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EXECUTIVE SUMMARY

Geo Tail CC was appointed by Beeshoek Mine to carry out the necessary activities and tasks, in
accordance with the specified requirements and scope of work, to present a conceptual design for the
new fine residue storage facility (FRSF) at Beeshoek Mine.

The purpose of this report is to document the conceptual design in order to utilise it as a baseline
reference in the life cycle management of the storage facility.

Design Criteria

The FRSF will accommodate slurry at a deposition rate of approximately 348,000 m® per month. The
average slurry density is expected to be approximately 1.24.

Desian Concept

Impoundment embankments (along the north and west flanks) and existing waste rock dumps (along
the south and east flanks) will provide storage capacity for fine residue disposal. Waste material
(overburden) from the open pit mining operation will be utilised for embankment construction and the
material will be placed mechanically (in horizontal layers) with the mining fleet. The impoundment
embankments will be compacted to a nominal specification. The impoundment embankment will have
a maximum vertical height of approximately 20 m along the north flank. The vertical height of the
impoundment embankment along the west flank is generally less than approximately 5 m.

The slurry delivery pipeline will be placed on the impoundment embankment crest. Fine residue will
be discharged at a concentration of approximately 25% solids by mass through open end delivery
stations from the impoundment embankments to form a beach that slopes downwards away from the
embankments. This will create a top surface geometry that will result in a supernatant pool that is
maintained in the immediate vicinity of the decant barge. Steep beach angles are expected at the head
of the beach due to segregation and the high specific gravity of the residue. The beach angles will then
reduce towards the pool area where the ultra fine residue will accumulate. The performance of the
coarse material at the head of the beach (after segregation) is expected to be superior from a drainage,
consolidation and strength point of view than is the finer material in the pool area.

Initially, the floating barge will decant from an old quarry located in the northeast corner of the basin.
If necessary, the pool will be relocated or the embankment will be lined/sealed in future in order to
control the phreatic level in the impoundment embankment adjacent to the pool.

Classification

The classification process concluded that:
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¢ The overall safety hazard rating for the FRSF is *LOW™,
s The FRSF has “no potentially significant” impact on the environment.
Planning

The capacity analysis concluded that based on a deposition rate of 110,600 tpm and a place dry
density of 2.25 t/m’”:

o At full supply level (1355 mamsl), the total airspace volume is approximately 7.4 million m’ or
16.7 million tons.

¢ The final top surface area of the basin is approximately 60 ha.
¢ The final rate of rise will be approximately 1.0 m/a,

¢ The design life will be approximately 12.6 years.
The water management plan concluded that;

o A decant rate of 600 m*/h is required to decant normal operation water and storm water within
acceptable periods from the basin of the FRSF.

e The water balance indicates an annual loss of approximately 1.6 million m® operation water at the
FRSF.

¢ No spillage is expected from the supematant pool during the operation phase of the FRSF.

Structural Stability
The stability analysis results indicate that the factor of safety for overall stability will be satisfactory
under normal operating conditions. However it assumes that the management of the facility will be

adequate and the need to monitor the identified critical parameters are essential.

Closure

The closure plan for the FRSF will be developed during the life of the facility. The principles of the
closure plan and the progressive rehabilitation plan is presented in the report.

Recommendations
The report recommends that:

s  The deposition plan should be revised on an annual basis during the operation phase of the facility
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A laboratory and field test program should be implemented to assess the geotechnical and
geochemical characteristics of the fine residue material and to modify operating procedures, if
required.

The FRSF water balance must be calibrated during the operation phase. In addition, the FRSF
water management plan should be integrated into the overall mine water balance.

A detailed closure plan should be developed during the life of the FRSF.
A site specific code of practice should be prepared for the FRSF.

A risk monitoring, surveillance and audit system (including boreholes for environmental
monitoring) should be implemented for the life cycle of the FRSF. The critical parameters should
be monitored and analysed on a routine basis.
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1 INTRODUCTION
1.1 General

Geo Tail CC was appointed by Beeshoek Mine to carry out the necessary activities and tasks, in
accordance with the specified requirements and scope of work, to present a conceptual design for the
new fine residue storage facility (FRSF) at Beeshock Mine.

The purpose of this report is to document the conceptual design in order to utilise it as a baseline
reference in the life cycle management of the storage facility.

1.2 Scope of Work
The scope of work can be summarised as follows:

¢ Document the design criteria for the project.

¢ Prepare a safety and environmental classification for the facility.

¢ Document the design concept.

* Prepare a capacity analysis.

s Prepare a water management plan,

¢ Undertake a structural stability analysis.

» Undertake conceptual designs for the specific design components,

*  Document the closure considerations.

* List the critical parameters to be monitored during the life cycle of the facility.

e Document a conceptual design report, including general layout drawings and typical sections.
1.3 Exclusions

The following work was specifically excluded from the scope of work or will be done by others:

e Client will supply the required survey information in digital format.

¢ Preparation of legal documents, permits and environmental baselines.
e Hydrogeological investigations, including geochemical modelling.

¢  (eotechnical investigations.

s Meetings with public or legislative bodies and the preparation or submission of permit
applications.
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e The electrical and mechanical designs for the slurry pumping system.
e The electrical and mechanical designs for the decant and return water pumping systems.

* Preparation of capital, operating and closure cost estimates.
1.4 Available Information
Prior to the investigation, the following information was available;

Table 1: Available Information

Report no. Author Title Date

5540/6275/4/E Golder Beeshoek Iron Ore Mmf: !Enwronmcntal Management August 2004
Programme Report Revision |
2 DESIGN CRITERIA
The design criteria can be summarised as follows:
Table 2: Design Criteria
Item Criteria Unit | Design Value Source
1 Material type Iron ore fine residue Client
2 Process plant utilization b/mnth 639 Client
(average)
O R m’/mnth 347,624 | Client
(slurry}
4 Slurry density - average ratio 1.24 Client
T
5 Slurry water - average m*/mnth 320,656 | Client
6 Water : Solids ratio 2.90 Client
7 Deposition rate - average ktpm 110,571 Client
(dry tons)
8 Pamc}e size distribution - < 1000 Client
(cut size)
9 Specific Gravity ratio 4.1 Client

GEO TAIL CC




[tem Criteria Unit Design Value Source
jo | Designstorm mm 107 EMPR
(1 in 50 year, 24 hour storm)
. MAP = 338
11 Climatic data mm MAE = 2,450 EMPR
Comply with Regulation 704 of the
12 Discharge condition National Water Act, 1998. This implies a Legal : ;
1seharg minimum 50-year spillage frequency, or “gal requiremen
one spill event every 50 years on average.
Design storm plus 0.8 m dry frecboard on
13 Design freeboard top of the normal operating level Legal requirement
(excluding return).
During stripping operations, topsoil will
. be separated from trees and brush and
14 Topsoil stockpiled separately in designated areas 2
for future rehabilitation purposes.
3 SPECIALISED STUDIES

No additional geotechnical or geohydrological investigations were undertaken as part of the
conceptual design phase.

4

RESIDUE CHARACTERIZATION

A typical grading curve for the fine residue is presented below:

Figure 1: Typical Grading Curve
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5 DESIGN OBJECTIVES
The design objectives are listed below:

¢ Create a safe and stable structure and minimize risk to human lives, health and property.

+  Minimum storage of supernatant on the FRSF,

o The design will be such that it will remain fit for the intended purpose and resist all external
environmental influences that are reasonably likely to occur (sustainability).

»  Optimal airspace utilisation.

*  Comply with the relevant legal requirements.

* Minimize environmental impacts, where potentially possible.
¢  Maximum water return to the process plant.

»  Separation of clean and dirty water.

* Cost effective construction, operation and closure.

e The facility will not be situated such that it sterilises any ore or be in conflict with any mining
activity.

*  The facility will be located on mine property.

6 DESIGN CONCEPT

The general arrangement and typical sections are included in Appendix A. Photographs of typical
design components are included in Appendix D.

Impoundment embankments (along the north and west flanks) and existing waste rock dumps (along
the south and east flanks) will provide storage capacity for fine residue disposal. Waste material
(overburden) from the open pit mining operation will be utilised for embankment construction and the
material will be placed mechanically (in horizontal layers) with the mining fleet. The impoundment
embankments will be compacted to a nominal specification. The impoundment embankment will have
a maximum vertical height of approximately 20 m along the north flank. The vertical height of the
impoundment embankment along the west flank is generatly less than approximately 5 m.

The slurry delivery pipeline will be placed on the impoundment embankment crest. Fine residue will
be discharged at a concentration of approximately 25% solids by mass through open end delivery
stations from the impoundment embankments to form a beach that slopes downwards away from the
embankments. This will create a top surface geometry that will result in a supernatant pool that is
maintained in the immediate vicinity of the decant barge. Steep beach angles are expected at the head
of the beach due to segregation and the high specific gravity of the residue. The beach angles will then
reduce towards the pool area where the ultra fine residue will accumulate. The performance of the
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coarse material at the head of the beach (after segregation) is expected to be superior from a drainage,
consolidation and strength point of view than is the finer material in the pool area.

The consolidation of the fine residue is important in enhancing the structural stability of the facility.
It also ensures the best utilisation of the volume capacity by increasing the stored tonnes of fine
residue per cubic metre. The expected low permeability of the residue (especially within the pool
area) implies that there will be virtually no drainage of entrained water by normal consolidation
processes during the life of the facility. The effective operation of the storage facility therefore
depends on the consolidation of the residue by drying, which is a very efficient method. All sub-
aerial storage facilities utilise the benefit of drying to a lesser or greater extent, and the climate at
Beeshoek Mine is conducive to this process. The drying consolidation of the residue can be inhibited
by several factors:

® A large supernatant pool.

¢ Concentrated deposition in one area.
o  Low slurry densities.

+ High rainfall periods.

s High rates of rise.

It is considered that these problems can be overcome by good operation management practice, The
most difficult periods will be during the initial stages, when the rate of rise is high, and during the
high rainfall months. It is during these periods that good distribution procedures must be most rigidly
adhered to. An optimised tipping cycle will be implemented in order to optimise the drying time. A
complete cycle will be achieved when the relevant deposition area has been covered to a slurry depth
of approximately 200 mm. At this stage it is assumed that a minimum drying period of 14 days will be
required before the next layer is placed. Strict operational control will be required to prevent
inconsistent layer development. Layering will reduce the vertical permeability and as a result elevated
phreatic surfaces can develop towards the perimeter with a consequent decrease in structural stability
and inefficient seepage control. Realistically, it is probable that there will be adequate consolidation at
the head of the beach, but that there will be wet zones near the supematant pool and more
significantly in the layers deposited initially near the perimeter.

Supernatant on the top surface will accumulate in a pool at the decant barge, as a result of floor
beaching and deposition control. This supernatant, predominantly derived from the process but also
from rainfall, will be decanted from the top surface because retained water could:

* Reduce the freeboard and the storm water capacity and so increase the potential for overtopping.

s Increase the potential for slurry flows in the event of a breach.

o Increase the hydraulic gradient of seepage and pore water pressures which could lead to lower
factors of safety.
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¢ Inhibit consolidation and sc reduce the strength and storage capacity of the facility.

¢ Increase water losses through evaporation and secpage and so increase the environmental impacts
on water consumption and groundwater.

Initially, the floating barge will decant from an old quarry {ocated in the northeast corner of the basin.
If necessary, the pool will be relocated or the embankment will be lined/sealed in future in order to
control the phreatic level in the impoundment embankment adjacent to the pool.

7 CLASSIFICATION
71 Introduction

The dual safety and environmental classification provides the basis for the implementation of
differentiated safety and environmental management practices for specified stages of the life cycle of
a residue storage facility. The practices prescribed for planning, design, operation and
decommissioning may be differentiated on the basis of the safety or environmental classification for
each specific storage facility. It therefore allows for the development of a management system that is
tailored to suit the needs of the particular facility, rather than imposing a system on all facilities that,
of necessity, must cater for the most severe hazards and risks.

7.2 Safety Classification

Great importance is attached to the qualitative safety classification associated with a particular
facility. This classification defines the potential consequences of a failure of the storage facility. The
results of the safety classification affects the design, operation and monitoring of the facility. It is
important to note that a storage facility that may be classified as having a “high” hazard rating may
not have an associated “high” risk. The risks (or the likelihood of adverse impacts — that is,
probability of occurrence x consequence of occurrence) can be reduced and minimised through the
implementation of risk management techniques.

The Code of Practice for Mine Residue (SABS 0286:1998) calls for a safety classification to
differentiate between residue deposits of high, medium and low hazard rating on the basis of their
potential to cause harm to life or property within the zone of influence. The classification should be
based on the anticipated configuration of the storage facility at the end of its design life, and on
satisfying any one of the conditions set out in the table below.
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Table 3: SABS 0286:1998 Safety Classification

Number of residents
in zone of influence

Number of workers
in zone of influence"

Value of third party
property in zone of

Depth to under-
ground mine

Classification

influence? workings”
0 =10 0-R2m =200 m Low hazard
1-10 11-100 RZm-R20m 50 m-200m Mediwm hazard
=10 =100 =R20m =50 m High hazard

1) Not including workers employed solely for the purposes of operating the deposit
2) The value of third party property should be the replacement value in 1996 termns

3) The potentiat for collapse of the residue deposit into the underground workings affectively extends the zone of influence

to below ground level

The rating, based on the zone of influence (see Figure 1 below), can be summarised as follows:

Table 4: Hazard Rating Resulis

Item Condition Zone of Influence - Comments Hazard Rating
| Number of residents in zone of influence | None Low
2 Number of workers in zone of influence = 10 Low
3 _Value of third party property in zone of 0 Low
influence
4 Depth to under-ground mine workings B0 undc'rgr G AT Low
zone of influence.
|

The above table indicates that an overall “LOW

GEO TAIL CC
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Figure 2: Zone of Influence
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1.3 Environmental Classification

All storage facilities (as a minimum) should be classified into one of the following two environmental
categories:

¢ Storage facilities that have a potentially significant impact on the environment; ot

¢ Storage facilities that have no potentially significant impact on the environment.

The table below has been used as the basis for a preliminary environmental classification of the FRSF.
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Table 5: Environmental Classification

Aspect under Environmental classification
consideration
Significant Possibly significant Not significant
Deposit has potential to Depasit has potential to No contamination of water
Surface and | contaminate water that contaminate water that supplies likely.
1 Groundwater | may be consumed by may be consumed by flora
humans (chronic / acute). or fauna,
Deposit has potential to Release of residue from Release of residue from
permanently render deposit could have a long- | deposit can be completely
2 Land surrounding land term detrimental effect on | remediated.
unsuitable for its pre- land.
existing potential,
Deposit has potential to Deposit has potential to Deposit has negligible
degrade air quality to a elevate dust nuisance potential to adversely
3 Air level that is detrimental to | {only) to an unacceptable affect air quality.
human health (chronic / level.
acute).

The above table indicates that the FRSF has no potentially significant impact on the environment. It is
however recommended that operating and monitoring procedures should be implemented to ensure
acceptable seepage, runoff and air quality management and control.

8 CAPACITY ANALYSIS

The slurry will be pumped through a 255 mm OD HDPE pipe from the large diameter thickener to the
FRSF. The slurry will be distributed through a series of open end delivery stations into the basin of
the facility. Initially, deposition will be focussed in the southwest quadrant of the facility. In future,
additional delivery stations will be implemented for deposition control.

The estimated average placed dry density (assuming consolidation) can be surmmarised as follows:

Table 6: Average Dry Density

Moisture content (w) Specific Gravity (SG) Void Ratio (¢) Dry Density
(%) ratio (w/100*SG) (1w*SGM(1+€) t'm’
20 4.10 0.82 2.25

The storage facility was three-dimensionally modelled for an accurate determination of the
relationship between the height, area and capacity. The detail was processed to calculate the rates of
rise for average production rates and eventually the design life. The capacity analysis results for the
basin are presented graphically below (see Appendix B for details).
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Figure 3: Capacity & Area vs. Elevation
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Figure 4: Design Life & Rate of Rise vs. Elevation
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In view of the above, it is concluded that based on a deposition rate of 110,600 tpm and a place dry
density of 2.25 vm’:

» At full supply level (1355 mamsl), the total airspace volume is approximately 7.4 million m’ or
16.7 million tons.

o The final top surface area of the basin is approximately 60 ha.
¢ The final rate of rise will be approximately 1.0 m/a,

¢ The design life will be approximately 12.6 years.

9 WATER MANAGEMENT PLAN
9.1 Introduction
The purpose of the control of water is to:

¢  Minimise usage,
» Encourage drying and consolidation of the fine residue, and

*  Separate clean runoff from petentially contaminated process water,

The principles of the management of water are to:

¢ Divert clean storm water runoff away from the FRSF,
¢ Minimise the storage of water on the FRSF, and

¢ Contain and re-use the water emanating from the FRSF.

9.2 Clean Water Diversion

It is a legal requirement that all clean water runoff arising from an external catchment be prevented
from flowing onto the FRSF and consequently becoming contaminated. The only external catchment
is the broad valley area upstream of the FRSF. The runoff from this catchment will therefore
accumulate against the north impoundment embankment from where it will evaporate or infiltrate into
the foundation.

9.3 Runoff Control
Storm water runoff from the impoundment embankment outer slopes will contain some eroded solids.

In order to prevent silt and runoff from discharging into the surrounding environment, the side slopes
will be dosed down to 1v:3h then covered with approximately 150 mm topsoil and then grassed.
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9.4 Seepage Control

No under drainage system is required for structural stability purposes due to the high permeability
associated with the foundation material.

9.5 Freeboard

In order to ensure that the freeboard requirement is met and that excess water is not stored on top of
the FRSF for any protracted period, supematant will be pumped from the supernatant pool through a
floating barge pump system to the clarify dam, located adjacent to the large diameter thickener at the
process plant, for re-use in the process.

It is therefore recommended that decant return from the FRSF should be maximized at all times in
order to ensure minimum storage of supernatant on the FRSF. Excess water will therefore only be
temporarily stored on the FRSF during high rainfall periods.

9.6 Decant Control

Supernatant on the FRSF compartments will accurnulate in a pool at the decant barge, as a result of
floor beaching and deposition control. This supernatant (rainfall and supernatant refease from the
sturry) will be decanted from the top surface of the FRSF to achieve:

s Maximized water return to the plant for re-use in the process.

e Prevention of accumulation and subsequent overtopping (freeboard).

¢  Drying consolidation of the slurry.

¢ Reduced infiltration (seepage).

¢ Prevention of potential rises in the phreatic surface and eventually instability.

¢ Reduced evaporation losses.

The floating barge will be equipped with a Warman BNP 75 pump. The decant water will be pumped

through a 210 mm OD HDPE and 150 mm NB mild steel pipeline to the clarify dam located adjacent
to the large diameter thickener at the process plant.

9.7 Water Storage
The clanfy dam will be utilised as a temporary water storage facility for return draft from the FRSF to

the process plant. No allowance has been made for an additional return water dam and/or storm water
dam. The day to day water management is therefore very important at the FRSF,
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9.8 Water Balance

A water balance approach was adopted to model the performance of the FRSF under the envisaged
normal operation and storm conditions (see Appendix C for details). The input parameters and
assumptions can be summarised as follows:

¢ Climatic data:

¢ Rainfall - based on historic average rainfall data.

®  Evaporation - based on historic average evaporation data,

¢ Inflows:

°  Runoff factors are assigned to the beach, pool and external catchment in order to calculate the

total inflow from precipitation.

The slurry is pumped to the facility, under nominal flow conditions, at a concentration of
approximately 25% solids by mass.

o  Outflows:

-4

Evaporation is computed for a portion of the beach (wet) and the pool surface.
Interstitial storage is based on a placed dry density of 1.0 t/m’.

Seepage return is based on the average pool area and an assumed fine residue permeability of
1x10% s,

Decant from the pool is computed by assuming that the pool will be operated to remain as
small as possible and that storm water will be decanted within acceptable time periods.

The water balance results for normal operation and storm conditions can be summarised as follows:

Table 7: Water Balance Results

Item Description Umit Yalue
1 Slurry water to FRSF m'/annum 3,85 million
2 - Decant return | m*/annum _ 2,25 million
3 Deficit m*/annum 1,60 million
4 Decant rate m/h 600
5 Decant period - normal conditions hrs/day 9012
i1 Decant period - storm conditions days 3 5 ]
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The above table indicates that no spillage is expected from the supernatant pool during the operation
phase of the FRSF.

10 STABILITY ANALYSIS

The stability of the critical final side slope has been assessed using non-circular paotential failure
surfaces (Bishop simplified method) in the limit equilibrium program SLIDE. This program allows
for the analysis of numerous potential failure surfaces, and the identification of the critical surface
with the lowest factor of safety against failure.

For the purpose of the stability analysis, a pore pressure parameter r, has been used to represent the
phreatic conditions (where 1, = [pore pressure at a point] / [weight of overburden at that point]). No
excess water pressures have been assumed for any of the matenals and it is assumed that the project
area is in a region of low seismicity.

The shear strength parameters assumed for the stability analysis is summarised in Table 8 below. The
values are based on experience with similar materials. It is recommended that representative samples

should be tested during the operation phase.

Table 8: Material Strength Parameters

. . Friction
Mal::f‘lal Material Type U':::N‘z:;%m C'(]::;‘t:;’ n (dt;ﬂ:s) ry
1 Upper Foundation 16 0 30 0.1
2 Impoundment embankment 26 0 18 0
3 Fine residue 22 0 30 03
4 Lower foundation 18 0 35 0

The factors of safety for overall stability, at the critical section, can be summarised as follows (see
Figures 5§ and 6 below):

Table 9: Slope Stability Results

. Factor of Safety for Overall Stability
e (Bishop Simplified Method)
After construction — angle of repose 1.41
Closure — flattened to 1v:3h 220
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Figure 5: Slope Stability Analysis — After Construction
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The stability analysis results indicate that the factors of safety for overall stability will be satisfactory
under normal operating conditions. However it assumes that the management of the facility will be
adequate and the need to monitor phreatic conditions, settlement and slope angles at the outer slopes
are critical.
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11 CLOSURE
1.4 Introduction

The minimum objectives for the closure and rehabilitation of the FRSF must be to prevent air and
water pollution in accordance with the requirements of the relevant regulations and with good
international practice. The intended end-use should take into consideration the prior land-use and the
location with respect to current and potential future socio-economic development.

The closure plan for the FRSF will be developed during the life of the facility. The purpose of
preparing a closure plan is to ensure that the FRSF design, construction and operation procedures are
compatible with the achievement of final closure and rehabilitation to acceptable environmental
standards and at a reasonable cost. It is anticipated that the closure plan will be updated periodically
before the preparation of the final closure plan. The closure plan will be prepared in accordance with
“best practice” and the requirements of the environment.

1.2 Closure Considerations

In view of the above, the principles of the FRSF closure plan and the progressive rehabilitation plan
can be summarised as follows:

¢ The fine residue is expected to have a low permeability, especially in the final pool area, with the
result that seepage from rain water infiltration will be very limited.

¢ The required final top surface geometry will be achieved during the operation phase, The top
surfaces will either be divided into smaller compartments and/or the water will be allowed to
drain ina controlled fashion to the historical pool area.

¢ The top surface will be rehabilitated with a composite cover of waste rock, topsoil and vegetation.
The purpose of the cover is to stabilise the surface (erosion and dust generation) and to minimize
the infiltration of water and oxygen.

e An emergency spillway, for draining of the top surface of the FRSF, will be included in the final
closure design.

¢ The outer slopes of the FRSF will be shaped to 1v:3h and progressively rehabilitated with topsoil
and natural vegetation.

¢ Generally all surface structures {i.e. pumps, pipelines, power lines etc) will be remaved.

11.3  Aftercare and Monitoring
The following should be provided for in terms of aftercare, maintenance and monitoring:

¢ Apnual inspections by an appropriately experienced person to identify aftercare requirements.

¢ Repair of major erosion gullies that arise as a result of extreme rainfall events.

GEO TAIL CC
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¢ Repair of top soil cover and re-vegetation of damaged areas.

¢ Continued monitoring of the landscape function indicators to prove progression towards a
sustainable self supporting landscape.

s Repair of drainage structures, if and when required,

¢ (eneral maintenance of the benches and the top surfaces.

12 CRITICAL PARAMETERS

A system of management and monitoring of critical parameters will ensure that the facility is operated
safely and efficiently, in accordance with good environmental practice and in a manner compatible
with the final closure requirements. Some of the critical parameters to be monitored are listed below:

¢ Technical (i.e. settlements, phreatic levels, climatic data, side slope geometry, available storage
capacity etc.).

¢ Geotechnical properties of the residue material (i.e. SG, panticle size distributions, maximum dry
density, optimum moisture content, shear strength, permeability etc.).

s  Operational (i.e. run-off volumes, freeboard, in-situ moisture contents, in-situ densities etc.).

* Environmental (i.e. surface and ground water quality, ground water table, environmental
properiies of residue etc.).

In addition, ongoing maintenance and repairs will be required for all the design components to ensure
that the design intent is met at all times,

13 RECOMMENDATIONS
In view of the above, it is recommended that:

¢ The deposition plan should be revised on an annual basis during the operation phase of the facility

¢ A laboratory and field test program should be implemented to assess the geotechnical and
geochemical characteristics of the fine residue material and to modify operating procedures, if
required.

s The FRSF water balance must be calibrated during the operation phase. In addition, the FRSF
water management plan should be integrated into the overall mine water balance.

* A detailed closure plan should be developed during the life of the FRSF.
s A site specific code of practice should be prepared for the FRSF.

* A risk monitoring, surveillance and audit system (including boreholes for environmental
monitoring) should be implemented for the life cycle of the FRSF. The critical parameters should
be monitored and analysed on a routine basis.

GEO TAILCC
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Appendix A : Drawings
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Appendix B : Capacity Analysis
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CAPACITY ANALYSIS
Beeshoek Mine Fine Residue Storage Facility
Yarticak Elevaton Arem Area Wolume AL, Depositien Dry Acg Tirma Acc. Agc. Rate of Rate of
haight walume inte density tonnege time time tise rise

jmi {m] |m*2) ha) {m*3) {rmn*3} ftpm) {t/m*3) [tonnes) {manths} | [manths) {ysars} imiv} {m/mnth)

0 1,3340 a0 - - ") 225 0 00 0.0 0.00 0 DO 000
05 1,3358 156 0.0 B4 84 110,600 (1] 189 09 0.0 0.00] 195273 188 67
1.0 1,335.0 6,025 06 1,585 1,663 110,600 235 3,755 04 0.0] 0.00 57 58 &13
15 133586 15,827 15 5,468 7,137 110,600 228 16,058 01 0.1 0.01 37 2? 312
2.0 1,336 ¢ 26,793 2.7 10,657 17,794 110,600 P 40,037 0.2 0.4 0.03 2208 183
2.5 1,336 5 43.93% 2.8 17,684 3%,478 110,600 228/ 75,826 04 0.7 0.06 13 42 112
30 1,337¢ 73,530 78 29,367 64,845 110,600 225 145501 06 1.3 9.11 802 067
35 13375 94,134 94 41,918 106,763 119,600 2.25 240,217 ag 2.2 0.18] 627 052
40 1,336.0 126,357 126 65,126 | 161,888 110,600 25| 364248 11 3.3 827 167 03%
4.5 1,328.5 157,651 158 71,602} 232,890 118,600 25| 522003 14 472 0.39 374 0321
5.0 1,329¢| 191,062 19.1 87,178 | 320,063 110,600 2.25| 720153 18 6.5 2.54 30% 026
5.5 1,3395 226,393 226 104,364 | 424,432 110,600 2.25| 954,972 21 8.6 0.72 161 022
6.0 1,3300| 255582 260 121,496 | 545,98 110,600 22s| 1,228338 25 1.1 0.33 2 01%
6.5 1,3805) 287,796 288 136,847 | 682,778 110,600 225 1,535.244 2.8 13.9 1.16 208 017
790 1,3410| 308158 09 149,238 | 832,013 110,600 =z 25| 1872029 3.0 16.8 1.41 131 D16
75 13415 327,326 327 159,021| 891,133 116,600 25| 2,230.052 32 20.2 168 1.80 01s
80 13420 342,138 342 167,366 | 1,188,500 118,500| 225 2,608.628 3.4 23.6 158 172 014
8s 1,3475| 353,650 358§ 172,207 | 1,332,707 110.600( 2 25| 2,938551 35 271 2.26) 1£6 012
a0 1,343.0 3€6,951 E7 180,41¢| 1,513,117 110,600 215] 3,404.513 37 30.8 257 1E1 013
95 1,3435| 378,977 278l 186482 1,699,559 110,600 2125] 3,824,058 38 34.6 2.88 156 013
10.0 1,344.0 391,587 352 192,681 | 1,891,230 110,500 225] 4257540 3.9 34.5 320 151 013
105 1,2635|  apa.678 20 4 198,816 | 2,081,085 110,600 225 4704876 10 428 3.5 136 012
e 1,245.0( 414,853 +15| z04668] 2,28572s 110,500 225] 5,18537% 42 467 3.89 142 012
115 1,355 5] 425326 425|  210080| 2,505,504 110,500 225| 5.638.05% 43 51.0 4.25 13% 012
120 1,336.0( 435,082 2438 115,101 | 2,720.506 116,500 235] 622038 14 55.4 4.1 136 C11
125 13565 434 675 445 219,950 | 2,930,846 110,600 2 25| 6616,304 15 538 4.55 133 11
130 1,3470| 454387 45.4] 224766 3,165,612 110,600 25| 7.arl617 36 §54 5.37 130 011
135 13475| 464068 A64] 229614 3,395,216 110,600 25| 7,649,259 47 691 576 127 011
140 13480 473626 474 2344923 3,629,649 110,600 25| 8,166,710 13 738 £15 138 010
145 13485 183 148 48 2 235193 | 3,B6B.842 110,600 225| B,704,B95 19 78,7 656 rz £.10
150 1,3450| 493,317 493  234116| 5112858 110,600 225 3354156 50 83.7 £37 120 £10
155 1,3436| 503,434 503  239,150| 5362138 120,600 r25| 9814833 51 88.7 240 117 010
160 1,3500| 513,572 Si4) 25a7254| 4.616.402 110,600 2 25| 10,386,905 52 335 783 15 c 10
16 & 1,350 5 533,657 524 258,307 | £,B75.703 110,600 235} 10,970,355 53 39.2 8.27 113 cos
170 1,3518] s33.t30 $3.3|  2es.1%7| 5,139,906 119,600 2 35] 11,562,789 54 1046 &7t 111 c 0%
1758 13615] szI.068 §=.1 268800 | 5,208,708 100,600 > 35] 12,169,539 56 1100 517 1 c3| ¢ 09
180 1,3514| ssotes 6.1 273.208] 5.681514 110,600 2 25| 12,784,307 56 115.6 963 107 co9
185 1.3515[ 559.068 £8.9| 277458 s.959.372 110,600 225] 13 408,537 56 1212 10 10| 1CE c.09
159 1,353¢ 567,359 S6 7| 281.607| 6.230,979 110,600 225 12042203 57 127.0 10 58 104, 9
195 1,3535 575873 576| 285,808 6,526,787 110,600 228 14, €85,271 53 132.8 1108 102 003
200 1,3840] 533552 58.5| 290,11&| 6.816,903 110,600 225] 15,338,022 53 138.7 1186 101 008
205 t,3545 583.872 55.5 ig:531] 7,811,343 110,600 2 28] 156.000,745 £4 1347 12 06 0595 [ofv:]
210 1,355.0 £02,356 603| 189,i07| 7,410,551 110,600 225| 16673, 740 61 150.8 12 56 098 008
1% 13555 611,831 612| 30359%| 7,713,150 110,600 226 17,356,838 §2 156.9 13 08 0 38 c 63
10 1.3560] 620009 62.0) 307,887| 8,022,037 110,800 228 18 049,843 g3 163.2 13 60 055 068
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Appendix C : Water Balance
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WATER BALANCE - Beeshoek Fine Residue Storage Facility

PROCESS DETAILS
Spacific Grasity Rtie ualt |
Cepeiiticn rate e 113,600
Ops time hrg/math g3
SLURRY CHARACTERILTICS Slurry In Slurry Placed Residus Bres m2 B25.000
Maistuie eantent % 150 TS WET SEASCN Cry basch ‘et beach Faol Ext.
Voud ratio ratic 11,880 3075  Splic % 0 0 30 I
Shurry dar: ratic 12430 1.761 Argn Im2i m2 310,000 248,000 £2,006 0
Dry Dansity “2'13 £} 1,006 RuncH facter ¥ B 2% =m &
Water Muss kgfm3 8§22 755 ORY SEASCIN Drybarch | ‘Wetbeach Pool 243
Toral Mass kgim3 1.240 1,761 = Sphit % 60 an i caichitent
e Soluds mass 256 57 1 Algs m2 372000 186,006 £2,000 G
v ater mazy 744 325 Runeffacter L & 25 nfa o]
Wiater Solids ratic 2 075
Mazs Selds tph 173 tvaporation adjustment 0.7C"4-pan T
Mazs Water ph 503 0 BB*S-pan
K313 Teta’ ph €75
Vel 5ol ds. mih a2 Parmeability mft § DCEOT
Vel \Water 3 502 manrum 3.153
Vol Total mih 544 Fryd: gulic 2rad-ant ratio 013
Oparaticns water m3fmnth 320,740
Interstitsel water volumel _m3imaih §2.9%0
Suparnatant relasts m3/mntk 237,780
Det te Api Maytc Sept
Sesson Wat Dty Annual RESLLTS

tAgnths meth 7 & 13 Oct 10 Apr May1o Sept
Days d 213 162 365 et Dry Annusl
Avarage ra:afall e 299 iF 338 m3 1,155,93¢& 1,08)85) 2,288 787
Asqrage ¢vapo ¥LION e 1.833 B1l 2.450 Cenans resurn m3 mrth 170,848 210,570 187,385

INFLOWS m3iday §,617 £.923 6,161
Suptrnitenirelease m3 1,664,530 1,188,950 2.853.480 b §3 £6 58
&t catchmant runolf m3} =] ] 2] Water demand m3/meath 320,730 220,745
Beach runcfl m3 15,953 =974 28,827 m3annum 2,135,180 1,603,700 3,858,280
Pook rureft m3 13,5328 2,418 20,956 Surplus(el) Beficnts m3/math «145 892 -11C,17C
Totalrurch m3 44,491 5,392 13,883 m3ipnren [ -1,049 7464 +550,639 -1 600 083

CUTFLOWS Cecantrate m3/n EOG BOG
Baach avaporaton ™3 401 243 100,008 561,352 Cacantpeiicd h's 54 115
Pec! avaporaticn m3 100,336 33 336 133,672 Raturn purp rate o Flan; m3h ) B30
Toial avapcrasich m3 S0LETS 123,335 635,024 Fuma hou's raquired bis 9.4 115
Seepage rate lguidl m3 11.406 8147 19,553 Comments 1 <22 w QK s, .
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Description Basin Storage
1in 50 year, 24 hour storm mm 107
Ory beach 0.3
Run-off factor Wet beach —
Pool i0
External 0o
Total catchment area m2 620,000
Dry beach 50
Catchment area (% of total area) Wet beach 30
Poo! 20
Dry beach 310,000
Catchment area {m2) Wet beach 156000
Pod 123,000
External 3]
Storm wvolume m3 35,160
Decant period days 5.0
Daily storm decant mi/day 7032
Daily operations water m3/day 10,542
9% return % 53
Dally ppecat ans water return m3/day 5,587
Total datly decant requirement m3/day 12,619
Pumping hours per day hrs 21
Required decant rate to RWD w3 &01
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Appendix D : Photographs
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Open end Delivery Station

Supernatant Pool in Quarry
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Rehabilitated Side Slope

Steep Beach Profile at Head of Beach

GEO TAIL CC



