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KOFFIEFONTEIN AQIA

Executive Summary
Project overview
Golder Associates Africa (Pty) Ltd (GAA) was appointed by Zitholele Consulting (Pty) Ltd (Zitholele) to assist
with the required Air Quality Impact Assessment (AQIA) for the proposed new slimes dam, required for the
extension of the life of mine. This report presents the findings of the AQIA undertaken in terms of the
National Environmental Management Act: Air Quality Act (Act No. 39 of 2004) (NEMAAQA).

Surrounding land uses and sensitive receptors
The most significant land uses in the area include the following:







Formal and informal residential areas;
Koffiefontein Airplane landing strip;
Sports and recreation activities;
Mining activities; and
Open undeveloped land.

The following are identified as the nearest sensitive receptors to Koffiefontein:






The residential area within 50 m East of the Koffiefontein mine;
The residential area within 50 m North of the Koffiefontein Mine;
The residential area within 1 km North of the Koffiefontein Mine; and
The residential area within 2 km North of the Koffiefontein Mine.

Meteorological conditions
Winds at the Koffiefontein mine are expected to originate predominantly from the east-south-easterly sector,
south-westerly sector and north-north-easterly sector. Wind speeds are moderate, with a low percentage
(10.50%) of calm conditions (<1 m/s).

Baseline air quality
Key sources of air pollution within vicinity of Koffiefontein mine have been identified to include:





Transportation and traffic;



Mining and related activities.

Domestic fuel burning;
Agricultural activities which result in wind-blown soil dust that occur from bare fields, especially in dry
periods; and

The Koffiefontein mine provided dust fallout monitoring results for the period 12 January 2015 – 13 February
2015. The highest concentration reported during this time was 351 mg/m2/day, recorded at Bucket 8. While
the monitoring period is too short to draw definitive conclusions regarding the ambient air quality, it is noted
that all buckets remained below the 600 mg/m2/day limit set for residential areas. However, it is not known
whether these results include both the soluble and insoluble fractions. Furthermore, the accuracy of the data
cannot be confirmed. These results should therefore be interpreted with caution.
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Impact assessment
Construction
The degeneration of the ambient air quality due to increased TSP (nuisance dust) and PM10 levels is likely to
occur as a result of land clearing, ground excavation and materials handling activities (tipping, loading and
offloading) associated with the construction of the new slimes dam regardless of which alternative is chosen.
The impact is likely to be moderate. With mitigation, these impacts may be reduced to low.
Similarly, the movement of construction vehicles are likely to cause an increase in the entrainment of dust
(including PM10 and TSP) on unpaved roads. These emissions are likely to be short lived and largely
restricted to the construction site. This impact was therefore assigned a moderate environmental significance
before mitigation. With mitigation, these impacts may be reduced to a low environmental significance.
An increase in NO2, SO2, TSP, PM2.5 and PM10 levels are anticipated to occur as a result of the increase in
heavy vehicle movement associated with the construction activities. Vehicle emissions are likely to result in
primary and secondary pollutants. Primary pollutants are those emitted directly to the atmosphere as
exhaust emissions whereas, secondary pollutants are formed in the atmosphere as a result of atmospheric
chemical reactions, such as hydrolysis, oxidation, or photochemical reactions. The impact of these
emissions, are anticipated to have a low significance before mitigation due to the relatively low volumes of
traffic associated with the construction of the new slimes dam. Furthermore, this impact is anticipated to be
restricted to the construction phase and site. Due to the limited efficacy of the potential mitigation measures
associated with vehicle emissions at this scale, the environmental significance after mitigation is likely to
remain low.

Operation
The new slimes dam is predicted to be a significant source of fine particulate pollution due to the large unvegetated surface area which is susceptible to wind erosion. The rate of wind erosion may be influenced by
compaction, moisture content, vegetation, and shape of the slimes dam, particle size distribution, wind speed
and precipitation.
While the location of the proposed slimes dam is not predicted to make a significant difference to the impact
of the facility on the nearby residential areas, of the 3 preferred alternatives (2, 5 and 9/10), Alternative 2 is
predicted to have the lowest impact. This is due to:




The comparatively lower surface area of the dam (in comparison to Alternatives 5 and 9/10); and
The shielding effects of the existing waste rock dump and slimes dam.

This impact was therefore assigned a moderate environmental significance before mitigation. While the
implementation of mitigation measures is likely to reduce the magnitude and scale of the impact, the
environmental significance is anticipated to remain moderate.

Decommissioning and closure
Fugitive dust emissions are likely to continue from the operational phase, through the decommissioning
phase, until the site has been successfully re-vegetated.
In addition, the movement of vehicles associated with the decommissioning of the slimes dam are likely to
cause an increase in the entrainment of dust (including PM10 and TSP) on unpaved roads. These emissions
are likely to be short lived and largely restricted to the site. This impact was therefore assigned a moderate
environmental significance before mitigation. With mitigation, these impacts may be reduced to a low
environmental significance.
An increase in NO2, SO2, TSP, PM2.5 and PM10 levels are also anticipated to occur as a result of the increase
in heavy vehicle movement associated with the decommissioning activities. The impact of these emissions is
anticipated to have a low environmental significance before mitigation due to the relatively low volumes of
traffic associated with the decommissioning of the slimes dam. Due to the limited efficacy of the potential
mitigation measures associated with vehicle emissions at this scale, the environmental significance after
mitigation is likely to be low.
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Acronyms
%

Percentage

°C

Degrees Celsius

µg
µg/m

Microgram
2

Micrograms per square meter

AEL

Atmospheric emission license

AQMP

Air quality management plan

CO

Carbon monoxide

DEA

Department of Environmental Affairs

DJF

December, January, February

E

East

EIA

Environmental impact assessment

ENE

East-north-east

ESE

East-south-east

g/s

Grams per second

Ha

Hectares

HP

High pressure

JJA

June, July, August

KDM

Koffiefontein Diamond Mine

Km

Kilometre

km2

Kilometre squared

LP

Low pressure

LSA

Local study area

M

Meter

m/s

Meters per second

m2

Meters square/square meters

MAM

March, April, May

Mamsl

Meters above mean sea level

Mg

Milligrams
2

mg/m /day

Milligrams per square meter per day

N

North

NAAQS

National Ambient Air Quality Standard

NE

North-east

NEMAQA

National Environmental Management Act: Air Quality Act (Act No. 39 of 2004)

NNE

North-north-east

NNW

North-north-west

NO

Nitrogen oxide

NO2

Nitrogen dioxide
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Acronyms
NOx

Nitrogen oxides

NW

North-west

O3

Ozone

PM10

Particulate matter with an aerodynamic diameter of less than 10 μm

PM2.5

Particulate matter with an aerodynamic diameter of less than 2.5 μm

S

South

SAAQIS

South African Air Quality Information System

SAWS

South African Weather Service

SE

South-east

SLC

Sub Level Cave

SO2

Sulphur dioxide

SON

September, October, November

SOx

Sulphur oxides

SR

Sensitive Receptor

SSE

South-south-east

SSW

South-south-west

SW

South-west

t/pd

Tons per day

US EPA

United States Environmental Protection Agency

VOC

Volatile organic compound

W

West

WHO

World health organisation

WNW

West-north-west

WSW

West-south-west

XDM

Xhariep District Municipality
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1.0

INTRODUCTION

The Koffiefontein Diamond Mine (KDM) started open pit mining operations in the 1870’s. In 1981,
underground mining was initiated. The KDM is operated by the Koffiefontein Mine Joint Venture, which
consist of Petra Diamonds and Re-Teng Diamonds (Pty) Ltd, under the mining right number FS
30/5/1/2/2/91MR C/2006/01/30/001. Petra Diamonds’ expansion plan at KDM is expected to increase
production by the year 2017, and extend the life of mine by 28 years. The increased production is owed to
the revised mining lay-out for the (Sub Level Cave) SLC, which will accelerate access to fresh kimberlite ore.
Development work on the underground tunnel infrastructure is underway, while ore-handling conveyor
installations servicing the SLC are in the final stages of commissioning. The production has risen from about
35 000 carats per annum in 2013, to about 105 000 carats at present.
Golder Associates Africa (Pty) Ltd (Golder) was appointed by Zitholele Consulting (Pty) Ltd (Zitholele) to
assist with the required Air Quality Impact Assessment (AQIA) for the proposed new slimes dam, required for
the extension of the life of mine. This report presents the findings of the AQIA undertaken in terms of the
National Environmental Management Act: Air Quality Act (Act No. 39 of 2004) (NEMAAQA).

1.1

Project location

Koffiefontein is located in the Free State Province, 105 km south-south-east of Kimberley and approximately
138 km west of Bloemfontein. The total property area amounts to 2 817 ha of which 887 ha is utilised for
mining and tailings storage and the remainder (1 930 ha) is a game farm (Figure 1).

Figure 1: Regional location of Koffiefontein (Zitholele, 2015)
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1.2

Project description

1.2.1

General overview of Koffiefontein mine operations

Koffiefontein is a typical South African kimberlite ore mining operation. The following key processes/
activities/infrastructure is involved in the current mining operation (Figure 2):





Underground drilling and blasting;






Waste rock dumps for disposal of overburden and other waste rock;




Disposal of slimes via pipelines in a slimes dam; and

Raising of underground ore to the surface via the main shaft;
Transport of the underground ore from the main shaft via several conveyor belts to the run of mine
stockpile;

Hauling of ore via trucks from the Ebenhaezer pit to the run of mine stockpile;
Transport of ore from the run of mine stockpile via conveyor belts to the processing plant;
Crushing/scrubbing/screening of the ore in the processing plant to separate the diamonds from the
waste products called slimes;

Process water recovery from the slimes dam via holding and return water dams.

Figure 2: Koffiefontein mining process flow (Zitholele, 2015)

Note: For a detailed project description, please refer to the impact assessment report document.

1.2.2

Proposed new infrastructure

To allow for the extension of the life of mine, the following infrastructure is proposed:







Pipes for the transportation of slimes to the new slimes dam;
Infrastructure for transport of return water to the plant (i.e. pumps, pipelines, etc.);
Access and maintenance roads;
Fencing and access control; and
Installation of a Mill (either one of open circuit autogenously, partially closed or pebble crusher).

Note: This AQIA is limited to the impacts associated with the proposed new slimes dam and excludes the Mill
installation.
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Proposed development of the new slimes disposal facility will be within the footprint of one of the alternatives
site shown in Figure 3 and Table 1. Alternatives 2, 5 and 9/10 are currently considered to be the preferred
alternatives.
Table 1: Site alternatives description
Site

Description

Alternative 1
Alternative 2
Alternative 3
Alternative 4
Alternative 5
Alternative 6

Approximately 1.3 km south west of the plant
Approximately 1.6 km south west of the plant
Approximately 0.5 km west of the plant
Approximately 2 km from the plant
Raise the existing storage facility to 40 m
Option 1 and 5

Alternative 7

Option 2 and 5

Alternative 8

Option 3 and 5

Alternative 9

Option 4 and 5

Alternative 10

Join Option 4 and option 5 to create 1 facility

Figure 3: Proposed layout of the development of the new slimes disposal facility and associates infrastructure (Zitholele,
2015)
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2.0

METHODOLOGY

The objective of the AQIA is to ensure that possible adverse atmospheric impacts associated with the new
slimes disposal facility are identified and quantitatively assessed. The methodology used in this assessment
is illustrated in Figure 4 and further discussed in the sections that follow.

Baseline
assessment
• Baseline monitoring
• Identification of
sensitive receptors
• Meteorological data
analysis
• Identification of the
potential health
effects

Emissions
inventory
• Identification of
emission sources
• Calculation of
emissions rates

Impact
assessment

Mitigation &
monitoring

• Dispersion modelling
• Impact assessment

• Recommendation of
measures to control
and/or mitigate the
impact of emissions
• Recommendations
for monitoring
protocols

Figure 4: Process followed in the determination of the air quality impacts associated with the new slimes disposal facility

2.1

Baseline assessment

The baseline assessment was conducted via a desktop literature review process of the available project
information, and available ambient air quality monitoring data.

2.2

Emissions inventory

An emissions inventory comprises the identification of sources of emission, and the quantification of each
source’s contribution to ambient air pollution concentrations. Thus, the establishment of an emissions
inventory formed the basis for the assessment of the impacts of the new slimes disposal facility on the
receiving environment.

2.3

Dispersion modelling

Dispersion modelling is used as a tool to predict the ambient atmospheric concentration of pollutants emitted
to the atmosphere from a variety of processes, as well as the distribution of concentrations from existing
sources.
The AERMOD View modelling software code was used to determine likely ambient air pollutant
concentrations from the new slimes disposal facility. AERMOD View is an air dispersion modelling package
which incorporates the following United States Environmental Protection Agency (US EPA) air dispersion
models into one integrated interface:





AERMOD;
ISCST3; and
ISC-PRIME.

These US EPA air dispersion models are used extensively internationally to assess pollution concentration
and deposition from a wide variety of sources.
The AERMET1 pre-processor was used to process MM5 modelled regional meteorological data for input into
ISC-AERMOD. Input to a dispersion model includes prepared meteorological data, source data, information
on the nature of the receptor grid and emissions input data.

1

AERMET is a pre-processor that organizes and processes meteorological data and estimates the necessary boundary layer parameters for dispersion calculations in AERMOD

July 2016
Report No. 1407356-13637-1

4

KOFFIEFONTEIN AQIA

Dispersion models are limited in their inability to account for highly complex rapidly varying spatial and
temporal meteorological systems such as calms; coastal fumigation, sea/land breeze recirculation, and
mountain and valley winds, especially where complex terrain is involved. The US EPA considers the range of
uncertainty to be -50% to 200% for models applied to gently rolling terrain. The accuracy improves with fairly
strong wind speeds and during neutral atmospheric conditions. Dispersion modelling results can be
compared with monitored values in order to improve the accuracy of, or “calibrate” models.

2.4

Impact assessment

From a technical, conceptual or philosophical perspective, the focus of impact assessment ultimately
narrows down to a judgment on whether the predicted impacts are significant or not. The concept of
significance is at the core of impact identification, prediction, evaluation and decision-making (DEAT, 2002).
The determination of significant impacts relates to the degree of change in the environmental resource
measured against some standard or threshold. Potential impacts were assessed using the calculations and
rating system, as provided below.

2.4.1

Nature of the impact

Each impact should be described in terms of the features and qualities of the impact. A detailed description of
the impact will allow for contextualisation of the assessment.

2.4.2

Extent of the impact

Extent intends to assess the footprint of the impact. The larger the footprint, the higher the impact rating will
be. Table 2 below provides the descriptors and criteria for assessment.

2.4.3

Duration of the impact

The duration of the impact is the period of time that the impact will manifest on the receiving environment.
Importantly, the concept of reversibility is reflected in the duration rating. The longer the impact endures, the
less likely it is to be reversible. Refer to Table 3 for the criteria for rating duration of impacts.

2.4.4

Potential intensity of the impact

The concept of the potential intensity of an impact is the acknowledgement at the outset of the project of the
potential significance of the impact on the receiving environment. For example, SO2 emissions have the
potential to result in significant adverse human health effects, and this potential intensity must be
accommodated within the significance rating. The importance of the potential intensity must be emphasised
within the rating methodology to indicate that, for an adverse impact to human health, even a limited extent
and duration will still yield a significant impact.
Within potential intensity, the concept of irreplaceable loss is taken into account. Irreplaceable loss may
relate to losses of entire faunal or floral species at an extent greater than regional, or the permanent loss of
significant environmental resources. Potential intensity provides a measure for comparing significance
across different specialist assessments. This is possible by aligning specialist ratings with the potential
intensity rating provided here. This allows for better integration of specialist studies into the environmental
impact assessment (see Table 4 and Table 5 below).
Table 2: Criteria for the assessment of the extent of the impact (Zitholele. 2015)

Extent

Definition

Rating

Site

Impact footprint remains within the boundary of the site.

1

Local
Regional
National
Global

Impact footprint extends beyond the boundary of the site to the adjacent
surrounding areas.
Impact footprint includes the greater surrounds and may include an entire
municipal or provincial jurisdiction.
The scale of the impact is applicable to the Republic of South Africa.
The impact has global implications.
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Table 3: Criteria for the rating of the duration of an impact (Zitholele, 2015)

Duration

Definition

Construction/
Decommissioning
phase only

The impact endures for only as long as the construction or the
decommissioning period of the project activity. This implies that the
impact is fully reversible.
The impact continues to manifest for a period of between 3 and 5 years
beyond construction or decommissioning. The impact is still reversible.

Short term
Medium term

Long term
Permanent

Rating

The impact continues between 6 and 15 years beyond the construction
or decommissioning phase. The impact is still reversible with relevant
and applicable mitigation and management actions.
The impact continues for a period in excess of 15 years beyond
construction or decommissioning. The impact is only reversible with
considerable effort in implementation of rigorous mitigation actions.
The impact will continue indefinitely and is not reversible.

1
2
3

4
5

Table 4: Criteria for impact rating of potential intensity of a negative impact (Zitholele, 2015)

Potential
Intensity

Definition of negative impact

High
Moderate-High
Moderate
Moderate-Low
Low

Significant impact to human health linked to mortality/loss of a
species/endemic habitat.
Significant impact to faunal or floral populations/loss of
livelihoods/individual economic loss.
Reduction in environmental quality/loss of habitat/loss of heritage/loss
of welfare amenity.
Nuisance impact.
Negative change with no associated consequences.

Rating
16
8
4
2
1

Table 5: Criteria for the impact rating of potential intensity of a positive impact (Zitholele, 2015)

Potential
Intensity

Definition of positive impact

Rating

Moderate-High
Moderate
Moderate-Low
Low

Net improvement in human welfare.
Improved environmental quality/improved individual livelihoods.
Economic development.
Positive change with no other consequences.

8
4
2
1

It must be noted that there is no HIGH rating for positive impacts under potential intensity, as it must be
understood that no positive spinoff of an activity can possibly raise a similar significance rating to a negative
impact that affects human health or causes the irreplaceable loss of a species.

2.4.5

Likelihood of the impact

This is the likelihood of the impact potential intensity manifesting. This is not the likelihood of the activity
occurring. If an impact is unlikely to manifest then the likelihood rating will reduce the overall significance.
Table 6 provides the rating methodology for likelihood.
The rating for likelihood is provided in fractions in order to provide an indication of percentage probability,
although it is noted that mathematical connotation cannot be implied to numbers utilised for ratings.

July 2016
Report No. 1407356-13637-1

6

KOFFIEFONTEIN AQIA

Table 6: Criteria for the rating of the likelihood of the impact occurring (Zitholele, 2015)

Likelihood

Unlikely
Probable
Highly Probable

2.4.6

Rating

The possibility of the impact occurring is negligible and only under
exceptional circumstances.
The possibility of the impact occurring is low with a less than 10%
chance of occurring. The impact has not occurred before.
The impact has a 10% to 40% chance of occurring. Only likely to
happen once in every 3 years or more.

Improbable

Definite

Definition

It is most likely that the impact will occur and there is a 41% to 75%
chance of occurrence.
More than a 75% chance of occurrence. The impact will occur
regularly.

0.1
0.2
0.5
0.75
1

Cumulative impacts

Cumulative impact are reflected in the in the potential intensity of the rating system. In order to assess any
impact on the environment, cumulative impacts must be considered in order to determine an accurate
significance. Impacts cannot be assessed in isolation. An integrated approach requires that cumulative
impacts be included in the assessment of individual impacts.
The nature of the impact should be described in such a way as to detail the potential cumulative impact of
the activity.

2.4.7

Significance assessment

The significance assessment assigns numbers to rate impacts in order to provide a more quantitative
description of impacts for purposes of decision making. Significance is an expression of the risk of damage
to the environment, should the proposed activity be authorised.
To allow for impacts to be described in a quantitative manner in addition to the qualitative description given
above, a rating scale of between 1 and 5 was used for each of the assessment criteria. Thus the total value
of the impact is described as the function of significance, which takes cognisance of extent, duration,
potential intensity and likelihood:



Impact Significance = (extent + duration + potential intensity) x likelihood.

Table 7 provides the resulting significance rating of the impact as defined by the equation as above.
Table 7: Significance rating formulas (Zitholele, 2015)

Score

Rating

Implications for Decision-making

<3

Low

Project can be authorised with low risk of environmental degradation.

3-9

Moderate

Project can be authorised but with conditions and routine inspections.
Mitigation measures must be implemented.

10 - 20

High

21 - 26

Fatally Flawed

2.5

Project can be authorised but with strict conditions and high levels of
compliance and enforcement. Monitoring and mitigation are essential.
Project cannot be authorised.

Mitigation and monitoring

Recommendations for control and/or mitigation measures were made in response to the impacts identified.
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3.0
3.1

AIR QUALITY LEGISLATION, STANDARDS AND GUIDELINES
National Environmental Management Act: Air Quality Act (Act
No. 39 of 2004) (NEMAAQA)

The NEMAAQA has shifted the approach of air quality management from source based control to the control
of the receiving environment. The Act also devolved the responsibility of air quality management from the
national sphere of government to the local municipal sphere of government (district and local municipal
authorities). Local municipalities are thus tasked with baseline characterisation, management and operation
of ambient monitoring networks, licensing of listed activities, and emissions reduction strategies. The main
objectives of the act are to protect the environment by providing reasonable legislative and other measures
that (i) prevent air pollution and ecological degradation, (ii) promote conservation and (iii) secure ecologically
sustainable development and use of natural resources while promoting justifiable economic and social
development alignment with Sections 24a and 24b of the Constitution of the Republic of South Africa.

3.2

Listed activities

The NEMAAQA makes provision for the setting and formulation of national ambient air quality and emission
standards. On a provincial and local level, these standards can be set more stringently if the need arises.
The control and management of emissions in NEMAAQA relates to the listing of activities that are sources of
emission and the issuing of atmospheric emission licences (AEL’s). In terms of Section 21 of the NEMAAQA,
a listed activity is an activity which ‘results in atmospheric emissions that are regarded to have a significant
detrimental effect on the environment, including human health’.

3.3

Ambient air quality standards

The South African ambient air quality standards for common pollutants prescribe the allowable ambient
concentrations of pollutants which are not to be exceeded during a specified time period in a defined area
(Table 8). If the standards are exceeded, the ambient air quality is defined as poor and potential adverse
health impacts are likely to occur. If authorised to operate, the new slimes disposal facility emission
contributions to the ambient air quality levels must not exceed or cause exceedances of the ambient air
quality standards.
Table 8: South African Ambient Air Quality Standards for Criteria Pollutants
Pollutant

SO2 (a)

NO2 (b)
PM10 (c)

PM2.5 (d)

(e)

O3
Lead (Pb) (f)

Averaging
Period

Limit
Value
(µg/m3)

Limit Value
(ppb)

Frequency of
Exceedance

Compliance
Date

10 minute
1 hour
24 hours
1 year
1 hour
1 year
24 hour
1 year

500
350
125
50
200
40
75
40

191
134
48
19
106
21
-

526
88
4
0
88
0
4
0

Immediate
Immediate
Immediate
Immediate
Immediate
Immediate
Immediate
Immediate

24 hours

40

-

4

24 hours

25

-

4

1 year

20

-

0

1 year
8 hours (running)
1 year

15
120
0.5

61
-

0
11
0

July 2016
Report No. 1407356-13637-1

8

01/01/2016 –
31/12/2029
01/01/2030
01/01/2016 –
31/12/2029
01/01/2030
Immediate
Immediate

KOFFIEFONTEIN AQIA

Pollutant

CO (g)

Benzene (C6H6)
(h)

Averaging
Period

Limit
Value
(µg/m3)

Limit Value
(ppb)

Frequency of
Exceedance

Compliance
Date

1 hour

30,000

26,000

88

Immediate

8 hour (calculated
on
1 hourly
averages)

10,000

8,700

11

Immediate

1 year

5

1.6

0

Immediate

a.

The reference method for the analysis of SO2 shall be ISO 6767

b.

The reference method for the analysis of NO2 shall be ISO 7996

c.

The reference method for the determination of the particulate matter fraction of suspended particulate matter shall be EN 12341

d.

The reference method for the analysis of PM2.5 shall be EN 14907

e.

The reference method for the analysis of ozone shall be the UV photometric method as described in ISO 13964

f.

The reference method for the analysis of lead shall be ISO 9855

g.

The reference method for analysis of CO shall be ISO 4224

h.

The reference methods for benzene sampling and analysis shall be either EPA compendium method TO-14 A or method TO-17

3.4

National dust control regulations

On 1 November, 2013, the National Dust Control Regulations were promulgated under the NEMAAQA and
published in the Government Gazette No. 36974. The dust fall standard defines acceptable dust fall rates in
terms of the presence of residential areas (Table 9).
Table 9: Acceptable dust fall rates
Restriction areas

Dust fall rate (mg/m2/day
over a 30 day average)

Permitted frequency of exceedance

Residential areas
Non-residential areas

Dust fall < 600
600 < Dust fall < 1 200

Two per annum (not in sequential months)
Two per annum (not in sequential months)

4.0
4.1

BASELINE ASSESSMENT
Surrounding land use and sensitive receptors

The most significant land uses in the area include the following:







Formal and informal residential areas;
Koffiefontein Airplane landing strip;
Sports and recreation activities;
Mining activities; and
Open undeveloped land.

The following are identified as the nearest sensitive receptors to Koffiefontein (Figure 5):






The residential area within 50 m East of the Koffiefontein mine (SR1);
The residential area within 50 m North of the Koffiefontein Mine (SR2);
The residential area within 1 km North of the Koffiefontein Mine (SR3); and
The residential area within 2 km North of the Koffiefontein Mine (SR4).
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Figure 5: Identified sensitive receptors surrounding the Koffiefontein mine (Zitholele, 2015)

4.2

Topography

Topography can influence the transportation of air pollutants in the atmosphere. Topographical high points
such as hills and mountains act as barriers to the dispersal of pollutants/pollution and valleys help to channel
pollutants as well as trapping pollution released.
The topography of the Koffiefontein region comprises of gently undulating to moderately undulating
landscape of the Highveld plateau, dipping to the Riet River which flows to the North-East of the mine
(Zitholele, 2015). The significant features existing in the region are rocky outcrops, ridges and small
scattered wetland and pans. The elevation around Koffiefontein ranges between 1 134 and 1 377 m above
mean sea level (mamsl) (Figure 6).
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Figure 6: Topography in the vicinity of Koffiefontein (Zitholele, 2015)

4.3

Regional climate

Koffiefontein is situated in the subtropical high-pressure belt. The mean circulation of the atmosphere over
the subcontinent is anticyclonic throughout the year (except for near the surface) (Preston-Whyte and Tyson,
1997). The synoptic patterns affecting the typical weather experienced in the region owe their origins to the
subtropical, tropical and temperate features of the general atmospheric circulation over Southern Africa.
The subtropical control is brought via the semi-permanent presence of the South Indian Anticyclone (HP
cell), Continental High (HP cell) and the South Atlantic Anticyclone (LP cell) in the high pressure belt located
approximately 30°S of the equator (Preston-Whyte and Tyson, 1997). The tropical controls are brought via
tropical easterly flows (LP cells) (from the equator to the southern mid-latitudes) and the occurrence of the
easterly wave and lows (Preston-Whyte and Tyson, 1997). The temperature control is brought about by
perturbations in the westerly wave, leading the development of westerly waves and lows (LP cells) (i.e. cold
front from the polar region, moving into the mid-latitudes) (Preston-Whyte and Tyson, 1997).
Seasonal variations in the positioning and intensity of the HP cells determine the extent to which the westerly
waves and lows impact the atmosphere over the region. In winter, the high pressure belt intensifies and
moves northward while the westerly waves in the form of a succession of cyclones or ridging anticyclones
moves eastwards around the South African coast or across the country. The positioning and intensity of
these systems are thus able to significantly impact the region. In summer, the anticyclonic HP belt weakens
and shifts southwards and the influence of the westerly wave and lows weakens.
Anticyclones (HP cells) are associated with convergence in the upper levels of the troposphere, strong
subsidence throughout the troposphere, and divergence in near the surface of the earth.

July 2016
Report No. 1407356-13637-1

11

KOFFIEFONTEIN AQIA

Air parcel subsidence, inversions, fine conditions and little to no rainfall occur as a result of such airflow
circulation patterns (i.e. relatively stable atmospheric conditions). These conditions are not favourable for air
pollutant dispersion, especially in regards to those emissions emitted close to the ground.
Westerly waves and lows (LP cells) are characterised by surface convergence and upper-level divergence
that produce sustained uplift, cloud formation and the potential for precipitation. Cold fronts, which are
associated with the westerly waves, occur predominantly during winter. The passage of a cold front is
characterised by pronounced variations in wind direction and speed, temperature, humidity, pressure and
distinctive cloud bands (i.e. unstable atmospheric conditions). These unstable atmospheric conditions bring
about atmospheric turbulence which creates favourable conditions for air pollutant dispersion.
The tropical easterlies and the occurrence of easterly waves and lows affect Southern Africa mainly during
the summer months. These systems are largely responsible for the summer rainfall pattern and the north
easterly wind component that occurs over the region (Schulze, 1986; Preston-Whyte and Tyson, 1988).
In summary, the convective activity associated with the easterly and westerly waves disturbs and hinders the
persistent inversion which sits over Southern Africa. This allows for the upward movement of air pollutants
through the atmosphere leading to improved dispersion and dilution of accumulated atmospheric pollution.

4.4

Boundary layer conditions

The atmospheric boundary layer constitutes the first few hundred metres of the atmosphere and is directly
affected by the earth’s surface. The earth’s surface affects the boundary layer through the retardation of air
flow created by frictional drag, created by the topography, or as result of the heat and moisture exchanges
that take place at the surface.
During the day, the atmospheric boundary layer is characterised by thermal heating of the earth’s surface,
converging heated air parcels and the generation of thermal turbulence, leading to the extension of the
mixing layer to the lowest elevated inversion. These conditions are normally associated with elevated wind
speeds, hence a greater dilution potential for the atmospheric pollutants.
During the night, radiative flux divergence is dominant due to the loss of heat from the earth’s surface. This
usually results in the establishment of ground based temperature inversions and the erosion of the mixing
layer. As a result, night times are characterised by weak vertical mixing and the predominance of a stable
layer. These conditions are normally associated with low wind speeds, hence less dilution potential.
The mixed layer ranges in depth from a few metres during night times to the base of the lowest elevated
inversion during unstable, daytime conditions. Elevated inversions occur for a variety of reasons, however
typically the lowest elevated inversion on the Highveld is located at a mean height above ground of 1 550 m
during winter months with a 78% frequency of occurrence. During summer, the mean subsidence inversion
occurs at about 2 600 m with a 40% frequency. Atmospheric stability is frequently categorised into one of six
stability classes. These are briefly described in Table 10.
Table 10: Atmospheric stability classes
Designation

Stability Class

Atmospheric Condition

A
B
C
D
E
F

Very unstable
Moderately unstable
Unstable
Neutral
Stable
Very stable

Calm wind, clear skies, hot daytime conditions
Clear skies, daytime conditions
Moderate wind, slightly overcast daytime conditions
High winds or cloudy days and nights
Moderate wind, slightly overcast night-time conditions
Low winds, clear skies, cold night-time conditions

The atmospheric boundary layer is normally unstable during the day as a result of the turbulence due to the
sun's heating effect on the earth's surface. The thickness of this mixing layer depends predominantly on the
extent of solar radiation, growing gradually from sunrise to reach a maximum at about 5 - 6 hours after
sunrise.
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This situation is more pronounced during the winter months due to strong night-time inversions and a slower
developing mixing layer. During the night a stable layer, with limited vertical mixing, exists. During windy
and/or cloudy conditions, the atmosphere is normally neutral.
For elevated releases, the highest ground level concentrations would occur during unstable, daytime
conditions. The wind speed resulting in the highest ground level concentration depends on the plume
buoyancy. If the plume is considerably buoyant (high exit gas velocity and temperature) together with a low
wind, the plume will reach the ground relatively far downwind. With stronger wind speeds, on the other hand,
the plume may reach the ground closer, but due to the increased ventilation, it would be more diluted. A wind
speed between these extremes would therefore be responsible for the highest ground level concentrations.
In contrast, the highest concentrations for ground level, or near-ground level releases would occur during
weak wind speeds and stable (night-time) atmospheric conditions.

4.5

Precipitation and temperature

Koffiefontein lies within the summer rainfall region of South Africa. The area receives an average total annual
rainfall between 350 mm to 500 mm (Letsemeng Draft IDP, 2011) (record period 1961 to 1990) (Figure 7).
According to Climate-data (2015), Koffiefontein receives greatest amount of precipitation in February with an
average of 65 mm. The lowest precipitation in Koffiefontein is experienced in June and July with the average
of 9 mm.
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Figure 7: Precipitation record for the period 1982 to 2012 (Climate-data, 2015)

The annual temperature range in the region is relatively extreme, as summers are hot and winters are very
cold (Letsemeng Draft IDP, 2011). Based on the observed data from the region, the annual temperatures
range from a maximum of approximately 35˚C in mid-summer to a minimum of -5˚C in mid-winter, with a
mean temperature ranging from 15 - 30˚C in summer and 0 - 15˚C in winter (Free State PSDF, 2014).

4.6

Meteorological overview

The meteorological overview for the Koffiefontein mine was based on the analysis of the MM5 modelled
meteorological for 2012 to 2014. The analysis of the data is assumed and expected to be representative of
the actual experienced meteorological conditions on site.
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4.6.1

Wind rose for the modelled period

Wind roses summarize the occurrence of winds at a specified location via representing their strength,
direction and frequency. Calm conditions are defined as wind speeds of less than 1 m/s which are
represented as a percentage of the total winds in the centre circle. Each directional branch on a wind rose
represents wind originating from that specific cardinal direction (16 cardinal directions). Each cardinal branch
is divided into segments of different colours which represent different wind speed classes. For the current
wind roses, wind speed is represented on a scale from blue to red, with dark blue indicating low wind speeds
(1 – 2 m/s) and red representing high wind speeds (in excess of 10 m/s)2.
Winds at the Koffiefontein mine are expected to originate predominantly from the east-south-easterly sector,
south-westerly sector and north-north-easterly sector (Figure 8). Wind speeds are moderate, with a low
percentage (10.50%) of calm conditions (<1 m/s).

Figure 8: Modelled annual Koffiefontein wind rose for 2012-2014

4.6.1.1

Diurnal wind roses

A significant diurnal variation in wind is observed during the monitoring period (Figure 9).

4.6.1.2

Seasonal wind roses

A minor seasonal variation in wind is observed during the monitoring period (Figure 10).

2

These wind speed classes and associated colours are specific to the MM5 modelled data wind roses only
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00:00 – 06:00
Winds predominantly from the east-south-east
sector

06:00 – 12:00
Winds predominantly from the north-western to
east-south-eastern sectors

12:00 – 18:00
Winds predominantly from the south-western
sector to the north western sector

18:00 – 23:00
Winds predominantly from the south-western
sector to the south- eastern sector

Figure 9: Modelled diurnal wind roses for Koffiefontein with predominant wind sectors for 2012-2014

July 2016
Report No. 1407356-13637-1

15

KOFFIEFONTEIN AQIA

Summer (DJF)
Winds predominantly from the east-south-eastern
sector and to a lesser degree from the west-southwestern sector

Autumn (MAM)
Winds predominantly from the east-southeastern sector to the northern sector

Winter (JJA)
Winds predominantly from the northern sector

Spring (SON)
Winds predominantly from the east-southeastern sector and to a lesser degree from the
south-western sector

Figure 10: Modelled seasonal wind roses for Koffiefontein with predominant wind sectors for 2012-2014

4.7

Ambient air quality

Air pollution is considered to be the emission of pollutants into the atmosphere that have the potential to
cause negative impacts on the environment and human health. Two main factors contributing to air quality
issues can be identified, and include factors causing a pollutant either to be emitted or formed; and factors
causing a pollutant either to be dispersed or removed from the atmosphere (HEW, 2001).
Driving forces of poor air quality include both anthropogenic and natural processes.
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Anthropogenic driving forces for example include economic activity, urbanisation, industrial development,
population growth, and the current political climate. Natural process driving forces for example include
climate change, natural disasters and many others. These driving forces lead to pressures on the natural
environment such as increased demand for resources, habitat change and increased development
(Mpumalanga State of Environment report, 2003), which can lead to impacts being exerted on the natural,
social, political and economic environments.

4.7.1

General ambient air quality overview

According to the Draft Free State AQMP (2009), key sources of air pollution in the Free State region include:






Transportation and traffic (aircraft, motor vehicles, railway, paved and unpaved roads);



Mining and related activities.

Domestic fuel burning;
Industries including power plants and to lesser extent natural sources;
Agricultural activities which result in wind-blown soil dust that occur from bare fields, especially in dry
periods; and

Summary of the identified pollutants and their associated sources within the Free State region are provided
in Table 11. Sections 4.7.1.1 to 4.7.1.5 provide additional detail in regards to the emissions contribution from
these identified sources.
Note: Reliance had been placed on this information as extracted from the Draft Free State AQMP (2009) and
credit is thus allocated to the Draft Free State AQMP (2009) and the authors thereof for sections 4.7.1.1 to
4.7.1.5. Modifications and additions have been made where required.
Table 11: Sources and priority pollutants within Free State Province (Free State AQMP, 2009)
Source

PM

SO2

NOx

CO

C6H6

O3

x

x

x

x

Transportation and traffic emission

x

Domestic fuel burning

x

x

Industries

x

x

Mining

x

x

Agricultural activities

x

x

4.7.1.1
4.7.1.1.1

x
x

x
x

x

Transportation and traffic (motor vehicles, paved and unpaved roads)
Trace gas emissions

Air pollution generated from vehicle emissions may be grouped into primary and secondary pollutants.
Primary pollutants are those emitted directly to the atmosphere as exhaust emissions whereas, secondary
pollutants are formed in the atmosphere as a result of atmospheric chemical reactions, such as hydrolysis,
oxidation, or photochemical reactions. The primary pollutants emitted typically include carbon dioxide (CO2),
carbon monoxide (CO), hydrocarbons (including benzene, 1.2-butadiene, aldehydes and polycyclic aromatic
hydrocarbons), sulphur dioxide (SO2), oxides of nitrogen (NOx) and particulates. Secondary pollutants
formed in the atmosphere typically include nitrogen dioxide (NO2), photochemical oxidants such as ozone,
hydrocarbons, sulphur acid, sulphates, nitric acid, sulphates, nitric acid and nitrate aerosols.
The quantity of pollutants emitted by a vehicle depends on specific vehicle related factors such as vehicle
weight, speed and age; fuel-related factors such as fuel type (petroleum or diesel), fuel formulation (oxygen,
sulphur, benzene and lead replacement agents) and environmental factors such as altitude, humidity and
temperature (Samaras and Sorensen, 1999).
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4.7.1.1.2

Particulate emissions

Particulate emissions from paved roads occur when loose, spilt material on the road surface becomes
suspended as vehicles travel across the road surface. At mining, industrial and construction sites, surface
loading is continually replenished by spillage of material from the vehicles and tracked on dust from unpaved
roads. Various field studies have shown that even paved roadways can be major sources of atmospheric
particulate matter (EPA, 1996). The force of the wheels of vehicles travelling on unpaved roadways exposes
the roads surface to strong air currents in turbulent shear with the surface. The turbulent wake behind the
vehicle continues to act on the road surface, eroding the surface after the vehicle has passed. The quantity
of dust emissions from unpaved roads varies linearly with the volume of traffic.
Vehicle entrained dust emissions from paved and unpaved roads are likely to present a potentially significant
source of fugitive dust in the region. These particulate fugitive emissions are therefore expected to impact
the local and regional ambient air quality.

4.7.1.2

Domestic fuel burning

Domestic fuel burning of coal emits a large amount of gaseous and particulate pollutants:



Domestic fuel burning of coal emits a large amount of gaseous and particulate pollutants including SO2,
heavy metals, PM, inorganic ash, CO, polycyclic aromatic hydrocarbons, and benzo(a)pyrene;



Pollutants arising due to the combustion of wood include respirable particulates, NO2, CO, polycyclic
aromatic hydrocarbons, particulate benzo(a)pyrene and formaldehyde; and



The main pollutants emitted from the combustion of paraffin are NO2, PM, CO and polycyclic aromatic
hydrocarbons.

Low income households in rural and some urban areas within the province use wood, paraffin and coal for
cooking, and space heating (Free State Draft AQMP, 2009). Emissions from the surrounding communities
are therefore anticipated to impact ambient air quality, especially during the winter period due to the
increased demand for space heating.

4.7.1.3

Mining and related activities

Dust emissions may be generated by wind erosion from waste rock dumps, tailings facilities (slimes dams,
ash dumps etc.), open mining pits, unpaved mine access roads and other exposed areas. In addition, dust
fallout and inhalable particulate emissions within the mining sector are generated due to aeolian action on
exposed storage piles, material transfer activities, vehicle entrainment, drilling and blasting operations and
various other process related emissions (such as crushing, screening and milling of ore and ore products)
(FBDM AQMP, 2015).
Dust emissions occur when the threshold wind speed is exceeded (Cowherd et al., 1988). Factors which
influence the rate of wind erosion include surface compaction, moisture content, vegetation, shape of
storage pile, particle size distribution, wind speed and rain. Dust generated by these sources is termed
‘fugitive dust’ as it is not emitted to the atmosphere in a confined flow stream (USEPA, 1995). These
emissions are often difficult to quantify as they are very diffuse, variable and intermittent (Ministry of the
Environment, 2001). Fugitive dusts generated from mining activities in the region are anticipated to be one of
the dominant emission sources in the region.

4.7.1.4

Agricultural activities

Agricultural activities in the Free State include wheat, sorghum, maize, sunflower seed, groundnuts, fruit and
vegetables and livestock farming (Free State Draft AQMP, 2009). Free State Draft AQMP (2009) identified
the emissions from the agricultural activities in the Free State including:



Harvesting, soil tilling, application of pesticides and fertilisers and vehicle driving on unpaved roads.
(Emissions include: PM10, NO, NO2, NH3, SO2 and VOCs);



Livestock farming activities (emissions include: Odours and VOCs); and
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Veld fires either purposefully or by accident (emissions include SO2, NO2, PM10 and CO).

Agricultural emissions are not anticipated to significantly influence the air quality in the Koffiefontein area
although particulate emissions may increase during the winter period due to seasonal wild fires on fallow
farmlands and during periods when large scale field ploughing is undertaken.

4.7.1.5

Industries including power plant

Lethabo Power Station is the only operational coal-fired power plant within the Free State Province Coalfired power plants are major source of emissions for several criteria air pollutants including SO2, NOx, CO2
and particulate matter. Coal-fired power plants can be significant contributors to deposition of mercury on soil
and water (EH&H, 2011).
Lethabo Power Station is over 400 km further away from Koffiefontein mine. Therefore, industrial emissions
from power plant are not anticipated to influence the air quality in the area surrounding Koffiefontein mine.

4.7.2

Ambient air quality monitoring within the region

According to the Draft Free State AQMP (2009), there is no monitoring taking place within Xhariep District
Municipality (XDM), where Koffiefontein mine is located.

4.7.3

Onsite dust fallout monitoring

KDM provided dust fallout monitoring results for the period 12 January 2015 – 13 February 2015. The results
of the monitoring are provided in Figure 11. The highest concentration reported during this time was
350.52 mg/m2/day, recorded at Bucket 8. While the monitoring period is too short to draw definitive
conclusions regarding the ambient air quality, it is noted that all buckets remained below the 600 mg/m2/day
limit set for residential areas.
Note: It is not known whether these results include both the soluble and insoluble fractions. Furthermore, the
accuracy of the data cannot be confirmed. These results should therefore be interpreted with caution.

4.7.4

Trace gas emissions monitoring undertaken on site

Koffiefontein mine does not undertake any trace gas emissions monitoring on site.

4.7.5

Summary of the regional air quality

Due to lack of monitoring within the XDM, it is difficult to accurately, and with a high degree of confidence,
classify the state of the ambient air quality within the region. Based on Golders air quality management
experience and taking cognisance of the land uses and population densities within the region we hold the
following guarded opinions:




The ambient air quality in the XDM is probably relatively good although at risk of being degraded;



Koffiefontein mine is likely to be a key emission source in the region, resulting in degeneration of the
ambient air quality around Koffiefontein. However the level of degeneration and risk to human health
cannot be stated at this point in time as there is insufficient available information to accurately quantify
the impact levels.

The ambient air quality around Koffiefontein is likely to be degenerated by the emissions contributions
from key local emission sources due to their increased density (concentration) around Koffiefontein; and
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Figure 11: Locations of the dust fall-out sampling points in the vicinity of Koffiefontein (Zitholele, 2015)

4.8

Key pollutants and associated health effects

A summary of the key pollutants identified in this assessment, as well as the associated health effects is
provided in Table 12.
Table 12: Key pollutants and associate health effects
Pollutant

Description

Carbon
Monoxide

One of the most common and widely
distributed air pollutants (WHO, 2000).
CO is an odourless, colourless and
tasteless gas which has a low solubility in
water.

Nitrogen
dioxide

Health effects

Formed though the oxidation of nitric
oxide in the atmosphere, it is a primary
pollutant emitted from the combustion of
stationary point sources and from motor
vehicles. It is toxic by inhalation.
However, as the compound is acrid and
easily detectable by smell at low
concentrations, inhalation exposure can
generally be avoided.
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Severe hypoxia;
Headaches, nausea & vomiting;
Muscular weakness & shortness of breath;
and
Long term exposure can lead to Neurological
deficits and damage.

Effects on pulmonary function, especially in
asthmatics; and
Increase in airway allergic inflammatory
reactions.

KOFFIEFONTEIN AQIA

Pollutant

Description

Health effects

Can be classified by their aerodynamic
properties into coarse particles, PM10
(particulate matter with an aerodynamic
diameter of less than 10 μm) and fine
Particulate
particles, PM2.5 (particulate matter with an
matter
aerodynamic diameter of less than
(Dust fallout, 2.5 μm). The fine particles contain the
secondarily formed aerosols such as
PM10 and
combustion particles, sulphates, nitrates,
PM2.5)
and re-condensed organic and metal
vapours. The coarse particles contain
earth crust materials and fugitive dusts
from roads and industries (Fenger, 2002).

Sulphur
dioxide
(SO2)

One of a group of highly reactive gasses
known as “oxides of sulphur.”
Anthropogenic sources include; fossil fuel
combustion (particularly coal burning
power plants) industrial processes such
as wood pulping, paper manufacture,
petroleum and metal refining, metal
smelting (particularly from sulphide
containing ores, e.g. lead, silver and zinc
ores) and vehicle tailpipe emissions.

Volatile
organic
compounds
(Benzene,
Toluene,
Ethylbenzene
and Xylene)

Organic compounds that easily vaporise
at room temperature and are colourless.
VOCs are released from vehicle exhaust
gases either as unburned fuels or as
combustion products, and are also
emitted by the evaporation of solvents
and motor fuels.

5.0




Dust fallout is considered to be a nuisance
and is unlikely to result in health effects; and
PM10 and PM2.5 area associated with:
 Airway allergic inflammatory reactions &
a wide range of respiratory problems;
 Increase in medication usage related to
asthma, nasal congestion and sinuses
problems; and
 Adverse effects on the cardiovascular
system.




Reduction in lung function; and
Respiratory symptoms (wheeze and cough).



Adverse effects on the cardiovascular
system and central nervous system; and
Long term exposure can lead to Neurological
and cardiovascular system damage and
Increased prevalence of carcinomas in the
community.



EMISSIONS INVENTORY

The emissions inventory was based on information provided by the Koffiefontein Mine and windblown dust
emissions factors3 obtained from the National Pollutant Inventory (NPi) Emission Estimation Technique
Manual for Mining (2012).
Table 13 summarises the emissions rates calculated for each of the proposed slimes dam alternatives.
These alternatives are illustrated in Figure 12. Alternatives 9 and 10 (referred to as Alternative 9/10) differ in
terms of engineering, however are considered to be one in terms of the dispersion simulations.
An assumed, conservative control efficiency of 30% was applied to the calculated rates to account for the
effect of the slimes moisture content.

3

An emission factor is a representative value that attempts to relate the quantity of a pollutant released to the atmosphere with an activity associated with the release of that
pollutant. Emission factors and emission inventories are fundamental tools for air quality management and planning. The emission factors are frequently the best or only method
available for estimating emissions produced by varying sources.
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Table 13: Emissions rates calculated for each of the potential alternative sites
Alternative
1
2

Description
Approximately 1.3 km south west
of the plant
Approximately 1.6 km south west
of the plant

Final height

PM10 (g/s)

Total suspended
particulate (TSP) (g/s)

24 m

1.58

3.16

24 m

2.01

4.03

24 m

1.05

2.09

24 m

2.02

4.04

40 m

3.07

6.14

24 m and 40 m

4.65

9.3

6

Approximately 0.5 km west of the
plant
Approximately 2 km from the
plant
Raise the existing storage facility
to 40 m
Alternative 1 and 5

7

Alternative and 5

24 m and 40 m

5.08

10.17

8

Alternative and 5

24 m and 40 m

4.12

8.23

9

Alternative and 5

24 m and 40 m

10

Join Alternative 4 and Alternative
5 to create one facility

24 m and 40 m

5.09

10.18

3
4
5

Figure 12: Alternative site location options for the proposed new slimes dam
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6.0

DISPERSION SIMULATIONS

Dispersion simulations were undertaken for the each of the new slimes dam alternatives, operating at their
final height, with the use of 3 years of MM5 data, 5 m topographic contours and the regulatory approved
AERMOD 8.9.0. This section details the results for the preferred Alternatives 2, 5 and 9/10. The dispersion
simulation plots for the all the alternatives are provided in Error! Reference source not found..
Due to the close proximity of residential receptors to the mine area, the impact of the new slimes dam was
determined based on the maximum concentration recorded at any residential receptor. These predicted
concentrations are benchmarked against the applicable National Ambient Air Quality Standard (NAAQS) in
Table 14.
Dust fallout is predicted to remain limited to the immediate vicinity of the proposed slimes dam in each case
with the maximum concentration recorded at a residential receptor being 8.5 mg/m2/day, well below the
600 mg/m2/day limit set for residential areas.
Short term (24 hour average) PM10 concentrations are predicted to be elevated for Alternative 2, with the
maximum concentration predicted at a residential receptor reaching 96% of the NAAQS. Alternative 5 is
predicted to reach more than 240% of the NAAQS at a residential receptor, and Alternative 9/10, more than
325%. These peaks are however anticipated to be isolated, infrequent events, with an average of 2 NAAQS
exceedances predicted for Alternative 5 per annum, and 6 predicted for Alternative 9/10.
Predicted annual average PM10 concentrations reinforce this concept as maximum concentrations predicted
at a residential receptor remain below 20% of the NAAQS for Alternatives 2, 5 and 9/10.
Table 14: Results of the dispersion simulations
Pollutant
Dust fallout
(modelled
as TSP)

Averaging
period
Daily (averaged
over 1 month)
24 hour

PM10

7.0
7.1

Frequency of
exceedance for
24 hour
average
Annual
average

Maximum recorded at a residential receptor

NAAQS

Option 2

Option 5

Option 9/ 10

1.4 mg/m2/day

7.1 mg/m2/day

8.5 mg/m2/day

71.7 µg/m3

182.0 µg/m3

244.3 µg/m3

4 exceedances per
annum

0

2

6

40 µg/m3

1.6 µg/m3

5.4 µg/m3

7.2 µg/m3

2

< 600 mg/m /day
for residential
areas
75 µg/m3

IMPACT ASSESSMENT
Construction

The degeneration of the ambient air quality due to increased TSP (nuisance dust) and PM10 levels is likely to
occur as a result of land clearing, ground excavation and materials handling activities (tipping, loading and
offloading) associated with the construction of the new slimes dam regardless of which Alternative is chosen.
Daily dust emissions will vary according to the level of activity, the type of operation and the meteorological
conditions. The construction phase impacts may be intense however short-lived. It is for these reasons; the
impact is likely to have a moderate environmental significance before mitigation. With mitigation, these
impacts may be reduced to a low environmental significance.
Similarly, the movement of construction vehicles are likely to cause an increase in the entrainment of dust
(including PM10 and TSP) on unpaved roads. These emissions are likely to be short lived and largely
restricted to the construction site. This impact was therefore assigned a moderate environmental significance
before mitigation. With mitigation, these impacts may be reduced to a low environmental significance.
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An increase in NO2, SO2, TSP, PM2.5 and PM10 levels are anticipated to occur as a result of the increase in
heavy vehicle movement associated with the construction activities. Vehicle emissions are likely to result in
primary and secondary pollutants. Primary pollutants are those emitted directly to the atmosphere as
exhaust emissions whereas, secondary pollutants are formed in the atmosphere as a result of atmospheric
chemical reactions, such as hydrolysis, oxidation, or photochemical reactions. The quantity of pollutants
emitted by a vehicle depends on specific vehicle related factors such as vehicle weight, speed and age; fuelrelated factors such as fuel type (petroleum or diesel), fuel formulation (oxygen, sulphur, benzene and lead
replacement agents) and environmental factors such as altitude, humidity and temperature (Samaras and
Sorensen, 1999).
The impact of these emissions, are anticipated to have a low environmental significance before mitigation
due to the relatively low volumes of traffic associated with the construction of the new slimes dam.
Furthermore, this impact is anticipated to be restricted to the construction phase and site. Due to the limited
efficacy of the potential mitigation measures associated with vehicle emissions at this scale, the
environmental significance after mitigation is likely to remain low.

7.2

Operation

The new slimes dam is predicted to be a significant source of fine particulate pollution due to the large unvegetated surface area which is susceptible to wind erosion. The rate of wind erosion may be influenced by
compaction, moisture content, vegetation, and shape of the slimes dam, particle size distribution, wind speed
and precipitation.
While the location of the proposed slimes dam is not predicted to make a significant difference to the impact
of the facility on the nearby residential areas, of the 3 preferred Alternatives (2, 5 and 9/10), Alternative 2 is
predicted to have the lowest impact. This is due to:




The comparatively lower surface area of the dam (in comparison to Alternatives 5 and 9/10); and
The shielding effects of the existing waste rock dump and slimes dam.

This impact was therefore assigned a moderate environmental significance before mitigation. While the
implementation of mitigation measures is likely to reduce the magnitude and scale of the impact, the
environmental significance is anticipated to remain moderate.

7.3

Decommissioning and closure

Fugitive dust emissions are likely to continue from the operational phase, through the decommissioning
phase, until the site has been successfully re-vegetated.
In addition, the movement of vehicles associated with the decommissioning of the slimes dam are likely to
cause an increase in the entrainment of dust (including PM10 and TSP) on unpaved roads. These emissions
are likely to be short lived and largely restricted to the site. This impact was therefore assigned a moderate
environmental significance before mitigation. With mitigation, these impacts may be reduced to a low
environmental significance.
An increase in NO2, SO2, TSP, PM2.5 and PM10 levels are also anticipated to occur as a result of the increase
in heavy vehicle movement associated with the decommissioning activities. The impact of these emissions is
anticipated to have a low environmental significance before mitigation due to the relatively low volumes of
traffic associated with the decommissioning of the slimes dam. Due to the limited efficacy of the potential
mitigation measures associated with vehicle emissions at this scale, the environmental significance after
mitigation is likely to be low.
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Table 15: Construction phase impact assessment
CONSTRUCTION PHASE
Activity
Land clearing,
ground
excavation and
materials
handling
activities (tipping,
loading and
offloading), and
movement of
construction
vehicles

Nature of
Impact

Impact
type

Extent

Duration

Potential
Intensity

Likelihood

Rating

Direct Impact:

Existing

1

1

2

0.75

3 - MOD

Cumulative

2

1

2

0.5

3 - MOD

Residual

N/A

N/A

N/A

N/A

N/A

Existing

1

1

2

0.5

2 - LOW

Cumulative

1

1

2

0.5

2 - LOW

Residual

N/A

N/A

N/A

N/A

N/A

Fugitive dust
emissions

Direct Impact:

Vehicle exhaust
emissions

Degeneration
of the
ambient air
quality due to
increased
NO2, SO2,
CO, VOC’s,
PM2.5 and
PM10 levels
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Mitigation

Interpretation

Mitigation will
reduce the onsite nuisance
impact of the
fugitive dust
emissions
associated
with the
construction
activities.

The emissions will be isolated
to the immediate vicinity of the
construction activities.
Fugitive dust emissions are
prevalent in the mine
environment. The construction
activities will add to these
emissions, resulting in a
cumulative impact.
There will be no residual
impacts associated with the
construction activities.

Maintenance
based
mitigation
measures
such as
ensuring
regular vehicle
services will
ensure
vehicles
operate
efficiently.

The emissions will be isolated
to the immediate vicinity of the
construction activities.
Heavy vehicles are prevalent in
the mine environment. The
construction activities will add to
these emissions, resulting in a
cumulative impact.
There will be no residual
impacts associated with the
construction activities.
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Table 16: Operational phase impact assessment
OPERATIONAL PHASE
Activity

Nature of
Impact

Direct Impact:

Surface wind
erosion

Nuisance
dust emission
affecting the
nearby
residential
area

Direct Impact:

Surface wind
erosion

Fine
particulate
emissions
affecting the
nearby
residential
area
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Impact
type

Existing

Extent

2

Duration

3

Potential
Intensity

2

Likelihood

0.5

Rating

4 - MOD

Cumulative

2

3

2

0.5

4 - MOD

Residual

N/A

N/A

N/A

N/A

N/A

Existing

2

3

4

0.5

5 - MOD

Cumulative

2

3

4

0.5

5 - MOD

Residual

N/A

N/A

N/A

N/A

N/A
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Mitigation

Additional
mitigation
(above that
which is
already in
use) is
recommended
to ensure
compliance
with ambient
air quality.

Additional
mitigation
(above that
which is
already in
use) is
recommended
to ensure
compliance
with ambient
air quality.

Interpretation
The impact will be moderate
and exceed the boundaries of
the site. This is likely to
continue until such time as the
slimes dam is rehabilitated.
Fugitive dust emissions are
prevalent in the mine
environment. The operation of
the slimes dam will add to these
emissions, resulting in a
cumulative impact.
There will be no residual impact
as the impact will cease once
the site is rehabilitated.
The impact will be moderate
and exceed the boundaries of
the site. This is likely to
continue until such time as the
slimes dam is rehabilitated.
Fugitive dust emissions are
prevalent in the mine
environment. The operation of
the slimes dam will add to these
emissions, resulting in a
cumulative impact.
There will be no residual impact
as the impact will cease once
the site is rehabilitated.
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Table 17: Decommissioning phase impact assessment
Activity

Materials
handling
activities (tipping,
loading and
offloading), and
movement of
heavy vehicles

Nature of
Impact

Impact
type

Extent

Duration

Potential
Intensity

Likelihood

Rating

Direct Impact:

Existing

1

1

4

1

6 - MOD

Degeneration
of the
ambient air
quality due to
increased
NO2, SO2,
CO, VOC’s,
PM2.5 and
PM10 levels
Direct Impact:

Surface wind
erosion post revegetation

1

1

1

0.75

2 - LOW

Residual

N/A

N/A

N/A

N/A

N/A

Existing

1

1

2

0.5

2 - LOW

Cumulative

1

1

2

0.5

2 - LOW

Residual

N/A

N/A

N/A

N/A

N/A

Existing

1

1

1

0.5

2 - LOW

Cumulative

1

1

1

0.5

1 - LOW

Residual

N/A

N/A

N/A

N/A

N/A

Fugitive dust
emissions

Direct Impact:

Primary and
secondary
vehicle
emissions

Cumulative

Fugitive dust
emissions
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Mitigation

Mitigation will
reduce the onsite nuisance
impact of the
fugitive dust
emissions.

Maintenance
based
mitigation
measures
such as
ensuring
regular vehicle
services will
ensure
vehicles
operate
efficiently.

Mitigation will
reduce the onsite nuisance
impact of the
fugitive dust
emissions.

Interpretation
The emissions will be isolated
to the immediate vicinity of the
activity.
Due to the extent of the impact,
the cumulative impact of the
decommissioning is likely to be
low.
There will be no residual
emissions associated with the
decommissioning.
The emissions will be isolated
to the immediate vicinity of the
decommissioning activities.
Heavy vehicles are prevalent in
the mine environment. The
construction activities will add to
these emissions, resulting in a
cumulative impact.
There will be no residual
emissions associated with the
decommissioning.
Fugitive dust emissions will
decrease with the growth and
spread of vegetation.
As fugitive dust emissions
decrease, so too will the
cumulative impact.
There will be no residual
emissions associated with the
decommissioning
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8.0

RECOMMENDATIONS

Recommendations for mitigation and management during the construction, operation and decommissioning
phases are provided in Table 18, Table 19 and Table 20 respectively.
Table 18: Construction mitigation measures
Potential Impact
Degeneration of the ambient
air quality due to increased
TSP and PM10 levels from
land clearing, ground
excavation and materials
handling activities (tipping,
loading and offloading).

Degeneration of the ambient
air quality due to increased
TSP and PM10 levels from the
entrainment of dust on
unpaved roads.
Degeneration of the ambient
air quality due to increased
NO2, SO2, CO, VOC’s, PM2.5
and PM10 levels from primary
and secondary vehicle
emissions.

Mitigation & Control Measure(s)














Contractors should take preventative measures to minimise
complaints regarding dust nuisances (e.g. screening, dust control,
timing, pre-notification of Interested and Affected Parties (I&APs));
Drop height reduction during materials handling activities;
Wet suppression during materials handling activities;
Load wet suppression of materials transported by road (i.e. load
spraying) or load covering with tarpaulins to reduce fugitive dust
generation; and
Wind speed reduction through sheltering (where possible).
Wet suppression on all construction access roads;
Rigorous speed control and the institution of traffic calming
measures to reduce vehicle entrainment. A recommended maximum
speed of 20 km/h to be set on all unpaved roads and 35 km/h on
paved roads;
Avoidance of dust track-on onto neighbouring paved roads; and
Wind speed reduction through sheltering (where possible).
All construction vehicles and other equipment should be maintained
and serviced regularly to ensure that exhaust particulate emissions
are kept to a minimum;
Parking construction vehicles off travelled roadways; and
Encouraging the receipt of materials during non-peak traffic hours to
avoid traffic build-up.

Table 19: Operational phase mitigation measures
Potential Impact

Degeneration of the ambient
air quality due to increased
TSP and PM10 levels from
wind dispersion of fine
particulates from the slimes
dam.

Mitigation & Control Measure(s)
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Progressive rehabilitation and re-vegetation should be implemented;
Wet suppression;
Chemical stabilisation;
Slimes dam design and maintenance to minimise the development of
sharp edges that can lead to excessive particulate dust generation
due to air eddy and erosive effects below the sharp edge;
Annual ambient air quality monitoring should be used to plan the
control and continuous improvement of dust mitigation measures;
and
A specific assessment of the slimes dam material should be
conducted to assess the health risk of the airborne dust.
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Table 20: Decommissioning phase mitigation measures
Potential Impact

Mitigation & Control Measure(s)

Degeneration of the ambient
air quality due to increased
TSP and PM10 levels from
wind dispersion of fine
particulates from the slimes
dam before re-vegetation is
successfully completed.



Degeneration of the ambient
air quality due to increased
TSP and PM10 levels from
the entrainment of dust on
unpaved roads during
decommissioning and
closure.
Degeneration of the ambient
air quality due to increased
NO2, SO2, CO, VOC’s, PM2.5
and PM10 levels from primary
and secondary vehicle
emissions.

9.0













Contractors should take preventative measures to minimise
complaints regarding dust nuisances (e.g. screening, dust control,
timing, pre-notification of Interested and Affected Parties (I&APs));
Progressive rehabilitation and re-vegetation;
Wind speed reduction through sheltering (where possible);
Wet suppression; and
Chemical stabilisation.
Wet suppression on all access roads;
Rigorous speed control and the institution of traffic calming measures
to reduce vehicle entrainment. A recommended maximum speed of
20 km/h to be set on all unpaved roads and 35 km/h on paved roads;
Avoidance of dust track-on onto neighbouring paved roads; and
Wind speed reduction through sheltering (where possible).
All vehicles and other equipment should be maintained and serviced
regularly to ensure that exhaust particulate emissions are kept to a
minimum;
Parking vehicles off travelled roadways; and
Encouraging the receipt of materials and/or movement of vehicles
during non-peak traffic hours to avoid traffic build-up.

REFERENCES

DEAT, 2002: Impact Significance, Integrated Environmental Management, Information Series 5, Department
of Environmental Affairs and Tourism (DEAT), Pretoria, 2002.
Department of Environmental Affairs (DEA), 2012: 2012 South Africa Environment Outlook. Chapter 5: Air
Quality Draft 2, Version2.
Department of Water and Environmental Affairs (DWEA), 2011: Proposed Draft National Dust Control
Regulations for public comment, Government Gazette no 34307), 27th May 2011.
Draft Integrated Development Plan (IDP) (2011). Letsemeng Draft IDP.
Draft Integrated Development Plan (IDP), 2011. Letsemeng Draft IDP.
Environmental Health & Engineering (EH&E), 2011. Emissions of hazardous Air Pollutants from Coal-Fired
Power Plants. Prepared for National Policy and Advocacy American Lung Association. Washington, DC
20004-1725.
EPA, 1996: Compilation of Air Pollution Emission Factors (AP-42), 5th Edition US Environmental Protection
Agency, Research Triangle Park, North Carolina.
Fenger, J., 2002: Urban air quality, In J. Austin, P. Brimblecombe and W. Sturges (eds), Air pollution science
for the 21st century, Elsevier, Oxford.
Frances Baard District Municipality (FBDM), 2015: Air Quality Management Plan (AQMP), 2015.
Free State Provincial Spatial Development Framework (PSDF), 2014. Free State PSDF Final Consultative
Draft. 7 February 2014.
Harrison, R.M. and R.E. van Grieken, 1998: Atmospheric Aerosols. John Wiley: Great Britain, 1998.
HEW, 2001: Health, Environment and Work: Learning about air quality. Available at http://www.agius.com.
Manahan, S.E., 1991: Environmental Chemistry, Lewis Publishers Inc, United States of America.
July 2016
Report No. 1407356-13637-1

29

KOFFIEFONTEIN AQIA

Mpumalanga State of Environment report, 2003.
National Environmental Management Act: Air Quality Act, Act 39 of 2004.
National Environmental Management: Air Quality Act (39/2004): List of activities which result in atmospheric
emissions which may have a significant detrimental effect on the environment, including health, social
conditions, economic conditions, ecological conditions or cultural heritage, GN 33064, 31 March 2010.
Pope, C. A III and Dockery, D.W., 1992: Acute Health Effects of PM10 Pollution on Symptomatic and NonSymptomatic Children, American Review of Respiratory Disease, 145, 1123–1128.
Pope, C.A III and Kanner, R.E., 1993: Acute Effects of PM10 Pollution on Pulmonary
Function of
Smokers with Mild to Moderate Chronic Obstructive Pulmonary Disease, American Review of Respiratory
Disease, 147, 36–40.
Preston-Whyte, R.A., and Tyson, P.D., 1997: The Atmosphere and Weather of Southern Africa. Oxford
University Press, Cape Town.
Samaras, Z., and Sorensen, S.C., 1999: Mobile sources, In J. Fenger, O. Hertel and F. Palmgren (eds),
urban air pollution – European aspects, Kluwer Academic Publishers, Denmark.
The South African ambient air quality standards for common pollutants were published in the Government
Gazette, No. 32816 on 24 December 2009.
USEPA (1995) Air Pollutant Emission Factors (AP-42), Fifth Edition, Compilation of Air Pollutant Emission
Factors.
USEPA (1995) Air Pollutant Emission Factors (AP-42). Chapter 5.1: Petroleum Refining.
World Health Organization, WHO Air Quality Guidelines for Europe, 2nd edition. WHO Regional Office for
Europe, 2000, Copenhagen, Denmark. WHO Regional Publications, European Series, No 91).
Zanokuhle Environmental Services, 2009. Air Quality Management Plan Free State province Free State
(Draft).
Zitholele (2015). Final Scoping Report for the Proposed Koffiefontein New Slimes Dam Development. Neas
Reference Nr: FSP/EIA/0000379/2014, DESTEA Reference Nr: EMR/23(ii), 3, 15/14/11.
Zitholele Consulting, 2015. Final Scoping Report for the Proposed Koffiefontein New Slimes Dam
Development. Neas Reference Nr: FSP/EIA/0000379/2014, DESTEA Reference Nr: EMR/23(ii), 3, 15/14/11.
GOLDER ASSOCIATES AFRICA (PTY) LTD.

Candice Allan
Air Quality Specialist

Adam Bennett
Review Manager

CA/LC
Reg. No. 2002/007104/07
Directors: RGM Heath, MQ Mokulubete, SC Naidoo, GYW Ngoma
Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.
g:\projects\1407356 - zitholele koffiefontein aqia\6.1 deliverables\1407356-13637-1_rep_koffiefontein_aqia_final_14jul16.docx

July 2016
Report No. 1407356-13637-1

30

KOFFIEFONTEIN AQIA

APPENDIX A
Document Limitations
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DOCUMENT LIMITATIONS
This Document has been provided by Golder Associates Africa Pty Ltd (“Golder”) subject to the following
limitations:

i)

This Document has been prepared for the particular purpose outlined in Golder’s proposal and no
responsibility is accepted for the use of this Document, in whole or in part, in other contexts or for any
other purpose.

ii)

The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject to
restrictions and limitations. Golder did not perform a complete assessment of all possible conditions or
circumstances that may exist at the site referenced in the Document. If a service is not expressly
indicated, do not assume it has been provided. If a matter is not addressed, do not assume that any
determination has been made by Golder in regards to it.

iii)

Conditions may exist which were undetectable given the limited nature of the enquiry Golder was
retained to undertake with respect to the site. Variations in conditions may occur between investigatory
locations, and there may be special conditions pertaining to the site which have not been revealed by
the investigation and which have not therefore been taken into account in the Document. Accordingly,
additional studies and actions may be required.

iv)

In addition, it is recognised that the passage of time affects the information and assessment provided in
this Document. Golder’s opinions are based upon information that existed at the time of the production
of the Document. It is understood that the Services provided allowed Golder to form no more than an
opinion of the actual conditions of the site at the time the site was visited and cannot be used to assess
the effect of any subsequent changes in the quality of the site, or its surroundings, or any laws or
regulations.

v)

Any assessments made in this Document are based on the conditions indicated from published sources
and the investigation described. No warranty is included, either express or implied, that the actual
conditions will conform exactly to the assessments contained in this Document.

vi)

Where data supplied by the client or other external sources, including previous site investigation data,
have been used, it has been assumed that the information is correct unless otherwise stated. No
responsibility is accepted by Golder for incomplete or inaccurate data supplied by others.

vii) The Client acknowledges that Golder may have retained sub-consultants affiliated with Golder to
provide Services for the benefit of Golder. Golder will be fully responsible to the Client for the Services
and work done by all of its sub-consultants and subcontractors. The Client agrees that it will only assert
claims against and seek to recover losses, damages or other liabilities from Golder and not Golder’s
affiliated companies. To the maximum extent allowed by law, the Client acknowledges and agrees it will
not have any legal recourse, and waives any expense, loss, claim, demand, or cause of action, against
Golder’s affiliated companies, and their employees, officers and directors.
viii) This Document is provided for sole use by the Client and is confidential to it and its professional
advisers. No responsibility whatsoever for the contents of this Document will be accepted to any person
other than the Client. Any use which a third party makes of this Document, or any reliance on or
decisions to be made based on it, is the responsibility of such third parties. Golder accepts no
responsibility for damages, if any, suffered by any third party as a result of decisions made or actions
based on this Document.

GOLDER ASSOCIATES AFRICA (PTY) LTD
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APPENDIX B
Dispersion simulations
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OPTION 1
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OPTION 2
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OPTION 3
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OPTION 4
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OPTION 5
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OPTION 6
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OPTION 7
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OPTION 8
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