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Abstract

The Kariba Reservoir is one of the largest man-made lakes in the world. It was
created after the impoundment of the Zambezi River at the head of the Kariba Gorge
primarily to provide hydro-electric power for mining and industrial development in
‘the then Federation of Rhodesia and Nyasaland (which is now Zambia, Zimbabwe
and Malawi). Impoundment started in 1958, filling the lake for the first time in
August 1963. Thousands of people and their livestock were displaced as their
dwellings and fields got submerged, giving way to the 180.6 km® Kariba Lake
covering over 5,000 km? of the Zambezi Valley. Paradoxically, extreme poverty and
hunger have become endemic among the riparian local communities in Zambia and

Zimbabwe.

This study looks at the implications of converting the Kariba from a single to a
multipurpose reservoir with a view to expand its contribution to meeting Goal
Number 1 of the Millennium Development Goals (MDGs), namely, Eradicate
extreme poverty and hunger by 2015. The research involved the collection of
extractive water usage data from the Zambezi River riparian interests between
Kazungula on the Zambia/Zimbabwe/Botswana tripartite border point and the Kariba
Dam, and simulating hydropower generation at Kariba under average hydrologic
conditions as well as current and projected installed capacities. The simulation
procedure was accomplished with the use of the HEC-3 Reservoir System Analysis

for Conservation computer programme.

Data collected from the field by way of personal interviews and pumping / usage
estimations indicate that an estimated total of 2,540,052 m’day’ (approximately 29
m’/s) is abstracted from the Zambezi River and Lake Kariba between Kazungula and
Kariba Dam for non-hydropower usage. This figure comprises abstractions of 165,167
m’day” on the Zambian side and 2,374,885 m’day” on the Zimbabwean side. For
purposes of assessing the impact of extractive water usage on hydropower generation
at Kariba Dam in the short to medium term, this study considers an abstraction level
of 71 m’/s comprising current usage (as indicated above) and the 2020-25 planned
abstraction. The simulation results indicate an insignificant impact on hydro-power

generation at Kariba Dam.

The study therefore concludes that multiple usage of Lake Kariba does not impinge
on its original single-purpose design for hydropower generation at Kariba Dam. In
this regard, the study recommends taking full advantage of the extensive Lake Kariba
waters to prop up irrigated agriculture in order to contribute to the eventual attainment
of MDG Number | among the riparian communities and beyond.
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CHAPTER 1: INTRODUCTION

1.1 Background

The Kariba Reservoir is one of the largest man-made lakes in the world. It was
created after the impoundment of the Zambezi River at the head of the Kariba Gorge
primarily to provide hydro-electric power for mining and industrial development in
the then Federation of Rhodesia and Nyasaland (which is now Zambia, Zimbabwe
and Malawi). Impoundment started in 1958, filling the lake for the first time in
August 1963. Thousands of people and their livestock were displaced as their
dwellings and fields got submerged, giving way to the 180.6 km> Kariba Lake
covering over 5,000 km? of the Zambezi Valley. Paradoxically, extreme poverty and
hunger have become endemic among the riparian local communities in Zambia and

Zimbabwe (Zambezi River Authority, 1997).

However, initiatives to ameliorate the social and economic welfare of the riparian
rural communities have intensified in the recent past. For example, the Zambezi River
Authority — a corporate body owned by the governments of Zambia and Zimbabwe
mandated to administer the Kariba Complex (Kariba Dam and attendant
infrastructure) and the stretch of the Zambezi River shared by the two countries in the
context of the ZRA Act of 1987 (Act No. 17 and 19 of the Republics of Zambia and
Zimbabwe, respectively) — is implementing various development projects among the
displaced communities in the Valley under the Zambezi Valley Development Fund
(Zambezi River Authority, 1997), sponsored by various donors. Zesco Ltd, the
Zambian power utility firm, has also been implementing similar projects under its
social component of the World Bank-supported Power Rehabilitation Project. As
most of these programmes are agro-based, the use of the Zambezi River / Lake Kariba
waters for sustainable implementation of irrigation projects is the target. Besides, an
increasing number of commercial entities have set up or are setting up irrigation and

other water-using ventures such as hotels/lodges and fishing industries.

A study by the World Commission of Dams on Lake Kariba (2000) projects a

combined irrigable area around Lake Kariba to 17,000 ha, which, assuming an annual
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average water consumption of 1750mm, would require about 300,000 x 10° m> of

water per year (9.5 m3/s).

Beyond the immediate environs of the Zambezi River and Lake Kariba, plans are
underway to construct inter-basin water transfer schemes to abstract considerable
volumes of water from the Zambezi River to meet increasing demand in other basins.
Botswana, for example, is planning to abstract some 16 m/s of water from the
Zambezi under the proposed Chobe/Zambezi Water Transfer Scheme expected to be
commissioned by 2022 (Republic of Botswana, 2009). Probably of similar magnitude
is the proposed Bulawayo-Matabeleland-Zambezi Water Supply Project which is also
in its feasibility stage (Euroconsult Mott MacDonald, 2007).

From the foregoing, it is quite evident that demand for the Zambezi water is

increasing both within the riparian zones and beyond.

This study is therefore intended to contribute to the reservoir of knowledge and
information for present and future development processes in the Zambezi Valley
between Zambia and Zimbabwe. Its central focus is the assessment of the implication
of converting the use of the Lake Kariba water from single (that is, hydro-power
generation) to multipurpose in view of not only the increasing demand for water in the

area but also for national strategic reasons.

By definition, a multi-purpose reservoir is one that is designed to serve two or more
functions, the most common of which are:

e lIrrigation;

e Water supply;

¢ Flood control;

® Navigation; and

e Recreation

The significant difference between the operating purposes, including power, is the

requirement for release from the reservoir and the consequent impact on reservoir
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levels. Typical requirements imposed on a reservoir by the prospective user relate to

one or all of the following:

Power: the preferred flow release is relatively uniform; hence reservoir levels are
drawn down in the dry season, with refill during the wet season. Reliability of
supply is generally high. Since power and energy is the ultimate product, head and
hence reservoir level is also important and the tendency is hence to keep reservoir
levels as high as possible (subject to firm energy and dry storage use)

Irrigation: reservoir levels are unimportant (neglecting cases where irrigation
water is drawn by gravity or pumped from reservoir upper levels — very common
for storage reservoirs as opposed to diversion dams). Supply reliability not
generally as high as for power. Unlike power, required flow release tends to be
seasonally very variable — zero at times. With no concern for head and an
inherently higher value for water, reservoir drawdown can be much longer.

Water Supply: normally the highest value water use, no concern over reservoir
levels (assuming supply point is downstream) — otherwise similar to power,
requiring high reliability and fairly uniform flow release.

Flood Control: unlike all other problems, in that flood control requires storage
above a normal or target level, i.e., for power, irrigation or water supply under
ideal conditions, the reservoir will be maintained at a high level — the reverse
applies for flood control. Storage ability is crucial and downstream release over
the longer term is unimportant — neglecting the overriding objective of reducing
normally short term (hours/day) release under flood conditions.

Navigation: operation for downstream navigation is similar to irrigation or water
supply. For navigation on the reservoir the common requirement is to maintain
levels relatively constant.

Recreation: covers a broad spectrum including maintenance of acceptable
environmental conditions. One class of requirements call for reservoir levels to
hold more-or-less constant, i.e., similar to those of a natural lake; the other covers
monitoring satisfactory downstream flow release (riparian flow) — also typically
dictated by natural conditions. As a class, recreational requirements are unique in
generally calling for the reservoir to perform as a lake, i.e., with very little use of

storage, this is therefore in sharp conflict with most of the other uses.



1.2 Problem Statement

With increasing population, demand for water to meet various socio-economic needs
has increased. The huge volume of water in the Kariba Reservoir could greatly
contribute to meeting the rising demand. The question is what would be the
implication of diversifying the water usage in Lake Kariba on hydropower generation

at Kariba Dam?

1.3 Aim

The aim of the study is to meet the increasing demand for water by diversifying usage
of the Kariba waters for wealth creation and poverty reduction among riparian

communities.

1.4  Objectives

The objectives of this study are as follows:

1) To quantify water demands from the Zambezi River and Lake Kariba for
extractive users in Zambia and Zimbabwe

2) To assess the impact of water abstraction from the Zambezi River and Lake
Kariba on hydropower generation

3) To develop a scenario-based water balance model vis-a-vis hydropower
generation for the Zambezi River reach shared by Zambia and Zimbabwe.

4) To design a water allocation policy for Lake Kariba for users other than

hydropower

1.5 Rationale

Zambia and Zimbabwe have both domesticated the United Nations Millennium
Development Goals, including Goal Number 1 which states: “To eradicate extreme
poverty and hunger.” In this regard, it has been realized that agriculture plays a
pivotal role in wealth creation and also that water is a central factor in revolutionizing
agriculture for the attainment of food security and poverty alleviation (Nyambe and
Feilberg, 2009).

According to the recently concluded Southern Africa Development Community —
Water Division (SADC-WD) / Zambezi River Authority’s Zambezi River Action Plan
Project (ZACPRO) Number 6.2 (Euroconsult Mott MacDonald, 2007), Zambia and
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Zimbabwe, among other Basin countries, have prioritized agriculture as the main
vehicle to attaining MDG Number 1. In the case of Zambia, for example, the Zambia
Vision 2030 and the Fifth National Development Plan (FNDP) place (irrigated)
agriculture at elevated priority levels as the engine for guaranteeing food security,
reduction in food imports, export of surplus food and other high value crops, thereby
ensuring accelerated economic growth and employment creation. Although irrigation
development in Zimbabwe seems to have stagnated in the last 10 years or so,
relatively large schemes (e.g. Dande) have been prepared and may get off the ground
in the next 10 years. Meanwhile, most of the tributary rivers where the development
potential is concentrated experience very low or no streamflow in the dry season
(even in average years) when irrigation water demand is highest and other needs must

also be met (Ibid).

Diversifying the use of the Lake Kariba waters could therefore provide the much
needed source of water to meet the increasing demand. There are presently no
mechanisms for allocating water from the Zambezi River and Lake Kariba for uses

other than hydropower.



CHAPTER 2: LITERATURE REVIEW

Probably the first attempt at estimating the impact of extractive usage of water from
the Zambezi River / Lake Kariba is found in a study by Zimconsult (1995) in which a
thorough economic assessment of water usage was done in the context of an attempt
to design a fee and tariff structure for the Zambezi River Authority. During this study,
water usage data collected for the larger part of the catchment’s extractive water users
indicated that less than 1% of the water available for energy generation even in
drought years was actually abstracted. In consideration of this and other economic
factors, the study recommended an indirect charge on abstractors through the national
taxation arrangements as well as direct charges for actual water utilized by the power

utilities at Kariba Dam.

The Zambezi River Authority (1997) also undertook a study code-named ‘Kariba
Dam’s Operation Noah Re-launched’ through which a ‘reparation and rehabilitation’
programme was launched for the displaced communities of the pre-flooding era of the
Zambezi Valley. To date, a number of developmental projects have been implemented
in the area, some of which involve the usage of the Kariba water for agriculture.
Zesco Ltd too — under its World-Bank funded Power Rehabilitation Project — did
implement a number of community projects on the Zambian side, particularly in

regard to supplying electricity to the area.

A comprehensive strategic plan for the Zimbabwean side of Lake Kariba was
developed in 1998 (Kariba Lakeshore Combination Master Plan Authority, 1998)
highlighting both water-based and terrestrial developmental projects that were to be

undertaken in various districts riparian to the Lake Kariba.

The World Commission on Dams (2000) carried out a scoping and case study of the
Kariba Dam as one of the ten dams identified worldwide for such a study that would
contribute to the international debate on the development effectiveness of large dams.

Some of the lessons learnt from the study included the following:



i implications than just the production of
e Hydroelectric schemes may have far more implications J

electricity; | | |
Major hydropower projects can lead to continuously low tariffs, with major

benefits for the residential, commercial and industrial consumers;

In dam projects, cases of involuntary resettlement require detailed planning and
the full participation of the affected people in the planning process. In addition,
the planning process must be carried out well ahead of resettlement process and

must ensure adequate infrastructure in the new areas of settlement to minimize the
trauma of resettlement for the displaced people by the dam. As far as possible, the

displaced people must be equally or more comfortable in their new settlement
areas than their areas of settlement in the dam basin; and

® As shown in the case of the Kariba Dam, a number of initiatives (trust funds,
targeted development projects) can be considered for addressing some of the

unsettled issues inherited from the past.

The study also observed that the existing irrigation schemes in Zimbabwe, that is,
Charara and Gatshe Gatshe consume a total of around 0.0087 % of the Kariba Dam’s
live storage (64.5km>), a situation that is of no consequence to the availability of
water for electricity. The study further projected the combined irrigable area around
Lake Kariba to 17,000 ha, which, assuming an annual average water consumption of
1750mm, would require about 300,000 x 10° m? of water per year 9.5 m3/s),
representing a mere 0.47% of the total live storage of Lake Kariba — still an
insignificant amount that was unlikely to affect power generation (World Commission
on Dams, 2000).



CHAPTER 3: STUDY AREA

3.1 The Zambezi River

The Zambezi River, shared by eight Southern African countries, is one of Africa’s
four major rivers with a total basin area of 1.4 x 10° km> (Figure 1). The contributions
of the eight countries to the basin runoff are: Zambia, 40.7%, Zimbabwe 16%, Angola
18.2% Mozambique 11.4%, Malawi 7.7%, Botswana 2.8%, Tanzania 2% and
Namibia 1.2%. Figure 1 below shows the extent of the Zambezi River Basin as well
as the location of the Lake Kariba on the border between Zambia and Zimbabwe,

which is the area of interest in this study.
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Figure 1: The Zambezi River Basin, showing the Position of Lake Kariba on
the Border between Zambia and Zimbabwe and Riparian-state
Runoff Contributions to the Basin

3.2 The Zambezi River Flows

Average flows of the Zambezi River at the oldest station near the Victoria Falls for

the period 1907 — 2008 are quoted in m*/s in Table 1 below. These figures give a




general picture of the variation of discharges at the point of entry into the section of

the Zambezi River common to Zambia and Zimbabwe.

The river mean annual flow at this station is 1,053 m>/s (Zambezi River Authority,
2009) and the Coefficient of Variation (C,) of the flows at Victoria Falls is estimated
to be 40%.

Table 1: Zambezi River Monthly Average Flows at Victoria Falls (1907 — 2008)
Flow Month

(ms/S) Oct | Nov | Dec Jan Feb Mar Apr May Jun Jul Aug | Sep

Mean | 261 | 264 | 395 642 1055 | 1919 | 2716 | 2345 | 1473 768 467 | 337

Max 479 | 541 | 776 | 1296 | 5484 | 8720 | 7610 | 5297 | 3628 | 1770 | 914 | 610

Min 116 | 118 | 199 319 443 602 784 569 341 281 220 1 161

3.3 Existing Management of Water-use of the Zambezi River Common to

Zambia and Zimbabwe

The following is a brief description of the existing water-use management
institutional arrangements which involve the Zambezi River Authority (ZRA), the
Department of Water Affairs / Water Board of Zambia and the Department of Water
Resources Development of Zimbabwe / Zimbabwe National Water Authority as the

main responsible institutions.

3.3.1 Zambezi River Authority Act of 1987

The Zambezi River Authority is a statutory body jointly owned by the States of
Zambia and Zimbabwe. The Authority came into being on the 1* day of October 1987
by parallel legislation in the Parliaments of Zambia and Zimbabwe following the

reconstitution of its predecessor, the Central African Power Corporation.

The Republics of Zambia and Zimbabwe are desirous of achieving the greatest
possible benefit from the efficient utilisation of the abundant waters of the Zambezi
River for the production of electric energy and for any other mutually beneficial
purpose for the economic, industrial and social development of the Contracting States.

The Authority’s raison d’étre is to ensure the effective use of the waters and other
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resources of the Zambezi River common to the borders of the two States (Zambezi

River Authority, 2005).

ZRA is governed by a Council of Ministers consisting of four members, two as
Ministers in the Government of the Republic of Zambia and the other two as
Ministers in the Government of the Republic of Zimbabwe. The Ministers designated
by the two Governments to be members of the Council are those for the time being

holding portfolios of Energy on the one hand, and Finance on the other (Ibid).

In terms of the ZRA Acts, the Council of Ministers gives direction to the Authority as
will ensure the most efficient use of the Zambezi River and its installations. In this
regard the Council may make rules prescribing anything which, in the opinion of the
Council, is necessary or convenient to be prescribed for the better exercise of the
functions of the Authority. The functions of the Authority are as set out in the

schedule to Zambezi River Authority Acts Nos. 17 and 19 of 1987 of Zambia and
Zimbabwe, respectively (Ibid).

3.3.2 Zambia Water Act of 1949, Draft Water Resources Management Bill of 2005
and the National Water Policy of 2010

Administration of the development and utilization of the water resources of Zambia is
enshrined under the Water Act (Chapter 312) of 1949. The Act defines, inter alia, the
ownership, control and use of surface water resources in Zambia. The Act also
provides for the establishment of a Water Board whose responsibility is to administer
the Water Act in respect of issuance of water rights. Section 3 of the Act however,
provides for the exclusion of the Western Province, the Zambezi River, the Luapula

River and that portion of the Luangwa River which constitutes the boundary between

Zambia and Mozambique.

As of July 2007, the Water Act was however, in the process of being repealed to give
way for the enactment of the Water Resources Management Bill of 2005. The Draft
Bill provides for the establishment of a Water Resources Management Authority,
catchment and sub-catchment councils whose primary role is the provision of

equitable, reasonable and sustainable management and utilization of the water
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resources of Zambia. The Draft Bill also provides for equitable and sustainable

utilization of shared watercourses in recognition and implementation of various
treaties, conventions and agreements, including the revised SADC Protocol on Shared
Watercourses (2000).

Section 118 of the Draft Bill provides for the establishment of institutions to
implement any such bilateral or multilateral agreements with any foreign state or
government relating to any shared watercourse (Section 116), and in particular to (a)
investigate, manage, monitor and protect the water course; (b) foster regional
cooperation over the watercourse; (c) acquire, construct, alter, operate or maintain any
works; or (d) allocate, use and supply water from the watercourse. In this regard, the
Bill provides for particular recognition of existing trans-boundary water resource
management arrangements through the Zambezi River Authority (Section 119)
(Government of the Republic of Zambia, 2007).

As a forerunner to the imminent enactment of the Zambia Water Resources
Management Bill, the Government of the Republic of Zambia adopted the National
Water Policy in February 2010. The National Water Policy 2010 provides for the
holistic management of the country’s surface and groundwater resources through an
integrated approach. The Policy also stipulates the country’s position and role on
various international and regional conventions and protocols on water resources
management and development, including the Revised SADC Protocol on Shared
Watercourses and the ZRA Act. The Policy provides a direction and framework for
management, development and utilization of water resources in Zambia (Government

of the Republic of Zambia, 2010)

3.3.3 Zimbabwe Water Act of 1998

Administration of the development and utilization of the water resources of
Zimbabwe is enshrined under the Water Act (Chapter 20:24) of 1998 which provides,
among other things, the establishment of catchment and subcatchment councils under
the general supervision of the Zimbabwe National Water Authority (ZINWA).
ZINWA, established by section 3 of the ZINWA Act (Chapter 20:25) is involved in

the construction of dams and supplies water to most local authorities in the country.
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Through the water act it controls and monitors all water pollution activities occurring

throughout the country.

Relating to ‘Savings in relation to Zambezi River Authority’, Section 120 of the

Zimbabwe Water Act of 1998 states as follows:

“Notwithstanding this Act, the Zambezj River Authority referred to in Section
4 of the Zambezi River Authority Act (Chapter 20:23) may continue to
perform its functions and exercise its rights in relation to the use, extraction
and storage of water in or from the Zambezi river in respect of the Kariba
dam, the Kariba hydro-electric scheme and any other undertaking which are

conferred upon it by or in terms of that Act.”

The Zimbabwe National Water Authority is a statutory corporation charged with the
operational aspects of what was part of the work of the Department of Water
Development. With the establishment of ZINWA, the development and management
of the national water resources is the responsibility of the Authority whilst the policy
making and regulatory functions remain the responsibility of the Government in the
Department of Water Development. The Authority operates on a commercial basis
except in respect of certain non-commercial functions for which levies are raised from

certain water consumers (Government of the Republic of Zimbabwe, 1998).

3.3.4 Revised SADC Protocol on Shared Watercourse Systems

The Protocol on Shared Watercourse Systems in the Southern African Development
Community (SADC) Region (1995), which entered into force on 29th September
1998, was revised at a summit of Heads of State or Government, or duly authorised
representatives, of SADC Member States, held in Windhoek, Namibia, on Tth Aug\fst
2000. As of July 2001, Zambia and Zimbabwe were among the ten SADC countries
that had ratified the 1995 Protocol. Others were: Botswana, Lesotho, Malawi,
Mauritius, Namibia, South Africa, Swaziland and Tanzania. The Revised Protocol

signed by all the fourteen SADC member states, had been ratified by three member

states as of June 2001 (Ramoeli, 2002).
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The overall objective of the Protocol is to foster closer cooperation for judiciou

sustainable and co-ordinated management, protection and utilisation of share
watercourses and advance the SADC agenda of regional integration and povert

alleviation. In order to achieve this objective, the Protocol seeks to:

(a) Promote and facilitate the establishment of shared watercourse agreements ani

Shared Watercourse Institutions for the management of shared watercourses;

(b)  Advance the sustainable, equitable and reasonable utilisation of the shared

watercourses;

(©) Promote a co-ordinated and integrated environmentally sound development

and management of shared watercourses;

(d) Promote the harmonisation and monitoring of legislation and policies for
planning, development, conservation, protection of shared watercourses, and

allocation of the resources thereof; and

(e) Promote research and technology development, information exchange,
capacity building, and the application of appropriate technologies in shared

watercourses management (Ibid).
3.3.5 ZACPLAN Projects

In 1987, the then Southern African Development Coordination Conference (SADCC),
now the Southern African Development Community (SADC), adopted the Zambezi
River Action Plan (ZACPLAN) as part of economic integration, cooperation and
development of southern African countries, The objective of ZACPLAN is to achieve
environmentally sound planning and management of water and related resources in
the Zambezi river basin. Through the ZACPLAN, a number of projects have been
undertaken (Euroconsult Mott MacDonald, 2007).

A major achievement was the signing of the Agreement on the establishment of the
Zambezi Watercourse Commission (ZAMCOM). The ZAMCOM Agreement was
signed by seven of the eight riparian countries on 13th July 2004. Its aim is to

promote equitable and reasonable use of the water resources of the Zambezi River
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Basin and is also expected to promote efficient management and sustainable
development among the riparian states of Angola, Botswana, Malawi, Mozambique

Namibia, Tanzania, Zambia and Zimbabwe (Euroconsult Mott MacDonald, 2008).

The SADC Water Division (SADC-WD) within the framework of ZACPLAN anc
through an instruction of the former SADC Committee of Ministers of Watel
(Zanzibar, June 1999) facilitated the ZAMCOM negotiation process. A core projec
under ZACPLAN is the Zambezi Action Plan Project 6 (ZACPRO 6) titlec
“Development of an Integrated Water Management Plan for the Zambezi Rive
Basin” which was implemented in two phases. Phase 1 (ZACPRO 6.1), implementec
between 1995 and 1999, was concerned with the development of a sectora
knowledge base of water and related information to provide a sound basis for th

planning and development of the water resources of the Zambezi Basin (/bid).

The overall objective of ZACPRO 6 Phase 2 was to improve integrated wate
resources management to facilitate social and economic development and protectios
against floods, droughts, water resources pollution and environmental degradation i
the Zambezi River Basin. The immediate objective of the project is to assist an
facilitate the efforts of the Zambezi riparian states to create and develop an enablin,
institutional environment for the achievement of the overall objective. It is recognize:
that the formation of ZAMCOM will be critical in the implementation of th
Integrated Water Resources Management (IWRM) Strategy for the Basin ({bid).

3.4 Present Utilisation

The current major uses of the Zambezi water are:

e Abstractions for primary purposes ranging from individual domestic to loce
authority and urban level

e Abstractions for mining purposes

e Abstractions for industrial use

e Abstractions for agricultural purposes

e Tourism/recreation and navigational use

e Energy generation requirements

¢ Environmental usage
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Of these uses, the current study focuses on extractive usage of water from the

Zambezi River / Lake Kariba between Kazungula and Kariba Dam.
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CHAPTER 4: METHODOLOGY, ANALYSIS AND DISCUSSION

4.1 Methodology

The study involved the collection of both primary and secondary data from the stud
area. Primary data was collected through physical contacts with the target water users
aural interviews as well as pump specifications where applicable. Where it was nc
possible to estimate usage from any of the above methods, estimations were mad
based on populations served or the crops and hectarage irrigated. While some of thes
uses are based on stipulated allocations established through the involvement of th
permit-issuing institutions (Water Board — Zambia and ZINWA — Zimbabwe),

significant number of users are not on record in the appropriate registers.

Secondary data was derived from the Zambezi River Authority databases. These dat

included the following:

e Inflows from the mainstream Zambezi River as measured at Victoria Falls;

o Local flows from the Lower Catchment tributaries;

e Net evaporation for Lake Kariba;

e Reservoir characteristics (elevation, storage, surface area and outlet capacit
curves);

e Reservoir operation criteria (Flood Control Rule Curve);

e Hydrologic balance; and

e Power plant characteristics.

The data were then integrated into an input file for the HEC-3 computer programm

for purposes of running simulations of a reservoir operation system.

HEC stands for ‘Hydrologic Engineering Centre’ of the US Army Corps of Engineer
(USACE). The original version of the computer programme was developed in 1963
66, releasing the HEC-3 Reservoir System Analysis for Conservation version in 1974
The programme simulates the operation of a reservoir system for such conservatio
purpose as water supply, irrigation, navigation, recreation, low-flow augmentatio

and hydroelectric power. The present version used in this study was adapted an
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prepared by SNC-Shawinigan using the Microsoft FORTRAN compiler version 5.1

(Shawinigan Engineering, 1995).

In running the HEC-3 programme, the following assumptions were made:

That water abstraction remains constant over the simulation period, with no (zero)
return flow;

That the inflows into the Lake constitutes the Zambezi River long-term monthly
mean flows (1908/9 —2008/9) as measured at Victoria Falls hydrometric station;
Lower Catchment tributary inflows estimated from the Victoria Falls flows using
factors derived from ungauged Lower Catchment rainfall-runoff modeling and
water balance computations for Lake Kariba;

Net Evaporation estimated from Long-term lake-side measurements ;

Installed power capacity at Kariba (combined) stands at 1,470 MW, an increase
from the 1,266 MW capacity following the recent uprating programmes on both
the South and North-Bank Plants. Projected capacity is 1,830 MW, when
including the peaking power capacity of 360 MW being developed on the North
Bank (Extension) Project; and

Overall power plant efficiency remains constant at 86%.

Table 2 below shows the input data used in the simulation.

Table 2: Hydrological Data used in the Kariba Dam Multi-purpose Simulations

Month
Oct | Nov | Dec | Jan Feb | Mar | Apr | May | Jun Jui Aug | Sep
Long-term
Victoria Falls | 761 | 264 | 395 | 642 | 1055 | 1919 | 2716 | 2345 | 1473 | 768 | 467 | 337
Mean Flows
(m”'/s)
Lower
Catchment 7 39 | 358 | 609 | 916 | 534 | 185 | 63 40 25 18 12
inflows (m*/s)’
Mean Net 168 | 180 | (29) | (75) 5 157 | 146 | 123 | 135 | 195 | 114 | 149
Evaporation
Flood Control| 44¢ 50|487.00 |485.50|484.80 | 484.15|485.95|487.75 | 488.50 |488.50 | 489.50 | 488.50 | 488.50
Rule Curve
(m.a.s.l)

' As computed from Victoria Falls flows using factors derived from long-term water balance

computations
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4.2 Data Analysis and Results
Results of the water usage surveys are presented as Appendices 1 and 2, representing
total extractive usage of the Zambezi River / Lake Kariba water between Kazungula

and Kariba Dam in Zambia and Zimbabwe, respectively.

4.2.1 Water Use Demands
The data shows that an estimated total of 165,167 m3day'I is abstracted on the
Zambian side, while approximately 2,374,885 m’day’ is abstracted on the
Zimbabwean side, bringing the total to 2,540,052 m’day™'.

Of the total abstraction from the Zambezi River / Lake Kariba on the Zambian side,
52,640 m’day™ of water is abstracted for primary use (domestic / municipal supply)
while 106,527 m’day” is abstracted for agricultural use (irrigation and crocodile

rearing). These figures are graphically presented in Figure 2 below.
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Figure 2: Estimated Volumes of Abstraction by Sector on the Zambian Side between
Kazungula and Kariba Dam — as in 2009.

The water use proportions presented in the above figure are further summarized in
Figure 3 below, showing that agriculture is the largest user on the Zambian side at

64% and mining at 4%, while industrial usage is inexistent.
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Mining, 4%

Figure 3. Proportions of Abstractions by Sector on the Zambian Side between
Kazungula and Kariba Dam — as in 2009.

On the Zimbabwean side, approximately 2,000,000 m’ day'] of the water abstracted i
mainly used for industrial purposes, mainly as cooling water at the Hwange Therma
Power Plant, 48,209 m’day™ for domestic / municipal water supply, while 5,83
m>day” and 320,841 m’day” goes to agriculture (mostly crocodile farming) an
mining (Hwange Collieries), respectively. Figure 4 below is a graphical representatiol

of the four water-user categories on the Zimbabwean side.
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Figure 4. Estimated Volumes of Abstraction by Sector on the Zimbabwean Side between
Kazungula and Kariba Dam — as in 2009.
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Figure 5 below shows the same data presented in Figure 4 above but as proportions of
the total water usage on the Zimbabwean side. The figure shows a stark contrast with
the situation on the Zambian side as industrial usage ranks highest at 84.2%, while

agriculture is at the bottom with 0.2%.

Primary, 2.0% Agriculture,
0.2%

ining, 13.5%

Figure 5. Proportions of Abstractions by Sector on the Zimbabwean Side between
Kazungula and Kariba Dam — as in 2009.

Non-consumptive users of the Zambezi waters, including hydro-power at Victoria
Falls (Zambia), fisheries, tourism/recreation, navigation and, to a large extent, the
environment are by nature not part of this study. Further, hydrological and water
usage modifications due to climate change are excluded in this study on account of

lack of quantifiable data.

For the purpose of this study, the total extractive water demand in the study area is

estimated at 71 m3/s, broken down in Table 3 below.
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Table 3: Current and Projected Extractive Water Demand used in the Study

Usage Description Demand (m3/s)
Current abstraction 29
Projected irrigation demand around Lake Kariba 10
Planned large abstraction by Botswana (Chobe/Zambezi 16

Water Transfer Scheme)

Planned large abstraction by Zimbabwe (Bulawayo- 16

Matabeleland-Zambezi Water Transfer Scheme)

Total (2025) 71

4.2.2 Impact of Water Abstraction on Hydro-power Generation
In assessing the impact of extractive usage of water from the Zambezi River / Lake

Kariba on hydro-power generation at Kariba Dam, computer simulations were carried

out under the following scenarios:

Scenario 1: Initial lake level at Low Supply Level (475.5m) and Current Total
generation capacity (1,470 MW)

Scenario 2 Initial lake level at Median level (482.0m) and Current Total generation
capacity (1,470 MW)

Scenario 3: Near-Full Supply Level (487.5m) and Projected Capacity (1,830 MW)

Each of the three Scenarios was run separately but under a common hydrological
regime as presented in Table 3 above. The results of these simulations are presented

in Tables 4, 5 and 6 below.
The results of Scenario 1 (Table 4) show total failures (shaded tale cells) to meet both

the required energy and abstraction demands in the first two months and only energy

to varying degrees in the third, fourth and last three months of the simulation period.
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Table 4: Scenario 1 — Initial lake level at Low Supply Level (475.5m) and Currer
Total Generation Capacity (1,470 MW), Lake Kariba
Month

[ Oct [Nov [ Dec I Jan [ Feb /Mar I Apr [ Mayl Jun I Jul ]Aug ] Sep

Required
Generation 1470 | 1470 | 1470 | 1470 | 1470 | 1470 | 1470 | 1470 | 1470 | 1470 | 1470 | 1470
(MW)
Simulated ‘ ‘ i s
Generation | © 0 | 571 | 984 | 1390 | 1470 | 1470 | 1470 | 1470 | 383 | 189
MW) : i o
Abstraction
Demand (ms/s)
Simulated
Allocated 0 0 71 71 71 71 71 71 71 71 71 71
(m3/s)
Reservoir
Flood Control
Rule Curve
(m.a.s.l)
Simulated
End-of-Month
Lake Level
(m)
Spillage (m’/s)| 0 0 0 0 0 0 0 0 0 0 0 0

23

71 71 71 71 71 71 71 71 71 71 71 71

488.50487.00[485.50| 484.80 | 484.15 | 485.95 |487.75 |488.50 |488.50 [489.50 | 488.50 | 488.50

475.101475.29475.50| 475.50 | 475.50 |475.57475.92|476.00|475.54|475.50 | 475.50 | 475.50

The shaded cells in the above table indicate that as the Lake is building up from the
barest minimum storage level of 475.5m (i.e., theoretically ‘empty’) at the beginning
of the simulation season, both the energy and abstraction requirements are impossible
to meet due to evaporation. In other words, practically all the inflow ends up
evaporating from the Lake and hence the simulated drawing down of the reservoir to
below Low Supply Level. On the other hand, insufficient inflows from July to
September barely maintain the reservoir levels at the Lowest Supply Level (475.5m)
but somehow manage to allocate the full abstraction requirement. This is so because
whereas energy generation requires some reasonable head, abstraction does not

necessarily require it.
The situation becomes clearer with the second Scenario where the reservoir storage is

fairly high at the beginning of the simulation season. The results of Scenario 2 are

given in Table 5 below.
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Table 5: Scenario 2 — Initial lake level at Median level (482.0m) and Current Total
Generation Capacity (1,470 MW), Lake Kariba

Month

Oct | Nov | Dec | Jan Feb | Mar | Apr | May | Jun Jul | Aug | Sep
Required

Generation 1470 | 1470 | 1470 | 1470 | 1470 | 1470 | 1470 1470 | 1470 | 1470 | 1470 | 1470
(MW)
Simulated

Generation 1470 | 1470 | 1470 | 1470 | 1470 | 1470 | 1470 1470 | 1470 | 1470 | 1470 | 1470
(MW)

D‘:‘:’l;t::c(tl':;/‘s) ngn | n | nlnlanlnanlnalnalalal g
Simulated

Allocation 71 71 71 71 71 71 71 71 71 71 71 71
(m*/s)
Res. Flood

Control Rule {488.50(487.00(485.50|484.80(484.15 |485.95 487.75|488.50|488.50[489.50 | 488.50 | 488.50
Curve (m.a.s.h)
Simulated
End-of-Month
Lake Level
(m)
Spillage (m’/s)] 0 0 0 0 0 0 0 0 0 0 0 0

480.921479.85|479.181478.83 [478.81 478.92|479.27479.39 | 478.99 | 478.09 477.08(475.93

However, Scenario 3 (Table 6) shows some failure to meet the energy requirement as
can be seen in the shaded cells of the table (July — September). This happens because
of the elevated generation requirement which tends to overdraw the reservoir storage

as the reservoir release outstrips firm (mean) inflow.

Table 6: Scenario 3 — Near-Full Supply Level (487.5m) and Projected Generation
Capacity (1,830 MW), Lake Kariba

Month
Oct | Nov | Dec Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep
Required
Generation 1830 | 1830 | 1830 | 1830 | 1830 | 1830 | 1830 | 1830 1830 | 1830 | 1830 | 1830
(MW)
Simulated danp
Generation | 1830 | 1830 | 1830 | 1830 | 1830 | 1830 | 1830 | 1830 | 1830 | 1187 189 | 23
D’:{:’::(‘;c(t":;/‘s) nynln || nlalalnlnlaln
Simulated
Allocation 71 71 71 71 71 71 71 71 71 71 71 71
(m3/s)
Res. Flood
Control Rule |488.50(487.00|485.50|484.80|484.15 (485.95 |487.75(488.50 | 488.50| 489.50 | 488.50 | 488 50
Curve (m.a.s.l)
Simulated
End-of-Month 480.65(479.30(478.321477.65{477.341477.13|477.18 | 476.97 476.221475.50(475.50(475.50
Lake Level
(m)

Spillage (m*/s)] 0 0 0 0 0 0 0 0 0 0 | o 0




4.2.3 Water Balance Model vis-a-vis Energy Generation
The simulation tables given above (Tables 4, 5 and 6) depict water balance scenaric

for the different energy versus abstraction requirements. From these tables, th

following deductions can be drawn:

i.  Failures and shortages were declared in the first Scenario on account of th
following factors:

a. Both energy and abstraction requirements could not be met in the fir:
two months on account of inflows that were too low to offse
evaporation from the Lake — a situation that resulted in drawing down
the reservoir to below the Minimum Supply Level;

b. Energy requirements in the low-inflow months October — February and

July — September could not be met due to grossly reduced head that
required elevated reservoir releases. Thus, the system allocated the full
abstraction demand, presumably due to the fact that retaining this
amount of water would still have had an insignificant effect on the
energy demand.

ii.  The second Scenario had no shortages in terms of either energy or abstraction
requirements.

iii.  Energy shortages were declared under Scenario 3 (Near-full supply level and
increased target generation) for the months July — September, probably due to
increased energy requirement that assumed constant peak-power demand.
However, water abstraction requirements were met throughout the period,

probably due to the same reason given in item i)b above.

4.2.4 Water Allocation Policy for Non-Hydro-power Users
The study has shown that whereas Lake Kariba was originally created for the sole

purpose of building head for hydro-power generation, several non-hydro-power
sectors have benefitted. It is evident that although the reservoir flood control rule
curve requires that the Lake Level should be in the order of 488.5 m.a.s.1 at the end of
October (Table 2), non-hydro-power usage to the tune of 71 m3/s under normal

(average) hydrological conditions (Table 4) does not have any impact on hydro-power
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generation at Kariba Dam. Based on the three reservoir scenarios in this study, 2
notwithstanding the reservoir flood control rule curve, the Scenario 2 seems to dep
that non-hydro-power extractive usage of Lake Kariba waters is tolerable un
normal hydrological and energy generation (that is, excluding peaking pov
capacity) conditions as long as the Lake Level at the beginning of the hydrologi:

season (October) is around 482.00 m.a.s..

4.3 Discussion
This study reveals a stark contrast in water usage patterns between Zambezi Rive

Lake Kariba riparian zones in Zambia and Zimbabwe. This situation may

attributed to the fact that whereas most of the Zimbabwean stretch constitutes wildl
protected area, the case is not different on the Zambian side. Thus, irrigat
agriculture — and hence more water usage — on the latter is more developed than
the former. The largest abstractor for irrigation on the Zambian side is Zambe
(abstracting 2,000 m3day" mostly for fodder cropping at its Sinazongwe Far
(formally Northern Grain Growers Ltd)). Conversely, however, industrial water usag
is much higher on the Zimbabwean side, largely on account of the vast quantiti
required as cooling water at the huge thermal power plant in Hwange, a situation th
is practically absent on the Zambian side. As a matter of fact, the whole study area

practically devoid of any other industrial activity of any significance.

Coincidentally, primary water demand seems balanced between the two riparian sid
with about 52,000 m> day'1 and 48,000 m3day'] apiece, probably due to similar leve

of urbanization on either side of this Zambezi River stretch.

On the other hand, mining on the Zimbabwe side takes far much more wat
compared to that on the Zambian side. Again, this can be attributed to the differen
in the magnitude of the coal mining — the only major investment in this sector in tl

reach — between the two sides.

That be as it may, it is clear that the combined water abstraction on the study ar
seems to have an insignificant impact on hydropower generation at Kariba Dam, bo
at the moment and in the near future (2025). The results of this study show that tl

only failure that may be attributed to water abstraction could be under Scenario
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However, it is also evident that even without the water withdrawal to the level of
m’/s, the energy shortage would still occur under the circumstances owing to the ve
low initial storage (practically empty) coupled with not only the rather low inflo
but more so because of the high evaporation. This reality is manifest in the seco

scenario where no shortages whatsoever were declared.

The third Scenario shows only energy shortages, indicating that the targe
generation was way too high for the twelve months. This was clearly expect
considering that the additional 360 MW required from the North Bank Power PIz
would only be invoked at peak demand times only. It is quite evident from the abo
results that any scenario with initial storage higher than Scenario 2 but for the sar

energy requirement as in the latter case would still result in no failures or shortages.

Overall, the abstraction level used in this study assumes continuous extraction at tl
level throughout the year, and yet the reality is that irrigation demand drastically fa
during the rainy season — a situation that shows that the actual total extractive usa
would be well below this level. This situation further lends weight to the observ

low impact of extractive water usage on hydropower generation at Kariba Dam.
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions
The study confirms earlier studies that water demand from the Zambezi River and

Lake Kariba for uses other than hydropower is less than 1% of the Kariba Reservoir
Live Storage. It has also shown that industry (thermal energy generation, Zimbabwe)
is the largest consumer of water at the moment, followed by agriculture (irrigation,

Zambia).

The study also shows that water abstraction from the Zambezi River and Lake Kariba
at current and projected levels is too insignificant to have a noticeable impact on
hydropower generation. However, the study has also shown that priority for hydro-
power generation at Kariba Dam may only be a factor in cases where 1) hydrological
conditions are below average, and coupled with 2) the Lake level being lower than
482.00 m.a.s.l in October. It is also clear that the present reservoir operation regime —
though heavily tilted towards single-purpose utilization — does not in any way

impinge on other non-hydro-power needs.

5.2 Recommendations
Lake Kariba therefore offers attractive opportunities for the two countries to utilize its

waters and contribute to wealth creation and poverty reduction for their nationals in
general, and the local riparian communities in particular. It is therefore recommended

as follows:

i) Agricultural production, taking advantage of the waters of the Zambezi / Lake
Kariba, should be intensified among riparian and peripheral communities in
order to create wealth and reduce poverty and hunger

it) Further studies need to be undertaken in the areas of trans-boundary non-

hydro-power water sharing arrangements
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