure is shown in Figure 6.3. Differences between
the structure proposed for this Additional Study (both alternatives) and the
structure proposed In the Supplementary Study are given below :-

(a) One farm manager as opposed to four.

() No crop processing or seed processing managers are
required; this will be carried out by the Agricultural
Development Corporation.

(¢)  No headquarters agriculturalist Is required; only an agronomist
and a field agriculturalist.

(d) No field inspectors are required.

6.4 Project Staffing

A full list of the project staff requirements Is given In Table 6.1, showing the
build-up through the implementation phase to the final operational requirements.
A description of the key posts is given In Chapter 3, Annex 6 of the
Supplementary Study.

It is proposed that some key posts are occupled by sultably qualified
expatriates during the implementation stage because suitably experienced persons
are unlikely to be available in Somalia at this time. It is intended that after
3 or 4 years these posts will be filled by Somali personnel who have been
trained by the expatriate personnel.

;hgfosp?u which would Initially be filled by expatriate staff are listed In
8 e L] L]



TABLE 6.1

Project Staffing (alternatives A and B)

Designation Grade Year Notes
1 2 3 4 5

General manager SE 1 1 1 1 1

Secretary to

general manager PA 1 1 1 1 1

Internal auditor JE - 1 1 1 1

Audit clerks C - 1 1 1 1

Chlef accountant SE* - 1 1 1 -

Chief accountant JE - - - - 1 (i)

Secretary PA - 1 1 1 1

Assistant accountants JE - 1 1 1 1

Accounts clerks G - 1 2 3 3

Administrative

manager SE* 4 1 1 & -

Administrative

manager JE T . | (i)

Secretary PA -1 1 1 1

Clerks | - 1 1 1 1

Training officer JE - 1 1 2 2

Personnel manager JE i 1 1 1 1

Secretary PA - 1 1 1 1

Clerks C - 1 1 1 1

Office manager JE - 1 1 1 1

Clerks & 1 1 2 2 2

Watchmen L 2 4 8 8 8

Drivers SL 5 8 8 8 8

Building maintenance SL - 1 2 2 2

Deputy general manager SE* 4 1 1 1 -

Deputy general manager JE T | (i)

Secretary PA - 1 1 I 1

Agronomist SE* - 1 1 - -

Agronomist J -1 1 - -

Agriculturalist JE - 1 1 1 1

Secretary PA - 1 1 1 1

Stores T - - 1 1 1

Mechanisation

specialist SE * -1 1 - - (it)

Workshop manager T* - 1 1 - - (ii1)

Workshop mechanics/

tradesmen T - 5 10 10 10

Mobile workshop

mechanics T - - z 4 2

Workshop labour SL - 5 10 10 10

Storekeeper i - 1 1 1 1

Fuel pump attendant T - 1 1 1 1

Clerks & - 1 1 1 1

Irrigation engineer SE* - 1 1 - -

Irrigation engineer JE - - -~ 1 1 (i)



TABLE 6.1 (cont.)
Project Staffing (alternatives A and B)

Designation Grade Year : Notes
' T AR TR

Surveyor

Pump operators
Pump mechanics
Canal maintenance
foreman

Canal maintenance
labour

Plant operators
Assistant operators
Drivers

Clerk

Power station attendants
Power station mechanics
Water treatment works
attendant

Farm manager

Farm manager
Mechanisation
supervisor

Irrigation supervisor
Block supervisors
Gate operators
Storakeaper
Assistant storekeeper
Clerks

Watchmen

Foreman irrigators
Ditch riders
Agricultural and
irrigation labour
Machinery operators
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Notes: * Indicates expatriate-
(i)  Somali replacement for axpatrlata
(if) Mechanisation specialist not replaced
(iii) Workshop manager replaced by Somali mechanic
(iv) These numbers are for case A/2
SE - Senior executlve
JE - Junior executive
PA- Personal assistant
C - Clerk
T - Technician
S - Supervisor
SL - Skilled labourer
L - Labourer



Mogambo- Farm 6.1
Board

MOGAMBO FARM BOARD

MINISTRY OF AGRICULTURE
MINISTRY OF NATIONAL PLANNING
MINISTRY OF INDUSTRY
MINISTRY OF LIVESTOCK, FORESTRY AND RANGE

JUBA VALLEY DEVELOPMENT AUTHORITY

:— PROJEC_T- —||_ GENERAL MANAGER  _ _||_ LOAN '
~ 7| (CHAIRMAN OF BOARD) AGENCIES
{ CONSULTANT | Rsiagli sl

FARM
OPERATIONS
( Figure 6.2)



Organisation of

6.2

Mogambo Farm:
Operational stage

MOGAMBO
FARM
BOARD

GENERAL
MANAGER

DEPUTY GENERAL

MANAGER
(OPERATIONS )
CHIEF ADMINISTRATIVE
ACCOUNTANT MANAGER
H mamine ]
—[ PERSONNEL |
STOCK || communiTy
SERVICES
L[PHOCUHEMENTJ
FARM
AGRONOMIST MANAGER IRRIGATION ENGINEER
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TABLE 6.2

Expatriate Staff Requirements

Year
Designation

bt
N
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Deputy general manager
Chief accountant
Administrative manager
Agronomist

Irrigation engineer
Farm manager -
Mechanisation specialist
Workshop manager -
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6.5 Research

An important aspect of the organisation of the project is the need to set up a
research programme to develop the best methods for operation of the overhead
irrigation system. Overhead irrigation is fairly new to Somalia and by
incorporating a small pilot area within the project area for both alternatives
A and B it will be possible to develop the necessary expertise and improve the
level and skills. Experiments with day and night irrigation and with different
lateral spacings and sprinkler spacings can be carried out. This research will
prove very useful when more extensive development of the levee soils occurs and
sprinkler irrigation is required.

6.6 Implementation

It is proposed that expatriate management support be provided during the
implementation stage and a Project Consultant should be appointed to provide:

(a) co-ordination and advice on all aspects of development of the
project;

(b) a project co-ordinator based in Mogadishu who would initially head
a small detailed planning team. This team would later move to

Mogambo to form the basis of the Project Headquarters Management
Team;

(c) a resident engineer and expatriate staff to supervise
construction of the Works on site;

(d) expatriate project staff referred to in Section 6.4.

Figure 8.2 shows the relationship of the Project Consultant and expatriate staff
to the project management structure during the implementation stage.
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CHAPTER 7

ECONOMIC AND FINANCIAL ANALYSIS

7.1 Introduction and Bases for Analysis

The financial and economic analyses have been carried out using the same data
and assumptions as in the Supplementary Feasibility Study with the exception of
market prices for rice and maize which have been calculated as follows:

The price for rice and maize adopted in the Supplementary Study assumed that
dried maize and hulled dried rice was collected by the Agricultural Development
Corporation (ADC) at the project site. In this additlonal study it is assumed
that because of the reduced scale of the enterprise, the project will not have
any processing, drying or storage facilities, and these will be the
respongsibility of ADC. The storage and processing costs detailed in Appendix III
of the Supplementary Study must therefore be deducted from the farmgate product
prices; ADC will itself incur these costs and pass them on to the consumer. The
cost adjustment is as follows:-

TABLE 7.1

Maize and Rice Values

Costs in SoSh
(a) Maize Financial Economic
Price per quintal dried and stored 97 120
Drying and storage costs 0.88 0.73
Net price (rounded) 96 119
(b) Rice
Price of hulled dried rice per quintal 465 346
Therefore value of 0.7 quintal hulled
and dried (equivalent to 1 quintal of paddy) ~325.5 242.2
Processing costs for 1 quintal of paddy 8.2 6.8
Therefore value of 1 quintal of paddy (rounded) 317 235

Otherwise the same production cost and price data and methodology have been
employed.

7.2 Results of Analysis
Tables 7.2 to 7.5 show the 30 year cash flows, at economic prices, for the four
alternatives studied (the supporting data are detailed in Appendices I to V).

The IRR for each alternative has been calculated, and the results are as
follows:-

7=1



Alternative Cropp*;&d Crops IRR

area (economic)
(ha) %
A/l 2 215 rice, maize, cotton 5.43
Al2 2215 rice, cotton 8.94
B/1 1931 rice, maize, cotton 5.27
B/2 1931 rice, cotton B.96

Note: * Includes overhead irrigation area

7.3 Selection of Best Alternative

Alternative B was examined in order to see whether a low cost scheme with no
provision for further expansion would be significantly more attractive than
alternative A. In the particuler case of Mogambo, the upstream location of the’
pump station for alternative A allows some 300 extra hectares to be developed in
comparison with alternative B. The additional production from this area offsets
over a 30 year period, the additional capital costs of slternative A, with the
result that the internal rates of return of alternatives A/l and A/2 are
practically identical to alternatives B/1 and B/2, respectively.

This result is demonstrated in the following table (economic values)

Alternatives Cepital costs Gross margina(l) at
(SoSh '000) full development
(SoSh '000)
A/l 122 083 13 856
B/1 100 997 11 797
Al2 119 376 17 078
B/2 99 694 14 725

Note: (1) The value of incremental production less total operating costs.

The difference In capital costs between alternative A/l and B/l of some
SoSh 21 million is offset in 10 years by the additional returns to A/l.

Thus, there is no economic advantage to be gained by choosing alternative B, and
alternative A is recommended on the grounds that future development will be made
easier.

Within alternative A, the rice-rice rotation offers clear economic advantages
over the rice-maize rotation, and is therefore the recommended option.

Double cropping rice with a fallow period every fourth season should be possible
technically. If for some unexpected reason, this rotation does not prove
practicable over a period of years, the project can revert to the rice-maize
rotation and still be profitable.
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TABLE 7.3

Alternative A/2 : 30 Year Cash Flow at Economic Prices (SoSh "000)
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TABLE 7.5
Alternative B/2 ; 30 Year Cash Flow at Economic Prices (SoSh *000)
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Section 4.7 discussed the possibilities for future expansion for both
alternatives A and B. The estimated construction costs for the full development
based on alternative A as the first phase are about SoSh 285 million, whereas
those based on the designs for alternative B as the first phase are about
SoSh 301 million. The latter costs are higher because three main pump stations
are required as opposed to one. Alternative A is thus recommended as the
preferred option.

Summaries of the capital costs and operating costs for the recommended
alternative, A/2, are given in Tables 7.6 and 7.7, respectively.
TABLE 7.6

Summary of Capital Costs for Alternative A/2
(SoSh '000)

Item Local Foreign Total
currency  currency

Land preparation 6 415 6 414 12 829 (13 471)
Irrigation and drainage system 22 685 31 745 54 430 (60 525)
Buildings and services 5 598 11 360 16 958 (20 349)
Operation and maintenance

vehicles and machinery 500 4 505 5 005 (5 756)
Agricultural machinery 1247 11 221 12 468 (12 468)
Engineering design and

supervision of construction 3242 6 022 9 264 (10 653)
Physical contingencies 2 948 S 474 8 422 (9 431)
Total 42 635 76 741 119 376 (132 653)

Note: Costs are 1979 economic costs and do not include taxes or duties.
Financial costs are shown in parenthesis. :

TABLE 7.7
Summary of Operating Costs for Alternative A/2
(SoSh '000)
Item Total cost for
30 years project life
Replacement of agricultural items 48 246
Replacement of engineering items 30 589
Agricultural inputs 155 621
Project staff 94 263
Fuel, oil and spares 119 477
Total 448 196

Note:  Costs are 1979 economic costs.
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TABLE 7.8

Alternative Af/2 : 30 Year Cash Flow at Financial Prices (SoSh *000)
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7.4 Financial Results and Foreign Exchange Flows

Table 7.8 presents the projected 30 year cash flow for alternative A/2 assuming

financial values derived as detailed in Appendix VI. The internal financial rate
of return has been calculated at 13.45%. This substantial increase over the

economic return is due to the higher financial price for rice. (Financial = SoSh
317 per quintal, economic = SoSh 235 per quintal.)

The foreign exchange flows are listed in Table 7.9. Considering these flows
only, the project has an economic rate of return of 17.41%, i.e. considerably
more foreign exchange is saved by agricultural production than s spent in
capital and operating costs.

7.5 Economic Indicators
Table 7.10 lists the results for the calculation of various economic indicators,
as defined in Chapter 8, Annex 7 of the Supplementary Study. The Somali
Development Bank charges 6% interest on long term loans to agriculture,
therefore this rate has been used to calculate the economic indicators.

TABLE 7.10

Economic Indicators for Alternative A/2, Assuming Economic Values

Break even point Year .13
Benefit stream discounted at 6% (SoSh '000) 327 391
Cost stream discounted at 6% (SoSh '000) 288 846
Benefit/cost ratio 1.15
Net present worth at 6% Interest (SoSh '000) 38 545
30 year non-discounted value added (SoSh '000) 242 418

30 year non-discounted foreign exchange savings (SaSh '000) 361 466

7.6 ' Sensitivity Analyses

Teble 7.11 presents & range of sensitivity analyses similar to those in the
Supplementary Study.

TABLE 7.11
IRR of Alternative A/2 under Various Assumptions :
IRR %
1. Economic values - Table 7.3 8.94
2. Financial values - Table 7.8 13.45
3. Foreign exchange flows - Table 7.9 17.41
4. As 1, but foreign exchange upvalued by 50% 11.17
5. As 1, but capital costs increased by 20% 6.00
6. As 1, but operating costs increased by 20% 6.54
7. As 1, but output decreased by 20% 3.50
8. As ], but cutput delayed 2 years 5.50
9. As 1, but all costs up 20% and output decreased by 10% 1.94
10. As 1, but all costs decreased by 10% 11.45
11. As 1, but output increased by 10% 11.22
12. As 1, but all costs decreased by 10% and output increased 10% 13.74



7.7 Conclusions

The selected alternative, A/2, can be considered both economically and
financially viable. The respective IRR's are 8.94% and 13.45% and with the
Somali Shilling priced at its true open market value the economic IRR rises to

11.17%.

Increasing either capital or operating costs in real terms by 20% drops the
economic IRR to around 6% and a 20% reduction in output reduces it to 3.5%.
Thus, the economic viability of the project is reasonably resilient to adverse

circumstances; even the worst case considered likely, in which all costs rise by
gﬂ% and returns drop by 10%, still results in a positive economic IRR of some
%.

Cost decreases or output increases of 10% raise the economic IRR to over 11%,
and a combination of the two circumstances lifts it to 13.74%.

The project generates substantially more foreign exchange than it costs, which

is an important consideration in view of the national balance of payments
situation.

7=l



CHAPTER 8
IMPLEMENTATION

8.1 Introduction

The recommended smaller project development is alternative A/2 comprising of
2 052 ha of surface irrigated rice with an annual intensity of 150% and 163 ha
of overhead irrigated cotton. This is the recommended alternative because of its
high internal rate of return and minimum cost for future expansion.

The implementation of a complete project such as the Mogambo irrigation project
normally involves three separate parties:-

(a) the Project Authority

(b) the Project Consultant

() the Contractor executing the works.
The Project Consultant may be assisted by sub-consultants and other specialists.
There may well be more than one contractor as well as others participating in
the execution of the works.

Implementation concerns the organisation of three basic activities:-

(a) Setting up the Project Authority's organisation which will
ultimately operate and maintain the project.

(b) The engineering construction
(¢)  The agricultural planning and execution.

The project objective is a fully operational state farm and in order to achieve
this it is essential that all three organisational activities grow together,
This requires the development and bringing into production of part of the area
as soon as possible so that early opportunities for training staff and
operational experience are provided. Thereafter, there must be progressive
development to ensure that shortly after completion of the engineering works,
the whole project area is under production and taken over by the Authority's
organisation. Adopting this procedure will help to ensure an early return on the
large capital investment.

8.2 Programme

A complete programme for the implementation of the works is shown in
Figure 8.1. This incorporates the following activities:-

(a) Establishment of the Project Authority.

() Design and construction of the civil engineering, building and
infrastructure works.



(c) Procurement of:-
(i) = maintenance plant, equipment and materials
(i)  farm machinery and equipment
(iii) seed, fertiliser, spray chemicals, etc.
(d  Agricultural planning and execution, and training of personnel.
Tables 8.1, 8.2, 8.3, and 8.4 show a provisional programme for the progressive
agricultural development of the project area.

8.3 Methad of Implementation

The method of Implementation discussed in the Supplementary Study report
generally applies to this smaller development.

The chief difference in undertaking the smaller development is the shorter
construction period which will require a high standard of construction
management.

The works should be undertaken either by an International contractor or by a
Somali contractor in association with an expatriate management construction team
provided by an International contractor or similer organisation.

The organisation structure during the implementation stage is shown in
Figure 8.2.
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APPENDIX I
DATA COMMON TO ALL ALTERNATIVES

1. Value of Present Production

The gross area of 2 700 ha in alternative A contains approximately half of the
farms located within the 7 500 ha gross of the Supplementary Study. The value of
present production for alternative A has been taken as half that in the
Supplementary Study. The value for alternative B (gross area 2 350 ha) has been
reduced in proportion, as follows:-

Alternative Gross area Value foregone (SoSh '000)

(ha)
Yrl Yr 2 Yr 3 onwards
A 2 700 182 370 552
B 2 350 158 322 480
2. Engineering Labour

The engineering and irrigation labour costs have been recalculated and have
proven to be very similar for all cases (irrigation casual labour is included in
the agricultural costs, not in this section). For simplicity all cases use the
same values.

Table I-1 shows the cost details.

3. Administration and Overhead Labour Costs

These have been recalculated and are shown in Table 1-2.

4. Non-attributable Capital Costs
As in the Supplementary Study, the capital cost of the flood relief channel and

associated siphon has been excluded from the analyses since this structure will
benefit other downstream farmers.

I=1



Rate
(SoSh/Year)
380 000

21 600

10 800

9 600
8 400
6 000

3 750Q1)
2 500(1)

TABLEI -1

‘Engineering/Irrigation Labaur Costs

Grade

Year

Senlor executive
(e xpatriate)

Junior executive
(Somali)

Technician/personal
assistant

Supervisor
Clerical
Skilled Iabour

Total cost, excluding
unskilled labour
(SoSh '000)

Numbers of unskilled
labour

Total financiel

cost (SoSh 000)

Total economic
cost (SoSh 000)

N = =~

529

3

3

w o= = &

610

8

&

Numbers/year .

& = = B

316

" Note: (1) Unskilled labaur rate at financial and economic prices.

Source Table 6.1

359



TABLE I

-2

Administration/Overhead Labour Costs

Rate Grade Year
(SoSh/year)

380 000 Senior executive
(expatriate)

250 000 Junior executive
(expatriate)

30 D00 Senior executive
(Somali)

21 600 Junior executive
(Somali)

10 800 Technician/
personal assistant

8 400 Clerical

6 000 Skilled labour
Total cost
excluding unskilled
labour (SoSh '000)

Numbers of
unskilled labour

3 750)  Total financial
cost (SoSh '000)

2 500(1) Total economic
cost (SoSh '000)

470

478

475

14

2172

2 187

2 182

Numbers/year
3 4
4 2%
1 “
1 14
5 5
19 19
8 10
20 20
2300 1512
8 8
2330 1542
2320 1 532

Note: (1) Unskilled labour rate at financial and economic prices.

Source: Table 6.1.

5
onwards

19
10

629

659

649
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SUPPORTING DATA FOR ALTERNATIVE A/l



TABLE Il -1

Agricultural Implementation Schedule (ha)

Year 2 3 4 5
onwards
Crop Gu Der Gu Der Gu Der Gu Der
Paddy rice - - 459 - 1 431 - 2 052 -
Maize (surface) - 216 - 918 - 1377 - 1458
Cotton - . 163 - 163 - 163 - 163

b i |
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Q)

)

Crop

Financial
Rice-paddy
Maize-surface

Cotton-hand
Total

Economic
Rice paddy
Maize-surface

Cotton-hand

Total

TABLE II - 4
Agricultural Direct Input Costs

Including Aerial Sprays
(SoSh "000)

Cost/ha

1 789
1 009
1 563

173

1474

II-4

218
255

a7

- B

447

Year

821
926
255

2 002

881

1 916

2 560
1 389
255

4 204

2 480
1 322

4 042

onwards

3671
1471
255

5 397

3 556
1 400

519



Rate
SoSh/yr

380 000
21 600
10 800

9 600
8 400
6 000

3 7501)

2 sop(l)

Note:

TABLE Il -5

Agricultural Labour Costs

Grade

Year 1

Senior executive (expat)
Junior executive

Technician/personal
assistant

Supervisor
Clerical
Skilled labour

Total cost excluding -
unskilled labour (SoSh '000)

Numbers of unskilled labour

Total financial cost
(SoSh '000)

Total economic cost
(SoSh '000)

2

1 257

104

1 647

1 517

Numbers/year
3 4
2 4
3 44
53 77
15 23
2 2
2 2
1570 1 368
222 325
2403 2587
2125 2181

(1) Unskilled labour rate at financial and economic prices.
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TABLEI - 6
Calculation of Agricultural Unskilled Labour Requirements

Crop J F M A M g 8 IO N D
() Man days per ha
Paddy rice - - - A b RS+ - "
Surface maize 3 - - - - - - - 4 6 6 3
Cotton-hand » D e Ry 9 TR RS T S R
(b) Men required per month (assuming 24 days/month)
Year ha
2 Rice 0 - - = .- - - = = - -
Maize 216 - - - - - - = 36 54 54 .27
Cotton 163 Fir | e e e - - 20 3 40 77 102
Total BT S S e 20D SRR (Bl 129
3  Rice 459 & re L IRaN 980 OS98I 19 e - -
Maize 918 o AR g N - - = 153 230 230 115
Cotton 163 238 156 48 - - - =~ 20 3B & 27 102
Total 265 156 48 38 96 96 9 97 206 270 257 217
4 Rice 1431 - - - 119 2% 298 298 239 6 - - -
Maize 1 377 1y e - - - - - 230 344 344 172
Cotton 163 28 156 48 - - - - 34 40 27 102
Total ° 353 156 48 119 298 298 298 259 324 384 371 284
5 Rice 2 052 - - = 171 428 428 428 342 BS - - -
Maize 1 458 172 - - - -« - - - 243 365 365 182
Cotton 163 228 15 48 - .« - - 20 34 40 27 102
Total 410 156 48 171 428 428 428 362 363 405 392 284
6 Rice 2052 - - = 171 428 428 428 342 B6 - w -
Maize 1 458 182 = = _Et - o - 243 365 365 182
Cotton 163 28 156 48 - - ~ 20 354 4 Z? 102
Total 420 156 48 171 428 428 428 362 363 405 392 284

(¢) Annual labour requirements in excess of basic labour force assumed

Year Basic labour force Extra man months Extra man months Total man years

assumed (men/year) required required required
2 100 29 2 102
3 200 215 18 218
4 300 232 19 319
S 370 271 22 392
6 370 281 23 393
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TABLE II - 10

Machinery Requirements to Project Maturity

Tractors

150 hp crawler
110 hp 4 wheel drive
75 hp 2 wheel drive

Implements

Chisel ripper

Soil saver plough
Dise harrow

Land plane
Fertiliser broadcaster
Combine drill
Inter-row cultivator
Border disc

Flail

Trailer - 10 tonne .
Trailer = 5 tonne

Harvesters

Combine harvester units
Maize headers

Rice headers and threshing
mechanliams

Operators

N AN b s b et D e Bt
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TABLE Il - 11

Agrlcultural Machinery Capital and Replacement Costs (SoSh '000) Case A/l

19 23 2

17

1a

Number purchased per yosr
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hisel ripper

Soll saver
Disc harrow
Fert. spinner
Combine drill
I-R cultivstor
Border disc
Flail
10-T trailer
5-T trailer

Land plane
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Bass harvester
Maize header
Rice hesder
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oo
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~NN

”0d

Ll ]

-

L/Rover LWB
L/Rover SWB

0.6

Hand sprayer

3239 2200 2350 240N ? 659 2 Gal

1518 3200 2513 2310 2785 2835 2616 2713 1142 2412 311 2621

116 24% 4510 Yas6 203 2095

a

w6 4239 37288 44D 2719

TOTAL



APPENDIX III

SUPPORTING DATA FOR ALTERNATIVE A/2



TABLE IIl -1

Agricultural Implementation Schedule (ha)

Year 2 3 A
Crop Gu Der Gu Der Gu Der
Paddy rice - 216 459 918 1215 1539
Cotton - 163 - 163 - 163

ITI=1

5

onwards

Gu

1 593

Der

1 539
163
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Q)

@)

Crop

Financial
Paddy rice
Cotton-hand

Total

Economic
Paddy rice
Cotton-hand

Total

TABLE Il - 4

Agricultural Direct Input Costs
Including Aerlal Spraying

(SoSh '000)
Cost/ha
2
1 789 386
1 563 255
641
1733 374
1 474 240
614

III-4

2 463
255
2 718

2 386

2 626

Year

4 927

255

5 182

&4 773

5013

qnwarda
5 603
255

5 858

S 428
20

5 668



TABLEIII -5

Agricultural Labour Costs

Year 1

Rate Grade
SoSh/yr
380 000  Senior executive (expat)
21 600 Junior executive
10 800 Technician/peﬁoml
assistant
9 600 Supervisor
8 400 Clerical
6 000 Skilled labour
Total cost excluding
unskilled labour (SoSh '000)
Numbers of unskilled labour
3 7501) Total financial cost
(SoSh '000)
2 5001) Total economic cost
(SoSh '000)
Note: (1)

III=b

Z

1 235

79

1531

1433

Numbers/year
4
2 4
3 4%
45 67
15 23
2 2
2 2
1484 1261
186 299
2182 2382
1 949 2 009

Unskilled labour rate at financial and economic prices.

S
onwards

5

23

1190

365

2 559

2 103



TABLE Il - 6

Calculation of Agricultural Unskilled Labour Requirements

Crop 3 F MR Ege AL g0 N D

(a) Man days per ha

Rice-Gu - - - 2 5 5 1 - e g
Rice-Der 5 4 - - - = - - 2 5 5
Cotton » 25 7 3 5 6 4 15

(b) Men required per month (assuming 24 days/month)

Year ha

2 RICB-GU D - - - - - - - - - - - -
Rice-Der 216 R e L e e Ve B R L S
Cotton 163 T o ST £ SRS © - o A Y ) 102
Total AN R e R v el R Uy

3  Rice-Gu 459 RERER N L T O i ¢ 9 L
Rice-Der 918 B8 R e e 19 191
Cotton 238 156 48 - T e A NRY. Y 27 102
Total 283 192 57 38 9% 9 96 97 53 118 218 293

4 Rice-Gu 1 215 PR -y o T R L L S, TR 15 R 1 B R SR
RicesDer 1839 191 153 387 = = ‘a = = o= 128 7321 321
Cotton 163 238 156 48 . - 20 34 4 27 102

~ Total 429 309 86 101 253 253 253 223 85 169 348 423
5 Rice-Gu 1 593 - - = 133 332 332 32 266 66 - - -
Rice-Der 1 539 321 257 64 - - - - - - 128 321 321
Cotton 163 228 156 48 - - - -« 2 M 4 77 2
Total 559 413 112 133 332 332 332 286 100 169 348 423
()  Annual Labour Requirements in Excess of Base Labour Force Assumed
Year Base force Extra man Extra man Total man
: (men/yr) months years years
2 70 79 7 77
3 150 286 32 182
4 250 518 43 293
5 330 346 29 359

III-6
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TABLE III - 10

Machinery Requirements to Project Maturity

Tractors

150 hp crawler
110 hp 4 wheel drive
75 hp 2 wheel drive

Implements

Chisel ripper

Soll saver plough
Disc harrow

Land plane
Fertiliser broadcaster
Combine drill
Inter-row cultivator
Border disc

Flail

Trailer - 10 tonne
Trailer - 5 tonne

Harvesters

Rice combine

Operators

B e = i oy oy

23

III-10
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TABLE III - 11

Agricultural Machinery Capital and Replacement Costs (SoSh 000) Case A/2

27

21

15

Number purchessd per year
13 15
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Hand sprayers

1 478
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622 243 2859 1683 2260 2224 | W2 23]

1161 250 256 2600 ) 7% 1727

1038 2163 3230 2747 1931 2017 1206 2181

46 413 2697 JeDa | 65
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APPENDIX 1V

SUPPORTING DATA FOR ALTERNATIVE B/1



TABLE IV - 1

Agricultural Implementation Schedule (ha)

Year 2 3 4
Crop Gu Der Gu Der Gu Der
Paddy rice - - 459 - 999 -
Maize (surface) - 189 - 783 - 129
Cotton - 122 - 122 - 122

V=1

Gu

1 809

Der

1 296
122



TABLE IV - 2
Volume of Agricultural Production

Year
~ Yield
Crop level 2 3 4 5
(q/ha)
(a) Hectares at each yield level
Paddy rice o] - 459 540 810
30 - - 459 540
35 - - - 459
40 - = - -
Maize-surface 25 189 594 513 -
30 - 189 594 - 513
35 - - 189 594
40 = = - 189
Cotton-hand a2 122 = = %
16 - 122 = -
m - - m -
25 - - - 122
(b) Volume of production (quintal)
Unmilled rice - 11 475 27 ZIo 52 515
Maize . 4 725 20 520 37 260 43 740
Seed cotton 1 464 1 952 2 440 3 050
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Crop

Financial
Paddy rice
Maize
Cotton-hand

Total

Economie
Paddy rice
Maize
Cotton-hand

Total

TABLEIV -4

Agricultural Direct Input Coats

Including Aerial Spraylng

(SoSh 'D00)
Cost/ha
2
1 789 -
1 009 191
1 563 191
382
1733 -
960 181
1 474 180
381

IV-4

Year

821

191

1 802

795
752

1 727

1 787

1308

191

3 286

1731
1 244

3155

5

onwards

3 236
1 308
191

4 735

3135
1244

4 559



Rate
SaSh/yr

380 000
21 600
10 800

9 600
8 400
6 000

3 750(1)

2 500(1)

Note:

TABLE IV -5

Agricultural Labour Costs

Grade

Year 1 2
Senior executive (expat) ~ 2
Junior executive - 3
Technician/personal
assistant & 0
Supervisor 5 6
Clerical - 2
Skilled labour - 2
Total cost excluding
unskilled labour (SoSh '000) - 1235
Numbers of unskilled labour - 74
Total financial cost
(SoSh '000) - 1513
Total economic cost
(SoSh '000) - 1420

Numbers/year
3 4
2 3
3 4%
48 65
15 23
2 2
2 2
1516 1239
187 277
2217 2218
1984 1932

(1) Unskilled labour rate at financial and economic prices.

IV=5

5
onwards

5

23

1190

347
2 491

2 058



TABLE IV - 6
Calculation of Agricultural Unskilled Labour Requirements

Crop INCEIMERREEIE ST LA TS TR N D

(8) Man days per ha

Paddy rice = e e RRe S 5 NS e i
Maize-surface 3 - = - - - - - 4 6 6 3
Cotton-hand 355 23 w7 - - - - 3 5 6 4 15

(b) Men required per month (assuming 24 days/month)

Yesr ha

2 le 0 - - - ” - - - - - -
Maize 189 - - - =R RAT LT 24
Cotton 122 - - = - - 15 25 30 20 76
Total - - - - - - - 15 57 77 67 100

3 Rice 459 - COMNPRRRES . | R L SARL ey & el L - - 3
Maize 783 24 - - - - - - - 131 196 19 98
Cotton 122 178 117 36 - = IS 28 AR e 76
Total 202 117 3 38 96 96 95 92 175 226 216 174

4 Rice 9929 - “

- B3 208 208 208 167 42 - - ~

Maize 1 296 B - - - - - - - 216 324 324 162
Cotton 122 178 117 3% - - - - 15 25 30 20 7
Total 276 117 36 B3 208 208 208 182 283 354 344 238

5 Rice 1809 - = « 151 377 317 317 X2 1 - - -
Maize 1 296 162 - - -« - . - - 216 324 324 162
Cotton 122 17817 36 e = ES - 15 25 30 20 76
Total 340 117 36 151 377 377 377 317 316 354 344 238

(¢)  Annual Labour Requirements in Excess of Based Labour Force Assumed

Year Base Force Extra man Extra man Total man
' (men/yr) months years years
2 70 20 2 72
3 170 153 3 5] 183
4 250 257 21 271
5 320 249 21 341

IV-6



¥ 2 H%IBT 6601 0%

9GS L66T sSlecT 90y

) L L/ L

9 9 9 S
Jeak Jad JN

[AAl A4} [AA ol

96 1 964 1T ¢£8BL 681

608 T 666 6SY -

splemuo

S j £ A

Jeak/saiejoaH

¢L

88

1 JeaA

Jnoge] ,siojeiado Jo uoljeioasdap sapnjox3 (1)

(000 « YSOS)
(000 « USOS)
096 <1 029 91
09z ST 0Z¢ 81

Jeak Jad 180D

1472 L6L
1€ 86L
€9 069
olwouod3l [eloueur 4
(4SoS)

(D&Y Jad 3800

831807 buijeaadQ Aiaujyoepy [einjnoliby

L- Al 38VL

33JON

(91Wwouod3) $3507) [8101

(Te1oueuyy) §3s07) (B0

GMS-13A0Y pue]
gMT-42A0Y pue]

nun

(PUBY) UD110D)

aziew aoe}Jns

aola Apped

doa)

IV=-7



Zs Lwe
ZZ € Lwe
0T ¢ ¢622
ST sS622
gty T BV T
ZZ§ Lwe
Zz¢ Lye
Zs Lme
608 T 666

6T 121
9%6Z 1 9621
6T T2AT
SpJEeMUuUO

S '

Jeak Jod saiejdaH

eI

T

A/ 7AN |

[A/[AR §

Lo

e T
e 1

18s

18

¢

4 ¢4
1444

681"

4 ¢4
[4£9
444
411

FAAN
681
rAAN

Z JE3A

X X x
X X X
X X
X x
X X
X X X
X X X
X X X
X
X X
X
X X

pusy azjew Qo

“uojey uiseg 4pped

(188A48Y 380d)
ierd

jdodsuedy doa)
bupisaadey auiquio)
buibpry

UOIFBA[I[ND MOJ-13U]
buifiiap/buyjueid
buymoussey 3yb1

uojjeayidde
Jasi[i4e 4

bujueld pue
buiosip AaeaH
JoAgs [10S

Jaddya rasiyDn

uonesadg

doi] Aq ‘suojiBiadQ pIald posiusyoap

8 = Al 318VL



L4 B8°¢C
6 £°L
S 6°¢
[enjoe Kioayy
sjuawalinbaJ Jojaea] B30 ]
S 9°¢ 01
8 29 1))
U (AR -
8 <9 -
¢ (A 4 1]
Z AN | 1]
A VAN o1
£ 22 1]}
rA 0°1 1)
4 0°2 1]
% (1 4 Al
£ BT A\
£ VAN | A
|enjoe AJoay) Aep
sjuawadinbay /sdnoH

0s€ €

osL 8

vi8 S

Jeak Jod

pPaJom sinoy [e30]
9 029 1 962 1
4 99 1 608 1
- 719 1 Lze ¢
- LZZ ¢ L2z ¢
00T Lzz LT ¢
ov 65S SOt ¢
08 Ut 1 8IV 1
0L 6 1 LZZ ¢
08 WiL LZZ €
0s £I0 T 608 1
0zt 888 Z 8¢t S
<9 66 1 YA\
06 8y 1 16 T
uoseas (4) (ey)
ul paxJom JBak/3iom
skeQ aw | 0] Baly

00 1
00 1
00s T

Jojaeyy Jad
a[qe[IBAB SJNOH|

ST =
16°0 -
S0 SL -
0°'T o1t
69°0 1]41
BT°0 SL
€8°0 SL
87°0 1)1
Al 1]41
96°0 o1t
9s°0 0st
Im°1 0sT
LL"0 0st
(eY/Y) ._BAH__WH
ndinQ 30 sse[]

juswdojsas( N4 18 paiinbay AJsujyoejy pue $J030BI| JO JaqUINN

oy st
dy o11
dy 0sT

J0j3BJ] JO sse[D)

9Z|BUI-3UIWO])

8914-3uIquio)
auuoj ¢

auuo] gl
sI9[1Bd |

1'eld

Jsip Japdog
JOJBAI[ND MOJ-J3JU]
[114p 3ulquio])
JapeaJlds Jasi[i149 4
aueid pueT]

moldiey asig

ybnojd Jaaes jiog

dia jasiy)

uoljetadQ

IV=9



TABLE IV - 10

Machinery Requirements to Project Maturity

Tractors

150 hp crawler
110 hp 4 wheel drive
75 hp 2 wheel drive

Implements

Chisel ripper

Soil saver plough
Dise harrow

Land plane
Fertiliser broadcaster
Combine drill
Inter-row cultivator
Border disc

Flall

Traller - 10 tonne
Trailer - 5 tonne

Harvesters

Combine harvester units
Maize headers

Rice headers and threshing
mechanisms

Operators

et N et et ot et et 1 et b

23

IV-10

(VR R

NENEHEMNDN- =DM

gub&-

Year

WRARAWNNWMNN W F- -

&N v

53"

"R s

£ 0\
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TABLE IV - 11

Agricultural Machinery Capital and Replacement Costs (SoSh '000) Case B/1

144 21

”

1a

Number purchased per year
] 15

[B]

i}

Unit
price

{SaSh
o)

Item

oND

-0y

-1~

NMND

Ll

oo0

e NO

ocoo

T o -

0.9
217.3
125

150 hp erawler
110 hp & WD
75 hp 2 WD

k- -N-E-N-N-N-N-N-]

CoO=—0~0OOo=00

D0 =mmemmaD=00

- L - -1

[l =A-R-N-R-N-N-T R

- OO OO0 0 -

== 0000000 MN—

OO =0 et et O et ot

OOt Ot oot Ot DO

DO mDam—mO~D0

Co0==0o00000

et l-2-R--R-X-E-T-7-]

——oOo0-~0o00000

T —- OO0~ ~00

LIl I- -

(=N - - L ]

CoOO=00000 M~

[-E-R-E R R-N-Eo XN ]

—-—-O=-0000000

- D=0~ 00

e -l -l -

OO=00~= Q=0

-E-F-R-R_N=-N-N_N-F-F-]

[-R-2-J-N-N-N-N-N-J-R-]

Coo=OoOOoOoOECOMN—~

e i)~ s L

— )t O =

R E@Ny reml

Fert. spinner
5-T trailer

Comhine rill
1-12 cultivatar
Rorder disc

Flail
M-T trailer

Niac harrow
Land plane

Chisal ripper
Soil saver

IV

f
=

~NO M~

N~

NND

~NND

oo

~NO M~

NN

NN

-X-02-]

~NON

~NO

ooo

~NO M~

Lo R Rl

NMND

(=X -2

~NO ™

NMND

Nase harvester ¥91.2 a
10a 1]
& o

Maire header
Rice header

-a

Ny

L]

[-X-]

Lalad

-0

(—R-]

L./Rover SWH

1./Rover LWR

n.é

Harul sprayer

2031 303 2052 2188 2082 214l 2097 1791 2181

924

1116 23% 3724 2703 1346 2017 1482 2508 |1 683% 2007 2686 2244 2048 2187

0

656 4 0¥ Y05 2%l 7120

TOTAL
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SUPPORTING DATA FOR ALTERNATIVE B/2



TABLE V -1

Agricultural Implementation Schedule (ha)

Year 2 3 4
Crop Gu . Der Gu Der Gu Der
Paddy rice - 189 459 972 1188 1 215
Cotton - 122 - 122 - 122

1 404

Der

1377
122
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(1) Financial

(2)

Pac_ldy rice
Cotton-hand

Total

Economic
Paddy rice

Cottur_i-hand

Total

TABLE V - 4

Agrlcultural Direct Input Caosts
Including Aerial Spraying

(SaSh "000)
Coat/ha
2
1789 338
1 563 191
529
1733 328
1 474 180
508

2 560
191

2 751

2 480
180

2 660

Year

4 299
191

& 450

4 164
180

4 344

onwards
4_ 975
191

5 166

4 819
160

4 999



Rate
SoSh/yr

380 000
21 600
10 800

9 €00
8 400
6 000

3 750(1)

2 soo(1)

Note:

TABLE V -5

Agricultural Labour Costs

Grade

Year 1

Senior executive (expat)
Junior executive

Technician/personal
assistant

Supervisor
Clerical

Skilled labour

Total cost excluding
unskilled labour (SoSh '000)

Numbers of unskilled labour

Total financial cost
(SoSh '000)

Total economic cost
(SeSh '000)

2

1235

58

1 453

1 380

Numbers/year
4
2 13
3 43
45 65
15 23
2 2
2 2
1 484 1 239
176 278
2 144 2 282
1 924 1 934

(1) Unskilled labour rate at financial and economic prices.

onwards

1 136

330

2 374

1 961



TABLE V -6
Calculation of Agricultural Unskilled Labour Requirements

Crop J F M A M J J A S G N
(a) Man days per ha
Ril:a-Gﬂ‘ . - - = 2 ) 5 5 4 1 - - -
Rice-Der 5 4 1 - - - - - - 2 5 5
Cotton SLa et - = - - 3 5 é 4 15
(b) Men required per month (assuming 24 days/month)
Year ha
2 Rice-Gu 0 o e S et s o e I S R
Rice-Der 189 - A - - - - - - lg 39 39
Cotton 1227 Cwia - - - - - - 15 25 "x20 76
Total - - = - - - =i 150 COSENARNESD L 115
3 Rice-Gu 459 - AR SE S T s A Ty 7 e - % z
: Rice-Der 972 39 32 B - - - - - - Bl 203 203
Cotton 122 178 117 36 - - - - 15 25 30 20 7
Total 217 149 44 38 96 96 96 92 43 111 223 279
4 Rice-Gu 1 188 - - - 99 248 248 248 198 50 - - =
Rice-Der 1 215 203 162 41 - - - - - - 101 253 .253
Cotton 122 178 117 36 - - - = 150 95 =m0 ) - 76
Total 381 279 77 99 248 248 248 213 75 131 273 329
5 Rice-Gu 1 404 - - = 17 293 293 293 234 59 - - -
Rice-Der 1 377 253 203 51 = = = = - 115 287 287
Cotton 122 178 117 35 - 15 25 30 20 76
Total 431 320 87 117 293 293 293 249 84 145 307 363
6 Rice-Gu 1 404 = = = N7 N3 93293 34 9. - - £
Rice-Der 1 377 287 230 57 - - - - - « 115 287 287
Cotton 122 178 117 36 = - - Foe B LRl 1R R
Total 465 347 93 117 293 293 293 249 B4 145 307 363
(¢) Annual Labour Requirements in Excess of Based Labour Force Assumed
Year Base force Extra man E;xtra man Total man
(men/yr) months years years
2 50 74 é 56
3 150 269 22 172
4 250 262 22 272
5 300 221 18 318
6 300 282 24 324
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TABLE VY - 10

Machinery Requirements to Project Maturity

Tractors

150 hp crawler
110 hp 4 wheel drive
75 hp 2 wheel drive

Implements

Chisel ripper

Disec harrow

Land plane

Fertiliser broadcaster
Combine drill
Inter-raw cultivator
Border disc

Flail

Trailer - 10 tonne
‘Trailer - 5 tonne

Harvesters
Rice combine

Operators

v=10
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TABLE V -11

Agricultural Machinery Capital and Replacement Costs (SoSh '000) Case B/2

27

24

17

Number purchased per yoar
12 13 14 5

1

Unit
price

(SoSh
000}

Item

NEO

anNgc

oNgS

NO o

NMNO

oND

~NO DO

o~NO

oMy

o000

NMND

O -

NNO

oM

ooo

oNO

T I =

o™
~
o~

590.
i
125

150 hp crawler

110 hp & WD
75 hp 2 WD

—~CcCcCcCcococe=
.
O=Cococcocee
O~—~~coc=—=CcC0O
Cmm=—mco~-CcCo
O~ ==C=0c
— 000 CO0CO ~0
i -N-N~K-N-¥- Ny
OO O—0 N -
Ot 0ot O et e AP
O=~0o=~0oOoO=~0Oc
O==~O—~0Q00~00
== R-F-R-Y-_N-¥-¥-]
—_-O=—=0Q000DOO
--—0O~0O0D0OO0COoO0O
R -R - - - - N_]
n-nct:--cu:n-—a
O=00=~00 =t =t
COO0=Q~mDN~
QO==OO~OmMm~
—==~0000000
=0~ 00~00
=00~ 00~00
O~0Omm~0O0=~00
Ooco~0OO00OO0COO
O0oCcocoooooo
=R R-N-E-N-X-N_-Foy.]
- D) D)
— ey v (D et 0N

Tt v - P

ccococooo0ocooo

RRZIERASAN

= =8

82885y 3
SEREES° 33
fepieldane
GBE3%&24

[ <
i
[ -]
=

~N ™~

»1.2
69

Base harvester

Rice header

La¥ ]

L/Rover LWB
L/Rover SWB

0.6

Hand sprayers

1sa2 1927 1397 1&m

1653

2032 2897 163 2198

622

1008 2163 3230 2342 1933 1427 1206 2128 1135 1965 2605 27% 1165 1727

a6 a1l 269 3109 987

TOTAL



APPENDIX VI

FINANCIAL AND FOREIGN EXCHANGE VALUES FOR ALTERNATIVE A/2



APPENDIX VI

FINANCIAL AND FOREIGN EXCHANGE VALUES FOR ALTERNATIVE A/2

1.

Financial Cash Flow
(a) Value of Present Production

As in Cases A/l end A/2 (Economic) the value in each year is taken as
50% of the level in the Supplementary Study. Thus,

Year 1 2 3
Value (SoSh '000) 146 297 a43

(b) Other Values

Otherwise, the agricultural financial values have been calculated as
shown in Appendices I and III. Agricultural machinery financial capital
costs are the same as the economic values, as in the Supplementary
Study. The derivation of engineering values is detailed in Section 4.6.

Foreign Exchange Costs
(a) Crop Prices

The foreign exchange crop prices derived from the Supplementary Study
are used as follows:-

SoSh 296 per quintal
SoSh 207 per quintal
SoSh 361 per quintal

FE price of milled rice
FE price of paddy rice
FE price of seed cotton

(b) Value of Proposed Agricultural Production (SoSh '000)
Crop Year 2 3 4 5 6 7 8 onwards

Paddy rice 1118 7350 15901 20707 23725 25542 25933
Seed cotton 706 941 1177 1 471 1471 1 471 1471

Total 1824 8291 17078 22178 25196 27013 27 404

(e) Value of Present Production
As in Cases A/l and A/2 (Economic), the value in each year is taken as
50% of the foreign exchange level in the Supplementary Study. Thus,
Year 1 2 3
Value (SoSh 000) 176 358 534

YI=l



(d)  Agricultural Inputs

The FE cost per hectare Is taken from the Supplanimtary Study,
Section IV - 12.

Crop FE Cost/ha  Year 2 3 4 5 onwards
(SaSh) (SaSh '000)

Paddy rice 1 072 231 1 476 2 952 3 358

Cotton-hand 1 346 219 219 219 219

Total 450 1 695 3171 3577

(o) Agricultural, Engineering and Administration Labour Costs

The foreign exchange element is 70% of expatriates' salaries, assuming
30% Is paid In local currency.

(f) Other Costs

As detalled in the Supplementary Study, Section IV-12 sll other costs

are taken as 90% foreign exchange except the Engineering Capital works
in years 1 to 3 which are detailed in Chapter 4.



APPENDIX VII

COMPUTER ANALYSES FOR ALTERNATIVE B



Computer Analyses for Alternative B

CANAL DESIGN DATA AND EARTHWORK

QUANTITIES

Introduction

Design criteria
Main canal
Distributary canals:

APPENDIX VII

Cl
Cc2
C3
C3.2
C4

DRAIN DESIGN DATA AND EARTHWORK

QUANTITIES

Introduction
Design criteria
Drains:

SPRINKLER PIPEWORK DESIGN DATA,
QUANTITIES AND COSTS

Introduction
Design Data

Page Nr

VII-1
VII-2
VII-3

VII-4
VII-6
VII-8
VII-11
VII-12

VII-14
VII-14

VII- 15
VII-19
VII- 21
VII- 22
VII- 24
VII- 25
VII-27
VII- 28
VII- 29
VII- 31
VII-33
VII- 34
VII- 35
VII-37

VII- 38
VII- 39



CANAL DESIGN DATA AND EARTHWORK QUANTITIES



A. Canal Design Data and Earthwork Quantities
Introduction

1. The design data give values for the design discharge, water level, bed
level, bed width and water surface slope at different chainages along the canal.

2. All chainages, dimensions and levels are given in metres, all earthwork
volumes in cubic metres and all discharges in cubic metres per second.

3. The earthwork quantities are based on existing ground levels taken from
contours (0.25 m intervals). Computations of cut and fill areas are performed at
appropriate intervals along the canal and at canal structures. No deduction has
been made for lengths of canal occupied by structures.

4. The canals are referenced in accordance with the following system :-

The head of the main canal is referred to as 'S. BASIN' (settling
basin) and the tail as 'S. RESERVOIR' (storage reservoir).

The distributary canals have a reference made up of the letter C and a
sequence number.

ii-1



Design Criteria

1. All canals were designed using the following L.acey regime equations 3
Dm = 2.46 V2/f
W& = 4-33 e G*

S = 0.003el3t33E
(A2Y/1

where Ws = water surface width (m)

Dm = mean depth = water area (m)
We

= mean velocity (m/s)

design discharge (m’s)

nu p <
u

= water surface slope

width factor

= Lacey silt factor

E = wetted perimeter

Ws
2. Freeboard :-
: 0.5 m in main canal
D.4 m in all distributaries
3. Lacey siit factor :-
0.4 in main canal
0.5 in all distributaries
4. : Lacey width factor :-
0.83 in all canals
5. Typical cross sections of the main canal are as shown on Plate Nr 42 in

the Supplementary Study. A typical cross section of the distributary canals is
shown in Figure 4.1. Both banks of the main canal have a bank top width of 5 m,
One bank of the distributary canals has a bank top width of 4 m and the other
1m.

VII-2
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DRAIN DESIGN DATA AND EARTHWORK QUANTITIES



B. Drain Design Data and Earthwork Quantities

Introduction

1. The design data give values for the design discharge, design water
level, bed level and bed width at different chainages along the drain.

2. All chainages, dimensions and levels are given in metres, all earthwork
volumes in cubic metres, and all discharges in cubic metres per second.

3. The earthwork quantities are based.on existing ground levels taken from
contours (0.25 m intervals). Computations of cut and fill areas are performed at
appropriate intervals along the drain and at drain structures. No deduction has
been made for lengths of drain occupied by structures.

4. The drains have a reference made up of the letter D and a seguence
number.
5. The earthwork quantities include the fill for the 6 m wide access roads

on either side of the drains.

Design Criteria

) 1 All drains were designed using the Manning equation:
vV = R$s}
n
where V =  mean velocity (m/s)

n = Manning's roughness coefficient = 0.033

R =  hydraulic radius (m) = water area
wetted perimeter

S = water surface slope
2. Zero freeboard for all drains
3. A typical cross section of the drains is as shown on Plate Nr 42 in the

Supplementary Study.
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EC~IIA

4730 9.00

4460 IRTAKE 9.23
.00 1.37 1303

4200 8.73
.00 1.03 1012

3890 IHTRKE 8.30
.00 .86 491

3700 8.2%
.00 1.02 1238

3320 IHTAKE 8.73
.00 1.25 1313

3000 8.350
.00 1.04 202

2750 CULVERT 8.25 ;

.00 1.29 1810

2400 8.60
.00 1.32 1184

2180 IHTAKE 8.25
i .00 1.11 1427

1850 8.00
.00 7 443

1680 7.50
.00 .66 149

1610 IRTAKE 7.73
.00 .28 1343

1200 : 8.00
.00 1.39 991

1040 INTAKE 8.50
.00 1.72 4293

350 8.50
.00 2.03 3938

200 92.00
.00 2.43 1047

130 9.23
.00 1.93 1371

0 OUTFALL 8.00 '

TOTAL QUANTITIES OF EARTHUORKS FOR DRAIN 26522

.00 1.20 976

833
749
893
547
1094
922
720
1008
634
930
490
202
1181
461
1411
1008
202
374

16128
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LZT-IIA

DRAIN DESIGH DATA FOR D4

STRUCTURE DESICH PESIGH i BED
CHAINAGE HWANMNE DISCHARRE WATER LEVEL LEVEL
b/8 u/’s D/s u/s D/8
(CU.N/8)
570 ' Ehb .05 sessse 8.35 eseese B8.11
6 OUTFALL seen 8.24 ossnee 8.00 seeese
EARTHUORK QUAHTITIES FOR D4
CHAINAGE STRUCTURE GROUND AVERAGE AVERAGE
HANE LEVEL BANK cuy
HEIGHT DEPTH
(4. 5] {N) (H)
S70 END 9.23
5 .00 1.07
1] OUTFALL 9.00

TOTAL QUANTITIES OF EARTHUDRKS FOR DRAIN

BED
VIDTH
D/8
(4.5

VOLUNE YOLUNE
oF OF
cur FILL

(Cu.M.) (CU.H.)

1389 1642

1589 1642

VOLUHE
OF
EXCESS CUT

(CU.N.)
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SPRINKLER PIPEWORK DESIGN DATA, QUANTITIES AND COSTS



c, Sprinkler Pipework Design Data, Quantities and Costs

Introduction

1. The digital profile lists for each node, the length, discharge, pipe
diameter, velocity and flow, fittings used, ground level, total head in the main
and pressure head (called residual head).

2. The network is described as having a node at any point where there is a
fitting, or valve, or change of diameter, or a lateral off the main.

3. All lengths, levels and dimensions are in metres, pressures are in
metres head of water.

4, Fittings and valves are abbreviated as below:-
Gate Valve G VALVE
Tee junction TEE
90% bend ELBOW
5. The pipe material and roughness, the interest rate, the economic life

and the price of fuel are given on the printout.

6. The minimum head at sprinkler nozzles is required to be 30 m. Allowing
for losses in the riser and lateral, the minimum pressure head.allowed in the
malins is 34 m.
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APPENDIX VIII

PLATES
Plate Nr
1 Alternative A: Irrigation and Drainage Layout (1 : 20 000)
2 Alternative B: Irrigation and Drainage Layout (1 : 20 000)
3 Alternative B: Irrigation and Drainage Layout Sheet A
4 Alternative B: Irrigation and Drainage Layout Sheet B
5 Alternative B: Irrigation and Drainage Layout Sheet C
6 Alternative B: Main Irrigation Pump Station
7 Typical Sprinkler Pump Station

8 Alternative B: Future Development





