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1 INTRODUCTION

The Panel B Consultants Joint Venture (CJV) has been appointed by Eskom
Enterprises to carry out the civil design of the water license structures for the Kusile
Power Station.

This report details the design of the Station Dirty Dams (SDD).

11 Background

Eskom is the principal supplier of electricity in South Africa. In order to meet the
growing need for electricity, and in support of the growth and development strategy of
the national government, Eskom has embarked on an expansion program to build
new power stations. Part of this expansion program includes the construction of two
large coal-fired power stations.

Located near Witbank and Kendal Power Station in the Mpumalanga province, Kusile
Power Station will be a 4,800 MW coal-fired power plant. Kusile Power Station is
currently under construction with a target commissioning date of June 2014 for the
first of its six units.

1.2 Scope

Panel B CJV is responsible for the engineering design and construction drawings for
the Pollution Control Dams (PCDs) at Kusile Power Station. This is the detailed
design report for the SDD. It addresses all client requirements, as well as all relevant
South African regulatory requirements. These include:

e The National Water Act, No. 36 of 1998.

e Section 117(c)(i) of the National Water Act, 1998, relating to dams with a
safety risk.

e Government Notice No. 704, Regulations on use of water for mining and
related activities aimed at the protection of water resources, in terms of the
National Water Act (Act 36 of 1998)

e SANS 1200: Standardised Specifications for Civil Engineering Construction
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1.3 Client User Requirement Specification
The design criteria for the SDD satisfy the requirements of the Eskom User
Requirement Specification (URS) as detailed in Section 5.2.2; Water Management.
1.4 Drawings

All SDD detailed design drawings that are relevant to the water use licensing are
marked with an asterisk, provided in Appendix A. The complete set of relevant
drawings for the SDD is the following:

*K5452-80-020: Pollution Control Dams: Locality Plan;

*K5452-80-021: SDD: General Arrangement;

*K5452-80-022: SDD: Typical Sections;

*K5452-80-023: SDD: Typical Details;

*K5452-80-024: SDD: Compartment No. 1 Inlet — GA and Detalils;
*K5452-80-025: SDD: Compartment No. 1 Outlet — GA and Details;
*K5452-80-026: SDD: Spillway No. 1 — GA and Typical Detalils;
*K5452-80-027: SDD: Spillway No. 2 — GA and Typical Detalils;
*K5452-80-028: SDD: Compartment No. 2 Inlet — GA and Details;
*K5452-80-029: SDD: Compartment No. 2 Outlet — GA and Details;
*K5452-80-030: SDD: Compartment No. 1 Energy Dissipator — GA and Details;
*K5452-80-031: SDD: Compartment No. 2 Energy Dissipator — GA and Details;
*K5452-80-032: SDD: Leakage Detection Sump GA and Details;
K5452-80-053: SDD: Floor Slab Reinforcing Sheet 1;

K5452-80-054: SDD: Floor Slab Reinforcing Sheet 2;

K5452-80-055: SDD: Floor Slab Reinforcing Sheet 3;

K5452-80-056: SDD: Compartment No. 1 & 2 Energy Dissipator Reinforcing;
K5452-80-057: SDD: Spillway No. 1 & 2 Concrete Reinforcing Details;
K5452-80-079: SDD Road Layout: General Arrangement;

K5452-80-080:
K5452-80-093:
K5452-80-094:
K5452-80-095:
K5452-80-101:

SDD Road Layout: Road 2 Layout and Long Sections;

SDD Road Layout: Road 2A Layout and Long Sections;
SDD Road Layout: Road 2A Layout and Long Sections;
SDD Road Layout: Road 2B Layout and Long Sections;
SDD: Leakage Detection Sump Reinforcement Details.
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STATION DIRTY DAMS DESIGN

SDD Overview

All potentially contaminated water on the Kusile Power Station is managed in a closed
system. The Station Dirty Dams (SDD) are two equal capacity, lined, temporary
holding dams that act as a collection point for all polluted storm-water and wash-down
water on the Kusile site, before it is pumped to the Holding/Recycle Dams (HRD).
The position of the SDD is shown on drawing K5452-80-021.

The SDD will receive inflows from two distinct sources:

1) Coal Stockyard Settling Tanks (CSY ST): The CSY ST will receive inflows from
the Coal Stockyard (CSY), emergency ash dump, limestone processing area, and
a number of grit sumps. Clarified water leaving the CSY ST will travel via gravity
pipeline to the SDD.

2) Station Dirty Dams Settling Tanks (SDD ST): The SDD ST will receive inflows
from the station terrace area. Clarified water leaving the SDD ST will travel via
gravity pipeline to the SDD.

Design Parameters

The SDD general arrangement and typical section drawings are presented as
Drawing. Nos. K5452-80-021 and 022. The SDD was designed to meet the following
requirements:

Location

The SDD will receive gravity discharges of dirty water from the rest of the Kusile
Power Station. It will be the furthest downstream dirty water structure on the site and
therefore is required to be down-gradient from the power station. The natural
contours of the site slope downwards to the north-west, towards the non-perennial
tributary of the Klipfonteinspruit.

The SDD will be optimally located approximately 1 km north-west of the power
station’s north-west fence corner. The selected position avoids surrounding wetlands
and the 1:100 year flood line of the natural stream. The SDD elevation will range
from 1,441 meters above sea level (masl) at the sump of Compartment No. 2 to 1,454
masl at the crest of Compartment No. 1.

Storage Capacity

Government Notice Regulation 704 specifies that a dirty water system may not spill
into a clean water system more than once in 50 years, and that 800 mm freeboard be
supplied. The SDD is designed to contain all of the dirty water runoff from the Kusile
Power Station for the 1:50 year, 24 hour duration storm event. The hydrology
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calculation was performed by BV using the Rational Method, and yielded a total SDD
capacity requirement of 165,000 m°.

The design volume will be split equally between two compartments, to allow for
occasional maintenance and inspection access without interrupting the functionality of
the SDD. The SDD is designed with an 800 mm freeboard at full capacity.

The BV hydrology calculations are provided as Appendix B of this report.
2.2.3 Operation

The two compartments of the SDD will have a combined capacity that accommodates
the runoff generated during the calculated 1:50 year, 24 hour storm event. The SDD
will not be a storage dam; it will be a collection point for all polluted water from the site
before it is pumped to the HRD. The SDD will be operated empty so that it has the
capacity to accommodate the design storm event at any time.

2.3 SDD Modelling

The two-compartment SDD was modelled using 3D CAD software. The structure will
be excavated into natural ground with some above ground earthfill for the perimeter
walls. Maximum excavation depth will be 6.5 m in Compartment No. 1 and 6.0 m in
Compartment No. 2. Maximum wall heights above natural ground level will be 4.5 m
in Compartment No. 1, and 4.0 m in Compartment No. 2. The internal and external
embankment walls will be sloped at 1V:3H. The basin area of each compartment will
be sloped at 1V:200H towards the sumps at the southern end.

The 3D model was used to calculate the Elevation-Capacity curve for both
Compartment No. 1 and Compartment No. 2. The resultant Elevation-Capacity
curves are presented in Figure 2-1 and Figure 2-2. The final combined storage
capacity of the SDD, with sloping floors and access ramps included, is 181,960 m®.
This is conservatively larger than the required volume calculated by BV (165,000 m®).
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Figure 2-1: Elevation - Capacity Curve — Compartment No. 1
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Figure 2-2: Elevation - Capacity Curve — Compartment No. 2

2.4 Liner Details

To prevent contamination to the underlying soil, the SDD is required to be a fully
contained structure. The SDD will be fully lined with a double liner, and a leakage
detection system.

The sub-grade earthworks will entail preparation of a smooth surface, free from loose
angular particles and vegetative matter, compacted to 96% STD Proctor. Bidim A4
Geo-textile (or similar non-woven needled punched geo-fabric) will be placed on the
finished grade as a further protective measure for the liner system. With the geo-
fabric installed, a continuous 1.5 mm mono-textured HDPE geo-membrane liner will
be placed as the secondary liner (textured side down). A cuspated drainage layer
(HI-drain 50 or similar approved) will be laid onto this geomembrane, and will facilitate
leakage drainage to the leakage detection sumps, should the primary liner fail. A
110 mm OD slotted corrugated HDPE collector pipe will be installed along the inside
toe on the south end (low end) of the dam to collect any flow from the drainage layer,
and convey it to the leakage detection sumps. Finally, a 1.5 mm smooth HDPE
geomembrane liner will be installed as the primary liner. Figure 2-3 provides a
schematic illustration of the liner system.

Station Dirty Dams Detail Design Report 5452-80-008-Rev2 5 May 2010



PANEL B CONSULTANTS JOINT VENTURE

2.5

1.5 mm smooth HDPE liner

SN N S I Yy Yy Y Yy

Cuspated drainage layer
1.5 mm mono-textured HDPE liner '

Bidim A4 Geotextile (or similar)

Figure 2-3: SDD Liner System

At the south end of the SDD, the synthetic liner will continue beneath the concrete
slab (refer to Section 2.11). This will prevent any possible contamination if the slab
were to crack. At the interface of the liner and the outlet sump, the seal will be made
as follows: Anchor bolts will be installed to the sides of the sump walls. A galvanized
angle iron will be fixed to the anchor bolts. The HDPE geo-membrane liner will be
clamped to the angle iron, between two 6 mm thick rubber gaskets and a galvanised
mild steel gusset on top. Refer to Drawing Nos. K5452-80-025 and 029 for details.

The geo-membrane liner and geo-fabric will be secured on the embankment crests in
anchor trenches. All design details relevant to the liner system can be found on Drg.
No. K5452-80-023.

The leakage detection outlet pipes will be installed in the same alignment as the SDD

outlet pipes. The leakage detection sumps are located immediately to the north of the
pump building, as indicated on Drawing Nos. K5452-80-025 and 029.

Under Liner Drainage System

The geotechnical investigation undertaken at the site of the SDD (refer to Section 3)
indicates the presence of a high water table. The groundwater below the geo-
membrane liner will cause an uplift force on the liner, particularly when the SDD is
empty. It is necessary to provide a drainage system beneath the liner to relieve the
pressure and ensure good condition of the liner.

The design will include a number of finger drains excavated beneath finished grade of
the SDD. The location of finger drains is indicated in plan on Drawing No. K5452-80-
021.

The drains will be formed by excavating a 500 mm deep, trapezoidal trench. A
160 mm diameter HDPE flexible slotted drainage pipe (Drainex or similar approved)
will be installed, the trench filled with 19 mm washed stone and the pipe and stone
wrapped in a non-woven needled punched geofabric (Bidim A4 or similar approved)
with a minimum overlap of 300 mm. (Refer to Drawing No. K5452-80-023 for details).
The drains will conform to the bottom slope of the SDD compartments until they pass
beneath the western embankment of Compartment No.2. At this point, the drain will

Station Dirty Dams Detail Design Report 5452-80-008-Rev2 6 May 2010



PANEL B CONSULTANTS JOINT VENTURE

2.6

2.7

2.8

transition to an un-perforated 160 mm OD PVC-U class 12 outlet pipe that daylights
to natural ground surface at a 1 percent grade. Refer to Drawing No. K5452-80-023
for the finger drain section as well as the drain outlet details.

Inlet Details

Inflow to the SDD will be through a 2,250 mm ND Class 100D concrete pipe (Rocla).
In both compartments, where the pipe passes through the south wall of the SDD,
The pipe will be encased in reinforced concrete. Refer to Section 2.4 for liner to
concrete connection details. Drawing Nos. K5452-80-024 and K5452-80-028 show
the arrangement and details for the inlets of Compartment No. 1 and Compartment
No.2.

At the inlet the water will impact an energy dissipator that will still the incoming water
and prevent damage to the liner. The energy dissipater has been sized to handle the
maximum combined instantaneous flow from the CSY ST and SDD ST of 23.9 m%/s.
The energy dissipators are detailed on Drawing Nos. K5452-80-030 and K5452-80-
031. The calculations records are provided as Appendix D.

Outlet Details

The outlet sumps are located on the depressed south end of each compartment.
They comprise a rectangular reinforced concrete sump with inside dimensions of 2 m
length, 1.2 m width, and 1.2 m depth, with 300 mm thick walls. The 630 mm (ND)
HDPE DR 11 outlet pipes will be installed in the centre of the shorter wall and they
will convey water to the pump station sump situated outside the toe of the SDD on the
south side.

The outlet pipes will be encased in reinforced concrete where they are situated below
the embankment footprint. The HDPE outlet pipes will be pressure tested before they
are concrete encased.

The top of the sump will be covered with a Vitagrid 5 type VE, medium duty grate to
allow water flow but restrict the ingress of foreign objects. The grate will be
removable to allow for cleaning and the insertion of a submersible pump in the sump,
should this be required for dam emptying purposes. Refer to Drawing Nos. K5452-
80-025 and K5452-80-029 for details.

Spillway Details

A spillway will be provided between the two compartments (Spillway No. 1) to allow
the upstream Compartment No. 1 to spill into the lower Compartment No. 2.
Compartment No. 2 will be provided with an emergency spillway (Spillway No. 2), that
discharges northwards towards the natural stream. Both spillways will comprise a
trapezoidal, concrete lined channel with freeboard depth of 800 mm and base width
6.0 m. An energy dissipator is provided at the base of Spillway No. 2 to reduce
erosion damage downstream of the spillway outlet.
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2.9

All of the dirty water structures at Kusile Power Station were designed to handle the
1:50 year, 24 hour storm event. The capacity limitations of the upstream structures
will prevent increased inflow to the SDD even in events exceeding the 1:50 year
recurrence interval. The inflow to the SDD is limited to the maximum capacity of the
upstream structures plus the rain attenuation on the SDD surface itself.

The rainfall data from Rainfall Station 0593419W at the Wilge River is considered to
be the most relevant to the Kusile Power Station, since the rainfall station is in close
proximity of the site and it has 94 years of records available. Summarized rainfall
data for this station is presented below in Table 2-1.

Table 2-1: Design Rainfall for Station 0593419W

Duration Return Period (years)
2 5 10 20 50 | 100 | 200
24 Hour 50 70 84 100 122 141 162

The SDD catchment area is limited to the surface area of the two compartments and
their surrounding embankments only. The area of the SDD and its contributing
perimeter embankments is roughly 65,300 m?, or 32,650 m? per compartment. This
means that 3,983 m® per compartment is generated in the 24 hour, 50 year return
period storm event.

With 800 mm freeboard in the spillway, it is clear that the rain attenuation of 122 mm
will not pose a problem in terms of spillway capacity. The spillway capacity (with no
dry freeboard) is estimated at 9.34 m?s.

All spillway details are provided on Drawing Nos. K5452-80-026 and K5452-80-027.

Compartment 2 Embankment (1451 m)
0.8 m Freeboard

¥ 1450.2m Spillway Level
(90,980 m3 capacity)

Trapezoidal Concrete Spillway

Concrete Spillway No. 2 1446.2m

Figure 2-4: Compartment No. 2 Spillway Schematic

Surface Water Management

A grassed stormwater channel will be excavated upstream of the SDD, parallel to the
SDD access road. This channel will intercept clean surface run-off and divert the flow
around the dams. The channel will have a nominal depth of 1 m and base width of
1 m, with side slopes of 1V:3H. The channel will be constructed with a minimum
slope of 1/2 percent to ensure the effective transport of the surface water away from
the SDD. Refer to Drawing No. K5452-80-020 and K5452-80-079 for details.
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210 Groundwater Cut-off Drain
A groundwater cut-off drain will be constructed upstream of the clean stormwater
channel mentioned above. The drain will be constructed to 4 m depth, and will
effectively transport shallow groundwater around the SDD. The drain will comprise
19 mm clean stone wrapped in Bidim A4 Geo-textile (or similar approved), with three
160 ND Perforated Drainex collector pipes at the bottom. Downstream of the SDD
the drain will daylight to the natural ground surface. Refer to Drawing No. K5452-80-
020 and K5452-80-079 for details.
2.11 Maintenance Access Ramp
Maintenance access for service vehicles and equipment is provided to the depressed
south end of each compartment by inclusion of a concrete access ramp sloping from
the embankment crest to the floor at 1V:6H. The whole of the low end of each
compartment, including the access ramp, will be concrete lined to accommodate
heavy equipment loads and to protect the liner from damage during cleaning and
maintenance activities. The concrete lining will extend out of the southern sump area,
and at its northern extent will have a concrete up-stand at the interface of the
concrete and HDPE liner. The depressed south end of the SDD will concentrate the
sedimentation, thereby easing the efforts to clean the dam.
Refer to Drawing Nos. K5452-80-021, K5452-80-024, and K5452-028 for details on
the maintenance access ramp.
2.12 Perimeter Access Road and Fencing
Access to the SDD will be from the south. The access road will run parallel to the
inlet pipes and stormwater channel. At the SDD, the access road will do a loop
around the perimeter of the structure. This will provide access to both maintenance
access ramps, as well as Spillway No. 2.
The road width will be 7 m. The road layer works will comprise a base, sub-base and
wearing course layers. The layer specifications are shown on Drawing No. K5452-
80-079 and summarised in Table 2-2.
\
Table 2-2: Access Road Layer Specifications
Layer name Thickness (mm) Type
Base 150 G3
Upper Sub-Base 150 G4
Lower Sub-Base 150 G7
Upper Selected 150 G9
Lower Selected/Sub-Grade 150 G10
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3.1

3.11

At the access ramps to the SDD, where the road is elevated from the natural ground
level, Armco barriers will be provided for safety.

A single fence will be installed around the perimeter of the SDD. The fence will have
locked access gates at the access road entrance, as well as at the access ramps to
the SDD embankment crests. The fencing to be used will be per the BV drawings
S3915 and S3916 Series. Refer to K5452-80-021 and K5452-80-079 for the fence
position.

SITE CONDITIONS

Geotechnical Investigation

Introduction

The geotechnical investigation involved the digging and geotechnical logging of test
pits on the original site of the proposed SDD. The purpose of the geotechnical
logging and testing was to determine the geotechnical parameters and substrate
conditions on site for use in the design of the SDD. From the findings at the original
site the SDD was moved further northwest to be positioned entirely on the shales of
the Ecca group. The original report is relevant and reproduced in part below.

The geotechnical information supplied by Partridge Maud and Associates, report
reference number 1-6/07 entitled Project Bravo - Report on Geotechnical
Investigations Undertaken at the Power Station Site by Partridge Maud and
Associates, March 2008%*" ® has relevance and gives the overall geotechnical
conditions of the plant site.

Regional Geology

Partridge Maud & Associates indicated three main rock types in their power station
terrace report:

. Rocks of the Dwyka Group (Karoo Supergroup) including indurated shale,
tillite, and subordinate sandstone. The Dwyka group shales, defined by
Partridge Maud and the Ecca group shales indicated on the loggings by the
Knight Piésold engineering geologist, had previously been grouped under the
name Dwyka. They have subsequently been divided into the two named
groups in recent years and in terms of material characteristics the residual
soils are very similar. It is this group that the report will concentrate on.

. Diabase intrusions related to the nearby Bushveld Igneous Complex
. Rocks of the Rayton Formation which includes shales and quartzites

No displacements were found within the Karoo rocks in the area concerned, although
small displacements were visible in rocks of the Rayton formation.

Local Geology

The original SDD location was immediately to the north west of the station complex
on the side slope adjacent to the non-perennial tributary of the Klipfonteinspruit. The
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site has grassland vegetation with sparse trees and bushes.
part of the site has a minor wet area where an ill-defined drainage course discharges
surface run-off. The test pit investigation reveals the eastern portion of the site to be
underlain by pre-Karoo dolerite (diabase) with outcrop of boulders of diabase
observed along the eastern boundary. The flatter western portion is underlain by
shale of the Silverton Formation of the Pretoria Group.

Station Dirty Dam (SDD)

The central northern

11 Test pits were excavated to a maximum of about 5.2 m depth in the general region
of the SDD just north west of the plant site Test pits SDD 3, 4 and 5 are relevant to
the new site.

Table 3-1 summarises the general horizons intercepted.

Table 3-1: Summary of the horizons

. . . ES/VSI/S/
Te_st Topsoil (m) Transported Hillwash Gravel Residual Soil MH/H Rock Seepage
Pit (m) (m) (m) (m) level (m)
SDD1 0-0.45 0.45-0.95 0.95 — 3.15Fe 3.15-5.2ES 29
SDD2 0-0.8 08-24 2.4 -5.15ES 5.1
0.55 -
SDD3 0-0.25PM 0.25-0.55 1.15MH -
0.65 — 1.25 -
SDD4 0-0.3 0.3-0.65 1.95RS 1.85MH 1.65
0.35 - 0.7-2.75
SDD5 0-0.35PM 0.7RS S/MH -
SDD6 0-0.6 0.6-1.1 1.1-3.7ES -
SDD7 0-0.7PM 0.35-2.7 2.7-3.5MH | At surface
SDDS8 0-04 04-23 2.3-2.9MH 2.7
SDD9 0-0.55 055-0.65 | At surface
ref HFe
SDD1 0.25 - 0.65 —
0 0-025 0.65 0.75HFe 0.65
SDlDl 0-0.75PM 0.75-34 3.4 -4.6MH 1.05
Fe - Ferruginised
ES/VS/S/IMH/H — Extremely soft/very soft/soft/medium hard/hard
PM - Pebble Marker
RS — Residual shale
HFe — Hardpan ferricrete
3.1.5 Laboratory Testing

Bulk and undisturbed samples were obtained from the SDD area. The laboratory
tests included:

. Atterberg limits

Grading

Natural moisture content

Maximum dry density

California Bearing Ratio
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. Shear box

A summary of the tests results are shown in Table 3-2 and Table 3-3 and the original
laboratory test sheets are shown in Report 5406/10/06 “Geotechnical investigation on
the pollution control dams, river diversion and contractor’'s camp”.
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Table 3-2: Summary of indicator tests

Test | Depth | Material Atterberg Limits Grading (Jennings) - NMC Classification Heave .
i o M e roup
Position | (mm) | Description | LL% Pl LS% | Clay% | Silt% | Sand% | Gravel% % PRA USC | classification
Residual
SDD1 4400 ) 35 12 8 33.2 18.7 38.7 9.4 0.65 22.2 A-6(7) CL Low B
diabase
— Com weath ext
SDD2 4500 soft rock sugar 47 10 7.5 9.5 235 63.4 3.6 0.63 21.7 A-7-6(4) SM Low B
diabase
SDDS8 900 Residual shale 59 23 11 55.3 15 20.3 9.4 0.5 21.8 A-7-5(17) OH Low C
SDD11 1500 Residual shale 48 15 11 25.6 13.3 34.1 24 1.15 14.8 A-7-6(7) sc Medium B-C
LL — Liquid Limit GM - Grading Modulus C - Canal Diversion
PI — Plasticity Index (whole sample) NMC - Natural Moisture Content ADD - Ash Dump Dam
LS — Linear Shrinkage Fe — Ferruginised SDD - Station Dirty Dam

Red type denotes either heavy clays or heave potential.

Table 3-3: Summary of shear box and compaction tests

Consolidated

California Bearing Ratio

Atterberg Limits Drained Shear | paximum Dry Optimum
Test Depth Material NMC % Box . Moisture @
Positi (mm) D ipti GM PRA Density tent
osition mm escription or conten
2 c o kg/m® o 90 | 93 | 95 | 97 | 98 | 100
0, 0,
LL% PI LS% KN/ deg ) % % % % % %
Com weath
3500- | ext soft rock
SDD2 a7 14 7.5 0.84 A-7-5(4) - - 1724 19.8 48 | 54 | 6.1 | 76 | 8.8 11
4500 | sugar
diabase
Red type denotes either heavy clays or heave potential.
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3.1.6 Foundation Conditions

Silverton Shales - SDD3, 4, 5, 7, 8, 10,11
Diabase sill - SDD2, 6, 9

The test pits show medium hard rock in all the above test pits except test pits 9 and
10 where the hardpan ferricrete was intercepted at shallow depth and could not be
penetrated by the TLB.

The medium hard rock levels varied from 0.55 m depth in SDD3 in the north west
corner to 3.4 m depth in the centre of the dam at SDD11. The rock levels were then
reduced to mean sea level and show a definite trend of dipping to the north west at
approximately 5 degrees to the horizontal.

Water seepage was intercepted in test pits SDD1, 2, 4, 7, 9 and 11 and varies from
5.1 m below ground at SDD2 to surface water in SDD7 and 9. The average depth
from the test pits excluding SDD2 as an anomaly is 0.95 m. The deeper seepage
paths were found in the diabase sill where the profile showed a greater gravel content
and hence a higher permeability.

In terms of consistency, the topsoil, hillwash, the upper gravel horizons and nodular
ferricrete horizons are deemed loose and should be discarded in the clearing and
grubbing. The horizons are not suitable for founding purposes and do not extend
much deeper than 1 m.

In SDD3, 4, 7, 8 and 11 there is a consistent clayey gravel horizon which ranges from
medium dense to dense and is usually found just above the shale bedrock.

The horizons above the gravel tend to range from firm to stiff but do not necessarily
increase in stiffness with depth. There is probably a softening due to the high
seepage levels across the site.

In terms of the Eskom Group Classification the material is generally group B to C.
Test results on the sugar dolerite show very low CBR results of 6 at 95% which
translates to safe bearing capacity of about 60 kPa.

The inferred bearing capacity from the engineering geologists logging and the
indicator tests (Table 3-2) is based on a consistency rating of firm below the topsoil
hillwash horizon. Empirical estimates from the consistency show that the horizons
(both residual diabase residual shale) have an undrained cohesion of approximately
40 kPa. This seems to correlate with Grouping, classification, indicator test results
and CBR results.

The ponds in their present position will require cut to fill in order to create a level
platform. It would also be straddling two geological features in the diabase and shale
contacts with the deeper weathering in the diabase. There is also the shallow
seepage across the middle of the ponds which will require dewatering probably by the
construction of sumps and pumping.

Two options from the investigation of the originally proposed SDD site are
recommended for repositioning:

The ponds have subsequently been moved 450 m further to the north west - towards
SDD3, 4 and 5 where they will be completely on medium hard rock shale. Estimated
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3.2

empirical safe bearing capacity values for the medium hard rock are conservatively
put at 600 to 700 kPa. Excavation will be in medium hard rock and slopes will be cut
at 1V:2H. A Slope stability analyses has been performed on the embankment slopes
in the new SDD position. Parameters used in the original stability analyses are still
relevant and are discussed in section 3.2.

Slope Stability Analysis

The Rocscience computer software program “Slide, Version 5.029", was used to
analyse the slope stability of the SDD. The critical slopes of the new design of the
SDD were analyzed for all operating conditions (empty or full compartments),
including when there’s a truck load (assumed to be 75kN/m®) on the crests of the
different sections. All the SDD embankments are sloped at 1V: 3H. Figure 3-1 to
Figure 3-2 graphically show the typical sections of the SDD walls that were analyzed.

/—\\ /\
ﬁ_
Figure 3-1: East-West Section Through SDD
_x/ /L

Figure 3-2: South-North Section Through SDD

The input parameters were selected from the laboratory test results from samples
taken within the vicinity of the SDD. They are shown in Table 3-4 below.

Material y (kN/m°) ®(°) c (kPa)
In - Situ 16.5 27 10
Fill 18.5 30 0

Table 3-4: Slope Stability Input Parameters

The Factor of Safety (FOS) in all conditions (ie. Full or empty compartments) are
greater than the design requirements of 1.5. The complete analysis showing sections
and FOS can be viewed in Appendix C.
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4

41

4.2

CONSTRUCTION

Method

The SDD construction is to comply with the terms of SANS 1200 DE, Standard
Specifications for Small Dams.

To assist in reducing the amount of water at the SDD construction site, the
groundwater cut-off drain and stormwater channel should be constructed first.
Construction of the SDD will ideally occur during the dry winter months.

It is recommended that after clearing and grubbing the area, the top 300 mm of
material be stripped and carted to stockpile for future rehabilitation purposes. The
basin areas can then be excavated, followed by fill placement to the impounding
embankments.

The basin area, onto which the liner system is to be installed, should be prepared
next by trimming all slopes to those specified, followed by the installation of the
groundwater drainage collection system. The sub-grade preparation for liner
installation is to be finalised and the various layers of liner installed.

The inlet and outlet pipes for the drainage collection and leakage detection systems
should be installed before fill placement, as these will be trenched into natural ground.

Particular care is necessary for placement of the compacted fill around the buried
inlet and outlet pipes. Concrete encasement to the pipes is provided in case of
seepage from leakage water past the liner system.

The perimeter access road, barriers and fencing will be constructed last.

Earthworks Specifications

The top 300 mm of insitu material is to be stripped and carted to stockpile as this
material is not suitable for wall building but could be used for rehabilitation purposes
later on.

The newly exposed surface is to be ripped to 300 mm deep and re-compacted to
minimum 96% Std Proctor density.

Embankment construction will be in maximum 300 mm loose layers compacted to a
minimum of 96% Std Proctor density at -1/+2% OMC using a sheep’s foot compactor.
Trials will be conducted to achieve optimum efficiency. The embankments should
preferably be constructed from Group A type material, however a mixture of Group A
and B will also be suitable.

The sub-grade to be prepared for liner installation will be smooth and free from
organic material or any loose angular particles which can damage the liner.

The perimeter access road will comprise layers as shown in.Table 4-1.
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4.3 Dam Safety Classification

In terms of Section 117(c)(i) of the National Water Act, 1998, a dam with a storage
capacity of more than 50,000 m® and a vertical wall height exceeding 5.0 m is
considered to be a dam with a safety risk. The SDD does not fall within the definition
of a dam subject to DWA dam safety regulations, as its wall height is less than 5 m.
The following statistics apply to the SDD:

Table 4-1: Compartment Characteristics

Storage Volume (m®)

Component Maximum Wall Height (m)
Compartment 1 4.5 90,980
Compartment 2 4.0 90,980

Station Dirty Dams Detail Design Report 5452-80-008-Rev2
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ﬁ_ﬁUSILE POWER STATION
TYPICAL CONTRACTION (SAW-CUT) TYPICAL CONSTRUCTION TYPICAL CONSTRUCTION JOINT IN TYPICAL CONSTRUCTION JOINT IN S G STATION DIRTY DAM
JOINT IN FLOOR SLABS (S.C.J)) JOINT IN FLOOR SLABS (C.J.) FLOOR SLABS ON INCLINED SLOPE (C.J.) FLOOR SLABS ON INCLINED SLOPE (C.J.) S ol _— TYPICAL DETAILS
3 bl | igupigs | ORG. No. K 5452-80-023 5
wu| = |@Eskom| 0.90/2394 TS

s

750

BACKFILL ANCHOR TRENCH WITH SELECTED
MATERIAL AND NOMINALLY COMPACT

WELD LINER A MINIMUM OF 300mm INTO
ANCHOR TRENCH

1,5mm HDPE LINER (SMOOTH)
*— HI-DRAIN 50 OR SIMILAR APPROVED
— 1,5mm HDPE LINER (MONO TEXTURED)

————————— BIDIM A4 GEOTEXTILE

(FOR GROUNDWATER INTERCEPTION)

FINISHED ROAD
LEVEL A 4

/_ (OR SIMILAR APPROVED)

1604 CORRUGATED PERFORATED
DRAINEX OR SIMILAR

TYPICAL FINGER DRAIN DETAIL - UNDER SLAB

(FOR GROUNDWATER INTERCEPTION)

SURFACE a v — G3 (GRADED CRUSHED STONE) DENSE—GRADED STONE AND SOIL
LSS “— BINDER: MAXIMUM SIZE 37.5mm; 98—100% MODIFIED AASHTO;
3| BASE /// g ? S ; s /// »// 71 SOIL FINES PLASTICITY INDEX < 6
Ll Z L G4 (CRUSHED OR NATURAL GRAVEL) MINIMUM CBR — 80% @ 98%
UPPER | MODIFIED AASHTO; MAXIMUM SIZE 37.5mm; 98—100% MODIFIED AASHTO;
8| SUBBASE PLASTICITY INDEX < 6; MAXIMUM SWELL 0.2% @ 100% MODIFIED AASHTO
FOR CALCRETE PLASTICITY INDEX LESS THAN OR EQUAL TO 8.
G7 (GRAVEL/SOIL) MINIMUM CBR = 15% @ 98% MODIFIED AASHTO:
g| LOWER \e MAXIMUM SIZE 2/3 OF LAYER THICKNESS DENSITY AS PER PRESCRIBED
=| SUBBASE I LAYER USAGE: PLASTICITY INDEX < 12 OR 3GM#* + 10; MAXIMUM SWELL
~ ~ — — 1.5% @ 100% MODIFIED AASHTO *++
| UPPER PSS I AP I IR, 69 (GRAVEL/SOIL) MINIMUM CBR = 7% © 93% MODIFIED AASHTO;
| SELECTED (77 S MAXIMUM SIZE 2/3 OF LAYER THICKNESS; DENSITY AS PER PRESCRIBED
— — — —< LAYER USAGE; PLASTICITY INDEX < 12 OR 3GM** + 10; MAXIMUM SWELL
o Lower . 1.5% @ 100% MODIFIED AASHTO *++
2| SELECTED AR ~~ | 10 (GRAVEL/SOIL) MINIMUM CBR = 3% @ 93% MODIFIED AASHTO;
PO N AANNNANAN MAXIMUM SIZE 2/3 OF LAYER THICKNESS; DENSITY AS PER PRESCRIBED
LAYER USAGE OR 90% MODIFIED AASHTO

LAYERWORKS DETAIL

TYPICAL AGGREGATE SURFACED ROAD (5m)

SCALE 1:10

1.5mm SMOOTH HDPE
GEOMEMBRANE LINER

CUSPATED DRAINAGE LAYER
(HI-DRAN 50 OR SIMILAR
APPROVED)

1.5mm MONO TEXTURED HDPE
GEOMEMBRANE LINER

BIDIM A¢ GEOTEXTILE
(OR SIMILAR APPROVED)

DETAIL /4N
SCALE 125\ 022/

TYPICAL HDPE LINER DETAIL

FINISHED GRADE

50mm GRADE
15MPA/19mm 1500
BUNDING LAYER
ELEVATION
| 1250 220
250, SAMPLE STATION
REQUIRED AS PER

220 | 270_,160) 270 , 220

DWAF SPECIFICATION

|150

50mm  GRADE-
15MPA/19mm
BLINDING LAYER

400

BRICKS CUT TO FIT OR
CONCRETE  INFILL

1:3 min

1270 i160i 270

1:3 min

400

N ALLOW OPEN JOINTS
RICKWORK AS SPECIFIED FOR
TRENCH DRAINAGE (IF REQUIRED).

|
|
|
|
I
: o
e

3 220mm BRICKWORK

., 25 MPa CONCRETE APRON

¢ NOTES:

1. ALL BRICKWORK TO BE
ENGINEERING UNITS TO SANS 227.

2. ALLOW EXPOSED CONCRETE TO BE
STEEL TROWEL FINISH.

DETAIL /9

SCALE - 1:25

TYPICAL PLAN ON GROUNDWATER DRAIN
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STEEL
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PLAN ON SUMP

_{.A/_/.4./_/_{.4(_/.A./_K.{.A/_/

40x5 FULLY BANDED ON ALL SIDES.——\

WALL CREST 15.0m WIDE

1300

~TOP OF WALL = 1454 |
| Ty Y |
1 \4 ki
|
GENERAL ARRANGEMENT OF COMPARTMENT No. 1
INLET SYSTEM
gﬁl'ﬁ%wﬂﬂ.m SCALE 1:250
10&‘»00 56500 5000
‘ 24000 ) 7000 ) 9500 ) 16000

,\\%\x&%

CARBON STEEL RAILEX CA-TM90
OR SIMILAR APPROVED.

RAWL BOLTS PER STANCHION.
MENTIS INTERUNK HANDRAILING NT90

2 No. 16¢
ALTERNATE:

SCALE 1:25
1600

300 1000
e
o

"

«1',: e N

NVEONN : ZANNNZAN

SECTION /Y

SCALE 1:25 \—/

2700

SECTION /AN

SCALE 1:250 \:/

REVENT FLOAI
DURING CONCRETE
POUR
2700 OD PIPE

SECTION /T

60600
12000 24600 7600 )
32600 1000 5621
1450.100 ==
o~ \V
N - — = — o —— =

H 7(/—
NP

SECTION

SCALE 1:250

8
g ¢
ACCESS SLAB
E
1

(B

NOTE
EARTH

2250 ND CLASS 100D
PIP

300x2mm SIKADUR —
COMBIFLEX SYSTEM OR
SIMILAR APPROVED

SIKAFLEX PRO-3 WF ———f——
FLEXIBLE JOINT SEALENT :
OR SIMILAR APPROVED

DETAIL /10
SCALE 125 \_-_/

" ADJACENT TO CONCRETE T0

BE COMPACTED. ALL CONCRETE
CORNERS IN CONTACT WITH THE

LINING TO BE CHAMFERED MIN.

6mm x 40mm GALVANISED KR
OR 304 S/S BATTEN ~

40x6 mm RUBBER GASKET

IR A<A~4e“?

M24 STUDS OR SIMILAR
GALVANISED AT MAXIMUM

\\\ Y am

2700

iy O 160 c/c
e | 75X75X5 L
EXA 10/80 OR SIMILAR N .
GALVANISED OR 304 S/S wm/cz—/ ;/\'_
ANCHORS AT MAXIMUM 160 c/c __ |- . L
CONCRETE CLASS 35/19
St Goa0E DETAIL
1o n?r{c o SCALE 1:5
f e ooO 7
S Q‘« N \\vrw I ; : : : :::u"“"“
N | e
RENFORCED CONCRETE E_'?llkusm: POWER STATION
ENCASING INLET PIPE E‘”‘" - e STATION DIRTY DAM
= COMPARTMENT No. 1 INLET
DETAIL B ol o GENERAL ARRANGEMENT & DETAILS
SCALE 1:100 R DRG. No. K 5452-80-024  [~5
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sone 3
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STATION DIRTY
DAM WALL

7 7 15MPA/18mm
P SELECTED BACKFILL MATERIAL V1000 BLINDING LAYER

STATION DIRTY DAM o sréAn‘c‘)%wAmum. L STATION DIRTY DAM 10050
COMPARTMENT No. 1 el ! COMPARTMENT No. 2 2550 ) 7500
] I e 1000 300 6200
L .24400 R
2550 7500 ) L . 7500 2850
1000 | | 300 6200 | o o f 6200 300 | | 1000 i 200 SIADUR
R BIFLEX SYSTEM OR
b0 | {6200 1.5mm SMOOTH HDPE | SMILAR APPROVED
4200 ! : GEOMEMBRANE LINER ‘
-~ = s -+ SIKAFLEX PRO-3 WF
CUSPATED DRAINAGE LAYER = ‘ FLEXIBLE JOINT SEALENT
(HI-DRAN 50 OR SMILAR '\ 5 ==3F OR SMILAR APPROVED
APPROVED) g 5 Méo/rzxrum HDPE// o / & o ‘ N
== GEOMEMBRANE LINER e 0 250mm THK CONCRETE REINFORCING ; HARD FOAM
s =18 |
/ i ﬂ o *:.:. Bl CLASS 35/19
BIDIM A4 GEOTEXTILE s ‘
(OR SIMILAR APPROVED) \—_/ A Somm GRADE !

DENSITY COMPACTED TO 98%
g g MOD MSHTO 300 300
a T P 50
| .
g it |
~ o -
| £ | DETAIL DETAIL
e oo e | it Ittt Rt SCALE 1:50 SCALE 1:25
H . ‘ . g
oo
| L .
g ! | ¢
i S STATION_ DIRTY
L il DAM WALL
: T — |
. <
S.C. T P . IR XXX XK !
- — — = VY + ....... #"—4_'—'*'—.'_"_'.7" ______ — s 10350
g o 5 | ‘ e 3 - g 0 50
/—{1453‘1so| 1453.150 | : ‘ : AL 1453.050
! i !
¢ S48 — — 1/ —— ———Af—T—H—— \ —_ -t —
SPILLAY™ i | TOP OF CONCRETE —¥ §
| ! |
% ToP OF SPLWAY | | §! " CONCR . s 35 M:E{égmm
| ‘ IS 1.5mi
! IS 5mm SMOOTH HDPE 1500 MICRON
1 R 250mm THK CONCRETE
- <X GEOMEMBRANE LINER 100 Micko Zs0mm Tk NG
3 MESH REF 317
CUSPATED DRAINAGE LAYER _
B (HI-DRAIN 50 OR SIMILAR
< NN AN APPROVED) gl
g o REINFORCING ] \ 2
B .
% ! 250mm THK CONCRETE §§3 &53‘"6‘ %OETEXTUUNERRE HDPE .. 8 i X
» | CLASS 35/19 R 2 8 / : REINFORCING
3 SOmm GRADE e N BIDIM A4 GEOTEXTILE i AL
8 > § $0rmn R \ (OR SMILAR APPROVED) L 50mm GRADE 15MPA/19mm
S 9 A/18mm N\ T BLINDING LAYER
BLINDING LAYER SELECTED BACKFILL MATERIAL
X DENSITY COMPACTED TO 98% BIDIM A4 GEOFABRIC
S X 1000 MOD AASHTO R10 STIRRUPS 300 (OR SIMILAR APPROVED)
S X
X
g > g DETAIL DETAIL
KX - SCALE 1:50 SCALE 1:25
X X
X
] X
|
o [ NOTE :
1300, 3700 ._5000 ‘ROADWAY . 3700 1300 ¢ EARTH ADJACENT TO CONCRETE TO
. ] R SPILLWAY BE COMPACTED. ALL CONCRETE
i 15000, e CORNERS IN_CONTACT WITH THE
300K600 ANGHOR A R 1sloo LINNG 70 BE CHAMFERED WI.
TRENCH SEE DETALL '5" - y -
) \ 900 5400 ) 5400 ) 5400 900 © 6mm x 40mm GALVANISED OR
! T 304 S/S BATTEN
. |_300 ! 300
‘ ‘ GEOMEMBRANE
! CREST OF DAM WALL |
| .0.W.=1454.000 g 1
7/ T ‘ R L 40x6 mm RUBBER GASKET
| 1.0.C.=1453.050 o» EXA 10/90 OR SIMILAR
T AR T WA AT S F [—GALVANISED OR 304 S/S WEDGE

ANCHORS AT MAXIMUM 160 c/c

GENERAL ARRANGEMENT OF SPILLWAY No. 1

7
250,

SCALE 1:100 CLASS 35/19 somm GRIOE
mm
SECTION (T  gewiomm
SCALE 1:100 v
3
SPILLWAY
: 20400 . ﬁ: .
15000 900 , 5100 6000 . 5100 | 900
2550 7500 7500 2850 300 4800 ‘
1000, 300 6200 |
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15MPA/19) o | weve
SECTION /AN SECTION /B R T R ] STATION DIRTY DAM
. N Lad Y
SCALE 1:100 \“J SCALE 1:100 w B [ | G.A. & TYPICAL DETAILS _
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STATION DIRTY DAM
COMPARTMENT No. 2 (!
STATION DIRTY
DAV |WALL
12850 |
2550 5000 l 5000 6200 ) 3000 1000,
8700 ‘ |
g
8
& CONCRETE SLAB TO BE
[ DETERMINED ON SITE GROUTED STONE PITCHING,
s STONE: 100mm MAXIMUM,
E GROUT: 1 PART OPC T0 6
o g PARTS CLEAN RVER SAND
g 8
AR ~
55
§ 7 g
- - I I LR : .
ST’ILQLWAY 2 FAL— | g
TOP_OF SPILLWAY
AN g LEVEL = {450.2
-, (I b _scsl Wj______ .
' < 4 'q.' : | .
3 LS I D
- I
8 g
hid — .
g
o~
a
§ L) TOE OF DAM
g WALL
1:3
1300, | 1700
3004600 ANCHOR
TRENCH SEE DETAL 'S"
GENERAL ARRANGEMENT OF SPILLWAY No. 2
& ENERGY DISSIPATOR R
SCALE 1:100
&
STATION DIRTY
DAM WALL
I 150 |
10800
2550 5000 5000 6200 ) 3000 1000 3000 1000
1000 | 300 3700 ‘ |
3 ;H:‘ ‘ 11 T.0.W.=1451.000 gI'BAESSS%P%UTﬂ?
SPILLWAY LEVEL 1= ; ~—
=1450.200m | §' N\ ! S
= - — ! 2000 PVC PIPE SLOPED
T ; ~ ~ B TO DRAIN AT MIN. 1:100
~ - IL=1448.700
A L N R
X | < oS

NST 55D
pROR AR

SECTION /AN 250mm THK CONCRETE

SCALE 1:100 ouss 35/19 GROUTED STONE PITCHING,
15MPA/19mm STONE: 100mm MAXIMUM,
BLNDING LAYER GROUT: 1 PART OPC T0 6

PARTS CLEAN RIVER SAND

1.5mm SMOOTH HDPE
GEOMEMBRANE LINER

CUSPATED DRAINAGE LAYER
(HI-DRAN 50 OR SIMILAR K
APPROVED)

=T
_ N
,-.;:,—; = BIDIM A4 GEOTEXTILE

(OR SIMILAR APPROVED)

STATION DIRTY
DAM WALL

1.5mm MONO TEXTURED HDPE
GEOMEMBRANE LINER

1500 MICRON.
HDPE LINER

3|

600
250_) 300

R10

DETAIL

SCALE 1:25

SELECTED BACKFILL MATERIAL
DENSITY COMPACTED TO 98%
MOD AASHTO

35 MPa/19mm
CONCRETE

250mm THK CONCRETE
CLASS 35/19 WITH
MESH REF 317

m
15MPA/19mm
BLINDING LAYER
BIDIM A4 GEOFABRIC
(OR SIMILAR APPROVED)

DETAIL

SCALE 1:50
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REINFORCING ‘

250mm THK CONCRETE
CLASS 35/19

50mm GRADE

15MPA/19mm
BLINDING LAYER

NOTE :

EARTH ADJACENT TO CONCRETE TO
BE COMPACTED. ALL CONCRETE
CORNERS IN CONTACT WITH THE
LINING TO BE CHAMFERED MIN.
25mm

6mm x 40mm GALVANISED OR
304 S/S BATTEN
-GEOMEMBRANE

——40x6 mm RUBBER GASKET

EXA 10/90 OR SIMILAR
—CALVANISED OR 304 S/S WEDGE

“ fANCHORS AT MAXIMUM 160 c/c

SCALE 1:5
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| z50mm T e O L o
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w00 D L oek L N
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" SR § N
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SCALE 1:100 \_J SCALE 1:25
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JOINT SEALENT OR SIMILAR
APPROVED

DETAIL
SCALE 1:10

TYPICAL ISOLATION JOINT
IN FLOOR SLABS (1.J.)

FOR CONSTRUCTON
P = REVON o3

_I?I%Kusu POWER STATION
| STATION DIRTY DAM
COMPARTMENT No.2 ENERGY DISSIPATOR

GENERAL ARRANGEMENT & DETAILS
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SCALE 1:25

PRECAST CONCRETE SLAB
WITH 2x109 GALVANISED

LIFTING HANDLES FOR
EACH HALF

| 650

1.250_[150,150,150) 200

STE’ IRONS AT

300 CENTRES

20mm_SOFTBOARD OR

POLYSTYRENE JOINT
BETWEEN STRUCTURES

509 PVC
N OVERFLOW PIPES

1L=1439.000
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_‘/\_/_ ! : 75mm BLNDING LAYER
15MPa/19mm
SECTION /(AN
SCALE 1:25 \:/
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CON CRETE NOTES:

o>

10. ALL DIMENSIONS TO BE CONFIRMED
ON SITE.

CONCRETE TO BE GRADE 35/18.

MIX DESIGNS FOR CONCRETE TO BE
SUBMITTED TO THE ENGINEER FOR
APPROVAL PRIOR TO COMMENCEMENT OF
CONCRETE WORK

FINISHIN

2.1 SMOOTH FINISH TO ALL SHUTTERED
SIDES.

2.2 WOODFLOAT TO TOPS OF WALLS
AND SLA|

2.3 25x25mm CORNER FILLETS TO ALL
EXPOSED EDGES.

TOLERANCES TO BE IN ACCORDANCE
WITH SABS 1200G CLASS 1

COVER TO REINFORCEMENT. AS INDICATED.
CURING OF ALL CONCRETE SURFACES TO
BE DONE USING SAMSON'S WAX BASED
WHITE PIGMENTED CURING COMPOUND.
ALL WORK TO BE CARRIED OUT IN
CONFORMANCE WITH THE RELEVANT
SABS 1200 SPECIFICATIONS.

ALL CONCRETE IS TO BE PROPERLY
VIBRATED. HEAPING OF CONCRETE TO
BE AVOIDED. CASTING OF CONCRETE
MUST BE CONTINUOUS.

ALL WORK TO BE CHECKED BY
SUPERVISING ENGINEER PRIOR TO
POURING OF CONCRETE (MINIMUM 24
HOURS NOTICE.

AN ALLOWABLE FOUNDATION BEARING
PRESSURE OF 300KPa ON COMPETENT
SOIL IS REQUIRED. REMOVE AND REPLACE
IN SITU MATERIAL AS REQUIRED.

. ALL STRUCTURES SHALL BE CONSTRUCTED ON A
SUB—FOUNDATION CARPET OF 15MPa/19mm
BLINDING CONCRETE, NOT LESS THAN 75mm
THICK.
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BLAC EATC
E' Buhﬁg sl\.(v gle mmng CALCULATION RECORD

Client Name: Eskom Page 1 of 3
(8 nmL)

Project Name: _Kusile Power Station Project No.: 146838

Calculation Title: Station Dirty Dam Volume

Calculation No./File No.:  52.5427.1101.0%
Verification Method: B Check and Review [} Atternate Caiculations
Objective Calcuiate the station dirty dam volume for the Kusile Power Station.

Unverified Assumptions Requiring Subsequent Verification
No. Assumption Verified By Date

Refer to Page of this calculation for additional assumptions.

This Section Used for Software-Generated Calculations
Program Name/Number: Version;

Standard B&V Application Used? [ Yes [J No
I no, list approved deviation permit number below and attach approved deviation permit.

Review and Approval

Rev Prepared By Date Verified By Date Approved By Date
0 Stephen M. Reiz__ | March 13, 2009 [-Dennis Ny Skort_| March 13, 2008 | L4, Eole suty, o3f #2204
Mgk, G4 \deral J] /132009 e o e

P-GN-100F  {(Referenced by Energy-Std-2-03880-00140}




BLACK &  Owner ESKOM Computed By 8. M. Reity

VEATCH Plant Kusiie Power Station Unit No. 0 (Common) Date 311322009
Project No 145838 File No, §1.8417.1101.01 Venfied Ry
Tile Station Dirty Dawm Volume Date o
Page: &_ of é .j
1.0 PURPOSE:

Caloulate the stenion disty dam volume fo¢ the Kusife Power Station.

2.6 REFERENCES: |
1 The Brave Power Ststion is locsted epproximately 00 kilormesers sast of Johammesburg, Sowth Afca |
2 Project Brovo 5x300 (Gross) Ustits - Projeot Desrgn Mamuaf, Black & Vesech, haly 2008 |
3 |
- . |
- ;
] é. |
] ; |
] . |
] 2. B&V Drawirg No Rev. |
B 10. B&Y Draving No Rev.
[ ]t B&V Caloulation No. Rev.
12. B&V Calouletion No. Rev.
| 13. B&V Caleutstian No. Rev.
. 13 B&V Cakoulstion No Rev.

30 CONCLUSIONS:

T volume for the station dirty dam will be 164,595 m” o handle the 24 hearr, 50 year rainfalt event

4.t FROCEDUREMETHODOLOGY OF DESIGN:
41 Delermine coverage areas and total srea (A) of tach catchment from the AtoCAD drawings of Appendin B,

42 Determine 24 Hour, 50 Year stom event from Project Design Marws] (Reference 2).
43 Caleulste the station dirfy dam volume,

50 ASSUMPTIONS:

51 Assumptions requiring verificetion witl be listed on the cover shest.
52 All other relevent mssumptions sre located withun the “AnlyssySolution® sectzen of thas calcufation

4.0 DEFINTTION OF UNTTS AND CONSTANTS:

g

wen miilimeter SQUAE Per
o meter o eishic meter



BLACK E  Owner, ESKOM Computed By 5. M Heiz

VEATCH  Plan Kuaile Power Stetion Unit No, 0 {Comman) Drte. 31200
Project Na 146838 File No. S2.5437.1108.01 Venfizd By:
Tatle Station Dirty Dxm Voluwme Dute:
Page 3 o 3

7.8 ANALYSISZSOLUTION:

71 Statron Dirty Deem Yolume

Catchmess Areas
Power Block (Jouthy = 199651 o' (Appendix B)
Power Block (North) = 150812 m (Appendix B)
Limestone HandingEmergency Ash Dump = 309,936 o tAppeadix B)
Cosl Transfer Tower = 4923 (Appendix 5)
Coal Stock Yerd= 670886 m' (Appendix B)
Coal Stock Yurd (Bast Sk} 70056 m' {Appendix By
Total Calechment Area = 1,306,308 =
Dessgn Rawnfall
The design minfall event shall be 3 50 yess, 24 hour stom. (Ref L pg417)
24 Herar, 50 Year Event Ramfal = 126 mn (Ref. 2, p3 119
ions Dirty gt Vot
Vohame {m) = Total Cetchment Arca (m’3 x Design Rainful] {mm)

FOOC mmy/ms

3

Vehae = 184505 o

89 APPENDICES 10 CALCULATIONS:

8.1 Appendix A - Project Design Marual . Rainfall Datg
82 Appendin B - Carchment Ares Map



BLACK &  Ouner ESKOM

Computed By S. M. Reiiz

VEATCH  Plan Kusile Power Statien Unit No. ¢ (Common} Duter 314302009
Project No 146838 File No. 52.5417.1101.01 Venficd By.
Title. Station Dirty Dum Yelume Pote. B,
Page. Al _of A3
APPENDIX A
PROJECT DESIGN MANUAL

{DESIGN RAINFALL)




BLACK B Oumer ESKOM Computed By S. M Retz
VEATCH Phmnt Kusile Power Staton Unit No. ¢ (Common) Duate 3132009
Projest No - 145338 FileNo,  $2.4427,1101.0 Verified By:
Title: Station Diriy Dam Yolume Date: 200
Page: L of A3
BV PROJECT DESIGN MANUAL Rot  146838.23.0200
PROJECT DESCRIPTION ESKOM 072508-1
Table [-7
Meteorological Data
Design Parameter Minimum Design | Maximum Design Units
Rainfall - 24 Hour, 50 Year Event - 126 mm
-24 Hour, 100 Year Event 145 mm

(Design rainfall parameter may vary
*depending on local codes or agencies.)

Wind Velocity (Maximum sustained - 40 m/sec

wind speed or 3 second gust)

Annual Barometric Pressure Data, 637 nmumHg

adjusted to site elevation

Ambient Temperature (extremes) -7.6 DB 42.3DB °C

Freeze Protection Design Conditions -2 DB with 10 kph - °C

coincident wind

Space Conditioning Ambient Design -1L.8 DB 34.5 DB/20 WB °C

Temperature (Kendal Station Weather

Diata, 2.0% summer/99.0% winter)

@

vl o
i




BLACK &  Owrer ESKOM Computed By 5. M. Reita

VEATCH Plard Kusile Pewer Station [nitNo. 6 {Common) e M13200%
Project Mo 146838 File No.  52.85417.110).0) Venfied By
Title. Station Dirty Dam Veloge Date; 2 200
Page: > o A
BV PROJECT DESIGN MANUAL, o 146838.23.0200
CIVIL. STRUCTURAL, AND ARCHITECTURAL DESIGN CRITERIA | ESKOM 072508-1
Tabie 4-12
Road Design Component Criteria
Design Component Criteria
Grading Slope, minimum I percent in main plant complex, or as

appropriate for surface type, conveying
storrn runoff away from permanent
facilities,

Grading Slope, maximum 8 percent unless Owner agrees to steeper
slope.

L]

Drainage Storm Event, unless local code | 25 year, 24 hour runofF event.
or regulations control

Finish Floor Relative Elevation 150 to 300 mm above 1 percent
probability (100 year) storm event.

Channels, ditches Trapezoidal cross section, designed to
reduce erosion.
Culveris Reinforced concrete, corrugated metal,

or corrugated high density polyethylene
(HDPE) pipes; reinforced concrete box
where necessary.

Detention, Retention, and Evaporation | 50 year, 24 hour runoff event,
Pond Storm Event, unless local code or
regulations control

Roads, main plant access Two 3,000 mm asphalt paved fanes,
optional 900 mm aggregate surfaced
shoulders.

Roads, other than main plant access Two 3,000 mm aggregate surfaced lanes,
no shoulders,

4-17



BLAGK &  Cwner ESKOM Computed By S. M Reitz

YEATCH Plant Kuslte Power Stabon Uit No. 0 [Common) Date INIneae
Projest No 145838 File No.  $1.5427.1101.01 Verified By
Title Sastion Dirty Dam Velume Date ) Zoo

Page Bi Bz

APPENDIX B
CATCHMENT AREA MAP
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SLOPE STABILITY ANALYSIS RESULTS



KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

| Slope 1

| Crest elevation= 1454 masl |

Slope 2

]ﬂm In Sit

1446.25 masl

Fill

Figure 1.1: Cross section 1

| Slope 3 |\| Crest elevation= 1454 m

e T

1449 masl

asl Slope 4

1444.2 masl

Figure 1.2: Cross section 2

Crest elevation= 1454 masl |

Slope 5

J\—/

1449 masl

Y

Slope 6

Figure 1.3: Cross section 3

The following materials were used as part of the analysis as they comprised the wall.



KUSILE POWER STATION

Station Dirty Dams Slope Stability Analysis

Table 1.1: Material Properties used for stability analysis

Material | y(kN/m? &(°) c
In-Situ 16.5 27 10
Fill 18.5 30 0
SECTION 1
: Safety Factor
g 0.000
3' . 0.500
11— 1-000
1 1.500
—— 2.000
o] = 2-500
"1 s.000
B 3.500
1F ] 4.000
11— 4.500
] 5.000
. 5.500
] 6.000+
] 1.8
*
i Figure 1.4: Section 1, Slope 1
""" 0 w0  1%® ' 4@ 4@ . 4@ 200 . 2% ' 2@ ' 280




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

| Safety Factor
0.000

0.500
1.000
1.500

2.000

2.500

3.000

3.500

5.000

o

500

-
w
=]
=]

-

000+

75.00 kNim

20
s

Figure 1.5: Section 1, Slope
1 with truck load




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

| Safety Factor
0.000

0.500

1.000

1.500

2.000

2.500

o

-000+

Figure 1.6: Section 1, Slope 1
with compartment 2 full
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KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

| sagety Factor
] 0.000
B . 0.500
{1 1.000
1= 1 500
2 —
— 2.000
: : 2.500
1 3.000
11 3.500
ﬁ_: : 4.000
—_ : 4,500
 — 5.000
7 . 5.500
1 6.000+
75.00 kN/im
o]
] Figure 1.7: Section 1, Slope
] 1 with compartment 2 full and
& truck load on crest
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KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

120

100

B0

20

Safety Factor
0.000

0.500

1.000

1.500

2.000

2.500

3.000

3.500

4.000

4.500

5.000

5.500

6.000+

Figure 1.8: Section 1, Slope
1 with compartment 1 full




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

80
i

~
o

10 kNim

60
1

] Figure 1.9: Section 1, Slope
1 with compartment 1 full
and truck load on crest




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

Safety Factor
0.000

160
i

0.500
1.000
11— 1.500
4 ——1 2.000
1 z.500
1=
1 3.000
3.500

{11 4-000

120
I

{ /1 4-500

1 5.000

4 5.500

1 6.000+

100

<5 <
SR
Setaratetatets)
S

] Figure 1.10: Section 1, Slope
] 1 with both compartments full

20
i




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

| satecy Factor
0.000

0.500

4.000 2.024

75.00 kNim

e

o
Satet!
o

Figure 1.11: Section 1, Slope
] 1 with both compartments full
and truck load on crest
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KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

- sagecy Factor
0.000

0.500
1.000
1.500
2.000
2.500
8 3.000
3.500
4.000
4.500
- 5.000

5.500

6.000+

Figure 1.12: Section 1, Slope 2
both compartments empty

240 ' 280




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

Safety

Factor
0.000

0.500

1.000

1.500

2.000

2.500

3.000

3.500

4.000

4.500

5.000

5.500

6.000+

100

50

75.00 kNim

2.010

?

—7

Figure 1.13: Section 1, Slope 2
both compartments empty and
truck load on crest




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

Safety Factor
0.000

0.500

1.000

b 1.500

2.000

2.500

120
n

3.000

3.500

4.000

4.500

5.000

100
I

.500

Figure 1.14: Section 1, Slope 2
compartment 1 full
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KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

Safety Factor
0.000

0.500
1000 2010
1.500
2.000
2.500
3.000
3.500
4.000
4.500
5.000

5.500

6.000+

75.00 kNim

Figure 1.15: Section 1, Slope 2
& compartment 1 full and truck
load on crest
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KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

| sarety Factor

5 0.000
DZ.G‘EGG
GE

1 1.000

1 1.500
2] —— 2.000

11— 2.500

1 B 3.000
=l
1 3.500

1 4.000

[ 4.300

2 —

] 5.000

?.5‘500
%_' 6.000+

] 5.319
S
R
o]
4
8
] Figure 1.16: Section 1, Slope 2
o] compartment 1 full
&
110 120 130 140 150 160 170 180 180 200 210 220 230 240 250 260




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

] ty Factor
o] 0.000
Eh
] 0.500
JF— t.000
1 1.500
2 2.000
41— 2-500
{1 1 3-000
ol 3.500
o] —
] 4.000
b 4.500
1 5.000
8- 5.500
g €.000+
a]
=7
) R
8- e L S 2
P R R sl
B e o e o I I I A I S TaTa AR A
] s eis
g 2 ! 2 e
¥
o]
&7
i Figure 1.17: Section 1, Slope 2
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KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

SECTION 2

Safety Factor
0.000

0.500
1.000
1.500
2.000
2.500
3.000
3.500
4.000
4.500
5.000
5.500

6.000+

2 558

30

Figure 1.18: Section 2, Slope 3




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

o sefety Factoz
0.000

0.500

29 1.000
1.500
2.000
2.500
3.000
29 3.500
4.000
4.500
5.000

5.500

80
I

6.000+

75.00 kNim

20

Figure 1.19: Section 2,
Slope 3 with loading
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KUSILE POWER STATION

Station Dirty Dams Slope Stability Analysis

Safety Factor
] 0.000

0.500
= 1.000
1.500
2.000
1 2.500
3.000
- 3.500
1.000
4.500
b 5.000

5.500

6.000+

kN/m

20
i

Figure 1.20: Section 2,
Slope 3 with compartment 1
full




KUSILE POWER STATION

Station Dirty Dams Slope Stability Analysis

1 safety Factor

0.000

0.500

1.000

1.500

2.000

2.500

3.000

3.500

4.000

4.500

5.000

5.500

6.000+

30
o

Figure 1.21: Section 2,
Slope 4




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

2 safety Factoer
0.000

0.500
1.000

21 1.500

2.000
2.500
3.000
3.500
4.000
4.500
= 5.000

5.500

€.000+

75.00 kh/m

30
I

Figure 1.22: Section 2,
Slope 4 with truck load




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

Safety Factor
0.000

0.500
1.000
1.500

2 2.000

Figure 1.23: Section 2, Slope 4
compartment 1 full

30




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

100

-| Safety Factor
0.000

0.500

1.000

1.500

an
I

2.000

2.500

3.000

3.500

4.000

4 4.500

5.000

70
I

5.500

6.000+

75.00 KNI

s

2l
R
S I s,
e o o o o o o
oistetetetatetetotitalelatetatalolatelatalolals et

30
i

Figure 1.24: Section 2,
Slope 4 with compartment 1
full and truck load on crest
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KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

SECTION 3

NOTE: Scale different to above graphical sections and thus sections may appear bigger and water table
deeper but it’s the same depth( 3m) as all above sections.

©-| Safety Factor
1 0.000

0.500

1.000

1.500

2.000

70
oA

2.500

3.000

65
e

3.500

4.000

4.500

5.000

&0
s

5.500

6.000+

50
s

- =

a5
S

Fiaure 1.25: Section 3. Slone 5
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KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

ER
I

Safety Factor
0.000

0.500
1.000
1.500
b 2.000
2.500
3.000
3.500
4.000
4.500
5.000

5.500

2 £.000+

75.00 kN/m

2
I|fw =

Figure 1.26: Section 3, Slope
5 with truck load on crest




KUSILE POWER STATION

Station Dirty Dams Slope Stability Analysis

St
Satatetals

Jutetaterete’
e

0.000

Safety Factor

0.500

1.000

1.500

2.000

2.500

3.000

3.500

4.000

4.500

5.000

5.500

6.000+

3, Slope 5

Section

Figure 1.27
with compartment full
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KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

b Safety Factor
0.000

0.500
8 1.000
1.500
2.000
27 2.500
3.000
3.500
o

e 4.000
4.500
5.000

5.500

6.000+

Figure 1.28: Section 3, Slope 6
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KUSILE POWER STATION

Station Dirty Dams Slope Stability Analysis

Safety Factor

0.000

0.500

1.000

1.500

2.000

2.500

3.000

3.500

4.000

4.500

5.000

5.500

6.000+

- =

75.00 kN/m

30

Figure 1.29: Section 3, Slope 6
with load on crest




KUSILE POWER STATION
Station Dirty Dams Slope Stability Analysis

Safety Factor
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Figure 1.30: Section 3, Slope 6
with compartment full
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Figure 1.31: Section 3, Slope 6
h with compartment full and truck
load on crest




