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VOLUMES OF THE FINAL REPORT

Volume I - General Report
The General Report stands on its own as a report on all the project
activities and accomplishments and provides the findings and conclusions
of the Survey.
\
Volume 11 - Soil Surveys
Provides a detailed account of the soil surveys carried out during the
course of the project and includes a detailed land classification of the
areas surveyed for irrigation development.
Volume III - Climatology and Hydrology
In this volume, the climatology and hydrology of the Kafue basin is treated
in detail. Annual runoff for a 60-year period is assessed for various
subcatchments, and the water balance and hydrological regimes of special
areas are examined. Calculations of storage capacities and balanced
drafts of the major dam sites investigated are also included.
, i
Volume IV - Ecology of the Kafue Flats
Part I of this volume describes the correlation between vegetation communities and soil types, the seasonal growth patterns of different plants,
and discusses cropping potential and agricultural development in the Kafue
flats. Part il of the volume consists of a comprehensive list, with brief
notes, of the plant species collected during the survey.
Volume V > Wildlife, Fisheries and Livestock Production
Details are given of the cattle and wildlife of the project area. The present
revenues from wildlife and the potential benefits from commercial game
cropping are discussed. The implications of possible changes in the flood
regime on wildlife, fisheries and cattle production are considered.
Volume VI - Investigations of Dam Sites and Irrigation Schemes
This volume consists of the report prepared by Watermeyes, Legge, Piesold
and Uhlmann Consulting Engineers. It provides consideration for semidetailed design and cost estimates for six major dams for hydroelectric
power development and some thirty medium and small irrigation schemes.
Volume VII - Economic Considerations

.^

A provisional economic appraisal and evaluation of the costs of irrigated
agriculture as compared to dry farming is provided in this volume and
conclusions are drawn as to the feasibility of different kinds of schemes.
J
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ABSTRAGT

The aooompanying report desoribes a project undertaken by the Government of
Zambia, with the assistance of the United Nations Development Programme*, to obtain
data, by means of a multipurpose survey, for the effective planning of the land and
water resources of the Kafue Hiver Basin.
The country needs additional electric power for mining and other developing
industries, which could be obtained economically at the Kafue Gorge by utilizing
the natural head and ample water resources available at the site. However, it was
necessary to investigate to what extent this development of hydroelectric power
would affect other economic interests such as wild-life and fisheries, and also to
what extant there might be conflict between the needs of water for power and for the
development of irrigation.
The Government's request for assistance // was approved by the Governing
Council of the UNSP in May ^^6^,
The Pood and Agriculture Organization of the United
Nations was appointed as the Executing Agency, and a Plan of Operation was signed
on behalf of the Government, The United Nations Special Fund and the Pood and
Agriculture Organization of the .United Nations on 23 February I962. The project
became operational on I6 May 19^2, and was concluded in October I966,
The UNDP contribution to the project was in the form of professional and technical personnel, contractual services and equipment to a value of US8 879|200, and
this was matched by the Government counterpart contribution in value exceeding
US$ 774,000.
During the execution of the project the work on the location and design of dams
was sub-oontracted to a firm of consulting engineers - Kanthack and Partners
(later named Watermeyer, Legge, Piesold and Uhlmann). The other surveys were carried
out by internationally•recruited experts and Government counterpart personnel.
The hydrological data collected enabled an assessment to be made of tho water
potentials of the different parts of the Basin and also of the v/ater balance of the
Kafue flats, the Lukanga swamps and the Gopperbelt.
Six sites of major dams for the development of hydroelectric power were studied
and investigations were made into thirty-one medium ana omall size irrigation schemes.

Assistance to ttie project was provided by the United Nations Special Fund until
Ist January I966. On that date the Special Fund and the expanded Programme
of Technical Assistance were merged into the United Nations Development Programme
which continued to provide assistance to this project.
The original request for assistance was made by the Government of the Federation
of Rhodesia and Nyasaland. In December 19^3» Northern Rhodesia became the
Hepublio of Zambia.

- xiv -

The effects of hydroelsctrio power development in the Kafuo Gorge on wild-life
and fishery interests were examined, and the possibility of conflict between the
uses of water for power and irrigation was given particular attention.
Keconnaissanoe soil surveys covered about 2.7 million acres of upland areas
and flood plains, moatly in the Kafue flats, and included the oommanded areas of the
potential irrigation schemes investigated.
A plant ecology survey of the Kafue flats was undertaken in which the h/drological regime and natural vegetation was studied in relation to the potentials for
cattle grazing, wild-life and fisheries.
On hydroelectric power development, the report concludes that by far the best
prospect in the basin is the proposed Kafue Gorge scheme with astorage dam at
Meshi Teshi, but that this should not be allowed to adversely affect the fishery
and wild-life resources of the Kafue flats, and that by constructing the Gorge dam
to a full storage level of about 3,213 feet, the possibility of adverse affects
would be eliminated.
On the question of water use for po.ver and irrigation, the conclusion is reached
that there is not likely to be any conflict in the foreseeable future, and of the 31
irrigation schemes investigated, seven of them should be investigated in further detail
for posaible development. Of these, Chondwe or Chapula in the Copperbelt and one in
the Kafue flats area should be undertaken at an early date.
On possible agricultural development for follow up, the report suggests that
continued collection of data from'the Pilot Polder scheme will demonstrate the
economics and practicability of further development along these lines, and that in
the long term, the need for developing rain-fed agriculture is likely to be much
greater than the need to develop irrigation, as the latter need appears to be about
100,000 acres only by 1^90.

1 -

CHAPTCR I

INTRODUCTION

1.

Origin of the Project

Shortly after the end of the second world war, investi{;ations began on the
Kafue and Zambesi rivers in Northern Rhodesia \J to discover their possibilities for
hydroelectric power development. On the basis of the information gathered by 1950|
the Zambesi river was preferred to the Kafue river for this development and the
Kariba scheme on the Zambesi was eventually adopted. In the mid-fifties a pilot
pplder scheme was begun on the Kafue river by the Rhodesia Selection Trust zj.
Preliminary estimates showed that a million acres of the Kafue flats might be brought
under intensive cultivation by irrigation. By I96O, the Federal Power Board 3/
realized that the future need of hydroelectric power would not be.covered by the
Kariba scheme alone, particularly in view of the high consumption of power by the
copper industry. It asked, therefore, that the former investigation for hydroelectric power development on the Kafue river should be resumed and, if possible,
implemented by 1970»
The Government of the time ruled that all aspects of water use on the Kafue
river should be investigated before rights were granted for hydroeleotrio power
development alone. Thereupon the Ministry of Lands and Natural Resources approached
the United Nations Special Fund &J for assistance in undertaking a multipurpose
survey of the entire Kafue Basin to determine the best use to be made of its land
and water resources in accordance with overall development plans for the country.
In this connection it should be noted that the Government of Zambia is now proceeding
with the construction of the Kafue Gorge dam.
The Government of Northern Rhodesia, through the Federation of Rhodesia and
Nyasaland, submitted its initial request for assistsince to the Special Fund in
January 196O. A three-man team was sent by the Special Fund to examine and appraise
the project and to help the Government in formulating the details of its request.
The team submitted its report on December I6, I96O. The project was approved by
the Governing Council of the United Nations Special Fund at its May I96I session,

J_/

Northern Rhodesia, on independence, was renamed the Republic of Zambia,

2/

The Rhodesia Selection Trust, on independence, was renamed Roan Selection Trust,

^

The Federal Power Board is nov/ called Central African Power Corporation,

4/

Assistance to the project was provided by the United Nations Special Fund until
1st January I966. On that date the Special Fund aind the Expanded Programme ol
Technical Assistance were merged into the United Nations Development Programme,
which continued to provide assistance to this project.
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The Plan of Operation was signed on February 23, 19^2 and PAO, as executing Agency,
was authorised on May 16, 1962 to begin work on the project. The Government appointed
the Ministry of Land and Natural Resources as its Cooperating Agency.

2.

Plan of Operation

A copy of the Plan of Operation, in its final amended form, is attached as
Appendix I to this report. While this limits the scope of the project to survey of
the water, soil and grassland (ecology) resources and requires investigations to be
concentrated in areas where early development is envisaged, it also states that the
purpose of the survey is to provide data needed for the effective planning of future
development of the land and water resources of the basin as a whole.
The survey is, therefore, required to ensure that immediate development will
not be in conflict with the interests of long range planning development for the
basin as a whole. Thus, among other things, it should
1.

enable the Government to decide how to proceed with the Kafue hydroeleotrio
scheme with the least disadvantage to other economic activities in the
area; for example, the cattle and fishing industry?

2.

make it possible to define the main areas for further development of
intensive agriculture by irrigation, particularly on the tribal areas south
of the Copperbelt and around the'upper Kafue flats;

3.

indicate the watershed areas where controls will be needed for water
conservation; and

4.

assess the water balance of the Copperbelt, the Kafue flats, and the Lukanga
swamps.

The UNDP allocation to the project of U3:$ 879,200 covered mainly the cost of
experts (see Appendix II), contractual services, and the provision of equipment.
The Government contribution, in the form of counterpart personnel, administrative
and non-professional staff and various facilities in the way of equipment and
supplies, accommodation and plant, totalled US$ 774,000, The counterpart personnel
included, as well as the co-manager, 29 professional staff to assist in the hydrologioal, soil and ecological surveys.

3.

Brief Account of the fixeoution of the Project
Field work began in December 1962 and concluded in October 19Ó6,
The headquarters of the project manager was set up at Lusaka.

The work of the project was covered undei- the following five types.of survey amd
study: hydrological survey; identifying and examining suitable dam sites; soil
surveys; ecological survey; and feasibility studies to provide the Government with
priorities, alternatives and scope of development.
For the hydrological survey, additional gauging stations and water level
recording stations were set up on the main river and selected tributaries. The usable
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data obtained from them was added to the hydrologioal data already available and
analysed, together with the meteorological data, to assess the water potentials of
the different parts of the basin and to work out the water balance of the Kafue
flats, the Lukanga swamps, and the Copperbelt. The collection of field data from
study catchments established under the project near Kitwe was begun, but it needs
to be continued for some years before the data is analysedt
Six sites for major dams, each to have a large storage capacity and to serve
the development of hydroelectric power, were studied. Investigations were made into
some 30 medium and small size irrigation schemes,
Heoonnaissance soil surveys covered about 2.7 million acres. They comprised
the upland areas adjoining the flood plains of the Kafue flats, a mile-wide stretch
south of the Copperbelt along the northern bank of the Kafulafuta river, and the
commanded areas of the proposed irrigation schemes. The surveys, carried out partly
by aerial photo interpretation and partly by field work, were adequate for determing
the land classification and the suitability of the soils for irrigation.
An ecological survey of the Kafue flats was undertaken and covered a total area
of some 2.7 million acres; about 1,7 million acres are flood plains, and the rest
are the adjoining uplands. The hydrologioal regime and the varieties of natural
vegetation in this vast area were studied, and the potentials for cattle grazing,
wildlife and fishery were examined and compared. The effects of envisaged hydroelectric power generation in the Kafue Gorge on these potentials were specially considered.
In the studies on the development of water resources for irrigation and power
generation purposes, particular attention was given to possible conflicts between
the two uses. Alternative schemes were studied and priorities established. The
studies also included the effects which the construction of dams and reservoirs
might have on such development potentials as wildlife and fishery interests.
The work on the location and design of dams was sub-contracted to a firm of
consulting engineers - Kanthaok and Partners (later called Watermeyer, Legge,
Piesold and Uhlmann), The other surveys were carried out by internationally recruited
experts and Government counterpart personnel.

4,
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CHAPTER II

SUICURY OP FINDINGS AND CONCLUSIONS

1•

Introduotion

At the beginning of the project there were two basic concepts of natural
resources development to be considered. One was the need to develop additional
hydroelectric power potential from the available water resources without unduly
affecting other economic interests, such as wildlife and fisheries. At the same
time, there was the need to investigate the possibilities for both short term and
long term irrigation developments and to bear in mind a possible conflict in the
water requirements of power and irrigation. Related to these developments is the
assessment of water balance of the Copperbelt, the Kafue flats and the Lukanga
swamps.

2.

Hydroelectric Development

Of six possible hydroelectric schemes which were investigated, all except the
Kafue Gorge scheme showed an estimated capital investment of from two to six times
that of the existing Kariba project on the Zambesi Hiver. Full development of the
power potential of the river at Kafue Gorge requires a regulated storage of about
7 million acre/feet. Meshi Teshi is the only site which can be developed to provide
the full storage needed. Its cost would be much loss, and the balanced draft much
more, than for any combination of other aites (see Chapter V). Preliminary estimates
of the investment required for the Gorge scheme with Meshi Teshi reservoir (Stage II)
would be about i. 51 per installed Kw as compared with £ 100 for the Kariba project
(see Chapter XI).

3,

Effect of Hydroelectric Development on 'iildlife and Fishery Interests

Regulations of flows by Meshi Teshi reservoir will greatly reduce flooding in
Kafue flats, while adversely affecting their fishery and wildlife. With regard to
the national park, there should be close cooperation in planning the construction
and operation of the dam and the reservoir (see Chapter IX). To prevent the Kafue
Gorge project from adversely affecting the fishery and wildlife resources of the
Kafue flats, the Gorge dam should be constructed to a full storage level of about
3,213 feeti i.e., about 8 feet higher than would be required for diversion only.
This oan be done at a minimum cost. Moreover, flooding conditions in the lower flats
could be maintained substantially as they are at the present time.
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4»

Comparison of 'iater Hequirements for Pov/er and Irrigation

No conflict is likely to arise between the uses of water for power generation
and for irrigation in the foreseeable future. The reasons are explained below.
Forecasts of the expected future power demand indicate that if the additional
demand is to be supplied entirely from the Kafue Gorge development, the amount of
water used annually for generation would approach 7»000,Ü00 acre feet by about 1990»
This figure corresponds to the full natural flow of the Kafue river at the head of
the gorge (see Chapter V), Unfortunately, the dual use of water for power and
irrigation is not possible, since the irrigable areas lie above the gorge. The anticipated rate of gro.jth of irrigation is, however, low, and its water requirement
is small. It is reasonable to assume that irrigation development might reach
100,000 acres by 1990. This would not require more than 0,4 million acre/feet of
water annually - a quantity which is less than 5 percent of the available streamflow
(see Chapter X, section 13)«
On the basis of the hydrologie analysis made for the project, the water supply
for irrigation of the area bordering Kafue flats can be obtained through storage
on several tributary streams. To confirm this tentative finding and to enable
planning to be started, additional hydrologie data should be assembled without delay.
Obtaining of the water supply from tributary reservoirs should minimize the costs
for progressive irrigation development in the area, since it would make unnecessary
the inordinately high investment which would be required to supply water from the
Kafue river through long canals around the north and south sides of the flats

5.

Availability and Suitability of Land for Irrigation

The reconnaissance soil and land classification surveys completed during the
project disclosed that areas on the tributaries flowing into the Kafue flats contain
more land suitable for irrigation than areas near the Copperbelt and around Kasempa
(see Chapter IV, sections 4 and 5)« It is necessary, however, to consider tne run-off
in a dry year from different parts of the basin. This is 200 acre/feet per square
mile in the Copperbelt, and only 23 acre/feet per square mile around Kafue flats (see
Table 14, Chapter V ) . Wear the Kafue flats, therefore, the limiting factor for
irrigation is the amount of water available rather than the extent of suitable land.
On the .other hand, in the northern areas near the Copperbelt and around Kasempa, where
the rainfall is higher, the availability of suitable land is the limiting factor.
(see Chapter IV, sections 4 and 5 and Chapter X, section 8 ) .

6.

Zambia's Agricultural Heeds and Irrigation Development Possibilities in the
Kafue Basin.

At present Zambia does not produce sufficient fruit, vegetables, wheat, proteins
and oil seeds to meet the needs of the people.. Increased production of fruit and
vegetables in the Copperbelt area would find close and ready markets among the urban
population of the area. Areas north and south of the Kafue flats are suitable for
more intense production of wheat, proteins and oil seeds. Moreover, these fairly
densely populated areas need more employment opportunities. Development in the far
western part of the Kafue Isasin, around Kasempa, would serve to prevent further spread
of tsetse fly, another problem with.which Zambia has to contend, and to resettle
people displaced from newly infested tsetse fly areas.
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Much can be done to meet the country's needs by increasing yields from rainfed
crops. Improved methods of cultivation would be necessary for this and therefore,
considerable extension work would bo required. But the full potential of some crops
could be achieved only through the use of irrigation, which would be essential for
some special crops, such as sugar and vegetables.
On the basis of estimates of deficits in crop production by 1970, it.can be
said that irrigation development in the near future may be justified for about 4,000
acres for vegetables and fruits, to be grown near the markets in the Copperbelt.
Irrigation development of 50,000 acres for wheat, proteins and oil seeds north and
south of the Kafue flats could be undertaken to meet anticipated future needs, but
such development should await the results of further research, particularly economic
research. Moreover, under present circumstances, it is doubtful whether local
farmers could achieve the desired yields rapidly enough.
However, despite economic and concomitant difficulties in introducing irrigation
into the project area rapidly and extensively, an approximate estimate was made of
the investment required per acre for each of the thirty-one potential schemes investigated (see Tables 19, 20 and 21 in Chapter X ) . No prediction of crop yields for these
schemes was made, since agronomic investigations were not included in the project,
but, on the basis of yields which might reasonably be expected, it was concluded that,
of these 31 schemes, some merited further investigation. They are: Chapula, Chondwe,
and Chebula in the Copperbelt; Lobufu near Kasempa; and Nansenga, lower Nangone and
Kembe-Mwembeshi on the Kafue flats tributaries.
In order that a prompt start might be made in the build-up of a management staff
and in training farmers in irrigation teohhiques, it was concluded that some pilot
development might be begun at Chondwe or Chapula in the Copperbelt and .at one of the
Kafue flats schemes. An area of about 1,000 acres would be suitable in the last case,
provided such development were accompanied, or as far as possible preceded by, the
intensification of research and investigation into crop husbandry methods (see Chapter
X, sections 5» 9» 10 and 1l).

7.

Lukanga Swamp
*

The Lukanga swamp occupies an extensive shallow depression. It receives water
from streams which drain the surrounding catchment area; it also receives water
spilled from the Kafue river during floods. The swamp has practically no outlet. This
and the fact that there are huge losses of water through evaporation make the swamp
unsuitable for use as a storage reservoir. However, it could absorb harmful peak flows
in very wet years if the availability of space for this were ensured by preventing
spill from the Kafue river in more normal years. This would increase the average annual
flow in the lower Kafue river by Ü.44 million acre/feet (see Chapter VII, section 5 ) ,
an increase which could be used for downstream irrigation or for generating additional
hydroelectric power at the Kafue Gorge.
It does not seem, on the evidence available so far, that fishery interests in
the Lukcinga swamp are likely to be affected adversely by such use, but (see Chapter
IX, Section 4)> a more detailed study of the 'swamp for development of fisheries,
wildlife and water control is necessary for a firm conclusion on this, * In any event
the present regime of the swamp should not be changed until a need for the additional
water becomes apparent.
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8.

Possible Agricultural Development

Crop production
Prom the data collected during the ecological survey, it is shown that about
2,250 square miles of the Kafue flats can be regarded as flood-plains.. The soils of
the flood-plains are heavy cracking clays, sticky when wet and very hard when dry,
and they carry grass vegetation which is predominantly wild rioe. Their cultivation
would be very costly and would require special skill and equipment, careful timing,
the generous use of fertilizers, and the control of floodwatera. The Pilot Polder
scheme has demonstrated that high though not necessarily economic, yields of crops
can be obtained this way, but, for future development, such schemes have to be
related to the needs in the areas concerned, to the population intensity, and to the
availability of labour. Continued colleotion of data from the Pilot Polder scheme
will demonstrate the practicability of further development along these lines (see
Chapter IX, section 1, and Chapter X, section 2 ) .
The natural vegetation of the higher lands is woodland or "bush" and grass,
and the soils are more friable and easy to cultivate. The traditional form of
agriculture here, as elsewhere in the Kafue basin, is based on shifting cultivation,
and the prospects of improving returns under this system are very limited.
Mechanised agricultural development and settlement schemes could bring in their
train infrastructural development and raise the standard of living of the people,
whetiier they were based on rain-fed farming or upon irrigation farming
(see Chapter
X, section I).
But, the prospects for irrigation farming in the ICafue basin seem limited to
about 100,000 acres, and the economics of irrigation schemes, which are.expensive and
complex, indicate that the scope for irrigation development in the Kafue basin is
restricted at present to the production of high value crops such as fruit and
vegetables, for which there is a firm demand in the Copperbelt towns (see Chapter X,
section 5)«
Improved rainfed agriculture, on the other hand, could make a substantial and
immediate contribution to the economy of Zambia. Its development would require considerable capital investments, in particular the provision of credit and marketing
facilities, but it would provide employment and raise the level of agricultural output. Moreover, commercial farmers and extension personnel are already familiar with
the techniques of production.
Carefully planned agronomic and economic research would be essential, however,
to enable an assessment to be made of the potential of different crops and livestock
enterprises and of systems of farming. In addition, the timing and coordination of
research are important for the establishment of priorities. More attention should be
given to the sociological problems involved in implementing development projects, and
market research should be carried out to assess the competitive position of Zambian
production in both the home and export markets
(see Chapter XIII, section 7)»
Finally, as with any agricultural development scheme, effective organization
would be necessary to achieve successful operation and the highest possible yields.
There would be many advantages in setting up a semi-autonomous agency, responsible
to the Government, to provide at the outset the required skilled and experienced
managers arid staff (see Chapter X, section 3 ) .
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Animal Husbandry
The Kafua flats provide some grazing for herds of cattle in the dry season, but,
generally, the grass is not nourishing and the grazing is poor. Besides, as a result
of annual flooding, the flats are infested with Limnea snails which carry liyerfluke,
and virtually all cattle which graze in the flats are afflicted with this disease.
The result is that the beasts return from the flats in a poorer condition than when
they enter
(see Chapter IX, Seo-fcion ? ) ,
The prospects for developing the dairy industry seem encouraging, but Zambian
farmers need to be shown the advantages and profitability inherent in this industry
by a well organized extension service (see Chapter IX, Section 2 ) .
Improvements in animal husbandry generally, in any part of the basin, depend on
the organization and application of better management and the controlled use of dryland pastures, rotational grazing, controlled burning, and supolementary feeding for
fattening wherever possible
(see Chapter IX, Section 2)«
Forestry
In various locations along the rail line and particularly inside and adjoining
the Copperbelt, forest plantations on a considerable scale have been developed.
At present the use of these plantations is confined largely to supplying timber for
mining and metallurgical operations. But it would be possible to start new industries
based on forest products, especially as there appears to be vast scope for continued
extension of afforestation as a major land use. As the new plantation program is
concentrated mostly in areas in and around the Copperbelt, the hydrological regime
of the area may improve considerably, and, as a result, a reduction of'average
annual run-off from the Copperbelt could take place in future years (see Chapter VI,
section 4)»

9.

Wildlife and Fisheries

Schemes of systematic cropping of wild game, under properly organized commercial
arrangements, seem to offer considerable possibilities for the production of valuable
protein for human consumption. Such schemes must be based on the sustained yield of
the animal population, in proper balance with the conditions of its habitat (see
Chapter IX, section 3)«
Present sources of fishery are found mainly in the Kafue flats and, to a lesser
degree, in Lukanga swamp, A study of fish production at the various natural water
le Is of the swamp would be advisable (see Chapter VII, section 5, and Chapter IX,
Section 4).
The man-made lakes at the proposed Gorge dam and the Meshi Teshi
dam will offer additional sources. Stocking fish in "dambos" and in artificial fish
ponds near the markets along the rail line seems to offer significant potential for
development (see Chapter IX, Section 4)»
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10,

Health oonditions

Health oonditions in the Kafue basin are very muoh influenced by the presence
of swamps, "dambos" and marshy areas. They harbour the carriers of bilharziasis,
malaria and trypanosomiasis. A large part of the basin is infested with tsetse fly
and is thus unsuitable for human habitation. River blindness or onohooeroiasis has
hardly been known to ooour in Zambia, but its main vector is found in the country
and in neighbouring countries, where the disease is prevalent. Health considerations
require that this situation should be carefully watched in all water development
schemes contemplated in the Kafue basin (see Chapter III, section 7)«

11.

Pinal Remarks on the Or/;anigationalfiequirementsfor Resource Development

To sujn up, the project established that, in seeking to make the best use of the
land and water resources of the whole Kafue basin in aooordanoe with overall development plans for the country, no conflict would be likely to arise between the water
requirements of hydroelectric power generation and irrigation. The project also
established that, since the demands of agriculture should determine the pace of irrigation development, small irrigation schemes should be developed in the tributaries
as and when they become necessary and profitable, and heavy capital outlay on the
large scale irrigation schemes, involving harnessing of the main river, should be
deferred.
Multipurpose development of the basin within the framework of these basic
facts and their corollary - that there should be an extensive and intensive improvement
in rain-fed cultivation - can now be planned. The planning will involve, at this
stage, ensuring that a coordinated approach is made to the utilization of natural
resources, that a program of research is formulated and followed, and that specific
proposals made in this report are implemented. An organization should be developed
to coordinate planning, research and implementation in the project area within the
framework of the National Development Program.
This Organization might well have to
seek assistance of all kinds outside Zambia as well as inside the country.
Many interests will have to be taken into consideration in planning the utilization of the natural resources of the Kafue basin, and this will necessitate very
close consultation between all concerned. In this connection steps should be taken
at this time to work out the compromise that is neoessary between the various interests
involved, such as wildlife, fisheries, tourism and recreation, which would be consequent upon the construction of Meshi Teshi dam. Furthermore, in the development
of irrigation schemes, hydrologioal, agronomic, economic and health interests might
conflict and such difficulties will have to be foreseen and resolved.
Such consultation will also be required if the proper benefit is to be reaped
from future research, of which so muoh remains to be done ~ in particular detailed
hydrologioal work on the tributaries,with a view to possible irrigation developments,
and further studies of the Lukanga fisheries.
Finally, the need for close consultation and cooperation in planning overall
development of the Kafue basin applies also to the implementation of any of the
apeoifio proposals contained in this report.
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CHAPTER III

THK KAFUE BAÜIN Affl) ITS CHAHAGTErflSriCS

1.

Location and Importance of the Kafue Basin

The basin of the Kafue river covers the central part of Zambia and embraces the
capital, Lusaka, which is the chief centre of industrial development in the Gopperbelt,
The basin contains many of the most productive agricultural areas of the country (see
Figure l). The spine of the country's system of road and rail communications passes
through the basin or very near to its eastern edge. Its importance in the whole
eoonomy is reflected in the number of people living in it. The 59f780 square miles
of the basin form about 21 percent of the total area of Zambia (290,586 square
miles), but they carry over 30 percent of the country's people. The basin lies
between south latitudes 11*^35' and l6°50' and between east longitudes 25015' and 28
53'• It is thus entirely within the tropics.

2.

Kafue River

The course of the river is shown in Figure 2. Its highest sources lie on the
plateau on the boundary between Zambia and the Congo, Por some 26O miles, it flows
southeastwards in rolling country, passing through the greater part of the Gopperbelt.
It then runs southwest for about 2Ö0 miles, passing mostly through flatter country.
Near the upper part of this reach lies Mpatamatu, where the river outs through a rooky
line of low hills. In the course of the reach, the river is joined by some major
tributaries, including the Kafulafuta river from the left bank and the Lufwanyana,
Luswishi, Lunga, and Lupupa rivers from the right bank, Midway along the reach, near
the course of the river but quite separate from it, is the very large Lukanga sweimp
and its system of tributary streams. The possibilities of using this swamp were
studied during the project.
In its next reach, of about 120 miles, the Kafue river flows mainly southwards,Here
its valley is more sharply incised than in the reach upstream. At the end of the
reach, at Meshi Teshi, the river turns sharply to the east and passes through a gap
between hills. This gap has long been recognised as a suitable site for a dam to
provide a reservoir of large storage capacity.
The river then enters the vast Kafue flats, a flood plain of heavy clay soils
some 2,700 square miles in extent. In its meandering course through the flats, the
river falls only about 32 feet in 280 miles, reaching a point near the railway bridge
at Kasaka (see Figure 3. in folder).
Below the Kasaka railway bridge, the character of the Kafue river changes abruptly.
It plunges into the Kafue gorge between rocky hills, falling some 2,000 feet in 15
miles, until it emerges into the valley of the Zambesi, which it joins near
Chirundu after a furfher course of 40 miles.
The total length of the main river, from its highest source to its confluence
with the Zambesi, is about 98O miles.
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3.

Geology

The main geological features are shoivn on the map included in Figure 4. (in the
folder). Underlaying the greater part of the Kafue basin are areas of the KatangaKundelungu (Zambia) formations. In the northeast, in the Gopperbelt, in various
scattered areas along the railway line and in the centre of the basin and near the
Zambesi oonfluenoe, and in larger areas in the southv/ast and south, the formations
are Basement Complex (Zambia-Malawi), paragnesis (Rhodesia) granite, and K-rroo. In
the flatter parts of the basin, where flood plains and swamps exist, including notably
the Kafue flats, the formations are recent, largely Pleistocene,

4,

Topography

The topography is related to the geology. Much of the Kafue basin, down to the head
of the Kafue gorge, forms part of the central plateau of southern Africa and lies at
elevations of some 3»200 to 4»000 feet above sea level (see Figure 4). In general,
the terrain ranges from undulating to flat, but here and there are numbers of hills.
Some are small and isolated. Others are in more extensive groups and stretches,
but none have any great height above their surroundings. The remaining part of the
basin, in the country adjoining the Zambesi valley through which the Kafue gorge has
been formed, is very different. The gorge cuts deeply through steep-sided hills which
rise many hundreds of feet above the level of the river. Even so, in relation to the
whole structure of the country, these hills can be regarded more as buttresses to the
upper plateau lying to the north than as peaks rising from the Zambesi valley to the
south,
A widely occurring and very noticeable feature of the main part of the Kafue
basin, and one which arieer? from the combination of its topography and its climate
is provided by the flood plains, swamps, and marshy areas, of which the Kafue flats
and the Lukanga swamp are the largest and most prominent, BlGewhere in the basin,
but more particularly in its northern half, where rainl'alls are heavier, and in all
depressions and valleys of gentle slopes, there are swamps and areas of pea^ty soils,
known as "dambos", which fill with water in the rainy season and only gradually
begin to dry out thereafter. In both their uses and their disadvantages, they are
a feature of the landscape and must always be taken into account.

5.

Soils

The areas covered by the project soil survey are described and discussed in
Chapter IV, Elsewhere in the Kafue basin, very extensively, and particularly in the part
north and west of a line from Meshi Teshi to Broken Hill, outside the many areas
of flood plains and "dambos" and similar types of lanó,, the predominant types of soils
are those described as "Northern Plateau" or "Leached Sandveldt", These are sandy to
medium in texture, strongly leached, and of very low inherent fertility (see Figure 4 ) .
In the far southwest of the basin there is a wide range of soils including "Kalahari"
or "Barotse" sands and sandveldt soils of various typos. These soils are generally
of low fertility. Relatively large areas of moderate'y fine textured, reddish soils
of rather higher fertility occur in areas bordering the Kafue flats to the north and
south, and along the eastern edge of the flats between Monze and Broken Hill,
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Extensive lands within the areas surveyed and particularly beside the railway
line, have been developed for dry land cultivation and grazing. In the Zambesi valley,
near the Kafue confluence, there is a mixture of sandy, shallow, alkaline "mopane"
soils, and a few small areas of fertile alluvium.

6.

Climate

More particulars of the climate are given in Chapter V. 'Zambia has two seasons:
the rainy season, which usually lasts about four months from December to March
inclusive (somewhat less in the southern parts of the basin and rather more in the
northern parts), and the dry s-eason, which lasts for the remainder of the year.
Thus the rains occur during the summer, while the winter is dry. Average annual
rainfalls in the basin range from about 28 inches in the south to 56 inches in the
north, but their incidence can vary quite widely from year to year and from place to
place (see Figure 4). On the plateau over the greater part of the basin, winter
nights can be quite cold; the temperature on rare occasions goes down to freezing
point. This phenomenon affects the selection of oropa to be grown at that time.
Temperatures in summer can be high, but generally pleasant.

7,

Health

An examination of the present health conditions in the Kafue basin, and those
expected to result from water control and the further development of irrigation was
made in conjunction with this project by the World Health Organization in agreement
with FAO. Dr. ii. Harold Hinman was appointed as a consultant for this purpose.
He visited the basin in November-December I963 and again in July I966.* Dr. Hinman
reports the high inoidence of bilharziasis and malaria in the basin and the presence
of trypanosomiasis. Irrigation development in the basin could promote the spread
of these diseases, and adequate measures for prevention and control, would have to
form part of the design and operation of proposed irri{;ation projects. The chief
dangers arise from areas of shallow and slow-moving water; sizeable reservoirs with
sloping banks, and areas of water free from vegetation offer less possibility for
harm.
A large part of the basin'is infested with tsetse fly (see Figure 5 ) ,
Relatively few people live in these areas, and the tencency is to move them into
areas which are free from the tsetse fly. Control measures applied include tsetse
barriers on roads for the spraying of vehicles to prevent the spread of the fly.
The development of the basin on the linos contemplated aa the result of the project
would not increase the hazards of this disease. On thf: contrary, land clearance
would help to control it.

»

Dr. Hinman'8 two reports were issued by WHO under the numbers NHO/PA/65. 64 Rev,
1 and A F H / P D / 1 . dated 3I.IO.I966.
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River blindness, or onohocersiasis, has hardly been known to occur in Zambia.
Its main vector, the Simulium damnosum fly, is found in the country however, and in
neighbouring countries, vAere the disease is prevalent. The risk of the disease
spreading to Zambia, therefore exists, and, while development contemplated in the
Kafue basin does not appear to increase the risk, the situation should be carefully
watched.
It is highly important to take due account of all health aspects at all stages
of planning and development. The construction of works for new schemes will involve
the assembly of large numbers of workers and their families, and requisite measures
for the prevention, control, and treatment of disease will be necessary. After
development is completed and the schemes are working, it will be no less important
to take precautions and provide services.

8,

Vegetation

In view of the size of the basin, it is not surprising that there is a wide
range of vegetation types and many species of natural vegetation. The range reflects
the different types of soils and varying oonditions of climate and flooding.
Also the treatment which the lands have had through burning, and through grazing by both
wild game and domestic animals, except on the flood plains and in similar areas of
very wet oonditions, the natural vegetation consists of woodlands and/or bush with a
varying density of grass. A large number of vegetation types can be distinguished
(see Figure 4)« ^n the leached plateau soils in the northern half of the basin most
common types are woodlands of Braohystegia and Hyparrhenia spp.
Much .of these woodlands consists of re-growth at various stages after previous clearance. In the
southern parts of the basin, the types of woodlands include both Brachystegia and
Combretum spp» Typical riverine trees, including some evergreen bush species, occur
in places along the river banks. The woodlands are protected as reserves in the
region of the headwaters of the Kafue river. This avoids erosion and keeps sediment
loads in the rivers to the minimum.
There are many grass species. Some of these are indicative of soil types and
flooding oonditions. Flooded areas support a rigorous growth of aquatic species such
as wild rice (Oryza barthii). Most species are of excellent feeding quality when
young, but rapidly deteriorate on maturity*

9»

Land Use, Including Wildlife

The amount of land which is used productively is relatively small. Much land
is only suitable in its present oonditions for extensive grazing or cropping. Even
so, the shortage of land at present for intensive use, particularly for arable
cultivation, dry-farmed or irrigated, does not explain fully the failure to use land
more intensively. There are other reasons.
Aspects of the use of lands for grazing by wild life and by domestic animals
are briefly discussed in Chapter IX. Here it may be noted how large is the area in
the basin infested by tsetse fly and, therefore,' unsuitable for cattle (see Figure

5),
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The ohief areas of dry-land arable cultivation in the basin are in the southern
and southeastern parts, on the more fartila lands already mentioned in section 5» They
lie mainly on either side of the rail line,from Ghoma in the south, past Lusaka,
and as far as Broken Hill, There are also some other areas in the district west of
Lusaka. Cultivated areas are on a much smaller scale in the northern and northwestern parts of the basin, where the more fertile soils are less extensive. Shifting
cultivation on the "ohitamene" system.is commonly used to grow subsistence crops in
many wooded parts.
Forest plantations on a substantial scale have been developed in various areas
adjoining the Copperbelt. They provide supplies of timber for mining purposes.
There is scope for a continuing extension of this land use.
The most important fisheries in the basin are in the Kafue flats and, in a lesser
degree, in the Lukanga swamp. They are discussed in Chapter X.

10.

Population

Of the total population of Zambia in 19^4, some 3.4 million,.it is estimated
that about 1,132,000 people, or about one third, lived in the Kafue basin. Of these,
about 93 percent were African and 7 percent non-African. More than half were living
in those districts which include or lie near the larger towns. The rest were living
in the much mora extensive rural districts. The larger towns are situated along the
rail line, and in the Copperbelt in partisular. They are large, modern, industrial
and residential and have all the accompanying amenities. They continue increasingly
to attract more and more people, who are drawn by what these towns have to offer.
The towns make a very strong contrast, in atmospherio and living conditions, to the
sparsely populated and relatively undeveloped rural areas which exist quite near
them (see Figure 6 ) .

11.

Minerals and Industry

Minerals in the Kafue basin include oopper, zinc, lead, cobalt, germanium,
gold, manganese, silver, vanadium, and beryllium. Coal also occurs. Copper is much
the largest product. The Copperbelt at present produces about 14 percent of the
world's output. This is comparable with the production of Russia and Chile, though
it is less than that of the U.S.A. Some development for production is also beginning
elsewhere in the basinj for example, in its northwestern part near Kasempa. This,
if it extends, may transform conditions in a somewhat remote and at present relatively
undeveloped region. Of Zambia's gross national product in 1964i some £ 207 million
in all, about 45 percent was from oopper. Copper and cobalt together have formed over
90 percent of the value of Zambia's exports in recent years.

12.

Power

Much the greater part of the power at present consumed in Zambia is used in the
Copperbelt, largely for mining and refining oopper. The largest share is at present
derived from the South Bank power station at Kariba dam, through the trunk hightension transmission system (see Figure 7). Muoh of the remainder comes from power
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The chief areas of dry-land arable cultivation in the basin are in the southern
and aoutheaetern parts, on the more fertile lands already mentioned in section 5« They
lie mainly on either side of the rail line,from Ghoma in the south, past Lusaka,
and as far as Broken Hill. There are also some other areas in the district west of
Lusaka. Cultivated areas are on a much smaller scale in the northern and northwestern parts of the basin, where the more fertile soils are less extensive. Shifting
cultivation on the "ohitamene" system is commonly used to grow subsistence crops in
many wooded parts.

@

Forest plantations on a substantial scale have been developed in various areas
adjoining the Copperbelt. They provide supplies of timber for mining purposes.
There is scope for a continuing extension of this land use.

•

URBAN CENTRES WITH POPULATION IN THOUSANDS

RURAL AREAS PER ONE THOUSAND
HEAD OF POPULATION
SUB-CATCHMENT BOUNDARIES

The most importeuit fisheries in the basin are in the Kafue flats and, in a lesser
degree, in the Lukanga swamp. They are discussed in Chapter X.

POPULATION DISTRIBUTION

10.

AREA SQ. MLS.

Population

6,360 SUB-CATCHMENT "A"

Of the total population of Zambia in I964, some 3.4 million,.it is estimated
that about 1,132,000 people, or about one third, lived in the Kafue basin. Of these,
about 93 percent were African and 7 percent non-African. More than half were living
in those districts which include or lie near the larger towns. The rest were living
in the much more extensive rural districts. The larger towns are situated along the
rail line, and in the Copperbelt in particular. They are large, modern, industrial
and residential and have all the accompanying amenities. They continue increasingly
to attract more and more people, who are drawn by what these towns have to offer.
The towns make a very strong contrast, in atmospheric and living conditions, to the
sparsely populated and relatively undeveloped rural areas which exist quite near
them (see Figure 6 ) .

11.

TOTAL

URBAN

RURAL

532,000

456,000

76,000

6,830 SUB-CATCHMENT " B "

16,000

—

16,000

6,300 SUB-CATCHMENT " C "

35,000

—

35,000

9,370 SUB-CATCHMENT " D "

38,000

—

38,000

11,920 SUB-CATCHMENT " E "

17,000

—

17,000

17,510 SUB-CATCHMENT " F "

434,000

130,000

304,000

1,490 SUB-CATCHMENT " G "

15,000

—

15,000

586,000

501,000

Totals
59,780

1,087,000

Minerals and Industry

Minerals in the Kafue basin include copper, zinc, lead, cobalt, germanium,
gold, manganese, silver, vanadium, and beryllium. Coal also occurs. Copper is much
the largest product. The Copperbelt at present produces about I4 percent of the
world's output. This is comparable with the production of Russia auid Chile, though
it is lees than that of the U.S.A. Some development for production is also beginning
elsewhere in the basin; for example, in its northwestern part near Kasempa. This,
if it extends, may transform oonditions in a somewhat remote and at present relatively
undeveloped region. Of Zambia's gross national product in I964, some £ 20? million
in all, about 45 percent was from copper. Copper and cobalt together have formed over
90 percent of the value of Zambia's exports in recent years.

12.

Power

Much the g r e a t e r part of the power at present consumed in Zambia i s used in the
Copperbelt, l a r g e l y for mining and r e f i n i n g oopper. The l a r g e s t share i s at present
derived from the South Bank power s t a t i o n at Kariba dam, through the trunk hight e n s i o n t r a n s m i s s i o n system (see Figure ? ) • Much of the remainder comes from power
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stations in the Congo. A relatively small proportion is supplied by thermal
generating plants in the Copperbelt itself.
The need, the possibilities and the implications of power development within
the Kafue basin, and particularly in the Kafue gorge, are discussed in Chapters X
and XI.

13.

Communications

As already mentioned, the main axis of Zambia's road and rail communications
runs along or near the southern and eastern limits of the Kafue basin, from the
crossings of the Zambesi at Victoria Falls for both road and rail, and at Ghirundu,
near the confluence of the Kafue and the Zambesi, for road only (see Figure 1). This
axis is continued northwards, into the Congo, both for road and rail. Other main
roads branch out eastwards and westwards from the main trunk road system and lead to
all parts of the country. Some continue across the frontiers into other countries.
Zambia is separated from ocean ports by very long distances.
Within the Kafue basin, the system of main roads links all the chief centres,
as shown in Figure 1| but between Kasaka, at the head of the Kafue gorge, and Kitwe,
in the Copperbelt, the main stream of the river is at present unbridged. Hoad traffic
has to cross it by ferries. Some major tributaries, such as the Lunga, have to be
crossed in the same way. Away from the main axis, even main roads are not surfaced
with tarmac, though the use of laterite makes them "all-weather". Branch and country
roads provide access to smaller centres, but these are rarely "all-weather" roads.
The craft seen on the Kafue river system are used mainly for fishing, ferrying,
taking river meaniuremants and investigations, and, at places, for amenity and pleasure.
With water control and the regulation of flows to give greater discharges in the dry
season, more navigation might become feasible, but in many places rapids and obstacles
would interfere with the through movement.
Hogular air services, international and internal, operate from the airports at
the main oentres. Smaller aircraft op.jrate internally. There are numerous airstrips
and landing grounds throughout the country. Helicopters have been freely used,
especially for mineral reconnaissance and prospecting.

The Copperbelt produces about 14 percent of the world's production of copper.

Plaque to commemorate prospector's discovery of copper.
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CHAPTKH IV

301 Lo AMD LAND HKSOUKOiJS

1.

Introduction

This chapter deals with the survey of soil and land resources in the areas
which would be commanded by dams at the sites discussed in Chapter X and summarised
in tables 19, 20 and 21, «as applicable. However, for ease of reference, the actual
areas selected for soil surveys are listed and described hereunder. The data
obtained during the survey was systematically analysed and mapped and full details
appear in Volume II - Soil Surveys.

2.

Areas Selected for Soil Surveys

Por details of the areas where soil surveys were made, reference may be made
to Figure 8. The actual acreages for each area concerned are as listed below:
Areas - in a,cres
1. Meshi Teshi -- Wamwala
2. Kafue Plats - upland aroas adjoining
flood plains
^. Mwembeshi - Kembe
4. Ghibila
Macha Mission
•?.
6. Nangoma
7. Lukanga Swamp
Ö. Kenyuana
9. Study Catchments
10. Kafulafuta
11. Luampesa
12. Chapula
13. Mtebwe
14. Chebuli
1^. Dengwe
16. Kamatete
Total,

293,290
2,000,000
154,970
138,380
3,540
36,440
671
940
14,400
4,112
6,592
7,296
5,376
12,480
11,840
2,690,827

Area 1 would be commanded by the proposed Meshi Teshi dam on the main Kafue
river. The canals would take off on either bank at an elevation of 3,350 feet.
The downstream boundary of Area 1 runs north - south for 30 miles below the damsite.
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Area 2 lies in the Kafuo flats bot'-reen the Heyhi Toshi damaite and Kafuo Road
Bridge. The soils here mi^ht be irri,a;ated by dams on the major tributary ytroams,
or by the proposed right and left bank Meshi Teshi canals.
Area3 3 through 6 are commanded by possible dams which could be located on
tributarios to thi^ Ivafue flats. Their boundaries were all selected on the basis of
topography, stream drainage and soils. The survey areas of Mwembeshi, Kembe and
Ghibila were extended to the Kafue river in order to study the soils on the Kafue
flats and compare them with those at Meshi Teshi, Namwala and at the Kafue pilot
polder scheme,
During
marginal to
information
studied and

the project several questions arose concerning the quality of soils
the Lukanga swamp. A brief examination was made to gather preliminary
about them. Several areas along the eastern and southern margins were
are included under Area 7»

Area 8 is on the south side of Kenyuana river, seven miles east-south-east of
Xasemi^a, on the road to Wumbwa. It oould be commanded by a small dam on the
Kenyuana river.
Area 9 oonsists of five zones. These are located near Kitwe and were selected
for a study of the hydrology of dambog. The soil surveys, therefore, did not assess
irrigation possibilities here.
Area 10 lies on the north side of the Kafulafuta river. This strip of land
adjoins the river on the north side and is approximately one mile wide. It lies between Massaiti road on the west and Ndola-Broken Hill main road on the east. The
Government selected this area to implement at an early date some small sohemes for
growing fruits and vegetables to meet the demands of the copper-mining towns.
Areas 11, through 14 are in the Western Province south of the Gopporbelt. Each
oould be commanded by a small dam on a stream of the same name, while areas 15 and
16 are within 30 miles of Kasempa..

3.

Land Classification

Land was classified into six olasöes according, to its suitability for irrigation
as followa:
Class
Class
Class
Class
Glass
Clasa

I
II
III
IV
V
VI

-

Good land for irrigation
Moderately good land for irrigation
Marginal land for irrigation
Not irrigable except under special conditions
Undetermined suitability for irrigation
Unsuitable for irrigation

For planning irrigation schemes, where irrigation is still practically unknown,
as in Zambia, only Glass I and Class II lands are' important in the initial stages of
development. Their acreages in the different areas are shown in Table 1.
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2 liF!3 in the Kafuo flats bet'/eon the Heahi Toshi damoito and Kafuo Road
e soila here mi^ht be irri,";ated by dama on the major tributary -Jtrfjama,
ropoaed ri£;ht and left bank Meahi Teshi oanals.

25'
12'

I

3 throu/jh 6 are oomrnanded by poöSible dams which oould be located on
• to tho Kafue flats. Their boundaries were all selected on the baaira of
stream drainage and soils. The survey areas of Muembeshi, Kembe and
re extended to the Kafue river in order to study the soila on tho Kafue
omparo them viith those at Meshi Teshi, Namwala and at the Kafue pilot
me,
,g tho projeot sevs^ral questionti arose conoerninc the quality of soils
the Lukanga s^amp. A brief examination was made to gather preliminary
about them
üeveral areas along the eastern and southern rnaryins i^ere
are included under Area 7

-BoDj-

Kafue flood plain and Temitaria Zone.
Black to gray fine clays.

IIIMII
NaJdMa
IIMIII

Soils on areas of low relief-Poorly drained sandy clay
loams and clays, interspersed with sandy ridges.

rrm

Soils on areas of low relief-Poorly drained, interspersed
withi well drained sandy clay loam, clays and sandy ridges.

JdKc
LUJJ

13'
Barotse sands-deep, loose, wind and water sorted sands.

is on the south side of Kenyuana river, seven miles east-south-east of
the road to Kumbwa. It could be commanded by a small dam on the
ver.
we and were selected

A
0 lies on the north side of the Kafulafuta river. This strip of land
river on the north side and is approximately one mile >vide. It lies betti road on the west and Ndola-Broken Hill main road on the east. The
selected this area to implement at an early date some small schemes for
its and vegetables to meet the demands of the copper-mining towns.

Areas:

11, through 14 are in the Western Province south of the Copperbelt. Each
anded by a small dam on a stream of the same name, while areas 15 and
'n 30 miles of Kasempa,

B

IS'

Areas:

3sification

THE COPPERBELT REGION
1

LUAMPESA (Survey completed Nov. '65)

2

CHAPULA (Survey completed Nov. '65)

3

CHEBULI (Survey completed tVlay '66)

4

NTEBWE (Survey completed June '66)

5

KAFULAFUTA (Survey completed Oct. 65)

KASEMPA REGION
1

DENGWE (Survey completed July '66)

2

KAMATETE (Survey completed July '66)

3

LOBUFU (Survey by Dept. of Agriculture, Zambia)

4

MPULUBU (Survey by Dept. of Agriculture, Zambia)

classified into six classes according to its suitability for irrigation

I
II
V

Good land for irrigation
Moderately good land for irrigation
• Marginal land for irrigation
• Not irrigable except under special conditions
- Undetermined suitability for irrigation
Unsuitable for irrigation

ing irrigation schemes, where irrigation is still practically unknown,
only Glass I and Glass II lands are' important in the initial stages of
Their acreages in the different areas are shown in Table 1,

16'

I MESHI TESHI NAMWALA
II MWEMBESHI KEMBE
III CHIBILA
IV MACHA

I

V NANGOMA
VI KASEMPA
VII LUKANGA SWAMP (Brief Report)

25'

G. A. & B. STUDY CATCHMENTS

ORIGINAL DRAWINGS K.B.S. 333, 335, 538

AREAS WHERE SOIL SURVEYS WERE MADE

VOL. I - FIG. 8
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Table 1:

Area

1.
2.
3.
4.
•?.

6.

7.
8.
9.

10.
11.
12.
13.
14.
15.
16.

*

Acreages of Class I and Glass II Soils for
Areas where Soil Surveys were carried out»

Class I

Class II

acres

acres

Combined Class I
and Gla^s II areas
expressed as /B of
area covered by the
surveys

Nil

0^

660,000
9,270
5,990
1,000
3,110
-

33:^
24/o*
20/J*

Nil
Meshi Teshi-Namwala
Kafue flats - upland areas
?
adjoining flood plains
28,140
Mwerabeshi - Kembe
21,240
Chibila
Macha Mission
400
Nangoma
16,830
Lukanga swamp
Kenyuana
Nil
Study Catchment
Nil
Kafulafuta
Nil
Luampesa
Chapula
937
Ntebwe
Nil
Nil
Chebuli
Nil
Dengwe
280
Kamatete

280
-

40^
55/«

42/o
-

832
Nil

6'^
0-^

783

26^J
270
17;^
(y/.

123
930
Nil
Nil

2^

The surveyed areas of Mwembeshi - Kembe and Chibila extend into the flood
plains right do^m to the Kafue river. If only the upland areas, where
irrigation facilities are provided are considered, the percentage figures
will be higher.

The last column in Table 1 above, olearly shows that the uplands oommanded by possible
schemes on tributaries flowing into the Kafue flats (Areas 2 through 6) contain a
higher percentage of irrigable areas than the areas oommanded by possible schemes
looated near the Copperbelt (Areas 10 through I 4 ) . Areas near Kasempa (Areas 15 and
16) ar9 not very promising, though Kenyuana (Area 8) may be an exception.

4.

Conclusion

In the Meshi-Teshi-Namwala area the irrigation development potential of the
soils is low.
In the upland areas of the Kafue flats, on either side of the flood plains,
consisting of several hundreds of thousands of acres, good and moderately good
irrigable land exists, sufficient to utilize all the waters that would be available
if dams were constructed on the major tributary streams.
In the Mwembeshr-Kembe, Chibila and Nangoma areas there are good and moderately
good lands sufficient to utilize all the irrigation waters which would be available
from their dams.
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The small area surveyed near Maoha Mission has sufficient good and moderately
good land, and there should be no drainage problems. Irrigation will be difficult
on more sloping land and with soils of moderate depth. Topography will create
problems in the laying out, installation and maintenance of a canal system.
In Kenyuana, the soils are considered to be fairly rapidly permeable. All
canals, therefore, would have to be lined. The soils are of low fertility and would
require heavy applications of fertilizers.
In the Kafulafuta area the distribution pattern of land classes is very patchy and
complex. Apart from Land Glass VI, no large expanse of any one land olass was
mapped. The general pattern is that of small, one to ten acre areas of one olass
alternating with similar sized areas of another olass. In this region an area of
about 200 acres whioh is predominantly Class II land, situated between the Chondwe
river and the Naklarba stream and about 2 miles east of the main Lusaka-Ndola road,
offers the best part in whioh to start irrigation development.
In Lueimpesa and Ntebwe areas the irrigation development potential of the soils
ip low.
Chapula area offers by far the greatest scope for starting irrigation development in the Copperbelt. The soils on the left bank of the Chapula river present
a relatively uniform block of predominantly Class I land, 'l^he soils on the right
bank are much more restricted in their suitability for intensive cultivation with
irrigation.
In Chebuli area, approximately 930 acres of Class II are mapped in separate
areas of I84, 317f 112 and 31? acres. The irrigation development potential of these
soils is similar to that at Chondwe, in the Kafulafuta area.
Dengwe area is the poorest area surveyed. Even the natural vegetation consists
of sparse, straggling emd stunted tree and shrub species. It is xmsuitable for any
kind of irrigation.
In Kamatete area, approximately 280 acres of Class I land are mapped in two
separate areas of 10;? and 175 acres. Unfortunately, these good soils occur in a
complex association with shallow, stony soils grouped as Class VI and with some
Olass III land. Development of these areas will not therefore be easy.
In general, the good and moderately good irrigable lands occur mostly in the
Boutheo?n parts of the basin around Kafue flats, rather than in the northern parts
near the Copperbelt or in the western parts near Kasempa,
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CHAPTER V

CLIMATOLOOr AND HYDROLOGY

1.

Climatic Conditions

Climatic factors - for example, temperature, relative humidity, sunshine,
evaporation, - have been observed and recorded in recent years at different places
in and near the Kafue basin. They are considered fully in Volume III, 'Climatology
and Hydrology'. Their monthly variation, averaged for the basin as a whole, is
indicated in Table 2.
Table 2: Monthly Variation of Climatic Factors

Month

Relative
humidity

Sunshine
Mean
hours
monthly
per day temperature
'

56
48
42
44
65
79
82
83
79
73
66
62

9.6
9.8
9.5
8.9
6.6
5.3
5.9
5.1
6.4
8.4
9.3
9.1

61
65
72
75
74
72
72
71
71
69
65
61

Total for
the year

779

93.9

828

65

7.7

69

Average for
bhe year
*
//

Potential evapotranspiration//
inches

Monthly
rainfall
inches

Op

August
September
October
November
December
January
February
March
April
«lay
June

July

Monthly
evaporation*
inches

4.2
5.7
7.8
8.5
5.2
4.5
4.1
3.7
4.2
4.1
4.3
^ 4.1, •
60.4

4.8
5.3
5.8
6.5
6.5
6.5
6.5
5.7
6.1
5.5
5.2
4.7
69.1

1

5
9
10
8
6
1

40

0.8 X class A pan reading.
using Blaney Griddle formula.

The rainy season lasts for four months, from December to March, when the relative
humidity is high and when greater cloudiness shortens the hours of sunshine.
Expressed as a percentage of the maximum possible, the hours of sunshine, which are
80 to 85 percent of day time hours in May, June, July and August, drop to 40-percent
in December, January and February.
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Maximum temperatures are at their lov/est in June and July, when they average
about 75 P. They riae rapidly to reach their highest values in October, at about
90 F. The minimum^temperaturea are also at their lowest in June and July, when they
average between 40 y and 45°P. They, too, show a fairly rapid rise up to October,
They continue to rise until December and January, when they are maintained at about
63°P until the end of the rains.

2»

The Rainy Season

Following the southwards migration of the sun in August, the temperatures rise
sharply. The heat over Africa south of the equator causes atmospheric pressures to
fall in the interior. As a result of the formation of these low pressure centres,
the southeast Trade winds over the south Atlantic ocean are deflected and drawn into
the Congo basin. Ultimately they move into the Kafue basin. Although the usual
position of the southern limit of the Congo air is across the Kafue baain, in some
years it has travelled down to the iiambesi valley. It goes no further because, by the
time this limit is reached, the cold wind arrives from the south, following the northward migration of the sun. It displaces the Congo air northwards. When the Congo
air is withdrawn, the rainy season in the Kafue basin comes to an end. This period
of influence to the Congo air determines the duration of the rainy season in any part
of the Kafue basin.
The rains start earlier in the northern parts of the basin than in the southern
between October 20 and November i^.
They reach the southern parts between November
10 and December 5. The rains end earlier in the southern parts, between March 5 and
March 31, and later in the northern parts, between March 31 and April 25. Further,
the dry spells during the rainy season are more numerous and last longer in the south
than in the north. For example, in a period of 30 years, 1926 to 1956, dry spells
lasting 10 days or more were experienced 60 times in the south as compared with only
15 times in the northern parts of the basin. Also, the seasonal rainfall is about
25 to 30 inches more in the northern parts than in the southern parts. Thus the
vagaries of the raint"all regime are more èeverely felt in the southern than in the
northern parts of the basin.

3,

Subcatchmenta within the Kafue Basin

The Kafue basin is quite a large area - 59,780 square miles and its hydrological
characteristics change from place to place. Thus it was considered advisable to
treat the basin as a series of suboatchments. These are based on selected discharge
measurement.stations, as shown in Table 3« The suboatchments are shown in Figure 2.
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Table 3;

Suboatohment

Suboatohments within the Kafue Basin

Location

Aroa of
suboatohment

Progressive
total area of
catchment
square miles

square miles

Correspondinf
gauging
station

N

Upper Kafue to Mpatamatu

4,500

4,500

Ka2

A^

Kafulafuta down to Kafue confluence

1,860

1,860

KG25

A

down to Kafulafuta confluence
(A, + A2)

6,360

6,360

KG2 + KG25

from Kafulafuta confluence to
Chilenga

6,830

13,190

KGI9

from Chilenga to Mswebi

6,300

19,490

KG1

D

Lunga down to Kafue confluence

9,370

E

from Mswebi to Meshi Teshi
less Lunga

11,920

40,780

KG6

from Meshi Teshi to Kasaka

17,510

58,290

KG8

1,490

59,780

KG10

B

.i

from Kasaka to Zambesi confluence

4.

KG9

-

Rainfall Records for the Subcatchments

Rainfall records are available for a number of stations in and near the Kafue
basin. Most recording stations, however, were installed only recently. The numbers
of stations installed on tne various subcatchments over the period I904 to I963 are
shown in Table 4«
Table 4;

Suboatohment

A
B
0
D
B
P

Distribution of Rainfall Recording Stations
by Suboatohments

Catchment area
in square miles
6,360
6,830
6,300
9,370
11,920
17,510

Number of recording stations
in 1940
in 1963
in 1904
1
-

2
2

13
1
1
1
1
33

53
12
11
13
8
. 91
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Table 4 shows that the distribution of recording stations over the suboatchments
ia not satisfactory, although the situation in suboatchments A and P is better than
elsewhere. Because of the scarcity of rainfall stations, isohytal charts of annual
rainfall could not be prepared for the years prior I94O. This difficulty was overcome by using the Thieaaen polygon method to work out the annual rainfalls for the
different suboatchments for the entire period I905/6 to I963/64 (59 years). The
details are given in Volume III, 'Climatology and Hydrology'. Table |j summarises the
results.

Table 3'

Summary of Annual Rainfalls for oaoh Supoatohment

Suboatchments

Catchment area
in square miles

A
B
C
D
B
P

6,360
6,830
6,300
9,370
11,920
17,510

Annual Rainfall in inches

average

maximum

minimum

Range of
variation
maximum
to minimum
(inches)

48
46
37
49
38
32

64
60
51
62
50
46

36
35
26
36
25
18

28
25
25
26
25
28

•

A study of the records shows that the rainfall over the basin is seasonal. It
is concentrated in the period November through April, and decreases from north to
south. These characteristics may also be seen from the data given in Table 6.

Table 6:

Aug,
Solwezi*
Broken
Hill»

-

ialeya
farm *

-

*

5,

Mean Monthly Rainfall (in inches)

Sep.

Oct'.

Nov.

i-'ob.
10.1

9.Ö

2.4

May
0.2

June

7.7

Jan.
12.0

Apr.

1.9

Dec,
12.3

Mar.

0.1

-

0.6

3.9

9.6

8.8

7.5

4.8

0.8

-

-

-

36.0

0.6

3.0

7.2

7.1

5.8

4.1

0.5

-

-

-

28.3

July

-

Total
56.5

Solwezi is in the northern part of the basin. Broken Hill in the
middle and Kaleya farm in the southern part.

Stream-Plow Data

Stream-flow data have been recorded systematically at a number of f)laoe9, some
of which have botn i/ater level and discharge records, and others only water level
records'. Table 7 shows the number of recording stations in different years.
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Before the project began in I962, the discharge recording stations were all
located on the main Kafue river, with one exception - Kasanse ( K G 9 ) on the Lunga
tributary. A significant number of new stations have since been added.
Table 7?

Year

1905
1914
1948
• 1950
1951
1952
1953
1956
1958
1959
i960
1961
1962
1963
1964

Number of Stations Recording Streamflow
Data

Numbor of Stations
recording water levels only

Number of Stations
recording water levels
and also discharges

on the main
river

on the
on the main
river
tributaries

1
2
3
4
6
6
6
7
10
11
11
12
14
15
15

on the
tributaries

1
3
6
6
6
9
11
13
14
16
24
28

3
4
5
5
5
5
9
9
12
15
15

1
1
1
1
2
5
5

Total
number of
recording
stations

1
2
3
5
12
16
17
18
25
28
34
36
44
59
63

For some sites, it was possible to compute discharges to cover a longer period
from the water level records available at a nearby station. The flow data covers a
total period of 14 years for Chilenga (KOI9), 40 years for Meshi Teshi (KO6) and 59
years for Kasaka ( K G 8 ) .
Taljle 8 lists the stations for which the discharge data is available. It also
shows the maximum, minimum and average values of annual run-off for the periods
recorded.
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Table 8;

Name of Station

List of Stations for which Discharge
Data is Available

Station
reference

Name of the
river on
wbioh station
is located

Starting
period of
records

Period of Annual run-off
in M.A.P.*
record in
years
max. min. aver.

59

23.1

2,4

7.2

1952)
" 1914 to 1940)
1950 to 1952)

40

19.3

1.6

7.3

KGI9
KOI

n

14

9.1

2.1

5.2

Mankoya Perry
Mankoya Perry
Levels

Ka22
KL4

n

1962)
1951)

13

17.9

3.7

8.6

5.

Mpatamatu

Ka2

11

1951

13

4.2

0.9

2.5

6.

Lubunga

K04

M

1951

13

9.7

2.3

5.3

7.

Namwala Pontoon

K05

M

1951

13

14.7

4.6

8.6

3.

Kasanse

K09

Lunga

1958

6

5.3

1.4

3.0

?.

Wusukili

K011

Kafue

i960

4

3.5

1.7

2.5

10. Kafironda

KOI 2

II

i960

4

2.8

1.3

1.9

11. Smith's Bridge

KOI 6

II

1960

4

|3.3

1.6

2.3

] 2. Raglan. Farm

KOI 7

II

1960

4

1.8

0.6

1.1

13* Maohiya Perry

K020

H

1962

2

7.0

3.4

5.2

14. Shibuyunji

KO23

Mwembeshi

1962

2

0.92

0.02

0.47

15. Ngosa Parm

KO24

Kafue

1963

0.65

0.65

0.65

16. Kafulafuta

KO25

1963

0.6

0.6

0.6

17. Ndebeni

KO26

Kafue

1963

2.9

2.9

2.9

|3. Kipushi

KO28

H

1963

0.08

0.08

0.08

19» Mujimansovu

KO3O

Lunga

1963

1.5

1.5

1.5

20. Myooye Bridge

K034

Nangoma

1963

0.03

0.03

0.03

1 • Kassüca
Kafue Rail
Bridge Levels

KGÖ
KL1

Kafue

2.

Meshi Teshi
Kamwala Bona
Levels

KO6
KL2

M

Chilenga
Hawebi

3.
4*

»

II

II

ft

Kafulafuta

M.A.P. - Millions of acre/feet.

1953)
1905)

1962)

1950)
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Small streams and tributaries dry up soon after the rains stop. The main river
and the major tributaries are perennial; but their rate of flow varies over a wide
range; for example, from 69,000 to 5OO cubic feet per second at the Kafue Rail
Bridge. The total annual volume of flow also varies .i?idely from year to year; for
example, at the Kafue Rail Bridge from a maximum of 23.1 million acre feet to a
minimum of 2.4 million acre feet.

6,

Rainfall/fiun-off Relationship

Sites for six major dams for hydroelectric power development were investigated.
Each has a substantial storage capacity. One site is on a main tributary, the Lunga
river, at Kampalenje; the other five, all in the main Kafue river, are Mpatamatu
in the upper reaches near the Copperbelt; Lubunga just upstream of Lunga confluence;
Kafue Hook near the pontoon bridge on the road to Mankoya; Meshi Teshi at the head
of the Kafue flats; and the Gorge dam near the head of the Kafue gorge. Their
locations are shown in Figure 9 (i^i 'the folder).
At many of the dam sites, records of streamflow were available for only a short
period or not at all, and, therefore, annual run-off to cover a period long enough
for project planning purpoaes had to be estimated from rainfall data. To make
these estimates, the rainfall/run-off relationship had to be determined.
Analysis of the reoords for the suboatohments shown that the r\^n-off in any
year depends not only on the rainfall for that year, but also on the amount of moisture carried over in the catchment from the previous year. This, in turn, depends
upon the moisture retention capacity, which varies from one part of the basin to
another. Thus the nature of annual run-off differs from one suboatohment to another
and determination of the annual rainfall/run-off relationship has to be made separately for each. Pull details of the calculation of annual run-offs for the
different suboatohments ajid at eaoh of the six damsites for the 59-year period
I905/Ó to 1963/64 are given in Volume III (Climatology emd Hydrology).
For a first assessment of the mean annual surface water potential of any part
of the basin, the average annual rainfall/average annual run-off relationship in the
basin suffices, provided the average is based upon a sufficient number of years,
since the effect of moisture retention capacity then cancels itself out. Figure 10,
whioh is based on the data shown in Table 9» shows the average annual rainfall and
average annual run-off for various stations. The mean ourve drawn through the
plotted points shows the relationship of average annual rainfall to average annual
run-off. This relationship is also shown in Table 10.
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Table 9:

Name of station

Summary of Average Annual Rainfall and Averaè;e Annual Run-off
for Different Parts of the Kafue Basin

Suboat ohment

Bemoroft
Mpatsunatu

^

Kafulafuta

h

(A^) + (Ag)

A

Kasanse

D

Meshi Teshi
(KG6)-(KG1)-(D)

(KG8)-(KG6)

59/60 63/64

5

53.6

10.1

KG2

4500

50/51 63/64

14

51.4

10.1

KG25

1860

61/62 63/64

3

50.2

7.0

51.0

9.2

49.5

7.5

48.0

5.9

6360
13190

52/53 63/64

12

6830

KG1

19490

52/53 64/64

12

46.8

4.6

KG9

9370

58/59 63/64

6

49.2

6.0

KG6

40780

50/51 63/64

14

45.3

4.3

39.8

2.5

41.6

3.1

32.7

0.3

11920

E
KG8

Kasaka

Annual
run-off
inches

2010

B

Mewebi

Period for which Average
Catchment
rainfall
run-off data are
. Area
inches
available
area^ sq.m.
from 1 to years 1

KG13

KG19

Chilenga
(Kai9)-(A)

Gauging
station

P

58290

53/54 63/64

11

17510

Shibuyunji

K023

1500

61/62 63/64

3

31.7

0.44

Rail Bridge

KL1

58250

09/06 16/17

12

37.3

1.8

Rail Bridge

KL1

58250

17/18 28/29

12

39.5

2.2

Rail Bridge

KL1

58250

29/30 40/41

12

40.0

2.4

Rail Bridge

KL1

58250

41/42 52/53

12

40.6

2.7

Rail Bridge

KL1

58250

53/54 63/64

11

41.6

3.1

Namwala Boma

KL2

44790

14/15 23/24

10

40.4

2.2

Namwala Boma

KL2

44790

24/25 33/34

10

43.8

2.8

Najnwala Boma

KL2

44790

34/35 38/39

5

43.5

2.8
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Table 9;

Name of station

Summary of Average Annual Hainfall and Avera^;e Annual Run-off
for Different Parts of the Kafue Basin

Suboatchment

Bauioroft
Mpatamatu

^

Kafulafuta

h

(A^) + (Ag)

A

Ghilenga
(KG19)-(A)

Meshi Teshi
(KG6)-(KG1)-(D)

(KG8)-(KG6)

Annual
run-off
inches

59/60 63/64

5

53.6

10.1

KG2

4500

50/51 63/64

14

51.4

10.1

K025

1860

61/62 63/64

3

50.2

7.0

51.0

9.2

49.5

7.5

48.0

5.9

62,60
13190

52/53 63/64

12

6830

KG1

19490

52/53 64/64

12

46.8

4.6

KG9

9370

58/59 63/64

6

49.2

6.0

KG6

40780

50/51 63/64

14

45.3

4.3

39.8

2.5

41.6

3.1

32.7

0.3

E

P

58290

53/54 63/64

10

I
O

z
O

z

11920

KG8

Kasaka

Average
rainfall
inches

2010

B

D

Period for which
Catchment
run-off data are
, Area
available
area^ sq.m.
from to years

KG13

K019

Mewebi
Kasanse

Gauging
station

11

17510

a.
_j
<
Z

o

10

<
Shibuyunji
Rail Bridge

KG23

KL1

1500
58250

61/62 63/64

3

09/06 16/17

12

31.7

0.44

37.3

1.8

39.5

2.2

Rail Bridge

KL1

58250

17/18 28/29

12

Rail Bridge

KL1

58250

29/30 40/41

12

40.0

2.4

Rail Bridge

KL1

58250

41/42 52/53

12

40.6

2.7

Rail Bridge

KL1

58250

53/54 63/64

11

41.6

3.1

Namwala Boma

KL2

44790

14/15 23/24

10

40.4

2.2

Wamwala Boma

KL2

44790

24/25 33/34

10

43.8

2.8

Namwala Boma

KL2

44790

34/35 38/39

5

43.5

2.8
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Table 10: Relationship bet ;een Average Annual Rainfall
and Average Annual Run-off in the Kafue Basin

Average annual rainfall
in inches

Average annual run-off
in inohes
in aorefeet
per square
mile

0.1
1.1
2.3
4.0
7.2

30

35
40
45
50
55

7.

12.0

5
59
123
214
384
Ó40

Surfaoe Water Potential of the Kafue Basin

The avorace for the 59-year period of the annual run-offs in eaoh euboatohment
is shown in Table 11 below.
Table 11; Average Annual Ri;m-off in Different Parts
of the Kafue Basin

3uboatohment

Run-off in
M.A.F.

A
A2
B
C
D
B
J?

1.79
0.39
1.33
0.56
2.37
1.15
I.04

Total

9.23

Run-off as -jo of
basin total

19.4

4.2
14.4

6.1
25.6
12.5
17.8
100.0

Run-off expressed in
aoft/aq. mile
of catchment

398
210
195
89
253
96
93

Out of the total of 9.23 million acre-fuot, only 7.24 million acre feet, or 78.5
peroent, reaohea the Kafue Rail Bridge site. Pne balance of I.99 million aore-feet
ia lost in evaporation - 0,89 million aore-feet \n the Lukant;a swamps and 1.10
million aore-feet in the Kafue flats. Tho quantity of water spilled from the Kafue
river into the Lukanga swamps to form part of the O.89 million acre-feet lost there
through evaporation, is about 0,44 million acre-feet. The average annual flow
available at Heshi Teshi is 6,70 million aore-feet.
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8.

Assessment of Run-off for Small Irrigation Schemes

To provide water for small irrigation schemes, flows from small streams in the
locality would have to be considered. Most of these streams and tributaries, however,
have neither water level recording stations nor discharge measuring stations. It
was, therefore, necessary to assess their run-off by using rainfall 'data only and
applying the rainfall/run-off relationship developed for the subcatchment in which a
particular area is located. The storage capaoity should correspond with the run-off
in a dry year. The farmer is then assured of water supply in most years. Therefore
the dam site should be so located as to ensure sufficient catchment area to yield at
least 2,000 acre/feet (assuming 4 feet overall depth of irrigation for 500 acres) in
a dry year. With this in mind the rates of annual run-off at various frequencies
of occurrence were worked out for different parts of the basin. They are summarised
in Table 12.

Table 12; Frequency of Annual Hun-off for Different
Parts of Kafue Basin

subcatchment

9.

Area
Frequency '/o of j;ears
in
20
50
80
90
sq. miles annual run-off expressed in aoft/sq.mile

Catchment area
(in sq.miles) for
2000 acft yield in
a dry year

4500

511

356

244

200

10

h

1860

306

172

108

97

21

B

6830

278

161

102

88

23

C

5500

111

75

53

42

46

D

9370

352

224

149

128

16

E

11920

168

50

17

8

250

F

17510

246

80

29

23

87

Balanced Plow at Major Damsites

As stated in section 6, the six major damsites investigated for hydroelectric
power development are: Mpatamatu, Kampalenje, Lubungu, Kafue Hook, Meshi Teshi and
Gorge dam. The rates of balanced discharge that can be obtained at each site, and
the live storage capacity which each site required, were worked out on the basis of
the estimated annual run-offs for the 59-year period (1905/6-1963/64). The
balanced discharges are given in Table 13.
The maximum balanced releases obtainable are 1,500 cubic feet per second at
both Mpatamatu and Kampalenje,2,300 cubic feet per second at Lubungu, 4f700 cubic
feet per second at Kafue Hook, 6,000 cubic feet per second at Meshi Teshi amd 5|000
cubic feet per second at the Gorge dam. For the maximum balanced discharge of
6,000 cubic feet per second obtainable from all the catchment down as far as Meshi
Teshi, a total storage capacity of 7 million acre feet is required. As this storage
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oan be provided entirely at Meshi Teshi alone, there seems to be no need to split up
the storage oapaoity among a number of upstream reservoirs.

Table 13^

Allocated
live storage
in M.A.P.
Mpatamatu

0.2
.4
.6
.8
1.0
1.2
1.5
2.0
2.5
3.0
3*5
4.0
4.5
5.0
5.5
6.0
6.5
7.0

0.9
1.1
1.3
1.4
1.4
1.5
1.5

Balanced Releases Corresponding to Different
Live Storage Gapa.oities

Balanoed release in 1,000 ouseos
Kampalenje

Lubungu

0.9
1.1
1.3
1.4
1.4
1.5
1.5
1.5

1.1
1.5
1.8
2.0
2.1
2.3
2.3

Kafue Hook

1.2
1.8
2.0
2.2
2.4
2.6
2.9
3.4
3.8
4.2
4.5
4.6
4.7

Meshi Teshi

Sorge Dam

1.3
1.9
2.2
2.4
2.6
2.9
3.2
3.7
4.3
4.8
5.0
5.2
5.4
5.6
5.7
5.8
5.9
6,0

2.1
2.9
3.6
3.9
4.1
4.2
4.3
4.6
4.8
5.0
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GHAPTfiR VI

WATER BALANCE OP THE GOPPERBBLT

1.

The Copperbelt and Headwaters Region

The Kafue river enters the Copperbelt near Bsmoroft (gauging station KGI7) and
leaves it near Mpatamatu ( K G 2 ) . A part of the Copperbelt, comprising the towns of
Ndola and Luanshya and the Roan Antilope mine, lies in the catchment of the
Kafulafuta river, which joins 'the Kafue river just.downstream of KG2. In the hydrological assessments, this part of the Copperbelt has been omitted, because otherwise
there would have been complicated adjustments in the rainfall and the riverflow
d'ata before an analysis could be made. In this exEunination, therefore, the Copperbelt
is limited to the catchment area of 2,550 square miles lying between the two gauging
stations Bancroft (KGI7) and Mpatamatu (KG2).
The catchment area of 1,950 square miles from the source of the Kafue river
down to Banoroft (KGI7) is described as the Kafue Headwaters region. This region has
been protected as forest reserve and as settlement there has been restricted, it
remains under its natural condition.
On the other hand, there has been great human activity in the Copperbelt,
particularly since the 1930's when Copper mining was started. Of the one million
people in I963 living in the Kafue basin, an area of about 60,000 square miles, more
than one-third were living in the Copperbelt, an area of 2,550 square miles. Though
most of them live in a few urbein centres, there has been a substantial change in the
natural environment of the Copperbelt, particularly through the olearfelling of
forests. These environmental changes have led to some corresponding changes in the
hydrological regime.

2.

Effects of Mining Operations on Forestry

It is estimated that in the mining and metallurgical operations about 4 cubic
feet of timber is used for every ton of copper produced. Consequently the demand
for timber has grown steadily with the increasing activities of the mining industry
and tree-felling for timber is being increasingly extended into new areas. Table
14 gives data on copper production and the area of timber required. The area is
estimated on the basis that the indigenous Brachystegia woodland yields, on an
average, 20 to 25 cubic feet of timber per acre, with better timbered areas yielding
up to about 35 cubic feet per acre.
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In its effect on the hydrologioal regime of the catchment, tree felling for
timber may be less serious than the clearfelling of forests. Glearfelling has been
carried out to produce cord tiood for firewood and oharooal for domestio needs. The
areas of clearfelling, as recorded in the reports of the Forestry Department, are
given in Table 14»
Table I4: Area of Forests Glearfelled in the Copperbolt

*

Year

Acres

Year

Acres

1947
1948
1949
1950
1951
1952
1953
1954
1955
1956

14,300
14,647
22,413
23,877
33,568
29,464
24,741
29,314
37,128
21,625

1957*
1958
1959
i960
1961
1962
1963
1964

3,984
4,322
3,687
7,097
4,392
6,185
6,161
6,170

The sudden decrease of area from 1957 onwards resulted from importing
electricity from the Congo. This reduced the consumption of firewood
• in the thermal power stations of the Copperbelt.

The period of rotation for the indigenous Braohystegia woodland is regarded as
about 100 years. Left to nature, it would take many years for the olearfelled area to
regain its original hydrologioal conditions. Meanwhile, the change in environment
that has already taken place produces its own effect. As the next section shows, this
is mainly in the form of,increased run-off.

3«

Assessment of Increa.sed Run-off

River flows have been measured since December 1950 at Mpatamatu, but only
since öeptember I959 at Bancroft. Thus, the records for the'period 1959/60 through
1963/64, shown in Table l5, were used for comparing the run-offs of the two
catchments.
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Table 1^:

Hainfall and Run-off Rocorda for the Headjaters
rie;;ion and for the Copperbelt

Headwaters Kogion
(1950 square miles)

A. Seasonal rainfall:

(in inches)

1959/60
60/61
61/62
62/63
63/64

50.2
58.7
64.4
52.9
,42-3 , •
Total
Average

B.

Season run-off:

Copperbelt
(2550 square miles)

53.3
51.0
66.7
57.7
43.?

268.5
53.7

272.6
54.5

5.5
8.0
16.5
13.8
6.9

6.3
8.0
18.4

50.7
10.1

60.0
12.0

(in inches)

1959/60
60/61
61/62
62/63
63/64
Total
Average

U.3
10.0

The average annual run-off is I.9 inches more for the Copperbelt than it is
for the Headwaters region.
The average annual run-off from
rainfall increases; it increases as
and it also increases as the natural
selected for comparison, the average
much the same.

a oatohment increases as the average annual
the general slope of the catchment increases;
cover decreases. In the two catchments
annual rainfall in the selected period ia very

As Table I4 shows, every year some new area in the Copperbelt is olearfelled,
Hun-off increases most in the first year after clearfoiling. It gradually decreases
in suoooading years as the nat\iral cover builds up once again. The total period of
recuperation varies from place to place, Kor the present purpose a ten-year period
is assumed. This means that the run-off in 1959/60 .<(as affected by the area clearfelled between I950 and 1959, which comes to 212,210 acres. Similarly, the run-off
in 1963/64 was affected by the area olearfelled between 1954 and I963, which comes
to 124,395 acres. The average area affecting the run-off i,n the five year period of
compared run-off data (1959/60 - I963/64) may be taken as 168,302 acres, an area
equal to 263 square miles. The increase in run-off of I.9 inches from the total
catchment area of 2,550 square miles (see Table 15)'is equivalent to 18,4 inches from
the 263 square miles of olearfelled area.
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4.

Trends i n Change of Average Angual Bun-eff fym the Copperbelt

The average annual rim-off to be expected from the Copperbelt i n future years
depends upon the type ef changes i n the n a t u r a l cover t h a t may be expected.
The
data i n Table 14 shows t h a t the extent of annual c l e a r f e l l i n g has decreased since
1957. This would r e s u l t i n a corresponding decrease i n average annual ruti-^ff.
Further, a systematic program of a f f o r e s t a t i o n was r e c e n t l y laimohed i n the
Copperbelt area which may help to bring the hydrologioal regime back to the n a t u r a l
level.
The now a f f o r e s t a t i o n program includes the p l a n t i n g of exotic species nrfiioh
y i e l d more timber per acre and have much shorter periods of r o t a t i o n . When these
f e a t u r e s are compared with these of the indigenous Srachystegia woodland, i t
becomes c l e a r t h a t the futxire timber requirements of the mining industry can be met
without a f f e c t i n g l a r g e p a r t s of the catchment. The a c t i o n s now taken in fact favoxir
the r e - e s t a b l i s h m e n t ef the n a t u r a l hydrologioal regime.
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CHAPTER VII

WATER BALANCE OF THE LUKANGA SWAMP

1•

Introduotory

The Plan of Operation speaifiod the survey and investigation of this part of the
Kafue baain in order to aasess how best to use it, and in particular to asoertain
whether it would be feasible to store in it floodwaters from the main river. This
chapter briefly outlines the main oharaoteristios of the swamp and disousses the
ftdvantayes and disadvantages of possible uses.

2.

Descriptive

Lukanga awamp is extensive. At its maximum water level, its area may exceed
1,000 square miles, but it is very shallow. The depth of water nowhere appears to
exceed about 20 feet. The gontle daproBsion in which It lies has no outlet, except
two quite small channels through the somewhat higher ground whioh separates the
Bwamp from the main river. The rainfall over the swamp area averages some 37 inches
annually. The flows from the streams which drain into the swamp from the catchment
of some 5,500 square miles, like those of most tributaries in the basin, are very
seasonal and they cease, or almost cease, to flow before the end of the dry season.
The annual totals of their flows, varying widely from y'ear to year, avarago about 0.45
million acre-feet. In addition, an average of about 0,44 million aore-feet per year
spill over into the swamp from flood flows in the main river. Almost all this water
is lost by evaporation and the natural outflows back to the main river ara nogligibla.
The swamp causes overall lessee of water whioh average about 0,89 million aore-feet
per year. This is in addition to the loss of the rain whioh falls directly on its
surface.

3,

Potential Use as a Storage Reservoir

The capacity of the swamp depression, between its average low water levol and
the maximum level naturally reaohod, whioh is soma 15 feet, may be 6 million aore-feet.
Investigations have shown that, with a regulated inlet channel of suffioient capacity
from the main river into the swamp, and with probably also a regulating barrage across
the main riVer downstream of its head, large amounts of water could be diverted into
the swamp from the river flows in the flood season, Tho amounts would vary widely
from year to year. During the period of storage, say about 6 months, evaporation would
lower the level by several feet, Beoauao of the .relative levels of water in the swamp
and in the main river at that time of year, only a small part of the remaining amounts
could return to the riyer. More could be returned by pumping, at heavy oost. Por this
reason alone, the use of the awamp for storage does not seem to be feasible. Even if
it were, equivalent amounts of atorage capacity would be provided elsewhere in the
Kafue basin, with far lower losses.
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4»

Potential Use as a Flood Esoape

An inlet channel would make it possible, when excessive flood flows occur in
the main river, to reduce their peaks by passing water into the swamp for subsequent
disposal there by evaporation. Its desirability or advantage depends on the amount
of regulated storage capacity provided elsewhere in the basin. It also depends on
the way in which it was used to meet the need of both annual and overyear- regulation.
In any event, the need to use the swamp as flood esoape would arise on quite rare
occasions.

5.

Reduction of Present Losses

To use the water resources of the basin to the maximum, especially for hydroelectric porfer generation, it will be necessary to prevent water spilling into the
swamp. The water thus made available for storage or use elsewhere would average
about 0.44 million acre-feet annually. To prevent spill, a dyke of moderate height
would be needed on a suitable alignment along the slightly higher land between the
main river and the swamp. There should be a regulated channel passing through this,
of a size and capacity appropriate to the scheme of working adopted, so that water
could be passed into the swamp if and when desired. Such works would be very
expensive.
The elimination of spill from the main river in most years would lowor the
water levels in the swamp to some extent and reduce its area. This might affect
the existing fisheries. The extent of this effect can be assessed by further
detailed studies of the fishing production at various water levels reached under
natural conditions in different years, down to the natural minimum. These studies
should certainly be undertaken.

6,

Drainage of the Swamp

It has been suggested that even partial drainage of the swamp would uncover
large areas of land now flooded and make them available for other uses. Effective
drainage, however, could only be by pumping, and at very great expense. Even with
drainage, the natural inflows from the catchment would flood much of the area which
had been uncovered by the pumping, especially in years of heavy rainfall and runoff. This land .-jould be unusable, at least until it could again be drained. Drainage
by pumping would also probably, have a serious and perhaps fatal, effect on
fisheries. Therefore the idea of drainage should be discarded.
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CHAPTliitt VIII

WATBR BALANCE OP THE KAPUE PLATS

1.

Description of the Kafue River in the Kafue Plats

After passing through Meshi Teshi gap, the Kafue river enters vast flat country.
This is called the Kafue flats, and it extends from Meshi Teshi (KG6) to Kafue Rail
Bridge ( K L 1 ) , The straight line distance between the two gauging stations is
about 150 miles, whereas the length of the meandering river along its course between
the same two points is more than 250 miles.
In the upper reach of about I50 miles the gradient of the river is steeper than
in the lower reach of 100 miles (see Figure 11).
During minimum water level
(November I964) the river dropped 30 feet in the upper reach and only 5 feet in the
lower reach. The river gradient is thus about 0.2 feet per mile in the upper reach
and 0.05 feet per mile in the lower reach. The river flows very sluggishly along
the Kafue flats, and particularly in the lower reaches. Por instance, the time taken
for a flood peak to travol from Heshi Teshi to Hail Bridge is about 80 to 90 days.
Between Kafue Rail Bridge ( K L I ) and the Kasaka gauging station (KG8) (both are
near the head of the Kafue gorge), a high section in the river bed acts.like a
control weir. Upstream of this the river channel forms a trough, so that the water
surface stretches back upstream almost horizontally for nearby 100 miles (see
Pigure 11). The main depression of this trough is roughly opposite Luwate lagoon
to the north and Lochinvar ranch to the south (see Pigure 12). This shallow depression
has a permanent inundation never less than about 0.3 million acres. In the low
season the water in this depression is shallow. Thus it supports wildlife and provides
an important centre of fisheries in Zambia.
The river's catchment area between Meshi Teshi and the rail bridge is about
17,500 square miles. This part of the basin is called suboatchment P (see Table 3)«
A number of tributary streams, which drain this area, flow into the Kafue flats.
They have large flows in the rainy season, but most of them dry almost completely
soon after the dry season has started.
The topography of the flats shows some special features. Along both sides of
the main channel of the Kafue river, there are slightly raised, but not continuous,
natural "levee" banks, where the ground slopes gently away from the river. Because
of changes in the meandering course of the river, old channels and "oxbows" remain.
Where the tributary streams from the uplands enter the flood plains of the Kafue
flats, they have formed local "deltas" of slightly higher ground. Here the formed
channels of their upper courses begin gradually to disappear. Between the "deltas"
and the "levee" banks of the main river, the flood plains have many depressions.
They are often connected only partially, or not at all, with the main river.

ORIGINAL DRAWING K.B.S. 493
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control weir. Upstream of this the river channel forms a trough, so that the water
surface stretches back upstream almost horizontally for nearby 100 miles (see
Figure 11). The main depression of this trough is roughly opposite Luwate lagoon
to the north and Lochinvar ranch to the south (see Figure 12), This shallow depression
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has a permanent inundation never less than about 0.3 million acres. In the low
season the water in this depression is shallow. Thus it supports wildlife and provides
an important centre of fisheries in Zambia,
The river's catchment area between Meshi Teshi and the rail bridge is about
17,500 square miles. This part of the basin is called subcatchment F (see Table 3)«
A number of tributary streams, which drain this area, flow into the Kafue flats.
They have large flovfs in the rainy season, but most of them dry almost completely
soon after the dry season has started.
The topography of the flats shows some special features. Along both sides of
the main channel of the Kafue river, there are slightly raised, but not continuous,
natural "levee" banks, where the ground slopes gently away from the river. Because
of changes in the meandering course of the river, old channels and "oxbows" remain.
Where the tributary streams from the uplands enter the flood plains of the Kafue
flats, they have formed local "deltas" of slightly higher ground. Here the formed
channels of their upper courses begin gradually to disappear. Between the "deltas"
and the "levee" banks of the main river, the flood plains have many depressions.
They are often connected only partially, or not at all, with the main river.
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2.

Flood Hegime

In the rainy season, the flats are flooded by a combination of direct rainfall
on the flats, inflows from the tributary streams, and spill from the main Kafue river.
Direct rainfall and inflows from tributaries arrive relatively quickly and begin to
cause flooding in December, Flood flows in the main river from its upper catchment
start to arrive at Meshi Teshi somewhat later. After they have reached the top of the
river bank, they spill on to the flood plain. The flooding builds up to a maximum,
first in the western part of the flats, normally about February/March. As the rainy
season continues, the maximum level and extent of flooding move slowly through the
flats and may reach the head of the Kafue gorge by about April/May, when the rains
are practically at an end. (They end even later in exceptional years). During the
dry season from May onwards, the flooding recedes and the flood plains begin to dry
up, except in lagoons and depressions where the inundation continues throughout the
year. tVithin this overall pattern, there ia great variety from year to year in the
extent and timing of flooding.

3»

Evaporation Losses in the Kafue Plats

The losses of water by evaporation from the flooded area in the Kafue flats
are large and vary widely from year to year. This is indicated in Table 16.
Table 16:

Year

1954/55
55/56
56/57
57/58
58/59
59/60
60/61
61/62
62/63
63/64

Losses of Water in the Kafue Plats

Millions of Acre-feet
Annual
Annual
run-off run-off
at
Net
at
Net
Loss
Meshi
Rail
Gain
Teshi
Bridge

7.6
11.4
12.4
7.8
4.8
4.6
8.9
14.9
19.3
8.4

8.7
9.3
10.6
13.4
5.1
4.5
8.3
11.3
23.1
6.9

1.1
2.1

1.8
5^6
0.3
0.1
0.6
3.6
3^8
1.5

Maximum area
inundated
million of acres

1.06
1.11
1.10
1.25
0.91
0.79
1.08
1.18
1.36
0.88

Average rainfall
on subcatchment P
inches

37
33
29
45
32
34
34
31
40
26

Por a year like 1963/64, when the subcatchment F received a rainfall as low as
26 inches, the contributions from direct rainfall and from inflows from tributary
streams are negligible, and the extent and period of inundation in the flats depends
almost entirely on the pattern of flow in the -main Kafue river at Meshi Teshi.
As Table 16 shows, the maximum inundated area in I963/64 was 0.88 million acres and
the net loss of water was I.5 million acre-feet. Of this maximum inundated area,
about 0.3 million acres lie in the depressions where the inundation extends throughout the year, while approximately 0.6 million acres are subjected to seasonal
inundation only. If the evaporation loss is balanced by direct rainfall, the
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additional losses from the areas of depressions may be equal to 3 feet, which
corresponds to the dry period only. This accounts for a loss of 0.9 million acre
feet in the depressions. The balance of 0.6 million acre feet (1.5 - O.9) is lost
from the seasonally inundated area of 0.6 million acres. This gives an average
rato of one foot for the evaporation loss from the seasonally inundated area.
In 1963/64 the rainfall in the subcatchment happened to be very low. In other
years the direct rainfall and inflow from tributaries play important parts. Their
effect is to increase the area of minimum inundation to more than 0.3 million acres
and to increase the average rate of evaporation from seasonally inundated areas to
more than one foot.

4.

Future Trends in Evaporation Loss of Kafue Flats

Under the present natural conditions, the inflows into the flats from the main
Kafue river are high during the rainy season. The maximum flow exceeds 40,000 cubic
feet per second in most years and exceeds 60,000 cubic feet per second in 20 percent
of the years. Should the Meshi Teshi dam be built, the flow in the main river would
be so regulated that the release during the rainy season would not be small. This
is because the water needed for the Kafue gorge hydroelectric power station can be
met mostly from the inflows of the tributary streams. Under present conditions, the
minimum inflow at the Kafue rail bridge, towards the end of the dry period does not
normally exceed 7OO to 8OO cubic feet per second. The minimum flow would exoeed
6>000 cubic feet per second if the Meshi Teshi dam were built.
The regulation of flow by a dam of Meshi Teshi would change the pattern of
flooding in the Kafue flats. As a result of the increased flow in the dry period,
the area of minimum inundation would be likely to increase. On the other hand, the
drastic reduction in the inflows during the rainy season would reduce the area of
maximum inundation. This change in the flooding pattern would affect the evaporation
loss. While the loss from the seasonally inundated areas might decrease, the loss
from the permanently inundated areas would definitely increase. In the future, the
net loss in a dry year might not be very different, yet, it might exoeed the present
loss of 1.5 million acre feet.

y3 -

CHAPTER IX

THa KAFUJj gLATS A M .-JATJJR RüGIMfl CHANGES l i l THü KAPUE BASIU:
AiaMAL HUÜMM-ÜKY, y<IiiDEIi''E AM J'-'iarijJiilEd IM THE PKÜJECT AxiEA

1.

The Kafue Plats and Water Hegime Changes in the Kafue Basin

The Kafue flats occupy roughly one-twelfth of the Kafue basin. Of their 5»400
square miles, some 2,550 square miles, or 1,400,000 aores, are flood plains. These
extend on each aide of the river to land which is higher, but still part of the Kafue
flats area (see Figure 12). Through these undulating higher lands pass many
tributary streams, most of which have large flows in the rainy season but dry up
before the end of the dry season.
There are two widely different groups of soils in the Kafue flats. The soils
of the flood-plains are very heavy cracking clays, sticky when wet, and hard and
cloddy when dry. They are very difficult to cultivate, except with special skill,
care, and exact timing according to their conditions. The soils of the uplands are
much more friable and easily cultivated. They are divided into two main typos:
those in the western part of the flats are mainly sand veld; and those in the eastern
part are chiefly sand/clay loams.
In general, there is some correlation between types of soils and the kinds of
vegetation. In the uplands, the main kinds of trees were originally open mixed
Brachystegia and Combretum, with mixed grassland. The natural vegetation has, however,
been modified considerably by extensive cultivation. On the floodplains, types of
vegetation vary greatly. To some extent, this is due to the conditions of flooding.
Of the 1,400,000 acres of floodplains, about 1,000,000 carry types of vegetation,
including much Oryza barthii or wild rice, which grow freely in water of some depth
but which cannot generally be utilized advantageously. Vossia ouspidata, Eohinochloa
stagnina and other species grow in deeper water along river banks and lagoons which
hold water permanently or until late in the dry season. These grasses provide valuable
dry season grazing. The remaining 400,000 aores support mixed grassland and woodland,
which, under careful management, are able to provide valuable grazing.
The present water regime in the Kafue flats is described in section 2 of Chapter
VIII. As reported in section 4 of that Chapter, a dam at Meshi Teshi will increase
the area of minimum inundation considerably, but will reduce the area of maximum
inundation, particularly in the western sector.
This change in the pattern of flooding in the Kafue flats will affect the vegetation. Aquatic grasses such as Oryza barthii will to some extent be replaced by
tussock species such as Setaria avettae and Echinochloa pyramidalis while in parts
there is likely to be a certain amount of bush encroachment, depending upon the
extent to which flooding is reduced.
The Cattle population will not necessarily be adversely affected by the change
in the flood regime.
The implications for cattle, wildlife and fisheries in the Kafue flats of change
in the water regime of the Kafue river are discussed fully in Volume V (Wildlife,
Fisheries and Livestock Production). Possible adverse effects on wildlife and
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fishery could be counteracted by the technical measures mentioned in section 5 of
Chapter XI,

2.

Animal Husbandry in the Kafue flasin

LiveBtock areas and numbers
About one third of the Kafue basin is infested with tsetse fly and is, therefore,
unsuitable for animal husbandry unless the fly is eradicated or controlled (see
Figure 5)' In the rest of the basin only a few areas carry cattle in significant
numbers. The most important are the areas south of the Kafue flats from Ghoma to
Mazabuka, a relatively small but densely used area round Namwala, and, to a lesser
extent, the area north and east of the flats and on either side of Kafue gorge. In
the areas tributary to the Lukanga swamp, cattle are kept in limited numbers. The
Kafue flats provide grazing in the dry weather for herds from adjacent lands, but
large areas of them are unusable during the flood season. In parts of the various
areas, cattle and other domestic animals have to share the grazing with wild game.
Wild game is found for the most part, however, in the tsetse infested areas.
The numbers of domestic animals, estimated on figures from the census made in
1963, are:
All Zambia

Kafue Basin only
Traditional

Cattle
Pigs
Sheep

1,250,000
53,000
90,000

460,000
5,000
-

Commercial
100,000
5,000
not known

Total
560,000
10,000
T

Cattle are much the most important. Henceforward, therefore, the main factors which
affect livestock and the main problems of improving its condition and production are
described and discussed in terms of cattle. The problems of pigs, sheep and goats,
however, have also to be kept in mind.

Cattle in the Kafue flats zone
In general the herds of traditional producers in the Kafue flats pass the rainy
season, from November or December until March of April, on the uplands. Much of the
uplands are under cultivation at this time. As a result, the limited grazing lands
tend to be overstocked. The Hyparrhenia grasses are palatable when young, but are
coarse and less nourishing as they ripen. Thus cattle tend to lose condition.
No stacking of forage for off-season consumption is done. Only the stalks of mai-'e
after harvesting are available. As the rainy season ends and the floods begin to
recede - about March at the western end of the flats, and progressively later further
east - cattle begin to move into the flats. They follow the edge of the falling
flood waters. This -process continues gradually. The last of the cattle may oome
down to the flats only in July or even August, when their numbers are probably
200,000 to 250,000.
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A herd of oattle oroBsins the Mutama River to prooeed to
grazing areas.

- 62 -

Once uncovered when the waters withdraw from them, the tall wild rice (Oryza
species) and other aquatic species collapse. Cattle do not eat them readily because
they are coarse and are covered with mud and silt. Cattle also refuse the tussock
grasses, for similar reasons, until the new growth appears after burning, v^jhen it
is rapidly grazed down. Burning is widespread over the floodplain during the dry
season. VoGsia cuspldata and other lagoon grasses, on the other hand, remain
nutritious and palatable, and, where the water recedes sufficiently, cattle will eat
them throughout the dry season.
It will be seen that, apart from the extensive flooding which makes much of
the Kafue flats inaccessible, it is difficult to utilize theii* tremendous seasonal
grass growth satisfactorily for grazing. Moreover, when flooded, the flats are
infested with Limnea snails, which are hosts to the parasite carrying liverfluke.
Virtually all the cattle which graze on the flats are afflicted.with this disease.
Henoe, while the flats provide essential grazing to herds from the adjacent regions
during a large part of the year, the grazing is mostly of a low quality and many
beasts leave the flats in poor condition.
The commercial ranches of the Kafue flats zone are situated mainly on the
uplands. They are usually holdings of 5,000 to 10,000 acres, and they are divided
into paddooka by fencing. V/ater supplies are provided from streams, dams, and boreholes. The carrying capacity of the ranches is from 20-25 acres/head on sand veld
lands to 10 acres/head on sand/clay loams, i^laize is grown on moat of the ranges,
sometimes on very large areas, and tobacco on some sand veld ranches. To some extent,
hay is made and stacked, and some crops are grown for silage and dry-season fodder.
Calving percentages on the commercial ranches are only about 50 percent. This is due
chiefly to shortcomings in management. Where, however, management is good and
supplementary feeding is given, the percentage may rise to eighty. Breeds of cattle
are various. The most popular is the Afrikander, often crossed with South Devon and
other breeds. Too many bulls of poor type, especially a,mong the Afrikander cattle,
are used for breeding. In the local conditions of clim3,te and low quality grazing,
the improved Zebu types of cattle should do better.
The ranches have a serious problem of bush encroachment. It is estimated that
the original clearance of bush may oost up to £ 10 per acre; once achieved,
clearance can be maintained by rotational burning and hand labour at perhaps 7-10
shilling per acre per year. Neglect of this bush control can result in rapid
encroachment, and, once t}iis occurs, tht; yubseiiuent clearance needod is much more
expensive. The effects can be a serious reduction of stock-carrying capacity, and,
in the end, even the abandonment of farms. In spite of fire breaks, early burning
ooours. This, too, encourages'bush encroachment. A system of resting paddocks
every fourth year is recommended, with a hot burn of grass as late as possible
before the rains to check the growth of bush. The system can be rendered useless,
however, by early fires spreading from adjoining areas. In short, burning alone
is not the complete answer to the proulom. It must be combined with other methods.
Potential improvements in the production of cattle in the Kafue flats (and of
animal husbandry generally anywhere in the Kafue basin) will very largely depend on
overall organization, better local management, and the controlled use of dry-land
pastures, Rotational grazing, controlled burning and supplementary feeding for the
fattening of cattle will be necessary.
Cattle in the Lukanga swamp and other regions
Cattle in limited numbers .graze in the areas round the Lukanga swamp and eastwards, and on lands along the line of the railway from Lusaka northwards to Broken
Hill and even beyond. The cattle in the Copperbelt region are primarily
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kept for milk and by comparison with the Kafue flats, other regions have only minor
importance for cattle.

Marketing of cattle in Zambia

In 1963| of some 62,000 cattle slaughtered in the whole of Zambia, about 52,000
head wore purchased by the Cold Storage Board, and about 10,000 head by private
butchera. It was estimated that some 20,000 head were also slaughtered for subsistence and for ritual purposes. Of the total, about 50 percent were supplied by
commercial producers, largely non-African settlers, about 30 percent by traditional
producers, and about 20 percent were imported from Beohuanaland. The figures give
a general picture of the supply and disposal of slaughter animals. More up-to-date
figures have not been available.
The following figures indicate the grading of animals:

Good average quality
or higher

October I963 - September I964
October 1964 - March 1965

40io
43^0

Pair average quality
or lower

60;J
57"/^

Separate figures for numbers and gradings for cattle from the Kafue basin are not
available, but there is no indication that the proportions shown above are not
applicable to them.

Dairy farming in the Kafue basin
The production of milk for sale in the Kafue basin was in the hands of
registered non-African producers until I9Ó4-65. Total production in recant years
has risen sharply; from about 250,000 gallons in 1952 to about 3,800,000 gallons
in 1964. There has been a tendency for the number of producers to decrease, and
this results in larger and more efficient units. Processing and sales are
controlled by the Dairy Products Board, under the Ministry of Agriculture. Of the
total output in I964, about one-third was used for making cheese and other milk
products, and two--thirds were sold as milk. Little tiutter was produced; moat is
imported, largely from South Africa and Kenya.
Of the cows used for milk, a large proportion -vere Priesians. The remainder
were Ayrshires, Jerseys, and Guernseys. Management varied widely from one producer
to another, from moderate to very good. The general impression was encouraging,
and the prospects of further expansion seemed good. There was, however, a real
need for an advisory extension service under the Chief Animal Husbandry Officer.
This is a step needed to raise the standard of all producers nearer to that of the
best. Another important step is to increase^ the interest of Zambian farmers in the
dairy industry by demonstrating its advantages and profitability.
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Priesian dairy hord in Rxoo.llnnt oondition on Hukuyu Parm,
east of the Magoye River.
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Pigs in the Kafue basin
As the figures in section 2.1 show, the share of the Kafue basin in Zambia's
pig population is about 20 percent. This is small in relation to the share of the
rest of the country, and particularly small in view of the apparent potential
production within the basin. The prospects for marketing appear to bo good; for
total sales in Zambia inoraased from about 2,500,000 lbs. in I96O to over 3,500,000
lbs. in I9Ó3. The organizations include the Cold Storage Commission, Cooperatives
for production and for processing, and local pig associations. They offer the basis
for improvements in breeding, management and feeding, and for increases in sales.

Animal husbandry research in Zambia
Three stations in Zambia carry out research into problems of animal husbandry.
One station is in the Copperbelt, one at Mount Makulu near Lusaka, and the third
at Mazabuka near the southern edge of the Kafue flats. Research work is linked with
the Central African Research Council, which ensures coordination with research in
other countries in Africa. The organization appears to be suitable, but it is
important to continue to provide adequate staff and means to improve the breeding
standards of beasts, to raise the efficiency of feeding and of management, and to
control diseases.

3.

VJildlife in the Kafue Basin

Areas and numbers of -wildlife
Since the tsetse fly infected areas in the Kafue basin, shown in Figure 5,
lack domestic animals, particularly cattle, and contain relatively few people, they
are naturally the chief areas for wild game of many different kinds. The Kafue
National Park of 8,650 square miles, within which lie some 73 miles of the course
of the Kafue river, is an important area of this kind. Large numbers of wild game,
however, are also found in parts of the basin outside the tsetse areas, and mainly
adjacent to them. In some of them, and notably the Kafue flats, the game competes
for grazing with cattle.
It is believed that, in the central and upper parts of the Kafue basin, the
present populations of wild animals have not changed very greatly from those of former
times, except in the immediate neighbourhood of towns in the Copperbelt, where the
increased numbers of people and poaching, which still continues and tends to increase,
have led to a reduction. In the Kafue National Park, as in any other natural
environment, fluctuations in animal populations occur. Some types diminish in
numbers, and others, such as elephants and black rhinoceros slowly increase. In
strong contrast, drastic changes in the wildlife population have occurred in the last
40 years in the Kafue flats below Meshi Teshi. Of,the former vast herds of game
of many kinds, only relatively few still remain. For example, the red leohwe, the
most numerous single species, which 30 years ago was estimated to number over 200,000
now numbers less than 25,000. These enormous reductions have occurred by continuous
slaughter of beasts, primarily for meat. The continued existence of even the present
reduced numbers is largely the result of the protection of wildlife provided by the
two large areas of Blue Lagoon -and Loohinvar on the north and south sides of the Kafue
river in^the central flats. Together the two ranches may cover 250 square miles.
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In Zambia as a whole, however, very large areas of undeveloped lands still carry
large numbers of wild animals. Including Kafue National Park, there are altogether
some 18,700 square miles of animal reserves. In addition, there are extensive hunting
reserves of various kinds.

Revenue from wild life» poiential oommoroial cropping
Schemes of systematic cropping of wild game, under properly organises commercial
arrangements, offer strong possibilities for the valuable production of protein for
human consumption, such as dried meat or meat flour. Those schemes must be based on
the sustained yield of each particular animal population in proper balance with the
conditions of its habitat. Suitable areas for these schemes in Zambia include:
1. Luangwa Game reserve
2. Kafue Plats Leohwe range
3. Mweru Marsh game reserve
4. Bangweole Black Leohwe range
5. Eastern Lunga river and Luswishi river oatohments
6. Numbwa West first-class controlled hunting area.
Areas 2, 5 and 6 lie within the Kafue basin. Data for complete estimates of possible
production from them are not yet available. A tentative estimate of the potential
production, cost and benefits of three alternative uses of the lands of Lochinvar
ranch, however, has been made. It is area 2 and covers about I58 square miles. The
uses relevant to the present chapter are (a) for cropping of wild game and fisheries
and (b) for cattle and fisheries production.. The results indicate that for each the " '
gross value of production might be about £ 60,000 per year. Prom this amount
expenses might take about £ 20,000 for (a), and as muoh aa £ 46,000 for (b). According
to these very appro:(imate figures, (a) would be muoh more advantageous than (b).
The estimates assume that the annual regime of flooding and uncovering the lands in
the Lochinvar ranch which lie in the floodplain would continue. The estimates also
assume that for both (a) and (b) production would be on a commercial basis. If this
were not true for (a), smaller benefits should be expected. The discussion as
summarised herein appears in more detail in Volume V (VJildlife, Pishories and Livestock Production).

ImplioationB for the Kafue National Park of a larf^e storage reservoir at
Meshi Teshi
The construction and annual regime of operation of a large storage reservoir
at Meshi Teshi will cextainly greatly affect parts of the Kafue National Park, Por
practical reasons alone, it will be necessary to clear the, tree growth over the whole
extent of the reservoir area, amounting to about 200 square miles, before the
reservoir comes into operation. Within this area, therefore, the present riparian
forest will disappear, and with it a habitat well suited to various forms of wildlife.
A similar riparian forest can, however, be expected to develop along the new shore
line at top water level, both on the main river and the courses of tributaries,
such as the river Musa; but its growth will take several years. The zone annually
covered and uncovered may produce relatively little growth, until types of vegetation
suited to these conditions become established. It may, however, be possible to raise
the rtinge of reservoir levels by successive steps over !;everal years, thus making
the changes in conditions less abrupt. The advantages .nd disadvantages should be
thoroughly studied before any final decisions are talcen.
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The conditions of life of several important apeoies of wildlife will be
signifioantly affected by the changes, but only over the reaches of th? river which
are within the limits of the reservoir. These form only a small part of the whole
length of the river within the Kafue National Park. Thus, over the greater part,
conditions will remain the same. The species affected are likely to include
elephant, buffalo, zebra, hartebeest, crop or puku, blaok rhinoceros, and hippopotamue.
Crocodiles and turtle may also be affected.
To cope with the difficulties, and to ensure the best possible conditions for
the wildlife on which the future of the Kafue National Park depends, the closest
cooperation between all concerned will be essential at each stage in planning
construction of the dam and in devising the operation of the reservoir.

4.

Fisheries

IJational production; natxira of fisheries in the Kafue basin
At present, there are many fisheries in Zambia. The six important ones are at
Mweru-Luapula, Lake Bangweole, Hweru-Wantipa, Kafue river. Lake Tanganyika, and Lake
Kariba, It has been estimated that the present production may be about 32,000 tons
per year in all. The maximum potential production is, probably more than double
this amount.
Of these totals, fisheries in the Kafue basin represent about 8,000 tons per
year, with a maximum potential estimated at 10,000 tons per year. Included in this
are the fisheries in Lukanga swamp. Por them, statistics are inadequate, but they
may produce about 3,000 tons per year. (The potential increase of Lukanea swamp
fisheries cannot be great, because the heavy growths of reeds and other vegetation
limit both fishing areas and communications). The gross value to fishermen of
fisheries within the Kafue basin, estimated at 4 d. per lb., may be some £ 270,000
at present, and some fc 330,000 at the maximum potential.
Pishing on the Kafue river varies with the seasons. Oill nets can be used
throughout the year, but.draw nets only at low water. When the Kafue flats are
flooded, fishing moves to the frint;es of the inundated areas. Various species of
fish, among them the valuable oichlid species, breed just before, and just after,
the flood season. This allows advantageous conditions for young fish, for all fish
are more dispersed and less liable to capture by other fish or by men. The critical
time for the survisal of fish stocks is the low' water stage.

Effects of changes in water regime in the Kafue basin
Measures to counteraot einy problem for fishery that might be created in the
Kafue flats by establishing the water oontrol desired on t-he Kafue river are briefly
discussed in section 5 of Chapter XI.
The reservoir created at Meshi Teshi, and that for the Kafue gorge dam, will
provide additional sources of fishery.

•<»
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In Lukanga swamp, fisheries would be affected by swamp water level variations
which would result if a dyke were constructed bet;ween the river and swamp. It is
unlikely that ranges of variations higher than those' which have already occurred
would make much difference, though the potential might be increased. It is prQb,^ble,
however, that levels drawn down below the present minima would be detrimental. The
swamp's present regime, from year to year as well as from rainy to dry season,
is likely to remain little changed in future, although spilling of water into it
from the Kafue river may occur only on the rare occasions of very high floods. Then,
with the lower peak rates of flow in the river, quite large amounts may be passed
into the swamp. The highest levels reached in the rainy season will then in most
years be rather lower than under present conditions. Very rarely they may be higher,
but low levels reached at the end of the dry season are likely to be little different
from the present low levels. If this is so, the production of the fisheries will
not be greatly affected. It would be advisable, as suggested in. section 5 of Chapter
VII, to make detailed studies of the fishing production at the various water levels
at present reached under natural conditions.

Small fish ponds
These offer a potential source of supply of fish which, in total amount, could
be quite significant. The recorded rate of production of small fish ponds in Zambia
is about 1,000 lbs. per acre per year. With good management, this rate could be
doubled, and increased even more with special feeding. Artificial production can be
important in areas which are distant from natural fisheries. Near them, however,
the costs of artificial ponds would not be justified. Ponds each of l/lOth to
l/20th of an acre appear to be suitable. They can be an adjunct to some form of
agricultural development. Ponds can be formed in "dambog", or marshy humus-filled
depressions.

CommunicationB and marketing
If the catches are to be sent away quickly and cheaply, reasonable access from
the fisheries by road or water is essential. So also are better facilities for
marketing both fresh and'dried fish. The demand for fresh fish will increase steadily.
There seems to be little need for processing plants, since the consumption is looal;
but adequate storage, both at centres of production and at markets, will be
increasingly necessary.
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A small fleet of fishing oanoes along the banks of the Kafue river at Mswebi
in the Mumbwa district.

Inhabitants of the Nomalio fishing camp situated in the bast Oryza barthii
grassland floodplain.

Subsistence cultivation in the area near Chapula.

Typical upland country in the area south of the Copperbelt.

- 71 -

CHAPTÜH X

AGRICULTUHAL CONSIDERATIONS AOT IHHIGATIüN

1.

Traditional Agriculture in the Kafue Basin and the Limitations of its Development

There are various forms of traditional African agriculture, which basically
depend on the hand hoe as the main implement used for cultivation. In the case of
Zambia the system used in many parts of the Kafue basin is a form of shifting
cultivation known locally as "ohitamene". It is practised in areas of natural
forest or "bush", where the trees are felled and stacked on a small plot and burnt.
Crops are then planted in the ashes after rain, and they benefit from the potash
and phosphate incorporated with the soil. This system has merits which have stood
the test of time, including that of simplicity. But, the system also has great
limitations; one of the most important is the restricted degree of improvement that
can be obtained.
Under this system the family farmer may, by adopting improved techniques,
achieve some improvement in his standard .of living, but he soon finds that he is
faced by the problem of the limited area that he can cultivate efficiently with the
resources available. The returns from traditional crops such as maize, sorghums
and groundnuts seldom exceed £ 10 per acre gross, which amounts to about S. 120 to
£ 150 per family per annum. Advances beyond this might most readily be made by the
introduction of high value cash crops, such as Turkish tobacco, which could give a
gross return of £ 60 to fc 7O per acre; or cotton, although it provides only a third
of the return per acre, more acres of it could b'e managed by a family farmer if he
were provided with improved farm implements. The more progressive farmer might well
look to the tractor to enable him to cultivate more land at the right time, but
yields as well as acreage would have to be much higher for economic tractor use.

2,

Non-traditional Types of Agricultural Development so far attempted in the Kafue
Basin

Two types of development which have been tried in different parts of Africa
are the mechanised production project and the irrigation scheme. The success of
these may be variously interpreted from the social or economic point of view, but
both types do seem to offer cultivators the opportunity of making a rapid transition
from purely subsistence farming to commercial production.
Experience of the more capital intensive schemes of this nature in Zambia is
limited, and it is only in the last few years that pilot schemes have been undertaken. One, started in I963, is the Chombwa Produotior? Settlement scheme. This
dryland scheme in the Central Province, about 100 milee west of Lusaka, is based
mainly on cotton. Under the scheme, 48O acres of land were cleared and farmed in
12 acre holdings. In the 1964-65 season, each of the AO farmers had six acres of
cotton, 2 acres of maize and four acres fallow. Tractors and equipment from a.
central pool plough and plant the land, and the cotton is sprayed against inseot
infestation by helicopter. The' farmers and their families weed and harvest the
crops by hand.
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Another scheme is the Kafuo Pilot Polder, which is situated on the edge of the
Kafue flats, ijO miles south-east of Lusaka. It was undertaken by the Hhodesian
oelection Trust in 195Ó. 71)0 acres of black cracking clay soil ware enclosed by a
polder to prevent inundation from the nearby Kafue river, from which water for
irrigation was pumped. The crops grown were maize, rice, groundnuts, kenaf, wheat
and potatoes. The soils proved difficult to cultivate, but with close and skilled
direction, with mechanised cultivation and the generous use of fertiliaers, many of
the difficulties met with on these types of soils were coped with, and ultimately
good yields were obtained. With cattle, hovirever, the scheme was not succe-'Tful.
In 1965 the Ministry of Agriculture took over the scheme as an' experimental etation.
A third scheme located on the edge of the Kafue flats in the Uakambala sugar
scheme, where sugar cane is grown under irrigation and refined on a commercial
basis, and where small areas of other crops are grown experimentally. The soils here
are upland soils of a different type compared to the heavy olays of the Polder projeot.
The sugar scheme is still being developed and is expected to cover eventually an area
of 10,000 acres. rfhen it has been in full operation for several years, an appraisal
of its agricultural implications will be more, meaningful.
Inevitably, many aspects of schemes such as those described above, whether
dryland or irrigated farming, are unique, and the interpretation of the results can
vary considerably depending on the assumptions made as a basis for calculating coat/
benefit ratios. These schemes have not been operating long enough to accumulate
really reliable data on which to determine the best possible cropping patterns to
employ, nor to estimate the optimum yields of crops.
It would appear to be premature, therefore, to compare dryland schemes with
irrigation schemes for the purposes of this chapter. Further discussion of the
subject appears in Chapter XIII. The Plan of Operation did not provide for an investigation of agriculture in all its various aspects, but it did ask for consideration
of the potential development of intensive agriculture by irrigation, and this aspect
is examined in the following paragraphs.

3.

Organization Required for Success of Intensive Irrigation Agriculture

On all types of agricultural development schemes some measure of organization is
essential to achieve successful operation and optimum yields, until individual
cultivators have reached a sufficiently high standard of skill and experience. /Jith
dryland farming this organization in most cases is brorght about by extension work.
No attempt is made here to discuss the various aspects of its application but it is
assumed that, in general, organization will continue to be in the form of advice
and help to individual farmers. On irrigated developments, mere advice by extension
v;ork is not enough. Because the costs of irrigation are so much higher than those
of dryland farming, it is all the more important to ensure that adequate yields of
crops, and corresponding financial returns are obtained. ^ Experience of many schemes
shows that some degree of control and management is essential, certainly in the
earlier stages of development, but preferably as a permanent feature.
Again, just because irrigation schemes are expensive, their annual costs ha\/e
to be mat from increased output, in some way or other. This involves the establishment of a system of charges, which may be levied on cultivators in various ways:
e.g. at fixed rates per acre of their holdings) or per acre of the various crops
grown; or at agreed rates on .the amount of the crops actually produced by them; or
as a percentage on the value of these; or at agreed "ates on the amounts of water
actually used on them. The last of these has the advantage of giving an incentive

- 73 -

to eoonomy in the use of water, but it is not easily applied, because it involves
measurement of the amounts of water used by each cultivator. The equipment required
for such measurement is neither cheap nor very reliable, except perhaps on a very
small scale. On the other hand, fixed rates per holding are not satisfactory either,
especially in the early years of a scheme, when cultivators are still inexperienced.
In this case cultivators would be taking all the risks of poor results, which proper
management should avoid. No hard and fast rule can be laid down as to which is
the best method to adopt in Zambia, but one of them should be chosen which best fits
the local oiroumstances.
The important matter is to realise in advance that a sufficient degree of organization is neoessary, and then to plan it and implement it on sound lines. There
are many advantages in setting up a semi-autonomous agency, responsible to the
Government for effective results within its sphere. One prime essential in any case
is to secure skilled and experienced managers and staff at the outset, and it will
probably be necessary to employ expatriates until nationals can be suitably trained
and gain enough experience. It may not be absolutely necessary to set up such an
organization for a moderate number of small pilot schemes, since these can perhaps
be dealt with by the existing Government departments and agencies. But, before any
substantial development of irrigated agriculture takes place, the organization and
machinery to handle it effectively should exist. Indeed, to share in the process of
development is excellent training for the staff who are later to operate the schemes.

4»

Land Tenure in the Kafue Basin

The project team was not required to investigate and report on any aspects of
this somewhat complex question. Therefore no attempt is made here to discuss it as
a whole. It is, however, relevant to the development of irrigated agriculture in
the Kafue basin to point out that the greater part of the land in the basin is Reserve
Land or Trust Land and held for the use of Zambia nationals under customary law and
practice. It is likely that much of the potentially irrigablo area will prove to be
on lands in this category, and therefore it appears necessary to provide arrangements
whereby lands needed for irrigation schemes sponsored or approved by Government can
be delineated and the areas made available for development in a straightforward
and effective way. This, may involve legislation.

5»

Environmental Conditions in the Kafue Basin

A large part of the western half of the Kafue basin is infested with tsetse
fly. These areas lie in suboatchment B, D, E and in the western part of suboatchment
F, with the exception of a narrow stretch along Solwezi and Kasompa (see Figures 2
and 5). The health hazards caused by tsetse flies are so menacing that human population and cattle are'practically nil in these areas. Tho only rail line in the
country runs along the southern and eastern sides of thf rrtain Kafue basin from
Livingstone to the Copperbelt. The good communication offered by it and the accompanying system of roads has attracted population conoenf.rations along the rail line,
Tho total population of the Kafue basin is about 1.1 million (l963)i the urban
population ia about 0,6 million, of which nearly 80 per'ient is in the Copperbelt
(in suboatchment A ) .
The rural population is about 0.5 million, of which more than 60 percent lives
in the eastern part of suboatchment F stretching on either side of tho Kafue flats.
The oattlo distribution is mainly in the eastern part of suboatohment F, heavily
concentrated in the area south of the Kafue flats.
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Because of these environmental conditions the need arises for further agrioul- •
tural developments where the conditions are suitable and the population already
exists. Within the limits of the Kafue basin, such need takes various forms. Near
the Copperbelt and the line of rail, increased production of fruit and vegetables
is wanted to meet the local demand from the town populations. Also in the Copperbelt
region, the large-scale plantation of forests with quick-growing types of trees is
of increasing importance to provide timber for mining operations. Both north and
south of Kafue flats, agricultural development is needed to increase employment and
raise the standard of living of even the present population, let alone the increased
numbers to be expected in the future. In the far western part of the basiii., around
Kasempa, a demand exists for some degree of development, for the double purpoBe of
preventing the further spread of tsetse fly and or resettling people displaced from
areas newly infested by this pest.

6.

Sources and Means of Supply of Water in the Kafue Basin

The available sources of wa,ter for irrigation are the rivers and streams or,
where it exists on a sufficient scale, groundwater. Groundwater is available in many
parts of the basin and is already used, mainly for supplies of drinking vjater, but
also to some extent for irrigating gardens and small plots in private lands. The
project did not call for groundwater investigation which would involve special surveys
and studies, but there are so far no indications that it is likely anywhere in the
basin to provide supplies for intensive areas of irrigation, though it may well
continue to be used for small schemes.
Por the purpose of project investigation, rivers and streams are the sources of
supply to be considered. Where streams are perennial, or at least flovv in sufficient
amounts throughout the growing periods of the prospective crops, they may be able
to provide enough water without storage. This is the case on the main river and on
certain tributaries. The abstraction of such supplies may be done by pumping, as on
the Pilot Polder scheme and the Nakambala scheme already mentioned, and on various
small private areas of irrigation. Otherwise, where conditions are favourable,
diversion works across streams may be used to ensure flciws of water into canals. On
many and probably most, of the tributary streams in the basin, reservoirs are quite
essential to store water from the flows in the rainy season, in order to meet the
needs of irrigation in the succeeding dry season.

7»

Pilot Irrigation Schemes

Where, as in Zambia, there has been very limited d'^velopment of irrigation, no
matter how thorough may be the investigations and how careful the planning of
schemes, some difficulties almost inevitably occur in the early years of operation.
There arise questions regarding soils, the incidence of pests and diseases, water
supplies, or the organization and training of cultivators, or marketing and disposal
of crops. Difficulties in all or any of these sectors may affect the economics of
the scheme, as already implied.
Except in small schemes, it will generally be advantageous to develop by
successive stages over a period of years. Clearly, it will be much easier and less
expensive to make any changes and correct any mistakes if the first stage of development is a pilot project of modest size, but sufficiently large to give a fair test
of the scheme as originally proposed. When this has proved itself, with modifications
if• necessary, expansion can continue in the knowledge that it is on sound lines.
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8.

Areas Investigated for Irrigation Development

A large number of sites for dams capable of providing irrigation on areas of
500 acres and upwards were located, in the first place from aerial photographs, and
were given preliminary consideration by the consulting engineers to the project. In
addition, other schemes were considered wnere irrigation from a stream might be
developed without the need for storage of its flows. Prom all these sites the most
promising were selected for closer examination, htiving regard to the need for
irrigation in the various parts of the basin. Those so selected fall into three
groups, by location, as follows:

number of schemes
investigated
(i)

(ii)
(iii)

In upland areas on tributaries
to Kafue flats

10

In areas south of the Copperbelt

16

In areas near Kasempa in the Nor'thVJest Province

3
31

Particulars of these sites are given in Table 17 for group (i). Table I8 for
group (ii) and Table 19 for group (iii). These groups differ, not only in location,
but in other respects also, and therefore each group is discussed separately below.
Within the resources of staff and means available to the project, only in a proportion of these sites was it possible to survey in detail the qualities of the soils
in the areas irrigable. Por most of the sites selected, it proved possible to
estimate both the area irrigable and the approximate capital cost of works, and from
these figures, the approximate rate of investment per acre. This enables comparisons
between different sites o,nd indicates relative priorities for detailed planning with
a view to development.
At many of these sites, it became apparent that the factor determining the area
irrigable would be the amount of water available, rather than the extent of suitable
lands. This was particularly the case with sites in group (i). At the time when
those-were investigated, actual flow records of the particular streams were not
available, and the amounts of annual run-off to be expected were therefore estimated
from rainfall records using figures of the general relation between annual rainfall
and annual run-off derived from actual records elsewhere in the basin. However,
subsequent observations in certain catchments suggest that the original estimates
of run-off may in some cases have been somewhat on the high side. Only adequate
measurements on each catchment can resolve such uncertainties, and it is important
that measurement should be continued without interruption for sufficiently long
periods. Until results from them are available, it will be wise to assume that the
areas irrigable at any site may be rather less than those estimated.
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9.

General Considerations of Gost/Value Ratio

In making preliminary determinations of economie justification of potential
irrigation schemes a frequently used criterion is the ratio of the capital cost to
the gross value of the expected product. In cost/value calculations it is accepted
that if the ratio does not exceed 3«0, more detailed investigation is considered to
be justifiable. To use this ratio, it is necessary to assume some cropping plan
which appears appropriate to the conditions, to estimate the reasonable yields to
be expected, and to determine suitable unit values of the various crops. Prom these
can then be assessed the gross expected value of the product per acre.. The limitations of the ratio \-ihen reliable crop yield data are not available has already been
mentioned
in section 2 above and, therefore, for the purpose of this chapter, the
m
tentative calculations made on the basis of assumed cropping patterns and crop yields
will not be treated in detail. General guidelines can, however, be obtained from
such calculations for the purpose of relative comparison of different schemes which
are investigated for similar cropping plans in any given locality.
It may be added here that, as far as present circumstances indicate, the
deficits of agricultural commodities in Zambia by 1970 are foreseen, approximately,
as follows: wheat, 40,000 tons; proteins and oil seeds, 7»200 tons; potatoes,
5,100 tons; vegetables, 11,300 tons; fruit, 10,500 tons.
It is estimated that the respective irrigated acreages for making up these
deficits would be approximately 40,000 for wheat; 10,000 for proteins and oil seeds;
1,000 for potatoes; 2,300 for vegetables, and 2,100 for fruit.

10.

Possible Development Schemes in Upland Areas Tributary to Kafue Flats Group (i)

Particulars of the various sites and areas, including notes on the soils, are
given in Table 17 and their locations are shown in Figure 9» It will be seen that
the forecasts of capital cost per acre irrigable range from £ 165/acre for the Lower
Nangoma scheme to over £ /jOO/acre in the case of the Nyanga and Kaaungula sites.
This wide range of variation brings out at once the considerable reduction in unit
rate of coat achieved by developing schemes of some size - small schemes are relatively much more expensive.
On the basis of an assumed cost/value ratio, schemes estimated to cost up to
£ 250 per acre for the production of wheat, proteins and oil seeds would appear to
merit further examination. These are:
Scheme
Kembe-Mwembeshi
Lower Wangoma
Nansenga

Capital cost per acre
irrigable
£ 182
£ 165
£ 169

Approximate
area - acres
up to 24,000
up to 14,500
up to 16,000

acres
acres
acres

Of these, no detailed soil surveys are yet available for Nansenga, though the
results of reconnaissance surveys are encouraging. This scheme lies just whithin
the region infested'by tsetse fly, and this may be a considerable objection. The
Kembe-Mwembeshi.and Lower Nangoma areas offer advantageous prospects, subject only
to the qualification as to the run-offs to be expected (see section 8 above).
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Thia, hov^ever, might merely affect the area of potential ultimate development in these
schemes, and not their teohnioal merits.
The potential advantagesof the development of irrigation on some area, or areas,
within this group are clear. But if it is to succeed not only should the appropriate
organisational and land tenure matters (see sections 3 and 4 above) receive full
attention beforehand, but existing research and investigation into crop husbandry
methods should be intensified. Provided this last matter is given priority, it would
be advisable to make a start as soon as possible with one of the pilot schemes
commended above. While planning and design is being met, progress can be m-de with
setting up an effective organization for development, subsequept operation and the
training of prospective cultivators in the disciplined routine of irrigated agriculture.
This pilot scheme would also provide an invaluable test of the production which
can be achieved in practice. For the purpose of a pilot scheme, any one of those
commended appears to be worthwhile. The Kemba-Mwembeshi area has the advantage of
being rather nearer to Lusaka and prospective markets, but this may not outweigh the
lower rates of unit costs shov*n by the other two, Por a pilot scheme of the kind
envisaged, an area of about 1000 acres is recommended, as being large enough to provide
adequate testa of conditions and results, and yet not so large aa to involve difficulty
in making any modifications and adjustments that may be found necessary in the light
"if experience.
In planning the necessary organization, the important point is to ensure coordinated control of all activities. It is not enough merely to post staff to such
a scheme from each of the various departments and ministries concerned, and trust
that their respective efforts will work out successfully, A co-ordinating committee
may be valuable, but even this may not be sufficiently effective. The essential
point is to set up an organization in which at all levels right up to the controlling
individual at the top, responsibilities are clearly defined, and decisions and actions
are taken accordingly in full knowledge and appreciation of all the relevant factors.

1.1. Possible Development Schemes in the Area South of the Copperbelt - Qrou^

i^^\

Particulars of the various sites and areas considered, including notes on the
soils, are given in Table 18, and their locations are shown in Figure 9» I't will
be seen that the areas considered irrigable range from'168 acres upwards. For the
schemes for which it was possible to estimate the approjimate capital cost of works,
the unit rate of cost ranged from £ 293 per acre up to over fc 1000 per acre.
Schemes in this group were investigated with the objective of producing
vegetables and fruit to meet the growing local demands, particularly in the towns
of the Copperbelt, Because of the high gross returns f-ir these crops, schemes
costing up to about £ 500 per acre irrigable will justify closer examination. On
the results so far available, sites in this category, for which soil surveys have •
indicated sufficient lands of suitable quality, are as follows:
Ghapula Scheme with Dam
ft
Chondwe Pump Scheme
Chebuli Scheme with High Dam

325 per aore. Area up to 680 acres
£ 411 per acre. Area up to 166 acres
£ 502 per acre. Area up to 640 acres

Of these three sites, the last has the highest estimated unit rate of cost and
presents more problems of soil and topography. In these respects, both Chapul'd and
Chondwe are more promising. The prospective advantages and disadvantages of these
two may be summarized as follows;
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Ghapula
It ia in a oompaot area of over 900 acres. The area irrigable, by 4 mile oanal
from a storage reservoir on the river, v/as estimated to be 680 acres, but pending a
oheok of the minimum dry-season flows, it may be assumed to be not less than ;j00
acres. People already live in the area and have done clearing for their dry-land
cultivation. Close by the area communications already exist to Kitwe, about 25 miles
away by road. These are favourable features.
Ghondwe
The area under consideration is estimated to be some 200 acres, of which 168
acres may be irrigable. Water for this area can be pumped either from the Ghondwe
river with a small storage reservoir, or from the Kafulafuta river without storage.
The area would have to be cleared of the existing woodland, and cultivators would
have to be brought in, housed and settled. The area is less than two miles from the
main Lusaka-Ndola road, but, to link with this, the Ghondwe river would have to be
bridged. The distance to Ndola is about 25 miles.
On this comparison of the considerations as they now appear, Ghapula offers
better and more extensive prospects in the long term.
In view of the urgent requirements of vegetables and fruits to meiet the growing
demands in the Gopperbelt, it appears highly desirable to make a start as soon as
possible either with Ghondwe or with Ghapula so that progress can be made in
collecting reliable data on costs and yields. For the first test of the agricultural
possibilities, water supply from boreholes may be tried.
However, for both areas a number of points call for further surveys and
observations, to' permit detailed planning of the ultimate development in either
scheme. These can be undertaken while an initial area is being developed and in
first production. The most urgent points are:
Topographical surveys of the irrigable areas themselves and the adjacent
country so far as necessary for the planning of the layouts of reservoirs, dams,
canals, and other works. These should be with contours.
Within the areas of land commanded for irrigation from these layouts, detailed
observations of soils, to locate and exclude from use patches of land of unsuitable
quality.
The setting up of gauging stations on the rivers, aad the taking of observations
of water levels and rates of discharge, to establish the amounts of water actually
available at different times of the year. It is strongly recommended that these
points be given attention. In the longer-term planning, many other points will arise,
social and economic as well as technical and practical. Of these, the one to which
attention is particularly drawn is that of the need for saund organization and
management, on both the agricultural and the engineerinö sides.

12.

Schemes in the Kassmpa Region - Group (iii)

Particulars of the five si-tes and areas tentatively considered, including notes
on tne soils examined, are given in Table 19« Their locations are shown in Figure 9«
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In this region the average rainfall is from 36 to 42 inches per year, and the rainy
season usually lasts more than 4.1/2 months, from early November till about the end
of March. Most of the streams are perennial, though their minimum flows are
relatively quite small. No records of measured flows exist, and for the investigations 'made, run-'offs had to be estimated from rainfall data.
Of the five sites, soil surveys could be made only for three, nam.ely Kenuayna, Kamatete and Dengwe. At Dengwe and Kamatete, there are some areas of good
soils mixed with poor and the topography also is very irregular. These sites are
of doubtful value. At Kenyauna, in some 67O acres soil-surveyed, about two-thirds
are suitable for irrigated development. In respect of water available, the best sit®
is Lobufu, where relatively less storage is required, resulting in less cost per
acre. The estimated unit costs for these two schemes are:

Site
Kenyuana
Lobufu

Unit cost
£/acre
£ 374
£ 262

Acres irrigable
up to 46O acres
up to 538 acres

In the conditions of the Kasempa region, the question of cropping is of prime
importance in considering the feasibility of and justification for potential developments. The region is remote, and crops produced must either be consumed locally,
or be of such value that they can be profitably transported to distant markets. Por
Kenyuana, coffee has been suggested. On the basis of assumed yields, this crop can
"be taken as giving a gross value of £ 100 'per acre, and thus schemes estimated to
cost up to £ 300 per acre can be considered, and those up to £ 4OO per.acre may just
be marginal.
For Lobufu, a detailed soil survey of the area commajided is a necessity before
any definite conclusion can be reached. This will show definitely what area of
suitable land is irrigable, and on this figure a more reliable estimate of unit cost
per acre could be framed. The site lies within the scope of the Government's
projeot of re-settlement, which aims at concentrating the local population in defined
areas from which tsetse fly can be eliminated.
At Kenyuana, the prospects for an economically viable scheme are not encouraging,
particularly remembering that skilled management is considered to be essential, and
that this will increase the cost of operation.
If one of the primary motives for development in this region is to improve
social and health conditions, it appears necessary to consider carefully whether
this cannot be achieved equally effectively over larger areas and for the benefit
of more people at less or no more cost, by re-settlement for dry-land farming
rather than by the provision of irrigated agriculture.

13.

Allocation of Water Resources between Irrigation and Power

Of the various purposes for which the water resources of the Kafue basin may be
controlled and used, the two most important are power generation and irrigation.
Other purposes and interests include fisheries, wild life and animal husbandry,
domestic and industrial water supplies, and on a very limited scale, navigation.
Reviewing all these interests in the actual conditions of the basin, it appears right
first to consider how best to provide them and then to consider the resulting
implications for the other purposes.

-so-

por power development, as will be seen from Chapter XI, the obvious and largest
potentiality in the basin is in Kafue gorge. This calls for the optimum steady
discharge of water at the head of the gorge throughout the year, and so far as may
be possible in all years. The need for some early development of further power from
a source in Zambia is already known. Forecasts of the expected future growth of the
load suggest that if it were all to be met from development in the gorge, by about
1990 "the corresponding balanced discharge required might approach the estimated mean
flow of the river, about 7*0 million acre-feet per year.
^ Por irrigation, much less water is needed and the prospects of expansion ars
much slower. It is estimated that to replace entirely the amounts of agricultural
commodities now imported, including mainly wheat, fruit and vegetables, and to
produce a modest quantity of other cash crops for export, about 50,000 acres under
irrigation might suffice (see section 9).
Conceivably, by 1990, the total area
might expand to 100,000 acres. This is certainly only a tentative forecast, but on
present indications it does not appear to be under-estimated.
On 100,000 acres the total annual water requirement might be about O.4 million
apre-feet, that is, only a modest fraction of the prospective requirements for
power. Of such a total area under irrigation, a relatively small part, perhaps 5 to
10 percent, might best be located in the upper part of the basin, providing fruits
and vegetables near the Copperbelt, and elsewhere providing cash crops and meeting
local needs. It will be remembered that in this part of the basin the rainfalls are
heavier, and at the same time, by reason of topography, soils, and other factors,
including the presence of tsetse fly in large parts of the area, the potentialities
for irrigation on a considerable scale are less attractive than elsewhere.
In contrast, in the lower parts of the basin, and particularly in the area
bordering Kafue flats, it is clear that very considerable potentialities for irrigation exist, and that they could probably best be realized by storage of inflows
of the tributary streams. As Table 11 in Chapter V shows, the looal inflow to Kafue
flats averages some 1.Ó million acre-feet yearly. Only a part of this, if
effectively stored and used, would probably be needed for much of the irrigation
development there v/hich can be foreseen. ,At present the greater part of these inflows
is lost by evaporation in the flats, and thus they contribute only a small part of
the total amounts which reach the head of Kafue gorge.
Consideration of all these points suggests that conflict between the interesT;s
of power and of irrigation will not arise in the immediate future. Thus, for the
present, the earlier stages of power development can go ahead. However, before the
time is reached when Kafue gorge is fully developed for power generation, it will be
necessary to consider what amount of regulated flow at the head of the gorge should
be assured for that purpose. This will also involve consideration of how much water
should be assured for irrigation, certainly at that time, and if possible ultimately.
With this in view, it will be most important to prepare at some future date an
estimate of the irrigation development to be put in hand by 1930| i" the light of the
knowledge and experience gained by then.
One broad concept whioh may be kept in mind at the present stage is to control
the flows of the river from the upper parts of the basin (some 35»300 square miles
in subcatchments A, B, D and ii). This would be primarily for the generation of
power in the gorge, though allowing withdrawals from these flows for local irrigation
in this region, and to provide the main supplies for irrigation out of the run-offs
from the 24,500 square miles in subcatchments C', P and G, (of whioh some 15,000 square
miles are drained by tributaries to the Kafue flats . See Figure 2 ) .
With the forecast of irrigation development mentioned above, and with experience
of the actual increases in the demands for and the supplies of power, before 199^
it should be possible to make a definite assessment, and then to determine how best
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to provide the amounts of water needed for both purposesi In this prooess, all
proapeotiva savings of water by reduotion of present losses oan be taken into aooount.
In this way it should be possible to avoid the danger of oonflict between the two
interests.
In any oase, whatever may be the ultimate sharing of the available water between
the two uses, storaj^-e capacity adequate to regulate fully the flows of the river
is essential and must be provided. Lonj^ before the amount of water needed for irrigation even approaohes its maximum, the power installations in the Kafue gorge will
have been in use for a good number of years, and at least a part, perhaps a very
oonsiderable part, of their original cost will have been writ-ten off.

Table 17:

Summary of Data for Medium Sized and Small Irrigation Schemes on Tributaries around Kafue Plats

Kembe/Mwembeshi
Kembe Mwembeshi Total

1. Catchment area-in square miles
2. Average annxial rainfall-in inches
3. Average annxial runoff-in acre-feet
X 1000

Mwembeshi
only

KanEoraa
Upper Lower

Chibila

Nansen^a

250

Nvan^a
Two
One
crop
crop
system
system

NanuZïiba

Kasanfnila

375
35

578
33

578
33

78
34

220
34

37.5

578
33

21
32

21
32

75
32

51
32

63

82

82

13

35

44

81

2.9

2.9

19

7

84

77

15

6.8

4. Reservoir capacity at full storage
level-in acre-feet i 1000

77

27

78

190

2.5

2.5

28.4

9.9

24.0

19.6

20.0

0.40

0.94

12.0

6.0

14.5

10.0

16.0

0.64

0.47

1139

108

108

224

171

90

5. Culturable commanded area — in
6.
7.
B.
9.

10.
11.
12.
13.
14.

acres x 1000
2.4
28.4
30.8
Assumed annual irrigated area - in
24.0
acres x 1000
Estimated cost of dams at Head
Horka - in £ X 1000
805
772
1577
Estimated cost of main canals and
branches - in £ x 1000
1143
Allowance for land preparation —
in £ X 1000
1232
Unforeseen contingencies - in £x1000
I5O
Administration, departmental charges,
engineering fees, site supervision,
etc. - in £ I 1000
258
436O
Total capital cost - in £ x 1000
Capital cost per acre of annually
irrigated land - in £
182
Soils suitable for irrigation
Up to 30,000 acres
Classes I to III

1.6

0.64

772

712

615

1270

697

260

652

466

523

49

74

112

49

600
73

396
49

958
64

784
85

800
85

13
8

24
9

64
18

32
11

154

82
1499

106
2395

145

157

2750

2704

13
191

15
230

28
446

15
278

2296

192

?

250
8,000ao.
Class I

165
275
Detailed
Large Areas
survey
Class I
not yet
available
but reconnaissance indicates
similar to
Upper Area.

169
Not
surveyed

298
490
Sufficient areas
Classes I - III
but scattered

279
Soils not surveyed
but already under
dry farming
apparently
suitable

435
Soils not
surveyed.
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Chapula
Ibenga

1.
2.
3.

t.
J.
5.

r.
}.

?.
10.

11.
12.
13.

Catchment area-in square miles
4.5
Average annual rainfall-in inches
44
Average annual runoff. - in acrefeet X 100C
0.9
Reservoir capacity at full
storage level - in acre-^feet z
1000
2.4
Culturable commanded area - in
420
acres
Assumed annxial irrigated area —
in acres
168
Estimated cost of dams and
Headworks - in £ x lOCO
Sstimated cost of main canals and
branches - in £ x 1000
Allowance for land preparation in £ x 1000
r^iTores-^n contingencies - in £ x
1 000
Administration,departmental charges,
engineering fees, site supervision.
etc. - in £ X 1000
Total capital cost - in £ i 1CC0
Capital cost per acre of annually
irrigated land - in £

Nakanga

Luampensa

38.5
44

30.0
44

8.1

6.3

1.6

;

Chondwe Chondwe
pumping low dam
scheme

44

10.0

Ibenga
high
dam

Kpungu
low dam

47
44

47
44

7
44

4.2

9.9

9.9

1.5

7.5

9.8

13.0

0.8

825

1600

2140

3900

420

330

640

85S

1550

168

305

125

188

92

142

75

23

18

40

53

151

11

Chondwe
high dam

Konkola

Ntwebe

20.5
44

2C.5
44

14
52

22
44

20
51

20
44

20
44

20
44

4.3

4.3

5.6

4.6

8.0

4.2

4.2

1.4

6.0

4.5

6.0

1.7

5.8

4.0

1830

1400

1230

7OC

840

730

560

680

280

118

107

113

730

810

420

420

292

322

168

163

2100

Chapula

Ilshawula Chebuli
low dam

Chebuli
high dam

Ibenga
low
dam

34

74

194

10

42

57

15

25

38

17

17

84

74

56

50

28

33

64

86

157

17

2

6

10

5

5

6

13

6

9

6

12

3

6
69

14
153

22
367

12
224

12
205

14
221

28
397

14
196

20
321

14
251

26
487

8
114

411

911

437

307

366

325

1418

594

502

293

315

678

.

Table 19 ?

omnmary of Da,ta f o r Small I r r i g a t i o n Soneriea n e a r Kaaempa

Kenyuana
S

1.
2.
3.
4.

Catchment area-in square miles
Average annual rainfall—in
inohss
Average annual runoff - in acre
feet X 1000
rtesarvoir capacity at full
storage level - in acra-feet
Culturable commanded area —
in acres

Mpungu C
no soil
survey

Lobufu 3
no soil
survey

29

26.2

42.6

45

36

37

3.7

5.5

Kamatete
very doubtful
7.2
40

3.5

D8ng,« A
S

1.9

74.7
4.2
23.2

1430

270

19

315

450

508

514

1250

216

1520

460

148

538

132

456

111

37

33

44

68

15

21

47

14

52

20

21

50

9

61

7

5

3

3

5

11. Administration,'departmental
charges, engineering fees, site
supervision etc. - in £ x 1000

19

12

8

10

12

12. Total capital cost - in £x1000

172

96

141

80

197

13. Capital cost per acre of
annually irrigated land - in £

374

646

262

604

434

5'
6.
7.
3.

9.

Assumed annual irrigated area
in acres
Estimated cost of dams and
head-vorks - in £ x 1000
estimated cost of main canals
and branches - in £ x 1000
Allo.'fanaa for land preparation
in £ X 1000Unfrirp3ften contingencies — in
£ X 1000

•
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CHAPTER XI

ELEGTHIC POWER AND HYDROELBGTRIG DEVELOPMENT

1«

The Power Demand

Present conditions of the Zambian power market and forecasts of future demand
have been the subjects of study by the Office of the Chief Electrical Engineer, Lusaka.
For the year 19^7, the maximum or peak load is estimated at 435 megawatts and energy
consumption at 3,100 million kilowatthours. This corresponds to an average load of
350 megawatts, giving a load factor of 0,81. This load factor is quite high and
reflects the fact that a high percentage of energy is consumed in the copper mining
industry. •It is estimated that the load factor will decrease only very slowly from
its present value to about 0.78 in I98O, by which time the peak load is expected to
increase to about 88O megawatts.
2.

Present Generating Capacity

The major source of power at present 'is the Kariba hydroelectric plant on the
south bank of the Zambesi river, where the installed capacity is 6OO megawatts (see
Figure 7)» A little more than half of this capacity is available to meet the demands
in Zambia. The balance of the peak load is made up partly by the hydroelectric
station at Victoria Palls ajid partly by the thermal stations at Lusaka and in the
Copperbelt. Government forecasts of demand growth indicate that there is immediate
need for new generating installations to meet the growing demand.

3.

Economic Yardstick for Future Power Development

As the Kariba hydroelectric station is the major source of power at present, it
may be 'assumed that the present tariff governing bulk supply of industrial power is
based on the capital so far invested at Kariba, which amounts to £ 78 million, £ 18
million of which is for the transmission system. The present power station at Kariba
has a rated installed capacity of 6OO megawatts. This gives an average capital cost
of £ 100/kilowatt of installed capacity up to station busbars and £ I30 per kilowatt
including the transmission system. These rates may be used as a yardstick in considering new schemes for expansion of the power system.

4.

Schemes Investigated for Future Development

For the purpose of hydroelectric power development in the Kafue basin, the
following schemes were investigated during the project;
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Mpatamatu dam with a power station;
b) Kampalenje dam with a power station;
Lubungu dam with a power station;
Kafue, Hook dam with a power station;
e) Meshi Teshi dam with Meshi Teshi power station;
f) Gorge dam aind power station —
— Stage I without Meshi Teshi Reservoir
- Stage II with Meshi Teshi Reservoir.

H

The looation of these sites is shown in Figure 9«
The largest power potential is obviously at the Kafue gorge, where the river drops
in elevation some 2,000 feet over a distance of 15 miles. The other five upstream
sites were investigated with two purposes in view. Firstly, to supply balanced flow
for generation of power at the gorge and secondly, to generate power at each of the
individual damsites using the head created by the dam. The first purpose will be
served by the dam at Meshi Teshi alone, as it can balance almost completely the flow
from the entire catchment down to Meshi Teshi (see Chapter V, section 9)« Therefore,
the necessity for the upstream dams may be exajnined with reference to the second
purpose only, as follows:
The heights of the dams at the different sites were fixed, considering the
topographical and other field conditions, so as to develop the maximum storage capacity
of the site. The firm pov;er generation capacity of the site varies with the live
storage and the minimum head. The minimum drawdown level is fixed corresponding to
the maximum power generation capacity of the site. The installed capacity is fixed
corresponding to 80 percent load factor of the power system. The estimated costs and
other data for the different schemes are shown in Table 20,
Comparing the estimated costs with the yardstick of Kariba costs, it is seen that
the installation at the Gorge dam (i.e. Kafue Gorge Hydroelectric Scheme), which is
estimated to cost £ 43 per kilowatt, is quite attractive for early development. By
the same yardstick none of the schemes at, the upstream dams appear to be economically
justifiable. The cheapest of them is Meshi Teshi, and the cost per kilowatt of
installed capacity increases progressively as one moves to the upstream sites.

<<!

Table 20;

OD

Summary of Data for Hydroelectric Schemes
Investij^ated during the Project,

Mpatamatu

Kampalenje

Lubungu

Kafue
Hook

Meshi
Teshi

Gorge Project
(Stage I)
(Stage II)
without
with
Meshi Teshi Meshi Teshi
Reservoir
Reservoir

Storage in M.A.P.
—

Gross
Active

Balainoed draft in Cusecs

1.7
0.6

4.6
1.2

0.9
0.4

4.8
3.0

7.3
3.0

3.3
3.0

10.6
10.0*

1300

1500

1500

4200

4800

5000

6600»»

5.8
7.5

8.2
10

4.6
6

13.2
16.5

39.3
50

637
800

800
1000

4.0
0.4
4.4

3.5
0.7
4.2

2.1
0.4
2.5

4.9'
0.9
5.8

8.8
2.5
11.3

3.0
31.3
34.3

11.8
39.2
51.0

590 •

420

420

350

230

43

51

Power available in HW
—
-

Firm Capacity
Installed Capacity
at QCF/O load factor

Cost in million £
—
—

Dam and reservoir
Power installation
Total

Qost per K'A installed in £

*

Includes active storage of 1 million acre feet at Meshi Teshi

** Meshi Teshi release of 6OOO cubic feet per second, plus a
probable addition from the Plats tributary area.
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5•

Effect of Power Development on Wildlife and Fishery Interests

The area of wildlife and fishery interests lies in the eastern part of the Kafue
flats near Loohinvar ranch on the southside of the river and Blue Lagoon ranch on the
northside. The central part of this area is a shallow depression through which the
Kafue river meanders. A number of abandoned river courses have become stagnant pools
or lagoons. Water filling these depressions during the rainy season does not drain
back into the river in the dry season, and there is continuous loss of water by evaporation in these pools throughout the dry period. The total area exposed to such
loss is estimated at 0.3 million acres. When the Kafue river is flowing at its height,
water spills over the banks and inundates a total area of about 0.6 million acres in
this region.
This is the area which has become the favoured habitat of wildlife and fisheries
and it lies within the contour of approximately 3,213 feet. The pattern of inundation
is that the central part of about 0.3 million acres is inundated throughout the year
and the peripheral part of about O.3 million acres is seasonally flooded.
If the Meshi Teshi dam is constructed, the seasonal flooding would be very much
reduced, and it is feared that this would affect wildlife and fishery interests
adversely. To protect these interests, the possibility of constructing a barrage
across the flats near Mazabuka was investigated during the project. Such a barrage
is estimated to cost about £ 2.93 million. The intention was to operate this barrage
in such a way as to simulate the present pattern of inundation in this part of the
flats even if Meshi Teshi dam is built and thus protect the wildlife, and fishery
interests,
'
The same purpose could be served equally well at a much lower cost by building
the Gorge dam to full storage level at an elevation of 3,213 feet. Thus, to compare
the cost of the Meshi Teshi power scheme with the cost of Gorge Dam plan, the cost of
the former should be increased by the C 2.93 million cost of the Mazabuka Barrage.

6.

The Two Stages of Development of the Gorge Hydroeleotrio Scheme

In the first stage, only the Gorge dam with full storage level at 3,213 feet
need be constructed, which would give a balanced discha:"ge of about 5,000 cubic feet
per second, corresponding to a total installed capacity of 8OO megawatts at 80 percent
load factor when the full head of 2,000 feet is 'utilise 1,
It is possible to develop the available head of 20)0 feet through the Gorge
either all in one drop or in two or three drops. This is a matter which may be
decided at the time of preparing detailed designs. It should be noted that the cost
estimate shown in Table 20 envisages the development of the full head all in one
drop.
In the second stage, (which would include construction of the Moshi Teshi dam),
additional generating units could be installed at t^ie Gorge power station to complete
the full development of the Kafue Gorge hydroeleotrio power potential.
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CHAPTEH XII

OTHKR POTENTIAL DBVELOPMEïrTS

1.

Meahi Teshi Left and Right Bank Canals

During the investigations made for the project into the general development of
water resources for both power and irrigation, the possibility of two extensive canal
systems was examined, taking water from the Meshi Teshi dam at a level of some I30
feet above the level of the river bank at this point, and following alignments suited
to the contours of the la;nd, on either side of the Kafue flats. These were described
as the Meshi Teshi left bank and right bank canals. It will be seen that they would
command large areas for irrigation in the lower parts of the uplands above the flats,
as well as in the actual flats. Buoh areas were covered by the reconnaissance of
soils made over the Kafue flats - the upland areas adjoining the flood plains. The
parts of these areas which lie between Heshi Teshi and Namwala were also covered by
semi-detailed soil surveys in accordance with the Plan of Operation. Elsewhere, parts
of the areas soil-surveyed for the Ghibila and Kembe-Mwembeshi schemes of irrigation
would oome within the command of the suggested left bank canal.
As a result of these various surveys,' it is estimated that of the upland areas
on both aides of the flats, some 660,000 acres are of suitable quality .for irrigation
and some 270,000 acres may be marginally suitable (see Chapter IV and Figure 8 ) .
Of the total of some 930,000 acres, for reasons of location, topography, ana praotioal
feasibility, only a portion, perhaps up to two-thirds, oould be used in the layout of
a definite scheme of irrigation. On this basis, the total area irrigable would be of
the order of some 600,000 acres. In addition, lands in the flats themselves would be
commanded. But, even if these were to be protected from flooding, it is apparent
from the soil reconnaissance that these cracking olays are subject to the limitations
imposed by poor drainage and management difficulties.
One outstanding objection to Such an irrigation soheme of 600,000 acres is that
it does not lend itself to gradual development by successive stages, as the need for
irrigation increases. Considerable lengths of the main canal would be necessary
to begin with, to give access to the main part of the area commanded. This would add
appreciably to the cost of the initial development.
From the forecasts discussed in Chapter X, section 13» it is clear that the
expansion of the area will be gradual. It has also been shown in that chapter how it
is possible to develop considerable areas suitable for irrigation in the region
tributary to Kafue flats, by storage of the tributary flows. It is conceivable that
the cost per acre irrigable in this way may be somewhat higher than the cost per acre
on a large and comprehensive layout, though even this is doubtful.
The conclusion must be that on the evidence now available and the prospects as
they now appear, there is no case for planning' large scale irrigation development on
these lines within the foreseeable future.
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2.

Parowe Command

Prom the feet of the Kafue gorge, the river passes through a stretch of oountry
which forms part of the "floor" of the iiambesi valley, 'its 25 mile further course to
join the Zambesi, It would clearly be possible to command considerable areas of land
from a diversion weir across the river at this point near Parowe. If the flows of the
Kafue are regulated by storage at Meshi Teshi and the Gorge dam, the flows at Parowe
would be more regular than they are now, and of course would consist of water which
has already been used to generate power. Therefore considerable development of irrigation at comparatively lesser cost would be possible, if land suitable in location,
terrain, and quality were available, if crops suited to the conditions there could be
advantageously produced, and if cultivators could be found and established in this
area.
At present information on all these points is lacking and examination of the area
was not within the terms of reference of the project. Such indications as there are
suggest that much of the area may be irregular in terrain and soil qualities are
unknown. Pending at least an adequate reconnaisssuioe, and subsequent surveys as necessary, it is not yet possible to state an opinion as to the prospects of development
in this region. It is mentioned here, however, to record the present position.

a
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CHAPTEH XIII

ECONOMIC CONSIDEHATIOIiS

1•

Davelopment Criteria

The justification for any proposed development scheme must be that, once it is
fully implemented, it v^ill make a positive contribution to the wellbeing of the
country. In this context,wellbeing is not measured solely in economic terms; social
and political benefits must also be taken into account.
When only economic criteria are used to assess development benefits, the additional income must exceed costs, both capital and current, by a margin greater than that
likely to be obtained from alternative proposals. However, a small income or even a
loss might be acceptable if at the same time the scheme brought communications to a
remote area or provided work where no opportunities previously existed.

2.

The Zambian Economy

At the present time, the copper industry dominates the economy of Zambia. It
aooounta for '^Q percent of exports and nearly half of the gross domestic product. It
employes one-sixth of the national labour force and consequently generates a considerable demand for food and other services throughout the territory. Communications
have been developed on a north-south axis to supply to the copper industry the large
quantities of coal required for smelting and to transport the processed copper southwards for export. Much of the electricity /rodaoed at Kariba is used in the Copperbelt
and additional generating capacity is now required to meet the growing demands of the
industry.
Agriculture, although it uses a substantial proportion of the country's land and
labour resouroes, makes an insignificant contribution to exports and accounts for less
than 10 percent of the gross domestic product. It is largely a subsistence or semisubsistence activity and consequently provides a very limited market for consumer
goods and public services. Nevertheless, with a, population th8,t is currently increasing
at approximately 3 percent per annum, and a standard of living that is rising rapidly,
production from agriculture must obviously expand. The potential is considerable;
compared with many other tropical countries, Zambia has a much higher proportion of
soils suitable for dry-land farming in areas where the rainfall is reasonably adequate
and reliable. In addition, the vast Kafue river basin is covered by a network of
rivers, and there are many sites where irrigation is technically feasible.

3.

Development Aims and Obstacles

While Zambia is extremely fortunate in being able to finance a considerable
proportion of its current development from copper revenues, recent events have shown
how much both the production and the marketing of copper can be affected by external
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faotors. The resultant fluctuation in inoome has a most disruptive effeot on national
long-term planning. Government policy, therefore, while, encouraging continued
expansion in the copper industry, aims at greater diversification of the economy.
Present records show less than 8 percent of the total population employed in
industry, commerce and eigriculture, and over 70 percent engaged in subsistence farming.
The development plan announced in I966 aims to increase employment by one-third and
also to redress the rural/urban inbalanoe by stimulating development in areas whioh
hitherto have been neglected.
The agricultural industry can make a considerable contribution to the growth of
the economy provided that its competitive position vis-a-vis other suppliers is
favourable. At the present time, Zambia produces a surplus of maize, but projections
to 1970, made in connection with the development plan, suggest that if employment
increases at the rate predicted, there will be major deficiencies in the supply of
meat, fish and oilseeds, and some shortfall also in wheat, sorghum, milk, fruit,
vegetables and the fibre crops. From the technical standpoint, irrigation can play
some part in meeting these deficiencies, but the considerable potential for dry-land
production must not be overlooked.
The rate at whioh agricultural development in Zambia should be begun
largely on the number of skilled technical and administrative personnel.
shortage makes itself felt particularly when irrigation is contemplated.
substantial investment would be required which, once committed, could not
Local experience of irrigation is very limited, and considerable emphasis
would be essential in the early stage of a project.

4»

depends
The present
Here a
be retrieved.
on training

Development Alternatives

There are many different ways of stimulating development in a country such as
Zambia, but the fundamental choice lies between making improvements within the
existing pattern of la.nd use, and the creation, by means of considerable capital
expenditure, of more intensive farming systems.
Decisions on the appropriate form of development can only be taken after careful
oonaideration of all the possibilities. It is necessary 'to measure not only the
direot costs and benefits likely to arise from a project, but also those of a secondary
nature. These are often difficult to qualify, but nevertheleaa may be an important
factor in favour of a particular scheme.
Irrigation is frequently justified on the grounds that it makes more intensive
use of the available land and labour resources. In Zambia, however, land is
relatively abundant, and the population density of 49 persons per square miles of
cultivable land compares with over 800 in India and nearly 1,200 in Pakistan, There
is also a surplus of la-bour in agriculture, although in oertain areas and at certain
times of the year ehorta.ges do occur. Also, while Zambia is fortunate in being able
to finance much of the present development plan from its own resources, vast sums of
capital are required throughout the economy, and the competing claims for funds must
be carefully assessed.
Further, if high value crops such as tobacco and cotton are introduced or
machinery services are provided, close supervision will be required to ensure success.
This means additional costs for extra extension services.
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5»

The Chombwa and Kafue Pilot Polder Development Projects

As reported in section 2 of Chapter X, these two projects are capital-intensive
pilot schemes, which have recently been undertaken in Zambia, Their capital costs
are summarised in Table 21.

Table 21; Capital Costs of Chombwa and Kafue Polder Schemes

Per Acre
1/
2/
Chombwa-^
Polder
£
£
Land preparation and roads
Irrigation works
Buildings, equipment, etc.

27

Total

43

38
40
62

70

140

_iy

Based on present scheme óf 48O acres.

2/

Based on budget for 20,000 acre scheme.

Using realistic amortisation periods and the prevailing interest rate of 6-8
percent, the total annual charge, including recurrent overheads, v-rould be in the
region of £ 20 per acre for the Chombwa scheme and £ 30 per acre for the Polder scheme.
For either scheme to be profitable, the average per acre gross margin would have
to exceed these respective annual charges.
On the basis of yields that oould reasonably be anticipated, all crops tried at
Chombwa (maize, cotton, sorghum and groundnuts) would give a gross margin large enough
to cover the annual charge, but the total profit is small when one-third of the
holding is left in fallow, as it was in I966. The introduction of sorghum to replaoe
some, of the cotton would distribute labour requirements more evenly through the
season, and, as is shovm in Table 22, result in a profit of nearly £ 100 per holding.
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Table 22t

4
2
3
3

acres
acres
acres
acres

12 acres

Chombwa Profitability for holding with an Alternative Hotation

cotton x £ 39/aore
maize x £ 32/aore
sorghum x £ 39/acre
fallow

£ 156 gross margin U
64 gross margin
117 gross margin

337 total gross margin
28 per acre gross margin
20 annual charge
8 per acre profit
96 per holding profit

jy gross margin = gross output less variable oosta of production.

The limited information from the Polder scheme indioatee that only four crops
(cotton, groundnuts, potatoes and hurley tobacco) would give a gross margin large
enough to cover the annual charge. Beoauee of their high labour requirements, it is
doubtful if a rotation giving more than a small profit could be devised.

6.

Estimating the Likely Costs and Returns of Dam ijohemes

Because of the unique nature of the Polder scheme and the fact that dam irrigation
has not been tried on any scale in Zambia, estimates were of necessity based on
experience gained elsewhere.
Costs of oonatruoting dams under a wide range of conditions were prepared by the
K.B.S. Consulting Engineers, and estimates varied considerably according to the
nature and location of the dam site. The cost of small dams, giving an annual irrigated area of up to 5OO acres, ranged from £ 250 to nearly £ 5OO per acre. Estimates
for larger dams were mostly in the range of £ I5O- £ 250 per acre. Comparison with
figures' quoted during the previous five years of dams in other African countries
suggests that costs in Zambia are somewhat higher, partly because of heavier freight
charges on all imported machinery, fuel and other supplies.
For the Kembe-Mwembeshi scheme of 24,000 acres, a capital cost of £ 182 per
irrigated acre was estimated, and it is possible to calculate the level of output
required for the scheme to break even, i.e. for the discounted benefits to equal
costs. Assumptions on which the calculation is based are:
1.
2.
3.
4.
5.

that the rate of economic life of the project will be
40 years}
that amortisation on investment oosts is 6 percent;
that construction costs will be spread over five years}
that maintenance and operation costs amount to'2 percent
of capital costs j
that production in the first year after the completion of
the dam will be 20 percent of a full crop and will increase
by 20 percent in successive years.
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The annual charge of the capital installations would be £ 19.5 per acre, and,
in order to calculate the level of gross margin required from the crops grovfn under
irrigation, it is necessary to add an allowance of £ 10 - £ I5 per acre to cover
farm fixed costs. In addition, the valuo of output previouoly obtained from the land
must be taken into account, and hence a gross margin of £ 32 - £ 37 per acre is
necessary if the scheme is to break even with interest charged at 6 percent (see
Volume VII, Economic Considerations).
Estimates of the crop yields necessary to obtain the required level of gross
margin vary aooording to the intensity of cropping assumed. In Table 23, break-even
yields are shown at two levels of cropping intensity, on the basis of prevailing
crop prices, and these yields are compared with yields obtained under irrigation in
Rhodesia.
Table 23;

Crop

Break-even Yields per Acre

Break-even Yields
80 percent cropping intensity 60 percent cropping intensity

Current
Commercial
Yields

1
Cotton
Maize
f^heat
Sugar
Plue-cured
tobacco
i^egetables

2,500
39
24
47,1/2

lbs
bags
bags
tons

1,085 lbs
8,250 lbs

3,300
51.1/2
33
63

lbs
bags
bags
tons

1,450 lbs
11,000 lbs

2,000-2,500 lbs
30-40 bags
8-15 bags
6O-65 tons
2,000 lbs
10,000 lbs

The intensity of cropping is of critical importance. If only 60 percent of the
irrigable area were under cultivation in any one year, few of the crops would be
likely to achieve the production necessa,ry to cover the fixed and variable costs.
Double cropping (e.g. wheat and kenaf), or the introduction of a larger proportion of
high-value crops, such as tobacco and vegetables, would increase profitability, but
the technical and managerial problems would be considerable. These possibilities
therefore, on a sufficiently large scale, cannot be entertained at this stage.

7,

Comparison of Dry-land Farming and Irrigation

Although information regarding different types of development is incomplete, it
is possible to make a crude assessment of the relative merits of dry-land farming
and irrigation on the highly important basis of making the best use of capital.
Comparison of improved farming schemes (where the adoption of better farming
techniques under rainfed conditions is encouraged oh existing holdings) with
"Chombwa-type" settlement farming and a dam irrigation scheme suggests that, if the
main objective were to use the available capital to settle families on the land,
the income of the families, both now and in tho future, must also be taken into
account. Given sizes of farms that a family could reasonably bo expected to opera;te,
the settlement and irrigation farms provide a much higher level of output and income,
with comparable efficiency of capital use, than the improved farms.
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In view of the shortage of technical and managerial skill throughout the country,
some assessment of the degree of supervision required for each system must be made.
No precise measurement is possible. V/hile improved farming makes heavy demands on the
extension staff, more of the work oan be done by personnel with only a basio training
in the ooncepts of good husbandry. While both settlement farming and irrigation
require well-qualified central management, their geographic concentration results in
the supervision and control being more effective. Irrigation would undoubtedly
require the most intensive supervision. Moat farmers in Zambia are unfamiliar with
the techniques of production, which call for an unaccustomed degree of discipline,
particularly in the use of water at certain times of the year. Nevertheless, irrigation may have a part to play in areas of high population density.
The most important factor likely to influence the economics of irrigation is the
level of orop yields achieved. An increase of £ 50 per irrigable aore in the oost of
the Kembe-Mwembeshi scheme could be offset by a 5 percent increase in the yield of
the high-value crops (veget^ables, flue-cured tobacco, etc.) but would require a 10
percent increase in the yield of other crops. Increases of this magnitude are feasible
with existing technology, provided the standard of management is sufficiently high.
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APPENDIX I

PLAN OP OPERATION

MULTIPURPOSE SURVEY OP THE KAPUE RIVER BASIN

Note:

The Plan of Operation xirhich follows was
adjusted under Adjustment Advioe No. 1
of 4 November I964» ^y which the United
Nations Special Fund Allocation became
U.S.$ 879,200. The Government contribution in kind increased during the
project and exceeded a value of U,S.$

774,000.
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Special Fund Allooation;
Including:

$ 786,100

Special Fund Contribution
(including Agoncy overhead costs
and cost of preparatory
assistance)

$ 706,800

Northern Rhodesia Government's
payment towards local operating
costs

$

79,300

Northern Rhodesia Government Counterpart Contribution in Kind;
Equivalent of!
Duration!

$ 577,000

4 years

Executing Agency!

The Pood and Agriculture
Organization of the U.N,

Cooperating Government Agency!

The Ministry of Land and
Natural Resources, Lusaka

Por the purpose of the multi-purpose survey of the Kafue River Basin, Federation
of Rhodesia and Nyasaland, to be undertaken by the Pood and Agriculture Organization
of the United Nations, acting as the Executing Agency for the United Nations Special
Fund, this Plan of Operation shall be the'Plan of Operation provided for in Article
I, paragraph 2, of the Agreement signed on 7«1e60 by the United Kingdom Government and
the United Nations Special Fund, and subsequently amended to include the Federation
of Rhodesia and Nyasaland,
I,
A,

PURPOSE AND DESCRIPTION OF THE PROJECT

Purpose of the Pro.ject

1.
The purpose of this survey is to provide the Federal and Northern Rhodesia
Governments with data needed for the effective planning of future development of the
land and water resources of the basin. The project is limited to the survey of the
basic natural resources, namely water, soils and grassland (ecology) and concentrates
essentially on investigations in areas where early development is envisaged. However,
it. will also provide data needed for long range planning. This will ensure that
immediate development will not be in conflict with the interests of planning develop-ment for the basin as a whole. The survey will, among other things, enable the
Governments to decide how to proceed with the Kafue Hydroelectric Scheme with the
least disadvantage to other economic activities in the area such as the cattle and
fishing industries. The result of the survey will also make it possible to define
the main areas for future development of intensive agriculture by irrigation, particularly in the tribal areas south of the Copperbelt and around the upper Kafue Plats,
and should indicate the watershed areas where control will be needed in the interests
of water conservations. The assessment of the water balance of the Copperbelt, the
Kafue Flats and the Hydroelectric scheme, as Well as the Lukanga swamps, are part of
the purpose of the survey.
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B.

The Pro.ieot

2.

The projeot consists of 5 surveys, viz:

(a) The hydrology of the Kafue river and selected tributaries drainage basins
will be studied and analysed. Gauging stations and water level recording stations
will be sited and established in addition to the existing ones, to provide adequate
basic information on the river's flow measurements. The Kafue Headwaters, the East
Lunga and Lukanga oatohments, the South Mambwa region and the North Ghoma region
will be examined for the purpose of selecting representative oatohments for detailed
study and setting up sample study catchments where praoticable'.
(b) Location and preliminary analysis of the feasibility of dams on the main
stem and tributaries, and siting of dams in selected sub-watersh-eds. These studies
will inolude: the Kafue river from its confluence upstream to Mpatamatu Gorge,
the East Lunga river from its confluence upstream to the Mutanda bridge, the Luswishi
river upstream from its confluence for 100 miles, the Lufwanyama river upstream from
its oonfluenoe for 50 miles. Intensive reoonnaissanoe will be made of the streams
whioh drain into the Kafue Plats, notably from the Honze - Choma •- Mapanza region
inoluding the Munyoke river and all its tributaries, and the Mwembeshi - Kabile Koembe streams and their tributaries,
(0) Soil suitability surveys in the areas commanded by the Meshi Teshi dam and
lying '.within 30 miles of the dam itself, in the Kafue Flats between Meshi Teshi,
Namwala and Nanzhila, and in the vicinity of any other large dam sites from which
irrigation seems to be a practical and economic proposition,
(d) Study of the ecology of the principal pastures of the Kafue Plats to
determine the behaviour of graasea under different water regimes,
(e) Feasibility atudies to provide the Federal and Northern Hhodesia Governments
with priorities, alternatives, and scope of development in the Kafue River Basin.
3,
Headquarters of the projeot manager will be Lusaka. However, for individual
experts duty stationfj will be decided in oonsultation between the Executing Agency
and the Northern Hhodenio. Government after arrival of the project manager.
11.
A,

iJORK PLAN

Participation and Contribution of the Special Fund.

4.
The U.N, Special Fund will provide the following through the Executing Agency:
See Appendix IV for brief description of Jobs A through N referred to in this Plan of
Operation.
(N.B, The job numbers are taken from the original Northern Rhodesia Government
request):
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(a)

Experts
(i)
ii)

iii)
iv)
vi)

vii)
viii)
ixj

(b)

1 river basin planning specialist (project manager)
(Job L, M and N of request)
1 senior hydrologist)
(job A and B )
1 hydrolo(^lst
)
1 senior soil surveyor)
1 soil surveyor
)
(Job H, I and j)
1 soil chemist
)
1 grassland eoologist)
1 economist
)
(job K )
1 hydraulic engineer )
1 animal husbandry expert
(job K )
Consultants (fields of work to be decided later
according to requirements of the project and to
arrangements made with the Federal Ministry of
Power and the Federal Power Board) (Jobs L,M and N ) .

4 years
4 years
4 years
6 years
2.l/2 years
1/2 year
l/2
year
1/2 year
2,l/2 years

Contractual Services not exceeding US$ 167,000:
Survey of dam sites on the Kafue and tributaries for
flood control, irrigation and hydroelectric power
(Job E, P, and G )
Hydro logical Survey of the Lukanga Swamps and of the
Kafue river Flats.

(c) Equipment
Equipment not exceeding $76,500 as follov/s:
10 vehicles
Hydrological ecjuipment: automatic level recorders,
current meters, winches, cable ways and selfrecording rain gauges
Field soils survey and soils laboratory equipment:
mainly for purpose of determining physical
properties of soils
Photogrammetric (contour mapping) and printing
equipment

,

$

30,000

$

13,000

$

12,500

$

21,000

Expenditure on the individual groups and items should bo oonsidered aa preliminary
and oould be ohanged aooording to mutual agreement between the parties aooording to
needs. The total amount, however, should not exceed $76,500.
(d)

Misoellaneous
Post and cable charges
Secretarial assistance
Contingencies

$
J
$

4|000
9f000
6,200

$

19,200
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5«

Sub-Contracts

The executing Agency may in addition to the dam survey provide other parts of the
survey through a sub-contract with a consulting firm or firms acceptable to the
Federal and liorthern Rhodesia Governments.
6.
In the case of employment of sub-contractors approved, for the purpoöös of this
section, by the Federal Government.:
(a)

The Federal Government shall, subject to the Immigration Laws of the
Federation of Rhodesia and Nyasaland, issue entry visas to the personnel
employed on the project.

(b) The Federal Government will grant duty free import of equipment and
materials required for the execution of their contracts by sub-contractors
provided that on completion of sub-contracts the sub-contractor shall either
export within 30 days of completion of the contract any such duty-free
imports or pay duty on any such imports not fully consumed.
(0)

The above facilities shall be granted by the Federal Government to the
sub-contractors on certification of the Executing Agency.

7»
If any firm or organization is engaged and brought in by the Executing Agency
or the Special Fund from outside the Federation, the Government of Northern Rhodesia
and/or the Federal Government shall exempt from or bear the cost of any local taxes,
duties, fees or levies which may be imposed by law upon any such firm or organization,
or upon their personnel, in respect of:
(a) tiie salaries or wages earned by such personnel in the execution of the
project;
(b) any profits earned by the sub-contractors in the execution of the
project}
(c) any equipment, materials or supplies brought into the Federation and
subsequently to be withdrawn therefromj
(d) any property brought by the firm or organization or its personnel for
their personal use or consumption or which, after having been brought
into the Federation, may subsequently be withdrawn therefrom upon the
departure of the construction personnel.
B.

Participation and Contribution of the Government

The Northern Rhodesia Government will provide the following professional
staff:
1 co-manager
For the Hydrological Survey
5 technical assistants for a total of I6 years
20 subordinates for hydrometric work (gauge
readers, etc).

48 man-months
192 man-months
84O man-months

For the Soil Survey
2 field assistants

48 man-months
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Por the Eoologioal Survey
2 field assistants

72 manr-months

9.
Additional I7orthern Rhodesia Government Contribution for employment of
Assisting Technical Staff;

10.

Employment of assistant hydrologists and draughtsmen

$ 50»400

Consultants to advise on water regime of Kafue Plats

$

4|000

Administrative and Non-Professional Staff
The Northern Rhodesia Government will provide:
1 administrative clerk attached to the Ministry
1 accounts clerK

48 man-months
48 mein-months

1 secretary/typist

48 man-months

11.

Service Personnel

12.

The Northern Rhodesia Government will provide:
10 drivers
3 motor boatmen
Labourers for field parties
Equipment ajid Supplies

480 man-months
144 man-months

The Northern Rhodesia Government will provide equipment and supplies as
follows:
(i^ Equipment on the existing river gauging stations
(ii) Construction of new river gauging stations
(iii) River boats as necessary
(iv) The use of the laboratory at Mount Makulu for analysis of soils,
together with its equipment and chemicals (but not the actual
conduct of soil analyses): also the provision of stereoscopes
and one small photogrammetrie plotting machine, or their use and
services by hiring them.
13.

Services
(a)

The Northern Rhodesia Government will provide:
(i)

(ii)
(iii)

(iv)

Office facilities for the personnel provided by the Executing
Agency and the Northern Rhodesia Government, laboratory facilities
at MaJculu,storage space for equipment and materials.
Field accommodation for local personnel.
Operation and maintenance of vehicles, transportation within
the country of the personnel of the Executing Agency, including
supply of insurable small aircraft for reconnaissance flights.
Transportation, insurance and handling of equipment within the
country.
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(v)

Two sets of loose contact prints on the scale of 1:40,000 and
copies of all available maps,

(vi)

Printing of all relevant technical reports including maps and
charts and the supply of 100 copies of each report to the
Executing Agency.

(vii) The Northern Rhodesia Government shall make available adequate
storage facilities for the equipment to be supplied to the
project. It shall arrange for its proper safe keeping and ensure
that at all time it will be readily available for project use.
It shall also take over responsibility for operation and
maintenance of certain items of equipment, if requested so by
the Project Manager.
(b) The Federal Government will issue customs free import permits for
equipment supplied by the U.N. Special Fund through the Executing
Agency to the project, or pay the necessary customs charges upon
arrival of the equipment and/or materials,
14»

Local Operating Ooata

With reference to the payment to be made by the Northern Rhodesia Government
under Article V, paragraph l(a)-(d) of the Agreement referred to in the preamble
of this Plan of Operation, excepting the cost within the country for the transportation
of project supplies and equipment, which is a counterpart contribution, the Northern
Rhodesia Government shall pay to the Special Fund the equivalent of USI 79»300 towards
local operating costs. This amount represents ^'j'fo of the total estimated cost to the
Special Fund of foreign project personnel (including an estimated expert component
of US$ 80,000 under sub-contracts). The above amount shall be deposited by the
Northern Rhodesia Government to the credit of the Special Fund account No, NA 1037
Midland Bank Ltd., Overseas Branch, 122 Old Broad. St., London E.C, 2, according to the
following schedule:
Equivalent
"
"
"

of US| 27^650 on signature
"
" 24,600 on or before
"
" 16,350 " "
"
"
" 10,700 " "
"

of the Plan of Operation
1 January I963
1 January I964
1 January I965

Payments of the above amounts on or before the dates specified above, are a
prerequisite to operations,
C•

Sequence of Operations

15. The Executing Agency shall commence execution of the project upon receipt of
written authorization to do so from the Managing Director of the U.N. Special Fund,
16. Immediately after the project becomes operational the- Executing Agency shall
commence with the employment of experts aa foreseen in paragraph 4 of this Plan of
Operation, and place orders for transport, equipment and supplies required for this
project.
17. Simultaneously, the Executing Agency shall enter into negotiations with the
consulting firm Kanthafek and Partners for the part of the project dealing with the
survey of dam sites on the Kafue and its tributaries together with such other field
surveys and studies connected with the hydrology of the Kafue Plats as may be agreed
upon with this firm to be undertaken 'jither itself or by its employing sub-contractors.
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18. The Executing Agenoy shall also initiate negotations with the sub-contractors
for those additional parts of the survey which they intend to carry out through suboontractors. Prior to entering into detailed negotations, the Special Fund shall
obtain from Northern Rhodesia and Federal Governments their agreement on the selection
of thiB consulting firm,
•!9« The detailed work plan for the first year of operation of the project will be
prepared within 2 months of arrival of the project manager or appointment of the comanager, whichever is latere
20. Forward work plans will be drawn up by the project manager and the co-manager
not later than one month before the end of each year for the following year.
21. The Northern Rhodesia Government shall supply to the Executing Agency within a
month after the signature of this plan of Operation, or within a month of a demand
for them!
(i) Two sets of aerial photoprints, and two sets of mosaics or "laydowns",
at a scale of 1:40,000 at least, of any area within the Kafuo Basin
requested.
(ii) Two sets of any existing maps requested.
(iii) Copies of reports and data pertinent to the Survey; also of records
and past projects, such as are wanted for compiling detailed work plans.
22. The appointment of the senior hydrologist and the hydrologist should be made
by the Executing Agency at the earliest possible data^ in order to ensure the longest
possible period of observation to be available before the end of the project. The
ecological survey should start 6 months after the project becomes operational.
23. A tentative timetable showing the time of employment of the varioua M,-per+ is
given below. However, it should be noted that this may be revised as the work {jlans
for each subsequent year are made:
Project Years
Years
Project Manager
Senior Hydrologist
Hydrologist
Senior Soil Scientist
Soil Scientist (photo-interpretation)
Soil Chemist
Orasaland Eoologist
Economist

Hydraulic Engineer
Animal Husbandry Expert
Consultants

24.

It is assumed that the project will start in January I962.

4
4
4
2.5
2
1.5
3
0.5
0.5
0.5
2.5
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25. During the oourse of the surveys emphasis will be given to the training of the
Rhodesian counterpart personnel. Training will consist of field work, laboratory work
and lectures. Details will be decided by the project manager, co-manager and individual experts concerned for each aspect of the project,
26. After the withdrawal of the experts provided by the Executing Agpnoy the Northern
Rhodesia Oovernment will continue, with the hydrologioal observations laii down, and
with agronomie and pasture investigations, together with an organiaation for followingup the rasults of tha aurvey,
D,

Organiafttion
WWUJBmLIWLMJMBilli m JUMI lil • • !

27. The project manager appointed by the Dxeouting Agenoy in agreement with the
Northern Rhodesia Qovarnment shall be responsible for the detailed planning administration and execution of the project, including timing and budgeting of the various
elements, the preparation of teohnioal reports and the organization and supervision
of related training progratms,
23, He will execute these funotions within tho terms of referenoe set out in the
Plan of Operation under the general supervision of the üxeouting Agenoy,
29» In undertaking these responsibilities, the project manager will work in close
co-operation with the co-manager appointed by the Northern Rhodesia Government in
agreement with the Executing Agency.
30. The project manager and the team of experts of the Executing Agency will be
attached to and work in close co-operation with the Northern Rhodesia Government,
Ministry of Land and Natural Resources.
31. The two hydrologiats supplied by the Executing Agenoy will be attached to and
work in close co-operation with the Director of Water Affairs of the Northern
Rhodesia Government, Ministry of Land and Natural Resources.
32. Job A - General Hydroloa^; A senior hydrologist will be responsible under the
general supervision of the project manager, for hydrological analyses aJid the
compilation of water management plans and the techniques used in these. His requirements in technical matters (v/ithin the limits of the funds and staff available)
will be supplied to him by the Director of Vfater'Affairs, who will ensure that
officers of his department undertake the work required by the Senior hydrologist and
execute it efficiently. (Orders to departmental officers will be given through the
Director of Hater Affairs or his normal departmental channels).
33. The hydrologist of the Executing Agenoy will vTOrk under the general supervision
of the senior hydrologist. He will first hglp the Northern Rhodesia Goveriiment
hydrological group in field work on a half of the Kafue basin and, as soon as the
Northern Rhodesia Government secure the services of a hydrologist to supervise this
part of the field work, will then undertake the analysis and computation of
hydrological data.
34» The Northern Rhodesia Government will place at the disposal of the senior
hydrologist of iJ'AO all information and data required by him from existing stations,
and from such additional stations as might be' sited and opened up, and will execute
works and carry out observations as arranged in a program prepared by the Director
of Water Affairs and the Senior Hydrologist.
35, Job B - Setting up Representative Catchments: The senior hydrologist will carry
out a reconnaissance of the zones suggested for the setting up of sample catchments
and decide which ones are essential and where they should be located. He will also
examine and layout the selected sample areas and supervise the installation of equipment
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and organize the system of observations and reports and carry out the evaluation of
the data obtained,
36. In this task the senior hydrologist of the i'Jxeouting Agency will be assisted by
the Chief Officer of the N. Rhodesia Government Hydrological Branch,
37« The Northern Rhodesia Government will carry out the construction•work needed
for the installation of equipment and will supply subordinate staff,
38, Job C - and D - Survey of the Lukanga Swamps; This job will be given under
contract by the Executing Agency to the consulting engineering firm Kanthaok and
Partners, or through another consulting firm acceptable to the Northern Rhodesia and
Federal Governments,
39* Job B and F,G - Liurvey of the dam sites; This part of the survey shall be
executed by the Executing Agency through the employment of Kanthaok and Partners,
or through another consulting firm acceptable to the Northern Rhodesia and Federal
Governments,
40. Job H, I and J - iJoil Survey; This will be carried out either by direct
recruitment or through the employment of a sub-contractor, whichever solution proves
to be more advantageous. The decision will rest with the Executing Agency who will
inform the Northern Rhodesia and Federal Governments and obtain clearance for the
experts or for the selected consulting firm,
41. Job K - Ecological Survey of the Kafue Flats in relation to Grassland and Water
Regime; This part of the survey will be carried out by the Executing Agency by
direct recruitment. The Northern Rhodesia Government contribution will be to provide
the services of a consulting firm who will supply the data on the river regime, river
and groundwater levels (flooding), etc. The Northern Rhodesia Government will supply
this data to the team of the Executing Agency,
42. The Northern Rhodesia Government will also supply the subordinate technical
staff to work with the ecological team of the Executing Agency,
43. Jobs L, M and N - Economic Appraisal; This will be essentially carried out by
the Appraisal Expert who is also the Project Llanager, in co-operation with the Northern
Rhodesia Ministry of Land and Natural Resources and the other Federal and Northern
Rhodesia Government Ministries concerned. Economic, appraisals relating to power will
be carried out by the Federal Ministry of Power; that of the Kafue Gorge Power Scheme
in particular will be made by the Federal Power Board, The collaboration of the
Federal Ministry of Economic Affairs will be invited, for contributing information and
expert economic investigators,
44. The Ministry, through the co-manager, will ensure coordination in the participation of other Federal and Northern Rhodesia Government agencies on the project.
45. Selection and employment of counterpart personnel shall be made jointly by the
project manager and the co-manager.
46. The project manager shall be assisted in administrative matters by the Northern
Rhodesian Government's co-manager and by administrative and office staff as detailed
in paragraph 10, These vvill be provided by the Ministry of Land and Natural Resources,
together with certain other acoounting and procurement services as may become
necessary at certain times,
47. Northern Rhodesia Government expenditure against various items of the Plan of
Operation will be made at the request of the co-manager countersigned by the project
manager.
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48. Actual payment orders (within budgetary limits) will be issued by the Senior
Accountant of the Ministry of Land and Natural Resources: he will keep record of
the expenditure incurred; report upon it to the Northern Rhodesia Government in the
aame way as with other expenditure by the Ministry; and submit the accounts of this
project for audit by the Auditor General of the Federation.
III.

BUDGET

49» lïi addition to the services and facilities described in paragraphs B.8 to 13
inol, above, which shall be provided in kind to the project by the U.N. Rhodesia
Government, estimated to cost a total of P. of R.M. fc 206,070, the equivalent of
US$ 577)000 as detailed in Appendix II, the estimated total cash project budget
amounting to the equivalent of US8 786,100 will consist of the following:
(a) The gross cost of experts, contractual services, equipment and miscellaneous
expenses, etc. described in paragraph 4 (a) to (d) above to be met by the Special
Fund and amounting to an estimated total of US$ 711f300 which includes the cost of
preparatory assistance and an amount estimated at the equivalent of US8 79»300
representing cash payments in local currency to be made by the Northern Rhodesia
Government to the Special Fund towards local operating costs described in paragraph
14 above (see Appendix l ) .
(b) The overhead costa of the Executing Agency amounting to US8 74)800,to be met
by the Special Fund (see Appendix l).
IV.
50.

REPORTS

Progress Reports

The Executing Agency shall submit to 'the Northern Rhodesia and Federal Gov-nments
the following reports on the project;
an Inception Report, to be supplied on completion of the first phasej
an Annual Report to reach the Government by Ist March each year covering
the period of the previous calendar year;
a Mid-Year Report to reach the Government by 1st September each year
covering the work up to 30 June of that year;
Subject Reports, with data, summaries and »>fith maps upon each of thé
Surveys, "Jobs", or groups of jobs (as listed in Appendix IV), as these
are completed: also reports of any economic studies or assessments made,
and
a Final Report after the project had ended. This shall include consideration of the Purposes of the project such as are set out in paragraph A.I
of this Flan of Operation.
51•

Financial Statement

A financial statement (bi-annual) will be communicated by the Executing Agency
to the Northern Rhodesia Government and by the Northern Rhodesia Government to \he.
Executing Agency on their respective expenditures.
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52. The Northern Rhodesia Government and the Executing Agency jointly shall submit
to the U.N, Special Fund at the end of each calendar year a certified inventory of
equipment purchased with the funds allocated by the U.N. Special Fund.
V.

CONCLUSIONS

53. Upon completion of the project, a report will be submitted by the Federal and
Northern Rhodesia Governments to the Kxecuting Agency and the Special Fund on the
benefits derived from the project and the activities planned by the Governments to
further the purpose of the project.
'
54. At the Bucceesful conclusion of the project, the Government of the United
Kingdom on behalf of the Federation of Rhodesia and Nyasaland, thg iSxecuting Agency
and the Special Fund will consult with a view to transferring the title of equipment
from the Special Fund, in whose name it has been held by the Executing Agency, to
the Government of Northern Rhodesia or its nominee.

Agreed on behalf of the Parties by the Undersigned!
Pood and Agriculture
Organization of the
United Nations

Government of the United
Kingdom on behalf of the
Federation of Rhodesia
and Nyasaland

U.N. Special Fund

signature
Sir Patrick Dean
Ambassador of the United
Kingdom Mission to the
United Nations

signature
Mr.Paul Hoffman
Managing Director for
the Special Fund

signature
Norman G.Wright
Deputy Director-General

23 February I962

23 February I962

14 February I962

date

date

date
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APPBNDIX II

LIST OP IMTBHNATIONAL EXPERTS

S1. No,
a.

Name

Nationality

Title of post

Appointed by Agenoy

10.
11.

Edgecombe, A.R.B.
Wiese, R.S.
Lipko, R.J.
Yager, T.U.
Gu9rra,P.R.A.
Oelens, H.F.
Preitas, P.O.
Elber3en,G.W.W.
Gear, D.
van RenBburg,H.J.
Clayton, VJ.3.

British
American
Swiss Resident
American
Portuguese
Dutch
Portuguese
Dutch
British
British
British

12.
13.
14.
15.
16.
17.
18.

Iyengar, N.S.
de VoB, A. '
Roberts, S.V.
Radwanski, S.A.
Schuster, P.
Houser, H.
Lord, R.P.

Indian
Canadian
British
British
German
German
British

Project Manager
Senior Hydrologist
Hydrologist
Sen.Soil Scientist
Soil Surveyor
Soil Scientist
Soil Chemist
Soil Scientist
Hydrologist (Research)
Grassland Geologist
Animal Husbandry
Officer
Senior Hydrologist
Wildlife Ecologist
Tooh,Officer (Design)
Soil Surveyor
Engineer
Soil Chemist
Agricultural Economist

British
British
British
British
British
British
British
British
British
British
British

Partner
Senior Engineer
Associate
Surveyor
Associate
Engineer
Regional Engineer
Engineer
Engineer
Engineer
Regional Engineer

1.
2.
3.
4.
5.
6.
7.

b,. Sub-oontraptor's personnel
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

Pieaold, D.D.A.
Abrey, H.R.S.
McLean, H.A.
Bullard, R.K.
Engels, E.T.
Burden, J.J.
Tattersfield, J
Watermeyer, P.
Edmonds, D.T.
Thornten, T.J.
English, C.J.
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