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Executive summary

This report is presented to the Zambia Sugar Company via Booker Tate Ltd. The work
carried out was a hydrological investigation of the Kafue River Basin, downstream of the
ltezhi-tezhi reservoir. The primary objective of the study was to ascertain if there is sufficient
water in the Kafue River to service the future requirement of the Zambian Sugar Industry to
irrigate 17,400 ha of cane. The impact of the proposed future abstraction on energy
production at the Kafue Gorge hydroelectricity plant was determined using both existing and
possible future operating rules.

This report summarises the various data collected and describes their subsequent validation
and processing. Details of water rights for abstraction from the Kafue River were obtained.
The water rights presently granted to the Sugar Industry allow abstraction of 925,000 m*d™.
However, only during periods of peak irrigation requirement, in the dry season, does the
water taken approach this value. For most of the year significantly less water is taken. If
based on monthly crop water requirements, the annual requirement for irrigation of 17,400
ha is 22 % less than the total the sugar industry is presently allowed to abstract, although
peak demand in September and October would exceed 1,000,000 m’d”.

The IH reservoir simulation mode! HYDRO-PC, was used to simulate the operation of the
Itezhi-tezhi and Kafue Gorge reservoirs. Model runs under existing conditions produced
results that were very similar to those produced in earlier studies and verified that the firm
energy of the Itezhi-tezhi/Kafue Gorge System is 430 MW (99.5 % reliability).

The model was then run to simulate the effect of changing the irrigation demand. The
simulations run indicated that increasing abstractions to the irrigation requirement for 17,400
ha would not affect the reliability of the firm energy. However, diversion of the future
irrigation requirement from the Kafue River would result in a reduction of the mean total

(firm plus secondary) energy produced annuaily from 5773 GWh to 5722 GWh (i.e. a
reduction of less than 1 %).

If in future the March freshet is not released the simulations conducted in this study, confirm
earlier study findings that 430 MW can be met continuously (i.e. 100 % reliability). This will
not be affected by the proposed irrigation demand for 17,400 ha. A possible increase in the
full supply level of the Itezhi-tezhi and Kafue Gorge reservoirs by 1.0 m and 0.4 m
respectively would increase the firm energy of the system, but result in a significant increase
in evaporation losses, particularly from Kafue Gorge reservoir. Consequently there would be
a reduction in secondary energy production.

In order to safeguard municipal supplies and energy production, it is believed that Zambia
Sugar Company and the other cane growers are willing to cutback irrigation demand during
periods of extreme drought, such as occurred in 1991/92. Since the recession of the Kafue
River flow through the dry season is very predictable, a proposal for water use during
exceedingly dry years is put forward. It is suggested that in future the Zambian Electricity
Supply Corporation warn agricultural users several months in advance, if it will be necessary
to reduce the application of irrigation water. This would enable all parties to develop plans
to utilise the limited water resources in the best way possible. IH strongly supports the

recommendation that an integrated water resources management strategy is developed for the
whole of the Kafue Basin.
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1. Introduction

Since the early 1960s the Kafue Flats region of Zambia has been developed as an area for
sugar cane production. Today all of Zambia's sugar is grown in and around Mazabuka in the
Kafue Basin. The Nakambala Sugar Estate is the largest single producer of sugar in the
country, with just over 10,000 ha under cane. The estate is managed by the Zambia Sugar
Company (ZSC) which is at present a subsidiary of the Zambia Industrial and Mining
Corporation. Other cane growers in the region include private farmers and the Kaleya
Smallholders Company (KASCOL). The total area presently under cane is 13,250 ha with a
capacity of about 170,000 tonnes per year. Over the next decade, ZSC and other growers,
some new, hope to expand the area under cane to 17,400 ha, thereby increasing the potential
annual capacity to 230,000 tonnes.

The dry-season (May to October) in the Kafue Basin means that irrigation is a fundamental
necessity for cane cultivation in the region. The water required for irrigation is taken from
the Kafue River, which flows through the Kafue Flats. All the cane growers have water
rights, issued by the Department of Water Affairs. The water rights place a limit on the
quantity of water that they can abstract from the Kafue. The cane growers recognize that
further expansion will require additional water rights.

The largest water right holder on the Kafue is the Zambian Electricity Supply Corporation
(ZESCO). ZESCO operate a hydro-electric power station that has been constructed to exploit
the large potentia] for power production at Kafue Gorge at the eastern end of the Kafue Flats.
The power station requires a minimum flow of about 120 m’s" in order to maintain its firm
energy target of 430 MW, Other users with water rights for abstraction within the Kafue Flats
include Lusaka Urban District Council and other smaller municipal supplies, as well as non-
cane growing agricultural users (e.g. winter wheat producers). Many of these are net
consumers of water and so reduce the amount of water reaching Kafue Gorge. To date there
is no integrated water resource management plan for the Kafue Basin, but it is recognised that
in future there will be increasing inter-sectoral competition for the limited surface water
resource (Burke er al., 1994),

Against this background, Booker Tate Ltd. who are currently contracted to manage ZSC,
commissionied the Institute of Hydrology (IH) to undertake an independent hydrological
review of the Kafue Basin. The aim was to ascertain the availability of water for the irrigation
of sugar cane around Nakambala. Consideration was to be given to the feasibility of servicing
the long-term requirement of the Zambian sugar industry, taking into account the industries
desire to expand. This report details the work undertaken in this study and the conclusions
drawn.

In section 2, a general description of the Kafue Basin is followed by a description of the
Nakambala Sugar Estate and the sugar industry around Mazabuka and an explanation of the
existing water rights. In section 3, a brief summary of previous work undertaken is given,
and section 4 presents the methodology of the current study. In section 5, details are given
of the water rights within the Kafue Basin, and a more delailed analysis of the present and
future requirement for water by the sugar industry in Zambia. Section 6 is a summary of the
data collected in this study, and gives details of how data series were established for the
purposes of hydrological simulation of the Kafue Flats. Section 7 describes the model used
and various simulation scenarios conducted. Finally, section 8 is a discussion of the results



obtained, an outline of recommendations, and a list of conclusions that can be drawn from
this study. Appendix A is a glossary of terms used, Appendix B contains tables of all the data

used in the simulation exercise, and Appendix C presents the simulation input files and
results.




2. Background

2.1 DESCRIPTION OF THE KAFUE BASIN AND HISTORY OF
HYDROELECTRICITY GENERATION

The Kafue River Basin lies in the Central African Plateau and is a principal sub-catchment
of the Zambezi River. It lies completely within Zambia occupying some 155,000 km?, 20%
of Zambia’s total land area (Figure 1). The headwaters are located in North Western Province
close to the border with Zaire and the river flows in a general southerly direction through the
Copperbelt and on to Itezhi-tezhi. Downstream of Itezhi-tezhi it turns sharply to the east and
flows to its confluence with the Zambezi river. It is the most significant waterway in terms
of the national economy in Zambia; most of the mining, industrial and agricultural activities
and approximately 50% of Zambia’s total population are concentrated within the catchment
area (Burke er al., 1994). Three regions are recognised in the Kafue Basin:

. Upper Kafue - extending from the headwaters to Itezhi-tezhi
. Middle Kafue - extending between Itezhi-tezhi and Kafue Gorge
. Lower Kafue - extending between Kafue Gorge and its confluence with the Zambezi

Much of the Kafue Basin, down to the end of the Kafue Gorge, lies at elevations of 1300 m
to 1000 m above sea level. Downstream of Itezhi-tezhi the Kafue flows 450 km through the
Kafue Flats with a slope of just 0.022 /. The total area of the Flats is estimated to be 7,000
km? and is characterised by floodplains swamps and marshy lands. Below the Flats, the
Lower Kafue River flows 25 km through the Kafue Gorge with a sharp drop of 24 ¥/
(Obrdlik ez al., 1989).

The considerable head drop (just under 400 m) and consequent hydropower potential of the
Lower Kafue led to the realization of the Kafue Hydroelectric Project. The first stage
involved the construction of a dam and power station at Kafue Gorge, the latter with an
instatled capacity of 600 MW. The dam was closed early in 1971 and the first 150 MW unit
of the hydroelectric power plant went on line in October 1971. The dam resulted in the
permanent flooding of an area of some 800 km*. However, because of the low topographic
relief of the area the reservoir created is very shallow. It has a live storage of about 785 Mcm
and produces noticeable backwater effects as far upstream as Nyimba (Shawinigan-Lavalin
and Hidrotecnica Portuguesa, 1990a).

To enable more power generation, the second phase of the Hydroelectric Project was started.
This brought the total installed capacity at Kafue Gorge to 900 MW and led to the completion
of the 65 m high [tezhi-tezhi dam in May 1977. The Itezhi-tezhi reservoir is located 450 km
upstream of the Kafue Gorge dam and has a live storage of just under 5000 Mcm. Its main
purpose is to provide seasonal storage for flow regulation throughout the year for the Kafue
Gorge plant. The storage is equivalent to about 56% of the long-term mean annual flow into
the reservoir (Shawinigan, 1993a). The Kafue Flats themselves flood every year, thereby
providing regular additional, though uncontroiled, flow regulation on the Kafue River
upstream of the Kafue Gorge power plant.

The Kafue Hydroelectric scheme has changed the natural flow pattern of the river. Despite
temporal changes in the flow regime, the high evaporation from the Flats has remained after
regulation. The dredging of new channels and the implementation of river engineering




schemes (e.g the construction of dykes and levees) aimed at reducing losses through
evaporation, have been considered in other studies (e.g. DHV, 1980), but to date none have
been implemented.

2.2 NAKAMBALA SUGAR ESTATE AND THE SUGAR INDUSTRY AROUND
MAZABUKA

The entire Zambian sugar industry is sitvated near Mazabuka in Southern Province, 130 km
south-west of Lusaka (Figure 2). Excellent agronomic conditions exist for growing sugar cane
as an irrigated crop. The climate is generally hot and humid with maximum and minimum
temperatures of 32°C and 24°C respectively in October, usually the hottest month. The cooler
season lasts from April to August when mean maximum and minimum temperatures are about
20°C and 10°C respectively (Booker Tate, 1990).

The rainy season November to March corresponds to the southern hemisphere summer and
results from the movement of the intertropical convergence zone over Zambia. The mean
annual rainfall determined from the raingauge on Nakambala Sugar Estate (1965 - 1993) is
710 mm, The distribution and pattern of rainfall during the rainy season is variable, but on
average there are 35 raindays (> 5 mm) in the season.

The largest producer of cane is the Nakambala Sugar Estate, owned by ZSC. From its
establishment in 1964, when a pilot scheme of 120 ha of cane was planted, the estate has
expanded to its present size of just over 10,000 ha, with a nominal annual capacity of
145,000 tonnes of sugar (ZSC, 1994). Within the estate the ground rises from very low
slopes of about 0.5% in the areas bordering the Flats, to some 1.5 - 2.5% at the top of the
estate. The estate is composed of many soil types, the majority being sandy clays loams with
reasonable permeability and generally good structure. There are some areas of heavy black
clays, mostly in the low-lying parts of the estate. These have poor permeability and suffer
from waterlogging during the rains. In some of these areas, cane cultivation has been
attempted and found to be impractical (Booker Tate, 1990).

In addition to the ZSC estate, there are other growers who supply cane to the estate factory.

- The largest of these is the Kaleya scheme which was established by the Commonwealth

Development Corporation (CDC) in conjunction with ZSC in the early 1980°s. The scheme
is located on the western boundary of the Nakambala Sugar Estate, but is managed separately
by the Kaleya Smallholders Company (KASCOL). The aim of the project is to involve 300
small holders, each renting a small plot for the production of cane. Presently the Kaleya
nucleus estate grows 1216 ha of cane and there are 155 smallholders who grow another 684
ha of cane. Overall irrigation management of the scheme rests with the estate, but individual
smallholders are responsible for maintaining recommended regimes on their own plots
(Njobvu, 1990). There are presently also four private farmers who grow cane with a

- combined area of 933 ha. It is expected that in future some new growers will cultivate cane,

and these in addition to expansion of existing growers, particularly of the Kaleya scheme, will
increase the total area under cane to 17,400 ha.

2.3 WATER RIGHTS

Table 1 is a list of existing water rights, detailing allowed abstractions from the Kafue
between the Itezhi-tezhi and Kafue Gorge reservoirs, This list was provided for the current



study by the Water Development Board of the Department of Water Affairs (hereafter
referred to simply as the Water Board). The Water Board is responsible for issuing water
right licences. The water right system presently applied in Zambia fixes a single upper limit
on the amount of water that each water right holder can extract from the river on any day.
Other rules governing abstractions may also be stipulated in the licence.

Table 1 Water right holders (other than ZESCO) between Itezhi-tezhi and Kafue Gorge

Holder Amount of Water
m!d -1

Primary Users

Namwala Township Council 1,360
Mazabuka District Council 3,000
Kafue Township Council 6,000
Kafue Secondary School 6,500
Lusaka Urban District Council 180,000
Secondary Users

Nakambala Sugar Estatc 717,000
Kalcya Small Holders® 140,000
Gamer” 20,000
Marshall (= Ceres Farm)’ 26,000
Cantley { @ Pyinga Enterprises)” 11,000
Cowley (= Syringa Farms)” 11,500
CDC Nanga 155,000
NIRS, Mazabuka Research Plots 3,000
Marshal MGM, Mazabuka 30,000
Anchor Ranch Co. Mazabuka 30,000
Chanyanya Rice Scheme 50,000
ZNS, Kafue 2,000
Ndunda M .J.G, Kalue 100
Malawo J.L. 50
Lusaka Nutrition Group 300
G.M. Muyanguna 120
F. Weathlcy 150
Kafuc Fishcnes 109
Riverside Farm 1,500
Shanzcie Shangone 700
Kafue Wheat 1,015
TOTAL 1,396,400 md~' = 16.16 m’s~?

“Water rights for sugar canc irmgation

The largest water right holder on the Kafue is ZESCO. A water right issued to ZESCO in
1974 allowed the Corporation to impound the Kafue River at Itezhi-tezhi and to abstract up
to 215 m’s™* over and above the normal spillway discharge for the purposes of hydropower
production at Kafue Gorge. There are several conditions attached to this water right, the most
relevant to the current study being:

° ZESCO must store and release sufficient water to ensure that a minimum of 15 m’s”
is available for other users between Itezhi-tezhi Dam and Kafue Gorge Dam.



. ZESCO is required to ensure that a minimum flow of 25 m®" is maintained in the
river between Itezhi-tezhi Dam and Kafue Gorge Dam at all times.

° ZESCO should release a minimum of 300 m’s™ on each day over a period of four
weeks in each year to preserve the ecological balance of the Kafue Flats.

In the past ZESCO have fulfilled the last requirement in March each year, by releasing what
is known as the March “freshet”. The ZESCO water right expired in November 1993 and was
not automatically renewed; however, it is believed that a new application is presently being
processed by the Water Board. Whether the same rules governing the operation of the Itezhi-
tezhi reservoir will be applied in a future water right remains to be seen.

ZSC have the largest water right (717,000 m’d? or 8.3 m’s?) of the other users between
Itezhi-tezhi and Kafue Gorge. The total water right for the sugar industry is presently 925,000
m’d’ (10.7 m’"). Lusaka Urban District Council also have a significant water right (180,000
m*d’) which allows them to pipe water from the Kafue to Lusaka for municipal supply.

In 1992 the Water Board sent letters to agricultural water right holders, amending their water
rights downwards and fixing monthly abstraction limits. These new limits were based on crop
water requirements. However, they were vigorously contested by ZSC and other cane
growers who felt that they had been incorrectly computed and did not allow sufficient water
for their irrigation requirements. Of particular concern to ZSC, was the reduction in the dry
season months of July and August (correspondence between ZSC and the Water Board,
1992/93). At a meeting in November 1992, the case was put to the Water Board that ZSC
and the other cane growers required more water than they were being allowed in the amended
water rights. At this meeting ZSC gave details of their method for calculating crop water
requirements. From the minutes of the meeting it would seem that the Water Board accepted
the ZSC case and agreed to revise their computations in line with ZSC. However, there has
been no subsequent confirmation of this decision from the Water Board. In the meantime
ZSC, and it is believed the other cane growers, continue to abstract water from the Kafue as
required, and not as specified in the official amendments.
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Kafue Basin
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3. Review of previous work

Partly as a consequence of its important role in the economy of Zambia there is a
considerable amount of literature relating to the water resources of the Kafue Basin. However,
a full understanding of the complex hydrological processes occurring within the area of the
Kafue Flats is still to be realised. In this section the publications of primary interest to the
current study are described briefly.

DHV(1980) conducted what is to date probably the most detailed hydrological study of the
Middle Kafue Basin. A semi-distributed water balance model based on nodes and branches
was developed for the Kafue Flats. A node was used to represent a certain part of the river
or the Flats. Water levels were computed for each node. The nodes were linked by branches
which were water conveying connections. Taking into account inflows and outflows, rainfall,
evaporation and the operation of the Itezhi-tezhi and Kafue Gorge reservoirs, the model was
used to simulate the hydrological behaviour of the Flats and to investigate the affect of
proposed measures such as poldering, canalization and controlled flooding.

The following are the conclusions drawn by the DHV study which are of most relevance to
the current study:

* The sources for irrigation in the area are the tributaries and the Kafue River.
Groundwater cannot be considered as a main source of water because of the poor
aquifer characteristics within the Lower Kafue Basin.

® On average a spill of 2.2 Mcm per year occurs at the Kafue Gorge dam. However,
during periods of severe drought (such as 1965-1968, believed to occur once in every
20 years) water availability would be much reduced. Even for such a dry period there
is enough water in the Kafue River (o put an additional 10,000 ha outside the Fiats
under irrigation, or up to 20,000 ha inside the Flats without affecting the required
discharge (then stated as 168 m’s") at the Kafue Gorge hydroelectric plant.

. Considerable savings of evapotranspiration in the Flats could be obtained if controlled
flooding measures such as low levees in the Flats were combined with pumping water
from areas protected by these levees. A controlled flooding scheme could provide
enough water to irrigate 60,000 ha outside the Flats without affecting the required
discharge at the Gorge Plant, for droughts that occur on average once every 20 years.

. Raising the upper storage level of the Itezhi-tezhi reservoir by 1.5 m would provide
enough storage to develop an additional 25,000 ha outside the Flais under irrigation,
again without affecting the required discharge at the Gorge Plant, for droughts that
occur on average once every 20 years.

Although no direct reference can be found, it is understood that ZESCO did not accept the
findings of the DHV study. ZESCO would be unhappy with any increase in the abstraction
of water from the Kafue River that would have a detrimental effect on power production. The
value of hydropower generation depends on the available firm capacity of the plant which is
determined by the minimum regulated flow which is available. Even an occasional decrease
in available water flow occurring at intervals of some years means a-reduction in the firm
capacity, and reduces the value of the hydropower because additional supply has to come

7



from other more expensive sources, such as thermal power stations.

Over the years ZESCO has commissioned numerous studies into the various aspects affecting
the production of hydroelectricity in the Kafue Basin. Many of these studies have been
conducted within the framework of the SADC Hydroelectric Hydrological Assistance Project,
and have been carried out either by, or in conjunction with, Shawinigan Engineering.

In 1990, Shawinigan-Lavalin and Hidrotecnica Portuguesa (hereafter referred to as SLHP)
simulated the Kafue Gorge power plant operation using the HEC-3 program which is
described in detail in Shawinigan (1992). An inflow series to Itezhi-tezhi that was extended
back to 1905 made it possible to simulate 84 years of operation of the Itezhi-tezhi and Kafue
Gorge scheme. A rule curve was developed for Itezhi-tezhi to improve operation of the
system. This study showed that, on the basis of the long-term flow record, the firm energy
capability of the system was 430 MW (99% reliability). This result has been confirmed by
a more recent study (Shawinigan, 1993a) which again used the flow record extended back to
1905, but included the drought years of 1991/1992. Indeed this study showed that 430 MW
could be considered to be the absolute firm energy capability of the Kafue Gorge/Itezhi-tezhi
system, assessed on a criteria of 100% reliability if the requirement for the March freshet was
removed. These results are discussed in more detail in section 7.5.

In 1992, the Japan International Cooperation Agency (JICA) completed a Master Plan study
on the hydrologic observation systems of the major river systems in Zambia. This contains
details of the hydrometric and meteorological stations within the Kafue Basin, and also
includes water balance calculations for both the Itezhi-tezhi and the Kafue Gorge reservoirs
for the period October 1979 to September 1991. These data proved useful for purposes of
comparison with results obtained in the current study. Useful information was also obtained
through discussion with members of the JICA team presently in Zambia.

Burke er al. (1994) investigated the need for integrated water resource development and
management in the Kafue catchment. This study concluded that:

. Continued economic development of the basin is not sustainable if inter-sectoral
competition continues over limited surface water resources.

* Plans for the basins development are currently based on very limited understanding
of its resources.

° There are prolific groundwater resources in the dolomitic aquifers in the vicinity of
Lusaka and the Copperbelt. In the past these have been under-utilised, but if
developed could ease the demand for water from the Kafue.

bt There is a need to develop an overall water resource management strategy to optimise
the use of existing resources and plan for future developments within the basin.

There are numerous other publications relating to both the hydrology of, and the hydro-
electricity production in, the Kafue Basin. Many were written before and soon after
construction of the dams. Turner (1983) is a bibliography of these Kafue Flats reports. Those
reports commented on above are the most relevent to the current study and, it is felt,
represent the most up-to-date thinking on the issue of water resources in the Middle and
Lower Kafue Basin.



4. Current study methodology

The aim of the current study was to investigate the requirements for water of the Zambian
sugar industry, principally to see if enough water was available for future expansion. In the
limited time available a detailed analysis of the hydrology of the Kafue Flats was not possible,

and consequently it was necessary to develop statistical, rather than deterministic,
relationships in some instances.

The approach used in the current study was to set up IH’s reservoir simulation model,
HYDRO-PC (Plinston, 1989) for both Kafue Gorge and Itezhi-tezhi reservoirs. The outflow
from Itezhi-tezhi was linked to the inflow to Kafue Gorge by simple regression analysis.
Using an inflow series to Itezhi-tezhi extended back to 1905, the operation of both reservoirs
was simulated for an 88-year period. The results were compared with those obtained by
SLHP (1990a) and Shawinigan (1993a). The additional water requirement necessary for the
increased area under cane was taken from the Kafue Gorge Reservoir, and HYDRO-PC re-
run with the new abstractions. The effect of the additional abstraction for sugar cane irrigation
on both the firm energy production and the secondary energy production of the station was
ascertained. It has been proposed that the March freshet should no longer be implemented
(Shawinigan, 1993a), and the full supply level of Itezhi-tezhi and Kafue Gorge should be
increased in order to provide increased regulation of the Kafue River flow (Mwasile, SADC
Project Manager, ZESCO, personal communication). The effect of both these measures was
investigated.

4.1 DESCRIPTION OF HYDRO-PC

HYDRO-PC is a computer program based on a LOTUS 123 worksheet format. It produces
a month by month simulation of reservoir performance. It performs a continuous recalculation
of water balance, given a sequence of inflows and rainfall over the reservoir area. For a given
set of operating rules and constraints, the program can be used to calculate optimum releases
to meet demands, and if necessary flood control targets. Spills, energy and power generated
are determined and a running balance of the reservoir status is maintained. Necessarily the
simulation is based on average conditions during each month, usually derived from the start
and end of month conditions. As end of month conditions are not known until the monthly
balance is complete the procedure is iterative with the average conditions for reservoir area,
water level and so on being successively re-estimated until the monthly balance is consistent,

This procedure implies a uniform inflow and a uniform change in reservoir contents through
the month, conditions which are not entirely realistic. If, in reality, excess inflows are
concentrated towards the end of the month, spill will tend to be underestimated by the simple
reservoir balance. Furthermore the form of the reservoir area curve may mean that a simple
average area derived from beginning and end of month values will always be an overestimate
and that evaporation will be overestimated correspondingly. However, the larger the reservoir
and the more uniform the inflows, the less these approximations matter.

Details of the input series required for simulation of both the Itezhi-tezhi and Kafue Gorge
reservoirs are given in sections 6 and 7.



5. Cane irrigation

5.1 EXISTING WATER REQUIREMENT

Table 2 lists the areas under cane and the current water rights (i.e. before the 1992
amendments) of the cane growers in the Lower Kafue Basin. By far the largest cane grower,
and consequently the largest user of water for irrigation, is ZSC at Nakambala. Their water
right is 717,000 m*d* (8.3 m’s~"). The Kaleya smallholders and the Garner Farm and Ceres
Farm have their own water rights but obtain most of their water from the ZSC distribution
network. Pyinga Enterprises and Syringa Farms have small areas under cane, and only small
water rights. They pump their water separately from ZSC.

Table 2 Irrigation for cane growing in the Kafue Basin

1994 Area under cane Water Right
ha md~t Mem

Nakambala: ZSC Estate 10,429 717,000 261.%
Kaleya Small Holders 1,889 140,000 51.1
Garner 386 20,000 73
Ceres Farm 347 26,000 9.5

Elsewhere:  Pyinga Enterprises 100 11,000 4.0
Syringa Farms 100 11,500 4.2
TOTAL @ Nakambala 13,050 903,000 330
TOTAL 13,250 925,000 3138

Water for irrigation at Nakambala is pumped from the Kafue river and enters the estate
distribution network via a 14.3 km long canal. From the main canal the water is lifted into
a number of storage reservoirs, and from these it is gravity fed to secondary and tertiary
canals for irrigation purposes. Figure 3 is a schematic of the irrigation distribution network.
Apart from a trial 5.5 ha plot being used to investigate the feasibility of drip irrigation, all
of the cane is surface irrigated by means of syphons. Although most of the water is used for
irrigation some relatively small amounts are used for domestic purposes on the estate and in
the estate factory. A small amount is also diverted to Mazabuka for the town water supply.

The water is pumped from the Kafue at two pump stations, PS1 and PS1{, both of which are
located at the upstream end of the main canal. PS1 is the original pump station built in the
mid-1960s with six pumps. When the estate was exparxed in the early 1970s, the station was
extended by building the PS11 station alongside. This has five pumps and boosts the total
capacity of the intake to 14.4 m’s* (Booker Tate, 1990). Water is pumped from the main
canal at four locations; pumping stations PS2, PS4, PS14 and PS41 (Figure 3). Although
planned for the future, the volume pumped is not at present measured at stations PS1 and
PS11. Instead, pumped volumes are recorded using chart recorders at the four stations on the
main canal. To determine the volumes extracted from the river, ZSC sum the measured totals
from the four stations.
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Before the figures could be analysed in detail it was necessary to make a quantitative estimate
of likely losses from the main canal, in order that the ‘true’ amounts of water being abstracted
from the Kafue could be obtained. The main canal is an unlined channel passing through
predominantly clay soils. Losses will occur through seepage into the soil and evaporation
from the water surface. Using the engineering diagrams of the canal (ZSC, 1973 drawing
27E/CAN/MAIN/9 and ZSC, 1986 drawing 27E/CAN/MAIN/11) the surface area and the
area of the wetted perimeter of the canal were estimated to be 215,000 m?* and 228,000 m?
respectively. Monthly open water evaporation rates as determined in section 6.3.6 and a
seepage rate for clay soil of between 0.07 and 0.15 m’m>d"' (Booker Tate, 1990) were
assumed. Table 3 shows the average likely loss from the canal on the basis of these figures.

Table 3 Water losses from the main canal

Evaporation Seepage Mcm Estimated Total

mm Mcm Min* Max* Mcm
Apr 157 0.03 0.48 .03 0.79
May 136 0.03 0.49 1.06 0.81
Jun 109 0.02 0.48 1.03 0.78
Jul 125 0.03 0.49 1.06 0.81
Aug 157 0.03 0.49 1.06 0.81
Sep 202 0.04 0.48 1.03 0.80
Oct 233 0.05 0.49 1.06 0.83
Nov 191 0.04 0.48 1.03 0.80
Dec 168 0.04 0.49 1.06 0.82
Jan 172 0.04 0.49 1.06 0.82
Feb 154 0.03 0.45 0.97 0.74
Mar 176 0.04 0.49 1.06 0.82
TOTAL 9.63

*Scepage = 0.07 m’m~d"!
*Scepage = 0.15 m’m~d"!

There is significant re-use of drainage water on the estate with a large proportion of the
drainage water from the estate being channelled into the main canal. Flows in the main drains
on the estate were measured using flumes from June 1983 to January 1987. The monthly
totals are given in Table 4. When compared with the possible range of losses that may be
occurring from the canal, it seems that if between 50% and 75% of the drainage water is
assumed to re-enter the canal, this water adequately compensates for the losses. Since the
losses could not be determined any more accurately, for the purposes of the current study it
was assumed that drainage water into the canal equalled water loss from the canal by
evaporation and seepage. The abstraction figures were therefore left unchanged.

The agricultural year in Zambia is from April to March. The figures relating to water
abstraction and use on the estate were presented to this study in this way, and for purposes
of convenience have all been left in this format. Weekly abstraction totals are available from
April 1979 to March 1994. These include a breakdown of the water use by the estate, the
outgrowers who take their irrigation water from the ZSC distribution network, and Mazabuka
town. Tables B.1 to B.3 (Appendix B) show the historic monthly figures for water supplied
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to the town, the water used on the estate, and the total water use by the estate and the
outgrowers (excluding the town supply).

Table 4 Drainage (Mcm) from Nakambala Sugar Estate 1983-1986

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

1983 ' 132 200 154 136 180 141 177 1.07 092 140

1984 141 143 1.68 159 155 1.79 131 150 1.72 1.08 160 180 1846
1985 080 1.04 1.00 100 124 111 098 147 195 1.20 0.79

1986 1.26 1,85 1.71 179 210 1.7 1.70 076 040 097

MEAN 1.16 1.34 143 160 161 15 145 129 14 108 126 133

Figure 4 shows the annual totals abstracted for the estate, and for the estate and the
outgrowers combined. Since 1979 the estate has expanded from 9,707 ha to 10,428 ha, an
increase of 7.4%. In the same period the outgrowers have expanded from 632 ha to 2,528
ha, which represents a 4-fold increase. In this period by far the largest outgrower expansion
has been KASCOL. Much of the outgrower expansion occurred in the early 1980s, and is
clearly reftected in the higher proportion of the total water use that is associated with the
outgrowers from 1983 onwards.

Figure 5 compares the mean, maximum and minimum monthly abstractions taken just by
Nakambala Sugar Estate for the period 1979 to 1993. The figures were not normalised by
dividing through by the area irrigated each year, since as mentioned above there has only
been a relatively small increase in area under cane on the estate over this period.
Furthermore, much of the year-to-year variation in abstraction is a reflection of rainfall
distribution and other influences, such as operational constraints, rather than the size of the
area being irrigated.

Figure 5 and the coefficients of variation (CV) shown in Table B.2 (Appendix B) demonstrate
the annual variation in the amount required for irrigation in any particular month. This is
particularly the case in the wet season months, November to April. In the wet season, both .
the quantity and the temporal distribution within any given month are critical factors in
deciding the need for cane irrigation. If the rains are "poor” then it is necessary to apply large
volumes of irrigation water because temperatures, and consequently evapotranspiration, are
very high at this time of year. In the dry season there is less variation in rainfall (it is always
zero or nearly zero), and so large amounts of water are required for irrigation in these months
every year, and consequently there is less variation in the quantity applied.

The maximum ever abstracted by ZSC for the estate is 20.62 Mcm in November 1989. This
is equivalent to an abstraction rate of 687,333 m’d"' (7.96 m’™), slightly lower than the
maximum allowed by the ZSC water right. In most years the abstraction approaches the
permitted water cight maximum on only a few days during the peak irrigation period in the
dry season (Spitteler, General Manager, Nakambala Sugar Estate, personal communication).

Also shown in Figure 5 is the ZSC stated water requirement for the Nakambala Sugar Estate.
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These are the figures that were presented to the Water Board in November 1992. These
values are monthly crop water requirements based on crop stage, crop cover, rainfall,
evaporation and an area under cane of 10,000 ha. The figures were derived using 27-year
means of climatic data collected from the meteorological station on the estate. The method
applied is standard practice throughout the Sugar Industry in Southern Africa (ZSC,
correspondence with the Water Board, 19/10/92). In some months the stated water
requirement significantly exceeds the average monthly vatue derived from the 14 year period
of historic data; most notably in September, when it even exceeds the historic maximum taken
in that month. There are four reasons why this may be the case:

] Between 1979 and 1986 ZSC irrigated slightly less than 10,000 ha.

* In the past constraints have been applied to the pumping, as a consequence of both
pump and pipe limitations. These problems are now being addressed by ZSC.

L In the past the ZESCO method of charging for electricity included a tariff that was
based on the peak power consumption in a 12-month period. As a consequence ZSC
tended to impose power ceilings in order to keep electricity costs down. The ZESCO
regulation has recently been changed so that a tariff is now imposed on the peak
power used in each month, rather than the peak power in a year. ZSC feel that this
is fairer way of charging, and will more readily pump at the required rate during
periods of peak irrigation requirement, and will be less concerned with limiting power
consumption during these critical periods.

L] Z8C are attempting to improve the cane yield and this requires the application of
slightly more water per hectare.

Figure 5 also shows that in some months, December, January and February, the stated water
requirement is significantly lower than the average historic value. In January the historic
records show that the abstractions have always exceeded the stated requirement, except in two
years (i.e. 1981 and 1990). Similarly in February historic abstractions have always exceeded
the stated requirement except in two years (i.e. 1980 and 1989). Hence while the long-term
mean climatic data indicates that there is little requirement for irrigation in these months,
recent history suggests otherwise. This may be a consequence of the fact that rainfall patterns
have changed, but is also possibly an indication of the importance of the temporal distribution
of rainfall in these months. Even if there is sufficient rainfall in total, if its temporal
distribution within the month is poor, the amount of "effective” rainfall may be insufficient
to meet the crop water requirement and it is then necessary to apply irrigation water. This is
an inherent weakness of using historic mean data on a monthly time step.

Table 5 compares the average historic abstractions, the ZSC stated requirement, and the
monthly abstraction figures in the amended water right sent to ZSC by the Water Board in
1992 (section 2.3). Figure 6 is a histogram comparing these data. The calculations the Water
Board used to derive the amended water right figures are not known. Of primary concern to
ZSC are the June and July figures which are significantly less than their calculated
requirement.
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Table 5 Comparison of the average monthly historic abstractions for Nakambala Sugar
Estate, the ZSC stated requirement and the abstraction figures in the amended water right

- Average historic ZSC stated requirement Water Board suggested

abstraction ‘ water right

1979-1993
Apr 12.39 (413) 13.50 (450) 15.96 (532)
May 14.49 (467 14.66 @n) 13.45 (434)
Jun 12.99 (433) 13.59 (453) - 621 TOROD
Jul 12,72 410) 14.04 (453) 6.98 (225)
Aug 13.90 (448) 15.97 {515) 15.75 (508)
Sep 14.55 (489) 20.97 (699) 18.75 (625)
Oct 15.50 (500) 20.55 (663) 22.32 (720}
Nov 1321 (440) 15.75 (525) 13.44 (448)
Dec 6.92 (223) 3.16 (102) 2.98 (96)
Jan 424 (i37) - 127 41 4.22 (136)
Feb 3.88 (43" 0.96 34) 5.65 (200)
Mar 6.62 (214) 8.80 (284) 6.79 219)
TOTAL 131.40 143.23 132.49

Values in Mcm, Nos in brackets are equivalent values in thousands of m*d ™’

5.2 FUTURE WATER REQUIREMENT

Table 6 and Figure 7 compare the abstractions that would be required for irrigation of 17,400
ha based on a pro-rata increase of the average historic and the ZSC computed monthly figures
ie.

17,400/10,000 * ABS

where: ABS is the maximum of the average historic value or the ZSC stated requirement for
irrigation of 10,000 ha.

Table 6 Fuure irrigation requirement for 17,400 ha based on a pro-rata increase of the
average historic and the ZSC stated requirement for 10,000 ha

Based on stated Based on average Maximum
requirement historic abstraction
1979-1993

Apr 23.5 (783) 21.6 (720) 23.5 (783)
May 25.5 (823) 252 (813) 255 (823)
Jun 23.7 (788) 22.6 {753) 237 (788)
Jul 24.4 (788) 221 713) 244 {788)
Aug 27.8 (896) 242 781) 27.8 (896)
Sep 36.5 (1217) 253 (843) 36.5 (1217)
Oct 5.8 (1154) 27.0 {871) 35.8 (1154)
Nov 27.4 (914) 23.0 767) 274 (914)
Dec 5.5 (177 12.0 (387) 12.0 (387)
Jan 22 an 7.4 239) 7.4 239)
Feb 1.7 59 6.8 Q41) 6.8 (241)
Mar 15.3 (494) 11.5 37) 153 (494)
TOTAL 249 229 266

Values in Mcm, Nos in brackets are equivalent values in thousands of m*d~*
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"Please note that a calculation error in determining the pro-rata increase in the early stages
of this study gave an annual water requirement of 262.5 Mcm rather than the value of 266
Mcm presented here. The value of 262.5 Mcm was used in model simulation runs. Table 6
and the main body of the text have been corrected, but the model run results and the tables
referring to these results in section 7 remain unchanged. The small overall increase (1.5%)
in the total irrigation abstractions that would arise from using the correct figure will not alter
the conclusions of this report, presented in section 8.

In the simulation analysis that follows (section 7), the highest abstraction value, derived from
cither the stated requirement or average historic value, was taken to be the requisite future
water right in each month. Table 6 includes a column with these maximum values. On the
basis of these figures it is clear that while the peak dry season requirement (in September and
October) will be greater than the present water right for the sugar industry allows, the total
annual abstraction will be less than the present water rights permit. The present total water-
right for the sugar industry is 338 Mcm (Table 2), which corresponds to a maximum
abstraction of 925,000 m>d". Using the maximum figures in Table 6, for the irrigation of
17,400 ha, the peak September requirement is 36.5 Mcm (i.e. 1,220,000 m*d "), but the
annual total is 266 Mcm i.e. 22% less than the total the present water rights allow.
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6. Data collection and processing

In this section details of the data collected, and the analyses done to derive the series required
for the simulation of reservoir operation under both present conditions and future sugar cane

irrigation scenarios, are given. The component hydrological inputs required to run HYDRO-
PC are as follows:

L Itezhi-tezhi - inflow from the upper Kafue catchment
- rainfall on to the reservoir
- an estimate of open water evaporation from the reservoir surface

L Kafue Gorge - inflow, regulated by the Itezhi-tezhi reservoir
- rainfall on to the reservoir
- an estimate of open water evaporation from the reservoir surface

Also required were the reservoir characteristics for both Itezhi-tezhi and Kafue Gorge, as well

as details relating to the production of electricity at Kafue Gorge (e.g. turbine ratings and
efficiencies, etc.).

6.1 RAINFALL

Within the Kafue Basin there are two distinct seasons: the rainy season lasts for approximately
five months from November through to March, and the dry season lasts from April through
to October. DHV(1980) noted that "although a large areal variation in rainfall by shower can
be observed, it has been concluded from previous surveys that the monthly and annual totals
for stations within the study area differ only slightly”. This is primarily attributable to the flat
topography of the Kafue Flats area.

An isohyetal map of mean annual rainfall for the Kafue Basin, derived from 88 stations and
published in SLHP (1990a) is reproduced in Figure 8. These data indicate that the Kafue Flats
region receives an average annual rainfall of about 850 mm.

Data were obtained for five raingauges in the Kafue Flats area. Table 7 gives details of the
gauges and the records collected from each gauge. The data from Nakambala Estate were
provided as monthly totals by ZSC. The data from the Itezhi-tezhi meteorological station were
provided as monthly totals by ZESCO. The data from the other stations were collected as
monthly totals from the Zambia Meteorological Department. The longest record is that for
the raingauge at Kafue Rail. At this station the record extends back to January 1910, but there
is a break from July 1964 to June 1971. The record at Namwala Pontoon starts in July 1920,
but since 1970 the record at this station is very poor with most years missing. These data
are given in Tables B.4 to B.8 in Appendix B.

Time restrictions prevented detailed checking of the monthly rainfall data, but cumulative
mass and double mass plots for each of the siations did not reveal any significant
discrepancies in the data.
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Table 7 Details of raingauges

Gauge Name Location Altitude  Period of Record  No. of complete
No. m years

2305 Kafue Rail 15°46'S 28*10'E Jan 1910 - Feb 1993 71

2400 Kafue Polder 15%46'S 27°SS'E =~ 987 Jun 1956 - May 1994 35

2800 Namwala Pontoon 15%44'S 26°27'E 1000 Jul 1920 - Jan 1993 51

2402 Nakambala Sugar Estate 15°48'S 27°48'E Jul 1965 - Mar 1994 28
460990 [iezhi-tezhi. ZESCO Met. Stn 15°45'S 26*01'E Oct l979ﬁay 1994 13

6.1.1 Rainfall at Itezhi-tezhi

In order to conduct the water balance on the Itezhi-tezhi reservoir (described in section 6.5.2)
it was necessary to extend the rainfall measured at the Itezhi-tezhi meteorological station from
October 1979 back to June 1977, For the simulation exercise, described in section 7, it was
necessary to extend the rainfall even further back, to October 1905. Ideally the record would
have been extended using a nearby raingauge, but the choice was restricted by record length
and quality. The nearest gauge for which data were obtained is Namwala Pontoon, and
although this gauge has a record back to 1920, it is very poor for the period after 1970.
Therefore the principal raingauge used for extension was that at Kafue Rail, which has a
record back to 1910. When Kafue Rail was not operating, the raingauge at Kafue Polder was
used.

Figure 9a shows the double-mass plot for Itezhi-tezhi and Kafue Rail. There appears to be
a change in the relationship between the two stations in February 1989, and inspection of the
data for this month indicated that 581 mm were recorded at Kafue Rail while 189 mm were
recorded at Itezhi-tezhi. For the same month 211 mm were recorded at Namwala Pontoon,
390 mm were recorded at Nakambala, and 516 mm were recorded at Kafue Polder. It
therefore seems likely that in this month heavy rainfall occurred in the east, but not in the
west, of the Kafue Basin. The isohyetal map of mean annual rainfall over the Kafue Basin
(Figure 8) shows that in the southern area of the Kafue Basin there is a slight east-west trend
with rainfall decreasing to the west (i.c. 800-850 mm in the vicinity of Itezhi-tezhi and 900-
950 mm in the vicinity of Kafue town). If the 1989 year is removed from the analysis the

correlation is improved, as shown in Figure 9b, and the foliowing relationship is derived by
regression:

RAINy = 0.9076 RAIN, e R? =072

where: RAINq is the rain measured at ktezhi-tezhi
RAINy mye is the rain measured at the Kafue Rail

This relationship was used to extend the rainfall record at Itezhi-tezhi from October 1910 to
June 1964, and again from July 1971 to October 1979.

Figure 10a shows the double-mass plot for Itezhi-tezhi and Kafue Polder. Again, there

appears (o be a change in the relationship between the two stations in February 1989, with
516 mm being recorded at Kafue Polder compared to 189 mm at Itezhi-tezhi. Therefore, with
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the 1989 year again removed from the analysis, the correlation is improved, as shown in
Figure 10b. The following relationship is derived by regression:

RAINqy = 0.8700 RAIN, R? = 0.68

where: RAIN is the rain measured at Itezhi-tezhi
RAIN,, is the rain measured at the Kafue Polder

This relationship was used to infill the gap in the Itezhi-tezhi record between July 1964 and
June 1971.

The ltezhi-tezhi record was extended back to October 1905 by infilling the 5 missing years
with the mean monthly rainfall values from the rest of the record to produce an 88-year
rainfall record for Itezhi-tezhi Reservoir.

6.1.2 Rainfall at Kafue Gorge

The water balance conducted on the Kafue Gorge reservoir (described in section 6.6) used
the rainfall measured at Kafue Polder. Because of its location, this raingauge was felt to be
more representative of the rain falling on the reservoir than Kafue Rail. However, for the
simulation exercise, described in section 7, Kafue Rail, with the longest record was used.
However, it was necessary to infill the period between July 1964 and June 1971, together
with some odd months in the latter part of the record, and extend the rainfall back to October
1905. The principal raingauge used for infilling was that at Kafue Polder. The odd months
were infilled from Itezhi-tezhi.

Figure 11 shows the double-mass plot for Kafue Rail and Kafue Polder. The relationship
between the stations appears to remain fairly constant for the length of the record, and the
following relationship is derived by regression:

RAINye = 1.0510 RAIN,, R? = 0.85

where: RAIN, e is the rain measured at Kafue Rail
RAINy; is the rain measured at the Kafue Polder

This relationship was used to infill the rainfall record at Kafue Gorge between July 1964 and
June 1971.

To infill the few missing values in the more recent part of the record, the relationship
between [tezhi-tezhi and Kafue Polder described earlier was simply rearranged to enable
missing values to be filled in from observed values at {tezhi-tezhi. The months infilled in this
way were October 1981, March and April 1982, and March 1993 onwards.

The Kafue Rail record was extended back to October 1905 by infilling the 5 missing years

with the mean monthly rainfall values from the rest of the record to produce an 88-year
rainfall record for Kafue Gorge Reservoir.
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6.2 FLOW

The Department of Water Affairs (DWA) have responsibility for maintaining and collecting
data from most of the hydrometric stations in the Kafue Basin. The JICA study team and
ZESCO also collate the data from those stations which are interest to them. The location of
all the stations mentioned in this section are given in Figure 2. A summary of station details
is given in Table B.

Table 8 Details of flow gauging stations

DWA Name Location Catchment Area Period of Record

Station No. km?

4669 Kafue at Hook Bridge 14°56'S 25*55°'E 95.053 Jan 1968 - still open

4670 Kafue at Hook Pontoon 95,053 Jun 1951 - Jul 1973

4710 Kafue at Itezhi-tezhi 15°46'S 26*01'E 105,672 Apr 1951 - 1975
(moved?)

4759 Kafue at Namwala Boma 116,450 1914-1940 & 1951-1966

4760 Kafue at Namwala Pontoon 116,450 Nov 1951 - 1966

4975 Kafue at Railway Bridge 15°48'S 28°*11'E 148,265 1905 - still open

4977 Kafue at Kasaka 15°50'8_28'13'E 1502_1 Aug 1943 - still open

6.2.1 Upstream of Itezhi-tezhi

As noted in SLHP (1990a), the primary hydrological component required for modelling the
operation of the Itezhi-tezhi and Kafue Gorge system is the series of monthiy inflows to the
[tezhi-tezhi reservoir. Generally, flows in the Kafue river start to rise in December and reach
a peak by mid-March, with a second lesser peak sometimes occurring in late April. From
May the flow decreases steadily until November.

For the current study there are two gauging stations upstream of Itezhi-tezhi that are of
particular interest; Hook Bridge and Kafue Hook Pontoon. The latter is located slightly nearer
to Itezhi-tezhi. The catchment to Hook Bridge is 95,053 km? and makes up 90% of the
catchment to Itezhi-tezhi dam, which itself has a catchment area of 105,670 km?®. The station
at Hook Bridge was established in January 1968, with the intention that it would replace the
station at Kafue Pontoon which was established in June 1951 and closed in July 1973. The
Hook Bridge station is located 70 m downstream of the bridge carrying the Lusaka to Loma
road and 15 km upstream of the old Kafue Pontoon. However, only occasional stage readings
were made at Hook Bridge before the closing of Kafue Pontoon. Regular measurements
commenced in September 1973. Henceforth the combined series is referred to as Kafue Hook.

6.2.2 At Itezhi-tezhi

A pauging station was established at Itezhi-tezhi in April 1951 at the request of the Central
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African Inter-Territorial Hydro-Electric Power Commission. This station was located 0.5 km
downstream of the confluence of the Kafue and the Musa tributary. The stage-discharge
relationship at this station was controlled by the reach of the channel downstream of the
gauge. Due to the flat slope of this channel, the stage-discharge relationship was influenced
by variable backwater as the general stage in the upper Kafue Flats increased. This variable
backwater produced shifts in the discharge of up to 40%. However, from the DWA station
history file it is clear that, because this was such an important station prior to the construction
of the dam, a considerable effort was made to determine reliable stage-discharge relationships
at this location. For example, during the hydrological years 1961 to 1964, 252 current meter
measurements were made; a single rating table was derived for rising stages, but four
different tables were developed for falling stages.

A report in the station history file states that to extend the record at Itezhi-tezhi, stages
measured here were correlated with stages measured at Namwala Boma, located 45 km east
of Itezhi-tezhi, for the period 1952 to 1964. This correlation was used to extend the Itezhi-
tezhi record back to 1914, but with a gap from 1939 to 1950 when the station at Namwala
Boma was not operating. A note in SLHP (1990a) indicates that the Itezhi-tezhi station closed
when dam construction commenced in 1975. However, there is still a DWA station 4710,
located just downstream of the dam, It would therefore seem likely that the station was moved
rather than closed in 1975, although no details of such a move were found in the station
history file.

6.2.3 Downstream of Itezhi-tezhi

Between the Itezhi-tezhi and Kafue Gorge reservoirs there are several DWA stations.
However, for much of the length of this reach the hydraulic characteristics make it unsuitable
for conventional discharge measurement techniques. The station at Kasaka has better hydraulic
characteristics, but this location was inundated by the Kafue Gorge reservoir in 1971. For this
reason, and because the flow is now regulated by the Itezhi-tezhi reservoir, DWA have not
attempted to update the rating equations of the stations between Itezhi-tezhi and Kafue Gorge.
Consequently, there are level data for several locations, but there are no stations between the
two reservoirs for which flow data can be determined for the period since the completion of
the Itezhi-tezhi and Kafue Gorge reservoirs. However, there are useful historic records at
some stations.

The station of most interest for the current study is the Kafue at Kasaka. This station has a
catchment area of 150,971 km’. A station was established here in August 1953. Prior to
construction of the Kafue Gorge Dam, the stage-discharge was controlled by the downstream
channel. Since February 1971, the stage has been controlled by the Kafue Gorge Dam and
the operation of the turbines. The Kafue at Kasaka is 6.4 km downstream of a gauging station
at the Kafue Rail Bridge. At the Rail Bridge stage has been measured since 1905, but no
rating equation has ever been developed for this location. Through correlation of the stage
measured at the Rail Bridge and that measured at Kasaka, it was possible to extend the flow
record at Kasaka back to 1905. Details of the methodology used are giveninthe DWA station
history file.

Several tributaries enter the Kafue between Itezhi-tezhi and Kafue Gorge. However, there are

gauging stations only on a small number of these and time restrictions prevented examination
of data obtained for these stations.
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6.2.4 Previous work

SLHP (1990a) combined the records from the stations at Itezhi-tezhi, Namwala Boma, Kafue
Hook and Kasaka to produce a monthly flow series for the Kafue at Itezhi-tezhi for the period
October 1905 to September [989. The details are described in SLHP (1990a). From the
description of the analysis given in SLHP (1990a) it is not clear if, for the period since
September 1973 when Hook Bridge flows have been used, an allowance was made for the
contribution of inflow from the catchment between Hook Bridge and Itezhi-tezhi. However,
it is believed that the same data series was used in the development of the reservoir operation
program KAFGEN, described in Shawinigan (1993a), and here it is noted that local
(tributary) inflow between Kafue Hook and Itezhi-tezhi was ignored, although it is
acknowledged that during the wet season, a substantial amount of incremental inflow can
come from the extra catchment between Hook Bridge and Itezhi-tezhi Dam.

Shawinigan (1993a) found discrepancies in observed and simulated levels (determined using
KAFGEN) within the [tezhi-tezhi reservoir, and noted that these were most likely attributable
to the fact that the stage-discharge relationship established at Hook Bridge underestimated
flows for low stages. Subsequently a new rating equation has been developed by ZESCO for
this station.

Burke et al. (1994) published a hydrograph of monthly flow for Kafue Hook covering the
period 1905 to 1993. These data were obtained for the current study (Burke, personal
communication). This series is the same as that published as the unregulated flow series at
Itezhi-tezhi by SLHP (1990a) for the period up to February 1952 (i.e very soon after the
station at [tezhi-tezhi opened). After this date the two series are slightly different, with the
Burke series sometimes being greater and sometimes less than that published by SLHP
(1990a). The difference is discussed further in section 6.2.5.

6.2.5 Current study

In the current study the various ratings used at Hook Bridge, from September 1973, for the
stage-discharge relationship were compared. A total of 108 current meter measurements
covering the period from 15/03/73 to 10/05/94 were provided by ZESCO. Figure 12
compares these measurements with the rating equations presently used by ZESCO (Mwasile,
SADC Project Manager, ZESCO, personal communication), DWA (DWA station history file)
and JICA (Ngata, JICA hydrologist, personal communication). The two-part rating equation
used by ZESCO provides the best fit to the data, and so this rating equation was used in this
study. The rating is as follows:

Q = 61.063(h - 0.767)**® hmax = 2.20m
Q = 304.938(h - 1.531)"%%" hmax = 6.50m

It was assumed that this rating had not changed over time and it was applied to the daily stage
measurements (also provided by ZESCO) for the period September 1973 to April 1994. The
daily flows were converted to mean monthly flow and these are given in Table B.9 (Appendix
B). In those months where fewer than 5 consecutive stage values were missing the daily flows
were infilled by interpolation and marked as estimated. The computed monthly flow was then
also marked as estimated (i.e. ‘e’ in Table B.9). If more than 5§ days were missing the mean
monthly flow was not computed and is set missing in Table B.9. The monthly data series thus
produced is believed to be the best Hook Bridge series presently available for the period
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September 1973 to April 1994.

Relationships between the flow at Kafue Hook and the inflow to Itezhi-tezhi were developed,
in order to allow estimates of the intermediate inflow to be derived. Two relationships were
derived, one for the wet season (November to April) and one for the dry season (May to
October). The flow at the two locations were compared for the period when flow was
measured simultaneously at Itezhi-tezhi and Kafue Hook Pontoon (i.e. February 1952 until
July 1973). Figure 13 is a time series plot of the difference in flow between the two stations.
It would seem that there is sometimes a net gain, and sometimes a net loss, in the reach from
Kafue Hook to Itezhi-tezhi. Figures 14a and 14b are scatter plots of the flow at Itezhi-tezhi
against the flow at Kafue Hook, for the wet and dry seasons respectively. There is clearly a
lot of scatter but from linear regression the following equations were derived:

1.082Qy + 30.573 R = 0.9
1.103Qy,, - 5.818 R? = 0.97

Wet season: Qmr
Dry season: Qmrr

where: Qq is the flow at Itezhi-tezhi
Qg is the flow at Kafue Hook

No attempt was made to allow for time-lag in the flow measured between the two stations.

The long Itezhi-tezhi flow series, from October 1905 to September 1993, used as input in the
Itezhi-tezhi simulation study was made up from two sources. From October 1905 to
September 1974, the record used was as published in SLHP (1990a) and described in section
6.2.4. From October 1974 to September 1993, the record used was the inflow series as
derived from the Hook Bridge flows using the relationships described above. A few months
of Hook Bridge flow data were missing: April 1982 and June and September 1989; the Itezhi-
tezhi inflows were therefore infilled for these months from the water balance figures
(described in section 6.5.2).

6.3 EVAPORATION

Evapotranspiration' is a very significant component of the water-balance of the Kafue Basin.
At the entrance to the Kafue Gorge at Kasaka, mean annual flows amount to approximately
66 mm, which represents only 6.2% of the average catchment rainfall of 1060 mm (Burke
etal., 1994). Of principal concern to the current study is the evaporation from the Itezhi-tezhi
and Kafue Gorge reservoirs. Several previous studies have produced estimates of
evapotranspiration within the Kafue Basin. A detailed review of all the work up to 1980 is
given in DHV(1980). The most salient points of the DHV swudy and work published since
1980 are described below. Also considered are the effects of the aquatic vegetation present
in the Kafue Gorge reservoir, which may affect the evaporation losses.

'In this report a distinction is made between evaporation, the loss of water from a free water surface, either
open waler or a wet surface such as soil or wet vegetation, and transpiration, loss of water through transpiring
vegetation. This latter process involves movement of water through the stomatae of plant leaves, which can be
employed by the plants as a water conservation measure to suppress actual water loss during periods of water
scarcity. Evapotranspiration is used in this report to mean combined water loss to the atmosphere through direct
cvaporation from open water and also through transpiring vegetation.
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6.3.1 Pan evaporation

Pans can provide a useful estimate of evaporation but the need to apply a coefficient to pan
data limits their usefulness in a wider context. It is often necessary to estimate pan
coefficients from other estimates of evaporation within the region. The pan coefficient
typically varies from 0.6 to 0.9 throughout the world.

DHV(1980) reported average monthly data for class A pan evaporation from 4 stations within
or on the perimeter of the Kafue Flats, namely: Kasaka, Namwala Pontoon, the National
Irrigation Research Station at Kafue Polder and Mount Makulu. For the first two stations
average values determined over three different periods are reported: 1959-1968, 1963-1968
and 1971-1977. At Kafue Polder and Mount Makulu the data are reported for two periods:
1963-1970 and 1968-1977. The choice of periods was determined primarily by the availability
of data. The results converted from mmd"' to mean monthly totals are given in Table 9.
DHV(1980) report that errors were observed at Namwala Pontoon in determining evaporation
during rainy periods.

SLHP (1990a) also gives mean monthly pan evaporation observations for the Kasaka and
Namwala Pontoon stations. However, the periods over which the data were obtained are not
given, and the quoted Namwala Pontoon data are different from those published in the
DHV(1980) report. These are compared with pan data collected by the current study for the
pans at Itezhi-tezhi (1978 - 1994), Kafue Polder (1968 - 1994) and the meteorological station
on the Nakambala Sugar Estate (1965 - 1994) in Table 9. SLHP (1990a) questions the validity
of the Itezhi-tezhi data, particularly in the last few years, stating that there may have been
errors in the observation procedure.

Omitting the data from the Itezhi-tezhi and Namwala Pontoon pans, it ¢an be concluded that,
for the remaining stations, the data for the different periods are very consistent and the
difference between stations is minor. The average pan evaporation for the Kafue Flats,
determined using the data from these stations is approximately 2030 mm annually.

DHYV (1980) state that in previous studies of the Kafue Flats, a pan coefficient of 0.86 has
been applied to convert the pan data to open water evaporation figures. If applied to 2030 mm
this would give an estimate of annual open water evaporation of 1745 mm. However, when
comparing pan data with estimates of open water evaporation determined by other methods,
DHV(1980) concluded that, on an annual basis, the pan results were comparable with the
open water (reservoir) evaporation, and consequently a pan coefficient need not be applied.
In SLHP (1990a) a reservoir to pan ratio of 0.79 was estimated, which if applied in this case
would give an annual open water evaporation of 1605 mm.

6.3.2 Evapotranspiration based on water balances

Sharma (1988), in a study of evapotranspiration in tropical central Africa, conducted a water
balance of the Lukanga swamps in the upper Kafue Basin. From the water balance, which
was based on 20-year runoff records at Chilenga (upstream of the swamps) and Mswebi
(downstream of the swamps), Sharma derived an estimate of annual evaporation of 1800 mm.
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Mumeka (1992) estimated evapotranspiration (i.e. combined open water evaporation and
transpiration from vegetation both in the water and on land) from the Kafue Flats on the basis
of a water balance. This estimate is based on the inflow to the Kafue Flats at Itezhi-tezhi and
outflow at Kasaka. The area of the Flats was assumed to be 7,000 km? and mean annual
rainfall was estimated as 800 mm. Using these figures, a mean annual evapotranspiration of
947 mm was derived. The paper also reports the findings of Balek (1971) who quoted an
annual estimate of evapotranspiration from the Kafue Flats of 991 mm also based on a water
balance calculation. No estimates of open water evaporation were stated explicitly, but the
conclusion drawn in the Mumeka (1992) paper is that “the over-estimates of evaporative
demand used in the design of the Itezhi-tezhi and Kafue Gorge reservoirs may have resulted
in an unnecessary low flow of water released to the Kafue Flais™. However, the years over
which the calculations are based are not given (in particular it is not clear if the results are
determined for the time before or after the closing of the [tezhi-tezhi reservoir), and it is not
clear if account has been made for inflow into the Flats from rivers other than the Kafue. As
DHV(1980) note "evaporation can only be determined from water balances of the Kafue
Flats, once further insight is gained into the hydrology of the area”.

SLHP (1990a) give no details of their analysis, but state that a water balance computation
carried out on monthly data obtained from the operation of the Itezhi-tezhi Reservoir, for the
period extending from May 1977 to September 1989, resulied in an annual open water
evaporation of 1620 mm.

In the current study an attempt was also made to determine the open water evaporation
directly from the water balance of the Itezhi-tezhi reservoir. The details of the approach used
are given in section 6.6. Figure 17 shows the monthly evaporation figures derived from the
water balance analysis. In some months the computed evaporation is negative, while in others
it is far too high (e.g. greater than 1500 mm in a month). Possible reasons for these
unrealistic results are given in section 6.5.2

6.3.3 Evaporation based on hydrometeorlogical data

DHV{(1980) present results for open water evaporatton determined using the Penman equation
for the stations at Kafue Polder and Mount Makulu for the periods 1959 to 1968 and 1968
to 1977. These results converted from mmd"* to mean monthly totals are given in Table 10.
DHYV (1980) concluded that there are no major differences between the stations and that the
inter-annual variability at each station is relatively small. However, the values for the period
1968 to 1977 are consistently some 10% higher than for the period 1959 to 1968, and are
more similar to the unadjusted pan data.

Sharma (1988) compared open water evaporation estimates determined using the Penman and
Morton methods (both of which relate potential evaporation to meteorological factors) with
the estimate obtained from a water balance calculation for the Lukanga swamp (see section
6.3.2). For both methods Sharma used meteorological data collected at Ndola airport. The
local mean annual open water evaporation determined by the Penman method was 1790 mm,
very similar to the value (1800 mm) he obtained from the water balance calculation. Monthly
variations of open waler evaporation determined by the Morton method followed a roughly
parallel curve to the that produced by the Penman method, but yielded a mean annual open
water evaporation of 1500 mm, about 15% less than that determined by the Penman method.
Sharma concluded that the Penman method was to be preferred over the Morton method
because it is based on fewer empirical relationships.
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SLHP (1990a) published mean monthly open water evaporation estimates derived using the
Penman equation and meteorological data from Kasaka, Namwala Pontoon and Mumbwa,
collected between 1959 and 1968. These values are given in Tzble 10, and indicate that the
mean open water evaporation is about 1770 mm annually. However, the mean net monthly
open water evaporation data used in analysis in this study were the same as the values
published in Watermeyer, Legge Piehold and Ulhmann (1972) corresponding to an annual
figure of 1620 mm (confusingly exactly the same value that SLHP (1990a) obtained using the
water-balance method). It could be argued that the use of this lower figure makes allowance
for the possible effects of advection, although this is not explicitly stated. Advection may
reduce evaporation by cooling air and increasing its humidity as it flows over the water. Since
the basis of the Penman estimates are data obtained from meteorological stations located on
land they may overestimate the open water evaporation from a large body of water.

Table 10 Mean monthly open water evaporation (mm) by the Penman method

From SLHP (1990a) From DHY (1980)
Kasaka Namwala Mumbwa Kafue Polder Mount Makulu
1959-1968 1959-1968 1959-1968 | 1959-1968 1968-1977  1959-1968 1968-1977
Jan 161 17 161 171 186 158 174
Feb 140 148 140 147 172 141 158
Mar 164 167 155 17! 195 161 183
Apr 141 144 138 150 180 147 168
May 118 115 115 124 164 127 152
Jun 92 93 96 105 135 105 123
Jul 107 102 109 112 152 115 143
Aug 133 130 143 143 183 152 183
Sep 174 168 174 183 243 195 228
Oct 214 205 205 226 267 226 260
Nov 180 177 155 189 222 180 207
Dec 161 164 135 177 195 161 174
TOTAL 1784 1784 1746 1896 2294 1868 2152
—————————————— . —

6.3.4 [Effect of vegetation

Aquatic vegetation effects the evapotranspiration from a water body in two opposing ways:

* the higher albedo (reflection) of vegetation may reduce evaporation.
® the increased turbulence over the rougher surface of the vegetation may increase
evaporation.

From a review of swamp evaporation studies, DHV(1980) concluded that there is no simple
answer to the question of how the growth of vegetation or its removal, would affect net
evapotranspiration from a given body of water. What information is available on the
transpiration of wetland species especially in tropical regions is well covered in the DHV
report. However, it is clear that the amount of information, and the ability to draw consistent
trends from it, is limited. The same can be said of the findings of a similar study conducted
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in Botswana {(Snowy Mountains Engineering Corporation, 1987). The range of variation in
evapotranspiration of wetland species is not well understood and, at present, the use of ratios
of vegetation lo open water evaporation is based on fragmentary evidence, with considerable
extrapolation for plant species and locality required.

DHYV (1980) rejected statements in earlier reports (e.g. White, 1968; SWECO, 1969,1971
and 1973) that evapotranspiration from inundated areas covered with plants may be 3 to 4
times open water evaporation, stating that these were excessively high. The considered
conclusion of DHV was that, under most natural conditions, the ratio of transpiration from
swamp plants to open water evaporation will vary between 0.6 and 1.5, depending on the
species of plant. Particularly high values (1.45) are obtained for water hyacinth. For large
water surface of which only a minor part is occupied by swamp vegetation, evapotranspiration
losses should be equal to open water evaporation. DHV(1980) stated that this should apply
to both the Itezhi-tezhi and Kafue Gorge reservoirs. However, at the time of the DHV(1980)
report there had been no survey of vegetation in the Kafue Basin since the construction of the
Itezhi-tezhi dam. Furthermore, since Itezhi-tezhi was not completed until 1978, it is unlikely
that the ecology of the area would have changed significantly by 1980, as a consequence of
the new aquatic regime caused by regulation of the river downstream of ltezhi-tezhi.

Snowy Mountains Engineering Corporation (1987) concluded that “"the data available on the
total evaporation losses from large swamps is very limited but the information that is available
does tend to show that it is less than that from an equivalent area of open water".

SLHP (1990a) published open water flooded area results derived from a satellite interpretation
study, carried out by Turner (1985) on LANDSAT observations of the Kafue Flats between
1981 and 1984. Using these data and the levels measured at Nyimba on the dates
corresponding to the satellite observations, SLHP (1990a) concluded that a large part of the
storage within the Kafue Flats is under vegetation cover. For example, in April 1984 it was
estimated that approximately 64 % of the flooded area was vegetation covered.

As a consequence of these results, SLHP (1990a), in their simulation of the Itezhi-tezhi and
Kafue Gorge system, adjusted estimates of open water evaporation upwards for the Kafue
Gorge reservoir because of the "weed covered nature of the water body". The factor applied
to the open water evaporation was 1.2. This figure was determined by trial and error using
a simple water balance procedure in which a crude estimate of tributary inflow to the Flats
was determined. However, in SLHP (1990b) a factor of 1.3 was recommended.

6.3.5 Summary

Table 11 summarises the open water evaporation estimates obtained from the different authors
by various methods.

DHYV (1980) concluded that, on the basis of the most up to date information then available,
open water evaporation is roughly equal to pan evaporation on an annual basis. However,
over shorter periods, pan evaporation data are not as reliable as Penman calculated estimates
of open water evaporation.
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Table 11 Summary of annual open water evaporation estimates (mm) for the Kafue Basin

Method of Estimation

Pan Water Balance Morton Penman
(All reliable | Mumema Sharma SLHP Sharma Sharma DHY SLHP
data)
2030 ” 1800 1620 1500 1790 2050 1770
or
1620

The exact origin of the monthly evaporation figures in SLHP (1990a) is unclear. The annual
total of 1620 mm corresponds to the figure derived from a water balance. The figures quoted
for the Penman equation result in an annual total of 1770 mm. However, the report states that
the monthly values were derived using the Penman equation. Whatever the origin of these
figures, no consideration is made of the more up to date Penman data published in
DHV(1980). A factor of 1.2 was applied to evaporation from the Kafue Gorge reservoir to
allow for vegetation growing in the reservoir. These same data were used in the more recent
Shawinigan {1993a) study. In SLHP (1990b) a factor of 1.3 was assumed.

JICA (1992), in determining water balances for the Itezhi-tezhi and Kafue Gorge reservoirs,
used the same mean monthly data as SLHP (1990a), but made no allowance for the aquatic
vegetation in the Kafue Gorge reservoir.

6.3.6 Current study

Ideally the current study would have made use of what was considered to be the "best
estimate” published evaporation series. However, as described in this section, there is some
considerable variation in the estimates by different authors and methods. Of the three methods
the water balance figures were rejected due to the inconclusive results given by the attempt
to reproduce the published figures. Pan data are generally not considered to be as reliable as
Penman data and so were also rejected. The Penman data were considered to be most reliable,
and in using them in the current study, the authors wished to incorporate as wide a data set
as possible. Penman figures were available from 5 sites: Kasaka, Namwala Pontoon,
Mumbwa, Kafue Polder and Mount Makulu, the former three published in SLHP (1990a)
with data from 1959 to 1968, and the latter two in DHV (198(Q) with data from 1959 to 1968
and from 1968 to 1977. An average of the 5 sites for the period 1959-68 would use the
largest number of sites. However, as noted, the 1968-77 figures for Kafue Polder and Mount
Makulu were some 10% higher then the 1959-68 figures, and it was considered important to
use these higher values, which would unfortunately reduce the data set to only two sites.
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Table 12 Correlation coefficients for monthly Penman evaporation estimates from different
meteorological stations in the Kafue Basin

Kasaka Namwala Mumbwa Kafue Polder
Namwala 0.986
Mumbwa 0.948 0.931
Kafue Polder 0.998 0.983 0.939
Mount Makulu 0.971 0.928 0.964 0.970

Correlation on mean monthly evaporations at the 5 sites for the period 1959-68 gave very
strong relationships as shown in Table 12. Figures vary from 0.928 between Namwala
Pontoon and Mount Makulu, to 0.998 between Kasaka and Kafue Polder. The average
percentage increases in evaporation between the two periods 1959-68 and 1968-77 were
calculated for Kafue Polder and Mount Makulu on a month-by-month basis. These increases
were applied to the 1959-68 values at the other three sites to effectively generate mean
monthly evaporation figures for these sites for the period 1968-77. The current study then
uses an average of Penman open water evaporation estimates at 5 sites as the definitive
evaporation series. This approach incorporates the maximum amount of reliable data from the
maximum number of sites. Table 13 shows the derived mean monthly evaporation figures,
summing to an annual total of 1980 mm. These values were used for both the Itezhi-tezhi and
Kafue Gorge reservoirs, since the net affect of the vegetation on the evaporation from the
Kafue Gorge reservoir is unresolved, However, as reported, the potential effect of vegetation
could be quite significant, and a specific study to assess these effects might be worth
considering.

Table 13 Mean monthly open water evaporation figures

Eo

mm

Jan 172
Feb 154
Mar 176
Apr 157
May 136
Jun 109
Jul 125
Aug 157
Sep 202
Oct 233
Nov 191
Dec 168
TOTAL 1980

6.4 RESERVOIR CHARACTERISTICS AND HYDROPOWER GENERATION
DETAILS

The important physical features required to model the storage and releases from the Itezhi-
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tezhi and Kafue Gorge reservoirs were obtained from the various ZESCO reports.

6.4.1 Itezhi-tezhi Reservoir

The Itezhi-tezhi dam is a 65 m high earth-rockfill structure. A chute spillway fitted with three
radial gates is used for flood control and regulated releases for reservoir elevations above
1018.7 masl. The spillway has a capacity of 2610 m’' with the reservoir at the full supply
level. The value of 2610 m’s™ is equivalent to the 1:10,000 year flood peak after routing
through the reservoir, as estimated in the Itezhi-tezhi feasibility study (Shawinigan, 1993a).
One of two concrete diversion tunnels at the dam right abutment is fitted with a radial gate
and is used for making regulated releases when reservoir elevations are below 1022.0 masl.
Details of the computation of the discharge from the gated spillway and regulation gate at
Itezhi-tezhi are given in Shawinigan (1993b).

The full supply level (FSL) is set at 1029.5 masl and the lower supply level (LSL) or
minimum operating level is set at 1006.0 masl. These two limits provide a live storage of
4925 Mcm (SLHP, 1990a). Table B.10 (Appendix B) gives the volume and area
corresponding to different elevations. The volumes are the revised volumes determined by
SLHP(1990a); these differ slightly (but less than 2% as far as the live storage is concerned)
from those determined in the feasibility studies.

SLHP (1990a) used HEC-3 to develop a lower rule curve for the Itezhi-tezhi reservoir. The
aim of the curve is to reduce spillage and hence increase average and secondary energy
generation, while maintaining the firm capability. The curve was refined slightly in the later
Shawinigan (1993a) study. The rule, which is defined by a set of end-of-month levels or
storages, is "a statistical one, based on the properties of the flow sequence used, and can be
applied independently of flow factors. It is therefore of particular use when long-term
planning is undertaken in the absence of reliable knowledge of the flows to come, especially
the wet season flows. It can be considered as a conservative approach to efficient generation,
i.e. one that minimises the risk of reservoir failure to meet the firm demand, while also
reducing spillage” (Shawinigan, 1993a). Table 14 lists the end-of-month levels and storages,
and the rule curve is shown graphically in Figure 15.

Table 14 Itezhi-tezhi Reservoir, lower operating rule curve

Month End of month level End of month storage
m Mcm
Oct 1025.0 4118
Nov 1024.0 3827
Dec 1023.5 3689
Jan 1023 .8 3772
Feb 1024.5 3973
Mar 1026.0 4424
Apr 1028.0 5084
May 1029.3 5550
Jun 1029.5 5624
Jul 1029.3 5550
Aug 1028.5 5262
Sep 1027.5 4915
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Shawinigan (1993a) conducted a flood frequency analysis to assess the adequacy of the Itezhi-
tezhi spillway and to evaluate the necessity for a flood rule curve. The study concluded that
the spillway cannot, by itself, pass the 10,000 year flood without unacceptably high reservoir
levels being reached. The emergency fuse spillway at Itezhi-tezhi is therefore an essential
feature of the structure. Furthermore, the live storage of the reservoir, while providing
significant seasonal regulation for generation purposes, is small compared to the total flood
volume for an above average wet year. Therefore, it is not advantageous to lower the
reservoir below the lower rule curve by spilling in anticipation of a flood. The lower rule
curve should constitute the guide for operation during the wet season,

6.4.2 Kafue Gorge Reservoir

The Kafue Gorge dam raises the river some 45 m above its normal level. There is a single
intake fitted with a wheel gate (sill elevation 958.3 masl). A 9.8 km headrace (mostly unlined
with a cross sectional area of 117 m?) leads to six vertical penstocks each 370 m long. An
underground powerhouse is fitted with six francis turbines, each nominally rated at 150 MW
and guaranteed to operate satisfactorily over a head range of 360 to 396 m (Shawinigan,
1993b). Shawinigan (1993b) also gives details of the turbine output and efficiency over a
range of net heads.

There is a water surface slope observed from Kasaka to the Kafue Gorge Dam. The slope
becomes more pronounced as the flow released from the reservoir through the turbines and
spillway is increased. Since the greater part of the reservoir storage is upstream of Kasaka,
the level at Kasaka gives a more accurate indication of the storage in the reservoir than the
level measured at the dam (Shawinigan 1993a). The following figures therefore relate to the
level measured at Kasaka.

The maximum storage level of the reservoir is set at 977.2 masl, but the normal maximum
operating level is 976.6 masl. The normal minimum operating level is 975.4 masl with an
extreme minimum level of 972.3 masl. The live storage at the maximum storage level is 785
Mcm. Table B.10 (Appendix B} gives the volume and area corresponding to different
elevations. A chute spillway fitted with 4 radial gates has a maximum discharge capacity of
4,250 m%"', again the 1:10,000 year flood (Shawinigan, 1993b).

The normal operation rule curve for Kafue Gorge is shown in Figure 16, and the
corresponding levels and storage values are given in Table 15. The main principle of
operation is to keep the Kafue Gorge Reservoir elevation at the lowest possible level in order
to minimise losses through evaporation. At the minimum level the reservoir has enough

storage to meet the variation in power generation from day-to-day and week-to-week (SLHP,
1950b).
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Table 15 Kafue Gorge Reservoir, operating rule curve

Month End of month level End of month storage
masl Mcm
Oct 975.4 240
Nov 975.4 240
Dec 975.8 345
Jan 976.2 550
Feb 976.6 785
Mar 976.6 785
Apr 976.1 475
May 975.8 350
Jun 975.4 240
Jul 975.4 240
Aug 975.4 240
Sep 97154 240

6.4.3 Historic reservoir data

End of month water-levels and monthly releases and spills from both Itezhi-tezhi and Kafue
Gorge reservoirs were provided by ZESCO. Details of the computation of discharge from
both reservoirs are given in Shawinigan (1993b). Tables B.11 to B.16 (Appendix B) show the
end of month water levels and releases for both reservoirs. The total discharge, as well as the
flow passing through the turbines and the spill, are given for Kafue Gorge.

In the years preceding the completion of the Itezhi-tezhi dam, ZESCO was allowed to
temporarily raise the Kafue Gorge reservoir level to 977.8 masl i.e. 1.2 m higher than the
present maximum retention level, This increased the live storage to 2480 Mcm and was
allowed because of the expected shortfall in energy arising as a consequence of the delay in
commissioning the Kariba North power plant.

A catastrophic fire destroyed the power plant at Kafue Gorge on 26/03/89. It took several
months of rehabilitation before the plant was once again operational. The data provided
indicate that there was no flow through the turbines between April and November 1989, and
it seems that there was also no measurement of spillway discharge for the period April to
August 1989.

6.5 RESERVOIR WATER BALANCES

This section describes the water balance analyses conducted for both the Itezhi-tezhi and
Kafue Gorge reservoirs. The water balance of Itezhi-tezhi was investigated for two purposes.
In the first place, as noted in section 6.3.2, an attempt was made to determine an improved
estimate of open water evaporation using an inflow series derived from the measured flow
at Kafue Hook. Since this was unsuccessful the water balance was used to derive a reliable
inflow series to the reservoir for the period of its operation. The water balance of the Kafue
Gorge reservoir was used to derive an inflow series for this reservoir.
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Comparison of flow series at Kafue Hook and Itezhi-tezhi
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in the water balance is in the estimated inflow series; errors may arise both in volume and
timing. Another possible error is the neglection of leakage. Any leakage which does occur
will tend to make the evaporation estimate too high. However, the overall conclusion must
be that no direct estimate can be made of reservoir evaporation at this site.

The water balance was reworked, substituting in the best estimate open water evaporation
figures, in order to derive a corresponding inflow series, given the same changes in level,
abstraction and spill. Figure 18 compares the best estimate Itezhi-tezhi inflow series {derived
from Kafue Hook) and that derived from the water balance. It is clear that, whilst the timing
is good and there is fairly good agreement during the dry season, during the wet season the
best estimate inflow is significantly larger than the water balance inflow i.e. there is a
possible volume error, but apparently not a timing error. To investigate this further, Figure
19 compares the flow at Kafue Hook with the water balance inflow series. Again the timing
is good, indicating that there is a negligible lag between Kafue Hook and Itezhi-tezhi, but
again whilst there is good agreement during the dry season, during the wet season the Kafue
Hook flow is often larger than the water balance inflow. For completeness, the JICA (1992)
inflow series derived from their water balance was also compared, and this was found to give
similar results.

These results conflict with those presented in section 6.2.5 where the flow at Itezhi-tezhi was
shown to be generally greater than or equal to that at Kafue Hook. Three possible conclusions
can be drawn from this to explain why the water balance at ltezhi-tezhi failed to work
satisfactorily. Firstly, the additional catchment area between Kafue Hook and Itezhi-tezhi
appears to make a negligible contribution to the total flow, but this seems unlikely,
particularly during the wet season. Secondly, perhaps seepage is more significant than
previously thought, and water is being lost this way, which would reduce the evaporation.
The final reason is that the observed flow series at Itezhi-tezhi could be erroneous, but again
this seems unlikely in view of the past importance of this gauging station.

6.5.3 Kafue Gorge Reservoir

The water balance for Kafue Gorge Reservoir was used to derive an inflow series. The water
balance was carried out for the period from June 1976 to January 1994, and was done on a
monthly time step. End of month water levels as provided by ZESCO, and the elevation-area
and elevation-volume relationships for the reservoir as given in SLHP (1990a) were used to
determine the monthly changes in area and storage. The evaporation figures used were from
the best estimate series described in section 6.3.6. The rainfall directly on to the reservoir
surface was estimated from the depth recorded by the Kafue Polder raingauge applied over
the average surface area for the month. The releases and spill were quantified by the outflow
series provided by ZESCO. Leakage was assumed negligible. The abstraction record for
PS1/PS11 was used and the abstractions for water supply were assumed to be at the water
right levels at all times. These abstractions constitute the largest extraction from the Kafue
Gorge Reservoir. The water rights relating to other abstractions are known, but as shown by
the changing pattern in the cane irrigation requirements, the actual water use varies
considerably from month to month. Consequently, no attempt was made to incorporate these
directly into the water balance calculation. The inflow series thus derived represents the
“true” inflow series minus the water abstracted for purposes other then municipal supply and
sugar cane irrigation.

Figure 20 compares the inflow series derived in the current study with that obtained in a
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6.5.1 Principle of reservoir water balances

If all except one term in a reservoir water balance are known, it is possible to calculate the
only unknown value. For example, the evaporation from an open water body can be estimated
from the water balance of the reservoir, if the inputs (i.e. inflow and rainfail), and the outputs
(i.e. releases, spills, seepage and abstractions) are measured directly. In general the water
balance of a reservoir is:

AS = Q+R-E-L-A-Sp
where: AS = change in storage
Q = inflow
R = rainfall directly on the reservoir surface
E = evaporation from the reservoir surface (i.e. open water
evaporation)
A = abstraction
L = leakage
Sp = spill

6.5.2 Itezhi-tezhi Reservoir

In the current study, an attempt was made to reproduce the water balance calculations for
Itezhi-tezhi. These were mentioned, without any detail given, in SLHP (1990a) in order o
determine the open water evaporation. Whilst the potential imprecision of this method is
recognised, an evaporation estimate derived from the reservoir itself should be the best
indicator of reservoir water losses. The water balance was carried out for the period from
June 1978 to April 1994 i.e. the period for which Itezhi-tezhi has been operating and data
were available. It was done on a monthly time step. End of month water levels as provided
by ZESCO, and the elevation-area and elevation-volume relationships for the reservoir as
given in SLHP (1990a) were used to determine the monthly changes in area and storage. The
inflow to the reservoir was estimated from the flow at Hook Bridge using the relationship
between the flow at Kafue Hook and that at Itezhi-tezhi developed for the period February
1952 to July 1973, as described in section 6.2.5. The rainfall directly on to the reservoir
surface was estimated from the depth recorded by the Itezhi-tezhi raingauge applied over the
average surface area for the month; The Itezhi-tezhi rainfall record was extended where
necessary using the record from Kafue Rail as described in section 6.1.1. The abstractions
and spill were quantified by the outflow series provided by ZESCO, and leakage was assumed
negligible. Losses due to evaporation were estimated for each month from June 1978 to April
1994.

The water balance evaporation series 1s plotted in Figure 17, together with the best estimate
figures derived as described in section 6.3.6. Two features are immediately apparent: firstly,
the water balance series is in some cases negative, but in most months is unrealistically large
(e.g. greater than {500 mm in a month); secondly, there is a time lag between two
evaporation series as characterised by the peaks and troughs of each yearly cycle. This is
slightly greater than the typical lag of about one month found in reservoirs with large heat
capacities. It is possible that there might be errors in the reservoir level, abstraction and spill
records (e.g. if the spillway calibration is poor). However, this is unlikely as Shawinigan
(1993b) conducted a very comprehensive study investigating the computation of releases and
spills from both the Itezhi-tezhi and Kafue Gorge reservoirs. The most likely source of error

33



similar manner by JICA (1992). The two series are nearly identical, despite the fact that
different evaporation estimates were used, and that there was no attempt to simulate the
abstractions directly in the JICA(1992) study.
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Isohyets of mean annual precipitation over the Kafue Basin

e
N 2l51 1 1.l ? 510 190 :'. v!
s T 1 LI t
Kilometres i .
- ~.,
P R LTRRRE - 3,
§ '
i
] \._\ o,
.i R .
A .

[ >

I"
."
-"
.’.
i
N
' 900
ra ) .
'.' 800 kN
H Itozhi \/ Kafue
L Tezhi N
Y fo) ~
. Namwala Nyimba o
) s
i g
o
] - .
R ramee ..
o i ,.- J
-,.
! ?
A\ 2
- ‘- .’.
'Q. ."
- - . K
T \"."'. - \..'.
S (mm}

Figure 8



Double mass plot: [tezhi-tezhi and Kafue Rail

Itezhi-tezhi cumulative rainfall {thousand mm)

Itezhi-tezhi cumulative rainfall (thousand mm})

10

No missing periods

PN L P

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

10 12

N
-]
o

Kafue Rail cumulative rainfall {thousand mm)}

Figure 9a

Double mass plot: itezhi-tezhi and Kafue Rail

1989 removed

Kafue Rail cumulative rainfall {thousand mm}

Figure 9b



Itezhi-tezhi cumulative rainfall (thousand mm)

Itezhi-tezhi cumulative rainfall {thousand mm)

Double mass plot: Itezhi-tezhi and Kafue Polder

No missing data periods

12
% O F e AR S
. I R R L L R '.... ............................................
e 1 ..................................................
T s 5 I N e
D S O SRR ...................... ..........................................
0 T T I l T

0 2 4 8 8 10 12

Kafue Polder cumulative rainfall {thousand mm}
Figure 10a
Double mass plot: Itezhi-tezhi and Kafue Polder
1989 removed

12 i T
|0 .....................................................................................................................................
[ TRt LT T
8.1 .................................................................................................................................
A T
ol

0 2 4 8 8 10 12

Kafue Polder cumulative rainfall {thousand mm)

Figure 10b



Reservair level {m)

982

Kafue Gorge Reservoir rule curve

Top of Dam {981.5m}

981

980

979 4

978

9774

976

Min (375.4m}

975-]

974 -

973

Max {976.6m}

Oct Nov Dec

Jan

Feb

Mar

Apr

May

Jun

Jut

Aug Sep

Figure 16




Open water evaporation (mm)}

2000

Itezhi-tezhi Reservoir
Comparison of evaporation series

1500 4

1000 -

500+

-500 4

-1000 -

-1600 -

LLRYLLIEL LI LELL RISt L LLAR AT ELR LI LR LR AL R R LRI LA AL RLR LA RV LU R DA LAA LRI LLRRLER LA AR AR LLRLELLRLIANIAS RN ARALI LINA S

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 18990 1991 1992 1983

—— Evaporation from watar balance

IH best estimate of evaporation ]

Figure 17



Itezhi-tezhi Reservoir

Comparison of inflow series

5000

" —

4000 -

3000 A !

Inflow {(Mcm}
g

1000

e
=

-1000 -

1978 1979 1980 18981

1882 13983 1984 1985 1986 1987 1988 1983 1990 1991 1992 1993

Inflow from water balance —-=- [H best estimats inflow -~ Difference |

Figure 18




Itezhi-tezhi Reservoir
Comparison of flow series

4000

3500

3000 1

2500

o
=
8

1
=2

1500

Flow (Mcm)

1000 1

500 - Y

-500 “mrmrrmrETTTTTTE T T T T T T T I T T A T T T O T T I AT Ty T e T T T T T I TR O T IV TIT T
1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 18932 1993

[ —— Inflow from water balance -—--- Row at Katus Hook - Difference J

Figure 19



Inflow {cumec)

Kafue Gorge Reservoir
Comparison of inflow series

1400
A

12m_ ......................................................................................................................................................
1000-..‘”‘ B T T T I
800- [ETERY ; TSN S

600_. [P I

4004 -\l

200-‘ e L

0 T i i T I e T e T T T T T T T e e T e o T i T T e e T T ey

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1930 1991 1932 1993

tnflow from 1H water balance --=- Inflow from JICA water balance

Figure 20



7. Simulation study

Having established the data requirements for simulation of the operation of both reservoirs,
HYDRO-PC (Plinston, 1989) was run to produce results for existing conditions in the Kafue
Basin. The simulation was done for the period October 1905 to September 1993. The
generated inflow series to Itezhi-tezhi reservoir for this period is given in Table C.1 in
Appendix C. Tables C.2 and C.3 show the long rainfall series for Itezhi-tezhi and Kafue
Gorge, respectively. The effect of changing the sugar cane irrigation requirement was then
investigated. Finally the simulation runs were repeated to investigate the effects of: firstly,
not having the March freshet, and secondly, also increasing the full supply level of both the
reservoirs. SLHP (1990a) state that since electricity generation in Zambia is predominantly
hydropower, firm energy reliability estimates should be event-based i.e. firm energy has to
be totally satisfied in a month or a fzilure is declared. This is the criterion used in the current
study.

7.1 HYDRO-PC SIMULATION OF OPERATION OF ITEZHI-TEZHI

HYDRO-PC was set up to simulate the existing operating conditions at Itezhi-tezhi. The
monthly releases necessary to maintain the firm energy requirement of 430 MW at Kafue
Gorge were taken from Shawinigan (1993a) for the months April to November. The releases
for December, January and February were obtained from SLHP(1990b) which has a table of
minimum required releases for a very dry year (1972/73). The March release was set at 300
m’s*, the stipulated requirement for the March freshet. Within HY DRO-PC, the flows were
simulated as requirements for compensation flow. Table 16 gives the releases used.

Table 16 Releases from ltezhi-tezhi under existing conditions, including the March freshet

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

m's™! 130 130 180 180 210 300 130 130 130 130 130 130
Mcm 348 337 482 482 513 804 337 348 337 348 348 337

Table C.4 (Appendix C) gives the input details for the simulation (run no. 1440) using
inflow, rainfall and evaporation series as described in sections 6.2.5, 6.1.2 and 6.3.6,
respectively. HYDRO-PC requires some input for hydroelectric generation even when a
reservoir is simply used for regulation. Consequently Table C.4 contains some ‘dumumy’
variables (e.g. for net head, peak capacity, efficiency at peak power and outflow and tailwater
relationships). However, the file has been set up in such a way that these have no impact on

the releases from the reservoir. Table 17 summarises the reservoir operation and performance
for the entire period 1905-1993.
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These data show that there would have been a shortfall in flow releases in 5 months in 2
years. In fact, in order to maintain the volume in the reservoir at the minimum operating level
of 1006.0 m, it would have been necessary to cutback releases made between November 1922
and January 1923 and in November and December 1924. Other near critical periods were
October 1973 to January 1974 and October 1992 to January 1993. Figure 21a shows the
variation in Itezhi-tezhi water level elevation during the simulation. Figure 21b is the same
result obtained by Shawinigan (1993b) using HEC-3. The results are very similar, but not
identical. The differences probably arise because of slight dissimilarities in the ZESCO
rainfall and evaporation series, compared to those used in the current study. The difference
in the evaporation series has been dicussed in section 6.3. ZESCO also used a "net rainfall”
series i.e. the long-term mean rainfall in each month minus the long-term mean evaporation.
In the current study actual rainfall determined through correlation with the long-term
raingauges at Kafue Rail and Kafue Polder was used (section 6.1.1). The latter method,
although of limited accuracy, does incorporate some of the annual variation in the rainfall to
the reservoir. The results obtained in the current study are similar enough to the Shawinigan
(1993a) figures for confidence to be placed in them, and were therefore judged to be
acceptable.

Figure 22 shows the time series of the monthly total outflows from the reservoir. The average
annual outflow from the reservoir is 8742 Mcm of which 3741 Mcm (43%) is spill. Table
C.5 (Appendix C) is a breakdown of the annual results for this simulation run.

7.2 ROUTING FLOWS FROM ITEZHI-TEZHI TO KAFUE GORGE

Given a long generated outflow series from ltezhi-tezhi, it is necessary to derive some method
of routing these flows 450 km downstream to generate a long inflow series to Kafue Gorge.
Ideally, if data were available at stations between Itezhi-tezhi and Kafue Gorge, water balance
calculations to enable routing would have been attempted. However, since this was not
possible, a simple statistical approach was used. The relationship between the outflow at
Itezhi-tezhi and the inflow at Kafue Gorge was investigated for the period of overlap of the
outflow records from Itezhi-tezhi as provided by ZESCO, and the inflow to Kafue Gorge as
derived by the water balance. As described in section 6.5.3, the water balance inflow to
Kafue Gorge is the true inflow minus miscellaneous unquantified abstractions, but including
the water abstracted for municipal supply and for sugar cane irrigation. It should be noted that
the period from April to November in 1989, when the fire occurred at Kafue Gorge power
station, is infilled from JICA (1992) estimates. Figure 23 compares the outflow from Itezhi-
tezhi with the inflow to Kafue Gorge, and it is clear that there is both lag and attenuation.
The relationship investigated was of the form:

KGin, =  f(ITTout, ITTout,, ITTout,.....)

where: KGin is the inflow to Kafue Gorge
ITTout is the outflow from liezhi-tezhi
t, t-1, 1-2 etc refer to the present and lagged previous months respectively

Such a relationship allows for time-lag in the flow between the two sites. Rainfall and
evaporation data series were also considered, but were found not to significantly affect the
large flows being modelled. Using the complete flow series an "all-year” relationship was
derived, given by the following equation:
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KGin, = 0.387 ITTout, + 0.045 ITTout,, + 0.607 ITTout,, + 20861 R? = 0.75

Seasonal relationships were then investigated in order to try and improve the fit. The seasons
were taken as in section 6.2.5 i.e. the wet season from November to April, and the dry
season from May to October. The derived relationships were given by the following
equations:

Wet season:
KGin, = 0.353 ITTout, + 0.276 ITTout,, + 0.290 ITTout, + 26.445 R? = .80
Dry season:
KGin, = 0.378 ITTout,, + 0.125 ITTout,, + 0.494 ITTout,; + 8.107 R?! = (.88

Although the improvement in fit in the wet season is slight, the improvement in the dry
season is significant. Figure 24 presents a time series plot of the water balance and simulated
inflows. This simulation was judged to be acceptable. A further indication of the fit of the
model is given in Figure 25 which is a plot of simulated against water balance mean monthly
flows. Again the overall fit is reasonable. There are a few outliers, but most points cluster
about the 1:1 line. To investigate the quality of the simulation further, Figures 26a and 26b
compare the seasonal distribution of flows through the mean monthly flows and standard
deviations of the two series. The means agree very well, with just a little overestimation in

- June and July and a little underestimation in September, October and February. The standard

deviations also agree well, but show that the simulated series does not have quite as much
variation as the water balance inflow series. These results show that the seasonal model gives
an adequate simulation of the water balance inflow series.

7.3 HYDRO-PC SIMULATION OF OPERATION OF KAFUE GORGE

HYDRO-PC was set up to simulate the existing operating conditions at Kafue Gorge.
Abstractions for water supply and cane irrigation were taken from the reservoir. The water
supply abstractions were assumed to be constant and were taken as the full water right value.
The cane irrigation abstractions were set as the mean monthly figures, determined from the
abstraction record provided by ZSC for the period April 1979 to March 1994. A small
amount was added on each month for the two farmers (Cantlay and Cowley) who also abstract
water from the Kafue, but not through pumping stations PS1/PS11. This addition was
determined for each month separately. The assumption was made that the farmers would
abstract the same proportion of their total water right as that pumped in the month by ZSC.
Table 18 shows the abstractions required for irrigation and water supply, as well as the firm
energy demand (430 MW converted to GWh) in each month. The demands were prioritised
with water supply being given the highest, then energy and irrigation the lowest priority. This
order reflects the authors perception of the relative importance placed on these water uses in
the Kafue Basin. There is no allowance for compensation flow from the reservoir since it is
beieved that at present there is no requirement for ZESCO to make such releases. Table C.6
(Appendix C) gives the input details for the simulation (run no. 1350) using inflow, rainfall
and evaporation series as described in sections 7.2, 6.1.3 and 6.3.6, respectively.
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Table 18 Existing demands from Kafue Gorge Reservoir

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

Water supply Mcm)} 6.1 59 61 61 56 61 59 6.1 59 6.1 61 59
Compensation (Mcm) 0.0 00 00 00 00 00 0.0 00 00 00 00 0.0
Irrigation (Mcm) 186 160 85 5.1 47 80 149 170 154 151 165 174
Firm energy (GWh) 319.9 309.6 319.9 319.9 291.5 391.9 309.6 319.9 309.6 319.9 319.9 309.6
Peak power (MW)  900.0 900.0 900.0 900.0 900.0 900.0 900.0 900.0 900.0 900.0 900.0¢ 900.0

A summary of the reservoir operation is given in Table 19, which also contains summary
information relating to the other scenarios discussed later in this chapter. Table 20
summarises the reservoir performance for this simulation. Table 20 shows that there would
have been a shortfall in releases for firm energy in 4 months in two years. These occur in
December 1922 and January 1923, and in December 1924 and January 1925 i.e. the months
corresponding to the periods when flows from Itezhi-tezhi were cutback (section 7.1). During
these months, there would also been insufficient water for cane irrigation, because energy
generation has priority. In addition there would have been one other month (February, 1923)
when the irrigation demand would not quite have been met.

The failure to meet the firm energy demand in 4 months out of a total of 1096, is equivalent
to a 99.5% reliability (i.e 0.5% risk of failure). The mean yearly output of 5773 GWh is
within 3% of the value (5900 GWh) obtained by SLHP (1990a) for the simulation period
1905 to 1989. This enables confidence to be placed in the simulation.

Table 20 Summary of Kafue Gorge Reservoir performance (1905-1993) - simulation run no.
1350

Water supply Compensation flow Irrigation Energy
Mcm Mcm Mem Gwh
Annual demand 71.9 0.0 157.2 3769.2
Mean annual supply 71.9 ’ 0.0 156.9 3754.7
Mean annual shortfall 0.0 0.0 0.3 14.5
Moaths of shortfall 0 0 L] 4
Seasons of shortfall 0 0 2 2

One significant difference that there is between the simulation of the current study and that
of SLHP (1990a) is in the amount of spill. SLHP (1990a) derived a mean annual spill of 53
m’s’t, which is considerably less than that obtained in the current study. The simulated mean
annual spill of 5386.4 Mcm is equivalent to 171 m’" i.e. more than 3 times the value
obtained by SLHP (1990a). There was insufficient data given in SLHP (1990a) o investigate
this inconsistency in detail, but the following are three reasons why the discrepancy may
occur:
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* Differences in the inflow series used. SLHP (1990a) inflow series is based on a water
balance of the Kafue Flats, with estimates of the inflow from tributaries. The current
study derives the inflow series from a simple statistical relationship (section 7.2).

. Differences in the amounts of water taken from the reservoir for non-energy
purposes. In SLHP (1990a) abstractions were assumed to equal the water rights
aliocation, although it is acknowledged that the amount actually withdrawn may differ
considerably from this value. In the current study an attempt has been made to
estimate the average actual amount diverted for non-energy purposes in each month.
Although the potential inaccuracy in the method used is recognised, this is felt to be
a more realistic approach than simply assuming that water is removed at the
maximum rate specified in the water rights.

L Errors in evaporation and rainfall estimates. These errors are difficult to quantify, but
are common to both studies. However, the consequences of inaccuracies are likely
to be small in comparison to the two reasons given above, and certainly not of
sufficient magnitude to explain the difference in spill on their own.

Figure 27 shows the variation in Kafue Gorge water level elevation during the simulation.
Table C.7 (Appendix C) is a breakdown of the annual results for this simulation run.

7.4  EFFECT OF POTENTIAL FUTURE ABSTRACTION SCENARIO

HYDRO-PC was set up to simulate the existing operation but with the abstractions changed
to reflect the projected requirement for irrigation of 17,400 ha of sugar cane. These are listed
as the "maximum” values in Table 6 (section 5.2). The input file for this simulation {run no.
1360) is given in Table C.8 (Appendix C). Table 21 is a summary of the reservoir
performance for this simulation run, This shows that if the irrigation abstractions were
increased to the amounts required to irrigate 17,400 ha, failure to meet the firm energy
demand would still only occur in 4 months, i.e. the 0.5 % risk of failure is not increased by
the additional abstraction. The number of months where the irrigation demand would fail to
be met would remain at 5, although obviously the shortfall in the months of failure is
increased. As before, the critical periods in the simulation are the end of 1922 and 1924,
Table C.9 (Appendix C) is a breakdown of the annual results for this simulation run.

A summary of the reservoir operation for run 1360 is given in Table 18. By comparison with
the results from run 1350 it can be seen that the increased abstraction for sugar cane causes
a reduction in the average total energy from 5773 GWh to 5722 GWh annually (a reduction
of less than 1 %). Figure 28 is a comparison of the energy duration curves for scenarios 1350
and 1360. This emphasises the very small difference that the proposed future irrigation
abstraction would have on the total energy production at Kafue Gorge.
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Table 21 Summary of Kafue Gorge Reservoir performance (1905-1993) - simulation run no.
1360

Water supply Compensation flow  Irrigation Energy
Mcm Mcm Mcem Gwh
Annual demand 71.9 0.0 262.5 3769.2
Mean annual supply n9 0.0 262.0 3754.7
Mean annual shortfall 0.0 0.0 0.5 14.5
Months of shortfall 0 0 5 4
Seasons of shortfall 0 0 2 2

7.5 EFFECT OF CHANGING THE RULE CURVES AND OPERATION AT
ITEZHI-TEZHI AND KAFUE GORGE

As noted in section 3, the Shawingan (1993a) simulation study of the Lower Kafue Basin
found that 430 MW can be considered the firm energy of the Itezhi-tezhi/Kafue Gorge system
with 100 % reliability, providing the requirement for the March freshet is removed. The point
is made that the March freshet taxes Itezhi-tezhi during low flow years, to the point of
affecting the firm flow from the reservoir. The removal of the freshet results in higher
guaranteed flows, and hence higher firm energy generation at Kafue Gorge.

It has also been suggested that the full supply level in Itezhi-tezhi could be raised by 1.0 m,
and that in Kafue Gorge by 0.4 m (Mr. Mwasile, SADC Project Manager, ZESCOQ, personal
communication). This would have the effect of providing greater storage in both reservoirs,
and so would also increase the firm energy of the system. SWECO have confirmed with
ZESCO that increasing the full supply level of Itezhi-tezhi by 1.0 m is a viable option
(SWECO, 1993 - letter to ZESCO). As noted in section 6.4.3, there already exists a
precedent for raising the level of Kafue Gorge.

In the current study two scenarios have been run to simulate possible future operating
procedures. In the first case (simulation run nos. 1450 and 1370 for Itezhi-tezhi and Kafue
Gorge, respectively) the necessity for the March freshet was removed, but the operating
curves for both reservoirs were left unchanged. In the second (simulation run no. 1460 and
1380 for ltezhi-tezhi and Kafue Gorge, respectively) the March freshet was removed and the
operating curves were raised in each month, by 1.0 m at Itezhi-tezhi and by 0.4 m at Kafue
Gorge. In both cases, the outflows generated in the simulation of the ltezhi-tezhi operation
were routed downstream to Kafue Gorge as described in section 7.2. Also in both cases, the
irrigation abstraction requirement was taken from the Kafue Gorge reservoir and was set in
each month at the requirement to irrigate 17,400 ha of cane (Table 6). The results of these
simulations are discussed below. It should be noted that failure to meet the compensation flow
demand at Itezhi-tezhi in any one month does not automatically result in failure to meet either
the firm energy demand or the irrigation demand at Kafue Gorge. This is because as shown
in section 7.2, the inflow into Kafue Gorge is dependent on previous months outflow from
[tezhi-tezhi as well as the month in which failure to meet the compensation flow demand
occurred.
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7.5.1 Removal of the March freshet

The effect of removing the requirement for the March freshet on the operation and
performance of Itezhi-tezhi is given in Table 17. There would be 4 months of shortfall in 2
seasons. This compares with 7 months in 2 seasons when the March freshet was required (i.e.
simulation run no. 1450, section 7.1). It should be noted that although the risk of failure to
meet the required releases is reduced slightly, there is a small increase in losses through
evaporation (because more water is stored and consequently there is a slight increase in the
reservoirs surface area), and consequently a slight reduction in the average annual total
released from the reservoir.

At Kafue Gorge the removal of the March freshet, results in no failures to meet either the
firm energy or the irrigation demand (Table 22). This confirms the Shawinigan (1993a)
finding and furthermore shows that 100% reliability could be maintained even with the
irrigation requirement for 17,400 ha.

Table 22 Summary of Kafue Gorge Reservoir performance (1905-1993} - simulation run no.
1370

Water supply Compensation flow  Irrigation Energy
Mcm Mcm Mcm Gwh
Annual demand 71.9 0.0 262.5 3769.2
Mean annual supply 71.9 0.0 262.5 3769.2
Mean annual shonfall 0.0 0.0 0.0 0.0
Months of shortfall 0 .0 0 0
Seasons of shortfall 0 0 0 0

7.5.2 Raising the full supply level of both reservoirs

The effect of raising the full supply level at Itezhi-tezhi by 1.0 m is shown in Table 17. In
this case the number of failures to meet compensation flow requirements is again just 2
months; December 1922 and January 1923. However, it should be noted that in this case
there is an even greater loss through evaporation (a 6% increase over that in simulation run
no. 1450), and as a consequence total releases from the reservoir are stightly reduced (by
3%).

At Kafue Gorge this scenario again resulted in no failures to meet either the firm energy or
the irrigation demand in the whole 88 year period of record i.e. an absolute reliability of 100
% (Table 23). However, as shown in Table 19, the increase in water level causes a very
significant increase in the amount of water lost through evaporation from the Kafue Gorge
reservoir. This is a consequence of the greatly enlarged surface area of the reservoir that
occurs when the water level is raised. The loss is 957.7 Mcm which compares 10 684.5 Mcm
under present operating conditions i.e. a 40 % increase. The increased evaporation loss
results in a decrease in the secondary energy produced which declines from an average of
2018.1 GWh annually to 1771.6 GWh annually. This is a 12 % decrease. It is beyond the
scope of the current study to determine the increase in firm energy that wouid arise from the
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increase in the full supply level.

Table 23 Summary of Kafue Gorge Reservoir performance (1905-1993) - simulation run no.

1380

Water supply Compensation flow  Irrigation Energy

Mcm Mcem Mem Gwh
Annua! demand 71.9 0.0 262.5 3769.2
Mean annual supply 71.9 0.0 262.5 3769.2
Mean annual shortfall 0.0 0.0 0.0 0.0
Months of shonfall 0 0 0 0
Seasons of shortfall 0 0 0 0
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8. Discussion

The results of the simulations conducted in the current study are consistent with those
reported by SLHP (1990a) and Shawinigan (1993a). The results presented in section 7 clearly
demonstrate that the quantities of water removed for sugar cane irrigation have only a minor
impact on the production of hydro-electricity at Kafue Gorge. This is primarily because the
quantities involved are very small relative to the total flow in the Kafue. There is no doubt
that regulating the flow between Itezhi-tezhi and Kafue Gorge benefits the sugar industry as
well as ZESCO, by ensuring the flow is maintained throughout even the driest years.

The water rights granted for irrigation of sugar cane are rarely, if ever, fully utilised. They
correspond to the peak guantities that can be taken on any day. However seasonal variations
in crop water requirements means that the water rights are not fully used. In 1992 the Water
Board attempted to restate the agricultural water rights in a manner reflecting more closely
the actual water usage of the sugar industry. However, the amended water rights failed to
adequately cover the crop water requirement (particularly in the months of June and July)

determined by ZSC using long-term climate data and a calculation that is standard in the
Sugar Industey in Southern Africa. Nevertheless there is no disagreement on the principle of
basing future water rights on monthly figures rather than a single value.

By comparison with the actual amounts taken historically, the crop water requirement
calculated on the basis of long-term average climatic data, appears to underestimate the water
needed during the wet season. It is surmised that this is a consequence of the temporal
variability of rainfall that occurs in the wet season, something that is not taken into
consideration when using mean-monthly data to calculate the crop water requirement (section
5.2). In the current study the highest value determined in any month from either the mean-
monthly climatic data or the historic abstraction data was assumed to reflect the true crop
water requirement in that month.

The irrigation demand tor the proposed future area of 17,400 ha under cane was determined
simply by scaling up each month's requirement for 10,000 ha (section 5.2). On this basis the
annual total requirement for 17,400 ha is 266 Mcm. This is 22% less than is granted under
existing water rights. However, the peak demand in September (1,220,000 m’d"") exceeds the
present water right limit of 925,000 m'd™'.

The simulations conducted in the current study indicate that under present operating
conditions the firm energy (430 MW) of the Itezhi-tezhi/Kafue Gorge system is 99.5%
reliable. This reliahility would not be altered if the irrigation demand was changed to that
required to irrigate 17,400 ha. There would however, be a very small decrease in the total
(firm plus secondary) energy that could be produced. This would be a reduction in the
average annual total energy produced of less than 1%. It is beyond the scope of the current
study to investigate the relative socio-economic consequences of a slight reduction in
secondary energy generation as compared to the increase in sugar production that would
result; however, it is suggested that such a study would be desirable.

The simulations conducted in the current study confirm the results of Shawinigan (1993a) that
if the March freshet is not released, the firm energy of 430 MW can be considered 100%
reliable. Again this would not be altered if the irrigation demand was changed to that required
to irrigate 17,400 ha. The suggestion that the full supply level in Itezhi-tezhi and Kafue Gorge
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be raised by 1.0 m and 0.4 m respectively would increase the firm energy of the system, but
would significantly increase the losses through evaporation. At Kafue Gorge the average
annual loss would increase by nearly 40 %. The consequence of this would be that the annual
secondary energy production would be reduced from the present 2018 GWh to 1772 GWh,
adropof 12 %.

8.1 A PROPOSAL FOR WATER-USE DURING EXCEPTIONALLY DRY YEARS

There can be no doubt that during the drought of 1991/92 the water resources of the Kafue
Basin were severely stressed. During this year ZSC and the other cane growers made
significant attempts to reduce water use. It has been suggested (Spitteler, General Manager,
Nakambala Sugar Estate, personal communication) that ZSC would make similar attempts to
save water during periods of extreme water shortage in the future. However, this would be
a lot easier if ZSC are given advanced (i.e several months) warning of the need to reduce the
application of irrigation water.

Shawinigan (1993a) demonstrated that the flow in the Kafue at Hook Bridge is extremely
predictable through the dry season (April to October). This is because during this period the
flow in the river arises predominantly from depletion of groundwater storage. Shawinigan
(1993a) showed that the consequence of this is that from mid-April until the end of
September, the flow recession can be modelled simply using two exponential decay functions;
one for the period April 15 to June 15 and one for the period June 16 to September 30.
Since the state of the storage in both the Kafue Gorge and the Itezhi-tezhi reservoirs are
known at all times it is therefore possible to budget and plan water use for several months in
advance. Indeed this is the basis of the KAFGEN operation program developed by
Shawinigan (1993a). It would therefore be possible to give several months warning to
agricultural users of the need to cutback on irrigation water use.

It is therefore recommended that a system is established whereby ZSC and the other
agricultural users in the basin are given two to three months warning of the need to reduce
water-use following a failure of the rains. If warned in mid-April, ZSC and the other cane
growers could reduce water abstractions during say, July to October, the period of peak water
requirement for the cane industry. This would assist in safeguarding both the municipal
supplies and the firm energy of Kafue Gorge power station. It should be remembered that
the cane growers are dependent on electricity to pump the irrigation water from the river and
$0 it is in their own self-interest to safeguard energy production.

8.2 CONCLUSIONS
The following conclusions can be drawn from this study:

1. At Nakambala, the rate of abstraction only approaches the existing water right value
on a few days of peak demand in each year.

2. The Water Board suggestion to change existing water-rights from a single annual
value (that must necessarily match the peak irrigation demand) to monthly values that
reflect seasonal changes in crop water requirements is sensible and is accepted by the
Zambian Sugar Industry.
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10.

11.

Using crop water requirements to determine the water needed for irrigation of the
proposed 17,400 ha of cane, the current study has demonstrated that in total 22 %
less water is required than the present water-rights allow for the sugar industry.
However, the peak requirement during the growing season will exceed the amount

allowed by the existing water right. '

The water taken from the Kafue by the sugar industry does not reduce the firm
energy of the Kafue Gorge/Itezhi-tezhi system, because the firm energy has been
fixed assuming a full uptake of some 15 m’s’ by non-ZESCO water users at all times.
This is the legal right of the other users, but because of the nature of crop water
requirements is rarely, if ever, actually taken.

On the basis of the simulations conducted in the current study, the present operating
rules for Itezhi-tezhi and Kafue Gorge reservoirs ensure that the firm energy target
of 430 MW has a reliability of 99.5 %.

The simulations conducted in the current study show that under present operating
conditions the proposed future irrigation requirement for 17,400 ha would not result
in any increase in the failure of Kafue Gorge hydropower station to meet its firm
energy target of 430 MW. The firm energy target of 430 MW would still be met 99.5
% of the time.

Under present operating conditions the proposed future irrigation requirement for
17,400 ha would reduce the total energy (i.e. firm plus secondary) produced by
Kafue Gorge by less than 1 %.

If in future the March freshet is not released from Itezhi-tezhi, this study confirms
the findings of Shawinigan (1993a) that 430 MW can then be regarded as firm energy
that can be met continuously (i.e. 100 % reliability). This will not be affected by
the proposed irrigation demand for 17,400 ha.

The proposal (o raise the full supply level by 1.0 m at liezhi-tezhi and by 0.4 m at
Kafue Gorge is questioned. Although this would result in an increase in the firm
energy of the system, the increased surface area of both reservoirs, but particularly
at Kafue Gorge, results in a significant increase in losses through evaporation.
Consequently there is a reduction in the secondary energy that can be produced by
the system. The simulations conducted for this study suggest that the reduction would
be of the order of 12% when compared to that produced under present conditions.
The advantages of a slight increase in firm energy production must be weighed
against the losses in secondary energy production that witl occur.

It is believed that ZSC and other cane growers are willing to reduce irrigation during
periods of extreme drought in order to safeguard the municipal supplies taken from
the Kafue River as well as the firm energy of the Kafue Gorge hydropower station.
Using the KAFGEN model to plan future operation of the Itezhi-tezhi/Kafue Gorge
system, ZESCO could warn ZSC and other agricultural users of the need for
reduction in the application of irrigation water several months in advance. This
advance warning would enable all parties to develop plans to utilise the limited
resources in the best way possible.

Given its important role in the economy of Zambia, IH strongly supports the
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recommendation of Burke et al. (1994) that an integrated water resources
management strategy is developed for the whole of the Kafue Basin.
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Appendix A

GLOSSARY OF TERMS

Average energy: the sum of firm and secondary energy expressed as an average (monthly
or annual) amount available considering a range of inflow conditions.

Demand: the output or level of benefit sought under normal operating conditions.

Energy units: The normal usage is kWh, MWh or GWh. Because of the difficulty in using
this for variable periods e.g. GWh/month often use MW with a clear reference to the
applicable period (month/year). Note a MW-year = 8.76 GWh.

Firm energy: amount that can be guaranteed (subject to the accuracy of the analysis) with
a specified degree of reliability and for a specified time period.

Gross Head: clevation difference between the upstream reservoir and the downstream
tailwater level.

Head Loss: the friction and other losses in the penstock and turbine system, expressed in
terms of head.

Installed Capacity: The rated output of the plant generators, expressed in MW,

Machine efficiency: the term required to convert net head and turbine flow into
power/capacity. Normaliy covers turbine efficiency and generator efficiency.

Maximum Plant Capacity: Total (all units) output under best conditions i.e. normally with
maximum flow (all units at full gate) with the upstream reservoir full, just prior to spilling
and no flooding downstream to raise tailwater levels.

Minimum Plant Capacity: The total plant output under worst conditions (but with all units
running at full gate), typically with the upstream reservoir at minimum level i.e. minimum
available head.

Net Head: gross head reduced by head loss; the effective head across the turbines.

Operating rule curve: any set of rules defining an operating strategy which can be expressed
or defined by a series of monthly reservoir levels.

Secondary energy: amount generated in excess of firm energy. Obviously the amount is
variable and unpredictable - zero at times, large during well above average flow conditions.

Tailwater level: the water level below the dam at the point where the flow from the turbines
is discharged.
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DATA SERIES USED IN THIS STUDY
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Table B.4

Inastitute of Hydrology
summary of monthly data - Rainfall

Station number : 2305 Name : Kafue Rail
banlo . | » Lat 1t ube : 1hitsc @ 8 Longituda o Ml 0 C g i tude I
Arrmaa |

OcL How bec Jan reb Har hpr oy Jun Jul Ay Exp Total
189410 . . - [T (1 148 41 0. .. 0. 's 0.
1510/18 10. 139 1. 183, 146 118, 3 10, .. [] L} ° [
1913/12 3. .2 .. 248 161, 0. 0. .. .. L] 0. o, 859
191271} ©. +. 1. " ne. 102, . 1. °. 0. °. 0. 1.
1913/20 7. %. 0. 143, 6. M. . LB o. . °. e (L]
1714418 °. 4y 140, 209 7). L1 LD .. e. LN e. 9. "
191314 5. €. 165 M2, .. ”. 0. .. o . °. 0. 38y,
116/17 o. 113, 190, 110, s ”n. 1. LD o, e °. 0. "
1917/10 T 125, %4, H TS 35, 17, 23. .. 6. < °. 0. 10466,
ey H 19 ", HTS HUE I 0. .. o, ° o. 0. "0
1919720 e, ). 25% . 110, 6, LR 7. 2. 9. L -8 8. 1013,
1910/ 21 16, 1. 144 138 12%. % [ o, 0. o o. 9. 0.
1921/22 0. T 143, 4. 138 T . [N Q. ] .. e "y
1933/33 . 9. 197, 162, 129, 208, 0. " 0. Q. Q. e, .6,
192324 9. 7. 128, 5%, 101, (1N e, LB o, 0. 0. L} nr.
1934728 6. 130. . 400, 8. 114, 17, . o. 9. 0. 7%, 1718,
193%/24 36 . ”*%. Y. 1. 180 Q. LN o, Q. Q. 1. .
19347237 e 1. 241, ", 8. 2y, -8 .. 9. Q. Q. L] Ars.
1911/28 [ . 144, 230, . 18, 4, Q. L 0. 9. o, 109
1928739 Q. 101 261, 4y, 4. 194, - .. L [ 0. (-3 115} .
192%/30 1. [+ 212, 55. 10, 112. 17 .. 0. <. 9. Q. 519
110/31 o 17, 302, 116, " " 3. .. 0. 0. ¢ °. ELIR
i o 106, 0. ne, 09, i1, . .. 0. 9. L Q. 1006,
1933/2) Q. (L0 491, 129, 37 0. e. 0. 0. 8. ’. e. 1008,
1931/ °. 35 104, . 191, 47, . 0, o, 0. 4. °. 11,
1934778 . HI1 N EIT m. (18 7. s, L 0. LD o .. LIS
1933/3¢ 3. ", 144, 152 ns. 20%. (LR 9. -9 LR 0. 0. 7.
1136537 49, 4. 1%, 117, 134. (1] 0. Q. 9. €. Q. 0. (1L
1133/38 Q. $T. 1. 238, ”"n. % 8. Q. 0. L] Q. 9. )2
113049 e ”0. 00, na, 313, 1460, 1. L8 0. o [N - 1096
1928740 o, 140 e 0. 2. 164, 43 0. o 9. e e, LIL
1940741 37 [T PRI 1T 149 113 ° 8. [] 9. °. L} ”»e.
1941742 50, (18 I, 87, 4l “". o, L] L] ] o, 0. "
1M/} 17 15, Jes. HITE 148, 148, 1. 9. 0. L] a. a. (3L
LI 0. . ne. 180, e 139, 0. 3 1. .. 0. 0. 1108,
1M/ ‘. 115, 4. 136, 11, 9. 7. L8 0. + 9. LB 430,
1348/46 13 LT N 11r. 18). 207, 2. 0. LB (-8 L 8. [ [ FF N
1M/ 0. 3. 16y, . 2. (TR iy .. 0. ° 0. 6. a9,
1947/48 1), ”. 4. 114, 127, E 30 ¥ .. 0. ] 0. 0. [IF R
JLIT LA ) 2 169 H 146 LT [ 11, LR 0. ] 0. o 445,
1949/50 0. 6. 202, 136, 164, 3. 13 0. o. . 9. 0. 28
1950/%2 . IR 11 Ty, . 1. 0. . o. . . (] "y
1981/32 37 s .. . 162, 1. 1. 0. [] ] [ B 0. "o,
1952/43 ] 1. [T 7. s, 134, 17, °. - o . .. 0. 1078,
1¥51/54 ° 1. 168, 12y, 1, ", a. 0. o. ] 0. Q. T10.
1384748 1. 1. 141 M. 190, 6. L .. Q L] 0. 8. ",
1955/38 ) n 143 . a7, 229 o .. LR ] 0. 0. ",
1956/37 9. 1. . ", 17 4. 4 [} o. L] 0. 1. 406
1952/58 1. 2 o, wr. 408, . o 0. 0. ] 9. 12. 11,
1958759 . ”n My 161 100, 9. . 0 o 0. Q Q. m.
1959740 10 (38 . 220, 177, m, 0. 6. L] 0. ° L e,
1968741 ). 106, 12 2119 e, 147, (B ] o. Q. ° L] TS,
141763 [] 155, 170, 19, 150, 5. ™. ° 0. ° 0. 0. T4
1942743 ] 1) e, (L} HTH . e, o L] ° . o. "
1962/44 [ [T 130, 726, 11T, 19, o, 0. 0. - - -
1944743 . - - - . - -
1%8%/64 . - . - - - . - .
1944767 L] 51, . . - - - -
1947760 - . . - . . - . . . . .
1960768 - . - - . . . . . . . .
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Table B.4 continued

Institute of Hydrology
Summary of monthly data - Rainfall

Station number : 2305 Name : Kafue Rail
Awnual
oct Moy Duc Jan Feb (13 T May Jun H:l g [27-] Total
1949778 - . . - . . . . -
1938/72 . . . . . . . . - [ . o, .
1vumn 0. 0. 16 e e n. 3. . ] . 0. o, [ ITH
112/ 7) 3. as. 1. 222 1%0. 119, 1. L} [- B L} a. o, 140,
1913724 1. EE e 1e T 3. 0. . ] . 9. o, (1L
191473 ° 135, ns. "1, 133, 6. o, [} 0. ] . o, T,
1914774 a. 181, 248 161, 158 154, L1 10 0. L} 9. [ 1102,
199772 1T, 23, 124 6. 138, 182, LR . o [N 0 °. s18.
19N 0. 1489, 4. 7. 10%. 734, (1] . o ] e o, 1091,
1998/ [ 1. a4, 124, 13 ] ° . ° e ] o, 42,
191%/8¢0 n. 11 184 . 138 11 .. o °. [ ] °. 7.
1930/0 ] [T 208, HIT 0. FEL 1B ] o, ] . @, 1018,
1901/02 - IRl 7. 9. ). 0. 0. [} . °
1902/40) 8. 0. 4T, e, ", 3. 0. e ° [ . o, (ST
1903784 0. 7. 153, ”. . . 1. ¢ ] . . 0. 04,
1988788 6. 1N 1y, . 145, M. o. ] o. 2 e 0. 575,
1905/84 16 " 1w e " 102, ur. 0. 0. e o. o. "7,
1906/07 4. 107, n. 17, ", s1. .. ] o, [N .. [ 85,
1987/88 .. 2. 107, 183, JTL LTH 16, 0. 0. [N .. o. “l,
° 1%, . e, L1IQ 19%. (B ° 0, [] e, .. 1102,
1949/ 98 L] 4. 1. ns. 139, .. 4. 6 a. ] 0. o. T,
1990/ 91 ° 1% i, 7. 1. (1R It ] o, [N o, 0. na,
1991/93 1 e 181, 1. " 1", 1. * °. o 0. 0. .
1993/0) ] 3. 200, ”. 164 . - - . - . . -
199179 - . . . - - . - - . . . .
nasn 1. ", 192, 107, 172, "%, 14, 1. °. .. 0. 1. 740,
nedinn 2 n. e, ne. 150, . 1. e Q. 0. 9. o.
Raximum Ta. I 4. "y, . 186 1T, (R 11. 1. e FLY
ninime o (] ", a8, m”. L] [N e Q. [N 0. 0.
st dev. 1. $6. a0. 100, ", 7. 1. ‘. 1. 0. ] 3.
cv¥ 1o .65 a2 .48 4 LT 1.83 4.1 .72 [ 5] 1] LN Y]
Total monthly rainfall in millimetres
Data flags
mieeing - flag *-* Ceiginal - no flag met Citimace - flag *e*

Princed on 28/190/19 M

59



Table B.5

Institute of Hydrology
Summary of monthly data - Rainfall

Station number : 2400 Name : Kafue Polder Agromet. Stn.
Beinno. O Latitwde 19460 0 8 Longiceds © 27T:%%: 0 E Alticude R ]
Avruie
oct L Dec Jan fab Her A1 Ny dun £V oy Sep Tatal
1934757 . - - . . . . . -] " e, [
1957/%8 - 2T, s 3. 8. i1, [ B L . ., (- . 1192
1950759 . . . 1. ), ir. 0. L L] .. Q. o. 40
1939760 1. ", 339 2. 132, 3. 10, 1] [ .. o Q. wan,
1940741 5. ", [ }} FEL N 1. 114, . L] [-N a. Q. o, ThD .
1941762 LN 104, 14 e, 170. b 181, aQ (-0 a. a. 0. [ 318
1962/76) o 170 429 " 201, n 1] ] (- a. [-B Q. 9.
1943760 1% sy, 143 5. 164, 1) -] -] 0. a. . a. 39
1M/ 6S 3 [ 3 %% 1. Ta. k) ] ] 0. a. (-8 ’. (310
1948746 19 ©® ., 254, . [3 ] ‘ L) 1 o 0. ° 73
iHESAT b} 17, %¢. 160, k31} 7. 16 13 Q. Q. -8 9. (133
1947/40 T m. e, 19, IR 16. 10 . 0. .. 9. 9. (119
1960760 [ 121, 204, 1. [TH ns . o. o. o °. °. Tz,
1969770 “a. . 7, 'y . 2. 'S 0. o °. o. 0. 9.
1900/ s 105, 161, 2. ", 1, 18, [N . °. o . (19
19% /1) 1. 104, it M4 191 T4, . 0. [ 9. 0. 1. L 11N
1912/7) 1%, 13, 157, 0. ny. 3. ] 0. o. 9. e a. 699,
1973/ °. . 103, 6. 238 .. . s 0. .. [ o "0,
13%4738 1. 0. y00. 27, u7, 3. [ ° a. 0. 0. o. ez,
1978/ 74 6. 0. T, nI. 113. 19 104, ) Q. ", 9. s. 0.
1934732 1 1. 230, 126. [1H .. e e . 0. 0. 2. 9.
11/ o. 11T, 04 0. 134, 200 j1-2 18, -] 9. e, 9. 107y,
1970/ 19 4. 8a. 419, 11y, 114, 5. Q Q. 0. o, - - B T8,
L919/00 4. 108 238 134, 127, (2N 1 [ B o - LB -8 494
1900701 ) T 1. 0%, 0. 101. 4. L] 0. 0. L] 0. 1848
1afe . 203, 189, . 150, 1. 2. 1 0. 0. . 1. "2,
1983743 12 113 1. 1), 4. 19. 12, a a. &, 0. Q. ).
1983/04 7. <. 18, " 109. 104, . ° 0. 0. 0. o, [TE R
LI00/0% Q. (1 169, Ty, 172, (1 a. o. (-8 . a. 8. [11-9
1983/08 1. ", 123, m1. (18 7e. 140, o o. °. °. e. 3.
Gl .. E}] 1, e, .. , 'y °. a. . . ° see
111448 . 1} 1¥7. 17, 13}, 7. [] Q. Q. .. Q. (1L
1019 . " 128, 148, e, €, o e, o. e .. °. 1045,
1989790 N 7. 114, [iTH 108 3. 53, 0. . 0. .. o. 0.
190701 °. . 149 101, 1. n, ’ [ 0. R e 0. TR
191/93 1 " . 198, "n. [TH 0. ). ° 0. o °. [TTR
1992/9) 1. LI 142, ”. . [ 178 10, ] 0. e 8. o. 4y
1993714 °. ", . 112, 137, 20. M. 0. . . .
Hean Ls. .2, na. 100. 141, £s. 23, ). ¢ 0. .. 1 s,
rudian 1 B 1), 18y 192, 132, 0. .. 8 -] Q. a. [- B
Wan i 6. s, .30, (TN s1e. na. [T T ¥ o . 3
o i . [ 4). [ 43, T. [ 8 L] [ N a. L B
St. dev. 1. . ’”. n. 101, [t . ‘. °. . 5. ),
[ ] 1.7% T 47 K1} .8) LT 1.%1 3.2 .M .00 N .43
Total monthly rainfall in millimetres
Data flags
Mimsing - [flag *-* Original - no flag wet Ouimste - [lag “e*

Printed on 20/10/199¢
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Table B.6

Station number

1919/2¢
1920/21
1921722
[RIETE]
(R ETET]
9/
1923426
1926727
1923/28
(R TE]
1929730
nern
1911/32
193271}
1933/ 34
1934713
1933/
1934427
193738
110/
193%/40
1940/41
1941742
1342/43
1943/ 04
1944748
1HE/4E
13446747
1341740
1740/4%
1H49/50
1954/51
1951/53
1352/5)
1953/54
1984758
1954/58
1954757
1941/58
1930759
1931/60
1988/61
141762
1%42/76)
174) /764
1964763
1985/64
1676
1éT/en
100/6Y
18/ 70
bR RL-TAS]
[R 2 V4 r]
HTIIY
191374
1914774
1915/74
19%/M
1912470
19/7

r

12

19,
14

).
13.
e
(L

17
.,

1.
3.

4

.
23,
q.

..
L8
.

[
3.
3.
116 .

.,

15
IT.

.
",
[ 18
n.
"0,
b1
Je
L1 N
.
[ 38
LN
(3]
?”.
174,
143,
1.
a0
L
.
0.
a8
4.
49
41,
0.
.
",
12
138
1.
139,
0.
..
153,
43,
",
.
(1 9
11s
Ie.
149,
"
102,
(LN
.
111,
.
18,
ns.
8D,
LF
5).
.
126
.
66
104
"’

2800

Lacicuds

Dwc

1.
L1
153,
138,
106
.
1.
130.
08.
1.
330
pl L
187,
131,
101.
199,
asd.
14% .
147,
149

.

.
182,
[ L

"
T4% .
144
08,

1.
M.
184,
101
1.

.
114
0.
.
ERll
ny.
1%
17%.
383,

2.
",
160,
247,
%0,
431
11
e
8.
s,
0.
LIL
214,
FIL

9.
8.
18%.
[ 1%
0%,

104 .
1748,
.
1.
111,
1848,
.
144,
.
174,
s,
248,
54,
",
160
174,
41}
1.
140
",
.
48
.
189,
138
",
108,
s,
s,
113,
187,
330
118
183
s
287,
137,
.
1712,
1.
Jes.
T2
10).
181,
M.
mny.
e,
).
150,
21
124,
208

17y
e,

17,
137,
27,
a7,
4%,
195,
.
3.
1.
ERLIN
102,
11%.
186,
5.
195,
Y.
7.
18
11 L
120
m.
(L
LIt
.
167
1)
141
1
173
(1)
179
149,
nm
LI
107,
L3
5e.
106
s
Joy
236
145
135.
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Institute of Hydrology
Summary of monthly data -

15:4% 0 §

Rainfall
Name : NAMWALA
Long | tudae 4:1): o R St ltuce

May Ape ay D Nl
- L B
"5 ] [] [ [ B
48. . 1 6. -
N 1. ] [ ]
123, €. . 9. L8
e 1) LB Q. [ B
154 0. 0. Q. 0.
"% [ o °. []
134, 1 [} Q. [ B
172, 0. o o. 0.
" %, . e. 9.
", [ I8 9. Q. 9.
b1 ) ) 1. 9. 9. 9.
L] 1. o, e. a8,
", T. Q. Q. ..
5. Q. a. a. a.
M. a. a. a. [- B
$4. 1. 1. -8 ..
[T . 0. 0. [}
202. 0. 0. .. ..
168, n. a. T. ..
$3). M. 9. Q. L B
M. 3. a. L B
nrt. 1. 1. 0. .,
[ } . Q. 1. L ]
183, .. c. °. .
176, .. &, Q. ..
132, .. e, o. e,
4“7, L B 1. o. a.
", 0. 0. 0. 0.
156, t 1) L L] L8
18 1 .. 0. .
1. 1. ° 0. °
19, . .. ° .
33. ° 5. [} .
[T} n, 6. 0. e
”. TR . 0. .
8. [ ] & - Q.
1). L B [ ] [ [N
38, 0. M a. LN
[T} ", .. a. .
[ 3 17%. .. a. o
4. 1). o, 0. .
131 . 0 0. 8.
3. 9. 0. 8. o,
15, 0. 0. o. [N
10%. . . ?. .,
0. .. 9. 0. ..
117 9. -] 0. LN
H B Q. -] Q LB
s 5. ] 0. o.
9. . o,
ST I 8. - [N
1) 3% - o,
L1 (1T t1] - Q.
23, 3% . a.
100 1R 3] L} - [}
136 11 9.

'L 183, 18

§

o o 0 o 0 O 0O OO0 OO OO0 OO0 0% 0095 o000 00O wo 0O0O0CO0O 000 C 000 00 OO0 * o 000600 6 00 09 00 00

i

o 60 0 0woODO®OOOO®

-
-

woooo0oowodloooooooooe« -~ 00 600000O0CO0OOCO0O

“w & o o =

Total

LI N
ATy,
1107
43y,
LiBa
01,
11N
[ 1-L-B



Table B.6 continued

Institute of Hydrology
Summary of monthly data - Rainfall

Station number 2800 Name : NAMWALA
Arweaal
oct, nory Owe Jan Feb ar Apr ey Jun 2 L Sep Total
197%/88 14 207, ), .. 200, 191, 1%, ° ° 7
1930/0) 2n (1R 198, ni e 1T, 1.
1921 /82 - .. °. 3
1992/8) . ”" 3. .. %, 6. .. °. L} °
1903784 16 T 7. 18). 208 ”. [ B o ° °
1904783 ] LT 150, 09, 102,
1905786
190610 - L] o 1
1987/88 .. 13 177 67, %, 111, I 9. o o
19E0/9% *. 1. 1. 154, Mt 4 1. 8. ] Q
1989/99 ] bL N 141, 118, 159, . 0. 5. o. 0. a. ° [1}]
19%0/91 . M. 101, . LH] °. ° Q. o, 8. 0.
/0 8. (B 1. 2. 2. 190 1. 14 ] ¢. 6. 0 420
1992/4) [] 137, 240, 43, - .
199)/ %
nesn 4. .. 195 194, 146, 116, 0. ¥ 0. o. 0. T ™.
nedlen L (19 1. 18). 17). ” .. ¢. 0. Q. 0. a
Kaximae 116 . L2 1N Al Wy LALLM 178, $0. Y. .. 1. %,
Hisjem 0. [ B 2). . I .. o, 0. °. .. 0. o
ic dav. 20. . ”n. ", "n. ” 18, L] 1. o 1. 5
[+ 1.2 N1 47 4 (1] [H 1.70 o . N1 .22 117

Data flags

Alasing - flag *-* Original - oo flag sec

Printed on 28/10/1994
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Table B.7

Station number :

Sasim mo. . #

oct ov
1944 /s -
165746 1), 4.
186 /4Y LN 1.
161748 5. .
1960749 [ 154,
1944/70 “". 6r.
1Im 18, 122
117 /12 2. 143
1471/7) (B 16.
191 /14 . 108,
[ERIVEL) . 17,
195/ [ 10,
/Y 11. 17,
171/T8 LS 140,
PERIVAL) ie, 6.
1700 FAN 7.
188/0 [ 8 0.
1981702 .. 1.
1981/0) M. 19,
1101 /04 . 3%
e /s [ B 123,
140%/86 2. 54
1908/ 138, 35,
FLL LN ] 3. 14,
10/08 11, 2.
10890 [ .
e/ 1. .
[R1 VL] .. 1.
1982/9) LB M.
1981/ 1. 133,
Mean 1. .
racian 10. .
aleus 1% L 16).
Ninleus v ’,
. dav. 2, 4.
(24 1.3 43

Printed on 28/18719%4

Ingtitute of Hydrology
Summary of monthly data - Rainfal]

2402 Name Nakambala Sugar Estate, Rainfall
Lac itude t a: g em Long it ude 1 : . 0 K At itude R
Annuasl
Dec Jdan Fab "ar Mpr oy Jun il L ] Eep Total
. - . 8. LN 3 .
3¢ 128 AL 54 1. 1 s 9. o, -8 [31]
1. 14). 199, -, (LR + L. .. L LN 20,
112 145, ”. "%, pL . -8 .. o, - 802
104 144 1) 140 . L] Q. ° 9. o L3 1)
340 102 k1N 42 T, [ ] Q. L] 9. o %72,
168 .. ", 1y, &), . - ® 0. 11 ™m
T 6. 111, 20 L [ ] o, -] Q. 1%. az.
” il 188, 7. T. e. o, [ N Q. L a1
2% 284 1. 7 1 L] o L] - 0. 1049
13 ", 127, 42 [ [ o ] o, o (133
92 134 112, Jor, 199, 3. Q. ] - 114 )
142 ", 8. 1, 13, LB o, 9. - 22 49Y,
244 e, 11 3% 149, L1 " LB 0. - N o £ 13-
1r:, 3T, 112 2% 9. 9. o 9. Q. -] )
o0 5. 195, ‘) n. 9. - 6. - - 8 T
200, 7. 408, 1y 12. .. Q. 4. e, 6. 1162
. 244 201 . 2. 2. [ ] (- o -] ’ [ 1}
5. 17%. 14 (L s, L] -] L [-B Q. 54)
J0 126. L F) . I Q. 1. -8 o, 0. 415,
1. 113, 134, . LN @ 8. [ B Q. Q. 637,
283 18 132 ”. 10%. .. o. [ B L- N o. "y,
). (3N 129 Jo. L B LD Q. 8. a. 4. (3% N
124 ", 11y 116, 1. [ [ L] Q. 9. $0).
kY 2%0. Me . [ B [ 8 0. ] Q. ] "),
116 41), % L 3. LB Q. ] [ [-B Ty,
105, 1), 117 141, 9. 9. 0. [ B L N o, 471,
19 ”. 1. 1%, 3. 5. 0 0. [ N - 378
L 9. 181 119, 43, [ 0 - .. 1 [I-1
112, 1%}, 7. 1. - . -
191, 142 1%3. (I8 16, 1. -] 9. 9 T8 .
182, 11 137 ki 1), Q. 0. 0. Q.
317, ). 0. 307, 109, . 6. Q. 9. 7.
2%. 4T, 50 T, 8. .. -] o 9.
”. s, 1) [ 1% . ». 1 e, 9. 5.
{1 ) [ 3] T 1.18 1.41 ) 10 N [ 1] 1.9

Data flags

Original - Ao fleg mat
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Table B.8

o Institute of Hydrology----
Summary of monthly data - Rainfall

Station number : 460990 Name : Itezhi-tezhi ZESCO Met. Stn-Rain
Sesin no. - © Lacitude ¢ 13:43:30 6 Longitude . 24: 1112 € Alyitude . .0
Arvmas |
Oct [ Dec don reb Mar Apr Hay Tun Jul sy Sep Toral
19T9/00 . 148 330 . 141, 104, 12, 0. o ¢ L} 8. "o
1900/81 1. 108 EEL . 3. 12, 18, .. Q [ . o 1106,
1901782 1. L . %1, IREN 1. 3. .. L} ] .. 5. 42,
1902/4) 1 11%. [T} 194, 9. ). 1. 5. a. ) ©. 0. 317,
1983704 1 .0 110, .. 122 141, . LR 0. ] 8. 0. I3
1994705 1%, 4% 100 149, 14% . 6. L ] - (] LN Q. 508,
1903/86 0. 1Y 209 191, 131, ", " . a. . o, 0. My,
1908707 “ (R 2. 10%. 41 .. LN L (] ° 9. 341,
1988 13, 13 i1e. 17y, . 1. o ] a. [ B 0. . "y,
1184/09 0. [] 40 jL . % 7. 5. 0. ] LR o. 113
1983/%0 1. . 1) . 121, 7. L s °. [ a. 9. 2.
1198/11 o " 197 . ar. . Q. .. o. . o. o 640,
1991792 LR "% . L 127, . e 4, 9. 0. ] LR .. 345
1192/9) 15 e, L L LS 2. 450, 13%. 40, 9. 0. . 9. (-3 1107,
1391/94 0. 1o (I} 200, 161, 10 L3 L] . . .
nean 1. s, 14) 18, 152, ™. 1. 1 ] t . 0. [TE D
Madian 15, 2. IR/ N 197, 133, " LN 8. ] c. 0. 0.
Tz imae 3. 1. 130 199, 430, 161, [ 38 ) 0. ¢ [- B 3.
Hinieus .. LR 37 4. 1. 1. e . ] ¢ LB 0.
St. dev. 1. .. .. 7. 112, ar. . [N L3 6. 0. 1.
cr 1.06 “n LY a0 L2 LX) 1.68 yn oo (1] ae 174
Total monthly rainfall in millimetres
Data flags
Mionireg - (lag *-* Ociginal - no flag aet Catimate - flep *a*

Princed on 20710/1994



Table B.9

Institute of Hydrology
Summary of monthly data - Flow

Station number ‘: 466901 Name : Kafue at Hook Bridge, ZESCO data

Banln mo. @ Lacloude Cole184:)0 8 Longltude . 23:%%: 0 € Alt 1t wde : 19130

Arra v 950%1.

Anraual
[+ 1% o bwe Jan fed var rpr Hay Jun dul sy Sep nean

18 2/40 . . . . . . . . . . -
(R 1T FE% ] - - - + . . - - - - .
1963770 . . - . . . . . . . . .
1978/ . . . . - . . - - - . -
1971472 . . . - - . . . - . - -
1922/ E E . . . . - - - E - e Joe
1973774 38.17 3r.a2 ”. 13104 1043 .06 H LB ¥ L PO ) v 148 .4 10% 0b "”wmn 1" 107,61
194718 5. % M 213.9¢ 141 .26 735,98 1044 42 1140 44 1% 194 .44 1,02 3.1 .9 34 4T
1973/7¢ 33.33 L1 1) ¥l .50 (LU 4] 9%4.4) 107 82 1784.16 C3. 50 551 .46 e @2 17).48 121.%¢ 477 .43

IR RIVAL] ) .18 T8 40 10%. 31 240,468 414 60 I e 149.9%0 417 ¥ 33%.18 14610 118 M (LT 299 42
1171/T8 002 44,08 204 .40 P B4 16T 4%e 187 A0 204441 142679 ?1).0) 2.2 119 %% 1)0.9% " .00
11a/19 14).1 20).%8 334 .47 2. 02 TeN. 00 1315 00 1310 .76 71408 37907 e mMm 3.0 16%.4) 0.0
L179/00 119,47 148,04 433 . 31e 44 .00 TTS. 00 lOL! 44 w12 LN 397 408 T.37 104 4% 12010 4“1
1E/0L 93.72 163.99 148 .90 410. )4 B42 .48 1430 % 107451 40).%7 a0 .02 127,18 149 11 122.18 49,71
181/02 LR 11 70.24 101.27% tes oo 40040 61 1% - 142 Q0 143 .4} 19%.00 "o [1 0% ]

nwa/n 6.9 1.4 ELo I 3 110,54 4.6 301 8)  )eé.12 1.3 103 .43 9.5 T $4.0) 195.5¢
1) /e 4], 102.50 378 44 143 .40 435 41 407.37 189,42 97.%0 (131 4.7} 43.7% 17).02
RLILN 1 n.n 43,06 112.0% ). M 7.5 i 38 Yor.af 43). 70 202 .40 130.4) 12 .48 T0.17 Jie.n
1983/06 48,40 49.22 0.0 1% 2.5 .1 LIRS ] ] (110 1) PRl L B | ) ) 126,62 1,44 nr0
1r00/07 1.4 107.1% 18y M 190 64 Q.42 L 100 b 10.68 216.2¢ 114 16 " e 1.5 50.7% m.1?
1901708 4% .47 3).8a 1316 172,43 466,03 047 %1 ERE.0 3).7% 132" "o 5604 13043
1900789 a.n ah. 14 [3 B L] 18474 663,400 $4i.06  3$5.37e 361.1% - 1m .1
1999/99 L3I} ) 1% .18 [1 % 19030 47218 PLYNRL Jr0. 47 iM.n 107 .4y .0 1.0 490.5) 16).4%
1990/9: L] 2s .70 1,73 31399 51004 %1 7 42).38 224.1% 106 .49 RN 3§ 5.4 4% .38 19).9%
191/92 3. Ty 0.8 7.0 "4 132.9 1€2 15 18 41 0.2 $0.16 1.8 1T.6% 3%.41 .81
1992/ 18.13 21.40 14.09 173.%0 §20.64 102. 1) 181,32 $24.12 1973y 18 2 1.4 14,49 10%.22
1992/94 49.11 3IT.8é 4.7 Ml .0 415,71 64 35 JI8. BT - - . - - -

Wgan $8.67 $1.70 134.18 Jas. 72 (1298 1) i ML 401,58 243 .63 135,59 114.0% 42.1% 12).9
madian 4% 4498 1. 178,44 0.6 7%$°.28  638.84 .18 194 .44 1032} 4.7} .M
Maximm 143 17 103 %8 5.1 042,34 1247 .49 107 40 J044 .41 1436.20 713).0) 112.30 11989 210.%
il mas 1827 31,60 36.0% 1544 131.97 105.7% 1.6 9.9 $0.14 18.75 33.¢8 %.61
$x. dev. 1.8 4.9 100.40 20947 2121 39192 48,91 14,51 220,11 11402 Rl Bt 30.40
oy A1) n .78 .40 -3 AT -6 .6 Al . Te LY .#1

Mean monthly flow in cubic metres per second

Data flags

Origisal - mo [lag set tatimate - flag *e*

Princed on J0/10/19%
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Table B.10

ELEVATION-AREA-VOLUME RELATIONSHIPS

Itezhi-tezhi Reservoir Kafue Gorge Reservoir
Elevation Area Volume Elevation Area Volume
masl Km2 Mcm mast km2 Mcm

985 0 4.0 2.0 9723 200 0.0
990.0 8.0 7.0 972.5 250 50
891.0 10.0 15.0 972.8 30.0 11.0
29920 14.0 270 873.0 aso 20.0
£03.0 18.0 43.0 973.3 40.0 29.0
9940 22.0 63.0 9735 47.0 400
9950 27.0 87.5 §73.8 58.0 53.0
§96.0 31.0 1165 974.0 700 69.0
997.0 s e 1495 9743 830 88.0
9980 404 187.8 974 .5 98.0 111.0
§99.0 460 230 974 .8 1190 138.0

1000.0 500 2790 9750 1420 170.0

1001.0 57.0 3325 975.3 180.0 211.0

1002.0 64,0 393.0 975.5 2350 263.0

1003.0 70.0 460.0 975.8 310.0 3310

1004.0 75.6 532.8 976.0 430.0 4230

1005.0 83.6 612.4 9763 565.0 548.0

1006.0 80.0 699.2 9765 7250 709.0

1007.0 97.0 792.7 076.6 805.0 785.0

1008.0 105.0 893.7 976.8 9250 8150

1009.0 113.0 1002.7 977.0 1175.0 1178.0

1010.0 120.0 1118.2 978.0 2160.0 2845.0

1011.0 128.0 1243.7

1020 138.0 1377.2

1013.0 148.0 1520.2 JICA(1992) : V = 0.6630°(E-971) "~ 4.112

1014.0 158.0 1873.2 A= 12864*(E-971)"1.526 (E< 974.7m)

1015.0 1867.0 1835.7 A= 0128*(E-971}7 5054 (E>=9747m)

1018.0 177.0 2007.7

o 185.0 2190.7

1018.0 203.0 2386.7

1019.0 2140 2595.2

1020.0 2240 2B14.2

1021.0 235.0 3045.2

1022.0 253.0 32907
1023.0 268.0 3531.2
1024.0 284.0 3e27.2
1025.0 208.0 41182
1026.0 3140 44242

1027.0 330.0 4746.2
1028.0 346.0 5084 2
1029.0 3840 54392
1028.5 3740 5623.7

1030.0 380.0 5812.2
1031.0 4040 6204.2

10315 4110 64080
1032.0 4200 66162
1033.0 4460 70492

SLHP{19508), V = 0.0625°*(E-883) ~ 2.97

A = 0.1440*(£.983) " 2.05
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" Table B.11

Station number

Welno. ;0

1976/

FLRE YT "we? "
1978778 1070.3  102).7
1919700 LEZN. 6 1030 )
1908/81 18704 1€3).7
1901702 10204 1020 7
1992/83  182%.¢ 10241
1900784 10229 10017
190485 10817.3  1816.)
1995706 10257 1024 &
1906707 18291 10217
[ETETUINNEY & T BENEY L3
1964703 10230 1824 6
1909790 18260 1026.0
1996/91 18234 1022.1
1991792 18230 10322
1993793 181).Y 10110
1991/ 18281 82N

Haan 197).¢8 10219
Hedlan 12150 10244
Faxlmus 103%.1 1029 .4
LIGIE T 9.7 "
£t dav. 1. 1.8

Aieslng - flag

Printed en I8/10/1904

: 460991 Name : Itezhi-
Lat itude P 1814508 8 longitwde : . 2
Orc Jan Fab Har Ape ray

tezhi regervoir levels

12 € Alg it wdy 1 1000.0

~un Jul L] oy nean

. . - . - - 1916.1 ELIL N ¥ EL RN 10022 -

"o 100) .1 1009 .4 11).6  1027.0 ILL
19380 102¢ 4 1028 .0 1039 .3 102%.¢ 1819 .4
1827.0 102% .2 102%.) 101%.0 1M1 10109
1027.6 1024 . ¢ 19393 1029 .4 1819.2 1039 %
1021.% 1027.% 10202 1028.% 102%.4 1019.%
1024 .4 192%. 0 1021 1 18200 1029.2 1014 2
meh .1 wn.e 1022.0 102).¢ 1004 .0 1914}
1816} 1819.3 102%.7 1029 & 102%.¢ 1871%.%
1024 .} LLE L 1027 8 10202 1027 .4 191y %
11-FL 1028 % 10204 162%.% 10175 1929 2 H
1015 .2 1033 7 10317 4 193%.) 1819 8 1829 4
10340 102%.0 1027 .4 1078.9 1017 .4 1019 3%
léls,l 1025.7 1028.2 1017.0 1020.% L]
1821.0 1022.% 1026.0 1029.8 10106 1
1020 ¢ 1030.2 19%0.1 1010.0 1020.1 &
1010 3 1012.2 1621.5 1021.) 1039 .} 1
1027.0 1039 .4 101%.2 e ) 18)8.5 4
1011 .4 102).0 10182 103 % 1078 4 1630 !
1024.4 1025 .2 1026.2 10208 1039.4 18294 1
10209 19106 10394 10)2.) 18)0.% 1810 & 1
"yt 100).1 1009.¢4 1020.¢ 10201 10104 )

L% ) 6.6 4.8 2.0 2.3 2.7

-1 [-39 .08 N1 -0e .ae

18286 182%.2 1828.) 102y 1023
103%.4 1H2Y.0 19204 1027.4 1027,
10820.1  102T.? 1034 .4 182%.1 1026 .
10293 101D 10274 1075.4 1026 .
101¢8.0 1017.% 1014.7 101%.) 181y,
1030.)  10)e.5 10103 10190 102).
10384 - - - -

1037.3  1919.) 101v. % 10192 1016.%
1629.4 19184 1029 % 10292 10204
1079, 13 e 10319.4 1039.0 10288
1029.%  103%.8 1019.4 1029.) 1eay. e
10394 190391 10119 10248 1020.9
1029.% 14NN 1028, 1024.2 1026.%
1822.9  1911.% 1030 1 10106 1023.2
102%.%  192%.2 1024.0 10271 1024 .2
1C39 5 102%.% 19293 10200 1039,

e 8 1020} H-FR | 102171 1028 .

[P TR T PR VE

027.7 03v.0 1024.2 18240 182% . %
02%.1  leiv.y 10M4.3 e
030 5 1030.3 10)0.)  1029.0
O16.1 1014, & 10108 10823
LI} .3 3.} 7.0
-] -0l .o a1

Mean monthly storage in million cubic metres

Data flags

. Origlnal - no flag sat
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Table B.12

Institute of Hydrolog
summary of monthly data - Flow

Station number : 460995 Name : Itezhi-tezhi Reservoir Oucflow
Bsein o -] Lat itude i 1%:4%- 0 § Longitude .+ 24- 1: 0o Alt Lt udy T 1002, 0
Area ;1096320
Arnual
oL bocre bec Jan Feb rr Apr Hay Jun Jul g Ccp ean
19T4/17 . . . . . . . - . . R
19713/ . - - - . - - LELIN 137 .4 163.4 5.2 -
[T Tall 181 .1 LI} Y6 s7r.0 264 & [ L3 3 M. I ] 343 .1 1%0.2 F 2684 L2208 ]
L3190 2138 4 2% 110 1 1%6.2 e 7.2 2280 LTI Y FAI N 11).4 162.% 114.2 442.7
1971 148 LEL ) 1 Y LY I ) 14484 " 141 PRI 194.0 143.0 14%.) 4493
Iz yY 22% .4 164 ) 168.2 415 .4 400.7 10%.1 4.8 136 .9 119 1. FITN ] 1.2
1981783 T2 13).% (ELIN ) 181 .) 8.5 % .3 11%.2 1131 17% @ m.s 20).¢ 14).0 113.%
1983/ 00 1300 1% .0 17137 0.8 e 85 .7 1.2 130 & 198 4 169 . % 135.) 1)2.¢ 1.0
1984705 1918 147 1 o 194 % 24 0 .3 LTI FRL ] 172 14 0 16T .4 211.) 15.1
1985786 14 143 .2 17,3 121.) 29 ¢ $)2.1 4T 1 e 2 1642 134 .7 1322 271,12
10620 141.% 158 .2 %)) 104 .8 6.5 33%. % e s 141 & 1384 124.8 1314 ). 9
1987/48 11%.% [1.1 0%} 10%5.1 118} 1188 (120N ) M2y LI ] 1280 1837 1k4.) 210.4
1980/0% 1690 156,46 121.) T4 409.4 1.0 431.2 302 1508 BN 129.) 114.8 214.4
1989/%0 119 % 113.8 107.6 181.) a2 8 213 .3 1%%.2 1143 13.9 13¢9.0 1590 177,32 110,717
199¢/91 172 % 142.6 131 110.2 103 & 149.9 100,y 199 4 141 1%% .0 155.8 1318 167.7
1971/92 )0 1974 1%0.2 140.9 1398 119.5 123.2 130,89 110.9 138.1 1388 ) 119.? 144.)
1991/93 120.9 137.4% 122.9 1e3.¢ 1012 It T B 432} 161 .0 n.x 19).s 120 210.4
1191794 1.6 183 .4 11,5 12¢.9 4} 5 4316 19 .2 - . - - . -

"ean 1113 1762 RUL N 250 % 3174 [T F IS 443 .2 MO+ HIR N ] i12.8 62,7 1764 260.2
redlan 169.8 19%.1 1467 146.2 HITIN 3 344.2 FE N ] 102y 1610 EP LN 159 .4 5]
1 | . 195.4 1i0.1 e 2 11} 14456 1084 4 iy 14 9 1174 24) .4 30%.2
LG T 113 7 1003 10%.1 .4 104.8 18%. % 1182 11¢.¢ " 9.2 10).9 119,13
St dev. i1 q 417 109.4 31 8 3070 PLY I 143 .} 045 212 €.0 41.1 €.
[ 311 1 ) 1.00 .12 .7} - T4 .40 - A -2 3

Mean monthly flow in cubic metres per second

Data flags

Misalng - flag °-* Original - w0 flag st

Printsd on T0/10/1994
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Institute of Hydrology
Summary of monthly data - Storage

Station number : 470750 Name : Reservoir level at Kasaka (masgl)
Baminns, .8 lagicude : 1549 O 5 tongitude : I8.1), O € Alticwde  : 96%.)
Arvasl
oct Ao Duc Jan reb ar Apr oy Jun EN] sy Sep aan

1916778 . . B B . - . LR e ”mr M 77,1 -
191717 78,7 6.8 77,0 1764 976.3 6.8 (1IN " ?78.% (R ™" 9.4 4.8
1970/ 7% 7.5 ”e.. ”E.4 LRI 7% .8 .y e, "M 6.8 [ " 5.1 9764
1918700 1738 ”e 6 2”76.6 ne.s (XTI "es [ATHY EITHY 6.3 M4 "6 976,48 6.4
1940701 LI .8 LRI} 9766 [ "e.s L3 " 4.5 "e.e [ 6.4 % .6
1991/07 LI 6.) 976.2 1766 .6 ™"e s Y (A 4.5 M ”e.L 750 276.4
190379) 781 6.1 LR LR ] 5.9 LRI} ”1me.0 " 7.1 [T [3I ) (I} (I )
193/0 784 LA 7.2 LRLTRY 731 "0 L2 ) LN sy m.y (119 9744 (31
1904/0% M7 ¢ #73.0 9142 9747 6. 6.5 783 LAY 75.7 " 7.6 174, 6.0
190%/04 LIRS LW 4.6 767 9768 "M LRI} M. 6.0 " (3798} 379 ] 9187
196/07 177 4.8 4.1 e 744 e 164 MY 764 "y (3798} 1749 6.4
19M7T/08 764 6.2 5.0 5.8 758 4.1 .2 L2 4.7 ",y (3198 ) 76.% $97%6.)
198709 T4 76,2 74,2 1764 176.4 "e.2 4.2 7e.2 6.2 1381 "7e.s LR ] 6.3
1999/90 ”7%i.e e 4.6 Té.4 s 9 "e.n +74.7 .S 7L 1 "e.r sT.. 1740 6.4
1990/ 91 LRI ] LI ] 4.0 e} 7% ) (21 ”"e.2 6.4 76.) ") *"e.0 (R IN] .1
1991/92 78,7 273.7 LY 15 .4 "y 1"s.0 1748 T 9749 " (31 } 749 .0
1992713 LI ”ae.s 78,4 78,0 6.4 (2100 7.7 (2R} 773 " [ 22N 76.9 *3%.)
199390 7. 7.8 #14.) Te.) 71 767 7.6 7.0 - . . . -
Hean Ll 741 761 .1 4.2 76.) 4.0 "4 T6 .4 LA LRI ] "2 6.2
Hadlan 176 .4 "e.) 162 LRL ) 960 $76.% M™.5 "i.s 91768 6.3 LRI ] LR { W]
Hax imm 7.7 760 7.0 8.2 74 % %0 " m.g e .0 LI IS LR LY 17
Hinimm LR 1IN ) e s LAl ] L2 4.9 [ LI (21 ) L2108 ) LRI} LTS ] (3] 1189
. dav 4 & .1 4 s % R -4 .1 H 4 -4
o [1] o0 o0 L1 00 .00 1] o oo L1 ] ]

Data flage

Hissing - flag *.* Original - no flag et Gstlmate + (lag *e*

Printed on 24/10/1%9%4
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Table B. 14

Station number

Risin no.

Area

[RRAT RS
191279}
113/
1914775
1974/
1916007
19138
111y
1979708
180/
1981702
1901/8)
1900/84
1904788
1901/88
1906/87
11/
190/0
170%/90
1%0/0
1991/92
1992/9)
1193794

Hedian
Maximem

Ainimm

o, dav.

N )
HELTIIT N
oct L

- [ >y ]
41.) $5.)
1493 1907
126.% 1)
1.5 1N
120.2 126.2
127.0 121.
144 .4 vy
15¢.0 1%).¢
141.% 15¢.7
1T 1903
1583 1%4.%
1)%.% 1983
183 9 187.2
1108 199.7
131 1ls.3
157 % 1ee.8
] 0
1197 141.%
119.9 1793
$1.) 100.%
3.1 140.7
1138 123.0
11y 7 141 %
1'a 0 1713
.9 .0
2.5 41.2
7 -1

Printed on 28/10/1994

Institute of Hydrology

summary of monthly data - Flow

Name : Kafue Gorge Turbine Discharge

H 470800
Latitede 1913117 8
[ 24 Jan et Lo 14
- - 0.9
LI} 10%.% L1 |
(1% ] . 12).2 12%.1
147.) 163 .} 164.3 141 1
17 143 % 1%7.1 162.7
144.0 144 % 132.8 142.2
7.1 1087 1109 132.%
123.9 .7 1)2.3 131.2
134 . ¢ 1j0.% 126 .3 127.7
13} 2 1370 14%.3 181.2
1647 138.) 100.2 1e.%
113.9 3i2.% in.} 1684
1509 164 .4 17123 1074
1.7 143.2 1$0.) 1446
1507 169. % 1453 10.9
130.% 157.2 1710.} 192.9
1519 1402 113 7 1769
1591 149.9 11%.0 117 .4
"M 12.% .9 1471
10 114.9 LR RPN ] 11y }
.6 170,35 141 133 1
1004 118.5 110.) 1523
1% 130.2 131.6 0.7
104 1315 144, 0 147 .4
1397 1e0.2 180.3 1446
195.% 178. 4 188.3 0.5
1.0 2.9 .5
4.0 33.7 3.9
.25 .10 23

Origlnal - no flag ok

70

in cubic metres per second

Long 1t ude

112
157,
162
102,
1.
119,
m
174
N1
181,
114
100.2
1481
177.)
115.9
-
”.0
120.9
119.8
169.4
16%.4

e A

142.2
1413
1.1

5.7
-1

Daca flags

[ LR IEL N Aluicwde » ST
oy Jun ul Ay Sep
". [ L%} " ;.0 [ L |
[ L | 40.] 9.1 3% 4%.9

151.9 140 1 uy. e 1428 1490

1439 18%.0 %80 148.0 133 2

15%.% 1991 13%.4 1497 142.1

161.9 171¢.1 137, 112.) 1184

1113 143 .8 1430 181.2 1191

1334 13%.2 14§ 14%.0 143 %

140.) 144 . 136 ¢ 1571 1449

1%.6 160.% 1508 1%4.9 161.7

0.7 20% 1 131 17%.) 17148

167.) 1699 bLL N | 162.7 18%.1

166.8 173,08 19%.7 1340 1101

209 2141 1.1 19%.% 168.0

191.3 208,46 . 18).8 1.1

180.7 1% 3 1311 111.¢ 104.0

1444 %2 151 .1 140.% 140,23

.4 .e .a -] N

1t 138.8 148,19 190.% 1440

1204 lee.% 144 .4 1881 1734
mn 1.2 9.1 ). .l

173.2 119.2 108.7 180.8 155.%

4.8 - - -

14%.0 1508 1401 1.1 1)6.2

18).% 1608 181.1 130.4 149.0

1000 141 108.7 195.0 1801

N . N .8 .0
“wot 8.0 7.8 L1 4%.9
232 i 1} 1L} .14 34

Hean

198 )
154.5%
143 .4
129.2
112 .
a0
149 4
122
1485
163.4
1691
(RN ]
13%3.4
149.8
.8
.4
1401
1.7
1479

1e0.%



Table B.15

Ingtitute of Hydrology
Summary of monthly data - Flow

Station number : 470755 Name : Kafue Gorge Spillway Discharge
el e, @ Lat | Cutie i 1948110 B wplituds : 20:3%:10 & Al ltude 1 967 T4
Aice 1 1S30Le,
Anrus ]
Oct #Hov Oee Jan Feb Mar Apr roy Jun Jul Aug Sep an
19%3/9) . . . . - . 2713.4% %09 - .
192/ 4.9 1.2 10.8 L3 ] N R @ N .0 -0 . - 2.y
1913474 0.4 130 294.% N 36%.) 497.9 908%.13 s 481 .4 1134 0. L] 17T .4
1974/ 7% .0 [] L] L] w4 410 .4 (%8 1 Tit. 4 4213 ¢ "He 2 1%1.1 s 2%%.9
199873 .9 . .0 .. .9 1463 6.3 1009.3 103¢.? LTI 4192 13%.0 e
197677 .0 Nl .a .8 .. N N 9.} 1178 ne.¥ 204.8 201.% $3.%
IEAATAT) 19.Y 9 0 13,4 RN} $13.2 8643 11928 1202.4% 1142.7 9% ) "0 T8 % 6% .0
197/ 7.y 1934 PLY I} (RN 12195 43% .4 4“4 159 540.1 [1398 -} 496 .4 1.1 402 .4
1979708 1%1.9 1109 130,90 24¢.9 209.9 4198 5.8 $14.8 s0e.0 14 1673 4.0 129.6
190/81 .8 [} 1.1} 4. 522.0 14.) "e. 6 1020} (13N ) €52 .4 1291 1.9 11
ER 1RV H .0 L] .o ) 1”71 32.4 3.2 .9 .. .0 -] N -] 1.6
1982783 .0 L] .9 N} .a .2 .0 N [ ] - -] L] .»
1983/ 04 .9 N L] .. nl .. K- K- L} .0 .8 .9
1984/0% .0 [} -9 Hl 9 .o .8 N N 0 R -a
18/ 06 3.4 b LN ] 3.8 1.0 1.4 33.* .y FEL N 114 .) n.é 163.3 18.2 ".5
1904702 N .. 1)0.4 41.1 .9 .2 .0 .9 [ ] 14.4 .46 .0 9.2
1m/ee N ] 1% 8 8.9 1.1 @ .9 .0 N 37.9 "n.y s 9 1%.98
1%80/89 .0 o .Q -] 4488 - - - - - - 1401 -
194/90 562 3.0 11.% 0.4 384 % "9 1%).3 e, 0.1 LS N .9 5.4
1998/91 & 1.7 .0 N ] L .9 nl L] -0 - .0 1
1991/ - L] - @ ] - o L] @ [ ] .0 N -] .9 N
1191/%) - [} ¢ ] -8 Q ™a 403 ") 0.2 9 9.1
1171/94 8 L] L] 4.3 7.0 Q 9 . - - . -
Meas . P LY 4.4 e 104 0.3 Ns.1 LIRS | 20%.2 2482 110.8 .0 154%.4
adian .0 N -] ] .8 .8 -9 2.2 18.3 40.3 .3 8
Haximm 330.4 I N 143 ) s $23.0 443 1182.8% 1302.% 1152.2 16.3 [ LN 578.%
Hinims K- .0 .0 .a .0 -0 N N -8 -9 L N
£t. dav. 7.3 Tr.? "% .7 12%.2 11, %48 1.2 [F1 N ) Ja2.6 nra 1108 151.¢
cy .04 3.0 2.0 1.8 1.3 1.38 1.)% 1.1 1.8 n 1.4¢ 1.9
Mean monthly flow in cubic metres per second
Data flags
Mhosing - flag *.+ Original - no flag eet Catimate - (log ‘u*

Frinted on I8/10/19%4
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Table B.16

institute of Hydrology
summary of monthly data - Flow

Station number : 470805 Name : Kafue Gorge (I1) Total Discharge

Sesin . . 8 Latitwde 1 1530140 8 Longitude : 20.d%; I C Altitude . $77.20

Area :1%2018

Anraia )
oct nov ore Jon ren Hat ror oy Jun Ml e | Lep rean

19/ - - . . . 305 aa e85 Jab. o 150 . 0¢
1 . "w.e .4 1Y "I " (119 ] (1% LY %0
19713/ 11,7 He 0.9 - 23,0 *27.3 “wr.e L 30 T 149.0
1l 149} 1447 1413 "] ER LN L34 ) T8 LR | LA LI §14.2 16%.7 417 4
1975474 16 ¥ 1531 1471 153.% 1871 Jar.) 919.2 1138 11M.F HELS nv 2 $2%.2
1976727 1.8 PRI ] 1460 144.% 128 14922 1429 1M FE LY ST ] 1.1 706 ¥
191/ IR} 1960 11%.2 508.2 .2 96,7 1327.1 1)4d.8 1790 0 1101 1114 3.0
1978/ LETIR ] [ FLIY (Y18 170.% (138 5427.7 $75.) 1% 2 LIR 00 I 114 7 [STNY
197/ 09 FIR N1 2497 21462 T IRA N ] [T T47.) 182.2 158.9 658 1 11,3 FISNN | 470, 6
1v0/81 1%4.0 153 © 1585 1121 487 3 1007 S 1141.0 1184 7 1018.) N1 % 1.8 1.3
/e %1.3 1%9.7 166 .7 1541 1nr.3 162.9 a2 087 209 1381 1746 s .
1901/8) 174 178.2 [RF ] 162.% 171} 1604 163.8 1673 L1699 16T 1651 1608
198304 1%8.3 15%.9 1303 184 .4 112} 107.4 113.0 I11 0 } 1738 3.7 M0 14).8
194/0% 13%.% 145.2 119.7 1453 150.1 144 6 100.2 My 114 .1 "mra 160.9 16%.1
1985746 o) 11%.4 ne.2 31%.) 2564 214.7 2029 1"y 29 9.3 Jue) N} 175.2
1908/07 1.4 1.4 282 198.) 170.3 1019 111,3 10, ? 1458 HTR ) 1.0 104,09 1T4.8
1987108 1111 190 111 .8 1$2.) 13%.7 1768 [RI 9} ur e 7181 MO0 1602 160.3 8.3
1yen/ee 1876 JTE N 181 1499 8T8 61710 - B - . . 1843
1909790 W, T TN 13.) an. (LT} 137.1 252 .4 123.) 1201 1080 130.% 1800 22
17%3/01 130y 143.7 114 116.9 na 129.} 12000 1204 laa & 14%.0 188} 110 148.2
1991792 178 1%, % 190.4 178.% 174.1 112.2 "”.1 .2 .4 4.4 m.
1992/ . 1089 100.4 1189 170.3 1$2.1 2460 0.1 2470 N4 241 % 15%.% 0.2
1191794 111 1 140.7 138.2 1427 - - - - - - - .
o1 L) 10 .3 16%.1 1007 20%.1 .6 3807 4)6 .4 3.3 4826 .6 9.2 niy 9] 1
redian 137,38 1514 150.3 161.4 1741 1874 I ] ma 1470 0.0 1750 1600
Faximsa b1 ] 30 .Y 1671 $08.2 [1 RS ] 1007.% 1327.1 1408 12904 1148.) ¥y 0 LR §
minimss 6.7 e 9.8 13,6 1088 e} " . 0. .l 1.5 4% 0
st . dav. " 2.0 LI 106,89 F1L N 388.3 3.3 413.3 31T ey 15,7 182.2
v A9 4 .42 N1 .80 .10 . Al .80 il .19

Mecan monthly flow in cubic metres per second

Data flags

Wiseing - flag *-* Original - nostlag wat totlmace - flag *e°

Prirced on 20710/1994
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Appendix C

SIMULATION STUDY INPUT FILES AND RESULTS
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Table C.1

10039

10008/7

10078

190859

1000010
AL-J0 AR
1wz
1207
191314
1014018
10ise
many
191708
1918019
1919/20
19321
1921722
1R

1907
11

190040
1980r 41
1041742
1HAQ
18444
1944743
1945748
1040/47
1947748

1970/M1
nhrz
197273
19774
1974/TS
18716
18078/77
1977/18
1wrnm
107080
1580/81
10142
106243
1983/84
100485

1900387
98T
1965/49
1989550
190071
196192
190292

1188
1124
108 4
Taa
9.
2

Inflow (Mcm) to Itezhi-tezhi Reservoir

5270

48
188 ©

nar

74

1300.3
18428

4223
1425.2
20181
10744
znt
16098
12378
12526
22407
1501 4

12228
2120
a7
18139
8201

183789

Mar
n2nd
1987.4
1800 5

RLALR ]
19020

18454
0115
NI

aas.r
19406
1977

1470.4

800
1814 5

071

10440
14819

o4
11301
1301.2
1104.2
17

®2.0
2073
1181.2

1434.0

maa

2404 2

han
a4
1585
-
1
a1
4588
2203

2403
21
aurr
sy

1840

ma
FIF )
LY
144

408
87
o

1303
1420

178
104 5
152.7

t47.3
.

104.5
180.7
1798
6ro
1553
w11
4.1
911
313

1953
101.8
1.2
131.2
131.2
1553
1082
1420
144 8
1705

183 4
1473
t41.8

10
1475
1428
1008
174

143 8



Table C.2

10058

o087

19078

19084

1000/10
1101
1912
191213
JL AR TR
101ans
1sne
101617
101718
1018719
1919/20

1837138

1606/40
1540741
1941/42
1942/43
1942/44
1044145
to45/48
1048/47
1047/48
1048/40
1949/50
1050/51
1951 /52

1933/54
1054/55

1054557
1957/58
1058/50
105080
1980/81

190102
190283
196304
106483
19065/00
1008/87
108788
1968/09
19089/70
187071

wernmre
1eruTm
107374
1974/7%
1975/70
1err?
1977178
wwrnm
[k,
1B80/1

1081732
1962/83
1983784
1904785
1965/88
1080/87
19407/38
1900/80
198090
1000/91

109182
10092/03

130

1970

75

14800
1350

Ape
108
no
"y
ws
108

27
00

Rainfall (mm) for Itethi-tezhi Reservoir



Table C.3

1908/7

1w07e

10009

T000/10
1910014
pEITEE
wans
[ IR
[LITHES
S
191817
W
ee
1019120
10202
[l
192200
10224
1
192%™
[L- T4
12NN
192020
[T o)
03
10132
1RYD
1RV
183435
1638708
1900037
123755

1639/40
1040741
1541142
1942043
154344
1944/48
1945/43
1948747
1947748
1040/4%
104950
1930/51
105152
1032/2
18554
105435
1955/58
1058737
19578
1e3ar0
195000
1000/81
196102
108203
108384
1904/85
198300
150007
196768
196200
1900/70
1970/71
wnme
wrm
19774
10N
197578
wer
wrrs
WM
197980
1900781
190102
19028
1943/84
108485
108800
108807
190788
1008/80
196900
109081
199192
199203

70

Rainfall (mm) for Kafue Gorge Reservoir

1100
2820
2mao
2070

510
1910
1870
1530
2000

76

Feby
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Table C.5

Itezhi-tezhi Simulation Run 1440 Annual Results

HULTIPCRPOSE RESERVOIN AKALYS1S RUM 1440 I9.10.9¢ AT 1):17
ITRINL -TEDAI 1 1 USING DATA: ITEINL-TCINI RESERVOIR IMPUT FILE 20/16/
ASKUAL STRMARY OF STLICTED VARIABLES
Totsl Total Total Aversge Maxisus Average Total Total Total Total Average
inflow rain evap end of c!un?o wnd of coup spill outflew comp comp
loss month n month flow flow Clow
cantygnt content laval Telease cutback cutback
imcm) {mcm) (s} (mca) (mcm) {%)
1308/ & 17201 1023.0 5021.0 e.0 e.0
1906/ 7 197.2 162%.1 $021.0 e.0 9.0
1301/ 8 19760 1074 4 5621.0 0.0 6.0
1908/ 9 43344 1025.3 5021.0 4.0 9.0
1908/10 40108.% 1024 .4 £621.0 Q.0 0.0
1910711 4371 .4 102%.5 021.0 [N [ )
1911/13 4s10.0 10258 3021.0 0.0 0.0
1913/ “n .9 1024.1 $621.0 0.0 6.9
1913 /14 43443 1018 .6 3021.0 0.0 0.9
1914/18 41738 102%.1 2021.0 0.0 0.0
1918/26 1301.) 1022.7 $021.0 0.0 0.0
1916/17 1.8 1021.% $021.0 0.9 0.0
1917/20 1835.9 s021.0 [ 0.0
1918/19 1024.9 $021.0 0.0 9.0
1918/20 1625.0 $621.0 9.0 o0
1920/21 1035.9 3$031.0 0.8 0.0
/23 1018.4 3821.0 0.8 9.0
1/ 1018.0 1778 i04).2 0.4
1923/24 1017.7 30321.0 0.0 0.0
1934 /2% 1019.6 4108.0 713.0 14,6
1923/2¢ 1036.3 5021.0 Q.¢ 0.0
1926/27 1025.% 1021.0 0.0 0.0
1327/29 1035.2 $021.0 0.0 0.¢
1920/29 1028.7 $021.¢ 0.0 0.0
1929/30 1024 .2 5021.¢ 8.0 0.0
1938/3) 1024 .5 5021 .0 0.0 ¢.0
1131/33 1026 .3 $021.0 e.0 e.0
193/3) 102% .9 3021.0 e.0 ¢.q
193)/34 1026.1 %021.0 e.0 0.0
1934738 10259 $021.0 0.0 0.0
1905/36 1026.1 $021.0 9.0 0.8
1936/37 1024.8 $021.0 [ 0.8
1937/30 103¢.2 3021.0 0.0 0.0
1930/09 10338 $021.0 0.0 0.0
10265 s021.0 9.9 0.0
1636.¢ 5031.0 0.0 0.0
1025.) $031.0 [ 9.0
1025.9 $821.0 0.0 e.0
1026.5% 3021.0 .0 0.0
1026.% 502).0 4.9 0.0
1635.2 $031.0 0.0 0.0
1029 .4 $021.0 0.0 0.0
1026.% 5021.8  11114.7 0.0 o.0
10343 5021.0 1006.8 o.0 e.0
1024 .4 5021.6 2160.4 0.0 g.0
1023 .5 soa1.0 4.4 e.0 0.0
1024 .9 $021.0 TN a.0 0.0
1026.5 $631.0 $340.4 0.0 0.o
1026. 0 $021.0 2420.0 9.0 0.0
1036 .4 5021.0 897,12 0.0 0.0
102¢.5 $071.0 0606.4 134204 0.& 0.0
1956757 1517%.6 157.4 €36.1 6490 10265 $021.0 L3S IR YTTEN | 0.8 0.0
1951/54 5995 .7 5994 8.0 102%.1 $021.0 419,00  10430.0 0.0 €.0
1958/5% SI72.4 158 .4 $50.2 1%40.2 1024.1 $021.0 7.7 £294.7 9.0 0.0
19%8/68 $617.7 139.7 564.4 1824.) 5021.0 6.0 $821.0 8.0 0.0
1964761 11247.3% 4.2 410.1 1024.9 £021.0 $647.1  10060.1 e.¢ 0.0
1961/62 18929.2 184.4 6.1 102¢.% $021.0  12470.7 18481.7 0.0 0.0
1963/6) 246278 23%.0 €36.1 10265 $021.0  19304.9  24225.% 0.0 0.9
1361/64 . 143 .4 37,4 1026.1 $021.90 $3)9.1  16260.1 e.0 0.0
1964768 [ 155.2 €10.0 1028 .6 %031.0 2829.7 7530, e.0 0.0
1%64/6¢ 170.4 s90.0 1025.¢ 5021.0 104.3 $326.8 e.0 9.0
1966/67 1521.9 411.% 102%.9 $021.0 251.€ $I113.4 9.0 9.0
1961/68 164.8 £05.% 1025 .4 $021.0 "7 0707 0.0 0.0
L6076y 194.2 €24,1 1026.4 $021.0  14179.8  19200.0 [ ] 0.0
1969770 156.2 630.7 102¢.4 5021.0 €)12.6 1IN 0.0 0.0
1T/ 103.% €36.1 1026.5 3021.0 7040.3 12061.2 0.0 0.¢
1971/72 TR €34.7 1026.9% 5021.0 2063.2 2086.2 0.0 8.0
1972/73 1774 7Ly 1030.2 5021.0 $50.4 5812.4 0.0 8.0
973/ 4“1 IR 1022.1 5021.0 1404.3 64233 0.0 0.0
1974/73 343.7 €36.1 1036.% $021.0 169,97 131%0.7 0.0 0.6
1973/7¢ 1931 634.1 1026.3% S021.0  11411.5 164128 0.0 0.0
197¢/11 1341 €36.1 103¢.5 5021.0 S186.% 101718 0.0 0.0
11/ 6.1 €36 .1 1026.3% SO021.0  22000.6 26 [ 0.0
1970/7% 195.3 £36.1 1036.3 $021.0  1531%.) 20536} 0.0 ]
1979/00 32,8 €36.1 1026.% 021,06 10961.4 15944 9.9 0.8
1980/81 4.1 36.1 1826 .3 SOZL.0 111482.3 1438 2 0.0 0.0
/0 168 % £22.¢ 1026 .1 5821.0 DM 74183 0.0 0.0
1902/0) 1$1.2 10,1 1035.9 $021.0 umn.r [Tt R 0.0 0.0
€144 102%.9 $021.0 954 .4 89744 o.8 0.0
€1.s 1026 .5 1821.0 $176.7 161912 .8 0.8
6360 18265 $021.0 6€638.7 11659 0.8 0.0
4349 1026.2 $621.0 1194.9 Tl Q.0 LN
[T - 1826.5 $021.0 1106.¢ ae 0.0 e.0
3 179.6 6341 48318 102¢.% $021.0 2951.) M) 0.0 0.0
1981/90 3314 €1).¢ 43029 103%.7 4021.0 1179.7 007 0.0 0.0
1998/92 174.8 152 s ¢ 1026.0 $021.0 11719 §390.9 6.0 ©.0
1991792 181.0 48).0 .2 . 1630.4 5021.0 1211 $340.7 6.0 0.0
1993793 11004 .7 0.0 479.2 359%.) 2139.2 1021.2 1021.0 331§ Rl RN 9.0 0.0
PERICD 1700 FURIR 59%.2 43134 12790 10251 5801.1 1T48.0 [RISW'} 0.0 LY
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Table C.7

Kafue Gorge Simulation Run 1350 Annual Results

MULTIPURPOSE RESERVOIR ANALYSDS

RUD 1350
USING DATA: KAFUE GORGE RISERVOIR INPUT PILE 21/10/9

18.10 ¥4

AT 14:31

KAFUT QORGE 1
AMNUAL SUMMARY OF SELECTED VARIABLLS
Totsl  Average Total Toral Total Aversse
inflow end of vatart irrig ana gy
month supply rTelesss release
lavel Tulease
(mcm) (m) (L= ] (mcm)
1908/ & 5000.7 978.7 .y 187.2
uu;,‘: k] 5060.0 15,6 71.% 157.2
1907/ 4 7419.1 1736 .y 157.2
1908/ 9 2757 7i.% 1%7.3
190%/1¢ 73,y 1.y 157.2
1910/11 785 7. 187.2
1911713 95.7 Ti.¥ 187.2
1%12/13 78 .¢ 1.3 157.2
1913/14 »135.7 1.9 187.2
1914/1% 973.4 .8 131.2
1915716 M1.8 1.9 151.2
1926717 7% .6 7.9 131.2
191%/18 973.7 71.9 157.2
18L48/18 8.4 1.9 1$7.2
1710/30 *75.7 oy 137.2
1920/31 7.7 n.» 157.2
1921/23 8.6 . 187.2
1922/1) 747 7.9 142.9
193)/24 75,6 n.» 157.2
1924/1% 174.9 Ti. 141.¢
1928/26 475.7 7.9 157,31
1926/27 273.7 71.9 1312
1927/20 78,6 7.9 157,12
1938/29 73.7 .y 157.3
1939/20 756 .y 18$7.2
1330/32 2175.¢ 71.9 137.2
1931/12 73.7 .9 187.2
1931/0) 73.7 7.9 157.3
1933/34 1754 1.y 157.1
1934/19% 8.1 71.9 137.12
1938/14 175.1 11.9 157.3
1936/37 7%, 7.9 157.2
1931/34 78,1 7.9 157.2
1938/39 975.7 1.9 187.2
1938440 75,7 1.y 1%7.2
1940/41 $78.8 7.9 1371.2
1941/42 75,7 1.0 1572
1942/43 78,7 1.9 137.2
1941/44 975, L. 1872
1944748 75,0 1.9 1$7.2
1945/48 78,7 7.9 137.2
19406/47 73,6 T1.9 157.2
1947/40 1740 T1.9 1$7.2
1948/49 2731 11,8 157.2
1%49/30 13,4 T1.9 157.2
1950/51 5.7 . 137.2
1951/52 15431.1 757 n.s 157,23
1942/53 - 119%6.0 1.0 1.9 1$7.2
193)/5¢ 1410.¢ 75,1 7.9 187.2
1954/3% 10134.2 97%8.7 . 1$7.2
1955/56 140284 973,17 1.9 157.2 39501
1956/37 1708%.1 759 1.9 187.3 3355 .8 12406, 2
1957/98 13367.9 4.7 7.9 137.3 1KY 4 0316.% 124904 27692
1938/39 1913.1 75,8 71.9 157.2 3932.) 1363.1 5524.8 1792
1938/60 $356.) 15,4 n.% 157.2 3111.0 1814.0 $174.1 1%y .2
1040/41 11540.93 75,8 .9 157.2 3944.) €ML.5 111%4.9 31692
ar61/62 29T00.0 2754 . 157.2 8591 16102.2 20190.4 3764.2
1962/43 27157173 5.0 1.9 187.2 3P4 23011.) 1769.2
1961/64 120422 5.7 7.9 157.2 3947.2 14139 3749.2
1964/68 51314 73,1 n.y 157.2 LT 1049 12692
1965/¢8 1945.6 8.6 n.e 157.2 3124 14464 1169.2
1946/62 $934.2 25,4 7.9 137.2 Iy 12¢48.0 1769.2
1947/68 9718.7 7.9 187.2 319)3.0 1786.2 1769.2
1r60/6% 8.1 .9 157.2 19597 175528 17692
1948/70 73,7 1.9 157.3 Iren. @ “nn.e 176%.2
110/ 273.1 n.y 187.2 Iy "€ 31y
1971/72 754 T1.9 131.2 39377 3004.3 1769.2
1972/73 I .9 137.2 7338 1531.7 31749.2
1970/ 5.6 . 1%7.2 3936.2 6791 39,2
1974/78 2757 1.4 137.3 1951.1 991.2 INe.d
1978/7¢ 183208.¢ 75,4 7.9 157.2 3956.1 138673 37692
1976/17 11443.7 5.0 1.9 187.2 31946, 6 €304.2 1769.2
1917/74 J0¢99.8 #7158 n.9 157.2 IITL.S 260435 11692
1918/78 11908 8 15.9 . 157.2 39661 1%9.2 .
17481.¢ . 1.9 187.2 39584 376%.2 8094 .
10404.0 1.9 157.2 1958.0 3769,2 7.6 30,0
113 N7 .y 137.2 1140.2 3%41.2 €126.0 430.0
15469 . 137.2 3936.9 3169.2 3796.0 430.0
6600 1.9 157.2 39340 176%.3 12964 4300
118471.3 . 1.9 187.2 13453 1769.2 £218.¢ . 430.0
120101 5.0 1.9 1572 19482 3.2 031.7 7554, 8 436,90
4232 78,7 n. 157.3 3%40.2 1693 62890 €672.7 430.0
%874 78,7 n.e 157.2 3940.2 17692 $704.3 €068 . % 430.0
MNis. 0 97%.7 .9 157.2 3%41.3 316%.2 €076 .4 €474.2 436,90
60907 275.7 .9 157.2 1IN .3 37432 5519.8 50854 410.¢0
1400, 4 2756 .Y 187 .2 3136.¢ 3692 8344.3 $66% .2 0.0
$110.0 9751 .y 1%7.2 Ina . 19,2 725,08 4980.2 0.0
1992/9) 5118 8¢ n.s 187.2 1391 319484 ”nie 17692 $572.8 591%. ¢ 4)0.0
PERIOD "2 97131 .9 156.9 1936.2 5386, 4 15311 17847 57724 6142.3 2.4
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Table C.9  Kafue Gorge Simulation Run 1360 Annual Results

HWULTIPURPOSE RESTRVOIA AMALYSIS
KAFUL GORGE 1 1

RUN 1lioD

20.10.94¢ AT 135:))

USING DATA: XAFUR GOACE RESERVDIR INPUT FILE 18/10/%

ARNUAL SUMMARY OF SELECTED YARIADLES

Total  Average Total Total Total Total
inflow end of water irrig anergy pill
sonth
laval

{m}

195/ 6
1904/ Y
196 8
19508/ 9
1909710
1210/11
1911712
1913713
1913/14
1914718
19137168
1916717
1917718
1%10/1%
1913720
1928/21
1971/22
1921/3)
1933/34
1924/2%
1928734
1934/27
1921/24
1320/29
1$3%/30
1$36/31
1931/32
1933/3)
1913 /34
1934/
1933736
1936/37
1937/38
1938/3%
1938740
1%40/41
1%41/42
1%42/4)
1945/44
1944748
1943746 .
1946747 1026.1
1947/48 10244.7
1940/49 $789.9
13497350 7815.)
1950/51 €002.%
1951782 154213
1952/5) 11956.0
4106
10139.2
14810 .4
1708%.1
13567.%
$913.1
$5%6.)
11540.5
20700.0
27877.2
12042.1

1 -

1990/91 74004
1991/92 $720.4
1992793 %116

PERIOOD $911.2

. . 1029.)
7.y T E R T TY I BT T I

7.9 42.0 1935 .4 $293.1

] b
14390, 0
16391.0
12401.7

$$10.2

$195.2
11130.4
20290.4
17310.8

1%%9.2
1769.2
1786%.2
176%.2
176%.2
3769.2
316%.3
1T6%.2
176%.2
11692
3769.2
3769.2
1¥69.2
1749.2
174%.2
1693
1762.2
3769, 2
17893
17692
176%.2
17692
371692
176%.32
376%.2
1369.2
176%.2
176%.2

17547

$716.3
$317.0
616s.1
TOI4 .1
€219.2
648 ¢
€020, %
Saks.?
$218 .0
4663.)
S4t2.0

$112.1

Total AvaTage
rurbine firm
flow

power
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Table C.11  Itezhi-tezhi Simulation Run 1450 Annual Results

MULTIPURIOSE AESERVOIR ANALYSIS RUN 1430 20.10.94 AT 1154

ITEINI-TEIHI 1 1 USIMO DATA: ITEZINI-TEINI RESERVOIR INPUT PILE 20/10/

ANNUAL EUMMARY QF EELEICTED VARIABLLS

Total Total Total Average fMaxisums  Aversge Total Total Total Total Avecage
inflow rain avap and of cn...nT. end of conp pill outflow comp conp
loss sonth n month flow flow flow
content level relusse Cutback  cutback
{mca) (mcm) tm} (== {mcw) iV
1908/ & 37137.% 1033.1 4563.0 0.9 .
1996/ 7 197.2 102%.1 4565,0 @ .
1907/ ¢ 3376.0 1024 .4 4565 .0 .0 -
1508/ ¥ 413e.4 102%.) 4568, 0 @ .
[TLITRY] 42071 102%.1 4563.0 0 .
1910/11 4506 .6 1026.0 4563.0 ] .
1911712 4410.0 1025.8 45635 .0 [} .
1913713 417,90 1026.1 456%.0 N} .
1913/14 344,53 102%. 6 4563.0 ] .
1914718 41758 1025.1 4465.0 L .
1915/14 31140.4 1023.6 4563.0 .0 .
196/17 1497 1024.8 4365.0 [ .
1917/14 1023.% 4565.0 [} .
1918/19 102¢.9 4565.0 Nl .
1919/20 1025.0 4165.0 ] .
1920/21 1025. % 4565.0 [} .
1911/32 1019.8 4565.0 N .
1922/22 1919.2 1623 $07.% 10,
1913/24 1020.8 4563.0 . .
1924/238 1020.7 4565.0 o -
1913726 1026.) 4365.0 .0 .
1926/27 107%.% 4565.0 . .
1911/28 1925, 2 4365.0 N .
1910/29 102%.7 4365.0 0 .
12319/310 102%.0 4365.0 -] .
1930/31 1025.3 4$€3.0 0 .
1911/12 1026.3 4565.0 [} R
1932733 102%.8 4365.0 .0 B
1913/34 1026.1 45€3.0 0 .
1934728 1635.9 4565.0 -] N
1915716 1026.1 4365.0 N .
1916437 1025.0 4565.0 9 .
19/ 1026.2 4565.0 [ N
1938739 1025.8 1565.0 a .
1919/40 1026.% 4565.0 [} .
1%40/41 1026.4 45¢8. 0 K- R
1901/43 1025.3 4565.0 N B
1943/42 1028.9 43630 K] .
1941/ 44 1026.3 4565, ¢ [ .
1384/48 1076.3% 436%.0 [ .
1948/48 1023.2 1563.0 [ .
1846747 102%.4 4565.0 N .
1947/40 1026.% 13630 .0
1948/49 1024.1 4565.0 . []
1949750 1034 .4 4565.0 7149, ]
1950751 1034 .4 4565.0 $049.5 [}
1951/83 1025.$ 45650 132411 .0 .
1952/%) 102¢.% 456%.0 10241 .4 ]
195)/54 . 1026.0 4363, ¢ T441.0 ]
1954/58 pIny .0 1036.4 4365.0 (L1 o .
1153/36 1020 1026.% 4565.0 . 1)637.4 a
1154/57 181766 1026.% 5650 18129 1em179 .0

1951/58 3998 102%.1 4365.0 $005.0 10450.0 . .
1934/39 072 .4 10341 416s.0 7% $294.7 N
135%/60 $617.7 1024 .0 41165.0 171.12 47)6.2

1360/61 11247.%
1961762 10933 .2
1962/6) 246270

102¢.2 +565.0 $348.) 10303 .4
1036.% 4563.0 11926.7 18491.7
1026.3 +361.0 19640 . 2422%.9

1963 /64 10679 .8 102¢.) 4561.0 10260.1

1964/88 T400.0 1021 .6 €563.0 7850,

1963/64 [1TT R 1025. 4 416%,0 $326.3 . .
1%66/67 €106.7 102%. 9 4563.0

1967 /60 S549.0 1025 .4 45680

1968/69 2019%.2
19%9/70 11906 .1

1970/71 12491.8 1026.% 45630
1IN/ 7303 .4 1026.% 1563.6 . .
1972/7) 2671 .4 1621 .2 438%.0
1IN/ 16601 .5 102) .1 4363.0

" CDUNDOODOODOO0DOODOODUDOA00DDODO0C00

ocooooooooooabohouhbnobbooooooaoaaoa0000000050000000Dnooooooooooooooootaooanoonnoaoocaoo

A DPOCOOCOOCOOOOOVOOOOOODOO0000000000000300000000000000000000000A4000000000M0000000000000000
O CONOBOO00O0O00O00O00A000000000000000000000C0000000B000000000000000000000000000000O0000C00O000

L) 10263 1563.0 .
1980/01 158341 0 1026 .8 5680 . .
ez 76747 e 1026.1 4565 .0 . - .
ar02/01 70997 441 1025.9 4565.0 €927 .
1903 /84 £10%.9 3.7 1025.0 45650 . S9T6 .4 . .
1984/0s 11170.3 9.2 107%.5 456%.0 . 101977 . .
11s5/8¢ 11080.9 (] 1026.8 4363.0 7094.7 116399 .
1986/87 I IN 1.9 102€.2 456%.0 21549 Y4199 . .
1987/98 9645 8.7 1026.5 4363.0 14620 "7 e .
1948/49 84337 . 1026.5 4343.0 31073 T
1999/90 €004.3 1035, 9 +365.0 13359 41009 .
1390/91 7047, 9 1026 .0 +365.0 15279 €492.9
1991/92 1742.7 1021.¢ 3650 127 7 4922 . .
1$92/9) 11006, 7 11700 1103.0 1022.% 4365 .0 101 TN L
PERIOD T8 43316 21060 1039 .4 550.2 a9 e [ B} . 1
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Table C.13  Kafue Gorge Simulation Run 1370 Annual Results

WULTIPORPMOLIE RESERVOIR AMALYEIS RU¥ 1379 28.10.%¢ AT 1410
KASUR GORGE 1 1 USIMG DATA, KAFUR CORGE MESERVOIR RAINPALL INPUT FIL

NOMIAL FMURY OF STLECTED VAAIAMLES
Total Average Total Total Total Total Total Tocal Total Total Avarage
inflov aend of water irrig epill ot flome firm secand anergy turbine flrm
msonth supply relaass eergy anerygy flow povar

lavel releosne

{m} {mcin) (mem) 1Gwh) (Gwhi {Owhi {mcm) rtw)
1908/ ¢ 1.9 162 .5 17¢9.2 1071 .8 4840.) 5108.1 4)0.0
1906/ 7 7.9 2618 3764.2 10045 43737 303%.0 4)0.0
1907/ 8 1.9 1462.9% 3162.2 1%11.9 $301.1 3397.3 43)0.0
1908/ % .9 3862.9% 1769.2 1811.8 3706.2 (113 ) 4)0.0
1969/10 7.9 241 .5 IT69.2 781 .4 4318.9 476%.9 410.90
1710/11 1.9 3%2.3 1rér.2 16723 S441.0 17741 4)0.0
1911/12 7.9 1462.9 1769.2 1541.9 331%1.1 $€71.2 4)0.0
1912/1) 7.9 262.5 3769.2 131461 $015.9 $102.8 410.0
1913/14 1.9 ¢2.% 1769.2 11901 49T, 4 32470 430.0
1914/1% T1.9 242.% 1769 .2 1535 5194 .4 5610.6 4)0.0
1918/1¢ T1.9 2462.9% 3% .2 (129 4231.4 4438, 2 410.0
1914/17 7.y 241 % 3164.2 11862 36%5.% $146.1 410.0
1911/18 Ti.9 261.9% 1769 .2 20404 500%.¢ &10).1 430.0
1710/19 1.y 162.8 3T69.2 1001.% 47TT0.7 3031.4 410.90
191%/30 . 262.% )68 .2 LRI 5245.4 $337.9 4)0.0
128/21 1.9 is1.% 1769 .2 nma 2%41. 6 3805 .4 430.0
19217212 1.y 362.% 376%.2 . 410.0
1922/2) . 262.3 1169 .2 12.¢ 430.0
1923 /24 n.» 262.% 1769%.2 ITTH] 430.0
1924/23 T1.9 362.% 176%.2 1310 410.0
192%/32¢ n.e 262.3 1764.2 21708 4)0.0
1926/27 7.9 1629 3168 .2 1192.2 430.0
1927/29 1. 261.3 316%.2 ”"0r.é 430.0
1920/29 1.9 1.3 176%.2 11389 430.0
1929/30 mn.y 2¢2.3 176%.2 TN 430.0
1330/31 1.9 619 174682 10693 4)0.9
1911732 T1.¥ 2142.4 17632 1021.1 410.0
1%32/23 $208.4 Ty 262.3 1769 .2 1024 .8 4)0.0
1931/134 8848 .2 7.9 262.% 3762 16719 940 .6
1334738 Tr41.2 Tn.y 162.3 116%.2 17060 410.0
1935736 T543.2 T8 162.9 17692 1410 430.0
1936/37 M7 1. HTHE ] 3T69.2 1679 1 410.0
1331/ 74791.% 1.7 262.3 3T69.2 16293 410.0
1930/3% %M1.0 T1.9 162.% 176%.2 19142 43)0.0
193%/40 1553).8 .y 62.9% 37692 1189 ) 0.0
i%49/41 9610.0 T1.¥ 262.9 )19 .2 Ie34.% 4)0.0
1%41/42 M4).0 1.9 262 % 176%. 2 16004 430.0
1942/43 19 Ty 162.9% 1769 .2 1957 9 4)0.0
1943/44 10441.) 71.9 262.% 1942.7 3TEY .2 RN 4)0.0
1946/43 796 6 7.9 2629 1%41.0 176y.2 M7 4)0.0
1945/48 9)03.) .y 262.% 190y 3769.2 1711 4)a.8
1946747 70161 T1.9 362.% 1934 .) 176%.2 1569 ¢ 4)0.0
1947/40 102447 T1.9 262.% 3934 .0 1769.2 14782 4)0.0
1948/4% §759.9 .y 61.% 19)4.9 1169, 2 167 1 4Jo.0
194%/30 19080.2 T1.9 623 1938, 4 176%.2 174% .8 410.0
1950/%1 5451.5 T 262.% 19318 1768 .2 Nl 0.0
1$31/%2 15004.4 7.9 242.3 1951 .4 17692 b1l W) 430.0
1933/3) 11956.9 T1.9 261.3 39444 1769.2 17811 430.0
1#3)/54 14310, 6 1.9 262.3 1321 O] 1769.2 8.0 430.0
1934/3% 181)%.2 T1.9 3423 194321 1769 .2 10689 4)0.0
1988/46 14810 ¢ 1.9 263.% 1%30.0 1749.2 20811 4}0.0
1936757 170331 1.4 262.% 1935 ¢ !IIOI 1 1% .2 3108 4 4)9.0
1953/50 115¢7.9 1.9 262.8% 3947, % 21492 12531.7 1763.2 15€2.) 4)0.0
1938/59 $913.1 1.9 262.% 1711.) $510.2 1769.2 1001.) 4)0.0
1939/40 323149 71,y 242.8 19318 $36.1 410.0
1940/62 11898.2 T1.9 2625 194%.3% 21547 0.0
1941/42 207090.¢ Tl.9 2.3 pRIT N ] RPLIN ) 430.0
1942/6) 15173 11.9 262.% ¥970.2 40019 410.0
1963/64 13042.1 .9 262.3 I947T.2 31046 430.0
1964/65 1513 .4 n. 262.% 19,0 1754.1 430.0
196%/66 $945. ¢ . 262 % 1903 .8 10400 4)0.0
1966767 i8715.7 .y 262.% 19111 1099.0 4JD.0
196€7/¢12 €340.% T1.9 262.% 1913).) 14024 430.0
1968/69 221167 7.9 262.% 1960 ¢ M0 430. 0
1%€%/70 127498 71.9 1€63.% 15409 1062.¢ 430.0
19/ Mn 134%0.9 T1.9 262.9% 13480 1971.% 410.0
1973/12 T8$346.2 71,9 262.% EIR RS | 3612 430.0
1932/1) 1432.2 71.9 262.% 1930.4 [ 1% ) 410.0
1973/74 799Y.0 . 263.5 3 s 13716 410.0
197418 14543.¢ T1.% 262.% 1%51.1 29951 430.0
1938/74 1820%.¢ T1.? 161.% 3758 .7 1112.2 410.0
1976/77 11441.7 .t 262.5% INE .4 J000.) 4)0.9
197/ 78 10493 .0 1. 262.% 1371} bLTES ] 4)0.9
1978/79 22906 .9 1.9 162.% 1963 .Y 4124.2 410.0
1974/00 174810 1.y 162.5 1958.2 4120, 430.0
1980/ 18404 .0 T1.¥ 262.% 19%7.3 1170} 430.9
1981/02 [ 113 9 1 1.9 261.% 1940 .4 MY €30.0
1982/8) 7346 .9 TL. 162.3 I®)r e 1941 430.0
§480.0 L. 162.% 3934 ) 1941 4 4J0.0
118047 .) T5.9 423 3949 .9 33%0.0 430.0
12010.1 T1.% 262.5 19479 . pRII 430.¢0
94321 .3 TL.% 142.9 39403 1743 .) 1440 F 430.0
507 .4 1.9 162 .9 39401 47844 . . 10804 430.0
l14.0 . 262.% 3941.1 4640.8 24} 116%.2 13%.) 430.0
l!l’f’ﬂ 10y .6 .’ 262.% b IFI Y ] 2192.2 €461 .4 1149 .2 134) 4 430.0
19%8/91 7565.% 1.9 142 .9 I¥)7 .4 1930 1100.4 116¥ .2 15802 4)0.0
1991792 3171 .4 7.9 242 .9 392%.8 4184 .1 4748.) ITér. 2 “l. 6 430,06
19%2/9) 93439 .9 242 3 1941 .1 433%.1 10, ¢ 1149 . 2 e 430.0
PER]IOO 306 .4 7.0 142.% %412 S$28).¢ 955%.0 31492 11} 4)o.0
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Table C.15 Itezhi-tezhi Simulation Run 1460 Annual Results

MULTIPURPOSE RESERVOIR ANALYSIS RUW 1460
ITRINI-TEINT 1 1

78.10.94 AT 14:17
USING GATA: ITEZNI-TEINI RESERVOIR INPUT FILE 28/10/

MOMUAL SIMMUAAY OF SILECTED VARIAMLES

Total Total Total Average Haximum Average Totsl Total Total Total Avarage

intlow raln aYaAp «ond of eh.nn?- end of comp apill outflov conp comp

1cee aonth n wmonth low flow tow

concent  content lavel Talease cutback  cutback

{=cm) imcm} {mca) lm} {mcm) {ocm) in}

1905/ % £406.8 39331.6 182).7 156350 0.0 0.0
1906/ 7 $137.¢ 1.6 1026.2 45¢3.0 0.¢ ©.0
1903/ & €132.2 209§ 103%5.% 4545.0 0.0 ]
1908/ 9 11626.0 4670.9 1026.4 4563.0 0.0 o.o
1%01/20 41964 48102 1026.3 45630 8.0 0.¢
1%10/21 1790.4 45416 1637.% 4363.9 6.0 0.6
1911723 6502.2 737,38 1026.0 45688 .0 a.0
1913/1) €412.7 Wwirte 1027.1 456%.¢ 0.8 0.0
1913/14 $¥01.% (TS 1034.6 1563.0 0.0 0.0
1914/1% €013.¢ 1026.1 4365.0 0.0 0.0
1915/16 458).7 186346 365,90 0.0 a.e
1916/17 648.0 1038.6 45¢8.0 0.8 0.0
1917/10 03496 1026. ¢ 4565.0 0.0 o.e
1918719 4901.2 107%.9 4365.98 0.0 9.0
1919/20 82,2 103¢.1 5450 ¢.e 0.0
1910/21 1T 1026.9 15650 o.e 0.0
1911733 2021.7 1021.2 13650 a.e 0.0
1912/22 1286 101%.§ 4381.7 313.) 5.4
1923 /2 2341.0 1021.49 4565.0 8.0 0.0
1924738 10465 1821 .4 434%.0 0.0 a.0
1928736 12417.9 1027.4 45630 o.8 0.0
1926/27 329¢.7 102¢6.5% 4363.0 6.¢ 9.0
1923/28 €1)1.% 1026.2 4565.0 0.0 e.9
1230729 $394.1 1024.0 1365.0 a.e o.o
1928730 1331 .4 1026.1 165.0 0.8 N
191¢/31 €39).8 1026.) 4365.0 0.0 9.0
19)1/12 9.9 10173 4369.0 0.8 e.0
19)2/1) T113.¢ 1026.8 436%.0 0.0 e.0
1933/34 7.0 1927.2 4365.0 6.0 0.0
1914/)8 c08e.5 102¢.9 4563 .0 0.0 0.0
1918/36 764%.2 1821.1 1565.0 0.0 0.0
1%16/37 €950 6 1026.% 436%.0 0.0 0.0
1911718 73706 1027.2 4363.0 0.0 0.0
1930739 836%.9 1026.9 436%.0 0.6 0.0
1319/40 44160 1937.% 4564.0 0.0 0.0
1940/41 8439.1 1027.4 4385, 0 9.0 0.0
1981/42 €110.% 1026.) 4565.0 0.0 0.¢
1942/4) 1m 1026.9 4565.0 0.0 0.0
1943 /44 2384.3 10273 45630 0.0 0.0
1944743 1144 1027.5% 436%.0 0.8 6.0
1945/48 73201 1026.2 4363.0 8.8 9.0
1946747 0466 1026.% 4565.0 ] 0.0
1347748 16550.% 1021.3 4565.0 e.0 0.0
1940/49 40618 102%.) 15630 0.0 0.0
1949/30 2314.4 102%.8 156%.0 0.0 ]
1250/%1 1.6 1035 .4 1368 .0 0.0 0.0
1951/42 13106.9 1026.5 36%.0 0.0 0.0
17%2/%) 10629.3 1027.5 4545.0 0.0 o0
1951/%4 TH64.0 1017.0 454%.0 0.0 0.0
1954/55 2181.0 1627.8 436%.0 0.8 0.8
1933/56 14032 .0 1821.8 4565.0 0.0 0.0
1934/37 15176 6 1027.8 4565.0 6.0 0.0
1957/48 9599.38 1026.1 4563.0 0.0 e.0
1750/59 SBT2.4 102%.2 4565.0 0.0 0.0
1959760 5617.7 1026.0 4565.0 ¢.¢ o.0
1460/6) 11247.5 1021.) 456%.0 0.0 Q.0
1¥61/62 18829.2 1027.8 4565.0 o.0 0.0
1963/6) 24637.0 1027.8 4565.0 9.0 e.0
1363/64 106790 10271.2 15630 9.0 6.0
1964765 T400.0 1026.6 4565.0 0.0 9.0
1963/6€ 1026.4 4565.0 0.0 0.0
1964/67 1027.0 4565.0 0.0 6.0
19¢7/68 1026. 4 4569 0.0 0.6
194648/¢9 1027.4 4563.0 0.0 0.0
1948 /70 1027.3 4563.0 0.0 0.0
1970/ \027.8 4365.0 0.0 0.0
1971772 10278 454%.0 0.0 0.0
1971/7) 1022.% 4565.0 6.0 0.4
1973/ 1024.) 4565.0 6.0 ]
1974/7% 1027.% 4365.0 o.0 0.0
1975776 1027.% 1565.0 a.0 0.0
1976/77 1027.% 1345.0 0.0 0.0
1977/78 1027.5% 3650 0.0 0.0
1978/7y 1027.3% 45650 0.0 0.0
1979/30 1627.% 4565.0 0.0 0.0
1980/81 1037.% +565.0 0.0 0.0
1981/82 10270 4565.0 7412, 0.0 ©o.Q
1282/03 1026.9 45680 a6y [T 0.0 Q.0
1%81/04 1026.9 4345.0 1301.8 5952 5 0.0 4.0
1304785 1027.% 43650 602.3 101672 0.0 0.0
1905706 1027.% 45650 1072.9 136379 0o 8.0
1986/07 10271 45¢4.0 20062 Tl 3 o0 6.0
1307/08 1021.5 15680 1631.8 [ JtTE 0.0 8.0
1808/09 1877.% 4568.0 s THES o.¢ 0.0
198%/30 1017.0 456%.0 1320.6 [11LW) 0.0 6.0
1990/91 1027 ¢ 4565.0 190%.) £470.) 0.0 ¢.0
1991792 . 1031.7 4565.0 1744 4319 .4 9.0 0.0
1991193 4101.2 1021.8 1565, 0 Ny TE.7 N 6.0
PERIOD NG9 L1321 M) 1026.4 541,58 41815 e712.9 | 0.1
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Table C.17 Kafue Gorge Simulation Run 1380 Annual Results

WULTIPURPOSE RESERVOIR ANALYSIS RUN 1330

28 .10 .9¢ AT 16:49
FAFUL GORCE 1 1 USING DATA: KAFPUE GAORSE RESERVOIR INPUT FILE 20/10/%

oo o

ANKUAL SUMMARY OF SELECTCD VARIABLES

)
Total  Average Total Total Total Total Total Total  Average
ntlow end of valey irrig energy apill out flow ehacgy turbine fire
AL h supply release relaase flow pover

level Teleass

(m} tmcm) imcm) {mca) {mom) {Gwh) (mcwm) 1w}
1905/ & LI ] . 162 .% 3927.0 $9%.2 4312.) «522.2 430.0
» 1306/ 7 7%.2 1.9 362.9% 1928 ¢ 1117.0 471%.0 1%69.9 430.0
1907/ 8 759 "9 2625 3932.6 20293 . . $145 .4 $442.) 430.0
1908/ ¥ 275.9 . 262.% 371)%.% €751.0Q 11024.7 . $495.1 0)&.32 439.0
1909/10 96.0 1. 142.5% 331%.7 722.0 4428.0 46477 4l)0.0
1910711 5.9 7.9 262.5 31%)2.7 2825.) $145. 4 544).) 430.0
i 1911/132 6.1 T1.9% 142.4% 19296 am.1 $045%5.9% 332%.6 430.0
1%12/13 75 .8 7.9 1462.% 4811.8 $072.5 430.0
1%13/14 176 .0 .9 262.% aM1.0 5015.4 430.0
1914718 1759 TL.Y 262.% 514%.4 $440.9 410.9
1913/1¢ 750 1.9 262.9% 4104.0 4296 .1 430.0
1916717 5.0 TY.® 262.% 4310 % 32041 430.0
1911/180 76 .1 Ti.9 262.% 5687.6 042.7 430.0
1918719 75 . % Ti1.9 2¢2.% (3119 ]
1918/20 75.% T1.9 261.% 430.0
1920/21 76 .1 1.9 2625 30.0
1921/22 97%.7 1. 162.9% 420.0
1%22/2) 5.6 71.9 162 % 410.0
1923724 5.7 1.y 241.5 ) 430.0
1924728 5.9 .Y 2¢62.% 1 430.0
1925/2¢ 76.0 71.% 242.% [J 430.0
1926/27 176 .0 T1.¥ 162 .% -3 430.0
1927728 175.8 71.9% 162.% N 430.0
1920/2% 739 Ty 262.% .5 430.0
192%/30 91750 1.9 2612.% ] 4)0.90
1936/31 175.0 T1.9 242.% -4 4)0.90
1931712 975.0 T1.% 242.% N 4)0.9
1932/ +74 O . 262.5% N 430.0
1933/34 5.8 .9 762 % .2 436.0
1934/)58 7€ O T1.9 262.% & 410.0
1935/36 976.0 . 162.9% 2 430.0
1936/37 $76.1 7.9 262.9% 1 410.0
1911/)8 75.9 1.9 142.5 4 4)0.0
‘ 1930/ 976.0 1.9 242.5 4 430.0
1933740 $76.0 71.9 242.% ) 4)o.0
1340741 76,1 1.9 262 % 1 410.0
1%41/42 74 0 71 % 262.5% 4 419.0
1942741 *75.9 1.9 a62.% 21 0.0
1941744 10366 .7 "7 1 T1.? 262.9% ) 410.0
1944743 2171%.90 976.2 TL.Y 262.% -8 430.0
1945744 9256.1 741 TL.9 2632.% -2 110.0
1946/47 €958.7 9758 TL.9 2462.% s 410.0
1947748 191711 9762 1.9 262.5% .1 430.0
| 1940/49 €757 .4 6.1 k2 262 .% ] 430.9
\ 1%49/%0 T745%. 5 I3 8 119 1625 4 410.0
‘ 1950/51 5401.9 6 0 71.9 262.% Nl 4)0.0
1951/%2 15670 .4 76 Q 71 2629 [ ] 410.0
19521/5) 110847 976.2 . 242.5% -y 41¢.0
1951/54 &361.2 974 .1 M 262.% % 1310.0
. 1954/5% 100%1.7 $$76.0 7.9 262.% L} 4100
‘ 1353/%6 1474%.1 % 1 71.% 263.5 19445 10101 .9 -9 430.0
19356/57 16917 .8 76.2 1.4 282.% 1950.0 11977.0 ] 410,90
‘ 1957/%0 1257 .6 76.1 1. 263.5 1426 23447 11521.7 252% .4 410 .0
1950/59 5030.7 5.8 1.9 262.5% $121.4 05.7 410.0
195%/¢0 5201.5 $15.8 71.% 262.5 469%.0 399 4 430.0
1960/61 11050.2 9759 T1.% 262.% 11241.9 2107 .4 430.0
1961/62 0624 .2 2176 .2 7.9 2£43.5 1999¢6.5 31312 430.0
1962/6) 27504.1 76.2 Ti.% 261.5 269405 40%4 .} 410.0
1961 /64 11990. 6 97%.1 T8 262.8% 11149.2 2903 0 410.¢
1964/6% 8497, 6 740 1.9 241.8% . 1713 .) 4310.0
1965/64 50711.) 75 .8 71.9 2462.% $421.4 57,7 410.0
1966/67 S8l 4 ?15.9 T 262.5% 5173.6 15 § 430.0
1967/68 €447 976.0Q T1.9 242.3 5761.5 11129 . 4J)0.0
1968/49 12008.1 $7¢.0 1.9 262.9% 21399.) 2 20842 T119.1 410.0
1969/70 13%40.0 76.1 7.9 261.5 1211} .5 176%.2 I61) .6 T1531.3 410.9
1970/11 133¢%.0 16,1 7.9 262.% 12641.6 176%.2 20514 7074.8 430.¢
1971/12 T461. 9 9162 71.9 262.9% €914.2 176%.2 1925.% $043.1 4310.0
1971/7) 5475, % 276.1 1.9 262.5 s08%.2 1769.2 756.) “754.0 4310.0
1973/74 T67.] 975.9 7.9 362.% 7141 .6 3769.2 121¢.Y $291.1 40,0
1%74/7% 14459 .1 7% .1 T1.% 161.5 13674 .9 1T69.2 2846 4 T072 .4 430.0
1978/76 1011%.¢0 276 .2 Th.Y 162.% 1T082.7 )76%.2 1197.3 T465 .5 410.0
1976/77 113640 74.2 T1.9 262 % 10648 .9 IT6e.2 179%5.6 7009.1 4)0.0
1977/78 J0428.2 "2 T1.9 262 .% 10693 .7 1769.2 36150 79489 [31-9 -
129)1.0 762 719 2621.% 211704 1769 .2 41202 0432 .4 4)0.06
17407 .4 6.2 T1.% 261 .5 16661 .6 317692 4120} 24788 4)0.9
18315.8 76 2 1.9 a427.% 17908 .4 1769.2 Jenl 2 21102 430.0
2657.9 76.1 LU ] 1$2.% h16s5.0 174%.2 2202 % 4151.9 410.0
44} .1 76.0 .9 262 % 471906 176r.2 1624 6 5721 .3 4)0.0
€597.% 976.0 1.9 262.% $907. ¢ 176%.2 122%.8 $177.7 410.0
11768. 4 *76.0 71.9 262.5 109%0 .4 176%.2 22212 (219N 430.0
1273%.0 276.2 71.9 162.% 12264 .0 1769.2 M3 7230.1 430.0
a371.% 761 71 % 262.% T81%.9 1769 .2 21718 7 €130.6 430.0
417.8 e O . 762.% 0742 . % 31692 1724 % 582%.2 410,0
1 48,0 ”776.1 TL.% 262.% $027.8 3169.2 088 1 3170 430.0
174%/90 ETY5 . 4 76.1 T 62.5 6244 .0 )76%.2 1300 % 535%.¢0 430.0
1990/91 15147 175.% T1.9 262 .5 8974 .4 176%.2 1439 4 551¢.9 +10.0
- 19%1/%) 5201.¢ 5.9 19 161.5% 4142%.3 3769.2 1)1 41943 430.0
19%2/9) 1909 .4 5.9 LRI ] 4%1.5 22940 317693 16534 ST2T.4 430.0
PERIOD AT 4 6.0 1.9 241.5 31331 17692 1M1 S001.2 430.0
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