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GEOLOGICAL MOTIVATION

I.GEOLOGICAL __ INTRODUCTION _TO _THE HEIDELBERG-RIVERSDALE
BENTONITE DEPOSIT

The Bentonite is a clay part of the smectite family one of the seven clay family. This deposit
is situated in the Cape basin, more precisely in one of its subsidiary the Heidelberg-
Riversdale Basin.

From a global point of view, the Cape Basin was first formed during the Cape Fold Belt
orogeny (Permian-Triassic) as a foreland basin. Thereafter it continued to subside during the
fragmentation of the Gondwana due to the opening of the South-Atlantic. This second phase
was controlled by Normal faulting such as the Worcester Fault governing the Heidelberg-
Riversdale Basin (Figure 1.1). These faults divide the area in two structural blocks:

-Highly deformed rocks of the Cape Fold Belt

-Sediments post orogeny slightly folded but an average dipping of 25 degrees towards the
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Figure 1.1 : Localisation of the Worcester Fault (Neoproterozoic to Early Cambrian Crustal Evolution of the Pan-African
Saldania Belt, South Africa; A Rozendaal, P.G Gresse, R Scheepers, J.P Le Roux; http://www.sciencedirect.com)
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Figure 1.2: Regional geology map showing Cape Folt Belt Area Geological History of Southern Africa S.H HAUGHTON-

sajg.geoscienceworld.org)
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Figure 1.3: Local geology map (Geological History of Southern Africa S.H HAUGHTON-Geological Map 1:40 000 Riversdale)
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During the formation of the Heidelberg-Riversdale basin, Alkaline volcanic episodes took
place (Figure 2), leading to the deposition of ashes in salted Lacustrine environment where

they were subjected to hydrothermal variations
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Figure 2: Global Map of the Southern African volcanic episode of the Cretaceous (Controls of post-
Gondwanaland alkaline volcanism in southern Africa; A.E. Moore; http.//www.sciencedirect.com)

The glass components of the ashes were chemically altered in this low energy environment
and consolidated into distinct clay layers. These clay layers currently forms the Heidelberg-

Riversdale Bentonite Deposits.

These deposits are also outstanding due to the salted environment in which the ashes were
deposited. Indeed, this parameter will lead to the formation of Sodium Bentonite. Heidelberg-
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Riversdale Bentonite deposits are the only, currently mined, Sodium Bentonite deposit in
South-Africa.

11I/.SODIUM BENTONITE

There are two main kinds of Bentonite:
-Sodium
-Calcium

Both of these clays have Green compressive strength and Dry compressive strength
properties, used in the Foundry’s industry mainly. However, calcium bentonite needs heavy
processing in order to get the sodium bentonite physical properties (High viscosity/Free
swell/Base exchange Capacity/Sinter Plate Absorption etc.). As a consequence, Sodium
Bentonite requires a minimum energy to be processed in comparison with calcium bentonite
which makes its use a lot more sustainable for the environment.

I11/. Erf 1401. Erf 1199 and Erf 2924

On Erf 1401, Erf 1199 and Erf 2924 we were able to locate one horizon, namely the
Millenium Horizon.

This horizon represents one layer of Sodium Bentonite ranging from 1-4m thick which will
provide us with high quality clay. This specific 19 ha deposit has approximately 10 years Life
of Mine for itself with approximately 50000t raw material inferred reserves with a production
rate of 5000t/year.
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Figure 3.1: Bentonite Layers distribution on Erf 1401, Erf 1199 and Erf 2924
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Figure 3.2 : Schematic geological cross section (Brocca Alexandre and Viallette Eric, practical training Final presentation)

SOCIO-ECONOMIC MOTIVATION

The deposit on the applicable property will increase the lifespan of the mine on this Farm for
around 10 years. Cape Bentonite Mine is currently employing 56 people, of which 90% of
them are from the local communities of Heidelberg and Riversdale.

On the other hand, the company is investing in the local community through their Social L

abour Plan. It consists of a 5 year investment plan which includes projects such as upgrading
or creating community infrastructures. This investment plan includes also bursaries,
internship, skills development programs etc. in order to improve the educations and skills
level of the local community members.
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Cape Bentonite is also supporting on a daily basis the local suppliers in order to provide the

company with the items required in the Bentonite Production.

Finally, the company also pays royalties to the land owners of the properties where mining

activities occur and are proposed.

END
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SITE SPECIFIC STORMWATER MANAGEMENT MEASURES TO BE
IMPLEMENTED ON SITE

The following general measures will be implemented as part of the mentioned stormwater
management practices:

e Maintenance of stormwater drains, trenches and silt traps where applicable will be
diligently undertaken throughout the mining operational phase to prevent blockages,
spillages and general malfunction.

e Vegetation growth on the stormwater berms, and all other exposed soils will be
encouraged as a preventative measure against erosion.

e All storm water structures will comply with Regulations GN 704 of 4 June 1999.

e All clean storm water will be routed directly to the natural water courses/drainage
around proposed quarry area.

e The “dirty” water management system (water inside quarry area) will be a closed
system with no discharge or spillages to the surface water environment. The size of
the “dirty” water management areas will be limited to the footprint of the proposed
quarry area.

e Mining will be conducted in phases and rehabilitation of quarries will be ongoing to
prevent stormwater accumulation in quarries as far as possible.

Table 1 : Maximum rainfall intensities for the Heidelberg-Riversdale area in mm.

Month 24hrs
January 56
February 38
March 75
April 108
May 56
June 33
July 88
August 161
September 34
October 181
November 51
December 63
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The following site specific measures will be implemented as part of the mentioned

stormwater management practices (also refer Figure 1 below)

e One meter wide berm walls around the quarry area will be constructed to ensure that
the surrounding storm water flow cannot flow into the proposed quarry areas and to

prevent storm water from escaping from the quarry area.

e The topsoil and overburden stockpiles proposed will curve towards the natural
drainage areas in order to guide the flow of the stormwater towards the natural

drainage and also berm walls constructed around these stockpiles.

e On the corners of the quarries draining trenches will be built to direct storm water into
and along the natural drainage flow.

If erosion of topsoil and/or overburden stockpiles is detected erosion rectification and

prevention measures as stipulated in the Environmental Management Programme will be

implemented.

END
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PREFACE

Water is typicaly the prime environmental medium (besides air) that is affected by mining
activities. Mining adversely affects water quality and poses a significant risk to South Africa’s
water resources. Mining operations can further substantially alter the hydrdogical and
topographical characteristics of the mining areas and subsequently affect the surface runoff,
soil moisture, evapo-transpiration and groundwater behaviour. Failure to manage impacts on
water resources (surface and groundwater) in an acceptable manner throughout the life-of-
mine and post-closure, on both a local and regional scale, will result in the mining industry
finding it increasingly difficult to obtain community and government support for existing and
future projects. Consequently, sound management practices to prevent or minimise water
pollution are fundamental for mining operations to be sustainable.

Pro-active management of environmental impactsis required from the outset of mining activities.
Internationally, principles of sustainable environmental management have developed rapidy in
the past few years. Locally the Department of Water Affairs and Forestry (DWAF) and the
mining industry have made major strides together in developing principles and approaches for
the effective management of water within the industry. This has largely been achieved through
the establishment of joint structures where problems have been discussed and addressed
through co-operation.

The BIill of Rights in the Constitution of the Republic of South Africa, 1996 (Act 108 of 1996)
enshrines the concept of sustainability; specifying rights regarding the environment, water,
access to information and just administrative action. These rights and other requirements are
further legislated through the National Water Act (NWA), 1998 (Act 36 of 1998). The latter is
the primary statute providing the legal basis for water management in South Africa and has
to ensure ecological integrity, economic growth and social equity when managing and using
water. Use of water for mining and related activities is also reguated through regulations that
were updated after the promulgation of the NWA (Government Notice No. GN704 dated 4 June
1999).

The NWA introduced the concept of Integrated Water Resource Management (IWRM),
comprising all aspects of the water resource, including water quality, water quantity and the
aquatic ecosystem quality (quality of the aquatic biota and in-stream and riparian habitat). The
IWRM approach provides for both resource directed and source directed measures. Resource
directed measures aim to protect and manage the receiving environment. Examples of resource
directed actions are the formulation of resource quality objectives and the development of
associatedstrategies to ensure ongoing attainment of these objectives; catchment management
strategies and the establishment of catchment management agencies (CMAs) to implement
these strategies.

On the other hand, source directed measures aim to confrol the impacts at source through
the identification and implementation of pollution prevention, water reuse and water treatment
mechanisms.

The integration of resource and source directed measures forms the basis of the hierarchy
of decision-taking aimed at protecting the resource from waste impacts. This hierarchy is
based on a precautionary approachand the following order of priority for mine water and waste
management decisions and/or actions is applicable:
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RESOURCE PROTECTION AND WASTE
MANAGEMENT HIERARCHY

Step 1: Poliution Prevention

l

Step 2: Minimisation of Impacts
Water reuse and reclamation
Wister treatrment

.

Step 3: Discharge or disposal of waste
andior was'e water
Site specific risk based approach
Folluter pays principle

The documentation describing Water Resource
Prokection and Waste Management in South Africa
is being developed at a number of different levels, as

described and llustrated in the schernatic diagram
below.

The overall Resource Protection and Waste
Management Policy sets out the interpretation of
policy and legal principles as well as functional and
organisational arrangements for resource protection and
waste rmanagernent in South Africa.

Operational policies describe the les applicable
to different categories and aspects relating to waste
discharge and disposal activities. Such activities from
the mining sector are categorised and classified, based
on their potential risks to the water environrent.

Operational Guiddlines cortain the requirerments for
specific docurrents e.g. licence application reports.

Best Practice Guidelines {BPGs)define and docurment
hest practices for water and waste managernent.

Schematic Diagram of the Mining Sector Resource Protection and Waste Management

Strategy
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(OP-series)
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H3 Water reuse and G4 Impact prediction Ad Pollution control dams
reclamation AS Water management for
Ha Water reatment surface mines
AB Waler management for
underground mines
i




Best Practice Guidefine - G1: Storm Water Management - August 2006

vi

The DWAF has developed a series of Best Practice
Guidelines (BPGs) for mines in line with International
Principles and Approaches towards sustainability. The
series of BPGs have been grouped as oullined below:

BEST PRACTICE GUIDELINES dealing with aspects of
DWAF’s water management HIERARCHY are prefaced
with the letter H. The topics that are covered in these
guidelines include:

« H1. Integrated Mine Water Management

« H2. Pdlution Prevention and Minimisation of Impacts
+ H3. Water Reuse And Reclamation

* H4. Water Treatment

BEST PRACTICE GUIDELINES dealing with GENERAL
water management strategies, techniques and tods,
which could be applied cross-sectoral and always
prefaced by the letter G. The topics that are covered in
these guidelines include:

+ G1. Storm Water Management

+ G2. Water and Salt Balances

+ G3. Water Monitoring Systems

* G4. Impact Prediction

BEST PRACTICE GUIDELINES dealing with specific
mining ACTIVITIES or ASPECTS and always prefaced
by the letter A. These guidelines address the prevention
and management of impacts from:

+ A1 Small-scale Mining

+ A2 Water Management for Mine Residue Deposits

« A3. Water Managementin Hydrometallurgical Plants
+ A4 Pollution Control Dams

+ A5 Water Management for Surface Mines

+ A6 Water Management for Underground Mines

The development of the guidelines is an inclusive
consultative process that incorporates the input from
a wide range of experts, including specialists within
and outside the mining industry and government. The
process of identifying which BPGs to prepare, who should
participate in the preparation and consultative processes,
and the approval of the BPGs was managed by a Project

Steering Committee (PSC) with representation by key
roe-players.

The BPGs will perform the following functions within the
hierarchy of decision making:

« Utilisation by the mining sector as input for compiling

water use licence applications (and other legally
required documents such as EMPs, ElAs, closure
plans, etc.) and for drafting licence conditions.

+ Serve as a uniform basis for negotiations through the
licensing process prescribed by the NWA.

+ Used specifically by DWAF personnel as a basis for
negotiation with the mining industry, and likewise by
the miningindustry as aguideline as towhat the DWAF
considers as best practice in resource protection and
waste management.

+ Inform Interested and Affected Parties on good
practice at mines.

The information containedin the BPGs will be transferred
through a structured knowledge transfer process, which
includes the following steps:

+ Workshops in key mining regions open to all interested
parties, including representatives from the mining
industry, government and the public.

+ Provision of materia to mining industry training
groups for inclusion into standard employee training
programmes.

+ Provision of material to tertiary education institutions
for inclusion into existing training programmes.

+ Provision of electronic BPGs on the DWAF Internet
web page.
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1

INTRODUCTION
AND OBJECTIVES

OF THIS BEST
PRACTICE
GUIDELINE

Storm water management and drainage planning are critical components of integrated water
and waste management (IWWW~M) at mining sites. While storm water management is an integral
part of IWWM and is documented as part of the Integrated Water and Waste Management Plan
(IWWMP), for the purpose of this document, the component of the IWWMP that refers to storm
water management is referred to separately as the storm water management plan (SWMP). A
SWMP must address the impact of:

+ Mining operations on the water flow and water quality processes of the hydraogical cycle,
and the associated upstream and downstream environmental impacts.

+ The hydrological cycle on mining operations, including effects such as loss of production,
costs, and impacts of both floods and droughts on the mining operations.

The objectives of a SWMP are site-specific but some general objectives include:

+ Protection of life (prevent loss of life) and property (reduce damage to infrastructure) from
flood hazards;

+  Planning for drought periods in a mining operation;

+ Prevention of land and watercourse erosion (especially during storm events);

+ Protection of water resources from pollution;

+ Ensuring continuous operation and production through different hydrological cycles;

+ Maintaining the downstream water quantity and quality requirements;

+ Minimising the impact of mining operations on downstream users;

+ Preservation of the natural environment (water courses and their ecosystems).

The complexity of the SWMP depends largely on the size and nature of the mining operation,

the characteristics of the hydrological cycle at the site, and the sensitivity of the area in which
the mine is located to environmental impacts.

The SWMP must cover the life cycle of the mine from exploration, through construction,
operation, decommissioning, and up to post-closure.
Potential adverse effects of inadequate storm water management include:

+ Downstream contamination of natural watercourses due to runoff or spillage of contaminated
storm water.

+ Flooding, with the resultant damage to property, land and potentially loss of life.

+ Loss of catchment yield and addition of large volumes of water to the mine water balance
when optimal runoff of clean storm water is not achieved.

+ Erosion of beds and banks of waterways.

+ Increased recharge through spoils or fracture zones, unnecessarily increasing the water
volume that comes into contact with contaminants.

This document aims to give guidance on the development and implementation of a SWMP by

meeting the following objectives:

+ To provide a practical procedure to develop a SWMP.

+ Todefine the contents of a management system that will ensure compliance with the targets
and objectives of the SWMP.

+ To define where the expertise of suitably qualified persons is required at the various stages
of plan development, implementation, operation and review/audit.

+ Toreference relevant legislative and pdicy issues that need to be considered in a SWMP.
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The development of a SWMP can, however, not be done
in isolation and requires objectives and information that
are defined for other water management actions and
strategies on the mine. The main water management
aspects that need to be integrated with the development
of a SWMP are:

+ Water reuse and reclamation (see BPG H3)
+ Impact prediction (see BPG G4)

+ Water and salt balances (see BPG G2)

+ Water monitoring systems (see BPG G3)

The application of this guideline is limited by the following
factors:

+ The focus of this Best Practice Guideline (BPG) is on
al areas at mines where impacts may occur due to
storm water runoff.

+ General surface water management relating to
process water circuits and catchment management is
not addressed in this guideline.

+ Both water quality and quantity are addressed with
the focus on the impact on the environment.

+ Considerations relevant to storm water management
for the purpose of safety, like mine flooding and loss
of life, are not specifically covered in this guideline,
the primary focus being environmental management.
Although this guideline does not address safety
aspects, itis important that the relevant safety aspects
should be considered and addressed when a SWMP
is developed.

It should also be noted that the storm water management
plans, as described in this guideline, are applicable to
new and operational mines, as well as mines that are in
the process of closure.

Thelayout and content of the document from Chapter 2
onis as follows: -

Chapter2- The principles and objectives to be
incorporated in  the storm  water
management plan.

Chapter 3- The hydrological processes that need to be
considered in a storm water management
plan.

Chapter 4 - Practica steps and considerations; a step-

by-step process for setting up the SWMP.

From Chapter 5 on, the document is mainly of a reference
nature and provides information on legislative aspects,
references and useful reading, a glossary and a list of

abbreviations used. Design aids are provided in the
Appendices.

As the level of detail addressed in this guideline is not
sufficient to guide detailed design of significant or major
civil engineering structures, this BPG should be used
with due care, taking cognisance of the risks associated
with failure, and the level of knowledge of the designer.
The reference list provided in this guideline can be used
for guidance on detailed design.
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2

GENERAL

PRINCIPLES OF
STORM WATER
MANAGEMENT

Good storm water management is based on separaling clean and dirty water and therefore
incorporates the fundamental principle of pollution prevention. The difference between *dirty”
and “clean’ water s, however, determined on a site-specific basis and depends on a negotiated
standard for each site based on the receiving catchment and downstream users. Itis thus not
feasible to prescribe in this guideline, standards that clean water must comply with (refer to
waste discharge standards and general authorisations). The requirement for the separation of
water into “dirty” and “clean” is also influenced by the water quality requirements of the water
uses on the mine and downstream users. The requirement of the water uses on the mine is
addressed in more detail in Best Practice Guideline H3: Water Reuse and Reclamation.

While many of the principles involved in a SWMP are common sense, storm water management
often fails to meet its objectives because the designer does not take account of the wider
issues. These relate to management and implementation issues, Interested and Affected
Parties (IAPs), variations in mine plans, as well as the specific technical requirements of storm
water management.

There are four primary principles that need to be appliedin the developmentandimplementation
of a SWMP.

1 Clean water must be kept clean and be routed to a natural watercourse by a system
separate from the dirty water system while preventing or minimising the risk of spillage of
clean water into dirty water systems. This will limit the reduction in water flow to the receiving
water environment/catchment (loss of water to the catchment) and thus increase the water
available in the water resource to other users.

2 Dirty water must be collected and contained in a system separate from the clean water
system and the risk of spillage or seepage into clean water systems must be minimised.
The containment of dirty or polluted water will minimize the impact on the surrounding water
environment.

3 The SWMP mustbe sustainable over the life cycle of the mine and over different hydrological
cycles and must incorporate principles of risk management. Portions of the SWMP, such as
those associated with waste management faciliies, may have to remain after mine closure
since management is required fill such time that the impact is considered negligible and the
risk no longer exists.

4 The statutory requirements of various regulatory agencies and the interests of stakeholders
must be considered and incorporated.

To assist in the application of these primary principles, a number of requirements have been
defined to satisfy each principle as presented below.

PRINCIPLE 1: KEEP CLEAN WATER CLEAN

+ |dentify and where possible, maximise areas of the mine that will result in clean storm water
runoff (for example open veld areas) as well as infrastructure associated with the mine (for
example office areas) and ensure that runoff from these areas is routed directly to natural
watercourses and not contained or contaminated.

+ Ensure that clean storm water is only contained if the valume of the runoff poses a risk, if
the water can not be discharged to watercourses by gravitation, for attenuation purposes, or
when the clean area is small andlocated within a large dirty area (refer to Section 4.2). This
contained clean water should then be released into natural watercourses under controlled
conditions.
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PRINCIPLE 2: COLLECT AND
CONTAIN DIRTY WATER

Ensure the minimisation of contaminated areas,
reuse of dirty water wherever possible and planning to
ensure that clean areas are notlost to the catchment
unnecessarily.

Ensure that seepage losses from storage faciliies
{such as polluted dams) are minimised and overflows
are prevented.

Ensure that all possible sources of dirty water have
been identified and that appropriate collection and
containment systems have been implemented and
that these do not result in further unnecessary water
quality deterioration.

Ensure that the contained dirty water is managed
according to the hierarchy of mine water management
steps as indicated in the Preface.

Ensure thatless palluted water or moderately polluted
water is not further polluted. Where possible less
and more polluted water should be separated. This
will assist in the reuse water strategy and improve
possibilities for reuse based on different water quality
requirements by different mine water uses. Refer to
BPG H3: Water Reuse and Reclamation. This will
aso reduce quantities of water eventually requiring
treatment.

PRINCIPLE 3: SUSTAINABILITY
OVER MINE LIFE CYCLE

Ensure a commitment from management and staff,
including making available adequate humanresources
(with appropriate qualifications and experience) and
adequate financial resources for both the design and
implementation of the SWMP.

Ensure that the SWMP is formulated concurrently with
the mine planning and layout of infrastructure and that
it takes account of all life cycle phases of the mine
from planning through to post-closure.

Identify and quantify the risk of failure of components of
the SWMP and the consequences of such failure. Risk
management is critical to the success of the SWMP,
including the consideration of the consequences
of extreme events (extreme rainfall and emergency
events), as well as potential water shortfalls in areas
subject to drought.

+ Consider possibie changes or upgrades (increased
production, additional facilities, expansions, etc.) that
might occur during the life cycle of the mine.

PRINCIPLE 4: CONSIDERATION
OF REGULATIONS AND STAKE-
HOLDERS

+ |dentify items of legislation relevant to the environment
and water resources and ensure compliance with
these (refer to Chapter 5).

+ Include effective liaison with the Department of
Water Affairs and Forestry (DWAF) to ensure that the
statutory requirements are met.

+ Communicate andliaise with Catchment Management
Agencies.

+ Incorporate the constitutional rights of the environment
and other users of the water resource and consider
the expectations of interested and affected parties by
ensuring that:

—  During the course of mining, upstream and
downstream users are not adversely affected.

—  Sensitive habitats and landscapes are identified
and protected.

—  The mine commits to a progressive improvement
of water quality where it is being affected by
mining. The mine needs to specify details
pertaining to and actions to be taken for the
continual improvement of water quality in the
SWMP.

—  The concerns of |APs are addressed, and that
there is effective communication involving both
the identification of issues, and the addressing
of these issues.

— There is transparency and a reasonable flow
of information on the SWMP from the mine to
IAPs.

— At the end of mining, the mine has a plan that
can be implemented to sustain and protect the
reserve, as well as preserve the water quality
and quantity upstream and downstream of the
mine after mine closure.

ADDITIONAL GENERAL PRINCIPLES

+ In the first instance, a catchment-based approach
to the SWMP should be followed. This will identify
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current and potential water management issues in a termretention of storm water in contact with materials
catchment, and place the mine into context within the that may cause water quality deterioration.
catchment. The SWMP should follow a precautionary

approach being proactive rather than reactive.

+ Appropriate technical studies to adequate standards
need to be undertaken in order to understand the
storm water system. This includes designing to
sound engineering design principles, complying with
relevant regulations and procedures, and the use of
suitably qualified persons where required by law, or
where the consequences of failure of the systems are
significant.

+ Arange of management measures and options should
be considered and compared before a find choice is
made.

+ Performance indicators need to be identified and
implemented e.g. the operating level of a dam should
be set taking into consideration the additional capacity
that must be available to accommodate a storm event
as required by the relevant legislation and policies.

+ Finalisation of the SWMP should be fdlowed by
implementation, operation, monitoring and auditing.
This implies that the performance of the SWMP
should be reviewed regularly and where necessary
modified. For an existing mine, the principle of
continually improving the SWMP should be part of the
management strategy.

« The effective training of staff and their roles and
responsibilities in terms of the SWMP is key to the
success or failure of the plan.

SPECIAL CONSIDERATIONS FOR
OPEN CAST PITS

« The size of unrehabilitated areas (pit, spoils,
unvegetated areas) that produce contaminated runoff
should be minimised.

+ Development of the pit should be planned to promote
maximum diversion of clean water. The diversion
works may therefore need to be moved as the mine
develops.

+ Rehabilitation should be planned to promote free
drainage and to minimise or eliminate ponding
of storm water. On-going rehabilitation as mining
operations progress is required.

+ The capacity to rapidy pump water out of the pitinto
storage dams should be maintained. This will assist
in minimising water quality deterioration due to long-
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3

OVERYIEW OF THE

HYDROLOGICAL
CYCLE AND
PROCESSES

This section provides a brief overview of the hydrological cycle and its constituent processes
- see Figure 3.1. Its purpose isto introduce personnel without a hydrological background to
the relevance of corrponents of the process. The reader is also referred to the references and
useful infarnation in Chapter 6 for more detail.

Comprehensive storm water managerment should give due consideration to the orderly
discharge of stormwater fainfall and runoff) from stomns of both low and high severityintensity
within the hydrological cycle since it should control and manage various hydrological cyclesthat
fluctuate randorriy. The incomporation of systerms to handle storm events of different frequency
and intensity will ensure that risk to life and property is minimised ower mmany hydrological
cycles. Insight into the hydrological cycle provides information on flooding probabilities and
afull range of flood events should be considered to rmanage risk. Thus a risk managerrent
approach that considers the full range of hydrological evert severities is needed to define
appropriate measures and responses.

The relevant hydrological processes on a rmine site include the following: -

* Precipitation = Infiltration

= Surface run-off = Evapotranspiration

= Evaporation = Percolation or recharge
= Streamflow = Ground water flow

Figure 3.1: Schematic of hydrological processes
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3.1

In South Africa, precipitation is primarily rainfall. Hail,
snow, and sleet are considered to be insignificant factors
since they do not significantly contribute to the overall
precipitation figures.

Precipitation

Hydrologists characterise rainfall in terms of the duration,
intensity, and variation of intensity of the rainfall event.
These characteristics depend on the meteorological
mechanisms causing a storm, and vary significantly
across the country. On the Highveld, thunderstorms
typically generate intense rainfalls of short duration
(several hours or less); while in Kwa-Zulu Natal, cyclonic
related events can produce relatively intense rainfalls for
several days.

While the more extreme intense rainfall intensities are
importantfor the sizing of conveyance structures designed
to manage peak flows, the seasonal variation of rainfall
including wetter years is often of greater significance
in terms of managing the overall water balance on the
mine. In terms of the SWMP, this is importantin the sizing
of containment structures for both clean and dirty water.
Mean Annua Precipitation (MAP) varies from about
100mm on the West Coast to about 1 000mm on the
East Coast.

The concept of probable maximum precipitation (PMP)
should be mentioned here. It is meant to represent an
upper bound for rainfall, i.e., the most intense rainfall
physically possible for a given storm duration. PMP is
generally only used for extreme recurrence events,
and should be used with caution by inexperienced
practitioners. The Regiona Maximum Flood (RMF)
technique has proven to be a more reliable prediction of
extreme events in South Africa.

Rainfall data is given in the publication Surface Water
Resources of South Africa (1990), from the SA Weather
Services, while daily data can be obtained directly from
the Weather Services for their respective monitoring
stations.

Floods: To manage flood risk and hazard it is important
to consider a range of flood events and to evaluate
flood behaviour, peak flood discharges and peak flood
levels on the mine site. Elements (infrastructure, etc.)
that may be affected by floods should be identified
and the hazard to them be evaluated. The hazard may
range from a nuisance (delays in crossing a flooded
road), to economic (lost production) to threat to safety

and lives. The risk management plan for floods should
include structural works (diversions and its impact on
downstream habitat and users), planning considerations
(key buildings inless flood-prone areas), building controls
(design of building for floods), and emergency measures
(evacuation plan, warnings). Reference should also be
made to the restriction on location of mine infrastructure
in close proximity to watercourses (flood lines, etc.) in
terms of the National Water Act (NWA), Act 36 of 1998.
Also refer to Appendix A.

3.2

Infiltration is the process whereby some of the rainfall
reaching the earth’s surface moves through the sol
surface and into the soil profile.

Infiltration

In South Africa, more than 80% of rainfall infiltrates into
the soil (on average). Horton's equation is often used
as an infiltration model, giving a characteristic parabolic
reduction in infiltration rate from some initial value, to a
vaue referred to as an ultimate (equilibrium) rate. The
rate of reduction is determined using a decay constant.

On undsturbed land, most of this infilrated water is
then available for evapotranspiration i.e. use by plants,
or evaporation. On land disturbed by changes in the
gedogy (for example fractures in underlying rock), the
infiltrated water will not be retained in the soils and be
available for evaporation or evapotranspiration but will
percdate into the underlying aquifers (see Section 3.6 on
percolation). On land disturbed by human activity such
as mining (open cast spoil heaps), the water retention
may be less or more than for undisturbed land since
significant valumes of water may percolate through the
material (waste rock) or be retained in the material (fine
tailings material) depending on the characteristics of the
material.

3.3 Surface Run Off

Wateris shed as surface run off whenever rainfall reaches
the ground faster than it infiltrates the underlying soils.
The vaume and rate of the surface run off is a factor
of many variables, including antecedent rainfall, intensity
and duration of rainfall and the nature of the soil and
vegetation cover.

The Surface Water Resources of South Africa (1990)
details expected run off for South Africa computed as
annual run off in mm. On a large catchment, the Mean
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Annual Runoff (MAR) is seldom more than 6 to 10% of
Mean Annual Precipitation (MAP).

However, run off during single storm events may be
considerably higher depending on the catchment
characteristics. Values of around 35 to 40% of rainfall are
not uncommon, and may increase to as much as 70 to
80% or even a 100% on small catchments during cyclonic
rainfall events. Some guidance on the determination of
run off is given in the brief discussion of hydrdogical
techniques in the appendices.

Built up areas (office and hostel areas at mines for
example) or potential future areas of development can
also be expected to significantly increase run off within
a catchment.

3.4 Evapotranspiration

Evapotranspiration is the process whereby plants
extract water from the soil profile and respire it as
water vapour through their leaves to the atmosphere.
Evapotranspiration rates are often predicted using
empirically based transfer functions similar to those for
evaporation. Surface Water Resources of South Africa
gives evapotranspiration rates (Crop Factors) from
which the seasonal demand for water by vegetation (and
various crops) can be determined.

The importance of this in the SWMP is that mining may
affect the evapotranspiration characteristics of certain
areas (possibly by removal of vegetation to accommodate
mining infrastructure). A reduction in evapotranspiration
may imply an increase in percolation, together with
increased surface runoff.

Grassland evapotranspiration was found to vary between
0.1 mm/day (winter in Secunda) and 3 mm/day (summer
in Secunda). Winter evapotranspiration was generally
less than 1mm/day and tended towards zero as winter
progressed. Summer values ranged between 1 and
3 mm/day.

In contrast, trees used between 0.5 and 3 mm/day
throughout winter, with water use being dependent on
the degree of canopy development. Water use during
summer varied from 1.5 to 12 mm/day and always
exceeded grass water use, except in those cases where
free canopies were not fully developed. The difference
in water use between the two growth forms (grass
and trees) narrowed during the summer months, with

grasslands sometimes exhibiting similar rates of water
use to trees. Tree water use expressed on the basis of
evaporation per unit leaf can be expected to be in the
range for commercial forestry tree species. Most trees
transpire at rates of less than 1l/me/day, with rates of 0.51/
m#/day in winter months. Distinct differences in rates of
water use are evident among trees.

3.5 Evaporation

Evaporation is water passing from the surface of a
water body into the atmosphere as vapour. It is normally
determined using either a S-pan or an A-pan, and the
evaporation from alarge water body can be determined
(Iake evaporation) by applying the correct "pan factor’ to
the “pan evaporation’. The factors for S or A-pans are
considerably different with A-pan being larger than S-pan.
The S-pan (based on a large square pan buried below
ground surface) is generally being used by hydrologists,
and the A-pan (based on a small round pan situated on
surface) by agriculturists (for irrigation purposes). Lately,
wind speed and wind directions are often also used in
caculations to determine evaporation rates.

In South Africa, of al the water entering soil storage,
about 40% will leave by evaporation, and, on average,
about 25% of all river inflow to storage reservoirs will be
lost through evaporation.

Although evaporation is less variable than rainfall, the
seasonality ofboth of these isimportant becausea SWMP
based on average rainfall and average evaporation wil
result in spillages during the wet season. This is despite
the fact that most areas of South Africa are water deficit
areas, i.e., evaporation exceeds rainfall. Evaporation
rates typically vary from more than 2 400mm/yr in the
northwest, to less than 1 400mm/yr aong the East
Coast.

It may also be important to note that the published data on
evaporation refers to clean water only, and evaporation
from mine water facilities may be affected by the salinity
of the water, or the presence of substances such as oil
on the surface of the dams. Evaporation of highly saline
water can reduce to aslittie as 70 to 80% of that for clean
water. On most mines, the reduction due to salinity may
be negligible, or be of the order of 5 to 10%.

Evaporation figures (as monthly or annual evaporation)
can be obtained from the same sources as for rainfall
data. The installation of an on-site weather station would
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provide significantly more reliable data specifically for
evaporation and evapotranspiration than evaporation
pan data.

3.6 Percolation Or Recharge

Percolation or recharge is the vertical movement through
a saturated or nearly saturated soil matrix. It represents
the surplus water which, having infiltrated into the soil, is
not taken up by plants, evaporated or retained in soil, and
moves vertically downwards under gravity to recharge
ground water aquifers or mined out areas.

In open cast mining, percolation represents a potentially
significant recharge of clean water into the dirty water
system, and in fotal extraction underground mines,
percolation is drained vertically through the fractures
created during collapse.

In the Highveld, the percolation to the deeper aquifer
within the undisturbed Karoo rock system is typically
believed to be of the order of 3 to § % of MAP. Disturbance
of the strata by either open cast or total extraction type
underground mining can significantly increase this
figure, and this is further exacerbated when percolation
pathways combine with poor draining areas, or surface
water flow paths.

3.7 Streamflow

As surface run off flows down a catchment, at some point
it cdlects into a definable watercourse and hecomes
streamflow. Stream flow stations should be coordinated
with precipitation and water quality monitoring sites.
The siting of streamflow stations should facilitate in
the calibration of models. An experienced hydrologist
should select at least one “key” stream gauging station
(a site where a current meter can gauge stream flows to
determine a reliable rating curve). It is also important to
identify existing or past official stream gauging stations
of DWAF in the vicinity of the mine. These stations can
be incorporated or re-activated and then be incorporated
as part of the stream gauging network with the benefit
of more data available. Chapter 4 of this guideline gives
some indication of the management of flows within
watercourses. However, once mining affects a natural
watercourse, this is considered a water use and alicense
isrequired. Amine can expect that a specialistin this field
will be required to assist them in motivating, designing
and constructing a structure such as a river diversion.
This is not discussed in detalil in this document.

Water quality monitoring is required at mine lease entry
and exit points in al major streamflows, this allows
definition of change in the quality of any streamfiow
entering or leaving the mine lease area. Water quality
should be monitored in at least one catchment not
affected by mining (control catchment) to provide an
indication of natural variation in water quality over thelife
cycle of the mine.

3.8  Ground Water Flow

Once water has infiltrated or percolated into a ground
water system, hydraulic head or the water levels of the
ground water body largely determine its movement.
Understanding of ground water flow is a specialised field
since, although ground water moves or flows generally
with surface topography and from areas of high to
lower hydraulic head, the direction and quantity of flow
is affected significantly by the aquifer characteristics,
discontinuities and the nature of the ground water
regime (e.g. confined, unconfined). The determination of
these properties requires specialised investigations and
experience.

Impacts on ground water flow almost always require to
be assessed by a specialist in this field.

Seasonal variation

Rainfal and evaporation, which largely drives the
hydrdogical cycle, shows seasonal variation across
South Africa with most places having distinct “wet” and
“dry” seasons. Seasonal variation can significantly affect
storm water management at a mine. For example, it
might be necessary to store water as the mine goes into
the dry season and may experience water shortages
whereas water storage facilities (especially “dirty” water
containment facilities) should be kept at a lower level
during the wet season to prevent spillages during high
rainfall events and floods which may pose environmental
risk.
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4

PRACTICAL
STEPS AND
CONSIDERATIONS

10

The stepwise procedure that couldbe followedin the development of a storm water management
plan (SWMP) is shown as a flowchart in Figure 4.1 and is discussed in the following sections.
While the mine itself can undertake many of the steps, it is important to ensure that suitably
qualified persons are used where necessary.

It should be noted that there is no specific point in the process that requires consultation with
DWAF or any other government department. It is, however, recommended to consult with the
relevant government department at any stage during the process when itis deemed necessary
or when guidance is required. One should be aware that some actions have legal implications
and the relevant government department should be consulted well in advance of implementing
the planned activity. For example obtaining the required water use registration certificate from
DWAF before the action, i.e. the specific water use, commences. The National Water Act
(NWA), Act 36 of 1998, Section 21 specifies water uses requiring water use registration and
in cases where these uses are not covered by General Authorisations, water use licensing
requirements without which such water use would be considered illegal and could result in
prosecution. Consultation with DWAF or other government departments usually focuses on a
process, e.g. water use license application or EMPR, of which the SWMP is a subsection and
separate consultation may therefore not be required for the SWMP. Some of the main legal
aspects relevant for storm water management are presented in Chapter 5.

4.1 Exploration Phase

The exploration phase is often overlooked as part of a SWMP. The impacts on water are
generaly small, the primary issues being relationships with landowners, and the environmental
disturbance caused by access roads, mining camps, and dril pads (Refer to standard
prospecting environmental management programme.) There is also the issue of drilling
fluids, petroleum products, camp wastes and the like. However, during this phase, baseline
monitoring of water quality and the callection of weather information can commence. Refer to
BPG G3 Water Monitoring Systems.

This exploration is different from prospecting for gold or diamonds, which is considered as
mining and not an exploration activity. Similarly, bulk sampling activities (opencast mini pits)
must also be handled as a mining activity and not exploration.

4.2 Design and Construction Phase

While a detailed methodology for the development of a SWMP is presented here, the following
general points should be noted: -

+ The SWMP should be designed to convey runoff in a contraled manner that will not adversely
affect upstream, adjacent or downstream properties and users of a watercourse.

+ Formulating a SWMP is a planning process that examines all options, opportunities and
constraints before selecting the most appropriate option. Water management and genera
mine planning should be integrated in order to find the most cost-effective solution for the
mining process. Failure to address water management issues during the mine planning
stage may restrict future management options and increase the future cost of mining.

+ Aset of procedures should describe the nature and frequency of performance checks.

+ The mine plan will change during the life of mine. The SWMP should, therefore, be robust
enough to cope with these changes and the uncertainties associated with the ore body
extent, the direction and sequence of mining, and the need to have a sustainable sdution at
closure.

NOTE: It is important to emphasize that existing mines without a detailed and appropriate storm

water management plan will also need to undertake Steps 1 to 8 prior to implementation. Steps 1
to 8 are therefore not only for new mines that are in the design phase of their life cycle.
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Figure 4.1: Procedure to Develop Storm Water Management Plan
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Step 1: Define objectives of the storm water
management plan (SWMP)

As with the development of any management plan, the
process of developing a storm water management plan
(SWMP) should be preceded by a clear definition of the
objectives that are to be achieved with the SWMP. This
step is important for both existing mines and new mines
thatare still in the planning process. Mines need toensure
that their SWMP is in accordance with the requirements
for the master plan (SWMP for the catchment or region).

Fromexperience, this aspect of storm water management
can be problematic. The tendency is either to set specific
objectives that are not practically achievable, or vague
generic objectives that can never be monitored or
measured. It is recommended, therefore, that each
objective be specific, measurable, attainable and
feasible. This implies that the mine has to commit itself
to specifics, such as the elimination of a particular
source of contamination by a specific date, or limiting
the catchment affected by mining to a certain area. The
intention is not to duplicate all of the objectives set in the
EMPR document, and discretion should be used as to
which objectives are relevant.

Broad objectives should be set for the overall SWMP that
arein compliance withrelevantlegislationand catchment-
based management objectives (master plan objectives).
More detailed and site-specific objectives can be set for
specific facilities or areas of a mine. Typical aspects that
shoud be considered when setting objectives for the
SWMP are:

+ Catchment objectives that need to be met or
protected.

+ Statutory requirements.

+ Management of risk, such as separation of dirty
and clean water for a defined precipitation event or
recurrence interval.

+ Water balance management, where this is applicable
to storm water. This could involve several objectives
related to minimising the impact on the catchment
yield and quality. Refer also to BPG G2.

+ Interaction with regulators and the community.

+ Operationa and emergency monitoring and
documentation (refer BPG G3).

+ Provide forincidents andaccidents, and contingencies
associated with incidents and other emergencies.

+ Water quality.
+ Sustainabiity, e.g. limiting erosion within the storm
water management system.

+ Performance indicators.
+ Training and research.

A few examples of specific primary objectives that could
be set are:

+ Separate and collect all storm water that has a quality
potentially poorer than X (water quality specified
and negotiated for the specific catchment) into dirty
water storage facilities for reuse within the mining
operations.

+ Ensure that all storm water structures that are
designed to keep dirty and clean water separate can
accommodate a defined precipitation event. (The
magnitude of the precipitation event used in such an
objective statement must, as a minimum, adhere to
the relevantlegal requirements.)

+ Route all clean storm water direcly to natural
watercourses without increasing the risk of a negative
impact on safety and infrastructure, e.g. loss of life or
damage to property due to an increase in the peak
runoff flow.

+ Ensure that the maximum volume of clean water runoff
is diverted directly to watercourses and the minimum
amount of storm water reports to the pit floor of an
open cast mine.

During the SWMP development process, it may be
necessary to revisit the objectives to ensure that they are
in fact achievable.

Step 2: Technical situation analysis and
evaluation

After the objectives of the SWMP have been defined, a
situation analysis and evaluation is required consisting of
the following actions:

+ Divide mine into “clean” and “dirty” areas.

+ |dentify watercourses, drainage paths and catchments
thatare in the mining area. Divide the mining area into
catchments based on areas where mining will affect
surface hydrology and those where it will not.

+ |dentify the physical location and characteristics
of al exsting or required water management
infrastructure.
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Integration and optimisation of the proposed SWMP with
the mine plan and master plan (SWMP for catchment or
region) is critical at this stage and this is an interactive
process, especially for new mines where different options
need to be compared and optimised. Common problems
that occur at this stage include:

+ The positioning of ramps such that run-off from
rehabilitated areas cannot drain back to the
catchment.

+ Total extraction planned to occur in areas with high
risk of subsidence.

+ Lack of consideration of how water will be managed
upstream of final voids at closure.

+ Inadequate consideration of watercourses and
associated flood management around these.

« Siting of “dirty” facilities close to watercourses with
inadequate space to construct suitable management
structures.

Action 2.1: Divide mine area into clean and
dirty areas

This classification should preferably be undertaken on
the basis of data that has been collected for storm water
quality; if this data is not available as is the case with new
mines, then land use or planned land use should form
the basis of the classification. It may also be desirable
to sub-divide the “dirty” areas into different classes such
as "moderately dirty” and “dirty”. The sub-division of dirty
areas is not a specific requirement of this guideline, but
is recommended in cases where it serves to provide
assistance with water management, for example as
part of a water reuse strategy where different mine
water uses require different water qualities (see aso
BPG H3: Water Reuse And Reclamation). Table 4.1
provides an example of how land uses can be used to
classify runoff water quality into three classes. (It should
be noted that the list is not a comprehensive list, but
illustrates the application of the classification system).

Table 4.1: An example of classification of areas according to land use

Classification |Area |Commenl

Clean Undisturbed land area Regional geology or agricultural practices may contaminate
runoff.
Formal residential areas with services | Generally only suspended solids (SS) and Chemical Oxygen
Demand (COD) to consider
Administrative offices Generally only SS to consider
Tarred roads Tarred roads are not expected to be contaminated by waste,
coal or discard, but may have a run off volume implication.
Newly rehabilitated areas SS to be considered
Clean water dams
Moderately Workshops and storage yards (where oil | Specifically at gold mines. Coal mine workshops are included
dirty is not handled) if the ground surface is not covered with coal fines.
Poorly rehabilitated areas SS and other contaminants to consider
Roads * If it carries traffic that bears coal, discard, slurry, waste rock,
slimes, etc.
Dirty Beneficiation plants and other plants Special chemicals inuse, e.g. cyanide, may also contaminate

storm water.

Workshops and storage yards where oil
is handled or ground is covered in fines

Qils, grease and soap, dissolved and suspended
contaminants

Opencast pits

SS and other contaminants to consider

Residue deposits

Includes coal discard, slurry facilities, slimes dams, waste
rock dumps and sand dumps.

Raw material or product stockpiles

Dissolved and suspended contaminants

Unrehabilitated areas

Dissolved and suspended contaminants

Haul roads

Dissolved and suspended contaminants

Adit areas

Dissolved and suspended contaminants

Pollution control dams

Depends on contents of dams

* The classification of roads may vary according to the matesial that is used for construction.

SS = Suspended Solids; COD = Chemical Oxygen Demand
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For ease of use, many mines enter the classified areas
into some form of geo-referenced database such as GIS
(Geographical Information System). If such a system
is not available, it is advisable to develop a data and
information system that will be easy to manage and to
update. To prevent the loss of information and data, the
structure, management and responsibility of managing
the data and information system should be clearly
defined at this stage.

For new mines, this process should be incorporated into
the mine planning by attempting to group all the dirtyland
uses together and group all the cleanland uses together,
and to avoid placing dirty areas within large clean areas
and vice versa. The placement of dirty areas must also
be considered in terms of legislation, e.g. the minimum
legal distance that the facility can be placed from the
watercourse.

An example of dirty and clean water separation is given
in Figures 4.2a to d. The illustration is intended to
highlight: -

+ Dirty areas should be kept as small as possible, but
within practical constraints. While the scenario in
{b) may be preferable, groundwater considerations
or practical limitations may result in (c) being
implemented.

« The final layout (d) may have clean areas within the
dirty water system.

+ Combination of dirty areas such as plants and dumps/
stockpiles is highly desirable.

For example, consider a hypothetical situation where a
sub-catchment contains a dirty area in the upper reaches
and all other areas are clean, as illustrated in Figure
4.2a. If the down slope clean area is separated from an
upslope dirty area by a well-designed storm water drain
that ensures that the upslope dirty runoff is diverted away
from the clean area, then the clean area can be classified
as clean, as presented in Figure 4.2b. However, if no
such drain exists and the dirty runoff from the upslope
dirty area will run over the downstream clean area, then
the clean area will need to be included within the dirty
area. If the clean area is large (either in absolute terms
or relative to the upslope dirty area) then this should
form the basis of a decision to consider the construction
of such a dirty water diversion drain in Step 4 (Figure
4.2c).

If the clean portion of the sub-catchment is small (Figure
4.2d) then it may be appropriate to consider the whole

sub-catchment dirty and collect runoff for reuse, provided
that the downstream impact on the quantity of water is
acceptable.
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Figure 4.2a: Hypothetical scenario
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Figure 4.2d: Integration and rationalisation of clean and dirty water areas
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Action 2.2: Identify areas where mining will
affect surface hydrology

Interrms of the National Water A, 1998 (At 36 of 1998),
any activity that affects flow in a natural watercourse
firrpede or divert), or alters the characteridics thereof
fed, banks, course), armongst others, requires a
licence.

Areas where rmining impacts onthe surface hydrology are
often caused hy alterations inthe surface topography or
the underlying strata. At underground mines, the surface
atterations are often the result of surface subsidence and/
or cracking. Storm water runcff collects in the subsided
areas to form ponds and seeps into the mine where it
then becomes contaminated. The impad on surface
topography depends on the rrining technique, e g. bord
and pillar, long wall and dooping have different effects
on the surface topography. tt is therefare recornmended
to plan the mining such that the irpad on surface
topography is minimised, especially in high risk areas,
for exarmple close to a surface watercourse and near the
foot of a catchrrent that drains a relatively large volume
of dean stomn water runoff. High-risk areas could also
include areas of poor vegetation cover or rocky outcrop
with a significant upstream catchment.

t is important to note that this BPG gives guidance on
separating and collecting dirty water, but managerment
of the dirty water balance is detailed in BPG G2: Water
and Salt Balances.

Action 2.3: Identify physical location
and characteristics of all existing water

management infrastructure

The physical location of all existing water ranagermert
infrastructure such as darrs, pipelines, canals, drains,
purnps, storage tanks, oil traps and other pollution
control structures, etc. should be idertified, together with
the physical charadteristics of these systems such as:

Dams: undedying geology, location, surface
area, depth, capadty, freeboard,
overflow point, size and capacty of
spillway, height of wall, lining, etc
type, rated capadty, nurber of
operational and standby unts, onfoff
control mechanism, etc

length, diarmeter, construction raterial,
lining, condition, inlet and outlet
elevations, etc

Furrps:

Apelines:

Storage tanks: location,  capactty,  construction
material, lining, overflow poirt, level
control rmechanism, operating strategy
etc

Open channels: stat and end point elevations,
gradients, construction material, cross-
section, erosion protetion, condition,

edimated maximum flow capacty

Table 4.2 indicates the typical elements of a storm water
rmanagernent system.
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Table 4.2: Elements of a Storm Water Management System

APPLICATION
Element Supply Convey Store/Other
Dams (clean) v
Boreholes v
Natural water bodies b
Pumps v
Pipelines v
Open Channels/canals/drains \!
Dams (dirty) Store and reuse
Storage tanks Store and reuse
Evaporation Dams Store and dispose
Controlled Releases (if applicable) Discharge
Sediment Traps Store & treat/dispose
Wetlands or Biological Treatment Treatment
Chemica Treatment Treatment

For a new mine, a preliminary layout of the water
managementinfrastructure would be set out at this stage.
Due to the fact that the water managementinfrastructure
is still in its early phases of design for a new mine, it will
be possible to optimise the location and capacity of the
infrastructure.

The layout would not only separate run-off from dirty
and clean areas as effectively as possitle, but will also
take account of possible erosion problems, staged
development as the mine progresses allowing for
modification as mining plans change or production
increases requiring expansion, and management of
erosion and sediments from rehabilitated areas.

Soil erosion is an issue at mine sites that requires
management and inclusion in the SWMP. Erosion
management should be integrated with drainage
strategies and should address erosion control for
stripped, spoil and recontoured areas during mining
operations; how to manage bed and bank erosion in
diversion channels; how to control erosion while mine
infrastructure is being constructed. Areas of existing or
likely erosion and proposed controls should already be
identified during the preparation of the erosion control
plan. Progressive rehabilitation will also minimize the
effects of erosion.

Information must aso be obtained on al man-made
structures such as roads, railway lines, embankments,
storm water drains, etc. that could have an effect on
the volume and direction of storm water runoff. Where
other water management infrastructure exists such as

evaporation dams, controlled releases (if applicable),
sediment traps, wetiands (or other biclogical treatment
facilities), or chemical treatment, all available information
should be collated. The primary aim of this is to plan
storm water management infrastructure or allow an
assessment or evaluation of the adequacy of the existing
storm water management infrastructure.

All the cdlected information should be added into the
data and information system referred to in Action 2.1.

S 3. L Desi | Revi
At this point in the development of the SWMP, it is
recommended that a conceptual design and review
be undertaken. The designer has to balance the need
to obtain preliminary sizes so that water conveyance
systems and retention structures can be provisionally
sized, without undertaking a detailed design that may
have to be discarded due to inadequacies in the SWMP,
or changes in the conceptual design.

It is suggested that at this stage of the process, the
principles and objectives (Chapter 2 and Chapter 4
— Step 1) defined at the start of the SWMP be revisited to
assess whether these can be met. The adequacy of the
available information, such as the mine plan, can also be
reviewed at this point.

The designer may also wish to review the following: -

+ The implications of the conceptual SWMP on the
mine water and salt balances (refer BPG G2: Water
and Salt Balances).
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+ The impact of the SWMP on the mine's water
reuse strategy (refer BPG H3: Water Reuse and
Redamation)

« For existing mines, the performance to date of
the existing infrastructure when compared to the
rainfall experience since the start of mining may be
reviewed.

+ Potential fatal flaws may be highlighted at this point
such as impacts on sensitive landscapes, the need
to alter significant watercourses to accommodate the
infrastructure, and issues such as land ownership or
impacts on adjacent landowners.

An experienced designer may use rules of thumb and
approximate calculations to obtain a preliminary sizing
of some of the water management features. Some of
these rules of thumb are given in step six under the
detailed design, but should be used with caution by the
inexperienced designer.

Even at this design stage, the conceptual SWMP must
address the construction, operational, decommissioning,
and post closure phases.

Step 4: A Suilabiliy of the Exiét
Infrastructure

For existing mines, the adequacy of the existing
storm water infrastructure can now be assessed. The
assessment should be undertaken by a suitably qualified
person, and should assess the compliance of the
existing system with the principles and objectives set out
in chapter 2.

Itis important that this review process address not only
the physical parameters such as the condition, capacity,
and suitability of the infrastructure, but also the level
of training of those implementing the SWMP, and the
success of the monitoring programme in ensuring the
objectives set out are being achieved.

Deficiencies in the current storm water management
infrastructure can then be addressed.

Step 5: Define the Infrastructure Changes that
are Required

The required changes and additions to the existing
or planned infrastructure need to be defined. These
changes may include aspects such as constructing
additional pollution control dams or drains, constructing
sediment removal facilities ahead of pollution control

dams, or increasing the carrying capacity of dams or
drains. Aspects not directly related to the SWMP, such
as modelling the mine water balance for an open pit, or
increasing the rate of rehabilitation may also need to be
addressed.

The required changes should be both practically and
economically feasible, and the positive and negative
impacts of the proposed modifications need to be
assessed and detaled. An EMPR update andior
addendum or EIA may be required (for example for
additional pollution control dams at an existing mine).

The designer is encouraged to assess all options,
opportunities and constraints before selecting the most
appropriate options for mine specific circumstances.

Step 6: Undertake Detailed Design of all
Required Infrastructure

A brief summary of some of the more commonly used
design techniques is given in the appendices. In this
section, some guidance is given on the application of
these principles, and the common pitfalls that need to
be avoided in the design process. These aspects are
discussed below.

Design of New SWMP and Infrastructure

The development of a new SWMP can be a complicated
undertaking, depending on the complexity of the mine
operaltions, particularly the interactions between clean
and dirty areas. The details of the SWMP are also dictated
by the objectives that were defined in Step 1. This step
could also include more detailed technical assessments,
such as modelling (hydrology, water quality and water
and salt balances - also see BPG G2: Water and Salt
Balances) and risk assessment, by a suitably qualified
person. The mine's water reclamation strategy (see
BPG H3: Water Reuse and Reclamation) is also a
critical feature of the SWMP. The basic tasks that could
be followed in developing the SWMP are as follows:

Task 1: Define the water quantity and quality
requirements of all the water uses within the mine and
the appropriate water reticulation system to address
the water reclamation strategy defined by the mine (see
BPG H3: Water Reuse and Reclamation). This step
focuses on the useswithin the mine, while the downstream
water users and the set water quality requirements for
the mine’s discharge, e.g. the negotiated catchment’s
water quality requirements, should aso be taken into
consideration.
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Task 2: Undertake hydrological calculations or
modeling to determine runoff vdumes for the different
catchment areas defined in Step 2. The SWMP cannot
only be based on average rainfall, or high intensity short
duration events. Wetter than average years, or longer
duration and less intense events may be more critical
in terms of water management, particularly dirty water
resulting from mining. Modelling allows an assessment of
these risks andits importance cannot be underestimated.
Examples of conventional and relatively quick calculation
methods are the Rational and SCS methods, which are
discussed in the Appendices.

Task 3: To define and understand the interaction
between the facilities, it is recommended to develop
water balances. With appropriate water balances,
that take into account water losses through seepage,
evaporation and abstraction (see BPG G2: Water and
Salt Balances), céculate what dam capacities are
required. With the calculation one should ensure that
contaminated runoff is effectively captured and stored,
taking account of legal requirements with regard to
precipitation recurrence intervals and freeboard.

On the basis of experience and application of suitably
conservative assumptions, pollution contrdl dams could
be designed without hydrdlogical or water-balance
modeling, provided that compliance with relevant
regulations can be demonstrated. When designing
and specifying palution control dams, it is important to
distinguish such dams from water storage dams. A water
storage dam is normally operated to be as full as possible
in order to give maximum assurance of supply, while a
pallution control dam must be kept empty, or at a suitably
low level, to be able to accommodate defined runoff
events by storing the dirty water without overflowing.
Thus safety measures such as freeboard allowances
etc should be included in designs of storm water control
facilities to alow for sufficient storage capacity and to
ensure that risks of overflows or spillages are minimized
and environmental impacts are therefore avoided.

When pollution control dams also serve as water storage
dams, there is a risk that the water storage requirement
will cause the dam to be operated at a level too high to
accommodate dirtyrunofffrom highrainfall events, leading
to frequent overflowing with potential environmental
impacts on the receiving stream and contravention of
legislation. It is, therefore, important that this system
be designed by a suitably qualified person and that the
mentioned operating conditions and sufficient storage
space be specifically addressed.

Task 4: Identify and define structures (dam,
watercourse, canal, etc.) that would be required for the
storm water runoff from each of the sub-catchments
developed in Step 2. The principles discussed in Chapter
2 should be taken into consideration when structures are
identified.

The alteration of watercourses should be avoided as far
as possible. This action is not addressed in this guideline
and if it were considered, a license from DWAF would
be required.

Task 5: Undertake the above Tasks 1 to 4 for the
different time frames over the projected life of the
mine, i.e. from planning of new mine or current operation
through to closure. Integrate these into a sustainable
SWMP that will apply over the life cycle of the mine.

Rehabilitation Design

Although not an element of the SWMP directly, the
rehabilitation design has a direct impact on the SWMP.
Best practice includes designing rehabilitated areas to
be free draining, and the provision of slopes thatlimit the
risk of erosion.

The cover design (type of sail, nature of layers, thickness
and compaction) also impacts on the potential for
generation of contaminated mine drainage. Extensive
research has been undertaken on covers and cover
thickness and computer models are available to assist
in the optimisation of these. These would include
programmes such as SEEP/W, HYDRUS-2D, VADOSE/
W and SoilCover and various geochemical models
(see BPG G4: Impact Prediction). Covers should be
designed to be low maintenance in order to ensure that
they continue to perform according to design over the
long term and that they can hande the design flood
events.

Open Channels

Various technigues for determining the peak flow to enable
sizing of open channels are given in the Appendices.
A variety of hydrological and hydraulic techniques and
models are commonly used for the design of open
channels. The design of open channels is a specialist
discipline.

When using hydrological techniques such as the Rational
Method, SCS Method, Unit Hydrograph Method, or other
empirical type techniques such as factoring from the
Regiona Maximum Flood, the designer should be aware
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that a single method is seldom if ever adequate to obtain
a reliable answer. Several techniques would typically
be used, from which an educated estimate of the peak
flow would be made. Implicitin this approach is also the
assumption that the consequences of larger floods will
be assessed during the design process and that safety
measures will be incorporated to accommodate these.

The simplest method to predict a water level in an open
channel is by Manning's Equation (ref. Ven te Chow,
Alexander). This is given in the Appendices. However it
should be noted that:

+ Manning’s equation is only useful for estimating water
level at a single location.

+ Often the bed slope is not a good estimate of the
hydraulic grade line. This is especially true along
water way reaches affected by culverts, bridges or
other constrictions to flow.

« The equation is not applicable under conditions of
unsteady flow, where an open channel mode! will be
required.

Anumber of open channel hydraulic models are available
to estimate discharges and water levels along open
channels. These include models such as HEC-RAS,
XTRAN and RUBICON. These models should be used
by those who have had training in the use of the specific
model, or with suitable knowledge to know the pitfalls
and problem areas that may exist.

Useful information on the design of waterways is given
in the National Transport Commission Road Drainage
Manual. The following should be noted:

+ When using Manning’s equation itis important to note
that Manning's ‘n" is a function of hydraulic radius,
the hydraulic radius being the cross sectional area
of flow divided by the wetted perimeter. Because of
this, absdute roughness and the hydraulic radius are

I tra!

generally used to compute Manning's ‘n’.

+ The designer must take account of both the situation
immediately after construction, when there is litle to
no vegetation established, and that later in the life
of the channel when vegetation may be very well
established. Using a low Manning’s ‘n’ for the post
construction phase will give the maximum flow vel ocity
which can then be compared to the allowabie velocity
for the sail in which the channel is located. Most
soil will erode significantly at velocities over 1,5m/s.
The higher Manning's 'n’ for the vegetated situation
would then give the size of the channel required to

have adequate capacity for the storm event once
vegetation has established.

+ A useful rule of thumb for an open channel is that
the design velocity should seldom exceed 2m/s
during extreme events, unless suitable protection
is provided. Compound channels may be used as a
means of limiting erosion during extreme events.

+ Supercritical flow should be avoided in the channel
systems, unless designed by a specialist with
adequate erosion protection. To avoid supercritical or
unstable flow, itis good practice to ensure the Froude
number (refer Appendices) is less than 0,8.

+ Designers should be aware of and teke specia
precautions when dealing with dispersive soils.
Although the determination of dispersivity is a fairly
complex procedure, a simple (but not infalible)
test is to place a sample of soil into distilled water.
Cloves should be used to avoid affecting the soil.
Dispersive soil normally displays faily rapid and
active breakdown under these conditions. Specialist
advice should be sought where a sall is suspected as
being dispersive.

+ Arange of erosion protection methods is available
to the designer, ranging from the use of dump rock,
through to commercial systems such as gabions,
proprietary concrete erosion protection systems
and various geotextiles. A suitably quaified person
should preferably undertake the design of any such
systems, due to the potential cost associated with
implementation of these, and the need to minimise
these costs.

Run Off/Routing

Where the inflows aong a channel may vary due to
additional catchments draining into a single channel, or
where there is significant storage within a system, it may
be necessary to undertake run off routing. Equations to
undertake this are given in literature. When in doubt, a
stitably qualified person should be used to assist with
this.

Notethatitis generally conservative to nottake advantage
of the storage available within a system, and for costing
or preliminary sizing purposes, it may be practica (and
conservative) to ignore the routing component.

Dams

A specialist in this field would normally undertake the
design of dams. Also refer to Dam Safety Regulations with



Best Practice Guidefine - G1: Storm Water Management - August 2006

regards to storm water management and containment of
water. Dams that are over 5m in height and store more
than 50 000m® of water are required to comply with Dam
Safety Legislation and require a water use license. An
Approved Professional Person is required for the design
of these dams. The following points should be noted
in the sizing of dams for both clean and dirty water
management: -

+ (Clean water should not be stored unless the volume
of runoff poses a risk and it is contained within an
attenuation facility designed to reduce the peak
outflow of clean water and control this outflow back to
the catchment.

+ For the sizing of dams, daily catchment run-off
volumes or run off depths are generally required.
This can be determined from models such as AWBM,
ACRU, or SCS based models. These models are
generaly used to compute daily run-off volumes
over a long period (as long as the available rainfall
records). This is because the SWMP cannot be based
on average rainfal or even only high intensity short
duration events. Wetter than average years, or longer
duration andless intense events may be more critical
in terms of water management, particularly dirty water
management. A specialist in this field normally carries
out modelling of this nature. Care should be taken
when using models that only take account of a very
short period of antecedent conditions {example
days).

+ If exireme events such as cyclone Demoina and the
extreme rainfall events of 1987 in Natal are analysed
(ref. Appendices) it is interesting to note that there is
a sfrong correlation between peak flows and flood
volume. Further, the flood volume seldom exceeds
more than 3 times the mean annual run-off from a
catchment. This is a useful rue of thumb for initial
sizing of a storage dam to ensure that it does not spill
during any but the most extreme flood events.

+ |t is important to distinguish pollution control dams
from water storage dams. A water storage dam is
normally operated to be as full as possible in order to
get maximum assurance of supply, while a pollution
control dam must be kept empty or at a suitably low
level, to accommodate defined run-off events without
spilling. Thus, not only must the pollution control dam
be properly sized, the operation of the dam must
also be such that there is sufficient storage capacity
between the normal or average operating level and
the spillway (freeboard) so as to accommodate the
extreme events.

+ To define and understand the interaction between the
storage facilities, it may be necessary to undertake
a water balance calculation. The designer is referred
to BPG G2: Water and Salt Balances for guidance
in this regard. The water balance modelling should,
for complex circumstances, preferably be dynamic,
and should take into account water losses through
seepage, evaporation and abstraction. Although
a water and salt balance is not mandatory for a
SWMP, it can assist with the optimisation of the water
management and the implementation of the hierarchy
of water management options.

Pipelines

The design of pipelines and pumping systems is outside
of the scope of this best practice guideline, and a suitably
qualified person must carry out the design of the systems.
A useful rule of thumb in preliminary sizing of pipelines
for costing purposes is to ensure a velocity of the order of
1,5 to 2m/s. Note that velocities over 3m/s are uncommon
in pumping systems. It must be recognised that mining
is an extremely robust environment, and pumps and
management systems, including monitoring devices,
need to be selected to accommodate this.

Step 7: Defi erational ement an
Monitoring Systems & Responsibilities

Management and monitoring systems need to be
defined to ensure that even at the design phase, the
infrastructure of the storm water management system
functions properly and optimally.

The management system should contain operational,
inspection and maintenance procedures that are
properly defined and documented in a SWMP operational
guideline to ensure that the storm water management
systemis fully operational and operates/functions reliably
and effectively. One of the main functions of these
procedures should be to maintain the design capacities
of the various facilities. The maintenance of storm water
facilities is of particuar importance in order to control
blockages, overfiows, erosion and pdlution.

Despite all the necessary plans in place, emergencies
are likely to arise. It will thus also be necessary to
develop emergency procedures, which should be clearly
defined and documented. Emergencies should be
investigated comprehensively to identify the magnitude
(volume and discharge rate and quality), impact (on
downstream receiving water bodies) and circumstances

21




Best Practice Guidefine - G1: Storm Water Management - August 2006

2

which caused them. Through risk management, possibie
emergencies can be identified and the appropriate
monitoring strategies be implemented. This in turn can
allow time for alerting downstreamlandowners and water
users of such emergencies.

Regular inspections of the facilities should be undertaken
to monitor the condition of each facility. For example, a
person should walk along pipelines, etc. to evaluate the
condition of the pipe and pipe connections and undertake
pro-active maintenance or replacement. Dams should be
inspected to assess their remaining storage capacity, the
condition of their spillway, blockages in inflows, silting in
the dam, etc. Operationd efficiency can also be used as
a monitoring method and an inspector with appropriate
qualifications and experience (engineer) should be
appointed to inspect the facilities and co-ordinate with
operators to undertake the necessary maintenance.
Maintenance is required to ensure that storm water
management facilities are operating at the design
capacity and with the efficiency and effectiveness initially
intended and required to meet objectives. Maintenance
may include desilting of dams, clearance of vegetation in
canas and de-scaling of pipelines.

Visual inspections may be adequate for the assessment
of some physical elements such as bank and bed
erosion in open channels, damage to surface pipes and
silt buildup in sediment basins. Inspections will aert
mine personnel to actua or imminent emergencies such
as pipe rupture or possible spillage and can ensure that
corrective response measures are taken timeously.

Operational monitoring of the SWMP should include
flow monitoring (pipelines and channels), assessment
of hydraulic integrity of pipelines, monitoring water
levels and quality (channels and storage areas), rainfall
measurements, assessment or monitoring of silt build-
up in silt traps, and erosion (channels). Flow and rainfall
monitoring for example may be required on a rea-time
basis.

A set of procedures to describe the nature and
frequency of performance checks is required. These
should also specify actions required if the performance
does not comply. Thus regular checks will compare
actual performance to design performance through
performance indicators which relate to monitoring
equipment performance, maintenance, recording and
reporting of data.

As part of any management system, an appropriate
monitoring strategy is required. The monitoring

programme needs to measure the success of the
implemented system in meeting the physical design
performance objectives of the infrastructure. The
programme should also measure the resultant water
qualities within mining water circuits and the public
environment. In this regard, reference should be made
to BPG G3: Water Monitoring Systems.

Personnel at the mine need to be allocated the
responsibility of managing the different components
of the SWMP and its associated infrastructure. This is
particularly important for the large mines where different,
yet interconnecting systems may be developed for
different mining shaft areas, different pits, different
beneficiation plants and different residue disposa
sites. It is necessary, in such a situation, to clearly
define and agree on individual responsibilities and on
the coordinating and integrating responsibility. It is also
important that the responsible personnel are committed
to continual improvement of the management system.

Step 8: Document the SWMP

The SWMP needs to be documented to capture al the
decisions and results that were obtained in the previous
steps. The format of the documentation should be guided
by its use, for example its inclusion in an Integrated
Water and Waste Management Plan (IWWMP), an
EMPR, a Water Use License Application (WULA), an
ISO 14001 management system or as an independent
report. The documentation should be accompanied
by drawings that cleary indicate the entire SWMP
infrastructure conceptually and with design details for
all new components and “as built" plans for previously
completed structures. The SWMP documentation
wil be used to guide the implementation, operation,
monitoring, auditing and management of the storm water
management system and should therefore address all
these aspects in sufficient detalil. It is recommended that
the SWMP document should, as a minimum, contain the
foll owing information:

+ The objectives that were defined for the SWMP.

+ The procedure that was followed to develop the
SWMP. This is especially necessary when there is
a deviation from the process recommended in this
guideline. The motivation for any deviation should be
included in the document.

+ Detailed technical situation analysis and evauation

with appropriate maps/plans showing all relevant
features, classification of areas, catchments, etc.
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Methoddogies and assumptions must be clearly
indicated.

+ Adescription of the modeling that was done and how
this information was used to develop the detailed
SWMP.

« The infrastructure that has been specified and
designed (drains, pipes, dams, berms, etc.) should be
presented and discussed (with appropriate plans and
drawings).

+ Alist of the legal aspects that are relevant for the
implementation, design, construction and operation
of the SWMP.

+ Description of all maintenance and operating
procedures that need to be implemented to ensure
that the designed SWMP infrastructure is capable of
continuing to operate at the design duty.

+ Adescription of the monitoring programme, including
maintenance monitoring as well as water quality and
flow monitoring. Refer to BPG G3: Water Monitoring
Systems.

+ A description of the management structure (human
resources) that is responsible for the implementation,
operation and maintenance of the SWMP.

+ Auditing and review procedures for future audits and
assessments of the SWMP to ensure continued legal
compliance and accommodation of changing legal
and mining requirements.

+ A description of the emergency procedures, where
applicable.

« Reference to all the relevant documentation and
information with an indication where it is obtainable.

4.3 Operational Phase

Itis important to emphasize that those operational mines
that do not have an appropriate detailed SWMP and that
intend making use of this BPG should also start at Step 1
of the SWMP process.

Step 9: Implement, Manage and Monitor the
SWMP

During the operational phase, the management
and monitoring systems defined in the SWMP are
implemented and managed on an ongoing basis. The
plan defined during the design and construction phase
provides the basis for effective and economic water
management during the operational phase. However,
the SWMP must be adaptable and needs to be formally

reviewed at regular intervals. Modifications are required
as condtions and circumstances dictate.

The normal monitoring of flows and water quality, should,
as a minimum, function over a monthly time step except
where biomonitoring is envisaged. Biomonitoring (also
referred to as biological monitoring in this document)
should be undertaken quartelly or bi-annually to
accommodate seasonal changes and variations. Specia
measures may need to be taken to measure flows
and quality associated with specific storm events. The
performance of the SWMP shoud be subject to an
annual review and reporting to authorities after a major
flood/rain event is also recommended.

Bidogical monitoring is a procedure used for assessing
the health of ecosystems and should be undertaken
by a specidist. Goals for environmental protection are
typically biologically basedand achievements can bestbe
assessed in terms of the effects on living organisms. The
type, number and distribution of aquatic life {organisms
and plants) in water bodies can provide a reliable and
integrated measure of the “health of the water body.

Monitoring the effectiveness of the stormwater facilities is
acontinuousrequirementandcouldeasily beincorporated
into the water and salt balance (BPG G2). The water and
sat balance will indicate malfunctions and serve as an
early warning signal for ineffective management facilities
requiring maintenance. Inspections of the facilities should
be undertaken two- to three-monthly.

Effective liaison with the regulatory agencies and
stakehalders, on a three-monthly to annual basis based
on requirements or changes to operation, is important
during the operationa phase. The mine must be able
to demonstrate that it is meeting its environmenta
obligations as well as the objectives set outin chapter 2.

In addition to the regular monitoring and auditing,
more detailed and intensive audits may be required
on complex systems where safety and/or water quality
impacts associated with system failure are high. This
could be undertaken three-monthly by suitably qualified
mine personne!, although for specialist work, an external
audit may be necessary. This would apply, for example,
to dams that fall within the Dams Safety Legislation, or
other areas of high risk.

Problems in a SWMP are normally only detected when
failure occurs. While a system is functioning adequately,
it tends to be out of mind. Because of the costs and

23
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risk associated with water management, consideration
should be given during the operational phase to: -

+ A reguar training programme that describes the
need for water management. The water management
system itself and the roles and responsibilities of the
various groups on the mine should be considered.
Ideally staff should feel that they are contributing to
decision-making in terms of water management.

+ Components such as the management of wastes,
geochemically unstable materials, erosion, and
water monitoring systems may require additional
management during the operational phase.

+ Research and developmentis often excluded from the
mines SWMP. However, many mines are depending
on newtechnologies to provide cost effective solutions
to water management issues. Active research and
evaluation of techniques used on other mines can
resultin potential savings for the mine. However, this
is not a mandatory component of an SWMP.

T i— it the SWMP and
Systems at Regular Intervals

In addition to the regular monitoring undertaken as
part of Step 9, it is recommended that the complete
SWMP and its infrastructure be formally reviewed and
audited annually for the first three years and thereafter
at regular intervals of between 1 and 3 years. This
review/audit should focus on ensuring that the SWMP
and its infrastructure are still adequate and appropriate
for the mine, both in terms of changing circumstances
and needs at the mine, as well as changing regulatory
requirements. Although these audits can be undertaken
by suitably qualified mine staff, it may be advantageous
to involve outside personnel (either from other mines
within the mining Group or from external consultants) in
such an audit.

As indicated previously, the SWMP is an iterative
process. At various points in the mine development, the
SWMP will be re-assessed, and evaluated as to whether
it is still appropriate and suitable. If not, then the mine
may need to revisit Steps 3 onwards in order to bring the
SWMP back into line with the revised requirements.

4.4 Decommissioning, Closure
and Post-Closure Phases

Water management has the potentia to be a major
cost associated with decommissioning and post closure

management of the mining areas. Even during the
design and operational phase, the water management
measures should be aimed at facilitating successful
decommissioning, closure, andpost closure management
of the area.

Discussions with the regulatory authorities and 1APs
are recommended to establish that the proposed
final landforms, vegetation and land use, and water
management structures will be acceptable at closure.
As far as possible, systems that manage the water
should not be active, e.g., systems requiring pumping
are not desirable. Active systems require maintenance
and supervision, which is undesirable and costly after
closure.

Further, the sustainability of water managementmeasures
needs to be demonstrated, e.g. the impact of floods
larger than the design flood on the need to reconstruct or
repair structures. This can aready be assessed during
the operational phase but monitoring during the post
closure phase will also be required, and allowance for
this must be made in the financial provision.

Compliance monitoring couldinclude meteordogical data,
surface water flow and quality monitoring, groundwater
behaviour and quality, bidogical monitoring, and erosion
monitoring. Where setflement or subsidence may affect
water management structures, monitoring of this may
also be required.

4.5 SWMP Checklist

Table 4.3 summarises some of the main requirements in
the development and operation of an SWMP in the form
of a checklist.
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Table 4.3: Main Requirements in the Development and Operation of a Storm Water
Management Plan as per Australian guide (modified from McQuade & Riley, 1996)

Stage | Important water management elements

Exploration erosion control from temporary roads and drill pad construction

management of drilling fluids (oils and greases)

management of camp wastes (sewage and domestic-type solid waste)

collection of hydrogeological data (baseline or background information)

collection of rock samples for environmental geochemical analyses (see BPG G4)
Resource erosion control from semi-permanent roads and additional drill pads

Development [ management of camp wastes, allowing for increased personnel for longer periods commence baseline
data collection:

+  hydrological and hydrogeological

+  climate
+  biological
+  geochemical
Design ongoing refinement of data collection

determine the expected water requirements for the operation — quality and quantity - from the proposed
mining and processing methods

develop an expected mine site water balance (see BPG G2)
undertake an audit of potential mine-related contaminants

quantify the potential pathways of contaminant transport and the expected rate and chemical alterations
during transport

define the physical locations, types and timing of potential environmental impacts
undertake a risk assessment in terms of water management
develop strategies to minimise the risk of water contamination

develop a preliminary runoff drainage system to manage high-rainfall events, and wetter than average
seasons

develop contingency procedures

develop a data collection programme for design performance validation

validate design predictions and collect data to reduce the uncertainties in design, where necessary
Operation & validate design predictions and collect data to reduce the uncertainties in design, where necessary
Rehabilitation | mopitor the environmental and operational performance of the SWMP

develop accountabilities for the maintenance and operation of the physical and mechanical components
of the water management system and in implementing contingency procedures

train operators in these areas and define roles and responsibiliies

continue with system investigations, that take account of new technologies, to minimise the risk of
environmental impacts and maintain flexibility for the mining operation

identify and manage risks
develop techniques for and implement progressive rehabilitation
develop a data collection programme for rehabilitation performance post mining

Post-mining collect data and determine the performance of the post-mining landform activity against the agreed post-
mining land use/environmental values

publish the information so that governmental authorities and the mining industry can improve their
environmental performance
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LEGISLATIVE
ASPECTS
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As indicated in previous chapters, it is necessary to consider the relevantlegislation (including
regulations) and policies for different aspects of a SWMP. This chapter references the main
legislation and pdlicies that are applicable to a SWMP. It should be noted that this is not an all-
inclusive list and the user of this guideline should ensure that all other applicable legislation and
policies are adhered to. The legislative aspects are addressed in the following categories:

+  DWAF legislation (Table 5.1)
+ Other legislation (Table 5.2)

Table 5.1: DWAF Legislation

Act/Government Notice/Policy | Relevant Section(s)/Regulation(s)

National Water Act, 1998 (Act 36 of 1998) 19, 20;21:22; 23, 26,27, 28 29;30; 31;
36; 39; 40-48 (licensing procedures),
49-52 (review of licenses); 117-123;
145; 151 and 154

GN 704 of 4 June 1999 4,567,812

Regulations on use of water for mining and related
aclivities aimed at the protection of water resources.
GN R991 of 18 May 1984

GN R1560 of 25 July 1986

Water Quality Management Pdlicies and Strategies in
the RSA. (April 1991)

Table 5.2: Other Legislation

Act/Government Notice/Policy | Relevant Section(s)/Regulation(s)
Environment Conservation Act, 1989 (Act 73 of |20 (1); 21 and 22

1989)
Minerals and Petroleum Resources Development Act | 17, 23, 38, 39, 43, 48

(Act 28 of 2002)

GN R992 of 26 June 1970 21014, 2.143, 51.1, 512, 55,
56.1; 562 56.3; 5.9.1; 5.9.2 and
5143,

National Environmental Management Act, 1998 (Act|23, 24, 28 30, 31, 32, 33 and 34
107 of 1998)
Health Act 2003 (Act 61 of 2003) 37 and 38
Municipal By{aws

Nuclear Energy Act, 1993 (Act 131 of 1993)
Conservation of Agricultural Resources Act (Act 43 of [ and 6
1983)
Mountain Catchment Areas Act (Act 63 of 1970) 2and3
Dumping at Sea Control Act, 1980 (Act 73 of 1980)
Nature Conservation Ordinance (No 12 of 1983)
Conslitution of the Republic of South Africa (Act 108 | 22, 24; 25; 32; 34; 36; 38 and 39
of 1996)
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GLOSSARY

carrying capacity:

catchment:

clean water:

continual improvement:

design storm:

dirty water:
drainage area:

ecology:
evaporation:
Geographical

Information Systems
(GIS):

geadogy:

groundwater:

hydrograph:
hydrological data:

hydrology:

infiltration:

The maximum water capacity, either volume or flow rate that a
facility can accommodate.

In relation to a watercourse or watercourses or part of a
watercourse, means the area from which any rainfall will drain into
the watercourse or watercourses or part of a watercourse, through
surface flow to a common point or common points. (National Water
Act, 1998 (Act 36 of 1998)).

Water that complies with a negotiated standard.

Process of enhancing the management system to achieve
improvements in overall performance in line with the objectives
and principles of storm water management as defined in this
guideline.

Storm water management systems are usually based on runoff
for a design storm, which is a particular combination of rainfall
conditions. The magnitude of a design stormis generally expressed
as a total quantity of precipitation, expressed as mm of rainfall, or
as a short-term intensity, expressed as mm per hour, together with
a defined recurrence interval.

Water that is not clean water.

The total land area that drains to a specified point comprises the
drainage area for that point.

The study of the relationships of organisms to their environment
and to one another.

Evaporation occurs when the water liquid phase is changed into
the vapour phase due to the addition of energy.

ClSis a termloosely used to describe a variety of combinations of
databases and graphical computer systems and range from simple
mapping software on the low end of complexity to sophisticated
graphical and database systems at the high end. A true GIS
can relate many layers of information to each other and perform
any number of complex data manipulations and analyses from
any combination of information and then display the information
graphically to any scale (Debo, 1995).

The study of the Earth as awhole, its origin, structure, composition,
and history (including the development of life), and the nature of
the processes which have given rise to its present state. (Whitten,
1978)

Water that occurs in the voids of saturated rock and soil material
beneath the ground surface is referred to as groundwater.

Aplot of water flow rate, either runoff or discharge, against time.
Data generated from the various components of hydrology, like
rainfall, evaporation and runoff.

The study of al waters in and upon the Earth. It includes
underground water, surface water, and rainfall, and embraces the
concept of the hydrological cycle. (Whitten, 1978)

The movement of water through a solid medium like soil, ash or
discard.
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life of mine:

peak flow runoff:

pallution contral dam:

precipitation:
recharge:

reclamation strategy:
recurrence interval:

residue:

residue deposits:

runoff:

sediment removal
facilities:
seepage:

slope:

storage dams:

storm water quality:

surface subsidence:

suitably qualified
person:

synthetic hydrograph:

The life of mine includes all the phases of the mine’s existence from the conceptual and
planning phases, through design, construction, operation and decommissioning to the
post-closure and aftercare phases.

During a storm event the runoff from an area follows a hydrograph curve. A maximum
runoff rate is experienced during the storm event and this rate is referred to as the peak
flow runoff.

The main purpose of a pdlution contrd dam within a storm water management system,
is to control and retain contaminated runoff for a design storm event. If the dam is also
used to store water the additional storage capacity required needs to be considered in the
design of the dam.

The discharge of water (as rain, snow or hail) from the atmosphere upon the earth’s
surface. (Gary, 1977)

The process of supplying a water resource with water.

Strategy to make water, usually contaminated, available for use on a mine.

Recurrence interval refers to the average time between storms of a given magnitude in a
local rainfall record and defines the probability that a given type of storm will occur at the
site. A 10-year (1:10) storm indicates that a storm of the specified magnitude has recurred
on average in one of every 10 years in the record.

Residue includes any debris, discard, tailings, slimes, screenings, slurry, waste rock,
foundry sand, beneficiation plant waste, ash and other waste product derived from
or incidental to the operation of a mine or activity and which is stockpiled, stored or
accumulated for potential reuse or recycling or which is disposed of. (Government Notice
704 of 4 June 1999.)

Residue deposits include any dump, tailings dams, slimes dams, ash dump, waste rock
dump, in-pit deposit and any other heap, pile or accumulation of residue. (Government
Notice 704 of 4 June 1999.)

Surface runoff is defined as the water that finds its way into a surface stream channel
without infiltration into the soil and may include overland flow, return flow, interfiow and
base flow.

Facilities that are designed to contain and remove sediments that are present in water.

The act or process invalving the slow movement of water or another fluid through a porous
material like soil, slimes or discard.

Slope is a dimensionless number and is defined by the vertical distance (drop) divided by
the horizontal distance.

Dams that are used to store water and should not be used to control storm water for storm
events smaller than the design storm conditions, unless the dam is specifically designed
as a combined storage and pollution control dam, which is generally not recommended.
(See also pdlution contral dam)

Runoff water most likely will contain contaminants from precipitation, deposits, surface
weathering and seepage, and is commonly referred to as storm water quality.

Slow or rapid sinking down of part of the Earth's crust thatis not slope related. (Miller, 1993)
In the context of this BPG, subsidence is often associated with shallow mining activities
and rehabilitated open cast areas. Surface subsidence may also occur as sinkholes from
dewatering of the dolomites.

Suitably quaified means a person having a level of training and experience with the type
of work to be done and recognised skills in the type of work to be done.

If actual flow data is not available to compile a hydrograph, a synthetic hydrograph can be
compiled with estimated flows.
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time of concentration:  Itis the time required for rain falling at the furthest point of the catchment to flow to the point
where the discharge is being calculated. The time is thus associated with the hydraulic
length and is used in hydrology calculations.

watercourse: Watercourse means —

(a) ariver orspring;

(b)  a natural channe! in which water flows regulary or intermittently;

(c) awetland, lake or dam into which, or from which, water flows; and

(d) any collection of water which the Minister may, by notice in the Gazette, declare to
be a watercourse, and a reference to a watercourse includes, where relevant, its
beds and banks. (National Water Act, 1998 (Act 36 of 1998)).

water system: Water system includes any dam, any other form of impoundment, canal, works, pipeline
and any other structure or facility constructed for the retention or conveyance of water.
(Government Notice 704 of 4 June 1999.)
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ABBREVIATIONS
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effective drainage area of catchment

Best Practice Guideline

run-off coefficient

Chemical Oxygen Demand

Department of Water Affairs and Forestry
Environmental Management Programme Report
Geographical Information Systems
Government Notice

average rainfall intensity over catchment
Integrated Water and Waste Management
Integrated Water and Waste Management Plan
Mean Annual Runoff

peak flow

Regiona Maximum Flood

U.S. Sail Conservation Service

Suspended sdlids

Storm Water Management Plan

Water Research Commission
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APPENDIX A:
PEAK FLOW AND

FLOOD VOLUME
DETERMINATION

This section provides summarized information obtained from the NTC Road Drainage Manual
and other sources. For more detailed information and design tools or aids the reader is referred
to the original sources.

A1  Rainfall Intensity Determination

Rainfall intensity-frequency-duration data are necessary to estimate peak discharges for
drainage and flood analyses. Such data can be obtained from references such as Alexander
(1990) or Adamson (1981).

Methods such as the Rationad Method are highly sensitive to the time of concentration
determined for a particular rainfall event, the time of concentration being the duration it takes for
the majority of water from the catchment to report to the channel being designed. The following
cautions should be noted when using the Rational Method: -

+ The adopted value of the run off coefficient (c) will always be uncertain, especially when
applied to a “large’ catchment. The coefficient refiects both rainfall losses and the effects of
storage routing in reducing peak discharges.

+ The formula was originally developed for catchments smaller than 15km?in area. Although it
can be used on larger catchments, a considerable amount of experience and judgement is
required to obtain reliable estimates.

+ The Rational Method only provides an estimate of peak discharge, and if the rate of
rise or recession of the hydrograph is of interest, a run off routing model would be more
applicable.

A2  Peak Flows

Various hydrological methods are available to determine the peak flow of a catchment. Some
of the more commonly used methods are detailed.

A2.1 Rational Method

The Irish Engineer Mulvaney first proposed this method in 1851. Since then it has become
one of the most widely used and best known techniques for determining peak flows from small
catchments.

The peak flow is obtained from the following formula:

Q=0,278CIA
where Q= peak flow (m/s)
C= run-off coefficient (dimensionless)
1= average rainfall intensity over
catchment (mm/hour)
A= effective area of catchment (km?)
0.278= conversion factor (convert

mm.km¥hour to m#/s)

33
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The rational formula is based on the fdlowing
assumptions:

+ The rainfdl has a uniform distribution across the
catchment.

« The rainfall has a uniform time distribution during the
time of concentration.

+ The peak discharge occurs at the end of the critical
storm duration, or the time of concentration.

« The run-off coefficient remains constant throughout
the duration of the storm.

+ Thereturn period of the peak flow is the same as that
of the rainfall intensity.

Despite its shortcomings as set out in the text, the
Rational Method can give realistic results if it is used
with care, and has given good results in studies where
it has been compared with other methods. Itis generally
recommended that the method only be applied to
catchments smaller than 15 km?, but in some cases
it can be used by an experienced person for larger
catchments.

The time of concentration of the catchment from which
the rainfall intensity is determined can be estimated
according to either the Kerby formula for overland flow;,
and the US Soil Conservation Services equation for
water course flow, or the Bransby William formula. The
Bransby William formula is.

1= L
A0 .Seb?
where T = time of concentration (hours),
L= length of the mainstream channel
to the catchment divide (km),
Se= ‘equal area’ slope (m/km) of the
mainstream channel to the
catchment divide (km)
A= catchment area (km?)

The Kerby and US Soil Conservation Services equations
are given in the National Transport Commission Roads
drainage manua. Determination of C is also given in
this reference. A correction factor F is aso sometimes
applied for the more extreme flood extents.

A2.2  SCS Method

The SCS method is based on the basic principle that run-
off is caused by the rainfall that exceeds the cumulative
infiltration of the soil. The method is particularly suitable

for computing flood peaks and run-off volumes for
catchments smaller than 10 km? and with slopes of less
than 30 %. The method requires a considerable amount
of calculation, which can be greatly reduced by using
nomograms or programs.

The SCS method takes into account most of the
factors that affect run-off, which includes quantity, time
distribution and duration of rainfall, land use, soil type,
prevailing soil moisture conditions and characteristics of
the catchment. One of the main advantages of the SCS
method is that it enables empirical hydrographs to be
fully calculated.

A detailed description of the SCS method and its
applicationin South Africa is given by Rooseboom (1983)
and Schulze and Arndld (1979).

Although the SCS method is based on physical
principles and some generalisations must be used, the
results are less dependent on persona judgment and
are reliable if based on suficient information. Some of
the practical advantages of the SCS method are that it
offers a graphical solution and it has been adapted to
South African solil types. It is not as sensitive to the time
of concentration as many other methods.

A23

The synthetic hydrograph method is based mainly on
regiona analysis of historical data and is suitable for
the determination of flood peaks as well as hydrographs
of medium-sized catchments (15 to 5 000 km?). The
recommended methods to develop synthetic hydrographs
are discussed in Midgley (1972), Rooseboom (1983) and
Alexander (1990). The concept and application of the
synthetic hydrograph can be extended to catchments
larger than 5 000 km?. This should only be done by a
suitably qualified person, but will not be an issue with a
SWMP because the catchments are so much smaller.

Synthetic Hydrograph Method

Thephysical characteristics becomeincreasingly complex
and difficult to describe empiricaly in large catchments.
The role played by many of the characteristics of a
catchment changes in importance as the size of the
catchment increases. The constant physical parameters
of a catchment can be established by using the concept
of unit hydrographs. A unit hydrograph is defined as
the hydrograph of one milimetre of run-off following
rainfal of unit duration with uniform spatial and time
distribution over the catchment, and is a characteristic of
a specific catchment. The duration of the hydrograph is
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in proportion to the duration of the rainfall and its volume
is proportional to the intensity of the rainfall.

The Hydrologica Research Unit has derived from
historical data, unit hydrographs for river measuring
stations in South Africa. From the unit hydrographs,
synthetic hydrographs have been derived for regions in
South Africa with similar catchment area characteristics
such as topography, soil type, vegetation and rainfall
characteristics.

Synthetic hydrograph results are independentof personal
judgement and generally reliabie. It should be noted that
some natural variability in the hydrological occurrences
is lost through the broad regional divisions and the
averaged form of the hydrographs, which is especially
relevant for catchments smaller than approximately 100
km?. For small catchments with times of concentration of
less than half an hour, this method may be problematic
to apply.

A2.4  Empirical Methods: Regional

Maximum Flood

The regiona maximum flood (RMF) is an empirically
established upper limit of flood peaks that can be
reasonably expected at a given site. The application
of this methodology is as set out in TR137/Regional
Maximum Food peaks in South Africa by Z. Kovacs. The
relative flood peak and magnitude is expressed by the
Francou-Rodier regional co-efficient k.

When determining peak flows for extreme events, typically
inexcess of 1ina 1000years, both deterministic methods
(employing principles such as probability maximum
precipitation) and probabilistic methods (statistical
prediction of low probable events from relatively short
periods of record) have often resulted in inconsistent
figures. The use of empirical methods such as the RMF
has given more consistent figures, and has been largely
validated by the more recent extreme events.

TR137 gives empirical coefficients for catchments as
small as 10km?, although the main use of the RMF
method is in medium sized to large catchments, typically
inarange from 3 000km? and up. Nevertheless, Appendix
6 of TR137 is useful for checking the order of magnitude
of the predicted flood peak for catchments of 10km? or
greater. The designer should be cautioned against using
it as a once-off computation, and it is recommended as
an order of magnitude check.

A2.5

Statistical methods are an extremely useful tod for
hydrologists. However, they will seldom be applicable on
a mine site due to: -

Statistical Methods

+ The specialised nature of the use of these methods,
which is more applicable to a specialist in this field.

+ Statistical methods rely on available stream fiow
records, and this data is normally only available on
larger catchments and major river systems which the
designer of an SWMP should not be affecting without
the input of a specialist in this field. For this, reason
no further information is given on these methods.

A3 Hydrological Modelling

Use can also be made of different hydrological models
that operate on daily, weekly or monthly time steps.
This approach is very useful when it is combined with
water quality modelling approaches. This provides
simulation tools that allow the eval uation of various water
management practices, especially for legal compliance
at downstream water quality points.

A4  Flood Volumes

Determination of flood volumes is important in instances
where clean water facilities are used to store and
attenuate floods, where flood routing is undertaken, or
where storage dams are used to contrd dirty water make.
Generally, this is a specialised field, but the information
given here may be of use for provisional sizing during
conceptual planning.

A4

Take as an example the typical problem of a clean water
holding or attenuation dam, upstream of a discharge
canal. To optimise the design, the designer is looking
for the optimal combination of dam size and canal
capacity. There are severa ways of doing this, but the
most technically correct would be to determine the
incoming flood hydrograph, or the relationship between
flow and time for the flood event. From this, the incoming
hydrograph can be routed through the dam to determine
the expected peak outflow rate in the canal.

Flood Hydrograph Determination

Detailed information on rainfall hydrograph determination
(rainfall time relationship), the application of this to a
catchment (generally using a computer programme), and
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the routing of the subsequert flood hydrograph can be
found in most hydrologyte:t books, with a good example
heing Alexander, 1390.

Ad.2

Far the designer who has neither the nowledge nor the
needto go into this level of detail, there are alternatives.
The rost conservative would be to size the attenuation
facilty to accornmodate the full wolurre of the expeded
flood evert, whereafter the canal downstream can he
relatively small, atthough there may also be a catchrment
downgtrearn that hasto be catered for.

Empirical Determination

FigA1: Flood hydrographs at Klipfontein
Dam
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A corrrnon rristake is to assurne that the worst case is
represented by the rainfall event giving the highest peak
flow, but with a small walurre. Figures A1 and A2 indicate
that there is often a high correlation between flood peak
and flood volume during extrerne everts (see Du Plessis
etal, 1988).

FigA2: Storm runoff volume estimation
- -
-
.3 o
. © ot
s °
%, Y Co 'o'- .
: :
| edE
: x
‘,;. < .5» B8y e
b > sYmsoLs
g 0| @oF . . B,
Boe| = S N,
- @ JANUARY TR8Y
BW CAPE FLOOD
oa
DY RAINFALL / MITAN ANNUAL PRECIPITATION

Attenuation effects are thus often overestimated, due to
the wolurre of the flood event being underedtimated.

For large dars, a preliminary estimate of attenuation is
given below: -

0,0, =099 - 556(AA)

where A= area of the reservair at full supply
level

A= area of the catchrment in similar
units

Kovacs suggests the following: -

ff at the beginning of a flood the dam is more than 90%
full, and the volurre of the flood is larger than the Full
Supply Capacity of the Dam, thenthe ratio of peak outflow
to peak irflow will seldom be less than 0.75. Expressed
differertly, the outflow peak will be in the range of 75 to
100% of the inflow peak.

For a provisional hydrograph, combine the design
hydrographs calculated for a stomn duration of 0.5 xthe
time of concertration ¢ ), and that of 4x t_ The gorm
duration of 4 xt, should not be too long {.e. lessthan 7
days), but this will seldornbe an issue forthe catchmerts
heing assessed during an SWMP.

These two hydrographs can be corrbinedinto a triangular
hydrographwith a peakequal tothat determinedfrom 0.5x
t andavolume of 2 .Q_  Thisisillustrated inthe figure
A3t ray also be usefulto corrpare the flood volurre to
the MAR when determining extrerre events (such asin
excess of 1:200 years or rore), and cormparing this to
the graph givenin Figure A3.
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FigA3 Equivalent tnangular hydrograph
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The following cautions should be noted: -

Rood hydrology is not an exact sdence, and there are
aspects of flood determination that are subject to ongoing
research. For exarrple, while the mourtainous regions
of the Western Cape and Drakensbergy with a high
rmean annual rainfall show a good correlation between
ohserved and theoretical data, that in the Karoo (wth a
low rrean annual rairfall but significant outliers) is less
satisfactory.

Srrilarly, the coastal belt and adjoining interior between
Fort Bizabeth and the Mozambique border shows a
characteridic upward curve between the 15 year and
1:10 year retum periods that highlights the presence
of two differert types of flood generating mechanisrms
ie. the cyclonic heavy rainfall results in a non-linear
relationship. The relationship between observed and
theoretical data requires spedalist knowledge in these
areas (refer paper by Pegrarn and Adarnson [1988]).

The infornation given in this BPG should thus be used
with due care, taking cognisance of the nsks assodiated
with failure, and the level of knowledge of the designer.
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COMPUTER MODELS
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In the text, at various points, reference is made to computer models for different purposes. The
use of modeling and simulation techniques in dealing with storm water issues on mines has
been found to be valuable. Since the modeler using the mode! is assumed to have specialist
knowiedge, the information given in this appendix is intended to give an understanding of the
issues from a mine management perspective.

Models used in the development of a SWMP would potentially include the following:
Runoff Routing models

These models simulate the rainfall runoff process for a selected storm event over the catchment
of interest. The routing process delays and reduces the peak flow to take account of fransient
storage. The models used differ mainly in their treatment of the ‘loss” of rainfall into the soil,
50 as to determine the runoff from a particular soil under a particular set of conditions (rainfall
before the event, vegetation, soil type, etc.)

Daily rainfall runoff models

These models are used to determine runoff from rainfall, but not for a specific storm event, but
rather from a daily rainfall record over many years. Their value is that this data can be input to
a System Model for the mine, or for use in Water Quality models.

Channel flow or floodline determination models

Anumber of open channel hydraulic models areavailable. Basedon the equations of momentum
and continuity, they simulate the behaviour of water as it flows down a watercourse, that is,
the velocity, water level, and various other parameters and characteristics of the flow. For a
SWMP or floodline determination, “steady flow models would generally be adequate, that is,
the model assumes a constant flow for each of the different defined reaches. "Unsteady flow
models (which mode! the variationin discharges and water levels with time) would seldom have
application in a SWMP or floodline calculation.

Ground water models

These models attempt to represent the groundwater flow. The models make use of numerous
assumptions suchas boundary conditions, aquifer characteristics, and various other parameters.
Models can be either two or three dimensional in their representation of the groundwater regime.
While modelling is accepted as best practice for the assessment of groundwater impacts on
a SWMP for cases where the groundwater is a significant component or resource, without
meaningful data and proper calibration the results may be oflitiie value.

These models are outside of the scope of this BPG, and the reader is referred to publications
on groundwater given in Section 6 and to BPG G4: Impact Prediction.

Systems models

A system model would refer to a model that simulates the behaviour or operation of the water
management on the mine. Itwould take account of the various dams, water make areas, inflows
and losses on the site to allow the assessment of the adequacy of the water management
system. Outputs include frequency and volume of spills, shortfalls in water supply, and can aso
belinked to quality models. Most consultants have their own in-house models.
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Water quality and salt balance models
Refer to BPG G2 on water and salt balance models.

Specialised water quality and geochemical

models

Models could include: -

dump. Thisis a highly specialised field that is covered

in detail in BPG G4: Impact prediction

All of the models detailed above can be of significantly
greater value when calibrated. In some cases (such as
groundwater modelling and geochemical modelling),
caibration is essential.
not collected on a mine site, the reliability of simulated

Because much of the data is

results is often difficult to assess.

« Catchment flow type models that integrate water

quality of runoff in to hydrology, more typically used
for a catchment analysis model as per that developed

for Witbank Dam.

+ Mine water quaity models that predict for example,
the expected geochemistry within spoils, or a discard

Table B.1 provides some useful information on models
that have seen widespread application in South Africa.

Table B.1: Information on surface runoff models:

Name of model | ACRU-HSPF LINK | HsPE

Includes ACRU and HSPF programme with | Hydrological Simulation Program — FORTRAN
integration routines)

Description Aprocedure links hydrological output from the model | Models quantity and quality of runoff from

ACRU into the water quality routines of HSPF, via|a catchment (including point sources). Also

a Water Data Management programme. Variables | simulates the in-stream processes. Used to

such as surface runoff, interflow, baseflow, as well | model urban and rural catchments from field size

as sediment load can be simulated with ACRU, | to several catchments.

and input into HSPF, to estimate the fate of the

variables.

Input Climatic data {e.g. rainfall and evaporation), land | Rainfall, evaporation, point source data,

use, topographical and soil data. catchment parameters such as soil type; soil
cover; slope and land use. Receiving-reach
dimensions.

QOutput Woater quality and hydrology data Water quantity and a large number of water
quality parameters at user specific points in a
reach.

Use of output Used for simulation of variable (phosphorus,|Can be used to determine mean and total loads

nitrates, sediment and E. Coli) of various pollutants, total outflow and a profile of
outflow rate at various points in the catchment.
Output can be obtained as an ASCII file. The
ANNIE software can be used for this process.

Databases None User-created database (a “ime series store”)

accessed and, through a software package called ANNIE,
use of a Watershed Data Management file.

Developer/ Department of Agricultural Engineering, University | CEAM (Obtain from CSIR)

vendor of Natal and CCWR
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Acronyms, Abbreviations and Organisations

ABET Adult Basic Education and Training

ATR Annual Training Report

BEE Black Economic Empowement

DMR Department of Mineral Resources

DoL Department of Labour

EE Employment Equity

GGP Gross Geographical Product

HDSA Historically disadvantaged South African
HRD Human Resource Development

IDP Integrated Development Plans

ISRD Integrated Sustainable Rural Development
LED Local Economic Development

LRA Labour Relations Act

MQA Mine Qualification Authority

NPI National Productivity Institute

RPL Recognition of Prior Learning

SLP Social and Labour Plan

SPPAC Social Plan and Productivity Advisory Council
SMME Small, Medium and Micro Enterprise

WSP Workplace Skills Plan
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SECTION 1: PREAMBLE

MINE NAME

Cape Bentonite Mine

MINE OWNER

Imerys Refractory Minerals South
Africa (Pty)Ltd

MINING RIGHT NO

MINE MANAGER

Helmut Gemurr

CONTACT PERSON

Ntambu Mahashe
012 643 5880

LOCATION OF THE MINE Heidelberg

LIFE OF MINE 5.5 years

POSTAL ADDRESS P.O.Box 242
Princess Farm
Heidelberg
6665

LOCAL MUNICIPALITY

Hessequa Local Municipality

NO OF EMPLOYEES (PERMANENT &
CONTRACTED)

43

GEOGRAPHIC
EMPLOY EES

ORIGIN OF

Western Province

Area
Heidelberg 4]
Cape Town 02

Imerys Refractory Minerals SA Cape Bentonite Mine Social and Labour Plan 2018-2022

Page- 5-



SECTION 2: HUMAN RESOURCE DEVELOPMENT PROGRAMME

2.1. Compliance with Skills development legislation

Name of SETA Mining Qualification Authority
Registration number with SETA L080745930

Confirmation of having [| Veneshan Veramuthu
appointed a Skills Development

Facilitator

Proof of submission of work place [ Confirmation from MQA is

skills attached

Cape Bentonite Mine is committed to skills development through a focus
on education, fraining and development. The training and development
system is geared to facilitating a general increase in the skill levels of all
employees. In order to identify employees’ skill needs and implement a
skills development plan, employees are assessed by accredited and
registered assessors. Skills Development Plan includes ABET provision,
Portable Skills Plan, Bursary Plan, Learnership Plan, Internship Plan, Career
Progression Plan, Mentorship Plan, Core Mining Skills training, HDSA in

Management and Women in Mining Plan.

2.2. ABET Provision Plan

The mine will not implement ABET training as all ABET targets were met in
the previous Social and Labour Plan. Therefore, there are no employees
who need ABET training. It is the intention of the mine that all new recruits

will have matric as minimum requirement for employment.

_—
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Study
Programme

Total  Quality
Management

Human
Resource

Management

SAMIRAC

Business

Administration

Store

Management
Accounting

Diploma
Office

Administration

Diploma

MSc Mining

Matric
upgrade
Total

2.3. Bursary Plan

Cape Bentonite Mine will implement a Bursary Scheme for employees.

The Bursary Plan will benefit 10 employees and cost the mine R170 500 to

implement over a five year period. Bursary allocations for the different

disciplines over the next five years will be as follows:

Table No 1: Bursary Plan targets

2018

Budget | Target

Budget

R10000 | 1|

R10 500

_—
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Internship
Programme

Geology

Mechanical
Engineering
Total

2.4. Internship Plan

The table below shows that Cape Bentonite Mine will ensure that one

internship programme is implemented annually. Therefore, 5§ interns will

undergo training at the mine over a five year period. The identified fields

are Geology and Mechanical Engineering. The number of interns per

annum and the fields have been identified in terms of the mine’'s

capacity and needs.

Table No 2: Internship Plan targets

Budget

Budget

R43 000

RO

R44 000

RO

R43 500

RO

R43 000

R43 500

In situations where there are no students from the bursary plan, students

from Universities and Technikons who are on their final year of study for

degree or diploma wil be encouraged to apply. The

internship

programme will be implemented at a cost of about R215 000 over a five

year period.

_—
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2.5. Learnership Plan

The Mine willimplement Diesel Mechanic, Mechanics, Fitter and Electrical

Learnership Programmes over a five year period. A total of 2 learners per

annum will participate in the programmes, which means over a five year

period 10 learners will benefit from this Learnership Programme. The

programme will cost the Mine R275 000 over a five year period to

implement.

Table No 4:

learnership plan targets

Learnership

T2018

Programme

Budget

Target

Budget

Diesel
Mechanic
RPL

RO

0

RO

Mechanic
RPL

Fitter RPL

Electrician
RPL

Total
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2.4. Portable Skills Training

Portable Skills Training will be aligned with the employee’'s current
occupation and the commitment will be to concentrate on unskilled and
semi-Skilled employees. This training will be, as far as reasonable practical,
presented by accredited training providers. Portable Skills Training will benefit

a total of 40 employees and will cost the company R202 000 to implement over

a five year period.

Table No 5: Portable Skills targets

Training

Programme Budget Budget
Quality R5000 RS 500
Management
System

R15 000 R16 000
Supervisory
Course
Driver's RO R10 000 RO
License (C)
Driver's R10 000 R11 000 R13 000
Llicense (CI)
PDP R10 000 R5 500 RO
Welding RO RO R15 500
Plumbing RO RO R15 500
Basic R2 000 R2 500 R3 500
Computer
Advanced R2 000 R2 500 R3 500
Computer
Total R44 000 R53 000 Ré5 500

_—
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2.7. Core Mining Skills Plan

Core Mining Skills Training Plan is intended to provide employees with

relevant trade skills pertaining to their employment positions. Core Mining

Training will benefit a total of 21 employees and cost the company

R108 500 to implement over a five year period. The plan below list

identified Core Mining Skills Training to be implemented over a five year

period.

Table No é: Core Mining Skills Training targets

Training
Field

Front end
loader

First aid level
18&2

Mine
Manager
Safety
Course

OHSAS

SHEQ  SABS
Auditing
Excavation
Course

ISO
Improvement
fraining
Practical
Switching

Total

2018

Target

1

R3 500

R7 500

R10 000

RS 000

R7 500

RO

R49 500

R12 500
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Department

Health
Safety
Health
Safety
Production
Production

Administration

Total

2.8. Career progression plans

A Career Progression Strategy and Plans are crucial to the mine's strategy
for staff development. Roles and responsibilities will ensure an
understanding and application of career progression plans. This will
enable development strategies to address competency gaps in order to
establish a workforce which is correctly resourced with competent,

capable, innovative and committed employees.

Career Progression Plan will be reviewed annual but will target the
following positions at the mine: Health and Safety, Administration and
Plant Operators. Career Progression Plan will benefit a combined total of
10 employees over a five year period. The plan below clearly shows entry
position and the targeted position the employees involved will be

prepared to attain when there are vacancies at the mine.

Table No 7: Career Progression targets

Core mining

occupation

Entry position

Targeted
position

Health &
Safety Rep

Health & Safety
Representative

Health & Safety
Coordinator

Plant Operator

Health & Safety
Representative

Health & Safety
Officer

Plant Operator

Plant Attendant

Plant Foreman

Senior  Plant
Operator

Plant Operator

Plant Foreman

Plant Operator

Administration
Clerk

Administration
Clerk

The identified career paths will enable employees to progress within

disciplines as well as between disciplines. It is the intention of the process
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to facilitate and address the career progression needs of both the
individual employee and the operation. Career progression plans and
related roles and responsibilities will therefore provide the means to
manage employees and competencies to meet both the needs of the

individual and the company.

2.9. Mentorship Plan

All employees are mentored by their supervisors on an ongoing basis.
Supervisors do task observation and risk assessments on each member of
their teams. The supervisor notes and takes steps to address problems and
training gaps in conjunction with the accredited training officers and
assessors. MQA accredited training officers do quality of learning checks
to ensure that training gaps have been adequately addressed.
Mentorship Plan will benefit a combined total of 28 employees over a five
year period. The identified positions include Geology, Mechanical

Engineering, Machine Operators and Diesel Mechanic.
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Table No 8: Mentorship Plan targets

Depél tment
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2.10. Employment equity

The Mine commits to achieve and maintain not less than 10% female

participation in mining and all targets for Black Persons in management

as per the requirements stipulated by the Mining Charter.

Table No 9: Employment Equity Current Status table

Category African Coloured Indian ‘White HDSA | Whie | Grand | Disabled
Male | Female | Male | Female | Male Female | female | total male total Male Female

Top 2 Q o o o 0 0 2 1 3 0 Q
Management

Senior o 1 o o 1 0 1 (1) 2 S o 0
Management

Middle 0 0 1 0 0 [ 0 1 1 2 0 0
Management

Junior 0 0 2 1 0 0 0 3 2 S 0 Q
Management

Core & |5 4} 2] 4 (] 0 o 30 3 33 o (1]
Critical Skills

2.11. HDSA in Management
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IRMSA will ensure that Mining Charter targets on Black Persons
representation in the management are met and maintained. Cunently
Black Persons in Management representation is above targets on all the
categories except on senior management due to the flat structure of the
company and the mine. The mine is committed to reach annual DMR

targets as indicated in the plan below.

Table No 10: HDSA in Management

Category

Top Management

Senior
Management
Middle
Management
Junior
Management

Core & Critical
Skills

People with
Disabilities

The above table presents projected Black Persons and overall total
inclusive of Black Persons in management needed to achieve and
maintain DMR targets until 2021. The Mine has projected its own targets,
which will annually be measured against the DMR targets to ensure

compliance.

2.12. Women in Mining
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The Mine will strive to ensure that 10% of women in core mining positions is
achieved and maintained for the coming five years. It is imperative to
highlight that due to the economic slowdown, the mine is faced with the
challenge of reducing the workforce; which also affect women in mining
positions. Nevertheless, the company wil always sirive towards

empowering women through training and employment.

Table No 11: Women in Mining

Production
Health & Safety

Human Resource
Production
Transport

Total

Forklift Operator

H&S Site
Coordinator
HR Officer

Quality Controller
Operator
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SECTION 3: LOCAL ECONOMIC DEVELOPMENT PROGRAMME

3.1. Social and economical background.

3.1.1. Location of the district and major labour sending areas.

Cape Bentonite Mine is located in the Hessequa Local Municipality,
under the Eden District Municipality in the Western Cape Province.

It includes a large farming community and a number of relatively
underdeveloped rural settlements. The Municipality has inherited
service as well as infrastructural backlogs from the previous
structures, particularly in the rural areas. The large municipal area
complicates service delivery, communication and public

participation activities.

The greater Hessequa has a diverse population of approximately 45
000 people and the main languages spoken are Afrikaans, English
and Xhosa. The population varies from illiterate and unskilled to
highly qualified and skiled. While the town has a relatively fast-

growing economy, poverty is rife in certain areas.

Hessequa lies at the foot of the Langeberg Mountains with her
boundaries stretching along the southern Cape coast from the
Breede River in the west to Gouritsmond in the east. The fotal area of
Hessequa is approximately 5 730 square kilometres. The National
Road N2 connecting the three inland towns of Albertinia, Riversdale
and Heidelberg forms the main transportation conduit across the

municipality.
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The Municipality has 16 settlements, of which 15 are urban and 1
rural. Hence, there have access to most basic services such as

water, sanitation and electricity.

Cape Bentonite Mine is located next to Heidelberg town, which is
the second biggest inland town in the Hessequa region and its
economy has been heavily dependent on commercial agriculture.
Heidelberg has enjoyed a rich cultural heritage in the performing arts
and continues to deliver to national audiences. Heidelberg is

currently challenged with a large backlog in housing.

3.2. Municipal challenges and priorities
The IDP of Hessequa Hani Local Municipality has prioritised the

following areas of development:

3.2.1. Proper water supply system:
Water infrastructure is sufficient for cumrent requirements while the
water resources are currently utilized to full capacity. Coastal towns

regularly experience shortages in summer holiday season.

3.2.2. Upgrading and provision of sanitation and sewerage system:

All formal households have access to a basic level of service and
the sewage freatment works have sufficient capacity for the
present demand as well as for the future demand ftill 2025. Backlog
in access to sanitation of informal households, households with
shared services and backyard dwellers that do not meet basic
service criteria is 3,623, and expected to increase by a further 1,360

by 2025. The average daily volume of sewage treated is 5,52MC.
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3.2.3. Road and storm water:
Poor condition of gravel roads and total lack of proper main,
access and internal roads. Also insufficient road system catering for
a vast area.
3.2.4. LED projects:
Lack of enough job opportunities and skill development to combat
the high rate of unemployment.
3.2.5. Environmental management:
Natural terrestrial ecosystems have been over-utilised for various
commercial activities, but an innovative plan for the management
of the existing and sustainable use of this resource, needs to be
developed and implemented.
3.2.6. Land Use Management system

= Establishment of township and formalisation of community

settlement.

= Develop Geographic Information System GIS.
3.2.7. Building of community, sport & recreational facilities and
parks:
No access or poor condition of community halls and related
facilities in most of the wards.
3.2.8. Road:
To eradicate the backlogs on road maintenance it is estimated
that some R15, 6 milion will have to be spent on resurfacing over

the next two years and some R30, 4 million on rehabilitation.
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3.2.9. The vupgrading of existing and provision of additional health
services and facilities:

Lack of sufficient and proper health facilities and insufficient access
to the available health services. To improve access to
comprehensive primary health care services.

3.2.10. The upgrading of existing and provision of additional schools
and educational facilities:

Need to improve community libraries and provide internet
accessibility. There is also a need to support pre-schools

infrastructure as part of community development.

3.3. Key economic activities.
3.3.1. Impact of the mining operation.
The following types of impacts can usually be quantified:
= Direct impacts, which may be calculated from macro-economic

aggregates occurring as a direct result of the project.

* Indirect impacts, which may be calculated from the activities of
suppliers. Indirect suppliers include those industries who deliver
goods and services to the activity under discussion (first - round
suppliers), as well as those suppliers who on their part deliver goods

and services to the first-round suppliers.

* Induced impacts, which are the impacts on goods and services
demanded due to increased expenditure by households from
income earned at the project. Examples include the income of

employees and shareholders of the project, as well as the income
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arising through the backward linkages of this spending in the

economy.

The main economic activities in the municipal area are agriculture,
construction and tourism. Mining only contributes about 25% of the

local economy.

3.3.2. Tourism

Tourism, in particular, is a fast-growing sector of the economy as the
town is well-suited to becoming a prime tourist destination because
of its location on the world-famous Garden Route, its particular

scenic beauty, biodiversity, mild climate and rich cultural history.

Tourism development is of vital importance to the local economy
because of the uncertainty of the agricultural industry and
declining fish resources. Tourism development has therefore been
identified as a priority by Council. Tourism marketing, and to an
extent, therefore, promotion of the town's overall image, is done by

the Tourism Bureau.

3.4. Community Development project

Hessequa Local Municipality has identified further infrastructure
development needs of the Diepkloof Community Centre. Such
needs include perimeter fencing, tiling and security infrastructure at
the centre. Another project presented by the municipality is the
refurbishment of a local pre-school to ensure that learning takes

place in a conducive environment.
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3.4.1. Diepkloof Business Hub

The Hessequa Local Municipality has identified a business hub in
Diepkloof; which will host local small and medium enterprises. The
hub wil have workshops to host local entrepreneurs. The local
municipality has already provided the land for the hub and council
resolution has been issued. The project is in the design phase,
wherein architectural services have been sought to finalise the

drawings and generate bill of quantities.
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Geographic Location
of the Project

District Munici pality:
Eden District Municipality

Local Municipality: '
Hessequa Local

Town: Heidelberg .

Project start date: 2015

Project End Date:2018

Municipality
Project Output Key Performance Areas Key Performance Project Partners Project Beneficiaries Project Budget:
Put floor tiles Indicators Hessequa Local Diepkloof community R1 million
Perimeter fencing Operational business Municipality
Safety gate and burglar hub workshops
bars
Classification of jobs | Total direct number of jobs | Adults Male: 10 Adults Female: 5 Youth Male: 3 Youth Female: 3
to be created: 21
Annual Targets (KPAs | Year 1 (2017) KPAs Year 2 (2018) KPAs Year 3 (2019) KPAs Year 4 (2020) KPAs Year 5 (2021) KPAs
& Budget) Develop bill of quantities
and building drawings. Construction Construction Internal finishing Furniture
Area rezoning.
Fencing the area.
Budget: R100 000 Budget: R250 000 Budget: R350 000 Budget: R150 000 Budget: R150 000

Quarterly Timelines

Year 1 Quarterly KPAs
Quarter 1: Drawings
Quarter 2: Fencing
Quarter 3: Clearing the
area

Quarter 4: None

Year 2 Quarterly KPAs
Quarter 1: Foundation.
Quarter 2: Construction
Quarter 3: Construction.
Quarter 4: None

Year 3 Quarterly KPAs
Quarter 1: Source
supplier.

Quarter 2: Roofing
Quarter 3: Plastering
Quarter 4: None.

Year 4 Quarterly KPAs

Interior fittings

Year 5 Quarterly KPAs
Furniture
Hand over
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Short term Impact

Job creation during construction.

Medium term Impact

Provide workshop areas for local entrepreneurs.

Long term Impact

Local Economic Development Through SMME support.

Project Exit Strategy

Hand over to the municipality for e
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3.5. Measures to address housing and living conditions
Cape Bentonite Mine does not have hostels accommodation.
Provision has been made through house allowance paid monthly
to the employees. Moreover, there is a policy that allows
employees to access they provident fund to build, acquire or
renovate their houses. This shows the commitment ECCA Holdings

has in improving housing and living conditions of the employees.

3.4. Procurement progression plan
Cape Bentonite Mine has adopted the following preferential
approach strategies to implement its procurement progression

programme over the next 5 years in terms of:

3.6.1 Increase HDSA Local Ownership:
The programme aims to increase the number of suppliers who

comply with the mining charter in terms of 26% HDS A ownership.

The programme aims to increase the number of new local black
owned enterprises in the province by identifying and assisting those
small newly local established suppliers. The supplier enterprise
development programme aims at assisting and accelerating the
development of operational, market and financial capacity of
enfreprenevurial enterprises in the province that will contribute
towards broad-based BEE. The primary beneficiaries of enterprise
development will be black owned and qualifying small enterprises

owned and controlled by black people from the Province. The
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support measures may range from direct financial assistance to

non-monetary support provided to entrepreneurial enterprises.

In order to keep on track or adjust where and when needed fo
obtain the best results for the above mentioned targets, Cape
Bentonite Mine needs to analyse and communicate all activities
related to the transformation and growth of the Local BEE suppliers
related to the following activities:

e The cumrent HDSA status of its key suppliers.

e To continuously communicate our preferential approach to

existing and upcoming suppliers.

3.6.3. HDSA suppliers support environment
Cape Bentonite Mine will develop several mechanisms to support
the approach to Preferential Procurement:
e Tender process: Scoring mechanism for BEE compliant
suppliers and a 10% allowable premium for BEE suppliers.
e Were appropriate, build in security in contracts on a supplier
to maintain BEE statuses or improve.
e Where appropriate, divide contracts or projects into smaller
components to enable emerging HDS A enterprises to qualify.
¢ Negotiating favourable terms of payment of HDS A suppliers.
e Setting realistic targets within acceptable timeframes to
increase purchases from HDS A suppliers.
e Measuring the percentage of the value of services,
consumables and capital purchased from HDSA enterprises

on a continuous basis, quarterly.
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3.4.4. Procurement Progression Plan

Cape Bentonite Mine is committed to meet procurement
progression targets for the coming five years and beyond. The
mechanisms provided above will ensure that the mine meets
targets set on the preferential table below. Preference and support
will be provided to suppliers who demonstrate compliance with the
three elements; transformation, localization and enterprise

development.

Table No 13: Procurement Progression targets

Category Annual Targets

Procurement of Mining Goods

Procurement of Services

Mining Samples
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SECTION 4: PROCESS PERTAINING TO MANAGEMENT OF
DOWNSCALING AND RETRENCHMENT

4.1. Establishment of future forum.
A Future Forum was established in 2009 at the mine, comprising
representatives from mine management and the labour unions. The
purpose of the forum is to promote on-going discussion with
employees about the mining operation and its future, and to
provide early warning of potential circumstances which may trigger
retrenchment, with a view to advising on the restructuring of
operations so that the mine is capable of absorbing such
contingencies. The Future Forum will meet 4 times annually and

whenever it is necessary.

4.2. Mechanisms to save jobs and avoid losses and a decline in
employment.
In the event that refrenchments and a decline in employment are
threatened, the mine, in consultation with the workforce, wil
consider mechanisms to save jobs. These may include:
e Short time;
¢ redeployment;
e voluntary retfrenchment;
e cessation of recruitment;
e productivity improvement;

¢ changes in shift cycles.
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4.3. Mechanisms to provide alternative solutions and procedures for
creating job security where job losses cannot be avoided.
Where job losses are inevitable, in consultation with the Future
Forum, job security measures will be taken to ensure post-mine
employment by investing in the development of portable skills for
employees and ensuring the readiness of employees to undertake
self-employment or apply entrepreneurial skills. The training for
these skills will be done in partnership with the relevant stakeholders
i.e. Department of labour, NPI, etc. If necessary, a skills audit will be
undertaken as a first step. Further procedures may include:-
e Entrepreneurship training;
e training in non-mining skills for vulnerable employees;
e MQA processes of training and development;
e mine courses for upgrading and development;
e using the Department of Labour's (Dol) placement and
labour bureavu services; and

¢ investigating job availability on other mines.

4.3.2. Implementing section 189 of the Labour Act, 1995

These mechanisms will include due and careful satisfaction of the
procedures of section 189 of the Labour Relations Act (LRA), the
forward planning processes of the Future Forum, and the assistance
of the Social Plan and Productivity Advisory Council (SPPAC) of the
National Productivity Institute (NPI) together with the Social and
Labour Plan (SLP) processes for training, local and rural economic
development, etc. SPPAC may be called upon to assist in the

search for alternative solutions to job losses, to do desk studies to
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determine appropriate responses to challenges, and to help to

devise a turnaround strategy when needed.

4.3.4. Communicating possible retrenchments
An effective communication strategy will be followed to:
e Inform employees of possible retrenchments;
e Inform other affected parties of the possible retrenchments at
the operations;
e Inform outside parties of the possible retrenchments at the

operations.

4.4. Mechanisms to ameliorate the social and economic impact on
individuals, regions and economies where retrenchment or closure of the

operation is certain

The employee to be retrenched has an option of two alternatives,

namely an income alternative or a cash package.

4.4.1. Income alternative

The employer wil, upon agreement being reached with the
employee to be retrenched, discharge its severance pay
obligations under the Basic Conditions of Employment Act by
purchasing a pension (income alternative) for retrenched
employees with an approved assurer. The capital utilised for this
pension is determined as being one week (1) salary for every
completed year of service, which shallin fotal be not less than four
(4) weeks. The employee has a choice to reduce the capital for the

pension and take 1/3in cash.
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4.4.2. Cash package

If the employee does not want the pension (income alternative)
he/she is entitled to a severance package calculated on (1)
week’s salary for every completed year of service, which shall in

total be not less than four (4) weeks.

4.4.3. Leave cadlculation
The value of leave for the two alternatives will be calculated at

present pensionable earnings.

4.4.4. Notice period for the two alternatives
The employee is entitled to one (1) month's notice (or alternatively
the employee can be released from duty during his/her final month

of service, at management discretion).

4.7. Retirement funds
Benefits will be paid out according to the rules of the various

pension, provident or retirement funds.

4.8. Unemployment Insurance Fund
UIF information will be made available on a monthly basis to the UIF

via an electronic database submission.

4.9. Service cerlificates

Service certificates will be issued to each employee.
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4.10. Alternative work
Employees will be given the opportunity, where possible, to find

alternative employment if they are not released from duty in the

final month.

4.11. Re-employment
Employees with comparable qualifications, who have been
retrenched by the employer, will be as far as it is practicable and in
compliance with inherent job requirements, be given preference

for re-employment.

4.12. Medical examination
Employees to be retrenched that have worked in terms of the
applicable health legislation in risk positions will, prior to being
retrenched, be taken for exit medical examination. The costs for this

examination shall be borne by the mine.

4.13. Reporting, monitoring and evaluation
A senior manager will be accountable for the on-going monitoring

and evaluation of the SLP and for the annual report.
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SECTION 5: FINANCIAL PROVISION

Table No 14: Financial Provision

Description Budget allocation

2017 2018 2019 2020 2021 Total
R238 000 R240 000 R228 500 R226 500 R115 500 R1 048 500
R100 000 R250 000 R350 000 R150 000 R150 000 R1 000 000

The total cost of retrenchment and downscaling currently is R2 779 520.

R338 000 R490 000 R570 500 R376 500 R265 500 R2 048 500

IRMSA is committed to achieve the targets presented in this Social
and Labour Plan. Implementation of the HRD section will cost the
company R1 048 500. The Local Economic Development budget for
the five year period is R1 000 000. IRMSA has committed a total
budget of R2048 500 for the implementation of this Social and

Labour Plan for the next five year period.
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SECTION é: UNDERTAKING

Undertaking by the Operations Director

|, the undersigned, , in my

capacity as the Operations Director and duly authorised thereto IMERYS
Refractory Minerals South Africa (Pty) Ltd, undertake that | will ensure that
Cape Bentonite Mine adheres to the information, requirements,
commitments and conditions set out in the above Social and Labour

Plan.

Sighed at on this the day of
2018

Sighature of the Operations Director

Undertaking by the Executive Director

|, the undersigned, , in my

capacity as the Executive Director and duly authorised thereto by IMERYS
Refractory Minerals South Africa (Pty) Ltd, undertake that | will ensure that
Cape Bentonite Mine adheres to the information, requirements,
commitments and conditions set out in the above Social and Labour

Plan.
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Signed at on this the day of
2018

Signature of the Executive Director

Approved

Sighed at on this the
day of 2018

Sighature:
Designation:
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