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EXECUTIVE SUMMARY

Introduction

Ntsimbintle Mining (Pty) Ltd (Ntsimbintle) proposes the development of a new manganese mining
operation in the Kgalagadi District Municipality of the Northern Cape Province. The project will include
opencast mining and a processing plant as well as various support infrastructure and services.

Underground mining, a sinter plant and a power generation plant are also being considered.

Airshed Planning Professionals (Pty) Ltd was appointed by Metago Engineering Services (Pty) Ltd
(Metago) to undertake an air quality impact assessment for the proposed Ntsimbintle manganese
mining operations near Hotazel in the Northern Cape Province. The main objective of the study was
to do an air dispersion impact assessment using project specific data to determine potential impacts

on the surrounding environment and human health.

Methodology

The establishment of a comprehensive emission inventory formed the basis for the assessment of the
impacts from of the proposed operation’s emissions on the receiving environment. The establishment
of an emissions inventory comprises the identification of sources of emission, and the quantification of

each source’s contribution to ambient air pollution concentrations.

Fugitive dust emissions occur as a result of vehicle-entrained dust from paved and unpaved roads,
wind erosion from open areas, material handling operations, drilling and blasting as well as crushing
and screening operations. In the quantification of fugitive dust emissions use was made of emission
factors which associate the quantity of a pollutant to the activity associated with the release of that
pollutant. Due to the absence of locally generated emission factors, reference was made to emission
factors such as those published by the US Environmental Protection Agency (US-EPA) in its AP-42
document and the Australian National Pollutant Inventory (NPI). The US-EPA AP-42 emission factors
are of the most widely used in the field of air pollution. Point source emissions were estimated based

on emission limits and design specifications.

In the estimation of emissions and the simulation of patterns of dispersion, a distinction was made
between Total Suspended Particulates (TSP) and inhalable particulates (PM10, particulate matter with
an aerodynamic diameter of less than 10 um). Whereas TSP is of interest due to its implications in
terms of nuisance dust impacts, the PM10 fraction is taken into account to determine the potential for
human health risks. Inhalable manganese emissions (Mn emissions of the PM10 size fraction), SO,,
NO,, DPM and CO emissions were taken into account due to it's implications in terms of human health

risks.
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Emissions were quantified for the following phases:

e Construction phase

e Operational Phase, Scenario 1: Included opencast and underground mining as well as ore

processing, beneficiation (sintering) and power generation

e Operational Phase, Scenario 2: Included underground mining and the rehabilitation of the

opencast mining area as well as ore processing, beneficiation and power generation

Completely unmitigated as well as partially mitigated fugitive dust emissions were determined and
assessed in terms of predicted impacts. The mitigation measures that were applied in the mitigated

case were as follows:

. Water in combination with chemical dust suppressants on unpaved road surfaces - 90%
reduction in PM10, TSP and Mn emissions as a result of vehicle entrainment from

unpaved roads

. Sweeper on paved road surfaces - 90% reduction in PM10, TSP and Mn emissions as a

result of vehicle entrainment from paved roads

. Water sprays — 70% and 50% reduction in PM10, TSP and Mn emissions from truck
offloading and conveyor transfer points respectively

. Hooding with fabric filters at crushing and screening plants — 83% reduction in PM10,
TSP and Mn emissions

. Drill fitted with cyclone — 25% reduction in PM10, TSP and Mn emissions from in-pit
drilling

Incremental and cumulative air quality impacts were determined. Incremental concentrations and
impacts refer to impacts associated with proposed operations at Ntsimbintle in isolation. Cumulative
concentrations and impact refer to impacts associated with proposed operations at Ntsimbintle in
addition to impacts associated with current operations at Mamatwan manganese mine. Due to
uncertainty in the exact timeframes associated with operations at UMK, potential impacts from this

mine was not included in the cumulative air quality impact assessment.

In characterising the dispersion potential of the site reference was made to hourly average
meteorological data recorded the South African Weather Service (SAWS) station at Kuruman for the
period January to December 2004.

PM10, Mn, SO,, NO,, CO and DPM concentrations and dustfall rates were simulated for the proposed

operations. The simulation of ambient air pollutant concentrations and dust deposition were
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undertaken through the application of the US-EPA AERMOD (version 5). The USA-EPA (EPA, 1986)
considers the range of uncertainty of this model to be -50% to 200%. Ground level concentrations and
dustfall levels were calculated at grid intervals of 357 m over a 20 x 20km study area and at the

discreet receptors shown in Figure 1.
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Figure 1: Discreet receptors included in the dispersion modelling
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Assumptions and Limitations

Due to data limitations some assumptions had to be made during the assessment. These were:

No onsite meteorological data was available for use in the current study and use was
therefore made of the SAWS Kuruman meteorological station that is situated ~50 km to the

east of the site.

The dispersion model cannot compute real-time mining and production processes; average
throughputs were therefore used. Operational locations and periods were selected to reflect

the worst case scenarios.

Diesel engines emit benzene and 1,3-butadiene which have both been classified as
carcinogens. Standards for carcinogens are not set using the same methodology as for non-
carcinogens, as they have no lower threshold for adverse effects. However, using an
appropriate acceptable risk level, annual average concentration standards may be derived. In
South Africa, the proposed SANS standard for benzene is 5 ug/m? (annual average). Using
the relative toxicity of 1,3 butadiene to benzene (as indicated by the relative US EPA unit risk
factors) the standard for 1,3 butadiene on the same basis would be 1.3 pg/m3. However, the
rate of emissions of the benzene and 1,3 butadiene is approximately 1% of the emission rate
of particulates (California ARB 2002). Screening for diesel particulate as an indicator of
transport-related emissions therefore provides a conservative screening value for the

carcinogens mentioned above.

Nitrogen oxide (NO) is rapidly converted in the atmosphere into the much more toxic nitrogen
dioxide (NO,). The rate of this conversion process is determined by both the rate of the
physical processes of dispersion and mixing of the plume and the chemical reaction rates. It
appeared from model calculations (Janssen 1988) in comparison to actual measurements that
at larger distances from the source, chemical equilibrium is not measured in the plume
because the momentary plume is inhomogeneously mixed and consists of parcels of flue gas
and parcels of ambient air. The general conclusion may therefore be drawn that the oxidation
rate of NO at smaller distances from the source is determined by the chemical reaction rates,
whereas the oxidation rate at greater distances from the source (> 5 km) is determined by the
mixing rate of the plume with its ambient air. Observed NO,/NO, for varying travel times have
been reported by Janssen (1988). The daytime range was from about 18% to 80%, with an
average of about 50%. The night-time range was about 4% to 40%. Based on these
observations NO,/NO, ratios had to be assumed for hourly and annual average NO,

concentrations.
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Conclusions

In order to determine worst case conditions with respect to estimated emissions and predicted impacts

four phases in the life of the Ntsimbintle project were considered:

Construction phase: Due to uncertainty as to the exact construction schedule and
activities as well as the fact that in general the construction phase is often of short

duration, emissions were quantified but not applied in the dispersion modelling.

Operational phases:

- Scenario 1: Included opencast and underground mining, processing, the
beneficiation of manganese ore and power generation. The emissions from this

scenario were quantified and impacts determined through dispersion modelling.

- Scenario 2: Included underground mining, the rehabilitation of the open cast
mining area, processing, the beneficiation of manganese ore and power generation.
The emissions from this scenario were quantified and impacts determined through

dispersion modelling.

Closure phase: It was assumed that all processing operations will have ceased by the
closure phase of the project. The potential for impacts during this phase will depend on
the extent of demolition and rehabilitation efforts during closure and on features which will
remain. Information regarding the extent of demolition and/or rehabilitation procedures
were limited and therefore not included in the emissions inventory or the dispersion

modelling.

From the air quality impact assessment it was evident that Scenario 1 (opencast and

underground mining, processing and beneficiation) would constitute the worst case scenario

for the Ntsimbintle project. Consequently all conclusions and recommendations were based

on this scenario.

The main findings of the study, based on worst case emissions and predicted impacts were as follows:

Estimated emissions:

PM10 emissions:

- Total unmitigated PM10 emissions were estimated at 4 520 tpa of which 92% were

as a result of vehicle entrainment of dust from unpaved haul roads.

Air Quality Impact Assessment for the Proposed Ntsimbintle Manganese Mining Operations

Report Number: APP/09/MEE-01 Rev1 viii



- The total mitigated PM10 emissions were estimated at 688 tpa. Vehicle entrainment
and emissions from the sinter plant contributed 80% and 32% to the total,

respectively.

. TSP emissions:

- Total unmitigated TSP emissions amounted to 15 100 tpa of which 96% were as a

result of vehicle entrainment of dust from unpaved haul roads.

- Mitigated TSP emissions amounted to 1 790 tpa. Vehicle entrained dust from
unpaved haul roads were estimated to be the most significant contributor to mitigated

TSP emissions, contributing approximately 82%.

. Manganese emissions:

- Total unmitigated Mn emissions amounted to 303 tpa. Vehicle entrainment was
estimated to contribute most significantly, 64%, to the total followed by sinter plant

emissions at 25%.

- With mitigation measures in place the total Mn emissions were estimated to reduce
to 104 tpa with the sinter plant emissions contributing 79% to the total.

. SO, emissions: Total SO, emissions were estimated to be 1 290 tpa. Sinter plant

emissions were estimated to contribute 98% to the total.

. NO, emissions amounted to 2 820 tpa. Sinter plant emissions were estimated to
contribute the most significantly (63%) to NO, emissions followed by emissions from the

power generation plant (31%).

. Estimated DPM as a result of vehicle tailpipe emissions amounted to 10.8 tpa.

. Estimated CO amounted to 173 tpa. The power generation plant and vehicle tailpipe

emissions contributed 53% and 47% to estimated CO emissions respectively.

Predicted Impacts:

. PM10 impacts:

- The predicted annual average and highest daily average incremental unmitigated
PM10 concentration at the Ntsimbintle boundary were 3650 and 7060 pg/m®

respectively. The proposed annual PM10 standard of 40ug/m® was exceeded at the
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Ntsimbintle boundary and the old Middelplaats mine. The proposed daily standard of
75ug/m® was exceeded at the Ntsimbintle boundary, A. Pyper, the old Middelplaats

mine and N. Fourie.

- Cumulatively the predicted annual average and highest daily average unmitigated
PM10 concentrations at the Ntsimbintle boundary were 3650 and 7060 pg/m?
respectively. Exceedance of the proposed annual PM10 standard was predicted the
Ntsimbintle boundary and the old Middelplaats mine. Exceedance of the proposed
daily PM10 standard was predicted at the Ntsimbintle boundary, A. Pyper, the old
railway housing, the old Middelplaats mine and N. Fourie.

- The predicted annual average and highest daily average incremental mitigated
PM10 concentration at the Ntsimbintle boundary were 366 and 709 pg/m®
respectively. The proposed annual and daily PM10 standards were exceeded at the
Ntsimbintle boundary.

- The predicted annual average and highest daily average cumulative mitigated PM10
concentration at the Ntsimbintle boundary were 370 and 709 ug/m? respectively. The
proposed annual and daily PM10 standards were exceeded at the Ntsimbintle

boundary.

- Mitigation of fugitive dust sources resulted in an average reduction of 87% in predicted

PM10 concentrations.

- Vehicle entrained dust from unpaved roads were predicted to result in the most
significant unmitigated and mitigated PM10 concentrations contributing, on average,

88% and 67% respectively.

- A summary of predicted annual average and daily average concentrations at the off-

site discreet receptors are presented in Figure 2 and Figure 3.
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Scenario 1 - Predicted Annual Average PM10 Ground Level Concentrations
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Figure 2: Summary of predicted off-site annual average PM10 concentrations
Scenario 1 - Predicted Daily Average PM10 Ground Level Concentrations
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Figure 3: Summary of predicted off-site highest daily average PM10 concentrations
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. Manganese impacts:

- The predicted annual average incremental unmitigated Mn concentration at the
Ntsimbintle boundary was 20.1ug/m3. The annual WHO guideline of 0.15ug/m*® was
exceeded at the Ntsimbintle boundary, A. Pyper, the old railway housing, the old

Middelplaats mine and N. Fourie.

- Cumulatively the predicted annual average unmitigated Mn concentration at the
Ntsimbintle boundary was 20.7ug/m3. Exceedance of the annual WHO guideline was
predicted the Ntsimbintle boundary, Rissik, Adams, A. Pyper, the old railway housing,

the old Middelplaats mine and N. Fourie.

- The predicted annual average incremental mitigated Mn concentration at the
Ntsimbintle boundary was 3.64ug/m3. The annual WHO guideline was exceeded at

the Ntsimbintle boundary, the old Middelplaats mine and N. Fourie.

- The predicted annual average cumulative mitigated Mn concentration at the
Ntsimbintle boundary was 9.71ug/m®. The annual WHO guideline was exceeded at
the Ntsimbintle boundary, Rissik, Adams, A. Pyper, the old railway housing, the old
Middelplaats mine and N. Fourie.

- Mitigation of fugitive dust sources resulted in an average reduction of 69% in predicted

Mn concentrations.

- Manganese dust as a result of crushing and screening operations contributed most
significantly, 61%, to predicted unmitigated Mn concentrations. With mitigation
measures in place emissions from the sinter plant contributed most significantly to

predicted manganese concentrations.

- A summary of predicted annual average Mn concentrations at the off-site discreet

receptors are presented in Figure 4
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Scenario 1 - Predicted Annual Average Mn Ground Level Concentrations
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Figure 4: Summary of predicted off-site annual average Mn concentrations

SO, impacts:

- The predicted annual, highest daily and highest hourly average incremental SO,
concentration at the Ntsimbintle boundary was 8.44, 50 and 534 ug/m? respectively.
The proposed hourly SA SO, standard of 350ug/m?® was exceeded at the Ntsimbintle
boundary.

- The predicted annual, highest daily and highest hourly average cumulative SO,
concentration at the Ntsimbintle boundary was 8.69, 50 and 534 ug/m? respectively.
Only the proposed SA hourly standard of 350ug/m® for SO, was exceeded at the

Ntsimbintle boundary.

- Sinter plant emissions were estimated to be the most significant contributor,

contributing on average 89%, to predicted incremental SO, concentrations.

- A summary of predicted annual, highest daily and highest hourly average SO,
concentrations at the off-site discreet receptors are presented in Figure 5, Figure 6

and Figure 7 respectively.
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Scenario 1 - Predicted Annual Average SO, Ground Level Concentrations
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Figure 5:

Summary of predicted off-site annual average SO2 concentrations
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Figure 6:

Summary of predicted off-site highest daily average SO2 concentrations
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Scenario 1 - Predicted Highest Hourly Average S0O; Ground Level
Concentrations
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Figure 7: Summary of predicted off-site highest hourly average SO2 concentrations

. NO, impacts:

- The predicted annual and highest hourly average incremental NO, concentration at
the Ntsimbintle boundary was 35.1 and 219 ug/m? respectively. The proposed hourly
SA NO; standard of 200ug/m?® was exceeded at the Ntsimbintle boundary.

- The predicted annual and highest hourly average cumulative NO, concentration at
the Ntsimbintle boundary was 35.2 and 219 pg/m? respectively. Only the proposed
SA hourly standard of 200ug/m? for NO, was exceeded at the Ntsimbintle boundary.

- Sinter plant emissions were estimated to be the most significant contributor,

contributing on average 39%, to predicted incremental NO, concentrations.

- A summary of predicted annual and highest hourly average NO, concentrations at the

off-site discreet receptors are presented in Figure 8 and Figure 9 respectively.
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Scenario 1 - Predicted Annual Average NO;, Ground Level Concentrations
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Figure 8: Summary of predicted off-site annual average NO2 concentrations

Scenario 1 -Predicted Hourly Average NO; Ground Level Concentrations
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Figure 9: Summary of predicted off-site highest hourly average NO2 concentrations
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. DPM impacts:

- The predicted annual average incremental DPM concentration at the Ntsimbintle
boundary was 9.45ug/m3. The proposed annual SA standard of 5ug/m?® as used in the

assessment of DPM impacts was exceeded at the Ntsimbintle boundary.

- A summary of predicted annual average DPM concentrations at the off-site discreet
receptors are presented in Figure 10.
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Figure 10: Summary of predicted off-site annual average DPM concentrations

. CO impacts:

- The predicted highest hourly average incremental CO concentration at the
Ntsimbintle boundary was 467ug/m3.  The proposed hourly SA standard of

30000pg/m? not exceeded at any of the discreet receptors included in the study.

Air Quality Impact Assessment for the Proposed Ntsimbintle Manganese Mining Operations

Report Number: APP/09/MEE-01 Rev1 XVii



- Vehicle tailpipe emissions were estimated to be the most significant contributor,

contributing on average 68%, to predicted incremental CO concentrations.

- A summary of predicted highest hourly average CO concentrations at the off-site
discreet receptors are presented in Figure 11.
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Figure 11: Summary of predicted off-site highest hourly average CO concentrations
. Dustfall impacts:

- The predicted maximum daily incremental unmitigated dustfall level at the
Ntsimbintle boundary was 756mg/m?/day. The SANS residential dustfall band,
permissible for residential and light commercial areas, of 600 mg/m?day was
exceeded at the Ntsimbintle boundary.

- Cumulatively the predicted maximum daily unmitigated dustfall level at the
Ntsimbintle boundary was 756mg/m?/day. The SANS residential dustfall band of 600
mg/m?/day was exceeded at the Ntsimbintle boundary.
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The predicted maximum daily incremental mitigated dustfall level at the Ntsimbintle
boundary was 77.4mg/m?day. The SANS residential dustfall band of 600 mg/m?day

was exceeded at the Ntsimbintle boundary.

The predicted maximum daily cumulative mitigated dustfall level at the Ntsimbintle
boundary was 664mg/m?/day. The SANS residential dustfall band of 600 mg/m?/day

was exceeded at the Ntsimbintle boundary.

Mitigation of fugitive dust sources resulted in an average reduction of 66% in predicted

incremental dustfall levels.

A summary of predicted maximum daily dustfall levels at the off-site discreet receptors

are presented in Figure 12.
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Figure 12: Summary of predicted off-site maximum daily dustfall levels
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Recommendations

Based on the conclusions discussed above, the main objective of the recommendations discussed in

this section is to try and ensure that the proposed operations at Ntsimbintle comply with the relevant

air quality requirements.

Recommendations regarding proposed operations at Ntsimbintle were based on worst case emissions

and predicted impacts are:

Health Risk Assessment:

A specialist health risk assessment is required for manganese exposures. Predicted
Mn concentrations were compared to international community exposure limits, but

most of the Mn exposure in this instance is occupational-related.

The purpose of a human health risk assessment is to consider modelled air
concentrations of substances that can cause harm to human health in a site-specific
exposure scenario, to quantify human exposure and to predict the potential for
adverse health effects in the exposed individuals. Modelled air concentrations of
environmental pollutants are required to assess regulatory compliance to air quality
regulations and may be used for screening purposes, but that does not constitute a
quantitative human health risk assessment. In a health risk assessment the
knowledge of toxicology and epidemiology is applied within an internationally
accepted health risk assessment paradigm to quantify potential human health risks.
In this assessment the risks are contextualised and regulatory authorities are provided
with a firm scientific basis to reach conclusions on potential impacts that a source of
air contamination may have on the health of neighbouring communities. The
assessment not only is in the interest of receptor communities, but it also supports the
interest of regulatory authorities and the industry that has to manage its operations

and apply mitigation measures, where required.

Mitigation and Management Measures:

From the air quality impact assessment it was concluded that potential for health risk
primarily exists with regards to predicted PM10 and manganese concentrations. The
most significant sources of fugitive dust emission at the proposed Ntsimbintle
operation, based on predicted ground level concentrations were vehicle entrained

dust from unpaved roads and dust as a result from crushing and screening operations

It was shown that water and chemical sprays resulting in at least 90% control
efficiency would be a requirement to result in a significant reduction in ground level

concentrations and will ensure no exceedances at the residential receptors in the
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area. Should only water be applied, the maximum watering rate (excluding rainfall) to

ensure 90% control efficiency would be 3.112litres/m?/hour.

As a minimum, to reduce predicted unmitigated maximum impacts at the Ntsimbintle
boundary as a result of crushing and screening operations only, the predicted annual
average PM10 concentration of 57.2ug/m? needs to reduce to 40ug/m?® (the proposed
SA standard) i.e. by 30%. This can be achieved by increasing the moisture content of
the material 1.3 fold (i.e. we assumed the ore would have a moisture content of 5%,
increasing it 1.3 fold would result in a moisture content of 6.5%). To achieve a 30%
reduction in crushing and screening emissions, based on 5% ore moisture content, 15

liters of water is required for every ton of ore that is processed.

e Monitoring Requirements:

Based on the impacts predicted as a result of proposed operations at Ntsimbintle on
the surrounding environment it was recommended that ambient PM10, SO, and NO,
monitoring be done and a dust fallout monitoring network established as soon as
possible for the purpose of defining baseline air quality prior to the start of operations
associated with Ntsimbintle. The proposed locations of the monitoring are presented

in Figure 13.

In addition to air quality monitoring, the absence of local meteorological data
necessitates the installation of a meteorological station measuring, as a minimum,
hourly average wind speed, wind direction, temperature, pressure, rainfall, relative

humidity and solar radiation.
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@ Proposed directional dust bucket locations

X Proposed ambient monitoring locations for PM10
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Figure 13: Proposed air quality monitoring locations
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AIR QUALITY IMPACT ASSESSMENT FOR THE PROPOSED NTSIMBINTLE
MANAGNESE MINING OPERATIONS

1 INTRODUCTION

Airshed Planning Professionals (