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PART 1:
BACKGROUND INFORMATION

1.1 General Information

1.1.1 Holding Authority
:
Eskom
(PTY) LTD

P.O. Box 1091






Megawatt Park
Johannesburg






Maxwell Drive
2000






Sunninghill







Contact person:
Heine Hoffman











(011) 800 3713


Applicant

:
Duvha Power Station



Contact Person
:
Johan Prinsloo






(013) 6900240


Site 


:
Duvha Power Station

1.1.2 Magisterial district & authority:

Witbank, Emahleni Town Council

1.1.3 Nearest Towns:

Witbank – 20 km north west of the power station

Middelburg – 25km north east of the power station

1.1.4 Surface Infrastructure:

Duvha Power Station is situated approximately 20 kilometres south east of the town Witbank in the province Mpumalanga on the farm originally known as Speekfontein.

1.1.5 Latitude & longitude:

25,9°S & 29,3°E

1.1.6 Ownership of land:

Duvha Power Station is located on the farm Speekfontein 336JS with approximately 581 ha currently developed by Eskom. Title deed number CCT10033/1978.

1.1.7 Ownership of adjacent (potentially impacted) land:

	Property Name
	Property Number
	Owner

	Farmers:
	
	

	Neels Van Dyk
	Remainder of Portion 3, Rhenosterfontein No. 318-JS
	Neels Van Dyk

	
	Portion 11,

Rhenosterfontein No. 318-JS
	Neels Van Dyk

	
	Portion 2

Speekfontein No. 336-JS
	Duvha Power Station

	Nico Gouws
	Portion 1

Duvha Power Station No. 337-JS
	Nico Gouws

	
	Portion 15,16

Speekfontein No. 336-JS
	Nico Gouws

	
	Portion 9,10

Driefontein No. 338-JS
	Nico Gouws

	
	
	

	Industry:
	
	

	Corobrik
	Portion 3,

Duvha Power Station No. 337-JS
	Corobrik

	Middelburg Mine South
	Portion 1,

Driefontein No. 338-JS
	Middelburg Mine South

	
	Portion 2,

Duvha Power Station No. 337-JS
	Middelburg Mine South

	
	Remainder Portion 4,12, 13.

Portion 29,30,7

Speekfontein No. 336-JS
	Middelburg Mine South


1.1.8 Land zoning

Apart from the power station is the area mainly agricultural land and mining  area.

1.1.9 River catchment:

Duvha Power Station is situated in the Olifants River Catchment  upstream of the Witbank Dam.

1.2
Description of project

1.2.1
Type of industry and products produced:

Duvha Power Station is a coal-fired power station, producing electricity into the national grid.

1.2.2 Amount of electricity produced annually:

Nominal capacity – 21 383 GWh planned for 2003.

1.2.3 Raw materials:

Coal consumption: Planned for 2003 – 10 073 000t per annum






Water consumption: Projected raw water demand for 2003 – 49 235 Ml

1.2.4
Water intensive processes:



a)
Water purification plant

Duvha Power Station’s raw water requirement can be met from either of two sources.  First, water can be pumped from the Vygeboom and Nooitgedacht dams in the eastern part of the Mpumalanga, which are fed by the Komati River.  These dams can also be supplied with water from the Usutu system.  Secondly, water can be obtained from the Witbank Dam in the upper reaches of the Olifants River and supplemented with water from the Grootdraai Dam in the Vaal River near Standerton.

The raw water is pumped into the raw water reservoirs which then splits into three major lines: the cooling water south system, the cooling water north system and the water treatment plant (to the raw water clarifiers).  The clarified water is then used for demineralisation and potable water production.

Potable water is produced to satisfy the station and third party needs.  The third parties are Ikageng, Duvha Opencast Mine and Sannieshof single accommodation facility.  This means that the power station is classified as a Water Services Provider in terms of the Water Services Act (Act No. 108 of 1997).  Disinfecting with chlorine, caustic soda (NaOH) for pH adjusting. 
Demineralised water is produced using the Ion Exchange technique.  The plant consists of three sets of ion exchangers with each set comprising a cation, weak base anion, strong base anion and mixed bed unit.  The demin plant is designed to produce 200 m3 per unit.  The resins used in the demineralisation plant are regenerated upon exhaustion.  This is only done when required.  


b)
Steam and water cycle to generate electricity

Six turbo-generators, which are steam driven, are used to generate electricity at Duvha Power Station.  The steam is produced in the six boilers which are of the Benson type, which depends on forced circulation and has no steam drum.  The feedwater, which is highly purified and demineralised, makes one continuous and uninterrupted circuit through the boiler, the turbine, and the condenser and again through the boiler.  On its path through the boiler, the feedwater evaporated and as more heat is absorbed, the steam becomes superheated to a temperature of 540 oC and a pressure of 17,1 mPa.

A feature of the steam pipework is a high-pressure system that allows the superheated steam to bypass the high-pressure turbine when necessary, to flow directly into the reheat pipework.  From there it bypasses the intermediate-pressure and low-pressure turbines and flows into the main condenser.  This system means that the boiler can be operated independently of the turbine and the correct steam temperature and pressure can be obtained before the generator is started up.  Also, if a turbine trips, the system allows the boiler to be operated at roughly 40 per cent of its maximum load, it can be run at a low load while the boiler is maintained at a higher load.  In both instances, the bypass system prevents, within the limits of its capacity, sudden pressure rises from exceeding the settings of the safety valves in the reheater.

Each boiler is fitted with twenty-four burners, arranged in twelve rows of two-six rows in the front wall of the furnace and six rows in its rear wall.  Each coal mill supplies four burners – two in the front wall and two in the rear wall.  Mounted in the centre of each burner is an oil burner and these are used for starting up and for stabilising the combustion coal at low loads.

Forced-draught fans supply secondary air to the burner wind boxes while primary-air fans transport pulverised coals from the mills to the burners.  Combustion gases are drawn from the furnace by two induced-draught fans, over the surfaces of the steam superheaters, the reheaters, and the economiser and air preheaters, through the electrostatic precipitators and into the chimney.  

Each boiler has a capacity of 507 kg/s of steam and the feedwater is supplied, at a pressure of 22 Mpa, by two electric pumps rated at 13 MW each, or by one steam-driven pump.  At maximum continuous rating the efficiency of the boilers is 93,9 percent.

c)
Main cooling water system

The main cooling system condenses the Low-Pressure exhaust steam into the condenser.  This clean condensate gets circulated back to the boiler.

The condensate temperature in the condenser hotwell is about 37 oC.  In order to obtain maximum system efficiency it is necessary to reheat the condensate before returning it to the boiler.  To achieve this, the condensate is passed through numerous heaters before feeding it into the boiler.  All the heaters are of the surface type in which the water flows through tube nests.  Steam extracted from different stages of the turbine heats the water by conduction through the tube metal.

A deaerator situated between the low-pressure and high-pressure heaters removes entrained oxygen in the condensates and heats the water through direct contact with steam extracted from the turbines.  The condensate is pumped from the condenser to the deaerator through low-pressure heaters by means of the main condensate extraction pumps.

The condensate is then pumped from the deaerator feedwater tank to the boiler through the high-pressure heaters by the boiler feed pumps.  The final feedwater temperature at 600 MW is 247 oC.

The condensers are of the dual-pressure surface type.  The vacuum inside the condensers is established by steam-jet air ejectors and maintained in normal operation by water-jet air ejectors.  The steam exhausted from the low-pressure cylinder condenses over 22 552 brass tubes, which have a surface area totalling 23 400 m2.  Each boiler-turbine set has a condenser with a heat exchange capacity of approximately 400 MW.

The six cooling towers at Duvha are designed for a total thermal load of nearly 19 000 GJ/h.  The three large towers are 149m high and 114m in diameter at the base and the minimum shell thickness is 180 mm.  At full load the evaporation from one-tower amounts to 30 Ml a day.

Cooling water treatment and specific the option employed to de-alkalinise the cooling water is an important decision if Zero Liquid Effluent Discharge (ZLED) is to be maintained at all times. Alkalinity control with acid is a neutralisation process and contributes to the salt load of the cooling water. Lime alkalinity control is a precipitation process and very little inorganic contamination of the cooling water takes place during the process.




Lime alkalinity control is therefore the preferred option of cooling water 




treatment and these lime systems are managed such as to maintain it as close 


as possible to  100% availability.

d)
Ash plant and ash dams

At full load each boiler produces 250 tons of coarse ash and 1400 tons of fly ash every day.  The coarse ash and the material rejected from the mills are crushed and fed into sumps, from where it is pumped to the ash dam.  The fly ash sluiced from the precipitator hoppers is pumped separately to the ash dam, where it is used to build ash dam walls.

Water from the dam, which covers an area of 450 ha, is decanted and reused in the ash system in a closed loop.

The concentration of the hydroxides in the ash water is of crucial importance if the ash water sulphate concentration is to be substantially lowered in the ash dump. High concentrations of hydroxides in the ash water will increase the solubility of aluminium from the ash, this will lead to the formation of aluminium hydroxide, as the solubility of Al (OH)3 increases with increase in pH (hydroxides). This causes an insoluble salt known as ettringite (3CaO.3CaSO4.Al2O3.31H2O) to precipitate, thereby removing some calcium and sulphate from the solution.  The stoichiometry is given by the following reaction.

6Ca2+ + 3SO42- + 2Al(OH)3 + 37H2O (  3CaO.3CaSO4.Al2O3.31H2O + 6H3O+

The formation of ettringite is pH dependant, the optimum [OH-] Concentrate lying between 600 and 1200. Sodium could depress the solubility of ettringite but sulphates could generally be lowered to approximately 450 mgkg-1 as SO4. The result of this is that this water is then suitable for reuse in the cooling water system.

e).  Station drains complex

All drains are diverted to this system.  These drains collect water from following systems:

· cooling water systems

· storm water within the station and terrace

· drainage of boilers and condensers

The oil separation system is a tilted weir separation system. Any spilled oil is retained in the oil ponds. An overflow weir system allows for the cascading of contaminated drains to the oil separation system.  Oil absorbent pillows and booms are kept as a stock item in the stores.

The water quality is therefore always equal or better than the cooling water systems quality requirement and the water is then recovered back into the main cooling water system. 

g)
Sewage treatment

There were two sewage plants, one at Ikageng Quarters and the other at Sannieshof single accommodation, which were integrated in December 2001 with a pipeline. The plant was contracted out to a contractor in November 1999.  

The sewage is treated using an activated sludge process.  Treated Sewage will conform to the stipulated requirements for Phosphate, Nitrate and Chemical Oxygen Demand.  Sewage is recovered from the following Parties:

· The Power Station

· Ikageng Quarters

This sewage will be treated and recovered from Ikageng to the high-level ash dam system within the station.

h).  Mine Water Recovery

The Komati Water Scheme is currently under stress to supply the required demand of water to the power stations.  The situations lends itself to the controlled usage of polluted mine water for ashing purposes at Duvha Power Station.



i.  Recovery and treatment

Should any parameter in the mine water exceed the specified threshold for cooling water then the mine water will be treated as a separate stream. Evaluation of the mine water chemistry should also include permanent hardness and specific permanent hardness following lime treatment.

The preconditions for recovery of mine water are:

1.  That the mine water must not be acidic

2.  The mine water must be introduced into the ashing system

3.  Must be a controlled process, which will ensure sufficient freeboard in   

         the ashing system in the case of a storm.

Lime softening must be the only option for cooling water alkalinity control in order to maximise mine water utilisation.  The chemical dynamics within the ash water system are such that the sulphates from the mine water will be lowered through the natural precipitation of sulphate as ettringite.  This will render the mine water i.e. controlled volumes, suitable for recovery to the cooling water system.

ii.  Identification of environmental impacts
Resource saving
Using polluted mine water for power generation makes pristine river water available for human consumption. It further prevents this polluted water from entering the water environment.
Salt load to the disposed ash
Eskom even though exceeding the demand at this stage regards power station ash as a resource. The disposal of excessive volumes of high salinity brine can compromise the resource value of the ash. Ground water quality could be compromised if the field capacity of the ash is exceeded
The possible pollution of the ground water with the so-called ash variables is a reality. A strategically placed ground water monitoring borehole is monitored for telltale parameters.  Results are managed in accordance with the Department of Water Affairs and Forestry minimum requirements for ground water monitoring and are available in the C:\Wish database.
1.2.5 Details of existing permits

Duvha Power Station is currently operating under Permit 596N, which was issued in terms of the Water Act, 1956 (Act 54 of 1956). This permit allows for the use of 53 837.5 Megalitres (Ml) of water per year. This water is supplied by the Department of Water Affairs from the Komati-Usutu Rivers Link System Government Water Scheme.  

PART 2:
DESCRIPTION OF WATER ENVIRONMENT 

2.1 Climate

2.1.1
Regional climate

Duvha power station is situated on the Highveld in the Central part of Mpumalanga province, on the escarpment, at an average height of 1 550 m above sea level. The winters are generally dry and cold with frost and intermittent light rain. The summers are mild with most of the rainfall, frequently in form of thundershowers, occurring during the summer.

a) Temperature

The following annual average temperatures are reported by The South African Weather Services for the Witbank Centre. Monthly specific data is presented in table 2.1.3. 

	Maximum
	Minimum
	Average

	23.4 oC
	10.7 oC
	17.0 oC


b) Relative humidity

The following annual relative humidity readings are reported by The South African Weather Services for the Witbank Centre.

	0800
	1400
	2000
	Maximum
	Minimum

	68%
	39%
	57%
	88%
	22%


c) Wind

Winds are generally light to moderate except during thunderstorms when North-East winds predominate, with a mean wind speed of 6.4 km/hr over

2.1.2 Rainfall data

Duvha Power Station is situated in the quaternary catchment B11G. According to WRC Report No. 298/2.1/94 is the rainfall as presented in Table 2.1.2 a) and b).

Table 2.1.2 a) Mean annual rainfall for Duvha Power Station

	Weather Bureau Gauge No.
	Station Name
	Record Used
	No. of years
	MAP

(mm)

	0478546
	Vandyksdrift
	1928 - 1989
	62
	696

	0515412
	Witbank Municipality
	1956 - 1989
	34
	716

	0515386
	Landau
	1950 - 1989
	40
	689

	Adopted MAP for Duvha Power Station
	700 mm


Duvha Power Station is in an area of mean annual precipitation (MAP) of 700 mm per annum.
Table 2.1.2 b) Rainfall distribution

	Month
	Percentage Distribution
	Monthly Rain (mm)

	October
	11.37
	79.6

	November
	16.35
	114.5

	December
	14.37
	100.6

	January
	18.67
	130.7

	February
	12.58
	88.1

	March
	11.57
	80.9

	April
	6.56
	45.9

	May
	1.81
	12.6

	June
	1.09
	7.6

	July
	0.81
	5.7

	August
	1.03
	7.2

	September
	3.79
	26.6

	Total
	100%
	700.1


Table 2.1 2 c) Design rainfall depths mm during 24 hour duration 

	Station
	2 years
	5 years
	10 years
	20 years
	50 years
	100 years
	200 years

	Vandyksdrift
	54
	72
	85
	99
	117
	132
	148

	Witbank Municipality
	51
	69
	82
	95
	113
	127
	142

	Witbank (POW)
	48
	64
	76
	88
	105
	118
	132


Reference Natal University CCWR

Table 2.1.2 d) Design rainfall depths mm during a 7 day duration

	Station
	2 years
	5 years
	10 years
	20 years
	50 years
	100 years
	200 years

	Vandyksdrift
	102
	132
	152
	171
	197
	216
	235

	Witbank Municipality
	98
	127
	146
	165
	190
	208
	227

	Witbank (POW)
	95
	123
	142
	160
	184
	202
	220


Reference source WRC Report No. 298/2.1/94.


Table 2.1.2e) Op Ten Noord formula storm duration

	Storm duration
	
	
	Recurrence interval (Years)
	

	Hours
	2
	5
	10
	25
	50
	100

	2
	18mm
	23mm
	29mm
	38mm
	46mm
	57mm

	4
	10mm
	13mm
	16mm
	21mm
	26mm
	32mm

	6
	7mm
	9mm
	11mm
	15mm
	19mm
	23mm

	8
	6mm
	7mm
	9mm
	12mm
	15mm
	18mm

	10
	5mm
	6mm
	7mm
	10mm
	12mm
	15mm

	12
	4mm
	5mm
	6mm
	8mm
	10mm
	13mm

	14
	3mm
	4mm
	6mm
	7mm
	9mm
	11mm

	16
	3mm
	4mm
	5mm
	6mm
	8mm
	10mm

	18
	3mm
	4mm
	4mm
	6mm
	7mm
	9mm

	20
	2mm
	3mm
	4mm
	5mm
	7mm
	8mm

	22
	2mm
	3mm
	4mm
	5mm
	6mm
	7mm

	24
	2mm
	3mm
	3mm
	5mmm
	6mm
	7mm

	 Op Ten Noord Formula
	
	
	
	
	


2.1.3 Temperature data

Table 2.1.3 (a).  Temperature data for the Witbank area

	Season
	Month
	Daily

mean oC
	Daily

Max oC
	Daily

min oC

	Summer
	October
	18.3
	24.8
	11.7

	
	November
	18.9
	24.6
	13.2

	
	December
	19.8
	25.1
	14.5

	
	January
	20.6
	26.2
	14.9

	Autumn
	February
	20.5
	26.0
	15.0

	
	March
	20.2
	26.1
	14.2

	
	April
	17.5
	23.9
	11.2

	
	May
	14.5
	21.3
	7.7

	Winter
	June
	12.2
	19.1
	5.2

	
	July
	11.4
	18.4
	4.3

	
	August
	14.1
	21.5
	6.7

	
	September
	16.4
	23.5
	9.2

	Annual
	
	17.0
	23.4
	10.7


Daily air temperatures as provided by The South African Weather Service
2.1.4 Evaporation data

The average mean annual evaporation (MAE) S Pan value for the quaternary catchment B11G is 1292 mm. Duvha Power Station is situated in Evaporation Zone 4A and thus represents a distribution in accordance with Table 2.1.4 a).  The mean annual evaporation rate MAE for the quaternary catchments B11G was quoted to be 1600mm (A pan) respectively. This figure had to be converted into MAE (Symans Pan) and therefore a mean annual evaporation rate of 1292mm was therefore adopted for Duvha Power Station. Reference source WRC Report No. 298/2.1/94.

Table 2.1.4 a) Distribution of evaporation losses

	Month
	% Distribution
	Monthly mm

	October
	10.78
	139.3

	November
	10.17
	131.4

	December
	11.20
	144.7

	January
	11.00
	142.1

	February
	9.17
	118.5

	March
	9.05
	116.9

	April
	6.96
	89.9

	May 
	5.86
	75.7

	June
	4.76
	61.5

	July
	5.21
	67.3

	August
	6.90
	89.2

	September
	8.94
	115.5

	Annual
	100%
	1292 mm


Reference source WRC Report No. 298/2.1/94
2.2 Topography
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Figure 1. Location of Duvha Power Station in relation to the topography, ash dam, coal stockyard, solid waste                     

                site (W) and Witbank Dam.
Duvha Power Station is located south of the Witbank Dam (Figure 1). At its closest point, the Witbank Dam is 1,5 km from the ash dam. The ashing facility comprises 480 ha. The coal stockyard is located close to the power station, covering an area of 26 ha. 

Almost all surface run-off occurs towards the north. A very small portion of the power station terrain and coal stockyard drains to the south. Water from the southern slopes also ends up in the Witbank Dam, though along another route.

A pan exists west of the power station, which serves as an emergency water storage facility. The pan serves as a catchment mainly for rain water and is fed by a natural fountain. An overspill trench leads from the pan to discharge into the ash water system to the north.

2.3 Geology

Water from the power station terrain seeps into the ground, infiltrating the weathered zone. Below this zone, the almost impervious and fresh Karoo sediments deflect the water laterally. As a result, the groundwater table rises. Dwyka tillite is present, this is impermeable to groundwater movement and pollution will not be able to penetrate this layer in the event that the upper aquifer should become polluted.
A geological profile showing the typical geology in the vicinity of the power station is presented in Figure 1.

[image: image2.jpg]



Figure 2. Geological profile showing typical geology for the power station terrain

     2.4  Surface Water

2.4.1 Nearest watercourse

Duvha Power Station including the ash dams is situated in the Olifants River catchment area, which is a tributary of the Olifants River. 
2.4.2 Receiving water body
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Duvha Power  Station is situated in the B11G (Figure 2) quaternary catchment of the Witbank Dam. The catchment (B11G) surface area is 368 km2  and has a net mean annual runoff (MAR) of 13.2 * 106 cubic meters. 

            Figure 2. Quaternary catchments 

2.4.3 Water use in accordance with SA Water Quality Guidelines

The following water uses are identified as possible users within the quaternary catchment and definite users within Witbank Dam area and Olifants catchment :

· Domestic

· Industrial from the Witbank Dam only

· Natural environment

· Recreational

· Agriculture 

· Live stock watering

2.4.4 Water authority

The water authority for the area is the Department of Water Affairs and Forestry (DWAF) Mpumalanga Region.
2.4.5 Wetlands

There are no significant wetlands that can be identified from the 1 in 50 000 topographical maps.
2.5 Groundwater

Ground Water monitoring has been ongoing at Duvha Power Station since 1989.The boreholes are sampled and analysed 6 monthly and the geological logs and data of each borehole are contained in the Water and Steam Data Management System.  The interpretation of the analytical data can be done with the WISH programme, which was obtained from Professor Frank Hodgson.

a).  Location of the boreholes

Monitoring boreholes B1, B2 and B3 were drilled in the area between the ash dam and Witbank Dam.  These holes monitor the area where previous contamination of groundwater had been reported by  farmers.  Borehole B4 and B5 are located below the dam wall of the ash water returns dams and originates from seepage from the ash water return dam.  Boreholes B6, B7 and B8 are situated between the coal stock yard and the Sannieshof Sewage plant.  Borehole B9 and B10 are situated close to the high levels ash dams.
2.5.1.  Identification and quantification of the affected zone
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The affected groundwater zone at Duvha Power Station is mainly limited to the weathered sediments of the area. 

               Figure 3. Locality plan showing positions of monitoring boreholes.
2.5.2. Water qualities in the monitoring boreholes.
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Figure 4. Electrical conductivity graphs of historic water qualities at monitoring boreholes.
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                   Figure 5. pH-graphs of historic water qualities at monitoring boreholes.
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Figure 6. Calcium graphs of historic water qualities at monitoring boreholes.
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                 Figure 7. Magnesium graphs of historic water qualities at monitoring boreholes
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             Figure 8. Sodium graphs of historic water qualities at monitoring boreholes.
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                 Figure 9. Potassium graphs of historic water qualities at monitoring boreholes.
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             Figure 10. Calcium graphs of historic water qualities at monitoring boreholes.
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             Figure 11. Sulphate graphs of historic water qualities at monitoring boreholes.
From the figures above the following can be concluded:

· The boreholes in the areas downstream from the ash (B1, B2, B3, B4 & B5) show various degrees of groundwater pollution. Pollution levels and constituents vary according to distances from the ashing facilities.

· Borehole B4, immediately below the ash water returns dam has the highest salinities. The high concentration of sulphate in noticeable with intermediate levels of calcium, magnesium and sodium. The alkalinity in this borehole has generally been rising over the past five years. The pH of the borehole water (7,0) contrasts markedly with that in the ash water return dam (11,25).

· Boreholes B1 – B3, which are in an area known to have been polluted as early as 1989, do no show deterioration in water quality over the past five years. In fact, sulphate levels have decreased to below 30 mg/L. The conclusion is that the trench (Figure 3) which was dug between the ash dump and these boreholes, as well as the eucalyptus trees (Figure 1H) planted in this area have greatly reduced the flux of ash water away from the ash dam.

· Borehole B5, which is located north of the ash dam, shows an increase in sodium and chloride (Figure 9). Concentrations here are, however, still negligible compared to all water standards. 

· Boreholes B6 – B8, east of the coal stockyard, are not contaminated. The water quality in these boreholes is still pristine.

2.6. Possible affected users:

	Property Name
	Property Number
	Owner

	Farmers:
	
	

	Neels Van Dyk
	Remainder of Portion 3, Rhenosterfontein No. 318-JS
	Neels Van Dyk

	
	Portion 11,

Rhenosterfontein No. 318-JS
	Neels Van Dyk

	
	Portion 2

Speekfontein No. 336-JS
	Duvha Power Station

	Nico Gouws
	Portion 1

Duvha Power Station No. 337-JS
	Nico Gouws

	
	Portion 15,16

Speekfontein No. 336-JS
	Nico Gouws

	
	Portion 9,10

Driefontein No. 338-JS
	Nico Gouws

	
	
	

	Industry:
	
	

	Corobrik
	Portion 3,

Duvha Power Station No. 337-JS
	Corobrik

	Middelburg Mine South
	Portion 1,

Driefontein No. 338-JS
	Middelburg Mine South

	
	Portion 2,

Duvha Power Station No. 337-JS
	Middelburg Mine South

	
	Remainder Portion 4,12, 13.

Portion 29,30,7

Speekfontein No. 336-JS
	Middelburg Mine South


PART 3: WATER MANAGEMENT
3.1 Industrial Water Use and Process Description
3.1.1 Water Sources in the Power Station

Raw water

Cooling water

Demineralised water

Potable water

Ash water

Water treatment effluents

Dirty Storm water

Treated sewage water

Mine Water Recovery

3.1.1.1 Typical water requirements at Duvha Power Station

Water consumption depends largely on the load generated. This is mainly as result of the evaporation from the cooling towers during the rejection of the waste heat.

Table 3.1.1 (a): Typical water requirements for Duvha Power Station

	Water System
	Source
	Minimum  Demand
	Maximum Demand
	Base load Demand

	Potable water *1
	Raw water
	5.0 Ml per day
	9.0 Ml per day
	7.5 Ml per day

	Demineralised water
	Raw water
	1.0 Ml per day
	3.0 Ml per day
	2.0 Ml per day

	Cooling water
	Raw water

Dirty storm water (*2)
	70 Ml per day
	175 Ml per day
	125 Ml per day

	Ashing system

(Ash water)
	Water treatment effluents

Dirty storm water (*2)
Cooling water blow-downs
	43 Ml per day
	65 Ml per day
	53 Ml per day


(*1) Excluding third parties

(*2) When available and conforming to the quality requirements of the cascading destination

The Duvha Power Station raw water is supplied from the Komati system augmented by the Usutu system. The current cost for raw water from this system is approximately      R 793.00 per Ml. The cost comprise of the following:

· Raw water tariff

· Catchment Management Fee

· Water Research Commission levy

· Electricity

· Operation and maintenance

· Capital

3.1.2 Production days

Electricity is produced 365 days per year.

3.1.3 Yearly usage pattern

The bulk of the water consumed at Duvha Power Station will be directly proportional to the load send out by the generating sets. 

3.1.4 Applicable water rights

None. 

3.1.5 Average and maximum water usage applied for

As water is used in the process to generate electricity there is a direct relationship between energy produced and water consumed.  This relationship is expressed as l/USO (i.e. the specific water consumption) and is calculated by dividing water consumption by energy send-out.

Production at Duvha Power Station will be in accordance with the graph below. 

Electric power demand will necessitate the operation of Duvha Power Station at high production levels during the coldest periods of the winter months. This represents the production peak, which will necessitate maximum raw water demands. 

[image: image14.wmf]0

5

10

15

20

25

30

35

40

Lithology

0.00 - 

1.00 : SOIL Light Brown

1.00 - 

3.00 : FELSITE Yellowish White, Very

Weathered

3.00 - 

13.00 : FELSITE Light Pink, Weathered

13.00 - 

36.00 : FELSITE Dark Pink, Solid Fresh

Geology

0

165

Ø [mm]

0.00

0.12

Yield [l/s]

0.0

2.4

DO [mg/l]

-120

80

ORP [mV]

5.8

6.6

pH

28

44

Sp.Cond. [

mS/m]

19.2

21.2

Temp [C]

Depth [m]

Locality - X: 

32706.00    Y: 2869253.00    Z: 1557.00

Borehole Log - B1


Figure 13. Raw water use projections

Projected maximum raw water requirements for the next 5 years is expected to be around 130 Ml per day.

The usage application is therefore in accordance with the projected consumption See table 3.1.5 (a) below. 

Projected water consumption for Duvha Power Station is based on Eskom’s 5-year Production Plan (14 April 2003). These projections are part of the Eskom water demand projections provided to DWAF on a biannual basis. 

Table 3.1.5 (a): Projected raw water demand for Duvha Power Station

	Year
	Requirement per Annum
	Daily Maximum

	
	Ml per annum
	Ml per day

	2001
	45229
	123.9

	2002
	47253
	129.5

	2003
	43657
	119.6

	2004
	46044
	126.1

	2005
	48196
	132.0

	2006
	48074
	131.7

	2007
	47667
	130.6

	2008
	48380
	132.5


3.1.6 Processes

Duvha Power Station’s raw water requirement can be met from either of two sources.  First, water can be pumped from the Vygeboom and Nooitgedacht dams in the eastern part of the Mpumalanga, which are fed by the Komati River.  These dams can also be supplied with water from the Usutu system.  Secondly, water can be obtained from the Witbank Dam in the upper reaches of the Olifants River and supplemented with water from the Grootdraai Dam in the Vaal River near Standerton.

i) Water treatment plant

Duvha’s raw water requirement is currently from the Komati system but due to an increased growth in population and demand for electricity the system was in jeopardy in 2002.  Duvha’s raw water demand has therefore been augmented from December 2002 from the Usuthu system. The water quality requirement for the potable water production process complies with the National Guidelines and Standards.  Raw water is treated to potable standard by coagulation, clarification, filtration and chlorination.  Potable water is used on the Duvha Power Station for domestic use and some is distributed to third parties (i.e. Ikageng, Duvha Opencast Mine and Sannieshof single accommodation facility).  

Some of the potable water is also used in the production of demineralised water for use in the boilers and condensate polishing plant.  Demineralised water is produced using the Ion Exchange Technique.  The susceptibility of the ion exchange resins to deteriorate over time and increases in the effluent volumes emanating from these processes are recognised and are mainly as a result of ageing.  If extended rinse water volume occurs from these processes after regeneration it will act as an indicator to replace resins. The demin plant resins are sampled 6 monthly and all the Condensate Polishing Plant resins annually.  They are sent to Rohm and Haas for analysis. Condensate Polishing Plant (CPP) resins are sampled before and after regeneration and capacities on the resins are done to check the efficiency of the regeneration, especially where units had condenser tube leaks.
Effluents emanating from the process includes spent regenerants, raw water clarification sludge and backwash and rinse water. The high salinity effluent is disposed of in the ash water system in accordance with the Eskom guideline GGM 0970, while low salinity effluent cascades to the cooling water system via the station drains system.

ii) The steam cycle

Six turbo-generators, which are steam driven, are used to generate electricity at Duvha Power Station.  The steam is produced in the six boilers which are of the Benson type, which depends on forced circulation and has no steam drum.  The feedwater, which is highly purified and demineralised, makes one continuous and uninterrupted circuit through the boiler, the turbine, and the condenser and again through the boiler.  On its path through the boiler, the feedwater evaporated and as more heat is absorbed, the steam becomes superheated to a temperature of 540 oC and a pressure of 17,1 mPa.

A feature of the steam pipework is a high-pressure system that allows the superheated steam to bypass the high-pressure turbine when necessary, to flow directly into the reheat pipework.  From there it bypasses the intermediate-pressure and low-pressure turbines and flows into the main condenser.  This system means that the boiler can be operated independently of the turbine and the correct steam temperature and pressure can be obtained before the generator is started up.  Also, if a turbine trips, the system allows the boiler to be operated at roughly 40 per cent of its maximum load, it can be run at a low load while the boiler is maintained at a higher load.  In both instances, the bypass system prevents, within the limits of its capacity, sudden pressure rises from exceeding the settings of the safety valves in the reheater.

Each boiler is fitted with twenty-four burners, arranged in twelve rows of two-six rows in the front wall of the furnace and six rows in its rear wall.  Each coal mill supplies four burners – two in the front wall and two in the rear wall.  Mounted in the centre of each burner is an oil burner and these are used for starting up and for stabilising the combustion coal at low loads.

Forced-draught fans supply secondary air to the burner wind boxes while primary-air fans transport pulverised coals from the mills to the burners.  Combustion gases are drawn from the furnace by two induced-draught fans, over the surfaces of the steam superheaters, the reheaters, and the economiser and air preheaters, through the electrostatic precipitators and into the chimney.  

Each boiler has a capacity of 507 kg/s of steam and the feedwater is supplied, at a pressure of 22 Mpa, by two electric pumps rated at 13 MW each, or by one steam-driven pump.  At maximum continuous rating the efficiency of the boilers is 93,9 percent.

iii) Main cooling water system

The main cooling system condenses the Low-Pressure exhaust steam into the condenser.  This clean condensate gets circulated back to the boiler.

The condensate temperature in the condenser hotwell is about 37 oC.  In order to obtain maximum system efficiency it is necessary to reheat the condensate before returning it to the boiler.  To achieve this, the condensate is passed through numerous heaters before feeding it into the boiler.  All the heaters are of the surface type in which the water flows through tube nests.  Steam extracted from different stages of the turbine heats the water by conduction through the tube metal.

A deaerator situated between the low-pressure and high-pressure heaters removes entrained oxygen in the condensates and heats the water through direct contact with steam extracted from the turbines.  The condensate is pumped from the condenser to the deaerator through low-pressure heaters by means of the main condensate extraction pumps.

The condensate is then pumped from the deaerator feedwater tank to the boiler through the high-pressure heaters by the boiler feed pumps.  The final feedwater temperature at 600 MW is 247 oC.

The condensers are of the dual-pressure surface type.  The vacuum inside the condensers is established by steam-jet air ejectors and maintained in normal operation by water-jet air ejectors.  The steam exhausted from the low-pressure cylinder condenses over 22 552 brass tubes, which have a surface area totalling 23 400 m2.  Each boiler-turbine set has a condenser with a heat exchange capacity of approximately 400 MW.

The six cooling towers at Duvha are designed for a total thermal load of nearly 19 000 GJ/h.  The three large towers are 149m high and 114m in diameter at the base and the minimum shell thickness is 180 mm.  At full load the evaporation from one-tower amounts to 30 Ml a day.

Cooling water treatment and specific the option employed to de-alkalinise the cooling water is an important decision if Zero Liquid Effluent Discharge (ZLED) is to be maintained at all times. Alkalinity control with acid is a neutralisation process and contributes to the salt load of the cooling water. Lime alkalinity control is a precipitation process and very little inorganic contamination of the cooling water takes place during the process.




Lime alkalinity control is therefore the preferred option of cooling water 




treatment and these lime systems are managed such as to maintain it as close 


as possible to  100% availability.

iv) Ash plant and ash dams 

At full load each boiler produces 250 tons of coarse ash and 1400 tons of fly ash every day.  The coarse ash and the material rejected from the mills are crushed and fed into sumps, from where it is pumped to the ash dam.  The fly ash sluiced from the precipitator hoppers is pumped separately to the ash dam, where it is used to build ash dam walls.

Water from the dam, which covers an area of 450 ha, is decanted and reused in the ash system in a closed loop.

The concentration of the hydroxides in the ash water is of crucial importance if the ash water sulphate concentration is to be substantially lowered in the ash dump. High concentrations of hydroxides in the ash water will increase the solubility of aluminium from the ash, this will lead to the formation of aluminium hydroxide, as the solubility of Al (OH)3 increases with increase in pH (hydroxides). This causes an insoluble salt known as ettringite (3CaO.3CaSO4.Al2O3.31H2O) to precipitate, thereby removing some calcium and sulphate from the solution.  The stoichiometry is given by the following reaction.

6Ca2+ + 3SO42- + 2Al(OH)3 + 37H2O (  3CaO.3CaSO4.Al2O3.31H2O + 6H3O+

The formation of ettringite is pH dependant, the optimum [OH-] Concentrate lying between 600 and 1200. Sodium could depress the solubility of ettringite but sulphates could generally be lowered to approximately 450 mgkg-1 as SO4. The result of this is that this water is then suitable for reuse in the cooling water system.

Refer to Appendix A: Ash Dam Operating Manual
v) Station drains system

All drains are diverted to this system.  These drains collect water from following systems:

· cooling water systems

· storm water within the station and terrace

· drainage of boilers and condensers

The oil separation system is a tilted weir separation system. Any spilled oil is retained in the oil ponds. An overflow weir system allows for the cascading of contaminated drains to the oil separation system.  Oil absorbent pillows and booms are kept as a stock item in the stores.

The water quality is therefore always equal or better than the cooling water systems quality requirement and the water is then recovered back into the main cooling water system.

vi) Sewage treatment plant

A sewage treatment plant is also operational on the plant.  The sewage treatment plant receives sewage from the station complex, hostel and married quarters.  The sewage is treated using an activated sludge type process.  The purified sewage effluent is returned to the station ashing system.

Table 3.1.6 (a):Typical treated sewage water quality for Duvha Power Station
	Parameter
	Units
	Average

	pH
	
	9.5

	E.C.
	(S/cm
	25

	M Alk
	mg/kg as CaCO3
	66

	Phosphate
	mg/kg as PO4
	3.0

	Ammonia
	mg/kg as N
	1.0

	NO2 + NO3
	mg/kg as N
	< 0.1

	Cl
	mg/kg
	22.7

	SO4
	mg/kg
	16.1


Table 3.1.6 (b): Typical water usage quantities at Duvha Power Station

	Water system
	Average daily quantity Ml
	Peak daily quantity

	Total raw water
	See table 3.1.5 a
	120

	Potable water
	7.5 Ml per day
	9.0 Ml per day

	Demineralised water for steam cycle 
	2.0 Ml per day
	3.0 Ml per day

	Main cooling system make-up
	125 Ml per day
	170 Ml per day


*1 Internal circulation thus not an additional raw water requirement

Table 3.1.6 (c): Typical water qualities of water used at Duvha Power Station

	Parameter
	Units
	Potable water
	Demin water
	Raw water
	Cooling water
	Station drains

	PH
	
	8.96
	7.0
	7.8
	8.1- 8.5
	7.7

	Electrical conductivity 
	µScm-1
	148.8
	0.06
	134
	< 2500
	272

	Calcium as CaCO3
	mgkg-1
	25.4
	Nil
	27
	100 - 300
	

	Magnesium as CaCO3
	mgkg-1
	30
	Nil
	29.5
	80 – 220
	

	P Alkalinity as CaCO3
	mgkg-1
	5.4
	Nil
	Nil
	0 - 7
	

	M Alkalinity as CaCO3
	mgkg-1
	57
	Nil
	50.6
	80 - 120
	

	CaCO3  PP @ 25o C
	mgkg-1
	-14.3
	Negative
	- 6.3
	1 - 7
	

	Sodium
	mgkg-1
	7.96
	< 0.002
	5.6
	30 – 80
	46.4

	Potassium
	mgkg-1
	1.12
	< 0.001
	1.04
	40 - 80
	

	Chloride
	mgkg-1
	5.5
	< 0.001
	3.5
	20 - 50
	

	Sulphate 
	mgkg-1
	7.45
	< 0.001
	8.21
	< 750
	

	Silica as SiO2
	mgkg-1
	0.33
	<0.003
	7.3
	< 150
	


3.1.7 Re-use of water

Duvha Power Station has adopted a cascading hierarchy based on the quality of the water. This entails the controlled cascading of water from the one system to another as soon as the water no longer meets the quality requirement of the current system. 

All leaks, drains and on terrace storm water cascades to the Low Level Dams. Upstream from the Low Level Dams are oil and grit removal systems to prevent oil contamination and silting of the dam. The water quality and the water level of the ashing system determine the reuse destination of this water. The water quality from this system is always better then that of the cooling water system and recovery to the cooling water system ensures compliance with the ZLED policy. 

The water collected in the station drains is recovered to the cooling water where the water is concentrated to the specified thresholds for cooling water. If it is not possible to facilitate further concentration of the station drains through recovery to the cooling water systems the station drains are pumped to the ashing system.

The ash water is reused several times to remove the coarse and fly ash from the respective systems. Water is “lost” from the ashing system as result of natural evaporation, seepage and interstitial hold. Due to the fact that Duvha Power Station will be operated as a Zero Liquid Effluent Discharge facility (when not considering seepage losses), reuse in terms of the wet cooled power generation process is almost 100%.

3.1.8 Reduction of water in the production processes

3.1.8 a) The open evaporative cooling water system

Duvha Power Station will be operated with raw water from the Komati system, which are very low in salinity thus allowing the operation of the cooling water systems at high cycles of concentration. Operation of cooling water systems at high cycles of concentration means that relatively small volumes of water must be removed (blow down) from these systems to maintain the systems water quality requirements. Cooling tower blow-downs are used to supplement consumptive use within the ashing cycle. 

Evaporation from open evaporative cooling towers is dependent on the efficiency of the energy conversion process. Chemical energy from the coal is converted into electrical energy. During the process is waste heat rejected through cooling which drives the evaporation of water. The term waste heat does not imply that the conversion process is wasteful but rather refer to a large amount of heat available at low temperature. Logistics and the South African climate is the main reason why this heat cant be used sensibly.

Evaporation from the cooling towers is proportional to the load generated and is normally reported against the load sent out by the power station.  The efficiency of the energy conversion process is consistently monitored and optimised by Performance Monitoring and Optimisation Department at the power station. It must be noted that poor efficiency not only manifests in the form of additional water losses but also coal losses. Coal is the most expensive raw material used in the process and monetary savings on coal exceed that on water by far. 

Table 3.1.8. a) below represents the specified thresholds at which blow downs must be opened. The objective is not to do intermittent blow downs but rather continuos controlled blow downs. It must also be noted that the volumetric water requirements of the wet ash disposal system will dictate the maximum cycles of concentration.

Table 3.1.8. a) The specifications for cooling water are:
	Parameter
	Limit or range
	Frequency of analysis

	Turbidity
	As low as cost effectively possible but < 100 FTU
	Daily

	Conductivity
	Conforms to the cycles of concentration being used but generally < 4000 (Scm(1
	Daily

	Condenser temperatures

T1, T2 and Δ T 
	Indicative of condenser problems that will lead to increased water consumption. Must be incorporated in the chemistry data sets.
	Daily

	pH
	8,1 to 8,6 @ 25 °C
	Daily

	“P” alkalinity
	< 7,5 mgkg(1 as CaCO3
	Daily

	“M” alkalinity

Guideline limits only and will not constitute an out of specification condition provided that the CCPP conforms to the specified limits
	80 to 120 mgkg(1 as CaCO3 without a crystal modifier dosing programme. 

(Depending on CCPP)

120 to 160 mgkg-1 as CaCO3 with a crystal modifier dosing programme. 
	3 ( Daily

	Calcium 
	200 to 500 mgkg(1 as CaCO3
	Daily

	Silica
	< 150 mgkg(1 as SiO2  While also taking    cognisance of Mg ( SiO2 limitation
	Daily

	Magnesium 
	Mg (as CaCO3) ( SiO2 < 25 000
	Daily

	Calcium carbonate precipitation potential

(CCPP) at 38o C
	Stasoft version 4.0

Without crystal modifier dosing:

< 30 mgkg-1 as CaCO3

With crystal modifier dosing: 

< 45 mgkg-1 as CaCO3
	* 3 X Week



	Sulphate
	Poor quality concrete 

<1000 mgkg-1 if  Na+ < 250mgkg-1
<750  mgkg-1  if  Na+ > 250 mgkg-1
High quality concrete

< 1500 mgkg-1 if Na+ < 500 mgkg-1
< 1000 mgkg-1 if Na+ >500 mgkg-1

Note: Mg++ to be <150 mgkg-1 as CaCO3
	* 1 X Week


* Depending on the risk of exceeding the specification. If the risk of exceeding the specified limit is high the surveillance shall be increased to at least three times per week.
        Table 3.1.8. (a).  Cooling water specification continued:
	Parameter
	Limit or range
	Frequency of analysis

	Phosphate
	< 0,5 mgkg(1 as PO4
	Weekly

	OA and COD or TOC
	As low as economically possible through the application of suitable flocculants.
	Weekly

	Chloride
	< 400 mgkg(1 as Cl
	* Weekly

	Nitrate and nitrite
	Not specified
	Weekly

	Sodium
	< 600 mgkg(1 as Na if SO4= < 750 mgkg-1

< 500 mgkg-1 as Na if SO4= >750 mgkg-1
	* Weekly

	Potassium
	Not specified
	Weekly

	Copper, Zinc and Iron. 
	Not specified
	Monthly

	Ammonia 
	< 40 mgkg-1 as NH4
	Weekly


3.1.8 b) The ash disposal system

Wet Ash Disposal systems requires more water for the operation of the system. Wet systems further are simple to operate and is of relative low cost when compared to Dry Ash Disposal systems. Consumptive uses in the ashing cycle are mainly as result of:

1. Interstitial hold (Absorption on the ash)

2. Evaporation from the wet ash on the ash dam (dump)

3. Evaporation from the water pool on top of the ash dam (dump) which is used to separate the water from the ash in order to allow for effective reuse of the water.

4. Evaporation during the quenching of bottom (coarse) ash following combustion to      

facilitate safe removal.
5. Evaporation from the Low Level Ash Water Dam 

  Table  3.1.8. b): Evaporative water losses for Duvha Power Station

	Area
	Water loss through Evaporation

	Evaporation from raw water reservoirs (15.3 ha)
	131.64 Ml/yr.

	Evaporation from ash water ( Water phase)
	1411.53 Ml/yr.

	Evaporation from wetted ash phase
	2628.00 Ml/yr.

	Evaporation from the Low Level Ash Water Return Dam (6.6 ha)
	12.658 Ml/yr.

	Evaporation from the Emergency Pan (24.7 ha)
	471.913 Ml/yr.

	Evaporation from the active ash disposal dump (240 ha)
	105.120 Ml/yr.

	Evaporation during bottom ash quenching
	0.536 Ml/yr.

	Evaporation of demineralised water as steam
	1.320 Ml/yr.

	Evaporation from sewage maturation pond (0.5 ha)
	9.537 Ml/yr.


3.1.9 Methods to minimise liquid waste loads

It must be noted that Duvha Power Station will be operated in compliance with the Eskom ZLED policy. This implies that effluent volumes are less than the available effluent sink. See table 3.1.8-(e) Effluent concentration by employing techniques such as membrane desalination are therefore not required. All chemicals used in the water treatment process are expensive and continuo optimisation is standard practice for all Eskom Power Stations. A reduction in chemicals employed in the power generation process implies that the salt load will be reduced which ultimately will have to be disposed on the ash.

3.1.9 a) Coal conveyer belt washing

Coal dust posses hazards with respect to Alpha Quartz and Silicoses and also coal dust explosions. Dry-cleaning are therefore not considered to be safe and is wet cleaning the only safe option available.

High pressure washing systems will be used for conveyer washing at Duvha Power Station; this will eliminate excessive liquid wastes produced from the washing of these systems. 

3.1.9 b) Ion exchange resins 

The selection of ion exchange resins will be such as to maximise the volume and quality of the demineralised water. This means that more demineralised water and of a better quality will be produced for the same mass of regenerants used. The improved quality means that less water will have to be removed (blown down) from the boilers (drum type boilers) thus reducing the demineralised water consumption which will further reduce the regeneration chemical requirements. Demineralised water with Ion Exchange is the only technology, which produces demineralised water suitable for high-pressure boilers, and thus complies with the BATNEEC principle.

3.1.9 c) Condensate polishing

Should condensate purification (Condensate Polishing) become a requirement during the two-shift mode of operation will micro filtration be considered. It is anticipated that micro filtration will produce minimal chemical effluents (in comparison to ion exchange) while backwash water will be recovered to the cooling water systems. The low capital cost and the mobility of a micro filtration system further benefits this option in comparison to ion exchange.

3.1.9 d) Recovery of spent caustic regenerant

Anion ion exchange resins are regenerated with a diluted caustic soda and cation ion exchange resins with sulphuric acid. This implies that the effluent once mixed in the effluent sump is a solution of sodium sulphate with low concentrations of calcium and magnesium sulphate and sodium chloride. 

In theory will the elimination of the caustic from the effluent stream change the effluent composition to calcium sulphate following the neutralisation of the spent acid regenerants with calcium hydroxide from the ash water. This will imply that the sulphate from the cation regeneration process is now converted into lowly mobile calcium sulphate through the following chemical reaction.

H2SO4   +   Ca(OH)2 (in the ash water)   (   CaSO4   +   2H2O

This implies that the calcium sulphate can be eliminated as ettringite from the environment through the same phenomenon as described in section 3.5.5 b. There are therefore no economic or environmental justification to recover the spend acid regenerants.

The economic viability and technical reliability of the technology to eliminate the caustic effluents are frequently evaluated by Eskom. The technology to recover and purify and reuse caustic soda spent regenerants will be employed by Eskom if the technology becomes technically reliable and economically viable.

 The main limitations of the current technology for caustic recovery are:

· No suitable RO membrane material for the pH of the application >14

· Ion exchange process requires high purity regenerants

· Severe fouling of the membranes with silica and organic compounds

Note: The Koch AlkaSave® System employs nano filtration membranes and would therefore not remove soluble sodium species of sulphate and chloride. This technique is only viable for removing heavy metal precipitates and colloidal matter from caustic solutions.

3.1.10.  Effluent Management:

 (a).  Disposal priority of effluents:

The cascading hierarchy of effluents to a suitable section of the effluent sink is an important aspect of the management of effluents.
The priority of disposing effluents is as follow:
1. regenerants

2. Sludge from the clarification processes

3. Brine effluent

4.           Concentrated cooling water
(b). Cascading destination:

The objective with effluent disposal should always be to permanently sideline the salts (effluent) from the water circuits. Aspects such as the blow-down of cooling water to a system from which water is recovered back to the cooling water system only meant that the salts contained in the cooling water were temporarily sidelined.

The disposal of high salinity regeneration effluents to the ash sumps using ash sluiceways will compromise the integrity of the concrete as result of the high level of sodium sulphate. Neutrality (pH) of the spent regenerants is crucial importance in order not to jeopardise the integrity of the concrete. High sulphate and specifically in the form of sodium sulphate will compromise the integrity of the concrete if it is not sulphate resistant concrete.

The only acceptable cascading destination for high salinity regeneration effluents is the fly-ash conditioning system. The continuous use of cooling water and or ash water at these systems will result in the formation of calcium carbonate and calcium sulphate scale receptively. The application of a crystal modifier / anti-scalant is regarded as the only solution for scaling problems on these components.

(c). Effluent concentration:

Effluent concentration becomes a requirement when the total effluents produced exceed the available effluent sink. The “Saltman” spreadsheet programme has the facility to predict this situation and is therefore used in the pre-emptive approach of ensuring the process plant long-term health.

(d). Waste minimisation:

Minimisation of effluents is a continual process and best evidence of this is illustrated by:
· The utilisation of low rinse water volume resins in the ion exchange processes.

· CCW Clarifier sludge

· The station drains 
3.1.11.   Raw materials and waste volumes

The following raw materials are used in the energy conversion process (chemical energy from coal into electrical energy):

· Coal at 463 tons  per GW hour sent out

· Raw water  2.01 Ml per GW hr at 75 %  station load factor 

· Fuel oil

· Sulphuric acid

· Caustic Soda

· Lubricating oils

· Aluminium sulphate

· Calcium chloride

· Soda ash

· Chlorine

3.1.11.1.  (a) Coal

Middelburg Mine will supply coal to Duvha Power Station South.

Coal is stored in the coal staithes or in the open on the coal stockyard.  The coal stock yard will be lined with a clay liner suitable to prevent the migration of significant volumes of polluted water to the ground water system. Oxidation of pyrites will take place and will be washed from the coal. This polluted runoff will be collected in a suitably lined stockyard pollution control dam. All the water collected in this dam will be used for dust suppression on the coal stockyard. 

Coal is stored on site to ensure the uninterrupted supply of electricity during labour disputes or any other possible coal supply disruption.

3.1.11.1.  (b) Raw water

Duvha Power Station will use raw water from the Komati Government Water Scheme. Water from Grootdraai Dam will be transferred to the raw water reservoirs at Duvha Power Station.

Raw water is stored in reservoirs. Raw water is fed directly from the reservoirs to the water treatment plant and cooling towers.

Water borne salts represents a significant fraction of the salts that must be disposed to the ash. This section will quantify the salt load contained in the raw water without taking cognisance of any chemical addition. A typical quality of Usutu water is used for the quantification purpose.

3.1.11.2.  Fuel Oil

Fuel oil is received in bulk tankers and is stored in bulk tanks on site. These tanks are within bunded areas, which will retain spills. Any oil spillage outside the bunded areas will flow towards the station drains interception. Any oil on the station drains will be retained at the oil and grit separation plant prior to Low Level Dams.
Fuel oil is consumed during the start-up of generating sets and is therefore not proportional to load as other raw materials. Fuel oil consumption is more a function of the number of start-ups and the technical difficulties experienced during start-up.

Oil combustion produces no solid wastes and there would thus be no impact from the combustion of oil during the start-up process of the generating sets.

3.1.11.3.  Sulphuric acid

Sulphuric acid is received in 30-ton bulk tankers and is off loaded into bunded bulk storage tanks. The off loading area is designed to retain any spillage that might occur during the off loading process.

Sulphuric acid is used for the neutralisation of the incoming alkalinity in the cooling water and for the regeneration of cation exchangers in the ion exchange process for demineralised water production. 

Sulphuric acid used for the demineralised water production process (cation regeneration) will be disposed following neutralisation with caustic soda (anion regeneration). This implies that almost all the acid used for demineralised water  production will be as sodium sulphate in the end state.

Sulphuric acid used for the control of alkalinity in the cooling water systems react in accordance with the equations below:

Ca (HCO3)2  +  H2SO4     (    CaSO4  +  2CO2  +  2H2O  

Mg(HCO3)2  +  H2SO4    (   MgSO4 +  2CO2  +  2H2O

            Mg SO4   +    Ca(OH)2 (ash water)     (    Mg(OH)2 (  +  CaSO4
This implies that the end state for all the calcium and magnesium alkalinity species will be calcium sulphate. Section 2.5.4.1 refers to the synergistic effects of the ash water chemistry, which result in the removal of calcium sulphate from the ash water as ettringite.  

3.1.11.4.  Caustic soda 

Caustic soda is received in 30-ton bulk tankers and is off loaded into bunded bulk storage tanks. The off loading area is designed to retain any spillage that might occur during the off loading process.

Caustic soda is used for the regeneration of anion exchangers in the ion exchange process for demineralised water production. 

Caustic soda used for the demineralised water production process (anion regeneration) will be disposed following neutralisation with sulphuric acid (cation regeneration). This implies that almost all the caustic used for demineralised water production will be as sodium sulphate in the end state.

3.1.11.5.  Lubricating oils

Lubricating oils are received in drums / mini containers and bulk tankers. The oil is either stored in the bunded bulk storage tanks or under roof in the Oil Store.

Used or dirty oils will be stored in and area of suitable construction in order to prevent the contamination of soil. All used / dirty lubricating oil will be recycled through a reputable recycling contractor. 

3.1.11.6.  Calcium chloride

Calcium chloride is received in 50kg bags and stored under roof in the water treatment plant chemical storage area.

Water from the Komati system is under saturated with respect to calcium carbonate and will thus corrode all galvanised steel, steel or asbestos cement pipe work. Stabilisation is done with a sufficiently soluble calcium salt in order to simplify the application process.

Almost all potable water produced at Duvha Power Station returns to the power station, which implies that the salts added during the potable production process, will be ultimately disposed off on the ash.  In the end state calcium chloride will maintain its composition as such.

3.1.11.7.  Liquid chlorine

Liquid chlorine is received in 907 kg cylinders and stored under roof in a suitably ventilated area. The chlorine cylinders are secured in accordance with the relevant safety requirements.

Chlorine is used to sterilise the potable water prior to reticulation. Treated sewage is also sterilised with chlorine prior to cascading to the station drains interception system.

Almost all the potable water produced at Duvha Power Station returns to the power station, which implies that the salts added during the potable production process will be ultimately disposed off on the ash. The end state of the chlorine used in the process are as an un-quantifiable group of salts which could include sodium chloride, magnesium chloride, halogenated methane’s and chloro-amines.
3.1.12 Water balance

Table 3 1.12 a) Basis for calculation

	Parameter
	Value
	Unit

	Load factor *
	75
	%

	Thermal Efficiency
	35
	%

	Ash Content of Coal (as received basis)
	27
	%

	Coal burn rate
	463
	T/GW Sent Out

	Moisture content of ash (% wet basis)
	58
	%

	Moisture content of ash(% dry basis)
	38
	%

	Average ash dump pool size
	100
	ha

	Active ash disposal area
	245.69
	ha

	Ash dump runoff area (catchment)
	481.6
	ha

	Runoff factor for Ash Dump area
	20
	%

	Average annual precipitation
	680
	mm

	Pond Evaporation
	1292 
	mm per annum

	Mean annual evaporation from ash phase
	1034
	mm per annum

	Cold lime softening process availability
	100
	%


3.1.12 (b) Description / discussion of the water balance (including ‘Saltman’    

   spreadsheet:

The water balance for Duvha Power Station was developed as a live spreadsheet model that can provide real time balance for any possible scenario. The balances included in the report reflect outcomes bases on the annual average climatic conditions with rainfall and load factors as the only variables.
For the development of the water balance, the following aspects were included as variable inputs:

· Historical data as recorded in the STEP (thermal performance) reports 

· Storm water gains and evaporation losses in accordance with WRC data for weather stations in the close proximity of Duvha Power Station 

· Evaporation losses from coal and ash were adjusted in line with Eskom experience

· The current worst quality raw water from the Komati system

· Cooling water alkalinity control with sulphuric acid and lime treatment

· Maximum recycling 

· Management of the station drains in order to eliminate spent regenerants thus allowing recovery of drains to the cooling water systems

· All effluents cascade to the ash water system and are consumed through evaporation and interstitial hold while a small volume might migrate to the ground water system.

· All station drains cascade to the station drains interception and recovery systems and are recovered to the east cooling water system
The impacts of any obvious or expected variation in Water Management variables are evaluated by employing the purposely-compiled “Saltman” computer spreadsheet programme. Findings from this modelling and the “Occurrence Reporting and Investigation System” database drive the Technical Planning Process (Budgeting) for the Water Management section. Typical aspects of water management that can be modelled using this tool are: 
· Effluent sink capacity for any given operating condition such as load factor and             

             coal quality variations.

· Cooling system effluent volumes (Blow-downs) generated for any given 

             operating condition and raw water quality variation.

· Theoretical water balances for any specified window period while taking 

             cognisance of storm water gains in clean and dirty drainage areas as well as 

                        load, coal and water quality variations.

· Verification of the accuracy flow metering equipment by predicting a 

             theoretical water consumption rate.

· Speciation to aid in the interpretation of the chemistry of the different streams 

            of water recovered to the cooling water systems. 

· Salt loads on the ash for any given water quality, coal quality and power station 

            load variation.

· Quantification of tower evaporation, drift and windage losses. These flows can 

             normally not be quantified through metering due to a magnitude of other losses 

                       from the cooling systems.

· Where applicable can cost adding the necessary inputs generates outputs.

· Desalination requirements and soda ash dosing needs can also be calculated by 
             following the instructions provided in the applicable cells.
3.1.12 (c).  Water flow Diagrams:
i.  Raw Water Intake, Storage and reticulation:
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ii. Demineralised water production and reticulation process diagram:
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iii. Potable water production and reticulation process diagram:











































































































































































































































iv. Station Potable and Demineralised water reticulation system diagram



v. Cooling water systems diagram:


vi. Waste Disposal System:



vii. Sewage Works:



3.1.13.  Mine Water Recovery:

Duvha Power Station is one of Eskom’s large power stations employing fossil fuel for combustion and wet cooling to dissipate the waste heat.  Duvha Power Station evaporates approximately 129Ml of water per day water at maximum production capacity. This water is supplied from the Komati Government Water Scheme. The Komati system is currently under pressure to supply all the users relying on the scheme. This is essentially due to the pollution of the Witbank Dam that could have elevated the stress. 

Duvha Power Station imports approximately 7350kg / day of alkalinity (as CaCO3) to the cooling water systems. (129Ml X 45mgk-1 as CaCO3). This alkalinity was previously neutralised with sulphuric acid which represented a sulphate load of approximately 6900 kg / day of sulphate which ultimately had to be disposed of on the ash. This together with HOH (H+ Cation and OH- Anion) operation of the Condensate Polishing Plant, sulphate from the Boiler Make-up Plant regeneration and natural sulphate in the raw water represents the total sulphate load to the ash dams (dumps).

Improvements in water treatment processes over the last couple of years have eliminated the disposal of approximately 1000kg per day of soluble sulphates (Na2SO4) in the form of spent regenerants. Employing new technology ion exchange resins, which allowed Eskom to reduce the chemicals used in the regeneration process while operation of the Condensate Polishing resins in the Ammonex cycle, did this. These optimisation activities have lowered effluent volumes and mobile sulphates (Na2SO4) by as much as 75%, while low mobility sulphate (CaSO4) was reduced by approximately 70% by the introduction of the cold lime softening process for cooling water treatment. Incoming bicarbonates are precipitated as calcium carbonate and magnesium hydroxide in the cold lime softening process. Both these precipitates will remain sparingly soluble in the ash water as result of the hydroxide concentration (alkaline conditions) of the ash water. 

All these optimisation activities have reduced the effluent volume and the concentration of sulphates in the effluent stream disposed of on the ash. 

3.1.11. (a)  Rationale with respect to the cooling water and ash water chemistry

Duvha Power Station is fed with coal from the Middelburg Mining Services. Following the combustion, the ash from the mentioned coal contains:

	Silica as SiO2
	Calcium as CaO
	Aluminium as Al2O3

	52.7%
	4.4%
	28.6%


The maximum coal burned per day is approximately 38300 tons producing 10350 tons of ash per day with a theoretical CaO yield of approximately 450 tons per day. The calcium oxide (CaO) hydrolyse following contact with water in accordance with the following equation: 

CaO   +   H2O   (   Ca(OH)2

The lime that forms in this reaction provides the alkaline conditions that dissolves aluminium as Al(OH)3. In contrast with other metals the solubility of the Aluminium hydroxide increases with increase in pH and at a pH of 11.6 to 12.0 conditions are favourable for the precipitation of Ettringite. 

The lime further provides the alkaline conditions, which allows for the precipitation of the magnesium associated with sulphate in accordance with the following reaction:

MgSO4   +   Ca(OH)2   (   Mg(OH)2   +   CaSO4

This reaction further benefits the precipitation of Ettringite and Calcium sulphate as can be seen by the following:

6Ca2+ + 3SO42- + 2Al(OH)3 + 37H2O ( 3CaO.3CaSO4.Al2O3.31H2O + 6H3O+

The salinity of the water emanating from the Middelburg mines is mainly as result of sulphates of calcium and magnesium and could therefore be used for ash disposal provided that the recovery to the power station is a controlled process. 

The normal upper limit for calcium and sulphate concentration in the absence of an inhibitor is expressed by:

[Ca2+] X [SO42-] = 500 000

This upper limit will be exceeded by approximately 2.6 times following the introduction of the mine water and calcium sulphate will also precipitate (as CaSO4) within the ash, thus further lowering the main contaminant of the mine water. Both calcium sulphate and Ettringite will remain sparingly soluble within the ash provided that the prerequisites spelled out below are maintained. The stability / solubility of these two precipitates beyond closure of the ash dump will be ensured by the pozzalanic properties of the ash and the low water penetration of the ash following rehabilitation (topsoil and vegetation) of the ash dam (dump).  

The only prerequisites for recovering this water to the ash water systems is that:

1. The mine water will always be neutralised with lime prior to recovery to the power station. 

2. The pH of the ash water system will not be allowed to drop below 11.6.

Introduction of the ash water will be in the ash distribution box to allow for the precipitation to take place in the ash rather than in dams, pumps or pipe work.

3.1.13.1.  An Evaluation on the need for the use of mine water from Middelburg South     

                Mine:
Duvha Power Station with the change to lime treatment and improved reuse of water has created a situation where it has a deficit over the effluent sink i.e. it can introduce water of a poorer quality into its water management to serve the needs of the ashing system and it’s ancillary systems.  The scope of this investigation included an assessment into the use of mine water from the nearby tied colliery (Middelburg South).  The mine water is of poor quality and is essentially contaminated with sulphates of magnesium and calcium. These salts could be precipitated in the ash dams through a natural ettringite process provided that the introduction of the mine water is at the ash dams and is controlled by maintaining a high pH in the ash water.

The Saltman Water Management Model was used to model a few likely scenarios calculating the shortfall in the effluent sink. This shortfall would then be supplemented with mine water.  An average raw water quality was used with different annual precipitation rates to model the expected shortfalls in the effluent sink. 

The following scenarios were considered when determining the amount of mine water to be recovered:


i.  Using average climatic and water quality (mean annual precipitation of 700 mm)  

                conditions and Komati water only;


ii. Using an annual precipitation of 1000 mm and average raw water quality conditions 

                and use of Komati water only;

           iii. Using an annual precipitation of 400 mm and average raw water quality conditions 

                and use of Komati water only;

     iv. Using average climatic and water quality (mean annual precipitation of 700 mm)  

                conditions and using Komati water as well as Witbank Dam Water as well;

                 Table 3.1.13. (a):

	Scenario
	Ml per annum shortfall

	i
	2314

	ii
	1127

	iii
	3501

	iv
	1538


Table 3.1.13 (b): Typical water qualities:

	Parameter
	Units
	Raw water
	Witbank Dam Water
	Mine Water

	PH
	
	7.8
	8.0
	7.8

	Electrical conductivity 
	µScm-1
	134
	742
	221

	Calcium as CaCO3
	mgkg-1
	27
	142.5
	320

	Magnesium as CaCO3
	mgkg-1
	29.5
	150.2
	244

	P Alkalinity as CaCO3
	mgkg-1
	Nil
	
	3.1

	M Alkalinity as CaCO3
	mgkg-1
	50.6
	105
	71.4

	CaCO3  PP @ 25o C
	mgkg-1
	- 19.3
	-21.5
	-7.2

	Sodium
	mgkg-1
	5.6
	40.8
	53.4

	Potassium
	mgkg-1
	1.04
	7.8
	13.0

	Chloride
	mgkg-1
	3.5
	23.7
	20.0

	Sulphate 
	mgkg-1
	8.21
	377.8
	1366.2

	Silica as SiO2
	mgkg-1
	7.3
	
	0.44


	
	

	
	

	
	

	
	


3.2. Ground water management

Duvha Power Station is one of Eskom’s newer power stations and commenced power generation in 1981.  A groundwater monitoring system was installed in 1989. Since then, several reports have summarised findings on groundwater quality. 

Waste facilities that exist at Duvha Power Station, which could potentially pollute groundwater resources, are:

· Ash disposal.

· Coal stockpiling.

· Solid water disposal.

· Sewage works.

Of these, ash disposal and the coal stockyard have, in view of the scale of operations, the greatest potential to pollute groundwater.

For the past eight years, monitoring has been of a quantitative nature. No predictive capability was available to predict possible migration of groundwater pollution plumes. At the older power stations, it has been found that, after a number of years, groundwater resources inevitably become polluted. It has therefore become necessary to re-evaluate the monitoring facilities at Duvha Power Station and to provide a predictive capability in terms of groundwater pollution migration. The currently investigation is therefore intended to:

· Process all existing information on groundwater quality at Duvha Power Station.

· Establish a geographic information system through which this information can be accessed in future.

· Investigate past trends and anomalies.

· Correct historic information where necessary.

· Conduct in-situ measurement of water quality within monitoring holes.

· Model potential pollution plume migration through ground and rock.

· Implement the geographic information system at the power station for future data entry and processing.
a) Methodologies applied

This investigation (Hodgson) leans heavily on historic groundwater quality information at the power station. Eight years’ data are currently available which was used to calibrate the pollution migration model for the power station. 

To supplement this information, several field and laboratory investigations were also conducted. Of these, the most important are in-situ measurements of the water chemistry in monitoring boreholes. This is the first time that measurements of this kind have been performed at Duvha Power Station.

Leaching tests on ash from the ash dam and ash from the power station, as well as coal from the stockyard were also conducted.

b) Locality and physiography

Figure 14: Duvha Power Station is located south-east of Witbank 
Duvha Power Station is located south of the Witbank Dam,  at its closest point, the Witbank Dam is 1,5 km from the ash dam. The ashing facility comprises 480 ha. The coal stockyard is located close to the power station, covering an area of 26 ha. In the past, limited amounts of solid waste have been disposed of in the area (W) north of the power station. 
In the event that the groundwater beneath the coal stockyard does become polluted, modelling has shown that most of the contaminated groundwater will migrate towards the pan, east of the stockyard. This pan has already been contaminated by the disposal of power station effluent in it. Migration of pollution groundwater from the coal stockyard is also possible to the west and east. Modelling shows that this movement will be very slow and will have no impact on existing water users.
c).  Historic monitoring and results

Groundwater monitoring has been conducted by the power station since the installation of the boreholes in 1989. Localities of monitoring boreholes are shown in Figure 3. Time series plots of the main constituents are provided in Figures 4 – 12.


         Figure 3. Locality plan showing positions of monitoring boreholes.

d).  In-situ ground water qualities

In-situ groundwater quality in the monitoring boreholes was measured as part of this investigation. The advantages of doing this rather than water sampling are:

· The exact water chemistry, as it occurs in the ground, is measured.

· A complete record of the vertical variation in water chemistry is obtained. 

The results from these measurements are show in Figures 15 – 21.


                         Figure 15. Geology and in-situ water chemistry at Borehole B1

The following conclusions are drawn from Figure 14 and the water chemistry for this borehole:

· The shallow water table suggests a water source that recharges the groundwater. This can only be from the ash dam.

· The electical conductivity of historic water samples ranges from 18 – 45 mS/m. The range of values for the specific conductance graphs is  28 – 44 mS/m. The latter indicates stratification in water quality. In view of the stratified nature of groundwater at this borehole, sampling here should consistently be from the same depth.  It is suggested that sampling should always be from from a depth of 13 m, which corresponds to the major water intersection in this borehole.

· The lower electrical conductivity in the top portion of the borehole is ascribed to recharge from rain water.

· It is known that high pH-values from ashing operations do not propagate through groundwater and high pH-values have not been expected at this borehole. The pH-values here range from 5,8 – 6,5. These are normal for groundwater in the area and also for this rock type, namely felsite. 

· The rapid decrease in the dissolved oxygen content from 2,3 mg/L to almost zero at a depth of 7 m, suggests recharge from surface water and thus dilution.


                 Figure 16. Geology and in-situ water chemistry at Borehole B2

The following conclusions are drawn from Figure 15 and the water chemistry for this borehole:

· The effect of dilution from rain water manifests clearly in the top portion of the specific conductance curve, down to a depth of  6 m.

· Conditions are reducing, which could be the result of the mashy nature of the soil around the borehole. The low oxygen content in the water confirms this.

· The felsite is deeply weathered at this locality and flow of groundwater is possible down to a depth of 19 m.

· Historic electrical conductivity has been rising steadily from around 12 mS/m to slightly above 30 mS/m over the last eight years. This correlates well with the specific conductance (electrical conductivity at 25oC) of 37 mS/m measured in the field for the deeper portion of the aquifer.

· It is recommended that future sampling should be done at a delth of 13 m, where the transition between the very weathered and weathered felsite takes place.

· There is no doubt that the deeper water within this borehole also derives from the ashing operations. The relatively low salt content of the water in this borehole demonstrates the extent to which the weathered felsite and soil is capable of filtering particularly the bi-valent ions from the water.


              Figure 17. Geology and in-situ water chemistry at Borehole B4

This borehole is located immediately below the dam wall of the ash water return dam. The following conclusions are drawn from Figure 16 and the water chemistry for this borehole:

· The specific conductance down the borehole is relatively constant at a value of 84 – 88 mS/m. This corresponds well with the historic values of around 80 mS/m measured since 1995.

· Sulphate levels in particular are elevated. Most other macro constituents are also slightly elevated.

· Although water was first intersected in the borehole at a depth of 3 m, groundwater is capable of seeping through the weathered dolerite down to a depth of 10 m.

· The dissolved oxygen content is low and conditions within the borehole are reducing.

· The pH of the groundwater ranges from 6,7 – 7,0. This demonstrates that the high pH of the ash water (>11,0) is not transferred through the aquifer and that the ash dam poses no threat in terms of pH to the environment beyond the dam.

· The ideal sampling depth for this borehole is 8 m, just below the casing and on the contact between the weathered and slightly weathered dolerite.


             Figure 18. Geology and in-situ water chemistry at Borehole B5

The following conclusions are drawn from Figure 17 and the water chemistry for this borehole:

· The borehole has been drilled in felsite. Weathering extends down to 8,5 m.

· Pollution at this borehole is minimal, but a slow rise in specific constituents has been observed over the past few years.

· The specific conductance of the water in the borehole is very constant, ranging from 33 – 34 mS/m. This supports historic information from laboratory measurements during the period 1994 – 1997.

· The pH-values range between 7,4 – 6,8, decreasing down the hole. This again confirms that the high pH-values normally found in ash water do not propagate through the aquifer.

· The increase in dissolved oxygen from a depth of 7m cannot currently be explained. The redox curve shows a similar trend, switching from reducing conditions at surface to oxidising conditions deeper down. There seems to be a correlation between the depth of casing and response of the oxygen and redow probes.

· It is recommended that future sampling should be done just below the casing, at a depth of 8,5 m.

                Figure 19. Geology and in-situ water chemistry at Borehole B6

The following conclusions are drawn from Figure 18 and the water chemistry for this borehole:

· The geology at this location is totally different from that at the ash dam. Karoo rocks are present over the whole depth of the borehole. Weathering extends down to 8 m. From deeper than 20 m, Dwyka tillite is present. The latter is totally impermeable to groundwater movement and pollution will not be able to penetrate this layer in the event that the upper aquifer should become polluted.

· Water was intersected in this borehole at the transition between the weathered material and the upper Karoo shale. The specific conductance of the water in the borehole is very low, decreasing from 9,5 – 8,1 mS/m from top to bottom. This corresponds well with the electrical conductivity historically measured for water samples.

· The water occurs under reducing conditions and the oxygen content is low. This suggests that no active recharge from rain water occurs in this area.

· The pH ranges from 6,9 down to 6,6, which is typical for natural groundwater occuring in aquifers of this area.

· Sampling at this locality should be done at 8,0 metres below surface, which is at the transition from weathered sediments to the shale.


                  Figure 20. Geology and in-situ water chemistry at Borehole B7

The following conclusions are drawn from Figure 20 and the water chemistry for this borehole:

· Two distinct horizons of water quality are present in this borehole. This is confirmed by the specific conductance, redox potential and the dissolve oxygen profiles. These horisons correlate well with the geology.

· Historic electrical conductivities are similar to that measured in the upper portion of the borehole. This is the zone in which pollution should be noticed first. The conclusion is that this borehole is still unpolluted. The increase in salinity in the deeper portion of the borehole seems to correlate with the Dwyka tillite. It is suggested that the increase in salinity is due to stagnation of the borehole water within this horizon and not due to pollution from the coal stockyard.

· Sampling of water in this borehole should be at 19 m. This depth is below the casing and in the coal seam, where water was intersected during the drilling of the borehole.

                Figure 21. Geology and in-situ water chemistry at Borehole B8

The following conclusions are drawn from Figure 21 and the water chemistry for this borehole:

· The water quality in this borehole is exceptionally pure with a specific conductance ranging from 3 – 7. This corresponds well with historic values over the last two years, as measured in the laboratory.

· The relatively low pH of 5,1 – 5,4, coupled with an oxidation potential between 170 – 200 is typical of natural groundwater within weathered sandstones. The oxygen potential of 6 mg/L, decreasing to 2 mg/L at a depth of 10 m suggests that active recharge from rain water is occurring. The thin soil cover of a sandy nature is probably the main contributing factor for this recharge.

· Sampling of water from this borehole should continue at a depth of 13 m, which is below the casing and corresponds to the depth at which water was intersected in the borehole.

In-situ groundwater quality in the monitoring boreholes was measured as part of this investigation. The advantages of doing this, rather than water sampling, are:

· The exact water chemistry, as it occurs in the ground, is measured.

· A complete record of the vertical variation in water chemistry is obtained. 

3.2.1.  Groundwater modelling pollution transport

3.2.1.1. Introduction to groundwater pollution modelling

The model for simulating groundwater pollution transport at Duvha Power Station has been based on the finite element method.

The first step in constructing such a model is the subdivision of the area to be modelled into blocks (elements) where the characteristics are similar. Considerations for subdivision of the Duvha area were typically:

· The surface geometry, such as topography, streams and positions of waste management facilities.

· The hydraulic characteristics of the underlying aquifer.

· Current groundwater quality distribution.

The simulated area constitutes an area of 6 000 x 9 000 m. It covers all the waste disposal facilities, as well as the streams, north and south of the complex. The area was subdivided into 6565 elements, as shown in Figure 22.

As can be seen from the finite element network, a greater density of elements has been introduced in areas where more detailed answers are required. Typically, these areas are around waste management facilities. This includes the ash dam, coal stockyard, ash water return dam and pans.

3.2.1.2. Governing equations for modelling pollution transport

To predict pollution movement across the area in question, several sets of equations are to be solved. These are for instance:

· The interpolation of groundwater levels across the whole of the area using Bayesian interpolation (Figure 22).


Figures 22. Finite element network (left) and groundwater level contours (right) used for pollution plume modelling at Duvha Power Station.

· The solution of the groundwater flow equation, which is a second order partial differential equation for the whole of the area, thus determining groundwater gradients, seepage velocity and the response of the aquifer due to external influences such as pumpage and recharge from rainfall. This equation may be written as follows:

T(SYMBOL 182 \f "Symbol"2h/SYMBOL 182 \f "Symbol"x2)  +  T(SYMBOL 182 \f "Symbol"2h/SYMBOL 182 \f "Symbol"y2)  +  T(SYMBOL 182 \f "Symbol"2h/SYMBOL 182 \f "Symbol"z2)  =  SSYMBOL 182 \f "Symbol"h/SYMBOL 182 \f "Symbol"t  -  Q 


where


S 
= 
Storage coefficient


SYMBOL 182 \f "Symbol"h/SYMBOL 182 \f "Symbol"t
= 
Change in hydraulic head with time (m/d)


T
= 
Transmissivity (m2/d)


(SYMBOL 182 \f "Symbol"2h/SYMBOL 182 \f "Symbol"x2), (SYMBOL 182 \f "Symbol"2h/SYMBOL 182 \f "Symbol"y2), (SYMBOL 182 \f "Symbol"2h/SYMBOL 182 \f "Symbol"z2) 
= Flux directions


Q
= 
Abstraction/Recharge (m3/d)

This equation describes the three-dimensional flow of groundwater through the substrata, calculating the water-table response. The equation may be solved analytically for simple problems, though for the power station problem, piece-wise approximation of the equation is usually obtained through the finite element method, because of the complexity of the problem.

Once the water-level distribution is available over the whole of the area in question, seepage velocity and directions can be calculated, using the following equation:

v 
= 
k(SYMBOL 182 \f "Symbol"h/SYMBOL 182 \f "Symbol"l)/n

where


v

=
Seepage velocity (m/d)


k

=
Hydraulic conductivity (m/d)


n

=
Effective porosity (%)


SYMBOL 182 \f "Symbol"h/SYMBOL 182 \f "Symbol"l

=
Groundwater gradient (m/m)

On the basis of the hydraulic gradients and flow velocities, movement of pollutants through the aquifer may be calculated next. The mass transport equation is of the following type in its one-dimensional form:


Dx(SYMBOL 182 \f "Symbol"2c/SYMBOL 182 \f "Symbol"x2)  - Vx(SYMBOL 182 \f "Symbol"c/SYMBOL 182 \f "Symbol"x)  =  R(SYMBOL 182 \f "Symbol"c/SYMBOL 182 \f "Symbol"t)


where


Dx

=
Dispersion coefficient in the x-direction (m2/d)

SYMBOL 182 \f "Symbol"2c/SYMBOL 182 \f "Symbol"x2

=
Flux direction


Vx

=
Seepage velocity (m/d)


SYMBOL 182 \f "Symbol"c/SYMBOL 182 \f "Symbol"x

=
Change in concentration with distance


R

=
Retardation coefficient


SYMBOL 182 \f "Symbol"c/SYMBOL 182 \f "Symbol"t

=
Change in concentration with time (decay)

This equation may be expanded into two or three dimensions, depending on requirements.

It is clear from the above that coupling of the mass transport equation with the flow equation becomes rather complex in the real life situation, because of the additional variables present. The dispersive properties of the soil and aquifer, degree of convection in these systems, as well as chemical reactions that take place, must be known before the mass transport equation can be applied successfully.

Certain simplifying assumptions may be made with respect to the problem to be modelled, without jeopardising the value of the model. Examples are:

The vertical dimension in the equations may be eliminated. Most of the flow takes place within the weathered upper 10 - 15 m. Laterally, the aquifer at Duvha Power Station extends over several kilometres, up to the nearest streams and beyond. The vertical dimension is therefore very small in comparison to the lateral dimensions. The time for the pollutant to travel vertically into the aquifer is therefore negligibly small in comparison to the time for the pollutant to disperse regionally. Elimination of the vertical dimension in the problem will therefore have no effect on the arrival time for the pollutant at some distant point. Elimination of the vertical dimension from the simulation considerably reduces the complexity and computational effort.

For modelling purposes, chemical constituents in the ashing environment may be grouped into various categories, depending on their reactivity, attenuation and decay properties. As an example, calcium in ash water will precipitate as calcium carbonate when carbon dioxide enters into the water. In terms of mass transport modelling, constituents that precipitate need not be modelled, because they will not be available for transport. Monitoring has also shown that alkalinity does not move. A typical constituent that is likely to persist within a power station ashing environment is sodium. Sodium is introduced into the fly ash through effluent from the demineralisation plant. At modern power stations, about 300 kg sodium is used daily and the effluent is disposed of in the ashing system. In theory, sodium is therefore a convenient constituent to study the movement of pollution from an ash dam, because:

· Sodium is readily soluble and will not precipitate in the ashing system or the aquifer.

· Sodium does not adsorb readily onto clay particles in the soil or the aquifer.

· Sodium does not decay with time.

In the Duvha situation, all of the monitoring boreholes have sodium concentrations that are less than the recommended RSA drinking-water standards. It has, however, been rising steadily in the area below the ash dam and ash water return dam over the past four years. If sodium concentrations are to be modelled, they should be modelled without any attenuation.
Apart from sodium, sulphate may also be considered. It is introduced into the system either through oxidation of sulphides in the coal stockyard, or though demineralisation effluent which is disposed of in the ashing system. Sulphate usually has an attenuation factor in the order of 10, which should be considered during modelling.

Most heavy metals (except manganese) will not mobilise because of the high pH of the ash water and the general neutral pH-character of the groundwater in the power station area.

The complexity of the problem to simulate mass transport through the groundwater system has therefore, through logical reasoning, been reduced significantly. It should, however, be emphasised that even in its simplest form, mass transport simulation is still complicated, because of the many other hydraulic variables that partake in the solution. Some of these aspects need to be discussed before the results from this modelling exercise are demonstrated.

3.2.1.3.  Hydraulic variables and constraints

Variables and constraints that act upon the movement of pollutants through an aquifer are typically:

· The transmissivity and hydraulic conductivity of the underlying strata.

· The storativity and effective porosity of the underlying strata.

· The hydraulic gradient, dispersion and convection characteristics of the aquifer.

· Boundaries such as dolerite dykes, catchment and surface.

· Other sources of water in the area such as streams, pans, dams and lakes.

Sinks within the area where groundwater is abstracted or naturally emanates on surface in the form of fountains.

3.2.1.4. Transmissivity and Hydraulic Conductivity

No pumping tests have been performed at the monitoring boreholes. The borehole logs, however, indicate low-yielding characteristics for the aquifer. Records show that the average blowout yield is in the order of 0,5 L/sec, which translates into a hydraulic conductivity of 0,2 - 0,01 m/d, with an average value of 0,1 m/d.

3.2.1.5. Storativity and Effective Porosity

Pumping test methods has tested the storage coefficient of aquifers Witbank/Highveld Coalfields, and an average value of 10-3 can be assumed for the fractured aquifer. The reason for this relatively low storativity values lies in the fact that only a small proportion of the pores and fractures in the fresh aquifer partake in water flow. In the upper, weathered aquifer the effective porosity is an order higher and a value of 10-2 can be achieved. This higher value is due to the fact that almost all the calcium that normally binds the sedimentary grains together, has been leached from this horizon. Water can therefore permeate through the weathered matrix.

3.2.1.6. Regional Water-table Gradient, Dispersion and Convection

As a start, for the determination of the regional water-table gradient, measurement of static water levels in the monitoring boreholes is necessary. Since the regional water-table gradient within the Arnot area is controlled by the surface topography, the latter may be used as a controlling factor in a Bayesian estimation model to infer groundwater levels in areas where monitoring boreholes are not available. This provides a well-defined distribution of water tables, which, in turn, is essential for calculating groundwater flow directions and velocities.

3.2.1.7. Boundaries

Groundwater boundaries exist in various forms in nature and have to be accounted for in models. Typical boundaries are dolerite dykes and sills, which may act as impermeable barriers in the transverse direction or as conductive zones along intrusive contacts. Close to surface, dolerite weathers and water permeates easily through it. Other boundaries are, for instance, catchment boundaries, where a change in the direction of the water-table gradient may occur. Surface boundaries, above which the groundwater level cannot rise without decanting, should also be considered. Boundaries of these types can be accommodated in flow and mass transport models, with the prerequisite that knowledge about these boundaries must be available for the areas in question.

3.2.1.8. Sources of Water

Sources of water may be incorporated in groundwater computer models. They may be in the form of constant or specified flux sources. A good example of such a source in the modelling exercise to follow, is the constant water supply at the ash dam. Another source is the rainfall that recharges the aquifer.

3.2.1.9. Sinks

Points where water is taken from the system, such as boreholes, drains or fountains, are referred to as sinks. The finite element model to be used in this exercise can accommodate sinks at any position in the model and the effect of water abstraction or water loss at these points can be simulated. This facility may be used to predict the response of a pollution plume during groundwater abstraction. Currently, there are no users of groundwater in the area that could impact on the movement of pollutants through the aquifer.
3.2.2.  Results from finite element simulation

3.2.2.1. Groundwater contours

The calculation of the distribution of groundwater levels in the area was carried out by using existing information at boreholes and waste management facilities, and relating this information to surface topographic information by using the Bayesian technique. The result is a contour map (Figure 22), showing groundwater gradients in the direction of the streams. Seeing that groundwater flow occurs from areas of higher potential to lower potential, it can be inferred from the contours that pollution from the power station area will be able to disperse to the northeast, west, south and southwest of the station. 

3.2.2.2. Flow vectors

Using the contour information as input, groundwater flow directions and seepage velocities have been calculated next. This is done for each of the elements in the finite element network. The results of these calculations have been plotted in Figure 22, using arrows to indicate the directions and velocity of flow. The lengths of the arrows are proportional to the seepage velocity at each point. It is clear, for instance, that seepage velocity away from the ash dam has the potential to be high, because of the significant water-level differences between the water in the dam and the groundwater northeast of the dam. It is furthermore clear that the groundwater seepage velocity in the area underneath the power plant and coal stockyard is relatively low. Any pollution in this area will take a long time to migrate away from these facilities. The greater density of arrows in specific areas, such as for instance in the area around the ash dam is due to the greater detail of the finite element network in this area and it does not signify more concentrated or faster seepage.

3.2.2.3. Initial concentrations

The concentrations of pollution are indicated in Figure 23 as 100 mg/L at all sites where pollution of groundwater may occur. These values should be read as percentages. In other words, 100% concentration will be different for each of the sites. By indicating concentrations in this way, rather than absolute values, any concentration can be accommodated. 


Figure 23. Locations of potential pollution sources in relation to the Witbank Dam.

3.2.2.4. Local and regional impact

Simulation of the pollution movement from these localities was the next step. It has been assumed in the simulation that the power station will continue to operate for another 30 years. Thereafter, the power station terrain will be rehabilitated, removing all sources of groundwater pollution except for the ash dam. The ash dam will continue to leach because of rainfall on top of the dam. Simulations were done for a total period of 100 years. The results, not allowing for attenuation, are displayed in Figures 24 - 28. Simulation times are 5, 10, 30, 60 and 100 years. The conclusions for the operative phase of the power station follow:

· Pollution plume propagation rates indicated are without attenuation. This would be valid for sodium and chloride. Sulphate is attenuated by a factor of 10- and therefore the 10-year contour diagram (Figure 26) depicts a 100-year simulation for sulphate.

· It has been assumed that the aquifer below the ash dam, coal stockyard and pan has already been contaminated. This is not necessarily the case, as pointed out earlier in this report. The predictions are therefore only valid from the date when pollution is first present in the aquifer. At the ash dam, this has been the case since the inception of the facility. At the coal stockyard, the boreholes between the stockyard and the pan are still unpolluted. No information is available on groundwater quality below the stockyard itself.


Figure 24. Flow vectors (left) and pollution plume percentages 5 years after the pollution has entered into the aquifer.


Figure 25. Flow vectors (left) and pollution plume percentages 10 years after the pollution has entered into the aquifer.


Figure 26. Flow vectors (left) and pollution plume percentages 30 years after the pollution has entered into the aquifer.


Figure 27. Flow vectors (left) and pollution plume percentages 60 years after the pollution has entered into the aquifer. The coal stockyard and pan have now been rehabilitated for 30 years.


Figure 28. Flow vectors (left) and pollution plume percentages 100 years after the pollution has entered into the aquifer. The coal stockyard and pan have now been rehabilitated for 60 years

· The movement of pollution in the aquifer at Duvha Power Station is very slow. Movement occurs dominantly to the northwest, west and south of the power station.

· At the ash dam, the trench along a portion of the northern perimeter of the dam effectively intercepts seepage from the dam by locally reversing the hydraulic gradient. Further to the northwest along the same portion of the dam, seepage propagates to the northwest and west, in the absence of the trench in these parts. It should, however, be emphasised that this propagation is, at least for the foreseeable future, optimistic since the ash dam has not reached its final height in these parts. In real life, propagation of the pollution plume to the west will be negligible until the ash dam has reached its full height.

· Propagation of the pollution plume at the coal stockyard occurs in all directions because of the topographic high on which the coal stockyard is located. It is currently not certain whether or not pollution from the stockyard has, in fact, reached the aquifer. At older power stations, such as Arnot and Hendrina, contamination of the aquifer has in fact occurred. Usually this took something in the order of 20 - 25 years for acidification and migration of sulphate across the unsaturated zone underneath the older facilities. At the newer facilities, the floor on which the coal has been deposited has been compacted very well and no information of seepage rate across this barrier is available. The pollution plume shown for the coal stockyard should therefore only be taken as indicative in terms of the directions of flow and also the relative concentrations in the various directions. In the event that pollution does reach the aquifer, most of the pollution, if any, is expected to migrate towards the pan. The latter is already contaminated by power station process water.

· Propagation of pollution from the pan next to the coal stockyard is also slow. The pan drains to the north into a vlei area. Significant pollution is not expected in the second pan because of the proven attenuation of sulphate within weathered strata of the Witbank Coalfields. If pollution does reach the second pan, this will surface and evaporate from here.

· The conclusion is drawn that the outputs from these simulations depict the worst case scenarios. Even so, no significant impact on the Witbank Dam or surrounding groundwater resources is shown. Monitoring should continue and only if deviations from that predicted by the model occur, should the model be updated.

3.2.3.  CONCLUSIONS

The following conclusions are drawn from this investigation:

· The waste management facilities at Duvha Power Station have now been equipped with groundwater monitoring facilities for eight years. During this time, no significant deterioration of groundwater or surface water resources has occurred from activities by the power station.

Ashing facilities

· Historically, the area north of the ash dam has been polluted, primarily by an increase in salinity and sulphate.

· To combat the spread of this pollution, the power station has installed a cut-off trench and planted eucalyptus trees.

· This has been successful and a marked improvement in the water quality of the upper aquifer has been noticed during the past five years.

· Modelling shows that pollution is unlikely to propagate significantly beyond the trench and trees.

· Water quality profiling within monitoring boreholes in this area suggests that deeper underflow of water from the ash dam may be present but until this has been proven and its potential impact quantified, no counteraction by the power station is necessary. 

· The neutral pH-levels of groundwater within areas historically impacted upon by ash water are of significance. It is concluded that there is no danger of the pH of groundwater rising to uncontrollable levels. Even within 50 m of the ash water return dam, the pH of groundwater is between 6,7 – 7,0.

· It is expected that sodium levels will gradually increase in the area between the ash dam and the Witbank Dam. Sodium is mainly derived from demineralisation effluent that is disposed within the ash. Although a rise in the sodium concentrations in water is generally considered as undesirable, levels of sodium within the groundwater are currently still low (40 – 90 mg/L). Even so, the latter compares unfavourably with the original sodium levels of 2 – 15 mg/L within the aquifer. A close watch on future sodium concentrations is suggested.

· Chloride levels show similar elevated levels. Current values range between 30 – 70 mg/L.

Coal stockyard

· No pollution of groundwater resources has been detected in any of the five boreholes at this facility.

· It was therefore difficult to calibrate the model for the coal stockyard.

· For calibration purposes, pollution of the aquifer at some stage in the future had to be assumed.

· The model therefore predicts movement of contaminated groundwater from the coal stockyard after pollution has occurred. Based on information at older power stations, pollution at coal stockyards normally does not occur in less than 20 years.

· In the event that the groundwater beneath the coal stockyard does become polluted, modelling has shown that most of the contaminated groundwater will migrate towards the pan, east of the stockyard. This pan has already been contaminated by the disposal of power station effluent in it. Migration of pollution groundwater from the coal stockyard is also possible to the west and east. Modelling shows that this movement will be very slow and will have no impact on existing water users.

· Sulphate pollution from the coal stockyard will only really become a problem when the pH of the leachate drops. This is not likely to happen at a well-managed coal stockyard because the natural base potential of the coal will have to be depleted before this could occur. At Duvha Power Station, the average base potential of the coal is 15 kg/t, whereas the acid potential is 25 kg/t. In the event that the base potential becomes exhausted due to pyrite oxidation, the coal on the stockyard can be replaced systematically.

The complete groundwater quality and pollution plume modelling reports is attached as appendix A.
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Mine Water Recovery Scenarios

	
	



i.  Using average climatic and water quality (mean annual precipitation of 700 mm)  

                conditions and Komati water only. 

	
	
	

	               CALCULATED WATER BALANCE WITH LIME    

               TREATMENT
	
	

	
	
	

	Window period
	Days
	365 

	
	
	

	Effluent sink
	
	

	Absorption on ash
	Ml
	1870.136

	Evaporation during coarse ash quenching
	Ml
	192.681

	Evaporation from ashing system
	Ml
	4030.615

	Ash water recovered to cooling water system
	Ml
	0.000

	Seepage to ground water from dirty areas
	Ml
	142.350

	Total sink capacity
	Ml
	6235.781

	
	
	

	Effluents
	
	

	Cooling water blow downs lime alkalinity control
	Ml
	691.350

	Additional blow-downs to control calcium sulphate 
	Ml
	209.400

	Cooling water sludge (Included in calculated cooling water blowdowns)
	Ml
	

	Rain water ingress into ash system
	Ml
	2768.070

	Regeneration effluents
	Ml
	84.844

	Ash system gland sealing water (other than ash water and CCW)
	Ml
	0.000

	Treated sewage to ash water system
	Ml
	167.791

	Total effluents 
	Ml
	3921.455

	
	
	

	Effluent excess over sink
	Ml
	-2314.327

	
	
	

	Desalination requirement
	Ml
	0.000

	Desalination plant brine
	Ml
	0.000

	
	
	

	Cooling water cycles of concentration
	
	40.7


	
	
	

	Basis for calculation
	
	

	Station load factor
	
	0.750

	Raw water supply from Witbank Dam
	Ml for the period
	0.000

	Raw water supply from Grootdraai Dam
	Ml for the period
	35427.740

	Rain fall
	mm per annum
	700

	Pond / dam evaporation rate
	mm per day
	4.820

	Cooling tower evaporation rate
	Ml / GWh so
	1.563

	As received ash content of coal
	%
	27.00

	Coal burn rate
	T / Gwh so
	463

	Cooling water calcium specification as CaCO3
	mgkg-1
	400

	Cooling water sulphate specification
	mgkg-1
	1000

	Cooling water alkalinity specification as CaCO3
	mgkg-1
	120

	Average demineralised water consumption
	m3 / Gwh so
	40.00


ii.  Using an annual precipitation of 1000 mm and average raw water quality conditions 

     and use of Komati water only;

	CALCULATED WATER BALANCE WITH LIME TREATMENT
	
	

	
	
	

	Window period
	Days
	365 

	
	
	

	Effluent sink
	
	

	Absorption on ash
	Ml
	1870.136

	Evaporation during coarse ash quenching
	Ml
	192.681

	Evaporation from ashing system
	Ml
	4030.615

	Ash water recovered to cooling water system
	Ml
	0.000

	Seepage to ground water from dirty areas
	Ml
	142.350

	Total sink capacity
	Ml
	6235.781

	
	
	

	Effluents
	
	

	Cooling water blow downs lime alkalinity control
	Ml
	691.350

	Additional blow-downs to control calcium sulphate 
	Ml
	209.400

	Cooling water sludge (Included in calculated cooling water blowdowns)
	Ml
	

	Rain water ingress into ash system
	Ml
	3955.004

	Regeneration effluents
	Ml
	84.844

	Ash system gland sealing water (other than ash water and CCW)
	Ml
	0.000

	Treated sewage to ash water system
	Ml
	167.791

	Total effluents 
	Ml
	5108.389

	
	
	

	Effluent excess over sink
	Ml
	-1127.392

	
	
	

	Desalination requirement
	Ml
	0.000

	Desalination plant brine
	Ml
	0.000

	
	
	

	Cooling water cycles of concentration
	
	40.7

	
	
	

	Basis for calculation
	
	

	Station load factor
	
	0.750

	Raw water supply from Witbank Dam
	Ml for the period
	0.000

	Raw water supply from Grootdraai Dam
	Ml for the period
	35427.740

	Rain fall
	mm per annum
	1000

	Pond / dam evaporation rate
	mm per day
	4.820

	Cooling tower evaporation rate
	Ml / GWh so
	1.563

	As received ash content of coal
	%
	27.00

	Coal burn rate
	T / GWh so
	463

	Cooling water calcium specification as CaCO3
	mgkg-1
	400

	Cooling water sulphate specification
	mgkg-1
	1000

	Cooling water alkalinity specification as CaCO3
	mgkg-1
	120

	Average demineralised water consumption
	m3 / GWh so
	40.00


           iii. Using an annual precipitation of 400 mm and average raw water quality conditions 

                and use of Komati water only;

	CALCULATED WATER BALANCE WITH LIME TREATMENT
	
	

	
	
	

	Window period
	Days
	365 

	
	
	

	Effluent sink
	
	

	Absorption on ash
	Ml
	1870.136

	Evaporation during coarse ash quenching
	Ml
	192.681

	Evaporation from ashing system
	Ml
	4030.615

	Ash water recovered to cooling water system
	Ml
	0.000

	Seepage to ground water from dirty areas
	Ml
	142.350

	Total sink capacity
	Ml
	6235.781

	
	
	

	Effluents
	
	

	Cooling water blow downs lime alkalinity control
	Ml
	691.350

	Additional blow-downs to control calcium sulphate 
	Ml
	209.400

	Cooling water sludge (Included in calculated cooling water blowdowns)
	Ml
	

	Rain water ingress into ash system
	Ml
	1581.135

	Regeneration effluents
	Ml
	84.844

	Ash system gland sealing water (other than ash water and CCW)
	Ml
	0.000

	Treated sewage to ash water system
	Ml
	167.791

	Total effluents 
	Ml
	2734.520

	
	
	

	Effluent excess over sink
	Ml
	-3501.261

	
	
	

	Desalination requirement
	Ml
	0.000

	Desalination plant brine
	Ml
	0.000

	
	
	

	Cooling water cycles of concentration
	
	40.7

	
	
	

	Basis for calculation
	
	

	Station load factor
	
	0.750

	Raw water supply from Witbank Dam
	Ml for the period
	0.000

	Raw water supply from Grootdraai Dam
	Ml for the period
	35427.740

	Rain fall
	mm per annum
	400

	Pond / dam evaporation rate
	mm per day
	4.820

	Cooling tower evaporation rate
	Ml / GWh so
	1.563

	As received ash content of coal
	%
	27.00

	Coal burn rate
	T / GWh so
	463

	Cooling water calcium specification as CaCO3
	mgkg-1
	400

	Cooling water sulphate specification
	mgkg-1
	1000

	Cooling water alkalinity specification as CaCO3
	mgkg-1
	120

	Average demineralised water consumption
	m3 / GWh so
	40.00


     iv. Using average climatic and water quality (mean annual precipitation of 700 mm)  

                conditions and using Komati water as well as Witbank Dam Water as well;

	CALCULATED WATER BALANCE WITH LIME TREATMENT
	
	

	
	
	

	Window period
	Days
	365 

	
	
	

	Effluent sink
	
	

	Absorption on ash
	Ml
	1870.136

	Evaporation during coarse ash quenching
	Ml
	192.681

	Evaporation from ashing system
	Ml
	4030.615

	Ash water recovered to cooling water system
	Ml
	0.000

	Seepage to ground water from dirty areas
	Ml
	142.350

	Total sink capacity
	Ml
	6235.781

	
	
	

	Effluents
	
	

	Cooling water blow downs lime alkalinity control
	Ml
	923.437

	Additional blow-downs to control calcium sulphate 
	Ml
	753.663

	Cooling water sludge (Included in calculated cooling water blowdowns)
	Ml
	

	Rain water ingress into ash system
	Ml
	2768.070

	Regeneration effluents
	Ml
	84.844

	Ash system gland sealing water (other than ash water and CCW)
	Ml
	0.000

	Treated sewage to ash water system
	Ml
	167.791

	Total effluents 
	Ml
	4697.805

	
	
	

	Effluent excess over sink
	Ml
	-1537.976

	
	
	

	Desalination requirement
	Ml
	0.000

	Desalination plant brine
	Ml
	0.000

	
	
	

	Cooling water cycles of concentration
	
	22.0

	
	
	

	Basis for calculation
	
	

	Station load factor
	
	0.750

	Raw water supply from Witbank Dam
	Ml for the period
	2007.500

	Raw water supply from Grootdraai Dam
	Ml for the period
	33420.240

	Rain fall
	mm per annum
	700

	Pond / dam evaporation rate
	mm per day
	4.820

	Cooling tower evaporation rate
	Ml / Gwh so
	1.563

	As received ash content of coal
	%
	27.00

	Coal burn rate
	T / Gwh so
	463

	Cooling water calcium specification as CaCO3
	mgkg-1
	400

	Cooling water sulphate specification
	mgkg-1
	1000

	Cooling water alkalinity specification as CaCO3
	mgkg-1
	120

	Average demineralised water consumption
	m3 / Gwh so
	40.00


Appendix D

Water Use License Application Forms
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Assumptions

		FIVE YEAR PRODUCTION PLAN

		DRAFT REV.1 (2004-2008)

		(19 May 2003)

		Assumptions

		YEAR		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		ENERGY SENTOUT (GWh)		213072		217688		224040		233671		237341		241252		246242		251381		256594		262933		269582		276399

		% GROWTH		4.06%		2.17%		2.92%		4.30%		1.57%		1.65%		2.07%		2.09%		2.07%		2.47%		2.53%		2.53%

		· Energy growth (Nett Sentout) based on wheel diagram (Braam Conradie 1st April 2003).

		· Coal puchase limits, transfers and import options as per Fuel Procurement. (G vd Bongard)

		· Koeberg Production Plan in line with Rev.51 draft of the 10 year plan. (JB van Wyk)

		· Maintenance as per latest 5 year Outage Plan.(B Mdunge)

		· DWA pumping forecast from Peaking Generation.

		· Standard Daily Burn calculated on standard of 90% availability and 90% load factor.

		· UCLF & OCLF as per station forecasts.

		· Imports as per latest projection from International Trader (Wheel Diagram)

		· Minimum stockdays 20

		· Simunye (Camden) energies as per Nigel Volk (9 April 2003). Acclerated plan

		· 2003 energies as per 2003 Gx growth plan Rev.1.



&RAhmed Khatib
EMD
5 Year Plan 
Draft Revision 0.5
&D



Energy var.

		-- TABLE 3 --

		ENERGY SENTOUT

		(GWh)

		STATION		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Acacia		0		0		0		0		0		0		0		0		0		0		0		0

		Port rex		0		0		0		0		0		0		0		0		0		0		0		0

		Gariep		49		-37		-37		-37		-37		-37		0		0		0		0		0		0

		Vanderkloof		106		-5		-5		-5		-5		-5		0		0		0		0		0		0

		Drakensberg		-135		-315		-20		-105		-5		-5		-5		-5		-5		-5		-5		-5

		Palmiet		-70		-34		22		-33		-20		-20		-20		-20		-20		-20		-20		-20

		Camden		0		0		662		1545		2428		3532		3092		3534		2353		1091		-1108		-3812

		Grootvlei		0		0		0		0		0		0		0		0		0		-2442		-4642		-6852

		Komati		0		0		0		0		0		0		0		0		0		-2442		-4642		-6357

				0		0		0		0		0		0		0		0		0		0		0		0

		Cluster A		-50		-392		622		1365		2360		3464		3067		3509		2328		-3818		-10417		-17046

				0		0		0		0		0		0		0		0		0		0		0		0

		Koeberg		-737		250		-851		-644		-136		852		-698		14		68		728		646		-1297

		Cluster B		-737		250		-851		-644		-136		852		-698		14		68		728		646		-1297

		Arnot		1714		-2274		-1135		-254		-154		-113		-72		-72		-72		-72		-72		-72

		Matimba		732		400		325		325		325		400		412		412		412		412		412		412

		Cluster C		2446		-1874		-810		72		172		287		339		339		339		339		339		339

		Duvha		-3565		-212		-343		-343		-343		-276		-343		-343		-365		-343		-365		-386

		Majuba		5331		4659		4752		6311		3174		3458		-201		-7189		-12323		-12323		-12323		-12323

		Cluster D		1767		4447		4409		5968		2830		3181		-545		-7533		-12687		-12666		-12687		-12709

		Hendrina		-440		-867		-901		-901		-901		-867		-901		-933		-933		-933		-933		-933

		Matla		-1850		-2535		-1572		-383		133		694		1616		414		414		389		414		414

		Cluster E		-2290		-3402		-2473		-1284		-768		-173		715		-518		-518		-544		-518		-518

		Kendal		39		-1126		117		-2		-2		123		156		371		371		371		371		371

		Tutuka		1896		-2128		-7554		-8580		-8690		-10370		-8650		-11998		-11998		-12069		-11998		-11998

		Cluster F		1935		-3254		-7437		-8582		-8692		-10247		-8494		-11628		-11628		-11698		-11628		-11628

		Kriel		3021		2725		1857		-392		-464		-263		-96		-96		-96		-71		-96		-96

		Lethabo		4336		4162		4263		4085		4174		701		-665		-665		-665		-665		-665		-665

		Cluster G		7358		6887		6121		3693		3711		439		-762		-762		-762		-737		-762		-762

		Coal Stations		11216		2804		-189		-133		-2747		-6514		-8747		-20101		-25256		-25305		-25256		-25278

		ESKOM		10429		2662		-419		588		-523		-2198		-6378		-16578		-22860		-28395		-35027		-43621

		CAHORA BASSA		-4349		-1551		-1510		-1468		-1423		-1423		-1423		-1423		-1423		-1423		-1423		-1423

		Ca. Bassa(EDM wheeled)		133		511		470		428		383		383		383		383		383		383		383		383

		Lesotho		14		-1		-7		-5		-4		-4		-4		-4		-4		-4		-4		-4

		Nampower		15		0		0		0		0		0		0		0		0		0		0		0

		SNELL		-29		500		500		500		500		500		500		500		500		500		500		500

		ZESCO		-283		-789		-689		-311		142		142		142		142		142		142		142		142

		STEM		369		396		426		460		463		518		518		518		518		518		518		518

		IMPORTS		-4129		-934		-810		-396		61		116		116		116		116		116		116		116

		GROSS ENERGY		6301		1728		-1229		192		-462		-2082		-6262		-16462		-22744		-28279		-34911		-43505

		-PUMP		-258		-439		40		-150		4		4		4		4		4		4		4		4

		-DWA		-420		-434		-434		-434		-444		-444		-444		-444		-444		-444		-444		-444

		Total Pump		-678		-873		-394		-584		-440		-440		-440		-440		-440		-440		-440		-440

		NET ENERGY		6979		2601		-835		776		-22		-1642		-5822		-16022		-22304		-27839		-34471		-43065





PLAN

		-- TABLE 1 --																												-- TABLE 2 --																												-- TABLE 3 --																																-- TABLE 4 --																												-- TABLE 6 --																												-- TABLE 7 --																																		-- TABLE 4 --																								-- TABLE 10 --

		ENERGY AVAILABILITY FACTOR																												ENERGY UTILISATION FACTOR																												ENERGY SENTOUT																																COAL BURN																												COAL PURCHASE PLAN (Mine Purchases)																												STOCKPILE DAYS																																		COAL BURN RATES																								STATION CAPACITY

		(EAF %)																												(EUF %)																												(GWh)																																(kTons)																												(kTons)																												(Days)																														(kg/kWh)																												(MW)

																																																												0		0		0		-0		-0		0		0		0		3296		12614		17937		23484		30278		39038

		STATION		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014				STATION		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014				STATION		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014				STATION		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014				STATION		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014				STATION		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014				STATION		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014				STATION		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015

		Acacia		95.68		95.85		95.85		95.85		95.85		95.85		95.85		95.85		95.85		95.85		95.85		95.85				Acacia		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				Acacia		0		0		0		0		0		0		0		0		0		0		0		0		0		0				Arnot		6413		6082		6634		7038		7114		7134		7144		7200		7200		7200		7200		7200				Arnot		6021		5000		5000		5000		5000		5000		5000		5000		5000		5000		5000		5000				Arnot		32		66		71		48		20		24		28		31		30		30		30		30		30				Arnot		0.485		0.489		0.495		0.494		0.495		0.497		0.497		0.497		0.501		0.501		0.501		0.501		0.501				Acacia		171		171		171		171		171		171		171		171		171		171		171		171		171		171

		Port rex		95.59		95.77		95.77		95.77		95.83		95.77		95.77		95.77		95.77		95.77		95.77		95.77				Port rex		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				Port rex		0		0		0		0		0		0		0		0		0		0		0		0		0		0				Matimba		13406		13786		13747		13747		13747		13786		13793		13793		13793		13793		13793		13793				Matimba		14143		13293		13293		13293		13293		13293		13293		13293		13293		13293		13293		13293				Matimba		28		48		35		26		28		29		29		29		29		29		29		29		29				Matimba		0.523		0.524		0.528		0.528		0.528		0.528		0.528		0.528		0.528		0.528		0.528		0.528		0.528				Port rex		171		171		171		171		171		171		171		171		171		171		171		171		171		171

		Gariep		96.20		96.05		90.60		91.01		91.05		91.01		91.01		91.01		91.01		91.01		91.01		91.01				Gariep		12.48		9.64		10.25		10.20		10.19		10.17		11.50		11.50		11.50		11.47		11.50		11.50				Gariep		1018		1117		379		293		293		293		293		293		330		330		330		330		330		330				Cluster C		19819		19869		20381		20786		20861		20921		20937		20993		20993		20993		20993		20993				Cluster C		20163		18293		18293		18293		18293		18293		18293		18293		18293		18293		18293		18293				Cluster C		30		54		47		34		25		27		29		30		30		30		30		30		30				Cluster C		0.510		0.512		0.517		0.516		0.516		0.516		0.516		0.516		0.518		0.518		0.518		0.518		0.518				Gariep		360		360		360		360		360		360		360		360		360		360		360		360		360		360

		Vanderkloof		81.33		82.77		95.41		93.53		95.86		94.76		94.76		94.76		94.76		94.76		94.76		94.76				Vanderkloof		29.19		22.22		19.32		19.71		19.23		19.40		19.73		19.73		19.73		19.67		19.73		19.73				Vanderkloof		1042		1240		499		388		388		388		388		388		393		393		393		393		393		393																																																																																																																								Vanderkloof		240		240		240		240		240		240		240		240		240		240		240		240		240		240

		Drakensberg		90.24		91.43		93.01		90.94		91.85		92.99		92.99		92.99		92.99		92.99		92.99		92.99				Drakensberg		16.51		14.01		17.43		16.76		17.83		17.57		17.62		17.62		17.62		17.57		17.62		17.62				Drakensberg		1039		1196		1305		1125		1420		1335		1435		1435		1435		1435		1435		1435		1435		1435				Duvha		10025		11632		11600		11600		11600		11632		11600		11600		11600		11600		11600		11600				Duvha		10009		10000		10000		10000		10000		10000		10000		10000		10000		10000		10000		10000				Duvha		30		29		28		28		28		28		27		27		27		27		27		27		27				Duvha		0.465		0.474		0.476		0.476		0.476		0.476		0.476		0.476		0.476		0.476		0.476		0.476		0.476				Drakensberg		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000

		Palmiet		90.73		93.11		93.11		96.94		93.38		93.17		93.17		93.17		93.17		93.17		93.17		93.17				Palmiet		16.67		17.30		19.07		16.69		17.73		17.72		17.77		17.77		17.77		17.72		17.77		17.77				Palmiet		549		542		530		566		622		567		580		580		580		580		580		580		580		580				Majuba		4578		4348		5214		7824		9186		9304		9732		9200		9200		9200		9200		9200				Majuba		6326		4200		5200		6200		7610		8000		8000		8000		8000		8000		8000		8000				Majuba		22		68		91		119		108		99		96		83		83		83		83		83		83				Majuba		0.522		0.513		0.536		0.547		0.548		0.548		0.548		0.548		0.548		0.548		0.548		0.548		0.548				Palmiet		400		400		400		400		400		400		400		400		400		400		400		400		400		400

				0.00		0.00		85.00		85.00		85.00		85.00		85.00		85.00		85.00		85.00		85.00		85.00				Camden						23.40		27.30		28.61		31.12																Camden						0		0		662		1545		2428		3532		3092		3534		3534		3534		3534		3534				Cluster D		14603		15980		16814		19424		20786		20936		21332		20800		20800		20800		20800		20800				Cluster D		16335		14200		15200		16200		17610		18000		18000		18000		18000		18000		18000		18000				Cluster D		26		50		63		79		73		68		66		59		59		59		59		59		59				Cluster D		0.473		0.485		0.490		0.495		0.501		0.503		0.504		0.505		0.504		0.504		0.504		0.504		0.504				Camden						0		380		760		1140		1520		1520		1520		1520		1520		1520		1520		1520

				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																Grootvlei																																																																																																																																																				Grootvlei

				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																Komati																																Hendrina		6443		6629		6611		6611		6611		6629		6611		6620		6620		6620		6620		6620				Hendrina		6500		6500		6500		6500		6500		6500		6500		6500		6500		6500		6500		6500				Hendrina		19		21		21		21		22		22		22		22		22		22		22		22		22				Hendrina		0.518		0.532		0.529		0.529		0.529		0.529		0.529		0.529		0.529		0.529		0.529		0.529		0.529				Komati

				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																																																Lethabo		16473		16036		16523		17150		16968		17711		18360		17500		17500		17500		17500		17500				Lethabo		15600		15600		15600		15600		15600		17000		17000		17000		17000		17000		17000		17000				Lethabo		34		21		21		23		24		29		24		6		6		6		6		6		6				Lethabo		0.697		0.707		0.699		0.686		0.679		0.679		0.693		0.693		0.693		0.693		0.693		0.693		0.693

		Cluster A		91.11		92.18		94.25		94.68		95.28		95.94		95.94		95.94		95.94		95.94		95.94		95.94				Cluster A		14.51		12.50		15.06		16.04		17.63		19.13		17.96		19.32		19.32		19.27		19.32		19.32				Cluster A		3649		4094		2713		2371		3385		4128		5123		6227		5830		6272		6272		6272		6272		6272				Cluster E		22916		22665		23134		23762		23579		24340		24972		24120		24120		24120		24120		24120				Cluster E		22100		22100		22100		22100		22100		23500		23500		23500		23500		23500		23500		23500				Cluster E		30		21		21		23		24		27		24		11		11		11		11		11		11				Cluster E		0.621		0.631		0.623		0.619		0.617		0.616		0.625		0.626		0.624		0.624		0.624		0.624		0.624				Cluster A		2342		2342		2342		2722		3102		3482		3862		3862		3862		3862		3862		3862		3862		3862

		Koeberg		80.12		88.51		82.09		84.46		87.89		94.08		85.70		89.67		80.26		93.33		93.12		80.80				Koeberg		100.97		100.00		100.00		100.00		100.00		100.00		99.45		100.05		110.91		100.32		100.00		100.00				Koeberg		10719		11991		12755		13995		12944		13317		13859		14875		13439		14146		14036		14803		14683		12740				Kendal		16059		14612		16044		16148		16113		16159		16177		16300		16300		16300		16300		16300				Kendal		14620		13300		13300		13300		13300		13300		13300		13300		13300		13300		13300		13300				Kendal		48		22		39		43		47		51		55		57		57		57		57		57		57				Kendal		0.560		0.561		0.544		0.570		0.573		0.572		0.572		0.572		0.572		0.572		0.572		0.572		0.572				Koeberg		1800		1800		1800		1800		1800		1800		1800		1800		1800		1800		1800		1800		1800		1800

		Cluster B		80.12		88.51		82.09		84.46		87.89		94.08		85.70		89.67		80.26		93.33		93.12		80.80				Cluster B		100.97		100.00		100.00		100.00		100.00		100.00		99.45		100.05		110.91		100.32		100.00		100.00				Cluster B		10719		11991		12755		13995		12944		13317		13859		14875		13439		14146		14036		14803		14683		12740				Tutuka		6892		5073		6000		7012		6976		7153		8700		7000		7000		7000		7000		7000				Tutuka		4350		5000		6000		6000		6000		6000		6000		6000		6000		6000		6000		6000				Tutuka		32		28		70		114		113		113		109		60		60		60		60		60		60				Tutuka		0.501		0.512		0.503		0.504		0.505		0.507		0.508		0.508		0.508		0.508		0.508		0.508		0.508				Cluster B		1800		1800		1800		1800		1800		1800		1800		1800		1800		1800		1800		1800		1800		1800

																																																																																										Cluster F		22952		19685		22044		23160		23089		23312		24878		23300		23300		23300		23300		23300				Cluster F		18970		18300		19300		19300		19300		19300		19300		19300		19300		19300		19300		19300				Cluster F		41		25		53		75		76		79		79		58		58		58		58		58		58				Cluster F		0.541		0.545		0.532		0.549		0.549		0.549		0.549		0.546		0.549		0.549		0.549		0.549		0.549

		Arnot		93.64		88.23		85.97		91.09		91.73		91.74		91.73		91.73		91.73		91.73		91.73		91.73				Arnot		83.65		80.04		90.00		90.00		90.00		90.00		90.38		90.38		90.38		90.13		90.38		90.38				Arnot		11390		12017		13586		12282		13420		14219		14319		14360		14380		14380		14380		14380		14380		14380																																																																																																																								Arnot		1980		1980		1980		1980		1980		1980		1980		1980		1980		1980		1980		1980		1980		1980

		Matimba		89.53		89.54		89.53		89.53		89.53		89.54		89.53		89.53		89.53		89.53		89.53		89.53				Matimba		91.91		90.00		90.00		90.00		90.00		90.00		90.30		90.30		90.30		90.05		90.30		90.30				Matimba		23823		25111		26600		26120		26046		26046		26046		26120		26132		26132		26132		26132		26132		26132				Kriel		10498		10509		10563		10404		10367		10471		10558		10558		10558		10571		10558		10558				Kriel		10463		10500		10500		10500		10500		10500		10500		10500		10500		10500		10500		10500				Kriel		39		40		40		38		41		46		47		45		43		41		38		36		34				Kriel		0.514		0.516		0.520		0.520		0.520		0.520		0.520		0.520		0.520		0.520		0.520		0.520		0.520				Matimba		3690		3690		3690		3690		3690		3690		3690		3690		3690		3690		3690		3690		3690		3690

		Cluster C		90.97		89.08		88.29		90.07		90.30		90.31		90.30		90.30		90.30		90.30		90.30		90.30				Cluster C		88.94		86.55		90.00		90.00		90.00		90.00		90.33		90.33		90.33		90.08		90.33		90.33				Cluster C		35213		37127		40186		38402		39466		40265		40365		40480		40512		40512		40512		40512		40512		40512				Matla		12769		12848		12899		12811		12855		12940		12261		12261		12261		12261		12261		12261				Matla		15367		13821		13821		12821		13000		13000		13000		13000		13000		13000		13000		13000				Matla		42		74		87		115		115		119		121		143		165		188		210		232		254				Matla		0.505		0.491		0.497		0.497		0.497		0.497		0.497		0.497		0.497		0.497		0.497		0.497		0.497				Cluster C		5670		5670		5670		5670		5670		5670		5670		5670		5670		5670		5670		5670		5670		5670

																																																																																										Cluster G		23267		23357		23462		23215		23222		23411		22818		22818		22818		22832		22818		22818				Cluster G		25830		24321		24321		23321		23500		23500		23500		23500		23500		23500		23500		23500				Cluster G		41		58		65		79		81		85		86		97		108		119		130		141		152				Cluster G		0.509		0.502		0.507		0.507		0.507		0.507		0.507		0.507		0.507		0.507		0.507		0.507		0.507

		Duvha		91.15		93.63		91.15		90.79		89.60		91.44		90.24		90.24		90.24		90.24		90.24		90.24				Duvha		77.65		86.06		88.41		88.76		89.93		88.12		89.30		89.30		89.30		89.05		89.30		89.30				Duvha		22616		23260		21390		24420		24353		24353		24353		24420		24353		24353		24353		24353		24353		24353																																																																																																																								Duvha		3450		3450		3450		3450		3450		3450		3450		3450		3450		3450		3450		3450		3450		3450

		Majuba		92.66		94.37		92.59		92.59		92.24		92.45		94.04		94.04		94.04		94.04		94.04		94.04				Majuba		28.15		25.45		30.57		45.83		54.01		54.40		56.10		53.03		53.03		52.89		53.03		53.03				Majuba		5616		4438		8780		8107		9530		14284		16772		16978		17759		16789		16789		16789		16789		16789				TOTAL		103556		101555		105835		110345		111536		112919		114936		112031		112031		112044		112031		112031				TOTAL		103398		97214		99214		99214		100803		102593		102593		102593		102593		102593		102593		102593				TOTAL		34		40		50		59		57		59		58		51		53		55		57		59		61				TOTAL		0.530		0.531		0.530		0.533		0.534		0.534		0.535		0.536		0.536		0.536		0.536		0.536		0.536				Majuba		3843		3843		3843		3843		3843		3843		3843		3843		3843		3843		3843		3843		3843		3843

		Cluster D		91.95		94.02		91.91		91.74		90.99		91.97		92.24		92.24		92.24		92.24		92.24		92.24				Cluster D		51.36		54.00		57.71		65.92		70.75		70.26		71.46		69.81		69.81		69.62		69.81		69.81				Cluster D		28232		27698		30170		32527		33883		38638		41125		41398		42112		41142		41142		41142		41142		41142																																																																																																																								Cluster D		7293		7293		7293		7293		7293		7293		7293		7293		7293		7293		7293		7293		7293		7293

																																																																																										Camden				0		381		889		1397		2032		1779		2033		2033		2033		2033		2033				Camden				0		1200		1200		1500		2000		2000		2000		2000		2000		2000		2000				Camden						21		69		88		94		92		105		103		101		99		97		95				Camden						0.575		0.575		0.575		0.575		0.575		0.575		0.575		0.575		0.575		0.575		0.575

		Hendrina		82.94		89.23		89.74		91.50		90.48		90.55		90.12		90.12		90.12		90.12		90.12		90.12				Hendrina		88.23		84.42		83.94		82.33		83.26		83.19		83.59		83.70		83.70		83.47		83.70		83.70				Hendrina		12460		12648		12147		12539		12505		12505		12505		12539		12505		12522		12522		12522		12522		12522																																																																																																																								Hendrina		1895		1895		1895		1895		1895		1895		1895		1895		1895		1895		1895		1895		1895		1895

		Lethabo		90.89		90.44		91.39		90.11		89.15		90.85		90.75		90.75		90.75		90.75		90.75		90.75				Lethabo		82.95		81.14		84.59		90.00		90.00		90.00		93.66		89.27		89.27		89.02		89.27		89.27				Lethabo		25257		25534		23500		22934		24096		25277		25008		25554		26491		25250		25250		25250		25250		25250				-- TABLE 5 --																												-- TABLE 6.1 --																												-- TABLE 8 --																														-- TABLE 9 --																														Lethabo		3558		3558		3558		3558		3558		3558		3558		3558		3558		3558		3558		3558		3558		3558

		Cluster E		88.13		90.02		90.82		90.59		89.61		90.75		90.53		90.53		90.53		90.53		90.53		90.53				Cluster E		84.68		82.27		84.37		87.31		87.63		87.64		90.17		87.34		87.34		87.10		87.34		87.34				Cluster E		37717		38182		35647		35473		36601		37782		37513		38093		38996		37771		37771		37771		37771		37771																																																																																																																								Cluster E		5453		5453		5453		5453		5453		5453		5453		5453		5453		5453		5453		5453		5453		5453

																																																																																										COAL AVAILABLE AT STATION																												ADDITIONAL COAL SOURCES																												STOCKPILES																														STANDARD DAILY BURN

		Kendal		92.59		90.65		93.10		93.10		93.10		93.11		93.10		93.10		93.10		93.10		93.10		93.10				Kendal		91.83		87.92		89.81		90.00		90.00		90.00		90.36		91.05		91.05		90.80		91.05		91.05				Kendal		24326		26076		28600		26883		28126		28186		28186		28266		28299		28513		28513		28513		28513		28513				(kTons)																												(kTons)																												(kTons)																														(kTons/Day)																														Kendal		3840		3840		3840		3840		3840		3840		3840		3840		3840		3840		3840		3840		3840		3840

		Tutuka		91.81		89.92		85.19		86.70		89.30		92.13		91.13		91.13		91.13		91.13		91.13		91.13				Tutuka		45.73		36.35		45.46		52.05		50.14		49.58		61.13		49.18		49.18		49.05		49.18		49.18				Tutuka		8399		11184		12910		10079		11909		13877		13767		14082		17128		13781		13781		13781		13781		13781																																																																																																																								Tutuka		3510		3510		3510		3510		3510		3510		3510		3510		3510		3510		3510		3510		3510		3510

		Cluster F		92.22		90.30		89.32		90.04		91.29		92.64		92.16		92.16		92.16		92.16		92.16		92.16				Cluster F		69.91		63.40		69.61		72.55		71.38		70.80		76.56		71.28		71.28		71.08		71.28		71.28				Cluster F		32725		37260		41510		36962		40035		42062		41952		42348		45427		42294		42294		42294		42294		42294				STATION		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014				STATION		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014				STATION		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014				STATION		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014				Cluster F		7350		7350		7350		7350		7350		7350		7350		7350		7350		7350		7350		7350		7350		7350

																																																																																										Arnot		7051		6200		6200		6500		7200		7200		7200		7200		7200		7200		7200		7200				Arnot		1030		1200		1200		1500		2200		2200		2200		2200		2200		2200		2200		2200				Arnot		596		1234		1351		918		379		466		531		587		587		587		587		587		587				Arnot		18.67		18.82		19.06		19.03		19.05		19.12		19.12		19.12		19.27		19.27		19.27		19.27		19.27

		Kriel		90.17		89.74		91.96		89.09		88.77		89.42		90.37		90.37		90.37		90.37		90.37		90.37				Kriel		84.03		90.00		88.52		90.00		90.00		90.00		90.03		90.03		90.03		89.90		90.03		90.03				Kriel		19429		19316		18916		20219		20324		20018		19946		20147		20313		20313		20313		20339		20313		20313				Matimba		14143		13293		13443		13793		13793		13793		13793		13793		13793		13793		13793		13793				Matimba		0		0		150		500		500		500		500		500		500		500		500		500				Matimba		1063		1800		1307		1002		1048		1093		1099		1099		1099		1099		1099		1099		1099				Matimba		37.51		37.62		37.86		37.86		37.86		37.86		37.86		37.86		37.86		37.86		37.86		37.86		37.86				Kriel		2850		2850		2850		2850		2850		2850		2850		2850		2850		2850		2850		2850		2850		2850

		Matla		92.43		92.76		93.38		92.74		93.06		94.35		93.06		93.06		93.06		93.06		93.06		93.06				Matla		93.58		92.00		92.00		92.00		92.00		91.09		87.75		87.75		87.75		87.51		87.75		87.75				Matla		21907		22068		26141		25862		25964		25786		25875		26046		24679		24679		24679		24679		24679		24679				Cluster C		21193		19493		19643		20293		20993		20993		20993		20993		20993		20993		20993		20993				Cluster C		1030		1200		1350		2000		2700		2700		2700		2700		2700		2700		2700		2700				Cluster C		1659		3034		2658		1920		1427		1559		1631		1687		1687		1687		1687		1687		1687				Cluster C		56.18		56.44		56.92		56.89		56.91		56.98		56.98		56.98		57.13		57.13		57.13		57.13		57.13				Matla		3450		3450		3450		3450		3450		3450		3450		3450		3450		3450		3450		3450		3450		3450

		Cluster G		91.41		91.39		92.74		91.09		91.12		92.12		91.84		91.84		91.84		91.84		91.84		91.84				Cluster G		89.32		91.11		90.44		91.12		91.12		90.61		88.77		88.77		88.77		88.57		88.77		88.77				Cluster G		41336		41384		45057		46081		46287		45804		45821		46193		44992		44992		44992		45018		44992		44992																																																																																																																								Cluster G		6300		6300		6300		6300		6300		6300		6300		6300		6300		6300		6300		6300		6300		6300

																																																																																										Duvha		10009		11600		11600		11600		11600		11600		11600		11600		11600		11600		11600		11600				Duvha		0		1600		1600		1600		1600		1600		1600		1600		1600		1600		1600		1600				Duvha		949		933		901		901		901		901		870		870		870		870		870		870		870				Duvha		31.17		31.76		31.95		31.95		31.95		31.95		31.95		31.95		31.95		31.95		31.95		31.95		31.95

		Coal Stations		91.08		91.10		90.65		90.73		90.73		91.65		91.51		91.51		91.51		91.51		91.51		91.51				Coal Stations		75.27		73.83		77.08		80.26		81.14		80.77		82.49		80.42		80.42		80.21		80.42		80.42				Coal Stations		175223		181651		192570		189446		196272		204551		206777		208513		212040		206712		206712		206737		206712		206712				Majuba		6326		5400		6400		7400		8810		9200		9200		9200		9200		9200		9200		9200				Majuba		0		1200		1200		1200		1200		1200		1200		1200		1200		1200		1200		1200				Majuba		859		2607		3658		4844		4421		4044		3941		3409		3409		3409		3409		3409		3409				Majuba		38.99		38.36		40.07		40.88		40.92		40.92		40.94		40.94		40.94		40.94		40.94		40.94		40.94				Total coal fired		32066		32066		32066		32066		32066		32066		32066		32066		32066		32066		32066		32066		32066		32066

																																																																																										Cluster D		16335		17000		18000		19000		20410		20800		20800		20800		20800		20800		20800		20800				Cluster D		0		2800		2800		2800		2800		2800		2800		2800		2800		2800		2800		2800				Cluster D		1808		3540		4560		5745		5322		4946		4810		4279		4279		4279		4279		4279		4279				Cluster D		70.17		70.12		72.02		72.82		72.86		72.86		72.88		72.88		72.88		72.88		72.88		72.88		72.88

		ESKOM		90.54		91.04		90.50		90.76		91.01		92.21		91.69		91.88		91.43		92.05		92.04		91.45				ESKOM		72.44		71.08		73.30		75.53		75.82		75.14		76.33		74.80		75.13		74.68		74.84		74.68				ESKOM		189590		197737		208038		205812		212601		221996		225759		229615		231309		227130		227020		227812		227667		225724																																																																																																																								Total Eskom		36208		36208		36208		36588		36968		37348		37728		37728		37728		37728		37728		37728		37728		37728

																																																																																										Hendrina		6500		6620		6620		6620		6620		6620		6620		6620		6620		6620		6620		6620				Hendrina		0		120		120		120		120		120		120		120		120		120		120		120				Hendrina		360		417		408		417		425		434		425		434		434		434		434		434		434				Hendrina		19.10		19.60		19.48		19.48		19.48		19.48		19.48		19.48		19.48		19.48		19.48		19.48		19.48

																																																										CAHORA BASSA		6300		6906		3862		10780		10780		10780		10780		10780		10780		10780		10780		10780		10780		10780				Lethabo		16050		16050		16600		17200		17200		17500		17500		17500		17500		17500		17500		17500				Lethabo		450		450		1000		1600		1600		500		500		500		500		500		500		500				Lethabo		1638		1008		1023		1100		1149		1382		1170		310		310		310		310		310		310				Lethabo		48.19		48.91		48.36		47.43		46.93		46.93		47.94		47.94		47.94		47.94		47.94		47.94		47.94

																																																										Ca. Bassa(EDM wheeled)		863		927		904		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320				Cluster E		22550		22670		23220		23820		23820		24120		24120		24120		24120		24120		24120		24120				Cluster E		450		570		1120		1720		1720		620		620		620		620		620		620		620				Cluster E		1998		1425		1431		1517		1575		1816		1595		744		744		744		744		744		744				Cluster E		67.29		68.50		67.84		66.90		66.41		66.41		67.41		67.41		67.41		67.41		67.41		67.41		67.41

																																																										Lesotho		20		27		23		0		0		0		0		0		0		0		0		0		0		0

																																																										Nampower		73		41		15		0		0		0		0		0		0		0		0		0		0		0				Kendal		14950		15300		16300		16300		16300		16300		16300		16300		16300		16300		16300		16300				Kendal		330		2000		3000		3000		3000		3000		3000		3000		3000		3000		3000		3000				Kendal		2010		901		1589		1846		1998		2185		2327		2449		2449		2449		2449		2449		2449				Kendal		41.83		41.85		40.57		42.58		42.77		42.67		42.67		42.67		42.67		42.67		42.67		42.67		42.67

																																																										SNELL		492		444		471		500		500		500		500		500		500		500		500		500		500		500				Tutuka		6770		6500		7500		7000		7000		7000		7000		7000		7000		7000		7000		7000				Tutuka		2420		1500		1500		1000		1000		1000		1000		1000		1000		1000		1000		1000				Tutuka		1107		985		2412		3912		3900		3924		3771		2070		2070		2070		2070		2070		2070				Tutuka		34.18		34.91		34.35		34.38		34.48		34.58		34.66		34.66		34.66		34.66		34.66		34.66		34.66

																																																										ZESCO		1417		925		1706		1200		1200		1200		1200		1200		1200		1200		1200		1200		1200		1200				Cluster F		21720		21800		23800		23300		23300		23300		23300		23300		23300		23300		23300		23300				Cluster F		2750		3500		4500		4000		4000		4000		4000		4000		4000		4000		4000		4000				Cluster F		3117		1886		4001		5758		5898		6109		6098		4520		4520		4520		4520		4520		4520				Cluster F		76.01		76.76		74.92		76.96		77.24		77.25		77.33		77.33		77.33		77.33		77.33		77.33		77.33

																																																										STEM		35		226		381		420		462		508		559		614		614		614		614		614		614		614

																																																										IMPORTS		9200		9497		7363		14220		14262		14308		14359		14414		14414		14414		14414		14414		14414		14414				Kriel		10532		10500		10500		10500		10500		10500		10500		10500		10500		10500		10500		10500				Kriel		69		0		0		0		0		0		0		0		0		0		0		0				Kriel		1121		1155		1146		1083		1179		1312		1341		1283		1225		1168		1097		1039		981				Kriel		28.49		28.59		28.80		28.80		28.80		28.80		28.80		28.80		28.80		28.80		28.80		28.80		28.80

																																																																																										Matla		13552		13321		13821		12821		13000		13000		13000		13000		13000		13000		13000		13000				Matla		-1814		-500		0		0		0		0		0		0		0		0		0		0				Matla		1431		2422		2894		3816		3827		3972		4032		4771		5511		6250		6989		7729		8468				Matla		33.84		32.95		33.32		33.32		33.32		33.32		33.32		33.32		33.32		33.32		33.32		33.32		33.32

																																																										GROSS ENERGY		198790		207233		215401		220032		226863		236304		240118		244029		245723		241544		241434		242226		242081		240138				Cluster G		24084		23821		24321		23321		23500		23500		23500		23500		23500		23500		23500		23500				Cluster G		-1745		-500		0		0		0		0		0		0		0		0		0		0				Cluster G		2552		3577		4040		4899		5006		5284		5373		6054		6736		7418		8086		8768		9449				Cluster G		62.33		61.54		62.12		62.12		62.12		62.12		62.12		62.12		62.12		62.12		62.12		62.12		62.12

																																																										-PUMP		2125		2275		2477		2296		2775		2585		2739		2739		2739		2739		2739		2739		2739		2739				TOTAL		105883		104784		108984		109734		112023		112713		112713		112713		112713		112713		112713		112713				TOTAL		2485		7570		9770		10520		11220		10120		10120		10120		10120		10120		10120		10120				TOTAL		11135		13462		16690		19839		19227		19714		19507		17283		17965		18647		19315		19996		20678				TOTAL		331.98		333.36		333.81		335.69		335.54		335.62		336.73		336.73		336.88		336.88		336.88		336.88		336.88

																																																										-DWA		232		204		62		48		48		48		38		38		38		38		38		38		38		38

																																																										Total Pump		2357		2479		2539		2344		2823		2633		2777		2777		2777		2777		2777		2777		2777		2777				Camden				360		1200		1200		1500		2000		2000		2000		2000		2000		2000		2000				Camden				360		0		0		0		0		0		0		0		0		0		0				Camden				0		360		1179		1490		1593		1561		1782		1749		1715		1682		1649		1616				Camden				0.00		17.00		17.00		17.00		17.00		17.00		17.00		17.00		17.00		17.00		17.00		17.00

																																																										NET ENERGY		196433		204754		212862		217688		224040		233671		237341		241252		242946		238767		238657		239449		239304		237361

																																																										YEAR		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

																																																										NET ENERGY		196433		204754		212862		217688		224040		233671		237341		241252		246242		251381		256594		262933		269582		276399

																																																										% GROWTH				4.24%		3.96%		2.27%		2.92%		4.30%		1.57%		1.65%		2.07%		2.09%		2.07%		2.47%		2.53%		2.53%





PLAN

						1



Coal Stations

Koeberg

#REF!

Cluster A

Energy (GWh)

Energy Contribution of Thermal, Nuclear and Import



High

						COAL BURN (kTons)

						2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013

		Arnot				5457		6900		7062		7062		7013		7013		7013		7013		7013		7013		7013		7013

		Hendrina				6372		6501		6862		6943		6976		6976		6976		6976		6976		6976		6976		6976

		Kriel				9027		9100		10000		10371		10371		10371		10371		10371		10371		10371		10371		10371

		Matla				12823		12578		12842		12972		12534		12534		12534		12534		12534		12534		12534		12534

		Duvha				10428		11599		11405		11519		11484		11484		11484		11484		11484		11484		11484		11484

		Kendal				14497		15771		15772		15771		15771		15771		15771		15771		15771		15771		15771		15771

		Majuba				2223		3300		5936		7348		11210		14965		14965		14965		14965		14965		14965		14965

		Lethabo				15204		15120		16120		17120		17120		17659		17659		17659		17659		17659		17659		17659

		Matimba				13066		13450		13451		13450		13450		13450		13450		13450		13450		13450		13450		13450

		Tutuka				3750		9550		8750		10750		13506		13506		13506		13506		13506		13506		13506		13506

		Total coal fired				92,847		103,868		108,200		113,305		119,433		123,727		123,727		123,727		123,727		123,727		123,727		123,727

						COAL RECEIVED FROM TIED COLLIERY (kTons)

						2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013

		Arnot				4700		6000		7060		7060		7020		7013		7013		7013		7013		7013		7013		7013

		Hendrina				6500		6500		6500		6500		6500		6500		6500		6500		6500		6500		6500		6500

		Kriel				7600		7100		8000		8370		9370		10370		10370		10370		10370		10370		10370		10370

		Matla				13189		14100		14850		14950		13550		12550		12550		12500		12550		12550		12500		12550

		Duvha				10000		11000		11000		11000		11000		11000		11000		11000		11000		11000		11000		11000

		Kendal				13300		13300		13300		13500		13520		13520		13520		13520		13520		13520		13520		13520

		Majuba				1800		2700		2700		2700		2700		2700		2700		2700		2700		2700		2700		2700

		Lethabo				15120		15120		15120		15120		15120		17660		17660		17660		17660		17660		17660		17660

		Matimba				13293		13450		13450		13450		13450		13450		13450		13450		13450		13450		13450		13450

		Tutuka				3750		4700		5000		7000		7000		7000		7000		7000		7000		7000		7000		7000

						COAL IMPORTS (kTons)

						2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013

		Arnot						900

		Hendrina								400		430		450		470		470		480		475		475		475		475

		Kriel				500		2000		2000		2000		1000

		Matla						-3000		-2000		-2000		-1000

		Duvha						600		400		500		500		500		485		485		485		485		485		485

		Kendal						2250		2250		2250		2250		2250		2250		2250		2250		2250		2250		2250

		Majuba						600		3500		4400		8510		12256		12256		12256		12256		12256		12256		12256

		Lethabo								1000		2000		2000

		Matimba

		Tutuka						2000		3750		3750		6500		6500		6500		6500		6500		6500		6500		6500

						STOCKPILE (kTons)

				2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013

		Arnot		1130		373		373		371		369		376		375		375		375		374		374		374		373

		Hendrina		254		382		381		419		406		380		374		369		373		372		372		371		370

		Kriel		1497		570		570		570		569		568		567		567		566		565		564		563		562

		Matla		1789		2155		677		686		664		680		696		713		679		696		712		678		695

		Duvha		1052		624		625		620		601		617		633		635		636		637		639		640		641

		Kendal		2533		1336		1115		893		873		872		872		871		871		870		870		869		868

		Majuba		1518		1095		1095		1359		1111		1111		1102		1093		1084		1075		1066		1058		1049

		Lethabo		1048		964		964		964		964		964		965		966		967		968		969		971		972

		Matimba		524		751		751		750		751		751		752		752		753		753		753		754		754

		Tutuka		3586		3586		736		736		736		730		724		719		713		707		701		696		690

						STOCKPILE (Days)

						2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013

		Arnot		59.9		20		20		20		20		20		20		20		20		20		20		20		20

		Hendrina		13.5		20		20		22		21		20		20		20		20		20		20		20		20

		Kriel		53.0		20		20		20		20		20		20		20		20		20		20		20		20

		Matla		52.8		64		20		20		20		20		21		21		20		21		21		20		20

		Duvha		33.5		20		20		20		19		20		20		20		20		20		20		20		20

		Kendal		60.6		32		27		21		21		21		21		21		21		21		21		21		21

		Majuba		38.7		28		28		35		28		28		28		28		28		27		27		27		27

		Lethabo		21.8		20		20		20		20		20		20		20		20		20		20		20		20

		Matimba		14.1		20		20		20		20		20		20		20		20		20		20		20		20

		Tutuka		98.1		98		20		20		20		20		20		20		20		19		19		19		19





Burn Rates

		Station Burn Rate Calculations for Ten Year Plan (2003-2014)

																																				CV		COST		c/GJ

		Calorific Value (MJ/kg)																																ARNOT		22.21		52.331		235.619

				2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014						DUVHA		21.75		48.116		221.224

		Arnot		22.39		22.21		21.93		21.97		21.94		21.86		21.86		21.86		21.69		21.69		21.69		21.69		21.69						HENDRINA		21.62		35.981		166.425

		Matimba		20.50		20.50		20.50		20.50		20.50		20.50		20.50		20.50		20.50		20.50		20.50		20.50		20.50						KENDAL		18.73		49.228		262.828

		Cluster C		21.11		21.08		20.96		21.00		21.01		20.98		20.98		20.98		20.92		20.92		20.92		20.92		20.92						KRIEL		20.21		47.766		236.349

																																		LETHABO		14.68		37.324		254.252

		Duvha		22.33		21.75		21.75		21.75		21.75		21.75		21.75		21.75		21.75		21.75		21.75		21.75		21.75						MAJUBA		20.84		75.864		364.030

		Majuba		20.50		20.84		19.80		19.41		19.39		19.39		19.38		19.38		19.38		19.38		19.38		19.38		19.38						MATIMBA		20.50		39.448		192.430

		Cluster D		22.04		21.49		21.26		21.09		20.88		20.79		20.78		20.75		20.78		20.78		20.78		20.78		20.78						MATLA		20.60		33.278		161.543

																																		TUTUKA		20.15		75.804		376.199

		Hendrina		21.99		21.62		21.62		21.62		21.62		21.62		21.62		21.62		21.62		21.62		21.62		21.62		21.62

		Lethabo		14.84		14.68		14.76		15.05		15.21		15.21		14.89		14.89		14.89		14.89		14.89		14.89		14.89

		Cluster E		17.21		17.04		17.18		17.29		17.33		17.35		17.11		17.05		17.12		17.12		17.12		17.12		17.12

		Kendal		18.75		18.73		19.30		18.39		18.31		18.35		18.35		18.35		18.35		18.35		18.35		18.35		18.35

		Tutuka		20.68		20.15		20.92		20.90		20.84		20.78		20.73		20.73		20.73		20.73		20.73		20.73		20.73

		Cluster F		19.33		19.17		19.74		19.14		19.14		19.15		19.14		19.25		19.13		19.13		19.13		19.13		19.13

		Kriel		20.06		20.21		20.01		20.01		20.01		20.01		20.01		20.01		20.01		20.01		20.01		20.01		20.01

		Matla		19.90		20.60		20.39		20.39		20.39		20.39		20.39		20.39		20.39		20.39		20.39		20.39		20.39

		Cluster G		19.97		20.44		20.22		20.22		20.22		20.22		20.22		20.22		20.22		20.22		20.22		20.22		20.22

		TOTAL		19.81		19.83		19.89		19.76		19.75		19.74		19.69		19.68		19.68		19.68		19.68		19.68		19.68

		Camden						21.90		21.90		21.90		21.90		21.90		21.90		21.90		21.90		21.90		21.90		21.90

		Heat Rate(MJ/kWh)

				2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2013

		Arnot		10.86		10.86		10.86		10.86		10.86		10.86		10.86		10.86		10.86		10.86		10.86		10.86		10.86

		Matimba		10.72		10.75		10.82		10.82		10.82		10.82		10.82		10.82		10.82		10.82		10.82		10.82		10.82

		Cluster C		10.77		10.79		10.83		10.83		10.83		10.83		10.83		10.83		10.83		10.83		10.83		10.83		10.83

		Duvha		10.38		10.30		10.36		10.36		10.36		10.36		10.36		10.36		10.36		10.36		10.36		10.36		10.36

		Majuba		10.70		10.70		10.62		10.62		10.62		10.62		10.62		10.62		10.62		10.62		10.62		10.62		10.62

		Cluster D		10.43		10.42		10.42		10.43		10.46		10.47		10.47		10.47		10.47		10.47		10.47		10.47		10.47

		Hendrina		11.40		11.50		11.43		11.43		11.43		11.43		11.43		11.43		11.43		11.43		11.43		11.43		11.43

		Lethabo		10.34		10.38		10.32		10.32		10.32		10.32		10.32		10.32		10.32		10.32		10.32		10.32		10.32

		Cluster E		10.69		10.76		10.71		10.70		10.69		10.69		10.69		10.68		10.69		10.69		10.69		10.69		10.69

		Kendal		10.51		10.50		10.49		10.49		10.49		10.49		10.49		10.49		10.49		10.49		10.49		10.49		10.49

		Tutuka		10.36		10.31		10.53		10.53		10.53		10.53		10.53		10.53		10.53		10.53		10.53		10.53		10.53

		Cluster F		10.46		10.44		10.50		10.50		10.50		10.50		10.50		10.51		10.50		10.50		10.50		10.50		10.50

		Kriel		10.32		10.43		10.40		10.40		10.40		10.40		10.40		10.40		10.40		10.40		10.40		10.40		10.40

		Matla		10.04		10.12		10.13		10.13		10.13		10.13		10.13		10.13		10.13		10.13		10.13		10.13		10.13

		Cluster G		10.17		10.25		10.25		10.25		10.25		10.25		10.25		10.25		10.25		10.25		10.25		10.25		10.25

		TOTAL		10.50		10.52		10.53		10.53		10.54		10.54		10.54		10.54		10.54		10.54		10.54		10.54		10.54

		Camden						12.60		12.60		12.60		12.60		12.60		12.60		12.60		12.60		12.60		12.60		12.60

		Burn Rate (kg/kWh)

				2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Arnot		0.485		0.489		0.495		0.494		0.495		0.497		0.497		0.497		0.501		0.501		0.501		0.501		0.501

		Matimba		0.523		0.524		0.528		0.528		0.528		0.528		0.528		0.528		0.528		0.528		0.528		0.528		0.528

		Cluster C		0.510		0.512		0.517		0.516		0.516		0.516		0.516		0.516		0.518		0.518		0.518		0.518		0.518

		Duvha		0.465		0.474		0.476		0.476		0.476		0.476		0.476		0.476		0.476		0.476		0.476		0.476		0.476

		Majuba		0.522		0.513		0.536		0.547		0.548		0.548		0.548		0.548		0.548		0.548		0.548		0.548		0.548

		Cluster D		0.473		0.485		0.490		0.495		0.501		0.503		0.504		0.505		0.504		0.504		0.504		0.504		0.504

		Hendrina		0.518		0.532		0.529		0.529		0.529		0.529		0.529		0.529		0.529		0.529		0.529		0.529		0.529

		Lethabo		0.697		0.707		0.699		0.686		0.679		0.679		0.693		0.693		0.693		0.693		0.693		0.693		0.693

		Cluster E		0.621		0.631		0.623		0.619		0.617		0.616		0.625		0.626		0.624		0.624		0.624		0.624		0.624

		Kendal		0.560		0.561		0.544		0.570		0.573		0.572		0.572		0.572		0.572		0.572		0.572		0.572		0.572

		Tutuka		0.501		0.512		0.503		0.504		0.505		0.507		0.508		0.508		0.508		0.508		0.508		0.508		0.508

		Cluster F		0.541		0.545		0.532		0.549		0.549		0.549		0.549		0.546		0.549		0.549		0.549		0.549		0.549

		Kriel		0.514		0.516		0.520		0.520		0.520		0.520		0.520		0.520		0.520		0.520		0.520		0.520		0.520

		Matla		0.505		0.491		0.497		0.497		0.497		0.497		0.497		0.497		0.497		0.497		0.497		0.497		0.497

		Cluster G		0.509		0.502		0.507		0.507		0.507		0.507		0.507		0.507		0.507		0.507		0.507		0.507		0.507

		TOTAL		0.530		0.531		0.530		0.533		0.534		0.534		0.535		0.536		0.536		0.536		0.536		0.536		0.536

		Camden						0.575		0.575		0.575		0.575		0.575		0.575		0.575		0.575		0.575		0.575		0.575

		Source :

		Calorific Value - Fuel Procurement

		Heat Rates - OPS ENG

																0.4940257353

																0.4782608696

																0.5095541401

																0.544973545

																0.527638191

																0.6706036745

																0.5094339623

																0.5012345679

																0.5763546798

																0.4788732394

																0.494

																0.478

																0.51

																0.545

																0.528

																0.671

																0.509

																0.501

																0.576

																0.479





Burn Rates

		





Burn Rates var.

		Station Burn Rate Calculations for Ten Year Plan (2003-2014)

		Calorific Value (MJ/kg)

				2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Arnot		0.00		-0.18		-0.46		-0.42		-0.45		-0.53		-0.53		-0.53		-0.70		-0.70		-0.70		-0.70		-0.70

		Matimba		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Cluster C		0.03		-0.02		-0.23		-0.18		-0.17		-0.20		-0.20		-0.20		-0.26		-0.26		-0.26		-0.26		-0.26

		Duvha		0.00		-0.58		-0.58		-0.58		-0.58		-0.58		-0.58		-0.58		-0.58		-0.58		-0.58		-0.58		-0.58

		Majuba		0.00		0.34		-0.70		-1.09		-1.11		-1.11		-1.12		-1.12		-1.12		-1.12		-1.12		-1.12		-1.12

		Cluster D		-0.01		-0.62		-0.84		-0.94		-1.01		-0.89		-0.90		-0.81		-0.65		-0.56		-0.56		-0.56		-0.56

		Hendrina		0.00		-0.37		-0.37		-0.37		-0.37		-0.37		-0.37		-0.37		-0.37		-0.37		-0.37		-0.37		-0.37

		Matla		-5.06		-5.22		-5.14		-4.85		-4.69		-4.69		-5.01		-5.01		-5.01		-5.01		-5.01		-5.01		-5.01

		Cluster E		-3.38		-3.55		-3.44		-3.32		-3.29		-3.29		-3.53		-3.58		-3.51		-3.51		-3.51		-3.51		-3.51

		Kendal		0.00		-0.02		0.55		-0.36		-0.44		-0.40		-0.40		-0.40		-0.40		-0.40		-0.40		-0.40		-0.40

		Tutuka		0.00		-0.53		0.24		0.22		0.16		0.10		0.05		0.05		0.05		0.05		0.05		0.05		0.05

		Cluster F		0.14		-0.12		0.41		-0.40		-0.46		-0.46		-0.51		-0.43		-0.55		-0.55		-0.55		-0.55		-0.55

		Kriel		0.00		0.15		-0.05		-0.05		-0.05		-0.05		-0.05		-0.05		-0.05		-0.05		-0.05		-0.05		-0.05

		Lethabo		5.06		5.76		5.55		5.55		5.55		5.55		5.55		5.55		5.55		5.55		5.55		5.55		5.55

		Cluster G		2.80		3.40		3.05		2.98		2.85		2.85		3.06		3.05		3.05		3.05		3.05		3.05		3.05

		TOTAL		-0.07		-0.08		-0.08		-0.23		-0.27		-0.28		-0.25		-0.28		-0.29		-0.31		-0.31		-0.31		-0.31

		Heat Rate(MJ/kWh)

				2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Arnot		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Matimba		0.00		0.03		0.10		0.10		0.10		0.10		0.10		0.10		0.10		0.10		0.10		0.10		0.10

		Cluster C		0.00		0.02		0.06		0.06		0.06		0.06		0.06		0.06		0.06		0.06		0.06		0.06		0.06

		Duvha		-0.00		-0.08		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02

		Majuba		0.00		0.00		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08

		Cluster D		0.00		-0.00		0.01		0.00		-0.00		-0.03		-0.03		-0.05		-0.07		-0.09		-0.09		-0.09		-0.09

		Hendrina		0.00		0.10		0.03		0.03		0.03		0.03		0.03		0.03		0.03		0.03		0.03		0.03		0.03

		Matla		0.30		0.34		0.28		0.28		0.28		0.28		0.28		0.28		0.28		0.28		0.28		0.28		0.28

		Cluster E		0.20		0.27		0.20		0.19		0.18		0.17		0.17		0.16		0.17		0.17		0.17		0.17		0.17

		Kendal		-0.00		-0.01		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02

		Tutuka		0.00		-0.05		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17

		Cluster F		-0.01		-0.03		0.04		0.05		0.06		0.06		0.06		0.07		0.06		0.06		0.06		0.06		0.06

		Kriel		-0.00		0.11		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08

		Lethabo		-0.30		-0.22		-0.21		-0.21		-0.21		-0.21		-0.21		-0.21		-0.21		-0.21		-0.21		-0.21		-0.21

		Cluster G		-0.16		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08		-0.08

		TOTAL		0.00		0.03		0.03		0.03		0.04		0.03		0.04		0.03		0.03		0.03		0.03		0.03		0.03

		Burn Rate (kg/kWh)

				2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014

		Arnot		0.000		0.004		0.010		0.009		0.010		0.012		0.012		0.012		0.016		0.016		0.016		0.016		0.016

		Matimba		0.000		0.001		0.005		0.005		0.005		0.005		0.005		0.005		0.005		0.005		0.005		0.005		0.005

		Cluster C		-0.001		0.001		0.008		0.007		0.007		0.008		0.008		0.008		0.009		0.009		0.009		0.009		0.009

		Duvha		-0.000		0.009		0.011		0.011		0.011		0.011		0.011		0.011		0.011		0.011		0.011		0.011		0.011

		Majuba		0.000		-0.009		0.014		0.025		0.026		0.026		0.026		0.026		0.026		0.026		0.026		0.026		0.026

		Cluster D		0.000		0.014		0.019		0.021		0.023		0.019		0.020		0.017		0.012		0.009		0.009		0.009		0.009

		Hendrina		0.000		0.013		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010

		Matla		0.192		0.203		0.195		0.181		0.174		0.174		0.189		0.189		0.189		0.189		0.189		0.189		0.189

		Cluster E		0.112		0.122		0.114		0.109		0.107		0.107		0.115		0.117		0.115		0.115		0.115		0.115		0.115

		Kendal		-0.000		0.000		-0.017		0.010		0.012		0.011		0.011		0.011		0.011		0.011		0.011		0.011		0.011

		Tutuka		0.000		0.011		0.002		0.003		0.004		0.006		0.007		0.007		0.007		0.007		0.007		0.007		0.007

		Cluster F		-0.005		0.002		-0.009		0.014		0.016		0.016		0.017		0.015		0.019		0.019		0.019		0.019		0.019

		Kriel		-0.000		0.002		0.005		0.005		0.005		0.005		0.005		0.005		0.005		0.005		0.005		0.005		0.005

		Lethabo		-0.192		-0.206		-0.200		-0.200		-0.200		-0.200		-0.200		-0.200		-0.200		-0.200		-0.200		-0.200		-0.200

		Cluster G		-0.093		-0.105		-0.095		-0.092		-0.088		-0.088		-0.095		-0.095		-0.095		-0.095		-0.095		-0.095		-0.095

		TOTAL		0.002		0.003		0.003		0.008		0.009		0.009		0.009		0.009		0.009		0.009		0.009		0.009		0.009

						346.1718003938		348.861218872		840.2779038106		989.4840449259		1012.8995235124		962.150731825

		Source :

		Calorific Value - Fuel Procurement

		Heat Rates - OPS ENG

																0.4940257353

																0.4782608696

																0.5095541401

																0.544973545

																0.527638191

																0.6706036745

																0.5094339623

																0.5012345679

																0.5763546798

																0.4788732394

																0.494

																0.478

																0.51

																0.545

																0.528

																0.671

																0.509

																0.501

																0.576

																0.479





Burn Rates var.

		





AVAIL.

		

		PCLF		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015-2030

		STATION

		Acacia		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83

		Port rex		1.83		1.83		1.83		1.83		1.77		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83

		Gariep		0.96		1.30		6.75		6.34		6.30		6.34		6.34		6.34		6.34		6.34		6.34		6.34		6.34

		Vanderkloof		15.55		14.32		1.68		3.56		1.23		2.33		2.33		2.33		2.33		2.33		2.33		2.33		2.33

		Drakensberg		5.43		3.98		2.40		4.47		3.56		2.42		2.42		2.42		2.42		2.42		2.42		2.42		2.42

		Palmiet		6.58		4.38		4.38		0.55		4.11		4.32		4.32		4.32		4.32		4.32		4.32		4.32		4.32

		Cluster A		5.45		4.38		2.80		2.72		2.41		1.97		1.97		1.97		1.97		1.97		1.97		1.97		1.97

		Koeberg		13.60		4.50		12.50		7.90		7.90		4.00		11.90		7.90		7.90		4.00		3.97		15.89		3.97

		Cluster B		13.60		4.50		12.50		7.90		7.90		4.00		11.90		7.90		7.90		4.00		3.97		15.89		3.97

		Arnot		3.56		8.97		11.23		6.11		5.47		5.46		5.47		5.47		5.47		5.47		5.47		5.47		5.47

		Matimba		5.47		5.46		5.47		5.47		5.47		5.46		5.47		5.47		5.47		5.47		5.47		5.47		5.47

		Cluster C		4.80		6.69		7.48		5.69		5.47		5.46		5.47		5.47		5.47		5.47		5.47		5.47		5.47

		Duvha		6.21		3.73		6.21		6.57		7.76		5.92		7.12		7.12		7.12		7.12		7.12		7.12		7.12

		Majuba		2.93		2.70		3.60		3.60		3.95		3.74		2.15		2.15		2.15		2.15		2.15		2.15		2.15

		Cluster D		4.48		3.19		4.83		5.00		5.75		4.77		4.50		4.50		4.50		4.50		4.50		4.50		4.50

		Hendrina		13.93		7.78		7.22		5.46		6.48		6.41		6.84		6.84		6.84		6.84		6.84		6.84		6.84

		Lethabo		6.11		7.06		6.11		7.39		8.35		6.65		6.75		6.75		6.75		6.75		6.75		6.75		6.75

		Cluster E		8.83		7.31		6.50		6.72		7.70		6.57		6.78		6.78		6.78		6.78		6.78		6.78		6.78

		Kendal		5.21		7.15		4.70		4.70		4.70		4.69		4.70		4.70		4.70		4.70		4.70		4.70		4.70

		Tutuka		6.14		8.03		13.26		11.75		9.15		6.32		7.32		7.32		7.32		7.32		7.32		7.32		7.32

		Cluster F		5.65		7.57		8.79		8.07		6.83		5.47		5.95		5.95		5.95		5.95		5.95		5.95		5.95

		Kriel		6.43		7.06		4.84		7.71		8.03		7.38		6.43		6.43		6.43		6.43		6.43		6.43		6.43

		Matla		5.47		5.14		4.52		5.16		4.84		3.55		4.84		4.84		4.84		4.84		4.84		4.84		4.84

		Cluster G		5.90		6.01		4.66		6.31		6.28		5.28		5.56		5.56		5.56		5.56		5.56		5.56		5.56

		Coal fired		5.83		6.07		6.46		6.38		6.38		5.46		5.60		5.60		5.60		5.60		5.60		5.60		5.60

		Total Eskom		6.19		5.88		6.48		6.14		6.09		5.03		5.53		5.34		5.34		5.15		5.15		5.72		5.15

		UCLF		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015-2030

		STATION

		Acacia		1.69		1.69		1.69		1.69		1.69		1.69		1.69		1.69		1.69		1.69		1.69		1.69		1.69

		Port rex		1.75		1.75		1.75		1.75		1.75		1.75		1.75		1.75		1.75		1.75		1.75		1.75		1.75

		Gariep		1.93		1.93		1.93		1.93		1.93		1.93		1.93		1.93		1.93		1.93		1.93		1.93		1.93

		Vanderkloof		2.12		2.12		2.12		2.12		2.12		2.12		2.12		2.12		2.12		2.12		2.12		2.12		2.12

		Drakensberg		3.35		3.35		3.35		3.35		3.35		3.35		3.35		3.35		3.35		3.35		3.35		3.35		3.35

		Palmiet		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83		1.83

		Cluster A		2.51		2.51		2.16		1.89		1.69		1.52		1.52		1.52		1.52		1.52		1.52		1.52		1.52

		Koeberg		4.18		4.60		2.85		2.11		1.66		1.68		1.70		1.70		1.70		1.70		1.70		1.70		1.70

		Cluster B		4.18		4.60		2.85		2.11		1.66		1.68		1.70		1.70		1.70		1.70		1.70		1.70		1.70

		Arnot		2.30		2.30		2.30		2.30		2.30		2.30		2.30		2.30		2.30		2.30		2.30		2.30		2.30

		Matimba		2.50		2.50		2.50		2.50		2.50		2.50		2.50		2.50		2.50		2.50		2.50		2.50		2.50

		Cluster C		2.43		2.43		2.43		2.43		2.43		2.43		2.43		2.43		2.43		2.43		2.43		2.43		2.43

		Duvha		2.60		2.60		2.60		2.60		2.60		2.60		2.60		2.60		2.60		2.60		2.60		2.60		2.60

		Majuba		4.33		2.87		3.75		3.75		3.75		3.75		3.75		3.75		3.75		3.75		3.75		3.75		3.75

		Cluster D		3.51		2.74		3.21		3.21		3.21		3.21		3.21		3.21		3.21		3.21		3.21		3.21		3.21

		Hendrina		2.76		2.70		2.75		2.75		2.75		2.75		2.75		2.75		2.75		2.75		2.75		2.75		2.75

		Lethabo		2.50		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00

		Cluster E		2.59		2.24		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26

		Kendal		2.20		2.20		2.20		2.20		2.20		2.20		2.20		2.20		2.20		2.20		2.20		2.20		2.20

		Tutuka		2.00		2.00		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50

		Cluster F		2.10		2.10		1.87		1.87		1.87		1.87		1.87		1.87		1.87		1.87		1.87		1.87		1.87

		Kriel		2.40		2.20		2.20		2.20		2.20		2.20		2.20		2.20		2.20		2.20		2.20		2.20		2.20

		Matla		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00

		Cluster G		2.18		2.09		2.09		2.09		2.09		2.09		2.09		2.09		2.09		2.09		2.09		2.09		2.09

		Coal fired		2.58		2.33		2.38		2.38		2.38		2.38		2.38		2.38		2.38		2.38		2.38		2.38		2.38

		Total Eskom		2.65		2.45		2.39		2.33		2.28		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26

		OCLF		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015-2030

		STATION

		Acacia		0.80		0.63		0.63		0.63		0.63		0.63		0.63		0.63		0.63		0.63		0.63		0.63		0.63

		Port rex		0.83		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65

		Gariep		0.91		0.72		0.72		0.72		0.72		0.72		0.72		0.72		0.72		0.72		0.72		0.72		0.72

		Vanderkloof		1.00		0.79		0.79		0.79		0.79		0.79		0.79		0.79		0.79		0.79		0.79		0.79		0.79

		Drakensberg		0.98		1.24		1.24		1.24		1.24		1.24		1.24		1.24		1.24		1.24		1.24		1.24		1.24

		Palmiet		0.86		0.68		0.68		0.68		0.68		0.68		0.68		0.68		0.68		0.68		0.68		0.68		0.68

		Cluster A		0.93		0.93		0.80		0.70		0.63		0.56		0.56		0.56		0.56		0.56		0.56		0.56		0.56

		Koeberg		2.10		2.39		2.56		5.54		2.55		0.24		0.70		0.73		10.14		0.97		1.21		1.61		1.89

		Cluster B		2.10		2.39		2.56		5.54		2.55		0.24		0.70		0.73		10.14		0.97		1.21		1.61		1.89

		Arnot		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50

		Matimba		2.50		2.50		2.50		2.50		2.50		2.50		2.50		2.50		2.50		2.50		2.50		2.50		2.50

		Cluster C		1.80		1.80		1.80		1.80		1.80		1.80		1.80		1.80		1.80		1.80		1.80		1.80		1.80

		Duvha		0.04		0.04		0.04		0.04		0.04		0.04		0.04		0.04		0.04		0.04		0.04		0.04		0.04

		Majuba		0.08		0.06		0.06		0.06		0.06		0.06		0.06		0.06		0.06		0.06		0.06		0.06		0.06

		Cluster D		0.06		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05

		Hendrina		0.37		0.29		0.29		0.29		0.29		0.29		0.29		0.29		0.29		0.29		0.29		0.29		0.29

		Lethabo		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50

		Cluster E		0.45		0.43		0.43		0.43		0.43		0.43		0.43		0.43		0.43		0.43		0.43		0.43		0.43

		Kendal		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Tutuka		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05

		Cluster F		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02

		Kriel		1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00		1.00

		Matla		0.10		0.10		0.10		0.10		0.10		0.10		0.10		0.10		0.10		0.10		0.10		0.10		0.10

		Cluster G		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51

		Coal fired		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51		0.51

		Total Eskom		0.62		0.63		0.63		0.77		0.62		0.50		0.52		0.52		0.97		0.54		0.55		0.57		0.58

		UCF		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015-2030

		STATION

		Acacia		96.48		96.48		96.48		96.48		96.48		96.48		96.48		96.48		96.48		96.48		96.48		96.48		96.48

		Port rex		96.42		96.42		96.42		96.42		96.48		96.42		96.42		96.42		96.42		96.42		96.42		96.42		96.42

		Gariep		97.11		96.77		91.32		91.73		91.77		91.73		91.73		91.73		91.73		91.73		91.73		91.73		91.73

		Vanderkloof		82.33		83.56		96.20		94.32		96.65		95.55		95.55		95.55		95.55		95.55		95.55		95.55		95.55

		Drakensberg		91.22		92.67		94.25		92.18		93.09		94.23		94.23		94.23		94.23		94.23		94.23		94.23		94.23

		Palmiet		91.59		93.79		93.79		97.62		94.06		93.85		93.85		93.85		93.85		93.85		93.85		93.85		93.85

																				100.00		100.00		100.00		100.00		100.00

																				100.00		100.00		100.00		100.00		100.00

																				100.00		100.00		100.00		100.00		100.00

		Cluster A		92.04		93.11		95.05		95.38		95.91		96.51		96.51		96.51		96.51		96.51		96.51		96.51		96.51

		Koeberg		82.22		90.90		84.65		89.99		90.44		94.32		86.40		90.40		90.40		94.30		94.33		82.41		94.33

		Cluster B		82.22		90.90		84.65		89.99		90.44		94.32		86.40		90.40		90.40		94.30		94.33		82.41		94.33

		Arnot		94.14		88.73		86.47		91.59		92.23		92.24		92.23		92.23		92.23		92.23		92.23		92.23		92.23

		Matimba		92.03		92.04		92.03		92.03		92.03		92.04		92.03		92.03		92.03		92.03		92.03		92.03		92.03

		Cluster C		92.77		90.88		90.09		91.88		92.10		92.11		92.10		92.10		92.10		92.10		92.10		92.10		92.10

		Duvha		91.19		93.67		91.19		90.83		89.64		91.48		90.28		90.28		90.28		90.28		90.28		90.28		90.28

		Majuba		92.74		94.43		92.65		92.65		92.30		92.51		94.10		94.10		94.10		94.10		94.10		94.10		94.10

		Cluster D		92.01		94.07		91.96		91.79		91.04		92.02		92.29		92.29		92.29		92.29		92.29		92.29		92.29

		Hendrina		83.31		89.52		90.03		91.79		90.77		90.84		90.41		90.41		90.41		90.41		90.41		90.41		90.41

		Lethabo		91.39		90.94		91.89		90.61		89.65		91.35		91.25		91.25		91.25		91.25		91.25		91.25		91.25

		Cluster E		88.58		90.45		91.24		91.02		90.04		91.17		90.96		90.96		90.96		90.96		90.96		90.96		90.96

		Kendal		92.59		90.65		93.10		93.10		93.10		93.11		93.10		93.10		93.10		93.10		93.10		93.10		93.10

		Tutuka		91.86		89.97		85.24		86.75		89.35		92.18		91.18		91.18		91.18		91.18		91.18		91.18		91.18

		Cluster F		92.24		90.33		89.35		90.07		91.31		92.67		92.18		92.18		92.18		92.18		92.18		92.18		92.18

		Kriel		91.17		90.74		92.96		90.09		89.77		90.42		91.37		91.37		91.37		91.37		91.37		91.37		91.37

		Matla		92.53		92.86		93.48		92.84		93.16		94.45		93.16		93.16		93.16		93.16		93.16		93.16		93.16

		Cluster G		91.91		91.90		93.24		91.60		91.63		92.63		92.35		92.35		92.35		92.35		92.35		92.35		92.35

		Coal fired		91.59		91.61		91.16		91.24		91.23		92.16		92.02		92.02		92.02		92.02		92.02		92.02		92.02

		Total Eskom		91.16		91.67		91.13		91.53		91.63		92.71		92.21		92.40		92.40		92.59		92.59		92.02		92.59

		EAF		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015-2030

		STATION

		Acacia		95.68		95.85		95.85		95.85		95.85		95.85		95.85		95.85		95.85		95.85		95.85		95.85		95.85

		Port rex		95.59		95.77		95.77		95.77		95.83		95.77		95.77		95.77		95.77		95.77		95.77		95.77		95.77

		Gariep		96.20		96.05		90.60		91.01		91.05		91.01		91.01		91.01		91.01		91.01		91.01		91.01		91.01

		Vanderkloof		81.33		82.77		95.41		93.53		95.86		94.76		94.76		94.76		94.76		94.76		94.76		94.76		94.76

		Drakensberg		90.24		91.43		93.01		90.94		91.85		92.99		92.99		92.99		92.99		92.99		92.99		92.99		92.99

		Palmiet		90.73		93.11		93.11		96.94		93.38		93.17		93.17		93.17		93.17		93.17		93.17		93.17		93.17

								85.00		85.00		85.00		85.00		85.00		85.00		85.00		85.00		85.00		85.00		85.00

		Cluster A		91.11		92.18		94.25		94.68		95.28		95.94		95.94		95.94		95.94		95.94		95.94		95.94		95.94

		Koeberg		80.12		88.51		82.09		84.46		87.89		94.08		85.70		89.67		80.26		93.33		93.12		80.80		92.44

		Cluster B		80.12		88.51		82.09		84.46		87.89		94.08		85.70		89.67		80.26		93.33		93.12		80.80		92.44

		Arnot		93.64		88.23		85.97		91.09		91.73		91.74		91.73		91.73		91.73		91.73		91.73		91.73		91.73

		Matimba		89.53		89.54		89.53		89.53		89.53		89.54		89.53		89.53		89.53		89.53		89.53		89.53		89.53

		Cluster C		90.97		89.08		88.29		90.07		90.30		90.31		90.30		90.30		90.30		90.30		90.30		90.30		90.30

		Duvha		91.15		93.63		91.15		90.79		89.60		91.44		90.24		90.24		90.24		90.24		90.24		90.24		90.24

		Majuba		92.66		94.37		92.59		92.59		92.24		92.45		94.04		94.04		94.04		94.04		94.04		94.04		94.04

		Cluster D		91.95		94.02		91.91		91.74		90.99		91.97		92.24		92.24		92.24		92.24		92.24		92.24		92.24

		Hendrina		82.94		89.23		89.74		91.50		90.48		90.55		90.12		90.12		90.12		90.12		90.12		90.12		90.12

		Lethabo		90.89		90.44		91.39		90.11		89.15		90.85		90.75		90.75		90.75		90.75		90.75		90.75		90.75

		Cluster E		88.13		90.02		90.82		90.59		89.61		90.75		90.53		90.53		90.53		90.53		90.53		90.53		90.53

		Kendal		92.59		90.65		93.10		93.10		93.10		93.11		93.10		93.10		93.10		93.10		93.10		93.10		93.10

		Tutuka		91.81		89.92		85.19		86.70		89.30		92.13		91.13		91.13		91.13		91.13		91.13		91.13		91.13

		Cluster F		92.22		90.30		89.32		90.04		91.29		92.64		92.16		92.16		92.16		92.16		92.16		92.16		92.16

		Kriel		90.17		89.74		91.96		89.09		88.77		89.42		90.37		90.37		90.37		90.37		90.37		90.37		90.37

		Matla		92.43		92.76		93.38		92.74		93.06		94.35		93.06		93.06		93.06		93.06		93.06		93.06		93.06

		Cluster G		91.41		91.39		92.74		91.09		91.12		92.12		91.84		91.84		91.84		91.84		91.84		91.84		91.84

		Coal fired		91.08		91.10		90.65		90.73		90.73		91.65		91.51		91.51		91.51		91.51		91.51		91.51		91.51

		Total Eskom		90.54		91.04		90.50		90.76		91.01		92.21		91.69		91.88		91.43		92.05		92.04		91.45		92.01
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Coal

		FUEL PROCUREMENT

		FIVEYEAR COAL FIGURES

		ARNOT

						2003		2004		2005		2006		2007		2008

						MAR PRJ

		O/S				596,048		1,233,573		1,351,573		917,573		379,573		465,573

		PURCHASES

		MINE				6,020,573		5,000,000		5,000,000		5,000,000		5,000,000		5,000,000

		IMPORTS				1,030,000		1,200,000		1,200,000		1,500,000		2,200,000		2,200,000

		TRANSFERS				0

		TOT PURCHASES				7,050,573		6,200,000		6,200,000		6,500,000		7,200,000		7,200,000

		O/S & PURCHASES				7,646,621		7,433,573		7,551,573		7,417,573		7,579,573		7,665,573

		BURN				6,413,048		6,082,000		6,634,000		7,038,000		7,114,000		7,134,000

		C/S				1,233,573		1,351,573		917,573		379,573		465,573		531,573

		STOCK DAYS				65.5		71.8		48.8		20.2		24.7		28.2

		FUEL PROCUREMENT

		FIVEYEAR COAL FIGURES

		KRIEL

						2003		2004		2005		2006		2007		2008

						MAR PRJ

		O/S				1,117,246		1,151,169		1,142,169		1,079,169		1,175,169		1,308,169

		PURCHASES

		MINE				10,463,000		10,500,000		10,500,000		10,500,000		10,500,000		10,500,000

		IMPORTS				68,872

		TRANSFERS				0

		TOT PURCHASES				10,531,872		10,500,000		10,500,000		10,500,000		10,500,000		10,500,000

		O/S & PURCHASES				11,649,118		11,651,169		11,642,169		11,579,169		11,675,169		11,808,169

		BURN				10,497,949		10,509,000		10,563,000		10,404,000		10,367,000		10,471,000

		C/S				1,151,169		1,142,169		1,079,169		1,175,169		1,308,169		1,337,169

		STOCK DAYS				40.3		39.9		37.7		41.1		45.8		46.8

		FUEL PROCUREMENT

		FIVEYEAR COAL FIGURES

		LETHABO

						2003		2004		2005		2006		2007		2008

						MAR PRJ

		O/S				1,431,442		1,008,176		1,022,176		1,099,176		1,261,176		1,604,176

		PURCHASES

		MINE				15,600,000		15,600,000		15,600,000		15,600,000		15,600,000		17,000,000

		IMPORTS				450,000		450,000		1,000,000		1,600,000		1,600,000		500,000

		TRANSFERS				0

		TOT PURCHASES				16,050,000		16,050,000		16,600,000		17,200,000		17,200,000		17,500,000

		O/S & PURCHASES				17,481,442		17,058,176		17,622,176		18,299,176		18,461,176		19,104,176

		BURN				16,473,266		16,036,000		16,523,000		17,038,000		16,857,000		17,477,000

		C/S				1,008,176		1,022,176		1,099,176		1,261,176		1,604,176		1,627,176

		STOCK DAYS				20.6		20.9		22.5		25.8		32.8		33.3

		FUEL PROCUREMENT

		FIVEYEAR COAL FIGURES

		TUTUKA

						2003		2004		2005		2006		2007		2008

						MAR PRJ

		O/S				1,107,127		984,920		1,736,920		3,380,920		3,760,920		4,063,920

		PURCHASES

		MINE				4,350,000		5,000,000		6,000,000		6,000,000		6,000,000		6,000,000

		IMPORTS				1,403,396		1,500,000		1,500,000		1,000,000		1,000,000		1,000,000								2,000,000		2,500,000		3,000,000

		TRANSFERS				1,016,658

		TOT PURCHASES				6,770,054		6,500,000		7,500,000		8,000,000		8,500,000		9,000,000

		O/S & PURCHASES				7,877,181		7,484,920		9,236,920		11,380,920		12,260,920		13,063,920

		BURN				6,892,261		5,748,000		5,856,000		7,620,000		8,197,000		8,700,000

		C/S				984,920		1,736,920		3,380,920		3,760,920		4,063,920		4,363,920

		STOCK DAYS				28.2		49.7		96.8		107.7		116.4		125.0

		FUEL PROCUREMENT

		FIVEYEAR COAL FIGURES

		HENDRINA

						2003		2004		2005		2006		2007		2008

						MAR PRJ

		O/S				379,435		436,817		445,817		454,817		463,817		472,817

		PURCHASES

		MINE				6,500,000		6,500,000		6,500,000		6,500,000		6,500,000		6,500,000

		IMPORTS				0		120,000		120,000		120,000		120,000		120,000		50

		TRANSFERS				0

		TOT PURCHASES				6,500,000		6,620,000		6,620,000		6,620,000		6,620,000		6,620,000

		O/S & PURCHASES				6,879,435		7,056,817		7,065,817		7,074,817		7,083,817		7,092,817

		BURN				6,442,618		6,611,000		6,611,000		6,611,000		6,611,000		6,611,000

		C/S				436,817		445,817		454,817		463,817		472,817		481,817

		STOCK DAYS				22.3		22.8		23.2		23.7		24.1		24.6

		FUEL PROCUREMENT

		FIVEYEAR COAL FIGURES

		MATLA

						2003		2004		2005		2006		2007		2008

						MAR PRJ

		O/S				1,638,265		2,421,861		2,944,861		3,866,861		3,876,861		4,021,861

		PURCHASES

		MINE				15,366,557		13,821,000		13,821,000		12,821,000		13,000,000		13,000,000

		IMPORTS				(797,623)		-500,000

		TRANSFERS				(1,016,658)

		TOT PURCHASES				13,552,276		13,321,000		13,821,000		12,821,000		13,000,000		13,000,000

		O/S & PURCHASES				15,190,541		15,742,861		16,765,861		16,687,861		16,876,861		17,021,861

		BURN				12,768,680		12,798,000		12,899,000		12,811,000		12,855,000		12,940,000

		C/S				2,421,861		2,944,861		3,866,861		3,876,861		4,021,861		4,081,861

		STOCK DAYS				73.5		89.4		117.4		117.7		122.1		123.9

		FUEL PROCUREMENT

		FIVEYEAR COAL FIGURES

		DUVHA

						2003		2004		2005		2006		2007		2008

						MAR PRJ

		O/S				949,012		933,068		1,533,068		1,324,068		1,161,068		1,153,068

		PURCHASES

		MINE				10,009,155		10,000,000		10,000,000		10,000,000		10,000,000		10,000,000

		IMPORTS				0		1,600,000		1,600,000		1,600,000		1,600,000		1,600,000

		TRANSFERS				0

		TOT PURCHASES				10,009,155		11,600,000		11,600,000		11,600,000		11,600,000		11,600,000

		O/S & PURCHASES				10,958,167		12,533,068		13,133,068		12,924,068		12,761,068		12,753,068

		BURN				10,025,099		11,000,000		11,809,000		11,763,000		11,608,000		11,879,000

		C/S				933,068		1,533,068		1,324,068		1,161,068		1,153,068		874,068

		STOCK DAYS				29.4		48.3		41.7		36.6		36.3		27.5

		FUEL PROCUREMENT

		FIVEYEAR COAL FIGURES

		KENDAL

						2003		2004		2005		2006		2007		2008

						MAR PRJ

		O/S				2,010,324		901,008		1,490,008		1,729,008		1,863,008		2,033,008

		PURCHASES

		MINE				14,620,000		13,300,000		13,300,000		13,300,000		13,300,000		13,300,000

		IMPORTS				330,000		2,000,000		3,000,000		3,000,000		3,000,000		3,000,000

		TRANSFERS				0

		TOT PURCHASES				14,950,000		15,300,000		16,300,000		16,300,000		16,300,000		16,300,000

		O/S & PURCHASES				16,960,324		16,201,008		17,790,008		18,029,008		18,163,008		18,333,008

		BURN				16,059,316		14,711,000		16,061,000		16,166,000		16,130,000		16,176,000

		C/S				901,008		1,490,008		1,729,008		1,863,008		2,033,008		2,157,008

		STOCK DAYS				21.5		35.6		41.3		44.5		48.6		51.5

		FUEL PROCUREMENT

		FIVEYEAR COAL FIGURES

		MAJUBA

						2003		2004		2005		2006		2007		2008

						MAR PRJ

		O/S				859,174		2,606,933		3,658,933		4,566,933		4,142,933		3,766,933

		PURCHASES

		MINE(rail)				6,325,912		4,200,000		5,200,000		6,200,000		7,610,000		8,000,000

		IMPORTS(road)				0		1,200,000		1,200,000		1,200,000		1,200,000		1,200,000

		TRANSFERS				0

		TOT PURCHASES				6,325,912		5,400,000		6,400,000		7,400,000		8,810,000		9,200,000

		O/S & PURCHASES				7,185,086		8,006,933		10,058,933		11,966,933		12,952,933		12,966,933

		BURN				4,578,153		4,348,000		5,492,000		7,824,000		9,186,000		9,304,000

		C/S				2,606,933		3,658,933		4,566,933		4,142,933		3,766,933		3,662,933

		STOCK DAYS				66.9		93.8		117.1		106.2		96.6		93.9

		FUEL PROCUREMENT

		FIVEYEAR COAL FIGURES

		MATIMBA

						2003		2004		2005		2006		2007		2008

						MAR PRJ

		O/S				1,063,435		1,800,373		1,307,073		1,002,773		1,048,473		1,094,173

		PURCHASES

		MINE				14,142,682		13,292,700		13,292,700		13,292,700		13,292,700		13,292,700

		IMPORTS								150,000		500,000		500,000		500,000

		TRANSFERS				0

		TOT PURCHASES				14,142,682		13,292,700		13,442,700		13,792,700		13,792,700		13,792,700

		O/S & PURCHASES				15,206,117		15,093,073		14,749,773		14,795,473		14,841,173		14,886,873

		BURN				13,405,744		13,786,000		13,747,000		13,747,000		13,747,000		13,786,000

		C/S				1,800,373		1,307,073		1,002,773		1,048,473		1,094,173		1,100,873

		STOCK DAYS				47.9		34.7		26.7		27.9		29.1		29.3

		FUEL PROCUREMENT

		FIVEYEAR COAL FIGURES

		TOTAL

						2003		2004		2005		2006		2007		2008

						MAR PRJ

		O/S				11,151,508		13,477,898		16,632,598		19,421,298		19,132,998		19,983,698

		PURCHASES

		MINE				103,397,879		97,213,700		99,213,700		99,213,700		100,802,700		102,592,700

		IMPORTS				2,484,645		7,570,000		9,770,000		11,520,000		12,720,000		12,120,000

		TRANSFERS				0		0		0		0		0		0

		TOT PURCHASES				105,882,524		104,783,700		108,983,700		110,733,700		113,522,700		114,712,700

		O/S & PURCHASES				117,034,032		118,261,598		125,616,298		130,154,998		132,655,698		134,696,398

		BURN				103,556,134		101,629,000		106,195,000		111,022,000		112,672,000		114,478,000

		C/S				13,477,898		16,632,598		19,421,298		19,132,998		19,983,698		20,218,398

		STOCK DAYS				42.0		51.8		60.5		59.6		62.3		63.0

		Ener/ Mngt BURN				102,621,000		102,301,000		106,345,000		111,292,000		112,971,000		114,504,000

		2002 Plan				98,484,000		100,885,000		106,026,000		110,448,000		113,199,000

				Difference		4,137,000		1,416,000		319,000		844,000		-228,000

						935,134		-672,000		-150,000		-270,000		-299,000		-26,000

		Notes:

		At this stage the 2003 will still change to Mar  2003 projections.

		This has been given to Energy Management to start the process.

		Majuba standard burn changed to a six unit station.

		Purchases to be relooked at when Energy Mngment has a look at the burn which was an FP est.

		Burn rates has to be looked at because of all import coal will have different CV.

		Questions:

		1) Is the burn profile of the stations correct? I.e. Does the daily peak and low not increase in size

		thereby making the Tutuka and Majuba tonnages never reach max burn?

		2) How will the huge increase in tons at Majuba be delivered?

		3) Is the reason Hendrina stays at 6.5Mt a strategic decision (Contingency?)

		4) There is very little scope for contingency planning. All stations are burning hard already.

		Therefore all additional burn will be taken up by Majuba and Tutuka again. One or two

		units down at other stations can't actually be accommodated in 2005 onwards.

		5) What is the theoretical maximum burn at 90% Load, 90% availability for all stations?

		Is this not about 124Mt p.a. or 338Kt per day?

		6) What about Camden? (Where are its GWH's and who is sourcing coal for them?)

		7) Are we ever planning to take Lethabo up to 17.4Mt? Every year this sits just outside

		the 5 year window. Lets include it in year 5 and do something about the add tons!

		8) I can't understand the burn tonnages required. Refer the difference line above,

		2003 is 4Mt over, decreasing to 228Kt under in 2007!!!! This is after swaping the

		burn between Majuba and Tutuka which should increase the tons due to lower

		quality coal at Majuba!!! Like wise Hendrina tons decrease by 500Kt, taken up by

		Kendal lower CV coal.

		9) The GWh's required in the current plan needs to be calculated based on the CV's

		of the coal to be delivered. This will change the tonnage requirements.

		10) I thought that P&S (old EMD) was going to give us a plan which showed the max

		burn according to each station's availability due to outages, breakdowns etc. We can't

		have P&S trying to optimise the coal purchases for us, as there may be issues which they

		don't know about, which needs to be taken into account when optimising the purchases.

		FUEL PROCUREMENT

		FIVEYEAR COAL FIGURES

		SIMUNYE

						2003		2004		2005		2006		2007		2008

						MAR PRJ

		O/S				0		0		232,000		922,000		1,102,000		1,072,000

		PURCHASES

		MINE				0				1,200,000		1,200,000		1,500,000		2,000,000		75

		IMPORTS				0		360,000										85

		TRANSFERS				0

		TOT PURCHASES				0		360,000		1,200,000		1,200,000		1,500,000		2,000,000

		O/S & PURCHASES				0		360,000		1,432,000		2,122,000		2,602,000		3,072,000

		BURN				0		128,000		510,000		1,020,000		1,530,000		2,040,000

		C/S				0		232,000		922,000		1,102,000		1,072,000		1,032,000

		STOCK DAYS						13.7		54.5		65.1		63.4		61.0

						16.92

		TOT PUR				105882524		105143700		110183700		111933700		115022700		116712700

		TOT BUR				103556134		101757000		106705000		112042000		114202000		116518000



&L&D&T&F&A



FP CV

		5 YEAR PLAN

								COAL DELIVERIES(TONS)

				2003		2004		2005		2006		2007		2008

		Arnot		7,050,573		6,200,000		6,200,000		6,500,000		7,200,000		7,200,000

		Matla		13,552,276		13,321,000		13,821,000		12,821,000		13,000,000		13,000,000

		Kriel		10,531,872		10,500,000		10,500,000		10,500,000		10,500,000		10,500,000

		Kendal		14,950,000		15,300,000		16,300,000		16,300,000		16,300,000		16,300,000

		Duvha		10,009,155		11,600,000		11,600,000		11,600,000		11,600,000		11,600,000

		Hendrina		6,500,000		6,620,000		6,620,000		6,620,000		6,620,000		6,620,000

		Majuba		6,325,912		5,400,000		6,400,000		7,400,000		8,810,000		9,200,000

		New Vaal		16,050,000		16,050,000		16,600,000		17,200,000		17,200,000		17,500,000

		New Denmark		6,770,054		6,500,000		7,500,000		8,000,000		8,500,000		9,000,000

		Matimba		14,142,682		13,292,700		13,442,700		13,792,700		13,792,700		13,792,700

		Camden				360,000		1,200,000		1,200,000		1,500,000		2,000,000

		TOTAL		105,882,524		105,143,700		110,183,700		111,933,700		115,022,700		116,712,700

						CALORIFIC VALUE MJ/kg(as rec.)												C.V.		C.V.		C.V.		TM		IM

				2003		2004		2005		2006		2007		2008				as rec		ad		mf		%		%

		Arnot		22.04		21.93		21.97		21.94		21.86		21.86																155394628.92		135966000		136214000		142610000		157392000		157392000

		Matla		20.52		20.39		20.39		20.39		20.39		20.39																278092703.52		271615190		281810190		261420190		265070000		265070000

		Kriel		19.99		20.01		20.01		20.01		20.01		20.01																210532121.28		210105000		210105000		210105000		210105000		210105000

		Kendal		18.95		19.30		18.39		18.31		18.35		18.35																283302500		295290000		299757000		298453000		299105000		299105000

		Duvha		21.80		21.75		21.75		21.75		21.75		21.75																218199579		252300000		252300000		252300000		252300000		252300000

		Hendrina		21.62		21.62		21.62		21.62		21.62		21.62																140530000		143124400		143124400		143124400		143124400		143124400

		Majuba		19.57		19.80		19.41		19.39		19.39		19.38																123798097.84		106920000		124224000		143486000		170825900		178296000

		New Vaal		14.76		14.76		15.05		15.21		15.21		14.89																236898000		236898000		249830000		261612000		261612000		260575000

		New Denmark		20.60		20.92		20.90		20.84		20.78		20.73																139463112.4		135980000		156750000		166720000		176630000		186570000

		Matimba		20.50		20.50		20.50		20.50		20.50		20.50																289924981		272500350		275575350		282750350		282750350		282750350

		Camden				21.90		21.90		21.90		21.90		21.90				21.90				23.80		8.0		4.0				0		7884000		26280000		26280000		32850000		43800000

		TOTAL		19.61		19.67		19.57		19.55		19.58		19.53																2,076,135,724		2,068,582,940		2,155,969,940		2,188,860,940		2,251,764,650		2,279,087,750

						NET ENERGY(million gigajoules)

				2003		2004		2005		2006		2007		2008

		Arnot		155.395		135.966		136.214		142.610		157.392		157.392

		Matla		278.093		271.615		281.810		261.420		265.070		265.070

		Kriel		210.532		210.105		210.105		210.105		210.105		210.105

		Kendal		283.303		295.290		299.757		298.453		299.105		299.105

		Duvha		218.200		252.300		252.300		252.300		252.300		252.300

		Hendrina		140.530		143.124		143.124		143.124		143.124		143.124

		New Vaal		236.898		236.898		249.830		261.612		261.612		260.575

		New Denmark		139.463		135.980		156.750		166.720		176.630		186.570

		Matimba		289.925		272.500		275.575		282.750		282.750		282.750

		Camden		0.000		7.884		26.280		26.280		32.850		43.800

		TOTAL		1,952.338		1,961.663		2,031.746		2,045.375		2,080.939		2,100.792

		LETHABO

		TONS		2003		2004		2005		2006		2007		2008

		New Vaal		16050000		15600000		15600000		15600000		15600000		17000000

		Imports

		-Kuyasa		300000		450000

		-Delmas

		-Klipoortjie		180000

		-Ogies

		-Leeupan

		-Mooikraal(Sasol)						1000000		1600000		1600000		500000

		-Total		480000		450000		1000000		1600000		1600000		500000

		TOTAL		16530000		16050000		16600000		17200000		17200000		17500000

		C.V.(as rec.)		2003		2004		2005		2006		2007		2008

		New Vaal		14.75		14.75		14.75		14.75		14.75		14.75

		Imports

		-Kuyasa		15.2		15.2

		-Delmas		14.65		14.65

		-Klipoortjie		14.93		22.45

		-Ogies		19		19

		-Leeupan

		-Mooikraal						19.7		19.7		19.7		19.7

		-Total		15.09875		15.2		19.7		19.7		19.7		19.7

		TOTAL		14.7601270417		14.7626168224		15.0481927711		15.2104651163		15.2104651163		14.8914285714

		Gjoulesx10^6		2003		2004		2005		2006		2007		2008

		New Vaal		236.7375		230.1		230.1		230.1		230.1		250.75

		Imports

		-Kuyasa		4.56		6.84		0		0		0		0

		-Delmas		0		0		0		0		0		0

		-Klipoortjie		2.6874		0		0		0		0		0

		-Ogies		0		0		0		0		0		0

		-Leeupan		0		0		0		0		0		0

		-Mooikraal		0		0		19.7		31.52		31.52		9.85

		-Total		7.2474		6.84		19.7		31.52		31.52		9.85

		TOTAL		243.9849		236.94		249.8		261.62		261.62		260.6

		TUTUKA

		TONS		2003		2004		2005		2006		2007		2008

		New Denmark		4350000		5000000		6000000		6000000		6000000		6000000

		Transfers(Matla)		1016658

		Imports

		-Sasol swop(fines)		500000		500000

		-New Clydesdale		706160

		-Elders				1000000		1500000		2000000		2500000		3000000

		-Matla Block 4

		-Total		1206160		1500000		1500000		2000000		2500000		3000000

		TOTAL		6572818		6500000		7500000		8000000		8500000		9000000

		C.V.(as rec.)		2003		2004		2005		2006		2007		2008

		New Denmark		21.15		21.15		21.15		21.15		21.15		21.15

		Transfers(Matla)		20.2		20.2		20.2		20.2		20.2		20.2

		Imports

		-Sasol swop(fines)		20.6		20.6

		-New Clydesdale		17.8

		-Elders				19.9		19.9		19.9		19.9		19.9

		-Matla Block 4										20.1		20.1

		-Total		18.9607083637		20.1333333333		19.9		19.9		19.9		19.9

		TOTAL		20.601306715		20.9153846154		20.9		20.8375		20.7823529412		20.7333333333

		Gjoulesx10^6		2003		2004		2005		2006		2007		2008

		New Denmark		92.0025		105.75		126.9		126.9		126.9		126.9

		Transfers(Matla)		20.5364916		0		0		0		0		0

		Imports

		-Sasol swop(fines)		10.3		10.3		0		0		0		0

		-New Clydesdale		12.569648		0		0		0		0		0

		-Elders		0		19.9		29.85		39.8		49.75		59.7

		-Matla Block 4		0		0		0		0		0		0

		-Total		22.869648		30.2		29.85		39.8		49.75		59.7

		TOTAL		135.4086396		135.95		156.75		166.7		176.65		186.6

		MATIMBA

		TONS		2003		2004		2005		2006		2007		2008

		Grootegeluk		12292700		12292700		12292700		12292700		12292700		12292700

		Additional 15yr		1000000		1000000		1000000		1000000		1000000		1000000

		Additional		850000				150000		500000		500000		500000

		Slurry

		TOTAL		14142700		13292700		13442700		13792700		13792700		13792700

		C.V.(mf.)		2003		2004		2005		2006		2007		2008

		Grootegeluk		20.5		20.5		20.5		20.5		20.5		20.5

		Additional 15yr		20.5		20.5		20.5		20.5		20.5		20.5

		Additional		20.5		20.5		20.5		20.5		20.5		20.5

		Slurry		15		15		15		15		15		15

		TOTAL		20.5		20.5		20.5		20.5		20.5		20.5

		Gjoulesx10^6		2003		2004		2005		2006		2007		2008

		Grootegeluk ACE		252.00035		252.00035		252.00035		252.00035		252.00035		252.00035

		Additional 15yr		20.5		20.5		20.5		20.5		20.5		20.5

		Additional		17.425		0		3.075		10.25		10.25		10.25

		Slurry		0		0		0		0		0		0

		TOTAL		289.92535		272.50035		275.57535		282.75035		282.75035		282.75035
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water+energy

		Duvha Power Station - Projections

		Year		GWhr		L/USO		Raw Water Ml per annum

		2001		22616		2.01		45458.67

		2002		23260		2.01		46752.29

		2003		21390		2.01		42993.90

		2004		24420		2.01		49084.20

		2005		24353		2.01		48950.10

		2006		24353		2.01		48950.10

		2007		24353		2.01		48950.10

		2008		24420		2.01		49084.21
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Lithology







0.00 - 1.00 SOIL: Reddish Brown  Sandy







1.00 - 8.00 SOIL:  Yellowish Brown







9.00 - 11.00 SHALE: Light Grey   







15.00 - 23.00 SHALE:  Grey



















Geology







Depth [m]







Locality - X: 34585.00    Y: 2872612.00    Z: 1591.00







Borehole Log – B6







20.00 - 40.00 TILLITE: Light Grey  







8.00 – 9.00 SANDSTONE: Yellow, Medium, Weathered  







11.00 - 12.00 SHALE: Dark Grey Carbonaceous   







12.00 - 15.00 COAL Lustrous
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