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ESKOM HENDRINA POWER STATION
PRELIMINARY DESIGN REPORT
PROPOSED ASH ADF, WITH AWRD’S

REV 6

EXECUTIVE SUMMARY
A Preliminary Design has been carried out on the waleSite E which is able to accommodate
43 million n? of ash from the Hendrina Power Station. The purpdski®report is to provide
preliminary design information for the wet ash dispdaailities, and associated pollution control
structures for the remaining 17 years of the operatideaf the Hendrina Power Station, until
July 2035.

This report specifically covers the preliminary designAsh disposal facility on Site E, with
AWRD’'S and associated storm water control measurekingtainto consideration the
topographical and physical constraints. For the purposthiefproject, the Ash has been
classified as Type 3 Waste, requiring a Class C landfitidr system.

Because of the possibility of seepage occurring intostiisoils beneath the disposal area, a single
Class C composite barrier, and HDPE liner will be joled/ to control the leachate, which will then be
led into the AWRD's, via a solution trench, and thempbmped back to the station for reuse.

The Class C barrier design should incorporate a dpailagrer on top of the barrier system containing
drainage pipes of adequate size, spacing and strémgénsure atmospheric pressure within the
drainage application for the service life of the aspakal facility as per the DEA’s National Norms
and Standards.

Unfortunately, in view of the limited extent of thitest is not possible to phase the construction of the
ADF. The Area to the East of the Dam has been “@aked” for topsoil and subsoil stockpiling.

As part of the stormwater control measures on tle sito pollution control dams (AWRD’S)
are planned to cater for the facility, and will beegrated into the existing system, by means of
pressure pipelines. The AWRD’s will be lined with a pasite Class C barrier, comprising a 2,0
mm HDPE, to arrest seepage. The dams have been aizedttin all stormwater runoff, such
that they do not spill into a clean water system mihr@n once in fifty years on average.

Also in terms of GN704, all clean and dirty water sepamnais enforced, and all channels are
required to convey the 50-year flood peak.

The water accumulated in AWRD should never be more iloato 15% of its capacity, at any
time, to minimise the likelihood of spilling during a stoevent.

Some of the test holes encountered a perched aquifex alerricrete layer, and more boreholes
will be need to fully understand the aquifer chamastics of the site, both shallow and at depth.

A more detailed cost estimate for the infrastructutEbeiprepared at Tender stage. Some

indication of the expected construction costs for dmeous facilities related to the ash disposal.
Appendix C contains the costing estimate as at July 2013.

Alan Robinson Engineers 618PD Hendrina Rev 6



ESKOM HENDRINA
PRELIMINARY DESIGN REPORT

PROPOSED ASH DISPOSAL FACILITY AT SITE E WITH AWRD’ S

1 SCOPE OF WORK

A Preliminary Design has been carried out on the t#e&ite E which is able to
accommodate 43 million hof ash from the Hendrina Power Station.

The purpose of this report is to provide preliminary desitprmation for the ash disposal
facility at site facilities for the ash facilitieend associated pollution control structures for
the remaining 17 years of the operational life of tbev& Station, until July 2035.

2. SITE SELECTION AND SIZING
The rationale for the selection of the locatiortef ash disposal facility is as follows:

 DMR is currently busy with a prospecting application om pheferred alternative,
and Eskom is in the process of objecting to thierification of mining rights
does not form part of the scope of this report.

* The areas are in close proximity to the existing Ro®tation, as defined by the
station’s technical requirements/criteria.

» The topography is acceptable in terms of surface gradientsccommodate
pollution control measures

 The area is unaffected by sensitive or pristine wetidaand associated flood
plains.

3. DESIGN ASSUMPTIONS

The design assumptions used, are given below, vatfolibwing comments:

a) The maximum ADF height is subject to review oritbe final Geotechnical
investigation has been carried out. The factor oftysafwen below, wil be the
minimum allowable, and will be determined from soil @anpographical conditions.
These will be verified at Detailed Design Stage.

b) Design Parameters (* to be verified)
- Average ADF side Slope 1:3to 4
- Storm Design Criteria GN704
- Min. factor of safety 15
- Pool free board (m) 0,8m
- Ash Bulk Density (t/ff) 1,4 (measured)
- Dry density of ash (t/i 1,0 *
- ADF Capacity 43,5 x for’
- Ash production 30,7% *
- Ash SG 2,36
- Maximum rate of rise 3,5mlyear
- Ash Permeability 5m/year (1,6 Nan/sec) *
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4. ASH DISPOSAL

For the purposes of this project, the Ash has beesifedasas a Type 3 Waste requiring a
Class C landfill barrier system. The ash disposa ammprises various components and
the layout is shown on the drawings as:

- Two pollution control dams (AWRD's)

- Wet Ash Disposal facility

- Clean water diversion trench/bund walls

- Dirty water drains/leachate interception aoitbction systems
- Penstock and outlet pipelines

- Silt Trap

4.1 Production Rates

The expected Ash production is 40 milioA of ash, over the remaining 17 years,
based on the most recent estimate, provided by Eskom.

4.2  Construction of the disposal facility

In summary, the following construction phases aresaged :

Phase O Relocate water mains and power lines.

Phase | Remove topsoil and subsoil to a depth of 600 anch stockpile
separately

Phase Il Earthworks to cut and fill in situ matet@alform the platform
within the footprint for the dam.

Phase Il Construct penstock and clean and dirtgrveains.

PhaselV Place and weld 1,5mm HDPE “embossed” &nelr other layers, as
detailed to levels and grades, to form a Class C cotepuzsrier.

Phase V Construct starter wall to accommodate iratielof  rise.

Phase VI Deposit ash as detailed below, and orraiaands.

The ring dyke or paddock systems will be used to naetdhe ADF as follows:

The impoundment wall, or daywall, is formed by arpeter outer paddock wall and a
parallel inner paddock wall. These walls are constdibetween 30 m and 60 m apart,
and are formed into paddocks by the construction of pdiqdar ash cross walls. The

water pond lies within the daywall in the night packl

The ash deposited in these paddocks comprises aldaulty88sh and 20% coarse or
bottom ash. The ash is mixed with water, and pumpadnaater to solids ratio of 1:5
by mass, for both fly ash and coarse or bottom ash. sthis hen pumped, via a ring
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main, as a slurry to the ADF complex through largel gtipes. Only fly ash is used for
wall construction (daywalls), while coarse or bottomasfty ash is deposited in the
inner portion or night paddock of the ADF.

Vibrating wire electronic Piezometers, should beallesl just before Ash deposition and
extended as the level rises, to monitor porewater predavels, for stability evaluation in
critical areas. The positions will be determined hat tletailed design stage, based on the
underlying soils and stability analysis.

4.3  Stabilty and Rate of Rise

The maximum height of the ADF is 61m ie 1688m ald&t..

In order to accommodate the initial rate of rise a 16igim starter wall to elevation of 1644m
is required. Towards the end of life, the R.O.Rsrtee3,5. The expected rate of rise has been
plotted and presented in Appendix D.

The Stability of ADF E has been assessed on theablealboratory test results. The overall
side slope is 1:3, but this may need to be “flatténedprovide a suitable Factor of Safety,

once the full set of laboratory tests are availablee dvailable tests have provided immediate
un-drained shear parameters, and additional testitigoe needed to assess long term

underlying soil properties, after consolidation.

Indications critical failure surfaces at various et with the factor of safety for circular and
non-circular “failure” modes are given in Appendixviith the phreatic line as shown. The

following soil parameters were used in the analysis.

c ' Density
(kPa) (deg) (kN/m?)
Ash Day Wall S5* 35* 1,4*
Inner 0* 35* 1,4*
A4/HDPE (interface) o* 22* 1,0*
Fill Platform 40* 30* 2,0*
Shallow (Poor) Soll 18* 26* 2,0*
Deeper Soll 150* 35* 2,0*

Alan Robinson Engineers 618PD Hendrina Rev 6



7

* These figures to be verified by additional testiadging the liner into account.

The sections analysed are as follows :

FOS FOS
Circular Wedge
Section 1 at D7 1,93 1,88
Section 2 at D18 1,69 2,02
Section 3 at D21 2,75 2,67
Section 4 at D14 2,41 2,51

As can be seen from the figures above, the Damhestha 1:3 average side slope, with the

assumed soil parameters, and effective toe drampigce.

The factor of safety can be improved by removing aséa®ft clay, if needed, and replacing it

with selected compacted material of at least G8tguali

The stability of ADF needs to be re-assessed at dettdesign stage, in conjunction with

the proposed HDPE liner, and its interaction with he insitu soils.

5. HYDROLOGY & WATER BALANCE

The site is not affected by floodlines and all drand AWRD’s will be sized in terms of the
criteria set out in the ILANDA Water Services Repovhich will be issued under separate
cover.

The water balance has been carried out to assesattreutilisation, and to size the AWRD's.
The interaction of the proposed ash disposal areasthistimesource has been given in the
ILANDA Report, in Appendix B.

6. DESIGN OF ASH DISPOSAL FACILITY

6.1 Seepage Control

Because of the possibility of seepage occurring ireostibsoils beneath the disposal area, a
Class C composite barrier, and HDPE liner will be jolexy to control the leachate, which will
then be led into the AWRD's, via a solution trench atlidhen be pumped back to the station
for reuse.

The Class C barrier design should incorporate aataifayer on top of the barrier system
containing drainage pipes of adequate size, spawmag strength to ensure atmospheric
pressure within the drainage application for theiceiife of the ash disposal facility as per

the DEA’s National Norms and Standards.

Alan Robinson Engineers 618PD Hendrina Rev 6



Some of the test holes encountered perched aquifez aldexricrete layer and more boreholes
will be need to fully understand the aquifer charastics at depth, so in the case of the ADF, a
1,5mm embossed or co-extruded HDPE, with suitabl@fial properties must be used.

6.2 Stormwater Control

As shown on the drawings the open drains and betpasate the “clean” water runoff, from
the “dirty” water, to divert clean run-off around #R&/RD’s and ADF.

The AWRD’s have been sized to collect the dirty waigithe penstock from the “top” of the
ADF. The water from the sides of the ADF and soluti@mdhes will be directed into a
separate compartment in the AWRD, as clear water.

The solution trenches will be lined with concrete.

6.3 Capping/rehabilitation

The Contractor shall, in accordance with the requingsnef the Operations and Maintenance
Manual be responsible for the:

» Gradual stripping and stockpiling of topsoil

» Gradual shaping of side slopes and top of the ADF

» Gradual spreading of topsoil to cover shaped ADF sigieesland top surface

» Planting of grass for erosion control on prepared slopes

» Establishment of veld grass on the prepared areas

» Establishment of indigenous trees and shrubs

» Aftercare of rehabiltated areas to ensure continuedhility and eventual self
sustainability

* The upkeep of a complete rehabilitation progress manual

1. ASH WATER RETURN DAMS (AWRD'’S)

All the dirty water run-off which accumulates on toptleé ADF will find its way into one of
the AWRD’s. Water from the sides and seepage doltedrains will be routed to a separate
compartment in the AWRD, as “clear” water.

The ash return dams perform the following functiamspnjunction with the silt trap :

a) They provide a facility for settling out the very fin@aterial which does not
settle out on the ADF.

b) They provide short term emergency storage capacistdomwater  from
Alan Robinson Engineers 618PD Hendrina Rev 6



the ADF.

The AWRD’s will be used in conjunction with temporastprage on top of the ADF for
periods of up to three days, until it is taken ugh&niormal ashing cycle. In addition, excess
polluted stormwater can only be stored on top of the ADRas sufficient freeboard.

None of the AWRD’s available capacities may falblelr5% of the total capacity of the dam

as a result of the ash settlement. Should the tpalty of an AWRD be reduced to 75% of

the total capacity by silting, the settled ash nestiredged or cleaned from the bottom of the
dam so as to return the dam to its correct capacidysamot to affect the integrity of the ash

disposal facility.

Spillways will be provided for from each dam, to cdterthe unlikely event of an overflow
occurring.

The storage facilities will be formed by excavatimg ithe virgin subsoils or importing fill from
within the site, to create the required capacity fiout and fill’ operation, taking the ground
water table level into account.

Two AWRD’s and a silt trap are proposed, for the Asipasal facility, details of which are

shown on the drawings.

The AWRD's will be lined with a composite Class C typarier, comprising a 2,0 mm
HDPE liner with compacted clay layers, to arrest sgepalrhe dams have been sized to
contain all stromwater runoff, such that they do it sore than once in fifty years on

average.

In terms of GN704, all clean and dirty water separasoaniforced, and all channels are

required to convey the 50-year flood peak.

The Report by ILANDA Water Services provides detailthe design criteria and assumptions
made.

8. CAPEX COSTING
A more detailed cost estimate for the various compoménte infrastructure, will form part
of the Tender Design stage. Indicative costs aengivAppendix C, and the estimate figures
based on current rates are including VAT and 2,5%ingencies are:

ADF E R354 million*

Alan Robinson Engineers 618PD Hendrina Rev 6
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AWRD’s (East & West) R27,1 milion*
This translates to R8,86 pe? of dry ash deposited, as at July 2013.
9. RISK EVALUATION
The following risks will be taken into account durthg next phase of the design:

9.1 Geotechnical Conditions — the maximum ADF heaglat side slope  will be
reviewed, based on the actual soil properties, dwese are to hand.

Boreholes and possibly Geophysical studies will atsomdeded to fully understand
the Geohydrological conditions, together with the locatand type of aquifers
beneath the ADF.

A number of test holes and DPSH tests have beeerccaut, and the results with
an evaluation of the site, is covered in a sep&atetechnical Report to be issued
shortly.

The areas of perched water Table and poorer sadedhzn the test hole logs and
DPSH tests, generally correlate with the areashwdrie not cultivated, and
highlighted on the Google Earth Image.

Generally the soils are poorer along the EasterNanth Eastern boundaries of the
proposed ADF.

9.2 Residue Characterisation — in terms of the DEsHonal Norms of 2013, an Ash
Classification was carried out by Jones and Wagneregpatted on in their report
JW175/14/E699 — Rev 00.

The new waste classification system, which redléice Department of Water
Affairs and Forestry’'s Minimum Requirements classifon system on 23 August
2013, focuses on the long term storage (in excessd#y®) and disposal of waste
on land or waste disposal facilities. The systdmased on the Australian State of
Victoria’s waste classification system for disposéliciv using the Australian
Standard Leaching Procedure (ASLP) to determiniediobable concentrations
(LCs) or pollutants (DEA, 2013a).

a) The Ash has been characterised to identifypatgntial significant health and
safety hazards together with environmental impadtrtiag be associated with
the residue being stockpiled.

b) The residue deposits have been characterisaérins of their physical

Alan Robinson Engineers 618PD Hendrina Rev 6
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characteristics including size, distribution, perhigg void ratios, strength,
SG and water content.

C) The chemical characteristics which have belemtified would include an
assessment of the propensity to oxidise or undergo sponsicombustion.
The PH and chemical composition of the leachate watarldwalso be
assessed.

The ash seepage water reporting to the base ofhhdisposal facility represents the
actual threat to the receiving environment, espgtiad surface and groundwater. The
ash seepage water was assessed as a Type 3 Wastshemical constituents resulting
in this outcome are aluminium, boron, TDS and sulphaeyiven in Table 3-3 of the
J&W Report.

9.3 Chemical Profile
The following is an extract from the J&W report :

“Based on the assessment carried out, the aslsaessad as a Type 3 waste requiring
disposal on a waste disposal facility with a Clas&idy system. This barrier system
is the least conservative composite barrier systerardiy accepted by the DWS . As
the ash seepage water has a low risk of impactinheogroundwater in the area (as
was demonstrated by Infotox, Groundwater Sequire arabt@¢um in their draft
report Health-risk Based Assessment of the Hendrb& Expansion Project dated
September 2013) (Van Niekerk et al 2013) the iasitah of a Class C barrier system
for the new wet ash disposal facility should be safficto protect the environment in
the long term. A more conservative barrier system dhbolwever, be considered for

the return water dams.

9.4 Safety Classification
In terms of safety classification the ash dispasaltf will be differentiated between
high, medium and low hazard on the basis for the pakéatbe a risk to life and

property.
The SABS 0286/1998 Code will be used to clads#yADF in terms of a prescribed
Safety Classification system that differentiatetsvben high, medium and low hazard

potential. This classification as well as the comptetif the safety questionnaire will be
done during the Risk Assessment on the ADF, duritelele design stage.

The initial conclusion is that the ADF has a mediarhigh Hazard Classification.

10. REHABILITATION

Alan Robinson Engineers 618PD Hendrina Rev 6
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Sufficient cover material for the sides and top of taen will be stockpiled prior to
construction from within the “footprint” of the faityl.

Once the decommissioning phase is completed, the titye @am will be paddocked and
covered with 300mm of compacted clayey sub- solil, follolwe@00mm of topsoil from
the previously stockpiled material.

=

—_— o

AW Robinson Pr Eng
BSc/Civil (Wits); GDE; CESA (past member);
ECSA 750 693
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APPENDIX A

DRAWINGS
Drawing No. Rev. Title
618/300 A ADF E test positions
618/305 B DPSH depth to dense or firm material
618/310 C Proposed ADF E layout plan
618/320 @) ADF typical details (wall section)
618/332 A AWRD West and East safety details
618/333 A AWRD East wall section
618/335 A AWRD East and West pipe spillways
618/336 A AWRD East inlet details
618/342 C AWRD West safety details
618/343 B AWRD West (clear water) wall section
618/346 A AWRD West inlet details
618/350 0 Silt trap wall section
618/382 0 HDPE liner details
618/384 0 Standard details Sheet 1
618/386 0 Energy dissipation structure and pipe crossing
618/390 0 ADF standard details (Sheet 1)
618/391 0 ADF standard details (Sheet 2)
618/392 0 ADF standard details (Sheet 3)
618/400 C ADF and AWRD barrier details

- Plot of rate of rise
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1 INTRODUCTION

Alan Robinson Consulting Civil & Geotechnical Engineers commissioned iLanda Water
Services CC to calculate the water balance for the proposed Hendrina Ash Dam. This report
details methods of analysis, the water balance results and the hydrology relating to the ash
dam for a pre-feasibility study.

2 STUDY OBJECTIVES

The study objectives are as follows:

* Size the ash water return dam
* Size the decant system
» Size the return water pumping system

3 CLIMATE DATA SUMMARY

Monthly rainfall data for the area was obtained from the CCWR (Computing Centre for Water
Research, Natal University) database. Gauge number 0516480 (Schoonoord) was used.
Evaporation data and its monthly distribution were sourced from the Water Resources of
South Africa Study data set, zone 4A (Midgley et al., 1990). Runoff factors were informed by
average runoff for the quaternary catchment B12B, documented in the Water Resources of
South Africa Study report (Middleton et al., 2009).

The mean annual precipitation and mean annual evaporation data are presented in Table 1.

Table 1: Climate data summary

Parameter Value (mm)
Mean annual rainfall 648
Mean annual evaporation (S-Pan) 1552

3.1 Storm Events

Peak rainfall data was sourced from Adamson’s (Adamson, 1981) TR102 gauge 0516480
(Schoonoord). The 50-year and 100-year, 24-hour rainfall depths are presented in Table 2.

Table 2: Peak 24-hr rainfall depths

Recurrence Interval 24-hr rainfall depth (mm)
50-year 126
100-year 144

Member: B Randell BSc Eng (Civil), PhD, PrEng.
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4 WATER BALANCE METHODOLOGY

The water balance is a continuous monthly time step water balance. The water balance
represents average flows between components and along hydrological interfaces.

A static average water balance diagram is provided in Appendix A. The diagram represents
average flows between components and along hydrological interfaces. These are the
average flows, as calculated by the continuous monthly water balance. The inflows are
presented on the left of the water balance diagram. The components and inter-facility flows
are shown in the centre of the water balance diagram. The outflows are shown on the right
of this diagram. The direction of water movement is shown in black arrows. The values next
to the arrows represent average flows in m3/day. Clean water flows are shown in blue, while
dirty flows are shown in red.

The continuous monthly water balance contains the following components:

* Ash dam wet beach

* Ash dam dry beach

e Ash dam pool

*  Slurry stream (slurry water)

* Decant stream

* Ash return water dam

* Return water stream (return water)

The power station is external to the water balance and is assumed to be a source of slurry
water and a receptor of return water. The make-up source is included in the slurry water.

The main inflows (sources) and outflows (sinks) are:

Inflows (Sources)

» Rainfall falling on the ash dam basin.
* Slurry water.

Outflows (Sinks)

» Evaporation losses from the ash dam and ash return water dam.

» Seepage to deep groundwater from the ash dam basin and ash return water dam
(both these facilities are lined).

» Interstitial lockup in the ash dam.

* Return to plant.

Member: B Randell BSc Eng (Civil), PhD, PrEng.
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One of the fundamental principles of a water balance is that inflows must equal outflows
unless the difference is accommodated in storage changes. The water balance is a steady
state water balance and therefore storage changes are assumed to be zero.

Runoff factors for the dry beach were based on experience and documented runoff factors of
catchments in similar climates in South Africa - documented in the Water Resources of
South Africa, 2005 Study (Middleton and Bailey, 2009). The input data is summarised in
Appendix B.

5 WATER BALANCE RESULTS
5.1 Make-up and Return

The water balance is a deficit water balance, and significant quantities of make-up water will
be required. The make-up requirements are seasonal. During the wet season, storm water
will be harvested from the ash dam basin and the external catchment above the ash dam.
Returns consequently increase and make-up requirements decrease. The opposite is true
during the dry season.

The average annual return is 79% of the slurry water. The low density slurry results in
interstitial and evaporative losses forming a small percentage of the total water in the
system.

Make-up demands range between 2 650 m%day and 6 700 m%day. The monthly water
balance results were statistically analysed to produce monthly average return and make-up
flows. These are presented in Figure 1.

Member: B Randell BSc Eng (Civil), PhD, PrEng.
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Figure 1: Monthly Average Return and Make-up Flows

5.2 Decant System and Pool Control

The penstock is sized to remove the runoff generated by a 50-year, 24-hour design storm in
3 days. This is to minimise the time that a large pool is stored on the ash dam basin. The
storm water volume generated during a 50-year, 24-hour storm event is approximately
123 500 m*. The ash dam requires a penstock capable of decanting 41 170 m®day, or
1 715 m®hr, assuming a 24-hour decanting day. Two 750 mm diameter penstocks or three
510 mm diameter penstocks will have sufficient capacity to decant this volume with a depth
of no more than 160 mm above the penstock crest. The outlet pipe should have a capacity
larger than the required decant rate.

This will ensure that the pool volume rarely exceeds 50 000 m® provided the penstock is
operated to the design intent. Water should not be stored on the ash dam basin. This will
have the benefit of reducing water losses, decreasing make-up volumes, increased
consolidation rates of the ash and increasing the stability of the ash dam.

5.3 Ash Water Return Dam Sizing and Management

The ash water return dam must comply with Government Notice 704 of the South African
National Water Act, Act 36 of 1998. The dam sizing methodology was therefore based on
the excess water resulting from a long term monthly water balance, plus the 50-year storm
runoff volume. The 50-year storm was added to the monthly time series because individual
storms during the month are not modelled and are averaged out during the month.

Member: B Randell BSc Eng (Civil), PhD, PrEng.
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In view of the above, it is concluded that the ash water return dam should have a capacity of
at least 123000 m°. The ash return water dams may require registration with the
Department of Water Affairs’ Dam Safety Office. Topography and site specific water
management requirements dictate that three dams are required. The three dams are
described below:

The main return water dam (West AWRD — North Paddock) should have a capacity of at
least 31 600 m®. This water should be pumped empty at a rate of at least 7 I/s. The main
return water dam (West AWRD - South Paddock) should have a capacity of at least
91 400 m®. The penstocks should discharge into this dam via a silt trap.

A 10 000 m*® dam (East AWRD) is required in the eastern side of the ash dam to collect
storm water from the ash dam sides and drainage water from the south western corner of
the ash dam. This water should be pumped into the solution trench and run down to the
main return water dam (West AWRD) and then returned to the power station, either directly
or via the existing AWR dams. The pumps should have a capacity of at least 3.5 I/s. This
dam will only be required once the ash dam rises above the topography in the south eastern
corner. It therefore does not contribute to the 123 000 m® required dam capacity in the early
years of the dump life.

The ash return water dams should be operated as empty as possible and not used to store
water for future consumption. All captured storm water should be consumed as fast as
possible. If operated correctly, the dams should be mostly dry and should only contain water
for short periods after large storms. The locations of the dams are shown in Figure 2.

WEST AWRD

Figure 2: Location of ash water return dams
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54 Return Water System

The water return system should be sized to return at least 100% of the slurry water
requirement. This is 805 044 m*/month, or 26 500 m*day. This equates to 1 200 m%hr for a
22-hour pumping day.

6 REFERENCES

Middleton, B.J. and Bailey, A.K.. Water Resources of South Africa, 2005 study (WR2005),
2009. WRC Report No TT 382/08.
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WATER BALANCE DIAGRAM
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Parameter Value Units Source

Deposition rate 210,784 tpm Alan Robinson
SG 2.36 Alan Robinson
Slurry density 20.8% solids by mass Alan Robinson
Ash placed density 55.0% solids by mass Estimate based on experience of similar projects
Ash consolidated density 62.0% solids by mass Estimate based on experience of similar projects
Ash consolidated dry density 0.96 tonne/m3 Estimate based on experience of similar projects
Interstitial storage 16% of slurry water Estimate based on experience of similar projects
Ash dam basin area 1,234,297 m? Alan Robinson
Max pool area 80,000 m? Estimate based on experience of similar projects
Pool seepage rate 2.00E-07 m/s Estimate based on experience of similar projects
Wet beach size 25% of total beach area Estimate based on experience of similar projects
Wet beach runoff factor 80% Estimate based on experience of similar projects
Ash dam upstream catchment om’ Alan Robinson

Catchment and dry beach rainfall/runoff response

18%
/
16%

14% /
12%

yd

8% /

6% //
4%

2% /

0% T T T T T 1
0 50 100 150 200 250 300

Rainfall (mm)

Runoff (% of monthly rainfall)

= Dry Beach Runoff
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PG1
HENDRINA AWRD's - REV C

1 - SITE ESTABLISHMENT

ITEM | PAYM DESCRIPTION
ENT UNIT QTY RATE AMOUNT

NO R c
11 1- SITE ESTABLISHMENT
1.1.1 Site Establishment (fixed) LS 1.0 0.00 0|00
1.1.2 Site Establishment (time) mths 12.0 0.00 0|00
1.1.3 Preliminary and General (fixed) LS 1.0|5344225.0( 534422500
1.1.4 Preliminary and General (time) mths 12.0 0.00 0|00
Total Carried Forward To Summary 534422500
21 2 - SITE CLEARING

Clearing and grubbing
2.1.1 (a) Drainage channels & drains ha 1.0 10000.0d 10000|00

Clearing and grubbing within "footprint"
including bush and trees.

2.1.2 (a) AWRD (East) ha 1.3| 15000.00 19500/ 00
2.1.3 (b) AWRD (West) ha 6.0 15000.0( 90000| 00
214 c) Silt Trap ha 0.1 15000.0d 1500{ 00
2.15 Load to clear, haul and dump existing

stockpiles on site as directed. (Provisional) m3 0.0 0.00 0|00
Total Carried Forward To Summary 12100000
3.1 3 - EXCAVATIONS

Note: No "double" handling from stockpiles
will be paid for, unless indicated.

Excavations for clean Stormwater diversipn
trench and berm construction to Detail.

3.1.1 (a) AWRD m3 100.0 30.00 3000|00
Remove topsoil within dam footprint to

nominal depth of 200mm and stockpile on
site within 1,0km

3.1.2 (a) AWRD (East) m3 2600.0 20.00 5200000
3.1.3 (b) AWRD (West) mé | 12000.9 20.00 24000000
3.1.4 (c) Silt Trap m3 200.0 20.00 4000{00

Excavate to stockpile from basin

3.1.5 a) AWRD (East) m3 17300.0 25.00 43250000

Total Carried Forward 731500 00




HENDRINA AWRD's - REV C

PG2

3 - EXCAVATIONS

ITEM | PAYM DESCRIPTION
ENT UNIT QTY RATE AMOUNT
NO R c

Brought Forward 73150000
3.1.6 b) AWRD ( West) m3 | 151000. 25.00 3775000 00
3.1.7 c) SiltTrap m3 1000.0 25.00 25000( 00

Excavate selected material to stockpile for

clay liner for AWRD (East)
3.1.8 () To layer b (2 x150mm) m3 0.0 25.00 0|00
3.1.9 (b) To layer d (1x 200mm) m3 0.0 25.00 0/00

Excavate selected material to stockpile for

clay liner for AWRD (West)
3.1.10 (a) To layer b (2x150) m3 15000.9 25.00 375000 00
3.1.11 (b) To layer d (1x200mm) m3 0.0 25.00 0/00

Excavate selected material to stockpile for

clay liner for SILT TRAP
3.1.12 (a) To layer b (2x150mm) m3 600.0 25.00 15000/ 00
3.1.13 (b) To layer d (1x200mm) m3 0.0 25.00 0/00

Excavate selected material from stockpile

for Base preparation Layer g
3.1.14 (a) AWRD (East) m3 0.0 30.00 0|00
3.1.15 (b) AWRD (West) m3 0.0 30.00 0|00
3.1.16 c) Silt Trap m3 0.0 30.00 0/00
3.2 POOR SUBGRADE
3.21 Excavate unsuitable soft and wet materia to

spoil m3 1500.0 35.00 52500( 00
3.2.2 Supply and place A6 Geotextile to floor of

excavation if required as directed

(provisional) m2 5000.0 15.00 75000/ 00
3.2.3 Supply and place nominal 200mm Dump

rock and "blind" with finer material as

directed to levels given, from stockpile on

mine m3 500.0 100.00 50000( 00
3.3 DEWATERING
Total Carried Forward 509900( 00
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PG3

3 - EXCAVATIONS

ITEM | PAYM DESCRIPTION
ENT UNIT QTY RATE AMOUNT
NO R c

Brought Forward 509900( 00
3.3.1 To supply, operate and maintain dewaterjng

and pumping equipment as directed. days 40.0 2000.0d 80000, 00
Total Carried Forward To Summary 517900 00
4.1 4 - EARTHWORKS

Note: No "double" handling from stockpiles

will be paid for, unless indicated.

Load from stockpiles to construct and

compact to 95% PROCTOR in 150mm

layers including levelling trimming and

forming side slopes
4.1.1 (a) AWRD (East) m3 11100.9 40.00 444000 00
4.1.2 (b) AWRD (West) m3 8730.0 40.00 349200 00
4.1.3 c) Silt Trap m3 500.0 40.00 20000(00
4.1.4 Excavate to spoil within 1,0km

freehaul m3 | 150000.4 25.00 37500004 00
4.15 Excavate from borrow on site, load, haul &

place 200mm G5 Quality material &

compact to 95% PROCTOR to floor of silf

trap (max particle size 10mm) m3 200.0 50.00 1000000

Load from Stockpile place and compact tp

95% PROCTOR to lines and levels to forn

clay liner AWRD (East)
4.1.6 (a) To layer b (2x150mm) m3 2800.0 50.00 140000 00
4.1.7 (b) To layer d (1x200mm) m3 0.0 50.00 0|00

Load from Stockpile place and compact tp

95% PROCTOR to lines and levels to forin

clay liner AWRD (West)
4.1.8 (a) To layer b (2x150mm) m3 15000.9 50.00 750000 00
4.1.9 (b) To layer d (1x200mm) m3 0.0 50.00 0|00

Load from Stockpile place and compact tp

95% PROCTOR to lines and levels to forin

clay liner SILT TRAP
4.1.10 (a) To layer b (2x150mm) m3 600.0 50.00 30000({00
4.1.11 (b) To layer d (1x200mm) m3 0.0 50.00 0|00

Place topsoil to sideslopes of of wall 200mm

layer

Total Carried Forward

5493200

00
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4 - EARTHWORKS

ITEM | PAYM DESCRIPTION
ENT UNIT QTY RATE AMOUNT
NO R c

Brought Forward 5493200 00
4.1.12 (a) AWRD (East) m3 100.0 40.00 4000| 00
4.1.13 (b) AWRD (West) m3 800.0 40.00 32000/ 00
4.1.14 c) Silt Trap m3 50.0 40.00 2000|00

Supply and place 25mm Slag to crest of yall

in 200mm layer
4.1.15 (2) AWRD (East) m3 304.0 250.00 7600000
4.1.16 (b) AWRD (West) m3 942.0 250.00 235500 00
4.1.17 c) Silt Trap m3 200.0 250.00 5000000
4.2 FLOOR PREPARATION

Rip and compact 200mm insitu floor 93%

Mod AASHTO
421 (a) AWRD (East) m3 4400.0 20.00 88000| 00
4.2.2 (b) AWRD (West) m3 25000.9 20.00 500000 00
4.2.3 c) Silt Trap m3 400.0 20.00 8000| 00

Load from stockpile, haul and place 200mm

and compact to 90% Mod AASHTO Densdity

to base preparation layer
4.2.4 (a) AWRD (East) m3 1700.0 50.00 85000| 00
4.2.5 (b) AWRD (West) m3 10000.9 50.00 500000 00
4.2.6 c) Silt Trap m3 200.0 50.00 1000000
Total Carried Forward To Summary 7083700 00
51 GEOTEXTILE (KAYTECH)

Supply and place geotextile to floor and

sides A4 Bidim (Upper)
5.1.1 (a) AWRD (East) m?2 8600.0 10.00 86000| 00
51.2 (b) AWRD (West) m?2 50000.4 10.00 500000 00
5.1.3 (c) To Silt Traps m?2 1000.0 10.00 1000000

Supply and place geotextile to floor and

sides A4 Bidim (Lower)
5.1.4 (a) AWRD (East) m?2 0.0 10.00 0[00
5.1.5 (b) AWRD (West) m?2 0.0 10.00 0[00
Total Carried Forward 596000 00
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5 - BARRIER SYSTEM

ITEM | PAYM DESCRIPTION
ENT UNIT QTY RATE AMOUNT
NO R c

Brought Forward 596000 00
5.1.6 (c) To Silt Traps m?2 1000.0 10.00 10000| 00
5.1.7 Supply all labour and materials to constryct

1200 @ manhole rings to pump sump as

detailed. (including cover) No 1.0 5000.0d 5000|00

Supply and place KAYTECH Flownet

700HP
5.1.8 (a) AWRD (East) m?2 8600.0 50.00 43000000
5.1.9 (b) AWRD (West) m?2 50000.0 50.00 2500004 00
5.1.10 (c) To Silt Traps m?2 1000.0 50.00 5000000
Total Carried Forward To Summary 3591000 00
6.1 6 - DAM LINER

To: HDPE SANS 10409:2005 and
SANS1526:2003

Excavate anchor trench to wall and backfill
after liner has been placed.

6.1.1 (a) AWRD (East) m3 200.00  200.00 4000000
6.1.2 (b) AWRD (West) m3 425.00  200.00 8500000
6.1.3 (c) To Silt Trap m3 85.0,  200.00 17000/ 00

Trim earthworks to supplier tolerances prjor
to placing liner

6.1.4 (a) AWRD (East) m2 8600.0 1.00 8600| 00
6.1.5 (b) AWRD (West) m2 | 35000.9 1.00 3500000
6.1.6 (c) To Silt Trap m2 2000.0 1.00 2000|00

Supply and lay AQUATAN HDPE liner
2,0mm thick to SABS and supplier standard

details.
6.1.7 (2) AWRD (East) m?2 8600.0 70.00 602000 00
6.1.8 (b) AWRD (West) m?2 35000.4 70.00 24500040 00
6.1.9 (c) To Silt Traps m?2 2000.0 70.00 140000 00
6.1.10 Supply lay, and anchor ARMORFLEX 140

Blocks with soilcrete infill to supplier's
specifications to floor, walls and access rpad
of Silt Trap m?2 2000.0 200.00 400000 00

Total Carried Forward 3779600 00
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6 - DAM LINER
ITEM | PAYM DESCRIPTION
ENT UNIT QTY RATE AMOUNT
NO R c

Brought Forward 3779600 00
6.1.11 Supply and place Kaytech A10 beneath

AMORFLEX m?2 2000.0d9 20.00 4000000
Total Carried Forward To Summary 3819600 00
7.1 7 - DRAINAGE

Excavate to form channel inlet to PCD
7.1.1 (a) AWRD (East) m3 50.0 50.00 2500| 00
7.1.2 (b) AWRD (West) m3 200.0 50.00 10000/ 00
7.1.3 (c) To Silt Traps m3 30.0 50.00 1500{ 00

Construct concrete headwalls complete t¢

detail
7.1.4 (a) AWRD (East) No 2.0  2000.04 4000| 00
7.1.5 (b) AWRD (West) No 4.0  2000.09 8000| 00
7.1.6 (c) To Silt Traps No 4.0 200.00 800(00

Construct concrete pipe collar to supplier

details through lining
7.1.7 (a) AWRD (East) No 2.0  3000.04 6000| 00
7.1.8 (b) AWRD (West) No 2.0  3000.04 6000| 00
7.1.9 (c) To Silt Traps No 2.0 3000.040 6000| 00

Supply and lay 750mm diam. concrete

spigot and socket 100 D pipes on Class H

bedding to inlets
7.1.10 (a) AWRD (East) m 30.00 1200.00 36000| 00
7.1.11 (b) AWRD (West) m 30.00 1200.00 36000| 00
7.1.12 (c) To Silt Traps m 30.0 1200.00 3600000
7.1.13 Class B bedding m3 6.0 400.00 2400|00

Supply and place 2,5mm wire Galvanised

Gabions and Reno to stormwater drains.
7.1.14 Drain 1 m3 0.0 0.00 0(00

To 2,0mm HDPE liner under Gabions
7.1.15 Drain 1 m?2 0.0 0.00 0(00
Total Carried Forward 155200 00
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7- DRAINAGE
ITEM | PAYM DESCRIPTION
ENT UNIT QTY RATE AMOUNT
NO R c
Brought Forward 155200 00
To A4 Geotextile under Gabions
7.1.16 Drain 1 m?2 0.0 0.00 0(00
SPILLWAY (TO DETAIL) AWRD - East
7.1.17 Earthworks m3 50.0 60.00 3000| 00
7.1.18 Supply and place 600mm diam Spigot and
Socket 100D concrete pipes m 30.0 1100.09 33000, 00
7.1.19 Concrete to head walls to detail No 2.0 2200.00 4400(00
SPILLWAY (TO DETAIL) AWRD - West
7.1.20 Earthworks m3 50.0 60.00 3000| 00
7.1.21 Supply and place 600mm diam Spigot and
Socket 100D concrete pipes m 30.0 1100.09 33000, 00
7.1.22 Concrete to head walls to detail No 2.0 2200.00 4400(00
Total Carried Forward To Summary 236000 00
8.1 GENERAL
30 MPa Concrete Edge Beam to Roadwaly
8.1.1 (a) AWRD (East) m3 1.1|  1500.00 1650| 00
8.1.2 (b) AWRD (West) m3 1.1|  1500.00 1650| 00
Reconstruct 5m wide Bakkie Access Roadl,
and compact to perimeter
8.1.3 (a) AWRD (East) m?2 1900.0 50.00 95000| 00
8.14 (b) AWRD (West) m?2 5900.0 50.00 295000 00
Supply & install crawl-net complete (4No)
8.1.5 (a) AWRD (East) m?2 200.0 50.00 10000/ 00
8.1.6 (b) AWRD (West) m?2 200.0 50.00 10000/ 00
8.1.7 (c) To Silt Traps m?2 200.0 50.00 1000000
Supply & install life-buoy & mounting Pold
complete
8.1.8 (a) AWRD (East) No 4.0 500.00) 2000| 00
8.1.9 (b) AWRD (West) No 8.0 500.00 4000| 00
8.1.10 (c) To Silt Traps No 4.0 500.00 2000[00
Total Carried Forward To Summary 43130000
| |
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SUMMARY OF SECTIONS

SECTION DESCRIPTION AMOUNT
(RAND)

1 SITE ESTABLISHMENT 534422500

2 SITE CLEARING 121000 00

3 EXCAVATIONS 5179004 00

4 EARTHWORKS 7083700 00

5 BARRIER SYSTEM 3591004 00

6 DAM LINER 3819600 00

7 DRAINAGE 23600000

8 GENERAL 43130000

SUB TOTAL 2580582400

0|00

5 % CONTINGENCIES 2580582400

1290291 25

VAT @ 14 % : 2709611625

0|00

Total Carried Forward To Summary Of Schedules 2709611425
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1 -SITE ESTABLISHMENT

ITEM | PAYMENT DESCRIPTION UNIT QTY RATE AMOUNT
NO R c

11 1- SITE ESTABLISHMENT
111 Site Establishment (fixed) LS 1.0{68166541.00 6816654100
1.1.2 Preliminary and General (time) mths 30.0 0.00 0|00
1.1.3 Preliminary and General (fixed) LS 0.0 0.00 0|00
1.1.4 Site Establishment (time) mths 30.0 0.00 0|00
Total Carried Forward To Summary 6816654100
21 2 - SITE CLEARING
2.1.1 Clearing and grubbing beneath Ash

Dam ha 128.0 10000.0d 1280000 00
2.1.2 Clearing to drains ha 1.0 10000.0d 10000|00
Total Carried Forward To Summary 1290000 00
3.1 3 - EXCAVATIONS
3.1.1 Remove topsoil to nominal depth of

250mm and stockpile on site within

0,5km below Ash Dam m3 320000.4 20.00 6400004 00

Remove material to levels given

3.1.2 a) Cut to fill below Ash Dam m3 249000.4 30.00 7470000 00
3.1.3 b) Cut unsuitable to spoil or stockpile

on site m3 700000.4 20.00 1400000Q00
3.14 ¢) Cut to Stockpile 500mm subsoil

within 1,0km m3 640000.4 25.00 1600000Q 00

Excavations for clean Stormwater
diversion trenches and berm
construction

3.1.5 (a) Soft Material m3 2000.0 30.00 60000/ 00
3.1.6 (b) Extra over for hard material m3 500.0 250.00 125000 00
3.1.7 (c) Extra over to form berm m3 1000.0 15.00 15000| 00

Excavations to stockpile for drains to
Detail in soft material

3.1.8 (&) Solution Trench m3 7700.0 30.00 231000 00
3.1.9 (b) Penstock pipe m3 5320.0 30.00 159600 00
3.1.10 (c) Toe Drain m3 10700.0 50.00 535000 00
3.1.11 (d) Main under drain m3 17900.0 50.00 895000 00

Total Carried Forward 4589060000
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3 - EXCAVATIONS

ITEM | PAYMENT DESCRIPTION UNIT QTY RATE AMOUNT
NO R c

Brought Forward 45890600 00
3.1.12 (g) Extra over for hard material for

drains m3 2000.0 250.00 500000 00
3.1.13 (h) e.o for excavation in Wet

Conditions m3 5000.0 15.00 75000( 00

Excavate selected material to stockpile
3.1.14 (a) To clay layer b (2x150mm) m3 0.0 25.00 0|00
3.1.15 (b) To clay layer d (1x200mm) m3 0.0 25.00 0|00
3.1.16 (c) For starter wall m3 960000.4 25.00 2400000000
3.2 POOR SUBGRADE
3.2.1 Excavate unsuitable soft and wet

material to spoil m3 50000.0 35.00 1750000 00
3.2.2 Supply and place A6 Geotextile to floor

of excavation if required as directed

(provisional) m2 5000.0 15.00 75000/ 00
3.2.3 Supply and place nominal 200mm

Dump rock and "blind" with finer

material as directed to levels given,

from stockpile on mine m3 5000.0 100.00 500000 00
Total Carried Forward To Summary 7279060000
4.1 EARTHWORKS
41.1 Doze "push up" starter walls including

levelling trimming and to Ash Dam

perimeter. m3 0.0 25.00 0|00
4.1.2 Excavate selected material to stockpile

for Base preparation Layer g (1 x

200mm) m3 0.0 25.00 0|00
4.1.3 Rip in situ material to a depth of 200mm

and compact to 93% Mod AASHTO

Density, under Ash Dam m3 256000.( 15.00 3840000 00

Load from stockpiles to construct and

compact to 95% PROCTOR in 150mm

layers including levelling trimming and

forming side slopes and including

freehaul up to 1,0km
4.1.4 (a) Starter Wall m3 960000.4 30.00 2880000000
4.15 (b) Clay layer b (2 x 150mm) m3 384000.4 30.00 1152000Q 00
4.1.6 (c) Clay layer d (1 x 200mm) m3 0.0 30.00 0|00
Total Carried Forward 4416000900
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4 - EARTHWORKS

ITEM | PAYMENT DESCRIPTION UNIT QTY RATE AMOUNT
NO R c

Brought Forward 4416000000
4.1.7 (d) Base prep layer (1 x 200mm) m3 0.0 30.00 0|00
Total Carried Forward To Summary 4416000000
5.1 5 - BARRIER SYSTEM

Supply and place 19mm stone to drainjs

& pipe surround to Detail Ash Dam
5.1.1 a) Finger Drain Leachate layer a m3 19200.¢ 300.00 576000 00
5.1.2 b) Main Drain m3 17900.0 300.00 5370000 00
5.1.3 c) Toe Drain m3 10700.0 300.00 3210004900
5.1.4 d) leakage detection underdrain layer ¢  m3 19200.0d 300.00 576000 00
5.1.5 Supply and place A4 Bidim (Lower)

geotextile to floor m2 1280000.( 10.00 1280000Q 00
5.1.6 Supply and place A4 Bidim

(Separation) geotextile to floor m2 128000.0( 10.00 1280000 00
5.1.7 Supply and place A4 Bidim (Upper)

geotextile to floor m2 128000.( 10.00 1280000 00
5.1.8 Supply and place A4 Bidim

(Separation) geotextile to the floor m2 0.00 10.00 0|00
5.1.9 Load haul and place washed river sand

to Main and Toe drain m3 9000.0 300.00 2700004 00
5.1.10 Supply all labour and materials to

construct manholes as detailed. No 2.0 4500.00 9000( 00
5.1.11 Supply and place Class 16 UPVC pipep

with elbow into Solution Trench m 4500.0 50.00 225000 00
Total Carried Forward To Summary 3839400000
6.1 6 - LINER SYSTEM

To: HDPE SANS 10409:2005 and

SANS1526:2003

Excavate anchor trench and backfill

after liner has been placed.
6.1.1 (a) Ash Dam E m3 2000.0 200.00 400000 00

Trim earthworks to supplier tolerances

prior to placing liner
6.1.2 (a) Ash Dam E m?2 1280000.( 1.00 1280004 00

Total Carried Forward

1680000

00
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PG4

6 - LINER SYSTEM

ITEM | PAYMENT DESCRIPTION UNIT QTY RATE AMOUNT
NO R c

Brought Forward 1680000 00
6.1.3 Supply and lay embossed AQUATAN

HDPE liner 1,5mm thick to SABS and

supplier standard details to ADF. m2 1190000.( 50.00 5950000Q 00
Total Carried Forward To Summary 6118000000
7.1 7 - PENSTOCK AND DECANT

SYSTEM
7.1.1 Supply and install 750mm dia 100D

Spigot and Socket with insitu surround m 790.0 3500.00 2765000 00
7.1.2 Supply and install Class B granular

pipe bedding m3 700.0 250.00 175000 00
7.1.3 Supply all material and labour to

construct penstock intake including

shuttering, fittings, reinforcing,

concrete No 3.0 12000.00 3600000
7.1.4 Supply and place penstock rings

(750mm diam) with insitu surround No 100.0 520.00 52000, 00
7.1.5 Supply and install catwalks allowing

for surround to penstock intakes

excavations concrete timber and all

fittings m 100.0 2200.00 220000 00
7.1.6 Timber platforms to penstock outlets No 3.0 6000.00 18000| 00
Total Carried Forward To Summary 3266000 00
8.1 8 - FENCING
8.1.1 Clear 3,0m wide strip ha 0.6 10000.0d 6000| 00
8.1.2 Supply and erect fencing including

concrete and all fittings - 5 strand

fence m 2000.0 28.00 56000( 00
8.1.3 Supply and erect farm gates No 4.0 3800.00 1520000
8.1.4 Supply and erect warning signs on

fencing No 15.0 180.00 270000
8.1.5 Dismantle existing fences m 2000.0 10.00 20000, 00
Total Carried Forward To Summary 99900, 00
9.1 9 - STORM WATER/DRAINAGE

To trim and compact floor and sides t(

93% Mod AASHTO to solution

Trench
9.1.1 a) Northern Drain m2 6550.0 2.50 16375/00
Total Carried Forward 16375|00
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9 - STORM WATER/DRAINAGE

ITEM | PAYMENT DESCRIPTION UNIT QTY RATE AMOUNT
NO R c
Brought Forward 1637500
9.1.2 b) Southern Drain m?2 6000.0 2.50 15000| 00
9.1.3 c) Eastern Drain m2 3200.0 2.50 8000|00

To supply, place and finish 125mm 25
MPa concrete to Solution Trenches

9.14 a) Northern Drain m3 820.0 2500.0d 2050004 00
9.1.5 b) Southern Drain m3 750.0 2500.00 1875004 00
9.1.6 c¢) Eastern Drain m3 400.0 2500.00 1000004 00

To supply and place 395 mesh to
concrete in solution trenches

9.1.7 a) Northern Drain t 26.0 13000.0d 338000 00
9.1.8 b) Southern Drain t 24.0 13000.0d 312000 00
9.1.9 c) Eastern Drain t 13.0 13000.0d 169000 00
9.1.10 Wingwalls / Head walls to pipe

crossing No 2.0 9000.00 1800000

Supply and place rockfill to fill SABS
Gabions to open drains stepped to

detail.
9.1.11 (a) To steps m3 50.0 1200.00 60000/ 00
9.1.12 (b) To Detail J m3 30.0 1200.00 3600000
9.1.13 Supply and place A6 Geotextile below

Gabions m?2 58.0 15.00 870|00
9.1.14 Supply and place 2,00mm HDPE liner

below Gabions m? 58.0 70.00 4060(00
9.1.15 Supply & install 20 MPa concrete filled

75mm Geocells to spillway m2 50.0 200.00 10000|00
Total Carried Forward To Summary 591230500

10 - ACCESS ROAD

10.1 SITE CLEARING
10.1.1 Clearing and grubbing for access road ha 1.2 10000.0d 1200000
10.1.2 Remove unsuitable material (topsoil to
nominal depth of 150mm) and spoil on
site m3 1800.0 20.00 36000( 00
Earthworks

Total Carried Forward 48000/ 00
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10 - ACCESS ROAD

ITEM | PAYMENT DESCRIPTION UNIT QTY RATE AMOUNT
NO R c
Brought Forward 48000( 00
10.1.3 (a) Windrow 200mm insitu m3 1800.0 10.00 18000| 00
10.1.4 (b) Compact insitu to 90% m3 1800.0 15.00 2700000
10.1.5 (c) Replace Windrow and compact to
93% m3 1800.0 20.00 3600000

Total Carried Forward To Summary 129000 00
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SUMMARY OF SECTIONS

SECTION DESCRIPTION AMOUNT
(RAND)

1 SITE ESTABLISHMENT 6816654100
2 SITE CLEARING 1290004 00
3 EXCAVATIONS 7279060Q 00
4 4 - EARTHWORKS 4416000Q 00
5 BARRIER SYSTEM 3839400Q00
6 LINER SYSTEM 6118000Q 00
7 PENSTOCK AND DECANT SYSTEM 3266000 00
8 FENCING 99900( 00
9 STORM WATER/DRAINAGE 591230500
10 ACCESS ROAD 129000 00
SUB TOTAL 29538834600
0(00
CONTINGENCIES 5 % : 29538834600
1476941730
VAT @ 14 % : 31015776330
43422086 86
Total Carried Forward To Summary Of Schedules 35357985016
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Material Name |Color U?Ii(tN\;Vr:isg)ht Strength Type Co(::::i)on (::;) Water Surface | Hu Type
Material 1 D 14 Mohr-Coulomb 5 35 Water Surface | Constant
Material 2 D 14 Mohr-Coulomb 0 35 Water Surface | Constant
Material 3 D 20 Mohr-Coulomb 40 30 Water Surface | Constant
Material 4 D 20 Mohr-Coulomb 18 26 Water Surface | Constant
Material 5 D 20 Mohr-Coulomb 150 35 Water Surface | Constant

HENDRINA ASH DAM E - SECTION 1
1:3 Side slope

R I
-150

e
-100

— I e L e
50 100 150 200

e e
250 300 350 400 450

e
500

0
Project
SLIDE - An Interactive Slope Stability Program
‘1 ’ Analysis Description

P

..j * Drawn By Scale 1:2634 Company
. 2 i _

R — bate 2013/07/18, 12:49:13 PM File Name Section 1 MOD.slim




WNhNMNNMDNMDNNMDNNMDNMNNRERPRPRPRPRPERPRPRPRPROOOOOOO

Safety Factor
0.
.125
.250
.375
.500
.625
.750
.875
.000
.125
.250
.375
.500
.625
.750
.875
.000
.125
.250
.375
.500
. 625
.750
.875
.000+

000

AR S s o E R o A LR

4 Material Name |Color U?IitN‘;vr:;g)ht Strength Type Co(:::i)on (::;) Water Surface | Hu Type
Material 1 D 14 Mohr-Coulomb 5 35 Water Surface | Constant
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Material 3 D 20 Mohr-Coulomb 40 30 Water Surface | Constant
Material 4 D 20 Mohr-Coulomb 18 26 Water Surface | Constant
Material 5 D 20 Mohr-Coulomb 150 35 Water Surface | Constant
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Water Surface
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Material 1
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Color
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Phi
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Material 1
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Material Name | Color

Unit Weight Cohesion | Phi | Water

(kN/m3) | StrenethType | i) | (deg) | surface | B

Material 1

[]

14 Mohr-Coulomb 5 35 None 0

Material 2

]

14 Mohr-Coulomb 0 35 None 0

Material 4

[

20 Mohr-Coulomb 18 26 None 0

Material 5

1

20 Mohr-Coulomb 150 35 None 0
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Elevation

HENDRINA ASH DAM E - ELEVATION vs TIME at 2.33 million m3/annum
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HENDRINA ASH DAM E - ROR vs ELEVATION at 2.33 million m3/annum
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