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UMZIMVUBU BASIN DEVELOPMENT
EXECUTIVE SUMMARY OF OVERALL FEASIBILITY REPORT

INTRODUCTTON

The Umzimvubu river is one of the largest in Southern Africa, with a mean
annual runoff (MAR) of about 3 000 x 106 m3 (i.e. an average rate of
flows of 95 m3/sL So far this natural resource has not been developed and
substantial water and hydroelectric potential, from which the Transkei and
Southern Africa as a whole could benefit has not been realised. The
location of Transkel relative to Southern Africa is shown in Figure 1.

In December 1985 the Olivier Consortium was appointed by the Government of
the Transkei to carry out a feasibility study of the development of the
Umzimvubu river by a large dam at Mbokazi and a smaller reregulation dam
downstream (see Figure 2)., Conceptual planning of the hydroelectric
development in the Umzimvubu Basin was reported on by Henry Olivier and
"Associates in November 1979 following four years of study. The location of
the Mbokazi dam site was identified in their report and it is this site
which has now been studied in more detail. The development uses renewable
resources to provide hydroelectricity for Transkei through the system
operated by TESCOR and also generates a large amount of peak power for
export to RSA by feeding into the ESCOM system in which most generation is
by large coal-fired thermal stations which do not operate so efficiently
over short periods. There is, in addition potential for interbasin
transfer of water to the irrigable land on the plateaux in the Transkei and
to RSA and supply for domestic and industrial use. In suitable areas such
a project could transform present day subsistence farms into highly
productive areas of efficient land use with potential for sale of cash
crops to RSA and further afield.

The implementation of such large projects requires substantial funds, bold
decisions and the determination to see the project through., Schemes take
many years to progress from conception to realisation and, even following a
tight programme, completicn would not be before 1997, The population and
the demand for food and electricity will have almost doubled by then,

The consortium comprised:
Henry Olivier & Associates (Leader)
Binnie & Partners (Direction, planning, coordination, civil engineering)

Kennedy & Donkin (Mechanical and electrical engineering, economics)

in association with

M J Mountain & Associates (Geology and supervision of site investigation)
Knight, Dames & Moore (Seismicity)




The study team received cooperation and constructive help from TESCOR and
ESCOM for the electricity studies and on water aspects from the Department
of Agriculture and Forestry and TRACOR in Transkei and the Department of
Water Affairs, RSA,

Southern Africa is a diverse region consisting of many states with a range
of systems of government. The well being of all states is closely linked
through such factors as shared river basins, utilisation of resources
(including labour) and economies of scale. The project appraisal, at this
stage, has therefore been made on a regional basis by considering the
alternative means of satisfying the demand for electricity in the region
(i.e. the systems run by TESCOR and ESCOM) and identifying the potential
uses for water both in Transkei and RS5A and also for export. Very long
term power forecasts and generation development plans are uncertain, but it
is possible to make a reasonable assessment of electricity benefits in
relation to reasonable predictions and alternative resources, Medium term
water management options are outlined in a report being prepared by the
Department of Water Affairs RSA (DWA). The water transfer proposals in
this study are more extensive and perhaps longer term than discussed by
‘DWA, Obviously with a multi purpose scheme such as the Umzimvubu
development, all uses and benefits should be considered together in
relation to the total costs.

The meteorology and topography of Scuthern Africa is variable ranging from
desert to sub-tropical conditions and coastal regions to high altitude
plateaux. The Umzimvubu basin and Mbokazi dam site have certain
characteristics which favour their development over many other existing or
potential sites. The basin as a whole has a long reliable summer rain
season with low evaporation and is drained by four major rivers which meet
just upstream of Mbokazi dam site which, therefore, gives maximum control
of the water resource. Part of the upper catchment is in RSA.

Projects

Varicus types and sizes of projects were conceived, drawn up and costed and
their benefits assessed. On the basis of information available, analyses
and judgement, the following project elements are proposed (Figure 3):

(1) Mbokazi dam (210 m high with full supply level of 250 masl) with a
total storage of 5 950 x 10 m3 and live storage of 4 300 x 102 m3 to
provide over year storage and a high reliable yield;

(2) Mbokazi power station (1 600 MW) to be connected to and integrated
into the ESCOM electricity grid and to be operated by ESCOM, The
hydro power station will have peaking and reserve roles with firm
annual peaking energy of 1 080 GWh;

(3) Nkwalini dam (43 m high) 17 km downstream of Mbokazi to even out the
irregular discharges from Mbokazi power station so that a reascnable
flow is always discharged down the river;

(4) Nkwalini power station (50 MW) fed from Nkwalini dam and connected to
the TESCOR electricity grid and operated by TESCOR to meet base and
peaking requirements, with average annual energy of 192 GWh;




(5) Water conduits for interbasin transfer consisting of river offtakes,
pipes, tunnels, canals and pumping stations. The main route would be
to the west, serving the plateau within Transkei and feeding into
either or both the Orange and Fish rlvers in RSA and could be
constructed 1n two or three stages of 20 m 3/s. A separate smaller
conduit (10 m /s) would feed to the north east within Transkei;

(6) Water conduits for export of water consisting of river offtake, water
treatment works, pipelines, balancing reservoir, pumping staticns and
a single buoy mooring (SBM) offshore from whlch wvater would be loaded
onto tankers at an average rate of about 3 m 3/s over a year,

Maximum benefits would be realised if all developments proceeded together,
however, financial and other constraints may preclude this but some
elements are interdependent, eg. power stations are associated with their
dams. Also major water transfer schemes require the regulated water flow
from Mbokazi reservoir., Operation of the scheme would consider all
requirements but flexibility over a few days is provided by the balancing
storage at Nkwalini. Water could be exported at a rate of 3 m 3/s without
"Mbokazi reservoir and being only 3% of the MAR, implementation would have
no effect on other uses,

Umzimvubu Basin Development Authority

We propose the setting up of an Unzimvubu Development Board backed by an
Authority who would be responsible for steering the project through the
next stages of design and construction while at the same time establisHing
agreements for financing construction and running costs as well as
arrangements for receiving income from the benefits, The Authority would
work with other bodies dealing with water and electricity in Transkei and
RSA. The completed scheme would be operated by the Authority. The
proposed organisation is shown in Figure 4,

Executive summary

This report summarises the work undertaken in the overall feasibility
study., The 6 volumes of the draft feasibility report submitted in December
1986, one year after the start of this study, give more details on the
information collected, analyses, engineering designs, assessment of
benefits and economic analyses. Particularly critical aspects were
identified by sensitivity studies and received most attention. However,
proposals should be treated in the context of the first detailed
feasibility study of the site with wide ranging long term benefits so that
optimisation and refinement must follow.




CONCLUSIONS

The report covers the desk study and field work carried out to investigate
the technical feasibility and economic viability of utilising the resources
of the Umzimvubu river by constructing a large multi-purpose dam at
Mbokazi. The project was generally treated as a scheme for Southern Africa
as a whole because benefits could accrue for Transkei and RSA directly and
to neighbouring states indirectly because of interlinked power systems and
shared trade,

The main corclusions that can be drawn from the present knowledge and
analyses are that:

1.

The five major tributaries in the Umzimvubu basin meet a few km
upstream of the Mbokazi dam 31te creating a large river with a mean
annual runoff of 3 000 x 109 m3/a, The reservoir is located in a
narrow valley in a zone of low evaporation losses.

The valley at Mbokazi is topographically suitable for a dam with a
full supply level up to 290 masl, i.e. about 250 m high. A sharp bend
in the river creates a suitable site for a rockfill embankment dam and
ancillary structures.

The geological investigation has shown that: a pronounced lineation
along which the river tends to flow is an intruded shear zone which
shows no sign of recent movement; material in a large land slide on
the right bank can be used within the sheoulders of an embankment dam;
and generally the bedrock has low permeability except for one 15 m
thick horizon in baked shale that can be grouted and drained. On the
basis of the investigation so far it would be prudent to limit the
full supply level of a reservoir to about 250 masl. The reservoir
would be water tight., Construction materials can be obtained locally
for an embankment dam or concrete dam.

Engineering studies show that a scheme with full supply level (FSL) of
250 masl and reservoir capacity of & 000 x 106 m3 can generate firm
energy of 1080 GWh with 987 assurance and average energy of 1190
GWh/a. Downstream water releases would vary from an average rate of
68 to 102 m3/s which is a large regulated flow in the Southern African
context,

Near the end of the century the ESCOM system can absorb hydroelectric
power designed to operate at a low load factor. Preliminary analyses
indicate that, for a reservoir with FSL of 250 masl, a power station
of 1600 to 2000 MW would be appropriate depending on the rate of
increase in the demand and on the effect of demand side management,

At about the same time the TESCOR system could absorb a moderately
sized power station utilising the discharge from Mbokazi power
station,

Current development plans for the Umzimvubu basin and adjacent valleys
do not envisage any major increase in water use locally. However,
Transkei has substantial areas on the plateaux where the seoil, slopes
and climate are suitable for large scale agricultural development. To
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the north in the coastal region about 45 000 ha would benefit from
winter irrigation whilst to the west about 115 000 ha could be
developed mainly for summer crops. These areas can be served by large
water conduits which would also supply water for domestic and
industrial use and small scale agriculture for local consumption. The
western conduit could be extended to RSA to enable water to be
transferred to the Orange river (including the Hendrik Verwoerd dam)
and to the Fish river.

Some water could also be shipped overseas from Transkei without
significantly reducing the availability for Southern Africa. Such a
scheme i1s unlikely to consume more than a few cubic metres per second
and would be possible even without Mbokazi dam.

The total cost of the hydroelectric project with reservoir ¥SL of 250
masl and 1600 MW power station at Mbokazi plus the Nkwalini scheme is
estimated to be about R1 850 x 10% at September 1986 prices excluding
interest during construction and price contingencies (escalation) but
including engineering and administration costs.

Preliminary economic analyses shows that an ESCOM development
programme including this project would be more economic than one based
on coal-fired thermal stations, The equalising discount rate is over
12 percent,

Nkwalini power station would also be economic compared with purchasing
from ESCOM., The power station should have a capacity in the range of
40 to 50 MW,

The estimated cost of a 20 m3/s conduit reaching as far as the Orange
and Fish rivers would be about R2 000 x 100 at September 1986 prices.
Running costs would be about R180 x 109/a. The northern route
carryin% 10 m3/s is estimated to cost R350 x 106 to build and
R30 x 10%/annum to run.

The social and political benefits of a reliable large water supply to
areas that are at present deficient are likely to be very significant
but are difficult to quantify at this stage., Further socio-economic
analyses are required in order to demonstrate the true value to the
whole region.

Apart from the main benefits of providing water and electricity the
scheme would also give:

(a) recreational opportunities and tourism;

(b) dimproved infrastructure in the area;

(c) high voltage transmission lines across Transkei that would
reinforce power supply in the East London and Port Elizabeth
sectors of the ESCOM network:

(d) some reduction in flooding downstream of Nkwalini dam.

The next stages of the project development and appraisal should
proceed smoothly and without delay if the project is to meet the needs
near the end of this century.



DESCRIPTION OF PROJECT AREA

Hydrology

The Umzimvubu river basin drains an area of 20 000 kmZ2, The catchment as a
whole is mountainous, and the main river valleys ave deeply incised. The
Umzimvubu itself and its principal tributaries rise along the Drakensberg
escarpment at elevations between 2 400 and 2 900 metres.

Within the whole basin, only the valleys of the Kinirs catchment north-west
of Matatiele, and of the upper Umzimvubu north of Cedarville are reasonabdly
flat.

Qutside the bhasin along the coast to the north the land is relatively flat
forming a plateau at about 3350 to 500 masl which drains towards the coast,
To the west the main plateau between Umtata and Gueenstown is at about
1 000 masl and is bordered to the north by the extension of the Drakensberg
escarpment,

Geologically, sedimentary rocks predominate (sandstones, siltstones and
mudstones) and the stratification is clese to horizintal, The landforms are
essentially ercsicnal, which accounts for the general absence of flat land
in the basin, The soils, which are generally thin, and the vegetation,
which is mainly grassveld of various kinds, combine to give a high runoff
potential.

The climate of Transkei and the Umzimvubu basin is subjected to the
influences of the Indian Ocean and of the three escarpments or plateau
ridges which divide Transkei dinto three major terraces, Of the
escarpments, that of the Drakensberg is both the most conspicuous and the
most significant in its effect on precipitation.

The area can be divided into two regions: the southeastern coastal region
and the Drakensberg region with the boundary in the vicinity of a line
through Umtata and Kokstad. Both the regions experience summer rainfall
with the maximum in March in the coastal region and in January in the
Drakensberg region, June and July are the months of minimum rainfall.

In the coastal region, the area of maximum rainfall lies close to the
coast, where the average annual fall reaches around 1 400 mm. Rainfall
decreases inland, and reaches a minimum towards the boundary with the
Drakensberg region {the transition zone). The average annual rainfall in
this zone is 600 to 700 mm.

In the inland, or Drakensberg region, the maximum rainfall occurs just to
the east of the main escarpment, where the average annual rainfall again
reaches 1 200 to 1 400 mm., Due to the effects of elevation and relief,
other local maxima also occur, but reach only around 1 000 mm. The minimum
rainfall in the Drakensberg region cccurs in the flatter and wider areas
giving average annual rainfall of about 700 mm.

Measured annual evaporation from a [ree water surface is over 1 000 mm for
the region being higher in the summer than winter.
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The rainfall and evaporation rates affect the river flow within the
Umzimvubu catchment and also the natural availability of moisture for
agriculture. Generally the western plateau of Transkei experiences
variable low rainfalls which, coupled with evaporation rates, is inadequate
for more than hazardous subsistence farming. To the north rainfall, on the
coast, 1s variable but adequate for summer crops in most years,

The resgervoir at Mbokazi is large relative to annual runoff so critical
droughts have a duration of a few years. Operation studies were based on a
64 year sequence of historic monthly flows from Oct 1921 consisting partly
of flows measured within the catchment (but not at Mbokazi) since the 50's
and 60's and partly of synthesised runoff calculated using longer rainfall
records and selected catchment characteristics. We have recommended that
recent gauging records should be processed to improve the historic
sequence.,

Average flows in 100 m3 are

Oct  Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual
133 248 336 432 548 565 255 113 74 77 64 84 2929
Major droughts occurred in the early 50's, 70's and 80's.

For the present study we have used the basic methodology for design flood
estimation and sizing spillways which is described in the 1972 report of
the Hydrological Research Unit (HRU) of the University of the Witwatersrand

consisting of:

(a) estimation of the probable maximum precipitation over the basin for a
range of durations;

(b) estimation of losses and hence of net or effective precipitation for a
range of durations;

(c)} estimation of the catchment response to effective precipitation, using
unit hydrographs;

(d) combination (convolution) of the effective precipitation estimated
with the unit hydrograph(s) to estimate the corresponding flood
hydrographs at the dam site;

(e} routing of the flood hydrographs through the proposed reservoir and
spillway arrangements,

This gave a probable maximum flood for Mbokazi with a peak flow of
33 000 m3/s and volume of 5 570 x 10® m3 over one week.

The average unit rate of sediment discharge for the catchment is
500 t/km?/a i.e. sediment inflow of 10 x 109 t/a to the reservoir. In 50
years the loss of volume of the reservoir would be 370 x 106 3 which is
not significant compared with the live storage of 4 350 x 106 m



Geology

The geology of the bedrock and superficial deposits at Mbokazi and Nkwalini
was established by field mapping, desk study of aerial photographs,
drillholes, test pits and seismic surveys, In total 15 holes were drilled
up to 120 m deep, 72 pits were dug and 9 seismic surveys were made, The
investigation established subsurface conditions which affected the design
and location of the dam and appurtenant structures and which had a
significant effect on the accuracy to which the overall costs could be
established.

The area around the Mbokazi dam is underlain by near horizontally bedded
sedimentary strata of the Dwyka and Ecca formations, Karoo Supergroup. The
strata were intruded by dolerite dykes and sills during igneous activity,
also of Karoo age. The sedimentary strata dip at about 109 to the
northwest except near dolerite intrusions,

These formations have been used successfully for construction purposes
elsewhere in Southern Africa. The Dwyka formation tillite is of glacial
origin and, when fresh, is a greenish~blue hard rock with a dense clay-
sized matrix containing coarse, often angular rock fragments, Weathered
tillite is a yellowish-brown clayey sand. The tillite grades upwards into
the overlying Ecca Formation which consists of a uniform sequence of
biuish-grey (when fresh) shales. The shales weather on exposure to an
angular gravel-sand and, when completeiy weathered, form a yel lowish~brown
silty clay.

Dolerite occurs mainly in a massive continuous sill up to 200 metres thick
which intrudes the Ecca Formation about 100 m above the tillite/shale
contact., The intruded dolerite sill has bhaked and hardened the Ecca shales
and in a 15 m thick zone on the right abiatment has caused some fracturing,
When fresh, the dolerite is a dark coloured, fine to medium grained and
very hard rock, Decomposed dolerite consists of a red and yellow coloured
sandy clayey soil, containing boulders of partly weathered rock.

The proposed Mbokazi dam will be situated with its base and lower flanks in
Dwyka formation tillite (60-80m thickness), the middle f£lanks in Fcca
formation shales (50-100m thickness) and the upper flanks in dolerite (60-
110m thickness).

An intruded shear zone forms a prominent lineation passing through a neck
in the right abutment and is weathered deeper than adjacent undisturbed
rock. The shear zone will not affect the stability of the proposed dam or
the reservoir.

Most soils in the area are ¢ransported, shallow and derived from the
underlying rock types., Deeper alluvial soils occur in and near the river
channel but rock is exposed in the river bed at the dam site. Areas of
instability often occur at contacts between dolerite sills and underlying
softer, less pervious, argillaceous rocks, especially where the contact
dips towards the ground slope. A large landslide on the right abutment was
found to be over 60 m deep and to contain 7 x 106 m3 of broken rock which
could be used in the dam.




Because of the high topography surrounding the dam basin, the impervious
nature of the rocks and the near horizontal bedding, leakage from the basin
will be negligible and the reservoir rim is safe. The area is one of low
to moderate seismic activity.

Adequate borrow areas of fine grained material suitable for an impermeable
core were proved on the left bank and rockfill can be obtained from large
landslides, necessary excavation and rock quarries. Dolerite is considered
the most suitable rock for concrete aggregate and drainage material and is
readily available locally.




WATER UTILISATION WITHIN SOUTHERN AFRICA

The proposals put forward in this section are medium and long term planning
options for large water transfer conduits., Staged development could meet
requirements well into the next century.

Demand

At present no significant use is being made of the natural, but variable,
flow of the Umzimvubu river in its lower reaches. Once the Mbokazi
reservoir has been formed, a well regulated discharge would be available
downstream of the dam. The potential for local agricultural development
would be greatly enhanced and major transfers to adjacent valleys or
plateaux in Transkei would be technically straightforward. With an assured
supply and therefore negligible risk of crop failure it is worthwhile to
set up an efficient agricultural development including spending more on
high quality seeds with good fertilisers to increase yields of cash crops.
Crops could be selected for the local Transkei market and for sale to RSA
and overseas as raw, processed, frozen or tinned products.

An agricultural/social strategy that would be feasible because of large
water transfer is:

(a) domestic supplies to villages/towns for drinking, household use and
subsistence gardening. This is of enormous social importance and
might affect perhaps 1 000 000 rural people;

(b} small scale irrigation schemes at village level;

(c) new medium and large scale commercial irrigation ventures which will
require the modification of existing land tenure arrangements in
specific high potential areas;

(d) agriculture related industries.

A number of potential water transfer routes appear to be technically
feasible and of potential value. As an illustration of one option a
reconnaissance level study was made of routing the water westwards towards
a zone of low and unreliable rainfall, traversing western Transkei,
Depending on the final routing, the water may be spilled into a tributary
of the Orange river or into a tributary of the Great Fish river or both.
Spillage into the Orange would be above the Hendrik Verwoerd dam and the
upper end of the Orange—-Fish tunnel and water leaving Transkel would be
available to supply the bulk of the Orange basin and the entire Fish basin.
Suitable large areas exist at the following places in western Transkei
along a possible pipeline route:

(a) 15 000 ha west and north of Lady Frere;

(b) 60 000 ha at Ncora and in a large block of land well to the east of
Ncora, east of the Tsomo river and west of the Qumanco river;

(¢) 40 000 ha east of Engcobo in the catchments of the Xuka and Mbashe
rivers,




These areas are deficient in summer rainfall.

An additional option is the possibility of routing some of the water in a
north-north-easterly direction to command an area of Pondoland below the
500 m contour (frost and hail free) or below the 800 m contour
(predominantly frost free) and possibly even to spill surplus water into
Matal, This is an area that has generally high summer rainfall but new and
existing agriculture on 45 000 ha would benefit from irrigation during the
winter.

South Africa is a dry country poorly endowed with natural rescurces in
relation to its population projections, Drought is an ever present
constraint on agriculture. The past decade has been particularly bad.
Existing irrigation schemes in the Eastern Cape Province and on the Orange
river and Vaal rivers have suffered from severe water restrictions.

Damage has come from:
- the need to restrict areas of annual crops;
- crop reductions or failures with perennial crops;

- high levels of salinity in irrigation water caused by low flow,

The reliability of flow in Scouth African rivers which would result from the
Mbokazi project propesals would have a very significant value.

Usage might comprise:

State/Province Use to which water put Water requirement total
(x100 mn3/a)

1. Transkei Domestic rural and small-

scale irrigation 300
2, Transkei Medium and large scale

irrigation projects - west 800
3. Transkei Medium and large scale

irrigation projects- Pondoland 150
4. RSA Irrigation schemes in Fish River

Catchment and Karoo via Wapadsberg

Tunnel, Coonap, Bushmans 1 000
5. RSA Orange River adjacent to river 1 500
6. RSA Namaqualand *
7. Natal/Kwazulu Medium scale supplementary 150
8. Kwazulu Domestic and small scale irrigation 100*

* possible use

Clearly there is no difficulty in finding suitable land on which to use the
proposed supply.
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Under present circumstances the following crops suggest themselves as the
best candidates for development on the very large scale projects needed to
utilise the water from the Mbokazi scheme,

(a) Pastures for intensive sheep production (all areas).

(b)Y Wheat (all areas).

(¢c) Citrus (frost free Fastern Cape).

{(d) Other fruits, both sub-tropical and deciduous ~ pawpaws, mangoes,
figs, litchis, dates, sultanas, table grapes (varjous parts of the
Orange river valley).

(e) Vegetables (all areas).

(f) Sugar cane — Pondoland, Transkei and Natal/Kwazulu.

(g) Tea - Pondoland, Transkei and Natal/Kwazulu.

Transfer conduit systems

The major proposed transfer scheme is to the west via Umtata to RSA and
serving the north-western agricultural area in Transkei and urban areas
in¢luding Umtata. It could have a capacity eventually of over 50 m 3/s
‘supplied by more than cone route., The system to the northeast would be
based on the same principles and criteria but is unlikely to carry more
than 10 m /s, mainly in the winter (see Figure 5).

Fach route might be developed with different combinations of water conduits
of tunnels, sealed pipes and penstocks with gravity canals,  Pumping could
be by a few high 1ift pumping stations or by more stations with lower
lifts. At this stage no attempt has been made to prepare an "optimum
scheme" because the location and size of demand has not been established.
On the other hand some idea is required of the order of cost of
transferring water so that a judgement can be made on whether such a scheme
could be worthwhile and include it into the long term overall planning of
the distribution of the scarce water resources of Scuthern Africa,

Water would be abstracted from the Umzimvubu river downstream of Mbokazi
dam so that the generation of peaking hydroelectricity in the basin would
not be adversely affected by the transfer of water. Electricity for
pumping could be obtained from ESCOM in the same way as any other large
consumer thereby taking advantage of cheap base load electricity from
efficient large coal-fired thermal power stations.

A selection of possible alternative routes of water conduits to the west
are shown in plan on Figure 5. The engineering works required for all
options are similar and are of the same order of cost (see Tables 1 and 2).
Feeding to the Orange will be more costly but has the advantage that the
transferred water would flow into the Hendrik Verwoerd reservoir which
could be used to even out fluctuations in demand while maintaining a steady
rate of pumping. The most northerly route {(labelled B) ¢limbs up to the
escarpment just north of Umtata and then is relatively flat to Dordrecht
and on to Molteno. The conduit could discharge into the Orange catchment
at Dordrecht or could be taken to Molteno and Tarkastad if both catchments
and the western edge of Transkei are to be fed, This route does not pass
through the better areas for irrigation in Transkei but water could be
released into the southward draining natural water courses from whence it
could be abstracted for local use., Alternatively conduits could be laid
down to the irrigation areas to minimise losses but at greater expense. At
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this stage no attempt has been made to collect any flows from intermediate
catchments.

All other routes run to the south of Umtata and branch into variocus options
to the west of Engcobo, Route E discharges directly into the Fish only or
can be lengthened as in Route A to feed both the Fish and Orange. Route D
climbs up the escarpment but the rest traverses the irrigable areas in the
Kei catchment., Sections along route A and N are given in Figures 6 and 7.

Export of Water from Southern Africa

Certain countries in the Middle Last are significantly short of water and
have expressed an interest in importing water by tanker. So far no
satisfactory system has been devised whereby a tanker can take oil in one
direction and return with fresh potable water utilising the same storage
compartments. The studies of offshore markets, demand rates, organisaticnal
aspects and alternative sources were carried out by other, separate
organisations based in Britain and Japan and reports were submitted
regularly to this consortium. Economic viability for a tanker shuttle
service has not yet been established.

Within this study the technical feasiblity of exporting water was
established and outline engineering schemes and costs were prepared. A
single buoy mooring (SBM) would be constructed about 4 km offshore of Port
St Johns. Raw water would be abstracted from the Umzimvubu downstream from
Nkwalini, treated in a works on the left bank, the potable water would be
pumped to a balancing reservoir near the coast in a 1,7 m diameter pipe and
thence fed by gravity through twin 1,25 m diameter pipes to the SBM. A
small harbour would be constructed to shelter service craft,

A system to export 90 x 106 m3/a (i.e. 300 tankers per yvear of capacity
300 000 tons) would cost R270 x 109 to build and R14 x 106/a to operate and
maintain.
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DAMS AND HYDROELECIRIC PROJECTS

Key technical data on the dams and hydroelectric projects are given in
Table 3.

Mbokazi Dam

In its lower reaches, the Umzimvubu river has cut down through the general
plateau of Transkei producing a deep valley flowing along incised meanders
with banks formed mainly within the in situ bedrock. Habitations are
concentrated traditionally on the higher ground away from the river so only
about 20 small settlements would be affected by the reservoir.

The dam site has been selected because of many advantageous natural
features including control of as much as possible of the catchment where
the valley is narrow so that the volume of the dam structure is not
excessive. Immediately downstream of the dam site the river bends sharply
to the right through more than a right angle and the short path through the
spur can be utilised for locating ancillary structures such as the
‘spillway, power system and diversion conduits.

The size of the proposed dam (200 m high) and reservoir (6 000 x 106 3
total volume) was based on consideration of the topography, geology,
hydrology, dam costs and benefits.

The dam alignment was selected after studying 5 options for embankment dams
and 2 for concrete dams. A rockfill dam was chosen because one could be
constructed safely from locally available material more economically than a
concrete dam,

The rockfill dam layout is shown in Figure 8. The diversion tunnels
spillway and power systems are all on the right bank with intake structures
upstream of the right abutment of the dam. Most of the upstream cofferdam
is incorporated in the upstream shoulder of the main embankment.

The dam has three major zones (see Figure 9). The core, which forms the
water barrier, is placed centrally with a slight inclination. %The core is
supported upstream and downstream by rockfill shoulders with a riprap
protecting layer on the upstream face in the normal reservoir operating
range, A chimney filter and drain system on the downstream side of the core
collect and discharge seepage into the blanket drain placed on the
foundation beneath the downstream shoulder, Borrow areas for all
construction materials have been identified within reasonable haul
distances.,

Mbokazi dam falls into the very large category of dams by world standards
and the highest degree of safety is required to avoid failure and the risk
of a catastrophic uncontrolled release of water. The spillway design £lood
has been selected to be equal to the probable maximum flood (PMF), Not
only is the incoming floocd very large but the head difference between
reservoir level and tail water is also high at over 200 m.

The reinforced concrete spillway consists of three parts: the gated
overflow headworks; the chute; and the £lip bucket for energy dissipation
(Figure 10). The principle of a spillway controlled by gates was accepted
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because Mbokazi includes a large power station which will require skilled
professional staff full time who will be on hand to maintain and operate
spillway gates. A concrete lined chute carries the discharge toa flip
bucket set on the right bank of the river about 60 m above river level.
The chute is split inte three channels. Modest floods would be discharged
through one channel only so that the unit discharge is high enough to f£lip
properly at the bucket and to be thrown clear of the structure,

The diversion system passes the 1 in 100 year flood through two ungated
12 m diameter concrete lined tunnels on the right bank. One tunnel is
converted to a permanent low level outlet and the other will be plugged.

The power system is located on the right bank (Figure 11). The tunnels
pass through the spur forming the river meander with the power station well
downstream of the dam. The power intakes would be located immediately
upstream of the dam on the right bank and set about 20 m below minimum
operatiing level. From the power intakes, concrete lined tunnels about
650 m long lead to vertical shafts extending upwards as surge shafts which,
to satisfy hydraulic transient conditicns and to minimise the length of
costly steel tunnel linings, are located as close as possible to the power
station having regard to the topography. The switchyard would be located
on the left side of the river.

The power intakes would be of the upstream sloping gate type avoiding the
need for a separate vertical gate shaft and allowing the whole length of
the tunnels up to the intake to be dewatered for inspection. The power
tunnels and shafts would be concrete lined except at the downstream ends
where rock cover is less than about half of the static head and steel
liners would have to be used.

The Mheokazi surface power station for a six unit 1 600 MW installation is
shown on Figures 12 and 13. The layout is conventional and provides for
the control room, offices and workshop to be housed in a two-storey
building as an annex to the loading bay. The floor levels of the loading
bay and downstream deck provide a margin above the estimated maximum flood
level.

The switchyard configuration will be a standard double busbar arrangement
which is consistent with the ESCOM 400 kV philosophy with gas insulated
switchgear. Two overhead line entries will be required at each end of the
substation.

Integration of the project into the ESCOM transmission system is proposed
at two locations, namely Mersey (near Pietermaritzburg) and Neptune (near
East London). Four transmission lines of 275 km are required, and this
configuration will be sufficient for a station output between 1 200 and
2 000 MW, Because of the levels of power transfer involved and the
relatively long route lengths, Quad Zebra configuration has been chosen.

For the six unit 1 600 MW scheme the generators and transformers would be
rated at 2 000 MW and generation at this output would be possible at
reservoir levels above 210 m, 1 600 MW will be generated at the minimum
reservoir operating level of 180 m.
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The turbines will be vertical shaft Francis turbines with butterfly inlet
valves. The runners will be approximately 5 m in diameter,

The turbines will be directly coupled to conventional air cooled umbrelia
type generators with static excitatien and a thrust bearing mounted below
the rotor, The generators will be rated 390 MVA at 0,85 power factor.

Nkwalini Dam

A reregulation dam is proposed downstream of Mbokazi to even out the
fluctuating discharges from the power station., The size of the
reregulation reservoir is sufficient to store the weekday releases from
Mbokazi over 5 week days and to generate over seven days. 'The full supply
level (FSL) is at the normal operating tailwater level (TWL) for Mbokazi
dam, i.e. 43 masl and minimum drawdown would be 37 masl. '

The dam structure 1s a conventional overflow concrete gravity dam
incorporating a 16 000 m3/s spillway to handle the discharge from Mbokazi
plus a 3 unit 50 MW power station on the right bank to generate electricity
for the TESCOR system (see Figure 14),

The turbines would he vertical shaft Kaplan type operating at a rated speed
of 200 rpm with concrete spiral casings. The runner will be approximately
3,3 min diameter.

The turbines will be directly coupled to conventional air cooled umbrella
type generators with static excitation and thrust bearing mounted below the
rotor. The generators will be rated 20,6 MVA at 0,85 power factor with a
rated voltage of 11 kV, The transformers would be three phase units rated
at 20 MVA, 11/132 kV. The 132 kV switchyard located on the right bank
adjacent to the power station will be of the conventional outdoor type in
single busbar formation. Three 132 kV outgoing feeders are foreseen
comprising a double circuit line to Zimbane and a single circuit line to
Magwa,
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ROLE OF POWER STATIONS

Mbokazi

The current (mid 1986) ESCOM forecast is for 5% p.a. increase in maximum
demand and 5,5% p.a. increase in energy demand over the period to 1996,
The difference between these two rates represents the effect of demand side
management (DSM) i.e. tariffs to discourage use of peak electricity.

After 1996 there is no formal ESCOM forecast, but others expect growth in
both maximum demand and energy demand of 4,554 p.a. (Table 4).

The approximate shape of the annual load duration curve (LDC) in 1985 was
estimated from hourly system demand data in each calendar month. This
estimated LDC is shown in Figure 15, It can be seen that generating plants
supplying the top 10%Z of the demand would have an average plant factor of
less than 5% and a maximum plant factor of 10%. On this basis, therefore,
there would appear to be a role for at least 1 800 MW of low plant factor
peaking plant in 1985, This compares with an actual capacity of 832 MW of
hydroelectric and gas turbine units. The above simplified assessment
underestimates the potential for peaking capacity (operating at plant
factors of less than 10%) due to the substantial reserve capacity
requirements and the total amount of such plant might be expected to be in
the order of 10% of the total capacity (i.e. 2 300 MW in 1985) rather than
10% of the maximum demand.

ESCOM expect that, due to the implementation of demand side management, the
annual system load factor will dncrease to 79,34 by 1997 with consequent
changes to the peak load region of the LDC. A preliminary estimate of the
shape of the 1997 annual LDC is alsc shown in Figure 15, This indicates a
potential for peaking plant up to 1U%Z plant factor of over 3 000 MW in that
year, With respect to¢ the need for additional peaking capacity, it may be
noted that the existing LESCOM hydre stations (540 MW) are not actually very
low plant factor schemes since they have an average plant factor of
approximately 20%Z., Also the existing pas turbine units (342 MW) will Dbe
reaching the end of their useful tives by that time. On the other hand,
the pumped storage plant (1 400MW) could change to lower plant factor
operation as the proportion of high efficiency plant increases.

ESCOM have a generation development programme which they estimate will meet
demand increases up to the year 1997, provided that the maximum demand
increase rate is 5% per year., In 1997, with the present development plan
almost entirely consisting of coal fired thermal stations, there should be
a total installed net capacity on the integrated ESCOM system of 42 321 MW
to meet a forecast demand of 32 474 MW, i.e. a reserve margin of 30,37,
This capacity will comprise 28 000 MW of large coal-fired units (600/660 MW
units size), about 10 000 MW of other coal-~fired plant, one 1 840 MW
nuclear station and peaking capacity comprising pas turhines (342 MW) hydro
(540 MW) and pumped storage (1 400 MW), Thus, in 1997 the gas turbine and
hydroelectric units will represent 2,772 of the demand and the pumped
storage plant 4,3%.

By the year 2000 there will be a requirement for a total of some 48 250 MW

of capacity on the ESCOM system, Figure 16 shows typical and peak winter
weekday load curves for the ESCOM system in 20060. These were constructed
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based on similar curves for 1985, The possible operating role of a
2 000 MW peaking hydro station occupying the top of the peak is also shown,
This could represent Mbokazi with an installed capacity of 1 600 MW, since
this is capable of 2 000 MW much of the time. Ior both the peak day and
the typical day the station would operate twice a day, but the energy
generated during the evening peak is much less than that generated during
the morning. The approximate energy required in 7,4 GWh for the peak day,
and 5,3 GWh during the average winter weekday.

The average energy output of Mbokazi for the 290 m, 250 m and 230 m I'SL are
I 579 GWh, 1 192 GWh and 985 GWh per annum, i.e., 4,6 GWh for every weekday
on average for 250 m FSL. If the output for Mbokazi is 1 600 MW the
approximate energy that could be generated subject o the constraints of
the load curve falls to 5,4 GWh for the peak winter day and 2,6 GWh for the
typical winter weekday. All three alternative dam heights would provide
sufficient energy for the typical weekday, and the 290 m option would
provide more energy than is necessary for the peak day., A scheme based on
1 600 MW installed capacity would therefore operate in a marginally less
peaking role in order to fully utilise all availablie energy.

The role of Mbokazi power station in expected to change with time as the
demand increases and also to differ between winter and summer.

Nkwalini

Since the formation of TESCOR in August 1979 the maximum demand on its
interconnected system has increased steadily, the 1985 level being
approximately 41,3 MW. The average rate of increase in demand has been 10%
per year over this period. The energy demand (generation plus purchase)
has increased from 122,1 GWh in 1981 to 198,4 GWh in 1985, an increase rate
of 137% per year. The ananual system Load factor has varied hetween 51,67
and 54,87 over the latter period on a calendar vear basis. Load forecasts
have been prepared by various advisers to TESCOR and we have adopted a
maximum demand increase at 8,3% per year up to 1993/94, with increases
thereafter constant at 8,04 per year. The load forecast is shown in Table
5. :

Over the period to 1995, TESCOR plan to commigsion a fourth 14 MW unit at
Collywobbles and to build a 60 MW power station at Qalweni or equivalent
alternatives.

It can be demonstrated that the Nkwalini power station can make a useful
contribution to the TESCOR system but the exact role will depend on the
other stations complieted before Nkwalini, the pattern of water releases
required downstream of Nkwalini and the amount of storage available in the
small reservoirs serving other power stations.

18




CAPITAL COSTS OF DAMS AND POWER DEVELOPMENT

Capital cost estimates were prepared for nine alternative Mbokazi options
embracing the range of dam heights from 290 m to 230 m FSL and a range of
installed capacities between 1 000 and 2 000 MW, together with three
options for Nkwalini of 40, 50 and 60 MW installed capacity. ALl costs are
based on September 1986 price levels. VWhere appropriate foreign exchange
rates have been assumed of 3,2 Rand equals | Pound Sterling and 2,2 Rand
equals US$ 1. Physical contingencies and engineering have been included in
the costs.

The costs of the civil works are based on the outline designs. Cuantities
have been estimated for the main construction activities such as
excavation, embankment £ill, tunnel construction, adits with grout and
drainage curtains, and concrete in the spillway and pover station. Unit
rates for construction were derived., The major cost item is Mbokazi dam
structure at 40% of the total. Ummeasured items and physical contingencies
have been taken as 154 at this stage. In addition engineering and
administration charges have been added at 8% of the total construction
costs,

The basis for the coest estimates for electrical and mechanical plant was a
combination of actual contract costs for similar plant under dinternational
competitive tendering and manufacturers' budgetary estimates. These costs
include generators, turbines, valves, electrical and mechanical auxiliaries
and powerhouse cranes, Physical contingencies and engineering are included
at a combined rate of 207.

Switchyard costs include a 400 kV switchyard and generator transformers on
the basis of a GIS installation., Physical contingencies and engineering
are included at a combined rate of 15%.

Costs have been added for four 275 km long 400 kV Quad Zebra overhcad lines
to interconnect Mbokazi into the ESCOM system including cowmpensation and
integration costs to the ESCOM substations. Physical contingencies and
engineering are included at a combined rate of 15Z4.

Since the role of Nkwalini is to reregulate the flow of water down the
Umzimvubu river to an acceptable regime, a portion of the civil costs of
Nkwalini dam and spillway should be included in the costs of Mbokazi. This
portion has been taken to be 80Z for the purposes of this study,
i.e. a cost of R70,33 million. Physical contingencies and engineering have
been included for at rates of 204 and 8% respectively because of greater
uncertainties in foundation coanditions.

The total cost assumptions for all options are summarised in Table 6. The
range of specific capital costs for these options varies between Rand 1 125
per kilowatt for the 250 m 2 000 MW option to Rand 1 794 per kilowatt for
the 290 m 1 200 MW option.

Cost estimates for the power development at Nkwalini have been prepared
using the same general approach as for Mbokazi (Table 7).
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ECONOMIC EVALUATION OF POWER BENEFITS

The Mbokazi and Nkwalini schemes have been separately considered within the
context of the ESCOM and TESCOR systems respectively, and the integration
of the schemes into the power systems has been examined over a 10 year
peried.

All costs of the dams, power stations and transmission lines have been
included although if the water transfer scheme proceeds some of these
features assist both projects and costs should be shared. Any sharing will
improve the economics of the hydroelectric project.

The evaluation of the Mbokazi scheme has been carried out in quasi-economic
terms as a project serving Southern Africa, Local market prices have been
used for coal, for example, which do not necessarily correspond to economic
prices. SACU rebates on the capital costs have also been excluded. No
shadow prices have been applied to any of the capital cost elements. The
rationale for this approach is that at this stage a comparison has to be
made between a number of competing schemes, both within and outside RSA,

Only base-load coal-fired steam staticons are being considered for
installation on the ESCOM system up to the late 1990's. The main economic
comparisons have been made on the assumption that the Mbokazi scheme would
replace or delay the construction of further plant of the same type after
the presently scheduled power stations have been completed., Alternative
generation planting programmes were drawn up, each of which met the ESCOM
security criterion., The programmes cover a ten year period, starting in
1697 (the first year in which it was assumed the Mbokazi plant could be
commissioned).

The nine programmes were based on the alternative options for Mbokazi
covering 290 m to 230 m dam heights, with variation in installed capacity,
In addition to these programmes an all-thermal programme was developed as a
datum against which to measure the Mbokazi based programmes.

The estimated cost of the coal-fired power station assumed in the
evaluation is R1 200/kW at September 1986 price levels. This represents
the cost of the power station, plus the switchyard and necessary
transmission to interconnect it to the main ESCOM system. This cost
excludes GST.

The capital and operating costs of each programme were determined on an
annual basis over the ten year perioed using a probabilistic type computer
program. This simulates system operation subject to the constraints of the
load duration curve, plant availabilities, merit order, etc. The costs in
the final year of simulation were run out over the life of the hydro
scheme, thereby avoiding any calculation of significant residual values.
The capital costs of any thermal plants commissioned during the simulation
period were reintroduced into the cost stream as appropriate at the end of
their economic lives,

Throughout the analysis costs common to all alternative generation planting

programmes have been ignored. No retirements of existing generating plant
have been made.
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The evaluation of Nkwalini is essentially similar to that for Mbokazi, with
a calculation of total system costs. Alternative generation planting
programmes were derived based upon the 40, 50 and 60 MW alternatives for
Nkwalini, with a fourth case based on no Nkwalini development. It was
assumed that growth in electricity demand would be met by either:

(a) dnput from ESCOM, based on the costs of large coal-fired generating
plant, or

{(b) import from ESCOM, costed on the basis of the HSCOM tarifl, before and
after allowance for SACU rebate,

These alternatives represent consideration of the Nkwalini scheme in a
Southern African and Transkei context respectively.

Due to the very marked seasonality in the outputs and operating regime of
the hydro plants in Transkei, all modelling has been done on a seasonal
basis with different load duration curves for the summer and winter
seasons,

In the context of methodology adopted for this study it wag decided to
adopt a test discount rate of 64 p.a. This rate corresponds closely to the
rate used by ESCOM of 5,5% p.a. 1t is understood that D3SA use a lower
rate of 3% din the analysis of projects in the agricultural secctor.
However, it was decided to use a range of discount rates from 3% to 12Z4.

Table 8 shows the comparative benefits for the nine alternative Mbokazi
options considered at the test discount rate of 6Z. The least cost
development is seen to he that based on a 2 000 MW scheme with a 250 m FSL.
Also given is the Equalising Discount Rate (EDR) i.e. the rate at which
hydro and thermal options are egually economic., If the test discount rate
is less than the EDR, Mbokazi is favoured. 'The results indicate incressing
economic viaebility for Mbokazi with increasing installed capacity {or each
dam height. Increasing the size of Mbokazi power station, however,
decreases its load factor since at any dam height the energy output is
virtually fixed,

The economic analysis carried out shows that on the assumptions made, a
development of 2 000 MW output with a F3L of 250 m represents the most
attractive alternative when compared with the developments bhased on coal
fired thermal power stations. This conclusion was found to be the most
robust when subject to changes in basic assumptions including capital costs
of Mbokazi and the coal fired thermal alternative, fuel prices and the
shape of the load duration curve (see Table 8 for effects on the 1 GO0 MW,
250 masl scheme).

In practice a development with a 1 600 MW installed capacity has a
potential output 2 000 MW for reservoir levels higher than 210 masl. The
value of this additional power output has not been guantified in the
analysis but it would be available for 907 of the time. Tt will increase
the flexibility of operation of Mbokazi both in terms of peaking and for
system reserve, This additional benefit ghould be examined in a detailed
cconomic appraisal.

The most attractive development at Nkwalini was shown o be that based on




schemes between 40 and 50 MW (Table 9). These offered a lower cost than
importation from ESCOM if imports are based on the ESCOM tariff, either
with or without the SACU rebate. If viewed from a Southern African context
the total costs of development assuming imports are costed at direct ESCOM
costs of are lower than the equivalent costs with Nkwalini. This result,
however, is very sensitive to the assumptions made regarding the cost
allocation of Nkwalini dam civil works between Mbokazi and Nkwalini (Table

10).
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PROGRAMME FOR DEVELOPMENT

Study and design

Multipurpose development of the Umzimvubu basin is recommended with the
main elements being the hydroelectric scheme at Mbokazi and the water
utilisation schemes within Transkeil and RSA. The most beneficial use of
the river would include both aspects which are interdependent in that both
require the dam at Mbokazi, However, separate development programmes are
presented to show clearly the steps required for realisation of each
element and the time that they will take. It is emphasised that such large
projects take many years to come to fruition and that the next stages in
this process should follow directly on from this report if the schemes are
to be ready when required near the end of this century.

(a) Hydroelectric project

The rate of increase in electrical demand and development plans of both
ESCOM and TESCOR point to commissioning the first units in early 1998.
"This fits well with award of the main civil contract for the Mbokazi
project dams and power stations, etc at the end of 1990 with a seven year
contruction programme. A programme of activities for the dam and hydro
power development between now and start of construction is set out in
Figure 17, This programme is based on the assumption that the civil works
construction would be carried out by a large consortium of naticonal and
international companies who have constructed similar schemes already.

Apart from negotiations on interstate agreements further economic and
financial studies, detailed site investigation, testing, hydraulic
modelling and preparation of contract designs must be completed before
tendering or negotiation of contracts. Award of the main civil contract
would be at the end of 1990.

(b) Water transfer projects

The more detailed study of the agricultural potential and benefits that
would accrue from large scale development within Transkei and RSA is a top
priority. The benefits should be assessed in socio-economic terms to show
the advantages of the project to the whole region. Taking into account the
different organisations that would have an input to such a study, a periocd
of two years should be allowed for comprehensive scil surveys, selecting
suitable crops, market surveys and predictions,.planning large farm
developments and assessing demand for water on a seasonal basis region by
region. The water requirements for rural, urban and industrial use should
be derived from long term plans for Transkei. Socio-economic and financial
analyses would demonstrate the viability of development and indicate the
scope of the first stage.

Preparation of tender documents for such a long conduit through Transkei to
RSA could take up to four years depending on the number of contracts and
the extent of secondary and smaller offtake conduits included.

Avard of the first contract for large water transfer conduit through
Transkei could be in 1993,
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Construction
{a) Mbokazi and Nkwalini dams

The programmes for construction of Mbokazi dam and Nkwalini dam are given
in Figure 18. The first unit is commissioned after 7 years and the last in
the ninth year. The civil works should be let as one contract because of
the interaction between project features in the compact site, In
particular economic earth moving will require careful programming of
construction sequences. The mechanical and electrical equipment would be
supplied under separate contracts. The critical path is through the
construction of the diversion tunnels, the embankment and impounding to a
high encugh level to test and commission the first two units in January of
year 8, Construction of the civil works for the power system and erection
of the generating plant and transmission lines are not on the critical path
for commissioning the project.

{b) Water transfer conduits

‘The construction programme for the water conduit system would depend mainly
on the supply of pipes. It would be preferable if these were manufactured
in a special factory established locally for this purpose. Construction of
the conduit would probably be let in a number of contracts of the size that
can be handled by contractors in Southern Africa but could possibly be
arranged with one large contractor or consortium either acting as main
contractor or as contract manager controlling sub-contracts.

A simplified construction programme for the western route is set out in
Figure 19.
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TWO YEAR STUDY WITH EMPHASIS ON WATER USES

Activities
Management and engineering, including

- direction and coordination of study

- liaison with coordinating committee

- liaison with government departments in Transkei and RSA

- liaison with the Development Bank of Southern Africa

- preparation and circulation of regular progress reports on all
aspects

- estimating growth of domestic and industrial water requirements
in study area

- overall planning

- engineering of water transfer, routes, systems, sizes, pumping
rates, optimisation, access routes

- selection of pumps, transmission lines

- costing

- meteorology, hydrology

- detailed reservoir operation studies

- review of land tenure aspects, shared water basin, shared
benefits

- implementation and construction programme including staged
development

- coordination and preparation of final report

Geology

- mapping of routes for pipes, canals, tunnels with some seismic
surveys

- mapping of pumping station sites including drilling if necessary

- identification of borrow areas

Agriculture

- review reconnaissance study

- identify areas suitable for irrigation (so0ils, slopes,
settlements, present usage)

- carry out detailed soil mapping including testing

- identify possible crops (winter, summer and perennial)

- establish marketability in Transkei, RSA and export as raw and
processed products

- prepare outline schemes for large scale commercial agriculture
and local irrigation

- assess overall economic (including social) benefits

Electrical benefits

- review with ES5COM, role and integration of Mbokazi in their
system

- review with TESCOR, role and integration of Nkwalini with other
alternatives in their system

- optimisation of operations of both power stations and water
transfer schemes
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TABLE 1

SUMMARY OF CONDUIT FEATURES

Pipeline Pumping Total
Route and siphons Canals Total station Static End
km km km no. lift m point(s)
Western
A 351 115 466 11 1750 Molteno
Tarkastad
B 346 76 422 10 1750 Molteno
Tarkastad
Bl 282 0 282 9 1650 Dordrecht
E 377 0 377 9 1350 Tarkastad
Northern
N 94 - 94 3 600 Umtamvuna
TABLE 2
SUMMARY OF WATER TRANSFER COSTS
Route Capital cost Running Costs Rx100 p.a.
R x 100
Pumping Maintenance Operation Total
Western (20 m3/s)
A 2090 170 12,0 1,3 183
B 2000 168 11,4 1,2 181
Bl 1540 158 9,0 0,9 168
E 2045 130 11,4 1,1 143
Northern (10 m3/s)
N 353 28 2,2 0,3 ' 31
Notes : A - via Queenstown.
: B - via Dordrecht.
Bl- discharge to Orange but reach Fish through Orange/Fish
tunnel.
: E - not to Orange.
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TABLE 3

SUMMARY OF KEY TECHNICAL DATA OF DAMS AND HYDROELECTRIC PROJECTS

Mbokazi

Reservoir

Catchment area

Mean annual runoff (MAR)
Full supply level (FSL)
Reservoir area at FSL
Minimum operating level
Total storage volume
Live storage volume

Dam Type

Crest elevation

Crest length

Maximum height above foundations
Volume of dam

Spillway Type

Sill level

Maximum discharge in PMF

Number and size of radial gates

Diversion Conduits
Number and diameter
Average length
Lining

Power System
Number of gates
Penstocks - number and diameter
~ lining
trifurcating to:
- number and diameter
- lining

Surge tanks - number and diameter

Power station type
Installed capacity
Number of units
Turbine type

Rated speed
Generator rating

Nkwalini

Reservoir

Full supply level (FSL)
Reserveir area at ISL
Minimum operating level
Total storage volume
Live storage volume
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20 000 km<

3 000 x 100 m3
250 masl

85 km2

180 masl

5 950 x 100 m3
4 350 x 100 m3

Rockfill with central earth core
260 masi

850 m

210 m

47 x 106 m3

Gated crest overflow with flip bucket

237 masl
27 400 m3/s
9 - 15,56 m W, 4 mH

2 -12m

1 675 m

Concrete

&

2 -1lm

Concrete

6 - 6,5m

Concrete with steel encasement
2 ~11m

(27 m above 27(¢ masl)
Surface, indoor

1 600 MW

6

Francis

136 rpm

390 MVA

43 masl
3,25 kmZ
37 masl
59 x 100 p3
19 x 106 m3

S \ 1‘
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Dam Type Concrete, gravity
Crest elevation 53 masl
Crest length 375 m
Spillway Type Gated overflow, roller bucket
Sill level 31 masl
Hydraulic design capacity 16 000 m3/s
Number and size of radial gates 9 - 14,3 m W, 20m H
Power Station Type Integral, indoor
Installed capacity 50 MW
Number of units 3
Turbine type Kaplan
Rated speed 200 rpm
Generator rating 20,6 MVA
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TABLE 4
LOAD FORECAST FOR ESCOM

Year Maximum Energy sent
Demand out
(MW) (GWh)
1990 23 178 157 047
1995 29 582 205 254
1996 _ 31 061 216 554
1997 32 474 226 397
1998 33 952 236 698
1999 35 496 247 468
2000 37 111 258 728
2001 38 800 270 500
2002 40 565 282 807
2003 42 411 295 675
2004 44 341 309 128
2005 46 358 323 194
2006 48 468 337 899
2007 50 673 353 273
2008 52 979 369 347
2009 55 389 386 153
2010 57 909 403 723
2011 60 544 422 092
2012 63 299 44) 297
2013 66 179 461 376
2014 69 190 482 369
2015 72 338 504 317
2016 75 630 527 263
Notes : 1, Maximum demand forecast based on 5% pa increase to 1996 and

4,55% thereafter.

2. Energy forecast based on 5,5% pa increase to 1996 and 4,55%
thereafter, '
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TABLE 5
LOAD FORECAST FOR TESCOR

Year Maximum Energy sent
Demand out
(MW) (GWh)
1985 42,7(1) 209,5(2)
1986 46,3 227,1
1987 50,2 246,3
1988 54,5 267,4
1989 59,1 289,9
1990 64,2 314,4
1991 69,6 341,4
1992 75,4 369,9
1993 81,8 401,3
1994 88,3 433,2
1965 95,4 468,0
1996 103,0 505,3
1997 111,3 546,0
1998 120,1 589,2
1999 129,8 636,7
2000 140,2 687,8

Notes : 1, Financial year, i.e, 1985 igs year ending 31 March 1986.

2. Actual figures for 1985/1986 were 41,7 MW and 207,8 GWh
(system load factor 56,9%).

3. Maximum demands and energy demands after 2 000 assumed to
increase at annual rate of 87%.
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TABLE 6

TOTAL CAPITAL COSTS FOR ALTERNATIVE MBOKAZI SCHEMES

Rands x 100
FSI,  Installed Civil Generation Transmission  Total  Rand/
Capacity Works (1) Plant (2) kW
(m) (MW)
290 2000 1666 492 330 2488 1244
1600 1617 422 296 2335 1459
1200 1570 313 268 2151 1792
250 2000 1395 524 330 2249 1125
1600 1334 441 296 2071 1294
1200 1284 335 268 1887 1572
230 1600 1235 443 296 1974 1234
1200 1168 335 268 1771 1476
1000 1145 293 230 1668 1668
Notes: 1. Including R70.33 x 109 for attributable cost for Nkwalini
2,  Including substation costs
TABLE 7
TOTAL CAPITAL COSTS FOR ALTERNATIVE NKWALINI SCHEMES
Rands x 109
Installed Civil Generating Transmission Total Rand/kW
Capacity Works Plant
MW
40 41 34 7 82 2 055
50 42 42 7 91 1 820
60 43 51 7 101 1 680
Notes: 1,  Excluding R70,33 x 106 attributable to Mbokazi.

Including Nkwalini sub-station costs.,
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TABLE 8
MBOKAZI ~ COMPARATIVE SIMULATION COSTS

Base case
Mbokazi installed capacity
Dam
FSL 1 000 MW 1 200 MW 1 600 MW 2 000 MW

(a) Savings in costs (R x 106) discounted to 1986 at 6% discount rate

290 m -38 161 507
250 m 42 290 610
230 m 141 84 321

(b) Equalising Discount Rate (EDR)

290 m 5,7% 8,8% *® 12%
250 m 7,1% * 127 * 12%
230 m 9,3% 8,2% ¥ 127

Note : ¥ is greater than.

Sensitivity Checks

Present value of cost savings at 6% discount rate for 250 m 1 600 MW scheme
with the following changes:

Rand x 106
Coal-fired thermal costs + 20% 585
- 20% - 4
Mbokazi costs + 20% 37
~ 20% 543
Fuel costs + 207 284
LDC shape as 1985 368
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TABLE 9
NKWALINI -~ COMPARATIVE SIMULATION COSTS

Costs in Rands x 10® discounted to 1986 at 6% discount rate

Costing basis 60 MW 50 MW 40 MW

Tariff before SACU rebate 25 31 31

Tariff after SACU rebate 12 18 19

ESCOM costs ~11 -5 -4
TABLE 10

NKWALINI ~ COMPARATIVE SIMULATION COSTS
20% change to Nkwalini capital costs

Costs in Rands x 100 discounted to 1986 at 6% discount rate

Costing basis 60 MW 50 MW 40 MW

+20% -20% +20% -207% +20%2 -207%

Tariff before SACU rebate 13 37 19 43 21

Tariff after SACU rebate 0 24 7 29 9

ESCOM costs -24 1 -16 6 14
33
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