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less than 10 m3/s, then 0.3 m of freeboard is considered adequate and if the peak 
flow rate is greater than 10 m3/s, then 0.6 m of freeboard is considered adequate. 

The key design criteria with respect to the PCDs are as follows: 

• PCDs should be designed, constructed, maintained and operated such that the 
dams have a minimum freeboard of 0.8 m above full supply level. 

• PCDs have been sized based on a daily water balance, including a pumping 
abstraction out of the PCD, to ensure that they will not spill into any clean water 
system more than once in 50 years, in accordance with GN R704.  

• The spillways and freeboard on the dams should be sized in accordance with the 
“Guidelines on Freeboard for Dams” (SANCOLD 2011). 

7.4 Existing Storm Water Management Infrastructure 

This section discusses the broader SWMP surrounding the Eskom Medupi NAGDF before 
detailing the specific dirty and clean water containment and management measures that 
have been proposed as part of this design. Figure 7-1 shows a schematic layout of all the 
storm water related infrastructure that is assumed to be existing at year of life 4 of the 
NAGDF while Table 7-1 includes a summary of the existing contaminated storm water 
trenches.  

Table 7-1: Summary of contaminated storm water trenches existing at 0 to 4 year area of 
the NAGDF 

Existing Trench: Draining to: Depth (m) Invert Width (m) Side Slopes 

Northern trenches Dam D1 0.6 - 1.0 0.8 1:1.5 

 
Dam D2B 0.6 0.8 1:1.5 

Eastern trenches Dam D1 1.3 0.8 1:1.5 

 
Dam D2 1.3 0.8 1:1.5 

Southern trenches Dam D2 1.3 - 2.0 0.8 1:1.5 

ECSY trenches PCD D4 0.75 1.0 1:2 

 
PCD D5 0.75 1.0 1:2 

 
Currently there are three PCDs, associated with the Eskom Medupi NAGDF, namely 
Dam D1, Dam D2 and Dam D2B. In addition, within the NAGDF’s final footprint, 
approximately 2.5 km to the west of the current NAGDF 4 year extent, the ECSY is 
situated with associated storm water infrastructure and PCDs. Currently there are two 
dams associated with the ECSY, with a further three dams proposed for the ECSY 
extension. The final extent of the ECSY will be to the 12 year life of the NAGDF.  It has 
been assumed that once the NAGDF reaches its 12 year life, the coal will have been 
reclaimed with the exception of a nominal layer of coal above the liner, and that PCDs 
associated with the ECSY can be utilised for the NAGDF. 

Runoff from the NAGDF currently drains to Dams D1, D2 and D2B by means of geocell 
lined perimeter canals. These geocells are filled with cement stabilised sand.  However, 
erosion has been noted in these canals and therefore, going forward, these will be lined 
with geocells infilled with concrete to improve durability. As part of the SWMP it has been 
proposed that the three existing dams continue to capture and contain dirty runoff and 
seepage emanating from the NAGDF, with two new dams proposed to cater for the 
NAGDF extension and runoff from the lined areas associated with the NAGDF extension, 
as per the water balance findings. 
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7.5 Proposed Contaminated Storm Water Management System 

The SWMP entails the management of both rehabilitated runoff water, clean water and 
dirty water. The conceptualisation and design of the SWMP has been done with a phased 
approach. This means that as the footprint of the NAGDF extends so too will the 
associated storm water management infrastructure. Dirty water will be captured and 
conveyed to the PCDs by means of perimeter canals. In addition to the dirty water 
perimeter canals, dirty water generated along the conveyor corridor will be conveyed to 
Dam D1 by means of conveyor corridor canals. In line with the phased approach 
described above, these canals will be extended as an area is disturbed (i.e. stripped and 
prepared for lining). Generally, storm water emanating from the dirty area will be allowed 
to runoff into the dirty perimeter canals surrounding the facility, with only temporary storm 
water management measures within the footprint of the facility for runoff management 
prior to ash placement on prepared surfaces. 

Rehabilitated runoff and clean water diverted away from the dirty area will be conveyed 
and discharged into the environment via energy dissipaters to prevent erosion. 

The proposed SWMP at the Eskom Medupi NAGDF for the development of the facility 
from year of life 4 to 20, in order to achieve compliance, is outlined in the sections that 
follow. Firstly, the elements comprising the contaminated and then the clean storm water 
management systems are described, followed by a detailed explanation of the approach 
and methodology used for the determination and optimisation of the SWMP layout and 
sizing. The findings of the assessment are then presented. 

7.5.1 Contaminated Storm Water Collection Trenches 

A storm water drainage system will be located along the perimeter of the NAGDF and will 
serve to direct storm water from it to the PCDs. It will serve the dual function of conveying 
the NAGDF seepage from the leachate collection system (LCS), which will enter it from 
the LCS outfall pipes. These perimeter trenches will be extended as the NAGDF 
advances and are indicated schematically in Figure 7-2, Figure 7-3 and Figure 7-4 for 
each phase of development. 

The trenches will be lined with concrete infilled geocells, overlying an HDPE 
geomembrane to prevent any infiltration of contaminated water into the in-situ soils. 

The following will be required: 

• Upgrade of existing year of life 0 to 4 trenches to accommodate larger flows from 
NAGDF. 

• Construction of new perimeter trenches for the advancing NAGDF. 

• Tie-in of new perimeter trenches to existing ECSY trenches. 

 
7.5.2 Conveyor Corridor Storm Water Management 

Rain falling on the 70 m wide conveyor corridor will become contaminated by contact with 
ash. The conveyor platform has a cross fall of 2% about its centreline, draining towards 
concrete-infilled-geocell lined storm water trenches located on either edge of the corridor. 
These flows are thence conveyed to a drop-box structure which carries flow through pipes 
and into perimeter storm water trenches. The northern half of the conveyor platform will 
have its runoff directed to Dam D1, and the southern half to Dam D2. These canals will be 
extended with the conveyor platform as the active diposal face extends. 
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7.6 Proposed Clean Storm Water Management System 

In order to comply with GN R704, it is required that any unpolluted runoff be confined to 
the clean water system and diverted away from any dirty area. In addition, clean water 
systems should be designed, constructed, maintained and operated so that they are not 
likely to spill into any dirty water system more than once in 50 years. This legislation 
formed the basis of the design of the clean and dirty water separation and clean water 
management infrastructure associated with Medupi NAGDF and its extension.  

7.6.1 Diversion of Clean Water from Undeveloped Areas 

From year of life 4 to 12, the area west of the active disposal facility is natural veld. In 
order to prevent contaminated water from the stripped and lined areas of the NAGDF 
footprint from draining onto the clean, undeveloped natural veld and subsequently 
polluting it, an upslope cut-off berm is required at the edge of each four-year area to divert 
runoff and should be constructed prior to stripping of the land.  

From year of life 12, the NAGDF will intersect the ECSY area and the catchment ahead of 
the advancing facility would be considered contaminated and is already lined, so no clean 
cut-off is required and all contaminated runoff will be contained within the ECSY footprint 
and be drained by the LCS system. 

The upstream catchment area is small as the northern boundary of the facility coincides 
with a ridge (along which runs the unnamed public road connecting to the R510 provincial 
road in the east). The western side of the ridge drains to the south, towards the facility 
while the eastern portion drains in an easterly direction, away from the facility. Clean 
runoff volumes flowing south are thus anticipated to be small, as the surface is 
undeveloped and fully vegetated, with a contributing catchment of approximately 
45 hectares. Clean water diversion infrastructure is neither currently in place or planned, 
and clean areas are assumed to be free draining. PCDs are raised above natural ground 
level and do not receive any surface runoff from the surrounding clean catchment. The 
catchments immediately adjacent to the contaminated storm water trenches on the 
perimeter of the site are assumed to be dirty and report to the trenches. It is 
recommended that a clean cut-off trench be installed to the upslope boundaries of the 
site. This would be the northern and western boundaries. These trenches would serve to 
divert away upstream flows from undeveloped areas and clean runoff from the 
rehabilitated NADF in future. Existing road infrastructure may be reassigned to this 
purpose. These opportunities would need to be assessed when the rehabilitated stage is 
reached. 

The floodlines for the Sandloop River were determined by Golder Associates Africa as 
part of the Surface Water Impact Assessment for Medupi Power Station (Report Number 
1415879-310165-2, 2017). It was found that the 1:50 and 1:100 year floodline for the 
Sandloop River is predicted to encroach on ECSY PCD D4. It is not anticipated that flood 
protection works will be required on the toe of the PCD as the water level would rise 
because of ponding against the railway crossing embankment to the south of the site. 
Flow velocities would therefore be low and the risk of erosion minor. If the water surface 
elevation of the river is high enough to overtop the crest of PCD D4 (904.70 msl), then this 
would constitute a spill as clean water from the environment is entering a dirty system. In 
this instance, the western and southern walls of PCD D4 will need to be raised to prevent 
inflow of flood waters. This information was not available in the floodline report. It is 
recommended that during detailed design, floodlines are carried out to a higher level of 
accuracy using a survey that reflects PCD D4 to determine the exact extent to which 
ECSY PCD D4 falls within the floodline and what the water level would be, and raise the 
embankment of the dam if required. 

 



59 
 

 
 

 
G145-00_REP-01_r1_slccjfs_ConceptDesignReport 

7.6.2 Rehabilitation Clean Water Management and Diversion 

The rehabilitation process of the NAGDF includes shaping of its surface with earth-moving 
equipment into the final landform shape, followed by laying a 300 mm thick hydroseeded 
topsoil covering. During this period, the hydroseeded topsoil will be irrigated with water 
from the PCDs. This period ends when rehabilitation of the next shift begins. Once 
vegetated, the catchment is considered clean and will be irrigated by direct rainfall only. 
The time of year that rehabilitation occurs is important to its success, and should be 
planned to coincide with the wet season (starting in October). Vegetation is assumed to 
establish within 3 months. If water infiltrates the ash and gypsum body it will be collected 
by the LCS and will be prevented from entering the natural soils by the lining system. 

As part of the design of the Medupi NAGDF it has been assumed that rehabilitation will 
occur three shifts behind the active ashing area. These three shifts are in the process of 
being rehabilitated (pre-rehab areas) and are still considered dirty, meaning that storm 
water runoff from these areas needs to be contained in the PCDs and is managed as part 
of the contaminated storm water management system. 

The overall clean storm water management plan for the fully rehabilitated area consists of 
several aspects. This is discussed in two parts and is covered in the ensuing sections: 

• Storm water management on the crest of the NAGDF. 

• Storm water management on the side slopes of the NAGDF. 

Runoff is conveyed and discharged into the environment by means of bench berms and 
pipes on the side slopes and diversion berms and canals on the top of the NAGDF. The 
pipes on the side slopes discharge, via energy dissipaters, into the environment.  

Rehabilitation of the facility is both beneficial to the environment, minimises risks to the 
liner system in the long-term and has economics benefits in that the capacity required in 
the dirty water system is optimised. Surface runoff from the rehabilitated areas will not be 
contained on the site but will be released immediately in order to preserve the runoff 
volumes currently reporting to the Sandloop River system for its recharge. 

The environmental impact of the NAGDF on its surrounds will be reduced by rehabilitation 
by the following means: 

• The natural topography of the site will be modified by the introduction of the facility, 
that extends approximately 4 km in length and 1.3 km in width, rising to a 
maximum of 72 m above natural ground level (to an elevation of 983.7 msl). 
Runoff quantities are thus anticipated to increase due to the steep slopes of the 
facility. The rehabilitated form aims to improve the surface from ash to vegetation, 
which decreases the rate of runoff. The back-stack berms and side benches 
reduce the gradient of the slopes of the facility, allowing water to pond before 
entering the collection pipes. Clean storm water from the rehabilitated areas is 
then released in a controlled manner into the natural environment. 

• Water quality is impacted by contact with the ash body. By capping the NAGDF 
with topsoil and vegetation, the rain falls on a clean surface, preventing the 
introduction of pollutants into receiving watercourses. Sediment transport by wind 
and water is reduced as the vegetation anchors the surface. 

• Rehabilitation of the facility, including reduction of the gradient of the slopes and 
restoration of surrounding vegetation, will allow the facility to better blend into the 
environment. This minimises the aesthetic impact of the NAGDF. 
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7.7 Approach and Methodology 

Five phases of development of the NAGDF were defined: Year 4, Year 8, Year 12, 
Year 16 and Year 20. For each phase the storm water collection systems, rehab 
progression, storage facilities and sub-catchments were modelled. From year of life 12, 
the facility meets the ECSY and aside from the catchment definitions altering as the 
NAGDF advances, storm water management infrastructure remains constant. 

Modelling of the surface runoff flows for discrete, extreme events on the progressing 
Eskom Medupi NAGDF was undertaken using the hydraulic modelling programme 
PCSWMM 2013 Professional 2D: Storm Water Modelling Software. The software applies 
a storm hyetograph to the sub-catchments, characterised by user-defined inputs, and 
routes the resultant surface flows through the proposed storm water management system. 

The 1:50 year 24-hour storm event, with a rainfall depth of 154 mm, was applied as a 
South African SCS Type 3 design storm (Schmidt and Schulze, 1987). Resultant runoff 
was determined based on catchment characteristics and using the SCS method, as 
described in Section 6.2.3. 

Survey of the site from February 2017 was used as far as possible in the laying out of the 
storm water infrastructure. It was found that in some areas due to topsoil stockpiling and 
the ECSY the survey was not suitable for determining natural ground level. For these 
areas the 2009 survey data as supplied by the client was used. 

The outcomes of the modelling were used to reiterate and assess the hydraulic elements, 
until optimal layout and sizing was identified. 

7.8 Assumptions 

The following assumptions were made in the modelling of the Eskom Medupi NAGDF 
storm water management planning: 

• The ECSY is not included in the progressive SWMP as the design for its 
infrastructure has been carried out independently and is thus excluded from this 
scope. 

• For development phase from the start of year of life 4, it was assumed that the 
entire area is not rehabilitated. This conservative assumption was made on the 
basis that during year of life 0 to 4, the conveyor platform is still being established 
and the entire surface is considered operational. 

• The operational area has a surface of exposed ash & gypsum and runoff is 
considered dirty. It consists of the active disposal area and the pre-rehab area. 

• Rainfall runs off the crest and sides of the operational area (the active disposal 
area and the pre-rehab area) as sheet flow and there are no storm water 
management measures on the active ash heap. 

• The 114 m wide operational ashing area has side slopes equivalent to the angle of 
repose - 1:1.5 or 67 %, while the pre-rehab area has side slopes as per the final 
landform design of 1:5 or 20 %. 

• The 114 m wide operational ashing area will have its runoff pond in the lined area 
between its toe and the edge berm. Ponded water will then flow out of the leachate 
outfalls into perimeter contaminated storm water trenches. 

• The 180 m wide pre-rehab area will have its toe flush with the edge berm, and its 
runoff will flow directly into the perimeter contaminated storm water trenches. 

• It is assumed that there is a contaminated storm water trench along the south-east 
side of the NAGDF for year of life 4 as per year 0 to 4 design specification.  
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• From shift 11, the shifts will decrease from 66 m wide to 60 m wide. 

• Undeveloped, clean areas are assumed to be free draining. 

• The western boundary of the NAGDF is assumed to have paddocks remaining 
from the ECSY arrangement for use as attenuation storage. 

All assumptions pertaining to the water balance assessment apply to the storm water 
management design. Please refer to Section 6.2.4. 

The above assumptions act as limitations in the design. A specific risk is the assumption 
pertaining to the rate of rehabilitation. Ongoing monitoring during construction is required 
to ensure that rehabilitation areas are completed timeously. A second risk of the design is 
the assumption that the recommended construction sequence shall be adhered to. During 
detailed design, the order of implementation should be emphasized and included in the 
planning activities. 

7.9 Catchment Delineation and Characterisation 

The site sub-catchments can be broadly categorised as clean, contaminated and 
rehabilitated. Runoff from a catchment is considered clean when no pollutants have 
entered the flow, and contaminated is where the flow has been in contact with pollutants. 
Pollutants include chemicals such as salts from the ash and suspended solids, such as 
dust or ash particles. 

• The clean sub-catchments include only areas of undeveloped, vegetated, natural 
veld. 

• The contaminated sub-catchments include the active ashing area and the area 
that is in the process of being rehabilitated (referred to as the pre-rehab area). 

• The conveyor corridor surface progresses along the crest of the NAGDF for its 
entire life, and it will only be rehabilitated once the facility is closed. It is formed 
from compacted ash, and is thus more impervious than the placed ash. It forms 
part of the contaminated sub-catchments. 

• In addition to the operational areas, the contaminated sub-catchments will include 
the area that has been lined ahead of the active ashing area. This is the area 
where the liner has been installed (including the LCS) but ash has not yet been 
placed. It is highly impervious. The extent of the lined area, ahead of ashing will be 
limited to a 2- year area, to protect the liner from various potential risks such as 
sun exposure and mechanical damage.  

• To the west of the lined area, a further 2-year area will be stripped of vegetation in 
preparation of liner placement and will also form part of the contaminated sub-
catchments. Although it is not expected that there will be any contaminants 
present in this area, the probability of higher sediment content in the runoff, 
emanating from the catchment, will warrant the containment of this water within the 
dirty water system. The runoff volumes will increase due to removal of vegetation 
and thus need to be managed. 

• The NAGDF will advance to where the ECSY is currently operational. Prior to the 
placing of ash, the area will have a nominal layer of coal remaining, over a lined 
system. Surface runoff from this sub-catchment will be contaminated. 

• The rehabilitated sub-catchments are the vegetated, closed portion of the ash 
body. These areas are assumed to generate clean surface runoff on the basis that 
the vegetation is fully established, and continuous coverage of the entire surface 
has been reached, and that the vegetation anchors the soil to the surface, 
preventing erosion. It is also assumed that the vegetation is irrigated by rain water 
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and therefore will not introduce pollutants into surface flows through contact with 
direct rainfall. 

The sub-catchments change and move as the facility progresses. Their parameters are 
summarised in Table 7-2 below: 

 

Table 7-2: Sub-catchment surface characteristics 

Sub-
catchment 

type 

% 
Impervious 

Roughness 
factor 

(Impervious) 

Roughness 
factor 

(Pervious) 

Depression 
Storage, 

Impervious 
(mm) 

Depression 
Storage, 
Pervious 

(mm) 

SCS Curve 
Number 

Runoff 
Quality 

Veld 0  0.13 2.54 5.08 68 Clean 

Ash 0  0.05 2.54 2.54 60 Dirty 

Conveyor 
Corridor 30 0.02 0.05 2.54 1.27 60 Dirty 

Lined 100 0.012 0.1 1.27 0.05 0 Dirty 

Pre-Liner 0  0.05 2.54 2.54 0 Dirty 

ECSY 100 0.01 0.05 2.54 5.08 0.6 Dirty 

Rehab’d 0  0.15 2.54 5.08 65 Clean 

The phases were modelled such that the most severe scenario was simulated for each 
PCD i.e. maximum contaminated catchment discharging to the PCD. The assignment of 
catchments to PCDs is as per the water balance assessment (see Figure 6-4). The 
catchments can be seen in Figure 7-2; Figure 7-3 and Figure 7-4. 

7.10 Storm Water Collection and Drainage Infrastructure Sizing 

Each phase is described in terms of the type of sub-catchments, the direction of flow of 
water and sizing of conveyance structures for contaminated storm water management. 
The rehabilitated NAGDF’s storm water management system is covered separately in 
Section 7.10.5. 

7.10.1 Year 4 to 8 

During the years of life 4 to 8, the approach ramp will be completed, shaped, and 
rehabilitation will start as the NAGDF advances past the year 4 marker to its initial full 
height of approximately 64 m (increasing at a slope of 1:300 to a height of 72 m in year 
20). 

Ash Sub-catchments: 

It has been conservatively assumed that the 0 to 4 year area will only start being 
rehabilitated once the ash placement has progressed past the year 4 area. Thus, prior to 
rehabilitation, the entire approach ramp of approximately 750 m width, and the side slopes 
of the ash, will be exposed – approximately 95 hectares of contaminated catchment. In 
addition, these catchments would all be relatively steep. The side slopes of the shaped 
ash have a slope of 20 %, and the approach ramp 5 %. Large runoff volumes from this 
area are therefore anticipated. This case was identified as the critical scenario for this 
phase and was modelled. 

Runoff from the shaped landform will flow over the ash directly into the perimeter 
contaminated storm water trenches. These trenches are to be installed as part of the year 
of life 0 to 4 construction plans.  
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The conveyor corridor runoff drains to two drop boxes and then via buried pipe into the 
eastern perimeter trenches. 

The northern half of the shaped ash and conveyor corridor will report to Dam D1, and the 
southern half to Dam D2. A small percentage of the northern portion will report to 
Dam D2B. This division in the catchment is to accommodate the topography of the site as 
a ridge runs diagonally through this area of the footprint. 

Lined and Pre-lined Sub-catchments: 

Further to the ash area, the 4 to 6 year area will be lined, and the 6 to 8 year area stripped 
of vegetation in preparation of liner placement. The northernmost quarter of these two 
sub-catchments will report to Dam D2B and the remainder to the proposed new Dam D3. 

It should be noted that contaminated storm water trenches and PCDs should be 
constructed and operational prior to the vegetation clearance and stripping of the area for 
liner placement. For this phase, this means that the northern perimeter drain is required to 
be extended and a contaminated trench installed along the southern boundary, to convey 
flows into the Dam D3 Complex. 

It is imperative that the separation walls and boundary berms of the area be constructed 
at the beginning of the clearance process in the lined and pre-liner areas. The boundary 
berm refers to the berm at the north and south boundaries of the facility footprint and the 
separation wall refers to at the border of each 2-year area. This would include installation 
of the leachate outfall pipes to the boundary berm, to enable flow into the contaminated 
storm water trench. In addition, in the pre-liner area temporary installation of an outfall 
pipe (a concrete sleeve would be adequate) midway along the boundary berm would be 
required. The berms will act as an upslope cut-off berm and will provide storage space for 
runoff volumes to pond, and be attenuated before throttled release through the leachate 
outfall pipes into the perimeter storm water trenches. This is beneficial in that the peak of 
the extreme event is reduced and sediment has an opportunity to settle out before 
entering the conveyance system. Although the silt will need to be monitored and removed 
if necessary, the quality of water entering the storm water system is improved and 
prevents downstream clogging of trenches, filling of silt-traps and sedimentation in PCDs. 

In the 4 to 8 year areas, the natural ground slopes towards the south-west. Thus, ponding 
of surface flows against the separation wall, in the corner will occur. It is therefore 
recommended that both the lined and stripped area be provided with smaller lateral 
berms, of approximate height 1.0 m and length 200 m, at intervals along the southern 
boundary, perpendicular to the edge berm to provide capacity for temporary storage of the 
storm water runoff and to prevent uncontrolled overflow into the dirty water trench. This 
system of edge berm with outfall pipes and cascading lateral berms (named so as the 
water will pond behind one berm, then cascade around in and flow into the next berm) will 
only be in effect temporarily, before the placing of ash. If not installed, the following 
undesirable occurrences may result: 

• excessive ponding; 

• inhibition of liner placement activities; 

• surface erosion; 

• peak flows overtopping storm water management infrastructure; and 

• damage to the liner. 

Storm Water Modelling Outcomes: 

The following outcomes of the storm water simulation for 1:50 year 24-hour rainfall event 
for the most critical scenario for years of life 4 to 8 were determined: 


