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1. EXECUTIVE SUMMARY

1.1.  Study Background

The main objective of the Site Selection Study is to define the preferred construction site
for the Kafue Gorge Lower (KGL) Hydroelectric Project. Since the feasibility studies
were done in the mid 1990s, assumptions on future operating conditions of both the
existing Kafue Gorge Upper (KGU) and the proposed KGL projects have changed. Costs
also needed to be updated.

Two main sites for KGL, called Site 3 and Site 5, were identified during the KGL
feasibility studies performed in the mid 1990s. Site 3 was recommended based on lower
construction cost, and joint operation of the KGU and KGL projects to meet future
Zambian e ectricity load demand. However potential exports (especially peaking power)
to neighboring countries were not integrated into the analysis.

Site 3 has limited reservoir storage capacity, while Site 5, located further downstream,
has a greater reservoir storage capacity but higher cost. More recent studies
recommended a modified Site 3 (called Site 3A) dightly downstream of Site 3, as a
preferred alternative to allow greater flexibility in the operation of the KGL. In addition,
the possibility of increasing the installed capacity at KGU to allow for greater peaking
generation has now been proposed. This would greatly increase the flow releases during
the peak hours, and would require greater daily storage at KGL. Hence, it was decided to
re-evaluate the benefits of Site 5 and compared them to Sites 3 and 3A.

1.2. Description of the Kafue L ower Project

The proposed sites are located in the Kafue Gorge, about 60 to 65 km upstream from the
confluence of the Kafue River and the Zambezi River, about 25 to 30 km downstream
from Kafue Road Bridge and about 3 to 8 km downstream from the existing release of the
Kafue Gorge Upper (KGU) hydropower project.

The estimated active storage of the three sites would be 3.9, 10.1, and 52.5 mcm
respectively. The proposed development concept would involve the construction of a
RCC dam, a headrace/penstock tunnel, an underground power station, and a long tailrace
tunnel. The configuration, as presently envisioned is similar to the configuration that
exists for the KGU project. Installed capacities of 600 and 750 MW were considered in
the analysis. These capacities would be hydraulically matched with KGU in the existing
and expanded (1500 MW) condition.
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Figure 1l - Regional Map of Kafue River Basin and K afue Gor ge L ower

1.3. Future Operation of the Kafue Gor ge Projects

To compute the benefits or potential revenues from the KGL project, future scenarios of
power development of the Kafue river were postulated to evaluate and determine a
suitable reservoir size for the KGL project. The economic present value of each scenario
was established using an expected value of hydroelectric production. The Base Case
scenario was the following:

Year 2004 to 2010: Prior to 2010, KGU would not be expanded, and KGL would
only be in the development and construction phase. Thus, there would be no
change in the existing Kafue Gorge situation. However, it can be expected that a
120-MW ITT power station could be constructed, and the Kariba North Bank
power station could be expanded by between 250 to 300 MW to meet increasing
power needs.

Year 2011 to 2015: Assume aKGL project isimplemented at 480 MW (600 MW
installed). Assume the electrical market and demands are evolving, with the KGU
operated in a peaking mode and KGL operated in a baseload mode for
reregulating KGU releases to maintain constant flows downstream of KGL.

Year 2016 to 2020: Assume that KGU is expanded to 1500 MW to meet
increasing needs for peaking resources. Assume the electrical market and
demands are evolving, and further assume the KGU is operated in an “extended”
peaking mode (more hours per day) and KGL is operated in a baseload mode to
reregulate KGU releases to maintain constant flows downstream of KGL.
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Year 2021 to 2030: Assume that KGL is expanded to 750 MW (1,050 MW
installed) to meet increasing needs for capacity resources. Assume that as the
electrical market and demands are evolving, the KGU is operated in a peaking
mode and KGL is operated in a baseload mode to reregulate KGU releases and to
maintain constant flows downstream of KGL.

Year 2031 to 2040: Assume the electrical market and demands are maturing, and
pressures are increasing to provide capacity and to operate to meet increasing
peak demands. Assume KGU and KGL are operated in a peaking mode.
However, it is expected that the peaking modes will be offset, with an overlapping
peaking component designed to accommodate a daily peak in the evening.

To obtain an economic value of the potential generation output under the various
operating modes, a hypothetical, but reasonable, marginal pricing scenario was devel oped
based on current demand hourly load shapes. This marginal pricing pattern needs to be
investigated in more detail and refined, possibly using marginal prices prevailing in
South Africa and the region. The application of marginal prices that exist in South Africa
IS suggested because of inter ties and exchanges that occur in the region, and the fact that
South Africa generating capacity and demand characteristics are the predominant factor
in the regional electricity market.

The marginal pricing pattern suggested for economic valuations is indicated in Figure 2.
It varies between 1.8 and 4.0 US cents per kWh.

Figure2 - Assumed Marginal Pricing Pattern and Values used in Economic Valuation

A sensitivity analysis was performed to test the impact of these hourly prices. Higher
prices were used. The off-peak price was increased from $18/MWh to $25/MWh. The
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shoulder price was increased from $25/MWh to $35/MWh and the peak price was
increased to $50/MWh. The duration of the peak time was also increased to 6 hours.

1.4. Project Benefits

A series of reservoir operation studies was performed to compute the present value of
energy generation associated with each site. A detailed hourly time-step operation model
for the KGL and KGU projects was designed and developed to simulate/optimize the
operation of the combined two-reservoir system for a one-week period. The spreadsheet
model was designed to include reservoir and power generation operating characteristics
and constraints relevant to the main objective of the study. The model was used to
anayze and compute hourly-weekly generation from both KGU and KGL, considering
KGL Sites 3, 3A and 5.

The hourly power and energy production of the two projects and estimated hourly energy
values were used to compute the total weekly value of production. Six typical weeks
were analyzed, using reservoir and release conditions expected in the months of
February, April, June, August, October and December. For each week, hourly dispatch
patterns anticipated to represent future years 2010, 2015, 2020 and 2030 were applied.
The weekly energy values were used to estimate average annual values, and a 30-year
(2010-2040) anaysis was performed to compute the present value of energy generation
under various operating and demand scenarios for sites 3, 3A, and 5. A 10 percent
discount rate was used to calculate present value of power and energy production.

Eight separate operating scenarios were considered, each are intended to model an
anticipated future condition. Four future conditions incorporate the existing operating
rules; the remaining four scenarios are intended to represent potential operation with
implementation of a proposed “freshet” release scheme. As a result of extensive
environmental studies, a proposed operating regime for ITT and KGU has been suggested
that is intended to more closely follow the natural, pre reservoir hydraulic regime. The
intended mode of operation is a combination of filling and drawdown of KGU, and
managed releases from ITT, so the Kafue Flats area is submerged and flooded during the
wet season. The flooding and recession isreferred to as the “freshet”.

The results are shown in Table 1. The incremental energy benefit value of Site 5 is $32
million over Site 3A and $59 million over Site 3, under the Base Case assumptions. The
results are about the same with or without freshet.
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Table 1 —Present Value of Energy Generation ($ million)

Site3 Site 3A Site5

Without Freshet 2,769 2,796 2,827
Incremental 27 32

With Freshet 2,756 2,781 2,813
Incremental 25 32

Two sensitivity analyses were performed to test the results. The first one was performed
to test the impact of hourly prices. In view of today energy prices, these hourly prices are
more likely to occur than the Base Case prices. The results are summarized in Table 2. As
expected the incremental benefits increase. For Site 3A, under the Without Freshet
Scenario, the benefits increase from $27 million to $37 million. For Site 5, the benefits
increase from $32 million to $44 million.

Table 2 — Sensitivity Analysis-Present Value of Energy Generation ($ million)

Site3 Site 3A Site5

Without Freshet 3,907 3,943 3,988
Incremental 37 44

With Freshet 3,889 3,923 3,967
Incremental 34 45

Another sengitivity analysis was performed to study the impact of base load versus
peaking generation. As we know, hydro is best valued as peaking generation and in future
years, there will be more and more demand for peaking generation in the region. Our
base case assumed that peaking at KGL would only start in 2030. A first sensitivity
analysis was done, assuming that the KGL peaking operation would start in 2020 instead.
The second sensitivity assumed an even earlier start in 2015 with increase capacity at
KGL to 750 MW. The results are shown in Table 3.
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Table 3 - Sensitivity Analysis—Peaking Operation at KGL

Present Value of Energy Generation ($ million)

| Site 3 | Site 3A | Site5
KGL Peaking Operation Startsin 2020
Without Freshet 2,738 2,837 2,867
Incremental 99 30
With Freshet 2,726 2,823 2,854
Incremental 97 30

KGL Peaking Operation Startsin 2015

Without Freshet 2,714 2,877 2,906
Incremental 163 29
With Freshet 2,703 2,865 2,894
Incremental 163 29

Under the Without Freshet scenario, the results show that the incremental benefits at Site
3A increase from $27 million to $99 million when peaking starts in 2020 and to $163
million when peaking starts in 2015. The incremental benefits between site 3A and Site 5
remain about the same. This clearly demonstrates that there are substantial benefits in
moving at least to Site 3A if peaking operation will be required in the future.

15. Other Factors Affecting KGL Benefits

The above evauation is based on a computer modeling analysis of the two projects,
available assumptions and criteria, and assumed hourly demand patterns and prices.
Other factors, more difficult to quantify and that cannot be integrated into the spreadsheet
and economic model, should also be taken into account. These factors are discussed in
the following paragraphs.

1.5.1. Adjustments Dueto Reduced Drawdown

Differences in drawdown are included in the energy generation calculations in the model.
It is important to note that the drawdown for use of Site 3A storage is in excess of 15 m
in certain cases, while it is less than 4 m with Site 5. Wide variations in head and
reservoir water level will require oversized equipment for delivering the same power
output. Reservoir level variability will contribute to shoreline erosion, reservoir
sedimentation, entrainment of sediments into the water conductors and the turbine, and
increased equipment wear and tear due to sediment handling. In addition, operating the
turbines off the design condition will reduce efficiency, and increase potentia for
additional wear and tear. This factor isin favor of Site 5 but difficult to quantify.
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1.5.2. Recovery of Freshet Releases

To better follow the natural cycle of flooding and recessing (freshet) in the Kafue Flats,
there will be less storage capacity available in KGU in some months, and the need for
sharply decreasing the KGU reservoir water level and storage in the months of March-
April after flooding of the upstream area of the reservoir. Therefore a larger downstream
reservoir at KGL could have great utility in managing and recovering the freshet release
that cannot be stored at KGU. In the absence of any significant downstream storage at
KGL, some of the freshet release may be wasted at both KGU and KGL. Table 4
indicates the value of the storage in terms of potentially capturing and managing the
freshet release. Assuming that the storage is only used once a year, Site 5 shows an
incremental present value of benefits of about $3 million.

Table4 - Estimated Value of Storage for Capturing Freshet Release

Annua Vaue 30-yar NPV

Site Volume  Energy @ 30%$MWh @ 10% Discounting
(mecm)  (MWh) ($/yr) 6))

3 3 1323 39,690 $374,154
3A 7 3087 92,610 $873,027
5 30 13230 396,900 $3,741,542

1.5.3. Forced Outage and Operational Flexibility Considerations

The computer modeling analyses that were performed for this analysis assumed a
perfectly well coordinated operation of the two reservoirs, and that the KGU units are
always available. In real time operation, this is not always the case. As stated earlier, the
maximum discharge of KGU is about equivalent to 1 mcm per hour. At Site 3A, the
available maximum storage (10 mcm) is nearly completely used for normal joint
operation of the two reservoirs. There is little left (2 mecm) for flexibility and reacting to
non-optimum operation of the two reservairs.

Any project is also subject to planned and forced outage. The main sources of forced
outages could be a fault in the transmission system (which would affect the whole
project), a transformer outage (which would affect two units), or failures of critica
components or adverse operating indications (overheating or excessive vibrations). For
these reasons, it has been suggested that the KGL project contain sufficient capacity for
several hours of sustained generation without KGU inflow.

Field surveys were performed by ZESCO to study the travel time from the KGU spillway
to the KGL reservoir. The results show that it will take about 4.3 hours for KGU spillway
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releases to reach the KGL reservoir when the riverbed between the KGU spillway and the
tailrace outlet is dry. The survey showed that travel time decreases to 3.4 hours when a
minimum flow of 11 cmsis maintained in the riverbed, with a spillway discharge of 110
cms. The travel time further decreases to about 2.4 hours when the spillway discharge is
increased to 210 cms.

In a worst-case condition, assuming a potentia complete shutdown of the KGU
hydroelectric station, Table 5 shows the required storage under various operating
scenarios. A 6-hour volume was specified, based on a 2.0-hour reaction and decision
time to operate and open the spillway gates (assuming automatic controls and gate
opening from the control center) and a 4.0-hour flow travel time. The required storage
varies between 3.8 and 9.4 mcm, depending upon the number of units affected by the
outage and the desired KGL output. Sites 3 and 3A cannot provide such storage but it is
available at Site 5.

Table5 - Kafue Gorge L ower Project Storage Required for 6 Hours of Operation
with No Inflow

Capacity Discharge 6-hour Volume
(MW) (cms) (mcm)
300 174 3.8
480 278 6.0
600 348 75
750 435 94

The results of Table 5 can also be used as an indication of the storage requirements for a
6-hour operation if there is not a perfect synchronization of the joint operation of the
KGU and KGL projects. For various reasons, it may not be feasible to always optimize
the combined output of the two projects to meet a certain demand level. At times, the two
projects may have to operate more independently of each other. Under such operating
rules, the real time operation of KGL would be much easier if it has sufficient storage to
operate independently. Even Site 5 with an estimated active storage of 52 mcm would
only provide about 80 hours of generation at an average continuous output of 300 MW.

1.5.4. Reservoir Sediment Deposit

Accumulation of sediment due to deposition of suspended solids or bed load aways
needs to be considered in sizing storage or evaluation of long-term maintenance. Since
there are no recent measurements of suspended and bed-load sediments occurring during
the rainy season, the best available estimates are from the 1995 feasibility study. An
annual estimate of 0.8 mcm was given. Assuming a 50-year operating life, the total
amount of sediment would be about 4 mcm. With recent degradation of the environment,
local erosion and minor landslides shown in the drainage area, this estimate could be
higher. Thiswould reduce the long-term active storage at Sites 3 and 3A.
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1.5.5. Power Market Speculation

With deregulation of the electric power market in Southern Africa, availability of alarger
storage associated with a hydro project can provide increased revenues. Experience has
shown that there are short periods (hours at various times of the year) when very
attractive prices are offered in a deregulated market. The ability to have additional
storage and capacity to meet demand during these transaction periods can be very
beneficial. For example, the ability to have additional storage available to meet a 300-
MW demand at an average incremental price of 10 US cents per kWh for 1,000 hours
spread over the year (11% of the time) would result in an annua revenue increment of
$3.0 million. In some instances, hourly spot prices have been much higher than 10 cents.

1.5.6. Environmental I mpact Assessment

The results of the environmental impact assessment studies recommended the sel ection of
Site 5 as it provides a larger reservoir that would entail less diurna reservoir level
fluctuations leading to the possibility of using the reservoir for other environmental and
socio-economic purposes. During the EIA public hearings, the Environmental Council of
Zambia and the NGOs indicated a rel uctance to support development at Sites 3 or 3A due
to the large daily fluctuations and other environmental impacts. It would therefore be
very difficult to obtain approvals and permits for Sites 3 or 3A.

1.6. Updated Construction Cost Estimates

Detailed information on labor, materials and construction equipment was first collected
during the feasibility studies performed by Harza Engineering Company (now MWH) in
1994-95. Subsequent studies were performed in 2002 by Knight Piesold (now Scott Wilson)
with emphasis on Site 3A. These previous studies were reviewed and updated. Information
and datawere a so received from ZESCO staff on updated labor and materia costs.

For each dite, the cost estimates are based on quantities computed from layout drawings
developed in prior studies for an instaled capacity of 750 MW under a Net Head of 186
meters. Each project includes a RCC dam, smilar intake structures, an underground
powerhouse with four units, and a tailrace tunnd. The cost estimates were based upon the
assumption that congtruction of the project would be awarded to quaified international
contractors under competitive tendering conditions for equitable risk distribution type
contracts.

All costs are based on a price level of December 2005. An exchange rate of 5,000 Zambia
Kwachafor 1 U.S. dollar was used. The results are summarized in Table 6.
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Table6 - KGL Cost Estimates (US Dallar)

Site3 Site 3A Site5
Civil Works 311,374,743 | 313,455,322 | 353,672,616
Electromechanical Works 187,742,814 188,222,814 188,822,814
Subtotal 499,117,557 | 501,678,136 | 542,495,430
Contingency 106,005,108 106,597,253 116,741,576
Engineering & Administration 72,122,665 72,993,047 79,108,441
Total 677,737,720 | 681,268,436 | 738,345,447
Incremental Cost 3,530,716 57,077,011

The results show that Site 3A would be dightly more expensive than Site 3: $681.3 million
versus $677.7 million or an increase of $3.5 million. As expected, Site 5 is more expensive:
$57.1 million more than Site 3A and $60.6 million more than Site 3.

In the cost estimates shown in Table 6, an dlocation was made for Engineering and
Administrative to cover services to refine feasibility layouts, prepare EPC tender documents,
perform detailed design as part of the EPC, and supervise construction. It should be noted
that the amount for Site 5is $7.0 million higher than for Site 3. Thiswould largely cover the
incremental Eng. & Admin. costs to fully investigate Site 5 and provide other services
before and during construction.

1.7. Ben€fit-Cost Analysis

The results shown above clearly indicate that Site 3A has much greater incremental benefits
than costs when compared to Site 3. Site 3A incremental benefits vary between $25 and
$163 million versus an incremental cost of $3.5 million. Site 5 shows incremental benefits
that vary between $29 and $45 million versus an incremental cost of $57.1 million, when
compared to Site 3A.

It is aso important to take into account the other factors described earlier that would affect
the required reservoir size and selection of the dam site. The benefit computations were
based on the results of computer simulations that assumed a perfect coordination and
hindsight in the operation of the two KGU and KGL reservoirs. In rea time operation thisis
not possible. Having an additional 40 to 50 mcm of storage, Site 5 would provide
considerable flexibility and benefits in operating the two projects and would maintain
KGL output when KGU units may be on along forced outage.
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For these reasons, and because the incrementa construction cost between Site 3 and 3A
is relatively small, $3.5 million, it is recommended to perform the benefit-cost analysis
directly between Site 3 and Site 5. When compared directly with Site 3, Site 5 shows
incremental benefits that vary between $57 and 192 million versus an incrementa cost of
$61 million. This is equivaent to a Benefit-Cost ratio varying between 0.93 and 3.15,
clearly demonstrating the benefits of developing Site 5.

1.8. Conclusions and Recommendations

For a number of reasons discussed earlier, Site 5 is the preferred alternative for
development. These factors are summarized below:

Due to shorter water conductors, Site 5 should have dlightly lower head losses,
resulting in more efficient operation and greater energy output.

Site 5 has a much larger reservoir that would results in generally lower reservoir
drawdown fluctuations and lakeshore erosion. Turbines would be sized with
higher net heads that would result in lower initial capital costs, and lower long-
term maintenance costs.

As aresult of recent extensive environmental studies of the Kafue River basin,
new operating regimes have been proposed for the water releases from the
upstream ITT project. The impacts of these new regimes have not been fully
analyzed nor do we know what additional changes may occur in the next 10 to 20
years. With its greater storage, Site 5 provides additional storage capacity that
could be utilized to better manage the freshet rel eases.

Site 3A provides sufficient storage capacity for a perfectly well coordinated
operation of the two reservoirs. In real time operation, this is however not aways
possible. Having an additional 40 to 50 mcm of storage, Site 5 would provide
considerable flexibility and benefits in operating the two projects and maintaining
KGL output when KGU units may be on a forced outage. It is estimated that it
would take 3 to 4 hours for water released from the KGU spillway to reach the
KGL reservoir. To maintain continuous operation at KGL during this period, an
additional storage of 6.0 to 7.5 mcm would be required, depending of the output
to be maintained at KGL.

In the long term, active storage at Site 3A would be affected by sediment
deposition and accumulation. Over time, this would greatly reduce the owner’s
flexibility and capability for peaking operation at both projects.

From the EIA studies, dam site 5 was highly recommended because it offers a
larger reservoir size that would entail minimal diurnal reservoir level fluctuation
leading to the possibility of using the reservoir for other environmenta and socio-
€CONOMI C PUrposes.
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With deregulation and the establishment of a spot pricing market, the availability
of a larger storage would provide opportunities to “play the market”, take
advantage of high hourly spot prices, and maximize revenues.

Finally, when compared directly with Site 3, Site 5 shows incremental benefits that
vary between $57 and 192 million versus an incremental cost of $61 million. Thisis
equivaent to a Benefit-Cost ratio varying between 0.93 and 3.15

Based on these findings and results, it is recommended that a detailed feasibility study
and site investigations of Site 5 be performed to prepare a bankable document with
detailed layouts, quantities and cost estimates, construction schedule, and financial
analyses.
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2. INTRODUCTION

21. Study Background

The main objective of the Site Selection Study is to define the preferred construction site
for the Kafue Gorge Lower (KGL) Hydroelectric Project. Since the feasibility studies
were done in the mid 1990s, assumptions on future operating conditions of both the
existing Kafue Gorge Upper (KGU) and the proposed KGL projects have changed. Costs
also needed to be updated.

Two main sites for KGL, called Site 3 and Site 5, were identified during the KGL
feasibility studies performed in the mid 1990s. Site 3 was recommended based on lower
construction cost, and joint operation of the KGU and KGL projects to meet future
Zambian e ectricity load demand. However potential exports (especially peaking power)
to neighboring countries were not integrated into the analysis.

Site 3 has limited reservoir storage capacity, while Site 5, located further downstream,
has a greater reservoir storage capacity. More recent studies recommended a modified
Site 3 (called Site 3A) dlightly downstream of Site 3, as a preferred aternative to allow
greater flexibility in the operation of the KGL. Site 3A would also provide additional
daily storage for peaking operation from both KGU and KGL, additional live storage for
emergency outages at KGL, and additional dead storage for sediment. Furthermore, the
possibility of increasing the installed capacity at KGU to allow for greater peaking
generation has now been proposed. This would greatly increase the flow releases during
the peak hours, and would require greater daily storage at KGL. Hence, it was decided to
re-evaluate the benefits of Site 5 and compared them to Sites 3 and 3A.

2.2.  Scopeof Work

The studies began with a review of the relevant study reports, as well as a visit to Zesco
Limited (ZESCO) Head office to discuss various aspects of the investigation. Since the
natural flows of the Kafue River are well regulated by the seasonal storage in Itezhi-tezhi
(ITT) reservoir, the studies first focused on the joint hourly operation of both the KGU
and KGL projects for six weeks under various seasonal conditions. Typical conditions for
the following months were considered: February, April, June, August, October and
December.

Analysis of the potential production capabilities considering the joint operation KGU and
KGL involved the following steps:

1. Definition of monthly KGU inflows for representative dry, average, and wet year
conditions.

2. Characterization of the operation of the KGU reservoir and hydroelectric station.
MWH reviewed the reservoir stage-storage curve, period of record reservoir
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inflows, reservoir operating criteria, generating equipment performance
characteristics, and tailwater elevation rating data.

3. MWH used characteristics of potential generation station equipment for the
planned KGL, and the characteristics of the generating unit upgrades at KGU.
Other operating characteristics — reservoir characteristics, tailwater elevation
rating data, intervening flows between Kafue Gorge Upper and Lower - were
obtained from previously prepared reports on the Kafue River projects.

4. Annua peak €electrical demand and energy production requirements for present-
day conditions were obtained and reviewed.

5. Basic requirements for a spreadsheet-based (Microsoft Excel), hourly time step
operation model for the KGL and KGU projects were established. A model was
designed and developed to simulate/optimize the operation of the combined two-
reservoir system for a one-week period. The model was designed to include
reservoir and power generation operating characteristics and constraints relevant
to the main objective of the study.

6. The objective of the analysis was to identify the suitable range of daily and
weekly pondage/storage, and the operating characteristics of the Kafue Gorge
Lower generating units, to maximize benefits and flexibility in operation.

A draft report on these Reservoir Operation studies was submitted to ZESCO. The scope
was then amended to include a review and update of the cost estimates for KGL Sites 3,
3A and 5 and prepare a Site Selection Report.

2.3.  Review of Previous Studies and Reports

This section provides an overview of previous work that has been carried out in
connection with hydroelectric development on the Kafue River, and in particular, in
connection with the potential development of a KGL Project.

Hydroelectric power development on the Kafue River started in the late 1960s with a
feasibility study for the present KGU Hydroelectric project. Work started on Stage | in
1969, and was completed with the installation of four 150-MW hydroelectric generating
unitsin 1973. Stage Il of the project involved the construction of the Itezhi-tezhi Dam,
and the installation of two additional 150-MW hydroelectric generating units at Kafue
Gorge. This work was done in the period from 1974 to 1977. The possibility of
developing an 80-MW power station at Itezhi-tezhi Dam was also studied during the
same period. However this was revised later in a 2001 feasibility study to 120 MW.

The KGL project was first analyzed in the mid 1970s. The investigation resulted in the
identification of three potential dam sites. Several studies have been carried out over the
years; one of the more significant efforts involved a 1995 update of the work performed
in the 1970s, and more recently, continued studies considering potential optimization for
private investment.
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1.3.1 Preinvestment Study of the Kafue Gorge L ower Hydroelectric Project

A detaled “preinvestment study” (similar in scope to an engineering
prefeasiblity/feasibility study for a dam and reservoir project) was carried out in the mid-
1970s and was completed in 1976. The study was carried out by SWECO. This
investigation concluded there were three appropriate dam sites for the development of a
KGL project for reregulation of KGU outflows and for hydroelectric production. A
hydroelectric generating capacity of 450 MW was recommended. The investigation
involved detailed technical field work (surveying subsurface exploration) and preliminary
project layout and optimization studies for establishing a suitable basis for cost
estimating, investment planning and project development planning. Due to various
factors, including alower than expected growth in electrica demand, the project was not
implemented following the conclusion of the investigations.

1.3.2 Feashbility Study of the Kafue Gorge L ower Hydroelectric Project

In 1995, Harza Engineering Company (now MWH) and Rankin Engineering Consultants
carried out a detailed investigation of the KGL project for ZESCO. The work mainly
involved updating the 1976 preinvestment study, considering streamflow data collected
in the interim period, and reestimating the costs of the alternative developments. Pre-
feasibility cost estimates were performed for Sites 3, 5 and 7. The investigation
concluded that a 600-MW hydroelectric project and a dam constructed at “ Site 3" would
be the best use of the KGL site for hydroelectric development and for providing
reregulation storage capacity. A feasibility study and cost estimate was performed for
Site 3.

1.3.3 KafueRiver Hydropower Development - Optimization Study Update

In the late 1990s and in early 2000, the Government of the Republic of Zambia was
exploring restructuring and privatization of many of the country’s infrastructure systems,
including the electric power sector. In year 2000, Zambia's Office for Promoting Private
Power Investment (in the Ministry of Energy and Water Development) was engaged in
the preparation of solicitation documents for private development of power projects. In
August 2001, Knight Piésold Consulting (now Scott Wilson Piésold) carried out
additional optimization studies of the Kafue River hydroelectric projects for OPPPI,
including adding hydropower generation capacity at Itezhi-tezhi, increasing the
hydroelectric generating capacity of KGU, and further optimization studies of a
hydroelectric project at KGL.

The studies suggested that that the first investments should be directed at the
development of a KGL project at a modified Site 3 (site 3A, 800 m downstream of the
site 3), with an installed generating capacity of up to 750 MW. These studies were carried
out by Scott Wilson consultants.

The studies also investigated and suggested that a 120-MW hydroelectric addition at
Itezhi-tezhi would be feasible and should be pursued.
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1.3.4 Integrated Kafue River Basin Environmental |mpact Assessment Study

In September 2003, a comprehensive environmental study addressing Kafue River basin
issues was concluded. The study was carried out by Scott Wilson Piésold Consulting for
the Office for Promoting Private Power Investment, in partnership with the Environment
and Social Affairs Unit at ZESCO.

The major and environmental socio-economic issues in the Kafue basin as identified by
the assessment include:

Competing needs for Kafue water,

Impacts of developing the full hydropower potential of the Kafue basin,
Impacts of developing maximum irrigation potential of the Kafue basin and,
Issues of enhancing the Kafue Flats wetlands conservation.

Two models were developed: (1) a water resources simulation model, addressing the
infrastructure components of the Kafue River system, including water storage,
hydropower, irrigation and water supply; and (2) flooding simulation for the Kafue Flats
to assess the impact of various devel opment scenarios.

The assessment’s studies and activities related to the electricity sector focused on
answering questions to help the Government determine the viability of Kafue River
hydropower projects in comparison with the agricultural and wetland conservation water
needs.

The study addressed impacts to electrical generation at the proposed Itezhi-tezhi
Hydroelectric Project (120 MW being considered) and at the KGL project (600 MW
being considered) that could result if certain modified operationa rules are adopted to
address ecological issues in the Kafue Flats and irrigation needs in the basin. In the
study, the hydroelectric devel opment projects were found to be attractive with constraints
and modified operation to address other water use issues.

One of the centra topics in the environmental study relates to Kafue Flats and the
operation of the existing and potential hydroelectric projects under modified operational
rules designed to improve the ecological conditions in the Fats. The quality and
conditions in the Flats have been affected by the construction and operation of Itezhi-
tezhi and the Kafue Gorge Upper projects in the form of reduced flooding that is essential
for ecologica quality.

Three different Itezhi-tezhi Reservoir flood simulation scenarios were compared to (@)
the no dam situation, and (b) the maximum hydropower generation situation. Scenarios
varied by “freshet release” duration and amount. The results indicated that a freshet
release for flooding simulation purposes may help in aleviating the adverse conditions
that have developed in the Kafue Flats as a result of streamflow regulation. The report
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suggests that a balance needs to be achieved between energy production and
improvement of the wetland resources.

1.3.5 Decision Making System for I mproved Water Resour ces Management for
the Kafue Flats

WWEF funded a pilot program involving management and enhancement of the Kafue
Flats. The work was being carried out by DHV Consultants. The program has gone
through two phases.

Phase | involved analyzing the state of the environment in the Kafue Flats, and included
an analysis of the institutional and legal framework that could affect the management of
water resources. The objective of the program is to restore, as much as possible, the old
pattern of natural flooding in an effort to restore the Kafue Flat wetland. This project was
implemented to obtain better data on a real time basis so that the operation of the
reservoirs can be adjusted in the interest of the overall objective.

Phase 2 of the project included three major components:
(1) Hydrometeorological data collection, data transmission and data storage;

(2) Rainfall-runoff correlation analysis and the extension of the existing mathematical
model KAFRIBA to include prediction as well as simulation of flow and flooding in
the reservoirs and in the Flats, improvement of reservoir operation rules to better
mimic the natural flooding through release of excess storage at Itezhi-tezhi and to
deplete KGU more fully at the end of the dry season to more closely approximate the
natural conditions; and

(3) Institutional issues including preparations for the establishment of the Sub-Catchment
Council which will be used to satisfy future water laws and partake in workshops and
stakeholder meetings.

1.3.6 Environmental | mpact Assessment Report for the Kafue Gorge L ower
Hydroelectric Project.

ZESCO has just completed an environmental impact assessment for the Kafue Gorge
Lower Hydroelectric Project.
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3. PROJECT SETTING

21  Project Location
3.1.1. KafueRiver Basin

The proposed project designated as Kafue Gorge Lower (KGL) is located in the Kafue
Gorge, about 65 km upstream from the confluence of the Kafue River and the Zambezi
River, about 28 km downstream from Kafue Road Bridge and about 2.5 km downstream
from the existing Kafue Gorge Upper (KGU) hydropower project. The Kafue River basinis
located approximately between 11 and 16 south latitudes, and between 26 and 29 east
longitudes.

The Kafue River basin is located approximately in the central part of Zambia. The basin
covers an area about 150,000 square kilometers (sg km) up to the confluence of the Kafue
River and the Zambezi River, which isabout 20 percent of the total area of the country.

The terrain near the Zambia-Zaire border is largely mountainous and covered with trees.
Precipitation is fairly high. Further downstream, up to the Kafue Gorge, the topography in
genera isundulating to aflat, vast plateau, at places interrupted by some ranges of hills and
mountains of moderate heights. The basin, above the gorge, mostly lies at an elevation
ranging from about 1,000 meters to 1,300 meters above mean sea level. For the most part,
the basin is covered with trees and bushes with the exception of some low-lying areas along
the river and the tributaries.

A very dgnificant feature of the basin is the presence of swamps and marshy lands
(generdly known as "dambos'). The Lukanga swamp covers an area of about 2,500 sq km
and consists of reeds with occasiona patches of open water. The general depression in
which the swamp is located has no outlet except two small channels. A somewhat higher
ground separates the swamp from the Kafue River main channel.

The Busanga swamps cover about 400 sq km. The Lufupa River drains into these swamps.
The Kafue Flats, located downstream from Itezhi-Tezhi cover an area of about 5,000 sq km
and slope gently from the west to the east with a drop of about 6 meters in about 230 km.
The total drainage area between Itezhi-Tezhi and Kafue Gorge is about 45,400 sq km.
Along the river channel, there are numerous depressions, traces of earlier river channels and
doughs which are flooded during the high river stages and act as ponds. Because thereisno
drainage from most of this flooded area and the ground is practically impervious, little water
is released from these ponds. The water is lost to evapotranspiration. The ponds have a
high fish population and are extensively fished.

A number of important communities are located in the lower part of the basin and in the
copper-belt area in the upper reaches. However, most of the area, especidly in the middle
reaches, is sparsely populated. Agriculture has devel oped around the Kafue F ats.

Wildlife is abundant throughout the major part of the basin. The Kafue Nationd Park is
located within the central part of the basin, mainly to the west of the river. Fishing is
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important in the Kafue Flats. A rare antelope, the Lechwe, aso livesin the flooded areas of
the Kafue Flats.

The existing Kafue Gorge Upper Hydro in the basin (operative in 1972) utilizes about 400
meters of the head between the Kafue Fats and the Zambezi River. A storage reservoir,
operative since 1978, islocated at the head of the Kafue Flats at Itezhi-Tezhi.

3.1.2. KafueRiver

The Kafue River rises near the Zambia-Zaire border in the north at an elevation of about
1,000 meters and flows southward through the copper-belt of Zambia, passes near the
western edge of the Lukanga Swamps, turns west and then south, down to the Itezhi-Tezhi
Reservoir. At the reservoir, the river passes through arange of low hills and turns eastward
across the Kafue Flats, where it meanders for a distance of about 230 kilometers before
entering the Kafue Gorge. The average gradient in this reach is about 0.0025 percent.

The length of the main river is about 1,550 km and the total drop is about 1,000 meters. Of
this drop in head, about 600 meters is at the Kafue Gorge, over a distance of about 90 km
long.

Magjor tributaries of the Kafue River are the Luswishi, Lukanga, Lunga and Lufupa rivers,
with drainage areas of about 9,500; 15,000; 24,000 and 10,000 sq km, respectively. About
30 small tributaries drain the Kafue Flats. Thetotal area of the Flats is about 45,400 sq km.
The main tributaries are Nansenga, Nangoma, Mwembashi, Musa, Nkole, Nanzhila,
Mutama, Ngwes and Kaleya. Most of these are subject to flash floods which inundate the
depressions and doughs. Part of the water from the tributaries is used for irrigation.
Irrigation practice is expanding along these tributaries.

The Lukanga River basin has an area of about 13,500 sq km. The Lukanga Swamps are
connected to the Kafue River near Mswebi by a reed-filled channel through which there is
practicaly no movement of water. Another channel connects the Kafue River to the
Lukanga Swamps downstream from Chilenga. This channd operates during floods only,
when the water flows from the Kafue River to the Swamps (SWECO, April 1967). Thereis
practically no contribution to the Kafue River from the Lukanga River.

There are anumber of tributariesin the Kafue Flats. These contribute a small percentage of
runoff. Much of the runoff is used in filling the depressions, and is subsequently lost
through evapotranspiration.

3.2.  Topographic Mapping

Dam cost estimates for this Site Selection Report are based on topographic mapping
carried out by Harza Engineering Company in 1995. Existing aerial photo survey maps
were complimented with new profiles and sections surveyed on the ground. Harza
discovered discrepancies between the existing material and the new ground surveys.
Consequently, the 1/1000 and the 1/2000 site maps were revised.
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It is recommended that a full ground survey be carried out at the recommended site for
the detailed study report.

3.3.  Hydrology

This following section summarizes the hydrologic analyses performed for Kafue Gorge
Lower project. The estimates of the hydrologic parameters required to define the project
layout, select appropriate hydraulic structure, and determine power generation capabilities
were based on the hydrologic and meteorologic conditions. Estimation procedures
consi stent with these conditions and the extent of data availability were adopted.

3.3.1. Climate
In general, the weather is sub-tropica continental and can be classified into four seasons:
. April - August (winter) Cool and dry
. September - October (pre-rainy) Hot and dry
. November - January (rainy) Hot and wet
. February - March (post-rainy) Cool and Wet

The rainy season starts at the beginning of November and may last until the end of March.
Rains during September, October, and occasionally those in the winter season may occur in
association with the passage of eastward moving waves in the westerlies. The annua
precipitation exceeds about 1,400 mm in the upper part of the basin and decreases to about
800 mm near the Kafue Gorge.

Mean annua precipitation for a few selected stations are given below (based on periods
between 30 and 50 years):

Station Precipitation Station Precipitation

(mm) (mm)
Choma 831 Mumbwa 922
Kabwe 952 Namwala 823
Kafue Polder 793 Ndola 1,212
Kasempa 1,360 Solwezi 1,368
Lusaka 803
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Monthly variation of precipitation at three stations is given below:

Month [tezhi-Tezhi Namwala Kasaka
(1980-90,mm) (1940-70,mm) (1950-90,mm)
Oct 16 18 13
Nov 63 90 78
Dec 171 204 190
Jan 174 216 221
Feb 146 180 186
Mar 68 105 82
Apr 18 17 21
May 1 1 1
Jun 0 0 0
Jul 0 0 0
Aug 0 0 0
Sep 1 0 1

The months of May through September are cool while the months of October through April
are relatively hot. The temperatures in Kafue Gorge are about 4°C higher than those
recorded at Lusaka (SWECO, 1976).

3.3.2. Streamflow Data

A number of stream gauging stations are or have been operative in the basin (JICA, 1992).
The stream gauging stations pertinent to this study are listed below:

Station Drainage Area (sq km) Period of Record
4-670 Kafue R. a Mankoya 94,924
4-669 Kafue R. a Hook Bridge 95,053
4-710 Kafue R. & Itezhi-Tezhi 105,620 May 1955 - April 1977
4-977 Kafue R. at Kasaka 150,620

Itezhi-Tezhi Res. Outflow

KGUH, Tota Outflow
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3.3.3. Long-Term Monthly Flows at I1tezhi-Tezhi

A long-term monthly inflow series was generated for the Itezhi-Tezhi Reservoir using the
SADC data. The unregulated monthly flows estimated by SADC for the period from
October 1905 to January 1952 were judged to be reasonable and adopted for this study. The
monthly flows from February 1952 to December 2000 were derived using the following
procedure.

Monthly flow data of the Kafue River at Mankoya (drainage area about 94,924 sq km) for
the period from February 1952 to September 1973, and the Kafue River at Hook Bridge
(drainage area about 95,053 sq km) for the period from October 1973 to December 2000
were assumed to represent a continuous series from February 1952 to December 2000.

This series was transposed to Itezhi-Tezhi Dam site (drainage area about 105,600 sq km)
using the following ratios.

Month Ratio Month Ratio
October 0.90 April 1.00
November 0.90 May 1.00
December 1.00 June 1.00
January 1.15 July 0.95
February 1.15 August 0.90
March 1.10 September 0.90

The above ratios were devel oped using the concurrent monthly flow data for the period from
October 1956 through September 1972 observed on the Kafue River at Itezhi-Tezhi and
Mankoya (SADC data). The drainage area ratio is about 1.13. The above ratios are
reasonable because during low flows there could be losses while during high flow period,
the contribution from the intervening area (about 5,547 sq km) could be significant.

3.3.4. Intervening Flows

For the hydropower smulation study of the Kafue River System, long-term flow data are
required at Itezhi-Tezhi, intervening flows between Itezhi-Tezhi and KGUH, and
intervening flows between KGUH and KGLH (drained by the Fuswe and Kesyarivers, with
drainage areas of about 425 and 390 sq km, respectively). DHV and SADC have estimated
flows from the Kafue Flats. DHV based their analysis on the streamflow measurements
made on the selected tributaries in the Flats for about three years, and then extended the data
for the period from October 1951 through September 1979 using correlation techniques.
SADC anaysis concluded that sufficient data were not available to estimate flows using the
correlation technique. Therefore, SADC recommended that the flow contribution from the
Flats should be about 20 percent of the unregulated flows at Itezhi-Tezhi.
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Both approaches were reviewed, and it was concluded that the SADC approach is
reasonable in view of the inadequacy of actua measured historic flows of the tributaries
draining the Flats. Therefore, for this study, the SADC approach is adopted.

For the intervening flows between KGUH and KGLH, the topography and rainfall pattern
over the Kafue Flats tributaries and over the Fuswe and Kesyarivers were compared. These
factors are judged to be similar. Therefore, the monthly flows estimated for the Flats were
transposed by adrainage ratio of 0.02 to represent the contribution from theserivers.

3.3.5. Reservoir Evaporation

Water losses due to evaporation from the natura lakes and man-made reservoirs are quite
significant in the project area. A reasonable estimate of these losses is required for a
redlistic estimate of available water supply and, consequently, the power generation. A
number of studies by various consultants have been made to estimate reservoir/lake
evaporation in the project area.

For this study, the net reservoir/lake evaporation is defined as:
Net Evaporation = [Coefficient * Pan Evaporation] - (Rainfall-Runoff)

The net evaporation rates are estimated for Itezhi-Tezhi Reservoir, Kafue Flats (about 6,700
sq km likely to be inundated during high flows), Kafue Gorge Upper Reservoir and Kafue
Gorge Lower Reservoir. Based on the data, the net reservoir evaporation computations yield
an annual value of 948 mm.

3.3.6. Reservoir Sedimentation

Based on our review of the previous investigations in the Kafue River Basin and aso after
the field reconnaissance, it is concluded that the sedimentation is not a problem. Under the
existing conditions, the sediment, if any, will be trapped first in Itezhi-Tezhi Reservair, in
the Fats and lastly in KGUH Reservoir. There will be little contribution to the lower
project. However, some sediment will be generated from the intervening area.

During the field visit, potential of erosion from the intervening area was assessed. The area
has afair to good forest cover. Small streams draining the slopes carry coarse silt, sand and
gravel. This material is produced by bank and channel bed erosion. Practicaly, thereis no
evidence of sheet erosion of the slopes.

Sediment sampling data are not available. Based on our experience in similar drainage
basins, a conservative estimate of erosion is 0.5 mm per year (indicative of total sediment
entering the reservoir). For the 815-sq km-area, this amounts to about 0.4 MCM per year.

Intervening flow between the Upper and Lower Projects is quite insignificant compared
with the outflow from the Upper Gorge Project. Most of the sediment, excluding very
coarse materia, will be carried away by this flow from Kafue Upper Reservoir. A
conservative estimate is about 20 percent retention or trap efficiency for the Lower Gorge
Project.
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34. Geologic and Geotechnical Investigations
3.4.1. Introduction

A technica review and reinterpretation of previous geological and geotechnica
investigations were performed for the Kafue Lower Project. The review tasks were
supplemented by new and additional geologic mapping of the project area with emphasis on
the aternative damsites. Information from previous investigations included geologic maps,
cross sections, data and reports, and drillhole cores.

The interpretations and conclusions were used in selection of dam types and evaluation of
aternative layouts for the different damsites, the development of preliminary design
parameters, and input to development of construction cost estimates.

3.4.2. Geologic Setting

The Kafue Lower Project is located within the physiographic region of Zambia known as
the Zambezi escarpment. It is an area of steep-sided valleys of high relief and represents the
topographic boundary between the Zambian Plateau and the Zambezi Rift valley.
Elevations on the plateau range from about 1000 to 1100 meters. Within the project area,
relief varies from about 1200 meters on local peaks to about 380 meters in the area of the
proposed outlet, downstream of Damsite 6.

The project areais underlain predominantly by gneissic rocks of the Precambrian Basement
Complex. These rocks of igneous origin comprise portions of the Mpande Gneiss and are
exposed in antiformal (dome) structures. Unconformably overlying and surrounding these
exposures are similar gneisses as well as schists and metasediments of the Katanga System,
aunit of uncertain age.

Inliers of gneiss from the Basement Complex are exposed within areas predominantly
exposing Katanga rocks. These bodies occur both as faulted, tectonic dices and as up-
folded structures. They are reported both north of the Kafue River and south of the river in
the project area, where rocks of the Basement Complex predominate.

The contact between the Basement Complex and the Katanga System is indistinct in the
project area due to the similarity of gneisses occurring in both rock units. It is likely that
folding and shearing have made an absolute contact difficult to discern. In general, the
similarities of the mgjority of the rock mass make the exact location of the contact of minor
importance to the present study.

The dominant geologic structure in the project area is a pronounced metamorphic lineation
fabric oriented north-northwest. This feature and its orientation is prevalent over a wide
area and is disrupted only locally. Foliation fabric isless well developed on aregional scae
than the lineation, but iswell developed in places.

The region is cut by a well-developed system of faults and shear zones, many of which
produce prominent lineaments. The magority of these dominant features are developed in
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conjugate sets oriented north-northwest, paralel to the overal rock structure, and east-
northeast.

Jointing of the rock mass is well developed in similar sets approximately parallel and
perpendicular to the lineation as well as at oblique angles. These structural components are
readily apparent on aeria photographs.

Seismicity and Tectonics. Assessment of the regional seismic hazard was performed at a
level sufficient to develop parameters for site and dam type selection. The Kafue Project is
located in a fault-controlled valey system believed to be of similar origin as the presently
active rift valleys of East Africa. The region is crossed by numerous faults and lineaments.
There is no evidence, however, of displacement on these or any other neotectonic
deformation younger than Tertiary in age. It can be inferred therefore that there has been no
significant recent fault movements and that the Zambezi Valley and related fault systems are
tectonically inactive. Earthquake activity does occur in the region, however. Clusters of
reported activity are evident and over 2000 seismic events have occurred related to the
impoundment of Lake Kariba, one of the best-known and documented cases of Reservoir
Induced Seismicity (RIS).

Recommended Prdiminary Design Values. For preliminary design purposes and
evaluation of project aternatives two criteria are considered: a no-damage criterion (Design
Basis Earthquake, DBE) and a no-failure criterion (Maximum Credible Earthquake, MCE).
The recommended preliminary design accelerations are:

amx = 0.25g (MCE)
amx = 0.18 g (DBE)

These follow recent recommendations for the Batoka Gorge Project considered to be in a
Similar seismotectonic setting. In the unlikely event of RIS occurring immediately below
the dam at afocal depth of 5-10 km (smilar to Kariba), the resulting peak rock acceleration
at the surface would be about 0.2 g.
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4, DESCRIPTION OF THE KAFUE UPPER PROJECT

4.1. Project Location

Figure 1 shows the location of the KGU project.

Figure 1 - Regional Map of Kafue River Basin and Kafue Gorge L ower
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42. Reservoir

The KGU project is an existing mgor storage reservoir and hydroel ectric generation project.
The normal maximum reservoir operating level is 977 m, with amaximum active or useable
storage volume of 1178 mcm. The dry season rule curve minimum elevation is 975.5 m; the
extreme minimum is elevation 972 m. The reservoir characteristics are indicated in Figure
2and Table 1.

Figure 2 - Kafue Upper Reservoir Elevation - Volume - Area Curve

Table 1l - Kafue Upper Reservoir Elevation - Volume- Area Table

Elevation| Volume Area
(m)]  (mcm) (km?)
972.30 0 20
972.50 5 25
972.75 11 30
973.00 20 35
973.25 29 40
973.50 40 47
973.75 53 58
974.00 69 70
974.25 88 83
974.50 111 98
974.75 138 119
975.00 170 142

27 August 2006



Kafue Gorge Lower Hydroelectric Project Site Selection Report

975.25 211 180
975.50 263 235
975.75 331 310
976.00 423 430
976.25 548 565
976.50 709 725
976.60 785 805
976.75 915 925
977.00 1178 1175
978.00 2845 2160

Analysis using historical streamflow and existing reservoir operation rules for Itezhi-tezhi
and KGU, and using HEC-3 as an anaysis tool, suggests that the average year Kafue Gorge
Upper inflow is about 290 to 305 cubic meters per second (cms), depending upon
assumptions used in the calculations. For comparative purposes, the reservoir is only about
12 percent of the average annual flow; the seasonal regulation of flow is provided by Itezhi-
tezhi.

43. Reservoir RuleCurve

The rule curve represents the minimum reservoir storage required to maintain delivery of
firm energy generation based on analysis using historical adverse hydrologic conditions.
There is an established reservoir operating rule curve, but generaly the reservoir is
maintained at the normal maximum elevation throughout the year. The rule curve is
presented in Figure 3.

An dternative rule curve has been suggested to create a more natural hydrologic regimein
the Kafue Flats area.

Figure 3 - Kafue Gorge Upper Reservoir Operating Rule Curve (Existing Policy)
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4.4. Reservoir Evaporation

Evaporation from the reservoir water surface is significant. Table 2 indicates the net
reservoir evaporation estimates used in the reservoir study calculations. Note that net
reservoir evaporation is pan evaporation adjusted for lake effects and precipitation. The
precipitation adjustment results in a net negative evaporation in some months,

Table 2 - Kafue Gorge Upper - Reservoir Evapor ation Estimates, by month

Month Evaporation (mm) Month Evaporation (mm)
Oct 254 Apr 140
Nov 113 May 149
Dec (42) Jun 132
Jan (49) Jul 150
Feb (39) Aug 190
Mar 59 Sep 235

Note: ( ) indicates negétive net reservoir evaporation.

Energy production calculations for KGU include an estimate of the reservoir area (based
on beginning and end of month reservoir targets), and an adjustment to inflow based on
the prevailing reservoir area and depth of evaporation.

45. Hydroelectric Generating Units

The existing KGU power station has six units capable of producing atotal electrical
power output of about 900 MW (150 MW each), with atotal combined hydraulic
capacity of about 252 cms (42 cms each unit).

Runner upgrade modification work is on-going, and analysis described in this report uses
the anticipated output, efficiency and discharge characteristics of the modified units. At
the time of this study, units 3 and 4 were out of service for upgrading. Units 1 and 2 were
to be taken out of service next, followed by units 5 and 6.

At the net head of 387 m, and with the unit upgrades completed, a maximum turbine
power output of 166 MW is anticipated. The corresponding turbine discharge is 46.8 cms
(281 cmstotal station discharge). At higher heads, the maximum output would be slightly
higher, and at lower heads, the output could be slightly lower. The KGU project
operating head range is limited (a variation of about 1 percent between the maximum and
minimum).

Table 3 presents anticipated efficiency for the normal output range, when operating under
anet head of 387 m.
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Table 3 - Kafue Gorge Upper - Anticipated Turbine Efficiency and Discharge

Power (MW) Efficiency (%) Discharge (cms)

110 93.00 31.19
122 93.56 34.38
136 93.88 38.20
150 93.87 42.13
160 93.51 45.12

Note: Dischargeis calculated based on 387 m net head.

The rating of the generator and transformer will not limit power output of the turbine
unit, as they are also being uprated. The generators are being uprated from the existing
168 MVA (150 MW) to 200 MVA (180 MW). The unit transformers are being uprated
from the existing 94 MVA to 135 MVA. A value of 98.5 percent is used to represent
anticipated generator efficiency, and a vaue of 99.3 percent is used to represent
anticipated transformer efficiency. The combined overall efficiency (turbine, generator
and transformer) used in the analysis is 90.5 percent. Given the application of the above
set of efficiency numbers, estimates of hydroelectric production represent the quantity of
energy available at the high voltage side of the main power transformer. The nominal net
output at the high-voltage side of the main power transformers, with the maximum
turbine output of 996 MW, is approximately 974 MW.

4.6. Hydraulic Head L osses

The main elements in the hydraulic circuit include trashracks, a relatively long (10 km)
headrace tunnel and penstock, and a 2-km-long tailrace tunnel. Figure 4 presents estimated
head loss as a function of flow only for the trashracks and high pressure water conductors
the lossesin the gpproximately 2 km tailrace tunnel are not included.
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Figure 4 - Kafue Gorge Upper - Estimated Hydraulic Lossesin Trashrack and High-
pressure Conduits (excludestailrace)

A constant head loss of 11 mis used in the reservoir study calculations, and is believed to be
reasonably conservative for comparative calculations. The 11 m estimate is intended to

include all losses, including the tailrace tunnel losses, although a detailed calculation of the
losses in the tailrace was not made.
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47. Tail Water Characteristics

Figure 5 presents the tal water rating information wused in the
study.

Figure5 - Kafue Upper Power Station Tailwater Discharge Curve
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5. DESCRIPTION OF THE KAFUE LOWER PROJECT

The KGL project is a proposed development, and the recommended sizing of the facility
is the subject of this report. The following sections describe the main characteristics of
the project as related to the investigations and objectives described previously.

5.1. Reservoir

The characteritics of the three KGL reservoirs under consideration are provided in Table 4.
The characteristics for Site 3 and 5 were established based on measurements made from
1:50,000 scale topographic maps with 20 m contours. Due to the characteristics of the
source date, the characteristics of the reservoir could vary considerable from the values
indicated. Characteristicsfor 3A were developed from field survey measurements.

On a preliminary basis, reservoir operating limits for the reservoirs associated with Sites 3
and 3A would be between a maximum elevation of 582 m and a minimum elevation of 565
m. The estimated active storage would be 3.9 and 10.1 mcm. It is anticipated that the Site 5
reservoir could operate with a minimum elevation at 530, and the corresponding active
storage volume would be 52.5 mem.

Table4 - Kafue L ower, Sites 3, 3A and 5, Reservoir Elevation - Volume- Area Tables

Site 3 Site 3A Siteb5
Elevation Total Area| Elevation Total Area| Elevation Total Area
Volume Volume Volume

(m)| (mcm)| (km?) (m)| (mcm)| (km?) (m)|  (mcm) (km?)
530.00 - - 510.00 - - 503.38 - 0.26
540.00 0.08/ 0.01 515.00 -l 0.00 518.64 5.15 0.42
550.00 0.45| 0.06 520.00 0.02| 0.00 533.89 12.93 0.60
560.00 1.35| 0.12 525.00 0.07, 0.01 549.14 24.01 0.85
570.00 290, 0.20 530.00 0.17| 0.03 564.40 39.12 1.13
580.00 5.35 0.29 535.00 0.36| 0.05 579.65 59.08 1.49
580.75 5,53 0.30 540.00 0.72| 0.09 594,91 83.52 1.72
581.50 5.75| 0.32 545.00 1.25| 0.12 610.16/ 112.98 2.14

584.50 6.75| 0.36 550.00 1.94| 0.16

555.00 2.86| 0.21

560.00 4,08 0.29

565.00 5.75| 0.38

570.00 7.93 0.49

575.00 10.66| 0.61

580.00 14.14) 0.79

582.00 15.89] 0.90
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5.2.  Reservoir Rule Curve

The KGL reservoir 3/3A would be operated mostly on adaily refill/drawdown basis. Site
5 would offer greater flexibility due to its storage size and would also allow for weekly
refill/drawdown patterns. Operational planning would involve utilization of the
uppermost zone of the reservoir (to maximize the available hydraulic head for KGL
hydroelectric production). Assuming that the KGL reservoir would be operated to
reregulate KGU peaking type operation, the rule would be to begin the day with reduced
reservoir levelsto provide space for KGU peaking operation inflows. The KGL reservoir
and powerstation releases would be managed so that it is full at the conclusion of the
daily peak load hours or at the conclusion of the KGU peaking operation period.

5.3. Reservoir Evaporation

Site 5's open surface area is greater than the Sites 3 or 3A area but still remains quite
small. The area at full reservoir elevation is estimated to be 1.53 square kilometers as
compared to 0.90 for Site 3A and 0.32 for Site 3. Based on an average net evaporation of
1.3 meter per year, it is estimated that the evaporative loss associated with Site 3A is
equivalent to 0.013 cms, while the evaporative loss associated with Site 3A is equivaent
to 0.063 cms. Evaporation losses were taken into account during the modeling
computations.

54. Hydrodectric Generating Units

The proposed devel opment concept would involve the construction of a headrace/penstock
tunnel, an underground power station, and atailrace tunnel. The configuration, as presently
envisoned is similar to the configuration that exists for the KGU project.

At the beginning of the study, the intent was to investigate KGL hydroelectric generation
capacities of 600, 750 and 1000 MW. However, in examining the hydraulic capacity of
KGU in its existing and proposed expanded case, generating capacities of 480 and 750
MW are considered in the analysis. These capacities would be hydraulically matched
with KGU in the existing and expanded (1500 MW) condition.

55. Hydraulic Losses

A hydraulic loss of 4 m has been used in hydroelectric production estimates. There is
insufficient project definition to support preparation of a detailed estimate. The 4 m value
corresponds to approximately 2 percent of the gross hydraulic head, and the 2 percent value
istypical based on actua values observed at other smilar hydroel ectric projects.

The length of the water conductors for Site 5 will be considerably shorter than those
required for the development of Sites 3 or 3A. Thus, the Site 5 hydraulic losses could be
lower than Site 3 or 3A losses, depending upon the design of the facility, and the selection of
the diameter of the water conductors.
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5.6. Tailwater Characteristics

The tailrace tunnd configuration and discharge location for al three reservoir aternatives
would be the same (at least for the purposes of the analysis described herein), and therefore,
the same tallwater characteristics were applied for al KGL reservoir dternatives. The
tailwater characteristics used in the analysis are indicated in Figure 6.

Figure6 - Kafue Gorge Lower Tailwater Data

35 August 2006



Kafue Gorge Lower Hydroelectric Project Site Selection Report

6. UPDATED CONSTRUCTION COST ESTIMATES

6.1. I ntroduction

This Chapter presents the updated construction costs for each of the KGL Project sites (site
3, 3A and 5). It is based on the quantities presented in the Harza report dated May 1995 for
Sites 3 and 5, and information obtained from Scott Wilson for Site 3A. The Chapter
describes the genera criteria and methodology used in preparing the cost estimates.

The purpose of this update was to evauate the incrementa construction costs between Site
3, 3A and 5, so that they could be later compared to the incrementa benefits between each
site. It istherefore based on a comparative cost analysis of each site.

6.2. General Considerations

Detailed information on labor, materials and construction equipment was first collected
during the feasibility studies performed by Harza Engineering Company (now MWH) in
1994-95. Subsequent studies were performed in 2002 by Knight Piesold (now Scott Wilson)
with emphasison Site 3A.

The pertinent available reports related to the previous studies for each of the proposed
project sites were studied for the preparation of these revised cost estimates. No additional
layout optimization studies were performed. Those reports served to evauate resource
locations, high flood seasons, temporary works, availability of utilities, and general
accessbility to personnel, equipment and materials. Information and data were also received
from ZESCO staff on updated labor and materia costs.

For each dite, the cost estimates are based on quantities computed from layout drawings
developed in prior studies for an installed capacity of 750 MW under a Net Head of 186
meters. Each project includes a RCC dam, smilar intake structures, an underground
powerhouse with four units, and atailrace tunnel.

The cost estimates were based upon the assumption that construction of the project would be
awarded to qualified international contractors under competitive tendering conditions for
equitable risk distribution type contracts.

For estimating purposes it was further assumed that the execution of the work would be
performed using conventional construction methods that can be carried out with labor
resources available in theregion.

All costs are based on a price level of December 2005. An exchange rate of 5,000 Zambia
Kwachafor 1 U.S. $ was used.
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6.3. Results
The results are summarized in Table 5. Details are shown in Exhibits 1, 2 and 3 at the end of
this Chapter.
Table5—-KGL Cost Estimates (US Dollar)
SITE 3 SITE 3A SITES
Description

Civil Works
1. General Expenses and Contractor,s Fees 123,428,407 | 124,010,855 | 134,082,131
2. River Diversion 1,494,949 1,494,949 2,637,644
3. Main Dam 21,622,638 36,414,128 85,737,229
4.Spillway 5,604,888 5,604,888 5,604,888
5. Intake & Headrace Tunnel 13,533,460 13,533,460 13,864,559
6. Access Tunnels 6,869,710 6,869,710 6,869,710
7. Powerhouse Cavern 11,653,261 11,653,261 11,653,261
8. Access and Cable Shafts 2,656,877 2,656,877 2,656,877
9.Transformer Cavern 1,939,805 1,939,805 1,939,805
10. Draft Tube Gate Gallery & Shafts 414,830 392,309 392,309
11. Surge Galleries 6,020,590 6,020,590 6,020,590
12. Draft Tube & Tailrace Tunnels 115,026,984 | 101,756,147 81,105,270
13. Tailrace Outlet & Portal 1,108,343 1,108,343 1,108,343
Total Civil Work 311,374,743 | 313,455,322 | 353,672,616
Electro Mechanical Work -
14. E & M Plant (750 MW) 116,833,842 | 116,833,842 | 116,833,842
15. Hydromechanical Equipment 22,779,852 22,779,852 22,779,852
16. Cranes & Hoists 3,369,120 3,369,120 3,369,120
17. Auxiliary Equipment 41,520,000 41,520,000 41,520,000
18. Transmission 3,240,000 3,720,000 4,320,000
Total M&E Works 187,742,814 | 188,222,814 | 188,822,814
Total Work 499,117,557 | 501,678,136 | 542,495,430
Contingency Allowances
Civil Contingency Allowances

Non-Quantified Items 10 % 31,137,474 31,345,532 35,367,262

Physical Contingency 15 % 46,706,211 47,018,298 53,050,892
E/M Contingency Allowances

Non-Quantified Items 10 % 18,774,281 18,822,281 18,882,281

Physical Contingency 5% 9,387,141 9,411,141 9,441,141
Total Contingency Allowances 106,005,108 | 106,597,253 | 116,741,576
Subtotal 605,122,665 | 608,275,389 | 659,237,006
Eng & Adm 12 % 72,614,720 72,993,047 79,108,441
Project Construction (December 2005 Price Level) 677,737,385 | 681,268,436 | 738,345,447
Installed Capacity Cost (us$/kW) 904 908 984
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The results show that Site 3A would be dightly more expensive than Site 3: $681.3 million
versus $677.7 million or an increase of $3.5 million. As expected, Site 5 is more expensive:
$57.1 million more than Site 3A and $60.6 million more than Site 3.

In the cost estimates shown above, an alocation was made for Engineering and
Administrative to cover services to refine feasibility layouts, prepare EPC tender documents,
perform detailed design as part of the EPC, and supervise construction. It should be noted
that the amount for Site 5 is $7.0 million higher than Site 3. This would largely cover the
incremental Eng. & Admin. costs to fully investigate Site 5 and provide other services
before and during construction.

6.4. Development of Civil Work Cost Estimates
6.4.1. Direct Costs

The mgor construction items were analyzed in detall to develop direct unit costs for
individual items. The unit costs comprise labor, construction equipment depreciation,
operation and maintenance, and materials.

The direct unit costs include neither Contractor’s general expenses and overheads nor fees
(profits). Such costs are added separately to the Civil Works and are included under Item 1.
Genera Expenses and Contractor’s Fees.

The direct unit costs were developed as follows:
First, each item of work was broken down into its corresponding activities.

Then, appropriate method of construction was selected for the execution of each
activity.

Afterwards, the hourly costs of the necessary labor crew and equipment spread was
estimated to perform such activity.

Hours needed to perform such activity were cal culated based on probable production
rates reached on similar projects in the past; this time expressed in hours was then
multiplied by the hourly cost of labor and equipment.

Finally, the cost of the necessary materias was added to that product.

In the manner described above, a generic list of direct unit cost items was prepared for
use on al aternative sites.

6.4.2. Indirect Costs and Contractor’'s Fee

As indicated above, the Contractor’s general expenses, overheads, and fees (profits) are
added separately to the Civil Works under Item 1. Genera Expenses and Contractor’s
Fees.
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Item 1. General Expenses and Contractor’s Fee include all general costs that traditionally
are not included in the Direct Costs. These costs are summarized as follows:

11 Mobilization & Demobilization

1.2 Installations/Access Roads

1.3 Supervision & Administration

14 Bonds/Insurances/Taxes/I nterest

15 Facility Maintenance/Site Operation
1.6 Home Office Overheads & Fees

All indirect costs including Contractor's Home Office Overheads and Fees were
calculated in detail for each alternative scheme.

The time related indirect costs for the civil works were estimated based on a 52 month
construction schedule.

6.4.3. Labor Rates

Labor is expected to be a combination of local and foreign origin. It is anticipated that
Contractors would freely mix foreign and local crews to obtain the best results. The
foreign labor may come from Kenya, Uganda, India, Zimbabwe, South Africa and
Europe.

Information on labor rates was originaly obtained during 1994-95 feasibility studies,
through contacts with several contractorsin Zambia and from the Ministry of Labor, local
contractors and Government publications.  Discussions were held with foreign
contractors based in Zambia as well as with local contractors, as to the applicability of
prevailing rates for hydropower work. Based on these sources, construction labor rates
were developed for various categories of workers. These rates were discussed with
ZESCO staff and updated to the December 2005 price levels. These rates include all
benefits, fringes, payroll costs (taxes, workers compensation, etc.), camp catering, and
other applied social costs. It should be understood that labor rates do not include
Contractor’s Fees (Profits).

6.4.4. Materials

Congtruction material not available in Zambia can be imported from neighboring countries.
The origin of materids was consdered, either from the nationa market or imported to
Zambia.
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Prices for major materials such as cement, explosives, reinforcing and structural steel,
diesel fuel, lumber, asphalt, drill steel and bits were obtained from local and foreign
contractors and vendorsin Lusaka. Adjustments to the material prices were made for the
large quantities of materials required and the difficulties in providing such materials, or
services, at the job site. It is assumed that the price of materials include sales taxes, and
represent the price delivered to the Site.

With regard to the major material items, the following assumptions were made:
The Chilanga cement factory, located 70 kms from Lusaka, will supply cement.

Fly ash (Type F) and pozzolan (not available localy) will be imported materials
for RCC.

Reinforcing steel will be rolled locally from imported billets.

Penstocks will be imported material as plates, and rolled by foreign
contractor/erector at the site.

All concrete aggregate will be processed at the Site from quarried rock.
6.4.5. Construction Plant and Equipment Rates

The main source of information for equipment hourly rates came from (1) Cost Reference
Guide - a directory of current construction equipment rates for the U.S. (published by
Dataguest, California), (2) a short list of equipment rates obtained from Local
Contractors, (3) discussions with local equipment suppliers and renters, and (4) data
supplied by aggregate and concrete plant manufacturers. To adjust the prevailing U.S.
rates, multipliers were used for various cost components to make the equipment rates and
costs suitable to economic conditionsin Zambia.

The equipment hourly cost is composed of cost of equipment depreciation, repair and
maintenance labor, repair and maintenance parts, fuel, oil and grease and electricity
where applicable.

6.5. Development of Permanent Equipment Costs
6.5.1. Installation

The cost of installation of the permanent equipment and gates was based on the man-
hours required for storing, handling, installing, and testing. The labor productivity in
terms of man-hours per ton was derived from the experience on similar projects.

The congtruction cranes for the installation of the permanent equipment and gates are
assumed to be supplied by the Owner and the cost is included under the Civil Works
Contractor’s general expenses.
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6.5.2. Purchase

Hydro-mechanical, eectro-mechanical, and transmission equipment will be purchased
overseas and transported to Zambia. Costs of all permanent equipment would include the
cost of design, manufacture, initiad spare parts, testing, transportation, manufacture’' s profit,
and partia supervision by the suppliers.

Price information for hydro-mechanica, electricad and mechanica equipment supply was
developed based on recent vendor quotes on sSimilar equipment on other jobs of a similar
nature, and from past experience on identical jobs. The information is considered to be
fairly accurate as demonstrated by recent bidding records.

6.5.3. Mark-Up

The cost of purchase and ingtallation of permanent equipment was marked-up to include site
general expenses, insurances, and taxes.

6.6. Project Contingency

A contingency alowance was added to cover the probable cost of physical uncertainties and
non-quantified items of work.

For civil work, the physical contingency allowance was set at 15% plus a 10% allowance for
non-quantified items.

For the electromechanical, hydro mechanical, and transmission permanent equipment
work, the physical contingency allowance was set at 5% plus a 10% allowance for non-
quantified items

The above percentages make no alowance for either legidation and macro-economic
changes or price escalation.

6.7. Engineering and Administration

The engineering and administration allowance was assumed as 12% percent of the tota cost
plus contingency allowances.

6.8. Total Project Cost

The Totd Project Costs comprises the following costs:
Civil Work.
Permanent Equipment and Transmission.

Contingency Allowances
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Engineering and Administration.

At this particular stage of project development, project costs are determined for comparison
purposes only. Consequently, alowances for: right of way, relocation, environmental
mitigation, escalation of costs and interest on borrowed money over the period of
construction have not been included in the project cost estimates. These costs are usually
added at the time of preparing final construction cost estimates.

6.9. Project Construction Procurement

For cost estimating purposes it was assumed that construction of the project would be
performed under two mgjor contracts:

Civil Works Contract Including all Open-Cut and Underground Works,

Supply and Installation of Electromechanical and Hydro mechanical Permanent
Equipment.

It was also assumed that international contractors under competitive bidding conditions
would perform construction. Further, it was anticipated that procurement would be
contracted under unit-price with equitable risk distribution type of agreements.

6.10. Construction Schedule

For estimating purposes, the time related civil work costs were estimated based upon a
52-month construction schedule, under this schedule, the commissioning of the first unit
would take place in 55 months.

42 August 2006



Kafue Gorge Lower Hydroelectric Project

Site Selection Report

Exhibit 1
Pagelof 4
Site 3 Detailed Cost Estimate
Description Unit Qty Unit Price Total
Item No. Site 3 us$/unit us$
1. General Expenses and Contractor,s Fees
1.1 Mobilisation & Demobilisation sum 1 11,595,712 11,595,712
1.2 Installations/Access Roads sum 1 17,484,283 17,484,283
1.3 Supervision & Administration sum 1] 27,885,981 27,885,981
1.4 Bonds/Insurances/Taxes/Interest sum 1 16,932,606 16,932,606
1.5 Facility Maintenance/Site Operation sum 1 7,866,283 7,866,283
1.6 Home Office Overheads & Fees sum 1] 41,663,542 41,663,542
123,428,407
2. River Diversion
2.1 Common excavation m3 117,300 4.25 498,824
2.2 Rock excavation m3 54,700 8.12 444,396
2.3 Coffer dam fill m3 45,000 12.26 551,729
1,494,949
3. Main Dam
3.1 Common excavation m3 95,500 4.25 406,118
3.2 Rock excavation m3 58,600 8.12 476,080
3.3 Foundation preparation m2 13,700 2.75 37,666
3.4 Rockbolts t 85 2,142.60 182,121
3.5 Shotcrete 10cm thick m2 6,750 55.28 373,140
3.6 Wire mesh m2 6,750 14.98 101,115
3.7 Grout curtain (Drilling) m 10,162 45.65 463,895
3.8 Grout cement kg 304,875 0.66 202,056
3.9 Anchors m 72 39.51 2,845
3.1 RCC concrete m3 154,820 62.03 9,603,749
3.11 Unreinforced concrete (Face) m3 8,440 154.10 1,300,577
3.12 Reinforced concrete toe slab m3 1,140 129.20 147,284
3.13 Reinforced concrete piers m3 11,140 183.80 2,047,521
3.14 Reinforced concrete walls m3 19,300 173.39 3,346,388
3.15 Reinforcement t 1,863 1,573.85 2,932,084
21,622,638
4.Spillway
4.1 Common excavation m3 40,550 4.25 172,441
4.2 Rock excavation m3 22,750 8.12 184,826
4.4 Anchors m 2,000 39.51 79,020
4.5 Unreinforced concrete m3 1,000 129.20 129,196
4.6 Reinforced concrete m3 20,610 149.82 3,087,830
4.7 Reinforcement t 1,240 1,573.85 1,951,575
5,604,888
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Site 3 Detailed Cost Estimate
Description Unit Qty Unit Price Total
Iltem No. Site 3 us$/unit us$
5. Intake & Headrace Tunnel
5.1 Common excavation m3 24,750 4.36 107,937
5.2 Rock excavation m3 9,263 10.70 99,153
5.3 Underground excavation m3 37,059 67.04 2,484,255
5.4 Concrete surface works m3 5,713 178.10 1,017,506
5.5 Concrete underground m3 10,508 193.49 2,033,195
5.6 Steel liners t 1,142 5,375.00 6,138,250
5.7 Rockbolts t 61 2,678.25 163,373
5.8 Shotcrete 10cm thick m2 8,219 57.33 471,154
5.9 Wire mesh m2 8,219 18.73 153,901
5.1 Reinforcement t 514 1,592.34 818,464
5.11 Rockfill m3 22,225 2.08 46,272
13,533,460
6. Access Tunnels
6.1 Underground excavation m3 97,100 64.80 6,292,485
6.2 Concrete underground m3 1,360 231.37 314,662
6.3 Rockbolts t 23 2,678.25 61,600
6.4 Shotcrete 10 cm thick m2 2,140 57.33 122,676
6.5 Wire mesh m2 2,140 18.73 40,072
6.6 Reinforcement t 24 1,592.34 38,216
6,869,710
7. Powerhouse Cavern
7.1 Underground excavation m3 149,108 39.29 5,858,520
7.2 Concrete underground m3 15,753 212.97 3,354,867
7.3 Rockbolts t 97 2,678.25 259,790
7.4 Shotcrete 10 cm thick m2 5,135 57.33 294,364
7.5 Wire mesh m2 5,135 18.73 96,153
7.6 Other rock support (% of Excav) sum 1 280,027 280,027
7.7 Reinforcement t 948 1,592.34 1,509,540
11,653,261
8. Access and Cable Shafts
8.1 Underground excavation m3 8,500 210.36 1,788,051
8.2 Concrete underground m3 2,850 221.28 630,656
8.3 Rockbolts t 2 2,678.25 5,357
8.4 Shotcrete 10 cm thick m2 130 57.33 7,452
8.5 Wire mesh m2 130 18.73 2,434
8.6 Reinforcement t 140 1,592.34 222,928
2,656,877
9.Transformer Cavern
9.1 Underground excavation m3 30,839 39.29 1,211,682
9.2 Concrete underground m3 794 204.07 162,031
9.3 Rockbolts t 65 2,678.25 174,086
9.4 Shotcrete 10 cm thick m2 3,388 57.33 194,217
9.5 Wire mesh m2 3,388 18.73 63,440
9.6 Other rock support sum 1 49,501 57,916
9.7 Reinforcement t 48 1,592.34 76,432
1,939,805
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Description Unit Qty Unit Price Total
Item No. Site 3 us$/unit us$
10. Draft Tube Gate Gallery & Shafts
10.1 Underground excavation m3 1,375 210.36 289,244
10.2 Concrete underground m3 150 221.28 33,192
10.3 Shotcrete 10 cm thick m2 800 57.33 45,860
10.4 Wire mesh m2 800 18.73 14,980
10.5 Other rock support sum 1 15,630.14 15,630
10.6 Reinforcement t 10 1,592.34 15,923
414,830
11. Surge Galleries
11.1 Underground excavation horiz m3 43,438 84.09 3,652,550
11.2 Underground excavation vert m3 8,461 210.36 1,779,847
11.3 Rockbolts t 26 2,678.25 69,635
11.4 Shotcrete 10 cm thick m2 1,406 57.33 80,599
11.5 Wire mesh m2 1,406 18.73 26,327
11.6 Other rock support sum 1 237,704 259,098
11.7 Concrete underground m3 580 208.08 120,687
11.8 Reinforcement t 20 1,592.34 31,847
6,020,590
12. Draft Tube & Tailrace Tunnels
12.1 Underground excavation DT's m3 25,582 60.76 1,554,317
12.2 Underground excavation tailrace m3 1,159,577 84.09 97,504,801
12.3 Concrete underground m3 54,990 207.67 11,419,621
12.4 Rockbolts t 98 2,678.25 262,469
12.5 Shotcrete 10 cm thick m2 40,439 57.33 2,318,166
12.6 Wire mesh m2 40,439 18.73 757,220
12.7 Reinforcement t 478 1,592.34 761,139
12.8 Steel sets t 96 4,679.70 449,251
115,026,984
13. Tailrace Outlet & Portal
13.1 Common excavation m3 80,115 4.36 349,390
13.2 Rock excavation m3 29,566 10.70 316,482
13.3 Concrete works m3 2,349 140.80 330,728
13.4 Reinforcement t 71 1,573.85 111,743
1,108,343
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Description Unit Wt Unit Price Total
Item No. ton us$/unit us$
14. E & M Plant (750 MW)
14.1 Turbines & governors ea na 9,097,164 36,388,656
14.1a Butterfly Valve ea na 1,953,734 7,814,936
14.2 Generators, excitation, etc ea na 15,660,000 62,640,000
14.3 Transformers & Switchgear ea na 2,335,375 9,341,500
14.4 Balance of plant sum [na 648,750 648,750
116,833,842
15. Hydromechanical Equipment
15.1a Spillway radial gates ea 355 2,279,100 9,116,400
15.1b Radial gate equipment sum na 1,078,632 1,078,632
15.2 Spillway bulkhead gates 1 95 428,040 428,040
15.3 Trash racks t 20 143,760 287,520
15.4 Intake stop logs t 40 228,000 456,000
15.5a Intake wheeled gates t 75 522,000 1,044,000
15.5b Intake gate equipment sum na 195,840 195,840
15.6 Trash rake sum na 377,280 377,280
15.7 Draft tube gates t 348 1,897,920 7,591,680
15.8 Tailrace outfall gates t 105 636,300 636,300
15.9 Diversion wheeled gates t 132 784,080 1,568,160
22,779,852
16. Cranes & Hoists
16.1 Powerhouse Main Crane ea na 2,589,120 2,589,120
16.2 Misc Gantries and Hoists sum [na 780,000 780,000
3,369,120
17. Auxiliary Equipment -
17.1 Auxiliary Mechanical Equipment sum 1] 18,862,500 18,862,500
17.2 Auxiliary Electrical Equipment sum 1] 22,657,500 22,657,500
18. Transmission 41,520,000
15.1 330 kV line to Upper Kafue km 4.40 300,000 1,320,000
15.2 Expansion of U. Kafue substation sum [na 1,920,000 1,920,000
3,240,000
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Site 3A Detailed Cost Estimate
Description Unit Qty Unit Price Total
Item No. Site 3A us$/unit us$
1. General Expenses and Contractor,s Fees
1.1 Mobilisation & Demobilisation sum 1 11,595,712 11,595,712
1.2 Installations/Access Roads sum 1 17,484,283 17,484,283
1.3 Supervision & Administration sum 1] 27,885,981 27,885,981
1.4 Bonds/Insurances/Taxes/Interest sum 1 17,102,018 17,102,018
1.5 Facility Maintenance/Site Operation sum 1 7,866,283 7,866,283
1.6 Home Office Overheads & Fees sum 1] 42,076,578 42,076,578
124,010,855
2. River Diversion
2.1 Common excavation m3 117,300 4.25 498,824
2.2 Rock excavation m3 54,700 8.12 444,396
2.3 Coffer dam fill m3 45,000 12.26 551,729
1,494,949
3. Main Dam
3.1 Common excavation m3 171,166 4.25 727,892
3.2 Rock excavation m3 127,666 8.12 1,037,189
3.3 Foundation preparation m2 22,833 2.75 62,776
3.4 Rockbolts t 142 2,142.60 304,249
3.5 Shotcrete 10cm thick m2 11,250 55.28 621,900
3.6 Wire mesh m2 11,250 14.98 168,525
3.7 Grout curtain (Drilling) m 16,937 45.65 773,174
3.8 Grout cement kg 508,123 0.66 336,759
3.9 Anchors m 120 39.51 4,741
3.1 RCC concrete m3 309,032 60.79 18,787,503
3.11 Unreinforced concrete (Face) m3 14,057 154.10 2,166,139
3.12 Reinforced concrete toe slab m3 1,900 129.20 245,473
3.13 Reinforced concrete piers m3 11,140 183.80 2,047,521
3.14 Reinforced concrete walls m3 19,300 173.39 3,346,388
3.15 Reinforcement t 3,675 1,573.85 5,783,901
36,414,128
4.Spillway
4.1 Common excavation m3 40,550 4.25 172,441
4.2 Rock excavation m3 22,750 8.12 184,826
4.4 Anchors m 2,000 39.51 79,020
4.5 Unreinforced concrete m3 1,000 129.20 129,196
4.6 Reinforced concrete m3 20,610 149.82 3,087,830
4.7 Reinforcement t 1,240 1,573.85 1,951,575
5,604,888
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Description Unit Qty Unit Price Total
Item No. Site 3A us$/unit us$
5. Intake & Headrace Tunnel 0
5.1 Common excavation m3 24,750 4.36 107,937
5.2 Rock excavation m3 9,263 10.70 99,153
5.3 Underground excavation m3 37,059 67.04 2,484,255
5.4 Concrete surface works m3 5,713 178.10 1,017,506
5.5 Concrete underground m3 10,508 193.49 2,033,195
5.6 Steel liners t 1,142 5,375.00 6,138,250
5.7 Rockbolts t 61 2,678.25 163,373
5.8 Shotcrete 10cm thick m2 8,219 57.33 471,154
5.9 Wire mesh m2 8,219 18.73 153,901
5.10 Reinforcement t 514 1,592.34 818,464
5.11 Rockfill m3 22,225 2.08 46,272
13,533,460
6. Access Tunnels
6.1 Underground excavation m3 97,100 64.80 6,292,485
6.2 Concrete underground m3 1,360 231.37 314,662
6.3 Rockbolts t 23 2,678.25 61,600
6.4 Shotcrete 10 cm thick m2 2,140 57.33 122,676
6.5 Wire mesh m2 2,140 18.73 40,072
6.6 Reinforcement t 24 1,592.34 38,216
6,869,710
7. Powerhouse Cavern
7.1 Underground excavation m3 149,108 39.29 5,858,520
7.2 Concrete underground m3 15,753 212.97 3,354,867
7.3 Rockbolts t 97 2,678.25 259,790
7.4 Shotcrete 10 cm thick m2 5,135 57.33 294,364
7.5 Wire mesh m2 5,135 18.73 96,153
7.6 Other rock support (% of Excav) sum 1 237,311 280,027
7.7 Reinforcement t 948 1,592.34 1,509,540
11,653,261
8. Access and Cable Shafts
8.1 Underground excavation m3 8,500 210.36 1,788,051
8.2 Concrete underground m3 2,850 221.28 630,656
8.3 Rockbolts t 2 2,678.25 5,357
8.4 Shotcrete 10 cm thick m2 130 57.33 7,452
8.5 Wire mesh m2 130 18.73 2,434
8.6 Reinforcement t 140 1,592.34 222,928
2,656,877
9.Transformer Cavern
9.1 Underground excavation m3 30,839 39.29 1,211,682
9.2 Concrete underground m3 794 204.07 162,031
9.3 Rockbolts t 65 2,678.25 174,086
9.4 Shotcrete 10 cm thick m2 3,388 57.33 194,217
9.5 Wire mesh m2 3,388 18.73 63,440
9.6 Other rock support sum 1 49,501 57,916
9.7 Reinforcement t 48 1,592.34 76,432
1,939,805
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Description Unit Qty Unit Price Total
Item No. Site 3A us$/unit us$
10. Draft Tube Gate Gallery & Shafts 0
10.1 Underground excavation m3 1,303 210.36 274,098
10.2 Concrete underground m3 142 221.28 31,422
10.3 Shotcrete 10 cm thick m2 758 57.33 43,452
10.4 Wire mesh m2 758 18.73 14,194
10.5 Other rock support sum 1 12,552.28 14,812
10.6 Reinforcement t 9 1,592.34 14,331
392,309
11. Surge Galleries
11.1 Underground excavation horiz m3 43,438 84.09 3,652,550
11.2 Underground excavation vert m3 8,461 210.36 1,779,847
11.3 Rockbolts t 26 2,678.25 69,635
11.4 Shotcrete 10 cm thick m2 1,406 57.33 80,599
11.5 Wire mesh m2 1,406 18.73 26,327
11.6 Other rock support sum 1 237,704 259,098
11.7 Concrete underground m3 580 208.08 120,687
11.8 Reinforcement t 20 1,592.34 31,847
6,020,590
12. Draft Tube & Tailrace Tunnels
12.1 Underground excavation DT's m3 22,631 60.76 1,375,019
12.2 Underground excavation tailrace m3 1,025,780 84.09 86,254,276
12.3 Concrete underground m3 48,645 207.67 10,101,972
12.4 Rockbolts t 87 2,678.25 233,008
12.5 Shotcrete 10 cm thick m2 35,773 57.33 2,050,687
12.6 Wire mesh m2 35,773 18.73 669,849
12.7 Reinforcement t 423 1,592.34 673,561
12.8 Steel sets t 85 4,679.70 397,775
101,756,147
13. Tailrace Outlet & Portal
13.1 Common excavation m3 80,115 4.36 349,390
13.2 Rock excavation m3 29,566 10.70 316,482
13.3 Concrete works m3 2,349 140.80 330,728
13.4 Reinforcement t 71 1,573.85 111,743
1,108,343
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Site 3A Detailed Cost Estimate
Description Unit Wt Unit Price Total
Item No. ton us$/unit us$
14. E & M Plant (750 MW)
14.1 Turbines & governors ea na 9,097,164 36,388,656
14.1a Butterfly Valve ea na 1,953,734 7,814,936
14.2 Generators, excitation, etc ea na 15,660,000 62,640,000
14.3 Transformers & Switchgear ea na 2,335,375 9,341,500
14.4 Balance of plant sum |na 648,750 648,750
15. Hydromechanical Equipment 116,833,842
15.1a Spillway radial gates ea 355 2,279,100 9,116,400
15.1b Radial gate equipment sum na 1,078,632 1,078,632
15.2 Spillway bulkhead gates 1 95 428,040 428,040
15.3 Trash racks t 20 143,760 287,520
15.4 Intake stop logs t 40 228,000 456,000
15.5a Intake wheeled gates t 75 522,000 1,044,000
15.5b Intake gate equipment sum na 195,840 195,840
15.6 Trash rake sum na 377,280 377,280
15.7 Draft tube gates t 348 1,897,920 7,591,680
15.8 Tailrace outfall gates t 105 636,300 636,300
15.9 Diversion wheeled gates t 132 784,080 1,568,160
22,779,852
16. Cranes & Hoists
16.1 Powerhouse Main Crane ea na 2,589,120
16.2 Misc Gantries and Hoists sum na 780,000 780,000
3,369,120
17. Auxiliary Equipment -
17.1 Auxiliary Mechanical Equipment sum 1] 18,862,500 18,862,500
17.2 Auxiliary Electrical Equipment sum 1] 22,657,500 22,657,500
18. Transmission 41,520,000
15.1 330 kV line to Upper Kafue km 6.00 300,000 1,800,000
15.2 Expansion of U. Kafue substation sum |na 1,920,000 1,920,000
3,720,000
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Site 5 Detailed Cost Estimate
Description Unit Qty Unit Price Total
Item No. Site 5 us$/unit us$
1. General Expenses and Contractor,s Fees
1.1 Mobilisation & Demobilisation sum 1 11,595,712 11,595,712
1.2 Installations/Access Roads sum 1 17,484,283 17,484,283
1.3 Supervision & Administration sum 1] 27,885,981 27,885,981
1.4 Bonds/Insurances/Taxes/Interest sum 1 20,012,515 20,012,515
1.5 Facility Maintenance/Site Operation sum 1 7,866,283 7,866,283
1.6 Home Office Overheads & Fees sum 1] 49,237,357 49,237,357
134,082,131
2. River Diversion
2.1 Common excavation m3 155,000 4.25 659,145
2.2 Rock excavation m3 156,000 8.12 1,267,381
2.3 Coffer dam fill m3 58,000 12.26 711,118
2,637,644
3. Main Dam
3.1 Common excavation m3 370,000 4.25 1,573,443
3.2 Rock excavation m3 120,000 8.12 974,908
3.3 Foundation preparation m2 40,000 2.75 109,973
3.4 Rockbolts t 240 2,142.60 514,224
3.5 Shotcrete 10cm thick m2 19,000 55.28 1,050,320
3.6 Wire mesh m2 19,000 14.98 284,620
3.7 Grout curtain (Drilling) m 25,000 45.65 1,141,250
3.8 Grout cement kg 750,000 0.66 497,063
3.9 Anchors m 29,000 39.51 1,145,790
3.1 RCC concrete m3 940,000 59.33 55,767,985
3.11 Unreinforced concrete (Face) m3 67,000 154.10 10,324,485
3.12 Reinforced concrete toe slab m3 3,000 129.20 387,589
3.13 Reinforced concrete piers m3 19,000 183.80 3,492,181
3.14 Reinforced concrete walls m3 23,000 173.39 3,987,923
3.15 Reinforcement t 2,850 1,573.85 4,485,474
85,737,229
4.Spillway
4.1 Common excavation m3 40,550 4.25 172,441
4.2 Rock excavation m3 22,750 8.12 184,826
4.4 Anchors m 2,000 39.51 79,020
4.5 Unreinforced concrete m3 1,000 129.20 129,196
4.6 Reinforced concrete m3 20,610 149.82 3,087,830
4.7 Reinforcement t 1,240 1,573.85 1,951,575
5,604,888
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Description Unit Qty Unit Price Total
Item No. Site 5 us$/unit us$
5. Intake & Headrace Tunnel
5.1 Common excavation m3 37,500 4.36 163,541
5.2 Rock excavation m3 35,000 10.70 374,648
5.3 Underground excavation m3 37,059 67.04 2,484,255
5.4 Concrete surface works m3 5,713 178.10 1,017,506
5.5 Concrete underground m3 10,508 193.49 2,033,195
5.6 Steel liners t 1,142 5,375.00 6,138,250
5.7 Rockbolts t 61 2,678.25 163,373
5.8 Shotcrete 10cm thick m2 8,219 57.33 471,154
5.9 Wire mesh m2 8,219 18.73 153,901
5.10 Reinforcement t 514 1,592.34 818,464
5.11 Rockfill m3 22,225 2.08 46,272
13,864,559
6. Access Tunnels
6.1 Underground excavation m3 97,100 64.80 6,292,485
6.2 Concrete underground m3 1,360 231.37 314,662
6.3 Rockbolts t 23 2,678.25 61,600
6.4 Shotcrete 10 cm thick m2 2,140 57.33 122,676
6.5 Wire mesh m2 2,140 18.73 40,072
6.6 Reinforcement t 24 1,592.34 38,216
6,869,710
7. Powerhouse Cavern
7.1 Underground excavation m3 149,108 39.29 5,858,520
7.2 Concrete underground m3 15,753 212.97 3,354,867
7.3 Rockbolts t 97 2,678.25 259,790
7.4 Shotcrete 10 cm thick m2 5,135 57.33 294,364
7.5 Wire mesh m2 5,135 18.73 96,153
7.6 Other rock support (% of Excav) sum 1 280,027 280,027
7.7 Reinforcement t 948 1,592.34 1,509,540
11,653,261
8. Access and Cable Shafts
8.1 Underground excavation m3 8,500 210.36 1,788,051
8.2 Concrete underground m3 2,850 221.28 630,656
8.3 Rockbolts t 2 2,678.25 5,357
8.4 Shotcrete 10 cm thick m2 130 57.33 7,452
8.5 Wire mesh m2 130 18.73 2,434
8.6 Reinforcement t 140 1,592.34 222,928
2,656,877
9.Transformer Cavern
9.1 Underground excavation m3 30,839 39.29 1,211,682
9.2 Concrete underground m3 794 204.07 162,031
9.3 Rockbolts t 65 2,678.25 174,086
9.4 Shotcrete 10 cm thick m2 3,388 57.33 194,217
9.5 Wire mesh m2 3,388 18.73 63,440
9.6 Other rock support sum 1 49,501 57,916
9.7 Reinforcement t 48 1,592.34 76,432
1,939,805
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Exhibit 3
Page3of 4
Site 5 Detailed Cost Estimate
Description Unit Qty Unit Price Total
Item No. Site 5 us$/unit us$
10. Draft Tube Gate Gallery & Shafts
10.1 Underground excavation m3 1,303 210.36 274,098
10.2 Concrete underground m3 142 221.28 31,422
10.3 Shotcrete 10 cm thick m2 758 57.33 43,452
10.4 Wire mesh m2 758 18.73 14,194
10.5 Other rock support sum 1 12,552.28 14,812
10.6 Reinforcement t 9 1,592.34 14,331
392,309
11. Surge Galleries
11.1 Underground excavation horiz m3 43,438 84.09 3,652,550
11.2 Underground excavation vert m3 8,461 210.36 1,779,847
11.3 Rockbolts t 26 2,678.25 69,635
11.4 Shotcrete 10 cm thick m2 1,406 57.33 80,599
11.5 Wire mesh m2 1,406 18.73 26,327
11.6 Other rock support sum 1 259,098 259,098
11.7 Concrete underground m3 580 208.08 120,687
11.8 Reinforcement t 20 1,592.34 31,847
6,020,590
12. Draft Tube & Tailrace Tunnels
12.1 Underground excavation DT's m3 18,039 60.76 1,096,018
12.2 Underground excavation tailrace m3 817,651 84.09 68,753,432
12.3 Concrete underground m3 38,775 207.67 8,052,297
12.4 Rockbolts t 69 2,678.25 184,799
12.5 Shotcrete 10 cm thick m2 28,515 57.33 1,634,622
12.6 Wire mesh m2 28,515 18.73 533,943
12.7 Reinforcement t 337 1,592.34 536,619
12.8 Steel sets t 67 4,679.70 313,540
81,105,270
13. Tailrace Outlet & Portal
13.1 Common excavation m3 80,115 4.36 349,390
13.2 Rock excavation m3 29,566 10.70 316,482
13.3 Concrete works m3 2,349 140.80 330,728
13.4 Reinforcement t 71 1,573.85 111,743
1,108,343
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Exhibit 3
Page4 of 4
Site 5 Detailed Cost Estimate
Description Unit Wt Unit Price Total
Item No. ton us$/unit us$
14. E & M Plant (750 MW)
14.1 Turbines & governors ea na 9,097,164 36,388,656
14.1a Butterfly Valve ea na 1,953,734 7,814,936
14.2 Generators, excitation, etc ea na 15,660,000 62,640,000
14.3 Transformers & Switchgear ea na 2,335,375 9,341,500
14.4 Balance of plant sum |na 648,750 648,750
116,833,842
15. Hydromechanical Equipment
15.1a Spillway radial gates ea 355 2,279,100 9,116,400
15.1b Radial gate equipment sum |na 1,078,632 1,078,632
15.2 Spillway bulkhead gates 1 95 428,040 428,040
15.3 Trash racks t 20 143,760 287,520
15.4 Intake stop logs t 40 228,000 456,000
15.5a Intake wheeled gates t 75 522,000 1,044,000
15.5b Intake gate equipment sum |na 195,840 195,840
15.6 Trash rake sum [na 377,280 377,280
15.7 Draft tube gates t 348 1,897,920 7,591,680
15.8 Tailrace outfall gates t 105 636,300 636,300
15.9 Diversion wheeled gates t 132 784,080 1,568,160
22,779,852
16. Cranes & Hoists
16.1 Powerhouse Main Crane ea na 2,589,120 2,589,120
16.2 Misc Gantries and Hoists sum [na 780,000 780,000
3,369,120
17. Auxiliary Equipment -
17.1 Auxiliary Mechanical Equipment sum 1] 18,862,500 18,862,500
17.2 Auxiliary Electrical Equipment sum 1] 22,657,500 22,657,500
18. Transmission 41,520,000
15.1 330 kV line to Upper Kafue km 8.00 300,000 2,400,000
15.2 Expansion of U. Kafue substation sum |na 1,920,000 1,920,000
4,320,000
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7. RESERVOIR SIZE EVALUATION

7.1. Introduction

A detailed hourly time-step operation model for the KGL and KGU projects was
designed and developed to simul ate/optimize the operation of the combined two-reservoir
system for a one-week period. The spreadsheet model was designed to include reservoir
and power generation operating characteristics and constraints relevant to the main
objective of the study. The model was used to analyze and compute hourly-weekly
generation from both KGU and KGL, considering KGL Sites 3, 3A and 5.

The hourly power and energy production of the two projects and estimated hourly energy
values were used to compute the total weekly value of production. Six typical weeks
were anayzed, using reservoir and release conditions expected in the months of
February, April, June, August, October and December. For each week, hourly dispatch
patterns anticipated to represent future years 2010, 2015, 2020 and 2030 were applied.
The weekly energy values were used to estimate average annual values, and a 30-year
(2010-2040) analysis was performed to compute the present value of energy generation
under various operating and demand scenarios for sites 3, 3A, and 5. A 10 percent
discount rate was used to calculate present value of power and energy production.

Eight separate operating scenarios are considered, each are intended to model an
anticipated future condition. Four future conditions incorporate the existing operating
rules; the remaining four scenarios are intended to represent potential operation with
implementation of a proposed “freshet” release scheme. The four conditions in each of
the two groups are intended to represent year 2010, 2015, 2020 and 2030 future operating
and loading conditions.

As aresult of extensive environmental studies, a proposed operating regime for ITT and
KGU has been suggested that is intended to more closely follow the natural, pre reservoir
hydraulic regime. The intended mode of operation is a combination of filling and
drawdown of KGU, and managed releases from ITT, so the Kafue Flats area is submerged
and flooded during the wet season. The flooding and recession is referred to as the
“freshet”.

This Chapter describes the input data, the scenarios considered, the results, and other
factors related to the selection of an appropriate amount of storage, and concludes with a
tabulation demonstrating the differences in economic value of each of the three primary
KGL reservoir dternatives. The differences among alternatives economic value result
primarily from the utilization of the available storage for hydroel ectric production.
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7.2.  Operational Aspects
7.2.1. Streamflow

Kafue Gorge Upper Project Inflow

The streamflow to be used for hydroelectric power generation at KGL is regulated by
Itezhi-tezhi and KGU projects. Together, these two projects are capable of achieving a
large degree of streamflow regulation. The total active storage of the two reservoirs is
7191 mcm. The average annual unregulated or natural streamflow at Kafue Gorge Upper
is estimated at approximately 290 cms, or 9152 mcm per year. The ratio of the reservoir
storage from both the ITT and KGU projects to the average annua flow is 78.6 percent,
indicating a high degree of regulation.

Natural sequential monthly streamflow estimates for the Kafue River near Itezhi-tezhi
and Kafue Gorge Upper were made and described in the 1995 Feasibility Study.
Hydrologic studies using the HEC-3 model were carried out to estimate anticipated KGU
inflows under wet, average and dry hydrologic conditions, considering the regulation
effects of Itezhi-tezhi. Hydrologic studies using HEC-3 considered the long-term
sequential monthly natural streamflow estimates, reservoir system constraints, water
demands and travel times between reservoirs and/or diversion and demand points. The
result is anticipated KGU inflows under wet, average and dry conditions.*

There are three important characteristics relating to the hydrologic regime of the Kafue
River. First, a large potion of the area upstream of Kafue Gorge Upper is known as
Kafue Flats, a broad and flat plain with complicated hydraulic characteristics. The travel
time from Itezhi-tezhi to Kafue Gorge Upper is on the order of one to two months
depending on water levels in the Kafue Flats and releases from the ITT reservoir.
Second, there is a significant drainage area and intervening flow component between
Itezhi-tezhi and KGU, so releases at Itezhi-tezhi must be carefully forecasted to meet
water and hydroel ectric power requirements at KGU. The third element is that the Kafue
Flats is a very significant ecological and agricultural resource that is dependent upon
seasonal flooding. Studies are on-going to investigate alternative operating regimes to
enhance this resource.

Table 6 presents the estimated Kafue Gorge Upper regulated inflow that might occur
under dry, average and wet conditions, as computed by applying the HEC-3 model.

! The HEC-3 studies were carried out by ZESCO
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Table 6 - Monthly Kafue Gorge I nflow, based on HEC-3 Simulation (in cms)

Condition 1

YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP AVERAGE

435.0
479.4

306.2

301.4

387.8

431.6

294.5

WET 1970 252.4 290.3 289.5 298.7 404.8 690.1 807.8 668.0 481.8 398.3 330.0 308.5
WET 1974 250.7 286.0 286.7 308.9 4215 864.3 1006.5 778.9 505.7 406.8 330.4 306.5
AVG 1953 250.8 286.9 285.1 2829 287.0 3338 3774 366.7 317.5 292.2 2953 298.5
DRY 1972 253.3 2922 288.6 284.1 281.8 304.0 331.7 3421 324.6 306.4 3057 3025
Condition 2
YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP AVERAGE
WET 1970 2274 241.3 260.7 291.4 368.9 489.3 667.9 608.8 472.6 390.0 3265 308.8
WET 1974 226.8 238.1 257.3 294.7 382.3 641.6 889.8 723.4 489.4 400.8 327.7 306.7
AVG 1953 226.9 238.8 2545 270.4 297.2 349.0 376.0 346.4 319.9 301.0 283.8 270.6
DRY 1972 227.7 242.6 259.2 2749 2959 329.0 341.6 334.2 327.0 309.7 291.2 278.4

Condition 1 is based on full ITT reservoir at the beginning of the HEC-3 simulation with maximum power generation at KGU.
Condition 2 is based on starting HEC-3 simulation with ITT reservoir at October rule curve level, with maximum power generation at KGU.

I ntervening Flow below Kafue Gorge Upper and Lower Projects

The intervening flow between Kafue Gorge Upper Reservoir and Kafue Gorge Lower
Reservoir is estimated as indicated in Table 7, based on information in the 1995
Feasibility Report.

Table7 - Estimated I ntervening Streamflow Between Kafue Gorge Upper and
Lower Projects (in cms)

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

6.7 134 16.9 124 6.8 3.6 22 15 11 0.8 0.8 22 5.7

These numbers are derived from the estimated natural flow into Itezhi-tezhi reservoir
using afactor of 0.02.

The drainage area between the KGU and KGL Site 5 is estimated at about 815 sgq km.
This area is drained by the Fuswe and Kesya Rivers, with drainage areas of about 425
and 390 sg km, respectively. The Fuswe River drains into the Kafue River between KGU
and Site 3; the Kesya River drains into the Kafue River is between Sites 3 and 5.
According to these estimates, the drainage area for the intervening area between KGU
and Site 315 52% of the intervening area between KGU and Site 5.

However, it is observed by those familiar with site conditions, that the Fuswe River is
generdly dry from approximately July 1 to December 31, and in general, the flows from
the Kesya River seem to be significantly higher than the Fuswe. On the basis of this
observation, the intervening flow is apportioned using 30 percent/70 percent
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Fuswe/Kesya contribution for Jan 1 to June 30 for loca inflows to site 3 and 5
respectively. During the remaining months, it is assumed that there is no intervening flow
between Kafue Gorge Upper and Site 3. This aspect needs further investigation. A
streamflow monitoring program over the long term should be established to better
characterize the source and magnitude of local inflows between KGU and KGL.

The following results indicated in Table 8 are based on this estimated 30% contribution
from the Fuswe River and local inflow from side drainage to the total intervening
drainage area between KGU and KGL (Site 5):

Table 8 - Estimated I nflow between Kafue Upper and Sites3 and 5, in cms

Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec
Total Intervening Area KGU to
KGL 67 | 134|169 | 124 | 68 | 36 | 22 | 15 | 11 | 08 | 0.8 | 22
Dataused for Site 5
30% of Total Intervening Area
Data used for Site 3 and 3A 20 | 40 | 51 | 37 | 20 | 11

7.2.2. Sediment Concerns

The water released from KGU is relatively clear, with little suspended sediment. Earlier
studies concluded that sediment accumulation would not be a magjor concern. Thisis due
to the presence of the Itezhi-tezhi reservoir, the Kafue Flats, and the KGU reservoir that
trap or retain most of the suspended sediment in transit.

Side tributaries entering the Kafue River between KGU and proposed lower sites
transport some suspended sediment and bed material, and local erosion along the main
channel would contribute to sediment accumulation issues in the proposed lower sites.

The steep slopes in the area are quite unstable after continuous rains. Minor landslides
occur, and deposit material in the main river channel. Figure 7 illustrates areas that were
seen to have experience minor land slides during the last rain season. The two photos are
near Adit No 2 (afeature for the construction of the KGU headrace tunnel).
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Figure7 - Minor Land Slidesfrom Unstable Slopesnear Tunnel Adit No. 2 (left
photo) and Erosion from Tunnel Adit No 2 (right photo)

Another indication of high sediment loads being carried in the river channel below the

Kafue Gorge dam is the striking difference in color between the tailrace discharge and the
flow in theriver. (see Figure 8).

Figure 8 - Photo of River at Tailrace Discharge Point - Illustrating High
Concentration of Sediment Originating between the Dam an the Tailrace Outlet
(Left Corner isClear Water from the Tailrace)

From visual observations, sediment |oads are expected to be high during the rainy season,
because the tributaries are “flashy”, capable of carrying large sediment loads.

In the 1995 Feasibility Report, it is stated that the erosion potentially contributing to KGL
reservoir sediment accumulation would be equal to approximately 0.5 mm of equivalent
sheet erosion per year from the contributing drainage area. For an 815 sq km drainage
area, the total sediment volume would be about 0.4 mcm per year. With an assumed trap
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efficiency of 20 percent, the average annual deposition would be some 80,000 cubic
meters. Over a50-year period, this would be equivalent to about 4 mem.

It has been observed that the Kesya River, which is the tributary to the Kafue River
between Sites 3 and 5, carries a large amount of sediment. Recent measurements made
for the current investigations (see Table 9), and taken at the end of the rainy season,
indicate concentrations from 1 to 5 mg/l of suspended sediment near the confluence of
the Kesya and the Kafue Rivers.

Table9 - Results of Sampling for Suspended Sediment

Power station | Discharge at Sediment samples
Spillway turbine sampling Right Left
release discharge point Bank Center | Bank
Date cms cms cms mg/l mg/l mg/l Remarks
20/04/04 115 49 <10 | 53 Tailrace
measurement
30/04/04 148 115 203 5.6 4.4 5.4
*01/05/04 200 Not 57 52 | 6.1 Upstream of
measured tailrace
01/05/04 <10 | 54 | 54 | Keyasteam
samples

* sampl e taken from flow which had not yet been diluted by flow from the KGU tailrace

In addition to water samples, a bed load sample was taken on one mgor tributary (the
Kesya River). A weight of 452.92 grams was measured for particle size aggregates using
sieve analysis. The analysis indicated that the material is mainly sand and gravel, with

only avery small percentage of fines.

7.2.3. KafueUpper Outage History and Future Expectations

The sizing of the Kafue Lower should consider the implications resulting from the
occurrences of KGU unit forced outages. Kafue Gorge Upper Hydroelectric Project is
currently undergoing a generating unit rehabilitation program. The expectation is that
future forced outages rates due to generating unit issues will be reduced in comparison
with historical experience.

The historical Kafue Gorge Upper Hydroelectric Project forced outage rate is about 4.7
percent, which includes some significant and extended outages of unit 3 in 1995, units 1
and 2 in 1996, and other outages in 2002 and 2003. The average duration of each outage
has been declining in recent years.

Based on an evaluation of the outage history, and considering that future outages rates
should decline, it would be prudent to provide storage to accommodate an 8-hour outage
of one KGU unit. The equivalent 8-hour discharge volume for one KGU unit is about 1.4

mcm.
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7.2.4. Electrical System L oad Patterns

Historical hourly Zambian electric system load patterns have been examined for use as a
basis in developing dispatch patterns to analyze the Kafue Gorge Lower Hydroelectric
development options. Hourly loads for an entire year were examined, and it is concluded
that the daily fluctuation is similar in all months of the year. Daily minimum demand is
approximately 600 to 700 MW, and daily maximums generally exceed 1000 MW,
sometimes exceeding 1100 MW.

Historical loads for April, July, October, and January weeks have been selected and
tabulated for more detailed analysis. More recent year 2003 data was used for this
purpose.

Characteristics are similar for each week examined. The load factor (based on peak
eectrica demand (MW) in comparison with energy demand (MWh)) does not deviate
significantly on a seasona basis. The system load factor generaly varies from 75 to 79
percent, for the four weeks examined. The lower load factor was calculated for a year
2003 week in January; while other weeks selected (year 2003 October, July and April)
exhibit system load factors of 78 to 79 percent.

Low load hours are from about 2200 to about 0600. There is a sustained intermediate
demand from about 0600 to about 14:30 (early afternoon), and during this period, there
are occasional “spikes’. There is a dlight decline in demand from 14:30 to about 19:00,
and from about 19:00 to 21:00 hours (late afternoon to early evening), the system load
again increases. The daily peak generally occurs during the evening. A typical day load
curveisshown in Figure 9.

Figure9 - Typical Day Load Curve and Electric Generation
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Most of the ZESCO €electrical demand is met by generation from the Kafue Gorge Upper
Hydroelectric Project, with a nominal generating capacity of 900 MW. This capacity is
relatively firm, due in part to the large storage provided by the combined Itezhi-tezhi and
the Kafue Gorge Upper reservoirs. Victoria Falls and Kariba are also major generating
stations used to supply ZESCO demand. Figure 11 illustrates the generation output of
these three mgjor generating stations during atypical day.

Past increases in peak demand have been moderate; future increases are expected to
occur with an improving economy. Figure 10 indicates that the future peak demand is
antici é)ated to increase from the current level of about 1150 MW, to 1760 MW in year
2020.

Figure 10 - Anticipated Growth in ZESCO Peak Electrical System Demand

A portion of this growth is due to the implementation of the following future regional
interconnections or specific new loads:

1. Zambia- Namibia 220-kV Interconnector - 200 MW by 2006

2. Zambia- Tanzania 330-kV Double-Circuit Interconnector - 200 MW by 2006 and
400MW by 2012

3. Kansanshi Mine - 40 to 65 MW between 2004 and 2012

2 Data provided by ZESCO.
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4. LumwanaMine- 100 MW by 2007
5. Botswana- requires at least 100 MW by 2006
6. Mozambique - has indicated need for imports

As these interconnections are relatively large in relation to the ZESCO system, year-to-
year increases in peak demand may exhibit some variability. The long-term expected
growth in electrical demand is about 2.6 percent per year.

7.3. Primary Reregulation and Hydroelectric Production Functionality
7.3.1. Ability to Generate Power and Re-regulate using Kafue L ower

The function of KGL will be to generate power using the Kafue Lower drop of about 200
meters, and re-regulate, if necessary, discharges made from KGU. The maximum
hydraulic capacity of the KGU project, after the completion of the currently ongoing
rehabilitation, is anticipated to be about 281 cms. If KGU is expanded to 1500 MW, the
discharge capacity would increase to 433 cms. The hydraulic capacity of KGL could
range from 347 cmsto 578 cms (corresponding to 480 to 1000 MW installed capacity), as
calculated in Table 10.

Table 10 - Anticipated Characteristics of KGL Hydroelectric Power Station

Capacity Hydraulic Head (m) Efficiencies Discharge
(MW) Reservoir Tailwater Loss Net Turbine Generator Transformer Combined (cms)
480 582 383 4 195 0.925 0.985 0.993 0.905 278
600 582 383 4 195 0.930 0.985 0.995 0.911 347
750 582 383 4 195 0.930 0.985 0.995 0.911 434
1000 582 383 4 195 0.930 0.985 0.995 0.911 578

The amount of reregulation storage is dependent upon the function of the reregulation
reservoir. Typicaly, in two reservoir systems, the upstream project is used for peaking,
and the downstream reregulation project is used to “smooth” the hourly pattern of
releases into a regime targeting the natura hydrologic regime of the ecosystem. In this
development model, the upstream station would generally be sized for low plant factor,
peaking type operation, and the reregulation project would typically be sized for high
plant factor baseload operation.

As a benchmark, the maximum discharge of KGU is equivalent to 1 mcm per hour. Itis
sometimes prudent to provide a one or two day reregulation capability, but this is
dependent upon the characteristics of the system and many other factors. If it is
determined that a one or two day regulation capability is desired, then the selection is to
consider only Site 5.
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If KGL is to be operated in a baseload mode to reregulate KGU outflows, then there is
little reason to select a hydraulic capacity that is much greater than the hydraulic capacity
of KGU, plus an allowance to consider the possibility of forced or maintenance outages.
A logical development scheme would be to size KGL a 600 MW for an initia
development (480 MW plus one unit on outage), expanding to 1,050 MW (which would
be hydraulically matched to the expanded KGU at a discharge capacity of 433 cms plus
two units on outage) when the KGU expansion is implemented.

7.3.2. FutureEvolution of the Kafue Gorge Projects and Hydroelectric
Development

A future scenario of the development of the river is postulated to evaluate and determine
a suitable reservoir size for the KGL project. The issues relate to reregulation capability,
local inflow, sediment storage and operational flexibility.

To understand the benefits that might accrue due to the implementation of the KGL
Project, future scenarios are postulated and the economic present value of each scenario
is established using an expected value of hydroelectric production. The base scenario to
be analyzed is the following:

Year 2004 to 2010: Prior to 2010, KGU would not be expanded, and KGL would
only be in the development and construction phase. Thus, there would be no
change in the existing Kafue Gorge situation. However, it can be expected that a
120-MW ITT power station could be constructed, and the Kariba North Bank
power station could be expanded by between 250 to 300 MW to meet increasing
power needs.

Year 2011 to 2015: Assume a KGL project isimplemented at 480 MW (600 MW
installed). Assume the electrical market and demands are evolving, with the KGU
operated in a peaking mode and KGL operated in a baseload mode for
reregulating KGU releases to maintain constant flows downstream of KGL. (See
Figure 11)

Year 2016 to 2020: Assume that KGU is expanded to 1500 MW to meet
increasing needs for peaking resources. Assume the electrical market and
demands are evolving, and further assume the KGU is operated in an “extended”
peaking mode (more hours per day) and KGL is operated in a baseload mode to
reregulate KGU releases to maintain constant flows downstream of KGL. (See
Figure 12)

Year 2021 to 2030: Assume that KGL is expanded to 750 MW (1,050 MW
installed) to meet increasing needs for capacity resources. Assume that as the
electrical market and demands are evolving, the KGU is operated in a peaking
mode and KGL is operated in a baseload mode to reregulate KGU releases and to
maintain constant flows downstream of KGL. (See Figure 12)
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Year 2031 to 2040: Assume the electrical market and demands are maturing, and
pressures are increasing to provide capacity and to operate to meet increasing
peak demands. Assume KGU and KGL are operated in a peaking mode.
However, it is expected that the peaking modes will be offset, with an overlapping

peaking component designed to accommodate a daily peak in the evening. (See
Figure 13)

Figure 11 - Desired 2010 Kafue Upper and Kafue L ower Dispatch Pattern
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Figure 12 - Desired 2015 and 2020 Kafue Upper and Kafue L ower Dispatch Pattern

Figure 13 - Desired 2030 Kafue Upper and Kafue L ower Dispatch Pattern
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7.3.3. Hourly Value of KGU and KGL Generation

To obtain an economic value of the potential generation output in the various operating
modes, a hypothetical, but reasonable, margina pricing scenario was devel oped based on
current demand hourly load shapes. This marginal pricing pattern needs to be
investigated in more detail and refined, possibly using marginal prices prevailing in
South Africa and the region. The application of marginal prices that exist in South Africa
is suggested because of inter ties and exchanges that occur in the region, and the fact that
South Africa generating capacity and demand characteristics are the predominant factor
in the regional electricity market.

The marginal pricing pattern suggested for economic vauations is indicated in Figure 14.
It varies between 1.8 and 4.0 US cents per kWh.

Figure 14 - Assumed Marginal Pricing Pattern and Values used in Economic
Valuation

7.3.4. Streamflow and Reservoir Storage Contentsfor Energy and Economic
Modeling

Weekly operational analysis to quantify the effects of storage regulation at a potential
KGL project requires a knowledge of the anticipated KGU inflow and reservoir
regulation effects during the months selected for modeling. Inflow conditions are
indicated in Table 6 (Condition 2 inflows were used in modeling). Figure 15 indicates the
reservoir storage characteristics used in the evaluations.

The same considerations apply when considering the application of a freshet rule curve.
However, in examining and determining the conditions to apply to model the freshet
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condition, the variable is the inflow - it is assumed that ITT reservoir would be managed
to achieve the desired freshet rule and KGU outflow that is generally continuous from
month to month. The calculated inflows are illustrated in Figure 16. Note that the
modified freshet rule curveis used.

Figure 15 - Reservoir Conditions (Table 1 and 2 flows correspond to Condition 1
and 2in Table6

Figure 16 - Calculated Inflowsfor Freshet Operation - Average Y ear
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7.3.5. Resultsof Modeling

Modeling is used to characterize: (1) maximum use of storage and (2) vaue of
aternatives. The results indicate that, under a perfectly well coordinated operation of the
two reservoirs, a storage of about 8 mcm would be adequate under the proposed
operating scenarios. The incremental energy benefit value of Site 5 is $32 million over
Site 3A and $59 million over Site 3. The results are about the same with or without
freshet. The economic value of energy generation from both KGU and KGL are
summarized in Table 10. Details are shown in Tables 11 and 12.

Table 11 — Present Value of Energy Generation ($ million)

Site3 Site 3A Site5
Without Freshet 2,769 2,796 2,827
Incremental 27 32
With Freshet 2,756 2,781 2,813
Incremental 25 32
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Without Freshet

Condition

KU 974 Peaking/KL 480 Base
KU 1500 Peaking/KL 480 Base
KU 1500 Peaking/KL 750 Base

KU 1500 Peaking/KL 750 Peaking

With Freshet

Condition

KU 974 Peaking/KL 480 Base
KU 1500 Peaking/KL 480 Base
KU 1500 Peaking/KL 750 Base

KU 1500 Peaking/KL 750 Peaking

Table 12 - Summary of Modeling - Production Value

Discount Rate 10%

Applicable Planning Discount
Period Period (yrs)  Period (yrs)
2010 to 2015 5 0
2015 to 2020 5 5
2020 to 2030 10 10
2030 to 2040 10 20

Estimated Total Comparative Values
Incremental Amounts

Discount Rate 10%

Applicable Planning Discount
Period Period (yrs)  Period (yrs)
2010 to 2015 5 0
2015 to 2020 5 5
2020 to 2030 10 10
2030 to 2040 10 20

Estimated Total Comparative Values
Incremental Amounts

Production Value Associated With Kafue Upper and Lower

Annual Values (in million US$)

Present Values (in million US$)

3 3A 5 3 3A 5
$285 $286 $289 $1,081 $1,086  $1,097
$300 $301 $304 $706 $707 $716
$303 $301 $304 $718 $712 $721
$290 $318 $321 $265 $290 $293

$2,769  $2,796  $2,827
$27 $32

Production Value Associated With Kafue Upper and Lower

Annual Values (in million US$)

Present Values (in million US$)

3 3A 5 3 3A 5
$284 $285 $288 $1,076  $1,081  $1,093
$298 $299 $302 $703 $703 $712
$301 $299 $302 $714 $707 $716
$289 $317 $320 $264 $289 $292

$2,756  $2,781  $2,813
$25 $32
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Without Freshet

Condition

KU 974 Peaking/KL 480 Base
KU 1500 Peaking/KL 480 Base
KU 1500 Peaking/KL 750 Base

KU 1500 Peaking/KL 750 Peaking

With Freshet

Condition

KU 974 Peaking/KL 480 Base
KU 1500 Peaking/KL 480 Base
KU 1500 Peaking/KL 750 Base

KU 1500 Peaking/KL 750 Peaking

Table 13 - Summary of Modeling - Use of Storage

Applicable
Period

2010 to 2015
2015 to 2020
2020 to 2030

2030 to 2040

Applicable
Period

2010 to 2015
2015 to 2020
2020 to 2030

2030 to 2040

Drawdown

Storage (mcm) Depth (m)

3 3A 5 3 3A 5
2.66 2.68 2.69 10.12 3.33 1.72
3.88 6.78 6.84 17.00 9.70 4.45
3.88 6.79 6.84 17.00 9.71 4.45
3.88 6.07 5.92 17.00 8.41 3.83

Drawdown

Storage (mcm) Depth (m)

3 3A 5 3 3A 5
2.70 2.73 2.71 10.32 3.39 1.73
3.88 7.28 7.32 17.00 10.65 4.77
3.88 7.28 7.32 17.00 10.64 4.78
3.88 6.65 6.48 17.00 9.45 4.21
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A sensitivity analysis was performed to test the impact of hourly prices. Table 14 shows
the assumptions made. Higher prices were used and the duration of the peak time was
increased to 6 hours with avalue of 5.0 US Cents per kWh.

Table 14 — Sensitivity Analysis- Hourly Rates ($MWh)

Hour Base Case | Senditivity
1 18 25
2 18 25
3 18 25
4 18 25
5 18 25
6 18 25
7 25 35
8 25 35
9 25 35
10 25 35
11 25 35
12 25 35
13 25 35
14 25 35
15 25 35
16 25 35
17 40 50
18 40 50
19 40 50
20 40 50
21 25 50
22 25 50
23 18 25
24 18 25

The results of the sensitivity analysis are summarized in Table 15. As expected the
incremental benefits increase. For Site 3A, under the Without Freshet Scenario, the
benefits increase from $27 million to $37 million. For Site 5, the benefits increase from
$32 million to $44 million.

Table 15 — Sensitivity Analysis -Present Value of Energy Generation ($ million)

Site3 Site 3A Site5
Without Freshet 3,907 3,943 3,988
Incremental 37 44
With Freshet 3,889 3,923 3,967
Incremental 34 45
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Another sensitivity analysis was performed to study the impact of base load versus
peaking generation. As we know, hydro is best valued as peaking generation and in future
years, there will be more and more demand for peaking generation in the region. Our
base case assumed that peaking at KGL would only start in 2030. A first sensitivity
analysis was done, assuming that the KGL peaking operation would start in 2020 instead.
The second sensitivity assumed an even earlier start in 2015 with increase capacity at
KGL to 750 MW. The results are shown in Table 16

Table 16 — Sensitivity Analysis—-Peaking Operation at KGL

Present Value of Energy Generation ($ million)

| Site3 | Site 3A | Site5
KGL Peaking Operation Startsin 2020
Without Freshet 2,738 2,837 2,867
Incremental 99 30
With Freshet 2,726 2,823 2,854
Incremental 97 30

KGL Peaking Operation Startsin 2015

Without Freshet 2,714 2,877 2,906
Incremental 163 29
With Freshet 2,703 2,865 2,894
Incremental 163 29

Under the Without Freshet scenario, the results show that the incremental benefits at Site
3A increase from $27 million to $99 million when peaking starts in 2020 and to $163
million when peaking starts in 2015. The incremental benefits between site 3A and Site 5
remain about the same. This clearly demonstrates that there are substantial benefits in
moving at least to Site 3A if peaking operation will be required in the future.

7.4. Conclusions

The objective of the analysis was to define the reservoir storage capacity required for the
KGL project for anticipated future operating conditions, and to identify a suitable range
of daily and weekly pondage/storage to maximize benefits and flexibility in operation.
Site 3, 3A and 5 were reviewed and analyzed. In the current study, the two reservoirs
were operated under a demand pattern that would not only serve the Zambian native load,
but also the export peaking demand market. It was aso assumed that additional
generating capacity could be added at KGU in future years. KGU currently has a very
high plant factor. The value of energy generated by the two projects was computed based
on updated assumptions regarding expected hourly marginal prices of energy.
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A 30-year anaysis was performed to estimate the present value of energy produced by
the two projects. The results show that Site 3A produces an incremental energy benefit of
about $27 million over Site 3, and Site 5 produces an incremental energy benefit of about
$32 million over Site 3A, under the base case conditions. A sensitivity analysis showed
that these incremental benefits increase to $37 and $44 million respectively, when a
higher hourly marginal priceis used.

Under greater peaking operation, the incremental present value of energy generation
greatly increases for Sites 3A and 5 as compared to Site 3. The incremental benefits for
Site 3A increase to $99 and $163 million when peaking operation at KGL starts in 2020
and 2015. The incremental benefits for Site 5 remain about the same at $30 million.

7.5. Other Factorsin Kafue L ower Size Evaluation

The above evaluation is based on a computer modeling analysis of the two projects,
available assumptions and criteria, and assumed hourly demand patterns and prices.
Other factors, more difficult to quantify and that cannot be integrated into the spreadsheet
model, should also be taken into account. These factors are discussed in the following

paragraphs.
7.5.1. AdjustmentsDueto Differencesin Head L osses

The power station site is assumed to be about the same for al aternatives, so the water
conductors should be shorter if Site 5 is adopted. The difference in losses, and
corresponding value, is however difficult to estimate with any accuracy, as the selection
of water conductors for a particular facility would be dependent upon a number of factors
related to the project layout and site conditions. A head loss of 4 m has been used in the
energy production simulations of sites 3 and 3A, and aloss of 2 m has been used for Site
5 production estimates.

7.5.2. Adjustments Dueto Reduced Drawdown

Differences in drawdown are included in the energy generation calculations in the model.
It is important to note that the drawdown for use of Site 3A storage is in excess of 15 m
in certain cases, while the use of Site 5 storage is less than 4 m. Wide variations in head
and reservoir water level will require oversized equipment for delivering the same power
output. Reservoir level variability will contribute to shoreline erosion, reservoir
sedimentation, entrainment of sediments into the water conductors and the turbine, and
increased equipment wear and tear due to sediment handling. In addition, operating the
turbines off the design condition will reduce efficiency, and increase potential for
additional wear and tear. Thisfactor isalso in favor of Site 5 but difficult to quantify.

7.5.3. Recovery of Freshet Releases

As aresult of extensive environmental studies, a proposed operating regime for ITT and
KGU has been suggested that is intended to more closely follow the natural, pre reservoir
hydraulic regime. The intended mode of operation is a combination of filling and
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drawdown of KGU, and managed releases from Itezhi-tezhi Reservoir, so that the Kafue
Flats area is submerged and flooded during the wet season but would aso require that the
water levels recede quickly after the flooding. The flooding and recession is referred to as
the freshet.

A proposed rule curve for KGU is presented in Figure 15. The rule curve could be
managed based on prevailing hydrologic conditions, but the intention is to quickly draw
from KGU after the Kafue Flats areais flooded for 4 to 6 weeks from large water releases
a the Itezhi-tezhi Reservoir. The Figure indicates a rule curve proposed as a result of
studies documented in a May 2004 DHV report. The proposed rule curve shows a sharp
decrease in the KGU reservoir in the months of March-April. A suggested modification
(aso indicated in the Figure) is adopted in the analysis and is used as a basis for the
estimates of energy production and value presented in this report.

To better follow the natural cycle of flooding and recessing (freshet) in the Kafue Flats,
there will be less storage capacity available in KGU in some months, and the need for
sharply decreasing the KGU reservoir water level and storage in the months of March-
April after flooding of the upstream area of the reservoir. Therefore a larger downstream
reservoir at KGL could have great utility in managing and recovering the freshet release
that cannot be stored at KGU. In the absence of any significant downstream storage at
KGL, some of the freshet release may be wasted at both KGU and KGL. Table 17
indicates the value of the storage in terms of potentialy capturing and managing the
freshet release. Assuming that the storage is only used once a year, Site 5 shows an
incremental present value of benefits of about $3 million.

Table 17 - Estimated Value of Storage for Capturing Freshet Release

30-yar

Annual NPV

Value @ 10%

Site Volume Energy @ 30 $/MWh  Discounting
(mcm) (MWh) ($lyr) ()]

3 3 1323 39,690 $374,154
3A 7 3087 92,610 $873,027
5 30 13230 396,900 $3,741,542

7.5.4. Forced Outage and Operational Flexibility Considerations

The computer modeling analyses that were performed for this analysis assumed a
perfectly well coordinated operation of the two reservoirs, and that the KGU units are
aways available. In real time operation, this is not always the case. As stated earlier, the
maximum discharge of KGU is about equivaent to 1 mcm per hour. At Site 3A, the
available maximum storage (10 mcm) is nearly completely used for normal joint
operation of the two reservoirs. There is little left (2 mem) for flexibility and reacting to
non-optimum operating the two reservoirs.
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Any project is also subject to planned and forced outage. The main sources of forced
outages could be a fault in the transmission system (which would affect the whole
project), a transformer outage (which would affect two units), or failures of critica
components or adverse operating indications (overheating or excessive vibrations). For
these reasons, it has been suggested that the KGL project contain sufficient capacity for
several hours of sustained generation without KGU inflow.

Field surveys were performed by ZESCO to study the travel time from the KGU spillway
to the KGL reservoir. The results show that it will take about 4.3 hours for KGU spillway
releases to reach the KGL reservoir when the riverbed between the KGU spillway and the
tailrace outlet is dry. The survey showed that travel time decreases to 3.4 hours when a
minimum flow of 11 cmsis maintained in the riverbed, with a spillway discharge of 110
cms. The travel time further decreases to about 2.4 hours when the spillway discharge is
increased to 210 cms.

In a worst-case condition, assuming a potentia complete shutdown of the KGU
hydroelectric station, Table 18 shows the required storage under various operating
scenarios. A 6-hour volume was specified, based on a 2.0-hour reaction and decision
time to operate and open the spillway gates (assuming automatic controls and gate
opening from the control center) and a 4.0-hour flow travel time. The required storage
varies between 3.8 and 9.4 mcm, depending upon the number of units affected by the
outage and the desired KGL output. Sites 3 and 3A cannot provide such storage but it is
available at Site 5.

Table 18 - Kafue Gorge Lower Project Storage Required for 6 Hours of Operation
with No Inflow

6-hour

Capacity  Discharge Volume

(MW) (cms) (mcm)
300 174 3.8
480 278 6.0
600 348 7.5
750 435 9.4

The results of Table 16 can aso be used as an indication of the storage requirements for a
6-hour operation if there is not a perfect synchronization of the joint operation of the
KGU and KGL projects. For various reasons, it may not be feasible to always optimize
the combined output of the two projects to meet a certain demand level. At times, the two
projects may have to operate more independently of each other. Under such operating
rules, the real time operation of KGL would be much easier if it has sufficient storage to
operate independently. Even Site 5 with an estimated active storage of 52 mcm would
only provide about 80 hours of generation at an average continuous output of 300 MW.
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7.5.5. Reservoir Sediment Deposit

Accumulation of sediment due to deposition of suspended solids or bed load aways
needs to be considered in sizing storage or evaluation of long-term maintenance. Since
there are no recent measurements of suspended and bed-load sediments occurring during
the rainy season, the best available estimates are from the 1995 feasibility study. An
annual estimate of 0.8 mcm was given. Assuming a 50-year operating life, the total
amount of sediment would be about 4 mcm. With recent degradation of the environment,
local erosion and minor landslides shown in the drainage area, this estimate could be
higher. Thiswould reduce the long-term active storage at Sites 3 and 3A.

7.5.6. Power Market Speculation

With deregulation of the electric power market in Southern Africa, availability of alarger
storage associated with a hydro project can provide increased revenues. Experience has
shown that there are short periods (hours at various times of the year) when very
attractive prices are offered in a deregulated market. The ability to have additiona
storage and capacity to meet demand during these transaction periods can be very
beneficial. For example, the ability to have additional storage available to meet a 300-
MW demand at an average incrementa price of 10 US cents per kWh for 1,000 hours
spread over the year (11% of the time) would result in an annua revenue increment of
$3.0 million. In some instances, hourly spot prices have been much higher than an
incremental 10 cents.
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8. COST-BENEFIT ANALYSIS

8.1. I ntroduction

This Chapter presents the cost-benefit analysis between each of the KGL Project sites (Site
3, 3A and 5).

8.2. Project Cost Estimates

Details on cost estimates were presented in Chapter 5. All costs are based on a price leve of
December 2005. An exchange rate of 5,000 Zambia Kwacha for 1 U.S. $ was used. The
results are summarized in Table 19.

Table 19-KGL Cost Estimates (US Dollar)

Site3 Site 3A Site5
Civil Works 311,374,743 | 313,455,322 | 353,672,616
Electromechanical Works 187,742,814 | 188,222,814 | 188,822,814
Subtotal 499,117,557 | 501,678,136 | 542,495,430
Contingency 106,005,108 106,597,253 116,741,576
Engineering & Adminigtration 72,122,665 72,993,047 79,108,441
Tota 677,737,720 | 681,268,436 | 738,345,447
Incremental Cost 3,530,716 57,077,011

The results show that Site 3A would be dightly more expensive than Site 3: $681.3 million
versus $677.7 million or an increase of $3.5 million. As expected, Site 5 is more expensive:
$57.1 million more than Site 3A and $60.6 million more than Site 3.

8.3. Project Benefits

As presented in Chapter 6, a series of reservoir operation studies was performed to
compute the present value of energy generation associated with each site. As shown in
Table 20, the incremental energy benefit value of Site 5 is $32 million over Site 3A and
$59 million over Site 3, under the Base Case assumptions. The results are about the same
with or without freshet.
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Table 20 — Present Value of Energy Generation ($ million)

Site3 Site 3A Site5
Without Freshet 2,769 2,796 2,827
Incremental 27 32
With Freshet 2,756 2,781 2,813
Incremental 25 32

Two sensitivity analyses were performed to test the results. The first one was performed
to test the impact of hourly prices as described in Chapter 6. In view of today energy
prices, these hourly prices are more likely to occur than the Base Case prices. The results
are summarized in Table 21. As expected the incremental benefits increase. For Site 3A,
under the Without Freshet Scenario, the benefits increase from $27 million to $37
million. For Site 5, the benefits increase from $32 million to $44 million.

Table 21 — Sensitivity Analysis -Present Value of Energy Generation ($ million)

Site3 Site3A Site5
Without Freshet 3,907 3,943 3,988
Incremental 37 44
With Freshet 3,889 3,923 3,967
Incremental 34 45

Another sensitivity analysis was performed to study the impact of base load versus
peaking generation. As we know, hydro is best valued as peaking generation and in future
years, there will be more and more demand for peaking generation in the region. Our
base case assumed that peaking at KGL would only start in 2030. A first sensitivity
analysis was done, assuming that the KGL peaking operation would start in 2020 instead.
The second sensitivity assumed an even earlier start in 2015 with increase capacity at
KGL to 750 MW. The results are shown in Table 22.
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Table 22 — Sensitivity Analysis—Peaking Operation at KGL

Present Value of Energy Generation ($ million)

| Site 3 | Site 3A | Site5
KGL Peaking Operation Startsin 2020
Without Freshet 2,738 2,837 2,867
Incremental 99 30
With Freshet 2,726 2,823 2,854
Incremental 97 30
KGL Peaking Operation Startsin 2015
Without Freshet 2,714 2,877 2,906
Incremental 163 29
With Freshet 2,703 2,865 2,894
Incremental 163 29

Under the Without Freshet scenario, the results show that the incremental benefits at Site
3A increase from $27 million to $99 million when peaking starts in 2020 and to $163
million when peaking starts in 2015. The incremental benefits between site 3A and Site 5
remain about the same. This clearly demonstrates that there are substantial benefits in
moving at least to Site 3A if peaking operation will be required in the future.

8.4. Other Factors Affecting KGL Benefits

The above evauation is based on a computer modeling analysis of the two projects,
available assumptions and criteria, and assumed hourly demand patterns and prices.
Other factors, more difficult to quantify and that cannot be integrated into the spreadsheet
model, should also be taken into account. These factors are discussed in the following

paragraphs.
8.4.1. AdjustmentsDueto Differencesin Head L osses

The power station site is assumed to be about the same for al aternatives, so the water
conductors should be shorter if Site 5 is adopted. The difference in losses, and
corresponding value, is however difficult to estimate with any accuracy, as the selection
of water conductors for a particular facility would be dependent upon a number of factors
related to the project layout and site conditions. A head loss of 4 m has been used in the
energy production simulations of sites 3 and 3A, and aloss of 2 m has been used for Site
5 production estimates.

8.4.2. AdjustmentsDueto Reduced Drawdown

Differences in drawdown are included in the energy generation calculations in the model.
It is important to note that the drawdown for use of Site 3A storage is in excess of 15 m
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in certain cases, while the use of Site 5 storage is less than 4 m. Wide variations in head
and reservoir water level will require oversized equipment for delivering the same power
output. Reservoir level variability will contribute to shoreline erosion, reservoir
sedimentation, entrainment of sediments into the water conductors and the turbine, and
increased equipment wear and tear due to sediment handling. In addition, operating the
turbines off the design condition will reduce efficiency, and increase potentia for
additional wear and tear. This factor isalso in favor of Site 5 but difficult to quantify.

8.4.3. Recovery of Freshet Releases

As aresult of extensive environmental studies, a proposed operating regime for ITT and
KGU has been suggested that is intended to more closely follow the natural, pre reservoir
hydraulic regime. The intended mode of operation is a combination of filling and
drawdown of KGU, and managed releases from Itezhi-tezhi Reservoir, so that the Kafue
Flats area is submerged and flooded during the wet season but would also require that the
water levels recede quickly after the flooding. The flooding and recession is referred to as
the freshet.

A proposed rule curve for KGU is presented in Figure 15. The rule curve could be
managed based on prevailing hydrologic conditions, but the intention is to quickly draw
from KGU after the Kafue Flats areais flooded for 4 to 6 weeks from large water releases
a the Itezhi-tezhi Reservoir. The Figure indicates a rule curve proposed as a result of
studies documented in a May 2004 DHV report. The proposed rule curve shows a sharp
decrease in the KGU reservoir in the months of March-April. A suggested modification
(also indicated in the Figure) is adopted in the andlysis and is used as a basis for the
estimates of energy production and value presented in this report.

To better follow the natural cycle of flooding and recessing (freshet) in the Kafue Flats,
there will be less storage capacity available in KGU in some months, and the need for
sharply decreasing the KGU reservoir water level and storage in the months of March-
April after flooding of the upstream area of the reservoir. Therefore a larger downstream
reservoir at KGL could have great utility in managing and recovering the freshet release
that cannot be stored at KGU. In the absence of any significant downstream storage at
KGL, some of the freshet release may be wasted at both KGU and KGL. Table 23
indicates the value of the storage in terms of potentially capturing and managing the
freshet release. Assuming that the storage is only used once a year, Site 5 shows an
incremental present value of benefits of about $3 million.

Table 23 - Estimated Value of Storage for Capturing Freshet Release

30-yar

Annual NPV

Value @ 10%

Site Volume Energy @ 30 $/MWh  Discounting
(mcm) (MWh) ($lyr) ($)

3 3 1323 39,690 $374,154
3A 7 3087 92,610 $873,027
5 30 13230 396,900  $3,741,542
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8.4.4. Forced Outage and Operational Flexibility Considerations

The computer modeling analyses that were performed for this analysis assumed a
perfectly well coordinated operation of the two reservoirs, and that the KGU units are
always available. In real time operation, this is not always the case. As stated earlier, the
maximum discharge of KGU is about equivalent to 1 mcm per hour. At Site 3A, the
available maximum storage (10 mcm) is nearly completely used for normal joint
operation of the two reservoirs. There is little left (2 mcm) for flexibility and reacting to
non-optimum operating the two reservoirs.

Any project is also subject to planned and forced outage. The main sources of forced
outages could be a fault in the transmission system (which would affect the whole
project), a transformer outage (which would affect two units), or failures of critica
components or adverse operating indications (overheating or excessive vibrations). For
these reasons, it has been suggested that the KGL project contain sufficient capacity for
several hours of sustained generation without KGU inflow.

Field surveys were performed by ZESCO to study the travel time from the KGU spillway
to the KGL reservoir. The results show that it will take about 4.3 hours for KGU spillway
releases to reach the KGL reservoir when the riverbed between the KGU spillway and the
tailrace outlet is dry. The survey showed that travel time decreases to 3.4 hours when a
minimum flow of 11 cmsis maintained in the riverbed, with a spillway discharge of 110
cms. The travel time further decreases to about 2.4 hours when the spillway discharge is
increased to 210 cms.

In a worst-case condition, assuming a potential complete shutdown of the KGU
hydroelectric station, Table 24 shows the required storage under various operating
scenarios. A 6-hour volume was specified, based on a 2.0-hour reaction and decision
time to operate and open the spillway gates (assuming automatic controls and gate
opening from the control center) and a 4.0-hour flow travel time. The required storage
varies between 3.8 and 9.4 mcm, depending upon the number of units affected by the
outage and the desired KGL output. Sites 3 and 3A cannot provide such storage but it is
available at Site 5.
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Table 24 - Kafue Gorge L ower Project Storage Required for 6 Hours of Operation
with No Inflow

6-hour

Capacity  Discharge Volume

(MW) (cms) (mcm)
300 174 3.8
480 278 6.0
600 348 7.5
750 435 9.4

The results of Table 16 can also be used as an indication of the storage requirements for a
6-hour operation if there is not a perfect synchronization of the joint operation of the
KGU and KGL projects. For various reasons, it may not be feasible to always optimize
the combined output of the two projects to meet a certain demand level. At times, the two
projects may have to operate more independently of each other. Under such operating
rules, the real time operation of KGL would be much easier if it has sufficient storage to
operate independently. Even Site 5 with an estimated active storage of 52 mcm would
only provide about 80 hours of generation at an average continuous output of 300 MW.

8.4.5. Reservoir Sediment Deposit

Accumulation of sediment due to deposition of suspended solids or bed load always
needs to be considered in sizing storage or evaluation of long-term maintenance. Since
there are no recent measurements of suspended and bed-load sediments occurring during
the rainy season, the best available estimates are from the 1995 feasibility study. An
annual estimate of 0.8 mcm was given. Assuming a 50-year operating life, the total
amount of sediment would be about 4 mcm. With recent degradation of the environment,
local erosion and minor landslides shown in the drainage area, this estimate could be
higher. This would reduce the long-term active storage at Sites 3 and 3A.

8.4.6. Power Market Speculation

With deregulation of the electric power market in Southern Africa, availability of alarger
storage associated with a hydro project can provide increased revenues. Experience has
shown that there are short periods (hours at various times of the year) when very
attractive prices are offered in a deregulated market. The ability to have additiona
storage and capacity to meet demand during these transaction periods can be very
beneficial. For example, the ability to have additional storage available to meet a 300-
MW demand at an average incremental price of 10 US cents per kWh for 1,000 hours
spread over the year (11% of the time) would result in an annual revenue increment of
$3.0 million. In some instances, hourly spot prices have been much higher than an
incremental 10 cents.
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8.4.7. Environmental I mpact Assessment

The results of the environmental impact assessment studies presented in Chapter 8
recommended the selection of Site 5 asit provides alarger reservoir that would entail less
diurnal reservoir level fluctuations leading to the possibility of using the reservoir for
other environmental and socio-economic purposes. During the EIA public hearings, the
Environmental Council of Zambia and the NGOs indicated a reluctance to support
development at Sites 3 or 3A due to the large daily fluctuations and other environmental
impacts. It would therefore be very difficult to obtain approvals and permits for Sites 3 or
3A.

8.5. Benefit-Cost Analysis

The results shown above clearly indicate that Site 3A has much greater incremental benefits
than costs when compared to Site 3. Site 3A incremental benefits vary between $25 and
$163 million versus an incrementa cost of $3.5 million.

Site 5 shows incrementa benefits that vary between $29 and $45 million versus an
incrementa cost of $57.1 million, when compared to Site 3A.

It is aso important to take into account the other factors described earlier that would affect
the required reservoir size and selection of the dam site. The benefit computations were
based on the results of computer simulations that assumed a perfect coordination and
hindsight in the operation of the two KGU and KGL reservoirs. In rea time operation thisis
not possible. Having an additional 40 to 50 mcm of storage, Site 5 would provide
considerable flexibility and benefits in operating the two projects and would maintain
KGL output when KGU units may be on along forced outage.

For these reasons, and because the incremental construction cost between Site 3 and 3A is
reatively small, $3.5 million, it is recommended to perform the benefit-cost anaysis directly
between Site 3 and Site 5. When compared directly with Site 3, Site 5 shows incremental
benefits that vary between $57 and 192 million versus an incremental cost of $61 million.
This is equivdent to a Benefit-Cost ratio varying between 0.93 and 3.15, clearly
demongtrating the benefits of developing Site 5 versus Site 3 or 3A.
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9. ENVIRONMENTAL IMPACT ASSESSMENT

The Zambian Government intends to develop the Kafue Gorge Lower and the Itezhi-tezhi
hydroel ectric power schemes on the Kafue River as part of the phases in the development
of the Kafue Hydroelectric System. The Kafue Hydroel ectric Power System devel opment
started in the late 1960s with a feasibility study for the present Kafue Gorge Upper
Hydroelectric plant. Phase | started in 1969 and was completed with the installation of
four 150-MW hydroelectric generating units in 1973. Phase |1 of the project involved the
construction of the Itezhi-Tezhi Dam, and the installation of two additional 150-MW
hydroelectric generating units at Kafue Gorge Upper from 1974 to 1977. The possibility
of developing a 120MW Power Station at Itezhi-Tezhi Dam was also studied, but was not
implemented at that time due to the energy surplus that existed at the time.

The Kafue Gorge Upper utilized 400m head, out of the available 600 m head leaving a
200m head to alow for development of another Power Station downstream of the current
Power Station. The potential of utilizing the 200m head was investigated in the 1970s
during which three potential dam sites were identified. These studies were updated in
1995 and proposed the use of Dam site 3A with larger reservoir capacity to be able to
generate 750MW. The analysis of the three dam sites (3, 3A and 5) included evaluation
of size, storage volume and the diurna reservoir fluctuations and the likely impacts on
the environment. From these evaluations, dam site 5 was highly recommended because it
offers alarger reservoir size that would entail minimal diurnal reservoir level fluctuation
leading to the possibility of using the reservoir for other environmental and socio-
€CONOMI C PUrposes.

The proposed Kafue Gorge Lower Hydropower (KGL) project is located in the Kafue
Gorge, about 65 km upstream of the confluence of the Kafue River with the Zambezi River.
It is about 28 km downstream from the Kafue Road Bridge and about 2.5 km downstream
from the existing Kafue Gorge Upper Hydroel ectric (KGU) Power Station.

The main objective of the project isto develop a Power Station that will utilize flows from
the existing KGU power station while maintaining a minimum flow of 7.2 cumecs in the
river reach between the Kafue Gorge Upper dam and thetail race discharge. The 7.2 cumecs
is equivalent to the minimum natura flow in theriver.

The current installed electric power capacity in the country (1670 MW) has been
adequate to meet both regional (5% export) and local power (1200MW) demand.
However, over the years power demand has been increasing tremendously due to among
other factors, improvement in national economic growth (average GDP of 4%) as well as
increase in regiona power demand. According to recent power demand forecast studies,
the current 5% regional export and internal consumption is likely to be outstripped by
demand by the year 2007.

The Kafue River system presents an opportunity to develop another Power Station that
could help lessen the impact of the anticipated power shortages. The Kafue Gorge Lower
has a potential for hydropower development that has not yet been exhausted and will
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utilize the 200m head and other aready existing infrastructure like the transmission grid
from the Kafue Gorge Upper.

9.1. TheEnvironmental Impact Assessment

The Environmental Impact Assessment for the project was undertaken as a lega
requirement and in accordance with the requirements of the Environmental Protection
and Pollution Control Act of 1990 and in particular Statutory Instrument No. 28, the
Environmental Impact Assessment Regulations of 1997. Section 3 (1) of Statutory
Instrument No. 28 of 1997 of the above Act states that “A developer shall not implement
a project for which a Project Brief or Environmental Impact Statement is required under
these Regulations, unless the Project Brief or an Environmental Impact Statement has
been concluded in accordance with these regulations and the Environmental Council of
Zambia has issued a decision letter”. These EIA regulations have the main objective of
ensuring the protection of the environment by highlighting impacts and formulation of
mitigation measures to ameliorate the identified adverse environmental impacts. The
report is outlined as closely as possible to the general EIA outline given in the EIA
regulations with eleven main sections.

In the category of Electrical Infrastructure, the types of projects which need EIAs are new
electricity generation stations, electrical power transmission lines more than 1 km long
and surface roads for electrical and transmission lines for more than 1km long. The
project under consideration falls within the types of projects which require an
Environmental Impact Statement.

9.2. Theldentified Significant Environmental | mpacts of the Project

One of the mgjor negative impacts of the project, in the area where the Power Station and
its auxiliary facilities like the dam and canals will be located, 17 households with an
average family size of six (6) will be directly affected by the project. These families have
their house structures on the banks of the Kafue River.

The project will also affect the general physical, biological and socio-economic
environments in the gorge area where the dam and reservoir will be located. The
excavation works, access road construction and reservoir filling shall induce changes
within the gorge area. Gorge slopes may erode easily once denudated during the reservoir
filling and draw down process. The reservoir may induce micro-climate changes, while
water fluctuationsin the reservoir may alter habitats for certain animal and fish species.

Short term activities such as dam construction and river diversion, may have an adverse
effect on terrestrial reptiles and fish habitats within dam site areas and the associated
barrow pits. The disturbance of the fish habitat may also disturb the migratory patterns of
the fish and consequently the breeding patterns of the fish.

A project of this magnitude could trigger an influx of job seekers in the area there by
creating stress on the social amenitiesin the area. An influx of migrant labour force could
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also be associated with the introduction of diseases not prevalent in the area. The local
economic activities may however, be enhanced due to an injection of capital in the area.

This project has an inherently significant positive impact in the economic aspects as
additional capacity for Zambia would lead to economic expansion and growth in the
industrial sector. In addition, both at construction and operation stages, there will be the
creation of jobs in different operationa areas of the Power Station. The development of
this Power Station will also lead to efficient water resources utilisation in the Kafue river
basin as the same water passing through Kafue Gorge Upper would be channeled in the
Kafue Gorge Lower for additional power generation.

9.3. Mitigation Measures

The envisaged relocation plan for the 17 households and 1 farmer shall involve payment
of adequate compensation and in accordance with ZESCO compensation Policy and
relevant national legislation.

Slope stabilization in a number of cliffs overhanging the access road and the other Power
Station infrastructure through grassing or shot creting has been recommended. Site
restoration and landscaping in work areas shall be made part of the construction
contracts. Installation of relevant earth movement monitoring equipment and putting in
place environmental monitoring programmes shall be part of the overall project.

To mitigate the complete drying up of the river channels between the dam and tailrace for
both KGU and KGL, an alowance of water flow of 7.2 cumecs in the river reach
between the intake tunnel and the tailrace will be maintained. This will also be
maintained for the currently dry river section between the KGU dam and the KGU
tailrace.

In consultation with relevant stakeholders, it is recommended that a Nature Reserve be
created around the gorge area in order to protect the natural resources (wildlife, forestry,
fisheries, etc.) and to mitigate against other wide ranging impacts.

To ensure Powers Station and dam safety, a detailed Standing Operations Procedure shall
be developed which will include an Emergency Preparedness Plan for Power Station
operations related emergencies.

The selection of dam site 5 provides mitigation and positive impact enhancement in the
following areas:

Facilitating sustainable and efficient implementation of the new integrated dam
operating rules for both the Itezhi-Tezhi and Kafue Gorge reservoirs for the
conservation of the Kafue Flats Wetlands. A larger reservoir storage at KGL would
provide an opportunity for storage and use of the freshet releases from KGU in order
to reduce losses in generation that would result from the freshet releases. The smaller
reservoir at KGL will entail that when KGU is freshet spilling in the months of
March to April, then KGL will aso be spilling.
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A larger reservoir with minimal daily fluctuation will enhance the aesthetic value of
the Kafue Gorge area, which is proposed to be declared a Nature Reserve while a
smaller reservoir with high daily level fluctuation will have a negative impact on the
ideals of maintaining high aesthetic value of the area.

A larger reservoir with minimal diurnal fluctuation will facilitate fish re-stocking and
encourage research as the area will be made open for researchers in both aquatic and
terrestrial aspects.

A reservoir with minimal diurnal fluctuation would facilitate the ecologica
adaptation and establishment of different aguatic and semi-aquatic species, which
will facilitate research.

A reservoir with minimal diurna fluctuation would facilitate protection of the
shoreline from erosion and hence reduce on reservoir sedimentation.

The proposed project will make use of the existing water storage infrastructure therefore
the Kafue River upstream of Kafue Gorge Upper will not be affected.

Support to medical facilities and retention of medical staff at Namalundu Hospital will
enhance the hedth status of the area and provide mitigation for the spread of
communicable diseases such as HIV/AIDS and STIs. The total cost recommended will
cover 4 years (construction period).

Mitigation measures and all other environmental costs have been estimated at US$1.5
million. It is anticipated this would be adequate to mitigate negative impacts and enhance
the positive impacts

9.4. Recommendations

Taking into account the available options and all the identified negative and positive
environmental impacts of the proposed project and recommended mitigation measures for
the identified negative impacts and enhancement measures for positive impacts: and also
among other reasons, to meet the growing local and regional power demand, to forestall
power shortages that could constrain economic growth, to forestall environmenta
degradation in the event of power shortage in the country and to create employment
opportunities arising from improved power supply that will meet the economic growth of
the country, the development of the Kafue Gorge Hydro Power Station should be
considered favorably for implementation by the Authorising Agency.
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10.CONCLUSIONSAND RECOMMENDATIONS

For a number of reasons discussed in earlier Chapters, Site 5 is the preferred alternative
for development. These factors are summarized below:

Due to shorter water conductors, Site 5 should have dlightly lower head losses,
resulting in more efficient operation and greater energy output.

Site 5 has a much larger reservoir that would results in generally lower reservoir
drawdown fluctuations and lakeshore erosion. Turbines would be sized with
higher net heads that would result in lower initial capital costs, and lower long-
term maintenance costs.

As aresult of recent extensive environmental studies of the Kafue River basin,
new operating regimes have been proposed for the water releases from the
upstream ITT project. The impacts of these new regimes have not been fully
analyzed nor do we know what additional changes may occur in the next 10 to 20
years. With its greater storage, Site 5 provides additional storage capacity that
could be utilized to better manage the freshet releases.

Site 3A provides sufficient storage capacity for a perfectly well coordinated
operation of the two reservairs. In real time operation, this is however not aways
possible. Having an additional 40 to 50 mcm of storage, Site 5 would provide
considerable flexibility and benefits in operating the two projects and maintaining
KGL output when KGU units may be on a forced outage. It is estimated that it
would take 3 to 4 hours for water released from the KGU spillway to reach the
KGL reservoir. To maintain continuous operation at KGL during this period, an
additional storage of 6.0 to 7.5 mcm would be required, depending of the output
to be maintained at KGL.

In the long term, active storage at Site 3A would be affected by sediment
deposition and accumulation. Over time, this would greatly reduce the owner’s
flexibility and capability for peaking operation at both projects.

From the EIA studies, dam site 5 was highly recommended because it offers a
larger reservoir size that would entail minimal diurna reservoir level fluctuation
leading to the possibility of using the reservoir for other environmental and socio-
€CoNOMI C PUrposes.

With deregulation and the establishment of a spot pricing market, the availability
of a larger storage would provide opportunities to “play the market”, take
advantage of high hourly spot prices, and maximize revenues.

Finally, when compared directly with Site 3, Site 5 shows incremental benefits that
vary between $57 and 192 million versus an incremental cost of $61 million. Thisis
equivaent to a Benefit-Cost ratio varying between 0.93 and 3.15
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Based on these findings and results, it is recommended that a detailed feasibility study
and site investigations of Site 5 be performed to prepare a bankable document with
detailed layouts, quantities and cost estimates, construction schedule, and financial
analyses.
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