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I. EXECUTIVE SUMMARY




EXECUTIVE SUMMARY

Project background and history /Chapter 11/

Prcject initiator: The Government of Zambia,
the Ministry of Agriculture

Project promoter: not any

Market orientation: domestic

Economic and industrial policies, supporting the project
and project background:

The Third National Development Plan 1979 - 1983, giving
a new industrialization strategy, the main features of
which are:

~ balanced development,

- generation of more and fuller employment,

- the diversification of the economic structure,

- the import substitution and export orientation.

Operation Food Production 1980 - 1950, the basic
objectives of which are:

- to become the grainery of Africa and the world,

- to make agriculture the basis for industrialization,
- to increase employment and to spread incomes.

The Zambien government entrusted the Ministry of agri-
culture and water development with this project and, in

the year 1979, requesied UNIDO to elaborate a Feasibility
study on the production of irrigation equipment. UNIDO
Vienna invited Polytechna Praha, Czechoslovakia to elaborate
this study. In October 1980 Polytechna’s team of experts
came to Zambia to collect all necessary data and elabo-
rated this Study.




. Market and plant capacity /Chapter III/

As the dfand for irrigation equipment would not be
even in 1990 sufficiently high as to make full use
of the capacity of a viable plant engaged in this

line of manufacture, there was taken into account

the demand existing in the other sectors that is,

in the industry, mines, dwelling houses etc.

Demand for hand-operated pumps in 1980 2 360 pumps
in 1990 4 880 pumps
. The Ministry of Industry and Commerce decided that

the manufacture of hand-operated pumps will not be
included in the production programme of the new
Irrigation Equipment Manufacturing Plant.

Demand for deep well pumps in 1980 690 pumps
in 1990 1 080 pumps
. This quantity is not sufficiently high for economical

production, therefore, it was not contemplated to
introduce production in the new Irrigation Equipment
Manufacturing Plant.

Demand for centrifugal pumps in 1980 590 pumps
in 1990 2 250 pumps

The Irrigation Equipment Manufacturing Plant is designed
so as to enable the whole demand of the given pumping
sets including pipeline, fittings etc., in the year

1990 to be met by the above given Plant in one shift

’ operation.,




Production Programme and Plant Capnacity

Annual production

Item pieces tones
1. ~ Pumping units ‘ 2 250 657,1
2.1 Flanged suction pipe®’ 9 000 168,6
2.2 Flanged elbow 90° x/ 2 250 25,9
2.3 Suction strainer with flange 2 250 17,1
3.1 Closing valve 1 310 17,6
3.2 Flanged connecting 1 310 8,5
3.3 Irrigation sucticn pives 242 950 2 120,3
3.4 Valve with branch pive 14 970 201,6
3.5 End piece 6 805 14,3
3.6 Pipe connection 4 180 12,5
3.7 Redneer 1 055 5,4
3.8 Irrigation gate valve with

branch : 3 345 73,6
3.9 Y-viece for branch pipes 1 410 11,1
3.10 Connection piece 705 11,4
3.11 Sprinkler closing element S 630 56,3
3.12 Lengthening pive with trifod

for sprinkler 37 030 220,2
3.13 Sprinklers | 37 030 55,4

373 480 3 676,9

x/ Cooperation in existing nlants in Zambia.

Materials and Inputs /Chapter IV/

For the full capacity of the Plant, the following
materials and inputs are required:

Steel profiles, sheets and pipes 1112,8 tones
Grey iron castings 634,8 "

Aluminium and copper~alloy castings 41,4 "




Pipes-aluminium allnys 1 217,0 tones

Copper alloys, metallurgical zinc 105,4 "
Combustibles-paints, thinning agents,

greases 44,6 .
Components made of rubber, plastics

and leather 55,0 "
Connecting materials /bolts, nuts,

washers/ and springs 59,6 "
Welding electrodes and wires 4,5 "
Fittings, pressure gauges 2,1 "

Electric motors and electric instruments 434,7 »

Auxiliary materials 16,0 »
Spare parts, tools etc. 15,0 "
Total 3 742,9 tones
Utilities

Electricity /max. demand 660 kVA/ 840 000 kWh
Water ' 5 625 m3

Acetylene, oxygen 1 500 m3

The majority of these materials and inputs is imported
/69,2 % of tonnage, 84 % of costs/. It is presupposed
that many items will be produced in Zambia in the near
future.

Location and site /Chapter V/

The Zambian authorities have not yet decided either the
site, or the location of the Irrigation equipment
manufacturing plant.

Polytechna’s team of experts recommend to locate the
site of the Plant in the belt around the railway line
and highway from Livingstone to Lusaka, Ndola and Kitwe,
preferably in Lusaka or the Copper Belt Province.




Project engineering /Chapter VI/

The selection of equipment should follow the
determination of design of products and technology
as these two are closely linked.

The main diferences of design and technology in

the production of irrigation equipment are in the
production of irrigation suction pipes. In Zambia

at present are mostly used aluminium pipes with
aluminium coumlings. This Feasibility study envisages
the production of aluminium oipes with counlings made
of steel sheets. This system is used mostly in Central
Europe and is substantially cheaper.

The best form of technology acquisition is tec mology
licencing and the transfer of related know~how on
mutually-agreed upon terms. Documentation should be
elaborated in the metric system. Project documen-
tation /project charts and layouts/ should be ela-
borated in two stages:

1. Detailed project report
2. Working drawings

Selected machines are of universal nature, 1. e.
overation is simple and also maintenance is less
complicated. Universal machine tools could be
employed for production of other items, if
necessary.

Estimate of investment cost of equipment is
7 910 000 Kwacha incl. energetical centres,
furniture, cars and trucks and first set of common




utility tools and special tools.

Civil engineering works -

Area /acreage/

Land 37 000 m2
built-up area 6 000 m2
communications, side-walks,

compacted area 6 000 m2
greenery 25 000 m2

At the site there are 14 buildings mostly of light
design, production buildings without cranes, some
of them without side walls.

Plan organization and overhead costs /Chapter VII/

This chapter gives the summary of shops and sections
in the Plant, their location in different buildings.

Organization chart gives all departments, sections
and shops, their organizational link-up with the
number of staff and labour.

Shops of main production:

Material preparation section, pressing shop,
machining shop, mount’ng of joints, heat treatment
and forge shop, hot galvanizing shop, assembly shop
and testing room, paint shop.

Auxiliary shops:
tool room and maintenance shop, tool grindery, mecha-
nical handling, energy centres.

-‘ *®




A part of the commercial department is an irrigation
systems designing office - a very important

section not only for the Plant itself, but also for
the whole Zambian economy. It will design new
irrigation systems for Zambian farms.

Manpower /Chapter VIII/

The labour inputs for the Plant is based on the
following working regime:

Number of working hours per day in one shift 9
Number of shifts per day
Number of working days per week

Number of working hours per week 45

Effective working day® per year 224

Workers

Total number of workers 190

from this - general workers 30
~- grade I and II /trained/ 70
- grade IIT and IV /qualified/ 920

Supervisory and managerial staff -

total number 69
out of this:engineers and technicians 49
administrative staff 20

Ratio: total manpower : staff 3,75 ¢ 1
workers : staff 2,75 1




Both ratios are high due the fact that the
organization chart of the Plant is elaborated tou
suit the second stage of construction of the Plant
after 1990 and that the Plant has its own designing
department of irrigation systems.

It is presupposed that in the first period of

start-up 5 ~ 6 foreign experts will be employed
in the Plant.

Implementation scheduling /Chapter IX/

The attached time schedule stipulates 2 years and
6 months for construction period and 4 years and
6 months for start-up period. In the 8th year i. e.
after 5,5 years of production the Plant will reach
full capacity.

Financial and economic evaluation /Chapter X/

Total investment costs:

Land and site preparation 110 000 K
Civil engineering wogks 1 860 000 K
Technology cost-lump-sum 120 000 K
Plant machinery and equipment 7 110 000 K
Pre-production capital costs 1 630 000 K
Working capital /total/ 4 285 000 K
Total 15 115 000 K

/see tables 10 - 1/2, 10 - 2/1 and 10 ~ 6/2/.




Project financing /assumed/

Equity capital 7 000 000 K
Collaboratorsrdeferred credits 4 500 000 K :
Loans 3 620 000 K
Current liabilities 1 150 000 K
Total 16 270 000 K
From this - foreign currency 9 230 000 K

- local currency 7 040 000 K

/see table 10 -~ 8/2/

The maximum of loans, collaborators’ deferred credits

and current liabilities will be at the end of the |
third year - 5375 000 K, i. e. 76,8 % of equity

capital.

Total production costs /at full capacity/

Factory costs 15 060 000 K
Operating costs 17 560 000 K

Total production costs 18 670 000 K.

/see tables 0 - 31, 10 - 11, 10 - 12/.

Ratios at full capacity /table 10 - 9/

gross profit: sales % 31,8 &
net profit: sales % 20,2 %
net profit: equity % 79,0 &




Financial evaluation

Net present value /NPV/

The discount rate of this Project is 15 %, the
discounting period is 15 years /equal to the life
of the Project/

NPV of the project +11 030 000 K
NPV of the equity capital 5 060 000 K
Present value of the investment
/PV1/ 5 700 000 K
Net present value ratio /NPVR/

NPVR = oY = 1,935

Total investment costs will be recovered in

6 years and 3,4 months including the construction
period or 3 years and 9,4 months of start-up
production. The pay-back period is short, which is
very advantageous. ’

Simple rate of return

Simple rate of return on total investment costs -
R in the 9th year

R «29,5 %
Simple rate of return on equity capital Re in the
9th year Re = 63,8 %
Both rates are very good.




Break-even analysis

Break-even point /BEP/ would be reached at a capa-
city utilization of 36,4 %.

BEP is low - this is very good for the plant and

its viability under conditions of inadequate market.

All results of different methods of financial
evaluation given above prove that the Irrigation
equipment manufacturing plant will be viable and
will be excellent from the financial point of view.

National economic evaluation

Project exchange rate at full capacity 45,8 ¢.
Savings of foreign currency at full

capacity 14 840 000 k/year
Both indicators are very gocd.




CONCLUSIONS

Major advantages of the project

l.

Improvement of agriculture:

The Irrigation equirment manufacturing plant is
of vital importance for the improvement of the
situation in agriculiure in Zambia. Products of
this Plant will help substantially rise the pro-
duction of agricultural products, first of all
those that need irrigation.

Reduction of impcrts of irrigation equipment:

Once full capacity is reached, the Plant will
reduce the import of complete irrigation equip-
ment to minimum /only the biggest units, deep well
pumps and submerged pumps will be imported/.

Some raw materials and subdeliveries will be
imported, but it is expected that some raw mate-
rials and subdeliveries will be produced in
Zambia in the future /see Chapter IV/.

Project exchange rate and sayings of foreign

currency:

Project exchange rate at full capacity 45,8 %
Savings of foreign currency at full

capacity 14 840 000 K/year
Both indicators ar: very good.

Employment of local manpower:
The Plant will provide employment for 190 workers
and 69 technicians and administrative staff.
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Corporate tax:

Corporate tax, paid in the first ten years

/7.5 years of production/ represents 16 925 000 K
and 32 0OC 000 K in the next ten years.

Reduction of retail prices:
The Plant will reduce retail prices by 10 p. c.
on average.

Versatility of the Plant:

Selected machines are of universal nature, i. e.
they could be employed for production of other
items, if necessary /for example hand operated
pumps, special centrifugal pumps etc./.

From the financial point of view the Plant is
very good not only in presupposed conditions,
but also under conditions of inadequate market.

Drawbacks

There are no drawbacks of this project.

Chances of implementing the project

It is presupposed that this project will be
implemented very soon.
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PROJECT BACKGROUND ANL HISTORY

‘ Project Background

Project I[dea

The new Plant for production of irrigation equipment
should create employment opportunities, income possibi-
lities and considerably diminish the import of irriga-
tion equipment from abroad.

The Government of Zambia has adoéted, in connection with
formulation of the Third National Development Plan 1979 -

‘ 1983, a new industrialization strategy, the main features
of which are:

- balanced development having regard to linkages between
industry agriculture and other sectors of the economy;

-~ generation of more and fuller employment, and, to that
end, to adopt technology which is labour-intensive;

. - the diversification of the economic structure in order
to veduce the economy s dependence on copper and to
undertake an economic programme of promoting agricul-
ture and industry based on use of local raw materials
and the establishment of the necessary capital goods
industries;

~ the import substitution and export~orientation, by
establishment of industries based on maximum use of
local mineral raw materials.

Pumps and irrigation equipment project has been identi-

‘ fied and is recommended for launching during the Third

. National Development Plan by private investors, co-ope-
ratives or parastatals on a small - or medium scale




industry level in the category of Industries based cn
local mineral rescurces and for manufacturing capital

and intermediate goods.

Strategy for the rural sector will aim at the following

objectives:

- to increase agricultural production so as to achieve
self-sufficiency in stavle foods, and to provide raw

materials for agro-industries;
- to stimulate and increase vproduction for exports;

- to increase the contribution of rural sector to GDP
and to promote diversification of the rural ecnomy;

- to create new employment and income opportunities in
the rural areas in order to counter rural urban

migration.

The implementation of the strategy given in the Third
National Development Plan /TNDP/ will call for /inter
alia/

- development of irrigation resources as a major infra-
structure and at an all year round oroduction of par-

ticular crops.

The above mentioned strateqy is elaborated in more de-
tails in "Operation Pood Production 1980 - 1990".

The document was worked out by His Excellency

Dr K. Kaunda, President of Zambia and Zambian
Government.

.The basic objectives of "Operation Food Production" are:
- to become the grainery of Africa and of the world

- to make agriculture the basis for industrialization
and industrialization the basis for agriculture

- to increase employment and to spread incomes as well
as meaning full development to all people with
special emphasis to the rural masses.




The "Operation Food Production” will involve the follo-

wing institutions:

1.

6.

Large Scale Commercial State Farms. It is contempla-
ted to establish in each Province two state farms
to cover an average of 20.000 hectares each.

Rural reconstruction Co-operative Centres. The scale
of production of these centres will increase to a
minimum of 1.000 hectares.

The Zambia National Service Production Units - large
scale commercial undertakings will reduce the esea-
lating cost of food through increased supply of a
wide range of agricultural products.

Producer Co-operatives.
Peasant and Family Farms - the sizes of their plots
will the aid of the adequate equipment will be increa-

sed.

Private Commercial Farms.

Closely linked to this agricultural offensive is the
question of establishing industries, such as production
of electric motors, the iron and steel programme must

go ahead in order to ensure the creation of machine tools
sector, the manufacture /not the assembly/ of water pumps,
small engines and tractors, mainly for agriculture.




The Major Project Parameters

The major project paramcterc +hat scrved as the guiding

principles, are:

1. Irrigation equipment project should be on a small or
medium scale industry level /see the TNDP/.

2. It should cover the demand of Zambia in irrigation
equipment as much as possible.

3. Production mix should cover pumps not only for irri-
gation, but also for other purposes /dewatering, farms
and dwelling houses, industry etc./, fittings, sprin-
klers etc., but only those sizes, which are most
frequently used.

4. Plant capacity in one shift operation should suit the
demand of the above mentioned products in the year
1990; after this year the second shift will be intro-
duced.

5. Irrigation equipment project should cooperate as much
as possible with existing, mostly underutilized fac-
tories, producing components and parts for irrigation
equipment

6. Machinery and equipment, mainly machine tools at the
Irrigation equipment manufacturing plant should be
universal, to secure the versability of the production
mix.
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Orientation of the Project

Project is domestic market oriented; export orientatio.
is not taken into consideration, as at present and in
near future there are no conditions for successful export
to neighbouring countries due to high prices of raw ma-

terials, subdeliveries and transport costs.

Part of raw materials and subdeliveries in the first
stage of production will be imported. After the comple-
tion of Steel rolling mill from imported billets,
Integrated steel mill for production ¢f pig iron and
steel semi-finished products and Electric motors manu-
facturing plant the majority of raw materials and subde-
liveries will be supplied by local firms.

Project Initiator

The Government of Zambia, the ministry of agriculture.

Project Promoter

Not any.

Project History

For the first time the Irrigation equipment project was
officially mentioned in the TNDP and then in the "Opera-
tion Food Production 1980 -~ 1990" -~ see above.
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‘ There were prepared neither oportunity studies,
nor prefeasibility studies fcr the Irrigation
equipment project in the past.

Related investigations:

Mission Report - Joint FAO/German/Dutch Consultarcy
Mission on Irrigation Potential in Zambia /1979/
Preliminary Inventory of Irrigation Development

in Zambia by C. A. Lewy /1979/.

The Zambian government entrusted with this task
the Ministry of agriculture and water development
' and in the year 1979 requested UNIDO to elaborate
Feasibility study on the production of irrigation
equipment. UNIDO Vienna invited Polytechna Praha,
Czechoslovakia to elaborate this study.

In October 1980 Polytechna’s team of experts,
namely, Mr. Jan Semsch M.Sc., team leader
‘ Mr. Ivan Pode3va, M.Sc., chief designing
engineer of irrigation systems
Mr. Petr 8pilfk, M.Sc., chief designing
engineer of mechanical engineering plants

came to Zambia to collect all necessarv data.

The programme of visits etc. was organized by the
1inistry of agriculture and water development,
namely by Permanent secretary Mr. A, Hamaamba and
liaison officer for the team, Mr. L. Aked, chief
agriculture engineer.

The ministry of agriculture and water development
‘ has rendered all help to the team of experts and

enabled them the visit of many farms, research

centres, importers of irrigation equipment etc.
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The ministry of industry, namely permanent secretary
K.5.B. Nyirenda made possible the visit of many
existing factories.

Polytechna and the experts wish to express their
thanks to both ministries for all help rendered
to the team during its stay in Zambia. Many
thanks also belong to Mr. K. C. Sen Ph.D., senior
industrial development field adviser and staff

of UNDP in Lusaka, Zambia.




Table 2 -1

’ ESTIMATE OF INVESTMENT COST
Pre-investment studies and preparatory investigations
— - - -ﬁ
Source : Team’s estimates '
i i 1
o Cost ]
|Quanti Unit Unit
51_9 Itfm‘ jescrlption B ty | i cost oreirn Local | Total
| .
o
1 - i 3 i |
i Opportunity studies ' ; - - -
Pre-feasibility studies , | - - -
Peasibility study - | ; - - -
. Partial studies : ! - - - f
: |
Experts, consultant and t : i !
engineering fees | | K - 2000 (2000
2 | Preparatory ipvegtigctions
land surveys - site survaey
and soll investigation - K - 6000 |6000
. Quantity surveys (quantifi-;
gation of building material#
is par: of DFPR) ’ - - -
Other investigations and telt E - - -
Others l - - -
' !
e
| Total - 8000 | BOOO
" SRS
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‘ IRRIGATION EQUIPMENT

Definition of the Term

Irrigation equipment is a term with a relatively
broad scope of intervretations. For the purpose of
the present study this term has been defined as
the technological part of an irrigation system.

i Irrigation systems are divided into two principal

parts:
. - constructional part

- technological part

Thus, an irrigation system comprises the following
elements: ‘

1. Technological outfit of the structure envisaged
‘ for water intake, i. e. a gate structure, trash-
racks, cleaning installation, admission pipeline

to pump sump.

2. Technological outfit of pumping station - pumping
set, i. e. pump with engine/motor and, where
necessary, a gearbox, suction piping including
shaped pieces and fittings /slide valve, swing-
-check valve, insert for assembly/; besides,
electrical switchboard, instruments of automatic
operation, requlation, measurement, low-voltage

connection, pressure vessels /air chambers/ and

. compressors.




3.2
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Irrigating section

underground network of pipelines, pipelines made
of asbestns-cement, PVC, polyethylene, steel,
cast iron, including fittings and adapting pipes

surface network of pipelines - pipelires made of
steel, plastic materials, aluminium or asbestos-
—cement, open channels made of concrete or asbestos-
cement, including baffle plates, syphons or similar
elements.

Irrigating detail - portable pipeline, including
adapting pipes and fittings, sorinklers. Portable
pipeline usually made of aluminium,or lightweight
steel pipeline.

Irrigation machines - of a simpler type with
trailed hose, or else of a complex type with
coiled-up hose.

As an indirect component of the technological part
of irrigation equipment there also figures a high-
~voltage connection line with transformers and

a switchgear station.
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DEMAND AND MARKET STUDY

Data and Alternative Projection Methods

At present, Zambia is exwveriencing a time of financial
difficulties.

The export figures of the principal export commodi.y -
copper - continue to decline as a result of restriction
of use of copper at the world markets.

Another cause of economic troubles is motivated by
the situation in the country’s agriculture. As a
result of the drought that prevailed in the course

of these last two years, the crops of the kinds of
produce that are cultivated without irrigation and
among which there also figures maize as staple focd
of both the humans and the animals, were extremely
meager, and Zambia was thus obliged to svend conside-
rable sums of money in order to import these kinds

of agricultural produce.

These unfabourable phenomena also motivated negative
development trends in the industry, and production
declined as a result of shortage of imported raw
materials and low sales figures.

All the basic indices that could be used in working
out a market study by a time trend method or by

a regression method are negative, i. e. they show

a declining trend in recent years /see the tab. 3-16/
and, in view of this, they have been used in isolated
instances only.
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The project of demand for irrigation equipment is
based on the end use method.

The government is well aware of the importance of
agriculture and regards its development in the coming
years as a problem of paramount importance /see
Chapter II/; it is fully aware of the significance

of introduction of irrigation systems to a far greater
extent than this has been done up to the present.

The present-day state of the demand for irrigation
equipment has been ascertained not only according to
import statistics, but also through research conducted
in the records of all imports of this kind of
equipment and in those of most of its manufacturers. The
starting data can thus be regarded as fairly reliable
ones,

Less reliable is, on the other hand, the division of
certain oroducts, primarily that of pumping sets,
among the different sectors.

Pumping sets are used not only in the agriculture for
irrigation, but also in the industry, in mines, for
supply of dwelling houses and other buildings with

water. The division into individual sectors was

extremely difficult, and even with all the endeavour dis~
played by all partners involved in the problem, there
might have been some inaccuracies that found their

way into the picture presented. As the increase of demand
for irrigation equipment is substantially faster here

than in the other sectors, such an error cannot materially
influence the ultimate demand in the 1990 year.




. As the demand for irrigation equipment would not
even in 1990 be sufficiently high as to fully
tax the capacity of a viable plant engaged in
this line of manufacture, there was taken into
account the demand existing also in the other
sectors, that is, in the industry, in mines, in
supply of apartment houses with water etc.

In the project of demand of pumping sets for other
sectors there was adooted, until the 1983 year
/the end of the TNDP/ the end-use method, and,
from that year onwards, for

‘ the mining industry - the time trend
the industry - the time trend
supply of apartment houses with water - the
regression method.

The state of manufacture of irrigation equipment
in Zambia is a relatively non-uniform one. In cer-
’ tain lines there exist capacities that not even in
the 1990 year will be utilized to the full /manu-
facture of pipes/, whereas in some other sectors
the production is far from satisfactory as regards
both the aquantity; in other sectors the production
is entirely non-existent /such as in the line of
centrifugal pumps etc./. Thus there had been
reviewed the demand for the different basic
installations according to their types and arrange-
ments and from these there was selected a suitable
production programme for the Irrigation Equipment
Manufacturing Plant. The remaining elements, which
" only serve to supplement the technological equipment
of an irrigation system and are envisaged to be

provided under a cooveration programme from other
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. factories in Zambia or abroad, are only defined in
figures and will serve as a basic for elaboration
of more studies /such as a study of the Electric
Motor Manufacturing Works, a Transformer Factory
etc./.

1. TECHNOLOGICAL OUTFIT OF WATER INTAKE STRUCTURE

1 ’ As has been stated above, this comprises an
admission pipeline to the pumping sump, thrash-
racks, regulator structures, cleaning installa-

‘ tions and the like. The admission pipeline to
pumping sump can be made of various materials,
such as reinforced concrete, steel, cast iron.

Most of these pipelines are being already manu-

factured in Zambia; the quality is excellent

and the cavacity of the manufacturing establishments

will not be taxed to the full even in the 1990 .
‘ vear /see Appendix B on manufacturing firms/.

The trashracks for small irrigation ecuipment
are made for the most part of wood by the farmers
themselves.

Large trashracks and regulator structures are

only seldom needed in the irrigation systems in

Zambia, for the most part only in multi-purpose

projects where a combined power engineering and

irrigation system is contemplate. Notwithstanding,

it is possible to manufacture certain parts of
. these installations in the new Irrigation

Equipment Manufacturing Plant.
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The cleaning equipment, such as suction strainers
etc., is included in the production programme of

the Irrigation Equipment Manufacturing Plant.

TECHNOLOGICAL OUTFIT OF PUMPING STATION

The most important part of the technological out-
fit of a pumping station is a pumping set. This
is a pump with an engine and possibly also with

a gearbox.

The selection of pumps for irrigation is influenc2d
by a number of factors, first of all by

a/ the amount of the liquid in 1 or in m3 pumped per
unit of time /second, minute, hour/

b/ the total delivery head /suction and impulsion/

c/ the kind of drive - such as electric motors,
Diesel engines, gasoline combustion engines,
hydraulic motors, drive by hand etc./

d/ the set arrangement /in a dry sump, submerged
in the liquid etc./.

According to overall /total/ head irrigating oumps
are divided into:
- low-pressure pumps - commonly used for delivery

of a large amount to a low head, such as pumping
wheels, water elevators /paternosters/, screw
pumps /hydraulic screws/ and horizontal, vertical

and diagonal propeller pumps,




III - 8

- high-pressure pumps - are used for medium and

high heads to which small, medium and large
amounts of a liguid are conveyed. These are
primarily centrifugal, radial and diagonal pumps
of horizontal or vertical arrangement, with one

or various stages /articulated type/.
Other kinds of pumps are hand- or power-operated

piston pumps, the same as vertical submersible

pumps for drilled wells.

Pumping Wheels, Water Elevators /Paternosters/

Pumping wheels and water elevators /paternosters/
are simple oumps for conveyance of medium-sized
amounts of water to a low head. They are used in
particular in surface-fype irrigation systems for
pumping water from a river or from a basin /lake,
pond/ into> the trunk canal of an irrigating set.

Various kinds of drives are used - from manual
drive through drive by animals up to water wheels,
drives by wind /by propellers etc./, or else by

a Diesel engine, a gasoline engine or an electric
motor. Their efficiency is a low one, but they

are cheap and can be made of locally available raw
materials /such as wood/ by local craftsmen. They
are frequently used in developing countries.

Although the team visited a large number of
farms, these wheels were never found in operation
and it is not assumed either that this kind of
pumps will ever become an object of interest in
Zambia in the future.
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Screw-Type Pumps /Hydraulic Screws/

Screw or worm pumps are used in surface-type
irrigation systems for conveyance of large amounts
of water from surface water sources to a low head

/conveyance from a river to the trunk canal etec./.

As this type of surface irrigation is used in
Zambia only in isclated instances /Nakambala Sugar
Estate/, and no substantial increase of its use

is reckoned with for the future, the manufacture
of screw pumps in the new Irrigation Equipment
Manufacturing Plant is not contemplated /also see
Appendix A to Chapters VI and IX/.

Propeller Pumps

Horizontal, vertical and diagonal propeller pumps
are used in surface-tvpe irrigation systems for
conveyance of the largest amounts of water from
surface water sources to a low head.

All that has been said about screw pumps applies
also to this type.

Hand-Operated Piston Pumps

Piston pumps operated by hand can be used for
irrigation in Zambia only to a limited extent.
One pump can irrigate 0.4 + 0,5 ha as a maximum,




ITT - 10

. The advantages of these pumps consist in that they
are cheap and dec not rcquire the supply of

electric power or any fuels.

The demand for hand-operated pumps will thus be
confined to larger gardening establishments and
to the smallest farms that are irrigated in part
only, and this in the areas where electric power

distribution system has not been installed vet.

Utilization of hand-operated pumps on a larger scale
in Zambia is envisagel for other applications,

‘ particularly for water supply to villages or to
individual apartment houses, for supply of drinki-g

water to cattle etc.

Hand-operated pumps are already being manufactured
in Zambia. The Irrigation Pumps Co. currently makes
simple hand-operated pumps; in 1980 it made 300

‘ _ pumps of this type annually; other firms manufacture or
fit in pumps of their manufacture occasionally. It
is estimated that in the 1980 year some 300 pumps
were made in this way.

By visiting individual importers the members of the
team found out that hand-operated pumps are imported
primarily by Prago Ltd., Robert Hudson /Zambia/ and
by E. W. Tarry.

Demand for hand-overated pumps

Year 1978 1980
‘ Manufacture and fitting-in 600 pumps
Imports 1800 pumps 1560 pumps

DPemand that has not been met 80 pumps 200 pumps

Total 1880 pumps 2360 pumps
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Within a period of 3 years the annual increase of
the demand amounts to 7,8 %.

According to individual importers’ estimate, they
could sell in the year 1980 about 200 additional
hand-operated pumps.

Based on the Second and Third Five-Year Plan in

respect of water supply to villages /see the

table B-21 A/ and based on the number of newly

constructed houses /particularly of those of higher
categories/ /see tables 3-25, 3-26 A, B/, an

estimate was worked out of the demand for hand- }
-operated pumps for the 1990 year by means of the §
time trend method, combined with the regression

method.

On the basis of these calculations, the following
result was obtained:

Total demand for hand-operated pumps in the 1990 vear -

4 880 pieces,

Within a period of 10 years, the annual increase
vf the demand amounts to 7,5 %.

At the meeting held at the Ministry of Industry and
Commerce on Nov. 26, 1980 it was decided that the
manufacture of hand-operated pumps will not be
included in the production programme of the new
Irrigation Equipment Manufacturing Plant, but it

is envidaged to be reserved for the sector of small-

-scale industry.
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It is recommended to build, in the line of the
small-scale industry, a new factory with a capacity
of some 4000 pumps of the hand-operated type turned '

out in one working shift a day within one year.

In the case new factory for production of hand-
-operated pumps would not be constructed within

the framework of the small-scale industry, the

team of experts recommends to include the production
of hand-operated pumps, capacity 4000 pieces/year
into production programme of Irrigation Equipment
Manufacturing Plant. Additional investment costs
will be low /special tools, few machine tools, one
additional production building/ and also production
costs would be reduced to minimum.

Deep Well Pumps and Submerged Pumps

In Zambia, ground water sources are often situated
at considerable depths - see the Appendix A to
Chapter V - 2 - Underground Water Resources.

In the instances where water sources situated at
great depths are to be utilized, it is necessary
to use deep well pumps, that is, either the pumps
envisaged to be installed in a dry compartment -
pumps for drilled wells - or else submerged pumps.

Where the first-named pumps are dealt with, the pump
itself is submerged in water on a long shaft,
with the drive arranged usually by means of a

Diesel engine situated at the to level. In the
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second instance, an electric motor is submerged
along with the pump “elow the water surface. Thece
latter pumps are used in tne areas where an

electric power distribution system is available. ,

Deep well pumps are only seldom used for irrigation
in Zambia. What accounts for this is that pumping
of water from great depths is expensive, particu-
larly where Diesel engines are used for the purpose
/the costs of fuels are 8 to 10 time higher than
those of electric power drawn from a public service

network/.

By visiting the importers, the members of the team
found out that deep well pumps are imported j
primarily by Robert Hudson /Zambia/ Ltd., and also by
Irrigation Pumps Ltd. and AFE Ltd. - small amounts

of these are also imﬁ¥téd by Amiran Ltd., Prago Ltd.

and E. W. Tarry.

The imports of all deep well pumps in 1980 totalled
690 pumps; of these, some 280 pumps for drilled
wells and 410 submerged pumps. Most of these pumps
are envisaged for service in mines and for water
supply to villages -~ /see table below/. The largest
importer of deep well pumps, the R. Hudson Co.,
that imports more than one-half of the total of
pumps imported, supplies these pumps practically

only to the mining industry.
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Demand for Deep Well Pumps in 1980 according to

Application

Pumps for irrigation /new irrigation

projects/ 25
Replacements 5
Pumps for supply of water to apartment

houses, villages and towns 240
Pumps for mines and industrial applications 420
Total 690

The use of deep well pumps for irrigation in 1990

was assumed to feature a substantially lower annualy

increase than that of centrifugal pumps used for :
irrigation where it amounts to 31 %, wheras the deep '
well pumps show an increase of only 16 %. This is

in line with the general situation in Zambia in this

respect - irrigation by means of deep well pumps is, &s

a matter of fact, substantially more expensive.

For the pumps used in supply of drinking water to
dwelling houses, villages and towns it was reckoned
with an increase of 5.5 per cent each year, that is,
in keeping with the Second and the Third National De-
velopment Plan for supply of villages with water

/see tables 3-21-A/ and on the basis of an increase
of the number of houses, primarily of those of higher
categories /see tables 3-25, 3-26-A, B/. For subse-~
quent years calculation based on the time trend was
used,

The estimate of demand for pumps envisaged for mining

applications was made on the basis of an actual
growth rate 2,1 % in the Second National Development
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Plan 1972-1976 /SNDP/ in mining /calculation based
on the table 3-23/: »lanr 4 =nnual growth rate

2,5 % in the TNDP /1979-83/ - actual annual growth
rate is substantially lower; and on the basis of

a long-term estimation of an increase of mining
exploitation up to year 2000, given in the TNDP,
which was estimated at 3 %, but it seems to be

over estimated. From these reasons the estimate

of increase of mining activities up to the year 1990
was modified to 2 & annualy.

The demand for oumps envisaged for industrial
applications was made on the basis of an actual
annual growth rate 3,9 % in all sectors of industry
in the SNDP /see tables 3-22, 3-23/ and the increase
of industrial activities up to year 1990 was esti-
mated to make 4 %.

For both sectors, i. e. mining and industry the

annual increase of 2,5 % up to the year 1990 was
adopted.

Total Demand for Deep Well Pumps in the 1990 Year

Pumps for irrigation - new ones 110 pumps
- replacements 25 pumps

Pumps for supply of drinking water
to apartment houses, villages and towns -
new ones and replacements 410 pumps

Pumps for mines and industry - new ones
and replacements 535 pumps

Total 1 oso'pumps
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The above quantity is not sufficiently high for
eccnomical producti.r /ir «3iva £~d European
ccuantries the minimum annual production is about
5000 pieces, in Zambia it will range from 2000 to
3000 pieces a year/; therefore, there was not
contemplated an introduction of production in the
new Irrigation Equipment Manufacturing Plant.
Should there be required a larger number of one
type of deep well vertical centrifugal pumps, it
would then be possible to start partial production
of these pumps, that is, to import some of the
components, to manufacture the rest and to assemble
the whole complex in the factory. Othe wise it will
only be possible to manufacture these pumps in

the second stage of construction of the factory,
that is, after the 1990 year, provided the machi-
nery has been conveniently supplemented by then.

Centrifugal Pumps

A detailed analysis of the demand for these pumps
was undertaken in Appendix A, Chapter XII/l of
the present study.

The team of experts found out, after visiting in-
dividual importers, that the most important im-
porters of pumps are the firms R. Hudson /Zambia/
Ltd., Prago Ltd. AFE and E. W. Tarry. Manufacture
of centrifugal pumps is non-existent.
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. ‘ The largest number of both simple and articulated
certrifugal pump. 1s irportec for industry, mines
and water works, apartment houses etc. According
to estimates voiced by individual importers, the

demand for a total of about 180 pumps/year is not
met /inadequate imports/. A relatively small part

of single-stage centrifugal pumps are used for irri-
gation, either for new projects or for renewal.

[ Demand for Centrifugal Pumps in 1980

. Pumps for irrigation - new ones 80 pumps
- replacements 10 pumps

Pumps for other applications 320 ppmps

Unsatisfied demand 180 pumps

Total ' 590 pumps

The demand for centrifugal pumps in 1990 has a sub-

’ stantially different make-up. According to the cal-

culation, annual increase of the number of pumps

for irrigation shall be 31 %, whereas in the line of
pumps for other applications maximum annual increase
amounts to 5 $ /mines 2 %, industry by 4 %, houses,
breeding of cattle, water works and other applica-
tions about 6,6 %/.

Demand for Centrifugal Pumps in 1990

Pumps for irrigation - new projects 1 190 pumps
- replacements 80 pumps

. Pumps for other applications and
replacements 980 pumps

Total 2 250 pumps
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The Irrigation btauipment Manufacturing Plant is
designad =5 a3 to onablie the whole demand of the
1990 year to pe met in the line of the given pumusing

sets by national production facilities.

Suction Pipeline with Fittings

Calculations of the irrigation pipeline for the
suction part of the pumps, including the fittings,
are presented in Appendix A, Chanter XII, paragraphs
2 and 4.

Delivery Irrigation Pipeline including Fittings

Calculations of the delivery irrigation pipeline
including fittings are vrese...ed in Appendix A,
Chapter XII, paragraphs 3 and 5.

instruments and Other Qutiit of a Pumping Staticn

The irrigating installatibns used in Zambic usually
feature a simpie outfit with instruments for regu-
lation, automatic opneratinn snd measurement. All
these instruments wil® bave to be imported, see
Chapter 1IV.

The electrical switchboards, too, are conveniently
equipped. They must be arranged for outdoor climatic

conditions.
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Electrical switchboards for irrigation equivment in Zam-
bia are already being manufacture¢ of imoorted com-
vonents. If the Irrigation Equipment Manufacturing !
Plant have been built, then the demand for electrical
switchboards for irrigation equipment in the 1990 year
will total

1 800 pieces/year.

This demand will be fully met by local production.

Irrigation Network

Calculation of both the underground and surface irriga-
tion network is presented in Appendix'A, Chapter XII,
paragraph 5.

Most of the pipelines - except that made of aluminium -

are being made in Zambia - see Chaoter IV and Anpendix
B on manufacture of irrigation eguioment components.

Irrigation System Detail

Calculation of a portable pipeline, including adapting
pipes and fittings, is presented in an Appendix A,
Chapter XII, paragraphs 3 and 5 dealing with manufac-
ture of irrigation svstem components. A calculation

of the demand for sprinklers is also presented in the
Appendix A, Chapter XII, varagrarh 6.
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. Irrigation Machines

Simple irrigation machines with trailed hoses have
already bequn to be used to a limited extent in
Zambia. According to data transmitted by the manu-
facturers and to insvections of farms it is estimated
that in Zambia there are installed in total 20 such
machines made by different manufacturers. Of the
complex irrigation machines with coiled-up hoses
there have been imported only two up to the present,
but they are not vet in use.

High Voltage Connection and Transformers with
Switching Stations

High voltage connections with transformers and switching
stations figure only as mérginal items in irrigation
equipment, although the equipment could not exist

‘ without these elements at all.

Based on calculation of the demand for irrigating
pumps, there was determined the demand for transfor-
mers in 1990 that is equivalent to approximately

1 050 - 1 200 pieces/year
with the corresponding number of switching instrumerts,
measuring instruments and all the necessary outfit
of switching and transformer stations. The substantial.-
lower number of transformers than the number of pum-
ping sets with electric motors is due to the fact tnat
some of the transformer will be shared by several

I pumps.

The transformers will be designed for voltages of
11 000 V/380/220 VvV, from 30 kVA to a maximum of
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‘ approx. 600 kVA /somc of the transformers will serve
as common units for the pumping station and the
whole farm/.

It to the above figure there has been added the
demand for transformers envisaged for electrification
of towns and villages, for industrial applications,
mines and other users, there results a quantity that
can be manufactured economically. A prerequisite
of initiation of manufacture of transformers in Zam-
bia is the manufacture of an adequate number of in-
sulated conductors of the required dimensions, in
' order that imports may be confined only to transfor-
mer sheets, sheets for manufacture of vessels and
insulating materials.

The manufacture of transformers belongs to the sphere
of electrotechnical industry and, consequently, does
not form part of the present study.

Based on the data referred to in this chapter, and,
particularly in the Appendix A the oroduction programme
of the new plant has been outlined as follows:




Table 3-1

SURVEY OF PRODUCTION PROGRAMME
| Annual production
. Pos. Ttem -full capacity
},A ———a
piece ton
1 | Pumping units 2 2%0 657,1
2 WVater intake
2.1’)F1.ngod suction pipe 9 000 168,6
2.2*) Flanged e1bow 90° 2 250 25,9
2,3 { Suction strainer with flange 2 250 17,1
3 Irrigating section
3.1 | Closing valve '»*__5_1 310 17,6
. 3.2 | Flanged commec ting 1 310 L E_,_ 5 |
3.3 | Irrigation suction pipes 242 950 i 2 120,73
1
3.4 | Valve with branch pipe 1 970 | 201,6
3.5 | End piece 685 | 14,3
3.6 | Pipe comnection 4 180 12,5
' 3.7 | Reducer ) o 1 055 5,4
3.8 | Irrigation gate valve ;itl:“ o
branch pipe 3 3"5 7316
3.9 | Y = piece for branch pipes 1 410 11,1
e mreman e et o o+« o oam o s e e o e e .,_.+. [ ——
3,10/ Connection piece 705 11,54 .
3.11| Sprinikler closing element B 5 630 56,3
b} 12 Lengthening pipe, triped for
. sprinkler e 17 030 | __220,2.
3,13 Sprinklers 37 030 55,4
TOTAL 373 U480 3 676,9

. +) Cooperation in existing works in Zembias




1. PUMPING UNITS

UNITS OF HORIZONTAL, CENTRIFUGAL SPIRAL PUMP DESIGNED AS A MONOBLOCK
WITH ELECTRIC MOTOR.

PO STV lobh

Techmiocal pasamstere Ammuel preduction
Q /Y wa/ Ne/n/ /xu/ TPy | O/%8/ | pigecs | teme
ss0 | 30 6,5 705 2 900 | 164 935 | 153,3
800 5s 6,3 13 2 900 250 580 1hs,0
1 500 6s hs | 2 980 AWy s0 | 183,13
2 750 8o 4,5 | 33 2 900 sko 525 | 175,5
TOTAL | 2 250 | 657,1

Q[1/min] = Delivery + Liters per minute

H (m] - Totel hoad in meter

Hs {m] - Suation hend in meters
N [kw] « Tnput of cleetriec moter
n [(min] < g.peme

G [ kgl = Vohiht of oot

TRENTeerTyey

L sty
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2.
. Rated imner Lameth | vYeignt | Avnual production
d oDo 1,/ ol - ) v ]
lamater }ml_n 7 L /m/ ¢ e/ . L0008 tens
£ 100 ' 2000 15,5 | 6 060 93,9
$ 150 . 2000 ¢ 25,4 2 94O 7% ,7 1
TOTAL j 9 000 | 168,6
3!
L
. These pipes will not be nanuectured in the projected Plant,
but they will be secured in cooperation in existing works in Zarwmbie,

2.2
FLANGED ELBOW 90°
. Rated inner hf,imonaion: elght T{Annuul. production
ddemeter b Jum/ ‘ , o
I.D, /um/ 1 ‘- /um ; 3/kg/ pieces ' tons
g 100 TR 0,4 1 515 14,2
s . }\ . . ‘
g 150 oS 0 15,9 725 11,7
TOTAIL - 2.250 25,9
1
—J I3
| .{:x:j

These elbows will not Le wavii'u- tured in the projected Plent, but
tuey will be secured in coop ration in oxiesting wvorks jio Zagbin,




3.2

FLANGED CONNECTING PIPELINE WITH ELBOW
Rated inner IPimeneiona Weight ‘Am‘ml_?_x:o@ction ]
(di-?‘t"' I.b, ga / m/ G xg/ ‘!picco. r tons
80 , €0 i b,9 { 700 % b
100 80 7.1 1 345 i 2, )
120 ~ 130 8,9 s L 4,6
150 © 280 | o11,° . 90 1,0
TOTAL 1310 | 8,5
l
o
]
33
IRRIGATION SUCTION PIPES
Rated inncr gl,ength {Vo:lght ‘Annual pro@uction 7
d"'m‘/":;; I.D. 'L fany/ ‘G &/ ‘pieces E'tons
50 5000 ' 7,5 . 142 260 1 067
100 6000 | 10,- 87 hho ayh,k
[ 120 . 6 000 | 13,5 13 250 1789
i L !
TOTAL - 242 950 2 120,73
@;A — ,
— L -




2.3

SUCTION STRAINER WITH FLANGE

Rated inner

dismeter I.D bimensions Teight !Am‘“‘l production

—

/ wa/ & Jima/ c/kg / ipiecoo M—E tons
dia 100 . 260 ¢ 6,6  1%1% 10,0
— ; -’, v B T .
ate 150 . 00 %6 g3 1 9
TOTAL -2 2%0 17,1

i L

([TAN

3. DELIVERY PIPTLINE,
3.1

CLOSING VALVE

3::;’: tt;m;f no nimonsion’cw edght LMMI pr?duction

/=/ " /m/ ¢ /xg/ | pleces . tone

20/76 ;w5 11 700 797
8o/102 120 13,3 . 5 i L6 ]

[ 100/170 I 115 e 1o 1 1m0 a2

125/150 ' 145 L 23,6 : 90 ‘ 2,1

TOTAL . 1310 L 17,6
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VALVE WITH BRANCH PIPE
‘ g:::g t%;:ner E"_X?imetlaitm_s 'Weight ' Annual productien
‘ I.p, /om/ a/wm/ b ,/'m/ (/kg/ piocu tons
80 Y 450 ! 10,4 0 080  9k,k
L 100 - a%0 | hso 18,2 5 890 107,2
P ' S o : 7
| . | |
TOTAL 1% 970 | 201,08
e Y
i i ©
o]
® By ian)
~ b
o
END PIECE
Neted inner " Lehgth ' Weight |
dieme tor " ) G fee) - Annual production ‘
1.0, / wm/ ‘ - piocsc " tons
80 i =0 2,0 5 %80 11,2
) - .
10C ; 75 2,55 1 225 3,1 {
6 8o0s 14,3
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PIPE CONNECTION
Rated inner ’ Dimensions M Yeight rAmmnl production
. gi‘,:e; / ‘l Sar/  o/mm/ ._ G/xg/ ?.piééﬁoa 7 tons )
go 7% %0 © 3,0 4180 . 12,3
- ; . . . : B . ' e
- _ ! . '
TOTAL i 4 1%0 12,5
o b —

. -
|
® °
‘ ]
}
‘ 37
. — ,
llated inner ' f.ength %I.‘oi.ght i Annusel production
gf;’:’;;;; 'L Jum/ G /kg/ | pieces " tons
102/76 ' 208 0 4,2 . 708 3,0
120/150 1 327 | 6,3 175 | 1,2 ]
'156/120"""§ S 316 6,85 17 T,z 7
TOTAL | 1055 | 5,4




38

IRRIGATION GATE VALVE WITH BRANCH PIPE

' Reted i‘nner

Y
Dimr sioas

’ | velght {Annunl poduc tion

diame ter - -G re o
I,D, /ram/ ta /unn/ b/m/ | Pleces tens
120/102 :L 100 } 430 4! 22 3;2&: 6
I ]
s e
~ ) jj J"'!J
- b
39

Y-PIECE FOR BRANCH PIPES

Rated inner Dimonoions &

disneter v T 6 /ke T, o

1.0, /um/ " a /mn/ b /m/ /ks/ 3 piocol tona
100 200 hso 7,85 ! 1 410 11,1




3.10
| CONNECTION PIECE
‘ fated imner L_mf‘_‘_”"‘f??“i__ﬁ‘ "Z;i:; | Anusl_production _
I,D,./zm/ ia /om/ ! b/um/ pieces tens
100 : 30s 1020 16,2 705 11,4
@
3N
‘ SPRINKLER CLOSING ELEMENT
Rated inner | Dimensions _ _|ieight |innual productipn
gf;’i‘;:r / 8/ am/ b/mm/ } c/om/ G/kg/ piecep tons
102 k2 | 500 | 170 10 (%563 | 56,3







3.12
LENGTHENING P!PE W(TH TRIPOD FOR SPRINKLER

. Rated inner mmonssmq Yeight iAnnual preduction
dismeter i ‘ G/ke/

I.D./ w/ H e/ | pieces tons

b 500 . 5,3 ;35630 | 18,8

2 1/2° 1 200 ]L"z 53 T 180 | w4

TOTAL | 37 030 220,2




SPRINKLERS

‘ Ma of noxxzle Prsss:rrgg" o ._Eprayia& Yeight ' Am,‘}'l
;B LIVes Fango : _readnatioa
/ ww/ /Pa; Ty /m/ . /xeg/ . —

1 rdn/ :pleces tons

| dia 5 &+ 7 '0, 0,4 2% 62 7..20,5' 1,4 $35 620 i 49,0
s . o - i . ! IR s L M
- | ada 16/7 C 023 350 33 ¢ 3,9 1410 ! 5,5
' T i 1 ;
TOTAL : i37 030 : 55,k
_t t 2
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PRODUCTIOR PROGRAMME IN VALUE TERMS

(Constant Prices 1980)

1. Pumping units
657,1 tones & 9800 K

2.1 RFanged suction pipe
168,6 tomes a 2100 K

2,2 Panged elbow 90°
25,9 tomes & 3000 K

2,3 Suction strainer with flange
17,1 tones & 4500 K

3.1 Closing valve
16,6 tones & 4800 K

3.2 Ylanged comnecting 8,5 sones a 3000 K

3.3 Irrigation suction pipes
2120 tomes & 8200 K

3.4 Valve with branch pipe
201,6 tones & 4800 K

3.5 Eod piece 14,3 tones a 4000 K
3,6 Pipe commection 12,5 tones & 3000 K
3.7 Redmger 5,4 tomes & 4000 K

3.8 Irrigation gate walve with branch pipe
73,6 tones & 5000 K

6 439, 6

354,1

19,7

2545

16,960,

967,7

5742

37,5

21,6

368"'




Table 3 ~ i4

3.9 Y piece for branch pipes
11,1 tomes & 2800 K

3.10 Connection piece 11,4 tones a 3000 K

3.11 Sprinkler closing element
56,3 tomes a 5800 K

3.12 Lengthening pipe with tripod for
sprinkler 220,2 tones a 3800 K

3.13 Sprinklers 55,4 tomes a 12600 K

31,1

34,2

328,3

836,8

9698"‘
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MARKETED PRODUCTION

OF IMPORTANT AGRICULTURAL COMMODITIES

—
i N
[ PP N —

T ; T M J
i ! [ ;
Cormrediiy 2 1565 | 1071 1972 - ¢T3 | 1274 FOLo9Ts G765
A S ‘-"‘——T’""—“"—‘"' henatiih st e sttt et ahalE Seaaath i e A '1‘ S T - it i -
. P - ] . ‘
lioin cnes 2T3333 | 339950 | 816554 389747 | 58809C 559121 755097 |
Sc“ v {(mnaliing) " n.o, 102 . 212 35 325 ‘_‘. 163 |
Rice (paddy) " 170 254 345 358 1009 - 2097 |
Groundnuts " 7458 6779 ' 6508 3544 3604 64La 4,60 |
Sugarcane " L 230737 397363 | 487593 . 5T0L43 ' 763153  T7961L ;
Pruits " 2400 5600 5900 ; 5550 1 60CO T 6alO - 5400
Vesetables n 13000 24100 | 27700 | 20000 25000 | 28060 - 30000
Seed cotton " 2058 1875 | 8349 5225 2173 L2502 3665
Vheat " - - - - . 1050 3”, !
Sunilover " - 11 ¢ 124 1331 ,257 845 LE097T
Serabenis n - - - ; "73 102 353 TG
Rcefl n 12400 13200 | 141CO | 16309 14500 17200 Jb,i_:
Tork and hacon " 683 1600 | 1500 - 2000 2400 | 3140 3507
Foulivy (Qresved) v 1230 6700 | 8000 , SUCO | 12200 14643 2Lliyl
Ezss 1oz 23 77 | o1 . 102 140 175 1
173k 10"1itrbs 19,6 16,4 16,9 17 15,2 1: ,9 14,':,
Tirginia tobacco tones 6600 5910 l 5530 | 6230 | 6201 6455 Gaid
Burley tobacco 150 383 | 385 | 4730 430 5.) » v_-
Oriental n 526 4 49 ! - - - )
Tea u - - | - - - - 0,1
Cofres (rcasted) " 1 ‘ 7 6 ] 6 34 32, ERURE
: |
| | | | |
| ' | | ;
' ' ;
] L
i ! ! |

~ ven e
S, s
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CMAND PROJECTIONS AND Z3T:MATES GF PRODUCT!-
‘ ON FOR iMPuR"‘ANT AGRICULTURAL COMMODITIES
IN 1533 (TCN \:_),
i Zotal : Sstizatad
Comziedity pinterial demmnd E poduciion
T R S
‘aize L 1203000 ' 1766600
Rice . 25700 t 15000
Thcad . 190000 b AE000
Darley } 10000 | 15000
Cwent potatos and potatoes 54000 | 160590
i Caccava 41753
Dry beans | 21000 30000
Croundnuts (in shell) © £3000 | 94000
. Sunflower seed 32000 i 2000
Soya bean : 6500 6500
Tea 1200 650
Joffee (ground) : 4C0 | 400
Secd cotton . 27000 ' 32000
Virginia tobacco v ' 12000
Purley tobacco : . 1100
. Orientcl tobacco : 315
Bees 7370 53460
Porlz and bacon f C000 . 12000
Toes ' 5000 . 12000
Poulfry neat 1 2LC00 T33000
141 (Litres) . £2000 | 28150
! ;
' |
o |
|
‘ !
!
; |
| 1
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o m:w CANALS, WELLS., BOREIMCLES AND DAMS

g lew aaml.&:c.of dug Jo.v Te. eF ‘-’..llage Lo
Year o ; ' well Lorchcies I-P@ Jame
- ass -~ > :
loat vells | voints water ; '
S i . - o ST L o oupplieg Mo oL

Tha Second National Oew ﬂ’ovr"'n’c Plon

. - T T "‘"‘I —— -“‘r‘- It iaaasina i & T N T Y T T e ‘f"“‘"_' _‘"‘“"']"“‘ s s e
1972 | 11 287 o112 129 30 5
1573 1 126 348 55 122 20 2
1574 | 134 31 65 - 132 16 2
1575 . 118 264 7 176 20 1
1676+ 135 201 33 o3 14 ol
i I — - -
‘ Total | 624 1531 3532 652 100 9
I : ! i
‘ i : { | , i
The Third Igticral Develonmenrt Tlan '

o

Y X J T T ;
. \ ‘
E. a7~ 8% 650 ’ I500 1200 . 200 N 5

i . L

3 ~«21=-3B

-
p-4

' -~
CHANGES IN HARVESTED AREA BY
CATEGORIES OF FARMERS
‘ s | *
197 © 1833 2074 - 83
o T e T ]
Dotinated D mtiimded L ehnrge
preo ] Laraa ; Do Lo,
i(lOCO ) o, (1nco o) C (1007t !
—— R [ Fee e S S ;
% ‘s
1, Traditional Jammers L 1570 70 1135 51 =42 n0
2, Tmergent farmers 355 15 o443 '3 4538 +155
I. Tooroved villoze ;
ferners ; 215 P31 537 0 4422 196
IT, Orgonized gnll . | '
holder zelicriec | 68 340 130 Db o+ 62 KR
TIT, imerpgent ;iiddle ! ‘ ' ‘ 1
‘ Zarmers f 73 3,6 W77 . 8. 4104  4l42
4. Torge scale cormorceial ! , ; : .
; ! ; i ! ;
rarmers ( incl. ? : - ! |
; f - N COR A & O ’
o perastatals)_ .. e B AN A Pt
; ‘ i ' s
I 1 [} 1 i ’
Total [ 2C15 o0 2215 (100 | 4200 +0y




MANUFACTURING INDU STRY:GROSS VALUE

ADDED IN CONSTANT PRICES

v e .

- * - » . i ', e ] T ]
Ir producers values ot 1S6C nuices ¥ nillion Jource:lentral Zdntical CGilize
1 . . . [
t bferagu JTousy
- . - - . Cetn ovoR
1071|1972 (19T5 1974 | 1975 1976 13D O
i : H lo. dpa”
T . : [
| ' ! '
Focd, bevernge and tobacco 71,3 T8, TO,L Teigd Ty 1,7 1 Uy
*Textile and wearing apparel V9,3 (12,30 14,7 17,5 17,5 27,7 . 12,5
. < ’ ~ . -! . ; ' !
Vood, wood prodictz and Nuynituse f 2,6 3,8 1,8 5,8 ¢ 4,3 3,8 ‘ Ts9
i s A bl ~ h h] ‘ ' }
rapexr, naner proucts, publishirg ond : ; 3
feaa : " - - - i -
‘QI‘._I‘."I?“L_‘ 5,2 5].) 5". : 'S’O Uy | —’)3 ! ‘,ﬂr
- . - . - 4 :
Chenlceals, peirolew:, plusitic and rubber ’ : ;
produc o - S 3 25,5 26,5 07,3 iif:.u,z. 15,5
Zon - nelslic and minciral produvcis D Uel S8 9, 10,3 11,3 0o, 1,9
! N 1
Jasic melal products i 2,2 249 <, 7 353 1 2,6 12,60 3,4 ’
Yebricated etal productis, machinery and i : ! i :
| i : '
. (s . ot i
eguixent b.).l,B 23,2 25,8 2Dy ' 25,5 }23,9 : 1,¢©
Leng oo [ ‘ iy "
Others | 631 10,1 10,5 G | C,% 10,50 5,3
! ! |
f i
l | | ’
: | i
e - e ~ 1 i
! ! ?
),_ —— T__ T e ___.,........__..»--_.v_-_,-.--—----—-—11"4-).1.7._ .41:?‘&1.1,_, l).:‘)}F..F:T.‘.:”:‘__ [1_.,_3‘-3 A‘J-\—‘l_-./. - ..".: . z
fercernias? chango over eax ; : o e ‘ i,
o > V93 15,0 Sy! l 10,9 I =Sy =g, )

cIquy
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INDEX OF INDUSTRIAL PRODUCTION(COMMODITY

Shainad index 10450

Total

Pood,beve

maeo

~
Daziec notzls

Year Ionufzeturing and tobneco industries and other
1970 113,3 117,0 1M,92
1071 122,5 125,% 100,05
1072 133,8 12,2 €3,5
19873 122,2 154, 3 20,4
1274 15T7,3 15%,8 11ZT,¢
2875 15C,0 155,23 27,5
1976 144,5 152,96 £,
1977 140,1 Talya €93
1¢7is8 145,% 1:19,2 109, .1
197° 149,3 145,45 €C,5

GROUPING )

let2l products

at

€2 - ¢ oI5

—t




EMPLOYEES |N 'NDUSTRY Jowrce Central Statistical Cffice

. ]
mewswy YR\ MO ROTE \A9T5 | 978 | XOUT | 1878 | 1972
Agxicudthare, foresiry, fishery 31140 R1720  |33610 | 38100 32500 §30800 22509 | 3450
tining ad quarrying 50350 [91740 {65110 | 64750 [545580 : 54800 | 62770 52250
lzaufactwring 13300 [3600 143070 | 44330 [43000 | 45TT0 | 50129 i 507CH
Electiricity and uater 4530 | 4680 4750 513C 4 6970 7420 TLT0 TR
Constimiction and allied repaive 72320 110400 170500 | TLY50 Vo270 | LA9TTO | 40190 : 40120
Distribution, rectawrants and hotels 33500 PB4C30  |35580 | 32050 134200 33280 | 32700 ' 33370
Transport and corrmnications 25040 {24210 |22150 | 22050 {2054 20770 | 2132 i21900
Finance, irsurcnce, ¢~rvices, business 14210 Q5010 16450 12700 An000 17970 1857/ ' 20520
Cormmnity, social and person, services 82¢50 ETL20 92590 GTTEO ";r'?-’,‘.}‘f:- EE"J'S'?O {lGZ, 5 ?_CB’{“,J

|

i
;,.....,...;..
367930 PU3440 |3818L0 BoN (GO |3ELTV0 | SN450[368:00 NG

Total

y

.

- o e
e 955G



.‘.\‘

| ASSEMENT OF THE HOUSH

. ! ) PR
b
1
t !
- ! Totnl Ve

- - PR I
Lousing caveZory e e PR
? "0 i - :
- B R -

Figh / medium cost | 36900 &,1 rnns j;z,silsco ic,giloooo 11,3
| Tow - cost LiS160 6,77 :0100 54,8 7500 7,1, 195C0 12,9
: { Zevvinds houses) NGl F RS X BRI 5,0G)20C0) , C-.‘,,S) . 3450])
Jevviced sites ; 11300 11,30 65CC é4,9? 220 | v,q - E -
! . ] i
Inrreved widis - é- ; - = - - - i -
| | P
Towrl "lowial" 1192200 bl,?xlsjf"¢ 71,4 10200 gss,q 20500 4,4
i Squattor /madl sicnal V22300 :,’8,/' G147 'QC,Gf T200 ;41.,-’,",; 63:’,7C-O;C5,A
' 1 ; ' f !
— R R S SR S
‘ Total steclk 206600 100 [215000 f’:;oo i171\,o 100 15842¢C 1350
| |

-

T
g S
| —

AS PER 31.

2
(rorvrants ‘hovses) 8)\ g00) (3, 5)i (3700)(0, 5

T M i T ']”"' T ?
| ! I ! 7 : ! b
icn Joediwn cogt 13400 A,20 23000 0 9,90 2200 8,',’: 11CLS ;.,;1
N | H . ‘ '
- | e ! - AL A
‘ 1077 e 005 i _3,1¢ 37¢0 33:1.,‘2 2600 3,1
Lo .
07(‘0) \ -,‘:,’) '\_'.J._

Lo
(oY

«
—— --ﬂ--_-__«_.._,_L- O
~}
4 > IJ 1 ‘v
y [e0]
j]
[
._1_,
(oY
-
[

0o

eele] 10 0. 1900 ‘7,51 500 0,2
00 16,6; 600 }2 !

25,5 233300 70,0 13400!52,8 34100 :4,¢
| 2
4

000 30,0 12000147 | 707400 25,

Servieed rites 0G0 §3,1i

re
r\l
[
(@]
]

[ad)

}.l

QO

(NS

(@]

C
=TT T T
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b

Improved units

)
S
s

&
S

Potal Yformal®

Squatter /troditional

Total stock
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]
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[
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]
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<
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' fource : Third Wationmal Development Plan
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o 3«25 ~4
’ S ok UK —— -
oo &, - - [} ': [ by
| é ASSESSMENT OF DWCLLING UNITS D= Mr\a\:- l
¢ A -
; { 1979 - 83
N . " LR y
‘ | ; vrban [
| , .
5 N S e
Tt larze b omell YT
e T —— - el N pp— _7._ et v i —— a e s ——— e —— o —— — qp————t - —— —-ﬂ
b ; !
ustimated derand XIZ, 1578 JTC2H006 00 350100 ¢ 25430 7}733
Sstimated stock XTI, 1978 13100100 353200 | 25400 741500
B H }
Detimated shortrall 7II.1978 P =3900- - 156900 100 GO0
Bstimated new 75-83 . 321200 1160C0 - CO00 255700
4
: |
e i
Tow Qwellincs demand 1979-03 ‘ SIGIOT L 122600 0 85Th L2T3500
L .

source : Third Ilational Zeveloprment X2len (Zoth tables)

3=-20=-B

ASSESSMENT OF HOUSING DEMAND BY COST
CATEGORY 1979 -83

|
14,6 , 8,0 ' 1,41 5,2

54,6 53,6 | 0,5 . 0,5

BB o f
Zregcs monihly }m )
. al urbon i
Lousehold - Dwelling category | fota i ',,
. - ry ﬁﬂ """ S '—“‘-ﬂ ~ﬁ1
‘ ircore I l derand B ; e
larce Brall
/ L ‘L—"' Cc pa L
| | 1000 Uni
T oo T T . f i
; ! B
0=60 }Sc‘stloment / troditional 1314,9 149,8 } 5,5 325“),0
60~100 | Tartly servicod / self-help | | ! |
| and squatter ungreding 1110,9 102,4 | 1,8 1 5,7
100~160 | Pully serviced / selt~help , :

and corc housging

100-250 Low=cost housging

&
!
{ ‘ :
250-~500 i lediun cost 24,3 23,6 i 0,31 0,4 i
500  Tligh cost 3,0 0 2,7 1 0,11 2,2
| N ,,
' | ;
} i |
t[ | .
] " 0
| | ;
e e e e Ao e e e e o e : ‘
1 . vy :
Total L 415,1 1732,91 9,6 1272,5 i
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i ESTIMATE OF PRODUCTION COST
. Sales and distritution costs

b — —— . . ¢ r——— e ———— - it - e - —_— —_———

Hog ‘om description ; = Mtzvnit Cost 1000 K
| - A .Cest K ’ !
j il Yerclzn Tocal Teial |
, 5 | 5 ! |
| : | i
1 'Cales costs | |
i Training of salesmcn i : : : !
| ‘and merchaxnts | . - 30 i 30
| Advertising | L - | 80 - &0
‘Trevel cxpences ; f - i 90 . 90
. f!.i‘ter sales services, l 5 ; l
' commmication f | & 140 | 140
f ; { i
2 'pigtribution cogts L I
[ . L , | ;
‘Packaging - inoluded in | |
\materials ard imputs | ‘ |
‘ ! Preight, commmications ! ‘ ; - 85,~' 85,k
|




. IV. MATERIALS AND INPUTS




Iv - 1

MATERIALS AND INPUTS

Materials and innuts for the Irrigation equipment
manufacturing vlant are derived from the nroduction
programme and camacity given in the chanter III,

and from technology given in the chanter VI.

In order to reduce the quantity of imoorted alumi-
nium pipes to minimum, aluminium opines with steel
counlings are envisaged /this system is most
frequently used in the Central Europe/. It is the

‘ cheapest solution of production of irrigation pines
in Zambia.

For the full capacity of the Plant, the following

materials and inouts are required:

1. Unorocessed and semi-vrocessed raw materials

nil
2. Processed industrial materials
Rolled steel - profiles 27,7 tones
- sheets 700,0 tones
Steel pives - welded etc. 369,6 tones
Drawn steel - profiles 15,5 tones

Castings - grey iron I. - IV. grade 634,8 tones

- aluminium alloys 22,1 tones
- conper alloys 19,3 tones
Semi nroducts, non-ferrous metals
. - copper alloys /pines, profiles,sheets/ 14,4 tones

- aluminium alloys /vipes/ 1217.0 tcnes
- zinc /metallurgical/ 91,0 tones




Iv - 2

. Combustibles

- paints 35,6 tones
- thinning agents 7,0 tones
- greases 2,0 tones

3. Subdeliveries and components

- components made of rubber 51,4 tones
- components made of plastics 2,3 tones
~ components made of leather 1,3 tones

- connecting material /bright and

black bolts, nuts, washers etc./ 58,6 tones
. - springs 1,0 tone
-~ welding electrodes and wires 4,5 tones
~ fittings, pressure gauges 2,1 tones
- electrical apparatuses 84,7 tones
- electric motors 350,0 tones
‘ 4, Auxiliary materials

Paper, packing materials, chemicals,
degreasing materials, additives etc. 16,0 tones

5, Factory supplies

Maintenance materials /spare parts,
cleaningmaterial, oil, greases,

common utility tools, grinding

tooig etc./ 15,0 tones

‘ Total 3 742,9 tones




Iv - 3

6. Utilities

Electricity /max. demand 660 kVA/ 840 000 kWh

Acetylene 600 m3
Oxygene 900 m3
Water 5 625 m3
Petrol for high-lift trucks 36 000 litres

The majority of these materials and inputs is
imported /69,2 % of tonnage, 84 % of costs/.

It is presupposed that many items will be produced
in Zambia in the near future - for example steel
profiles, sheets, electrical apparatuses,
eventually aluminium pipes.

Prices of these materials and inputs, construction
materials and services are given on pages IV-4
till 1IV-9.
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. PROCESSED INDUSTRIAL MATERIALS
PRODUCED IN ZAMBIA
Ix factory prices at November 1980
Source : Price lists of different firms
!
Ttem Unit i Price Unit Price
Grey iron castings %
Circular drain grates dia 356 mm piece l 8,- ton ! 1000, -
Square drain grates 457 x 457 mm " ‘ 43,30 " 1140,-
Manhole covers and frames 648x648mm " | 221,16 " 1140, -
’ Sluice valve and stop cock boxes | |
(surface) dia 114 mm x 152 deep " : 13,75 " 1250 -
Grey iron castings, grade I. | ip-lOOO,-
grade II. " 1250, -
! grade III. ' " 1500, -
grade IV. " 1750, - L‘
Steel cagtings grade I. " $1100, -
. grade II. " $1400,-
grade III, " p1700, ~
grade IV. % " §2000,- ]
|
Non -~ ferrons castings
= Bronze " 5000, -
-~ Manganese bronze " 7000, ~
= Aluminium bronze " 7000, ~
= Aluminium q " 4800, ~
~ Phosphor copper ; " 8000, -
Eipeg !
Blagk welded pteel pipeg in 20 lenagth gs,l?m)
. - dia 1/2" = 15 mn NB piece! 8,4 | ton | 1075,-
= dig 1 1/2" « 40 mm NB "o 24,87 " 1119, ~
- dia 3" = 80 mm NB wolo56,60 | v | 1132, -
vaniged welded steel pipes in 20]length (6,1 m) i
-dia 1/2 " = 15 mm NB piece| 9,33 | ton | 1194,-




] i
. Item uniy Price funit : Frice
R RSt S SRR S
- dia 1 1/2" - 40 mm XB piece | 27,3 | ton E 1173,9
- dig 3" - 80 mm ¥B " 61,98 | " [1176,1
Fenging tubes - 1 1/2" 0.D. - 42,5mm | " 15,84 } " ;1077
- 3" 0.D. - 75,5 mu " . 29,1 v 11077
Spiral welded pipes wall thickness !
4,5 m upwards dia 175 mm up to 1380 4m
different surface treatments (spin ’
bitumen with i 1200¢
fibre glass wrap, coal tar epoxyé etc z !r
* P.V.C pipeg rigid, nuplasticised !
' - dia 1/2" x 6 m class E piece i 1,84 | ™ 2042
. - dig 2" x 6 m, class D ’ Mo 12,60 | 2524
- dia 8" x 6 m, class C w ! gg,e9 | " Y177
- dia 10" x 6 m, class D e lurre b 1777
- dia 12" x 6 m, class D o l253,96 | ™ 1771
Agbgstog =~ cement pregsure piping ' }
4 metre length } ’
' ~ dia 75 mm, class D " ‘ 1426 " 550
~ dia 150 mm, class C " 34,70 " 578
~ dia 250 mm, class D v 65,09 | ® 562
~ dia 375 mm, class B " 122,00 | 487
-~ dia 450 mm, class D " 264 " 518
Asbegtog - cement fluid -~ tite joints
~ dia 75 mm, class A~D " 3,57 " 3570
~ dia 150 mm, class A-D " 8,20 | 2050
~ dia 250 mm, class A-B L 11,50 | 1643
~ dia 375 mm, class A=B " 16,90 v 11408
~ aia 450 mm, class C=D " g 31,40 " 952
L Agbestos - cement gheeting 3 :
Stuadeht aheets i sovered
. cover width 87,6 cm width 92 om | i m2 |
length 300 c-m " | 15,41 " | 5,86
cover width 102 om, nom. width 112 cm *, i
length 300 om n | 18,00 " i 5,88
| |
l i
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Itenm

Carved gheets, different width
and length

Iechnical gases

Oxygen 1 bottle = 6 ¢ 8 m°

. Acetylene 1 bottle = (6,2 m3)
(plus rent 72 K/year/bottle)
Combugtibles ‘
Puel o01l, diesel oil

Petrol

0il

Grease

Latex

0il paints

Thinning agents

Char ecoal 1 bag = 30 kg

e ——————— e .

. Sereys, rivets, washers, nailg

Galvanised drive screws 120 x 14 sg OO pcs

Copper disc, rivets

Felt round washers

Galvanised nails 14 gge
Galvanised hook bolts and nuts

100 x 8
220 x 8
supdrieg
Hand operated pwmp

Switohboapd 380/220 V, 25 kV
Aluminium sgcrap

Bafuge bins 0,09 cu. m.

daygors 90 litres
135 litres
Z puxling

5% x 2" x 3/4" x 14 SWG
6 1/2" x 2 x 3/4" x 14 SWG

! |
Unit ?Price Unit jPrice
| |
! ton | 5,85+
" Eo 6,76
e 3
vottle: 24,00 | m : 3,90
bottle' 40,00 | m> | 6,50
i
! !
; litre 0,35
E litre 0,74
10 lityes 343 |jlitre 1,63
T kg 6,-
5ke |13 =151 kg |2,60e 3}
Ske (204221 ke | 44,4
> kg 12 kg 2440
bag 1,8 ton [60
16,00
00 pes: 5,00
00 pes 3,-
" 0,40
" 37,00
" 56,50
|
piece 150, -
" 750, =
kg 0,1 ton 100, ~
piece 16}3
m | 158,20|
" } 180,05
piece | 28,42 | ton j 966
o Lol oe liom
i
]
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Item o ;Prlz'zce Unit T' Piz{'ice
LIP Channels, 61 m long ‘ 5
2" x 1" x 1/2" x 18 SWG piece 6,72 " l 995
3" x 2" x 1/2" x 14 SWG " 117,62 " 969
Welved wire megh for reinforced ‘ i
goncrete : ;
Conforce 86 2,4 m x 60 m roll 1131,15 m? ' 0,91
Conforce 193 2,4 m x 48 m " 233,32 o | 2,02
Utility doors and frames {
725 x 1960 rm piece | 37,35
825 x 1960 mm ; w1 39,77
Si e double doorframe i
825 x 1960 | piece | 16,40
1425 x 1960 j " 20,47
Galvaniged waghing baths |
30 litres E " 9,80
100 litres | no | 24,15
|
|

|

b
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' ZAMBIA - TANZANIA ROAD SERVICES Ltd. LUSAKA

Transvortation of Goods Lusaka - Dar Es Salaam
Rates:
1. Class A - High Rated Goods

Preight charges to be calculated according to

i actual weight or volume weight of the con-

signment whichever is greater.

=

30,00 fixed minim. charge
0,264 ver kg

0,218 ner kg

0,175 per kg

0,132 ver kg

0,1434 ner litre

3960 per truck and trailer

Below 99 kgs
100 to 499 kgs
500 to 4999 kgs
5000 to 9999kgs
over 10000 kgs
Tanker rate

. Full unit rate

2. Class B - Normal Rated Goods

R R R R X R

Freight charges to be calculated according to
actual weight or volume weight of the con-

signment whichever is greater.

18,00 fixed minim. charge
0,164 per kg

0,122 nmer kg

0,098 ver kg

2940 pmer truck and trailer

Below 99 kgs
100 to 499 kgs
500 to 4999 kgs

‘ over 5000 kgs
Full unit rate

" R =R =R =R
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Cargo which by virtue of its length, weight
or size cannot be loaded on the normal truck
or trailer combination will be reqgarded as
abnormal cargo. 1n that event, the following
vehicles shall be »nrovided at the rates

stated below:

a/ Semi-trailer K 0,180 ver kg
b/ Low-loader /standard/ K 0,331 ver kg
c/ Low-loader /snecial/ K P.444 pner kg

calculated on carrying canacity of the vehicle.
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ZAMBIA ELECTRICITY SUPPLY CORPORATION LTD.

TARITTS

Tariff D - Maximum Demand Tariff

a/ Tariff D1 - Consumers Maximum Demand in kVA
below 300
Fixed monthly charge in Kwacha -~ 16,90

Maximum demand charge ner kVA per month in Kwacha -
2.90
. Unit charge in Ngwee - 1,30

b/ Tariff D2 - Consumers Maximum Demand in kVA 30¢
to 2000
Fixed monthly charge in Kwacha - 325.00

Maximum Demand charge per kVA per month in
Kwacha - 2.60
nit charge in Ngwee - 1.00

¢/ Tariff D3 - Consumers Maximum Demand in kVA over 2000

rixed monthly charge in Kwacha - 3250.00
Maximum demand charge oer kVA per month in
Kwacha - 2.22

Unit charge in Ngwee - 0.65

The maximum demand for the first year is either the
declared maximum demand or the recorded maximum

demand whichever is the higher.

Subsequently the maximum demand charge for any month
. is based on the highest recorded maximum demand in
the previous twelve months.
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. ESTIMATE OF PRODUCTION COST

vaterials and inputs

! ! 1 1
i H
‘ ?QuantiiUni:iUnit Cost 1000 K
. S i ‘cost K ; —_—
No Iten y i Cosv

: ! Foreig£ Local; Total
i : it

]
t
i
i
= ;
1 !Unprocesged and gemi-procesded |

i
i
v | ;
; 1

raw materials o= - - - - .
2 |Ppocessed industrial materiaic | ; :
Rolled steel - profiles b 27,7 lvon 410 11,4 - 11,4
! . { .
- sheets 1700 iton ;. 420 }294,0 | - B04,0
. &Steel pipes - welded etc. [369,0 zton ‘ 1170 - ;432,4 ;432,4
!Drawr. steel - profiles 15,5 ifon f 880 | 13,6 ; - 113,56
Castings ! ﬁ ; ; l
- grey iron I. - IV. grade {634,8 itcn }650 - }1047,4!1047,4
- aluminium alloys 22,1 ; ton 5000 - ; 110, 5{ 110, 5
- copper alloys 13,3 i ton 5200 - i 100,4% 100,14
Semi=products,non ferrons metals { ; % :
‘ - copper alloys (pipes, pro- 5 | ; ‘
files, sheets) 44 i vor PBOO 76,3 ; - 3 7643
-~ alweiniuwm alloys (pipes) 1217 " ton %400 7788,8i - ?788,8
~ zine {(metallurgical) Il ! ton . €10 55,6, = i 55,6
'Combustibles § f é |
- paints | 35,6Eto;1 (4400 | - 156,6 |156,6
- thinning agents LT son 12500 | - 17,5, 17,5
- greases i 2 ;ton %6000 12,-; - ; 12, -
3|8 veries and components! | | i %
Components made of rubber 51,4 %ton !5800 298,1% - 298,1
AComponents made of plastics é 2,3 :ton 54300 - g 9,9 | 9,9
Componenjs made of leather E 1,3 }ton . 2800 - % 3,6 ! 3,6
' Connecling material (bright | | i |

;and black bolts, nuts, I
|

5200 82,-!222,7 1304,7

|
washers etc.) ' 58,6 f ton
Springs i1 ion 16200 6,2; - . 6,2
! ! ' | '
Welding electrodes and wire?l 4,5 iton EBZOO 14,4{ - i 14,4
L




Tatle 4 - /%
T - e - = ‘“‘—"i‘ et S —— o T
| Quanti Unit | Unit ot 1000 K
flo % Ttem % v i %GOSt qFore1g4 LocalTTotal1
—— #,.,, - - Bl —*—-~—~~«J+ + b
|Flttlngs pressure ganies ga,L ?ton : 5800 12,2 ; E 12,2
{ lectrical apparatuses €4,7 ton ‘6260 525,1 1525,1
iElectric motors ?50,0 ton 56400 P240 ; F24O
4 |Augiliary materialis ; ;
'Paper, packing materials, ? | !
rchem:a.c,a;s, degreasing materla s ‘ i
additives etc ,L6 - ton - 2500 35,-: 5,# 40,-
5 |Fagtory supplies | ; {
Maintenance materials (spare : i i
parts, cleaning meterial, oils, § ;
greages) common utility toolb, ; a i
grinding tools etc | ! 120- | 494-| 160,-
| I
6 WUtilities | |
Electricity 840000 | kwh | 0,01 | -
(inel. monthly charge and
max. demand charge) 35,~| 35,-
Acetylene (incl. reant. | €0o m3 6,5
72 K /year/bottle) | - 4,3 4,3
Oxygene (incl. rent : 900 m3 4ym ; i
72 K/year/bottle) | - 431 43
Petrol for high = 1ift truc %szeooo litr¢ 0,74) - ! 26,71 26,7
Water | sees | w1 o0,15) - ; 8,4 8,4
f ; f !
A : i
| ?
| | |
| i i |
| o o
| ! ' .
Total TR ﬂ‘pi;eog 4
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1.

LOCATION AND SITE

LOCATION

The Zambian authorities have not yeat decided
either the site, or the location of the

Irrigation equipment manufacturing plant.

Consequently the assessment of demand, production
programme, capacity and input requirements,
mainly subdeliveries, vower suoplies and trans-
port facilities, the site should be located in
provinces, where the infrastructure is mostly
developped, i. e. in the most populated belt
starting from the Eastern Province, via the

Central Province to the Coover Belt Province.

The determination of location and site should
take into considetaion these princioal
criteria:

- material versus market orientation

- local conditions: infrastructure and socio-

economic environment

MATERIAL VERSUS MARKET ORIENTATION

For the location of the Irrigation equipment
manufacturing plant are factors such as the
availability of raw materials and inputs, the

existence of basic infrastructure facilities,
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more important than the oroximity of centres

of consumption.

As the Irrigation ecuiovment manufacturing plant
should cooperate as much as possible with the
existing factories, producing components and

parts for irrigation equipment, it is imvortant

to locate the above mentioned Plant in the

vicinity of grey iron foundry and other cooverating
plants, i. e. plants producing pipes of different

tyves, fittings, undercariages, forgings etc.

Centres of consumption are big towns around the
railway line from Livingstone to Lusaka, Ndola
and Kitwe. From these towns products are distri-
buted to different consumers, i. e. farmers,

industry, dwelling houses etc.

LOCAL CONDITIONS

Infrastructure

The existence of infrastructure is vital to the
operation of the Irrigation equipment manufacturing
plant, therefore this Plant should be built

in the place, where this infrastructure is
available in full extent:

Transnort facilities

Roads - The majority of materials and innuts

to the Plant and nroducts from the Plant will be
transported by trucks; therefore the location of
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the Plant on the first class road is of the

important significance.

Railway - Though the minority of materials
and inputs to the Plant and nroducts from
the Plant will be transvorted by railway,
it will be convenient to place the Plant

in the town with railway station.

Other transport facilities - are not

significant for the Irrigation equibpment manu-

facturing rlant.

Power supply

Electricity from public utilities. The location

of the Plant in the vicinity of the public

high tension live is of utmest importance.

Electricity from public line /ZESCO/ is the
cheapest one in Zambia.

Fuel oil, coal, coke, gases - Consumption is

neglectable, therefore for the location of the
Plant not impvortant.

Water Supoly

Water supply will be either from public utilities
or from private development of sub-surface
suplies or surface supplies. The water for
project is ascertained from the Plant capacity
and technology /Chapter 1V-3/.
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Public utilities: Determination of the availability
of the requisite quantities that couid be obtained
with the conditions of supply and orice.

Private development of sub-suirface or surface

supplies:

Determination of semarate facilities and their estimated
costs that would have to be provided. The assessment

of the quantity and determination of the quality of

the water.

Socio-economic environment

Availability of labour - Labour requiremenis are
given in Chaoter VIII. The availability of skilled
and semi-skilled workers is the most imvortant factor

of socio-economic environment. It is advisable to
locate the Irrigation equipment manufacturing plant

to the town with a training centre or with a technical
college.

Waste disposal - 1Irrigation equipment manufacturing

plant produces only solid waste materials and liquid
emissions.

Classified solid waste materials /scrap/ are stored
in concrete bins and sold to other plants. They are
used as scrap in foundries etc.

Liquid effluents are not dangerous and therefore
do not require special treatirent.

Construction facitilites - The facilities available
for civil construction, machinery erection or




‘ installation are qoond in big, industrial towns. This
depend® on the availability and quality of contrac-
tors and building materials. The best conditions in
this respect are in Lusaka and in big towns in the

Copper Belt Province.

Fiscal and legal requlations - In Zambia, fiscal

and legal regulations are the same in different

Provinces of the country, only land and personal

' levy are different. The level of this levy depends
i on the area and the location of the site, the
existing infrastructure /roads, water rain, sewerage,

‘ railway siding etc./ and manpower.
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List on Local Conditions cxisting and Required

Climate

‘Air temperature and precicitation in Zambia

see Annex A - II.

Climatic conditions in Zambia are suitable for

normal execution of machinery and equipment

/i. e. without tropicalisation/. There is no need

of heating in all places in Zambia and airconditioning
is used only exceptionally in some offices.

Wind - There are no destructive winds /hurricanes

etc./ or dust winds in Zambia.

Flooding from surface sources - There are no flooding
seasons in Zambia.

Earthquakes - There are no earthquakes in Zambia.

Site and Terrain

Location of site - not given.

Site description - Ideal layout of the Plant with
dimensions and geographical orientation - see
Chapter VI.
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Transport Facilities

Roads - The Plant should be nlaced on the first
class road and the access road to the Plant

‘ should be also good. Trensport rates Lusaka -
Dar Es Salaam - see table.

Railway - We assume that the majority of raw

’ " materials to the Plant and products from the
Plant will be transported by trucks and therefore

. the Plant will have not a siding of its own.

Water transport - Nil

Air transport - Not significant for the Plant.
‘ Airports are in all big towns in Zambia.

Passenger transport systems - Buses in big towns.

Water Supply

Characteristics

Dissolved content: Potable water

Suspended matter: hardness max. 7 pH, temperature
‘ . Temperature: max. 20°C

Pressure: maximum/minimum 0,4/0,3 MPa




Sources:

From public utilities: In big towns from nublic

water main, pressure 0,3 - 0,4 MPa.

By private development of: sub-surface suplies
/dug-out wells, deen wells, artesian wells/

or surface suoplies /river, brook etc./.

Method of treatment: removal of suswnended
matter, removal of dissolved matter, biological

treatment /if necessary/.

Power suopbly

Electricity from nublic utilities:

Sunplier: 2ESCO Zaimbia Electricity Supply Corp.Ltd.
Power avalable: 2000 kVA /incl. second stage

of construction/
Voltage V: /high/low/ 11 000 V/380/220 V

Point of lie-in: The distance of the high-voltage
line from the site /the point of
tie-in/ should be the shortest
vossible.

Price /tariff/: Tariff D2

Fuel oil, gas oil

Consumption neglectable.

Coal, coke

Consumption: Nil




Gases

Acetylene:

Oxygen:

Small quantity, supnlied in bottles
from existing plant in Zambia

Small quantity, supplied in bottles
from existing plants in Zambia

Carbon dioxide:

Steam

Small quantity, supolied in bottles
from existing nlants in Zambia

Nil

Communication systems:

Telephone system:

Telex:

Wireless:

Dumgs

automatic capacity 2 - 3 outside
lines, 20 - 30 interna lines noint
of tie-in the distance should be the
shortest as possible

preferably yes

Nil

Waste disnosal

Nil - stores of classified waste
material in concrete bins

Sewage system

Type:

Senarated rainwater I1.D. 300 mm

material of pipes in the network -
reiforced concrete; sewage - I.D. 200 mm,
material of pives gstoneware




Sewage treatment olant — Neutralization tank in the
vicinity of hot galvanizing

shon

ManoboweY

Administrative Staff

Education background: Foreign and local univer-
sities, technical colepges /for example Northern
Technical College Ndola, Zambia Institute of
Technology Kitwe etc./.

Labour
Level of skill: Grade I - 1V
Availability: Trainees of different training

centres /for example Trade
Training Centre Lusaka etc./

Construction, erectinn and maintenance facilities

Civil and mechanical contractors: Many firms
in different towns with good or medium level
of skill.

Building materials - see Annex B - name of firms,
their products, quality etc.
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Living conditions

Hcousing

Food

Recreation

Schools

Places of workship
Shopping facilities
Medical welfare

depends on the location of site.

Recommendation

Polytechna’s team of experts recommends to locate
the site of the Irrigation equioment manufacturing
plant in the most vopulated belt around the rail-
way line and highway from Livingstone to Lusaka,
Ndola andKitwe, preferably in Lusaka or in the
Copper Belt Province. All big towns on this line
are suitable for this Plant.




ESTIMATE OF PRODUCTION COST
land
- o - ]
———
So! Item f?;ranﬂ: UnitEUnit G“It 1000K
'g | [Cost Kip reign votal]
1 t + + t
| | o |
| Ammual payments for land } | ]
(servicea) | i 1 - 9 ! 9
o
.
i !
: I |
! t
| o |
| | ] |
! ]
| |
i |
i ‘, {
| |
e
|
| - S o SU S
Total - 9 9
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PRCJECT ENGINEERING




6.1 SCOPE OF PROJECT,CHARITS, PROJECT LAYOUTS

Project charts and layouts define the scope of
the entire vroject and serve as a basis feor

detailed engineering work.

Irrigation equipment manufacturing plant is

typical case, when technology has to be inde-

pendently acquired the selection of equipment

chould follow the determination of Jdesign of

products and technology as these two are closeilv
. linked.

Before the elaboration of proiject documentaticn

it should be determined:

- oroduction programme and capacity
- location of the Plant
‘ - selection of the site
- means of technology acquisition
- extent of documertation within the framework

of know='.0w

Production programme and capacity, hased on the

demand and market study see Chapter III.

Location of the Plant and selection of the sgite

gsee Chapter V.

Means of technology acquisition: The best for,

‘ of technology acquisition is technology licencing.
A licence gives the right to use nateated techno-
logy and the transfer o related know-how on

mutually - agreed ucon terms.




Extent of documentation provided within the

framework of licence and related kncow-how.

Design and technclogical documentation for the
manufacture of items stated in Chapter III will
be provided within the framework of licence and

related know-how in the following extent:

1. Specification of all parts, subgroups and

groups, list of parts

2. Drawings of all manufactured varts, subgroup:,

groups and units, including wiring diagrams
3. Drawings of packings
4. Specification of castings - list of parts
5. Drawings of forgings

6. Specification of standardized parts including
respective State Standard /BSS, DIN, GOST, CSN =i

7. Technical conditions for manufactured products

8. Operating instructions

9. Precision certificates

10. Technological process sheets and instruction
cards to all manufactured parts, subgroups and
groups

11. Standards of materials consumpﬁion

12, Drawings of special tools




13. Lists of special tcols
14. Lists of standardized tools
15. Relevant State Standards

Extention of documentation:
Documentation should be elaborated in the English

language and supplied in cne raproducible copy.

It should use the metric system.

|
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' 6.2 SCOPE OF PROJECT DOCUMENTATION

Project documentation /oroject charts and layocuts)
should be elaborated in two stages:
1. Detailed project renort

2. Working drawings

l. Detailed Project Revort

This project documentation should contain:

1.1 General layout

General functional layout of the Plant in the
scale 1 : 1000, showing the interrelationshir
between buildings and civil works, coordination
of outside roads, sidewalks, service network
‘ systems, area of buildings, elevation of the
site with indication of the extent of earthwork.

Technical report contains princinles of archi-

tectonic design, and technical layout of Plant,

description of site, descrivtion of connection

of site to outside network of rcads and varicus
service lines /electricity, water, telephone,
sewage/, princinles of transportation system on
the site, the elevation of the site, description
of protective zones, descriotion of fire fiqhting
system.
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1.2 Technological part

Technical report contains the fcllowing data:

- characteristics of shops and devartments, oro- o

duction programme and capacity, working regime

- selection and description cf technclogical

process
- inputs of main and auxiliary materials

- gspecification of employees with indication of

their vrofessions
- solution of interplant transport
- solution of storing

- possibilities of extension of prcduction

Drawings will contain:

- placing of machines and equipment in respective
shops and departments, with indication of
built-up area and execution of buildings

- materials flow diagrams

Specification of machines, equipment and inven-
tory incl. all technical parameters for biding.
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1.3 Energetical mart

1.4

Energetical part will contain:
Drawings and technical report solving energv
system incl. the layout of electric distributiocn

system, compressed air, water etc.

- specification of machinery and egquipment of
energy system

- solution of routes /lines/ and dimensions of

main outside energy systems

- main routes /lines/ of inside buildings

Civil engineering part

Civil engineering part will contain:

11

- architectonic and construction design of all
buildings, ground plans and cross-sections and
views of all buildings in the scale of 1 : 2CU

- technical repcrt will contain:

-~ description of construction desiqn of all
buildings

- routes /lines/ and dimensions of outside and
inside energy systems

- finishing of terrain /ground/ greenery

- roads, side walks and compacted areas
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- detailed description of respective buildings
incl. the type of structures, foundations,

side walls, inside sewerage system,

-~ water mains /hygienic installations/, social

amenities, lighting, and telecommunication system

- detailed descrivtion of respective civil
engineering items, their execution and quality

- specification and quantity of raw materials,
which will serve for bidding

The second stage of project documentation - Working

Drawings

2.1 Technological and energetical part

Technological and energy vart will contain:

- Detailed layout of machines and equipment in
the scale of 1 : 100 for separate workshops or
departments with dimension fiqures for each
item /mcechine, equipment/ and indication of place
of operator and indication of places of connec-
tions of all utilities, outlet of harmful
matters etc.

- layout of flow of raw materials, comvonents and
parts




layout scheme of power distribution system

drawings of water and comnressed air mains

detailed specification of machines and eguipment

incl. special accessories

technical report containing description of

production and suvplementing the drawing

‘Civil engineering part

Civil engineering part will contain:

detailed working architectonic and construction

drawings in the scale of 1 : 50 or 1 : 100

shuttering drawings of concrete and reinforced

concrete parts

reinforcement drawings of reinforced concrete

structures

drawings of steel structures /but not production

working drawings/

calculation of consumption of concrete, rein-
forced concrete and steel st. ctures

drawing of architectonic or construction
details in the scale of 1 : 50 or bigger




- diagrams and details of water mains, scweragc

system, lighting and telecommunication lines

- technical reports and calculations of different

jobs in respective buildings
- detailed specification of materiais and technical
specifications of all items for respective

buildings

- specification of materials for all buildings

Utility mains

~- Detailed drawings of utility mains and their
coordination

- length and cross-sections

-~ details of crossing of different mains and other
details

- calculation of details

- technical reports and calculations for
respective mains

- detailed description ¢f material and specification
for all items of materials for respective mains




6.2 TECHNOLOGY OF PRODUCTIOM - SHORT DESCRIPTION

Production of irrigation equipment involves the

following processes:
Cutting of materials:

Cutting of steel pbrofiles, bars and secticns on
hack saws; sheets and strips are cut on table
shears, eccentric and hydraulic presses.

Machining:

Components and parts are machined on machine
tools: turning is performed on universal centre
lathes and turret lathes, drilling on bench and
column drilling machines and radial drilling
machines, slotting on slotting machines, milling
on universal and vertical knee-type milling
machines, external and internal threading on externa:l
or internal threading machines, grinding on double
wheel grinding machines,surface grinding machine
and universal cylindrical grinding machine.

Hand operations:

Chamfering of machined or pressed parts, filing etc.

Heat treatment:

Annealing of components, parts and subassemblies
in electric furnaces, hardening in oil and water
tanks.




Surface treatment:

Painting by airless spraying, normal swmraying or
by dipping in electrostatic field for minor parts.
Pickling before zinc, galvanizing, galvanizing in

molten zinc, rinsing after galvanizing.

Mounting of joints on tubes:

Complete line, compricing pipe magazine with chute,
pipe feeding equipment, machine for pipe chamfering
and oressing of joints from both sides, machine

for joints marking and pressure equimment for pipes
oressure testing; flanging machine, special equipment
for coatin&fsealing agent on internal wall of
joints.

As already mentioned, tubes are made of aluminium,
joints of steel.

In the case of joints these will be made of alu-
minium, there will be great changes of technology,
mainly in pressing shop and mounting of joints.

Assembly and testing:

Assembly of parts to subassemblies by welding,

pressing, riveting, screwing etc.

Testing:

Testing of pumps, pipes and sorinklers on equipment
for testing of pumps, sprinklers and hand-operated
pressure tester.
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6.3 SUMMARY OF MACHINES AND EQUIPMENT

In the study there are specified essential

machines and equipment of the main and auxiliary
production. The study does not specify the equipment
of store handling system, workshop equipment

/shelf stands, work benches, vices and the like/,
office furniture etc. This equipment and inventory
are estimated generally by one item in the

Estimate of Investment Cost-Equipment.




1/ Material preparation shop

1 Metal hacksawing machine
max. dia of cut stock
280 mm, innut: 2,2 kW

2 Metal hacksawing machine
max. dia of cut stock 200 mm
input: 0,7 kW

3 Table shears
shearing length 2000 mm
max. sheet thickness 4 mm
input: 7,5 kW

4 Hand-operated lever shears
shearing length 160 mm
max. dia of cut material
dia 13 mm
flat iron 50 x 5 mm

No. of pieces




2/ Pressing shop

Eccentric press

nominal forming forcé 250 kN
No. of effective ram strokes
45 ver minute

input: 2,2 kW

Eccentric press

nominal forming force 400 kN
No. of effective ram strokes
45 per minute

input: 3 kW

Eccentric press

nominal forming force 630 kN
No. of effective ram strokes
45 per minute

input: 4 kW

Bccentric press

nominal forming force 1000 kN
No. of effective ram strokes
- 30 per minute

input: 5,5 kW

Eccentric press

nominal forming force 1600 kN
No. of effectiye ram strokes
30 per minute

input: 11 kW

High-speed hydraulic press
nominal pressure 2500 kN, table
dimensions 900 x 660 mm

input: 15,5 kW

No.of pieces
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Svecial cutting off machine
for joints cutting witn device
for flash rolling out

input: 4 kw

Hydraulic press

nominal pressure 400 kN

table dimensions 500 x 560 mm
input: 8 kw

Hacksawing machine
max. dia of cut stock 200 mm
input: 0,8 kw
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. 3/ Machining shon No. of pieces

1 Universal centre lathe
swing over bed 380 mm
distance between centres 750 mm
input: 6,2 kw 2

2 Universal centre lathe
swing over bed 500 mm
distance between centres 1000 mm
input: 7,5 kW 3

. 3 Universal centre lathe
swing over bed 655 mm
distance between centres 1250 mm
input: 18,5 kw 1l

4 Universal centre lathe
swing over bed 840 mm
. distance between centres 1250 mm
input: 18,5 kW . 1

[ %)

Turret lathe with vertical axis

of turret head '

swing over bed 510 mm

max. spindle capacity 50 mm

input: 7,5 kw 8

6 Turret lathe with horizontal axis
of turret head

swing over bed 530 mm
. max. spindle capacity 63 mm
input: 6,0 kW 4
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‘ _ 7 Bench drilling machine
max. drilling capacity 10 mm
input: 0,4 kW

8 Bench drilling machine
max. drilling capacity 20 mm
input: 1,5 kw

9 Column drilling machine
max. drilling capacity 32 mm
input: 2,2 kw

10 Radial drilling machine
.‘ max. drilling cavacity 25 mm
distance of spindle axis to column
230 to 800 mm
input: 1,5 kw

11 Radial drilling machine
max. drilling capacity 50 mm
' distance of snindle axis to column
320 to 1250 mm
input: 7,0 kW

12 Pedestal drilling machine
max, drilling capacity 80 mm
input: 7,8 kw

13 Slotting machine
slotting height 290 mm
table diameter 500 mm
input: 6,9 kW




. 14 Universal knee-tyoe milling machine
table clamping surface 45u x 2000 mm
input: 21,0 k%W

15 Vertical knee-tyve milling machine
table clamping surface 350 x 1600 mm
input: 8,6 kW

16 Table internal threading machine
range of cut threads M6 to M 16
input: 1,0 kW

‘ 17 External threading machine
range of cut threads 1/8" to 3 1/2"
input: 3,5 kW

18 Pneumatic handling equipment
loading canacity 150 kg

. 19 DPedestal double-wheel grinding machine
grinding wheels diameter 250 mm
input: 2,2 kW
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|
. 4/ Mounting of joints for tubes No. of ncs

1 Complete line for mounting of joints

on long irrigation pipes comprising:

- pipe magazine with chute

- pipe feeding equipment

- machine for pipe chamfering and
pressing of joints from both sides
simultaneously

- machine for joints marking on pipe
from both sides simultaneously

- pressure equipment for nives pressure
testing of finished irrigation pipes

‘ input: 34 kW 2

2 Hydraulic nress, nominal pressure 400 kN
table dimensions 300 x 560 mm

input: 8 kw 1
. 3 Flanging machine, max. sheet thickness
2 mm, throat 700 mm
input: 1,5 kW 1
™~

4 Special equirment for coating
sealing agent on internal wall of joints 1

5 Drying table for sealing agent drying
input: 2 kW 1

6 Bench drilling machine
max. drilling capacity 20 mm
input: 1,5 kW 1
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5/ Assembly shop and testing room No. of pcs

1 Column drilling maciine
max. drilling capacity 32 mm
input: 1,5 kW 1

2 Bench drilling machine
max. drilling capvacity 10 mm
inoput: 0,4 kW 1

3 Hydraulic press
nominal formning force 100 kN
input: 2,2 kW 1

4 Flame welding unit, complete
acetylene + oxygen 2

5 Mobile welding rectifier,
semi-conductive type
permanent welding current 250 A
input: 24,3 kva 3

6 Welding table with exhauvstion
ingut: 0,6 kW

1J

7 Double-wheel grinding machine
grinding wheel diameter 250 mm 1

8 Table lapping machine
input: 1,2 kW 1

9 Pneumatic handiing eqguipment
loading capacity 250 kg 2




10 Equipment for testing of oumps
consisting of:
- metal-made welded tank of
dimension 3000 x 4000 x 1500 mm
- cast iron clamping plate for
aggregate clamping
- measuring facilities and pining

connections

11 Equioment for sprinklers adjustment
consisting of piping system and
measuring facilities

12 Hand-operated pressure tester
testing pressure 10 MPa
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6/ Paint shop No.of bocs

1 Equipment for paint application by :
dipping in electrostatic field for
minor parts, complete including
exhaustion equipvment and paint
preparation unit
input: 20 kW
The equipment embraces these

processes:

degreasing

priming paint application by dipping

‘ - drying

top paint application by dipping

- drying 1
2 Bench spraying booth, complete incl.
exhaustion of turntable etc,
1

input: 5 kW

3 Complete equipment for paint application
by spraying, airless, incl. spraying
guns hose magazine, cleaner, paint
mixer in packings and the like




' 7/ Heat treatment and forge shoo No.of ncs

1 Electric oil-fired annealiing
furnace muffle dimensions 1500x
x1200x1500 mm, rated temperature
960°C, working in orotective
atmosphere incl. generator of
protective atmospnere
inout: 60 kW 1

2 Electric chamber furnace
working space dimensions 600x450x900 mm
. temnerature 960°cC
input: 34 kw 1

3 Electric chamber silit furnace
working space dimensions
540 x 620 x 800 mm
temperature 1350°C
. input: 37 kw 1

4 Electric shaft furnace
working space dimensions
dia 500 x 600 mm
temperature 650°C
inout: 18 kw 1

5 0il hardening tank
internal dimensions 1050x400x760 mm
capacity: 530 liters 1

. 6 Water hardening tank, internal
dimensions 1050 x 400 x 750 mm
capacity: 530 liters 1




10

11

12

13

VI -24

Hardening table for air hardening
input: 0,6 kW%

Apparatuses for hardness
measurement

Degreasing machine, working space
dimensions 960 x 560 x 450 mm
tank capacity: 165 liters

bath temperature 70 - 90°¢
inout: 16,5 kW

High-frequency generator for
heating of material for forging
incl. transformer

max. input: 50 k¥

Hydraulic oress _

nominal pressure 400 kN

table dimensions 500 x 560 mm
input: 8 kW

Pedestal double-wheel grinding machine
g:inding wheel diameter 250 mm
input: 2,2 kW

Tumbler
drum dimensions dia 500x600 mm
input: 1,1 kW
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8/ Hot galvanizing shopn No. of opieces

1 Electric resistance furnace
with metallic tank for zinc melting
tank dimensions dia 2000x1500 mm
input: 3 x 150 kW 1l

2 Tank for pvickling, rubber-lined
interrnal dimensions 2250x800x950 mm
with exhausting frame
exhausted quantity of air
4000 cu.m./hr. : 1

3 Rinsing tank after opickling,
rubber-lined, internal dimensions

2250 x 800 x 950 mm 1
4 Tank for cooling after zinc coating,

rubber-lined, internal dimensions

2250 x 800 x 950 mm 1
5 Pneumatic handling equipment

loading capacity: 200 kg 1




. 9/ Tool grindery No.of pieces

1 Universal tool grinding machine
swing 290 mm
input: 2,2 kW : 1

2 Twist drill sharpening machine
range of sharpened drills
2 to 100 mm, point angle 80°-170°
input: 3,0 kW 1

. 3 Grinding and lapping machine
for turning tools
grinding wheel diameter 175 mm

input: 0,65 kW 1
4 Pedestal double~wheel grinding
machine,
. grinding wheel diamtere 250 mm
inout: 2,2 kW 1
5 Bench-type double-wheel grinding

machine, grinding wheel diameter
175 mm
input: 0,5 kW 1
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10/Tool room and repair sho»

1 Centre lathe
swing over bed 400 mm
distance between centres 1000 mm
input: 5,5 kW

2 Centre lathe
swing over bed 635 mm
distance between centres 2000 mm
inout: 18,5 kW

3 Tool room milling machine
table clamping surface 400 x 1000 mm
input: 3,1 kW

4 Vertical milling machine
table clamping surface 450x2000 mm
input: 18,5 kW

5 Bench drilling machine
max. drilling capacity 20 mm
input: 1,5 kW

6 Radial drilling machine
max. drilling canacity 5C mm
distance of spindle axis to column
300 - 1250 mm
input: 7,0 kW

No.of nieces

]




10

11
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Universal cylindrical grinding machine
swing 280 mm

distance between centres 1000 mm
input: 6,6 kW

Surface grinding machine
table clamping surface 400 x 1000 mm
input: 10,5 kW

Universal tool grinding machine
swing 290 mm
input: 2,2 kW

Double-wheel grinding machine
grinding wheel diameter 250 mm
input: 2,2 kW

Mobile welding rectifier,
semi-conductive

permanent welding current 250 A
input: 24,3 kVA

Welding table with exhaustion
input: 0,6 kW



‘ 11/ Mechanical handling No.of pieces

1 High-1ift truck
with side loading
width of loading platform 1200 mm
1ift 4600 mm
loading capacity: 1200 kg

drive: internal combustion engine 1

2 High-1ift truck
loading capacity 1000 kg

‘ lift 3300 mm
drive: internal combustion engine 2

3 Hand trucks

high-1lift, low-1lift, olatform,
sidecars, flat péllets, box nallets
and the like




GENERAL LAY-0OUT, PRINCIPLES OF ARCHITECTONIC DESIGN

As the location and site of the Irrigation
equipment manufacturing plant is not known, an
ideal architectonic design was worked out.

The Plant is projected in three zones:

-~ entrance zone
- production zone

- zone of auxiliary shoos

The Entrance zone includes these buildings:

- entrance with door keevers’ lodge for inflow
of materials and entrance of employees

- administration building

- social amenities - cloakrooms, lavatories, WC

- parking lot for cars, motorcycles and bicycles

Production zone:
- main production building with stores

- mounting of joints with stores

Zone of auxiliary shons:
- transformer station

- compressor station

- hot galvanizing shon
- heat treatment shon

~ garages

- store of combusti’ les

- scrap yard




Area /aereage/:

Land 37 000 m2 /10Q &/

Built-up area 6 000 m2 / 16%/ !
Comaunications, side-walks,

compacted area 6 000 m2 / l1l6%/

Greenery 25 000 m2 / 68%/

BUILDINGS

Main production building /Building 1 and 2/

Light steel structure without cranes, with light
roofing /carved asbestos@ment sheets/ outside walls
made of steel sheets, floor made of concrete.
Building has 6 bays, span 12 m, height to the
trusses 6 m. Side walls are executed only around

the area 60 x 48 m, the remaining part of the
building is only roofed.

Total built-un are 4 320 m2

Building 3 and 4 - Mounting of joints

Light steel structure, without cranes, with light
roofing /carved asbestoscacment sheets/, without
side walls, flooe made of concrete.

The first and third bay have snman 12 m, the second
bay has 9 m swpan.

Around this building is free area with concrete
floor for stores of nipes.

Total built-up area 540 m2
Free area with concrete fioor 2 260 m2




Hot galvanizing shop, heat treatment shop, Bldg. No.5

One-~-bay building, steel structure, span 12 m, with
1ight roofing /carved asbestoscement sheets/, and
concrete floor without side walls.

Total built-up area 360 m2

Store of combustibles - Bldg. No. 6

Brick walls, light roof steel structure, floor made
of concrete.

Total built-up area 108 m2

Transformer station and compressor house - Bldgs. No.7,8

Structure reinforced concrete skeleton with brick
walls, floor made of concrete.

Built~up area 2 x 54 m2

Garages - Bldg. 9

Light steel structure, with light rocofing /carved
asbestoscement sheets/, without side walls.

Built-up area 162 m2

Scrap vard - Bldg. No.lO

Free area with concrete flooring and side walls made
of concrete. '
Built-up area 36 m2
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Social amenities - Bldg. 11

Three-storeys building; reinforced concrete skeleton,
with brick walls. Modulus 6 x 9 m. Height of one

storey 3 m.

Built-up area 216 m2

Floor area 648 m2

Gate house - Bldqg. 13

Building 4 x 8 m, brick walls, light roof /carved
asbestoscement sheets/-

Built-up area 32 m2

Parking lot

Free area with concrete floor. 300 m2

Roads and sidewalks

width of main roads is 6 m, width of other
communications is 3 - 4 m.
Width cf side walks is 3 - 4 m.

Fencing

The fence is 780 m long. In the entrance area there
is gate made of bricks and steel, other parts is

wire mesh with steel fencing tubes.
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IMPORT DUTY

Item

Machine tools and oresses
Wood working machine
Electric motoers

Furnaces

Cranes

FPork lifts

Trucks

Transformers and equipement

Compressors

Pumps

Valves, fittings

Ball bearings

Bolt, nuts and washers
Aluminium in blocks
Aluminium pines
Aluminium fittinas

Steel rods, sections etc.
Electrodes for welding
Measuring equiobment

Hand tools

Electric mortable tools
Cutting and nressing tools
Paints

Cables

Telenhone sets

Percentage of

roreign

10
10
10
10
10
10
10
10
10
10
@

10
10

?

25

30

Price

P 0P 0P OP 0P OdP o P O P

oP

[

10 %
10 %
30 %

10
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CIVIL ENGINEERING WORKS

Bstimated Unit Rates as per 31.12.1980

Souree : INDECO Ltd, ZESCO lLusaca and other firms

Item

Ixcavaiion
Earthwork
laterite Fill
Ant-repellent
Conorete in foundation
Conorete in plinth beams
Concrete in floor : 200 mm

: 500 mm
Formwork (shuttering etc.)
Steel reinforcement
Mesh steel reinforcement in floor
Blockwork
Structural steel incl. erection
Agbestos in roofing and cladding
Fibre glass transluent sheets
Roads - asphalt couted

- gidewalks
Pence (incl. gate)
Foundations for machines - with reinforcing
- without reinforcing
Buildings - incl. erection of steel
structures, flooring, side walls, veutilation,
lighting conductors and rods, lighting instfalla-
tion
Workshop buildings, steel structure
- span of Pay 18 m, without cranes
« gpan of bay 18 m, with crane of
5 Mp ocapacity

Adminigtrative 3 storey building -
each sgstorey

a\d E\J EN E\.u E\.ﬂ Bu',

B

8

[ACJEEE Ao BN \V)

kg

H

ton

a E\»E E aNENSN

Unit

Rate K

‘W

(WS )

100
100
20
24
20

W N

1500
10

12 ~ 15
10 - 12
35
150
100

. 220

270

| 350
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Item

b . e e e - e —————

Social and administrative annex
Store of infiammables

Garages

Entrance building and door keepers lodge
Canteen incl. equipment

Bicycle and motorcycle shed
Compressor house

Water digtribution price of pipes
plus 100 % plus

Sewerage system price of excavation

Compressed air distributio

Source : INDECO Ltd.

11 kV line

Transformer 500 kVA 11 kV/380/220 V
(incl. erection)

High - tension cables (incl. erection)
Low = tension cables

Outdoor lighting

Subdistribution board 200 kVA

(incl. erection)

Source : ZESCO ILusaka

NN NDR

BBNBBBEBE

piace

10

18500

30
30

2000




FLOW OF MATERIALS IN MAIN PRODUCTION BUILDING

ASSEMBLY SHOP FINISHED
, P PRODUCTS
PAINT SHOP
NT S FINISHED (:>
PRODUCTS
INTERMEDIATE STORE STORE
‘ ' SUBDELIVERES|
&
ﬁ
TOOL ROOM,
MAINTENANCE
A, MOUNTING
! OF JOINS
TOOL GRINDERY iy
MACHINING JSHOP
PRE fSING
ToOL STORe | > 11O
AND
ISSUING ROOM
STORE OF RAW MATERIALS |Mariauation | STORE OF RAW MATERIALS
SECTION

£

INLET OF MATERIALS

LI

INLET OF MATERIALS

- ——

| WO
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IDEAL LAYOUT

LEGEND

MAIN PRODUCTION BUILD!NC

STORES

MOUNTING OF JOINTS

STORES

HOT GALVANIZING SHOP’HEAY TREATMEN"
STORE OF COMBUST!BLES
COMPRESSOR HOUSE

TRANSFORMER STATION
GARAGES

SCRAP YARD

SOCAL AMENITIES
AOMINISTRATIVE BUILDING

GATE HOUSE
PARKING PLACE

- e - — - OPEN RUOFED BUILDINGS

S———— BUILDINGS WITH SIDE WwAL.

——— CCMPACTED AREA ROADS,

SIDE WALKS

——— FENTING
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ESTIMATE OF INVESTMENT COST

L— Technology costs - lump - sum payuments

e e i — - e — e e— - p—
Seo page X = 4
' !
! i ; o Cost 1000 K
iQuanti Unit' Unit | T ]
Noi ILtem !ty i cost K| Foreign Localj Total
__k.T_-—...‘,_‘T__,A . Jf ———d
’Technology costs - lump = sqm :
payments : ! 120 - 120
|
i } |
| j |
1
]
|
|
|
i
|
|
|
1 ‘i ‘;
i ! ,
| ; ;
' | :
! | E i !
5 o |
| : i |
! i ! ' ;
| | | § !
| i | ‘
t ! i ;
: : |
. | ? |
‘ | ;
| f !
j : | I
o
i | |
' |
U S, [P JU S L‘ JR SO
Total 120 - 120




Table 6 - 2

. ESTIMATE OF INVESTMENT COST
Equipgent === o U
T .
Yo| Item Quanti Unit ' Upit | 009t 100K |
; | Costk [Foreign Local|Total
1 Material preparation shop L 34,-| 3,5| 37,5
2 |Pressing shop 1180,+ 72,7!1252,
3 'Maehining shop é | ‘ 1360,+ 76,311436,
4 ;louting of joints : 870,4} Ggi,«' 932,
. 5 |Assembly shop and testing | ; | ,
6 Paint shop ' L 340,> 35,8/ 375,4
7 \Heat treatment and forge | i | | !
 shop i : 270,+ 14,7 284,
8 |Hot galvanizing shop | 105,+  6,2] 11,
9 imool grindery | 33,+ 2,9| 35,
‘ 10 Tool Toom and repair shop |
|

| 310,+ 16,4| 326,
11 Mechanical handling | 110.1 15,=! 125,
‘Prensformerstation inol. | , | !

switohing station | . 45,4 6,- 51,4
Compressor house incl. ' | | !
cooling mioro-tower j: | 105,4+ 10,- IIS.T
Subdigtribution boards low | : i
tension, cables *700 m - | 3T~ 37.7
Common utility tools, portable | . l
eleotris toels, gauges | | 480,~ == 480,-
Special tools | ) 720,4 - [720,-
Spere parts 180,- =~ /180,-
‘ Workshop and office furni- E | :

ture, typewrites, calculating 1 ;
| ochines, trueks and cars i ! 120, 215.-:‘ 3354+
i'n.k - current systen : 95, 25,4 120,4

o -
rotal | P 6,502 6080 7110
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ESTIMATE OF

INVESTMENT

COST

Civil engineering works

Source : Page VI - 35
L o Quanti 'Unit Unit | Cost 1000 K
No| Item decsription Lty Cost !
L_*;*_ % . % X ForeigngLocal Total
Audiding | . ]

%1 Main production building 12880 m; 220 - E633,6'633,6
2 |Stores 11440 m"~ ;200 - ,288,-288,-
3 Mounting of joints | 210 n® 200 - ae,-1a2,-
4 IStores 1330w 200 - | 66,-|66,-
5 Mot galvanizing shop, _; é ‘ .

heat treatment shop 360 | ne 200 - 72,- 1 12,-
6 |Store of combustibles f 108 m° 200 - 21,6 | 21,6
7 Pompressor house | 54 % m2 i220 - . 11,9 '11,°
8 Transformer station | 54 me f220 - 11,9 511,9
9 Larages i 162 | m° 180 - | 25,2 ?29,2
10 Serap yard 36 ' m® |50 - 1,8 1,8
11 ﬁ;:i:i amenities 432 n° Boo - |129,6 {129,6
12 | istrative building ? 648 e 350 - §226,8 226,8
13 Cate house 32 of 250 - | o8,-1 &,-
Fence (incl. gate) 79 w35 - 27,3 27,3
Roads, sidewalis 6000 . m® |14 ~ | B4,- | 84,-
Pater distribution (approx) {1300 ; m ; 35 - i 45,5 | 45,5
Rain-water drainage (approx) | 700 . m i 40 - | 28,-! 28,-
Bewerage system (approx) 1300 m | 45 - 58,5 58,5
Compressed air distridbution | 350 % m % 18 - ‘ 56,3 | 56,3
High~tension cables (approx) | 200 i m 30 - 6,~ 6,~
. iow-tension cables (approx) hOOO i m 530 - | 30,~ ¢ 30,4
Dutdoor lighting 1500 ‘w20 - 130,-1 30,
Earthwork (estimate) @oooo ; w0 é - % 60, - 60, 1
?reen area FSOOO i m2 é - i 50, ~ 50,
i i | ! !
| | : |

Y RS SO L . -

Total (1968, - 1368, -




VII. PLANT ORGANIZATION AND OVERHEAD COSTS




PLANT ORGANIZATION

b4

=l

AND COVEZRHEAD COSTS

Summary of shops and sections in the Plant

Building:

Main production

building

Mounting

of joints

Sections of the Plant:

Stores

Main

production

Auxiliary

shons

Store of

nroducts

Stores of
raw

materials

Main

production

of

nrocucts

Store

Castings, steel,

subdeliveries, tools

Prevaration of mate-
rials

Pressing shon
Assembly shop and

testing room

Tool room and maintenance
shopn

Tnol sharpening shon

Store of products and

completion of supplies

Aluminium pines .

Mounting of joints

Irrigation suction pipes




Hot galvanizing shop

heat treatment shop

Store of

combustibles

Energyetical

buildings

Garages

Scran yard
Social amenities
Admin. building

Overhead costs

Factory overheads

Main

production

STore

Store

Hot galvanizing shop
heat treatment shop
and forge shoo

Paints, thinning

agents, oil, petrole

Transformer station

Compressor station

Cars and trucks,

fire-fighting equipment

Scran
Cloakroom, lavatory,WC
Offices of management
of nlant, development
and designing depart-
ment, production
documentation,economic
department, commercial
department, telephone-

-exchange, buffet etc.

Wages and salaries /including benefits and social

security contributions/ of manpower and employees

not directly involved in oroduction - are included

in Chapter VIII. Auxiliary material, office supplies




and utilities /water, clectricity, wases etc./
are included and caiculated in Chawvter IV.
Repair and maintenance /contractual/ is given

in this chapter.

Administrative overheads

Wages and salaries /including beriefits and

social contributions/ are inciuled in Chapter VIII.
Office supplies, utilities are included in Chapter IV.
Communications, engineering costs, insurances are

given in this chapter.

Depreciation charges - aré’ @alt separately 1in
Chapter X.

Financial costs - interest on term loans etc. are

treated separately in Chapter X.

Organization chart of the Plant

Organization chart of the Plant /see table 7-2/ is
elaborated for the full capacity of the Piant with
regard to prospective extension of the Plant after

the year 1990 /the second stage of construction/.

High ratio of total manpower to supervisory and
managerial staff 3,75 : 1 /sece Chanter VIII/ is in-
fluenced by the fact, thar vart of technical staff

forms designing department of irrigation systems




ES

VIIi -

‘ /normally dosigns of irrijation systems are worked out

by special engineering firms and supplied to

Irrigatior eaguipment manufacturing vlantg/. )




Table Po=

. ESTIMATE OF PRODUCTION COST ‘

Overhead costs

e e

Ttem fsuantiiUni't:Unit Cost 1000 K
‘ ¥ : Cost K ‘

U S S

|
i

Foreign Local Total

1 ' Wages and salaries /incl.
: benefits and soecial security
contributions/ :
of manpower and employees
not directly involved in
production - included in
Chaptexr VIII.
2 | Auxiliary materisl, office
supplies, utilities (wator,;
electricity, gas-included
. in Chapier IV.
Repair and maintenance - '
equipment and oivil enginee~
ring ; | 30 150 180

|
itelex. postage, transport | ‘ 1 _ [
l
|
|
i
|

4 ; Communications - telephone, |
cost, trips i 1 - 160 160
5 | Replacenent of special tools : 380 20 400
6 | Ingurance v - 110 110
7 "Mu. rents, unforessen ‘ !
' costs ‘ : . 200 200
| i ,
| f | )
! | | .
‘ ! ; ] J
’ o z
| ‘
| | - , |
. 3 o % |

Toygl 410 | 640 1050
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‘I. MANPOWER

The determination of labour inputs for the Plant is

based on the following working regime:

Number of working hours per day in one shift 9
Number of shifts per day

Number of working days ver week

Number of working hours per week 45

Calculation of effective working days per vear

. Number of days per year 365
Deduct Saturdays and Sundays - 104
261

Deduct paid unproductive working days:

Official and religions holidays 11 paid 7
Leave ‘ : paid 18
. Sickness 8, paid_ 6
Total paid unproductive days 31

Paid working days: 261 - 4 days holidays - 2 days sickness

= 255 days

Effective working days 255 - 31 = 224 days

Paid working hours 255 x 9 = 2295 hours

Effective working hours of labour

224 x 9 = 2016 hours

Effective working hours of machines

2016 - 5 % for repairs = 2016 - 101 = 1916 hours
. Note: Effective working days and hours are used for

capacity calculation, paid working days and hours

for calculation purposes of costs.




VIII - 2

Wworkers

Total number of workers in main mroduction
and in auxiliary shovs 190 '

from this - general workers /without

qualification/ 30
- grade I and II /trained/ 70
-~ grade III and IV /qualified/ 90

For information there are given the basic
professions of workers for main production and

auxiliary shops:

Machine operators trades

Turners, lathe operators

Canstan lathe operators

Drillers, drilling operators
Millers, milling operétors

Grinders, grinding ovnerators

Press operators

Sharveners of tools /tool sharpener/

Hand workers /manual trades/

Welders~electric /electr. are welding operators/
Welders - flame /flame welding machine operators/
Tool makers

Mechanical fitters

Assembly fitters

Electrician - fitters

Lay-out men /markers/

Hardener

Painters




VIII - 3

The number and qualifications of workers needed

for the Plant em from the individual working pro-

cesses which will have to be carried out to obtain

the required finished oroducts of the Plant and

to provide for its uninterrubted ooeration. It ;
should be kept in mind that the mastering of the

manrufacture of irrigation equioment puts high

requirements on the workers’ qualifications.

The number of workers has been determined on the

basis of the working regime indicated above.

Irrigation equioment manufacturing plant should be
built in the area, where manpower and occupational
skills is available. It is opresupposed that many
workers will be trained in the Plant in the pre-
production phase, to achieve within the shortest
time the highest skillness /see Chapter IX/.

Supervisory and managerial staff

The determination of supervisory and managerial
staff is based on the working regime given above

and on the organization chart, given in Chapter VII.

Total number of supervisory and managerial staff

is 69

from this engineers and technicians,

including foremen and store keevers 49
administrative staff - clerks, book-

keepers, secretaries and typists 20




VIII - 4

‘ It is presupposed that in the first period of
start-up 5 - 6 fcreign experts will be emplcyed

in the Plant - see estimate of nroduction costs. '

Some members of supervisory and managerial staff
should be trained for short period abroad in

the plant, collaborating with the new Irrigation
equipment manufacturing plant in Zambia /granting
licences, know-how etc./.

Staff
General director

Technical adn production director

Commercial and economical director

I I

Production director

Managers -~ commercial aepartment
economic devartment, development and

' design department, oroduction,

production documentation, production,
irrigation schemes designing office 6

Lawyer 1

Chiefs of department -~ secretariate
of gen. director, versonnel affairs,
quality control, accounting department,
chief of nroduction 7

Technicians - desianers of irrigation
equipment, tools etc., efficiency
standards, sales, purchase, transoort
department, energet. devartment,

process sheets, production planning 22
. Foremen 11

Store keevers 4




VIII - 5

Administrative clerks, tool-keepers etc. 5
Secretary 5
Typists 4
Total 69
Ratio: total manvower: staff 3,75 = 1
workers:staff 2,75 = 1

Both ratios are influenced by the fact, that the
organization chart of the Plant is elaborated with
regard to the extension of the Plant after the
year 1990 /the second stage of construction/ - and
that the Plant has its own designing department of
irrigation systems - /see Chapter VII/.

Designing department of irrigation systems is of

vital importance for Zambian economy.




lebie G e 4

ESTIMATE OF PRODUCTION COST

Wages !
T
o Ttem Quantlfbnlt Unit Cosgt 1000 K
Lty cost
f % ! K Foreign Loecal {Total
] i s I
. Genoral workers : 30 x 2295 ;68850 | hour: 0,5 ~ | 34,4 |34,4
Ope:mtor - grade I.:30x2295 | 68850 peon ; 0,7 - 48,2 48,2
! - grade I1:40x2295 | 91600 " 0,8 - 73,4 |73,4
= ~grade IIT:50x2295 #14750 ro,- - 114,8 114,8
. ~ grade IVi40x2295 591800 1,2 - 10,2 [110,2
! :
j Bonuses - average lSK(mo:n’ch)i i ;
! worker 2280 !month 15,- 34,2 | 34,2
!
: ]

S

[415,2 |415,2

Overhead : Lodging, volunta.r%r
. extra pay for food in canteeh, ?
Zambia National Provident
Pund, overtime, Workers ! .
Compulsion fund etc. , 145,8 {125,8

Total , 561,0 [561,0




‘ ESTIMATE OF PRODUCTION COST

Salaries

1

P
Quanti’UnitiUhit Cost 1000 K

Ko | Ttem ty {Cost T
K E‘oreign.; Local [Total
General director 1 |yeari16000 | - | 16 16
Technical and production ! ! f
director 1 year 15000 | = | 15 15
Commercial and aponomical !
. director 1 year 14000 } - 14 14

Production director 1 year 20000 | 20 - 20
Managers - commercial '

department, economic departs+ i

ment . local
development and design depart. ' 12000 '
production, production doous |
mentation | foreigh

‘ production irrigation schemés 6 |year|17000 | 34 48 82
designing office g ; ,
Langer 1 year {12000 | - 12 12

i

Chiefs of department (secret i |
|
Jayiate of gen. man., persop- E ‘ !

nel affajrs, quality control «f 'foreigh

accounting department, | 316000 '

tool designing i ;1ocal |

dept., chiefs of production| ¥ 7 ifear %l’J.OOO 16 66 82

Teohnicians - designers of jrr.- |
gation equipment tools etc,: !
efficiency standards sales,i i |
. purchase, transport depart, ! ' i

energet. depart., process

l

i 1 .«
sheets, production plarm.mg' 9500 - 209 i 209
Foremen f 11 7000 | 12 70 | 82

Ly ear; 6000 - 24 | 24

. 1

iS’corekeopeezs
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® -

! Quanti Unit  Unit | Cost 1000 K
ﬁNo ! Iten ity - Cost ;
} ' S !
| ; - % boreigy Locall Total
----- B —— ,
Administrative clerks ! | : | !
bookkeepers etc .2 year 6000 - 30 30
Secretary C5 year 5000 - 25 , 25
3 . i t .
Typists b4 year 4000 - 16 16
f T
Subtotal ! 82 | 545 | 627
|
Bonuses, increments, notches ' , 26 163 189

Overhead : Persomal levy, |
lodging, Zambia National
. Provident Fund, overtime, !
selective tex, voluntary '
exXtra pay for food in

canteen etc. 41 303 344

-
T
e
——
.-

Total

149 (1011 1160




‘ IX. IMPLEMENTATION SCHEDULING
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IMPLEMENTATION SCHEDULING

The project iw~'~—entation the construction period
coveres the neriod fi .. tne decision to invest,
includes a number of activitie. .- - -1e start

of commercial production.
The attached time schedule stipulates 2 years
6 months for construction period. After this

period there is start-uo period, lastina 4,5 years.

In the 8th year /i.e. after 5,5 years of production/
the Plant will reach its full capacity.

All details are given in time schedule and estimate

of investment costs - project implementation.




TIME TABLE

Detailed Preoject R.port

Apprd;;l of Detailed Project Report
 Tender invitation end contracting

Working drawings

Rarth works and service net vork syatem

Brection of m-chinery and equipnont

[ Contract for . liconco , lnow-how delign ..
technological docuuontation

Contrnct for suppliea of tools

Supplies of design and tochnological
doocumentation
(Supplies of tools and
gaugea

Suppliea of %echnological uachinery a, oquipmont

b e

R
!
ACTIVITY ’ 1. st, year , 2ud
eiicfi n ors:lto survey of site,data fofD,P," !
(collec backgrommil documents nesded’for’ the
elnboration of D, R ——

! - T T
| |
‘ !
! H
! :
. el . I
f |
. i
S O
!
' 13
| |
T - e e e e .___:._, — .
s S - -
i
]

e - ! o S S
Training of staff and ‘
nan power o i S S
[Supplies of raw materials Sor 1
production o U R S
Start of production %
L e U T TS S
Productien of Plant ;
|

SECTION

|.,_, Projecting stage =

1
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. ESTIMATE OF IiINVESTMENT COST
Projeci implementation
-
! | | )8t
Yo % Item desription :Qginti;Unit;2§i§ CUangOOO .
i . -ﬁi,.”ﬁ”;%ﬁ___HJEEf?igP Local| Total
1 | Management of project | ;
Eimplementation j
jgeneral director " 2,5 year 22600 - | 55 55
| teohnicians  5y- year 13000 | - 65 |65
. Eadnﬁnietrative clerks - 5,- year ' 8000 - 40 40
;secretary 2,5 year . 6000 - ? 15 15
. typist 2,0 yr - 5500 - 11 11
- store keeper 1,5 8000 | - 12 1z
| T 198 |19
2 EDetailed project rervort ; f 440 | = 440
‘ | Working drawings, sendering | 200 | 55 255
t f T 640 | 55 1695
3 %Supervision, co-ordination,i : ; l
est - run and take dver : { l :
tf civil works and plant ‘ ; , 40 | 40 80
- 4 |Build ~ up of administration | ;
N recruitment and training | ; é
of staff and labour 55 'yeaw §7ooo - 1315|375
- 5 | Arramgements for suppliss | § ! - .20 20
- Arrangements for marketing | f - g 30 I 30
Build « up comnections ' | % - i 20 20
with authorities 3 f ' :
8 |Preliminary and capitalisme. | | ‘ 5
' oxpenses I - | 60 , 60 v
9 |Finanoial cost during | o | "
conatruction i E ; - i142 ;142
” | ] S g
{Total i L | 680 ~194O i1620 A
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FINANCIAL AND ECONCMIC EVALUATION

Total investment Costs

All investment components are given in tables
io -1/1, 10 -1/2, 10 - 2/1, 10 - 2/2, 10 - 3/2
and summarized in table 10 - 6/1. The annual

investment expenditures are projected in table 10-6/2.

Total investment costs are i4 120 00O X

from this:

- initial fixed investment costs 9 200 00O K
- preproduction capital expenditures 1 630 000 K
- working capital at full capacity 4 29C 000 K

Total production costs

All cost items given in chapters III1 - IX are
summarized in table 10 - 12. Total production costs

are 18 668 000 Kwacha/year at full capacity.

Average unit costs /in tons/ 5 077 Kwacha/ton

Project financing

As the project promoter is not known, it was not
possible to discuss assumed project financing. Sources

of financing given in table 10 - 8/1 are mentioned \

for guidance of the future project promoter only.




1

It is expected that in the future there will be

a project promoter /Zambian organization/ and

a fereign collaborator /or collaborators/ whe

will supply machinery and eguipment /main suppiier/, ]

know-how, components etc.

The equity capital will total 7 00D 000 K
and will be shared hy project

promoter 4 400 000 K
foreign collaboratcer/s/ 2 600 000 K

Deferred credits for supply fo equipment and know-hcw
will be 4 500 000 K

Total foreign supplies of equipment and know-how will
be 7 300 000 K /table 10 - 6/2/. Approx. 2 800 000 K
/38,3 %/ are expected to be paid in advance in the
first up to the third year of constructicn, the
remaining 4 500 00 K will be collaborators’ deferred
credits paid in five annual instalmen. .° 900 000 K
each, the first instalement being paid at the end

of the 4th year /1,5 sears after the last delivery/.

The maximum of loans, suppliers' credits and current
liabilities will be reached at the end of the third

year -~ 5 375 000 X, i. e. 76,8 % of equity capital.

In the thira year, total assets equal

12 375 00O K /tab.10-7/2/
- repayments of loans 40 0OCO K /tab.10-8/3/
~ equity 7 000 000 K

5 375 00O K




Comments on tables

-

Depreciation /tables 1D - 371, 10 - 12/

Caiculation of depreciation in Kwacha:

Investmet ccsts Percentage Depre-

ciation
Lump-sum payments 120 000 10 % 12 000
Site preparation and
development 110 O0C 2,5 % 2 750
Structures and civil works 1 858 OGO 2 % 37 200
Plant and machinery:
Machines, equipment 5 725 000 10 ¢ 572 500
Special and general utility
tooi. , trucks and .ars 1 385 000 20 3 277 000
Preproduction capital
expenditures -1 628 000 10 % 162 800
T o tal 10 826 000 9,8 3 1 064 250

Ceorporate tax /tables 10 - 8/3, 10 - 9, 10 - 14/

Though the team has been uncfficially imformed, that
there will be tax holidays since 1981, corporate tax
was calculated from the very beginning, i. e. from
the first year of production /the third year in

the time table/.

The calculation of corporate tax is based on the

following:

Distributed profits /dividends 48 ¢ from gross or
taxable profit

Undistributed profits 35 2 see table

10 - 9




Dividends /tables 10 - 8/3, 10 - 9/

Dividends are calculated 8 % net per annum on thne

equity capital /7 00O OCO K/, i. e. 560 000 k p. a.

Life of the project

The life of the project is 15 vears of prcduction.

Salvage value /tables 10 - 8/3, 10 - 14/

The salvage value after 15 years of production

/life of the project, is given below:

Structures and civili works 1 300 000 K
Site preparation 70 000 K
Working capital 4 285 000 K
Total 5 655 000 K

Licence and related Know-now

It is presupposed that the licence and related

know-how will be paid for as follows:

Lump-surn 120 000 K.
n
Licences - 2 ¢ p. a. from sales reveuc ror a 1O

ear period of production /i. e. up to the 13th
Y p

year of time schedule/.




FINANCIAL EVALUATION

Net present value /NPV/

The net present value of tne project is defined as
the value obtained by dJdiscounting, separately for
each vear, the difference of all cash outflows

and inflows accruing throughout the life of the
project at the fixed, pre-determined irterest rate.
This difference is discounted to the point at which
the implementation of the project is supposed to

start /year O/.

The discounted rate for this project is 15 %, the
discounting period is 15 years /equal to 1life time

of the Project/.

The NPV of the project can be determined from table
10 - 14:

NPV for the 10th year /7,5 years of
production/ + 4 060 000 K

NPV for the 17,5th year /15 vears
of production/:

the 10tlL year /7,5 years of production +4 060 000 K

{

plus from the 10t» up to the
17,5th year/15 years of production/ + 7 120 000 K

plus present salvage value in the

last year + 490 000 K
minus present value of replaced
assets /trucks, ears etc./ aprox. - 640 000 K

NPV of the project +11 030 000 K




X - G

NPV of the equitvy capital 5 060 000 K

Present value of the Iavestment
/PVI/ 5 70C 000 K

The ratio of the¢ NPV and the present value of the
investment /PVI/ required is called the net present
value ratio /NPVR/

NPV _ 11 030 000

NPVR = 5577 = 5950 006

= 1,935

Pay-back period

The pay-back period is defined as the period required
to recuperate the original investment outlay through
the profits earred by the project.

From tables 10 - 3/1 and lC -9 /in 1000 K/:

Item Y e ar

3 4 5 6 7
Net profit 65 860 2400 397C 4470
Interests 480 460 425 265 120

. bepreciation 530 1060 1060 1060 1060

Profit 1675 2380 3885 5295 8730

Total investment costs /table 10 - 6/2/: 15 115 000 K.

The calculation indicates that the original invest-
ment costs will be recovered after 6 years and 3,4
months including the construciion period, or 3 years

and 9,4 months of start-up oroductiomn.

The pay-back period is very short.




Simple rate of return

The

original investment outl

sirple rate of return on

NP .
R = = 100
R X iU

ay.

Simple rate of return is defined as the
i

ratio of

it in a normai vear of full production to

total investment costs - R

The simple rate of return on equity capital Re
NP
Re = — x 100
0
where
NP - net profit /after depreciation, interest
charges and taxes/
K - total investment costs /fixed assets, pre-
production capital costs and working capital/
Q - equity capital
Simple rate of return in 1000 K for the 9th year:
_ NP 4 466 : I
= = R X 100 TB 115 x 100 = 29,3 5
NP 4 466 ;
Re = — Z——— =
e 5 x 100 555 * 100 63,8
The simple rate of return on equity capital Re = 63,8%2
and rate of return orn total investment costs R = 29.5 %

are

very good.




Financial evaluation under uncertaintv

Break-even point BEP

Break-even point is the point at wnich sales

revenues eguai production costs.

Algebraic determination of the BEP:

£
p -V

X =

fixed costs = 5 010 000 K /see table 10 - 11/
P unit sales price = 27 400 000 : 3676,9 = 7450 K/ton
v variable unit costs = 13 660 000 : 3676,9 =

3715 K/ton
5 010 O0C
X = SEESTT IS = 1 341,4 tones/vear

i. e. BE? would be reached at a capacity utiiizacion
equalling of 36,4 %.

BEP is low - this is very good for the Plant and
its viability under conditions of inadegquate market.




‘ National economic evaluation

Project exchange rate at full capacity is the rate

of production costs foreign currency
sales revenue

Sales revenue at full capacity 27 400 000 K

Production costs, foreign currency

at full capacity 12 560 000 K
. Project exchange rate 12 560 000 _  ,c g o
27 400 000 B !

Savings of foreign currency at full capacity:

27 400 000 - 12 560 OO0 = 14 840 000 K/year

‘ Both indicators - project exchange rate and savings
of foreign currency are very good.




v Table 10 - 1/i

COSTS

Item Investiment category Poreign Local Total
currency currency cost
4000 Kwacha

1. Technology costs - lump-

- sum payments 120 - 120
2e Plant machinery and
equipment 6502 608 710
. 3. Site preparation and
developmmet - 110 110
4, Structures and civil
works - 1858 1858
Total 6622 2576 9198
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Teble 10 - 2/1

Item Category Poreign Local
currency  currency Total
1000 Kwacha

1. Pre=investment studies - 8 8
24 Management of project

implementation - 198 198
3 Detailed project report,

working drawings, tendering 640 55 695
4. Supervision, co~oxrdination,

. test-run and take over of
civil works and equipment 40 40 80

5. Built-up of administration
recruitment and training

of staff and labour - 375 375
6. Arrangements for supplies
and marketing - 50 50
. Te Built=up of commections - 20 20
8. Prelimipary and capital
issue expenditures - 202 202
Total 680 948 1628
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® ® ® o
ANNUAL PRODUCTION COST ESTIMATE (1000K)
| Pexded . __,_r--.‘i‘?*_*_f%im“l°n | osertew o Biow
| Year | o br 1 2 | 3 _.‘AS S T TR U A
| Production progremne Y Lo 20 % 1 40 % 60 % 80 % 90 % 1 100 %
Costs : T i ' |
Raw materials - local - |- 493,6 901,3 | 1287,6 . 1716,8 1931,4 2146,-
- inported - - 2664,5 4865,6 | 6950,8 ' 9267,8 | 10426,2 11584,7
- Utilicies - - 19,7 35,4 50,4 | 62,9 70,8 78,7 7
Salarie- - | - 464,~ | 870,~ | 986, | 1044,~ | 1102,- 1160, £
Wages - - | 280,5 | 392,7 | 476,8  504,9 532,9 561, -
Licence & 2 %) - 1 = ] 109,6 . 219,2 | 328,7 | 438,3 , 493,1 547,9 :
Speci:- .. snd® cormon utility toolsd - : - 40,~ 1 160,~- i 240, i 320,~- : 350,~ 400,~ 5
Ann) paywenis for lend - | - i 9y= | 9y~ 9, ‘ 9y ! 9,- 9, ‘
Sales and d.stxidution costs - .- ; 180, ' 280,- . 360,=~ 380, | 400,~ 425,=
Maintemsnce - » - 10,- | 20,- . T0,~  120,- ‘ 150,- 180,-
Overhcad corts - L. 94, - 188,- | 282,-  396,- | 423,~ 470,-
. 1 ¥ e T '
Operatin« costs - - 4364,9 §7941.2 11041,3 114259,7 15898,4 17562,3
Pinauciai costs (interests) ! 481,~ & 463,- | 425,~ ' 265, - i 124,-~ 43,-
Deprec o s on 1 " 532,1 { 1064,2 L~O§4 .2 f 1064,2 T;J.os.t,,:a 1064,2
Total produciion costs ‘ 5376,~ 19468,4 12530,5 15588,9 ' 17086,6 18663,5
, | |
’ ! ?
— e ; A i . ; 1 N
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Table 10 - 6/1

. TOT IT THENT COSTS
Item Investment category Foreign Local Total
currency currency
1000 Kwacha
1. Initial fixed investiment
cost /schedule 10-1/1/ 6620 2580 9200
2. Pre=production capital
expenditures /from
schedule 10~2/1/ 680 950 1630
' 3, Working capital /at full
capacity/ from schedule
10-3/2/ - 4290 4290
Total 7300 7820 15120
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Table 10 - 7/1

Foreign Local

Item Investwment category c noy ¥ Total
l, Initial fixed investment

costs 6620 2580 9200
2., Pre=production capital

expenditure 680 950 1630
3. Current assets /at full

capacity/ 1930 3510 5440

Total 9230 7040 16270
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Table 10 -~ 8/1

_SOURCES OF FINANCE
. 1000 K
Item Sources of finance Local Poreign Total
currency currency
1. Fromoters
a. BEquity 4400 - 4400
b. Preference capital - - -
c. m’ - - -
d. Other forms such as deferred
for supply of assets - - -
Total 4400 - 4400
. 2. Coldaborators
a., Equity - 2600 2600
b. Preference capital - - -
¢, Loans - - -

d. Other forms such as deferred
credits for supply of equipment
and kmow=how - 4500 4500

7100 T1.00
b. Preference capital - - -
c. Loans 1490 2130 3620
d. Other forms - - -
Total 1490 2130 3620
4. Sovexzment
a. loans - - -
b, Subsidy - - -
5. Somexcial banks - - -
. 6. Public subscripticns - - -
7. Supplisra-credits

8. Current liabilities 1150 - 1150

Total - all items 7040 9230 16270
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Table 10 - 12

ZOTAL FRODUCTION COSTS AL FULL CARACITX
@
1000 Xmebha
Ttom  Costs Poreign  Local Total
cuey ey
1. Direct materials and inmputs 11330 1830 13160
2, Dixect manpower : labour and
staft 10 490 500
3. Paotory overhead costs
3.1 Manpower costs - 200 200
3.2 Overhead materials 245 375 620
3.3 Other factory overheads - 580 580
. Pactory costs 11585 3475 15060
4. Adminigtretive overhead costs
4.1 Manpower costs 140 860 1000
4.2 Ov. . head materials 10 20 2
4.3 Other adninistrative overheads
5. Sales and distridution costs - 425 425
5.1 Mampower costs - 20 20
. 5.2 Others 825 200 1025
Operating costs ' 12560 5000 17560
6. Pinancial overhead costs : interests = 45 45
7. Depreciation - 3065 1065

Total production or mamufacturing
costs 12560 6110 18670
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. I. BASIC INFORMATION ON ZAMBIA

Area: 752 478 km2
Agricultural lande: 142 000 km2 (1972 census)

o of agricultural lands of total areca of
the country: 18.9

Araa under cultivation: 20 776 km2 (1970 census)

v of area under cultivation of the total
of agricultural lands 14.6

Number of inhabitante (in millions)

1973 1975 1977

' 4.68 4.98 5.30
Nunber of inhabitants in towns (in willions)
1973 1975 1977
1.60 - 1.81 2.03
Rural population figures (in millions)

. 1973 1975 1977
3.08 3.17 3.27
Density of population 7 inhaditants/km2




II.

1.
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oLIMATIC JONDITIONS

Rainfall

The average amount of annual rainfall ranzes from
700 mm (southern part of Zambia) to 1500 ma (northern
and north-eastern part of Zambia). There is a clearly
noticeable a pronounced and even increase of the amount
of average annual rainfall in the direction froam the
south of the country to tae north. See map No.l. The
whole amount of atmospheric rainfall descends in tne
rainy season which in Zambia lasts from Novemwber to
June. Both the onset and the end of the rainy season

.denenis, first of all, on geographic latitude. In the

northernmost part of Zambia (at about 8.5° of southern
latitude tae onset of the rainy season takes place, on
the average, in the first decade of the month of Novem-
ber and the rainy season comes to an end, on the average,
in tae third decade of June. For the southernmost part
of Zambia (about 18%¢7 southern latitude) the average start
of the rainy season corresponds to the third decade of
Hovember and the rainy season ends, as a rule, in the
second decade of May. In connection with the time sche-
dule of annual rainfall there are important the terms

of "tane length of vegetation season for rain-fed agri-
cultural produce” and "period of irrigation of the dry
season”. The first term is defined in respect of its
length by the dates of tue beginning and the end of the
rainy season. The length of the second term is defined
by the difference between the total number of days in a
year and the "length of vegetation season for rain-fed
agricultural produce" less 30 days as a minimum period
required for preparation of soil at the beginning of

the season and for harvest at the end of the season.

In the following table are listed the basic data of
rainfall measurement obtained from a number of observa-
tion posts in various parts of Zambia; they serve as
a representative information about the country's rain-
fall conditions. .

- ol ¥
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ABLE No.l
Stati lagi- loggi- a&gi— annual Irrigation season
ation T T

'MBALA 8.9 31.3 1673 1230 1/7 19/10 111
KASAMA 16.2 31,0 1384 1280 17/6 19/10 125
LIVINGSTONE 17.8  25.8 986 726 19/5 1/11 165
SESHEKB 17.6  24.3 951 713 26/5 2/11 160
KABWE 14.5 28.8 1207 96T 4/6 27410 145
PETAUKE 14.3  31.3 1036 968 15/6 2/11 140
KABOMPO 13.6 2442 1075 1065 18/6 19/10 123
CHIPATA 13.6 32.6 1032 1015 7/6 25410 140
ZAMBBZI 13,5 23.0 1078 1004 4,6 18/10 136
KASAKPO 13.6  25.9 1234 1149 7/6 19410 134
SERENZB 13.2 3062 1384 1156 9/6  20/10 138
NDOLA 13,0 28.7 1270 1210 8/6 19710 138
LUNDAZI 12,3 33,2 1143 891 9/6 9/11 153
SOIWNEZI 12,2 2644 1333 1347 25/6 10/10 107
MPIKA 11.9 31,4 1402 1064 12/6 29/10 139
MHINILUNGA 11.8 24.4 1363 1375 1/7 25/9 86
SAMFYA 11.4 2945 1172 1384 17/6 22/10 127
MANSA 11.0 28.9 1259 1211 18/6 19/10 123
KAWAMBWA 9/8 29.1 1324 1293 12/7 5/10 85
LUSAKA 15.4 28.3 1280 801 18/5 31710 166
CHOMA 16,9 27.1 1210 825 24/5  26/10 155
KAPUE PODIER 15.8 %2749 987 783 17/5 2/11 169
MONGU 15,3 2342 1053 1020 5/6  22/10 139
KAOMA 14,8 24,8 1152 939 8/6  23/10 137




2. Temperature
‘ TABLE No.2 shows temperatures durig_g the rainy scason:

Length of Daily Average Minisum Maximum

season temperature temperat. temperat. temperat. .
24C days 23.2°¢ 20.5°C 14.9°¢  25.8°:

225 23.6 20.9 15.2 26.3

205 24.2 21.5 15.7 2T.0

185 24.9 22.0 16.2 27.7

175 25.2 22.3 16.4 28.1

Table No.3 shows temjeratures in dry season of 1rri§ation:

. Length of Daily Average Minimum [laxiaum
y Season temper. temnper. temper, temper.
T days 22.2%; 18.3% 0.5%  26.1°%

125 23.3 19.2 11.0 27.4

138 23.5 19.4 11.0 27.6

153 23.8 15.6 11.2 27.9

167 24.0 19.8 11.3 28,2

. - e ——

Table No.4 shows temperatures in the coldeet month of July:

97 days 31.1° 16.8°2 8.2°%¢  25.3%
125 21.0 17.0 9.0 25.0
138 21.0 16.8 8.3 25.2
153 19.5 14.9 5.6 24.0

167 20.1 16.1 8,1 24.0
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From the point of view of geographic latitude it can te
noted tnat the areas situated nearer the equator are cha-
racterized by less pronounced difierences between the re-
spective temperatures of the dry and the rainy season than
the areas situated on parallels of higher geographic latitud-
ed. :

The altitude above sea level is reflected in average
daily temperatures by a temperature drop of 0.7° or
0.5°¢ per 100 m of altitude during the rainy or the dry
season respectively.

PFrom the point of view of annual seasons it is evident
that during the rainy season there are less pronounced dif-
ferences between the day and the night temperature than
during the season without rainfall.

III. CONDITIONS OF THE SOIL

For economic reasons it is necessary that tne develop-
ment of new irrigution systems should be focussed primar-
ily on the zones with favourable soil conditions that will
warrant a prompt return of tne capital investments to Ve
made.From the results of earlier pedological investigations
and from analyses of soil conditions in Zambia it can be
deducted that in tae western part of Zambian territory
there largely prevail less fertile sandy soils, whereas
in the central and eastern part of the country there exist
for the most part more fertile soils. These can be roughly
divided into three main categories, i.e.:

a) less intensely coloured sandy soils o? the central
plateau, particularly in the basins of the Cham-

beshi river and the Bangvaulu lake,

b) red clayey to sandy-clayey soils that cover the major
part of the uplands,
¢) lighter-colour soils of the castern plains.
In areas with average awount of annual rainfall in ex-
cess of 1000-1100 mm there are frequently found less fer-
tile 3soils impoverished by rain.
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In earlier days it was generally assumed that the yields
of agricultural produce were, as a result of t:e prevailing
soil conditions, higher in the south of Zambia than in the
north. It has, however, been proved by test recently con-
ducted that satisfactory results can be obtained even in
the nortuern regions by means of correct methods of culti-
vation and fertilization. iSvaluation of tane contents of
different cnemical elements in the soils of Zambia will de-
vend on detuiled local analyses conducted with the kind of
mroduze envisaged to be cultivated duly taken into account.

IV. SELeSSTION OF PRODUCE ELIGIBLE OR IRRIGATION

From tne angle of natural, climatic, soil and phcnologic
conditions, earlier teams of experts in the line of irriga-
tion-based agriculture conducted a systematic and detailed
investigation of tne eligibility of individual kinde of
agricultural produce for the conditions of irrigation-
-based cultivation in Zambia. With all tne factors referred
to above duly taken into account, and und r consideration
of the potential economic assets there were selected from

ne amnle as:ortment of tae kinds of produce suitable from
tae agronomic point of view tie following most important
kinds of produce to be cultivated on irrigated terrains:
wheat, barley, sugar cane, coffee, tea, vegetables, fruit,
fodders and rice.

Wneat is tue wost significant produce of the future ir-
rigation-based agriculture in the country. It can nelp to
solve tae present-day problems of providing food for the po~
pulation and substantially reduce tiue costs of import of
the basic foodstuffs. At present it is cultivgted under sys-
tems of irrigation practically only by farmsg of commercial
orientation. Irrigation of wheat is mostly practised by
sprinkling, with the only excention of the experimental
fields of the Mpongwe Pilot Project where experiments are
in progress with surface-~type irrigation. Recently experi-
ments have heen conducted with cultivation of wheat during
the rainy season without irrigation. The results cannot yet
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be qualified as conclusive and definite omes, but partial
results have shown that the yields of this method of wheat
cultivation are substantially inferior to those obtained
from irrigated lands.

Barley has agronomic conditions similar to those of
wneat. The importance of barley from the nourishment point
>f view is not so great and, besides, tne development of
cultivation of tais kind of agricultural produce depends on
tae construction of a new malt plant in the country.

Sugar cane is at present cultivated to an extent of about

95% of total production in the Nakambala region. Full uti-
lization of irrigation equipment and of the sugar factory
capacity will make it possible to meet the demands of na-
tional market in approximately tae next 8 years. Additional
demand of the market and of export can be complied with by
extension of the area under cultivation and of the necessa-

ry irrigating installations. The most eligible location

of new sugar cane cultivation areas appears to be tie terrains
situated adjacent to the existing Nakambala plantations.

In respect of coffee production, optimal perspectives
of production increase for meetinz the demands of both na-
tional markets and tne demands of export axist in the North-
ern Province, provided a supplementary irrigation systen
has been installed for the purpose and correct methods of
agricultural production control have been adopted.

Production of tea has optimal conditions, from agronom-
ic point of view, in the Northern and the ILuapula provinces.
'¥ith the aid of a supplementary irrigetion system it will
be possible.in the newly established plantations, to attaim
such yields per hectare as will meet the required demand.

Vegetables and fruit are extremely demanding in respect
of tue difficulty end intensity of agricultural labour. In
spite of this fact, substantial proportion of these agricul-
tural products is still being provided by small- and medium-
-scale farmers, and it will be necessary to concentrate the
prospectively enlarged areas of vegetable and fruit culti-
vation under irrigation systems into larger complexes.

In this way the necessary prerequisites will be afforded
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of more rational arrangements of transport of the products
from production sites to centres of consumption.

The plants used as fodders must play an iaportant part
in amaking it possible for Zambia to produce a surplus of
milk and beef for export instead of having to import tnese
foodstuffs, as it is the case at present.

V. WATER RESQURCES
1. Surface-Type Sources of Water

From the power engineering point of view, the mair inte-
rest in drawing on water reserves for ir:igation is focussed
on water sources available on the surface. In this particul-
ar instance that part of energy can be saved which is other-
wise necessary for conveyance of water by pumps from ground
water table to ground surface, as it is the case with unier-
ground water sources. The water resources available in Zam-
bia are extremely rich, as compared to most of the other
African countries. The whole country is traversed by prolif-
ically branched-out network of rivers which offer great po-
tentialities for development of irrigation systems. The flow
rate regime in the network of rivers corresponds to annual
digstribution of rainfall and to its respective amounts.

From hydrological point of view the whole territory of
Zambia can be divided into four principal basins or catch-
ment areas:

Tab.5 extension annual volumg of
Basin (km2 ) rainfall (10" m3)
1. Luapula river and
Tanganyika lake 194 000 214 132
2. Luangwa river 147 472 122 312
3. Kafue river 155 000 149 720
4, Zambezi river 256 006 228 688

The average annual runoff in the different basins is snecif-
ied in Tab.6:
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Basin Novepber-May June-Qctober
(10” m3) (10 m3)
. 1. Luapula river and
Qanganyika lake 21 150 T 400
2. luangwa river 17 600 1 250
3. Kafue river 5 250 3 550
4. Zambezi river 36 800 12 400

The runoff coefficients in the differaznt basins and for the
different seasons are specified in Tab.T:

5B asin Rainy season Dry season
l. Luapula river and
i Tanganyika lake 0.099 0.035
2. Luangwa river 0.144 0.010
3. Kafue river 0,035 0.024
‘ 4. lambezi river 0.161 0,054

The runoff per basin unit for the different seasons is
specified in Tab.8:

Basin ?aigy season Dry season Total
107 m3/km?2)
1. Lugpula river and
. Tanganyika lake 109 38 147
2. Luangwa river 119 8 127
3. Kafue river 34 23 57
4., Zambezi river 144 48 192

Prom the above tables it is evident that by far the worst
ratio of runoffs during the rainy season to those of the dry
season exists in the Luangwa river catchment area. In the
publication entitled "The Water Resources Inventory of Zam-
Dbia", Volume 1 - The Luangwa River Basin, there was ex-
anined tne capacity of this particular water source for
irrigation and other applications. The coefficient of utili-
zation of the water source is defined as the consumption

. demand ratio to tne effective flow rate. This ratio repre-
sents the degree of potential utilization of a water source.
Where the coefficient is less than 1, the water source can

be regarded as capable of meeting the given demands. For
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the fifteen reviewed points of observation in the Luangwa
river basin the ascertained coefficients of water source
utilization ranged from 0.48 to 9.10, that is, all of taem
inferior to 1, whereby the realistic perspective of draw-

ing on this water source and its capacity of meeting the de-
‘rands of an irrigation system has been sufficiently evidenced.
In the remaining basins under consideration the situation
should be even more favourable in view of the more advanta-
geous ratio of flow rates duringz tae rainy season to those
existing during the dry season. In a detaliled dislocation

of tlie irrigation localities it should, however, be borne

in mind that small water coursee have permanent annual flow
rates only in the northern part of Zambia. For minor construc-
tions of irrization systems drawing on water of smaller
rivers in the central and southern part of the country it
should be reckoned with construction of artifizial water
storage reservoirs.

The problems associated with competitive interests in
water consumption from the Kafue river, as existinz between
tne power engineering and tae agricultural sector, have al-
ready been solved in part, according to information obtain-
ed from the Ministry of Agriculture, ii. favour of prefer-
ential availability of water to be drawn for irrigation pur-
poses.

Subsoil Water Resources

In the 1978 year there was completed a study on "Ground
Water Resources Inventory of Zambia". According to this
investigation, tlie ground water resources existing in the
main river oasins of Zambia are those specified in Tab.9:

B i G d wat round water level
seti rzgg:rc:: :: unger 5m 5«10 m above 10m
- 10° m3
1l.Luapula river and
Tanganyika lake 37741 3% 50% 20%
' 2.Luangwa river 242760 T70% 30%
Kafue river 252057 35% 50% 15%

4.Zambezi river 867821 43% 50% 1%
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It was found out that, provided that the attainable re-
sources of ground water are rationally utilized, a ra»id
upsurge of agriculture and industry throughout the country

‘ of Zambia clould take place. At present, tie available re-
sources of ground water are being utilized to less than
0.05%. With an increase of their utilization to only 1%
there is every reason to expect a radical change of the
country's entire economic system. In other words, tue
ground water resources aveilable in Zambia nave not et
been practically put to work at all. In spite of the fact
that nearly 50 per cent of the samples drawn from the wells
under review have been gualified as unsatisfactory in re-
spect of tneir hygienic properties as set lown in the re-
spective standard specifications for drinking water, it is
gratifying to state that for irrigation purposes nost of

. the Zambian ground water sources have been.found satisfact-
ory. Drawing of ground waters for irrigation.purposes is
reckoned with to a major extent in a number of projects
waere accumulation of surface waters in the dry season
is found to be less economical. This applies, first of all,
to the idpongwe project where a detailed hydrogeological
survey has already been conducted, tie szme as. to “hisamka-

' -West, Monze, humbwa, the territory situated to the west
of Lusaka and others.

The main significance of ground waters as a source of
water drawn for irrigation purposes in the coming 10
years or so consists in safeguarding water supply to small-
scale faramers for their irrigation systems. It is assumed
that for these applications water can be obtained with
the aid of all available pumping installations, insluding
hand~-operated pumps for surface irrigation.

VI. IRRIGATION 3YSTEMS EXISTING IN ZAMBIA AT PRESZNT

In earlier studies djealing with irrigation systems in
’ Zambia a number of attempts were made to present an out-
line of the conditions of irrigation systems in Zambia.
Wone of these reports, however, presur~s to have worked
out a perfect and complete review of the existing systemel

of irrigation. Because of tle organizational fractionsal-
e frequent reorganizations that took place

jzation and th
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in both the central and tue provincial organs and institu-
tions of the agricultural sector in tae zourse of the past
years, it is probably not possible at all to exactly define
tne authentic present-day state of tne irrication systiems

up to any specific date. The study that reflects tne nresent-
day situation with the maxiaum Dpoussible exactitude, and thus
invites a maxinum of interest, is the reoort conpleted in
Jovember 1979 by C.A.LEVY under the title "Preliminary Inven-
tory of Irrigation Development in Zambia. llereinafter reference
is made to the results of this report and of tnoseworked out
in this connection by a joint German-Dutch working team of
experts in 1978 and by exverts of tne Ministry of Agriculture
in Lusaka in the 1975 year. Unfortunately not even tne data
furnished by C.A.levy can be regarded as a compnletely up-to-
date iuformation by this time. The team of experts cngaged

in elaboration of this Feasibility Study had the possibili-
ty, during a sojourn in Zaubia in the montm of October and
November 1980, to visit a total of 19 farms, agricultural
establisnments, enterprises and organizations where irrigation
systems are installed. Of tnis total of 19 irrigation systems
installed at present, 15 are not included in the list worked
out by C.A.bevy. It can, however, not be asserted that among
these 15 irrigation systems which the author failed to in-
dicate in nis list there is any one of cuite recent zonsiruc-
tion, i.e. one that originates from the period between tae
completion of tne inventory and tue mont of November 1980.
moreover, after iuspection of tne existing irrigzation systens,
and with a view to a substantial increase of spare part and
new irrigation systew prices, it can be assumed that not all
of the sajid irrigation systems are in working order. From these
aspects the following reviews should be considered and eva-
luated.
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1. REVIW OF IRRIGATION SYST:MS IN ZAMBIA according to
SeA.Levy: N
‘ A) SETTLENENT SCHCMES, JOOPERATIVES AND PARASTATAL UNITS
_PROVINZE _ __ NAME HAS _ JONTROLLING AGEN3Y
NORTHERN LUBU 187.50  SETTLEMENT SCHEME
KAPATU 375 -"-
LUKUPA 53 -"-
MALOLE 4 - -
CHAMFUBU  187.50 -" .
NGOLI 48 PARASTATAL |
MALASHI 40 SETTLEMENT SCHEWE
CHAINE 130 -" -
CHINTU 90 -"a
‘ MBALA 230 -n .
IKUMBI 48 COOPERATIVE
TOTAL FOR
NORTHERN PROVINCE 2-393.00
* n—-
’ NORTH WESTERN MWINILUNGA 18 PARASTATAL
— {
LUAPULA CHIBALASHI ~ 2.2  COOPERATIVE
TWESHE 2 -"a
KABENDE 1 -" -
KASONGO 2 -"-
PAMBASHE 2 - 1
KASESE 2 -" - !
ILAMBE 2 -"a @
KAPULAND 3 L0 :
CHISHALA 3 COOPERATIVE i
MALITATI 5 -"- ':
SATAMA 2 Cow . J
. LOSHI 2 v ‘
PIKO 3 -"a-
KANSHIMBA 3 -"-
2 S

KAMPEMBA
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TUSHA 1l COOPERATIVE
MUNUNSHI 86 PARASTATAL
KAWAMBW A 264 -" -

TOTAL POR LUAPULA PROVINCE 387.20

g ——
S —

COPPERBELT MPONGWE 200 SETTLEMENT SCHEME
MUNKUMPU 20 -" .
CHAPULA 125 -n.
IPAFU 120 -" .
KAFULAFUTA 2 SOOPERATIVE
KAPUBU 30 -"e
MUTUNDU 3 -
KAPUE 10 -n.
‘ TOTAL POR COPPERBEIT 510,00
Vro——— .
LUSAKA  CHONGWE 11 SETTLEMENT SCHEME
CHIAWA 25 PARASTATAL
LUSAKA WEST _
PARM 30 -
‘ HARTLEY PARM 10 -
HOLDING FARM 10 -
LUSAKA TUBALANGE 4 COOPERATIVE
BUHUAGWA 10 -
ANTI POVERTY 38 -".
TOTAL POR LUSAKA 138.00
PROVINCE utatathdiuied
EASTERN  VUU 8 SEPTLEMENT SCHEME
MWASE 6 -".
EMUSA 0.5 -ni
‘ LUNDAZI 6 -"a
KATAPOLA 6.25 -".
RUKUZYE 2 -"a
JINOLI 1.6 -"a
MAKUNGWA 6 -"a
.

MPHANGNE 3 | -




TOTAL FOR EASTZRN PROVINCE 43,35
CENTRAL  CHIFWEFWE 34,5 SETTLEMENT SCHFME
BALO 10 -
=
TOTAL POR CENTRAL FROVINCE  44.50
SOUTHERN  BULEYA 61  SETTLEMENT SCHEMZ
CHIRUNDU 80 -"a
IWSITU 20 -"a
SIATWINDA 118 -"a
NKANDAMBWE 8v8 L -
NAKAMBALA 9500  PARASTATAL
MAZABUKA PARNS 102 -"-

TOTAL POR SOUTHERN PROVINCE 9889.80

GRAND TOTAL

B/ COMMERCIAL FARMS
NAME

J.G. BENDER

BONDALE HOLDINGS LTD.
CANTLEY BRO 'S

B.Je. COXE

CHANYANYA RANCHING LTD,
JOEL CHITAPU

R.L.DEAN

B.G.EVANS

A4C. PISHER LTD.

H, GIBBONS,
WAKEFIEKD PARM LTD,

GREEN BRO 'S /P.A.GREEN/
BONANZA FARM

K.Te MALINKI MBAULA
INVESTMENT LID,.

A+Se MARSHALL
Re.Res MOORE

SAN ISADORE EST
R.Jo SHENTON

12

23,8

HAS

100
120

60

39
100

20




W.Bs THMSON

SUNNYRIDGE FARM 2
P.C.Fe VAN WIJK 20
. F.Re ARNOLD 15
H.G. CURTIS 86
Pe GOSAI T0
R. LEGGOTT 5
W. PIETERSE 80 '
T. VLANDKEN 2
TOTAL POR COMMERCIAL FARMS 1044

SEE——

RECAPITULATION :

A/ SETTLEMENTS SCHEMES,
COOPERATIVES AND PARASTATAL UNITS 12 423,85 HAS

‘ B/ COMMERCIAL FARMS 1 044,00 HAS

t

TOTAL 13 467.85 HAS ,
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2. REVIEW OF IRRIGATION SYSTiMS IN ZAMBIA according to categories
for preparation of the THIRD NATIONAL DEVSLOPM!YNT PLAN -

. dinistry of Agriculture
A) large-area irrigation systems
Name, province has dugber of schemes '
Hakambala 7 500 1

B) iiediume and small-area irrigation systems (large schemes)

Name of controlling has Number of schemes
office, province
?rojects Division 283,04 [
Land Use Services Branch 146.60 8
. Private growers:
- Southern Prov. 191.80 6
- Northern Prov. 20.00 1
- Jopperbelt Prov. 2.50 1l
- Jentral Prov. 279.00 8
- Luapula °rov. v 138.24 23
- Bastern Prov. 33.00 15
fotal for medium and
gnall schemes 1.094.18
Recapitulation:
4) large schemes 7 500.00 has
B) Medium and small schemes 1 094.18 has .
i
Total 8 594.18 has :




3¢ ReVISW OPF IRRIGATION SYSTENS IN ZAM3IA according to
JOINT FAO GLRMAN/DUT H MISSION

. In the report of the Joint German/Dutcn Vission from the
1978 year there are indicated a total of 17 irrization lo-
calities on a total extension cf 816.80 ha. The sizes of in-
dividual localities range froam 0.4 to 240 ha.

The principal reason that accounts for tue relatively
great differences among tne results obtained by the differ-
ent missions is the way in whizh tie largest large-scale irri-
gation system in Zambia has been taken into account in the
calculation, i.e. the Nakambala Sugar Estate Irrigation Sys-
tem. Iats proportion in the summary of individual results
anounts to 9500 ha, 7500 ha or O ha. This irrization svstem
construction scheme, for which there is envisaged an exten-

. sion froam 9500 ha to 10200 ha in the near future, is situat-
ed with its extension, outfit and tne way of control of its
operation outside the regular yardsticks of the remaining
irrigation systems existing to date in Zambia and, in view
of this, it is not considered in the subsequent reviews of
tie sizes of average irrigation units. For illustration only
of the methods adopted in irrigation under this scheme:

' 90% of the total surface are irrigated by surface-type ar-
rangements (canals) and only on 10% of the surface overhsad
irrigation is used.

4.Evaluation of Existing Irrigation Systems

According to size categories, the existing irrigation
systems can be roghly subdivided as follows:

upder 1l ha 10 %

1l - 5 ha 25 %

5 « 10 ha 15 %

10 = 20 ha 10 %

20 = 50 ha 15 %

50 - 100 ha 15 %

’ 100 = 200 ha 5 %
. above 200 ha 5 %

The surface water sources (rivers, lakes, artificial basins)
are used for irrigation to 85 % of extension and to 75 %
of the different irrigation schemes. Ground water (wells,
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r drilled holes, karst walers) are utilized for irrigation
to 15 % of surface extension and to 25 % of indivicdual
. irrigation schemes.

By thé end of the 1979 year there had been issued 118
legal permits for drawing on surface water courses for
water to be used in irrigation systems. According to the
different provinces these claims in connection with the
use of water resources are divided as follows:

copperbelt - 24
central - 12
, Eastern - 2
North-Western - 1
Luapula - 11
Lusaka - 24
Northern - 29
Southern - 15
‘ According to the way in which irrigation is arranged, the
irrigation systems are divided with relative uniformity

into three basic categories - overhead irrigation, furrow
irrigation and surface flooding. In terms of irrigated
areas, overhead irrigation systems account for 55 %,
furrow irrigation for 35 % and surface flooding for 10 i’

‘ VII. BRIEF DESCRIPTION OF IRRIGATING INSTALLATIONS INSPEJTED

l. NDOLA CITY JOUNCIL FARM - COPPERBELT PROVINCE

Total acreage of the farm 350 acres. Production is aimed
at cultivetion of vegetables and maize, as well as at
breeding sneep and poultry.

5 acres of vegetable cultures are served by overhzad
irrigation. The irrigation water source is a well that .
obtains water by seepage from a permanent water course si- '
tuated nearby. A centrifugal pump driven by a Diesel en-
gine supplies pressure water to the main delivery pipeline
laid through the centre of the irrigated area. The pipe-~
line is made of steel, galvanized and laid at a shallow :

‘ depth under the ground surface. To the main pipeline hyd- |
rants are connected portable sluminium branch pipelines '
with small sprinklers on the riser pipes. Maximum number
of sprinklers operating at a time is 15.

!
;
i
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The installations of the surface distribution system and
the sprinklers have been made in Israel. The irrigation
system is operated under extremely primitive conditions and
the irrigation equipment makes the same impression.

SHERRY 'S PARM - JOPPERBELT PROVINCE

Approximate acreage of the farm is 1000 acres. The ir-
rigating installation has been built for 120 acres. Of this
total, 100 acres are planted with orange trees and the re-
maining acreage features other species of trees, vegetables
and there are pasture lands, too. The irrigation water source
is an artifical basin situated near the farm.from which wa-
ter is brought to the pumping stations through open admission
canals. Originally the fajn was equipped with 3 pumping sets.
At present there is in operation only one pumping station
with a centrifugal pump and an electric motor. There is a
6" suction and a 4" delivery branch fitted to the pump.

The farm owner had to build a connection line to the main
HV line, including a 50 kVA transformer station at his own
expense in the 1973 year. Although a relatively high invest-

- ment was involved (about 5000 kW), it was found to be an

economical one when potential dispensing with pump drive by
Diesel engines was contemplated. The main distributing ir-
rigation pipeline dimensioned to 4" - 6™ is laid along the
edge of the longer side of the irrigated plot.It has been
laid imwe”iately below the ground surface. In detailed dis-
tribution through thne area uncer review there are used

3" - 4" portable aluminium pipes. This is a pipeline the
individual pipes of which are joined to one another by means
>f lever-type couplers; it dates from a relatively early
time (year of manufacture 1971). During the initial stage of
operation of the irrigation system the entire area was
gerved by overh_ad sprinkler system. At present water is
being distributed in some parts of tlie orange orchard tharoush
a surface pipeline between tne rows of trees and used for
surface flooding. '

The lady owner of the farm exercised harsh critisism of
inadequate distribution of pesticide spray agents and pro-~ ﬁ
tective chuemicals used to prevent orange tree disegses and,
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in particular, she criticized the unacceptably high nrices
of new irrigation installations. She would welcnme the
nroduction of this kind of equipment in Zambia, provided
it would be supplied to users at lower prices.

BURDER PARM - COPPEZRBELT PROVINC

The farm uses overhead irrigation on about 30 acres of
vegetable cultutes. The plots are operated by a few snall-
-scale farmers after tne original owner went abrozd. The
source of water for irrization is a permanent water course
situzted near tae farm. Throughout the area there is built
an underground distribution systea made up of PVC pipes
andi to 17 surface-type hydrants there can be connected a
portable aluninium pipeline. Two portable pipelines with four
small sprinklers can operate at a time on each line. The
irrigation cycle takes 3 days. Doses of water for irrigation
are assessed by farmers on hand of experience ‘nade before.
I'ne irrigation equipment is a very simple one, but those who
operate it are fully satisfied with it. In our opinion, an
improvement of thae results of operation of the system is
jeopardized by fractionalization of the element shapes and
by non-uniform and erratic arranzement of individual plots
that make uo the farm.

MPONGWE PILOT FARM

This irri-ation scheme was inaugurated in 1977. Its prin-
cipal objective in its present-day stage consists in ad-
guiring experience in cultivation of wheat on large-sized
plots under avplication of an irrigation system. It is very
important because it can practiczally confirm tue assuaptions
formulated in tue project, and also call attention to not
yet solved problems involved in the introduction of irriga-
tion systems into wholesale agricultural produ:tion in its
agronomic and technical aspects, as well as to problems as-
sociated with the coatrol organs.

The terrains under review of the Mpongwe scheme are si-
tuated about 60 km to southwest of the town of Luanahya.
At present , from tne envisaged final extension of about
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22 000 ha there are served by an irrigation svstem about

240 ha of whizh 130 ha are served by overhead irrigation
and 110 ha by surface irrigation. In the 1981 year taere

is envisaged to be in opevration a:a irrization system serving
an avea of 550 ha and in the few subsequent years tie ir-
rigated area is scineduled to increase to 5000 ha.

The principal kind of produce to be irrigated will be
wheat. To a lesser extent ircigation will also sorve malze
used as fodder and vegetables. The crop envisaged for culti-
vation after wheat in the rainy season will be soya beans.
On limited acrsage taere will also be cultivated n1aize for
grain outside tae irrigation season.

'he source of water for irrization is at this time na-
tural springing-up of ground water that ac:umulates in
rock formations at a distance of approximately 1 km from
the terrains under review. With the present-day maximum draw-
ing >n the source to the amount of 2 million gallons a day
(i.e. about 105 1/sec) tie source always appears to be able
to meet tne demand. However, for brospective enlargement of
the area to be served it will be necessary to supplement
and expand this source. In the adjacent hydrogeologizcal
zonetrere was already conducted a nydrogeological survey
in 1979 vhnich dealt with this problem. Jnder the programme
tnere nave been made a total of 37 probing drilled uoles
and it has been ascertained that two hydrogeological units
are suitable for water intake purposes as water sources
for irrigation. In respect of quality the examined water
is found suitable for irrigation purposes. In the course
of pumping experiments thnere were ascertained in the dif-
ferent drilled wells capacities ranging from 0.7 to 10.5 1/s,

st-.tic level of ground water was found to be situated be-

tween 4 and 29 m below the ground level and the ground wa-
ter level drop during experimental pumping amounted to

Ue2 - 23.4 m. The hydrogeological survey resulted in a
statement according to which for irrigation purposes it
can be reckoned with a permissible drop of water level

in the squifer by an average of 10 m when pumping is car-
ried out during 150 days in a year on the average. One
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water drawing zone has an output of 75 1/ and tae other one
45 1/s per drilled well. The wells of this type snould be
arranged in "batteries™ with 2 to 4 wells in each one, and
each wat>r intake zone is envisazed to contain 4 "batteries".
Ine desizn of production drilled wells determines that tne
well diameter will be formed, depending on concrete local
conditions, by a combination of 14", 12", 10" and *" pro-
files.

As far as the soil zonditions are concerned, on the de-
finitearea under review there is represented to 70 % red-
-coloured soil of tue best gquality, some 15 j» of the area
features soil of second-grade quality and tne remainine 15 %
are soils that are inadequate for intensified agricultural
production.of wholesale type. In addition to overnhn«ad irri-
gation, experimente are conducted on the lipongwe terrains
with several types of surface irrigat-on; trere is tested
prixasrily their convenience and the economical aspects of tneir
construction and operation under tiie local conditions.

The methods under test are the following ones: NAR:OW STRIP
IRRIGATION, SORRUGATION IRRIGATION A:TD B RDZR TRIP IRIGAA
TION.

According to the results obtains up to the present, tae
most eligible one appears to be the first one of the altern-
atives referred to above; it is regarded as its principal
advantage that after the irrigated produce has been hzrvest-
ed , it is possible, with the aid of disc ploughs, to ligui-
iate tne low ridgesof individual "strips" and the field can
then be immediately used for sowing the subsequently cultive~
ated non-irrigated kind of produce. ¥hat, however, still
renains problematic, is the overhead irrigation to surface
irrigation ratio. From the angle of economy of irrigation
water and itg distribution over the area served by the sys-
tem, the same as from the point of view of the demands for
extension and quality of soil processing prior to applica-
tion of irrigation, the authors of the present study regard
overhead irrigation as more advantageous. One indispensable
prerequisite, however, is a cost reduction of the irrigation
equipment, adequate supply of spare parts and flexible orga-
nization of servicing attendance. The resultant yields from
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experimental fields, irrigated by difiercnt techniques cof
irriration, also speak in favour of overhead irri-ation

(in the Wpongwe scheme tue wheat treated by uvverhead irriga-
tion chowed in 1979 yields 23 per cent aizher than the wheat
to which surface irrigatiun had been aphlied.)

In its technical aspects, tae part of an overhcad irriga-
tion system operated in 1980 is arranged as follows: on the
lake that serves as water source there is mounted on pon-
toons a pumping set tanat consists of a KSB-Johanesburg pump
and a Detroit Diesel engine. Impulsion of water from the
lake to a storage reservoir situated at the hizhest point
of the irrigated area is arranged tarough an underground 12"
asbestos-cenent pipeline. 3oth the pumping set and a part
of tne main delivery line are doubled up in order to remain
operative in case of a breakdown. rhe storage reservoir is
nade of earthwork, without consolidation of the bottom and
the inclined walls, with 60 x 60 m ground plan dimensions
of the bottom. I'ne inclination of the reservoir sides 1is
l : 3. baxisum depth of water in the reservoir is 3.0 m, the
safeiy sup-relevation margin of the dikes is 0.50 m. Zvacua-
tion into a system of open canals of the surface irrigation
system and tne safety overflow are designed in a comaon
structure. Approximate columa of the reservoir is 14 300 m3.
un the south-western border of tne storage reservoir there
is installed a pumping station for overhead irrigastion.

It consists of a HDM-II-12 pump of American manufacture with
an oatput of Q = 4280 USgall/min, H = 130 PSI, tne associated
engine is a 6-cylinder Diesel Caterpillar. The underground
distribution system of pressure water over the area of irri-
gation is made of asbestos-cement pipelines. The hydrants

are spaced at 100 m intervals. Portable pipelines with
sorinkling heads spaced at 8 m intervals on a branch line

and with the branch lines spaced at 18 m intervals are used
in a waximum length of 120 m. The sprinkling heads are of
Israseli manufacture, they bear the RAVIT 254 NAAN trade mark
and the nozzles have 4 mm in diameter. In respect of operation
it was found out that wihen larger systems of irrigation are
operated, it is antieconomical to use small sprinkling heads.
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sonsequently, in the next programme taere is contemplated
the introduction of larger sprinkling heads, with the re-
sult that a substantial part of the already laid AZ pipe-
lines will have to be replaced by those of a larger diameter.
For irrigation of wheat there is applied an irrigation cycle
15 - 20 days long in which in the course of 8 hours of irri-
gation there are supplied 70 - 80 mm of water.

As has been stated above, it is assumed that after comple-
tion of the irrigating installation to what is called a Pilot
Project that will remain reserved for experimental work and
for cultivation of seeds, the remaining area of 5000 ha will
be divided into separately irrigable units in an extension
of 50 ha each. Once the construction of the irrigation equip-
ment has been completed, these plots will be leased out to
independent farmers. Even these relativelysmall units are
expected to evidence that under application of intensified
operation of irrigation equipment it is possible to attain
comnercial production standards, with very favourable econom-
ic results.

5. TNIN RIVERS FARM

A farm with 460 ha of lands, engaged primarily in produc-
tion of milk, beef, vegetables and fruit. From the way in
which the farm is erploited and from tie results obtained
it is evident that operational control has attained very high
standards and that most up-to-date method, including control
by a computer, has been adopted.

A total of about 350 ha of lands are irrigated, most of
which are pastures and grounds from which fodder plants for
cattle are harvested. In the course of these last two years
irrigation has also been extended to vegetables and there
has been started cultivation of apples and peaches, also un-
der irrigation. Overhead irrigation prevails; it uses portiable
aluminium branch lines connected to hydrants of an under-
ground network of pipes. For irrigation of pasture lands are
designed the DOLPHIN irrigation machines with a trailed hose
and a sprinkling head with a wide radius of action and a high
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output. These hecavy-duty machines are, however, not yet ap-
nlied on a large scale.

There are two available sources of water for irrigzation.
For irrigation of pastures and fields of fodder cultures
there are used water effluents from copper mines that are
settled in a sedimentation tank. Production of effluents is
a relatively high one and would permit a substantial expansion
of irrication to an adjacent zone. The quality of water is
aporopriate for irrigation of pasture lands. With the pH
factor equivalent to 7.5 it aids to improve the acid soils
of the farm. Dispersed sludges also contribute towards in-
crease of fertility. For irrigation of wegetables and fruit
river water is made use of. Both systems have separate de-
livery pipelines - 15" or 8" - steel. The pumping stations
are equipped with pumps driven by electric motors.

The general outfit of both the pumping stations and the
rest of the irrigation equipment is a very good one.

6. IPAPU SCHEME

Information on tais irrigation scheme substantially
differs from one document to the next. Hdereinafter thnere
will be discussed the facts obtained from a technician
wiho right up at the farm controls the work at the irriga-
tion system. The area served by the system consists of 44
plots owned by independent farmers; each one of them has
the extension of 2.5 ha. The total area thus mésures 110 ha.
The source of water for irrigation are two small rivers
and the pumping station is situated at the point of confluen-
ce of the two rivers. In view of the inadeguate capacity of .
the source at the time of peak water demand it is not pos-
sible to irrigate tine w#whole area. The XSB pump (suction 8",
delivery 6") driven by a LISTER Diesel engine (6 cylinders,
1500 r.p.m.) delivers water under pressure throuzh a 6" =~
- PVC underground pipeline of about 2000 m in lepngth into
a reservoir with eartn dams situat:d at tae highest noint
of the faras grounds. Tae dimensions of the reservoir are
20 x 40 x 3,5 m and its approximate capacity is 2800 m3.
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Tilling time is 18 hours. From the reservoir wat-r is dis-
tributed by gravity tarouzh a systemn ,f furrows towards

tae different plots. Jitadrawal from tne furrows, reiunfor:z-

2d by moulded zoacrete channels, is arcaased by siphons.
Accorling to tae system of orientation of tze furrows,

groups of plots (tiere are 6-9 plots in one group) receive
water for an interval of 4 anours. Two Zroups are sujnlied with
water at a time. Under this arrangement each plot takes

its turn every 4 days. Doaihg of water is carried out ac-
cording to time and experience. At present tne farmers pay
for a daily amount of water susplied 2.6 Kw and a sligntly
anigher sum is paid by thae state for tue samne interval of

time. I'he general impression made by the irrigating con-
gstruction is taat it is very brimitive and its mnaintenance

is inadequate. Tne conditions of the plots as also unkempt

and tnere are great differences in this respect from one
farner to the next. Ine endeavour to teach the farmers to work
not only for their own subsistence, but, in addition, to
produce surplus crops for tine market nas go far not record-

ed any noticeable success.

MFUBY RANCH

The size of the arm lands is 10 000 acres, most of which
serve as pasture lands for cattle. The firm is equipped
with a total of 4 irrigating structures which serve about
100 acres in total. Irrigation is applied to fodder cultures,
vegetables, fruit trees and pastures. Tane water source used
is t.e Kafue river. The pumping station which supplies wa-
ter to 22 acres has a K3B ETA 65 pump with a 25 k¥ electric
motor. The switchboard with a starter is of national manu-
facture by the ALLENWEST company. For the underground pres-
surized distribution network the ranch owner uses a 6"
PVC pipeline the acquisition cost of which is, as a matter
)f fact, aigher than that of an asbestos-cement pipeline,
but in case of a breakdown it can be more easily repaired
by tae user. The portable pipeline is made of aluminium
to 3" and 4" diameters and to a maximum length of 120 mj it
ig of inglish manufacture. The sprinklers are small through-
out and require a spacing of 12 x 12 m. Tne irrigation
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dose of 2.4" is supplied in a six-day cycle.

Pron his point of view of an experienced farmer, the
owner recomaends to iocal operators o: small farams to start
with irrigation on plots of 10 - 20 acres as a maximum.
de places great emphasis on electrification taat can help
to ensure tae development of irrigation systems. At the
ame iime, however, he calls atteyﬁion to tae fact that
it will be necessary to revise the existing system of pay-
nents for new electrical equipment and of tre rates charged
ior electric power consumption. Another factor that is
pointed out is the nscessity of improving the services of
revair of tne entire irrigation equipment and tae sunply of
gpare parts. Ihe firas that sell irrigation equipment are
only interested in selling their oproducts and they do not
care for what has become of them thereafter. nder these
conditions, a farmer, particularly when ne does not live
near a larger town, is onliged to resort to makeshift re-
pairs he has to make himself. This state of affairs fre-
quantly dissourages the farmers from establishing new
irrigation facilities.

JO0PPERBELT POW.IR WORKS LTD.

Thiz large company, organized and controlled on modern
lines, engaged primarily in transformation and distribu-
tion of electric power, nas also its associated multi-pur-
pose agricultural establishments. Fish are bred in 14 ponds
to which water is supplied from an earthwork reservoir
the approximate area of which is 1.5 ha. "he reservoir also
serves as a source of water for irrigation of awout 2 ha
of vegetables and citric fruits. The general disposition
can be regarded as an examhle of how also an organization
>f production orientation different from agricultural pur-
suits zan contribute towards providing nourishment for the
population. Under these coaditions, the economic effect
of these subsidiary activities is by no means a negligible
one. '

v —




A-29 -

A farm in the vicinity of Lusaka ~rhich for commarcial ovur-
poses cultivates waeat, vedtavles, maize and alfalfa. 4 to-
tal of 20U ha are served by irrigation with prevailing crops
of wheat, onions, alfalfa and maize harvesgted as fodder.
Throughout the irrigated zone tnere nas been laid an under-
zround natwork of A’ pipes with diameters rangincg from 8"
to 10". Tie spacing of pipeline network brancn lines is
a™roxinmately one of 25U m.

Ground water is used as source of water for irrisation.
Mive HUNOMSESTER MONO PUMPS LTA spindle pumps with 30 kW
electric motors pump water into a common delivery line
through which w_ter is conveyed into an earthwork reser-
voir situated at tie distance of about 1 km. The extension
of the reservoir is about V.8 ha, maxinumn water depth is
6 m at tne centre and 3 m near the banks. Two punping sta-
Lions have been built adjacent to the reservoir. 3ot of
them are equipped with KSB zentrifugal pumps. lhe first
punrinz station has one pump of KS3 VIOSE 150-50 tyvoe and
a 132-xW electric motor, and supplies pnressure water to
tae marginal zone of the irrigated area. The major part
of the area is served by a second pumping station taat is
fitted with two pumps wita 90 or 70 kW% motors.

In the proximity of the drilled wells there is construct-
ed a circular concrete reservoir of 20 m in diameter and
2.0 m water depth. It serves as storace reservoir of water
for irrigation of the adjacent vegetable cultures. Tais
irrigation unit has a self-contained pump, a surface deli-
very line and a 6" portable pipeline. On the rest of tae
cultivation area taere is mostly used a portable aluminium
pipeline of 3" and 4" of Znglish, Israeli and South Afric-
an man:facture, together with small sprinklers. Tor irri-
gation ol gree: maize tnere are well suited large sprinkl-
ers with nozzle size of 20/8 mm. The spacing of the large
sprinklers is 45 x 45 m. Two sprinklers are in operation
at a time. The irrigating equipment installed a2t the YORK
FARM is well maintained and serviced, tne irrication is
utilized economically and yields good results.

On the 3" surface line tuere is always in operation one
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gprinkler of this kind which within 4 hours of oneration sup-
plies 2" of water. Tnis dose is applied every week.

10, ELLENSDALE PARM

Anoth-r good exaaple of commercial cultivation of wheat
under conditions of irrigation . In the 1980 year irriga-
tion was applied to 322 acres of wheat. The whole plot was
divided into 13 fractional plots the size of which ranged
from 2 to 50 acres. The source of water for ir-ivation is a
basin on a small river course. To underground asbestos-cement
network of pipes of 6"water is supplied by 3 pumping stations.
To all pumping stations electric power is supplied. To the
hydrants are connected portable branch lines made of alumi-
niym and steel . The sprinklers are of a small type, with

' short radium and low output. Taiere are 10 000 sprinklers in
total installed on tne farm grounds; these are of US manuface
ture. Next tae:'e are 5000 aprinklers made in England and
1000 made in Israd}. Apart from the conventional portable
irrigation detail with small eprinklers there is in prepara-

| tion tne introduction of strip-type WRIGHT RAIN TOURAINE

\ irrigation uniteFor larger farming establishments with suf-

. ficient experience in operation of irrigating installations,
\\ with efficient organization and control of labour, thése
irrigating machines of a higher generation substantially in-

x cresse tne productivity and improve tae working conditions.

2 The introduction of tnis higher level of technical equipment,
however, contrasts with the attitude of the farm owner ac-
cording to which the principal aim in view in respect of
any agricultural installation or equipment to be put to work
in Zambian working conditions should be its simplicity and
tae longest possible working life span.

During the visit to this farm the experience made earlier
was confﬂhed again, i.e. that the present-day price level of
. irrigation equipment in Zamwbia is a prohibitively high one
and stand in the way towards further development of irriga-
tion systems. Another factor that inhibits the development
trend 1s tne want of more efficient repair services that is
experienced by all those wno run irrigation systems.

!
1
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BENDER FARM

The owner of this farm has prolific experience to his
credit in respect of operation of irrication systems be-
cause he Tigures among the first promoters and users of
irrigation systems in Zambia. At his farm a total of 280
acres are being s:rved by irrigation by this time; 250
acres of this total are sown with wheat and 30 acres with
maize narvested for green fodder. The irrigated surface is
divided into three autonomous parts, each of them with its
own »umping station. All distribution lines throughout the
irrigated area consist of stzel surface pipelines of 4" -
- 6", most of them made by the WRIGHT RAIN and PERROT com-
panies. '

Tne »Humping stations are made up of centrifugal pumps
driven by 30 - 110 kW electric motors. The HV connections
vf 11 kVfrom the trunk power line to transformer stations
associated to pumping statiomns, including tiie equipment of
the former, were provided by the farm owner at ais own
exvense. The switcihboard and tune starters are made by the
ALLENWEST company.

Under the conditions of undulating ground surface and
fractionalized configuration of the plots run by the farm,
the owner does not recommend tne use of strip-type irriga-
tion units. Noreover, he anticipates potential damage that
might be caused by larger sprinklers used with the strop-
~tynve irrigation units to wheat cultures.

For further development of irrigation in Zambia tae farm
owner deems it necessary to count with all kinds of agsist-
ance of tae state, primarily in financing of new schemes
of this sorte.

MURRAY ZVANS FARM

The farm on tne bank of the Zambezi river irrigates a 1li-
nited extension of farmland with tne aid of a small pump
with electric =otor. lore detailed information on the irri-
gated arsa extension, on tne irrigation system etc., was
impossible to obtain because at the time of the visit neither
t..e owner nor any other informed worker were present.
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13. VINIENT VANS FARM

. With the aid of a KIRLOSKAR osump ~ith parameters
Q=34 1/s, H =75 m, 100 kW, 1450 r.p.m. aud two Jainese

sumps ABA-6 with p:rameters Q = 115 m3/h, H = 81 m, 55 kW,
2900 r.p.m., water from the river is pumped into an asbestos-
-cement pipeline tnat distribules it over the ar:a served
by ithe system. There can be irrigated about 300 acres, nost-
ly of wheat cultures wnich prosper relatively well in heav-
ier soils. en the work is efficiently organized, it is
possible to attain yields of up to 5.4 t/ha. In the course
ot the irrization period there are supplied, on the average,
600 mm of irrigating water. In the irrigation system detail
are used aluminium pipes of Israeli and Znglish manufacture.
Tne sprinklers are largely of the NAAN 354 trade nark,

. 5 mn dia, from Israel. At this farm it was evident, too,
that tlhie present-day nigh prices of irrigation equipment
ire tne princinal handicap that hampers further expansion
of areas under irrigation.

14. PATZLS FARM

A farm with modest extension of irrigated vegetable cul-
' tures. ‘/ater is drawn from a river by a 3mall pump into

an underground distribution system laid at a shallow depth.
Por detailed distribution uof water over the area are used
portzble aluminium pipes and small sprinklers. The i-riga-
tion equipment is not in good condition and it is evident
thatthe operation of the system does probably not receive
sufficient attention.

15. KAYUMBAS FARM

There is irrisated approximately 1 ha of vegetable cultur-
es by means of bortable aluminium pipeline and slow-acting
sorinklers. The water source used is a permanent water
. course from which water is pumped by a pump with a Diesel
engine. At the time of our visit no one was present at the
farm who could provide more detailed information about the |
operation of this irrigation system.

16. GRABBS FARM .

Jn the grounds of this farm of 107 acres there are cul-
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tivated vegetables only. [ae i-rigating installation makes

it possible to irricate a toval of 60 acres of which 25

acres c¢an ve irricated simulteneously. Water for irriration

is pumped from a permanent water course by two pumps with

outputs of 15000 gal/h and 18000 gal/h and it is distriduted

sver tne irrigated area t.arough a system of surface cuannels. \
The irrigation proper is accomplisned by surface-flooding.

This farm is a very good example of operation of an ir-
rigation system and of tine owner s endesvour to utilize
tne availapble wat:r source for increase of produ:tion of
vegetablzas for commercial purposes. In near future it is
envisared to expand the capacity of the existing irrization
ssatem by drilling a new well for ground water intake.

STRYDOMS 'AND BASSONS FARM

The farm specializes, first of all, in production oY milk.
Its total extension is 180 acres. Irrigation caters to 30
acres8, primarily for cultivation of fodder - lucerne. On
tie oank of a small river there is built in a sunk concrete
reservoir of 4 x 4 m a pumping station with two pumps
(SIS7ARDS LLOLDS VEG 100 and INGERSOLL-:AND JO¥2ANY 65-250
WMC). Ine pumps deliver water into a common steel delivery
nipeline. #ater is distribuled over tine irrigated fields
tarouzh a surface-laid pipeline of 5" in diamneter (main
valve and 4" (lines with sprinklers). uUn eacn one of the
four lines there can operate 10 sprinklers at a time. The
dyses of irrigation are deternined by exmerience. During
the dry season the irriration system onerates for 8 hours
a day. In the cool monthethe irrigation is reduced to 4
hours a day.

I'ne fact that a variety of portable pipeline and sprinkl-
er tyves is used is justified tzcause it is not possible
to adhere to one specific trade wmark only, but instead it
is imperative to purchase what is available in the market
at thne time of necessity and waen acquisition is possible.

— e A e — . o
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Jo. LOWE FARM
The farm is esseitially of tie sane extension and y-oluc-
tion nrientation as tne preceding one. Likewise, tie same

applies to tae irr:.:;ation ~gnipment as has been said about
taat >i the BASSONS FARM.

JOMBRINKS ‘PARM

sone of the cmiloyees whi were nresent at tae time of
tae visit could furnish any information about orientation
o>f wroduction and extension of the irrigation system. The
farms orner was absent. iro- an ingnection of the equisment
stored tnere it is evident ta2t mreparations are undzr way
I an exXpansion or modernization of the irrication equipment.
This is indicated by stored supplies of asbestos-cement
pipes oi diameters ranging up to 600 mm. ¥ r utili ation in
operation of tae irrvization system tiiere has also been pre-
vared a HEINZMAN TRAVLIER 60545 irrigaiine macaine wita a
trailed uose and a sprinikler. of NILSON type, and nozzle
diameter of 28 - 32 mn.

rfae source of water for irrigzation is a »ond situated
adjzcent to the farm.

LIMIPING FACTORS OF Ti& DiVILOPMENT OF IRRIGATION SYSTEMS
IN ZAMBIA

Notwithstanding tne fact that Zambia is a country with
tremendous potential of orospective agricultural nroduc-
tion, it is evident ifrom official statistics reflecting
the state »f affairs in recent years that the country must
nake availablc nigh sums of money for mHurchase and import
of the Dbasic agri:nltural nroducts in order to safeguard
tiue nourishment of the population.

Irrigation systems are one of the means to be adopted
in order tnat the country may be able to export the sur-
plus of tane »>roducts for t.e production of which favourab-
le conditions exist in respect of the local zlimate. The
principal advantazes of irrigation systems are a stabiliza-
tion of yields of tae cultivated produce and their becom- i

.‘#.,‘9"‘
o
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ing independent from the climatic agents, increase of yields
to a maximum and, finally, tue possibility of harvesting

. the crops twice a year. T'ne basic prerequisites of profit-
aple cultivation of agricultural produce under irrigation
by farhing establishment, i.e. ample reserves of suitable
solls and of water for irrization, can be reckoned with in
Zambia.

There exists, nowever, a number of factors that migat
wake impossible, or at least substantially difficult, the
cultivation on irrigated landsto an extent that is neces-
sary to ensure self-supporting production of foodstuffs
and to attain a standard where Zaubia might also become an
exporter of agricultural products.

A substantial part of these factors are of economic na-

‘ ture and tae possibility of influencing them rests, in view
of the regime in Zambia, with the Zambian government. It
is thus a matter to be dealt with by government organs of
the Zambian Republic, and it is up to them what an at-
tituie they are going to adopt towards the prodblem of
further development of irrigation systems. According to
the documents entitled THIRD NATIONAL DEVELOPMENT PLAN and

‘ J2IRATION OF FOOD PRODUCTION the government is interested
in an expansion of irrigation systems in Zambia. Hderein-
after there are outlined the different factors that can
influeace this sphere of national economy and their signi-
ficance is pointed out.

1) Yost of the small-scale agricultural producers will have
radically to change tue existing system of agriculturel
practice. By this time tneir endeavours ere largely
aiyied at providing subsistence and nourishment of their
own fasilies alone. This is also reflected intue ex-
tension and intensity of their labour input. It will be
n:cessary to nave this large percentage of farmners inte-

‘ resi2d also in production envisaged for marketing. With
this the nationwide agricultural production will be sub-
stantially increased. '

2) Through an appropriate policy of prices in the sphere
of agricultural production it will be recessary to pro- .
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mole the interest of small farmers in aigher production.

At a certain stage tnis will already be possible only when
. irrigation systems are used for some kinds of agricultural

oroduce. With tais taere is also associated the establish-

ient of aupropriate conditions for export at tne moment

waen tlie local markets nave already been adequately sudplied

with tne produce of tae farams.

3) Tae irrigatin~ structures are assoclated with aigh zosts
of acquisition and wmost of tne investors will not ve able
to start such constructions, even those of small-scale type,
without financial assigtence afforded by tane state. The
fornms of tnis government coparticipation wmay be different,
but on no account taey should become a financial burden to
the user of an irrigation systemduring the period before

‘ positive results of tae irrigating installation that has been

built nave manifested themselves in concrete figures.

4) ine construction of an irrigation system and its operation
without a parallel outfit of the agricultural establishment
in cuestion with vrocess equipment of non-irrigating nature
(agrotechnical implements, machines, storage facilities,
transport equipment etc) and with fertilizers results in

. deterioration and devaluation of the investment wmacde. 1t
is consequently necessary in the state budget, the same
2s in toe provincial and district dbudgets, to reckon with
appropriations for acquisition of this kind of equipment
with the due anticipation.

5) The present-day prices of all kinds of imported irrigation
equipment are so nigh that tluey have become the cause of
certain stagnation in irrigation activities. One motential
alternetive of approach is a reduction of the prices of
this imported equipment and the other alternative is the
construction of a manufacturing establishment in Zambia
that would be capable of supplying locsl users with basic

. irrigation equipment (pwaps, curface-type pipelines includ-

ing »ipe fittings, adapters and sprinklers) in good quality

and at acceptable »rices. '
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6) In view of the mounting world-wide cnergetic crisis it

7)

8)

9)

can be assumed that the oil prices will continually in-
crease. onsequently, it will become increasingly =2dvant-
arseous to operate mactuines that are driven by electric
notors. Zambia tias a sufficient amount of electric power
resources. There are, however difiiculties in power distri-
oution to the points of consumption if such sites are re-
mote from industrial or commercial centres or from the

nigh voltaze transmission trunk lines. For further develop-
ent it will be indispensable to bring to the sites where
vunping stations of individual svstems are going to be si-
tuated, nign voltase transmission lines and to make arran-
gements for its transformation to voltage appropriate for
drive of the pump motors. This conditior is a very import-
ant one because with the existing network of roads in tne
country it is found extremely difiicult to uphold continu-
ous supply of fusls even to smaller Diesel-electric sets
used in irrigation systems.

The principal centres of the prospective development of
irrigation facilities must be able to rely on adequate com-
munication routes available to them so as to eliminate the
Droblems involved in transport of manufactured products

to points of consuwption or of furtner processing. Tarougn
a good network of nard-surfaced roads there will also im-
Drove tae conditions necessary for carrying out repairs

of irrigation equipment and for its maintenance during the
season when the equipment does not operate, which is pre-
cisely the time when earth roads are next to impassable
due to heavy rains.

In spite of tne fact that in Zambia there is available
enough of convenient soil for agricultural use, there be-
gins to make itself felt by this time already a shortage

of plots that should be readily available for potential
users who wish to establish new farms on them. The tracts
of land nave not yet been surveyed and tne basic pedologic-
al survey of these lands nas not been carried out.

There is not much experience available with irrigation sys-
tems in Zambia. For most of tuae workers enpgaged in farming
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activities asriculture under conditions of irrigation
will be a novelty. Tt will be a new exverience to thenm
not only to master tae tecuanique of irrigation itself,
but also to solve tue aggronomic problems associated with
goil preparation prior to irrization and while thae =ame
is in progress, the same as appropriate fertilization,
arotective sprinkling and harvestine practice a2nd techno-
iogy. Likewise, tuc assortment of varieties of irrigated
vroduce will be different from that envisaged for ferzing
witzout irrigztion. From this point of view it will bpe
found advantageous to distribute t.e construction of ini-
tial irrigation equipment of the new irrigation struc-
tures and facilites so as to build in each district and
to »ut into operation one structure that will then serve
as a model for demonstration of farming with the use of
an irrig tion system ito ample circles of farmers and farm-
ing personnel. Here it will be possible to acquire the
basi: experience and skill for subsequent irrigation
scheumes.

#ith the subject of the preceding paragraph there is clo-
sely associated also the factor of qualified control of
irrigation systems. It is in particular in the case of
larger systems which, for instance, utilize a common
water source for irrigation, where coordination and method-
ical control of operation are imperative. In view of the
existing shortage of qualified personnel graduated from
high schbols in the discipline of irrigation systems, it
will be necessary, even in tae structure of the education-
al system, to make certain interventions that will be
aimed at staffing tne control functions with qualified
experts. Tnere should also be considered the possibility
>f getting up a specialized department in the Ministry of
Agriculture that would take charge of centralized direc-
tion and control of irrigation system in the country in
tie aspects of investments and operation. As the number

of trained experts will increase, such departments could
tanen be set up also in provincial and distirict centres.
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11) isuch criticism on the part of those who by tnis time re-

view the irrigation systems is inspired by tae fact that
tneve does not exist any organization that would be sys-
tematically engaged in routine repairs and maintenance

of tne irrigation equipment. It is next to impossible

for the farmers themselves to Mmake arrangements for the
necessary repairs at their own ezpense and on hand of the
available experience. If an irrigation equipment manu-
facturing enteroiise came into existence in Zambia, it

hight be pocsible within such a factory to set up a depart-

ment engaged in providing this kind of services to the
farmners.

IX. IRMIGATION SYST:MS PLANNED IN ZAMBIA

In tae course of our investigations of the irrigation
equipment market in Zambia we discovered a number of stud-
ies and reports the subject of which was a plan of irrica-
tion system constructions in that country for the next few
years. As work of tanis kind had been carried out by dif-
ferent teams of experts, at different times and from dif-
ferent zngles of interest, it appears advisable to us
to review their respective results and thus confront them
with one another.

1) Report of the Committee for Irrigations - worked out
as part of preparatory work for the
THIRD NATIONAL DEVELOPMENT PLAN - 1975.

The statement was made in this report that in the period
»f the Third Five-Year Plan a total of 61 130 ha of
agricultural lands will be exploited with the aid of ir-
rigation systems. Of this total, 8 594.18 ha were envi-
saged to be served by the already existing irrigation
systems and 52 555.82 ha by newly ouilt ones. In the re-
port of the said Committee there are indicated both the
territories of potential development of irrigation sys-
tems and those on which attention should be Drimarily
focussed in the course of the Brd Five-Year Plan.

.
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A general review of irrization potential in 2Zambia is di-
vided 1into areas with surface water souvrces and th,se
of ground water.

surface Waters:

ZAJMBAZI NORTH/KAFUE WEST Jatchment Area:

KSNYAUNA 184 ha
MPUNGU 59 ha
LOBUFU 215 ha
KAMATETE 53 ha
DUNGWE 182 ha

Tne Jommittee voiced their conviction that in the INNORTH-
-VESTSRN province there exists an ample potential for
mediumesized and smnall-scale irrigation structures.

ZAM38ZT VST AND SQUTH Catchment Area:

CHAVUMA 1000 ha
KAMBANGA 200 ha
SINAMALIMA 3000 ha
CATAWA 4000 ha

KAPUE Catchment Area:

MID.I> KAFPUE REGION 34 000 ha
LUKANGA BIG ONZESSION 12 000 ha
UPLAND FRINMIS OF KAFUE

2LATS 26 500 ha
KAPUS PLATS 56 500 ha

In respect of this particular catchment area, the Commit-
tee calls attention to the fact that utilization of water
for irrigation depends on how wmuch water it will be pos-
sible to obtain from the Kafue river at the expense of the
power plant interests that have been a preferential aim up
to the present.

LUANGUA ~Jgtcnment Areg:

KAKUMBI AREA 4000 ha
LUPAND RIVER (construction of dams necessary)
LUNSEMPFA RIVER
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JHAMBEST Catchment Area:
3UUTH MPIKA 500 ha
‘ 14K3 ISHTWA NGANDU

- IAMBESI RIVER

43ST JUF MBALA

SIUSES

HSSMBO (BANGWELA NORTH) 10 000 ha

LUAPULA Catchment Area:

1 ATANDA 2 000 ha

KASOMPE 1 400 ha

SHI LONDO 5 000 ha

KASHIBA 6 700 ha

KUSANGA 1 600 ha

KAWAMBY A 9 000 ha
‘ MBERESHI 7 000 ha

KANYAENBO 1 000 ha

HABILAKILA 2 400 ha

cround wWaters:

JEST LUSAKA 5 000 ha

CHISAMBA WEST 5 000 ha
‘ KABYZ SOUTH 2 000 ha

1 PONGWE 8 000 ha

1ONZ:Z-MAZABUKA

WUMBWA

HINGOLA

KASEMPA

SOLYEZI

MWINT LUNGA

The area size,as indicated in the preceding 1ist, totals

208 493 ha (less the areas the sizes of which are not spe-
cified). The areas that should receive particular atten-

tion in the development of irrization systems during the
‘ 3rd Five-Year Plan are the following ones:

NORTH-VSSTERN PROVINCE:

SHAWUMA
KABANGA
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SJUTHERN PROVINJOE:

SINAMALIMA

SUUTI U KAPUS RIVER
KAFUE

SSHTRAL PROVINIE:
KAFUE FLATS

SHIAWA

SOPPERB3LT .PRQVINCE:

«UNKUMPU
NMPONGWE

SASTERN PRUVINCJE:

KAKUMBI
AURTHIRN PROVINJCE:

SOUTH uP WPIKA
BANGY=LU SwWAMPS

LUAPULA PROVINCZI:

MATANDA
KAWANBW A

Report by the FAO Joint Jommission (West Germany/Holland)

- worked out in the study on irrigation potential in Zam-
-bia - 1978 .

Tne objective of tne report worked out by the above joint
team of experts consisted, apart from an evaluation of
the irrigation potentialities in Zambia from natural and
economic points of view, in determination of the necessar
ry extent of irrigation systems with the end in view of
attaining self-sufficiency in production of food in the
1930 year.

As a result of this work it was ascertained tuat in addi-
tion to the existing 15935 ha of irrigated lands it is ne-
cessary to install irrigation equipment made up of new
units on otaer 62777 ha.
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According to the different kinds of produce tne distribu-
tion of the new irrization systems is as follows:

wheat 44 500 ha
barley 8 680 na
sugar 2 800 ha
coffee 804 ha
tea 1 178 ha
vegetables 2 873 ha
fruit 314 ha
fodders 1 628 na
total 62 T77 ha

In r=svwect of situation of tihe new irrigation systems, in
the FAO report are indicated only tiie following larger
irrization coumplexes:

WUNKUMPU 20 000 ha
BIG CORCESSION 4 000 na
LUENA 14 000 ha
MPONGYWE 22 000 ha
KATAMI3VA 237 na
NAKANBALA 2 430 ha
LUCULU 400 ha

3) THIXD WATIONAL DEVELOPMENT PLAN -~ 1979

In this basic document for development of national economy
in Zembia in the 1979 - 1983 years the following facts
are exposed about irrigation systems:

ihe total of irrigated surface is estimated to amount to

1 - 10 =million nectares. At present approximately 10 000

na are served by irrigation systems. The government's stra-
tegy in the course of the Third Pive-Year Plan in the
sphere >f irrigation is tae following one:

- tarough extension of small irrigation systems with simple
methods of irrigation to ensure sufficient production of
food (primarily of vegetables) for local markets and to
acquire fundamental experience in operation of irrigation
systems

- to build a medium-sized irrigation system in every dis-
trict for demonstration of irrigation techniques
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- by means of large-cscale irrigation systems for selected
kinds of agricultural produce to ensure a subsiantial
increase of nroduction and to make possible exports
tnereof.

In the TNDP there are expressly indicated the following
areas waer: eitner some 0of the preparatory work for the
nrojects has alreacy been done or wiere exist realistic
verspectives of irrigation system develiopment:

MUNKUMPU 20 000 ha
NPONGWE 22 000 ha
BIG CONCESSION LUENA 30 000 ha
SHANGESHI 25 000 ha
ZAMBEZ1/SESHEKE 30 000 ha
KA2US FLATS 20 000 ha

LAKS BANGWEULU

The total ex’ension of the schemes referred to is 147 000 ha.

OPEIATION FOOD PA0DUSTION -1980

The newest document with which the president of the Zanm-

vian Republic Dr.K.Kaunda establishes new foundations of

a radnid development of agricultural production in the

country, places great emphasis on development of irriga-

tion systems. Individual irrigation schemes are not ident-

ified expressly by their names. Referemce iSJnaae, however,

to new state farms of which two are scheduled to be set up :
in each province. Ine avera’e size of one farm is to be

20 000 ha.

As in the course of our stay in Zambia it was on no account
possible to obtain any other information about the state
farme, it can only be deducted empirically that on about
one-half of the extension of all state farms it will be
necessary to ouild irrigation equipment. To this concept
ther: corresponds the necessary extension of irrigation
systems on 180 000 ha of the lands.
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sonclusions of Planning Department of tae iinistry of
Agriculture - 1980

(ASSISTANT SECREI'ARY IN PLANNING - MINISTRY OF AGRIJULTURE
AlD WATZR DEVELOPMINT)
According to the data available from the Ministry of Agri-
culture tnere is envisaged,for tie period up to the 1990
year, tne construction of new irrigation systems o>n an
extension of 60 to 100 000 ha. The grzat difference be-
tween the lower and tie uoper limit of extension of the
scaeduled new irrigation systems evidences the fact that
tue central agricultural authority has so far not formulat-
ed any concrete and exact concepts as to wuat should be
constructed in the sphere of irrigation systems. This is
also documented by tae fact that only five concrete schemes
have been specified by tlie minisiry with a total extension
of 15 200 ha:

MPONGWE 5 000 ha
MGUSHI BLOJK 6 000 ha
KLSYA 1 600 ha
8IG JONCESSION 1 000 ha
MAZABUKA 1 600 ha

Up to an extension of 60 200 ha this list is supplemented
with irrigation systems of state farms in an extension of
40 V00 na and by minor irrigztion systems to an extent of
5 000 ha without detailed specifications.

Proposal of UNIDO Group, Vienna - 1981 ‘

During the conclusive negotiations of the market inves-
tigation results in the sphere of demands for irrigation
systems and equipment that took part on November 26, 1980
con participation of representatives of the Ministry of
Agriculture and Water Development and of the Ministry of
Jommerce and Industry, the group of UNIDO Vienna presented
a proposal according to which there should be constructed,
up to the end of the 1990 year, new irrigation systems in
Zambia on an extension of 130 000 ha. This determination of
systems extension resulted from tne survey of lands that
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had been conducted, from discussions with irrigation en-
gineers and technicians engaged in all oranches of Zam-
bian agriculture, from opinions voiced by Ministry execut-
ives, by representatives of provincial and district organs
and authorities, but, first of all, from all available
studies and research reports that had been worked out in
the sphere of development of irrigation systems in Zambia.
It is the opinion of the team members that without a radic-
al and prompt development of irrigation systems it is not
possible to safeguard tne supply of local markets wita

food without fluctuations of supply caused by climatic
agents. Witnout such a development it will not be possible
either to furnish agricultural produce for export that

is reckoned with in the most up-to-date plans and perspect-
ives.

From a comparison of tiae data indicated in paragraphs 1)
to 4) of this chapter it is evident that tae value of
130 000 ha surpasses only tae value that is specified by
the German Dutch FAO joint committee for the 1990 year.
In this instance, however, it should be pointed out that
tne FAO report was aimed only at attaining a self-support-
ing standard in food production, without taking into ac-
count potential exports. Tnis fact was, nowever, nointed
out with Gue emphasis in the document entitled OPERATION
OF FUOD PRODUCTION by thne president Dr.K.Kaunda, and it
would be actually an economic hazard not to reckon with
potential exports of food from a country in which favour-
able conditions exist for its production, to countries
where natural conditions make agricultural production en-
tirely impossible or at leastmake it prohibitively ex-
pensive. As regards the report worked out by the team
for preparation of the TNDP, it suould be taken into con-
sideration 52 555 82 hawere contemplated only for the
Third Five-Year Plan. )The suggested value of 130 000 ha
to be served by new irrigation systems by the 1990 year
did not meet with approval of the liinistry of Agriculture

representatives. In the subsequent negotigations they
stipulated values of 60 - 100 000 ha, as referred to in
detail in paragraph 5). As the final decision on the ex-
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tent of construction of the irrigation systems in the
country will restwith an organ of the Zambian Republic
government, that is, with the Ministry of Agriculture,

tane teax of experts made a concession and revised the va-
lue of 130 00U ha down to the required 100 000 ha. The up-
wer limit of tne given range was upheld in view of the
importance attached to agriculture practised under condi-
tions of irrigation for attaining the tarcet figures in
t:ie sphere of nourishment of the population of Zambia and
for potential exports of agricultural produce from Zaambia.

TS HNIJAL ARRANGSMENT OF NBN4 IRRIGATION SYSTEMS

As a atarting value for subsequent considerations there
are assumed 100 000 ha of new irrigation systems envisag-
ad to be constructed until the 1990 year.

It is assumed that 25 % of the area under review will
be irrigated by surface-type methnods (surface flooding,
floouing from ditches, furrow irrigation), and 75 % of the
area will e served by overhead irrigation. "Yhen water is
drawn by pumps from drilled noles and wells,it is reckon-
ed with a system in which water for irrigatinn will be
pumped from tne sources into surface-type accumulation re-
servoirs u” from taese it will be distributed by a pres-
sure-type pumping station into a network of pipes laid on
the area served.

Extension for overhead irrization: 100 000 ha x 0.75 =
= 75 000 ha.

Prom the extension of tiaz area served by overhead irriga-
tion 20 % are envisaged for irrization systewns with Diesel
engine~driven sets.

For the area envisaged to be irrigated by sets with electr-
ic wotors there remain in total 75 000 ha x 0.8 = 60 000 ha.

It is recommended to design for irrization a tyne of sets
taat will contain an irrigation pumping set, a portable
irrization pipeline (includinz the fittings) and speinklers.
The size of irrigation sets is designed so as to cater to
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plots of 6 ha, 12 ha, 24 ha and 48 ha with their operating
range and tiue capacity of tne amount of pumped water, with
an envisaged average inflow of 1 1/sec/ha. For this it is
reconmended to manufasture a typified ranze of Huaps with
stepred-off deliveries in the following succession: 6 1/sec,
12 1/sec, 24 1/sec and 48 1/sec. Areas of zreater extension,
up to about 200 ha, c~:n be irrigated by tne highest sets

of the above range of types arranged in parallel. If neces-
sity snould arise of extremely larger irrigation units,

thie problem will have to be dealt with eitiier by importing
larger pumps, or else, in tne next stage by construction

of a plant for manufacture of irrigation equipment, by
adding a pump with aprroximate output of 66 1/8 or by
adding a Duap ol another type.

There is recommended a uniform distribution of the above
sizes in the ranze of types of irrigation sets, that is,
25 per cent of each one of the above sizes. By 1990 tnere
saould be in operation according to that schedule a total
of 4 690 pieces of irrigation sets,the distribution of the
different sizes veing then arranged as follows:

6 ha set - 2 500 pieces
12 ha set - 1 250 "
24 ha set 625 "
48 na set 315 ¢
Total 4 690 pieces of sets

INIREASE OF DuiAWD TOR L.RIGATION SYSTEWS FROM ONZ YEZAR TO
Tds NEXT

The plant for manufacture of irrigation equipment should
begin with the manufacture in the fourth year from the date
2f conclugion of an agreement on its coastruction. It is
assumed that at present tlie import of irrization equipment
provides an overall extension that approximately corres-
ponds to 80 sets wnich are eavisaged to be made in the new
plant. In order to come n-ar the target figure of 4 690
sets, there is necessary an annual increase of 31 %. An
even and balanced keeping of tne rate of increase of 31%,
in both making arrangements for providing irrigation equip-
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ment and in putting new irrigation systems into operation,
will make it possible to fulfil the task of establishing
100 000 ha of new irrization systems by 1990. Until the
new plant has started to operate, it will be necessary to
fit tae new structures with irrization equipment imported
from abroad. Cnce national manufacture of the equipment
nas been started, it is assumed that taie wnole demand will
be met by tie new plant within tae range of its regular
production prograsmme.

For the requirements of new irrigation systems, the dis-
tribution of the number of irrigation sets in the succes-
give years is indicated in the following Table 1O:

Number of required irrigation

Year Sets note
1980 80 initial conditions
1981 105

1982 135

1983 180

1984 235 start of manufacture
1985 310

1986 405

1387 530

1988 690

1989 910

1990 1 190

Total 1981-1990 4 690

In the 1990 year tne new plant will make 1190 irrigation
sets a year. This amount, however, represents only new ir-
rigation systems. From the point of view of making arrange-
ments for replacement of old irrigation equipment, furnish-
inz reserves and utilization of some elements of tae irri-
zation systems (sucih as pumps) also for other spheres of

national economy, it will be necessary to design a higner
production capacity of the new plant. The extent of such
an increase will differ from one nart of an irrigation get
to tuae next and will be laid down in detail in the speci-
fication of individual components of the set.
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XII. SPECIFICATION OF IRRIGATION SET

‘I’ 1) Pump
a) Set for 6 ha

There is designed a horizontal, centrifugal,
singla-stage pump of spiral design with tne follow-
ing paraameters:

- volume delivered 6 1/sec
- manometric (total) head 52 m
- suction capacity 6.5 m

The driving electric motor, which will not be
manufictured in the new plant, must be of a closed,
combined foot- and flange-mounted design, with short-
-circuited armature, taree-phase for 380 V, 50c/s,

. with 7.5 ki horsepower and speed identical wita that
of the pump, i.e. 2900 r.p.m. T'ne pump-electric mo-
tor set will be fitted on a baseplate.

In tae 1990 year 635 pieces of tnese numps for
new irri:ation systems will be required. The deter-
mination of the number of Humps taat will reoslace

. t1e 0old irrigation pumps is based on a 10-year work-
ing life span of tne mechanical equipment of irriga-
tion systems. In 1990 it will thus be necessary to
reslace tne existing 80 pumps. Jf tiais total there
are 25% of pumps of this size, i.e. 20 pieces.

A reserve margin is assumed to be about 10 %,
which means that,because of this, 65 additional
punps will be manufactured in 1990.

In the sphere of utilization of the designed ir-
rigation pumps in other lines of national economy
it has been estimated that at present there are
required anproximately 400 pieces a year. With an

‘ annual increase of 8 %, the resultant annual requi-
rement for the 1990 year is 860 irrization pumps
fur operativn outside the sphere of irrigatibn
(water supply, mines, other brancnes of industry
etc.). The distribution into size categories will




b)

c)

A- 4, -

be even and regular, at 25 intervals, that is, 215 of the
smalles! pumps will be required in the 1390 year for anpliza-
tisas other than irrigation.

tecapitulation of demand in 1990:

- new irrigstion systeuns 635 pieces

- revnlacements of old punps 20 "

- reserve 65 N

- applicstions other than irrigation 215 "
Total €35 pieces

- - ———— — — -
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et for 12 ha

It is sugzested to use a pump of the same type as in the
sets for 6 ha, witih the following parameters:

- volume delivered 12 1/sec

- nanometric head 58 m

- suction capacity 6.5 m

- electric motor horsepower 13 k¥

- rotational speed of nump and motor 7900 r.p.m.

The demand was determined according to the same principl-
es as for tne pump to be used in the 6 ha set.

ilecapitulation of demand in 1990:

- new irrigation systems 315 pieces
- replacements for old pumps 20 "
- reserve 30 "
- applications other than irrigation 215
¥
Total 580 pieces

sS=ES=ssSXxo==

Set for 24 ha

It is suggested to use a pump of the same type as in the
sets for 6 and 12 ha, with the following parameters:

- volume delivered 24 1/sec
- manometric head 72 m

- guction capacity 4.5 m

- horsepower of electric motor 30 k¥

- rotational sp:eds of pump and motor 2955 TepeMe
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The demand was deteruined according
ndicated above.

ecapitulation oi tne demand in 1990:

new irrigation systeums
replacements for old puaps

reserve

applications other than irrigestion

to the principles

160 pieces
20 [ 1]

Se

Total

t for 48 ha

- o - ————
EEEESRE===

A punp of the same type as those of the sets for 6, 12
and 24 ha is suggested, with the following parameters:

volume delivered
smanometric ead

suction capacity

electrid motor horsepower

sveed of pump and motor

48 1/sec
80 m

4.5 m

55 k¥

2975 re.p.n.

The demand was determined according to the above prin-
ciples.

Recapitulation of the demand in 1990:

new irrigation systems
replacements for old puaps

reserve

applications otner tuan irrigation

80 pieces

20 "

10 "
215 "

Total

325 pieces

Review of pump manufacture in the new plant in 1990:

- for 6 ha set 935 pieces
- for 12 na set 580 v
- f:r 24 ha set 410 "
for 48 ha set 325 "

Total 2 250 pieces
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2) Irrigation Pipeline for Suction Branches of Fumps

3)

For individual pumps it will be necessary to provide
suction branches. [for tne pumps envisaged for 6 and 12 ha
tue diameter of the suction pipeline will be 100 mm, for
tae remaining two types tae suction pipeline will have a
diameter of 150 mm. The pipeline will be made of steel,
with flanges, in order to attain maximum tightness in the
intake section. As a pipeline of this type is not going to
be manufactured in the plant, it will be necessary to make
srrangementwith a cooperating factory for its manufacture.
For orientation tnere follow data about tne required quant-
ities of the suction pipeline tlie envisaged length of the
pipe being 2 m.

Demand for suction pipelines in 1990:

6060 pcs.(a 2 m)
2540 pcs. (a 2 m)

Js 100 mm : 935 x 4 pcs. + 580 x 4 pcs.
Js 150 mm : 410 x 4 pcs. + 225 x 4 pcs.

Delivery Irrigation Pipeline

Ao surface delivery and distributing irrigation pipeline
from the pumping set to the sprinklers there is designed en
aluminium pipeline in standard lengths of 6 m. The pipes
will be fitted with dependable lever-operated couplers that
enable easy and quick connection or disconnection. un an un-
even terrain these couplers should pernit a deviation of
the pipeline up to 15°.

For tae different sizes of irrigation sets there are de-
signed, with a view to the configuration of the plot to be
served and to hydraulic conditions that exist during opera-
tion of the irrigation system, pipeline profiles of 80 mm,
100 mm and 120 mm. Diagrammatic views of the irrigation
sets are shown in Appendices No.2 - 5. Herc a recapitulation
is made of the demands for pipelines of different profiles
in the different types of irrigation sets:

Ixtension Js 80 Js 100 Js 120 Total
6 ha 131 pieces = 131 pieces l
12 ha 88 pieces 89 piaccs <117 pieces i
24 ha 80 pieces 88 pieces 72 pieces 240 pieces

48 ha 424 pieces 424 pieces .
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The common reserve, the replacerments for old equipment

. and the demands for avplications of non-irrigating nature
are estinated to be 15 % of tane total of irrigation pipe-

lines,

a) Js 80:

131 x 635 + 15 %
88 x 315 + 15 %
80 x 160 + 15 %

83185 + 12478 = 95 663 pcs.
27720 + 4158 = 31 878 pcs.
12800 + 1920 = 14 720 pcs.

Total 142 261 pes.

b) Jg 100:
89 x 315 + 15 %

23035 + 4205 = 32 240 pes.

88 x 160 + 15 % = 14080 + 2112 = 16 192 pcs.
. 424 x 80 + 15 % = 33920 + 5088 = 39 008 pcs.

\

Total 87 440 pes.

¢c) Js 120:
72 x 160 + 15 % = 11 520 + 1728 = 12 .48 pcs.

. Note:

The Js 150 asbestos-cexant pipeline that figures in the
diagrammatic views of the irrigation sets for 24 ha and
48 ha will not be manufactpred in the new plant. In Zam-
bia tnere does not exist any establishment that would

be in a position of supplying AC pipelines in the required
guantities for use in irrigation sets.

In the 1990 year the demand for AC pipelines Js 100, Jt 10
(witnh 5% reserve inzluded, will be as follows:

24 ha : 200 m x 160 + % = 32 000 4+ 1600 = 33 6V0 n
48 ha: 880 mx 80 + 5% = TO 400 + 3520 = 73 920 m

. Total 107 520 m

BEIFT=====

4) Snaped tlements and Pittings for Suc ion Branch

1n the suction branch of the pumping sets it will be
necessary to use a flanged steel 90° elbow. This shaped
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niece wil not pe manufactured in tiie new plant. Orientation- -
al demand in 1990 is as follows:

Js 100 mm : 935 x 1 pc + 580 x 1 pe
Jg 150 mm : 410 x 1 pc + 225 x 1 po

1 515 pcs.
635 pcs.

Tor each pumping set therc is recuired a flanged suc-
tion strainer tnat should e manufactured in the new plant.
There is sug-ested a lightweight suction strainer made of
aluninium alloy, Js 100 mm for 6 ha and 12 ha sets, and Js
150 mm for 24 ha and 48 ha sets. The dewand in 1990 is
as follows:

Js 100 mm : 935 x 1 pc + 580 x 1 pc
Jg 150 mm : 410 x 1 pc + 225 x 1 pc

151
63

(WIS, |

pcs.
nCB.

]

Shaped tlements and Fittings for Delivery Branch

For the possibility of shutting-off tne delivery
branch from the pumping set, for connection of tae set
to the delivery pipeline, for connection of side branches
to the main delivery line that is laid turough th1e centre
of a plot, for connection of sprinkl:rs to tiae pipeline
and for shutters of pipeline ends thiere are required in
each irrigation set various kinds of shnaped elements and
fittings. As there exist various possibilites of assembly
of an irrigation set by mcans of snaped elements and fit-
tings, their exact specification can only be made by the
operator of the new plant. Hereinafter there is attempted
an approximate specification according to one of tae sys-
tems of set ascem® "y and combination, in order to give an
idea of the types and the number of individuael specinens.
It is agsumed that the snaped elements will be wmade of
thin-walled stecl pipes protected from corrogion by galva-
nization. The ends of the snaped pieces will be mostly
fitted with laver-operated couplers, such as the irriga-
tion delivery pipeline. Some of the shaped elements will
nave special-type fittings for connection of brancha limes
>r sprinklers. For calculations it is reckoned with a re-
serve arounting to about 10 %.
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Determination of denand in tihe 1990 year:

. - valve for shutting off tae delivery line froa tie pumsing
set

Jg 70/80 mm : 635 x 1 + 10 % = 635 + 65 = 700 pcs.

- ditto
Js 80/100 mm : 315 x 1 + 10 % = 315 + 30 = 345 ocs.

- ditto
Js 100/120 mm : 160 x 1 + 1Q % = 160 + 15 = 175 pcs.

- ditto
Js 125/150 mm : 80 x 1 + 10 % = 80 + 10 = 90 pcs.

- connecting pipeline froa valve to delivery vipeline
Js 80 mm: quantities ideutical with those of the valve

= 700 pcs.
v ditto, Js 100 mm : - = 345 pcs.
‘ - ditto, Js = 120 am: - = 175 pes.
- ditto, Js 150 mm : -"- = 90 pcs.

- valve for possibility of connection and shut-off of
side branch
Js 80 mm : 635 x 13 + 10 % = 8255 + 825 = 9080 pcs.
Js 100 mm : 315 x 17 + 10 % = 5355 + 535 = 5890 pcs.
- end niece for blinding the pipeline
. Jg 80 mm : 635x5+315x4+150x4+10% =

= 3175 + 1260 + 640 + 505 = 5580 pcs.
- ditto
Js 100 mm: 315x1+ 160x1+80x8+10% =
= 315 + 160 + 640 + 110 = 1225 pcs.

- pipeline coupler for connection of side branches
Js 80 mm : 635x4 + 315x4 + 10 % =
= 2540 + 1260 + 380 = 4180 pcs.
- ecxtension pipe 1500 wm long for sprinkler, with
tripod
Js 3/4" : 635x28+315x24+160x44+10% =

= 17780 + 7560 + T040 + 3240 = 35620 pes. S
C - ditto, Js 2 1/2": 80x16+10%=1280+130 = 1410 pcs. 1
- reducing piece of pipelne .
Js 120/150 mm : 160x1+10% = 160+1> = 175 pcs.
- ditto '
Js 150/120 mm : 160x1+10% = 160+15 = 175 pcs. /)

- ditto /
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1]

Js 102/76 mm : 160x4+10% = 640 + 65
- irrication system dide valve for the pos-

‘ sibility of connection and saut-off »f a
side branch

Js 120/102 mm : 160x19+10% = 3040 + 305

705 pcs.

3345 pcs.

k

- connecting element for the possibility o.
connection and shut-off of a side branch
Js 100 mm : 160x4+10% = 640 + 65

- double breeches pive for connection of

75 pcs.

side brancnes

Js 100 mm : 30x16+10%
- gprinkler shutter

Jg 102 mm : 80x64+10%

1280 + 130 1410 pcs.

5120 + 510 5630 pcs.

Note:

‘ The shaped elements and fittings for asbestos-cemen. pipe-
lines in the sets for 24 ha and 48 ha are not included in
the review.

6) Sprinklers
Yor the 6 ha, 12 ha and 24 ha irrigation sets it is recom-
nended to use sprinklers of low intensity tnat will be
. found convenient primarily for cultivation of vegetables.
for tne 48 ha irrigation set are designed medium-intensity
snrinklers that will be found suitable for irrigation of
grain and foddersthat will be largely cultivated on lands
of groater extension. The representative of tne first (&mall)
type is a sprinkler that will feature parameters in the
following range:
- with nozzle diaumeter of 5 mm, pressure of 0.3 MPa:
flow rate ~ 28 1l/min
ov:rating radius ~ 17 a
intensity for 18/18 spacing - 5.2 ma/h

- witn nozzle diameter »f 7 mm, pressure of Q.4 MPa:
. flow rate - 62 1/min
overating radius -~ 20.5 o
intensity for 24/24 spacing - 6.4 mm/h
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ha.ges of parameters will be obtained solely tarough a
caanze of the s»nrinkler nozzle size. A representative of
the second (medium) tyve is asprinkler with tane folliow-
ing parameters:

- with nozzle diameter of 16/7 mm, vressure Q.35 HPa:
flow rate - 350 1/min
operating range - 33 m
intensity for 42/42 spacing - 11.9 mm/h.

In the determination of the number of sprinklers it is reck-
oned with a 10 % reserve.

In the irrigation system for 6 ha tnere will be in opera-
tion 14 small sprinklers at a time and other 14 sprinklers
will be kept ready for putting them to work. There will
be 28 sprinklers in total.

In the 12 ha irrigation set there will operate 12 small
gprinklers at a time, with other 12 sprgginklers kept in
readiness for operation. There will be 24 sprinklers in to-
tal.

In the 24 ha irrigation set taere will operate 22 small
gsprinklers at a time, with other 22 sprinklers kept ready
for operation. There will be 44 sorinklers in total.

In the 48 ha irrigation set there will be 8 medium-zized
gsprinklers in operation at a time, with otaer 8 sprinklers

“zept realdy for operation. Tnere will be 16 sprinklers in

total.
Deternination of demand for sprinklers in 1990:

a) small sprinklers:
635 x 28 + 315 x 24 + 160 x 44 + 10 % =

= 17780 + 7560 + 7040 + 3240 = 35 520 pcs.
b) medium=-sized sprinklers:
80 x 16 + 10 % = 1280 + 130 = 1 410 pcse

Total 37 030 ncs.
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XIII. PUMPING S&T WITH DRIVE 8f DISSEL INGINE

. As has been pointed out in the cnapter "Tecunical
Arrancement of New Irrigation Systems™, it is assumed
that in the 1990 year 20 per cent of the area served by
overhead irrigation will be irrigated by means of pumps
driven by Diesel engines. The extension of this proportion
is 15 000 ha.

It is sugcested that the pump of a Diesel engine driven
set should have an output of 39 1/sec. Under this assump-
tion tlnere are required in total 385 sets for irrigation
of 15 000 ha. At tne rate of annual in:rease of 23 % and
when it is assumed that about 10 sets of the size indicated
avove will be needed, the produztion cgpacity of the new

‘ -3lant should be one of 85 sets in order that tae target
demand may be met in the year 1$90.

“/lhen the reserve sets, the replacements for old sets and
the demand of units for purposes other than irrigation are
included in the considerations, the annual production in
the 1990 year will amount to 100 sets.

. Parameters recuired:
- volume delivered 39 1/sec
- manomeiric lhiead ‘ T3 m
- suction capacity 5.8 m
- pump speed 2925 re.peme
-engine horsepower (at 1800 r.p,m.) 80 he.pe.

engine: four-stroke, four-cylinder, water-cooled,
with direct fuel injection, electric starting
- connegiction of pump with Diesel engine through gearbox
and clutch
- automatic protection from overload by consumption Jf
larger amount of water, protection from inadequate oil
pressure in engine, from overheating of engine, from
‘ operation of pump in absence of water
~ for evacuation of suction brancn utilization of ex-

haust gas vacuum pump
~ suction branch including suction strainer Js 120 mm
- two=-wheel undercarriage .
-~ lock=-up type cowl {
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It is assumed that the production of this relatively
demandinz pumping set will not be initiated until expe-
rience in production has been acquired in the new plant,
that is, probably not earlier than in the fourtan or fifth
year of production.

XIV. STRIP-TYPE IRRIGATION UNITS

Before the 1990 year there is not envisaged any mass
introduction of stdp-type irrigation units in the pract-
ice of irrigation. Provided that positive experience has
been made with these machines in local Zambian conditions
in the meantime (on hand of work carried out with imported
strip-type irrigation units), their production in the new
irrigation equipment manufacturing plant can be planned
for the second stage of construction of the said plant,

0000
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$ 76:480 m — 4x120 (FOR THE FOLLOWING FIVE SPRINKLERS
ON THE LATERAL BRANCH)

480:6 = 80 PIECES
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INDUSTRIAL ESTABLISHM:ENTS IN ZAMBIA
: . THAT CAN COOPERATE WITH THE IRRIGATION EQUIPMENT MANJFACTUR-
ING PLANT
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Pipeco Zambia Ltd. Lusaka

Plastico Zambia Ltd. Iusaka

ilobert Hudson (Zambia) Ltd. Ndola

flume Ltd. (Zambia) Luancha

PAP (Tube Asobesios Produc*s) Lusaka
Joncrete Pipes and Products Ltd. Luancha and ildola
Roan ingineering Ltd. Luancha

Vulczan Foundry and Iron wWorks Ltd. Lusaka
SCAW Ltd. Kitwe

I'oundry £ngineering Ltd. Luancha
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Worthland ingineering Ltd. iNdola

Jater Wells Ltd. Lusaka

Irrigation Pumps Ltd. Lusaka

sonarch Zambiag Ltd. Kitwe

Lenco Ltd. Lusaka

Repair workshops of irrigation equipment

Tne firms that can cooperate with the Irrigation Equip-
ment Manufacturing Plant and which were not visited by
tue team of experts




PIPECO ZAMBIA LTD. LUSAKA

The plant was built in 1973 and is specialized in manu-
facture of welded tubes made of steel, of tne light and
medium class, both black and galvanized ones, from dia.3/8"
to 3".

I'ne plant was built for a capacity of 15 )00 - 18 000
tons of tubes of dia.3/8" - 3" a year in three-shift opera-
tion. In the 1975 year maximum production figure amounted
to 4200 t/year (total consumption of tubes of dia.3/8"-3"
in Zambia in 1975 was about 600; - 7000 tons).

As tl.e demand for conventional types of tubes and pipes
is inadequate, tne firm launched tine manufacture of other
oroducts - furniture tubing, fencing tubes, Z-purlins, and
nanufacture will also ve started of square and rectangular
nollow sections and of steel conduits for electric power
distribution lines dia.3/8" - 1 1/4v,

Al present ther:c are manufacturd only 1000 tons/year of
all products in one-shift oweration (t.e plant overates
during tnree months a ycar). Ine present-day demand for
welded steel tubes in Zambia is estimated at about 4000 tons
a year.

It was planned to manufacture 4" - 6" - 8" tubes; taere
it room enough for expansion of production, but this is not
phasible for tae time beinr because not enoush orders would
be received.

Production Programme

Light- and medium-class welded steel tubes from dia.3/8"
to 3", black or galvanized, in lenpgths from 20 to 7.5 m.
Tube couplers of 3/8" - 3" are imported, as their produc-
tion would not be economical.

Mencing tubes outside dia.l.5" to 5" outside dig.l.3"
to 5", wall thickness 2 mm, lenptn 7.5 m; Ze-purlins
(5" x 2" x 3/4" x 143WG, 5" x 2" x 3/4" x 143WG and 6.5" x
x 2" x 3/4" 14S8.G, 3" x 2" x 1/2" x 14SW@.
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Description of sauipment

Wodern machines in very good condition. Uncoiling m2cnan-

ism can be swivelled to 1280° (one coil is beinz uncoiled
wiiile the othzr one is being vlaced in position). /eldin~
up of individual coils is carried out by hand. There follow
straign.ening and foraing of tne strips, hish-frequency

weldin-: (450 kC), calibration, cutting up to reanired lengtas

with a circular saw aud deposition on a meciuanical table
from whicn tae tubes are withdrawn for removal of barrs at
ta1e ends and »assed on for sressure test. Tubes are mznu-
factured and tested according to BS3 1387. wecnanical
couipment was supnlied by Fuji Works.

I'here follows a process in the galvanizing shop: pizkl-
ing, no¥ rinsing, galvanizing in molten zinc.

The Last omeration is cutting of threads at botn ends,
fitting-on of a coupler, oinding of tubes into bundles,
denosition in stands and transport to customers.

i‘he tools used in the manufacture are imnorted and are
21T very good guality.

fne factory nas its own railway siding, tae buildings
are ligntweingat structures, witn the roof shell made of
corrunated ashestos-cemnent panels, tae outside walls made
of corruzated metal s.cets. e hall is 16 m wide and is
enquipped witn a crane of 2-tons cavacity.

Jooperation with tne New Irrigation Bquipment ilannfacturing
Plant

ihis establishment can supply medium-class tubes, Hrim-
arily those of lar-er dimensions (2" - 3")., The quality
of tae tuves is very good and complies with B3S 1337.
As nas been stated :bove, tie factory has wuch of unused
capacity available ané can thus provide tie required amount
ot tubes up to dia. 3" until 1990 and thereafter witiaout
havin~ to install any accessory equipment,

[T Sy
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PLASTICO ZAMBIA Ltd., LUSAKA

he plant is specialized for manufacture of °VC. pipes
dia. 1/2" to 12" or 16", installed capacity 4000 tons/year
in three-shift operation. The plant was built in 1973.

At present the company turns out 300 - 400 tons/year -
it nas not enough material and tnere, too, is la:k of osders.

Yroduction Programme

’ressure pines amade of PV., dia.l/2% - 12", »ressure
class B, J, D, & accoriing to BoS 3505.

‘ressure class Ft. head Bars
B 200 6
C 300 9
D 400 12
2 500 15

‘he E clas® pipes are made only up to dia.l", the D class
yipes from dia.1 1/4" to 12", the C zlass pipes from dia.
2" to 12", class D from dia.3" to 12". Standard leng*h of
of thne pipes is 6 m, but tiey can be supolied in lengths

up to 12 m.

Underground Drain/Sewer ’ipes

outgide diameter Jlass
110 mm B3, W
160 mm BS, W

‘'ne B3 class :onforrs to BSS 4650, 1973, the 7 class is
eouivalent to 35S 3506 1969 Class 00.

?ipes for main sewers from 8" to 12" Imperial Standard class
B and V.

of tae assortment of fittings there are made sockets and
bends up to dia.6"; otaer fittings, such as adaptor uniins,
cans, flanze adaptors etc. are imported (their manufac ture
wsould make neces:ary the installation of additional ecuip-~
ment that would not be utilized to the full). All products
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are of very good guality. :itecently tne firm launched »ro-
duction of conduits for eloectric power transmission lines
wy to dia.l".

Desgcription of JSquioment

‘heniicals are transported in metallic containers with sus-
nensions for attachment to a crane and with wheels I»r trans-
nort on shop floor to aixine equinment and to extrusion
oresses. Tnere are two extrusion presses - th2 smaller one

ap to 6" dia., tue lLareer one up to 16" dia., ©oth supplied
by Zincinnati Co. fhe larger extrusion press has a zasacity
of 10 tons/day. After oxtrusion tae —ipes are cooled and

cut to tue required lengths. The cut-un lengths of nipes are
aulonatically deposited on a bed.

At tue ovbthoer end of tihe nall two mac’.ines are installed
fHrr shaping sockets for toe so-called Z-joints. "he tools
't very good quality are iuported. “'nen runuing to capacity,
{ e shop would emnloy 52 workerse.

vescriotion of Buildings

sodern workshop bay, steel structure, tie roof shell made of
asbestos-cement pansls, ihie outer opuildine saell of bricks.
Jay widtn 15 m, the whole bay is ucrved Dy a scrane runway
wita 2 crane of <-tons lifting canacity.

svoneration with the Irrication Jouipment iianufactiriag works

This {irm can su)ply nressure Hipes made of PVS to various
diameters up to dia.16", fitiiirs of PVC (sockets and bends)
up to dia.lG". is has been stated above, the plant nas mu:ca
unused production cavnacity, and tnus it can {urnish ¢the re-
cuired ouantity of »ives 1p t» 16" in diameter until the
1990 year and tuereafter wituout any accessory equiozent.
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D30 AUDSCN (PAKBIA) Ltd. HDOLA

‘ais firm specializes in the wmanufaztace of nipes welded
lons a swiral Ltine, carrvies out redairs of Humns, ianorts
Jps, varticularly tnhose for wmines aid irrication svsteams.
It prepares a radical expansion of its »nrodusztion DICTPZIAMC,.

fiae iiue [or wanufacture o7 “ines walded aio.z a sHiral
uses sterl strips for manufacture of Hipes in 4" - 35"
alaweter range wiva wall tnicknesses fro: 1/8" to 1/2".
sota Ui» wmanufacture and the testine are conducted accourding
b0 353 (in2luding radiocravaic exawination). Fae line za-
nacity is 7000 tons/w2ar in two-shift operution, aztuval
aroduction at re:ent is about 2000 tons/year, which means
taat tae equipment is not used to canacity even when one
suift a day is worked. “f t:iz p1:es ‘aere are also made
fittinzs, su:h as bends, T- and Y-pieces.

The firm bought a line for production of polystyrene
pipes dia.l/2" - 2", with a capacity of about 500 tons/
year. The equipment nas not been installed and is not ex-
ploited at all.

The mechanical workshops in which repairs of pumps and
other equipment are carried out manufacture special tools
for their own use and machine profiled parts; theyare
well equipped: 10 universal lathes, 1 automatic lathe,

2 turret lathes, 1 snaping machine, 3 universal milling ma-
chines, 1 radial drilling machine, 3 frame saws, 2 pipe
threading machines, 3 tool sharpening machines.

The firm contemplates construction of their own grey
cast iron foundry, a foundry of cast steel and one of non-
~-ferrous metals in 2 - 3 successive stages. First it is
scheduled to build a non-ferrous metal foundry, then that
of grey cast iron and finally taat of cast steel. A site
of appropriate size has already been prepared. The capac-
ity of the foundries has not yet been specified in exact
figures; they are reckoned with as foundries of medium
size with medium dggree of mechanization,” maximum weight
of castings 250 kg. The foundries are scheduled to replace
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imports of special-type castings of which the firm import-
ed 2 million US & worth in the 1979 year.

e firm also plans tne introduction of production of
light class steel pipes with folded seams, dia.2" - 8",
capacity 750 tons/year. Tnese pipes are suitable for irriga-
tion, for distribution »nipelines leading to sprinklers.

sooperation with tne Irrigation Equipment Manufacturing Plant

The firm can supply pipes welded alone a helix and
shaped pieces for irrigation systems. The unused cav city
is sufficient for the period until 1990 and even bLeyond
that date.

In the newly built workshops tnere can be made also cast-
ings of grey cast iron, cast steel and non-fe:rous metals.
(The foundries are envisaged to be fitted with equipment
for tnis exacting kind of work). It is also reckoned with
manufacture of light class steel pipes with folded seams
in the 2" to 8" diameter ran-e that can be used for irriga-
tion purposes.

I'he firm has a chance to become one of tue important sup-
pvliers catering to tae new plant.

o~




HUME Ltd. (ZAMBIA) - LUANCHA

The firm specializes in the manufacture of large-diame-
ter pipes from 175 mm dia. to 1380 mm, with wall thickness
ranging from 4.5 mm to 16 mm.

The pipes are manufa:tured azcording to BSS 534, 3601
(1966) from steel sneet grade 43A BSS 4360 by coiling on
a power operated cold-coiling macnine, with metal sheets
huya”ien uy to 16 mm thickness. The coiled sneet is then
longitudinally welded up by automatic submerzed arc process,
waereby rings are formed taat are subsequently joined by
welding into continuous pipes of the desired length (from
2 to 10 m). The final operation is a pressure test scording
to BSS and surface treatment by asphalt coating with out-
side protection by means of glass fibres (spun bitumen with
fibre glass wrap to BSS 534, Section 5) coal tar epoxy's
¥irseol (non~boxic) rubberized paint, zime chromate, bitu-
wminous aluminium, bitumen paints etc.

The pipes are made primarily for use in mines; a small
number of them are also expoeted (Malawi, Kenya, Zaire).
The plant's capacity is utilized in part only.

The plant has a well~-equipped forging shop with a pneunat-
ic power hammer and a hot coiling machine.

Fittings (elbows, bends, short tees, anydrant tees, cros-
ses, reducers, laterals etc.) are purchased from Zambia n
firms, flexible couplings are imported.

Another part of the plant is thae production department
of reinforced concrete pipes dia.6" to 24". The pipes are
made by vibration and rotation and cannot be used as pres-
sure pipegs. About 6000 tons of them are produced annually.

Jooperation with tne Irrigation Equipment Manufacturing Plant

This firm can supply forgings and welded pipes of smal-
ler diameters to the Plant, largze-diameter welded pipes
and reinforced concrete pipes right up to the irrigation
system building site.
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TAP (TUBS ASBESTUS PRODUSTS) LUSAKA

The plant came into existence in 1957 through initiative
of the Erdurite Jo. in cooperation wita the Turnall Jo.
At that time this was only a store of imported products.
in the 1963 year the TAP firm was established, there was
built a production shop hall and in 1965 production was
launched of flat and corrugated asbestos-cement panels and
also of asbestos-cement pipes with fittings.

Asbestos-cement »Hipes are manufactured in 50 to 540 mm
diameter range, classes A - F. The pipe léangth is 4 m. The
asbestos~-cement pipe production equipment's capacity is
one of 14 500 tons/year/l shift, i.e. with 2, 3 working
shifte production amounts to about 30 000 tons/year. Actual
production figure is 5000 - 5700 tons/year, which means that
the equipment operates to capacity only during a part of the
first shift. Small amounts of products are exported to Ma-
lawi and Zimbabwe.

Trom fitting assortment tinere are manufactured only as-
bestos-cement bends. The remaining elements, such as short
collar detachable joints, riser tees, end caps, reducers,
flange adaptors, hydrant tees, equal and unequal tees) are
‘tade of cast iron; they are supplied by various foundries
in Zambia and, where necessary, the TAP firm assembles thea
with asbestos-cement products.

iiecnanical equipment - semi~automatic production - in
very good condition. Asbestos-cement fittings are made

sooperation with the Irrigation Equipment Manufacturing Works

According to estimates mede by the TAP lo., only 20 per
cent of the production volume, i.e. 1000-1100 t/y=ar
are supplied for irrigation equipment and installations.
Tne capacity of tue existing production line is found
sufficient to maet the demand for asbestos-cement pipes
even in the 1990 year and thereafter.




SJUNSRETE PIP2SS AND PRODUCTS Ltd. LUANCHA AND NDOLA

The firm has two plants - in Luancna and in Ndola.

8>th plants were founded in the 1958 year. In Luancha
there is a central gravel crusning plant that serves to
supply both establishments wita material. The plant in
Luanchna produces moulded bricks, curbstones and reinforced
concrete pipes dia.1l2" - 48",

The plant in Ndola is specialized in the manufacture
of reinforced concrete mipes in the 6" - 52" diamater
range. ’roduction technology: manufacture of steel reinfor-
cement of steel wires, compaction by rotation and vibra-
tion. The pipes belong to X, ¥, Z categories, i.e. they
are free from pressure. In the i981 year the plant in
Ndola is going to produce pressurized ->ipes.

In Ndola there are also made -noulded bricks for open :
canals and various otner elements for the building industry. ]

%ooperution with tne Refrigeration Equipment Vanufacturing
Works

The firm Joncrete Pipes and Products Ltd. can supply .
direct to the site where an irrigation system is envisag-
ed to be constructed, reinforced concrete pipes, bota pres-
surized and pressureless, the same as moulded bricks for
open canals.
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ROAN SNGINEERING Ltd. LUANCHA

This firm specializes in production of flanges and
coupling elements for pipes, mainly for welded pipes turned
out by HUME Ltd. Next to these, if manufactures beams for
accommodation of distribution systems in mines, the same as
spare parts for macaines and equipment in uines, primarily
those made of steel sheets and plates.

Another worksaop turns out laminated parts - profiling
according to models.

Equipment of the vlant: 2 hot coiling machines for flanges,
3 copying units for gas cutting, 1 welding and cutting
tractor, 1 vertical boring and turning wmill dia.1l200 mm,

7 universal and chucking lathes, 3 radial drilling machines,
1 bending macinine, several electr. arc wnelding machines.

Jooperation with tie Irrigation Eqiipment Manufacturing
works

Phe ROaAN ENGINESRING Ltd. LuANCHA can supply flanzes for
pipelines and, if necessary, laminated guards for mobile
pumping sets on an undercarriage,

- S VoY -
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VULCAN FOUNDRY AND IRON WORKS Ltd. LUSAKA

. This is primarily a foundry for production of simple casat-
ings made of grey cast iron and poured into sand moulds
(green sand casting), as well as of a small amount of non-
-ferrous metal castings (aluminium or copper alloys). Most
of the castings are delivered to tke customers without dres-
sing of machining - only part of them are vprocessed into
finished products, such as cable shoes, coupling elements
for asbestos-cement gipes and spare parts.

The plant turns out, first of all, simple castings used

in construction of sewerage systems and made of cast iron
(drain grates, stormwater grates, manhole covers and frames,
nydrant and meter surface boxes, sluj.ce valves and stop

‘ cock boxes), togetner with machined or unmachined castings
of spare parts for agricultural macnines, boilers and brick-
making macuines; for electric power distribution systems
it supplies cable joint boxes, meter boxes and the like.

According to classification of castings in respect of
their complexity - see the chapter presented in Part I,
chapter IV - the castings primarily fall within ’lass I,
‘ with a smaller percentage of them belonging to Class II.

Production capacity of the plant is not yet utilized to
the full.

Description of Equipment

In the grey cast iron foundry are installed 2 obsolete
cupola furnaces, without preneating of incoming air and
witaout foreheartn. The diameter of one cupola furnace is
24" (600 mm), that of tne other 42" (1050 mm). The melt-
ing capacity of 5 tons/hour is more theoretical and at-

tainable.
In the moulding shop are installed 2 moulding macnines,
‘ one for mould boxes of 24" x 18", tne other one for mould

boxes of 42" x 12", .loulds are deposited on simple casting
lines (rail-bound trolleys).
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For melting non-ferrous metals therse has been purchased
a new crucible melting furnace of 50 kg.

ln the sand preparation shop a simple mixer is installed.
in the pattern making and repair shop there are available
4 lighter woodworking macnines of older design type. In the
dressing shop tnere is one suspended grinding maciuine and
two light hand grinders. The shop also has one saw for
cutting off gates, 2 electrical welding maci.ines and one
gas-oxygen welding set.

" The best equipped departmi:nt is the mechanical shop for
dressing castings. In this shop are installed 2 centre lathes
with maxinum swing of 600 mm, a turret lathe with spindle hole
dia.60 mm, a radial drilling macliine designed for drilling
diameters up to 50 mm, 3 :.»mnd-column drilling machines of
different sizes, a siuaping iL2cnine with stroke of about
600 mm, a milling maciiine with table of 250 x 1250 mm,

1 frame saw.

The buildings are obsolete, too low headroom for the manu-~
facture in hand (inadequate ventilation facilities).

Jooperation with the new Irrigation Equipment Manufacturing
Works

Unless the plant has undertaker to modernize their existing
production equipment (there is interest shown in te intro-
duction of productioh of cast pipes, production of fittings
etc.), it can supply only tre simplest castings to the new
factory (i.e. taose of Class I and in part of Class II -
certain coupling elements, covers etc.). The castings used
in manufacture of pumps, which for the most part fall with-
in Jlass III and IV, must be made by dry moulding or no-

-bake moulding method, they must be alloyed etc., and thus
they cannot be madeon the existing equipment.

~

T
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SCAW _Ltd. KITWE

The SCAW Ltd. establishment is the largest grey. cast iron
and cast steel foundry in Zambia.

vastings of grey cast iron and cast steel are made up to
waximum weignt of 3 tons/piece. in the moulding shops are
used green sand moulding, dry sand wmoulding, 302 process
moulding and core making. All castings are hand-moulded, small
castings on various kinds of moulding machines, grinding
balls on an automatic casting machine.

The melting sets are medium-frequency electric furnaces.
Cast stecl is made in the conventional grade, the same as
high~carbon steel, and preparations are in progress of pro-
duction of alloy steel castings. Tanere are produced high-
-alloy castings (containing up to 18% of chromium), abrasion-
-resistant castings etc. I'ne non~ferrois metal castings turn-
ed out by the plant are bronze and brass castings, tne same
as aluminiaum ones made for tae plant's own usee.

The plant's capacity amounts to 30 tons of grey cast iron
oroducts per week, 90 tons of cast steel castings ver week,
550 tons/day of grinding balls and 1 ton/week of bronze and
brass castings.

The vrincipal purchazers .f castings are mines - grinding
balls, spare parts etc. '

After removal from moulds the castings are dressed in the
foundry dressing shop and then eitner dispatched straight
away, or else passed on to the rough- and finish-machining
shops for tne respective machining operations to be performed.

fhe rough machining and the -mechanical shop are equipped
with largely modern machines which are continually supple~
mented by new ones. In the workshops there are in total
9 lathes among which taere are those with maximum swing of
900 x 4800 mm, one 4000 x 1350 mm planing machine, two vert-
icel boring and turning mills with maximum swing of 3750 mm,
2 milling machines, 2 radial drilling machines with 63 mm
max.drilling dia., 1 norizontal boring machine (with another
one in progress of installation), 1 slotting machine with
a stroke of 150 mm,
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Uverhead cranes are installed in both buildings and the
plant has its own railway siding. The buildings are modern
and efficiently ventilated.

The firm is going to expand its production programme prim-
arily in the cast steel foundry; next to this, they want
to establish a modern forging shop and they sunplement the
machines in tne rough and finish machining shops.

cooperation with tae Irrigation Equipment Manufacturing Works

Provided the personnel of the foundry will become acquaint-
ed with the problems of production of grey cast iron and non-
-ferrous metal castings for manufacture of pumps, it is pos-
gible at once to supply all castings of grey cast iron or
non-ferrous metals for the new Irrigation Equipment Manu-
facturing Works. It would be advantageous to supplement the
existing methods of moulding with the no-bake moulding
method.

The SCAW Ltd. Co. could become the largest and most import-
ant orovider of semi-finished products for the new Irriga-
tion Equipment Manufacturing Jorks.




W/
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FOUNDRY ENGINEZRING Ltd. LUANCHA

The firm specializes in manufacture of non-ferrous metal
castings, particularly tnose of bronze, phosphor-bronze,
wmanganese-bronze, phospohor-copper, aluminium and aluminium
bronze, up to maximum weight of 500 kg of individual cast-
ings (inclinable melting furnace capacity).

At present, the firm is ncgotiating the acquisition of
a furnace with a graphite electrode for melting grey cast
jyon and cast steel, with l-ton capacity (installation of
t.e furnace is scheduled for the 1981 year).

Jooperation with the Irrigation Equipment Manufacturing Works

The quality of non-ferrous metal castings is a very good
one and, consequently, this firm can supply castings to the
new plant. In the future it also could supply grey cast
iron and cast steel castings.
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NON-FERROUS METALLIC WORKS NDOLA

A small non-ferrous metal foundry that makes 90 per cent
of their castings of bronze and 10 per cent of aluminium
and brass. Simple mechanical equipment, with the main build-
ing under reconstruction at present.

The installed melting furnace has a capacity of 1000 kg
per heat. For 1981 there is scheduled tae installation of
a new inclinable electric melting furnace with 2000-kg
capacity and, prospectively, also pressure die casting ma-
chines.

Cooperation with the Irrigation Equipment Manufacturing Works

14

This firm can supplythe new plant with non-ferrous metal
casting voured into sand moulds, permanent moulds or made
by pressure die cagating method.

wals
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NORTHLAND ENGIN3ERING Ltd. NDOLA

This firm specializes in the manufacture of agricultur-
al maciines, equipment and implements. There are manufac-
tared primarily single- and double-blade ploughs, maize
grinders with silos, hand tools and other items.

Anothner line of the production programme includes manu-
facture of pressurized and pressureless reservoirs, pon-
toons and similar products, undercarriages for Diesei-
-electric sets etc.

The principal technologies used in the plaat are metal-
formning, welding and in part also machining.

dechanical equipment: 2 press brakes, 3 eccentric pres-
ses of up to 50 tons, 1 hydraulic press for assembly,
1 radial drilling machine, 4 round-column drilling machines,
1 fram/saw, 1 milling machine, 1 shaping machine, 2 sheet
mnetal coiling machines processing sheets of thicknesses up
to 6 mm, 1 surface grinding machine, 4 universal lathes,
one flame cutting set, gas torcha welding apparatuses and
electric arc welding macnines; the forging shop has 3 double
hearths and 6 anvils.

The fixrm has a total of 200 employees, including technic-
al and administrntion personnel. It has about 50 - 60%
of unused capacity.

oooperation with the Irrigation Equipment Manufacturing
works

This firm could manufacture undercarriages for pumping
sets or pontoonsfor installation of pumping sets on wsier
surface etc.
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WATER WELLS Ltd. LUSAKA - Borchole Contractors

Tne principal activity pursued by the company is carry-
ing out of bores and arrangzement of supporting structures
of bored noles{wells. For tue supporting structures of
bores it is necessary to make specific arransements
such as to drill or make noiches in the steel casing of
boreanvles, to cut threads in pipes, to weld up a frane
envisaged to be placed under a welding set etc.

For this purpose and for repairs of pumps propulsion
nnits (Diesel engines) and of the boring equipment itself
the plant nas production and maintenance workshops.

Desciiption of Equipment

2 metalcutting frame saws, a hydraulic press for as.
sembly, 1 round-column drilling machine, 1 lathe dia.
630 x 2000 mm, 1 centretype lathe with 6.5" spindle passage,
1 large welding transformer, 2 oxy-acetylene welding sets,
1 hearth and anvil, 2 double-wheel grinding wmachines,
1l crane trolley - 2 nieces, compressor and minor items of
equipment.

cooperation with the Irrigation Lquipment ianufacturing
Works

Jooperation with tue n2w plant will be minimal and of
passive nature. This firm mey possibly purchaee certain
products of the new plani and fit them in the brreholes
that it will make and provide with -utfit.
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IXRIGATIUN PUMPS Ltd. LUSAKA

The plant is organizationally and financially associated
with the firm of Water Wells Ltd. Lusaka. It specializes
in tne manufacture of hand-operated stand pumps, provides
outfit for pressurized rescervoirs for uo::8eao0ld water sup-
nly installations, repairs pumps of various types, »articul-
arly those used for irrigation, imports and complements sub-
merged pumps.

The nand-operated stand pumps are of a very simple design,

weld-fabricated of pipes (witi n0 use of cast iron at all).
The pumps can reportedly be used for deptas down to 30 m,
pipe dia. 1 1/2% - 2", Pump deliveries ranze from 60 to
450 gallons/hour (according to well depth and pumping in-
tensit, ). Annually there are turned out200 pumps; tne plant
ould produce more, when necessary, btut there are not
enough orders.

The pressure reservoirs for which ~utfit is provided in
ti2e plant are imported from Sweden; their volumes are
250 and 370 litres, 15 atm. The reservoirs are used for
household water supply wtations.

Repair work is concerned for the most part on routine
repairs of irrigation Humps.

Submerged pumps are imported mainly with dia.6", seldom
for dia,8%, for depths of 30 - 50 m, exceptionally for 80 m.

Tlaat s outfit: 1 frame saw, 1 universsl lathe, 1 dril-
ling machine, 3 tuhe threading machines ur to dia.4",
1 hand-operated tube bending machine, 1 doubl2-wheel grind-
ing machine, 1 gas welding set and 1 compresseor.

Jooperation with the new Irrigation Zquipment Manufacturing

Works

Ag tnis plant manufactures particularly hanl-operated
oumps, cooperation with tne ne.. plant will be of passive
nature only. This firm will prob.bly fuwfler develop the
manufacture of hand-operated pumps znd repairs of suhmerged
ones. From the new plant it will puschase certain products
for comlementation.

vereW e 1
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MONARCH ZAMBIA Ltd. KITWE

Une of the largest establishments of engineerirg in-
dustry in Zambia. In large lots it manufactures metallic
window and door frames, silos for powder-type materials in
bulk (bins), wheel barrows for construction sites, concrete
reinforcements and metallic pails.

The firm has 417 employees of which 307 are workmen and
110 technicians and office staff.

The principal technologies used in tne factory: cold me-
talforming, pressing, bending, coiling, edge dressing and
gas welding, electric arc welding, carbon dioxide shielded
welding, spot welding, butt welding.

The plant is well equipped for series production. It
has a well-equipped toolroom in which most of tne special
tools and fixtures for workshop use are made.

Sooperation with tne Irrigation Equipment Manufacturing Works

Tuere will be g mininum, and possibly no cooperation,
either passive or active. Inspection of tne Monarch Jo.
premises was included in the programme in order to find
out tuae existing posibilities of introduction of series
production envisaged to be carried out larrely »y Zambian
workers, particularly in the ranks of the controlling
executives.
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LENCO Ltd. LUSAKA

LBNJO is a parastatal organization. It is one of the larg-
est establishments of engineering industry in Zambia. The
firm has two parts:

1) light engineering industry seotion - manufactures metal-
lic furniture of sheet steel, tubes and complementary ele-
ments made of wood and plastic materials, such as filing
cabinets, safes, cupboards, desks, teble tennis tables,
gchool furniture, chairs and elements used in tne building
industry, such as window and door frames, doors etc.

Another deparitnent manufactures various sizes of nails
(there are in total 9 automatic machines for production of
nails), wire mesh for windows etc.

2) Heavy engineering production - chassis for trucks, trailers
and semi~-trailers, including tineir repairs; next to this,

t..e plant manufactures small and large cisterns for water

and fuel, it assembles FIAT buses for 50 passengers - the
annual total is 300 buses and trucks and 50 tankérs.

The plant has a well-equipped toolroom (3 universal lathes,
one centretype grinding machnine, 2 surface grinding machines,
3 milling machines, 3 shaping machines, one frame saw,

one drilling machine, one hand-operated press).

In the whole plant are employed in total 400 workers and
shop foremen and 100 members of tecunical and offi:e staff.

Jooperation with the Irrigation Equipment Manufacturing Works

S ovommp—

LENCO could manufacture chassis for irrigation sets (pump
with Diesel engine), including sheet metal covers, or else
chassis for mobile irrigating machines with trailed or
coiled-up hoses.

. ————
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REPAIR SHOPS OF IRRIGATION ZIQUIPMENT

In Zambia there is a shortage of repair shops for main-
tenanews of irrization equipment. Lo:al artisans work-
shops in the towns are not adequetely equipped and do not
have enough of qualified personnel.

Some importers of irrigation equipment have smaller or
larger repair workshops in which at least in part taey
deal with the most urgent situations. The best equipped
worksnops are in possession of

_PRAGO Ltd. LUSAKA

This importing firm imports not only irrigation equipment,
nut also wmachine tools, tractors, agricultural machines,
high-1ift trucks and other items.

The repair chop is arranged as a common one for all im-
ported products indicated above.

Jutfit of the workshops: 2 universal lathes, 1 universal
milling machine, 2 drilling machines, 2 double-wheel grind-
ing machines, one electric arc welding set, one gas torch
welding and cutting machine, 1 frame saw, 1 compressor,

a paint spraying gun and other items of equipment.
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FIRNMS THAT CAN COOPSRATE ¢/ITH THe IRRIGATION EQUIPMENT MANU-
FACTURING WORKS AnD IAVE NOT BEEN VISITED BY THZ TEAM OP
SLPrRTS

ZAMEFA Ltd. KITWE

This firm manufactures electric power supply cables up
to 50C V - power supply line from a transformer to the
eleciric motor of a pump. These deliveries do not fall di-
rect within the concept of irrigation equipment and, in
view of this, the plant has not been visited.

The products of ZAMEFA Co. are entirely satisf:ctory and
can meet the specific requirements they are the object of.
The plant has ample unused capacity. .

ALLENWEST Ltd. KITWE

This firm manufactures low-voltage switchboards for
pumping sets with electric motors. The basic structure of
tne switchboard is manufactured in the plant, whereas gll
instruments are imported. The switchboards have already
been installed at various farms and their quality is a good
onee.

\ 3







