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Executive Summary

Project location

The proposed Varkenvlei/Nooitgedacht mine (NV mine) is located approximately 47km south-west of
Thabazimbi, 80km north of Rustenburg and 15 km north-west of the R510 and the town of Northam. The
proposed mining area straddles the provincial boarder between the North West and Limpopo provinces.

Project overview

The proposed mining operation will be done by means of a conventional truck and shovel operation with
drilling and blasting via a single benching method. The mining bench will be planned at 3 m to 5 m intervals
with a catchment berm at 6 m intervals making the effective bench stack height 4 m. The first 18 m bench will
be mined or excavated in four 4 m half benches or interim benches (this will depend on the equipment used).
There after the second bench of 12 m will be mined or excavated in three 4 m benches. The final bench will
be 10 m and will be mined or excavated in three 3 m half benches. This would conclude the final footprint
and mineable depth of the opencast mining operation.

During blasting, the pit highwall will be protected against blast induced fracturing by one of two methods:

i The first method is pre-split blast holes closely spaced for the first drill line, close to the final highwall;
and

i The second method is the planning of shorter blast holes (and thus shorter drilling benches of 12 m
versus 24 m) slightly angled away from the highwall (90° drilling angle). The 10 m blast-hole depth will
reduce the explosive gas expansion and ground vibration that influences crack initiation and migration
on the final highwall of the pits. The highwall will have a pushback of 6° to 7° or 83° degrees vertical.

All overburden and waste rock will be placed away from chrome sub-outcrop positions, on the highwall side
of the maximum highwall position.

There will be no beneficiation plant for this operation and thus the ore processing will consist of crushing and
screening provide various saleable products. Waste materials will be deposited on waste rock dumps and
later backfilled into the opencast void.

The major items of equipment that will be used in the mobile plant are the following:

i A mobile / moveable crushing unit will crush the oversized ROM ore that exceeds +100 mm after it has
passed over the screen;

i Front loaders and dump trucks will be used to transport the ROM ore and products in the following three
main areas;

8§ ROM ore from opencast to the ROM screening area;

§ Between the different sizing / screening steps; and

8§ Final products to the various product stockpiles based on size and quality.
i Front loaders will be used to feed ROM material onto conveyor the screen; and

i Screens will be used to separate the ROM material into different sizes as final product.

Surrounding land uses and sensitive receptors
Land uses in the area include the following:

i Subsistence farming (crop & cattle);
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+  Mining opertions;

:  Residential townships and villages;
: Nature reserves;

+  Eco tourism lodges; and

:  An extensive network of good quality gravel access roads.

The following are identified as the nearest sensitive receptors (Figure 3):

The farm located about 4km to the north;

+  Kraalhoek village, approximately 4.5km to the west-north-west;

+  The Swartklip residential areas located approximately 2.5km to the east-north-east and approximately
3.8km to the east-south-east;

:  Mantserre village approximately 2.8 km to the west-south-west;

+  Mopyane village approximately 5.7 km to the west-south-west;

- Sesfikele village approximately 9.6 km to the south-east;

:  Ga-Ramosidi village approximately 9.7 km to the south-south-east;
+  Northam town approximately 14.8 km to the south-south-east; and

:  Mojuteng village approximately 14.7 km to the south-south-east.

Meteorological conditions

Samancor does not undertake any meteorological monitoring at the proposed NV Mine site and thus the
statistics provided are based on available literature from the region (Pilanesberg and Thabazimbi regions)
and MM5 modelled meteorological data.

Based on MM5 Modelled meteorological data, winds at the NV Mine are expected to originate equally from
the east-south-east (12.5% of the time) and east (9.5 % of the time). Wind speeds are low to moderate, with
a low percentage (19.24%) of calm conditions (<1 m/s). A very slight diurnal variation in wind is observed
during the monitoring period. A significant seasonal variation in wind is observed during the monitoring
period

In comparing the annual wind roses for the Pilanesberg and the MM5 modelled data wind rose for the NV
Mine, it is clear that the outputs are not consistent with each other. Similarly, in when comparing the annual
wind roses for the Thabazimbi region and the MM5 modelled data wind rose for the NV Mine, the outputs are
found not to be consistent.

This is probably due to the meteorological conditions throughout the District being strongly influenced by the
underlying topography in the region (Bojanala Platinum District Municipality AQMP Baseline Assessment,
2010). Due to the uncertainty in this regard, and with the application of the precautionary principal, a low
level of confidence is thus instilled in the MM5 modelled data.

Note: In order to obtain a better understanding (an accurate site specific account) of the meteorological
conditions on site, Samancor should install and operate a professional meteorological station (required data
accuracy of 1-2%) on a continuous basis.
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Baseline air quality

Limited air quality monitoring information is available in the both the Waterberg and Bojanala Platinum
Districts, which makes it difficult to accurately quantify the current state of the air quality (Gondwana
Environmental Solutions, 2009 & 2010). Additionally, Samancor does not undertake any ambient air quality
monitoring in the vicinity of the proposed NV mine and the project site is relatively remote and thus very little
ambient air quality information is available as most of the monitoring networks are located in the urban areas
(i.e. Rustenburg) and/or on the larger mines such as Impala Platinum, Lonmin Platinum and Anglo Platinum
(located approximately 60km to 90km’s south-south-east of the proposed NV mine) or at the power
generation facilities such as the Matimba Power Station (located approximately 150km north-north-east of
the proposed NV mine). Data recorded at these stations, although a very long distance from the proposed
NV mine may be used to infer a high level regional air overview for the region.

Note: Due to the lack of available baseline ambient air quality information for this region, it is recommended
that Samancor deploys an ambient air quality monitoring campaign to determine the background air quality
prior to the mines extension. This network should monitor the following pollutants; Dust fallout, PM;, NO,
and SO, and monitor wind speed and direction as a minimum.

Sources
Potential sources of air pollution within the NV Mine area have been identified to include:

i Agricultural activities;

i Current mining activities (platinum, lime and iron);

i Cement production;

i Domestic fuel burning;

i Biomass burning;

i Vehicle emissions (tailpipe and entrained emissions);
i Unpaved roads and exposed areas; and

i The proposed construction activity emissions (l.e. the new NV Mine).

SUMMARY

Based on the qualitative impact assessment and Golders associated professional opinion, without the
implementation of particulate mitigation measures during the construction and operational phases of the NV
Mine, exceedances of:

i The PMy, daily average standard,;
i The PM,, annual average standard; and

i The draft dust fallout guidelines (both residential and industrial).

Are likely to occur at several of the key sensitive receptors. Without the implementation of suitable mitigation
measures the local ambient air quality may be degenerated by the emissions contribution from the NV mine.
This degeneration in the local air quality may impact negatively on the key sensitive receptors health and
wellbeing.
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RECOMMENDATIONS

i Suitable mitigation measures must be implemented to reduce the project’'s impact to acceptable levels
at the sensitive receptors;

i Due to the lack of available baseline ambient air quality information for this region, it is recommended
that Samancor deploy an ambient air quality monitoring campaign to determine the site specific
background air quality. This network should monitor the following:

8 PM,, on a continuous basis;

§ Dust fallout monitoring in alignment with the draft regulations on a continuous basis for the footprint
of the mine; and

8 NO, and SO, via a minimum 3 month monitoring campaign.

i Due to the lack of available site specific meteorological data and the uncertainty around the modelled
data, Samancor should install a professional meteorological station (required data accuracy of 1-2%) on
site. The station should operate on a continuous basis;

i For all waste rock dump and overburden stockpiles mitigation measures for TSP and PM;q generation
could include:

8 Progressive rehabilitation and re-vegetation should be implemented;
§ Chemical stabilisation; and

§ Facility design and maintenance to exclude and 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.

i For paved and unpaved roads mitigation measures for TSP and PM;4 generation could include:

§  Many dust mitigation measures are available for the minimisation of fugitive dust generation on
unpaved roads. These may include:

- Wet suppression with water;

- Application of salts - hygroscopic compounds such as calcium chloride, magnesium chloride,
hydrated lime, sodium silicates, etc. Salts increase roadway surface moisture by extracting
moisture from the atmosphere;

- Application of surfactants - such as soaps and detergents. Surfactants decrease the surface
tension of water, which allows the available moisture to wet more particles per unit volume;

- Application of soil cements - compounds that are mixed with the native soils to form a new
surface. Examples are calcium or ammonium lignin sulphonate, cement, etc.;

- Application of bitumens - compounds derived from coal or petroleum such as coherex
peneprime, asphalt, oils, etc.; and

- Application of flms—polymers that form discrete tissues, layers, or membranes such as latexes,
acrylics, vinyls, fabrics, etc. These form coherent surface layers that seal the road surface,
thereby reducing the quantity of dust generated.

§ The application of the above measures must be considered carefully as certain measures could
possibly lead to surface water contamination and the management thereof must be strictly
controlled.

March 2013 @Gm:ler
Report No. 13614977-11918-4 Associates



SAMANCOR - AQIA

§

§
§

w W wWw W W W

§

§
§

Furthermore, a detailed cost benefit analysis should be conducted to determine which, is the most
cost-effective method with the highest efficiency in dust reduction.

:  General transport mitigation measures may include:

Reduction in unnecessary traffic volumes;
Conversion of the unpaved road surface to a paved surface;

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;

Wet suppression of materials transported by road (i.e. load spraying) or load covering with
tarpaulins to reduce fugitive dust generation;

Avoidance of dust track-on onto neighbouring paved roads; and

All vehicles and other equipment should be maintained and serviced regularly to ensure that tailpipe
particulate emissions are kept to a minimum.

:  For ore stockpiles, mitigation measures for TSP and PM,4 generation could include:

Haul road dust generation (refer to travelling on unpaved roads section);

Drop height reduction during materials handling activities;

Wet suppression during materials handling activities;

Stockpile height reduction to reduce the stockpiles exposure to wind at elevated heights;
Introduction of wind breaks or sheltering; and

Wet suppression of materials transported by road (i.e. load spraying) or load covering with
tarpaulins to reduce fugitive dust generation.

:  For blasting, mitigation measures for TSP and PMy, generation could include:

Wet suppression is important in controlling dust generated by blasting activities. The area
surrounding the blast should be thoroughly wetted down beforehand. This precaution will prevent
dust settled out during previous blasts from becoming airborne.

The water used for dust suppression during blasting should be as clean as possible, because the
evaporation of dirty water can also release dust;

The blast charge should be calculated as accurately as possible and kept to the minimum required
as the larger the charge, the higher the potential for dust generation; and

Consideration of wind speed and direction in the blasting schedule, particularly where communities
live nearby and may be affected by blasting emissions.

:  For materials handling operations, mitigation measures for TSP and PM,, generation could include:

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;

Removal of fines via pre-washing; and
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§ Wind speed reduction through sheltering (where possible).
:  For drilling activities, mitigation measures for TSP and PM,, generation could include:

§ Overburden and waste rock drilling generates most of the respirable dust that affects workers in the
mining pit. Both wet and dry methods are available to reduce this drill dust.

§ Typically, wet suppression systems pump water through the drill steel into the bailing air (ILO,
1965). The water droplets in the bailing air trap dust particles as they travel up the annular space of
the drilled hole, thus controlling dust as the air bails the cuttings from the drill hole (Page, 1991).

8 Dry collection systems require an enclosure (shroud) around the area where the drill stem enters
the ground. This enclosure is typically constructed by hanging a rubber or cloth shroud from the
underside of the drill deck. The enclosure is then ducted to a dust collector, the clean side of which
has a fan. The fan creates a negative pressure inside the enclosure, capturing dust as it exits the
hole during drilling. The dust is removed in the collector, and clean air is exhausted through the fan;
and

§ The water used for dust suppression, during drilling should be as clean as possible, because the
evaporation of dirty water can also release dust.

For crushing activities, mitigation measures for TSP and PM,, generation could include:

8 Drop height reduction during materials handling activities at the crushers;

§ Wet suppression of materials to be crushed. If the material is dry, a starting point is to add a water
quantity equivalent to 1% of the weight of the material being crushed (Quilliam, 1974);

§ Regular cleaning of floor and working surfaces in the vicinity of the crusher/s to reduce fugitive
dusts; and

8 Negative pressure should be maintained where possible within the crusher to prevent the escape of
fugitive dusts.
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LIST OF ABBREVIATIONS AND TERMS

AEL Atmospheric emission license

APPA Atmospheric Pollution Prevention Act (Act no. 45 of 1965)
AQIA Air quality impact assessment

AQMPs Air quality management plans

ASTMD1739 er:;zle;ggr:) fSV(\)"cr:z%/I cf)(\ivrnnggtnge%r;dS i?i/loagfenals standard method for collection and
BCR Bushveld Chrome Resources (Pty) Itd.

BTEX Benzene, ethylbenzene, toluene & Xylene

CH, Methane

CcoO Carbon monoxide

CO, Carbon dioxide

DEAT Department of Environmental Affairs and Tourism

DJF December, January, February

DME Department of Minerals and Energy

DWEA Department of Water and Environmental Affairs (New DEAT)
E East

EIA Environmental impact assessment

ENE East-north-east

EMP Environmental management plan

EMPR’s Environmental management programme reports

ESE East-south-east

GAA Golder Associates Africa (Pty) Ltd

JIA June, July, August

km Kilometer

km/h Kilometer per hour

LOM Life of Mine

MAM March, April, May

mg/mzlday Milligrams per meter squared per day

Mg Microgram

ug/m3 Micrograms per cubic meter

mg Milligrams

MPRDA Minerals Resources Petroleum Development Act (Act no. 28 of 2002)
N North

NE North-east

NEMA:AQA National Environmental Management Act: Air Quality Act (Act no. 39 of 2004)
NNE North-north-east

NW North-west

NNW North-north-west

NO, Nitrogen dioxide

NO, Nitrogen oxides

NV Mine Varkenvlei/Nooitgedacht mine

PMyq Particulate matter with an aerodynamic diameter of less than 10 ym
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ROM Run of Mine

SAAQIS South African Air Quality Information System

SANS South African National Standards

SANS 1929 South African National Standard 1929

SAWS South African Weather Service

S South

SE South-east

SON September, October, November

S0O2 Sulphur dioxide

SSE South-south-east

SW South-west

SSW South-south-west

t/pd Tons per day

t/ph Tons per hour

TSP Total suspended particulates

US EPA United States Environmental Protection Agency

W West

WHO World health organisation

WNW West-north-west

WSW West-south-west

March 2013 @Gul:ler
Associates

Report No. 13614977-11918-4



SAMANCOR - AQIA

Table of Contents

1.0 INTRODUGCTION ... iiiitititiieee ettt et e e e e e e e e e e s s s s s b bbbt bt bttt e ettt eeaeaeaaeaeaeeaaassaaaaasasaeabbbebebes et et eeeeaaaaaeaeeeseessnsnnsnnnnsnsnsnes 1
2.0 PROJECT BACKGROUND ....ciiiiiiiiiii ittt ettt e e e e e e e e e e e e e s s e s s b a b s b ae s s e e s et ettt et e eeeaaaaaasaeaessaaaaaannnnnnenennnns 1
2.1 Summary Description of Proposed FaCilitieS / ACHVILIES ........ouuuiiiiiiiiiee e 1
21.1 1Y 1oV RPN 1
2.1.2 BasiC ProCesSiNg Plant QESIGN ......ccui ittt e et e e e e et e e e s e b b e e e e e e abb e e e e e e nrbeeaaeaan 2
2.2 Land Use and SeNSItIVE RECEPIOIS . ........iiiiiie ittt ettt e ettt e e e e e e bbb e e e e e e aabbe e e e e s eanbtbeeaeeaanbneeeeeaannes 3
2.3 LIe] 010 o =T ] 1) V2P PSP PP PP OTPPPPRIN 4
3.0 STUDY APPROACH AND METHODOLOGY ...cciiiiiiiiiiiieiei ettt ettt e e e e e e e e e e e e e e e e s s s ss s bbbt bbbt s e e et eeeeaeaaaaaeas 4
3.1 BACKGrOUNG ILEFATUIE FEVIEW .....ceiiiiiiiiie ettt ettt ettt s et e e aab et e sabe e e e nb e e e anee e e e 4
3.2 BaSEIINE ASSESSMEINL ...ttt ettt E et bt e b bt e et e et nnes 5
3.3 Emission estimations — QuUalitative aSSESSIMENT ..........ciiieiiiii e e e e e e e e e e e e e e e s e s s nnnnenes 5
331 Y L=1 (g ToTo (o] [0 o Y20 OO PP PP PP OTPP PP 5
3.3.2 EIMISSIONS INVENTOIY ...ttt ettt a et e s bt e ettt e e st e e s nb et e sttt e e nnnneesnree s 5
34 IMPACT ASSESSIMIENT. ..ceiiiiiiiee i e ettt et e ettt et e e e e e e e e e e e e e e s s e e s e nbs bbb s s e e et e ettt e e eeeaeaeeeeaeaessaaaaaannnnnnenes 6
4.0 APPLICABLE AIR QUALITY STANDARDS, LEGISLATION, GUIDELINES AND PROJECTS .....ccovvvivivieieiieinnn, 8
4.1 National Environmental Management: Air Quality Act (Act No. 39 of 2004) (NEMA: AQA) ......ccccceeveiiineeenn. 8
4.2 SAAQIS (South African Air Quality INformation SYSEM) ........eeiiiiiiiiiiie e 8
4.3 Ambient air QUALILY STANUAIAS..........ooiiiiii ettt e e s e e sene e e e 8
4.4 Proposed Draft National Dust Control REQUIALIONS ..........ocuuiiiiiiiiiiieee e 10
4.5 Air Quality Management Planning PrOJECES. ...........oiiiiiiuiiiiiee ettt e e s e e e ennbeeee e as 11
4.6 Key Pollutant and Associated Health EffECtS ..........coiiiiiiiii e 11
46.1 PAITICUIATES ...ttt e ettt e e s n e e e e e e s e e e s nr e e e anne e e nnn e e s nnnee s 11
5.0 BASELINE AIR QUALITY ASSESSMENT ...ttt e e e e e e e e e e e e e e e s s bbbt e et e e et e teaaaaaeaeeeeeananas 12
5.1 REGIONAI ClIMELE. ... ettt et a e e st e e kbt e e eab et e s bb e e e bttt e ssbe e e enbneeenneeenanee 12
5.2 Iy C=To] o] [ o (ot 1 M@V =T AV = PP PRPTOPPUPPPTN 13
521 PIlaneShErg MELEOIOIOQY ... ... iiiiiieie ittt e st e s bb e e st e e sneeeeatreeennes 13
5211 L C=Tot] o] =1 (1o o O PSP TP OUPPOPPPPPPRTINE 13
5.21.2 TEMPEIALUIE ...ttt ettt e e e e e e e e e e e e e e e e as e e e e anb b bbb bbb e s e e e e e e e e eaaeaaeeaeaaenas 14
5.2.1.3 WiNd Speed @nd AIFECHION ......eiiiiiieiiiie ettt e et eesnneee s 14
5.2.2 Thabazimbi MELEOIOIOGY ........eeeiiiiiiiiie ettt e e e et e st et e e nnne e e nanees 15

March 2013

) @Guﬁkzr
Report No. 13614977-11918-4 i Associates



SAMANCOR - AQIA

5221 L C=Tot] o] =1 (1o O PP PP PUPPOPPPPPPRTINE 15
5222 TEMPEIALUIE ...ttt ettt e e e e e e e e e e e e e e e e ae s e s e aab b bbb e bbb e s e e e et e e e eaeeaaeeaeeaenas 16
5.2.2.3 VAVATaTo ISy oT=T=To BV To o 1 7= ox 1o o HU TSP 16
5.2.3 MM5 Modelled Meteorological Data for the NV Mine Site...........coiiiiiiiiiiiiiiie e 18
5.231 Wind rose for the modelled PEriOd ..........oooi i e 18
5.2.3.2 DIUMNEAI WING FOSES ....eeeiiiiieiieie ittt ettt e et s et e e et e sne e e et e e e snne e e nnneeeanneeen 20
5.2.33 SEASONAI WING FOSES ...ttt ee ettt ettt ettt e et e et e e b et e e sk bt e e et et e e bt e e e s abe e e aabne e e nbeeennneees 21
5.24 MM5 modelled meteorological data cross-check & confidencCe.............coooviiiiiiiiiiiiiiiee e 22
53 Boundary Layer Properties and Atmospheric Stability ... 22
5.4 Regional ambient air QUAILY OVEIVIEW........ccuuiiiiiiiiiiie ettt et e st 23
54.1 Brief regional station Siting ratioN@le ............coouiiiiiiiii e e 24
5.4.2 Regional ambient SO, CONCENIIALIONS. .......cc.oiiiiiiiieei ittt e e s s re e e e e s rnbb e e e e e s sneneeas 25
5421 ANGIO PIALINUM . ettt e h et e et e e e aab e e e sab et e et bt e e asbeeesnbseeeanbeeennee 25
5422 [gaToF= U= W o F= 14 0 18] o OO P PP PRP 25
543 Regional ambient PM1g CONCENTIALIONS .........ciiiiiiiiei ittt e e e e e e e e e e e e e neneeas 28
5431 ANGIO PIALINMUM . ..ottt e bt e st e e bt e e e sab e e e e bb e e e asbeeesbeeeeanbeeennee 28
5.4.3.2 [gaoF= U= W o F= 11 0 18] o OO PPT RO 28
5.4.4 Regional ambient Dust fallout CONCENTIALIONS .........ccciiiiiiiiiie e 31
5441 ThabDAZIMDI MINE ...ttt e h e e st e bt e e st e e st e e nnnes 31
5.4.4.2 Amandelbult PIAtiNUM MINE ........cviiiii e s 31
5.4.43 BUShVEId ChrOmME RESOUICE'S........oeiiiiiieiiei ettt e e e s nnneas 31
54.4.4 (610100 o 11 L= PP PUPP P PPRPROPPRN 35
545 LOCAl SOUICES OF EMISSIONS .....eeiiiiieieiieie ettt st e et e st e e e e st e s e e e snne e e s nnneeensneeennne 36
5451 AGFICUITURAL ACTIVITIES ....eei ettt ettt e e e et b et e e e e e abbb e e e e e e annbb e e e e e e annbneeeeeas 36
5.45.2 IMINING GCTIVITIES ..ottt ettt e bt e e s a bt e st bt e e sab e e e as b e e e aabne e e nbneeesnbeeenae 37
5453 DOMESHIC FUBH DUIMING ...eeeiee ettt ettt e e e e et e e e e e et e e e e e e e nnneeeae s 38
5454 BIOMASS DUIMING ..ttt e ettt e e e e e ab e e e e e e sabb e e e e e e annbeeeeeean 38
5455 VERNICIE EMISSIONS ...ttt s et e ket e et e e bt e e e sh b e e e sabb e e e abbeeesnbeeesnbbeeean 39
5.4.5.6 Emissions Associated With CONSIIUCLION SITES..........cviiiiiiiiiieie e 39
5457 Unpaved Roads and @XPOSEA @I aAS..........ueiieiiuiiiiiie it e e e et ee e e e ettt ee e e e aabbee e e e e e sabeeeeeeaabbeeeaaeaane 40
54538 (@121 00T o o] (oo [F Tt o] o HEU T P PSP PP P UP P PPPRT 40
5459 SUIMIMAIY ettt ettt et ettt e et e e e e e e e e e e e e e s e s e s bbb e bt bt s e e e e ettt e e e e eeaeeeeaeasaeasaaannnnnnnnnnnes 40
6.0 AIR QUALITY IMPACT ASSESSMENT ...ttt e e e e e e e e e e e e s s s s s bbbttt bt bt e e e et e e e eaaaaaeeeeeasaasnananns 40

March 2013

N @Guﬁlﬁr
Report No. 13614977-11918-4 i Associates



SAMANCOR - AQIA

6.1 ASSUMPLIONS AN LIMITALIONS .....oeiiiiiiiie ettt ettt s bt e et e e st e e e sbeeeennneeeanes 40
6.2 Professional opinion - CONSIIUCION PRASE........o.uiiiiiii e e e 41
6.3 Professional opinion — Operational PRaSE ............uiiiiiiiiiie et be e e 41
6.4 IMPACE ANAIYSIS SUMIMAIY ..eeiiiiiiiiee ettt e et e e e e ettt e e e s e stbaeeeeeaastbeeae et s sbbaeeeeeassseeeeeesnssaaeeeesanses 42
7.0 CONCLUSIONS AND RECOMMENDATIONS . ...cottiiitiiiiieee ettt et e e e e e e e e e e e e e e e e e s s sa st bbb nbeaeneeees 43
7.1 RECOMMENUALIONS ...ttt ettt ettt e ekttt e sa b et e ek bt e e st e e e sabe e e et bt e e enbeeesnneeennbeeenae 43
8.0 REFERENCES ... .ottt et e e oo oo oo e oo s oo oo bh bttt e et ettt et e e e eeeeeeeeeeeeeae s e e e hab bbb h bbb s ee e e e e e e e e e e eeeaeeeaeeas 46
TABLES
Table 1: IMPACT FANKING MIBLIIX .....eeeiiiiitiiie ettt e ettt e e e e e bb et e e e e s et et eee e e aaabbe e e e e e e bbb et e e e e e nbeseeeeeanbbeeeaeeasnbeeeaesaannnneaaeaan 7
Table 2: SIGNIfICANCE FAINGS .. .eee ittt e ettt e et e e b et e e ea b et e e bb e e st e e e aa b et e e bb et e sabe e e s abe e e e bt e e e nabeeesnbneeeas 7
Table 3: South African Ambient Air Quality Standards for Criteria POIULANTS............uiiiiiiiiiie e 9
Table 4: DEAT dust fallout guidelines as per SANS 1929. ........uii ittt e e e et e e e e sbeee s 10
Table 5: Pilanesberg meteorological station climatic data for 1961-1990............cuuii ittt 14
Table 6: Averaged monthly rainfall for 1935 to 2010 (Shangoni Management Services, 2010) .........cccerreeeirieeenineennieee e 17
Table 7: Mean monthly maxima and minima averaged temperatures for 1935 to 2010 (Shangoni Management
Y=tV oL 0 0 ) PSP RPT PP 17
Table 8: AIMOSPETIC STADIIILY CIASSES. ....cciiiiiiiiii ettt e bbb e e s et e et bt e e nsb e e e b r e e snte e e nnreas 22
Table 9: Union mine dust fallout data for January 2011 t0 JUNE 2012.......ccoiuuiiiiiiiiiiiiie ettt e e e e e eneaeeeas 35
Table 10: IMPACE ANAIYSIS SUMIMIAIY ......uvtiiiiiieiitie ettt ettt e s et e s be e e e as bt e sabe e e s st b e e e as b et e eabe e e e ah b e e e e sk bt e e anbe e e sabe e e e bbeeeaateeennnes 42
FIGURES
Figure 1: Regional location of the proposed NV Mine (Google Earth, February 2013)..........ccooiiiiiiiiiiiiiieeieeee e 1
Figure 2: Overview of proposed processing of ore (SAmManCOr, 2013) ....cccuuiiiiie it 2
Figure 3: Identified sensitive receptors surrounding the NV mine (Map Source: Google Earth)..........cccoviiiiiiiiniiiiicee e 4
Figure 4: Period surface wind roses for the Pilanesberg for the period 2006 — 2009 (Bojanala Platinum District
Municipality AQMP Baseline ASSESSMENT, 2010). ......iiiiuueieiiiieiiiie ettt e et e e s sbb e e e aabeeesneeeesaneeas 15
Figure 5: Thabazimbi rainfall graph for 1935 to 2010 (Shangoni Management Services, 2010) (Rainfall in mm)................... 16
Figure 6: Wind roses from the Thabazimbi Mine for the period 1986 to 1991 (Shangoni Management Services,
1010 ) SO 18
Figure 7: Modelled annual NV Mine wind rose for 2009-201 1. .......ccooi ittt e et e e e s anb e e e e e snbaeeeaeeaanees 19
Figure 8: Modelled diurnal wind roses for the NV Mine with predominant wind directions for 2009-2011...........cccccoocveveviineenne 20
Figure 9: Modelled seasonal wind roses for the NV Mine with predominant wind directions for 2009-2011 .............ccccceeernnenee 21
Figure 10: AtmMOSPNEriC STADIIILY CIASSES .....cciuiiiiiiiie ittt e bt sab et e s bt e e bt e e nane e e s nnnee s 22

Figure 11: Location of ambient air quality monitoring stations in Bojanala Platinum District Municipality in relation
to the NV mine (Bojanala Platinum District Municipality AQMP Baseline Assessment, 2010) .........ccccceeeviiiieeeenn. 23

March 2013 @Guﬁler
Report No. 13614977-11918-4 iii Associates



SAMANCOR - AQIA

Figure 12:

Figure 13:

Figure 14:

Figure 15:

Figure 16:

Figure 17:

Figure 18:

Daily SO2 concentrations (ppb) recorded at the Anglo Platinum Monitoring stations for the period
January 2006 — December 2008 (Red line - National daily standard of 48 ppb. (Bojanala Platinum
District Municipality AQMP Baseline ASSESSMENt, 2010) .......uueiiiiiiiiiieeiiiie ettt abre e 26

Diurnal SO2 concentrations (ppb) recorded at Anglo Platinum Monitoring stations for the period
January 2006 — December 2008 (Bojanala Platinum District Municipality AQMP Baseline Assessment,
20 10 ) TSPV 27

Daily SO2 concentrations (ppb) recorded at Impala Platinum Monitoring stations for the period October
2007 — September 2009 (Red line - National daily standard of 48 ppb (Bojanala Platinum District
Municipality AQMP Baseline ASSESSMENT, 2010). .....cciuuuieiieiiiiiiiie ettt e e e et ee e e e et bt e e e e s e abeseeaeeaaabreeeesaanbreeeaesaanns 27

Diurnal SO2 concentrations (ppb) recorded at Impala Platinum Monitoring stations for the period
October 2007 — September 2009 (Bojanala Platinum District Municipality AQMP Baseline Assessment,
b0 10 ) T T T TSP P TP PP PP 28

Daily PM10 concentrations recorded at the Anglo Platinum Monitoring stations for the period January
2006 — December 2008 (Red line — 2015 national daily standard of 75 pg/m3, pink line — current
national daily standard of 120 pg/m3) (Bojanala Platinum District Municipality AQMP Baseline

ASSESSIMENT, 2000 . .0etiieiiiiiiiee e ettt et e e s sttt e e e e etbereeeseaataeeaea e s staetaae e st baeeaeeaasneaeeeeeeannbaeeeaeeaEbaeeeeeeantateeeeeanntaeeeeeeanns 29
Diurnal PM10 concentrations (ug/m3) recorded at Anglo Platinum Monitoring stations for the period

January 2006 — December 2008 (Bojanala Platinum District Municipality AQMP Baseline Assessment,

100 ) RO O RO 30
Daily PM10 concentrations (ug/m3) recorded at Impala Platinum Monitoring stations for the period

October 2007 — September 2009 (Red line — 2015 national daily standard of 75 pg/m3, pink line —
current national daily standard of 120 pg/m3 (Bojanala Platinum District Municipality AQMP Baseline

F YTt g o= o A2 0 ) T PP EP R PUPPUPPTN 30
Figure 19: Diurnal PM10 concentrations (ug/m3) recorded at Impala Platinum Monitoring stations for the period

October 2007 — September 2009 (Bojanala Platinum District Municipality AQMP Baseline Assessment,

P10 o) ST OO RPN 31
Figure 20: Amandelbult Mine dust fallout data for the period May 2006 to December 2007 ..........ccccovveeriiiieniieenniee e 32
Figure 21: Amandelbult Mine dust fallout data for the period May 2006 to December 2007 .........cccueeieeriiiiiieeeeiiiieee e 33
Figure 22: BCR dust fallout monitoring network in relation to the NV MINE. .........uuiiiiiiiiii e 34
Figure 23: BCR dust fallout data for the period 11/10/2012 t0 09/01/2013.........cceiiiiiiiiiieiieee et 34
Figure 24: Union mine dust fallout monitoring 10Cations (SGS, 2011) ........ciiiiiiiiiiiiae ittt e et e e e e e e s s sereeeaeeanees 35
Figure 25: Graphic representation of the union mine dust fallout data for January 2011 to June 2012............ccccveiiieeeniineenne 36
Figure 26: Local mining sources (red stars) and local industrial sources (orange stars) in relation to the NV mine.................. 38
APPENDICES
APPENDIX A

Document Limitations

March 2013 @Guﬁler
13614977-11918-4 iv Associates

Report No.



SAMANCOR - AQIA

1.0 INTRODUCTION

Samancor (Pty) Ltd (‘Samancor’) approached Golder Associates Africa (Pty) Ltd (‘GAA’) to undertake a
specialist air quality assessment and meteorological overview for the environmental authorisation processes
for the proposed Varkenvlei/Nooitgedacht mine near Thabazimbi.

2.0 PROJECT BACKGROUND

The proposed Varkenvlei/Nooitgedacht mine (NV mine) is located approximately 47km south-west of
Thabazimbi, 80km north of Rustenburg and 15 km north-west of the R510 and the town of Northam. The
proposed mining area straddles the provincial boarder between the North West and Limpopo provinces
(Figure 1).

o Thabazimbi

samancor Haakdaoornd rift

.

Figure 1: Regional location of the proposed NV Mine (Google Earth, February 2013)

2.1  Summary Description of Proposed Facilities / Activities
2.1.1 Mining

The proposed mining operation will be done by means of a conventional truck and shovel operation with
drilling and blasting via a single benching method. The mining bench will be planned at 3 m to 5 m intervals
with a catchment berm at 6 m intervals making the effective bench stack height 4 m. The first 18 m bench will
be mined or excavated in four 4 m half benches or interim benches (this will depend on the equipment used).
There after the second bench of 12 m will be mined or excavated in three 4 m benches. The final bench will
be 10 m and will be mined or excavated in three 3 m half benches. This would conclude the final footprint
and mineable depth of the opencast mining operation.

During blasting, the pit highwall will be protected against blast induced fracturing by one of two methods:

The first method is pre-split blast holes closely spaced for the first drill line, close to the final highwall;

! and
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The second method is the planning of shorter blast holes (and thus shorter drilling benches of 12 m
versus 24 m) slightly angled away from the highwall (90° drilling angle). The 10 m blast-hole depth will
reduce the explosive gas expansion and ground vibration that influences crack initiation and migration
on the final highwall of the pits. The highwall will have a pushback of 6° to 7° or 83° degrees vertical.

All overburden and waste rock will be placed away from chrome sub-outcrop positions, on the highwall side
of the maximum highwall position.

2.1.2 Basic processing plant design

There will be no beneficiation plant for this operation and thus the ore processing will consist of crushing and
screening provide various saleable products. Waste materials will be deposited on waste rock dumps and
later backfilled into the opencast void. Figure 2 depicts a schematic flow sheet and description of the major
items in the proposed plant.

Mobile Crushing & Screening

'. S +100mm 1
1 k/ 3

.1‘5y2 :

1 — Mobile Crushing Plant

2 — Mobile Triple Deck Screen
3 — Oversize returns to 1
-15mm +&mm
4 - Lumpy Stockpile
5 - Small Lumpy Stockpile

q

6 — Chips Stockpile
7 — ROM Fines

=6mm +1mm

Figure 2: Overview of proposed processing of ore (Samancor, 2013)

The major items of equipment that will be used in the mobile plant are the following:

A mobile / moveable crushing unit will crush the oversized ROM ore that exceeds +100 mm after it has
passed over the screen;

Front loaders and dump trucks will be used to transport the ROM ore and products in the following three
main areas;

8 ROM ore from opencast to the ROM screening area;
§ Between the different sizing / screening steps; and
§ Final products to the various product stockpiles based on size and quality.

Front loaders will be used to feed ROM material onto conveyor the screen; and

March 2013 Golder
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i Screens will be used to separate the ROM material into different sizes as final product.

2.2 Land Use and Sensitive Receptors
Land uses in the area include the following:

+  Subsistence farming (crop & cattle);
i Mining opertions;

i Residential townships and villages;
: Nature reserves;

i Eco tourism lodges; and

i An extensive network of good quality gravel access roads.

The following are identified as the nearest sensitive receptors (Figure 3):

The farm located about 4km to the north;

Kraalhoek village, approximately 4.5km to the west-north-west;

i The Swartklip residential areas located approximately 2.5km to the east-north-east and approximately
3.8km to the east-south-east;

j Mantserre village approximately 2.8 km to the west-south-west;

i Mopyane village approximately 5.7 km to the west-south-west;

i Sesfikele village approximately 9.6 km to the south-east;

i Ga-Ramosidi village approximately 9.7 km to the south-south-east;
i Northam town approximately 14.8 km to the south-south-east; and

i Mojuteng village approximately 14.7 km to the south-south-east.
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Swarnkkliprys

Samancongd/arkensule /&ikamtgedacht

Morthan f:I '
i

GaFamaosid

Figure 3: Identified sensitive receptors surrounding the NV mine (Map Source: Google Earth)

2.3 Topography

The Northam region is generally a mountainous area, particularly towards the north and west of the project
area. To the south the area is dominated by the Pilanesberg volcanic crater.

3.0 STUDY APPROACH AND METHODOLOGY

3.1 Background literature review

A background literature review was conducted of various doccuments to gain an overview of the proposed
project, and the typical regional climate and expected meteorological conditions. Documentation reviewed
included the following:

i Air quality assessment for the Ruighoek Chrome Mine (Report no.: app/07/gaa-02) compiled by Airshed
Planning Professionals (Pty) Ltd, April 2007;

i Environmental impact assessment for the proposed Ruighoek open cast chrome mine, North West
Province; Environmental Impact Assessment Report and Environmental Management Programme
(Report No. 8459/9335/2/E), Golder Associates Africa (Pty) Ltd, 2007

i Environmental Impact assessment for the ammendment of the existing Environmental Management
Programme to reflect the new processing plant at Batlhako Mining’s Ruighoek Open Cast Chrome mine
near Pilanesburg, North West Province, EMP Amendment (Report n0.12427-9821-2); August 2010;

i The Bojanala Platinum District Municipality AQMP Baseline Assessment, compiled by Gondwana
Environmental Solutions (Pty) Ltd, October 2010.

i Air quality assessment for the Ruighoek Chrome Mine Expansion (Report no: 11615991-11261-3)
compiled by Golder Associates Africa (Pty) Ltd, March 2012;
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:  The Waterberg District Municipality AQMP, compiled by Gondwana Environmental Solutions (Pty) Ltd,
June 20009.

:  Sishen Iron Ore Thabazimbi Mine review and update of the environmental management programme
LP30/5/1/3/2/1(45) and (47)EM, compiled by Shangoni Management Services (Pty) Ltd, 2011,

:  Environmental impact assessment for the proposed PPC Dwaalboom secondary materials co-
processing programme, compiled by Marsh, March 2010,

:  The BCR Nooitgedacht dust fallout report for October 2012, compiled by National Occupational Health
& Safety consultants, October 2012;

:  The BCR Nooitgedacht dust fallout report for November 2012, compiled by National Occupational
Health & Safety consultants, November 2012;

:  The BCR Nooitgedacht dust fallout report for December 2012, compiled by National Occupational
Health & Safety consultants, December 2012;

:  Samancor Chrome Limited Varkenvlei/Nooitgedacht mine Draft Mining Work Programme, February
2013;

:  Thabazimbi Municipality Integrated Spatial Development Framework, Final draft for comments,
Thabazimbi Municipality and Plan Wize Town and Regional Planners, March 2007.

:  SGS, 2011: Monthly dust deposition monitoring progress reports for January 2011 to December 2011;
and

i SGS, 2012: Monthly dust deposition monitoring progress reports for January 2012 to June 2012.

3.2 Baseline assessment

Samancor does not undertaken any ambient air quality monitoring on the proposed NV mining site. The
assessment of the ambient air quality is thus based on available ambient air quality information identified in
the literature review. The meteorological analysis and interpretation will be conducted using MM5 modelled
meteorological data.

3.3 Emission estimations — Qualitative assessment

3.3.1 Methodology

In assessing atmospheric impacts from the proposed activities a qualitative emissions inventory was
developed based on Golders professional experience with air quality impacts relating to mining operations.

3.3.2 Emissions Inventory

The establishment of an emissions inventory forms the basis for the assessment of the impacts of the
proposed project’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.

In regards to this specific air quality assessment for the NV mine, only a qualitative emissions inventory was
developed.

The main emissions from the proposed mining activities are expected to include pollutants such as PMyg,
NO,, SO,, CO, VOC's and Total Suspended Particulates (TSP). However PM,q and TSP are expected to be
the most prevalent emissions (key pollutants) from the following sources:

i The removal of overburden by bulldozers, excavators and graders (i.e. scraping equipment);

i Drilling and blasting within the proposed open pit footprint;
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i The loading and unloading of overburden and chrome bearing ore (i.e materials handling operations);
i Primary and secondary ore crushing and screening with mechanical crushers and screens;

+  Windblown particulate emissions from the overburden stockpiles and waste rock dumps; and

i Vehicles emissions during transporting (trace gas and particulates).

3.4 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. This requires a definition of the magnitude, prevalence, duration,
frequency and likelihood of potential change (DEAT, 2002). The following criteria have been proposed by the
Department of Environmental Affairs (formerly the Department of Environmental Affairs and Tourism) for the
description of the magnitude and significance of impacts (DEAT, 2002).

The consequence of impacts can be derived by considering the following criteria:
i Extent or spatial scale of the impact;

Intensity or severity of the impact;

+  Duration of the impact;

i Potential for mitigation;

i Acceptability;

: Degree of certainty/probability;
i Status of the impact; and

i Legal requirements.

Potential impacts were assessed using the calculations and rating system, as provided in Table 1 and Table
2.
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Table 1: Impact ranking matrix

Occurrence

Severity

Probability of occurrence Duration of occurrence

Magnitude (severity) of
impact

Scale / extent of impact

Note: To assess each impact, the following four ranking scales are used

PROBABILITY

DURATION

5 - Definite/don’t know

5 - Permanent

4 - Highly probable

4 - Long-term

3 - Medium probability

3 - Medium-term (8-15 years)

2 - Low probability

2 - Short-term (0-7 years) (impact ceases after the
operational life of the activity)

1 - Improbable

1 — Immediate

0 - None

SCALE

MAGNITUDE

5 - International

10 - Very high/don’t know

4 - National 8 - High

3 - Regional 6 - Moderate
2 - Local 4 - Low

1 - Site only 2 - Minor

0 - None

The significance of the two aspects, occurrence and severity, is assessed using the following formula:

SP (significance points) = (magnitude + duration + scale) x probability

The maximum value is 100 significance points (SP). The impact significance points are assigned a rating of
high, medium or low with respect to their environmental impact as follows (Table 2):

Table 2: Significance ratings

An impact which could influence the decision about whether or

SP >75 not to proceed with the project regardless of any possible
mitigation.
Indicates moderate An impact or benefit which is sufficiently important to require
SP30-75 environmental management and which could have an influence on the decision
significance unless it is mitigated.
Indl_cates (05 Impacts with little real effect and which should not have an
SP <30 environmental . : e . )
o influence on or require modification of the project design.
significance
+ An impact that is likely to result in positive consequences/effects.
March 2013 - Golder
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4.0 APPLICABLE AIR QUALITY STANDARDS, LEGISLATION,
GUIDELINES AND PROJECTS

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

The NEMA: AQA 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.

The NEMA: AQA 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 NEMA: AQA 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 NEMA:
AQA, 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’. Based on the information supplied
to Golder at the time of writing this report, it would appear that none of the activities associated with the
proposed mine and associated infrastructure do not trigger any listed activities under Section 21 of NEMA:
AQA. It therefore appears that the project will not require the issue of an AEL and need not comply with any
specific emission limits listed in NEMA: AQA. The project emissions will however contribute to ambient air
quality loads/concentrations and may impact on human health and the broader environment.

4.2  SAAQIS (South African Air Quality Information System)

South African ambient air quality and emissions data have in the past, always been recorded, maintained
and managed in a fragmented manner. In order to address this shortfall, the National Department of Water
and Environmental Affairs (DWEA) (the old Department of Environmental Affairs and Tourism - DEAT)
initiated the South African Air Quality Information System (SAAQIS). The ultimate aims of SAAQIS are to:

i Aid alignment of South African air quality management practices with the requirements of the new
National Environmental Management: Air Quality Act (Act No. 39 of 2004) (NEMA: AQA);

i Provide a central repository (“one-stop shop”) for users to get an overview of what air and atmospheric
quality information exists;

i Provide centralised, verified applications for practical implementation of the NEMA: AQA to facilitate
compliance with norms and standards by the different stakeholders;

i Foster vertical integration of the three spheres of government - national, provisional and local with
regard to air quality information; and

i Provide flexible technological solutions allowing for the utilisation of various current and future air quality
management solutions for different stakeholders.

SAAQIS is housed and maintained by the South African Weather Service (SAWS).

4.3  Ambient air quality standards

The South African ambient air quality standards for common pollutants were published in the Government
Gazette, No. 32816 on 24 December 2009 (Table 3). These standards prescribe the allowable ambient
concentrations of pollutants which are not to be exceeded during a specified time period in a defined area. If
the standards are exceeded, the ambient air quality is defined as poor and potential adverse health impacts
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are likely to occur. If authorised to operate, the NV Mine emissions contributions to the ambient air quality
levels must not exceed or cause exceedences of the ambient air quality standards.

Table 3: South African Ambient Air Quality Standards for Criteria Pollutants

. . . Frequency
Pollutant AvPeerrf?g:jng Ll?wlt/\rﬁ]%l)ue L'm(lt \g:;lue of Compliance Date
Hg P Exceedance
@ 1 hour 200 106 88 Immediate
NO, -
1 year 40 21 0 Immediate
Immediate — 31 December
24 hour 120 - 4 2014
BM.. ® 24 hour 75 - 4 1 February 2015
10 1 vear 50 i 0 Immediate — 31 December
y 2014
1 year 40 - 0 1 February 2015
0,0 8 hours 120 61 11 Immediate
(running)
Lead (Pb) 1 year 0.5 - 0 Immediate
1 hour 30000 26000 88 Immediate
co (e) 8 hour
(calculated on 10000 8700 11 Immediate
1 hourly
averages)
Immediate — 31 December
Benzene 1 year 10 3.2 0 2014
(CeHe) @
1 year 5 1.6 0 1 February 2015
10 minute 500 191 526 Immediate
© 1 hour 350 134 88 Immediate
SO, -
24 hours 125 48 4 Immediate
1 year 50 19 0 Immediate
24 hours 65 i 0 Immediate — 31 December
2015
24 hours 40 i 0 1 January 2016 — 31
December 2029
oM, 24 hours 25 - 0 1 January 2030
20 1 year 25 i 0 Immediate — 31 December
2015
1 year 20 i 0 1 January 2016 — 31
December 2029
1 year 15 - 0 1 January 2030
Notes:
a. The reference method for the analysis of NO; shall be ISO 7996
b.  The reference method for the determination of the particulate matter fraction of suspended particulate matter shall be EN 12341
c. The reference method for the analysis of ozone shall be the UV photometric method as described in ISO 13964
d. The reference method for the analysis of lead shall be ISO 9855
e. The reference method for analysis of CO shall be ISO 4224
f.  The reference methods for benzene sampling and analysis shall be either EPA compendium method TO-14 A or method TO-17
g. The reference method for the analysis of SO, shall be ISO 6767
h. The World Health Organization (WHO) sets out an annual and 24-hour average guideline for PM,s of 25 ug/m®.
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4.4  Proposed Draft National Dust Control Regulations

At this current point in time, there are no legislated standards or final regulations in terms of allowable dust
fallout rates. Furthermore there is no national standard in terms of the methodology for dust fallout
monitoring, nor in terms of the equipment design. The Department of Environmental Affairs and Tourism
(DEAT) (now Department of Water and Environmental Affairs) published guideline values for allowable dust
fallout which have been accepted by the Department of Minerals and Energy (DME) as the reference fallout
rates for dust deposition for the purpose of Environmental Management Programme Reports (EMPR’s)
(Table 4).

Table 4: DEAT dust fallout guidelines as per SANS 1929.

Classification Dust fallout averaged over 1
month (30-day average)
(mg/m?/day)
Very Heavy > 1200
Heavy 500 - 1200
Moderate 250 — 500
Slight <250

On 7" December 2012 the Department of Water and Environmental Affairs (DWEA), published new
proposed Draft National Dust Control Regulations for public comment (Government Gazette no 35931)
(replacing those as set in Table 4) . Although these have not been promulgated as yet, due consideration
should be given to them in terms of potential future legislative requirements and the impact on the
Haakdoorndrift mining operations. In this regard, the draft regulations propose the following:

i Acceptable dust fallout rates as measured (using ASTM D1739:1970 or equivalent) at and beyond the
boundary of the premises where dust originates:

§  For residential areas, dust fallout < 600 mg/m?/day averaged over 30 days. Permitted frequency of
exceedances is two per year, not sequential months; and/or

8 For non-residential areas, dust fallout < 1200 mg/mZ/day averaged over 30 days. Permitted
frequency of exceedances is two per year, not sequential months.

i Any person who conducts any activity to give rise to dust in quantities and concentrations exceeding
these standards must within a year of publication of the regulations submit a monitoring report to the air
quality officer. The monitoring report is to include the following information as a minimum:

8 Location of the samples including a coordinate reference on a topographic map and the proximity to
residential and non-residential areas;

Classification of the sampling site as residential or non-residential;
Meteorological data of the sampling area;

Other information which might influence the results; and

w W w W

The dust fallout results.

+  Any person who has exceeded the standard must within three months of submission of the dust
monitoring report develop a dust management plan. The dust management plan is to include the
following information as a minimum:

§ Identify all possible sources of dust within the affected areas; and

§ Detail best practice measures to control the dust.
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: If the dust fallout monitoring programme indicates towards non-compliance, the air quality officer may
require the person to institute permanent online PM;, monitoring.

4.5  Air Quality Management Planning Projects

The Waterberg District Municipality is currently associated with relatively good air quality however due to
increasing concentrations of industry, mining, power generation and other non-industrial and rapid population
growth, the ambient air quality may be at risk of following a trend of degeneration. For this reason, the
Minister of Environmental Affairs declared the region a priority area, namely the Waterberg Priority Area

(WPA).

The primary motive of the WPA declaration is to protect, achieve and maintain compliance with the national
ambient air quality standards across the WPA, using the constitutional principal of progressive realisation of
air quality improvements (DEAT, 2007). The WPA Air Quality Management Plan thus allows for the
alignment of air quality practices with legal and regulatory requirements to ensure air quality management
planning is implemented effectively (DEAT, 2007). Similarly as areas of the NV Mine fall within the Bojanala
Platinum District Municipality they will also have align with the air quality practices with legal and regulatory
requirements as detailed in the Bojanala Platinum District Municipality Air Quality Management Plan.

As the proposed NV Mine straddles the boundary of both the Bojanala Platinum District Municipality and
Waterberg District Municipality, the mine is thus required to operate within the air quality requirements of
both the WPA Air Quality Management Plan and the Bojanala Platinum District Municipality Air Quality
Management Plan.

4.6 Key Pollutant and Associated Health Effects

46.1 Particulates

Particles can be classified by their aerodynamic properties into coarse particles, PM;, (particulate matter with
an aerodynamic diameter of less than 10 ym) and fine particles, PM, s (particulate matter with an
aerodynamic diameter of less than 2.5 ym) (Harrison and van Grieken, 1998). The fine particles contain the
secondarily formed aerosols such as combustion particles, sulphates, nitrates, and recondensed organic and
metal vapours. The coarse particles contain earth crust materials and fugitive dusts from roads and
industries (Fenger, 2002).

The impact of particles on human health is largely dependent on the particle characteristics, particle size,
chemical composition, the duration, frequency and magnitude of the exposure/s. Typically, particulate air
pollution is associated with respiratory complaints (WHO, 2000). Particle size is important because it controls
where in the respiratory system a given particle deposits. Fine particles are thought to be more damaging to
human health than coarse particles as larger particles are less respirable in that they do not penetrate deep
into the lungs, compared to smaller particles (Manahan, 1991). Larger particles are deposited into the extra-
thoracic part of the respiratory tract, while smaller particles are deposited into the smaller airways leading to
the respiratory bronchioles (WHO, 2000).

Acute exposure

Studies have proven that acute exposure to particulate matter at both high and low concentrations is
associated with health effects. Various studies undertaken during the 1980s to 1990s have investigated the
relationship between daily fluctuations in particulate matter and mortality at low levels of acute exposure.
Pope et al (1992) studied daily mortality in relation to PM;o concentrations in the Utah Valley during 1985 to
1989. A maximum daily average concentration of 365 pg/m3 was recorded with effects on mortality observed
at concentrations below 100 ug/ms. The increase in total daily mortality was 13% per 100 pg/m3 increase in
the 24 hour average. Schwartz’s 1993 studies in Birmingham, recorded daily concentrations of 163 ug/m3
and noted that an increase in daily mortality was experienced with increasing PMo concentration levels.
Relative risks for chronic lung disease and cardiovascular deaths were higher than deaths from other
causes.

Overall, exposure-response can be described as curvilinear, with small absolute changes in exposure at the
low end of the curve having similar effects on mortality to large absolute changes at the high end
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(WHO, 2000).Morbidity effects associated with acute exposures to particulates include increases in lower
respiratory symptoms, medication use and small reductions in lung functioning. Pope and Dockery (1992)
studied groups of children in Utah Valley in winter during the period 1990 to 1991. Daily PM;q concentrations
ranged between 7 to 251 ug/m3. Peak Expiratory Flow was decreased and respiratory symptoms increased
when PMy, concentrations increased. Pope and Kanner (1993) utilised lung function data obtained from
smokers with mild to moderate chronic obstructive pulmonary disease in Salt Lake City. The estimated effect
was a 2% decline in the forced expiratory volume over one second for each 100 pg/m3 increase in the daily
PM,o average.

Chronic exposure

Chronic exposure to low concentrations of particulates is associated with mortality and other chronic effects
such as increased rates of bronchitis and reduced lung functioning (WHO, 2000). An association between
lung function and chronic respiratory disease and airborne particles has been indicated through several
studies. Chestnut et al (1991) found that forced vital capacity decreases with increasing annual average
particulate levels with an apparent threshold of 60 ug/m3. Using chronic respiratory disease data, Schwartz
(1993) determined that the risk of chronic bronchitis increased with increasing particulate concentrations,
with no apparent threshold.

Few studies have been undertaken documenting the morbidity effects of chronic exposure to particulates.
Recently, the Harvard Six Cities Study showed increased respiratory illness rates among children exposed to
increasing particulate, sulphate and hydrogen ion concentrations. Relative risk estimates suggest an 11%
increase in cough and bronchitis rates for each 10 pg/m3 increase in annual average particulate
concentrations.

5.0 BASELINE AIR QUALITY ASSESSMENT
5.1 Regional Climate

The NV Mine 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. 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
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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.

5.2 Meteorological Overview

Samancor does not undertake any meteorological monitoring at the proposed NV Mine site and thus the
statistics provided below are based on available literature from the region (Pilanesberg and Thabazimbi
regions) and MM5 modelled meteorological data.

Notes:

i Precipitation reduces erosion potential by increasing the moisture content of erodible materials. This
represents an effective mechanism for removal of atmospheric pollutants and is therefore considered
during air pollution studies.

i Ambient air temperature is a key factor affecting both plume buoyancy and the development of mixing
and inversion layers. The greater the difference in temperature between the plume and the ambient air,
the higher the plume is able to rise.

i 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 Golder developed wind roses, wind speed is represented in classes, 1 to 2 m/s in blue, 2 to
4 m/s in green, 4 to 6 m/s in yellow 6 to 10 m/s in orange and > 10 m/s in red. Each dotted circle
represents a percentage frequency of occurrence.

i For actual site specific monitoring data a minimum of 80 % data capture is required to achieve minimum
data quality assurance for data manipulation and summary (SANAS R07-01).

5.2.1 Pilanesberg meteorology

The Pilanesberg meteorological station is located at the Pilanesberg airport, approximately 46km south of
the NV Mine (25°20' S 27°10' E). A summary of the climatic data for the period 1961 to 1990 is presented in
Table 5.

It is assumed that the data recorded at the Pilanesberg airport will be relatively similar to the experienced
conditions at the NV mine due to their close proximity to each other however the Pilanesburg mountain
crater may induce some degree of influence on the data due to the topography of the area and thus there
may be some variances.

5.2.1.1 Precipitation

Based on the observed data (30 year record), the region receives most of its rainfall during the period of
December to February. Rainfall of approximately 519mm is experienced annually in the region with the
majority of rainfall events being experienced during mid-summer. Rainfall experienced is typically in the form
of short, intense thunderstorms.
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5.2.1.2 Temperature

Based on the observed data (30 year record) (Table 5), average daily temperatures typically range from
12°C to 28°C (averaged maxima and minima). The region is typically coldest during July when the mercury
drops to 2°C on average during the night and hottest during January when the mercury rises to 32°C on
average during the midday and early afternoon period.

Table 5: Pilanesberg meteorological station climatic data for 1961-1990
(http://old.weathersa.co.za/Climat/Climstats/PilansbergStats.jsp)

Temperature ( ° C) Precipitation
Average | Highest
| g | R | | o S e |
Maximum | Minimum (mm) with >= | Rainfall
Imm (mm)
January 39 32 19 14 78 10 65
February 39 31 18 10 71 8 51
March 39 30 16 8 58 8 50
April 36 27 12 3 38 6 42
May 31 25 7 -1 6 1 23
June 28 22 3 -5 12 2 23
July 27 22 2 -4 1 10
August 32 26 6 -1 5 1 15
September 35 28 11 2 25 4 37
October 37 30 15 6 57 7 44
November 40 31 16 9 61 10 42
December 39 31 18 10 105 12 55
Year 40 28 12 -5 519 69 65
5.2.1.3 Wind speed and direction

From wind roses from the Pilanesberg, the dominant wind direction is identified as being from the north
(Figure 4).
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Figure 4: Period surface wind roses for the Pilanesberg for the period 2006 — 2009 (Bojanala Platinum District

Municipality AQMP Baseline Assessment, 2010).

5.2.2 Thabazimbi meteorology

Note: The presented meteorological data is specific to the Thabazimbi area surrounding the Thabazimbi
mine however the actual monitoring station information and exact location could not be verified as this

information was not detailed in the literature source.

It is assumed that the data recorded in the Thabazimbi region will be relatively similar to the experienced
conditions at the NV mine due to their close proximity to each and possibly more representative than the
Pilanesburg data due to the lack of the influence of the Pilanesberg mountain crater on the metrology.

Nevertheless, there may still be some variances.

5.2.2.1 Precipitation

Based on the observed data (75 year record) (Figure 5), the region receives most of its rainfall during the
period of October to April (Table 6). Rainfall of approximately 542mm is experienced annually in the region
with the majority of rainfall events being experienced during mid-summer. Rainfall experienced is typically in

the form of short, intense thunderstorms.
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Figure 5: Thabazimbi rainfall graph for 1935 to 2010 (Shangoni Management Services, 2010) (Rainfall in mm).

5.2.2.2 Temperature

Based on the observed data (75 year record) (Table 7), average daily temperatures typically range from
17°C to 30°C (averaged maxima and minima). The region is typically coldest during June and July when the
mercury drops to below 0°C during the night and hottest during January when the mercury rises to above
40°C during the midday and early afternoon period.

5.2.2.3 Wind speed and direction

From wind roses from the Thabazimbi Mine for the period 1986 to 1991, the dominant wind direction is
identified as being north-east. During winter, wind roses indicate that the dominant wind direction may shift to
the south and south-east (Shangoni Management Services, 2010) (Figure 6).
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Table 6: Averaged monthly rainfall for 1935 to 2010 (Shangoni Management Services, 2010)

Month Averaged rainfall
(mm)
January 125.32
February 102.64
March 81.88
April 41.03
May 14.41
June 8.12
July 2.60
August 3.75
September 12.32
October 48.15
November 86.15
December 121.72

Table 7: Mean monthly maxima and minima averaged temperatures for 1935 to 2010 (Shangoni
Management Services, 2010)

Month Mean Max temp. (°C) | Mean Min temp. (°C)
January 334 20.7
February 32.3 21.1

March 31.9 19.0

April 29.3 16.6
May 27.3 12.8
June 25.1 10.1
July 25.1 111
August 27.9 14.4
September 29.8 17.6
October 31.9 19.9
November 32.0 20.4
December 31.6 20.7
Ave. 29.8 17.0
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Figure 6: Wind roses from the Thabazimbi Mine for the period 1986 to 1991 (Shangoni Management Services, 2010)

5.2.3 MM5 Modelled Meteorological Data for the NV Mine site

The site specific meteorological overview for the NV Mine was based on the analysis of the MM5 modelled
meteorological for 2009-2011. The analysis of the data is assumes and expected to be representative of the
actual experienced meteorological conditions on site.

The MM5 data modelling process achieved 100% data recovery thus minimum data quality assurance for
data manipulation and summary (SANAS R07-01) is met.

5.2.3.1 Wind rose for the modelled period

Winds at the NV Mine are expected to originate equally from the east-south-east (12.5% of the time) and
east (9.5 % of the time) (Figure 7). Wind speeds are low to moderate, with a low percentage (19.24%) of
calm conditions (<1 m/s).
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Figure 7: Modelled annual NV Mine wind rose for 2009-2011.
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5.2.3.2 Diurnal wind roses
A very slight diurnal variation in wind is observed during the monitoring period (Figure 8).

MORTH MORTH

\ ,l.'l.r‘_l.:' SEE-1 N ) L PR ’ S .l.'lur"_l.:' SEE-1
.-.--1|-- .'." - T ' .-d.--1|--

. B oo ocua L B oo

w=UH 4L B w=UH 4L B

Ll el 1EmT Liale o, TEIENE

00:00 to 05:59 06:00 to 11:59
ESE 13.5 % of the time ESE 18 % of the time
E 12 % of the time E 12.5 % of the time
MORTH . _

MORTH .

- Ik SER -1 . e W Ik SER -1
MU ) : . MU
[ EETRETE S - [ EETRETE
L [ ] L [ ]
HUIH T HUIH T
| BN Mmoo
I R I R
Ll s, TS

12:00 to 17:59 18:00 to 23:59
ESE 11.5 % of the time E 9.25 % of the time
SE 11 % of the time ESE 8.75 % of the time

Figure 8: Modelled diurnal wind roses for the NV Mine with predominant wind directions for 2009-2011
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5.2.3.3 Seasonal wind roses
A significant seasonal variation in wind is observed during the monitoring period (Figure 9).
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Figure 9: Modelled seasonal wind roses for the NV Mine with predominant wind directions for 2009-2011
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5.24 MM5 modelled meteorological data cross-check & confidence

In comparing the annual wind roses for the Pilanesberg (Figure 4) and the MM5 modelled data wind rose for
the NV Mine (Figure 7), it is clear that the outputs are not consistent with each other. Similarly, in when
comparing the annual wind roses for the Thabazimbi region (Figure 6) and the MM5 modelled data wind
rose for the NV Mine (Figure 7), the outputs are found not to be consistent.

This is probably due to the meteorological conditions throughout the District being strongly influenced by the
underlying topography in the region (Bojanala Platinum District Municipality AQMP Baseline Assessment,
2010). Due to the uncertainty in this regard, and with the application of the precautionary principal, a low
level of confidence is thus instilled in the MM5 modelled data.

In order to obtain a better understanding (an accurate site specific account) of the meteorological conditions
on site, Samancor should install and operate a professional meteorological station (required data accuracy of
1-2%) on a continuous basis.

5.3 Boundary Layer Properties and Atmospheric Stability

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 1550 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 8.

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. 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.

Table 8: Atmospheric stability classes

Designation Stability Class Atmospheric Condition

A Very unstable Calm wind, clear skies, hot daytime conditions

B Moderately unstable Clear skies, daytime conditions

C Unstable Moderate wind, slightly overcast daytime conditions
D Neutral High winds or cloudy days and nights

E Stable Moderate wind, slightly overcast night-time conditions
F Very stable Low winds, clear skies, cold night-time conditions

Figure 10: Atmospheric stability classes
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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.

5.4 Regional ambient air quality overview

Limited air quality monitoring information is available in the both the Waterberg and Bojanala Platinum
Districts, which makes it difficult to accurately quantify the current state of the air quality in the District
(Gondwana Environmental Solutions, 2009 & 2010). Additionally, Samancor does not undertake any ambient
air quality monitoring in the vicinity of the proposed NV mine and the project site is relatively remote and thus
very little ambient air quality information is available as most of the monitoring networks are located in the
urban areas (i.e. Rustenburg) and/or on the larger mines such as Impala Platinum, Lonmin Platinum and
Anglo Platinum (located approximately 60km to 90km’s south-south-east of the proposed NV Mine) or at the
power generation facilities such as the Matimba Power Station (Figure 11). Data recorded at these stations,
although a very long distance from the proposed NV Mine may be used to infer a high level regional air
overview for the region.

LI

Bl Beta

Thoksacim

NV Mine

Buo)anmala Plafirmsm

Falvairme

':‘..i'fa‘ *

Momitzrng Seations

AW TH-IEST ogale City

& Angho Pamnur
Imngaia Fiabnors

® Lonmn Fla
Fustgnburg

Deids ok i

Figure 11: Location of ambient air quality monitoring stations in Bojanala Platinum District Municipality in relation to the
NV mine (Bojanala Platinum District Municipality AQMP Baseline Assessment, 2010)

A regional overview of the ambient air quality situation is thus provided using:

i The available ambient air quality monitoring data contained in the Bojanala Platinum District
Municipality Air Quality Management Plan Baseline Assessment, compiled by Gondwana
Environmental Solutions (Pty) Ltd in 2010;
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+  The available ambient air quality monitoring data contained in the Waterberg District Municipality
AQMP, compiled by Gondwana Environmental Solutions (Pty) Ltd in 2009; and

i Other available literature and data from the region.
54.1 Brief regional station siting rationale

The Impala Platinum air quality monitoring network consists of five stations which were commissioned in
2008:
+  Services Station: Located close to the smelter;

- Luka Station: Located on the lease area;
- Boshoek Station: Located off the lease area;
+  Lebone station: Located at the Lebone Primary School; and

- Shaft 7 Station: Located close to shaft 7.

These stations all measure PM,q, SO, and suite of meteorological parameters. The station siting rationale is
not detailed in the Bojanala Platinum District Municipality Air Quality Management Plan Baseline
Assessment however it is assumed that they have been sited to monitor the Impala Platinum operational
impacts on site and at sensitive receptors (i.e. Lebone Primary School).

The Lonmin Platinum air quality monitoring network consists of six stations (two decommissioned):

: Base Metal Refinery (BMR): Located at the sewerage package plant adjacent to the BMR plant main
access gates;

: K4 Concentrator (decommissioned);

:  Karee Mine: Located at the training centre at the Karee mine;

:  Wonderkop: Located in the Wonderkop village at a school;

+  Western Platinum Limited (WPL) (decommissioned & relocated to Wonderkop); and

:  Eastern Platinum Limited (EPL), Located at the EPL offices.

In terms of the current active stations, the BMR station monitors PM,o, SO, and suite of meteorological
parameters. The Wonderkop station monitors PM;, PM, 5, SO, and suite of meteorological parameters.
Karee mine and EPL stations both monitor PM;o, PM, 5, and suite of meteorological parameters. All of
Lonmin’s monitoring stations were sited to monitor operational impacts on site, at sensitive receptors (l.e.
Wonderkop village).

The Anglo Platinum air quality monitoring network consists of seven stations:
:  Bergsig Station: Located at Bergsig High School;

:  Waterval Station: Located at Waterval Village;

+  Brakspruit Station;

: Klipfontein Station: Located in Klipfontein Village;

: Hexrivier Station: Located on the lease area; and

- Paardekraal Station: Located on the lease area.
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These stations all measure PM,o, SO, and suite of meteorological parameters. The station siting rationale is
not detailed in the Bojanala Platinum District Municipality Air Quality Management Plan Baseline
Assessment however it is assumed that they have been sited to monitor Anglo Platinum’s operational
impacts on site and at several sensitive receptors (i.e. Klipfontein village, Bergsig high school etc).

Rustenburg Local Municipality has an air quality monitoring network consists of four stations:
i Boikekong;

i City Centre;

i Marikana; and

i Thlabane.

These stations all measure PM,y, SO,, NO, NO,, NO, O3, CO, BTEX and suite of meteorological parameters.
Their siting is based on the monitoring requirements of the Air Quality Act for a Local Municipality to ensure
that the ambient air quality is monitored in the residential areas (a representative sample set approach)
throughout the municipality. According to the Bojanala Platinum District Municipality Air Quality Management
Plan Baseline Assessment, insufficient data recovery was achieved at these stations and thus the minimum
data quality assurance for data manipulation and summary (SANAS R07-01) is not met. The analysis and
display of this data is thus excluded from this assessment.

5.4.2 Regional ambient SO, concentrations

Ambient SO, concentrations for the period January 2006 to September 2009 (where available) are presented
below bases on the available information from the Bojanala Platinum District Municipality Air Quality
Management Plan Baseline Assessment.

5421 Anglo Platinum

Daily average SO, concentrations at Anglo’s monitoring network generally fall below the national SO, daily
average standard (48 ppb) over the monitoring period and exceedances are experienced infrequently
(Figure 12). A distinct seasonal shift is not evident in SO, concentrations although elevated concentrations
are observable during the winter period at several stations. These elevate levels are expected during this
period due to the increase demand for space heating in the residential areas and increased prevalence of
biomass burning attributed to wild fires.

Diurnal SO, concentrations across Anglo’s monitoring network display an industrial signature trend

(Figure 13). This signature is indicated by the emissions peaks between (approximately) 07:00 and 13:00
which cannot be attributed to a domestic fuel burning signature which typically displays two peaks (Typically
one in the morning 07:00 to 10:00 and in the late afternoon, early evening 18:00 to 22:00. The evening peak
is typically of higher amplitude than the morning peak). It is likely that the displayed industrial signature is the
result of emissions from tall stacks.

During the evening period, elevated sources emitting above or within the surface inversion are prevented
from reaching the ground level, hence the experienced low surface concentrations during these periods.
During the day, increased convection erodes the surface inversion and allows for the vertical down mixing of
elevated emission plumes. The down mixing gives rise to the elevated ground level concentrations during
the mid-morning and early afternoon period (i.e. the observed industrial peak trend).

5.4.2.2 Impala Platinum

Daily average SO, concentrations at Impala’s monitoring network generally fall below the national SO, daily
average standard (48 ppb) over the monitoring period and exceedances are experienced relatively
infrequently (Figure 14). A distinct seasonal shift is not evident in SO, concentrations although elevated
concentrations are observable during the winter period at several stations. These elevate levels are
expected during this period due to the increase demand for space heating in the residential areas and
increased prevalence of biomass burning attributed to wild fires.
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Diurnal SO, concentrations across Impala’s monitoring network appear to display a combined domestic fuel
burning and industrial signature trend (Figure 15). The domestic fuel burning trend is indicated by the
emissions peaks between (approximately) 05:00 and 10:00 and the peak during 17:00 and 22:00. The
Industrial trend is indicated by the amplitude of the morning peak which far exceeds the evening peak which
is not the typical norm with a pure domestic fuel burning signature (i.e. It appears that the industrial trend is

superimposed during the morning domestic fuel burning peak).
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Figure 12: Daily SO2 concentrations (ppb) recorded at the Anglo Platinum Monitoring stations for the period January
2006 — December 2008 (Red line - National daily standard of 48 ppb. (Bojanala Platinum District Municipality AQMP

Baseline Assessment, 2010)
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Figure 13: Diurnal SO2 concentrations (ppb) recorded at Anglo Platinum Monitoring stations for the period January 2006
— December 2008 (Bojanala Platinum District Municipality AQMP Baseline Assessment, 2010).
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Figure 14: Daily SO2 concentrations (ppb) recorded at Impala Platinum Monitoring stations for the period October 2007 —
September 2009 (Red line - National daily standard of 48 ppb (Bojanala Platinum District Municipality AQMP Baseline
Assessment, 2010).
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Figure 15: Diurnal SO2 concentrations (ppb) recorded at Impala Platinum Monitoring stations for the period October
2007 — September 2009 (Bojanala Platinum District Municipality AQMP Baseline Assessment, 2010).

54.3 Regional ambient PM;o concentrations

Ambient PM,o concentrations for the period January 2006 to September 2009 (where available) are
presented below bases on the available information from the Bojanala Platinum District Municipality Air
Quality Management Plan Baseline Assessment.

5.4.3.1 Anglo Platinum

Daily average PMj, concentrations at Anglo’s monitoring network are elevated and often exceed the current
daily average standard (120 ug/ms) and the 2015 daily average standard (75 pg/m3) over the monitoring
period. Exceedances are experienced relatively frequently at various stations (Figure 16). A relatively distinct
seasonal signature is evident in the dataset with elevated concentrations during the autumn and winter
months. This is likely linked to the changing meteorological conditions during these months.

Diurnal PM,o concentrations across Anglo’s monitoring network do not display a common distinctive
signature but rather display a trend of relatively stable, except for the Brakspruit and Paardekraal monitoring
stations (Figure 17). The Brakspruit monitoring station diurnal trend, appears to display a low level domestic
fuel burning signature. The Paardekraal monitoring station diurnal trend appears to be a complex signature,
which is the likely result of a combination between fugitive emissions, domestic fuel burning and possible
industrial emissions.

5.4.3.2 Impala Platinum

Daily average PM;, concentrations at Impala’s monitoring network are elevated and exceed the current daily
average standard (120 pug/m®) on several occasions over the monitoring period (Figure 18). If compared to
the 2015 daily average standard (75 pg/m3) numerous exceedances are encountered. A relatively distinct
seasonal signature is evident in the dataset with elevated concentrations during the winter and spring
months. This is likely linked to the changing meteorological conditions during these months (l.e. dry in winter
hence more dust and with increased wind speeds in spring, there will be more dust generation).

Diurnal PM,o concentrations at the Services monitoring station appears to display a combined low level
domestic fuel burning and industrial signature (Figure 19). The domestic fuel burning signature is indicated
by the peaks at approximately 07:00 and 18:00 and the industrial portion of the signature at approximately
13:30. Diurnal PM;, concentrations at the Boshoek monitoring station, appears to display a low level
industrial signature as the emissions remain relatively constant between 07:00 and 13:00. The Luka station
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displays a typical domestic fuel burning trend is indicated by the emissions peaks between (approximately)
06:00 and 18:00 and the peak during 17:00 and 22:00.
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Figure 16: Daily PM10 concentrations recorded at the Anglo Platinum Monitoring stations for the period January 2006 —
December 2008 (Red line — 2015 national daily standard of 75 pg/m3, pink line — current national daily standard of 120
pg/m3) (Bojanala Platinum District Municipality AQMP Baseline Assessment, 2010)
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Figure 17: Diurnal PM10 concentrations (ug/m3) recorded at Anglo Platinum Monitoring stations for the period January
2006 — December 2008 (Bojanala Platinum District Municipality AQMP Baseline Assessment, 2010).
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Figure 18: Daily PM10 concentrations (ug/m3) recorded at Impala Platinum Monitoring stations for the period October
2007 — September 2009 (Red line — 2015 national daily standard of 75 pg/m3, pink line — current national daily standard

of 120 pug/m3 (Bojanala Platinum District Municipality AQMP Baseline Assessment, 2010).

March 2013
Report No. 13614977-11918-4

30



SAMANCOR - AQIA

Sarvices L Boshoeis

120 1
100 1
BO 1

B0 4

PM10 Concentrations(ug/m®)

o P 2 3 4 5 b ] B 9 10 11 12 13 14 15 16 17 18 19 2 21 22 23

Howur

Figure 19: Diurnal PM10 concentrations (ug/m3) recorded at Impala Platinum Monitoring stations for the period October
2007 — September 2009 (Bojanala Platinum District Municipality AQMP Baseline Assessment, 2010).

5.4.4 Regional ambient Dust fallout concentrations

544.1 Thabazimbi mine

A dust fallout monitoring network was in operation between November 2005 to October 2006 at the
Thabazimbi Mine (located approximately 41km’s north-east of the proposed Haakdoorndrift mine) but has
subsequently been decommissioned (Shangoni Management Services, 2010).

On average, the recorded dust fallout was high (Shangoni Management Services, 2010). The only
exceedance of the SANS residential limit was observed at the Thabazimbi Nursery (620 mg/mz /day).
(Shangoni Management Services, 2010). No exceedances of the SANS industrial limit were encountered
(Shangoni Management Services, 2010).

54.4.2 Amandelbult Platinum Mine

Dust fallout data at Amandelbult Mine (located approximately 25km to the north-east of the proposed NV
Mine) was evaluated for the period May 2006 to December 2007. Dust fallout monitoring was undertaken at
six locations during this period but has since been discontinued at the mine (Gondwana Environmental
Solutions, 2009). The location of the dust fallout buckets was not provided therefore an accurate assessment
of dust fallout levels, relative to the dust sources, cannot be undertaken. Dust fallout levels were generally in
the moderate to heavy classifications over the monitoring period (Figure 20 and Figure 21). All sites showed
a peak in concentrations in March, August and September 2007.The highest concentrations were recorded
at sites A and D, with the latter site recording excessive dust fallout levels in 2007.

5443 Bushveld Chrome Resource's

Bushveld Chrome Resources (BCR) undertook dust fallout monitoring from 11 October 2012 to 9 January
2013 approximately 4km east of the proposed NV Mine. Dust fallout monitoring was undertaken at eight
locations (Figure 22). Dust fallout levels were all well below the draft residential guideline of 600mg/m2/day
and thus no exceedances of the draft residential standard were encountered (Figure 23).
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Figure 20: Amandelbult Mine dust fallout data for the period May 2006 to December 2007
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Figure 21: Amandelbult Mine dust fallout data for the period May 2006 to December 2007
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Figure 22: BCR dust fallout monitoring network in relation to the NV Mine.
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Figure 23: BCR dust fallout data for the period 11/10/2012 to 09/01/2013.
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5444 Union mine

Union mine undertook dust fallout monitoring from January 2011 to June 2012 approximately 5.5km south-
east of the proposed NV mine. Dust fallout monitoring was undertaken at 10 locations (Figure 24 and Figure
25).

The dust fallout levels were typically well below the respective residential and industrial guidelines. The
calculated regional average was 183 mg/mzlday.

.'.. Er Mngr's House

Y
=
L4

LS iKanar

Figure 24: Union mine dust fallout monitoring locations (SGS, 2011)

Table 9: Union mine dust fallout data for January 2011 to June 2012

Dust fallout mg/mzl:i_ay)
Site Classification Site ave. over
Jan-11|Feb-11| Mar-11 |Apr-11| May-11 {Jun-11| Jul-11 | Aug-11| Sep-11 |Oct-11| Nov-11| Dec-11 |Jan-12|Feb-12| Mar-12| Apr-12| May-12|Jun-12| monitoring
period
MAIN OFFICES Residential 111 55 44 34 41 56 48 35 112 415 30 273 100 385 402 66 81 35 129
5';3’?; AGER'S Residential 49 75 a7 43 88 146 86 a7 72 404 393 124 63 459 552 104 115 61 163
Cﬁt’iég O1 KANANA Residential 62 85 63 50 61 69 59 40 288 269 218 411 43 401 783 252 93 102 186
SEWAGE PLANT Industrial 35 13 23 31 12 36 23 16 161 401 253 482 184 322 321 99 49 34 139
C HOSTEL Residential 50 80 56 50 41 120 67 46 139 304 314 387 89 98 215 79 201 46 132
MORTIMER SMELTER Industrial 100 248 266 314 403 152 364 317 461 668 362 806 445 754 664 387 716 319 430
NEW OPENCAST Industrial 10 27 12 18 8 18 19 10 91 255 133 234 34 298 389 78 314 45 111
VANSHAFT Industrial 95 35 60 67 176 214 89 109 363 603 570 ES 75 99 583 201 53 15 200
OLD IVAN TAILINGS Industrial 95 70 11 58 22 35 51 13 262 404 228 542 34 263 301 126 337 43 161
l[\)/lg:lTlMER TAILINGS Industrial ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES
Regional average (m /m°/day ) 183
Notes: IEmeedances of the guideline highlighted in yellow
) |ES = Equipment stolen, no sample
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Figure 25: Graphic representation of the union mine dust fallout data for January 2011 to June 2012.

545 Local sources of emissions
Potential sources of air pollution within the NV Mine area have been identified to include:

Agricultural activities;

i Current mining activities (platinum, lime and iron);

i Cement production;

i Domestic fuel burning;

i Biomass burning;

i Vehicle emissions (tailpipe and entrained emissions);

i Unpaved roads and exposed areas; and

i The proposed construction activity emissions (l.e. the new NV Mine).

5451 Agricultural activities

Biomass burning is an incomplete combustion process that produces PM;,, CH4, CO and NO,. Emissions
from agricultural activities are difficult to control due to the seasonality of emissions and the large surface
area producing emissions (USEPA, 1995). Most of the agricultural activities around the mine appear to be of
a subsistence farming nature (both crop and livestock) rather than large scale commercial farming. Game
farming is also common in the region.

Agricultural emissions are not anticipated to significantly influence the air quality in the area although
particulate emissions may increase during the winter period.
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5.45.2 Mining activities

Dust emissions may be generated by wind erosion from the tailings facilities, waste rock dumps, stock piles,
open mining pits, vent shafts, unpaved mine access roads and other exposed areas. 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).

Within the NV Mine project area, there is a relative high density of mining activities. Mines in the area include
(Figure 26):

i The Amandabult platinum mine;
i Northam platinum mine;

i The Thabazimbi iron ore mine;
i Union mine;

i Kraalhoek lime mine; and

i Ruighoek chrome mine.

Fugitive dusts generated from these mining operations and associated infrastructure, are anticipated to be
one of the dominant emissions in the region. Similarly, fugitive dusts generated by the proposed NV Mine

during both the construction and operational phases are anticipated to be the dominant emission. Special

attention in regards to mitigation of these emissions will have to be undertaken to prevent the reduction of
the ambient air quality.
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Figure 26: Local mining sources (red stars) and local industrial sources (orange stars) in relation to the NV mine.

5453 Domestic fuel burning

Domestic fuel burning of coal emits a large amount of gaseous and particulate pollutants including sulphur
dioxide, heavy metals, total and respirable particulates, inorganic ash, carbon monoxide, polycyclic aromatic
hydrocarbons, and benzo(a) pyrene. Pollutants arising due to the combustion of wood include respirable
particulates, nitrogen dioxide, carbon monoxide, polycyclic aromatic hydrocarbons, particulate benzo(a)
pyrene and formaldehyde. The main pollutants emitted from the combustion of paraffin are nitrogen dioxide,
particulates, carbon monoxide and polycyclic aromatic hydrocarbons. Both formal and informal housing
(informal being dominant) are noted throughout the region. It is thus highly likely that certain households
within the communities are likely to use coal, wood and paraffin for space heating and/or cooking purposes.
Emissions from these communities and therefore anticipated to impact the regional, especially during the
winter period due to the increased demand for space heating.

5.45.4 Biomass burning

Biomass burning may be described as the incomplete combustion process of natural plant matter with
carbon monoxide, methane and nitrogen dioxide being emitted during the process. During the combustion
process, approximately 40% of the nitrogen in biomass is emitted as nitrogen, 10% remains in the ashes and
it is assumed that 20% of the nitrogen is emitted as higher molecular weight nitrogen compounds. In
comparison to the nitrogen emissions, only small amount of sulphur dioxide and sulphate aerosols are
emitted. With all biomass burning, visible smoke plumes are typically generated. These plumes are created
by the aerosol content of the emissions and are often visible for many kilometres from the actual source of
origin.

The extent of emissions liberated from biomass burning are controlled by several factors, these include the
following:
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i The type of biomass material;

i The quantity of material available for combustion;

+  The quality of the material available for combustion;
i The fire temperature; and

i Rate of fire progression through the biomass body.

Crop-residue burning and general wild fires represent significant sources of combustion-related emissions
associated with agricultural areas. Given that the region has a high concentration of both subsistence and
large scale commercial farming (both crop and livestock), it is anticipated that both general wild fires and
controlled burning related to the agricultural activities may impact on the ambient air quality in this region.
The typical fire season corresponds with the winter period when the quantity and quality of the available
combustible material is at its maximum.

5455 Vehicle 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 tail-pile 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 (CO,),
carbon monoxide (CO), hydrocarbons (including benzene, 1.2-butadiene, aldehydes and polycyclic aromatic
hydrocarbons), sulphur dioxide (SO,), oxides of nitrogen (NO,) and particulates. Secondary pollutants
formed in the atmosphere typically include nitrogen dioxide (NO,), 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).

Given the low population density living in the region it is anticipated that vehicle exhaust emissions will be
relatively limited and its contribution to ambient air pollutant concentrations dispersed and relatively
insignificant. In regards to the current mining operations, it is identified as a key source for vehicle emissions
due to the high prevalence of heavy vehicles and heavy machinery with combustion engines. Even though
the mine is identified as a key source, it is Golder opinion that due to the relative low density of sensitive
receptors and the fact that the vehicle emissions will be widely distributed, the impact is likely to be
insignificant. Similarly, vehicle emission are anticipated to be encountered during both the construction and
operational phases of the open pit mine however they are anticipated to be minimal and should not influence
the ambient baseline air quality.

5456 Emissions Associated with Construction Sites

Road construction and land clearing are important sources of fugitive dust emissions that may have
substantial temporary impact on the local air quality in the vicinity of the activity. Fugitive dust is any solid
particulate matter that becomes airborne. The primary chemical constituents of fugitive dust are oxides of
silicon, aluminium, iron and other calcium compounds. Daily dust emissions will vary according to the level of
activity, the type of operation and the meteorological conditions. Fugitive emissions from road construction
have a definable beginning and end and will vary according to the construction phase (USEPA, 1995).

Fugitive emissions are anticipated to be one of the dominant emissions from the NV Mine during both the
construction and operational phases. In regards to the construction phase the impacts may be intense
however short-lived as construction is envisaged to occur over an approximate two year period.
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5457 Unpaved Roads and exposed areas

Vehicle entrained dust emissions from paved and unpaved roads represent a potentially significant source of
fugitive dust in the region. Identified sources of fugitive road dust emissions include the roads (unpaved &
paved roads) from the proposed NV Mine, local farming and access roads and the mine access/haul roads.

Particulate emissions from paved roads occur when loose, spilt material on the road surface becomes
suspended as vehicles travel across. At industrial and construction sites the surface loading is continually
replenished by spillage of material from unpaved roads and vehicles. 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 the road surface is exposed to strong air currents in
turbulent shear with the surface. The turbulent wake behind the vehicle continues to act on the road surface
after the vehicle has passed. The quantity of dust emissions from unpaved roads varies linearly with the
volume of traffic.

Vehicle entrainments of particulates from unpaved haul roads are anticipated to be one of the dominant
emissions during the operational phase of the mine. Special attention in regards to mitigation of these
emissions will have to be undertaken to prevent the reduction of the ambient air quality.

5.45.8 Cement production

Cement manufacturing is a “high volume process” and correspondingly requires high volumes raw materials,
thermal fuels and electrical power. The typical manufacturing process included the following processes:

+  Mining and acquisition of the raw materials;
:  Raw material milling and fuels preparations;
= Clinker burning;

:  Cement grinding; and

+  Packaging and distribution.

During the manufacturing process both direct stack emissions and fugitive emissions are released. The key
atmospheric pollutants from the processes include trace gas pollutants (CO,, NO,, SO,, Volatile Organic
Compounds (VOCSs)) and particulates (TSP, PM,o, PM, s and dust fallout).

The Pretoria Portland Cement (PPC) Dwaalboom operation is located approximately 32km west-north-west
of the NV mine (Figure 26). The plants fugitive and stack emissions are anticipated to be a significant
regional source of the trace gas and particulate pollutants, which may impact on the regional ambient air
quality.

5.45.9 Summary

Due to the lack of available baseline ambient air quality information for this region, it is recommended that
Samancor deploys an ambient air quality monitoring campaign to determine the background air quality prior
to the mines extension. This network should monitor the following pollutants; Dust fallout, PM;o, NO, and
SO, and monitor wind speed and direction as a minimum.

6.0 AIR QUALITY IMPACT ASSESSMENT

6.1 Assumptions and Limitations
The following assumptions were made:

+  The available regional baseline ambient air quality information is site representative of the NV Mine site;
and

MM5 modelled meteorological data is site representative.
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The assessment is limited by the following:

:  Whilst care has been taken to assess the potential air pollution impact from the proposed NV Mine,
changes to the current existing designs after this assessment may result in different conclusions;

+  No emissions quantification was undertaken via air dispersion modelling; and

i The lack of site specific meteorological and ambient air quality monitoring data.

6.2 Professional opinion - Construction phase

The fugitive emissions released during the construction of the NV Mine surface infrastructure are anticipated
to be associated with land clearing, drilling and blasting, ground excavation and cut and fill operations. The
key emissions identified include PM;, and total suspended particulates (TSP - as dust fallout). The level of
daily emissions will vary according to the intensity of activity, the type of operation and the meteorological
conditions. Additionally, these fugitive emissions from the construction activities, will have a definable
beginning and end and will vary according to the construction phase (USEPA, 1995). The impact severity
may be high however due to the relative short duration (estimated 2 year construction period) and the radius
of effect being limited to the immediate vicinity of the activity, the long term impact is anticipated to be
negligible.

In Golder’s professional opinion, there are no anticipated air quality impacts for the construction phase which
serve as a fatal flaw for the proposed mines expansion. Nevertheless, in order to reduce the nuisance factor
of the emissions and aid in ensuring compliance with current legislative requirements, mitigation measures
must be implemented. In order to increase the confidence level of this assessment it is recommended that a
dispersion model be developed for the facility so that the impacts can be quantified.

6.3 Professional opinion — Operational phase

The fugitive emissions released during the operations phase of the NV Mine surface infrastructure are
anticipated to be associated with drilling and blasting, ground excavation, cut and fill operations, ore
processing emissions (such as crushing and screening) and ore haulage. The key emissions identified
include PM;4 and total suspended particulates (TSP - as dust fallout).

In Golder’s professional opinion, there are no anticipated air quality impacts for the operations phase which
serve as a fatal flaw for the proposed mines expansion. However to reduce the nuisance factor of the
emissions and aid in ensuring compliance with current legislative requirements, mitigation measures must be
implemented. In order to increase the confidence level of this assessment it is recommended that a
dispersion model be developed for the facility so that the impacts can be quantified.
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6.4

Impact Analysis Summary
Table 10: Impact analysis summary

Impact

Phase

Impact before mitigation

Impact after mitigation

Probability

Scale

Duration

Magnitude

Total

Impact
before
mitigation

Degeneration of the
ambient air quality
due to increased
PMjo levels from
land clearing, drilling
and blasting, ground
excavation and cut
and fill operations

Construction
Phase

20

Degeneration of the
ambient air quality
due to increased TSP
levels from

land clearing, drilling
and blasting, ground
excavation and cut
and fill operations.

Construction
Phase

20

Degeneration of the
ambient air quality
due to increased TSP
levels

Operational
phase

36

Moderate

Probability

Scale

Duration | Magnitude

Total

20

Degeneration of the
ambient air quality
due to increased
PMlo levels

Operational
phase

36

Moderate

20

Respective mitigation measure options for the NV Mine are detailed in Section 7 below.

Impact
after
mitigation
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7.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the qualitative impact assessment and Golders associated professional opinion, without the
implementation of particulate mitigation measures during the construction and operational phases of the NV
Mine, exceedances of:

The PMy, daily average standard,;

The PMy annual average standard; and

i The draft dust fallout guidelines (both residential and industrial).

Are likely to occur at several of the key sensitive receptors. Without the implementation of suitable mitigation
measures the local ambient air quality may be degenerated by the emissions contribution from the NV mine.

This degeneration in the local air quality may impact negatively on the key sensitive receptors health and
wellbeing.

7.1 Recommendations

i Suitable mitigation measures must be implemented to reduce the project’s impact to acceptable levels
at the sensitive receptors;

i Due to the lack of available baseline ambient air quality information for this region, it is recommended
that Samancor deploy an ambient air quality monitoring campaign to determine the site specific
background air quality. This network should monitor the following:

§ PM,, on a continuous basis;

8§ Dust fallout monitoring in alignment with the draft regulations on a continuous basis for the footprint
of the mine; and

§ NO; and SO, via a minimum 3 month monitoring campaign.

i Due to the lack of available site specific meteorological data and the uncertainty around the modelled
data, Samancor should install a professional meteorological station (required data accuracy of 1-2%) on
site. The station should operate on a continuous basis;

i For all waste rock dump and overburden stockpiles mitigation measures for TSP and PM,o generation
could include:

8§ Progressive rehabilitation and re-vegetation should be implemented;
§ Chemical stabilisation; and

8 Facility design and maintenance to exclude and 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.

i For the open pit mitigation measures for TSP and PM;, generation could include:

§ Haul road dust generation (refer to travelling on unpaved roads section);

§ Blasting (refer to blasting section);

§ Drilling (refer to drilling section);

§ Drop height reduction during materials handling activities;

§ Wet suppression during materials handling activities;
March 2013 @Gd:hr
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§
§

§

Load wet suppression spraying to reduce fugitive dust generation during transportation; and

Pit mining activities should be restricted and minimized on days with excessive wind speed to
reduce the generation of dust within the pit.

:  For paved and unpaved roads mitigation measures for TSP and PM;, generation could include:

Many dust mitigation measures are available for the minimisation of fugitive dust generation on
unpaved roads. These may include:

Wet suppression with water;

Application of salts - hygroscopic compounds such as calcium chloride, magnesium chloride,
hydrated lime, sodium silicates, etc. Salts increase roadway surface moisture by extracting
moisture from the atmosphere;

Application of surfactants - such as soaps and detergents. Surfactants decrease the surface
tension of water, which allows the available moisture to wet more particles per unit volume;

Application of soil cements - compounds that are mixed with the native soils to form a new
surface. Examples are calcium or ammonium lignin sulphonate, cement, etc.;

Application of bitumens - compounds derived from coal or petroleum such as coherex
peneprime, asphalt, oils, etc.; and

Application of films—polymers that form discrete tissues, layers, or membranes such as latexes,
acrylics, vinyls, fabrics, etc. These form coherent surface layers that seal the road surface,
thereby reducing the quantity of dust generated.

The application of the above measures must be considered carefully as certain measures could
possibly lead to surface water contamination and the management thereof must be strictly
controlled.

Furthermore, a detailed cost benefit analysis should be conducted to determine which, is the most
cost-effective method with the highest efficiency in dust reduction.

i General transport mitigation measures may include:

§
§

§
§
§

Reduction in unnecessary traffic volumes;
Conversion of the unpaved road surface to a paved surface;

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;

Wet suppression of materials transported by road (i.e. load spraying) or load covering with
tarpaulins to reduce fugitive dust generation;

Avoidance of dust track-on onto neighbouring paved roads; and

All vehicles and other equipment should be maintained and serviced regularly to ensure that tailpipe
particulate emissions are kept to a minimum.

For ore stockpiles, mitigation measures for TSP and PM,, generation could include:

Haul road dust generation (refer to travelling on unpaved roads section);
Drop height reduction during materials handling activities;

Wet suppression during materials handling activities;
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§

§
§
§

§
§

§

§
§

Stockpile height reduction to reduce the stockpiles exposure to wind at elevated heights;
Introduction of wind breaks or sheltering; and

Wet suppression of materials transported by road (i.e. load spraying) or load covering with
tarpaulins to reduce fugitive dust generation.

: For blasting, mitigation measures for TSP and PM,q generation could include:

Wet suppression is important in controlling dust generated by blasting activities. The area
surrounding the blast should be thoroughly wetted down beforehand. This precaution will prevent
dust settled out during previous blasts from becoming airborne.

The water used for dust suppression during blasting should be as clean as possible, because the
evaporation of dirty water can also release dust;

The blast charge should be calculated as accurately as possible and kept to the minimum required
as the larger the charge, the higher the potential for dust generation; and

Consideration of wind speed and direction in the blasting schedule, particularly where communities
live nearby and may be affected by blasting emissions.

:  For materials handling operations, mitigation measures for TSP and PM,, generation could include:

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;

Removal of fines via pre-washing; and

Wind speed reduction through sheltering (where possible).

:  For drilling activities, mitigation measures for TSP and PM,, generation could include:

Overburden and waste rock drilling generates most of the respirable dust that affects workers in the
mining pit. Both wet and dry methods are available to reduce this drill dust.

Typically, wet suppression systems pump water through the drill steel into the bailing air (ILO,
1965). The water droplets in the bailing air trap dust particles as they travel up the annular space of
the drilled hole, thus controlling dust as the air bails the cuttings from the drill hole (Page, 1991).

Dry collection systems require an enclosure (shroud) around the area where the drill stem enters
the ground. This enclosure is typically constructed by hanging a rubber or cloth shroud from the
underside of the drill deck. The enclosure is then ducted to a dust collector, the clean side of which
has a fan. The fan creates a negative pressure inside the enclosure, capturing dust as it exits the
hole during drilling. The dust is removed in the collector, and clean air is exhausted through the fan;
and

The water used for dust suppression, during drilling should be as clean as possible, because the
evaporation of dirty water can also release dust.

= For crushing activities, mitigation measures for TSP and PM,, generation could include:

Drop height reduction during materials handling activities at the crushers;

Wet suppression of materials to be crushed. If the material is dry, a starting point is to add a water
quantity equivalent to 1% of the weight of the material being crushed (Quilliam, 1974);
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§ Regular cleaning of floor and working surfaces in the vicinity of the crusher/s to reduce fugitive
dusts; and

8 Negative pressure should be maintained where possible within the crusher to prevent the escape of
fugitive dusts.
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DOCUMENT LIMITATIONS

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

i)

i)

ii)

iv)

v)

Vi)

vii)

viii)

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.

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.

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.

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.

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.

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.

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.

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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GROUNDWATER BASELINE REPORT AND EIA -
NOOITGEDACT & VARKENSVLEI

EXECUTIVE SUMMARY

SAMANCOR is required to submit the mining right applications (MRA), EIA Report and EMPR for
Nooitgedacht and Varkensvlei near Northam, in the Northwest and Limpopo provinces, South Africa.

The main objectives of this groundwater study are to:

i Characterise the prevailing groundwater situation.

: Define the water bearing strata in the area.

: Determine current groundwater level distribution and flow directions.
i Conduct a gap analyses.

i Conduct a qualitative assessment of the impact of the proposed opencast mining on the groundwater
system, the water resource and existing groundwater users.

The Bushveld Igneous Complex (BIC) is one of the largest layered mafic intrusions in the world and yields a
wide range of mineral commodities including: vanadium, chrome, Platinum Group Elements (PGEs) and
titaniferous magnetite. The proposed mining project area is situated in the north-western sector of the BIC
and is underlain on surface by the Lower Critical Zone and Upper Critical Zone of the Rustenburg Layered
Suite (RLS). The chrome ore to be mined on the proposed mine lease area on the farm Nooitgedacht and
Varkensvlei is situated in the Lower Critical Zone and in the transition zone to the Upper Critical Zone of the
RLS.

The following two layer aquifer model conceptualises the BIC aquifers:
i A shallow weathered bedrock aquifer system, underlain by a

i deeper fractured bedrock system.

The weathered overburden is considered to have low to moderate transmissivity but high storativity. The
underlying solid and unweathered crystalline rocks are generally characterised by very low porosity and high
hydraulic conductivity values if fractures are intersected.

A site familiarisation and hydrocensus was conducted on and surrounding the farms Nooitgedacht and
Varkensvlei in February 2013. The main findings of the field investigations are:

i The groundwater table varies from approximately 7.54 to 24.3.mbgl|
i The groundwater pH ranges from approximately 7.4 to 7.7

i Groundwater is used for domestic, garden watering and golf course irrigation purposes on the two
farms in question.

The groundwater impacts of the proposed mining operation seen in isolation are in general considered local
and not entirely reversible. Impacts are expected to produce permanent local groundwater recharge and
quality changes. A risk does exist that groundwater impacts of the proposed SAMANCOR mining operation
are not fully stated, due to the absence of a more substantive baseline groundwater assessment.

It is, therefore recommended to establish a groundwater monitoring system to adequately assess the
baseline groundwater conditions. Further management options may need to be recommended once a
groundwater monitoring system has been established.
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1.0 INTRODUCTION

SAMANCOR (Pty) Ltd requested Golder Associates Africa (Golder) to provide specialist groundwater input in
support of the Mining Rights Applications (MRA) for portions of the farms Varkensvlei/Nooitgedacht to the
north of Pilanesberg, straddling the boundary between the Northwest Province (Varkensvlei) and the
Limpopo Province (Nooitgedacht). The areas under consideration are shown in Figure 1 &Figure 2 and have
been altered by agriculture.

Due to the imminent expiry of prospecting rights for this area, SAMANCOR is required to submit the MRA by
6 May 2013 and final document (EIA Report and EMPR) by mid October 2013.

Although baseline environmental information for the EIA is required, SAMANCOR only has some geological
information, so the baseline information primarily relies on literature sources.

This document reports on the baseline groundwater assessment and impact assessment that forms part of
the EIA Report and EMPR.

2.0 OBJECTIVES

The main objectives of this groundwater study are to:

:  Characterise the prevailing groundwater situation,

: Define the water bearing strata in the area,

+  Determine current groundwater level distribution and flow directions,
:  Conduct a gap analyses,

+  Conduct a qualitative assessment of the impact of the proposed opencast mining on the groundwater
system, the water resource and existing groundwater users.

3.0 INFORMATION SOURCES

To achieve the objectives specified in Section 2 above, available reports and maps were reviewed to gather
groundwater information relevant to the study area. This includes reports compiled by SAMANCOR,
Amplats, SRK and other authors (Table 1).

Table 1: List of reports and information reviewed for this baseline report

Title Type Date Author Information obtained
Dishaba Mine Backfill Project — Draft Report August 2012 | Anglo American Background
Scoping report in terms of Reg. 49 (No, Platinum Ltd
R527 of 2004) of the MPRDA and Reg. 28 (AMPLATS)
of Environmental Impact Assessment
Regulations, No. R543 of 2010, in terms of
the National Environmental Management
Act, No. 107 of 1998
Groundwater and Mining in the Bushveld Scientific October TitusRiaan Titus, Background

Paper 2009 Kai Witthiiser and

Complex
Bruce Walters

Rustenburg Platinum Mine (RPM) Union: Consulting August 2011 | SRK Consulting Background

Hydrogeology Report — Phase 1 Report

SAMANCOR Mine Work 2013 SAMANCOR Geology and location
Programme
—Rev7

June 2013 @Gd[kr
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Figure 1: Nooitgedacht locality showing likely project area extent
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4.0 PHYSICAL DESCRIPTION OF STUDY AREA BASED ON
BACKGROUND INFORMATION

4.1 Location

The mining lease area discussed is located on two adjacent farms, separated by a farm and provincial
boundary. The southern portion of the farm Nooitgedacht 406KQ is located in the Limpopo Province under
the jurisdiction of the Thabazimbi Local Municipality, The farm Varkensvlei 403KQ, is in the Northwest
Province and falls under the jurisdiction of the Moses Kotane Local Municipality. The proposed mine lease
area is situated approximately 35-40 km south of Thabazimbi, some 15km west of Northam and about 80km
north of Rustenburg. Neighbouring towns include Swartklip, Chromite and various other settlements such as
Amandelbult and Rethabile. Refer to Figure 1 and Figure 2 for the general locality of the study site.

4.2 Legal Framework

The South Africa’s Constitution guarantees all its citizens the right to an environment that is not harmful to
their health and/or wellbeing; and to have the environment protected, for the benefit of present and future
generations, through reasonable legislative and other measures that prevent pollution and ecological
degradation. The Constitutional obligations of the State to protect the environment with respect to new
development can only be met through the implementation, enforcement and monitoring of effective
legislation.

In order to protect the environment and ensure that the proposed development is undertaken in an
environmentally responsible manner, the following pertinent laws apply and guide this groundwater baseline
and impact assessment:

i The Mineral and Petroleum Resources Development Act (No. 28 of 2002)

i The National Environmental Management Act (No. 107 of 1998) and the Environmental Impact
Assessment Regulations (GNR 543 of 2010)

i The National Water Act (No. 36 of 1998)

4.3 Climate and Rainfall

4.3.1 Temperature

The Thabazimbi/Northam region experiences high temperatures in the summer months and cold to mild
temperatures in the winter months. The average monthly minimum and maximum temperatures are depicted
in Table 2.

4.3.2 Rainfall and Evaporation

The warmer months of November through to March are characterised by high rainfall. Rainfall is generally
low between the months of May and September. Long term records indicate that precipitation varies widely
and the region is generally characterised by high intensity/short duration thundershowers during the warmer
months.

Data for the Mean Annual Precipitation (MAP) and evaporation for the area were provided by the South
African Weather Service (SAWS).

June 2013 @'Gm;kr
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Table 2: Rainfall, Temperature and Evaporation data (W0587477, Northam and W0587725 Thabazimbi
and WR 90) from SAWS.

Month Avg. Max. 24 Date of Mean Daily Average Max. | Average Min. S-Pan
Rainfall hr. max. Temperature Daily Daily Evaporation
Rainfall rainfall Temperature Temperature
Recorded record
(mm) (mm) (°C) (°C) (°C) (mm)
Jan 122 90 1995/01/12 25.2 31.8 18.6 199.8
Feb 79.6 99 1978/02/16 24.3 30.7 17.9 162.5
Mar 854 130.5 1969/03/11 23.1 30.0 16.2 155.0
Apr 37.8 50 1984/04/02 19.5 27.3 11.6 118.3
May 7.6 325 1976/05/04 154 25.3 55 97.9
Jun 2 16 1995/06/21 12.0 22.1 1.9 82.1
Jul 1.4 9 1970/07/16 12.5 225 2.4 90.9
Aug 2.5 10 1977/08/14 15.7 254 6.0 124.7
Sep 16.2 41 1997/09/10 20.0 28.4 11.6 165.6
Oct 52.2 57 1973/10/16 22.7 29.8 15.7 200.7
Nov 83.6 104 1994/11/05 23.9 30.6 17.1 198.2
Dec 103.1 163 1995/12/17 24.3 30.5 18.2 204.3
Total
(Mean 593.4 19.9 27.9 11.9 1800.00
Annual)

4.4 Topography and surface water hydrology

The proposed mine lease area is located in the Crocodile (West) and Marico Water Management Area

(WMA 2).

The proposed mine lease is situated in a relatively flat area with no pronounced geomorphological features
in the immediate area. The proposed mine lease area straddles two quaternary catchment areas, namely:
A24F (Bierspruit) and A24D (Kolobeng). The Bierspruit drains the majority of the proposed mine lease area
in a north-easterly direction. The Bierspruit dam, located on the farm Nooitgedacht, immediately north of the
proposed mine lease area is reportedly used for recreation but was nearly empty during the late wet season
(February 2013)

The Bierspruit, a non-perennial stream characterised by minimal flow between the months of May to
October, flows toward the Crocodile River some 40km to the northeast. The Brakspuit, a tributary of the
Bierspruit which drains the neighbouring Union mine lease area, to the south-east of the proposed mine
lease area, confluences with the Bierspruit approximately 10km downstream (to the north-east).

The DWA and Council for Scientific and Industrial Research (CSIR) consider both the Bierspruit river as a
degraded and endangered system. This means the river system has lost a significant amount of its original
natural habitat and its functioning is compromised. (AMPLATS 2012)

There are no known significant wetlands in the close proximity of the proposed mine lease area.

4.5 Soils and Vegetation

In the study area a “black turf” cover comprises of a minimum of 1m of the Rustenburg type Arcadia Form.
The Arcadia soil form is comprised of a deep Vertic A Horizon with a calcareous B Horizon lens. The soil in
the area is classified as sandy, silty clay. Clayey soil is typically characterised by poor drainage and impeded

June 2013 Golder
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plant growth. The clayey soil is dark in colour and black when moist with a granular surface structure. When
dry, hexagonal desiccation cracks at the surface indicate the presence of swelling clays (AMPLATS 2012).

The soil in the area is characteristically high in macro-nutrient elements (P, K, Ca and Mg) which may be
associated with moderate to high fertility.

The soil cover grades into residual material extending to 30 metres below ground level (mbgl). Regolith
grades rapidly into fresh gabbro and norite of the Bushveld Igneous Complex (BIC) with weathering is limited
to fracture surfaces (AMPLATS 2012).

The immediate area on and surrounding the proposed mine lease area is dominated by Turf Thornveld and
mixed Bushveld of the Savannah Biome. This is generally characterised by a grassy ground layer and a
distinct upper layer of woody plants. The current land use is primarily live stock grazing.

4.6 Regional Geology

The BIC is one of the largest layered mafic intrusions in the world and holds South Africa’s Platinum Group
Element (PGE) reserves. The BIC yields a wide range of mineral commodities including: vanadium, chrome,
PGEs and titaniferous magnetite.

The BIC is extensive in size and is roughly saucer shaped. Norites, pyroxenites, chromitites and gabbros are
found at the rim of the saucer (inter-layered in a variety of combinations). The Merensky and UG2 Reefs are
two stratiform deposits unique to the BIC that contain economically exploitable quantities of PGMs

(Titus et al, 2009).

As depicted in Figure 3, the project area is situated in the north-western sector of the BIC. The Merensky
and the UG2 Reefs are the two platinum bearing ore bodies that are currently being exploited by the
neighbouring Union Mine to the south-east of the proposed mine lease area; the dip of the ore bodies is
toward the south-east (Tutas et al, 2009)

Locally Figure 4 the BIC geological formations dip approximately 20 degrees to the south-east and outcrops
strike in a north-easterly direction. Across the site, regional diabase intrusions are believed to strike in a
predominantly north-westerly direction with several north-south trending shear and/or fault zones crossing
the study area (SRK, 2011).

4.7 Hydrogeology

Crystalline rock, such as the norites and pyroxenites of the Bushveld Complex, comprise of:
i An unweathered and intact rock matrix with negligible matrix porosity and permeability, and

:  Planes of discontinuity in the rock matrix, including both faults and joint planes (collectively referred to
as fractures).

The infiltration and flow of groundwater in such systems is controlled by the prevailing complex fracture
network and can vary in space and time. Such conditions relate to structurally controlled flow systems.
However, these fractures are often in-filled by precipitates from late-phase fluids (i.e. vein infill). The
hydrogeological characteristics of the crystalline rock stem from, and are related to long-term, tectonically
controlled geomorphic processes (Titus et al, 2009).

The following two layer aquifer model conceptualises the BIC aquifers at a regional scale:

i A shallow weathered bedrock aquifer system (i.e. intergranular aquifer) which might be laterally
connected to alluvial aquifers associated with river systems.

Deeper fractured bedrock system.

June 2013 @Gui[ler
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Figure 3: The position of the project area in relation to the BIC centre (taken from SAMANCOR, 2013)

4.7.1 Shallow Weathered Bedrock and Alluvial Aquifers

A shallow unconfined, phreatic aquifer comprising of the saprolite (that has formed as a result of intensive
and in-situ weathering processes) to saprock (differentially weathered and fractured upper bedrock
underlying the saprolite) zones (Figure 5). The soil and saprolite are collectively termed the regolith

(Titus et al, 2009). The saprolite and saprock are generally treated as a single weathered aquifer unit,
referred to as the weathered overburden, which varies in thickness from 12 to 50 metres (m). This
differentially weathered overburden can be described as highly weathered, yellowish white to yellowish
brown sandy, silty soil derived from the in-situ decomposition of the underlying noritic rocks. The
degree/intensity of chemical weathering or more specifically the spatial and depth variations thereof, control
the geometry of the shallow weathered aquifer profile (Titus et al, 2009).

In the vicinity of river courses, alluvial material overlies or replaces the weathered overburden. The
interaction of alluvial aquifers and the river depends, amongst other factors, on the prevailing differences
between surface water and groundwater levels (the river might lose or gain water from the aquifer), on the
presence (and thickness) or lack of clogging, semi-pervious layers in the streambed resulting in an imperfect
hydraulic connection as well as on the aquifer properties (Titus et al, 2009).

The weathered aquifer, in combination with alluvial aquifers (where present), support most irrigation and
domestic water-supply demands in the Bushveld Complex, even in areas which are undermined. The latter
fact points towards limited hydraulic interaction with the underlying fractured bedrock aquifer

(Titus et al, 2009).
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Figure 5: Typical weathered profile for basement rocks from Titus et al, 2009

4.7.2 Deeper Fractured Aquifer

The unweathered and fractured semi-confined bedrock aquifer comprises of fractured norite, anorthosite and
pyroxenite underlying the upper weathered aquifer. The intact bedrock matrix has a very low matrix hydraulic
conductivity and its effective hydraulic conductivity is determined by fractures and mine voids. Groundwater
flows through interconnected fracture systems with the potential of rapid vertical groundwater flow from the
weathered overburden (and surface water bodies) to greater depths along interconnected conductive zones
(Titus et al, 2009).

The structural features are extremely variable in nature with regard to frequency, spatial extent, aperture or
interconnectedness within the relatively impervious crystalline rock mass. The latter factors account for the
observed variable chemical and isotopic signatures obtained for mine fissure inflows in the Bushveld
Complex.

4.7.3 Hydraulic Characteristics

4.7.3.1 Shallow Weathered Bedrock and Alluvial Aquifers

The weathered overburden is considered to have low to moderate transmissivity but high storativity (Titus et
al, 2009). Such composite or ‘near surface’ aquifers are described as approximately uniform, characterised
regionally by a mean transmissivity rather than the sporadic fault or fault zones although these are more
permeable and extend to great depths.
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Numerous pumping tests (Titus et al, 2009) have yielded reasonable and comparable transmissivities (T) of
3 to 8 metres per day per metre (mzlday) for the weathered bedrock aquifer in the BIC. However, the
determined storativities can vary by several orders of magnitude due to semi-confined conditions in areas
overlain by confining layers (e.g. black turf) or semi to unconfined conditions in localities where they have
been tested are absent. Typical storativity (S) values range from E-04 to E-03 (no units) (Titus et al, 2009).

Selected boreholes have shown considerably higher transmissivity (T) values of up to 50 m?/day and the
ability to sustain higher pumping rates. For long-term groundwater abstractions around 2 L/s are proposed
for these boreholes, while the recommended abstraction rates for most boreholes are approximately 0.5 to
1L/s. Constructed artificial recharge systems, employing mined-out areas, could potentially support
boreholes with even higher yields.

Higher transmissivities (T) of up to 500 m?/day and storativities in the range of 0.15 have been determined
for highly transmissive aquifer zones (comprising the shallow weathered and deeper fractured aquifer) within
the BIC (Titus, et al, 2009)

The Frank fault, which may be described as a highly transmissive zone occurs some 17km to the west of the
proposed mine lease areas and constitutes a major aquifer in the area, with boreholes yielding 10 L/s and
more It is, however, not considered that there is a connection between the proposed mine lease areas and
this highly transmissive aquifer zone (Titus et al, 2009,)..

4.7.3.2 Deeper Fractured Bedrock Aquifers

The underlying solid and unweathered crystalline BIC rocks are generally characterised by very low porosity
and high hydraulic conductivity values if fractures are intersected. Water is generally stored and transmitted
in fractures and fissures within a relatively impermeable matrix. Fractured crystalline rocks are characterised,
by extreme heterogeneity in their hydraulic properties and the hydraulic conductivity can vary, within the
same rock mass, by orders of magnitude and over short distances. This structurally controlled heterogeneity
and the typical scarcity of sufficient deep boreholes renders regional estimates of aquifer properties difficult.
However, regional hydraulic conductivity (K)values in the range of E-03 to E-O1 metre per day (m/day), with
higher conductivities assigned to fault zones, have yielded satisfactory calibrations of regional numerical
models. (Titus et al, 2009)

4.7.4 Recharge

Regionally recharge to the groundwater regime in the BIC is estimated to be approximately 3% of the MAP.
(Amplats,2012).

4.7.5 Regional Groundwater Chemistry

Based on the prevailing aquifer types three dominant water facies are typically encountered in the Bushveld
Complex:

i A Magnesium- Calcium — Hydroxide (Mg-Ca-HCO3) water type for the shallow weathered aquifer which

changes towards a very similar Mg-Ca-HCO;-chloride (CI) water facies in the alluvial aquifers along
major river systems (e.g. Crocodile River). Impacts of irrigation return flows (i.e. elevated ClI
concentrations) are therefore difficult to assess based on the major ion chemistry and the use of
isotopes is recommended (Titus et al, 2009).

+  Water in the deeper fractured bedrock aquifer, as encountered in deeper mine fissure inflows, shows a
typical, highly evolved Sodium- Chloride (Na-Cl) water facies (Titus et al, 2009).

Visualisation of the relative mineralisation in percentage milliequivalents per litre (%-meq/L) in a Piper
diagram allows a graphical grouping of groundwater samples (Figure 6).

The recently recharged and shallow groundwater is typically dominated by the Mg-Ca-HCO; attributed to
silicate weathering processes associated with the Bushveld Complex.
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Figure 6: Piper Diagram depicting shallow groundwater as well as deep mine fissure water composition in terms of major
ions in solution, taken from Titus et al, 2009

Deep mine fissure inflows are typically classified as Na-Ca-Cl or Ca-Na-Cl water facies. The total dissolved
solids (TDS) concentrations for the mine inflows present a range of values from 350 milligrams per litre
(mg/L) to more than 1000 mg/L. The TDS concentrations increase with increasing residence times in the
subsurface, i.e. time to equilibrate with the aquifer material. The final mineralisation is then determined by
the solubility of dissolved minerals / salts (Titus, Witthiser and Walters).

The following observations are based on the major ion ratios (Figure 6), (Titus et al, 2009):

Deeper mine fissure inflows are chemically and isotopically different to shallow groundwater, including
shallow mine inflows, associated with the weathered Bushveld Complex aquifer and groundwater
associated with the alluvial aquifer systems.

Deep mine fissure inflows are fairly uniform in chemical character (i.e. with a dominant Na-Cl| water
type) compared to the variable chemical character of the shallow groundwater samples and the
Crocodile River water.

The stable isotope ratios and tritium concentrations point to an indirect link between irrigation return
flows from alluvial aquifer systems and a considerable number of deep mine fissure inflows.

Overall groundwater quality within the Crocodile River drainage direction appears to be unaffected by
the current platinum mining activities;

Elevated nitrate concentrations are more often than not associated with the usage of nitrate based
explosives, and are therefore expected to originate from shaft areas.
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4.8 Local Hydrogeology

In early 2011 SRK undertook a hydrocensus for the neighbouring Amplats UNION mine. This included
sampling of selected boreholes within the UNION mine lease area immediately to the south-east of and
surrounding SAMANCOR’s proposed mine lease areas on Nooitgedacht and Varkensvlei. A map illustrating
the position of the boreholes investigated by SRK is shown in Figure 7.

According to SRK (2011) groundwater levels in the vicinity of the proposed mine lease area vary from
approximately 2.4 metres below ground level (mbgl) (near the Fraser Alexander return water dam on the
UNION Mine property) to 23.6 mbgl (near Bierspruit village) with an average depth of approximately 18mgbl.
Higher groundwater levels are observed in the vicinity of surface mine waste infrastructure on the adjacent
UNION mine property to the south-east of the proposed mine lease area. SRK concluded that groundwater
levels in the region broadly follow the topography, with the exception of where the water levels are affected
by anthropogenic (mining or other) activities.

Figure 8, taken from SRK (2011), shows groundwater contours and flow directions, highlighting higher
groundwater elevations in the vicinities of surface mine waste infrastructure and lowered groundwater
elevations near shafts, corresponding to anthropogenic recharge and dewatering respectively.

The proposed SAMANCOR mine lease areas on the farms Nooitgedacht and Varkensvlei are situated within
the two quaternary catchments A24D, and A24F, (FIGURE XX). It is therefore expected and confirmed by
the groundwater elevations shown on Figure 8 that groundwater flows away from the southern boundaries
towards the north and north-east.

Based on SRK’s 2011 survey the groundwater quality in the region of the proposed mine lease area is
generally marginal (Class 2) in terms of one or more constituents, but varies from ideal (Class 0) to poor
(Class 3) when compared to the DWAF Domestic Water Quality Guidelines (1998). SRK indicates that the
groundwater quality to the north and north-east of the Union Mine may potentially be impacted by mining
activities and that groundwater underlying the UNion Mine has been contaminated as a result of mining
activities.

The hydrochemical character of groundwater sampled at the Union Mine is different to that of groundwater
sampled in private off-site boreholes as those off-site have a Mg-Ca-(HCOs), character while those on the
mine property tend towards a Mg-Cl or Mg-SO, character (Figure 9).

5.0 HYDROCENSUS

As part of the current SAMANCOR EIA a hydrocensus was conducted on and surrounding the farms
Nooitgedacht and Varkensvlei in late February 2013.

5.1 Methodology

The methodology followed for this hydrocensus was firstly to search the National Groundwater Database
(NGDB) for records of existing boreholes registered with, or drilled by the DWA. A familiarisation visit and
client representative meeting in Northam was held on 20 February 2013. This was followed by a
hydrocensus on the farms Nooitgedacht, Varkensvlei and surrounding farms to visually search and gain
access to boreholes in order to:

Determine ownership of boreholes

i Measure water level (static or dynamic) where possible

i Measure and record basic borehole information such as borehole co-ordinates, borehole depth,
borehole diameter, casing height, operational status, usage and equipment.

+  Collect a groundwater sample.
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Figure 9: Groundwater quality variation at the Union Mine boreholes compared to off-site private boreholes (Taken from
SRK, 2011)

52 Results

The results of the hydrocensus undertaken in 2013 are shown in Table 3. A total of eight (8) borehole sites
were found. Access allowing the dipping of water levels was obtained at all these eight (8) sites.
Groundwater samples were, however, only obtainable from four (4) of these boreholes.

5.2.1 General Description of the Area Investigated

The proposed mine lease area on the south-western portion of the farm Nooitgedacht and the southern
portion of the farm Varkensvlei appears to have been used for limited cattle grazing in the past.. The area is
flat and no groundwater is currently being extracted from any boreholes on the lease area itself (Figure 10
and Figure 11). The Bierspruit dam is located to the north of the proposed mine lease area on the farm
Nooitgedacht. This dam is currently empty in the rainy season (February 2013), reportedly due to low rainfall.

Several boreholes used primarily for garden/golf course irrigation and domestic purposes have been located
in communities surrounding the proposed mine lease areas. Access to monitoring boreholes on Amplats
Union mine property to the south-east was not possible during the hydrocensus and several other boreholes
indicated on Figure 7 could not be found.

522 Water Levels

Groundwater levels measured in the currently accessible boreholes on or surrounding SAMANCOR’s
proposed mine lease areas on the farms Nooitgedacht and Varkensvlei are shown in Figure 12.
Groundwater levels range from approximately 7.5mbgl near the Bierspruit dam on the farm Nooitgedacht to
24.25 mbgl at Mmantserre on the farm Varkensvlei. The average water table is approximately 17 mbgl,
which is slightly less than the average water table depth calculated by SRK in 2011. Due to the variability of
the water tables in close proximity to one another, it is also uncertain whether the water levels measured in
all the boreholes are static water levels (SWL). The range of water levels measured does, however, roughly
coincide with ranges stated by SRK in 2011.

June 2013 Golder
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Table 3: Hydrocensus Information

Borehole Coordinates (WGS84) Measured | Collar | SWL owner Farm Use Field Measurements Sampled Pumping
No/Name water level | Height Equipment
o] L o] EGC DS installed
Latitude | Longitude |}, 0y m) | (mbgr pH | msm | (mgi)
BH3 24.95187 27.08701 23.57 0.2 23.37 Funeral Mmantserre | Domestic | 7.45 142 630 Yes Submersible
home
BH4 24.95136 27.08967 24.76 0.5 24.26 Mmantserre | Domestic | 7.54 159 720 Yes Submersible
BH5 24.90687 27.16882 12.84 0 12.84 Gerhard Kameelhoek | Domestic | 7.73 132 570 Yes Submersible
Young
BH6 24.90704 27.17156 18.19 0.1 18.09 Gerhard Kameelhoek | Domestic | 7.36 293 1320 Yes Submersible
Young
BH7 24.919058 | 27.146294 23.89 0.4 23.49 Bierspruit Domestic No Submersible
dam
BH8 24.90755 27.14484 7.68 0.2 7.48 Bierspruit No none
dam
BH9 24.92033 27.13992 9.56 0.3 9.26 Mine Bierspruit No none
dam
BH10 24.95451 27.10183 17.2 0.3 16.9 Mantserre Domestic No Submersible
June 2013 - Golder
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Figure 10: Photograph illustrating general of view across Figure 11: View from Union mine property towards
proposed mine lease area. northeast across the proposed new mine lease area.

5.2.3 Water Quality

The four groundwater samples collected from boreholes during the current hydrocensus indicate that the
groundwater on the farms Nooitgedacht and Varkensvlei range in the concentrations of total dissolved solids
from approximately 600 to 1300 mg/L (Figure 13). Due to the distance from the mining activity on Union Mine
and the surface water quaternary catchment divides it is not expected that the quality of the groundwater on
the proposed mining lease has been affected by the mining related activity on the Amplats mine lease area.
The pH of the groundwater samples taken appears to be slightly above neutral and ranges from
approximately 7.4.to 7.7. The groundwater samples were submitted for analysis of major dissolved cations
and anions as well as most common metals.

The four samples were submitted to the SANAS accredited UIS Analytical Services in Centurion.

The results of the groundwater sample analyses were used to develop a qualitative and quantitative
understanding of the groundwater quality of the framework in the boreholes found during the hydrocensus.

5.2.3.1 General Chemistry

Based on the water quality analyses presented in Table 4 groundwater quality from the hydrocensus
boreholes generally complies with the SANS 241 (Class |) Drinking Water guidelines. The magnesium (Mg)
concentrations of all the groundwater samples exceed the limit for the SANS 241 (Class ) drinking water
guidelines. This is typical of the geology in the area. BH6 (300mS/m) has electrical conductivity (EC) values
that exceed the limit according to the SANS 241 (Class I) drinking water guidelines, however, it meets Class
2 criteria, which is allowable but for a limited duration of time. The Total Dissolved Solids (TDS) values in for
BH6 (1980 mg/L) meets Class 2 criteria. BH6 has an elevated Cl concentration (636 mg/l) which exceeds
Class 2 criteria. BH 4 (19.8 mg/L) has elevated nitrate (NOs) concentrations that exceed the Class limit but
meets Class 2.

5.2.3.2 Macro Chemistry

The macro chemistry of the groundwater samples is illustrated by means of graphical representations known
as a Piper diagram (Figure 14) and an Expanded Durov Diagram (Figure 15).
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Figure 12: Figure illustrating position and measured ground water levels in boreholes located during the hydrocensus (February 2013)
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Figure 13: Figure illustrating groundwater field parameters measured in boreholes during hydrocensus (Feb 2013))
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The groundwater samples from all the boreholes are dominated by Mg on the ternary cation plot while the
samples from boreholes BH3, BH4 and BH5 are dominated by carbonate (HCO;) on the ternary anion plot.
When projected on the diamond shaped plot the samples from boreholes BH3, BH4 and BH5 exhibit an Mg-
Ca-HCOgssignature, which is interpreted as relatively recently recharged groundwater. The groundwater
sample obtained from borehole BH6, however, has a high chloride concentration and exhibits a Ca-Mg-Cl
signature. The high CI (636 mg/L) suggests possible anthropogenic chloride enrichment, typically associated
with contamination from domestic waste and/or contaminated mine drainage.

On the expanded Durov Diagram (Figure 2) groundwater samples from boreholes BH3, BH4 and BH5 plot in
the HCO3; and Mg ranges of the triangles respectively. This is characteristic of natural groundwater. The
composition of the sample obtained from borehole BH6 is seldom found in natural groundwater, however,
since it lies in the Cl and Mg ranges on the triangles. The elevated Cl concentration is more typical of
leachate from domestic waste and/or dewatering of deep mines.

5.2.3.3 Metals

Although a full metal scan was not undertaken, analyses for iron (Fe), manganese (Mn) and chrome (Cr),
both for total Cr and importantly for the proposed development of a chrome mine, hexavalent chrome (cr,
were done.

The Cr and Cr®* concentrations of all the groundwater samples collected on the study site meet Class 1 of
the SANS 241 drinking water guidelines criteria, which is less than 0.1 mg/L for the Cr and 0.05 mg/L for
cr®. cr® is below 0.05 mg/L for both chrome and hexavalent chrome in all the samples analysed. The iron
(Fe) and manganese (Mn) concentrations in the groundwater samples all meet Class 1 SANS 241 drinking
water guidelines criteria with respect to the metals analysed.

6.0 PROPOSED MINING PROJECT DESCRIPTION

SAMANCOR Chrome holds prospecting rights on the farms Varkensvlei 403 KQ (portions 1, 2 and
Remainder) and Nooitgedacht 406 KQ (portions 2, 6, 7, and 10), and has applied for a mining right. The
following information has been extracted from SAMANCOR’s Mining Works Proposal Revision 7.

The LG6 forms the principal seam of economic interest based on its high chrome content and thickness, the
LG6 consists of 4.8 million tons in-situ to a mineable depth of 50m below surface, with an average thickness
of 1.08m and a chrome grade of 45.52% Cr,0Os. Sufficient chrome ore reserves have been proven on the
farms Varkensvlei 403 KQ (portions 1, 2 and Remainder) and Nooitgedacht 406 KQ (portions 2, 6, 7, and
10), to support opencast mining of the LG6 and LG6A (approximately 12m above the LG6) chromitite seams
to a depth of 50 metres over an area of about 1273 hectares

Both chromitite seams occur over a strike length of nearly 6.9km across both farms with an average dip of
25° reaching a depth of 300 metres (Figure 16). With an average thickness of about 1 metre, there is a
potential for underground mining of the LG6 seam. The LG6A is only about 0.3 metres thick, too thin for
economically viable underground mining.

Figure 17 shows an existing opencast operation on a chromitite seam at the adjacent Bushveld Chrome
Resources (BCR) (McQuade, 2013) in the same area. The proposed SAMANCOR Chrome opencast
operation will be similar.

The initial engineering work and construction of the surface infrastructure for the site would take about 2 to
3 months. Based on an average production rate of 45 000 tons of run of mine (RoM) ore per month, the life
of mine for the opencast will be approximately 8 years. During this time SAMANCOR Chrome will undertake
a detailed assessment of the viability of underground mining, which could increase the life of mine (LoM) to
about 30 years

Mining operations will be done by means of drilling and blasting using the single benching method as defined
in the blast design.
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Figure 15: Expanded Durov Diagram- Hydrocensus boreholes
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Figure 16: Infrastructure and suboutcrop positions of chromitite seams on Varkensvlei and Nooitgedacht
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Figure 17: Opencast layout of the LG6 and LG6A chromitie seams at BCR mine

The blast design will involve the blasting of three benches. Typically, the first bench will be drilled to a depth
of 18m and blasted. Once this bench has been mined to the 18m depth after several cuts, the second bench
will be drilled and blasted to a further depth of 12m, and this bench will be mined out after several cuts to the
final bench. The final bench will be drilled and blasted to a depth of 10m, which will be the final depth of the
opencast pit. This bench will be mined out, after which the opencast will be rehabilitated

Topsoil and overburden removal and mining of the chrome ore will be done by means of the truck and shovel
method. Topsoil and overburden will be stockpiled separately.

The rollover mining method will be practised, whereby the topsoil and overburden from the first cut of the
opencast mine are stockpiled at the position of the last cut. As the opencast mine progresses, the
overburden and topsoil from each successive cut is backfilled into the void from the previous cut, the surface
will then be shaped to be free draining. The topsoil will be analysed and treated appropriately and the
surface re-vegetated. At the end of the life of the opencast mine the final void will be backfilled with the
overburden from the final cut of the last remaining pit.

The chrome ore will be trucked to a mobile crushing and screening plant for processing. Other surface
infrastructure will include power supply, a workshop, a parkhome for office space and a security kiosk.

Ore recovery from the opencast mining operation is expected to be between 85% and 95% with minimal
dilution. Dry crushing and screening will be done, with dust control. There will be no gravity or spiral
separation, i.e. the process will not produce any tailings. This method has been tested and proven
successful in a similar type of opencast design at BCR Mine adjacent to the study area.
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7.0 GAP ANALYIS

The preceding discussions of the regional baseline hydrogeological conditions are based primarily on
regional background literature and sparse local information obtained during the site familiarisation visit and
hydrocensus. Together with the information provided by the client with respect to the proposed project
activities this only allows a broad, conservative and qualitative assessment of the potential groundwater
impacts. The limited available information only allows a low level of confidence in the actual baseline and
gualitative groundwater impact assessment.

More specifically information that is lacking and that would be necessary to more accurately predict
groundwater impact includes:

Local hydrogeological data obtained from drilling.

i Local hydrogeological parameters obtained from aquifer testing.
i Local hydrochemical data obtained from sampling and analyses of groundwater.

i Predictive modelling data of groundwater levels and quality resulting from pit dewatering.

8.0 IMPACT ASSESSMENT
8.1 Assessment Methodology

The significance of the impacts identified during the impact assessment phase will be determined using the
approach outlined below.

Table 5 provides the methodology for defining magnitude, geographic extent and duration. Table 6 provides
the methodology for combining magnitude, geographic extent and duration to determine environmental
significance. The Local Study Area (LSA) will encompass the full site boundary area, as shown in Figure 1
and Figure 2

8.2 Project Phases

For the purposes of this impact assessment, the SAMANCOR Mining Project is being phased as follows:
i Construction Phase;

i Operational Phase; and

i Decommissioning and Closure Phase

8.2.1 Construction Phase Impact Assessment

From a hydrogeological perspective, Table 7 summarises the potential impacts that are related to the
construction phase of the SAMANCOR Mining Project.

Hazardous waste materials will be generated during the construction phase ranging from used solvents,
used oil and grease, etc. The magnitude of the impact of the generation of hazardous waste is moderate.
The potential impact will be short term and localised. The overall environmental significance is therefore
considered low.

Construction employees will not be based on site during construction and therefore the likely generation of
sanitary waste is considered a low magnitude impact. Management of this type of waste can be easily
achieved. After the implementation of mitigation measures, such as permanent and adequate sanitary
facilities the magnitude of the impact will further be reduced. The impact will be for a short term, localised
and the overall environmental significance is considered negligible.

Potential contaminant materials will be stored and handled on site. The risk of a spill has to be considered as
a potential impact. The magnitude of the impact is high. The probability of a spill is considered high before
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mitigation such as designated storage and handling procedure are in place. The overall environmental
significance is considered moderate.
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Table 5: Method for defining ma

nitude, geographic extent and duration

Resource Direction Magnitude(b) Geographic Extent®© Duration® Reversibility(e) Frequency(f)
Hydrogeology | positive, negligible: no change from the current | local: effect restricted to the | short-term: reversible low: occurs
negative or | conditions LSA construction or once
neutral low: near (i.e., slightly above) current | regional: effect extends | medium-term: | irreversible medium: occurs
conditions beyond the LSA into the | operations intermittently
moderate: above current  conditions | RSA long-term: high: occurs
high: substantially above current conditions beyond regional: effect | >operations continuously
extends beyond the RSA
Water Quality | positive, negligible: releases do not cause guidelines or | local: effect restricted to the | short-term: reversible low: occurs
negative or | existing  backgrounds to be exceeded | LSA construction or once
neutral low: releases contribute slightly to existing | regional: effect extends | medium-term: | irreversible medium: occurs
background being exceeded | beyond the LSA into the | operations intermittently
moderate: releases cause the guidelines to be | RSA long-term: high: occurs
exceeded (where guidelines were not previously | beyond regional: effect | >operations continuously
exceeded) extends beyond the RSA
high: releases cause the guidelines to be
exceeded substantially
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Table 6: Screening system for environmental consequence

Magnitude Geographic Extent Duration Environmental
Consequence
negligible all all negligible
low local short-term negligible
low local medium-term low
low local long-term low
low regional short-term low
low regional medium-term moderate
low regional long-term moderate
low beyond regional short-term low
low beyond regional medium-term moderate
low beyond regional long-term moderate
moderate local short-term low
moderate local medium-term low
moderate local long-term moderate
moderate regional short-term moderate
moderate regional medium-term moderate
moderate regional long-term high
moderate beyond regional short-term moderate
moderate beyond regional medium-term high
moderate beyond regional long-term high
high local short-term moderate
high local medium-term high
high local long-term high
high regional short-term moderate
high regional medium-term high
high regional long-term high
high beyond regional short-term high
high beyond regional medium-term high
high beyond regional long-term high
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Table 7: Groundwater Impact assessment for the construction phase of the SAMANCOR mine pit

Impacts Occurrence Severity Environmental
Consequence
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Waste generated during
maintenance/refuelling of
equipment or machinery, i.e. oily . . . .
O e . -
% rags, used oil filters, and used oil Negative Definite Short-term Moderate Local Irreversible High Low
5 as well as spilled cleanup
S materials from oil and fuel spills.
3 G_eneratlon of sanitary wastewater Negative Definite Short-term Low Local Irreversible High Negligible
= discharges
[%2]
5 Accidental spill of materials stored . Medium . .
o -
O on site, fuel, oil products Negative Probability Short-term High Local Irreversible Low Moderate
Water Use for Construction Negative Definite Short-term Low Local Reversible High Negligible
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Water will be required for construction purposes as well as for domestic use by construction workers. The
magnitude of the impact on the water resource is, however, considered low, since the groundwater resource
at this stage will still be relatively unaffected by the mining activities. The overall environmental significance
is considered negligible.

8.2.2 Operational Phase Impact Assessment

Table 8 summarises the potential impacts that are related to the operational phase of the proposed
SAMANCOR Mining Project

The requirement to store and transport potential contaminants is unavoidable for the entire operational life of
the proposed development. Regarding the storage of hydrocarbon products such as diesel this is regulated
by various legislative acts and the design of the proposed mine will ensure that all requirements are
observed and applied. Similarly the transport of hazardous products is strictly regulated and the applicable
regulations will apply. Over the operational period of the development the probability of such an accident
occurring is considered medium risk to the groundwater regime because of the implementation of
precautionary measures and best practice guidelines during operation. The magnitude of the impact is
however high and the duration is over the entire operational period, although localised. The environmental
significance is considered high.

The design and application of drainage management ensures that contamination of groundwater, surface
water and other receptors is avoided. The drainage management system requires permanent maintenance
in order to ensure it has the capacity to handle the required volumes. A potential impact is associated with
the failure of the drainage system to function to its capacity. The magnitude of the impact would be high and
it can affect receptors at regional level. The environmental significance is considered high.

Poor waste management could impact on groundwater systems. Expected waste steams include
maintenance chemicals, production chemicals, and various domestic waste streams. An unknown number of
employees will be working on site and therefore the likely generation of sanitary waste is considered an
impact. The magnitude of the impact is rated as low. Management of these waste streams of waste can be
easily achieved. The impact will be for a medium- term and localised. The environmental significance is
considered is low.

Domestic quality water will be required to for domestic use by workers. . The magnitude of the impact on the
water resource is considered low, since adequate water volumes may be generated by dewatering of the
mine pit. The environmental significance is considered negligible.

The initial development of the mine pit will not have significant impacts on the regional groundwater
resources, but with time as the mine grows in size and the dewatering volumes increase the impacts will
establish themselves on the region. Backfilling of the mine pit is intended. However, the backfilled material is
disturbed and original hydrogeological conditions are unlikely to be re-established. It is therefore anticipated
that dewatering of a section of the backfilled material close to the advancing open pit will continue to be
required to maintain dry conditions in the open pit section.

At this stage the extent of dewatering requirements is not known. Dewatering will result in an area of
groundwater level impact the extent of which is not known but is not expected to be spatially extensive. This
is mainly due to the relatively low hydraulic conductivity of the strata. Dewatering may, however, impact on
the local groundwater users in villages and farms surrounding the site where several boreholes provide the
main source of fresh water for domestic purposes. The impact will be medium-term and localised. The
environmental significance is considered high

The cumulative impact of dewatering the proposed SAMANCOR pit, together with the potential dewatering
of the neighbouring open pit (BCR) and the underground Angloplats Union mine, will cause a greater impact
on groundwater levels than any impact predicted only for the SAMANCOR Mining Project. The cumulative
impact of mine pit dewatering will be medium-term and regional. The environmental significance is
considered high.
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Table 8: Groundwater Impact Assessment for the operational phase of the proposed SAMANCOR Mine Pit

Impacts Occurrence Severity Environmental
Consequence
S =5 = 9 8% = &
2 = 2 E £g = c
o 9 © = @ X S [}
(] @© = = = W n =]
= Q = o ) o o
° 3 ° g g 3 2
o L
o i
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potential contaminants Negative Probability Medium-term | High Local Irreversible Moderate | Low
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% drainage and management
< Poor waste management Negative Definite Medium-term | Low Regional | Reversible High Low
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©
g Dewatering of the mine pit/ . - . . . . . .
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Io) Cumulative Impact Negative Definite Medium-term High Regional | Reversible High High
Blasting activities Negative Definite Long-term Low Local Reversible High Low
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Blasting activities associated with the extraction of chromitite from the mine could affect the groundwater
quality. Depending on the blasting method used and the type of explosives, the water quality of the
underlying aquifers may be impacted increased in nitrate concentrations and changes in hydraulic
properties. However, this impact can be minimised by proper management and best practice operations of
blasting activities. The magnitude of the impact is considered low and localised but could be long-term. The
environmental significance is considered low.

8.2.3 Decommissioning and Closure Phase Impact Assessment

From a hydrogeological perspective, Table 9 summarises the potential impacts that are related to the
decommissioning and closure of the proposed SAMANCOR Mining Project.

Rehabilitation of the mine pit area is very important to mitigate lasting impacts on the groundwater systems.
Impacts that will result from rehabilitation of the mine pit include interference with natural groundwater flow
and recharge of the groundwater system. The decommissioning needs to be implemented following a
controlled plan, which will entail simultaneous mining and backfilling with overburden, covering with top soil
and planting of vegetation over the decommissioned area to mitigate potential erosion of the rehabilitated pit
areas. Local groundwater recharge will increase as the permanent feature of the rehabilitated mine pit may
form a depressed landscape. The backfilling of the pit will result in higher hydraulic conductivity to a depth of
50m over the entire rehabilitated mine pit footprint. Groundwater will therefore also be more sensitive to
pollution from surface. This risk can, however, be minimised through positive land and water management
initiatives during decommissioning phase of the project. The impact will be long-term and localised. The
environmental significance is considered moderate.

Once the open pit exploitation of chromitite on the site is completed, decommissioning and removal of all
infrastructure will be required. Activities that could lead to groundwater impacts include chemical spills from
decommissioned storage facilities of chemicals used/stored on site; these have a high probability of
occurrence unless mitigation measures are included in the decommissioning plan for the plant. The
maghnitude of such events is low, and is of a localised scale and short-term. The environmental significance
is considered negligible.

Temporary storage of structures, equipment, contaminated soil and other waste may be required depending
on the decommissioning plan. Due to the likely low number of potential contaminants handled within a
relatively short period of time the environmental significance of temporary storage during decommissioning is
rated as low. The impact will be limited to the mine offices and separation plant site only and will be for a
short-term period. The environmental significance is considered negligible.

9.0 CONCLUSIONS

The proposed mine lease areas on the farms Nooitgedacht and Varkensilvlei, are located on uninhabited
land with a very flat topography, underlain by BIC rocks. The geology and geomorphological process have
given give rise to two aquifer zones.

i An upper shallow weathered saprolite and saprock aquifer and,
j a much deeper fractured rock aquifer.

Locally the shallow aquifer zone supports mainly domestic abstraction and some golf course watering at
Bierspruit village. The effect of mining on the groundwater resource has been established on the Union
Mine operational areas. Significant groundwater related information for the proposed mine lease application
area was, however, not available from the nearby local neighbouring mining operations.

On the proposed mine lease area, the groundwater appears to be largely unaffected by mining operations
from the neighbouring mine lease area. Due to the lack of groundwater infrastructure, however, the baseline
groundwater conditions are not well assessed.

The main conclusions drawn are:
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i The groundwater table ranges from approximately 7.5 4 to 24.3.mbgl

i The groundwater pH ranges from approximately 7.4 to 7.7
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Table 9: Groundwater Impact Assessment for decommissioning and closure of the proposed SAMANCOR mine pit

Impacts Occurrence Severity Environmental
Consequence

Direction
Probability
Duration
Magnitude
Geographic
Extent
Reversibility
Frequency

Rehabilitation of the

mine pit Negative Definite Long-term Moderate | Local Irreversible High Moderate

Chemical Spills as a

result of . . . . .
Negative High Short-term Low Local Reversible High Negligible

decommissioning
storage infrastructure

Temporary storage of
various dismantled
structures, equipment, | Negative High Short-term Low Local Reversible High Negligible
contaminated soil and
other waste

Decommissioning and Closure
of Acid Plant
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i Groundwater is used for domestic, garden watering and golf course irrigation purposes on the two
farms in question.

The groundwater impacts of the proposed mining operation seen in isolation are in general considered local
and not reversible. They will produce permanent local increased groundwater recharge impacts; however,
when the potential cumulative groundwater impacts arising from the nearby existing and proposed
operations are considered, a significant impact on the local and regional groundwater system is anticipated.
A risk also exists that a disproportionate amount of impact may be attributed to the proposed SAMANCOR
operation in the absence of a more quantitative groundwater impact assessment that is able to separate the
proportional contribution of each of the existing and proposed mining operations in the area.

10.0 RECOMMENDATIONS

Due to the lack of groundwater monitoring infrastructure in the area, it is proposed that a groundwater
monitoring system and monitoring programme is established prior to the commencement of mining
operations on the proposed mine lease areas on Nooitgedacht and Varkensvlei.

The proposed work programme involves the establishment of a groundwater monitoring system and the
undertaking of a quantitative impact assessment report based on the quantified baseline groundwater
conditions. The programme will broadly entail the following activities.

i A geophysical investigation to establish drilling targets.
i A drilling and test pumping programme.
i A regular groundwater sampling and monitoring programme.

i A quantitative impact assessment based on data gathered from the field investigations and taking into
consideration the existing impacts from adjoining mining operations and/or any other groundwater
impacting activities in the area.

The groundwater monitoring system will allow a better understanding of the baseline groundwater conditions.
A groundwater monitoring programme will ensure that the groundwater impact of the mining activities can be
measured, understood and managed, during all phases if the proposed Mining Project.

11.0 REFERENCES

Anglo American Platinum Ltd (AMPLATS), August 2012. Dishaba Mine Backfill Project — Draft Scoping
report in terms of Reg. 49 (No, R527 of 2004) of the MPRDA and Reg. 28 of Environmental Impact
Assessment Regulations, No. R543 of 2010, in terms of the National Environmental Management Act,
No. 107 of 1998.

Rian Titus, Kai Witthuser and Bruce Walters, October 2009. Groundwater and Mining in the Bushveld
Complex.

SAMANCOR, 2013. Mine Work Programme — Revision 3.
South African Weather Services, Climate Data.

SRK, 2011.Rustenburg Platinum Mine (RPM) Union: Hydrogeology Report — Phase 1.

June 2013 @Guﬁler
Report No. 13614977-12148-16 35 Associates



GROUNDWATER BASELINE REPORT AND EIA -
NOOITGEDACT & VARKENSVLEI

GOLDER ASSOCIATES AFRICA (PTY) LTD.

Thomas Demmer Graham Hubert
Senior Hydrogeologist Principal
TD/GVDL/sk

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.Directors: SAP Brown, L Greyling, RGM Heath, FR SutherlandReg. No.
2002/007104/07

d:\documents\e roux work\samancor 2 mras\nooitgedacht-varkensvlei\specialists\groundwater\13614977-12148-16_samancor_nooit_varkenvlei_eia_draft070613.docx

June 2013 P Golder
Report No. 13614977-12148-16 36 Associates



February 2013

SAMANCOR CHROME

Ecological Baseline
Assessment for Mining Right
Applications on Varkensvlei
/INootgedacht and
Haakdoorndrift

Submitted to:
Samancor Chrome

Report Number. 13614977-11940-11
Distribution:
1 copy - Samancor

1 copy - GAA Library
1 copy - Project Folder 13614977

Golder

Associates






SAMANCOR TWO MINING RIGHTS - ECOLOGICAL
ASSESSMENT

Executive Summary

Samancor Chrome (Pty) Ltd appointed Golder Associates Africa (Pty) Ltd (GAA) to undertake a terrestrial
ecology assessment of the proposed sites earmarked for development near Thabazimbi and Northam
located approximately120 and 60 kilometres north-east of Rustenburg, South Africa, respectively.

This report presents the results of the February 2013 field survey.

The sites for development are located on the farms Varkenvlei and Nooitgedacht near Northam and the farm
Haakdoringdrift, near Thabazimbi. The areas are currently owned by Samancor and will be developed as
underground mines. The purpose of this study is to fulfil the requirements for the mining rights application as
required by the National Environmental Management Act, 1998 (NEMA).

The two mining rights areas are located in the Limpopo Province, however half of the
Nooitgedacht/Varkenvlei site is located within the North West Province. The surrounding landscape matrix
consists of various land uses including livestock production, communal land and other mining operations.

The current study aims to determine the presence/absence of flora and fauna within the study area with
special reference to Red Data species and provincially or nationally protected species, which may be seen
as red flags for the proposed development. The terms of reference for the terrestrial ecology specialist study,
for the purpose of this report, are thus:

To conduct a flora and fauna survey of the site;
To identify the potential for threatened species (Red Data fauna and flora species) to occupy the study site;
To conduct a habitat suitability assessment for fauna species, particularly Red Data species; and

To provide an indication of the ecological function of the study site and identify specific areas of sensitivity or
conservation importance.

The scope of work compromises the following tasks:

Conduct an initial literature review of vegetation likely to occur in the study area; and

Develop a species list of Red Data and protected plants.

Conduct a detailed field survey of the study area (using standard scientific methodology) to:
§ Identify general vegetation communities in the study area;

Identify dominant plant species;

Record Red Data and protected species;

Identify invader or exotic species;

w W W W

Identify sensitive landscapes and habitats including wetland and riparian habitats as these are often
intricately linked to the surrounding terrestrial habitats; and

8§ Identify possible impacts of the proposed development during the operation of the mine.
The tasks for the fauna component comprised the following:
Conduct initial literature review of fauna species likely to occur in the study area;
Develop a species list of Red Data and protected.

Conduct a field survey (using standard scientific methodology), in order to:
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Identify terrestrial fauna occurring within the study area;
Record Red Data and protected fauna species;

Identify any exotic species; and

w W W W

Identify possible impacts of the proposed development on fauna populations.

The report is based on the following assumptions:
:  The accuracy of GPS points taken in the field is within 15m;

: Delineations and related spatial data generated by GAA can be supplied in GIS (shapefile) format only
and will be for use in conceptual planning purposes only and not detailed design;

:  The assessment of the impact of past activities on the ecosystems will be based on professional
judgement;

:  Due to time constraints the study was conducting over a very short time period;
+  Historical data relating to terrestrial ecosystems provided to GAA by the client is assumed to be correct;

+  Data and information obtained through official documents or websites, peer reviewed scientific articles
and previous ecological studies are assumed to be correct;

: No review or correction of any data obtained by any means, other than the study itself, will be
undertaken by GAA,

: It is noted that unusual environmental conditions (such as unusual high or low rainfall) may cause
unusual states of biodiversity during the period of study, which may not normally exist, but none such
conditions occurred during the site visit; and

:  Itis noted that the site survey was conducted during the dry season, over a single sampling bout and
will not account for seasonal variation or long term temporal changes in biodiversity.

During the flora assessment it was determined that the herbaceous layer is dominated by pioneer grass
species and exotic herbaceous species. A total of 56 plant species were recorded during the floristic survey
of the study areas.

The entirety of the two study sites can be described as degraded/recuperating vegetation. Floral diversity in
this community is low with a total of 56 plant species recorded during the survey. Woody species are the
lowest contributors of this diversity with 10 species, followed by grasses (25 species) and herbs/forbs (11
species).

This vegetation community is dominated by pioneer graminoid species such as Aristida spp, Eragrostis spp,
Sporobolis spp and Digitaria spp. No Red Data plant species were recorded in this vegetation community,
and due to the transformed nature it is highly unlikely that any Red Data or protected species will occur in
this vegetation community.

Thirteen species of Red Data plant occur in the region. According to reviewed literature, three of these
species potentially occur in the study area, while five species of protected tree may occur in the study area,
however, no Red Data or protected species were recorded during the site survey.

Very low mammal species diversity was recorded on site with a total of only 5 mammal species recorded
during the survey. The degraded nature of the study areas may be the most likely cause of the low mammal
species diversity as well as the fact that it is unlikely that any Red Data or protected mammal species occur
on site.

None of the 23 bird species recorded during the 2013 survey are listed as Red Data or Protected species,
and six Red Data and protected species listed, only one is possibly occurring on the sites. A large number of
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reptiles were recorded on sight, but these all belonged to only five species. The increased activity of these
animals may be due to the very hot weather persistent during the study.

Twenty eight amphibian species could potentially occur in the study area, although none were recorded
during the surveys due to the lack of open water in the study areas. A total of 21 arthropoda taxa were
recorded during the 2013 site survey. All recorded species are common to savanna areas and have
widespread distributions. Four species of Red Data and Protected arthropods may occur within the study
area, however, the probability of occurrence of these species is low.

In general, based on the species diversity and the lack of redundancy in species occurring in the study areas
the ecological integrity of the study areas were determined to be moderate to low. Furthermore, due to lack
of protected or Red Data species occurring in the study areas the conservation importance of the study
areas is also determined to be low.

It is suggested that further studies be conducted in order to determine the presence or absence of the Giant
Bullfrog (Pyxicephalus adspersus), African Rock python (Python sebae natalensis), Yellow-throated
Sandgrouse (Pterocles gutturalis) and other Red Data species, which have even a low probability of
occurrence, before any development is commenced.

It is likely that, if a good exotic species control program is implemented, the development in the area could
have a positive effect on undisturbed vegetation in the area.
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1.0 INTRODUCTION

Samancor Chrome (Pty) Ltd appointed Golder Associates Africa (Pty) Ltd (GAA) to undertake a terrestrial
ecology assessment of the proposed sites earmarked for development near Thabazimbi and Northam
located approximately120 and 60 kilometres north-east of Rustenburg, South Africa, respectively.

This report presents the results of the February 2013 field survey.

2.0 PROJECT DESCRIPTION

2.1 Background and location

The sites for development are located on the farms Varkenvlei and Nooitgedacht near Northam and the farm
Haakdoringdrift, near Thabazimbi. The areas are currently owned by Samancor and will be developed as
opencast mines. The purpose of this study is to fulfil the requirements for the mining right application as
required by the Mineral and Petroleum Resources Development Act, 2002 (MPRDA).

The two mining right areas are located in the Limpopo Province, but a portion of the Nooitgedacht/Varkenvlei
site is located within the North West Province. The surrounding landscape matrix consists of various land
uses including livestock production, communal land and other mining operations. The location of the study
area is shown in Figure 1.
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Figure 1: Regional location of study area
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3.0

TERMS OF REFERENCE

The current study aims to determine the presence/absence of flora and fauna within the study area with
special reference to Red Data species and provincially or nationally protected species, which may be seen
as red flags for the proposed development. The terms of reference for the terrestrial ecology specialist study,
for the purpose of this report, are thus:

4.0
4.1

To conduct a flora and fauna survey of the site;

To identify the potential for threatened species (Red Data fauna and flora species) to occupy the study
site;

To conduct a habitat suitability assessment for fauna species, particularly Red Data species; and

To provide an indication of the ecological function of the study site and identify specific areas of
sensitivity or conservation importance.

SCOPE OF WORK
Flora component

The scope of work compromised the following tasks:

4.2

Conduct an initial literature review of vegetation likely to occur in the study area;

Develop a potential species list of Red Data and protected plants according to the relevant literature for
the (IUCN, 2012) and South Africa (NEMBA, 2007);

Conduct a detailed field survey of the study area (using standard scientific methodology) to:
8§ Identify general vegetation communities in the study area;

Identify dominant plant species;

Record Red Data and protected species;

Identify invader or exotic species;

w W w W

Identify sensitive landscapes and habitats including wetland and riparian habitats as these are often
intricately linked to the surrounding terrestrial habitats; and

8§ Identify possible impacts of the proposed development during the operation of the mine.

Fauna component

The tasks for the fauna component comprised the following:

Conduct initial literature review of fauna species likely to occur in the study area;

Develop a list of potential Red Data species and protected animals according to the (IUCN, 2012) and
South African protected and Red Data species lists (NEMBA, 2007);

Conduct a field survey (using standard scientific methodology), in order to:
§ Identify terrestrial fauna occurring within the study area;

§ Record Red Data and protected fauna species;

§ Identify any exotic species; and
8

Identify possible impacts of the proposed development on fauna populations.
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4.3

Assumptions and Limitations

The report is based on the following assumptions:

The accuracy of GPS points taken in the field is within 15m;

Delineations and related spatial data generated by GAA can be supplied in GIS (shapefile) format only
and will be for use in conceptual planning purposes only and not detailed design;

The assessment of the impact of past activities on the ecosystems will be based on professional
judgement;

Due to time constraints the study was conducting over a very short time period;
Historical data relating to terrestrial ecosystems provided to GAA by the client is assumed to be correct;

Data and information obtained through official documents or websites, peer reviewed scientific articles
and previous ecological studies are assumed to be correct;

No review or correction of any data obtained by any means, other than the study itself, will be
undertaken by GAA,

It is noted that unusual environmental conditions (such as unusual high or low rainfall) may cause
unusual states of biodiversity during the period of study, which may not normally exist, but none such
conditions occurred during the site visit; and

It is noted that the site survey was conducted over a single sampling bout and will not account for
seasonal variation or long term temporal changes in biodiversity.
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Figure 1: Regional location of study area
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5.0 METHODOLOGY

The methodology used for this ecological assessment can be subdivided into three components, namely a
desktop literature review component, a field survey data collection component, and a data assessment and
reporting component. The methodologies associated with each are detailed in Sections 5.1 to 5.3.

51 Literature review

Although both study areas fall mainly within the Limpopo Province, the Limpopo Province does not have an
equivalent ecological database to that of the North West Province. Be that as it may, both study areas are
found within Mucina & Rutherfords (2006) Dwaalboom Thornveld vegetation type, which is well represented
in the North West Province. As such, ecological information contained in the NW Biodiversity Inventory and
Database (2003) relating to this vegetation type was consulted apropos ecological information.

5.1.1 Vegetation

Flora species lists for the relevant grid squares (2427CB and 2427CC) were obtained from the PRECIS
(National Herbarium Pretoria Computer Information System) database (SIBIS:SABIF, 2009, internet) and the
Plants of South Africa database (Plants of Southern Africa, 2009, internet). Information relating to specific
species of concern for the grid square was obtained from NW Biodiversity Inventory and Database (2003).
Other literature sources including (Low & Rebelo, 1996) and (Mucina & Rutherford, 2006) were also
consulted.

51.2 Mammals

A list of expected mammal species was compiled by consultation of a number of literature sources including
Skinner & Smithers (1990) and field guides such as Stuart & Stuart (2007). In addition, information relating to
species of concern and general field observations for the area was obtained from NW Biodiversity Inventory
and Database (2003).

5.1.3 Avifauna (Birds)

A list of expected bird species was compiled by consultation of a number of literature sources relevant to the
study area, including the SANBI’'s SIBIS database (SIBIS: SABIF, 2009, internet), Harrison et al. (1997 a and
b), and field guides such as Sinclair et al. (2002). Information relating to species of concern for the grid
square was also obtained from the ornithologist based at the North West Department of Economic
Development, Environment, Conservation and Tourism.

514 Herpetofauna (Reptiles and Amphibians)

Expected reptile and amphibian species lists were compiled by consultation of field guides. Branch (1994)
was used for reptiles, while Carruthers (2001) and Du Preez & Carruthers (2009) were used for amphibian
species.

5.1.5 Arthropoda

A list of expected arthropod species list was compiled based on the field guides Picker et al (2004) and
Migdoll (1994).

5.1.6 Red Data and protected flora and fauna
In order to assess the Red Data status of species in the study area, the following sources were consulted:

: National Environmental Management: Biodiversity Act (No. 10 of 2004) — Lists of critically endangered,
endangered, vulnerable and protected species (NEMBA, 2007);

: National Forests Act (No. 84 of 1998) — List of Protected Tree Species;

: Rare, endangered and endemic flora of the Bojanala Platinum District, North West Province (Hahn,
2011);

i North West Biodiversity Inventory and Database (2003);
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:  Limpopo Environmental Management Act (No. 7 of 2003);
: International Union for the Conservation of Nature (IUCN) Red List of Threatened Species (2011); and

: International Union for the Conservation of Nature (IUCN) Red List Categories and Criteria (2008).

5.2 Field methodology

5.2.1 Vegetation sampling

Satellite imagery of the area was consulted as a first approximation of the vegetation communities within the
study area. Plant communities were roughly delineated based on satellite imagery and previous studies were
consulted in order to determine the general vegetation characteristics. In order to study the vegetation in
greater detail, relevés were selected according to the vegetation characteristics identified. A total of 15 sites
were selected at which to conduct vegetation surveys. Relevé data was collected in the field by means of
point transects (for species occurring in the herbaceous layer) and belt transects (for tree and shrub
species).

Species that were not identified in the field were sampled or photographed for identification at a later stage
by consulting additional literature sources. Identification of plant species was undertaken using Van Wyk &
Van Wyk (1997), Pooley (1998) and Van Oudtshoorn (1999) were applicable.

Vegetation data was collected during the field survey that was conducted for five days from the 28 February
and 2 March 2013.

5.2.2 Fauna surveys

Fauna surveys were conducted at 12 sites. These sites were selected to encompass all of the possible
habitats found on site as well as concentrate on sites which will either be directly affected by the mining or be
likely to host increased diversity or protected and Red Data species. Field work was conducted for five days
from the 28 February and 2 March 2013.

5221 Mammals

Small mammals were trapped by means of seven Sherman traps placed in a single grid at each of the fauna
survey sites. The data collected during Sherman trapping was augmented by visual observations, surveys of
tracks and signs, as well as anecdotal evidence provided by residents and land users. Stuart & Stuart (2007)
was used to identify mammals captured in the study area.

The mammal sensitivity assessment was based on the suitability of available habitat for species of particular
conservation concern such as Red Data and protected species. The sensitivity of the mapped habitats was
then assessed in terms of how the potential impacts of mining would alter the state of the habitat and
therefore the continued presence of the particular species.

5.2.2.2 Avifauna (Birds)

Bird surveys were conducted by means of point counts of 15 min each (Bibby, et al., 1993) at each of the
fauna survey sites.

During the survey, bird species were identified, and where necessary, identifications were verified using
Sinclair et al. (2002). Particular attention was paid to suitable roosting, foraging and nesting habitats for Red
Data species.

5.2.2.3 Herpetofauna (Reptiles and Amphibians)

Active searching was conducted at each of the fauna survey sites. Active searching was conducted on foot
and included searching all suitable habitats (rocks, logs, artificial cover, leaf litter, artificial litter, bark, pools
and streams etc), and scanning basking sites and places where specimens were likely to be found. Branch
(1994) was used to identify observed reptile species, while Du Preez & Carruthers (2009) was used to
identify amphibians found in the study area.
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5.2.2.4 Arthropoda

Active searching was conducted at each of the fauna survey sites. Active searching was conducted on foot
and included searching in suitable habitats (rocks, logs, artificial cover, leaf litter, bark, leaf axils, etc), and
scanning sites where specimens were likely to be found. In addition, the presence of burrows, mounds and
nests were also noted. Picker et al (2002) were used to identify species.

5.3 Assessment methodology

5.3.1 Floristic sensitivity analysis

Floristic sensitivity analysis was determined by subjectively assessing the ecological integrity and
conservation importance of the vegetation, as defined in Table 1.

Table 1: Rating of ecological function and conservation importance

Ecological integrity Conservation importance

Sensitive ecosystems with either low inherent

resistance or resilience towards disturbance | Ecosystems with high species richness and

High

factors or highly dynamic systems considered
to be stable and important for the
maintenance of ecosystems integrity (e.g.
pristine grasslands, pristine wetlands and
pristine ridges).

usually provide suitable habitat for a number
of threatened species. Usually termed ‘no-go’
areas and unsuitable for development, and
should be protected.

Medium

Relatively important ecosystems at gradients
of intermediate disturbances. An area may be
considered of medium ecological function if it
is directly adjacent to sensitive/pristine
ecosystem.

Ecosystems with intermediate levels of
species diversity without any threatened
species. Low-density development may be
allowed, provided the current species diversity
is conserved.

Low

Degraded and highly disturbed systems with

Areas with little or no conservation potential
and usually species poor (most species are

little or no ecological function.

usually exotic).

53.2 Red Data assessment

Based on the potential Red Data species lists compiled during the literature review and on the findings of the
field survey, the probability of occurrence of Red Data species in the study area were assessed for each
species. The following parameters were used in the assessment:

i Habitat requirements (HR): Most Red Data species have very specific habitat requirements and the
presence of these habitat characteristics in the study area was evaluated;

i Habitat status (HS): The status or ecological condition of available habitat in the area was assessed.
Often a high level of habitat degradation prevalent in a specific habitat will negate the potential
presence of Red Data species (this is especially evident in wetland habitats); and

: Habitat linkage (HL): Movement between areas for breeding and feeding forms an essential part of the
existence of many species. Connectivity of the study area to surrounding habitat and the adequacy of
these linkages are evaluated for the ecological functioning of Red Data species within the study area.

Probability of occurrence is presented in four categories, namely:
: Low;

Medium;

High; and

Recorded.
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6.0 BIOPHYSICAL ENVIRONMENT

6.1 Location

The study sites both fall within Mucina & Rutherford’s (2006) Dwaalboom thornveld (SVcb1l) vegetation type
of the savanna biome.

The Haakdoringdrift site is located in the Crocodile River basin. The site is a largely flat area covering
approximately 470 ha, varying in altitude between 934 m and 958 m.

Half of the Varkenvlei/Nooitgedacht site is situated in the North West Province and half in the Limpopo
Province. The Bofule River intersects the northern portion of the North West Province section. The
Varkenvlei/Nooitgedacht site is also a largely flat area of approximately 163 ha, varying in altitude between
997 m and 1023 m.

6.2 Vegetation and Associated Factors

6.2.1 Savanna Biome

The Savanna Biome is the largest biome in South Africa, extending throughout the east and north-eastern
areas of the country (Manning, 2009). Savannas are characterised by a dominant grass layers, over-topped
by a discontinuous, but distinct woody plant layer. At a structural level African savannas can be broadly
categorised as either fine-leaved (microphyllous) savannas or broad-leaved savannas. Fine-leaved
savannas typically occur on nutrient rich soils and are dominated by microphyllous woody plants of the
Mimosaceae family (Common genera include Acacia and Albizia) and a generally dense herbaceous layer
(Scholes & Walker, 1993). These savannas van support a high herbivore biomass of both grazers and
browsers. Conversely, broad-leaved savannas occur on nutrient poor soils, are characterised by woody
plants from the Combretaceae family (Common genera include Combretum and Terminalia) and typically
support a low herbivore biomass (Scholes & Walker, 1993). Along with fire and a distinct seasonal climate,
browsing and grazing by large herbivores are the dominant determinants of the composition, structure and
functioning of savanna ecosystems (Scholes & Walker, 1993).

6.2.1.1 Dwaalboom Thornveld

Dwaalboom Thornveld is restricted in distribution in the Limpopo and North West Provinces within flats north
of the Dwarsberge and associated ridges mainly west of the Crocodile River in the Dwaalboom area but
including a patch around Sentrum. South of the ridges it extends eastwards from the Nietverdiend area,
north of the Pilanesberg to the Northam area at an altitude range of between 900 and 1,200m AMSL. This
vegetation type is dominated by elements of Low & Rebelo’s (1996) Mixed Bushveld and Acocks (1953)
Sourish Mixed Bushveld (Mucina & Rutherford, 2006). The following notes summarise the characteristics of
this vegetation type.

Vegetation and Landscape features

Its main vegetation and landscape features include plains with a layer of scattered, low to medium high,
deciduous microphyllous trees and shrubs with a few broad-leaved tree species. There is almost a
continuous herbaceous layer dominated by grass species. Acacia tortilis and Acacia nilotica dominate on the
medium clays (at least 21% clay in the upper soil horizon but high in the lower horizons). On particularly
heavy clays (>55% clay in all horizons) most other woody plants are excluded and the diminutive Acacia
tenuispina dominates at a height of less than 1 m above ground. On the sandy clay loam soils (with not more
than 35% clay in the upper horizon but high in the lower horizons) Acacia erubescens is the most prominent
tree. The alternation of these substrate types creates a mosaic of patches typically 1 — 5 km across, for
example in the unit west of Thabazimbi (Mucina & Rutherford, 2006).

Geology and Soils

The sediments of the Pretoria Group that underlie this vegetation type, particularly the Silverton and Rayton
Formations, are mostly shale, while carbonates, volcanic rocks, breccias and diamicites are also present.
Bronzite, harzburgite, gabbro and norite of the Rustenburg Layered Suite (Bushveld Igneous Complex) are
also frequently found underlying areas of Dwaalboom Thornveld (Mucina & Rutherford, 2006).
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Soils are mostly deep, red and yellow apedal, which drain freely and have a high base status. Both vertic
and melanic clays also occur in certain areas (Mucina & Rutherford, 2006).

Climate

As with all vegetation types in the Savanna Biome, areas of Dwaalboom Thornveld experience summer
rainfall with dry, very cold winters. Frost occurs frequently in winter with temperatures as low as -4 °C
recorded. Summer temperatures peak at 36 °C. Mean annual precipitation for this vegetation type ranges
from 550 - 600 mm (Mucina & Rutherford, 2006).

Important Plant Taxa

Based on Mucina & Rutherford’s (2006) vegetation classification, important plant taxa are those species that
have a high abundance, a frequent occurrence (not being particularly abundant) or are prominent in the
landscape within a particular vegetation type. They note the following species are important taxa in the
Dwaalboom Thornveld vegetation type:

Trees: Acacia erioloba, Acacia erubescens, Acacia nilotica, Acacia tortilis subsp heteracantha, Acacia fleckii,
Acacia burkei, Rhus lancea (Mucina & Rutherford, 2006).

Shrubs: Diospyros lycioides subsp. lycioides, Grewia flava, Mystroxylon aethiopicum, subsp. burkenum,
Agathisanthemum bojeri (Mucina & Rutherford, 2006).

Graminoids: Aristida bipartite, Bothriochloa insculpta, Digitaria eriantha subsp eriantha, Ischaemum afrum,
Panicum maximum and Cymbopogon pospischilii (Mucina & Rutherford, 2006).

Herbs: Blepharis integrifolia, Chaemecrista absus, Cleome Maculata, Dicoma anomala, Kyphocarpa
angustifolia, Limeum viscosum, Lophiocarpus tenuissimus (Mucina & Rutherford, 2006).

Endemic Taxon: The low shrub Rhus maricoana is endemic to this region (Mucina & Rutherford, 2006).

Conservation

According to Mucina & Rutherford (2006) Dwaalboom Thornveld is classified as Least Threatened. Although
the target for conservation is 19%, only 6% of this vegetation type is currently under statutory conservation in
reserves such as the Madikwe Game Reserve. Cultivation and to a lesser extent urbanisation have resulted
in the transformation of approximately 14% of Dwaalboom Thornveld and exotic invasive plants are present.
Incidences of erosion are low to very low (Mucina & Rutherford, 2006).
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Figure 2: Vegetation types of the study area and surrounding regions according to Mucina & Rutherford (2006)
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7.0 FLORAL ASSESSMENT

The flora assessment was conducted between the 28 February and 2 March 2013.

7.1 General Site Characteristics

7.1.1 Haakdoringdrift Study Area

The entire extent of the Haakdoringdrift study area has been previously placed under agriculture and judging
by the age of the trees in the area, it is deduced that agriculture ceased in the area approximately 20 to 25
years ago (Figure 3). Previous and current mining activities have heavily impacted upon the western part of
the site and the vegetation in this area is considered completely transformed. The area previously under
cultivation is also considered transformed vegetation as it is very different to the natural local vegetation,
which can be observed in the private nature reserve to the north of the site. Although the site is seen to be
recuperating from a structural point of view the area is considered much degraded from a species
composition point of view. The herbaceous layer is dominated by pioneer grass species and exotic
herbaceous species. The shrub stratum is also completely absent from the area and the area has a
vegetation structure more similar to that of Kalahari Thornveld of the drier far northern areas of the North
West Province. Field observations indicate that fire is not actively or frequently used as a veldt management
tool.

Figure 3: The Haakdoringdrift study area photographed from east to west.
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7.1.2 Varkenvlei/Nooitgedacht Study Area

As with the Haakdoringdrift site, the entire extent of the Varkenvlei/Nooitgedacht site has been previously
placed under agriculture and judging by the age of the trees in the area, it is deduced that agriculture ceased
in the area approximately 20 to 35 years ago. Previous and current mining activities have slightly impacted
upon the south eastern part of the site although this impact is mainly due to edge effects, rather than

physical transformation of the site. Edge effect refers to changes in microclimate near the edge (boundary) of
habitat patches that not only reduce the effective size of viable, interior habitat, but may also create
parameter conditions that are more conducive to predators, parasites and exotic species invasion. The area
previously under cultivation is considered transformed vegetation as it is very different to the natural local
vegetation. Although the site is seen to be recuperating from a structural point of view the area is considered
much degraded from a species composition point of view. The herbaceous layer is dominated by pioneer
grass species and exotic herbaceous species. Parts of the study area are also severely encroached by
Acacia mellifera and the area is also utilised for the collection of traditional food plants and medicinal plants.
Field observations indicate that fire has been unsuccessfully utilised to try and control bush encroachment by
Acacia mellifera.

Figure 4: Photograph of the Varkensvlei/Nooitgedacht study area from south to north (Note the encroachment by Acacia
mellifera in the foreground)

7.2 Vegetation Communities

A total of 56 plant species were recorded during the floristic survey of the study areas (Table 2). This is
markedly lower than the 116 plant species presented in the PRECIS dataset by SANBI for the relevant
guarter degree squares and can be attributed to the degraded nature of the study areas. Furthermore many
of the species recorded (12) are exotic species and are not included in the PRECIS database.
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Based primarily on physiognomy, moisture regime, rockiness, slope, species composition and soil properties,
only one vegetation community was identified, namely the Degraded/ Secondary vegetation community.

In addition, areas of complete or severe transformation and disturbance occur throughout the study area.
These include inter alia, villages, haul roads, spoil heaps, old pit areas and un-rehabilitated areas. These
areas were noted but not surveyed intensively.

7.2.1 Transformed/ Secondary vegetation community

The entirety of the two study sites can be described as degraded/ recuperating vegetation. Floral diversity in
this community is low with a total of 56 plant species recorded during the survey. Woody species are the
lowest contributors of this diversity with 10 species, followed by grasses (25 species) and herbs/forbs (11
species) (Table 2).

This vegetation community is dominated by pioneer graminoid species such as Aristida spp, Eragrostis spp,
Sporobolus spp and Digitaria spp . Woody species have begun to recolonise the area and the woody layer is
dominated by species such as Acacia erubescens, A. karroo and A. mellifera. To a far lesser extent species
such Grewia subspathulata, Acacia gerrardii and Ozoroa paniculosa are also found in this vegetation
community. In areas where rehabilitation of the grassy layer was more successful graminoid species are
dominant. Areas where bush encroachment control has not been as successful, woody species such as
Acacia mellifera have encroached on the area, thereby further preventing the colonisation of the area by
graminoid species and ultimately leading to low diversity and abundance of graminoid species, such as
Schmidtia pappophoroides, Aristida canescens and Aristida adscensionis.

No Red Data plant species were recorded in this vegetation community, and due to the transformed nature it
is highly unlikely that any Red Data or protected species will occur in this vegetation community.

Areas of this vegetation community in which open cast mining activities occur will not be significantly
impacted upon.

Table 2: Plant species recorded at the Varkenvlei/Nooitgedacht and Haakdoringdrift study areas

FAMILY Exotic | Species Life cycle Growth Form
POACEAE * Cymbopogon pospischilii Perennial Graminoid
POACEAE Eragrostis curvula Perennial Graminoid
MALVACEAE * Malvastrum coromandelianum Biennial Dwarf shrub
MOLLUGINACEAE * Mollugo nudicaulis Annual Herb
LAMIACEAE * Salvia reflexa Hornem. Annual Herb
SOLANACEAE Solanum elaeagnifolium
FABACEAE Acacia caffra Perennial Shrub, tree
FABACEAE Acacia erubescens Perennial Shrub, tree
FABACEAE Acacia galpinii Perennial Tree
FABACEAE Acacia gerrardii Perennial Shrub, tree
FABACEAE Acacia mellifera Perennial Shrub, tree
BUDDLEJACEAE Buddleja salviifolia Perennial Shrub, tree
BURSERACEAE Commiphora mollis Perennial Tree
ANACARDIACEAE Ozoroa paniculosa Perennial Shrub, tree
ANACARDIACEAE Searsia tenuinervis Perennial Shrub, tree
ASPARAGACEAE Asparagus cooperi Perennial Dwarf shrub, shrub
CONVOLVULACEAE Ipomoea magnusiana Perennial Herb
CONVOLVULACEAE Merremia palmata Perennial Herb
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FAMILY Exotic | Species Life cycle Growth Form
CUCURBITACEAE Cucumis hirsutus Perennial Herb, succulent
EUPHORBIACEAE Jatropha zeyheri Perennial Dwarf shrub, herb,
succulent
EUPHORBIACEAE Euphorbia schinzii Perennial Dwarf shrub, shrub,
succulent
EUPHORBIACEAE Jatropha schlechteri Perennial Dwarf shrub, herb,
succulent
MALVACEAE Grewia subspathulata Perennial Shrub
POACEAE Aristida adscensionis Annual Graminoid
POACEAE Aristida congesta Perennial (occ. Graminoid
annual)
POACEAE Aristida stipitata Perennial Graminoid
POACEAE Brachiaria deflexa Annual Graminoid
POACEAE Brachiaria nigropedata Perennial Graminoid
POACEAE Dactyloctenium aegyptium Annual Graminoid
POACEAE Digitaria eriantha Perennial Graminoid
POACEAE Diheteropogon amplectens Perennial Graminoid
POACEAE Elionurus muticus Perennial Graminoid
POACEAE Enneapogon cenchroides Annual_(occ. Graminoid
perennial)
POACEAE Eragrostis barbinodis Perennial Graminoid
POACEAE Eragrostis curvula Perennial Graminoid
POACEAE Eragrostis gummiflua Perennial Graminoid
POACEAE Heteropogon contortus Perennial Graminoid
POACEAE Hyperthelia dissoluta Perennial Graminoid
POACEAE Loudetia flavida Perennial Graminoid
POACEAE Perotis patens Annual_(occ. Graminoid
perennial)
POACEAE Pogonarthria squarrosa Perennial (occ. Graminoid
annual)
POACEAE Schizachyrium sanguineum Perennial Graminoid
POACEAE Schmidtia pappophoroides Perennial Graminoid
POACEAE Setaria verticillata Annual Graminoid
POACEAE Sporobolus fimbriatus Perennial Graminoid
POACEAE Stipagrostis uniplumis Perennial (occ. Graminoid
annual)
POACEAE Tricholaena monachne Perennial (occ. Graminoid
annual)
AMARANTHACACEAE | * Achyranthes aspera Annual Herb
PAPAVERACEAEA * Argemone mexicana Annual Herb
SOLANACEAE * Datura ferox Annual Herb
SOLANACEAE * Datura stramonium Annual Herb
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FAMILY Exotic | Species Life cycle Growth Form
ASTERACEAE Xanthium spinosum Annual Herb
ONAGRACEAEA Oenothera sp Annual Herb
CONVOLVULACEAE Cuscata campestris Annual Herb
AGAVACEAE Agave americana Perrenial Succulent
CACTACEAE Opuntia ficus-indica Perrenial Succulent

7.3 Red Data Floral Assessment

Based on Hahn'’s (2011) study, 13 species of Red Data plant occur within the Bojanala Platinum District of
the North West Province these species can be extrapolated to the study area due to the same vegetation
type occurring in the study area. According to reviewed literature, three of these species potentially occur in
the study area, while five species of protected tree may occur in the study area (SANBI, 2004; NEMBA,

2007) Table 3.

No Red Data or protected species were recorded during the field survey.

Table 3: Potential Red Data and protected plant species that may occur in study area
South African Protected Tree
Species Red Data List IUCN Red Data Species (National NEMBA ToPS
P (2009) List (2011) Forest Act No. 84 of | List (2007)
1998)
Ledeboria atrobrunnea Vulnerable - - -
Delosperma macellum Endangered Critically - -
endangered
Erythrophysa transvaalensis | - Least Concern Protected -
Sclerocarya birrea subsp. ) ) Protected i
caffra
Boscia albitrunca - - Protected -
Combretum imberbe - - Protected -
Acacia erioloba - - Protected -
Pittosporum viridiflorum - - Protected -

8.0 FAUNA ASSESSMENT

The fauna assessment was conducted between the 28 February and 2 March 2013.

8.1 Recorded fauna species

8.1.1 Mammals

A total of 5 mammal species were recorded during the survey, four of which were recorded at both study
areas (Table 4). Based on species distribution maps documented in Stuart & Stuart (1997), and considering
the existing land uses in the general region, 83 species of mammal could potentially occur in the study area
which has a mammal diversity ranking of medium-high (NW Biodiversity Inventory and Database 2003). The
low mammal species diversity recorded during the survey can be attributed to direct and indirect
disturbances resulting from anthropogenic activities, as well as historic land uses such as agriculture and
hunting. In addition, the poaching of small mammals by local communities in the study area and on adjacent
land may further reduce the diversity of mammals.

Table 4: Mammal species recorded during the 2013 survey
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NEM:BA IUCN Red List Study area recorded
Threatened and
L Common of Threatened
Scientific Name Protected .
Name . . Species
Species List (2012.2)
(2007) '
i Haakdorindrift
rL:Srglri];scomys Striped Mouse | - Least concern i Varkenvlei/
Nooitgedacht
i Haakdorindrift
Mastomys Multimammate | Least concern )
coucha Mouse j \Varkenvlei/
Nooitgedacht
i Haakdorindrift
Saccostomus Pouched i Least concern )
campestris Mouse j Varkenvlei/
Nooitgedacht
i Haakdorindrift
Lepus saxatili Scrub Hare - Not listed ) )
i Varkenvlei/Nooitgedacht
Hystrix : Porcupine - Least concern j  Haakdorindrift
africaeaustralis

Red Data and Protected mammal species

Species recorded during the survey are common, with generally widespread distributions, and have
accordingly been categorised as Least Concern on the IUCN Red Data List (2012).

Other species not observed during the field survey, but which show a regional distribution that includes the
study area according to Stuart & Stuart (1997) are listed in Table 5.

Table 5: List of threatened or protected mammal species that may occur in the study area

NEM:BA g Probability of
. e Threatened and | IUCN Re Data occurrence

Scientific Name Common Name Protected Species | List (2012a)

List (2007)
!\Igamblysomus Juliana’s Golden Mole | Vulnerable Vulnerable Low
julianae
Amblysomus Highveld Golden Mole | - Near Threatened Low
septentionalis 9
Eidolon helvum E;rtaw—coloured Frutt- | Near Threatened | -°"
Parahyaena brunnea Brown Hyaena Protected Near Threatened | Low
Mellivora capensis Honey Badger Protected Near Threatened | Moderate

8.1.2 Avifauna

The NW Biodiversity Inventory and Database (2003) categorises the region in which the study area is
located as having low-medium bird diversity. Data presented on SANBI’'s SIBIS database (SIBIS:SABIF,
2009, internet) indicates that a total of 140 bird species have been recorded in the relevant quarter degree
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grid square. This is substantially more than the 23 bird species recorded during the field survey. This low
diversity can be attributed to:

i The lack of vegetation structural diversity on the study areas;
i Mining activities, most notably blasting would disturb many bird species in the immediate area, and

i Egg collecting by adjacent land users and bird hunting may reduce the abundance and diversity of
resident bird species.

The bird species listed in Table 6 were recorded at both study areas during the 2013 field survey.

Table 6: Bird species recorded during the 2013 survey

Scientific Name Common Name
Mirafra sabota Sabota Lark
Bostrychia hagedash Hadeda Ibis

Vanellus coronatus Crowned Lapwing
Vanellus armatus Blacksmith Lapwing
Streptopelia senegalensis Laughing Dove
Streptopelia capicola Ring-necked Dove
Corthaixoides concolor Grey Go-away-bird
Urocolinus indicus Redfaced Mousebird
Coracias caudata Lilacbreasted Roller
Upupa africana African Hoopoe
Corvus albus Pied Crow

Pyconotus nigricans Black-fronted Bulbul
Pyconotus barbatus Common Bulbul
Cossypha humeralis Whitethroated Robin-Chat
Zosterops pallidus Cape White-eye
Tchagra senegala Blackcrowned Tchagra
Nectarinia mariquensis Marico Sunbird

Passer domesticus House Sparrow
Ploceus velatus Southern Masked Weaver
Pytilia melba Melba Finch

Estrilda erythronotos Blackcheeked Waxbill
Uraeginthus angolensis Blue Waxbill
Bubuculus ibis Cattle Egret

Red Data and Protected avifauna

No bird species recorded during the 2013 survey are listed as Red Data or Protected species. Six listed bird
species are included on SANBI's SIBIS database for the relevant quarter degree grid squares (Table 7). Itis
considered to be unlikely that any of these species with the exception of the Yellow throated Sandgrouse
(Pterocles gutturalis), could actively nest in the study area. The Yellow throated Sandgrouse favours short,
open grassland with clay like soils, similar to that occurring in the study area.
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Table 7: Red Data avifauna species recorded in 2427CB & 2427CC quarter degree grid square

NEM:BA
Threatened
Scientific Name Common name IUCN Red Data | and Probability of
List (2012) Protected occurrence
Species List
(2007)
Buphagus Red billed Oxpecker Near threatened | - Low
erythrorhynchus
Gyps africanus African White-backed Vulnerable Endangered | Low
Vulture
Gyps coprotheres Cape Griffon Vulture Vulnerable Endangered | Low
Polemaetus bellicosus Martial Eagle Vulnerable Vulnerable Low
Pterocles gutturalis Yellow throated Near threatened | - Probable
Sandgrouse
Torgos tracheliotus Lappet-faced Vulture Vulnerable Endangered | Low
8.1.3 Herpetofauna

According to the NW Biodiversity Inventory and Database (2003) the Dwaalboom thornveld vegetation type
in which the study area is located has a reptile and amphibian biodiversity ranking of medium. Only five
species, namely the Spotted Bush Snake (Philothamnus semivariegatus), Puff Adder (Bitis arietans),
Mozambique Spitting cobra (Naja mossambica) and the Variable Skink (Mabuya varia) were recorded during
the 2013 field survey. All these species have wide distributions and are common. What was noticeable
during the surveys was the large number of reptiles recorded (22 in total). This may be attributed to the very
hot weather persisting during the time of the survey. No amphibians were recorded during the field survey.
This was attributed to the absence of open water at either of the study areas.

Red Data and Protected Herpetofauna

A total of 65 species could potentially occur in the study area. Of these, only the African Rock Python
(Python sebae natalensis) is categorised as a Protected species, according to the NEM:BA TOPS List
(2007). The African Rock Python favours open savannas and rocky areas (Branch, 1994), Open savanna
occurs in both the study area, but the area is severely impacted thus the probability of this species being
present on site is considered moderate.

Of amphibians potentially occurring in the study area only the Giant Bullfrog (Pyxicephalus adspersus) is
listed as Near Threatened by the IUCN (2012) and categorised as Protected on the NEM:BA TOPS List
(2007). This species breeds in the shallows of temporary rain filled depressions in grasslands and dry
savanna, and spends much of the year buried (Carruthers, 2001). Although no evidence of the presence of
Giant Bullfrogs was observed during the field survey, there is potential for this species to occur in the dry
riverbed areas of the Varkenvlei/Nooitgedacht study area. These areas are characterised by poorly drained
soils which allow for the formation of temporary pools during the wet season. The probability of this species
is, however, rated as low — moderate due to the disturbed nature of this area.
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8.1.5 Arthropoda

A total of 21 arthropoda taxa were recorded during the 2013 field survey. All recorded species are common
to savanna areas and have widespread distributions. These species are generally subtropical and reflect the
southern extension of the Afrotropical range (Picker et al 2004).

Table 8: Arthropoda species recorded during the 2013 survey

Order Family Species Name
Vanessa cardui
. Nymphalidae Acraea eponina eponina
Lepidoptera .
Junonia hierta
Pieridae Mylothris rueppellii
Coleoptera Coccinellidae Henosepilachna bifasciata
Thysanura Lepismatidae
Protoneuridae
Odonata - -
Libellulidae
Blattodea Blattidae Periplaneta americana
Isoptera Hodotermitidae Hodotermes mossambicus
Gryllidae
Orthoptera —
Acrididae
Phasmatodea Bacillidae
Diptera Muscidae Musca domestica
Vespidae Belonogaster dubia
Apidae Apis mellifera
Hymenoptera Anthophoridae Ameqgilla caelestina
o Pachycondyla tarsata
Formicidae

Dorylus helvolus

Red Data and Protected Arthropoda

Four species of Red Data and Protected arthropods may occur within the study area (Table 9). Both species
of flat rock scorpions from the genus Hadogenes occur in rocky habitats, which were not found in either of
the study areas. The probability of these species occurring in either of the study areas is therefore
considered to be low.

As the name suggests the Marsh Slyph (Metisella meninx) is a wetland specialist favouring marshy
grassland (Henning & Roos, 2001). The probability of this species occurring in the study areas is considered
low. Spialia paula is a savanna species, occurring on the slopes of hills (Henning & Henning, 1989).
According to the NW Biodiversity Inventory and Database (2003) this species has been found in Lekubu
Mixed Thornveld habitat type, which does not occur in close proximity to either of the study areas. The
probability of this species occurring on either of the study areas is considered low.

Table 9: List of Red Data and protected Arthropods that may occur in study area

NEM:BA Threatened Probability of
Scientific Name Common name and Protected Species occurrencye
List (2007)
Hadogenes gracilis Rock Scorpion Protected Low
Hadogenes troglodytes Rock Scorpion Protected Low
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NEM:BA Threatened Probability of
Scientific Name Common name and Protected Species occurrencye
List (2007)
Metisella meninx Marsh Sylph Vulnerable Low
Spialia paula Mite Sandman Vulnerable Low

9.0 ECOLOGICAL INTEGRITY

The precautionary principle was applied throughout the determination of the ecological function of the study
areas; therefore if ecological function was found to be borderline between two categories, the site was
classified in the higher category.

Haakdoorindrift

Portions of the Haakdoringdrift study area are currently under agriculture and completely transformed, while
large areas comprising natural vegetation communities have been previously transformed and are now in the
early stages of succession, and in places are encroached with exotic plant species. In addition, other
anthropogenic activities including agriculture and livestock grazing have also disturbed large tracts of the
surrounding area, impacting on the Haakdoringdrift study area by means of edge effects. Edge effect refers
to changes in microclimate near the edge (boundary) of habitat patches that not only reduce the effective
size of viable, interior habitat, but may also create parameter conditions that are more conducive to
predators, parasites and exotic species invasion.

Based on these factors, recorded species diversity and the lack of redundancy in species present the
ecological integrity of the Haakdoringdrift study area was determined to be moderate to low.

Varkenvlei/Nooitgedacht

The Varkenvlei/Nooitgedacht study area has similarly been impact by historic agricultural activities and
residential developments. Moreover, previous and current mining activities have slightly impacted upon the
south-eastern part of the study area although this impact is mainly due to edge effects, rather than physical
transformation of the site. Like the Haakdoringdrift study area, the vegetation at this study area has been
previously transformed and is therefore now in the early stages of succession with a number of exotic plant
species present, and is accordingly regarded as secondary vegetation.

Considering these factors and the recorded species diversity, the ecological integrity of the
Varkenvlei/Nooitgedacht study area is also regarded as being moderate to low.

9.1 Conservation Importance

The precautionary principle was applied throughout the determination of the conservation importance of the
various vegetation communities. In instances where conservation importance was found to be borderline
between two categories, the community was classified in the higher category.

Due to their disturbed nature and the lack of presence or, for that matter, the lack of the likelihood of
presence of protected or Red Data species at the Haakdoringdrift study area and the Varkenvlei /
Nooitgedacht study area, the conservation importance of both sites is considered low.

10.0 DISCUSSIONS & CONCLUSIONS

As a result of previous and current disturbances both the Haakdoringdrift study area and the
Varkenvlei/Nooitgedacht study area can be described as degraded/secondary vegetation.

The floral diversity is low with a total of 56 plant species across the two study areas being recorded during
the survey. Woody species are the lowest contributors of this diversity with 10 species, followed by grasses
(25 species) and herbs/forbs (11 species). The herbaceous layer is dominated by pioneer grass species,
such as Aristida spp, Eragrostis spp, Sporobolus spp and Digitaria spp. Pioneer species are hardened
annual plants that grow in very unfavourable conditions, such as those in disturbed areas. According to
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reviewed literature, 13 species of Red Data plant occur in the region, of which three species potentially occur
in the two study areas. An additional five species of protected tree may also be present. This
notwithstanding, no Red Data plant species were recorded in the degraded/secondary vegetation community
at either study area. Due to the transformed nature of both sites, it is also highly unlikely that any Red Data
or protected species will occur.

Very low mammal species diversity was recorded during the 2013 field survey, with four species being
recorded at the Varkenvlei/Nooitgedacht study area and five at Haakdoringdrift study area. The degraded
nature of both study areas may be the most likely cause of the low mammal species diversity. This fact also
renders it unlikely that any Red Data or protected mammal species do actually occur on site.

None of the 23 bird species recorded during the 2013 survey are listed as Red Data or protected species. Of
the six Red Data and protected species that potentially may occur in the area, only the Yellow throated
Sandgrouse is considered to be likely to be present. This species favours short, open grassland with clay like
soils, similar to that occurring in both study areas.

Reptile abundance was high, but species diversity was low with only five species recorded (3 species at
Haakdoringdrift and 4 at Varkenvlei/Nooitgedacht). The increased activity of these animals may be due to
the very hot weather persistent during the survey.

Twenty eight amphibian species could potentially occur in the study area, although none were recorded
during the surveys due to the lack of open water at both study areas. A total of 21 arthropoda taxa were
recorded during the 2013 site survey across both study areas. All recorded species are common to savanna
areas and have widespread distributions. Four species of Red Data and Protected arthropods may occur
within the study area, however, the probability of occurrence of these species is considered to be low.

Based on the species diversity and the lack of redundancy in species at both study areas, the ecological
integrity of both was determined to be moderate to low. Although a humber of protected or Red Data
species, such as the Yellow-throated sandgrouse (Pterocles gutturalis), may potentially occur in the study
areas, none were recorded during the survey, and coupled with the disturbed nature of both sites, the
conservation importance of the study areas is also determined to be low.

11.0 RECOMMENDATIONS

It is suggested that further studies be conducted in order to confirm the presence or absence of the Giant
Bullfrog (Pyxicephalus adspersus), African Rock python (Python sebae natalensis), Yellow-throated
Sandgrouse (Pterocles gutturalis) and other Red Data species, which have even a low probability of
occurrence, before any development is commenced.

It is likely that, if a good exotic species control program is implemented, the development in the area could
have a positive effect on undisturbed vegetation in the area.
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APPENDIX A

Vegetation potentially occurring in the study areas according
to PRECIS data
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. . . Threat .
Family Naturalised | Species status Lifecycle Growth forms
ACANTHACEAE Barleria bremekampii Oberm. LC Perennial Exﬁg shrub,
ACANTHACEAE Barleria crossandriformis C.B.Clarke LC Perennial Herb, shrub
ACANTHACEAE Crabbea hirsuta Harv. LC Perennial Herb
ACANTHACEAE Crossandra zuluensis W.T.Vos & T.J.Edwards | LC Perennial Herb
ACANTHACEAE Dicliptera minor C.B.Clarke subsp. minor LC Annual Herb
AMARYLLIDACEAE Crinum crassicaule Baker LC Perennial Geophyte
AMARYLLIDACEAE g'gr]'lrr‘g laticoma (Ker Gawl.) T.Durand & LC Perennial Geophyte
ANACARDIACEAE Ozoroa paniculosa (Sond.) R.& A.Fer. var. LC Perennial Shrub, tree
paniculosa
ANACARDIACEAE Searsia tenuinervis (Engl.) Moffett LC Perennial Shrub, tree
ANACARDIACEAE Searsia dentata (Thunb.) F.A.Barkley LC Perennial Shrub, tree
Searsia magalismontana (Sond.) Moffett .
ANACARDIACEAE subsp. magalismontana LC Perennial Dwarf shrub
APOCYNACEAE g;g‘cggynchus condylocarpon (Mll.Arg.) LC Perennial Shrub, tree
ASPARAGACEAE Asparagus cooperi Baker LC Perennial sDr\:\rl 3{; shrub,
Tarchonanthus trilobus DC. var. galpinii .
ASTERACEAE (Hutch. & E.Phillips) Paiva LC Perennial Shrub, tree
ASTERACEAE Aspilia mossambicensis (Oliv.) Wild LC Perennial Herb
BRYACEAE Brachymenium acuminatum Harv. Perennial Bryophyte
BUDDLEJACEAE Buddleja salviifolia (L.) Lam. LC Perennial Shrub, tree
BURSERACEAE Commiphora mollis (Oliv.) Engl. LC Perennial Tree
CAPPARACEAE Maerua angolensis DC. subsp. angolensis LC Perennial Shrub, tree
COMBRETACEAE Terminalia sericea Burch. ex DC. LC Perennial Tree
CONVOLVULACEAE Evolvulus alsinoides (L.) L. LC Annual (occ. | o)
perennial)
CONVOLVULACEAE Ipomoea magnusiana Schinz LC Perennial Herb
CONVOLVULACEAE Merremia palmata Hallier f. LC Perennial Herb
CUCURBITACEAE Cucumis hirsutus Sond. LC Perennial Herb, succulent
Bulbostylis burchellii (Ficalho & Hiern) . Cyperoid, herb,
CYPERACEAE C.B.Clarke LC Perennial mesophyte
. . Cyperoid, herb,
CYPERACEAE Cyperus austro-africanus C.Archer & Goetgh. | LC Perennial mesophyte
CYPERACEAE Cyperus decurvatus (C.B.Clarke) C.Archer & LC Perennial Cyperoid, herb,
Goetgh. mesophyte
Cyperus digitatus Roxb. subsp. auricomus . Cyperoid,
CYPERACEAE (Sieber ex Spreng.) Kuk. LC Perennial helophyte, herb
Cyperus margaritaceus Vabhl var. . Cyperoid, herb,
CYPERACEAE margaritaceus LC Perennial mesophyte
Cyperoid,
. . emergent
CYPERACEAE Cyperus sexangularis Nees LC Perennial hydrophyte,
helophyte, herb
Ceratodon purpureus (Hedw.) Brid. subsp.
DITRICHACEAE stenocarpus (Bruch & Schimp. ex Mill.Hal.) Perennial Bryophyte
Dixon
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EUPHORBIACEAE Croton megalobotrys Miill.Arg. LC Perennial Tree
. . Dwarf shrub,
EUPHORBIACEAE Jatropha zeyheri Sond. LC Perennial herb, succulent
EUPHORBIACEAE Euphorbia schinzii Pax LC Perennial Dwarf shrub,
P shrub, succulent
Jatropha schlechteri Pax subsp. setifera . Dwarf shrub,
EUPHORBIACEAE (Hutch.) Radcl.-Sm. LC Perennial herb, succulent
FABACEAE Acacia caffra (Thunb.) Willd. LC Perennial Shrub, tree
FABACEAE Acacia erubescens Welw. ex Oliv. LC Perennial Shrub, tree
FABACEAE Acacia galpinii Burtt Davy LC Perennial Tree
FABACEAE Acacia gerrardu Benth. subsp. gerrardii var. LC Perennial Shrub, tree
gerrardii
FABACEAE Acacia karroo Hayne LC Perennial Shrub, tree
FABACEAE Calpurnia aurea (Aiton) Benth. subsp. aurea LC Perennial Shrub, tree
FABACEAE Indigofera circinnata Benth. ex Harv. LC Perennial Eg\;zrf shrub,
Pterocarpus rotundifolius (Sond.) Druce .
FABACEAE subsp. rotundifolius LC Perennial Shrub, tree
Rhynchosia densiflora (Roth) DC. subsp. . .
FABACEAE chrysadenia (Taub.) Verdc. LC Perennial Climber, herb
FABACEAE Rhynchosia monophylla Schitr. LC Perennial Herb
Tephrosia purpurea (L.) Pers. subsp. Annual (occ.
FABACEAE leptostachya (DC.) Brummitt var. leptostachya LC perennial) Herb
FABACEAE Rhynchosia holosericea Schinz LC Perennial Climber, herb
LAMIACEAE Clerodendrum ternatum Schinz LC Perennial Dwarf shrub
. Not
LAMIACEAE * Salvia reflexa Hornem. Evaluated Annual Herb
LAMIACEAE Tetradenia brevispicata (N.E.Br.) Codd LC Perennial Shrub,
R succulent, tree
LAMIACEAE Vitex pooara Corbishley LC Perennial Tree
MALVACEAE Abutilon angulatum (Guill. & Perr.) Mast. var. LC Perennial Shrub
angulatum
MALVACEAE Grewia subspathulata N.E.Br. LC Perennial Shrub
MALVACEAE Hibiscus sidiformis Baill. LC Annual Herb
. Not . .
MALVACEAE * Malvastrum coromandelianum (L.) Garcke Evaluated Biennial Dwarf shrub
MOLLUGINACEAE * Mollugo nudicaulis Lam. Annual Herb
MORACEAE Ficus salicifolia Vahl LC Perennial Tree
ORCHIDACEAE Habenaria filicornis Lindl. LC Perennial Geophyte, herb
OXALIDACEAE Oxalis smithiana Eckl. & Zeyh. LC Perennial Geophyte
POACEAE Anthephora pubescens Nees LC Perennial Graminoid
POACEAE Avristida adscensionis L. LC Annual Graminoid
Aristida congesta Roem. & Schult. subsp. Perennial _—
POACEAE barbicollis (Trin. & Rupr.) De Winter LC (occ. annual) Graminoid
POACEAE Avristida scabrivalvis Hack. subsp. scabrivalvis | LC Annual Graminoid
Avristida stipitata Hack. subsp. graciliflora . -
POACEAE (Pilg.) Melderis LC Perennial Graminoid
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POACEAE Brachiaria brizantha (A.Rich.) Stapf LC Perennial Graminoid
POACEAE Brachiaria deflexa (Schumach.) C.E.Hubb. ex LC Annual Graminoid
Robyns
POACEAE Brachiaria nigropedata (Ficalho & Hiern) Stapf | LC Perennial Graminoid
N Annual (occ. .
POACEAE Chloris virgata Sw. LC perennial) Graminoid
Cymbopogon pospischilii (K.Schum.) Not . -
*
POACEAE C.E.Hubb. Evaluated Perennial Graminoid
POACEAE Dactyloctenium aegyptium (L.) Willd. LC Annual Graminoid
Dichanthium annulatum (Forssk.) Stapf var. . I
POACEAE papillosum (A.Rich.) de Wet & Harlan LC Perennial Graminoid
POACEAE Digitaria eriantha Steud. LC Perennial Graminoid
Diheteropogon amplectens (Nees) Clayton . -
POACEAE var. amplectens LC Perennial Graminoid
POACEAE Elionurus muticus (Spreng.) Kunth LC Perennial Graminoid
Enneapogon cenchroides (Licht. ex Roem. & Annual (occ. .
POACEAE Schult.) C.E.Hubb. LC perennial) Graminoid
POACEAE Eragrostis barbinodis Hack. LC Perennial Graminoid
POACEAE Eragrostis curvula (Schrad.) Nees LC Perennial Graminoid
POACEAE Eragrostis gummiflua Nees LC Perennial Graminoid
POACEAE Eragrostis nindensis Ficalho & Hiern LC Perennial Graminoid
POACEAE Eragrostis rigidior Pilg. LC Perennial Graminoid
POACEAE Eragrostis superba Peyr. LC Perennial Graminoid
POACEAE Eragrostis trichophora Coss. & Durieu LC Perennial Graminoid
POACEAE Eustachys paspaloides (Vahl) Lanza & Mattei LC Perennial Graminoid
POACEAE Heteropogon contortus (L.) Roem. & Schult. LC Perennial Graminoid
POACEAE Hyperthelia dissoluta (Nees ex Steud.) LC Perennial Graminoid
Clayton
POACEAE Loudetia flavida (Stapf) C.E.Hubb. LC Perennial Graminoid
POACEAE Panicum coloratum L. var. coloratum LC Perennial Graminoid
. Annual (occ. .
POACEAE Perotis patens Gand. LC perennial) Graminoid
Pogonarthria squarrosa (Roem. & Schult.) Perennial .
POACEAE Pilg. LC (occ. annual) Graminoid
POACEAE Schizachyrium jeffreysii (Hack.) Stapf LC Perennial Graminoid
POACEAE Schizachyrium sanguineum (Retz.) Alston LC Perennial Graminoid
POACEAE Schmidtia pappophoroides Steud. LC Perennial Graminoid
POACEAE Setaria verticillata (L.) P.Beauv. LC Annual Graminoid
POACEAE Sporobolus fimbriatus (Trin.) Nees LC Perennial Graminoid
POACEAE Sporobolus ioclados (Trin.) Nees LC Perennial Graminoid
POACEAE Sporobolus nitens Stent LC Perennial Graminoid
POACEAE Stlpagrqstls uniplumis (Licht.) De Winter var. LC Perennial Graminoid
uniplumis (occ. annual)
Tricholaena monachne (Trin.) Stapf & Perennial .
POACEAE C.E.Hubb. LC (occ. annual) Graminoid
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POACEAE Trichoneura grandiglumis (Nees) Ekman LC Perennial Graminoid
POACEAE Urochloa mosambicensis (Hack.) Dandy LC Perennial Graminoid
POACEAE Ischaemum fasciculatum Brongn. LC Perennial Graminoid
POLYGALACEAE Polygala albida Schinz subsp. albida LC Annual Herb
POLYPODIACEAE Lepisorus excavatus (Bory ex Willd.) Ching LC Perennial ﬁﬂfﬁrﬁe herb,
POLYTRICHACEAE Pogonatum capense (Hampe) A.Jaeger Perennial Bryophyte
POLYTRICHACEAE Polytrichum commune Hedw. Perennial Bryophyte
POTTIACEAE Trichostomum brachydontium Bruch Perennial Bryophyte
RICCIACEAE Riccia atropurpurea Sim Perennial Bryophyte
SAPINDACEAE Erythrophysa transvaalensis |.Verd. LC Perennial Shrub, tree
SCROPHULARIACEAE Freylinia tropica S.Moore Rare Perennial Shrub
SCROPHULARIACEAE Jamesbrittenia bergae P.Lemmer VU Perennial Dwarf shrub
SCROPHULARIACEAE Teedia lucida (Sol.) Rudolphi LC Z)if”;;i'ual) Eg‘;;’fj::{]“bb'
SCROPHULARIACEAE Aptosimum lineare Marloth & Engl. var. lineare | LC Perennial Dwarf shrub
SELAGINELLACEAE Selaginella dregei (C.Presl) Hieron. LC Perennial ﬁﬁggﬂﬁg’ herb,
SPHAGNACEAE Sphagnum capense Hornsch. Perennial E;)(ljcr)ggzty?e
SPHAGNACEAE Sphagnum violascens Miill.Hal. Perennial E%?ggﬁy?e
VERBENACEAE Lantana rugosa Thunb. LC Perennial Shrub
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Mammal species possibly occurring in the study area
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Scientific Name

Common name

Neamblysomus julianae

Juliana's Golden Mole

Amblysomus septentrionalis

Highveld Golden Mole

Elephantulus brachyrhynchus

Short-snouted Sengi

Elephantulus myurus

Eastern Rock Sengi

Atelerix frontalis

Southern African Hedgehog

Mysorex varius

Forest Shrew

Crocidura mariquensis

Swamp Musk Shrew

Crocidura fuscomurina

Tiny Musk Shrew

Crocidura cyanea

Reddish-grey Musk Shrew

Crocidura silacea

Lesser Grey Musk Shrew

Crocidura hirta

Lesser Red Musk Shrew

Eidolon helvum

Straw-coloured Fruit-bat

Hipposideros caffer

Sundevall's Leaf-nosed Bat

Cloeotis percivali

Short-eared Trident Bat

Nycteris thebiaca

Egyptian Slit-faced Bat

Rhinolophus clivosus

Geoffrey's Horseshoe Bat

Rhinolophus darlingi

Darling's Horseshoe Bat

Rhinolophus blasii

Peak-saddle Horseshoe Bat

Rhinolophus simulator

Bushveld Horseshoe Bat

Miniopterus schriebersii

Schrieber's Long-fingered Bat

Myotis welwitschii

Welwitch's Hairy Bat

Myotis tricolor

Temminck's Hairy Bat

Neoromicia capensis

Cape Serotine Bat

Pipistrellus hesperidus

African Pipistrelle

Scotophilus dinganii

Yellow House Bat

Tadarida aegyptiaca

Egyptian Free-tailed Bat

Papio cynocephalus ursinus

Savanna Baboon

Cercopithecus pygerythrus

Vervet Monkey

Galago moholi

Southern Lesser Galago

Manis temminckii

Ground Pangolin

Lepus saxatillis

Scrub Hare

Pronolagus randensis

Jameson's Red Rock Rabbit

Paraxerus cepapi

Tree Squirrel

Cryptomys hottentotus

Common (African) Mole-rat

Hystrix africaeaustralis

Cape Porcupine

Thryonomys swinderianus

Greater Cane-rat

Saccostomus campestris

Pouched Mouse

Steatomys pratensis

Fat Mouse

Dendromus melanotis

Grey Climbing Mouse

Desmodillus auricularis

Cape Short-tailed Gerbil

Tatera leucogaster

Bushveld Gerbil

Tatera brantsii

Highveld Gerbil

Acomys spinosissimus Spiny Mouse
Michaelamys namaquensis Namagua Rock Mouse
Aethomys chrysophilus Red Veld Rat

Rhabdomys pumilio

Four-striped Grass Mouse

Lemniscomys rosalia

Single-striped Grass Mouse

Mus minutoides

Pygmy Mouse

Mus musculus*

House Mouse

February 2013
Report No. 13614977-11940-11

Golder

Associates



SAMANCOR TWO MINING RIGHTS - ECOLOGICAL
ASSESSMENT

Scientific Name

Common name

Thallomys paedulcus

Acacia Rat

Mastomys coucha

Southern Multimammate Mouse

Rattus rattus*

House Rat

Otomys angoniensis

Angoni Vlei Rat

Otomys irroratus

Vlei Rat

Vulpes chama

Cape Fox

Otocyon megalotis

Bat-eared Fox

Canis mesomelas

Black-backed Jackal

Aonyx capensis

Cape Clawless Otter

Mellivora capensis

Honey Badger (Ratel)

Poecilogale albinucha

African Striped Weasel

Ictonyx striatus

Striped Polecat

Mungos mungo

Banded Mongoose

Gallerella sanguinea

Slender Mongoose

Attilax paludinosus

Water (Marsh) Mongoose

Helogale parvula

Dwarf Mongoose

Ichneumia albicauda

White-tailed Mongoose

Cynictis penicillata

Yellow Mongoose

Genetta genetta

Small-spotted Genet

Genetta tigrina

South African Large-spotted Genet

Civettictis civetta

African Civet

Parahyaena brunnea

Brown Hyaena

Proteles cristatus Aardwolf

Felis silvestris lybica African Wild Cat
Leptailurus serval Serval

Caracal caracal Caracal

Procavia capensis

Rock Dassie (Hyrax)

Phacochoerus africanus

Common Warthog

Potamochoerus larvatus

Bushpig

Redunca fulvorufula

Mountain Reedbuck

Redunca arundinum

Common (Southern) Reedbuck

Pelea capreolus Grey Rhebok
Oreotragus oreotragus Klipspringer
Raphicerus campestris Steenbok

Sylvicapra grimmia

Common Duiker
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Scientific Name

Amadina erythrocephala

Amadina fasciata

Anthoscopus minutus

Anthus cinnamomeus

Anthus lineiventris

Anthus vaalensis

Apalis thoracica

Apus affinis

Apus caffer

Apus horus

Aquila verreauxii

Batis molitor

Bradornis mariquensis

Bradornis mariquensis

Bubalornis niger

Bubulcus ibis

Buphagus erythrorhynchus

Bradornis mariquensis

Buteo vulpinus

Calendulauda sabota

Camaroptera brevicaudata

Cercomela familiaris

Calendulauda sabota

Camaroptera brevicaudata

Cercomela familiaris

Cercaotrichas leucophrys

Cercotrichas paena

Chalcomitra amethystina

Chrysococcyx caprius

Cinnyris mariguensis

Cinnyris talatala

Circaetus cinereus

Circaetus pectoralis

Cisticola chiniana

Cisticola fulvicapilla

Columba guinea

Coracias caudatus

Corvus albus

Corvus capensis

Corythaixoides concolor

Cossypha humeralis

Creatophora cinerea
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Scientific Name

Crithagra mozambicus

Dendroperdix sephaena

Dendropicos fuscescens

Dendropicos hamaquus

Dicrurus adsimilis

Dryoscopus cubla

Elanus caeruleus

Elanus caeruleus

Emberiza flaviventris

Emberiza tahapisi

Eremomela icteropygialis

Eremomela usticollis

Eremopterix leucotis

Estrilda erythronotos

Euplectes albonotatus

Falco rupicoloides

Glaucidium perlatum

Granatina granatina

Gyps africanus

Gyps coprotheres

Halcyon albiventris

Halcyon chelicuti

Halcyon leucocephala

Hirundo abyssinica

Hirundo semirufa

Hirundo semirufa

Indicator indicator

Lagonosticta rhodopareia

Lagonosticta senegala

Lamprotornis nitens

Lamprotornis nitens

Laniarius atrococcineus

Lanius collaris

Lybius torquatus

Melierax canorus

Melierax gabar

Merops apiaster

Merops pusillus

Monticola brevipes

Motacilla capensis

Nilaus afer

Numida meleagris
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Scientific Name

Oena capensis

Parisoma subcaeruleum

Parisoma subcaeruleum

Parus cinerascens

Parus niger

Passer diffusus

Passer domesticus

Passer melanurus

Passer motitensis

Petronia superciliaris

Plocepasser mahali

Ploceus velatus

Polemaetus bellicosus

Prinia flavicans

Prinia subflava

Psophocichla litsipsirupa

Pternistis natalensis

Pternistis swainsonii

Pterocles gutturalis

Pycnonotus tricolor

Pytilia melba

Quelea quelea

Rhinopomastus cyanomelas

Saxicola torquatus

Scopus umbretta

Sigelus silens

Sporopipes squamifrons

Sporopipes squamifrons

Streptopelia capicola

Streptopelia semitorquata

Streptopelia senegalensis

Sylvietta rufescens

Tchagra australis

Tchagra senegalus

Telophorus sulfureopectus

Thamnolaea cinnamomeiventris

Tockus erythrorhynchus

Tockus leucomelas

Tockus nasutus

Torgos tracheliotus

Trachyphonus vaillantii

Tricholaema leucomelas
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Scientific Name

Turdoides bicolor

Turdoides jardineii

Turdus libonyanus

Turnix sylvaticus

Tyto alba

Uraeginthus angolensis

Uraeginthus angolensis

Urocolius indicus

Vanellus armatus

Vanellus coronatus

Vidua macroura

Vidua paradisaea

Vidua regia
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Scientific Name

Common name

Reptiles

Homopholis wahlbergi

Velvety Gecko

Hemidactylus mabouia

Tropical Gecko

Lygodactylus c. capensis

Common Dwarf Gecko

Pachydactylus affinis

Transvaal Thicktoed Gecko

Pachydactylus capensis

-Cape Thicktoed Gecko

Pachydactylus turneri

Turners Thicktoed Gecko

Acanthocercus atricollis

Tree Agama

Agama aculeata distanti

Spiny Agama

Agama atra atra

Southern Rock Agama

Chamaeleo d. dilepis

Flap-necked Chameleon

Mabuya varia varia

-Variegated Skink

Mabuya striata punctatissimus

Stripped Skink

Mabuya capensis

Three-lined Skink

Lygosoma s. sundevallii

Sundeval's Skink

Panaspis wahlbergii

Snake-eyed Skink

Acontias percevalli occidentalis

Percival's Legless Skink

Nucras holobi

Holob's Sand Lizard

Nucras intertexta

Spotted Sand Lizard

Ichnotropis squamulosa

Rough-scaled Lizard

Ichnotropis capensis

Cape Rough-scaled Sand Lizard

Cordylus tropidosternum jonesii

Jones' Girdled Lizard

Cordylus vittifer

Transvaal Girdled Lizard

Gerrhosaurus flavigularis

Yellow-throated Plated Lizard

Varanus albigularis albigularis

Rock / Tree Leguaan

Varanus niloticus

Water Leguaan

Monopeltis infuscata

Cape Worm-lizard

Typhlops bibronii

Bibron's Blind Snake

Rhinotyphlops lalandei

Lalande's Blind Snake

Leptotyphlops s. scutifrons

Peters' Thread Snake

Leptotyphlops distanti

Distant's Tread Snake

Python sebae natalensis

African Python

Lycodonomorphus rufulus

Brown Water Snake

Lamprophis fuliginosus

Brown House Snake

Lycophidion c. capense

Cape Wolf Snake

Mehelya c. capensis

Cape File Snake

Mehelya nyassae

Black File Snake

Philothamnus semivariegatus

Spotted Bush Snake

Philothamnus hoplogaster

Green Water Snake

Philothamnus natalensis occidentalis

Natal Green Snake

Prosymna bivittata

Twinstriped Shovel-snout

Prosymna s. sundevallii

Lined Shovel-snout
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Scientific Name

Common name

Pseudaspis cana

Mole Snake

Dasypeltis scabra

Common Egg-eater

Telescopus s. semiannulatus

Eastern Tiger Snake

Crotaphopeltis hotamboeia

Herald Snake

Dispholidus t. typus

Tree Snake

Thelotornis c. capensis

Vine Snake

Psammophylax tritaeniatus

Striped Skaapsteker

Psammophis s. subtaeniatus

Yellow-bellied Sand Snake

Psammaophis b. brevirostris

Short-snouted Sand Snake

Psammophis leightoni trinasalis

Fork-marked Sand Snake

Psammophis angolensis

Pygmy Sand Snake

Aparallactus capensis

Black-headed Centipede-eater

Atractaspis bibronii

Side-stabbing Snake

Aspidelaps s. scutatus

Shield-nose snake

Elapsoidea boulengeri

Half-banded Garter Snake

Naja a. annulifera

Snouted Cobra

Naja mossambica

Mozambique Spitting Cobra

Dendroaspis polylepis

Black Mamba

Causus rhombeatus

Rhombic Night Adder

Bitis a. arietans

Puff-adder

Geochelone pardalis babcocki

Leopard tortoise

Kinixys lobatsiana

Lobatse Hinged-back Tortoise

Pelomedusa subrufa

MarshTerrapin

Pelusios sinuatus

Serrated Terrapin

Amphibians

Xenopus laevis laevis

Common Platanna

Bufo gutturalis

Common Toad

Bufo garmani

Olive Toad

Schismaderma carens

Red Toad

Bufo fenoulheti

Northern Pygmy Toad

Breviceps adspersus adspersus

Bushveld Rainfrog

Phrynomantis bifasciatus

Red-banded rubber Frog

Pyxicephalus adspersus

Bullfrog

Pyxicephalus edulis

African Bullfrog

Tomopterna cryptotis

Tremelo Sand Frog

Tomopterna natalensis

Natal Sand Frog

Afrana angolensis

Common Rana

Ptychadena anchietae

Plain Grass Frog

Ptychadena mossambica

Broad-banded Grass Frog

Phrynobatrachus natalensis

Snoring Puddle Frog

Cacosternum boettgeri

Common Caco

Chiromantis xerampelina

Foam Nest Frog
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Scientific Name

Common name

Kassina senegalensis

Bubbling Kassina

Strongylopus fasciatus fasciatus

Striped Rana

Tomopterna krugerensis

Knocking Sand Frog

Afrana fuscigula

Cape river frog

Bufo vertebralis

Southern Pygmy toad

Hemisus marmoratus

Mottled Shovel-nosed Frog

Bufo rangeri

Raucous toad

Bufo maculatus

flat-backed toad

Bufo poweri

Western Olive Toad
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DOCUMENT LIMITATIONS

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

iif)

Vi)

vii)

viii)

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.

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.

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.

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.

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.

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.

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.

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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EXECUTIVE SUMMARY

Introduction

The purpose of the noise and vibration study was to determine the prevailing
ambient levels along the boundary of the mine and in the vicinity of the abutting
noise sensitive areas. The evaluation and assessment of the different areas will
assist management to identify possible noise and ground vibration impacts during
the construction and operational phases of the project which may have an impact on
the abutting noise sensitive areas. These noise sensitive areas Kraalhoek, Bierspruit
Village and Mantserre are north of the proposed opencast pit whereas Swartklip and
Sefikele are south of the proposed opencast pit. There are furthermore mine
accommodation to the south of the proposed open cast pit area. There are existing
mining activities (underground mining, conveyors, haul roads, crushers, mine
ventilation shafts, open cast mining and blasting activities) to the south of the
proposed open cast mine study area. There is a feeder road from the north-east to
the south-west which is used by normal vehicles and mine related vehicles to
access Mantserre. The people living in the immediate vicinity of the existing mine
activities are already exposed to higher prevailing ambient noise levels because of
some mining activity noise such as ventilation shaft noise, blasting, and other mining
activity noises.

The prevailing ambient noise levels along the proposed opencast mine boundary will
vary because of the existing mine activities, roads and the ventilation shafts. The levels
of noise emissions and noise sources are a function of:

The distance the receptors are from the existing mine activities, roads, and
blasting;

The operation hours of the existing mining activities;

The intervening topography and structures that may shield the noise from the
receiver;

Meteorological conditions such as wind speed, temperature and the season.

The topography is slightly undulated areas with scattered trees, grass, feeder roads and
existing residential areas, business complex and mine buildings and medium ground
conditions. There are existing mines throughout the entire study area, with feeder roads,
railway lines, mines and ventilation shafts. This is a typical mining area with residential
properties in the vicinity of existing linear and/or point noise sources.

Traffic noise, wind noise, domestic type noise and mine activity noises such as fans,
ventilation shafts, crushers, and blowers are the main contributors to the prevailing
ambient noise level of the different areas. The prevailing noise level is proportional to
the distance from the main noise sources and the prevailing ambient noise level is
higher in the vicinity of the existing feeder roads and/or mine activities.
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The proposed open cast is situated in an area where there are already an
underground mine and open cast mine with the subsequent increased noise levels
because of traffic and mine activities. The sensitivity analysis of the region is
illustrated in the following Table.

Sensitivity Analysis

Description
Low Sensitivity Residential properties in the vicinity of roads.
Medium Sensitivity Isolated residential areas where there are intermittent type

noises such as passing traffic and distant mine activity noise.

High Sensitivity Noise sensitive areas within a radius of 600m from the

proposed open cast mine activities.

The impact approach will be to determine what the impact of the opencast mine and
additional traffic may have on the abutting noise sensitive areas.

The following methodology was followed:

Identify all the noise sensitive areas within the vicinity of the study area and identify such
by means of their spatial position on Google Imagery;

Determine the prevailing ambient noise level at each of the measuring points by means
of the recommended noise measuring procedure in SANS 10103 of 2008;

Calculate or determine the acceptable rating level for each measuring point;

Calculate, determine and/or research the projected noise level of each noise source that
is part of the construction and/or operational phase of the project;

Calculate the noise impact at each of the noise sensitive areas; and

Assess the proposed project in terms of the SANS 10103 of 2008, SANS 10328 of 2008,
Noise Control Regulations, Environmental Health and Safety Guidelines for Mining by
the World Bank.

Results
Two aspects are important when considering potential noise impacts of a project and it is:

The increase in the noise level because of the construction (temporary increase) and
operational phases ( more permanent of nature), and;
The overall noise level produced by the proposed mine activities.

The average ambient noise level along the northern boundaries of the noise sensitive areas
(MP 12, 13 and 14) is 38.9dBA during daytime and 43.3dBA during night time and 40.2dBA
during daytime and 48.4dBA during night time along the southern boundary (MP8, 9, 10, 15
and 16) of the proposed open cast pit and the noise sensitive area.
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Conclusion

The distant existing mine activities, traffic and ventilation shaft noise was slightly audible in
the vicinity of the noise sensitive areas at times when there was a slight wind blowing
towards the residential areas and during winter periods when there are inversion conditions
in the atmosphere.

The construction activities during the construction phase of the project will increase the
prevailing noise level at the immediate vicinity of the site on a temporary basis and the
following noise levels at different distances from the site is envisaged for the construction
phase.

The residential areas in the vicinity of the proposed open cast mine are exposed to
existing blasting which is taking place to the south, mining activities, traffic and
industrial type noises because of the existing mining which is taking place within
boundaries of the mine.

The distances between the proposed open cast mine and the noise sensitive areas play
an important role in the propagation of the mine activity noises. The calculated noise
level during a blast at NSA A will be 68.7dB, NSA B will be 68.6dB, NSA C will be
52.6dB, NSA D will be 68.6dB and at NSA E the noise level will be 52.2dB. This will be
a once of noise increase which will be a finite type noise increase. The average
ambient noise level along the northern boundaries of the noise sensitive areas next to
the proposed opencast pit is 38.9dBA during daytime and 43.3dBA during night time
and 40.2dBA during daytime and 48.4dBA during night time along the southern
boundary of the proposed open cast pit and the noise sensitive area. The night time
ambient noise levels are higher because there are insect activities which increase the
noise levels accordingly.

A noise monitoring program must be in place where noise surveys can be carried out
on a six monthly basis at the measuring points identified in the recent noise survey in
order to determine if there is an increase in the prevailing noise levels of the study
areas. The ground vibration and air-over pressure noise levels at a distance of 700m
from the blast must be recorded during each blast and these records must be kept in a
safe place for easy access.

The noise intrusion can however be controlled by means of approved acoustic
screening measures, state of the art equipment, proper noise management principles
and compliance to the Local Noise Control Regulations, and the International Finance
Corporation’s Environmental Health and Safety Guidelines.

Barend van der Merwe
Environmental Acoustic Specialist
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ABBREVIATIONS
dBA — A-weighted sound pressure level;
dB — Decibel;
IFC — International Finance Corporation;
m — Meters;
m/s — meters per second;
N, E, S, W — North, East, West, South
Lgasic— Basic noise level in dBA;
NSA — Noise sensitive areas;
MP — Measuring points;
PPV — Peak particle velocity;

SANS — South African National Standards;
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Glossary of Acoustic Terminology

Ambient noise level

Amplitude

A — Weighting

Blasting

Damping

Decibel (dB)

dBA

Environmental zone

Equivalent noise level

Frequency

Environmental noise impact assessment

The totally encompassing sound in a given time
usually being composed of sound from many
sources near and far.

Is the objective measurement of the degree of
change (positive or negative) in atmospheric
pressure (the compression and rarefaction of air
molecules) caused by sound-waves. The unit of
measurement is the Newton per square meter
(N/m?).

An electronic filter that simulates the human
hearing characteristic which is less sensitive to
sounds at low frequencies than at high
frequencies.

The use of Ammonium Nitrate Fuel Oil (ANFO)
and gel cartridges or pumpable slurry to fragment
the rock and ore body.

The process by which a fluid (such as air), material
or structure absorbs sound by dissipating the
impinging or transmitted sound energy. Also
known as absorption.

A descriptor that is used to indicate the level
determined as 10 times the logarithmic ratio of two
gquantities with the same units.

A descriptor that is used to indicate that 10 times
the logarithmic ratio of two quantities with the same
units have been A-weighted.

The physical component such as ground, rock and
sand, which transmits vibration from the source to
the person.

A single value noise level that has the same energy
content as a time varying noise level measured
over a given period of time. It is therefore a time
averaged noise level.

The characteristic of a time varying signal that
describes the number of cycles per second,
expressed in Hertz, Hz.
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Ground vibration Ground vibration is caused by the release of
energy from an activity such as compaction,
drilling, traffic or blasting.

Integrated noise level A time and energy averaged measure of a noise
signal varying as a function of time.

Level The property of any parameter that expresses its
magnitude as 10 times the logarithm of the ratio of
the value of parameter to a reference value with
the same units. For a noise level the reference
value is 20uPa for sound pressure and 1pW for
sound power.

Noise Sound is pressure fluctuations in the air, or other
supporting medium, that can be detected by the
ear or by a microphone. Noise is sound which is
loud or perceived to be unpleasant in a given
situation and thus causes disturbance. Any
unwanted sound.

Noise emission The noise energy that is transmitted from a point,
line or surface source into the environment.

Over-air pressure Overpressure (or blast overpressure) is the
pressure caused by a shock wave over and above
normal atmospheric pressure. The shock wave
is caused by explosive detonations.
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1

DETAILS OF SPECIALIST AND EXPERTISE

I, Barend JB van der Merwe of 43th Street, Linden Johannesburg am an environmental
noise and ground vibration specialist for the last 12 years. | have been instrumental in
the pre-feasibility studies of proposed projects which may have an impact on the
environment and noise sensitive areas. | am also involved with the noise and ground
vibration impact assessments and the environmental management plans compilation of
large projects such as wind farms, mining, roads, trains (primarily the Gautrain) and
various point noise sources. As a post-graduate student in Environmental Management
at the University of Johannesburg, | am currently researching the impact of noise and
ground vibration on a village close to a new underground mine. | have played a major
role in the identification, evaluation and control of physical factors such as noise and
ground vibration in the following projects — wind farms, various platinum and coal mines
and the quarterly noise evaluation of the Gautrain, the rehabilitation of the N11 near
Mokopane, construction of the P166 near Mbombela, design of the Musina by-pass,
noise mitigatory measures at the N17 road near Trichardt, establishment of the weigh
bridge along the N3 near Pietermaritzburg, George Western by-pass. The following large
environmental companies are amongst my clients : Gibb, Royal Haskoning DHV, Coffey
Environmental, Golder Associates Africa(Pty)Ltd, GCS Environmental(Pty)Ltd, Knight
Piesold Environmental(Pty)Ltd and SRK Engineering(Pty)Ltd.

Qualifications

1. BSc Honours in Geography and Environmental Management — University of
Johannesburg;

National Higher Diploma in Environmental Health - Witwatersrand Technikon;
National Diploma in Public Health - Cape Town Technikon;

National Certificate in Noise Pollution - Technikon SA;

National Certificate in Air Pollution - Technikon SA;

National Certificate in Water Pollution - Technikon SA;

Management Development Diploma - Damelin Management School; and
Advanced Business Management Diploma - Rand Afrikaans University.

©NOOAWN

Experience

Member South African Acoustics Institute.

Noise Control Officer I.t.0. Noise Control Regulations.

Member of the South African Institute of Occupational Health
Moderator Wits Technikon — Environmental Pollution Il1.

Various road projects for SANRAL.

Compilation of the Integrated Pollution strategy for Ekurhuleni Town
Council.

Represent clients at Town Planning Tribunals.

Represent clients at Housing Board tribunals.

Determine residual noise levels in certain areas as required by clients.
Noise attenuation at places of entertainment.
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Design and implementation of sound attenuators.

Noise projections and contouring.

Advisory capacity regarding noise related cases to local authorities: -
Sandton, Roodepoort, Randburg, Krugersdorp, Alberton, Centurion,
Vereeniging. Due to my previous experience in Local Government |
provide a service to these Local government departments on the
implementation of the Noise Control Regulations and SANS 10103 of
2008 — The measurement and rating of environmental noise with
respect to land use, health annoyance and to speech communication.
Identification, Evaluation and Control of noise sources in industry.

The following are noise impact assessments of existing alleged noise related problems
where | was involved with during the identification, evaluation and mitigation phases:

EIA and scoping phases of new wind farms at Caledon;

Installation of new power generation plants at Sandton City, Eastgate
shopping centre and smaller locations;

Fence line monitoring of the power generation at Kelvin Power Plant,
Kempton Park;

Noise impact assessment of blasting at pylons in Centurion for Gautrain
Project;

Noise problem at Protea Hotel — Zambia;

Fence line noise and vibration monitoring for new mine in Rustenburg —
Project period - two years;

Fence line noise monitoring — Engen Refinery, Durban;

Sasol engine testing laboratory in Cape Town;

Sasol coal train in Secunda;

Export of maize at East London harbour;

Top Gear event at the Dome, Randburg;

Various environmental noise evaluation at places of entertainment,
churches and industries;

Mitigation recommendations for Checkers at their refrigeration and
mechanical ventilation plants; and

Involved in some of the outdoor soccer fan parks during the soccer
world cup.
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2 INTRODUCTION

2.1 Background

The purpose of the noise and vibration study was to determine the prevailing ambient
levels along the boundary of the mine and in the vicinity of the abutting noise sensitive
areas. The evaluation and assessment of the different areas will assist management to
identify possible noise and ground vibration impacts during the construction and
operational phases of the project which may have an impact on the abutting noise
sensitive areas. These noise sensitive areas Kraalhoek, Bierspruit Village and
Mantserre are north of the proposed opencast pit whereas Swartklip and Sefikele are
south of the proposed opencast pit. There are furthermore mine housing to the south of
the proposed open cast pit area. There are existing mining activities (underground
mining, conveyors, haul roads, crushers, mine ventilation shafts, open cast mining and
blasting activities) to the south of the proposed open cast mine study area. There is a
feeder road from the north-east to the south-west which is used by normal vehicles and
mine related vehicles to access Mantserre. The people living in the immediate vicinity
of the existing mine activities are already exposed to higher prevailing ambient noise
levels because of some mining activity noise such as ventilation shaft noise, blasting,
and other mining activity noises.

The other aspects such as mine construction vehicle noise, blasting, mine vehicle
noise and plant activities are all variables that may change on a daily basis, which may
have an influence on the prevailing noise levels and how the resultant noise is
perceived by the residents within the mine boundaries and in the vicinity of the mine.
The location of the study area is illustrated in Figure 1.

Coogl

Figure 1: Proposed open cast mine
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The proposed open cast mine (green area) and the mine activities in relation to the ore-

body are illustrated in Figure 2.
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Figure 2: Varkensvlei/Nooitgedacht mine infra-structure

The prevailing ambient noise levels along the proposed opencast mine boundary will

vary because of the existing mine activities, roads and the ventilation shafts.

of noise emissions and noise sources are a function of;:

The levels

The distance the receptors are from the existing mine activities, roads, and

blasting;
The operation hours of the existing mining activities;

The intervening topography and structures that may shield the noise from the

receiver;

Meteorological conditions such as wind speed, temperature and the season.

The prevailing ambient noise levels within the study area is created by the existing
mining operations, traffic along the internal roads, traffic along the feeder road
situated along the north-eastern boundary, ventilation shafts, conveyors, plant
activities, domestic type noise and insects. Insect noise such as crickets increases

the prevailing ambient noise level during the summer period.

14
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2.1.1 Environmental noise

Sound is a wave motion, which occurs when a sound source sets the nearest
particles of air in motion. The movement gradually spreads to air particles further
away from the source. Sound propagates in air with a speed of approximately 340
m/s.

The sound pressure level in free field conditions is inversely proportional to the
square of the distance from the sound source — Inverse Square Law. Expressed
logarithmically as decibels, this means the sound level decrease 6 dB with the
doubling of distance. This applies to a point source only. If the sound is uniform and
linear then the decrease is only 3 dB per doubling of distance.

The decibel scale is logarithmic therefore decibel levels cannot be added together in
the normal arithmetic way, for example, two sound sources of 50 dB each do not
produce 100 dB but 53 dB, nor does 50 dB and 30 dB equal 80 dB, but remains 50
dB.

Air absorption is important over large distances at high frequencies and it depends on
the humidity but is typically about 40 dB/km @ 4000 Hz. Traffic noise frequencies are
mainly mid/low and will be unaffected below 200m.

When measuring the intensity of a sound, an instrument, which duplicates the ear
variable sensitivity to sound of different frequency, is usually used. This is achieved by
building a filter into the instrument with a similar frequency response to that of the ear.
This is called an A-weighting filter because it conforms to the internationally
standardized A-weighting curves. Measurements of sound level made with this filter
are called A-weighted sound level measurements, and the unit is dB.

Sound propagation is affected by wind gradient rather than the wind itself. The profile
of the ground causes such a gradient. The sound may be propagated during upwind
conditions upwards to create a sound shadow. A downwind refracts the sound towards
the ground producing a slight increase in sound level over calm isothermal conditions.

The velocity of sound is inversely proportional to the temperature therefore a
temperature gradient produces a velocity gradient and a refraction of the sound.
Temperature decreases with height and the sound is refracted upwards.

For a source and receiver close to the ground quite large attenuation can be obtained
at certain frequencies over absorbing surfaces, noticeably grassland. This attenuation
is caused by a change in phase when the reflected wave strikes the absorbing ground
and the destructive interference of that wave with the direct wave. The reduction in
sound tends to be concentrated between 250 Hz and 600 Hz.

Noise screening can be effective when there is a barrier between the receiver and the
source i.e. walls, earth mounds, cuttings and buildings. The performance of barriers is
frequency dependent. To avoid sound transmission through a barrier the superficial
mass should be greater than 10 Kg/m?>.
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There is a complex relation between subjective loudness and the sound pressure level
and again between annoyance due to noise and the sound pressure level. In general
the ear is less sensitive at low frequencies and the ear will only detect a difference in
the sound pressure level when the ambient noise level is exceeded by 3-5 dBA.

There are certain effects produced by sound which, if it is not controlled by approved
acoustic mitigatory measures, seem to be construed as undesirable by most people
and they are:

Long exposure to high levels of sound, which may damage the hearing or create a
temporary threshold shift — in industry or at areas where music is played louder
than 95 dBA. This will seldom happen in far-field conditions;

Interference with speech where important information by the receiver cannot be
analyzed due to loud noises;

Excessive loudness;

Annoyance.

A number of factors, for example clarity of speech, age of listener and the presence of
noise induced threshold displacement, will influence the comprehensibility of speech
communication.

The effect of noise (with the exception of long duration, high level noise) on humans is
limited to disturbance and/or annoyance and the accompanying emotional reaction.
This reaction is very difficult to predict and is influenced by the emotional state of the
complainant, his attitude towards the noisemaker, the time of day or night and the day
of the week.

Types of noise exposure:

Continuous exposure to noise — The level is constant and does not vary with
time such as traffic on freeway and 24-hour mining activities;

Intermittent exposure to noise — The noise level is not constant and occurs at
times such as reverse signals and sirens;

Exposure to impact noise — A sharp burst of sound at intermittent intervals such
as explosions and low frequency sound.

Depending upon the intensity of the sound, the length of time of exposure and how
often over time the ear is exposed to it, noise affects humans differently. People are
besieged by noise, not only in the city streets but also in the busy workplaces and
household noises.

Table 1: Recommended sound pressure levels for certain areas.

Descriptor Limit Situation or effect

LAeq, 24 70 dBA Negligible risk of hearing impairment

LAeq, 8 75 dBA Negligible

LAeq 30 dBA Excellent speech intelligibility

LAeqg 55 dBA Fairly good speech intelligibility

LAeqg 30 dBA No sleep disturbance in a bedroom

LAmax 45 dBA No sleep disturbance — peak inside bedroom
16
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LAeq 55 dBA Residential areas, outdoors, daytime

LAeq 45 dBA Residential areas, outdoors, night time

This time-varying characteristics of environmental noise are described using statistical
noise descriptors:

Leg: The Leq is the constant sound level that would contain the same acoustic energy
as the varying sound level, during the same period of time.

Lvax. The instantaneous maximum noise level for a specified period of time.
Lvin: The instantaneous minimum noise level for a specified period of time.
The following relationships occur for increases in A-weighted noise levels:

The trained healthy human ear is able to discern changes in sound levels of 1 dBA

under controlled conditions in an acoustic laboratory;

It is widely accepted that the average healthy ear can barely perceive noise level

changes of 3 dBA;

A change in sound level of 5 dBA is a readily perceptible increase in noise level;

A 10-dBA change in the sound level is perceived as twice as loud as the original
source.

The World Bank in the Environmental Health and Safety Regulations has laid down
the following noise level guidelines:

Residential area — 55 dBA for the daytime and 45 dBA for the nighttimes period;
Industrial area — 70 dBA for the day- and night time periods.

The difference between the actual noise and the ambient noise level and the time of
the day and the duration of the activity, will determine how people will respond to
sound and what the noise impact will be. In order to evaluate such, there must be
uniform guidelines to evaluate each scenario. The SANS 10103 of 2008 has laid down
sound pressure levels for specific districts and has provided the following continuous
noise levels per district as illustrated in Table 2.

17
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Table 2: Recommended noise levels for different districts.

1 2 3 4 5 6 7
Equivalent continuous rating level Lreq 7 fOr ambient noise - dBA
Outdoors Indoors, with open windows
Day-night Daytime Night-time | Day-night Daytime Night-time
Type of district | Lgan® Lra " Ln” Lran Ln” Len”
a) Rural districts 45 45 35 35 35 25
b) Suburban
districts with little 50 50 40 40 40 30
road traffic
¢) Urban districts 55 55 45 45 45 35
d) Urban districts
with some
workshops, with 60 60 50 50 50 40
business
premises and
with main roads
e) Central 65 65 55 55 55 45
business district
f) Industrial 70 70 60 60 60 50
districts

The reference time intervals can be specified to cover typical human activities and
variations in the operation of noise sources and are for daytime between 6h00 to
22h00 and for night time between 22h00 and 6h00.

The response to noise can be classified as follows:

An increase of 1dBA to 3dBA above ambient noise level will cause no response
from the affected community. For a person with normal hearing an increase of
0dBA to 3 dBA will not be noticeable

An increase between 1dBA — 10dBA will elicit little to sporadic response. When the
difference is more than 5 dBA above the ambient noise level a person with normal
hearing will start to hear the difference.

An increase between 5dBA and 15 dBA will elicit medium response from the
affected community.

An increase between 10dBA and 20 dBA will elicit strong community reaction.

Because there is no clear-cut transition from one community response to another as
well as several variables, categories of responses can overlap. This should be taken
into consideration during the evaluation of a potential noise problem.

There is therefore a mixture of activities and higher noise levels as per the above
recommended continuous rating levels within i.e. residential, industrial and feeder
roads in close proximity of each other.

18
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2.1.2

The ambient noise level will therefore differ throughout the study area, depending on
the region and the measuring position in relation to areas with existing mining
activities.

People exposed to an increase in the prevailing ambient noise level will react
differently to the noise levels and the response is given in Table 3.

Table 3: Estimated community/group response when the ambient noise level is
exceeded

1 2 3

Excess )LRequl) Estimated community/group response

dB Category Description

0 None No observed reaction

0-10 Little Sporadic complaints

5-15 Medium Widespread complaints

10-20 Strong Threats of community/group action
>15 Very strong Vigorous community/group action

1) Calculate )Lgreqr from the appropriate of the following:

a) )LreqT = Lreqt Of ambient noise under investigation MINUS Lgreqr Of the residual noise
(determined in the absence of the specific noise under investigation).

D) )Lreqt = Lreq,r Of ambient noise under investigation MINUS the maximum rating level for
the ambient noise given in table 1.

C) )LreqT = Lreqt Of ambient noise under investigation MINUS the typical rating level for the
applicable district as determined from table 2.

The difference between the actual noise and the ambient noise level will determine
how people will respond to sound.

The human perception of sound may be influenced by the acoustical characteristics
of the noise (whether it has audible tones or other characteristics that may annoy the
receptor) and how much louder the propagated sound is above the prevailing ambient
noise level. The perception of the noise is furthermore influenced by the attitude
towards the noise source. One person may find the singing of birds in the morning
delightful whereas another person may find the sound aggravating. If a person has a
negative attitude towards a noise source is much more likely to view the new noise
itself negatively however low it is (Rogers and Manwell, 2002).

Ground vibrations

There are two aspects which must be considered during a blast and it is the over-air
pressure which is the change in the air-pressure (shock wave) and ground vibration
which is a direct result of the fragmentation of the ore body which need to be
dislodged.

Vibration can be defined as regularly repeated movement of a physical object about a
fixed point. The parameter normally used to assess the ground vibration is the peak

particle velocity (PPV) expressed in millimetres per second (mm/s).
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Environmental ground vibrations can come from various sources, both human-made
(compaction, drilling and blasting) and natural (earth tremors and earth quakes). In
most settings, particularly in urban and semi-urban settings, human activities
comprise the most important sources. Han and body vibration can be experienced in
the workplace when working with machinery. In the environmental context ground
vibration is caused by the release of energy from an activity such as compaction,
drilling, traffic or blasting. Ground type vibration will be concentrated on where there is
a risk of cosmetic or structural damage to buildings in the vicinity of the blasting and
mining operations (Guild et al 2001).

The movement in the ground caused by compaction, vehicular movement, blasting
and stock piling can be described in three ways namely displacement, velocity and
acceleration. Velocity is responsible for the most damage to structures and the
velocity measurement can be converted to obtain displacement or acceleration. The
velocity of ground vibration is usually measured in millimetres per second.
(Goodquarry,2004).

Every person is exposed to whole body vibration on a daily basis in cars, busses and
also whilst walking (Kubo et al, 2001). Whole body-vibration in excessive amounts
may cause discomfort, fatigue and physical pains (Lui et al, 1995).

The aim is therefore to minimize or reduce the amount of vibration from products and
vehicles (Kubo et al, 2001). The reduction of vibration in the environment caused by a
point source such as compaction or blasting is however more complex and will
require that a lot of variables will have to be considered to determine the impact and
degree of damage to structures. The real cause of complaints by people exposed to
blasting activities is how much the house and ground is shaking during each blast
(Singh & Roy, 2010).

The environmental zone is the physical component such as ground, rock, sand, which
transmits vibration from the source to the person. The environmental zone can play
an important role to reduce the vibration amplitude to prevent damage to structures
and medical conditions in a person (Kim & Lee, 2000). It is however difficult to
estimate the percentage of reduction as the ground conditions are not always known
or the same. In order to determine damage it is necessary to take into account the
characteristics of the vibration source, the site characteristics (ground conditions),
propagation of body and surface waves in the ground and the response of structures
to vibrations (Massarsch, 1993).

The attenuation of vibration with distance from the source is based on the geometric
damping and material damping. Geometric damping depends on the type and the
location of the vibration source whereas material damping relates to the properties of
the ground in the environmental zone and the vibration amplitude (Woods, 1985).

Vibration loses energy during propagation in the ground due to various physical
characteristics of the ground such as clay conditions, fractures and loses ground. The
amplitude of the vibration decreases with increasing the distance from the source by
means of geometric radiation (vibration energy is reduced due to the friction and
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cohesion between soil particles) and material dampening (soil type and the frequency
of the vibration (Kim & Lee, 2000).

In Table 4 is an illustration of the typical vibration levels that are generated by normal
day-to-day human activities which were measured adjacent to the source of the

activity.

Table 4: Vibration levels for different human activities (Source: Consultnet.ie)

Household activity Vibration level (mm/s
peak particle velocity)

Jumping <250

Heel drop <150

Nail hammering <100

Walking <40

Shutting door <30

Sliding door <10

Typical levels measured during construction activities are illustrated in Table 5. These
are the measured ground vibration at different distances from construction activities
whereas the above vibration levels were measured next to within a meter from the
activity.

Table 5: Ground vibration during construction activities (Source: Consultnet.ie)

Construction Activity Typical Ground Vibration Level — mm/s

Vibratory roller Up to 1.5mms @ 25m

Hydraulic rock breakers 4.5 mm/s @ 5m, 0.4 @ 20m, 0.1 @ 50m

Compactor 20mm/s @ 5m, <0.3mm/s @30m

Pile driving 1-3mm/s @ 50m depending on soil conditions
and piling technique

Bulldozer 1-2mm/s @ 5m, 0.1 @ 50m

Truck traffic (smooth surface) <0.2mm/s @ 20m

Truck traffic (rough surface) <2mm/s @ 20m

Air over pressure (Air blast)

An explosion during a blast is an imperfect use of energy, and the energy is
transmitted through the earth in the form of pulsating waves or vibrations. A part of
the energy is also dissipated in the air, which produces over air-pressure noise. The
sound pressure level is measured in dB. There is currently no blasting taking place
therefore the people in the vicinity of the study area has never experienced this
condition.

People respond differently to ground vibration levels and these levels in mm/s will
elicit some response by people when exposed to these levels. The response levels
vary from barely perceptible to unpleasant and intolerable. These vibration levels and
the response from people are illustrated in Table 6. The brake-up of rock during
blasting and close to the blasting activity takes place between 25mm/s to 50.0mm/s.
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The slamming of a door will result in vibration level of 17mm/s whereas a footfall will
record 0.5mm/s. Structural damage may occur at 25mm/s at properly constructed
buildings and for clay huts and historical buildings damage may occur at 10mm/s
(Goodquarry, 2004).

Table 6: Vibration levels and subsequent response

Response Ground Vibration Range
(mm/s)
Barely to distinctly perceptible 0.05- 2.54
Distinctly perceptible to strongly perceptible 2.54 -12.7
Strongly perceptible to mildly unpleasant 12.7-25.0
Mildly unpleasant to distinctly unpleasant 25.0-50.0
Distinctly unpleasant to intolerable 50.0 — 200.0

* U.S Department of the Interior, Bureau of Reclamation — State Water Resources Control Board — Noise

The effects of these ground vibration sources vary immensely. The variation is
caused not only by intensity or number of sources only. The soil condition and the soail
geology play a critical role in the long-distance propagation of ground vibrations. Site
vibration tests must be carried out before construction and during the construction
and operational phases of the project to determine how the ground vibration levels
are propagated during a blast or compaction. It often happens that the ground
vibration will disappear when the topsoil is removed and replaced with more stable
soil. (Vibro-Acoustic Consultants, 2007).

2.2 Legislative and Policy Context

International Guidelines

Environmental, Health and Safety (EHS) Guidelines, World Health Organisation
(WHO, 2002).

National legislation

National Environmental Management Act. 2006 Act 62 of 2008 (RSA, 2008).

Provincial legislation

Noise Regulations (1998).

National Standards

SANS 10357 of 2004 — The calculation of sound propagation by the concave
method (SANS, 2004);

SANS 10210 of 2004 — Calculating and predicting road traffic noise (SANS,
2004);

SANS 10328 of 2008 — Methods for environmental noise impact assessments
(SANS, 2008); and
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221

2.3

2.4

241

SANS 10103 of 2008 — The measurement and rating of environmental noise with
respect to annoyance and to speech communication (SANS, 2008).

A noise disturbance is classified in terms of the Noise Control Regulations as a noise
that cause the ambient noise level to rise above the designated zone level by more
than 7.0dBA, or if no zone level has been designated, the typical rating levels for
ambient noise in districts, indicated in table 2 of SANS 10103.

Ground vibration levels

USBM R1 8507 the United States Bureau of Mines vibration standards.
Legislative requirements

Constitution of South the Republic of South Africa (RSA, 1996)

Article 24: Everyone has the right -

(a) to an environment that is not harmful to their health and well-being; and

(b) to have the environment protected for the present and future generations through
reasonable legislative and other measures that-

(i) prevent pollution and ecological degradation;

(ii) promote conservation; and

(iii) secure ecological sustainable development and use of natural resources, while
promoting justifiable economic and social development.

Scope and limitations

There is no noise data for each of the areas and the recommended noise levels
according to Table 2 of SANS 10103 of 2008 and the results from the noise survey of
the study area will have to be used to determine the noise impact the proposed mine
activities may have on the abutting noise sensitive areas.

Limitations:

There are no noise and/or ground vibration data available on the prevailing ambient
levels of the study area and the formal residential areas.

Methodology

Instrumentation

The noise survey was conducted in terms of the provisions of SANS 10103 of 2008 -
The measurement and rating of environmental noise with respect to annoyance and
to speech communication and the Noise Control Regulations.
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The instruments that was used in the noise survey:

Instrument 1

Larsen Davis Integrated Sound Level meter Type 1 — Serial no. S/N 0001072;
Larsen Davis Pre-amplifier — Serial no. PRM831 0206;

Larsen Davis ¥2" free field microphone — Serial no. 377 B02 SN 102184, and
Larsen Davis Calibrator 200 — Serial n0.9855.

Instrument 2

Tri-axle Instantel Minimate Plus ground vibration meter.

2.4.2 Measuring points

The measuring points within the study area are illustrated in Figure 3. These
measuring points (MPs) were selected to be at or in the vicinity of the abutting NSAs.

Figure 3: Measuring points in and around the study area.

The geographic information of the measuring points in terms of the spatial position and
characteristics is illustrated in Table 7. There are busy feeder roads, existing mining
operations, and existing ventilation shafts in the vicinity of the study area.
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Table 7: Measuring points and co-ordinates

Position| X WGSDD Y WGSDD Remarks

1 249 57,099 S 027° 06,093 E Western noise sensitive area of Mantserre village. Distant existing
mine activities noise

2 24° 57,148 S 027°05,708 E | Mantserre village. Distant mine activity noise and traffic noise.

3 24° 57,162 S 027°06,783 E | Mantserre village. Distant mine activity noise and traffic noise.

4 24° 57,846 S 027° 07,123 E Squth-ee_ls_tgm bo‘undary of the proposed open cast mine. Distant|
mine activities noise.

5 24° 58,127 S 027° 07,415 E Sc_)uth—ee_\s_tgrn bo_undary of the proposed open cast mine. Distant]
mine activities noise.

6 24° 57,837 S 027° 07,737 E Alpng the existing fe_eder road bgtween Mantserre Village and the
mine. Silo, reverse signal and mine activity noise.

7 24° 56,637 S 027° 08,423 E Squthern boundary of the proposed opencast mine. Distant mine
noise.

8 249 56,612 S 027° 08,942 E Within the residential area east of the proposed opencast mine.
Domestic and distant mine activity noise.

9 24° 56,550 S 027° 08,934 E Within the residential area east of the proposed opencast mine.
Domestic and distant mine activity noise.

10 24° 56,037 S 027° 09,257 E At the school which is_situated in the residen_tial area east of the
proposed opencast mine. Domestic type noise such as people|
and traffic.

11 24° 57,884 S 027° 09,098 E Open area within the proposed opencast mine. Distant traffic,
insects and birds.

12 24° 55,413 S 027° 08,451 E Within t_he residential area west of the proposed opencast mine.
Domestic and traffic noise.

13 249 55,215 S 027° 08,913 E Within t_he residential area west of the proposed opencast mine.
Domestic and traffic noise.

14 24° 55,021 S 027° 08,678 E At the entrance to the Rock Cottage B&B at the residential area
north of the proposed opencast mine. Domestic and traffic noise.

15 24° 55,722 S 027° 09,689 E Within the residential area north of the proposed opencast mine.
Domestic and traffic noise.

16 24° 57,162 S 027° 06,783 E Within the residential area south of the proposed opencast mine.
Domestic and traffic noise.

17 24° 57,162 S 027° 06,783 E Within the residential area south of the proposed opencast mine.
Domestic and traffic noise.

18 24° 57,162 S 027° 06,783 E Along the main feeder road north of the proposed opencast mine.
Traffic noise.

2.4.3 Site Characteristics

The topography is slightly undulated areas with scattered trees, grass, feeder roads and
existing residential areas, business complex and mine buildings and medium ground
conditions. There are existing mines throughout the entire study area, with feeder roads,
railway lines, mines and ventilation shafts. This is a typical mining area with residential
properties in the vicinity of existing linear and/or point noise sources.
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Current noise sources

Traffic noise, wind noise, domestic type noise and mine activity noises such as fans,
ventilation shafts, crushers, and blowers are the main contributors to the prevailing ambient
noise level of the different areas. The prevailing noise level is proportional to the distance
from the main noise sources and the prevailing ambient noise level is higher in the vicinity
of the existing feeder roads and/or mine activities.

Environmental noise impact assessment
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2.5 Assessment Methodology

The impact approach will be to determine what the impact of the proposed open cast pit
and the mine activities may have on the abutting noise sensitive areas. The following
methodology was followed:

Identify all the noise sensitive areas within the vicinity of the study area and identify
such by means of their spatial position on Google Imagery;

Determine the prevailing ambient noise level at each of the measuring points by
means of the recommended noise measuring procedure in SANS 10103 of 2008;
Calculate or determine the acceptable rating level for each measuring point;
Calculate, determine and/or research the projected noise level of each noise source
that is part of the construction and/or operational phase of the project;

Calculate the noise impact at each of the noise sensitive areas; and

Assess the proposed project in terms of the SANS 10103 of 2008, SANS 10328 of
2008, Noise Control Regulations, Environmental Health and Safety Guidelines for
Mining by the World Bank.

The control of noise in the Limpopo Province is regulated by the Noise Control
Regulations, Gazette Number (R 154 GG 13717 of 10 January 1992), which was
promulgated under the Environment Conservation Act, 1989. Act No 73 of 1989.

Section 4 of the above Noise Regulations say that “No person shall make , produce
or cause a disturbing noise, allow it to be made, produced or caused by any person,
animal, device or apparatus or any combination thereof.” A disturbing noise means a
noise level that exceeds the prevailing ambient noise level measured continuously at
the same measuring point by 7.0dBA or more.

In order to determine the level of intrusion it will be required to determine the
prevailing ambient noise levels at each measuring point and to calculate the increase
in the noise level during the operational phase of the project. The following formula
(SANS 10328 of 2008) is used to determine the difference between the future
expected rating level (calculated noise levels) and the typical rating level (prevailing
ambient noise level):

Ni = LReq.T (expected) — I—Req. T (typical)
Where

N; is the noise impact, in decibels;

Lreq.T (expected) IS the calculated equivalent continuous A-weighted sound pressure level,
in decibels;

Lreq. Taypicay 1S the prevailing ambient equivalent continuous A-weighted sound
pressure level, in decibels.

The alleged noise impact on the environment and the residents living in the vicinity of
the proposed open cast mine will be investigated.
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2.5.1 Study area sensitivity analysis

The proposed open cast is situated in an area where there are already an
underground mine and open cast mine with the subsequent increased noise levels
because of traffic and mine activities. The sensitivity analysis of the region is
illustrated in Table 8.

Table 8: Sensitivity Analysis

Description
Low Sensitivity Residential properties in the vicinity of roads.
Medium Sensitivity Isolated residential areas where there are intermittent type
noises such as passing traffic and distant mine activity noise.
High Sensitivity Noise sensitive areas within a radius of 600m from the
proposed open cast mine activities.
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3 DESCRIPTION OF AFFECTED ENVIRONMENT

The noise sensitive areas A to E will be the affected or receiving environment throughout
the study area and the NSAs are illustrated in Figure 4. The NSAs are already exposed to
other mine activity noises and traffic because of the existing mine operations and roads
which runs through or in the vicinity of the study area. NSA A, B and D is north and south of
the proposed opencast mine whereas NSA E and C is some distance from the proposed
opencast mine.

Figure 4: Location of the noise sensitive areas

The distances between NSAs A, B and D and the 600m safe distance boundary (green
line) of the open cast mine are given in Table 9. The existing noise sources such as traffic
creates an finite to continuous noise and the mine and the ventilation shaft a continuous
point source during the day and night time periods. This will increase the prevailing ambient
noise levels in the vicinity of these linear and/or point noise sources on a permanent or
temporary basis.

Table 9: Distance between proposed opencast mine boundaries and the noise
sensitive areas

Noise sensitive area | Distance  between the noise
sensitive area and the opencast
600m mine boundary

A 50 to 340m
B 60 to 80m

C 3 740m

D 340 to 580m
E 3 850m
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The noise levels at the different NSAs to which the residents will be exposed to
during the operational phase of the project is illustrated in Table 10. The calculations
are based on the following noise levels:

Haul route — 80.0dBA;
Pit noise levels — 100.0dBA;
Blast — 140dB

The calculations to determine the noise level at the noise sensitive areas are based
on the following equation:

Lr = SPL - 20log(R) — a,

Where:

Lr = Sound pressure level at a distance from the source;

SPL = Sound pressure level at the source;

R = Distance from the source;

0, = Sound reduction due ground conditions and trees and distance from the source
and an average value of 5.0dB is used according to BS5228:Part1(1997).

Table 10: Mine activity noise levels during the operational phase of the project

Calculated noise level at the different noise sensitive areas -
dBA
Noise sensitive | During a blast | Haul road in | Middle of the opencast pit with
area of 130dB at | the middle of | activities such as drilling and
600m + | the opencast | hauling at 600m + distance from
distance from | activities at | the NSA at a cumulative noise
the NSA. 300m from the | level of 100.0dBA
green
boundary -
80.0dBA
A 68.7dB 18.7dBA 38.7dBA
B 68.6dB 18.6dBA 38.6dBA
C 52.6dB 20.3dBA 22.0dBA
D 68.6dB 18.6dBA 38.6dBA
E 52.2dB 22.5dBA 22.3dBA
29

Date: June 2013
Environmental noise impact assessment



3.1

Prevailing noise regime

3.1.1 Results
The noise survey was done at the different measuring points during the day and night
time with a north-westerly wind blowing during the daytime between 1.6m/s to 2.7m/s
and during the night time with a north-easterly wind between 1.0m/s to 1.7m/s. The
wind speed at each measuring point will however be indicated with the prevailing
ambient noise levels in Table 9.
Table 9: Noise levels and wind speed for the day and night time periods.
Measurin . . .
poimg Daytime Night time
. wind |Wind . wind | Wind
Lea-dBA Predominant speed Leq-dBA Predominant speed
q noise source _pm/S q noise source _pm/S
1 Insects, birds and SIW Insects, distant SIW
42.2 distant traffic 1.8 46.6 mine and odd 0.2
vehicle
2 SIW Distant vent shaft SIW
Traffic, birds and noise, mine
44.9 domestic 15 47.6 activities and 0.2
insects
3 S/W Distant vent shaft S/W
Traffic, birds and noise, mine
44.1 domestic 2.1 48.4 activities and 0.4
insects
4 Insects, distant S/W . SIW
35.5 | traffic and 1.9 50.6 |InsectsandSilo | g 4
_ noise
exploration
5 S/W Mine activity S/W
Distant mine noise, reverse
39.4 activities 19 50.3 signal, insects 0.2
and silo noise
6 Silo noise, traffic S/W Ventilation shaft S/W
61.5 and mine noise 1.9 52.3 noise 0.2
7 43.2 | Distant mine 0.6 | SW | 484 |Dsant mine and) 0.2 | SW
8 38.7 Domestic 0.4 Sw 48.6 alsséac?st mine and | 0.2 | S/IW
9 38.1 Domestic 06 | SW | 486 E]'Sséi?st mine and | 0.2 | SIW
10 Domestic and SIW Distant mine and| 0.2 | S/IW
41.9 insects 2.0 3.5 insects
11 i S/\W Traffic, insects | 0.2 | SIW
44.5 Traffic 0.7 47.1 and birds
12 37.3 Birds and insects | 0.9 | SW | 60.6 E]'Sséi?st mine and | 0.2 | SIW
13 37.4 Eiirsdtgm wrafficand | o5 | SW | 455 Insects 0.2 | SW
14 Insects, birds, S/W Distant mine and | 0.2 | SIW
42.1 train hooting 1.5 41.4 insects
15 40.5 t?;);f?fit(l)(i:sznd 0.6 SIW 51.3 Traffic and insects | 0-2 | SIW
16 417 | Mineadtvites | g5 | SW | 48.1 | Distant mine noise | 0-2 | SW
17 Traffic and noise SIW . - 0.2 | SIW
43.4 from security 0.7 41.3 Trz_afflc and insect
noise
gate
18 62.7 Traffic 1.7 | S\W | 53.5 | Traffic 0.2 | SW
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3.2

3.21

3.3

The prevailing ground vibration levels at all the measuring points are well below
0.050mm/s which at this stage are insignificant because there was no blasting taking
place in the vicinity of the study area.

Discussion

Prevailing noise levels within the study area

The existing mine activities and traffic noise in the vicinity of the NSAs contribute to the
higher ambient noise levels within these areas. The distant mine and ventilation shaft noise
was audible along the southern boundaries of the proposed opencast pit area. The
prevailing ambient noise levels at the measuring points differ because of the size of the
study area and the location of the measuring points to existing mine activities, roads,
domestic areas. The prevailing ambient noise levels within the noise sensitive areas are
during daytime between 37.4dBA to 44.9dBA with an arithmetic mean average of 41.4dBA.
The prevailing ambient noise levels within the noise sensitive areas are during night time
between 41.4dBA to 48.4dBA with an arithmetic mean average of 45.9dBA. The prevailing
ambient noise level along the main feeder road to the north of the proposed development is
62.7dBA during daytime and 53.5dBA during night time.

Noise survey results

Two aspects are important when considering potential noise impacts of a project and it is:

The increase in the noise level because of the construction (temporary increase) and
operational phases ( more permanent of nature), and;
The overall noise level produced by the proposed mine activities.

The average ambient noise level along the northern boundaries of the noise sensitive areas
(MP 12, 13 and 14) is 38.9dBA during daytime and 43.3dBA during night time and 40.2dBA
during daytime and 48.4dBA during night time along the southern boundary (MP8, 9, 10, 15
and 16) of the proposed open cast pit and the noise sensitive area.

The distant existing mine activities, traffic and ventilation shaft noise was slightly audible in
the vicinity of the noise sensitive areas at times when there was a slight wind blowing
towards the residential areas and during winter periods when there are inversion conditions
in the atmosphere.

The construction activities during the construction phase of the project will increase the
prevailing noise level at the immediate vicinity of the site on a temporary basis and the
following noise levels at different distances from the site is envisaged for the construction
phase. These noise levels are illustrated in Table 12. Engineering control measures and
topography can have an influence on how the noise level is perceived by the receptor some
distance away from the activities.
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Table 12: Sound pressure levels of construction machinery

Equipment Line-of-Sight Estimated Noise Level Attenuation - dBA

5m 30m 60m 120m 240m 480m 960m
Dump truck 91 61.3 55.2 49.1 43.1 34.9 26.6
Backhoe 85 55.3 49.3 43.3 37.3 29.1 20.8
Drilling 100 70.3 64.3 58.3 52.3 44.1 35.9
Equipment
Flatbed truck | 85 55.3 49.3 43.3 37.3 29.1 20.8
Pickup truck 70 40.3 34.3 27.3 21.3 15.3 9.3
Tractor trailer | 85 55.3 49.3 43.3 37.3 29.1 20.8
Crane 85 55.3 49.3 43.3 37.3 29.1 20.8
Pumps 70 40.3 34.3 27.3 21.3 15.3 9.3
Welding 72 42.3 36.3 29.3 23.3 18.3 12.3
Machine
Generator 90 61.3 55.2 49.1 43.1 34.9 26.6
Compressor 85 55.3 49.3 43.3 37.3 29.1 20.8
Pile driver 100 70.3 64.3 58.3 52.3 441 35.9
Jackhammer | 90 61.3 55.2 49.1 43.1 34.9 26.6
Rock drills 100 70.3 64.3 58.3 52.3 441 35.9
Pneumatic 85 55.3 49.3 43.3 37.3 29.1 20.8
tools
Excavator 90 61.3 55.2 49.1 43.1 34.9 26.6
Grader 140H | 91.0 61.3 55.2 49.1 43.1 34.9 26.6
TLB 92.0 61.3 55.2 49.1 43.1 34.9 26.6

The highest noise level at 960m from the NSA during the construction phase will be
35.9dBA during the time drilling equipment will be used and the cumulative noise level
when four of the machinery will operate at one time will be 37.5dBA. The noise increase
during the construction phase will be on a temporary basis for short spells.

SANS 10210 of 2004, the national standard for the calculating and predicting of road traffic
noise was used to calculate the noise level to be generated by the trucks and other
vehicles. The calculation will be based on 4 trucks and 4 motor-vehicles per hour.

Basic Model:

Lgasic = 38.3 + 10 Log (Q,) dBA,

Where Lgasic = basic noise level in dBA and Q,is the mean traffic flow per hour.
Primary corrections to the basic model:

Corrections for speed of traffic and percentage of heavy vehicles, Lp, ;
Correction for gradient, L g.

Correction for road surface texture, L ¢

Correction for ground conditions and distance of the receiver, L 4.

I—Aeq (1h) = LBasic + I-P,v +L ar +L t+ L d,hr

The noise level which these additional vehicles will create on the existing roads is 52.3dBA.

Blasting will be done in the pits by using an emulsion in both the development and
production operations to uplift the overburden soil and ore body. Experience has shown
that there are two sound pressure levels that should be adhered to such as 120dB and
140dB at the blasting area during a blast and it depends on the amount of rock to be
dislodged. The calculations and subsequent impact was based on these sound pressure
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levels. A typical impact of a blast at 900m from the blast is illustrated in Figure 5 and the
impact above the prevailing ambient noise level is for a period of 3-seconds only.

Sound pressure level increase during blasting at
900m from the blast

-

60
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20
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{:' T ———

1 61 121 181 241 301 361 421 481 541 601 661 721

dB

Measuring time

Figure 5: Increase in the ambient noise level during a blast

A water resistant emulsion will be used and the emulsion is a water resistant explosive
material containing substantial amounts of oxidizers, often ammonium nitrate, dissolved in
water and forming droplets, surrounded by fuel oil. The droplets of the oxidizer solution are
surrounded by a thin layer of oil and are stabilized by emulsifiers. The blast design is
illustrated in Table 13.

Table 13: Pre-blast design parameters

Average geometry values Charging Instructions
Total holes 155
Hole diameter (mm) 127mm [F
Hole depth (m) 3m - 10m iy 5
Sub-drill depth (m) 0 et
Burden and spacing (m) 3m x 3m
Stemming length (m) 4m
Average charge mass values AR
Charge mass/hole (kg) 91.2kg f
Charge/meter of hole (kg) 15.2kg/m ¥
Average energy measures
Powder factor (kg/m®) 0.75-0.8
Energy factor (Rel.energy/m®) | 0.65
Scaled Burden (m/(kg/m)">) 0.66 ANMetm T
Quantities frboises b oy
Bench cubic meter (m”) 18 135m* ot ko
Total charged mass 7 068kg
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3.4 Noise contours

The noise contours for the pit operations are illustrated in Figure 6. These are the noise
levels when the pit operations are in progress only. The mine machinery noise will be
slightly audible to audible at times at the abutting noise sensitive areas.

S0/ 0dEA

S5 oS DdBA

250 al5E 0dEA

Figure 6: Noise contours for the open cast pit activities

The noise contours for a blast is illustrated in Figure 7 western side, Figure 8 middle and
Figure 9 eastern side. Blasting will take place once a week and the contours illustrated the
noise level during the blast which last for three seconds at a time.
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Legend

Legend
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4. IMPACTS IDENTIFICATION AND ASSESSMENT

4.1 Introduction

The impact on the environment and the NSAs will be different, where the construction
phase will be more of a temporary nature and the operational phase will be more of a
permanent nature or for the duration of the life of mine. During both of these periods
engineering mitigatory measures will be essential to minimise the noise intrusion of an
activity with industrial noise levels within a mine and agricultural type environment with
lower prevailing ambient noise levels. There will be different noise sources during the
different activities and it will now be discussed.

4.2 Preparation of the open cast pit and the construction of the mine infra-structure

The machinery that will be used during the preparation of the open cast pit and the
construction of the mine infra-structure will be excavators, dozers, graders, earth-moving
equipment, cranes, drilling rigs, dump trucks, generators and TLB'’s, which will be for a
limited period only depending on the size of the specific project.

The following activities will generate noise during the construction phase of the additional
mine infra-structure:

Removal and transportation of top soil from the site;
Earthmoving equipment at the foot print area;

Hauling of material to and from the specific area;
Assembling of mine related equipment and/or structures;
Emergency generators.

The following activities will generate noise on a permanent or temporary basis during the
operational phase of the mine:

Open pit mining;

Stockpile management;

Road maintenance;

Blast hole drilling in ore and overburden;
Blasting;

Removal of ore from pit and hauling thereof;
Loading and off-loading waste;

Loading and off-loading of ore;

Processing plant such as crushing of ore, grinding and classification, flotation,
concentration and filtration;

Haulage of final product from the site to end-user.
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The following activities will generate noise on a permanent or temporary basis during the
rehabilitation phase of the mine:
Rehabilitation of open pit and disturbed areas;

Demolition of plant and infra-structure;
Emergency generators.

The impact rating during the construction phase of a project is given in Table 14.

Table 14: Impact rating during the construction phase

Aspect Impact Significance | Mitigation Impact after Significance | EMP
Consequence | Rating mitigation rating after
[+ Likelihood) * measures mitigatory
measures
Removal and | 36 Machinery  with low| 24 Very Low Baseline
transportation  of noise levels to be used. noisg .
topsoil from the monitoring
site
Earthmoving 36 Machinery  with low| 24 Very Low Baseline
machinery at the noise levels to be used. noise
foot print area monitoring
Hauling of | 36 Vehicles with low noise| 24 Very Low Baseline
building material levels to be used. noise
to and from the monitoring
specific area
Assembling of | 36 Machinery  with low| 24 Very Low Baseline
mine related noise levels to be used. noise
equipment and/or _ o monitoring
structures Construction  activities
to take place during
daytime period only.
Emergency 36 Generators must be| 24 Very Low Baseline
generators placed in such a noise
manner that it is away| monitoring
from noise sensitive
areas
*Impact assessment methodology attached as Appendix C
The impact rating during the operational phase of a project is given in Table 15.
Table 15: Impact rating during the operational phase
Aspect Impact Significance | Mitigation Impact after Significance | EMP
Consequence | Rating mitigation rating after
 Likelihood) * measures mitigatory
measures
Open pit mining 88 Medium to| Noise mitigatory| 63 Baseline
High measures to be made noise
use of at all point monitoring
sources which radiate on a six
noise in excess Of monthly
85.0dBA and the point basis

sources where
practicable possible to
be encapsulated with
acoustic screening
measures.
Engineering control
mitigatory measures

Earthberm of 8m to be

Environmental noise impact assessment
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constructed on both
sides of the open cast
pit opposite the noise
sensitive areas

Stockpile
management

88 Medium
High

Road maintenance

63

Blast hole drilling in
ore and overburden

88 Medium
High

1o

Vehicles to comply with
the standards as
provided in the IFC's
Environmental Health
& Safety Regulations.

63

Baseline
noise
monitoring
on a six
monthly
basis

Vehicles to comply with
the standards as
provided in the IFC's
Environmental Health
& Safety Regulations.

48

Baseline
noise
monitoring
on a six
monthly
basis

Vehicles and
machinery to comply|
with the standards as
provided in the IFC's
Environmental Health
& Safety Regulations.

63

Baseline
noise
monitoring
on a six
monthly
basis

Blasting

96 Medium
High

Removal of ore from
pit and  hauling
thereof

63

Loading and off-
loading waste

63

Processing plant
such as crushing of]
ore, grinding and
classification,
flotation,
concentration and
filtration

63

Haulage of final
product from the site
to end-user

63

Environmental noise impact assessment

1o

Proper blast design to
take place prior to
blasting;

Blasting not to take
place during overcast]
conditions and when
the wind is blowing
higher than 5m/s;

The blast design chart]
to be complied with at
all times.

Over-air
pressure and
ground
vibration
monitoring to
take place
during each
blast at
700m from
the blasting
area

Earthmoving and
hauling vehicles with
low noise levels to be
used.

48

Baseline
noise
monitoring
on a six
monthly
basis

Vehicles to comply with
the standards as
provided in the IFC's
Environmental Health
& Safety Regulations.

48

Baseline
noise
monitoring
on a six
monthly
basis

Noise mitigatory
measures to be made
use of at all point]
sources which radiate
noise in excess of
85.0dBA and the point
sources where
practicable possible to
be encapsulated with
acoustic screening
measures.
Engineering control
mitigatory measures

48

Baseline
noise
monitoring
on a six
monthly
basis

Vehicles to comply with
the standards as
provided in the IFC's
Environmental Health

& Safety Regulations.

48

Baseline
noise
monitoring
on a six
monthly
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Emergency
generators

30

basis

Generators must be
placed in such a
manner that it is away|
from noise sensitive

areas

24

Baseline
noise
monitoring

Very Low

*Impact assessment methodology attached as Appendix C

The impact assessment during the rehabilitation phase of a project is illustrated in

Table 16.

Table 16: Impact rating during the rehabilitation phase

Aspect Impact
Consequence
1+ Likelihood) *

Preparation and the | 63

covering of tailing

storage facility

dams, and any

other areas with

vegetation

Removal of | 63

structures

Emergency 30

generators

Significance | Mitigation

Rating

Impact after Significance | EMP
mitigation rating after
measures mitigatory
measures
Vehicles to comply with| 48 Noise
the standards as monitoring
provided in the IFC's program to be
Environmental Health in place t
& Safety Regulations. monitor  the
noise levels.
Vehicles to comply with| 48 Baseline
the standards as noise
provided in the IFC's monitoring
Environmental Health
& Safety Regulations.
Generators must be| 24 Baseline

placed in such a
manner that it is away|
from noise sensitive

areas

noise
monitoring

*Impact assessment methodology attached as Appendix C

5. Recommendations

The following three primary variables should be considered when designing acoustic
screening measures for the control of sound and/or noise:

The source — Reduction of noise at the source;
The transmission path — Reduction of noise between the source and the receiver;
The receiver — Reduction of the noise at the receiver.
The last option is not applicable as it is easier to control the noise levels at the source.

5.1

Acoustic screening recommendations

The acoustic screening measures are summarized and given in Table 17. These are based
on the best practicable methods, acoustic screening techniques and the IFC’s Health and
Safety Regulations.

Environmental noise impact assessment
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Table 17: Recommended acoustic screening measures

Additional mine infra-structure

Activity

Recommendations

Construction phase

1. Machinery with low noise levels to be used which is in accordance with the IFC's Health
and Safety Regulations;

2. Building activities to take place during daytime only;

3. Safe blasting methods to be used under controlled conditions;

4. Vehicles with low noise levels to be used;

5. Emergency generators to be placed in such a manner that it is away from residential
areas.

Operational phase

1. Noise mitigatory measures to be made use of at all point sources which radiate noise in
excess of 85.0dBA;

2. Earthberm of 8m to be constructed on the boundaries of the open cast pit opposite the
noise sensitive areas.

2. Machinery and vehicles which comply with the recommendations of the IFC to be used
at all times;

4. Maintenance programs to be initiated which can prevent noise from being propagated
from the mine;

5. All point sources to be acoustically screened off and a maintenance program to be in
place to identify areas where there are noise break outs;

6. All machinery, vehicles and equipment to comply with the standards as provided in the
IFCs environmental health and safety regulations;

7. Maintenance program in place to keep all internal roads, gravel roads in a good and
smooth condition;

8. Blasting to be done in terms of the safe blasting principles and blasting chart according
to the IFC requirements;

9. Earthberm to be erected opposite open cast pits in the vicinity of residential areas;

10. Emergency generators to be placed in such a manner that it is away from residential
areas.

Rehabilitation phase

1. Vehicles, equipment and machinery to comply with the standards as provided in the
IFCs environmental health & safety regulations;

2. Emergency generators to be placed in such a manner that it is away from residential
areas.

The following are the Environmental, Health and Safety Guidelines of the IFC of the World
Bank, which should be taken into consideration during the construction, operational and
rehabilitation phases of the project:

Selecting equipment with lower sound power levels;

Installing silencers for fans;

Installing suitable mufflers on engine exhausts and compressor components;
Installing acoustic enclosures for equipment causing radiating noise;

Installing vibration isolation for mechanical equipment;

Re-locate noise sources to areas which are less noise sensitive, to take advantage
of distance and natural shielding;

Taking advantage during the design stage of natural topography as a noise

buffer;

Develop a mechanism to record and respond to complaints.

Blasting

Blasts must be designed so that ground vibration levels not exceeding 12.5mm/s
at houses and the air over pressure level of 140dB and 120dB in the vicinity of
schools and/or churches are adhered to. In order to comply with the above, the
following measures should be implemented:

A scheme of vibration and air over pressure monitoring to be implemented;

A scheme by which air over pressure is controlled;

Days and times of blasting operations to be established;

Environmental noise impact assessment
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Ensure that the correct design relationship exists between burden, spacing and
hole diameter;

Ensure the maximum amount of water resistant emulsion on any one day delay
interval, the maximum instantaneous charge, is optimized by considering:

- Reduce the number of holes per detonator delay interval;

- Reduce the instantaneous charge by in-hole delay techniques;
- Reduce the bench height or hole depth;

- Reduce the borehole diameter.

Always attempt to minimize the resulting environmental effects of blasting
operations and to recognize the fact that the perception of blasting events
occurs at levels of vibration well below those necessary for the possible onset
of the structural damage, but nevertheless at levels that can concern
occupants abutting the mining area;

Be aware that relatively small changes in blast design can produce noticeable
differences in environmental emissions. It is very often in response to changes
in these emissions rather than their absolute value that complaints are made.

Scheme of vibration monitoring must include the following:
The location and number of monitoring points;

The type of equipment to be used and the parameters to be measured,;
The frequency of monitoring;
The method by which such data are made available to management;

The method by which such data are used in order to ensure that the site
vibration limit is not exceeded and to mitigate any environmental effects of

blasting.
The design of the blast must be in line with the blast design chart as illustrated in
Figure 9.
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6. Conclusion

The residential areas in the vicinity of the proposed open cast mine are exposed to
existing blasting which is taking place to the south, mining activities, traffic and
industrial type noises because of the existing mining which is taking place within
boundaries of the mine.

The distances between the proposed open cast mine and the noise sensitive areas play
an important role in the propagation of the mine activity noises. The calculated noise
level during a blast at NSA A will be 68.7dB, NSA B will be 68.6dB, NSA C will be
52.6dB, NSA D will be 68.6dB and at NSA E the noise level will be 52.2dB. This will be
a once of noise increase which will be a finite type noise increase. The average
ambient noise level along the northern boundaries of the noise sensitive areas next to
the proposed opencast pit is 38.9dBA during daytime and 43.3dBA during night time
and 40.2dBA during daytime and 48.4dBA during night time along the southern
boundary of the proposed open cast pit and the noise sensitive area. The night time
ambient noise levels are higher because there are insect activities which increase the
noise levels accordingly.

A noise monitoring program must be in place where noise surveys can be carried out
on a six monthly basis at the measuring points identified in the recent noise survey in
order to determine if there is an increase in the prevailing noise levels of the study
areas. The ground vibration and air-over pressure noise levels at a distance of 700m
from the blast must be recorded during each blast and these records must be kept in a
safe place for easy access.

The noise intrusion can however be controlled by means of approved acoustic
screening measures, state of the art equipment, proper noise management principles
and compliance to the Local Noise Control Regulations, and the International Finance
Corporation’s Environmental Health and Safety Guidelines.

Barend van der Merwe
Environmental Acoustic Consultant
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Appendix B — Risk assessment matrix

SEVERITY OF IMPACT

Insignificant / non-harmful

Small | potentizlly harmful

Significant / slightly harmful

Great [ harmful

Disastrous / extremsly harmful

SPATIAL SCOPE OF IMPACT

Activity specific

Mine specific (within the mine boundary)

Local area (within 5 km of the Activity boundary)

Regional
Mational

DURATION OF IMPACT

One day to one month

One month to cne year

One year to ten years

Life of operation

Post closure { permanent

FREQUENCY OF ACTIVITY /| DURATION

OF

Annually or less / low

B monthly / temporary

Monthly ! infrequent

Weekly / lifz of operation / regularly / likely

Daily { permanent / high

FREQUENCY OF IMPACT

Almost never / almost impossible

Very seldom / highl;r unlikely

Infrequent / unlikely / seldom

Dften / regularly / likely [ possibla

Daily / highly likely / definitely
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Color Code Significance | Value Megative Impact | Positive Impact

Rating Management Management
Recommendation Recommendation

Wery high 126-150 Improve current | Maintain current
management management

High 101-125 Improve current | Maintain current
rmanagement management

Medium-high 76-100 Improve current | Maintain currant
management management

Low-medium 51.75 Maintain current | Improve current
management managemeant

Low 26-50 Maintain current | Improve current
management managemant

Very low 1-25 Maintain current | Improve currant
management managemeant

CONEENUEMNCE (Severily + Spatial Scope + Duration)
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Appendix C

Construction Phase

Impact: Removal and hauling of topsoil from the site

Severity: 2 | Spatial scope: 2 | Duration: 2
Consequence rating: 6
Frequency of activity: 4 | Frequency of impact: 2

Likelihood rating: 6

Risk rating: Low

Suggested management: Machinery with low noise levels to be used

Risk rating following mitigation: Very Low

Impact: Earthmoving activities at the foot print of the mine infra-structure

Severity: 2 Spatial scope: 2 | Duration: 2
Consequence rating: 6
Frequency of activity: 4 | Frequency of impact: 2

Likelihood rating: 6

Risk rating: Low

Suggested management: Machinery with low noise levels to be used

Risk rating following mitigation: Very Low

Impact: Hauling of building material to and from the specific area

Severity: 2 Spatial scope: 2 | Duration: 2
Consequence rating: 6
Frequency of activity: 4 | Frequency of impact: 2

Likelihood rating: 6

Risk rating: Low

Suggested management: Machinery with low noise levels to be used

Risk rating following mitigation: Very Low

Impact: Assembling of mine related equipment and/or structures

Severity: 2 Spatial scope: 2 | Duration: 2
Consequence rating: 6
Frequency of activity: 4 | Frequency of impact: 2

Likelihood rating: 6

Risk rating: Low

Suggested management: Machinery with low noise levels to be used

Risk rating following mitigation: Very Low

Impact: Diesel emergency generators

Severity: 2 Spatial scope: 2 | Duration: 2
Consequence rating: 6
Frequency of activity: 4 | Frequency of impact: 2

Likelihood rating: 6

Risk rating: Low
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Suggested management: Machinery with low noise levels to be used
Risk rating following mitigation: Very Low

Operational Phase

Impact: Open pit mining

Severity: 3 Spatial scope: 3 | Duration: 5
Consequence rating: 11
Frequency of activity: 5 | Frequency of impact:3

Likelihood rating: 8

Risk rating: Medium - High

Suggested management: Noise mitigatory measures to be made use of at all point sources which
radiate noise in excess of 85.0dBA; Machinery and vehicles which comply with the

recommendations of the IFC to be used at all times; Maintenance programs to be initiated which
can prevent noise from being propagated from the mine.

Risk rating following mitigation: Low to medium

Impact: Stockpile management

Severity: 3 Spatial scope: 3 | Duration: 5
Consequence rating: 11
Frequency of activity: 5 | Frequency of impact:3

Likelihood rating: 8

Risk rating: Medium - High

Suggested management: Noise mitigatory measures to be made use of at all point sources which
radiate noise in excess of 85.0dBA; Machinery and vehicles which comply with the

recommendations of the IFC to be used at all times; Maintenance programs to be initiated which
can prevent noise from being propagated from the mine.

Risk rating following mitigation: Low

Impact: Road maintenance

Severity: 3 Spatial scope: 2 | Duration: 4
Consequence rating: 9
Frequency of activity: 4 | Frequency of impact:3

Likelihood rating: 7
Risk rating: Low-Medium

Suggested management: Noise mitigatory measures to be made use of at all point sources which
radiate noise in excess of 85.0dBA; Machinery and vehicles which comply with the
recommendations of the IFC to be used at all times; Maintenance programs to be initiated which
can prevent noise from being propagated from the mine.

Risk rating following mitigation: Low

Impact: Blast hole drilling in ore and overburden

Severity: 3 Spatial scope: 3 | Duration: 5
Consequence rating: 11
Frequency of activity: 5 | Frequency of impact:3

Likelihood rating: 8
Risk rating: Medium - High
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Suggested management: Noise mitigatory measures to be made use of at all point sources which
radiate noise in excess of 85.0dBA; Machinery and vehicles which comply with the
recommendations of the IFC to be used at all times; Maintenance programs to be initiated which
can prevent noise from being propagated from the mine.

Risk rating following mitigation: Low

Impact: Blasting

Severity: 4 Spatial scope: 3 | Duration: 5
Consequence rating: 12
Frequency of activity: 4 | Frequency of impact:4

Likelihood rating: 8

Risk rating: High - Medium

Suggested management: Noise mitigatory measures to be made use of at all point sources which
radiate noise in excess of 85.0dBA; Machinery and vehicles which comply with the

recommendations of the IFC to be used at all times; Maintenance programs to be initiated which
can prevent noise from being propagated from the mine.

Risk rating following mitigation: Low to Medium

Impact: Removal of ore from pit and hauling thereof to plant

Severity: 3 Spatial scope: 2 | Duration: 4
Consequence rating: 9
Frequency of activity: 4 | Frequency of impact:3

Likelihood rating: 7

Risk rating: Low-Medium

Suggested management: Noise mitigatory measures to be made use of at all point sources which
radiate noise in excess of 85.0dBA; Machinery and vehicles which comply with the

recommendations of the IFC to be used at all times; Maintenance programs to be initiated which
can prevent noise from being propagated from the mine.

Risk rating following mitigation: Low

Impact: Loading, hauling and off-loading of waste

Severity: 3 Spatial scope: 2 | Duration: 4
Consequence rating: 9
Frequency of activity: 4 | Frequency of impact:3

Likelihood rating: 7

Risk rating: Low-Medium

Suggested management: Noise mitigatory measures to be made use of at all point sources which
radiate noise in excess of 85.0dBA; Machinery and vehicles which comply with the

recommendations of the IFC to be used at all times; Maintenance programs to be initiated which
can prevent noise from being propagated from the mine.

Risk rating following mitigation: Low

Impact: Processing plant, such as crushing of ore, grinding and classification, flotation,
concentration and filtration

Severity: 3 Spatial scope: 2 | Duration: 4
Consequence rating: 9
Frequency of activity: 4 | Frequency of impact:3

Likelihood rating: 7
Risk rating: Low-Medium
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Suggested management: Noise mitigatory measures to be made use of at all point sources which
radiate noise in excess of 85.0dBA; Machinery and vehicles which comply with the
recommendations of the IFC to be used at all times; Maintenance programs to be initiated which
can prevent noise from being propagated from the mine.

Risk rating following mitigation: Low

Impact: Hauling of final product from the site to the end-user

Severity: 3 Spatial scope: 2 | Duration: 4
Consequence rating: 9
Frequency of activity: 4 | Frequency of impact:3

Likelihood rating: 7
Risk rating: Low-Medium

Suggested management: Noise mitigatory measures to be made use of at all point sources which
radiate noise in excess of 85.0dBA; Machinery and vehicles which comply with the
recommendations of the IFC to be used at all times; Maintenance programs to be initiated which
can prevent noise from being propagated from the mine.

Risk rating following mitigation: Low

Impact: Diesel emergency generators

Severity: 2 Spatial scope: 1 | Duration: 2
Consequence rating: 5
Frequency of activity: 5 | Frequency of impact: 1

Likelihood rating: 6

Risk rating: Low

Suggested management: Machinery with low noise levels to be used
Risk rating following mitigation: Very Low

Rehabilitation phase

Impact: Preparation and the covering of tailing storage facility, dams and any other areas
with vegetation

Severity: 3 Spatial scope: 2 | Duration: 4
Consequence rating: 9
Frequency of activity: 4 | Frequency of impact:3

Likelihood rating: 7
Risk rating: Low-Medium

Suggested management: Noise mitigatory measures to be made use of at all point sources which
radiate noise in excess of 85.0dBA; Machinery and vehicles which comply with the
recommendations of the IFC to be used at all times; Maintenance programs to be initiated which
can prevent noise from being propagated from the mine.

Risk rating following mitigation: Low

Impact: Removal of structures

Severity: 3 Spatial scope: 2 | Duration: 4
Consequence rating: 9
Frequency of activity: 4 | Frequency of impact:3

Likelihood rating: 7
Risk rating: Low-Medium
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Suggested management: Noise mitigatory measures to be made use of at all point sources which
radiate noise in excess of 85.0dBA; Machinery and vehicles which comply with the
recommendations of the IFC to be used at all times; Maintenance programs to be initiated which
can prevent noise from being propagated from the mine.

Risk rating following mitigation: Low

Impact: Diesel emergency generators

Severity: 2 Spatial scope: 1 | Duration: 2
Consequence rating: 5
Frequency of activity: 5 | Frequency of impact: 1

Likelihood rating: 6

Risk rating: Low

Suggested management: Machinery with low noise levels to be used
Risk rating following mitigation: Very Low
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Appendix D

Impact: Preparation of the foot print, digging of trenches, earthworks and drilling of the
pilot hole

Severity: 2 Spatial scope: 2 | Duration: 4
Consequence rating: 8
Frequency of activity: 4 | Frequency of impact: 2

Likelihood rating: 6

Risk rating: Low

Suggested management: Machinery with low noise levels to be used
Risk rating following mitigation: Very Low

Impact: Raise bore drilling

Severity: 3 Spatial scope: 2 | Duration: 4
Consequence rating: 9
Frequency of activity: 4 | Frequency of impact:3

Likelihood rating: 7

Risk rating: Low-Medium

Suggested management: Machinery with low noise levels to be used
Risk rating following mitigation: Low

Impact: Construction of the ventilation shaft

Severity: 3 Spatial scope: 2 | Duration: 4
Consequence rating: 9
Frequency of activity: 4 | Frequency of impact:3

Likelihood rating: 7

Risk rating: Low-Medium

Suggested management: Machinery with low noise levels to be used
Risk rating following mitigation: Low

Impact: Diesel emergency generators

Severity: 2 Spatial scope: 1 | Duration: 2
Consequence rating: 5
Frequency of activity: 5 | Frequency of impact: 1

Likelihood rating: 6

Risk rating: Low

Suggested management: Machinery with low noise levels to be used
Risk rating following mitigation: Very Low

Operational phase

Impact: Up cast ventilation shaft

Severity: 4 Spatial scope: 2 | Duration: 4
Consequence rating: 10
Frequency of activity: 5 | Frequency of impact: 4

Likelihood rating: 9
Risk rating: Medium High
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Suggested management: Outlet of the up cast shaft to face away from any residential areas
The distance between the shaft and the residential areas to be in excess of 500m

Acoustic screening measures to be in place between the shaft and the residential areas and as
close as possible to the shaft

Risk rating following mitigation: Medium

Impact: Up cast emergency ventilation shaft

Severity: 4 Spatial scope: 2 | Duration: 4
Consequence rating: 10
Frequency of activity: 5 | Frequency of impact: 4

Likelihood rating: 9

Risk rating: Medium High

Suggested management: Outlet of the up cast shaft to face away from any residential areas
The distance between the shaft and the residential areas to be in excess of 500m

Acoustic screening measures to be in place between the shaft and the residential areas and as
close as possible to the shaft

Risk rating following mitigation: Medium

Impact: Down cast ventilation shaft

Severity: 2 Spatial scope: 1 | Duration: 4
Consequence rating: 7
Frequency of activity: 4 | Frequency of impact: 2

Likelihood rating: 6

Risk rating: Low

Suggested management: Outlet of the up cast shaft to face away from any residential areas
The distance between the shaft and the residential areas to be in excess of 200m

Risk rating following mitigation: Very Low

Rehabilitation phase

Impact: Preparation and the covering of redundant ventilation shaft

Severity: 2 Spatial scope: 1 | Duration: 4
Consequence rating: 7
Frequency of activity: 4 | Frequency of impact: 2

Likelihood rating: 6
Risk rating: Low

Suggested management: Vehicles and machinery used during the rehabilitation period to comply with the
standards as provided in the IFC’s Environmental Health & Safety Regulations.

Risk rating following mitigation: Very Low

Impact: Diesel emergency generators

Severity: 2 Spatial scope: 1 | Duration: 2
Consequence rating: 5
Frequency of activity: 5 | Frequency of impact: 1

Likelihood rating: 6

Risk rating: Low

Suggested management: Machinery with low noise levels to be used
Risk rating following mitigation: Very Low
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Appendix E

Impact: Preparation of the foot print, digging of trenches, earthworks and drilling of the
pilot hole

Severity: 2 Spatial scope: 2 | Duration: 4
Consequence rating: 8
Frequency of activity: 4 | Frequency of impact: 2

Likelihood rating: 6

Risk rating: Low

Suggested management: Machinery with low noise levels to be used
Risk rating following mitigation: Very Low

Impact: Construction of the concentrator plant

Severity: 3 Spatial scope: 2 | Duration: 4
Consequence rating: 9
Frequency of activity: 4 | Frequency of impact:3

Likelihood rating: 7

Risk rating: Low-Medium

Suggested management: Machinery with low noise levels to be used
Risk rating following mitigation: Low

Impact: Diesel emergency generators

Severity: 2 Spatial scope: 1 | Duration: 2
Consequence rating: 5
Frequency of activity: 5 | Frequency of impact: 1

Likelihood rating: 6

Risk rating: Low

Suggested management: Machinery with low noise levels to be used
Risk rating following mitigation: Very Low

Operational phase

Impact: New Concentrator plant

Severity: 3 Spatial scope: 3 | Duration: 4
Consequence rating: 10
Frequency of activity: 4 | Frequency of impact: 4

Likelihood rating: 8

Risk rating: Medium High

Suggested management: All noise generating sources to be acoustically screened off.
Maintenance program to be in place and all noise sources to be identified.

Risk rating following mitigation: Medium

Impact: Upgrade of the existing concentrator plant

Severity: 5 Spatial scope: 3 | Duration: 4
Consequence rating: 11
Frequency of activity: 5 | Frequency of impact: 5

Likelihood rating: 10
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Risk rating: High

Suggested management: Transportation and hauling and/or conveyor to be acoustically screened off

Risk rating following mitigation: Medium High

Rehabilitation phase

Impact: Removal and dismantling of concentrator plant

Severity: 2 Spatial scope: 1 | Duration: 4
Consequence rating: 7
Frequency of activity: 4 | Frequency of impact: 2

Likelihood rating: 6
Risk rating: Low

Suggested management: Vehicles and machinery used during the rehabilitation period to comply with the
standards as provided in the IFC’s Environmental Health & Safety Regulations.

Risk rating following mitigation: Very Low

Impact: Diesel emergency generators

Severity: 2 Spatial scope: 1 | Duration: 2
Consequence rating: 5
Frequency of activity: 5 | Frequency of impact: 1

Likelihood rating: 6

Risk rating: Low

Suggested management: Machinery with low noise levels to be used
Risk rating following mitigation: Very Low
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SW BASELINE AND IMPACT ASSESSMENT REPORT

Executive Summary

Samancor Chrome (Pty) Ltd requested Golder Associates Africa (Golder) to provide specialist surface water
input in support of the Mining Rights Applications (MRA) for portions of the farms Varkensvlei/Nooitgedacht
to the north of Pilanesberg, straddling the boundary between the Northwest Province (Varkensvlei) and the
Limpopo Province (Nooitgedacht). Due to the imminent expiry of prospecting rights for this area, Samancor
is required to submit the MRA by 6 May 2013 and final document (EIA Report and EMPR) by mid October
2013.

This document reports on the baseline groundwater assessment and impact assessment that forms part of
the EIA Report and EMPR.

The surface water baseline report and impact assessment forms part of the EIA Report and the EMPR. This
report highlights the surface water baselines conditions for the Varkensvlei and Nooitgedacht farms.

Objectives
The surface water baseline study objectives were the following:

i To characterise the climate and rainfall data to produce statistics such as monthly rainfall averages,
number of rain days per month, distribution of annual rainfall averages and the 24 hour storm depths for
various recurrence intervals and monthly potential evaporation;

+  To compile a map showing the catchment areas, mining infrastructure and the major surface water
drainage lines;

+  To collect the available flow and water quality records from the Department of Water Affairs (DWA) will
be and analyse it to characterise the flow regimes and water quality in the local streams;

+  The 50 year and 100 year floodlines will be determined for the major streams that could be impacted by
the proposed mining;

+ A baseline flow measuring programme will be set up for the main drainages that could be impacted on
by the proposed mining. Based on the gaps identified during the data overview assessment and the
mine layout, the locations of water quality and quantity monitoring sites will be selected and a
monitoring programme will be undertaken as follows:

§ The Cross-sections of monitoring will be surveyed and flow and quality will be measured,;

§ The sites will be visited twice (February and May) to collect water samples and measure discharge
as well as in-situ water quality; and

8 Water users will be identified and recorded.

+ A high level stormwater management plan will be set up and applied to the layout to ensure that the
clean and dirty water collection systems and pollution control dams meet the requirements of
Regulation 704 of the NWA,

+ A high level conceptual annual water balance will be developed for the proposed mining area. The
water balance model will be used for the WUL applications; and

i The impacts of the proposed mining operations on the local surface water resources will be assessed
and appropriate mitigation measures will be recommended for inclusion in the EMP.

June 2013 @Gui[ler
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SW BASELINE AND IMPACT ASSESSMENT REPORT

Methodolgy

The following steps were undertaken to describe the surface water baseline conditions:
:  The study area and catchment was described;

:  The selection of rainfall stations for analyses was based on the length of the data record, the distance
from the site;

:  The following datasets were analysed and described:
§ Rainfall

§ Evaporation

§ Flow data

§  Water quality

: A high level water balance and stormwater management plan for the infrastructure was developed
based on the available information and the size of the pollution control dam (PCD) is estimated.

Summary of Baseline conditions

The available climate and rainfall data was analysed to describe the baseline conditions on the site. The
24 hour rainfall depths for different recurrence intervals were generated for use in infrastructure design. A
daily rainfall and average monthly evaporation records were produced for use in the feasibility studies. The
Northam (POL) weather station was used as the data for this study which is located 15.9 km east of this
study.

A monitoring programme has been set up to collect flow and water quality data on the project area. Although
the area is very dry water quality samples were taken from the Bierspruit Dam.

The water quality and flow data collected by DWA was sourced and assessed. The water quality results from
the monitoring programme are presented in the report. The results show that the water has undesirable
standards of TSS to sustain aquatic ecosystems although there is evidence of wildlife. The fluoride levels in
the dam are very high and approach the limits from livestock and irrigation which is unacceptable for
domestic consumption. Aluminium content in the dam is high for aquatic ecosystems and can be high for
domestic use. Phosphorus is high for domestic consumption. The COD in the dam is unacceptable and
indicates large amounts of waste in the dam.

The 50 year and 100 year flood peaks and floodlines have been determined for the rivers crossing the
Varkensvlei and Nooitgedacht farms. The analysis shows that the open pit is located within the floodlines of
four of the tributaries.

A high level conceptual water balance was done based of the infrastructure information available. The size of
the PCD was estimated according to rough values by the specialists.

A conceptual stormwater management plan was made based on the above information of the water balance.
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1.0 INTRODUCTION

Samancor Chrome (Pty) Ltd requested Golder Associates Africa (Golder) to provide specialist surface water
input in support of the Mining Rights Applications (MRA) for portions of the farms Varkensvlei/Nooitgedacht
to the north of Pilanesberg, straddling the boundary between the Northwest Province (Varkensvlei) and the
Limpopo Province (Nooitgedacht). Due to the imminent expiry of prospecting rights for this area, Samancor
is required to submit the MRA by 6 May 2013 and final document (EIA Report and EMPR) by mid October
2013.

This document reports on the baseline surface water assessment and impact assessment that forms part of
the EIA Report and EMPR.

The surface water baseline report and impact assessment forms part of the EIA Report and the EMPR. This
report highlights the surface water baselines conditions for the Varkensvlei and Nooitgedacht farms.

2.0 OBJECTIVES

The surface water baseline study objectives were the following:

i To compile a map showing the catchment areas, mining infrastructure and the major surface water
drainage lines;

- Collect and analyse the rainfall data for use in surface water modelling. This includes statistics such as
monthly averages, number of rain days per month, distribution of annual averages and the 24 hour
storm depths for various recurrence intervals;

+  Local climatic data will be collected and reviewed to produce monthly potential evaporation statistics;

+  The available flow records from the Department of Water Affairs (DWA) (Department of Water Affairs,
2008) will be collected and analysed to characterise the flow regimes in the local streams;

+  Available water quality data will be assessed (Department of Water Affairs, 2011) and compared with
the local Resource Water Quality Objectives (RWQO's);

i The 50 year and 100 year floodlines will be determined for the major streams that could be impacted by
the proposed mining;

+ A baseline flow measuring programme will be set up for the main drainages that could be impacted on
by the proposed mining. Based on the gaps identified during the data overview assessment and the
mine layout, the locations of water quality and quantity monitoring sites will be selected and a
monitoring programme will be undertaken as follows:

8 The Cross-sections of monitoring will be surveyed and flow and quality will be measured,;

§ The sites will be visited twice (February and May) to collect water samples and measure discharge
as well as in-situ water quality; and

8 Water users will be identified and recorded.

i A high level stormwater management plan will be set up and applied to the layout to ensure that the
clean and dirty water collection systems and pollution control dams meet the requirements of
Regulation 704 of the NWA;

+ A high level conceptual annual water balance will be developed for the proposed mining area. The
water balance model will be used for the WUL applications; and

i The impacts of the proposed mining operations on the local surface water resources will be assessed
and appropriate mitigation measures will be recommended for inclusion in the EMP.

June 2013 @Gui[ler
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3.0 METHODOLOGY

The following steps were undertaken to describe the surface water baseline conditions:
i The study area and catchment was described,;

i The selection of rainfall stations for analyses was based on the length of the data record, the distance
from the site;

i The following datasets were analysed and described:
§ Rainfall
§ Evaporation
§ Flow data
§  Water quality

i A high level water balance and stormwater management plan for the infrastructure was developed
based on the available information and the size of the pollution control dam (PCD) is estimated.

4.0 SURFACE WATER BASELINE CONDITIONS

4.1 Catchment Description

Regionally the area is located in the Crocodile (West) and Marico Water Management Area (shown in Figure
2). Locally the area falls over quaternary catchments A24D, A24E and A24F (Figure 1). The study area
includes the Varkensvlei farm next to the Nooitgedacht farm draining into the Bierspruit River (Figure 1).

4.2 Rainfall data

Rainfall data was extracted using the Daily Rainfall Extraction Utility (Kunz, 2004) and was found for 6
rainfall stations in the area around the Samancor sites. The rainfall stations are presented in Table 1. The
locations of the rainfall stations appear in Figure 3.

Table 1: Available rainfall data around the Varkensvlei and Nooitgedacht farms

Distance .
Station Name Element Length of | Years from site Altitude | MAP
record of data (masl) (mm)
(km)
. . January 1970
A2E012 Nooitgedacht @ Rainfall, to September | 15 3.01
Bierspruitdam Evaporation
1986
November
Zwartklip @ Rustenburg Rainfall, 1970 to
A2E021 Platinum Mine Evaporation September 9 519
1986
. . April 1924 to
0587139 W | Middelkop Rainfall May 1972 48 11.55 1150 607
. July 1927 to
0587475 W Jersey Farm Rainfall March 1953 25 15.77 982 533
November
0587477_W | Northam (POL) Rainfall 1968 to 31 15.90 1007 642.73
August 2000
September
0587499 _W | Thabazimbi Amandelbult | Rainfall 1989 to July 10 21.51 961 530.53
2000
June 2013 Golder
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Based on the integrity of the data and previous studies done in the area (SRK Consulting (Pty) Ltd, 2011) the
station that was used for the Nooitgedacht and Varkensvlei farms was 0487477 W Northam (POL). A

summary of the hydrological data for this station is described in Table 2.

Table 2: Summary of rainfall station data used for Varkensvlei and Nooitgedacht site

Water Management Area

Crocodile (West) and Marico

Location Study area Varkensvlei Nooitgedacht
Quaternary Catchments A24D, A24F
Rainfall gauge 0587477 _W Northam (POL)
Data period 1903 — 2000
Mean Annual Precipitation (MAP) 642.73 mm
Rainfall Wet Season Rainfall (October - March) * 569.97 mm
Wet Season Rainfall % of MAP 88.7 %
Dry Season Rainfall (April - September) * | 72.70 mm
Dry Season Rainfall % of MAP 11.3%
Mean Annual Evaporation (MAE) 1800 mm

Evaporation

Evaporation Zone (WR90 study)* 2B

Note: *The sum of the average monthly rainfall does not necessarily correspond to the MAP

*Midgley et al, 1994

The area is situated on the Escarpment where most of the rainfall falls in the summer months. Table 2 shows
that the average rainfall is between 570 mm/annum and 643 mm/annum. More than 89 % of the precipitation
occurs between October and March. The cumulative rainfall for the Northam (POL) station is shown in Figure
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Figure 4: Cumulative rainfall for station 0587477_W Northam (POL)

The virtually linearity of the line in Figure 4 shows the data is reliable and can be used for this area. The
monthly rainfall distribution is shown in Figure 5.

- Golder
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Figure 5: Monthly rainfall distribution for 0587477_W Northam (POL)

As can be seen in Figure 5 the rain mainly falls between November and March. The annual rainfall

distribution over the record available is shown in Figure 6.
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Figure 6: Annual rainfall for station 0587477_W Northam (POL)

The mean annual rainfall for Northam is 643 mm. The lowest rainfall year was 1991 with 326 mm and the

highest rainfall year was 1966 with 1019 mm.

The 5, 50 and 95 percentile of the annual rainfall totals for the rainfall station is presented in Table 3.

Table 3: 5, 50 and 95 percentile of the annual rainfall totals

Station number

Station name

5%

50%

95%

0587477_W

Northam (POL)

413.72

644.90

928.12

Table 3 shows for Northam (POL) there was:

June 2013
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i Less than 414 mm/annum rainfall for 5 % of the time;
i Less than 645 mm/annum rainfall for 50 % of the time; and

i Less than 928 mm rainfall for 95 % of the time.

At the Northam (POL) station 47 events measured more than 50 mm/day and rainfall events with more than
100 mm/day was recorded 4 times for during the data period. These events are summarised in Table 4.

Table 4: Rainfall events with more than 100 mm/day

Date 0587477_W Northam (POL)
25/03/1968 109.3

11/03/1969 130.5

05/11/1994 104

17/12/1995 163

The 24-hour rainfall depths forthe 1in 2, 1in 5, 1in 10, 1 in 20, 1 in 50, 1 in 100 and 1 in 200 recurrence
intervals at the station were calculated from the data available. In order to determine the likely magnitude of
storm events, a statistical approach, using the Reg Flood program, (Alexander, et al., 2003) was applied, to
the available recorded daily rainfall depths. The maximum 24 hour rainfall depth for each year was analysed.
This method statistically analyses the maximum daily rainfall depths for each year to determine the different
recurrence interval daily rainfall depths. The best fit is the Log Pearson distribution which resulted in the 24 h
storm rainfall depths summarised in Table 5. The data used and the Log Pearson curve appear in
APPENDIX B.

Table 5: 24 hour storm rainfall depths for Northam (POL)

Recurrence Interval (years) | 1in 2 1in10 1lin 20 1in 50 1lin 100 1in 200

Rainfall depth (mm) 31 79 104 142 175 213

4.3 Evaporation data

Monthly evaporation data was available for the DWA station A2E012 Nooigedacht @ Bierspruit Dam. There
are two sets of evaporation data that were measured at this station. From December 1960 A-Pan
Evaporation was measured then in September 1968 a Symons Pan (S-Pan) was also placed at the site and
began measuring evaporation data. The station was closed in November 1970 thus the S-Pan data is limited
but can be used for comparison against the A-Pan data. The mean annual evaporation from this station for
the period December 1960 to October 1970 was 2337 mm for A-Pan and 1790 for S-Pan. Monthly mean,
minimum and maximum evaporation is shown in Figure 7 where the first set of mean evaporation data and
the dashed minimum and maximum data show the A-Pan evaporation that has now been converted into S-
Pan and then factored for use in open water evaporation. The second set of data in Figure 7 of mean
evaporation and the dotted lines for minimum and maximum evaporation show the S-pan data which has
now been factored for use in open water evaporation. For comparison, Table 6 shows the A-Pan and S-pan
data from station A2E012 that has been converted for use in open water evaporation as well as the WR90
data for S-pan evaporation converted for use in open water evaporation.

June 2013 @Guﬁlﬂr
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Figure 7: Monthly mean, minimum, maximum open water evaporation for station A2E012 Nooitgedacht @ Bierspruitdam

Figure 7 shows that the most evaporation happens in the summer months from August to March.

Table 6: Monthly open water evaporation from A2E012 and WR90

Month A2E012 Original A - pan | A2E012 Original S - pan | WR90 (S-pan)
Oct 181.70 156.39 182.08
Nov 166.61 153.14 182.01
Dec 179.97 163.26 189.92
Jan 178.22 176.48 187.97
Feb 151.26 147.66 160.20
Mar 143.74 145.33 152.75
Apr 92.40 104.15 116.56
May 77.32 81.48 95.41
Jun 60.60 67.15 78.14
Jul 73.81 79.47 84.50
Aug 101.87 89.34 113.16
Sep 152.82 140.81 150.23
Total 1560 1505 1693

5.0 BASELINE FLOW AND WATER QUALITY

51 Flow monitoring

During a site visit conducted by three Golder Employees, Amanda Cassa, Eugeshin Naidoo and Xanthe
Roux in February 2013 it was observed that the rivers running through the Varkensvlei and Nooitgedacht

June 2013 @Gﬂdﬂr
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farms are completely dry except for one or two spots of ponding therefore no flow data was recorded. The
site was revisited at the end of May 2013 to which the same was observed.

On researching the DWA website it was found that there used to be a pipeline pumping out of the Bierspruit
Dam. This pipeline pumped water fairly constantly from January 1961 to August 1973. Figure 8 shows the
daily flow being pumped over that period and Figure 9 shows the average monthly box plots for the pipeline.
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Figure 8: Daily flow for DWA flow station A2H103 Pipeline from Bierspruit Dam @ Nooitgedacht
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Figure 9: Average daily flow box plots for station A2H103 Pipeline from Bierspruit Dam @ Nooitgedacht

Figure 10 shows the flow and water quality stations for the Varkensvlei and Nooitgedacht farms. During the
February 2013 site visit a flow and water quality monitoring station was setup on the Bofule River in the
Varkensvlei farm the location of which appears in Figure 10 (FMWQ). Figure 11 shows the cross-section of
the river and the data for the cross-section along with the photos of the setup appear in APPENDIX C.
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Figure 11: Cross-section of flow and water quality monitoring station on Bofule River

5.2

Floodline determination

The floodlines for the Varkensvlei and Nooitgedacht farms were determined. The following method was used
for the determination of the floodlines:

The site was visited to assess the site specific hydrological conditions;

The catchment areas of the Varkensvlei and Nooitgedacht farms were delineated based on the
1:50 000 topographical maps;

A flood peak analysis was undertaken to determine the different recurrence interval flood peaks for the
watercourses within the area using various flood estimation methods;

The flood peaks and the survey data of the study area were used as inputs to the HEC-RAS backwater
programme to determine the surface water elevations for the 1: 50 and 1:100 year floods peaks;

The floodlines were plotted on the available mapping;

No flow and rainfall data against which the runoff calculations might be calibrated were available. The
runoff volumes were therefore calculated theoretically using the various flood estimation methods;

Since no flow data was available for estimation of the roughness coefficients, the Manning's n
coefficients were estimated by comparing the vegetation and nature of the channel surfaces to
published data (Webber, 1971).

521 Subcatchments

The total drainage area of the Varkensvlei and Nooitgedacht area was divided into 13 sub-catchments based
on the topography of the area and the river reaches where flood lines were required. The catchment
boundaries are shown in Figure 12.

June 2013 Golder
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5.2.2 Flood peak calculat

ion

The various flood estimation methods namely, the Rational Method using Point Precipitation (RM-PP), the
Rational Method using TR102 (RM-TR_1), the Standard Design Flood method (SDF) and the Empirical
Flood Estimation method or the Regional Maximum Flood method (RMF) was applied to the Varkensvlei
Nooitgedacht area sub-catchments. The sub-catchment characteristics used in applying these methods are
shown in Table 7 and the flood peaks for the 1 in 50 and 1 in 100 year flood are shown in Table 8.

Table 7: Subcatchment characteristics used in the flood estimation methods

Stream Quaternary River 10-85 Time of
Name Catchment Catchment Area (km?) | Length Slope concentration (h)
(m) (m/m)
Bierspruit 10 A24D 873.23 84.95 0.002017 | 22.126
Bofule 3 A24D 160.45 10.20 0.001933 | 4.395
Trib2 2 A24F 5.29 2.39 0.008961 | 0.797
Trib4 4 A24D 8.76 2.30 0.007893 | 0.813
Trib5 5 A24D 128.30 19.03 0.007387 | 4.241
Trib6 6 A24D 7.55 3.19 0.007316 | 1.075
Trib7 7 A24D 9.36 5.19 0.007014 | 1.592
Trib9 9 A24D 86.07 7.41 0.006254 | 2.187
Comb_1 9+10 A24D 959.29 84.95 0.002017 | 22.126
Comb_2 3+8+9+10 A24D 1126.11 84.95 0.002017 | 22.126
Comb_3 3+7+8+9+10 A24D 1135.48 84.95 0.002017 | 22.126
Comb_4 3+6+7+8+9+10 A24D 1169.86 84.95 0.002017 | 22.126
Comb_5 3+6+7+8+9+10+31 A24D 1298.15 84.95 0.002017 | 22.126
Comb_6 3+4+5+6+7+8+9+10+31+32 | A24D 1309.37 84.95 0.002017 | 22.126
Comb_7 All except 1 and 2 A24D+ A24F 1323.44 84.95 0.002017 | 22.126
Comb_8 All except 1 A24D+ A24F 1328.72 84.95 0.002017 | 22.126
Comb_9 All A24D+ A24F 1 402.86 84.95 0.002017 | 22.126
Table 8: Computed 50 year and 100 year flood peaks
. Peak Flow (m3/s)
River
1in 50 year 1in 100 year
Bierspruit 455 609
Bofule 207 290
Trib2 59 75
Trib4 61 80
Trib5 200 267
Trib6 50 65
Trib7 49 64
Trib9 158 220
Comb_1 462 622
Comb_2 524 706
Comb_3 528 711
Comb_4 540 728
Comb_5 587 791
Comb_6 591 797
June 2013 - Golder
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Comb_7 596 804
Comb_8 598 806
Comb_9 625 842

Figure 13 shows the floodlines for the Varkensvlei and Nooitgedacht area. Due to the low resolution of
contour data i.e. 5 m and the fact that during both site visits the rivers were dry these floodlines should not
be used for infrastructural purposes. The HEC-RAS output file is shown in APPENDIX D.

5.3 Water Quality

Water quality data was obtained from the DWA (Resource Quality Studies) website for the area around the
Varkensvlei and Nooitgedacht farms. Station A24KOLO-RHENO is situated approximately 11.3 km upstream
of the western boundary of the Varkensvlei Farm and approximately 16.3 km upstream of the western
boundary of the Nooitgedacht farm (see Figure 10). This water quality station contains only one
measurement taken on 27 June 2006. The South African Water Quality Guidelines (Department of Water
Affairs and Forestry, 2006) are presented in Table 9 for the various water users in the area. The water
quality of Station A24KOLO-RHENO is presented in Table 10 and compared to the most sensitive case of
the guidelines presented in Table 9. During a site visit conducted by three Golder Employees, Amanda
Cassa, Eugeshin Naidoo and Xanthe Roux it was observed that the rivers running through these sites are
completely dry except for one or two spots of ponding therefore no water quality samples were taken through
the rivers. These rivers however do run through the Bierspruit Dam thus two samples of the Bierspruit Dam
were taken and are presented in Table 11 along with an in-situ measurement of the dam and compared to
the guidelines in Table 9

From Table 10 it is difficult to determine the quality of the water in the area as only one sample was taken
and the area is often dry. Table 10 shows that for the most part the water quality was acceptable except for
the Ammonia and Fluoride while these values are acceptable for domestic use they are over the limits for
aguatic ecosystems.

From the sample taken during the site visits of the Bierspruit Dam it is clear from Table 11 that the water
quality of the dam is poor. The Electrical conductivity has spiked higher than recommended for use in
irrigation but is still well below the limits for domestic consumption. The Total Suspended Solids are very high
to sustain aquatic ecosystems although there does seem to be life in and around the water. There are
however dead fish on the edge of the dam as shown in Figure 14. There is a fluoride problem in the dam as
the fluoride is well above the limits for both domestic and aquatic ecosystems and just below livestock and
irrigation limits thus fluoride needs to be monitored before it becomes a serious problem. The Aluminium
content is high for aquatic ecosystems but within limits of domestic use the second round of samples though
indicated the Aluminium spiked higher than tolerable for domestic use thus needs to be monitored closely.
Manganese and Chromium VI are above the limits for aquatic ecosystems but below the limits for domestic
use. Phosphorus is higher than the limits for domestic use but below that of aquatic ecosystems. The
chemical oxygen demand or COD in the dam is very high. This indicates large amounts of waste in the dam
and it is at unacceptable limits for any use. This could be due to livestock or human intervention more
investigation into the matter would have to be done.

June 2013 @Guﬁler
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Table 9: South African Water Quality Guidelines

Parameter Unit Domestic Use lcr:]:tzzt:r?):% Use: écc:lg?)t/lsctems ﬁﬁ/relz(s:rcﬁ:ukr%{/ateringse: ﬁﬁggﬁgzral Use: Recreational Use
Acceptable limits

Calcium, Ca mg/| 150 1500 1500

Chloride, ClI mg/| 200 150 1750 1750

Total Dissolved Salts, TDS mg/l 1000 800 2000 2000

Electrical Conductivity, EC mS/m 150 120 40

Fluoride, F mg/| 1 0.00075 4 4

Potassium, K mg/l 50

Nitrogen, N mg/| 2.5 2.5

Magnesium, Mg mg/| 100 700 700

Sodium, Na mg/| 200 2250 2250

Ammonium, NH4 mg/| 2 0.0007

Nitrate + Nitrite mg/| 10 200

Nitrate mg/| 250 250

Nitrite mg/| 150 150

Phosphorus, P mg/l 0.005 25

pH (upper) 10 9 8.4 8.5

pH (lower) 4.5 5.75 6.5 5.75

Phosphate, PO4 mg/l

Silicon, Si mg/| 85

Sulphate, SO4 mg/| 400 250 1250 1250

Total Alkalinity as CaCOs mg/l 450

Chromium IV, Cr VI mg/| 1 0.0007 15 0.55

E.coli (Faecal coliforms) perl100ml |1 600 600 1065

Iron, Fe mg/| 1 6.5 30 30

Aluminium, Al mg/| 0.15 7.5 7.5

Manganese, Mn mg/| 0.4 6 0.00018 30 30

Nickel, Ni mg/| 3 3

June 2013 @mr
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Parameter Unit Domestic Use lcr:]:tzzt:r?):% Use: éggsysctems ﬁﬁ/relz(s:rcitcukr?/{/ateringse: ﬁﬁggﬁgzral Use: Recreational Use
Copper, Cu mg/l 1.3 0.5 0.75 0.75
Chromium, Cr mg/|
Mercury, Hg mg/| 0.04 35 35
DOCas C mg/l 10
COD as O, mg/l 50
Total Suspended Solids, TSS | mgl/l 20 100 50
Hardness as CaCOs mg/| 375
Tolerable limits
Calcium, Ca mg/| 300 2000 2000
Chloride, Cl mg/| 600 200 2000 2000
Total Dissolved Salts, TDS mg/l 2400 1600 3000 3000
Electrical Conductivity, EC mS/m 370 250 40
Fluoride, F mg/| 15 15 6 6
Potassium, K mg/l 100
Nitrogen, N mg/| 10 10
Magnesium, Mg mg/| 200 1000 1000
Sodium, Na mg/| 400 2500 2500
Ammonium, NH4 mg/| 10 0.015
Nitrate + Nitrite mg/l 20
Nitrate mg/| 400 400
Nitrite mg/| 200 200
Phosphorus, P mg/| 0.005 250
pH (upper) 10.5 10 8.4 9
pH (lower) 4 5 6.5 5
Phosphate, PO4 mg/l
Silicon, Si mg/| 150
Sulphate, SO4 mg/| 600 300 1500 1500
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Parameter Unit Domestic Use lcr:]:tzzt:r?):% Use: éggsysctems ﬁﬁ/relz(s:rcitcukr?/{/ateringse: ﬁﬁggﬁgzral Use: Recreational Use
Total Alkalinity as CaCOs mg/l 600

Chromium IV, Cr VI mg/| 5 0.014 2 1

E.coli (Faecal coliforms) per 100 ml | 10 1000 1000 2000

Iron, Fe mg/| 5 10 50 50

Aluminium, Al mg/| 0.5 10 10

Manganese, Mn mg/| 4 10 0.00037 50 50

Nickel, Ni mg/| 5 5

Copper, Cu mg/l 2 1 1 1

Chromium, Cr mg/|

Mercury, Hg mg/| 0.08 6 6

DOCas C mg/l 20

COD as O, mg/l 100

Total Suspended Solids, TSS | mgl/l 50 100 100

Hardness as CaCO3 mg/l 500

June 2013 @mr
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Table 10: DWA water quality sample for station A2KOLO-RHENO

DWA ID

189038

Station number

A2KOLO-RHENO

Date Time sample taken

27/06/2006 09:17

River Kolobeng
Upstream/Downstream Upstream
Distance from farm 16.31

Farm Nooitgedacht
Preservative HGCL2

Unit Determinants Compared against acceptable limits Compared against tolerable limits
pH physical and aesthetic | 7.6 7.6
Total Dissolve Solids, TDS mg/I physical and aesthetic | 100 100
Electrical Conductivity, EC mS/m physical and aesthetic | 14.6 14.6
Total Alkalinity as CaCOs mg/I physical and aesthetic | 54.4 54.4
Fluoride, F mg/l chemical-macro 0.128 0.128
Chloride, Cl mg/l chemical-macro 49 4.9
(Nitrate and Nitrite) as N mg/I chemical-macro 0.04 0.04
Ammonia, NH4 mg/l chemical-macro 0.046 0.046
Sulphate, SO4 mg/I chemical-macro 2 2
Sodium, Na mg/I chemical-macro 6.3 6.3
Calcium, Ca mg/I chemical-micro 11.8 11.8
Potassium, K mg/I chemical-micro 1.017 1.017
Magnesium, Mg mg/I chemical-micro 7.1 7.1
Orthophosphate as PO, mg/I chemical-micro 0.068 0.068
June 2013 .. Golder
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Table 11: Water quality samples for Bierspruit Dam

ID Bierspruitdam
Station number Bierspruitdam WQ
Date Time sample taken 24{04/2013 20{05/2013 20{05/2013 24{04/2013 20{05/2013 20{05/2013
14:44 11:36 11:42 14:44 11:36 11:42
River Bierspruit
Upstream/Downstream Downstream
Distance from farm 2,52
Farm Nooitgedacht
Unit Determinants Compared against acceptable limits Compared against tolerable limits
pH gggﬁi‘;ﬁ‘i‘c&“d 7.4 7.6 7.8 7.4 7.6 7.8
Total Dissolve Solids, TDS mgl/ physica and 270 220 239 270 220 239
Electrical Conductivity, EC mS/m gzgtsti‘;%'ca”d 37 57 0.0481 37 57 0.0481
Total Alkalinity as CaCOs mg/! gg’s’fri]‘;%'ca”d 132 174 132 174
Total Suspended Solids, TSS mg/l ggztsri]‘;?i'ca“d 730 1112 730 1112
Fluoride, F mg/l chemical-macro | 3.6 3.8 3.6 3.8
Chloride, Cl mg/l chemical-macro | 9.3 12 9.3 12
Nitrate mg/| chemical-macro | 0.1 18 0.1 18
Nitrite mg/| chemical-macro | 0.5 0.5 0.5 0.5
Sulphate, SO4 mg/| chemical-macro | 30 47 30 47
Sodium, Na mg/| chemical-macro | 17 139 17 139
Calcium, Ca mg/| chemical-micro 17 26 17 26
June 2013 " Golder
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Potassium, K mg/| chemical-micro 6.3 15 6.3 15
Magnesium, Mg mg/l chemical-micro 15 27 15 27
Iron, Fe mg/| chemical-micro 0.27 0.27 0.27 0.27
Aluminium, Al mg/l chemical-micro 0.04 0.25 0.04 0.25
Manganese, Mn mg/l chemical-micro 0.064 0.01 0.064 0.01
Nickel, Ni mg/| chemical-micro 0.016 0.007 0.016 0.007
Copper, Cu mg/| chemical-micro 0.0037 0.02 0.0037 0.02
Mercury, Hg mg/| chemical-micro 0.0001 0.0001 0.0001 0.0001
Hexavalent Chromium, Cr VI mgl/l chemical-micro 0.01 0.04 <0.01 0.04
Phosphorus, P mg/l chemical-micro 0.43 0.43
Orthophosphate as POy mg/l chemical-micro 0.25 0.03 0.25 0.03
Dissolved Organic Carbon, DOC | mg/las C Organic 5.6 22 5.6 22
Chemical Oxygen Demand, COD | mg/l as O, | Organic 104 157 104 157
E. Coli CFU/100ml | Organic 110 29 110 29

June 2013
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Figure 14: Dead fish around the Bierspruit Dam

6.0 WATER BALANCE AND STORMWATER MANAGEMENT PLAN

For the chrome mine there will be little to no processing done on site therefore the water balance and
stormwater management plan discussed in this section are at a very high conceptual level and must be
updated when the infrastructure details and finalised and the groundwater studies are completed. Figure 15
shows the latest infrastructure layout as it stands which is basically the open pit, the stockpile and the plant
office and haul roads. The site wide water balance at the Varkensvlei/Nooitgedacht mine will consist of the
following:

:  Open Pit: This open pit is to be mined to 40 m below ground level across the approximately 10.5 km
length of the pit for a width of approximately 1.7 km;

:  Screen and Crusher: The ore will then be piped to the crusher entering through a screen;
= Stockpile: The crushed ore will then be sent to the stockpile;
+  Trucks: Trucks will be used to haul the ore away to be processed elsewhere;

+  Pollution Control Dam (PCD): the dewatering of the pit will take place continuously throughout the life
of the mine and this water will be pump to the PCD. Part of the water in the PCD will be used for dust
suppression of the stockpile and some will be lost due to spillage but the rest must be stored or treated
and released.

A schematic of this process is shown in Figure 16 along with the required stormwater management plan
which will consist of a berm around the open pit to prevent any runoff water from coming into the pit. This
water will be diverted around the pit to the nearest tributary. The other stormwater measure will be a channel
running around the stockpile to catch any runoff of the stockpile and this water will be diverted to the PCD.

June 2013 @Gﬂdﬂr
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Stormwater channels around open pit to prevent clean water going in pit.
This will be sent back into the environment.
-

500 m3/d for dust suppression
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Figure 16: Water Balance and Stormwater Management Plan of Varkensvlei and Nooitgedacht mine
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From the layout in Figure 16 it is possible to give an estimate of the size of the PCD required to have on site.
The contribution of surface water (SW) is estimated by the following equation:

_ 0.5 x Area of pit x MAP % recharge
The area of the open pit at its fullest will be 14.88 kmz2, the MAP is 642.73 mm, the recharge is assumed at

0.12 m3/d thus the flow expected from the surface is approximately 1570 m3/d. The contribution made by
groundwater (GW) is estimated using Darcy’s Law:

Qew = KSfA

Where K is the hydraulic conductivity of the soil in cm/s, S; is the slope of the water table and A is the
saturated area of the pit. According to the groundwater specialists the area is a silty clay thus assuming a K
value of 10”7 cm/s (Chow, et al., 1988) and an S; of 1 which is likely to change over time but this would be the
worst case, then the contribution made by GW is 450 m3/d.

The stockpile will also run into the PCD therefore the contribution made by the stockpile is:

Ax MAP
Qstock = 365

Thus assuming the stockpile is 50 m by 50 m the runoff contribution by the stockpile is 4.55 m3/d. Taking
evaporation into account by converting the MAE of 2337.2 mm to open water evaporation by using an
average pan factor of 0.8, the loss due to evaporation is 5.59 x 10° m/d. Accounting for seepage assuming
1x10™° m/s, it is possible to give a rough estimate of the size of PCD.

Assuming a 2 m high dam wall the required surface area for the PCD is 185 m2. This number is based on
rough calculations and will be updated when more investigations are done.

7.0 IMPACT ASSESSMENT

7.1 Potential surface water impacts

The potential surface water impacts from the project, both direct and indirect, are summarised in Table 12. In
summary these potential impacts contribute to overall surface water impacts and include:

i Change in surface water catchment areas;
i Changes in surface water quality;
i Change in surface water runoff and erosion;

i Disruption and reduction in land due to construction of offices, stockpiles and roads.

The surface water quality impacts will ultimately impact on the downstream water users, including the
provision of irrigation water when the water make becomes feasible for such use. The detailed impact
assessment is outlined in Section 7.2.
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Table 12: Summary of potential surface water impacts with respect to Varkensvlei/Nooitgedacht mine

Major aspect

Key Environmental Issues / Potential Impacts

Changes in surface water -
catchment areas

;  Catchment areas are significantly reduced in the area due to the size of
the open pit.

Changes in surface water

quality

The mobilisation of sediments in the open pit area during construction
due to the ore being transported to and from the stockpile;

i  Spillage from equipment

Change in surface water
runoff and erosion

;  Erosion of the tributaries around the pits may occur to due increased
runoff from open pit

i  Runoff impacts due to mining activities during operation and closure

Disruption and reduction in
land due to construction of
offices, stockpiles and

Downstream water users will be disrupted by the construction of offices
and stockpiles and roads and the extra water use can affect downstream

roads users.
7.2 Surface Water Impact Assessment
7.2.1 Impact Assessment Methodology

The significance of the impacts during the impact assessment phase was determined using the approach
described in Table 13 and provides the method for defining intensity, geographic extent and duration.

Table 13: Impact assessment criteria

CRITERIA DESCRIPTION
National (4) Ilzreog I'?1221|| (jr:d art \l;\?thIL (zf)rad' of 2 site (1)
EXTENT The whole of South vincial and parts - Withi us Within the
Africa of nglghbourlng km of the. , construction site
provinces construction site
Long-term (3)
The impact will
Permanent (4) continue or last for Short-term (1)
Mitigation either by the entire Medium-term (2) The impact will
operational life of : . either disappear
man or natural The impact will last . L .
. the development, . with mitigation or will
process will not ; ", for the period of the o
. but will be mitigated . be mitigated through
DURATION occur in such a way . construction phase, X
. : by direct human L natural process in a
or in such a time . where after it will be
span that the impact action or by natural entirely negated span shorter .than
an be considered processes the construction
transient thereafter. The only phase
class of impact
which will be non-
transitory
Moderate (2)
Very High (4) High (3) Affected Low (1)
Natural. cultural and Natural, cultural and | environment is Impact affects the
social fl’mctions and social functions and | altered, but natural, | environment in such
INTENSITY [0CESSEs are processes are cultural and social a way that natural,
gltere d to extent that altered to extent that | functions and cultural and social
they permanentl they temporarily processes continue | functions and
ceaysg y cease albeit in a modified processes are not
way affected
June 2013

Report No. 13614977-11938-9



SW BASELINE AND IMPACT ASSESSMENT REPORT

- . Improbable (1)
Definite (4 . P ble (2 .
prOBABILITY |Definite® Highly Probable (3) | ZossiPle (2) Likelihood of the
Impact will certainly . The impact may ; A
OF oceur Most likely that the oceur impact materialising
OCCURRENCE impact will occur is very low
Low impact A low impact has no permanent impact of significance._Mitigati_on measures
) are feasible and are readily instituted as part of a standing design,
(4 - 6 points)

construction or operating procedure.

Medium impact
(7 - 9 points)

Mitigation is possible with additional design and construction inputs.

High impact
(10 - 12 points)

The design of the site may be affected. Mitigation and possible remediation are
needed during the construction and/or operational phases. The effects of the
impact may affect the broader environment.

Very high impact
(13 - 16 points)

Permanent and important impacts. The design of the site may be affected.
Intensive remediation is needed during construction and/or operational phases.
Any activity which results in a “very high impact” is likely to be a fatal flaw.

71.2.2

Surface Water Impacts

Table 14 sets out the detailed potential surface water impacts during construction, operation and at closure.
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Table 14: Impact assessment during construction, operation and at closure

Aspect Potential Impact Extent Duration Intensity Probability Impact Notes
CONSTRUCTION PHASE
. . _ It is expected that without mitigation a medium negative
i Spillage of fuels, lubricants and other chemicals; impact can be expected. Mitigation will include:
; Inadequate storm water management around the
open pit and stockpile; the dumping of j Bunded areas to store chemicals and/or fuel,
construction material, including fill or excavated 7 . Clean-up of spills as soon as thev occur:
Run-off material into, or close to surface water features 1 2 2 2 medium 1 P p_ o y C _
that may then be washed into these features; j Keep construction activities away from the Bierspruit
. . . River; and
; Construction equipment, vehicles and temporary
workshop areas will be a likely source of pollution N . e
as a non-point source. The significance of the impact after mitigation is likely to
decrease to a low negative impact.
A medium impact can be expected. In order to minimise
Potential impacts relating to the consiruction of ceacon (winter monthe). A Renabiltation Pian wil need to be
i i offices and roads through the river bed could be: ’ : .
Construction of offices and } ) , 5 5 5 1 7 developed upfront of any construction starting to accompany
roads j Potential pollution transport via runoff after medium the Water Use Licence Application to Department of Water
rainfall from disturbed areas along the road route Affairs.
during construction;
Mitigation could reduce the impact to low.
OPERATIONAL PHASE
The likelihood of a PCD spilling is good but effective monitoring
Spillage of Pollution Control . . . 11 of the quantity and quality of the spillage can mitigate the
Dam PCD Drop in water quality of area due to spillage of PCD | 2 4 2 3 high matter.
Mitigation could reduce the impact to medium.
. The low flow dynamics at the site will unlikely cause any
Erosion of the watercourse due . . 4 ; : :
; Erosion of the watercourse due to discharge 1 1 1 1 surface water erosion and thus a low impact rating can be
to discharge low
expected.
Flood events and impact on Based on the flood line analyses, the proposed 6 Itis likely that this impact will be low as long as future
: P infrastructure for the Varkensvlei/Nootigedacht site 1 3 1 1 retrofitting of infrastructure is kept out of the two flood line
infrastructure ST ] . low .
does not lie within the 1:50 flood line. recurrence intervals
CLOSURE PHASE
The total disturbed area of around 18 km? is relatively small
D Lo | | b that and it is likely that the impact will be minimal upon closure.
ecommissioning may eha_lvs a_rgr(]at barren arizﬁs a 6 However, the topography of the area should be, where
Demolition activities may increase erosion, which might increase the 1 1 3 2 possible, returned to pre-construction state.
amount of suspended solids in downstream surface low
water. . .
Disturbed areas will be re-vegetated and thus the surface
water flow regime will be primarily limited to seepage.
June 2013 Golder
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8.0 CONCLUSIONS

The following conclusions can be made as a result of this study:

i The available climate and rainfall data was analysed to describe the baseline conditions on the site. The

24 hour rainfall depths for different recurrence intervals were generated for use in infrastructure design.
A daily rainfall and average monthly evaporation records were produced for use in the feasibility
studies;

:  The Northam (POL) weather station was used as the data for this study which is located 15.9 km east
of this study;

+ A monitoring programme has been set up to collect flow and water quality data on the project area.
Although the area is very dry water quality samples were taken from the Bierspruit Dam;

+  The water quality and flow data collected by DWA was sourced and assessed. The water quality results
from the monitoring programme are presented in the report. The results show that the water has
undesirable standards of TSS to sustain aguatic ecosystems although there is evidence of wildlife. The
fluoride levels in the dam are very high and approach the limits from livestock and irrigation which is
unacceptable for domestic consumption. Aluminium content in the dam is high for aquatic ecosystems
and can be high for domestic use. Phosphorus is high for domestic consumption. The COD in the dam
is unacceptable and indicates large amounts of waste in the dam;

:  The 50 year and 100 year flood peaks and floodlines have been determined for the rivers crossing the
Varkensvlei and Nooitgedacht farms. The analysis shows that the open pit is located within the
floodlines of four of the tributaries;

+ A high level conceptual water balance was done based of the infrastructure information available. The
size of the PCD was estimated according to rough values by the specialists;

+ A conceptual stormwater management plan was made based on the above information of the water
balance.
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APPENDIX A

Document Limitations
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