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EXECUTIVE SUMMARY

C&M Consulting Engineers were appointed by Rustenburg Base Metals Refiners to
conduct annual emissions survey on various stacks (point sources) on the 23,
24th 25t 26t 29t and 30" July 2019. This is as required by the Atmospheric
Emissions License BPDM/BMR/AEL1.1/MARCH2016 issued by the Bojanala Platinum
District Municipality on 01 February 2016 in Rustenburg, North West.

These stacks (point sources) are at the boilers, Cu and Ni tank houses. Although the
Cu and Ni tank houses are not listed activities, annual once-off measurements must
be submitted to the authorities as prescribed by section 5.4.2 of Atmospheric
Emissions License BPDM/BMR/AEL1.1/MARCH2016.

The objective of the measurement program was to quantify the following parameters

and emissions from the point sources:

PARTICULATE SULFUR NITROGEN OXIDES
SAMPLING POINT ID
MATTER (PM)  DIOXIDE (SO2) (NOx as NO2)
Boiler Stack X X X
Cu Tank House Stack X X X
Ni Tank House Stack X X X

In addition to the emission measurements mentioned above, the following parameters
were measured as part of isokinetic measurements, where applicable:

o Gas velocity

o Gas volumetric flow rate

o Gas temperature as well as absolute and static pressure

o Water vapour content of the stack gas

All the point sources serving Rustenburg Base Metals Refiners, herein referred to as
RBMR in Rustenburg, North West, complied with the emission standards identified in

terms of Section 21 of the National Environmental Management: Air Quality Act, 2004
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(Act No. 39 of 2004) as gazetted on 22 November 2013 in Government Notice Number
37054 (Listed Activities):

This is notwithstanding whether the two boilers are exempted from the emission

standards as a small boiler is defined by Government Notice Number 36973 as: “any

small boiler with a design capacity equal to 10 MW but less than 50 MW net heat input

per unit, based on the lower calorific value used.”

The average results obtained are shown in the following table.

Table A: Isokinetic and An-isokinetic Sampling; Average Stack Parameters, Particulate

and Gas Concentrations

Stack Parameters Unit AEL Limits | Boiler Stack Cu Tank House | Ni Tank House
Stack Stack
Date - 23&24/07/2019 | 25&26/07/2019 | 29&30/07/2019
Barometric Pressure kPa 88.60 89.70 89.30
Duct Static Pressure (Gauge) kPag 0.0785 -0.03923 -0.03955
Gas Temperature (Average) °C 41 28 32.1
Gas Velocity m.s*? 7.6 6.4 11.8
Volumetric Flow Rate 3
m=°.h 109 000 32 800 45 600
(Actual)
Volumetric Flow Rate NmE ht 82 800 26 300 35 000
(NTP, wet) ' N/A
Volumetric Flow Rate NmE hL 28 200 25 900 34 600
(NTP, dry) '
Particulate Concentration 3
mg.m 18.1 BDL 10.6
(Actual)
Particulate Concentration ma.Nm 23.7 BDL 13.4
(NTP, wet) 9- : .
Particulate Concentration ma.Nm=3 5.0 BDL 13.8
(NTP, dry) g ' '
Particulate Concentration
Nm?3 N/A N/A
(NTP, dry, 10% O, corrected) mg-Nm 100 / /
Water Concentration % (VIV) 14 3.9
N/A
Oxygen % 15 20.9 21
Sulphur Dioxide (NTP, dry) mg.Nm-3 3500 5.5 0.76
Oxides of Nitrogen (NTP, dry) | mg.Nm3 1100 5.5 9.3
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1 INTRODUCTION

C&M Consulting Engineers were appointed by Rustenburg Base Metals Refiners to
conduct annual emissions survey on various stacks (point sources) on the 23,
24th 251 26t 29t and 30" July 2019. This is as required by the Atmospheric
Emissions License BPDM/BMR/AEL1.1/MARCH2016 issued by the Bojanala Platinum
District Municipality on 01 February 2016 in Rustenburg, North West.

These stacks (point sources) are at the boilers, Cu and Ni tank houses. Although the
Cu and Ni tank houses are not listed activities, annual once-off measurements must
be submitted to the authorities as prescribed by section 5.4.2 of Atmospheric
Emissions License BPDM/BMR/AEL1.1/MARCH2016.

The following section will explain in detail the applied methods of measurements.

2 Methodology

All isokinetic and anisokinetic sampling were carried out according to internationally
accepted reference methods, which comply with the National Environmental
Management: Air Quality Act of 2004 (Act 39 of 2004) as scheduled in the Minimum
Emissions Listed Activities as prescribed in Government Notice 37054; gazetted on 22
November 2013.

A minimum of three (3) tests were conducted with a minimum duration of sixty (60)
minutes each, per component measured, per point source as is prescribed in
Government Notice 37054.
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2.1 Isokinetic Sampling

Isokinetic sampling techniques were applied to measure the concentration of:
e Particulate Matter (PM)

The sampling methods for the abovementioned components comply with the

specifications of the following internationally accepted methods:

USEPA Method 17: “Determination of Particulate Matter Emissions from Stationary

Sources”.

These reference methods entail in-stack filtration, with the filter at stack temperature.
High-purity glass microfiber thimbles (filters) manufactured from 100% pure
borosilicate glass were utilised by C&M for all isokinetic sampling applications. The
thimbles are completely free of binders or additives and can be used at temperatures
up to 500°C or when using solvents incompatible with cellulose thimbles. These

thimbles have a 0.3 ym nominal particle retention capability.

2.2 Stack Gas Velocity

The locations of the traverse points are determined by assuming that the velocity profile
adjacent to the duct/stack adjacent to the wall approximates a /7" power law curve.

This complies with the specifications of the following internationally accepted method:

USEPA Method 1: “Sample and Velocity Traverses for Stationary Sources”.

Velocity pressure measurements are taken by means of an S-type pitot tube and digital
manometer. Volumetric flow rates were calculated from the individual point velocities
and internal dimensions of the stack. This complies with the specifications of the
following internationally accepted method:

USEPA Method 2: “Determination of Stack Gas Velocity and Volumetric Flow Rate
(Type S Pitot Tube)”.
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2.3 Stack Gas Temperature

The gas temperatures are measured by means of a Type-K thermocouple connected

to a digital thermometer.

2.4 Moisture Content

The Moisture content of the gas stream was calculated from the temperature of the
gas leaving the condenser unit and the mass of liquid condensed during each test.
This complies with the specifications of the following internationally accepted method:
USEPA Method 4: “Determination of Moisture Content in Stack Gases”.

2.5 Anisokinetic Sampling

2.5.1 Combustion Gas Components (Oz, NO, NO2, NOx, CO, SOz)

An ECOM J2KN Pro portable emissions’ analyser was used to measure the
concentrations of Oz, NO, NO2, NOx, CO and SOz present in the stack gas streams on
a volume/volume basis. The analyser complies with EN 50379-2:2004: Specification
for portable electrical apparatus designed to measure combustion gas parameters of

heating appliances. This is only applicable to Oz and CO.

The analyser utilises calibrated electro-chemical sensors and an Infrared Bench
(NDIR) to detect and quantify the concentrations of the various gases. These sensors

are calibrated against calibration standard NMISA gases.

2.5.2 Oxides of Sulphur (SO2 & SO5)

Sampling of SO2 and SO3s compounds present in the duct/stack gas were conducted
by withdrawing duct/stack gas which were bubbled through an isopropanol solution for
the collection of SO3 and a peroxide solution for the collection of SO2. The SO2/SO3
samples represent an approximate average concentration of 60 (sixty) minutes per

sample taken.
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The samples were analysed for the sulphite and sulphate ions. The SO2 measurement

complies with the specifications of the following internationally accepted method:

USEPA Method 6: “Determination of Sulfur Dioxide Emissions from Stationary

Sources”.

Although SOs is not specified as an analyte in USEPA Method 6, it is separated and

therefore the concentration of SOs is also quantified.

2.5.3 Oxides of Nitrogen (NOx as NO3)

Sampling of NO and NO2 compounds present in the duct/stack gas were conducted
by withdrawing duct/stack gas which were bubbled through a solution containing
sodium hydroxide and potassium permanganate for the collection of NOx compounds.
The NOx samples represent an approximate average concentration of 60 (sixty)

minutes per sample taken.

The samples were analysed for the nitrate ions but no speciation of NO and NO2 is
possible using this method and the results are expressed as: NOx as NO2. This
procedure complies with the specifications of the following internationally accepted

method:

USEPA Method 7D: “Determination of Nitrogen Oxide (NOx) Emissions from

Stationary Sources”.
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3 RESULTS

USEPA Method 17 indicates that isokinetic results will be acceptable if the isokinetic

sampling efficiency is found to be: 90% < Sampling Efficiency < 110%

Where concentrations are reported at NTP or mg. Nm3 it refers to the conversion of

concentrations to normalised conditions of 0 °C (273 K) and 101.325 kPa.

Normalised temperature and pressure: This condition is also referred to as NTP
and imply concentrations recalculated from actual conditions to gas volumes at 0°C
(273.15K) and 101.325 kPa. As these conditions imply a reduction in the sampled gas
volume due to the effect of reduced temperature and increased pressure, the resulting
calculated concentration is higher than at actual stack gas conditions.

NTP, dry: Current emission limits imposed by the Department of Environmental Affairs
require results to be reported at NTP on a dry basis, i.e. based on the gas volume with
water vapour removed. The removal of the water vapour content from the stack gas
implies a further reduction in gas volume, resulting in even higher calculated

concentrations.

NTP, dry, corrected to 10% O2: This reporting condition was introduced to ensure
that everybody report results at the same conditions. If the measured concentration of
O:2 is higher than the reference level of 10% the resulting calculated concentration will
be higher. If the measured concentration of Oz is less than 10% the calculated
concentration will be less. Therefore, there is no benefit in diluting a stack gas stream
with ambient air to yield a lower concentration at the conditions above, as it will result
in a high O2 concentration and an equally higher concentration when corrected to 10%
Oo2.

The average test results obtained are shown in the following tables:
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Table 3.1: Boiler Stack; Stack Conditions and Isokinetic Particulate Emissions

Description Unit Test 1 Test 2 Test 3 Average
Date - 23/07/2019 24/07/2019 -
Test Start Time - 10h17 13h57 10h19 -
Test Duration min 60 60 60 60
Barometric Pressure kPa 88.90 88.50 88.40 88.60
Duct Static Pressure (Gauge) kPag 0.0785 0.0785 0.0785 0.0785
Gas Temperature (Average) °C 41 42 42 41
Gas Velocity m.s* 7.8 7.7 7.4 7.6
Stack Diameter m 2.25
Volumetric Flow Rate (Actual) m3.h? 111 000 110 000 106 000 109 000
Volumetric Flow Rate (NTP, wet) Nm3.h?t 84 800 83 500 80 100 82 800
Volumetric Flow Rate (NTP, dry) Nm3.h?t 80 200 79 700 74 600 78 200
I(T;’\:lcr;ijc;;ate Concentration mg.m? 451 9.1 BDL 18.1
'(D,\?;téc’uvlvaette) Concentration mg.Nm? | 59,0 12.0 BDL 23.7
'(DI\T‘?;,C’“(;?;’ Concentration mg.Nm’® 62.3 12.6 BDL 25.0
e g | mon | 2o | 2 | wr |
Particulate Emission Rate kg.h? 5.0 1.0 BDL 2.0
Water Concentration % (VIV) 5.4 4.5 6.82 5.57
(T[\?-tr?:i,li\(,)ek:)netic Volume Sampled NP 0.92 0.70 0.81 0.84
(TS;?D','Z?';;”‘E“C Volume Sampled Nm? 0.87 0.75 0.76 0.79
Isokinetic Efficiency % 110 97.7 104 104
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Table 3.2: Boiler Stack; Summary of Combustion Gas Analyser Components per Test

Component O; (6{0) NO NO- NOXx SO,

Unit % mg.Nm=2 (NTP, dry, 10% O- corrected)

Test 1 on 23/07/2019

Average 15.3 463 400 18.6 632 4.3
Minimum 14.7 BDL 227 BDL 349 BDL
Maximum 19.5 1020 470 27.7 749 66.1
Median 15.0 480 408 19.8 646 BDL

Test 2 on 23/07/2019

Average 14.9 407 409 324 660 BDL
Minimum 13.2 159 255 18.6 410 BDL
Maximum 17.5 904 524 41.0 845 BDL
Median 14.9 379 401 33.5 648 BDL

Test 3 on 24/07/2019

Average 14.8 214 366 39.2 601 BDL
Minimum 14.2 144 328 36.5 540 BDL
Maximum 15.9 286 390 43.8 642 BDL
Median 14.6 220 366 40.1 602 BDL
Report No: 71/19 Page 13 of 39 October 2019

Anglo Platinum RBMR



"\ ¢om

P consulting
o eNglineers
Table 3.3: Cu Tank House Stack; Stack Conditions and Isokinetic Particulate
Emissions
Description Unit Test 1 Test 2 Test 3 Average
Date - 25/07/2019
Test Start Time - 10h02 11h27 12h41 -
Test Duration min 60 60 60 60
Barometric Pressure kPa 89.70 89.70 89.70 89.70
Duct Static Pressure (Gauge) kPag -0.04511 -0.04119 -0.03138 -0.03923
Gas Temperature (Average) °C 25 29 31 28
Gas Velocity m.s? 6.4 6.3 6.4 6.4
Stack Diameter m 1.35
Volumetric Flow Rate (Actual) m3.h? 32 900 32 700 32 700 32 800
Volumetric Flow Rate (NTP, wet) Nm?3.h? 26 700 26 100 26 000 26 300
Volumetric Flow Rate (NTP, dry) Nms.h?t 26 300 25700 25 600 25900
(IT;\ag:Lc;l)ate Concentration mg.m3 BDL BDL BDL BDL
(Pl\‘;";t;”v'va;g Concentration mg.Nm™ BDL BDL BDL BDL
z\?;tlif,”é";‘;f Concentration mg.Nm? BDL BDL BDL BDL
Particulate Emission Rate kg.h? BDL BDL BDL BDL
Water Concentration % (VIV) 1.4 1.4 1.5 1.4
(Tl\(l)_'i_il),li\(/);i)netic Volume Sampled Nm? 0.76 0.76 0.71 0.74
(T,\?;TDI,IZ?SneﬂC Volume Sampled Nm? 0.75 0.75 0.70 0.73
Isokinetic Efficiency % 91.3 99.8 93.1 94.7
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Table 3.4: Cu Tank House Stack; Summary of Combustion Gas Analyser Components

per Test

Component (O]} (6{0) NO NO2 NOXx SO

Unit % mg.Nm=3 (NTP, dry)

Test 1 on 25/07/2019

Average 21 BDL 0.20 0.063 0.38 BDL
Minimum 20.8 BDL BDL BDL BDL BDL
Maximum 21 BDL 1.3 2.1 4.1 BDL
Median 21 BDL BDL BDL BDL BDL

Test 2 on 25/07/2019

Average 21 BDL 0.055 0.070 0.16 BDL
Minimum 20.6 BDL BDL BDL BDL BDL
Maximum 21 BDL 6.7 2.1 12.3 BDL
Median 21 BDL BDL BDL BDL BDL

Test 3 on 25/07/2019

Average 20.9 BDL 0.12 BDL 0.18 BDL
Minimum 20.7 BDL BDL BDL BDL BDL
Maximum 21 BDL 1.3 BDL 2.1 BDL
Median 20.9 BDL BDL BDL BDL BDL
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Table 3.5: NI Tank House Stack; Stack Conditions and Isokinetic Particulate

Emissions

Description Unit Test 1 Test 2 Test 3 Average
Date - 29/07/2019
Test Start Time - 09h50 11h05 12h17 -
Test Duration min 60 60 60 60
Barometric Pressure kPa 89.40 89.30 89.20 89.30
Duct Static Pressure (Gauge) kPag -0.05295 -0.03432 -0.03138 -0.03955
Gas Temperature (Average) °C 30 32 35 32
Gas Velocity m.s* 12.3 11.8 11.2 11.8
Stack Diameter m 1.17
Volumetric Flow Rate (Actual) m3.h? 47 700 45 700 43 400 45 600
Volumetric Flow Rate (NTP, wet) Nm?3.h? 37 900 36 100 33 800 35900
Volumetric Flow Rate (NTP, dry) Nm3.h? 36 800 34 500 32 300 34 600
:"é&ca‘j;ate Concentration mg.m? 24.3 10.8 BDL 10.6
F,\T;t;,‘:’“\llvaetg Concentration mg.Nm® 30.6 13.6 BDL 13.4
(PI\T‘;tlLC,“(;";‘:s Concentration mg.Nm™ 315 14.3 BDL 13.8
Particulate Emission Rate kg.h? 1.2 0.49 BDL 0.51
Water Concentration % (VIV) 2.9 4.4 4.5 3.9
(T[\?-tr?:i,li\(,)ek:)netic Volume Sampled NP 1.0 0.99 0.93 0.97
(TS;?D','Z‘:';;”‘E“C Volume Sampled Nm? 0.97 0.94 0.89 0.94
Isokinetic Efficiency % 101 104 104 103
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Table 3.6: Ni Tank House Stack; Summary of Combustion Gas Analyser Components
per Test
Component (O]} (6{0) NO NO2 NOXx SO
Unit % mg.Nm=3 (NTP, dry)

Test 1 on 29/07/2019

Average 21 0.86 2.3 BDL 3.5 BDL
Minimum 20.1 BDL 13 BDL 2.1 BDL
Maximum 21 1.3 2.7 BDL 4.1 BDL
Median 21 1.3 2.7 BDL 4.1 BDL

Test 2 on 29/07/2019

Average 21 0.64 6.7 BDL 10.2 BDL
Minimum 21 BDL 2.7 BDL 4.1 BDL
Maximum 21 13 9.4 BDL 14.4 BDL
Median 21 13 9.4 BDL 14.4 BDL

Test 3 on 29/07/2019

Average 21 11 11.9 BDL 18.2 BDL
Minimum 21 BDL 9.4 BDL 14.4 BDL
Maximum 21 1.3 13.4 BDL 20.5 BDL
Median 21 1.3 12.1 BDL 18.5 BDL
Report No: 71/19 Page 17 of 39 October 2019
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Table 3.7: Wet Chemical Method; Oxides of Nitrogen Components per Test
NOx as NO
Test Test Start Tes.t 2
ID . Duration
Number Time (min) mg.Nm-3
(NTP, dry)
. 1 10h16 60 160
e}
X
o Q 2 13h52 60 182
n =
= 9 3 15h17 60 93.3
=N
2 § Average Concentration 145
= Average Emission Rate (kg.hr?) 11.3
o 1 08h45 60 2.1
[
0 O
a g 2 09h53 60 4.6
N~
To
—:4% ‘QQ‘D, 3 11h00 60 9.8
'; -;fé Average Concentration 5.5
oS
« Average Emission Rate (kg.hr?) 0.14
& 1 08h50 60 8.7
i
=Y 2 10h02 60 6.3
O~
T o
X S 3 11h12 60 12.8
s<C
— ¥ | Average Concentration 9.3
Z s
O | Average Emission Rate (kg.hr?) 0.32
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Table 3.8: Wet Chemical Method; Oxides of Sulphur Gas Components per Test
SO SO
Test Test Start Tes.t 2 ’
D Number Time Duration
(min) M6
mg.Nm= (NTP, dry)
. 1 10h16 60 3.3 10.2
(o]
pR= 2 13h52 60 1.4 79.2
© N
n =
= 2 3 15h17 60 1.8 9.0
23
2 3| Average Concentration 2.2 32.8
N
Average Emission Rate (kg.hr?) 0.17 2.6
1 10h23 60 1.2 0.55
(]
0 ~
é % 2 11h31 60 8.9 0.52
= S 3 12h40 60 6.3 0.086
g
'; @ Average Concentration 5.5 0.39
O
Average Emission Rate (kg.hr?) 0.14 0.01
1 09h35 60 0.86 15
(]
=) 2 10h44 60 0.94 424
T o
X = 3 11h55 60 0.48 188
g
= S‘\‘l Average Concentration 0.76 205
p
Average Emission Rate (kg.hr?) 0.026 7.1
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4 DISCUSSION

4.1 Associated Emissions Standards and Compliance

The associated minimum emission standards identified in terms of Section 21 of the
National Environmental Management: Air Quality Act, 2004 (Act No. 39 of 2004) as
gazetted on 22 November 2013 in Government Notice Number 37054

Category 1: Combustion Installations

(1)  Subcategory 1.1: Solid Fuel Combustion Installations

i Solid fuels combustion installations used primarily for steam raising or
UGHEHy o electricity generation.
Apblication: All installations with design capacity equal to or greater than 50 MW heat
PP : input per unit, based on the lower calorific value of the fuel used.
SUBSIEHIES br ikt of sg::t;;c::s Plant | mg/Nm?3 under normal conditions of 10%
Common name status 02, 273 Kelvin and 101.3 kPa.
symbol
, New 50
Particulate matter N/A Existing 100
- New 500
Sulphur dioxide S0 Existing 3500
. . NOx expressed | New 750
Oxides of nitrogen asNO; | Existing 1100

(@)  The following special arrangement shall apply -

(i)  Continuous emission monitoring of PM, SOz and NOx is required, however,
installations less than 100 MW heat input per unit must adhere to periodic emission
monitoring as stipulated in Part 2 of this Notice.

(i) Where co-feeding with waste materials with calorific value allowed in terms of the
Waste Disposal Standards published in terms of the Waste Act, 2008 (Act No.59 of
2008) occurs, additional requirements under subcategory 1.6 shall apply.

All the point sources serving Rustenburg Base Metals Refiners, herein referred to as
RBMR in Rustenburg, North West, complied with the emission standards identified in
terms of Section 21 of the National Environmental Management: Air Quality Act, 2004

(Act No. 39 of 2004) as gazetted on 22 November 2013 in Government Notice Number
37054 (Listed Activities):

This is notwithstanding whether the two boilers are exempted from the emission

standards as a small boiler is defined by Government Notice Number 36973 as: “any
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small boiler with a design capacity equal to 10 MW but less than 50 MW net heat input
per unit, based on the lower calorific value used.”

The average results obtained are shown in the following tables

4.2 Sample Port Location

Only the Boiler conformed to the sample port location specification.

Cu Tank House stack

Only one sample port was available for isokinetic measurements. It is advised that two
sample ports be installed which are situated at a right angle to each other on the same
cross-sectional area of the stack. This location should be preferably more than six
pipe diameters downstream and more than two pipe diameters upstream of any

disturbance to the volumetric flow inside the duct.

Ni Tank House stack

Only one sample port was available for isokinetic measurements. It is advised that two
sample ports be installed which are situated at a right angle to each other on the same
cross-sectional area of the stack. This location should be preferably more than six
pipe diameters downstream and more than two pipe diameters upstream of any

disturbance to the volumetric flow inside the duct.

4.3 Isokinetic Sampling Efficiency

The parameter which must be controlled to establish isokinetic sampling is the gas
velocity as it enters the nozzle of the sample probe, which must be equal to the actual

gas velocity at the specific sample point in the duct/stack.

A sampling efficiency outside the prescribed specification can lead to either over or

under sampling of particles of a certain size.
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The isokinetic sampling efficiencies were calculated from the applicable
measurements and found to be within the specified limit of the prescribed method for
all isokinetic measurements conducted on the 23, 24t 25" and 29" July 2019

4.4 Additional Notes

Terminology

“‘existing plant” unless where specified, shall mean any plant that was legally
authorized to operate before 01 April 2010 or any plant where application for
authorisation in terms of the National Environmental Act, 1998 (Act No. 107 of 1998),
was made before 01 April 2010.

“‘new plant” unless where specified, shall mean a plant or process where the application
for authorisation in terms of the National Environmental Management Act 1998, (Act
No. 107 of 1998), was made on or after 01 April 2010.

5 QUALITY CONTROL

All in-house calibration certificates are displayed on C&M equipment. Calibration

procedures with copies of the calibration certificates are available on request.
5.1 SANAS Accredited Analytical Laboratories

As prescribed by the National Environmental Management: Air Quality Act of 2004 (Act
39 of 2004) as scheduled in the Minimum Emissions Listed Activities as prescribed in
Government Notice 37054; gazetted on 22 November 2013, C&M only makes use of

analytical laboratories which is SANAS accredited for the specific analysis required.
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5.2 Calibration and Design of S-Type Pitot Tubes

The S-Type Pitot Tubes utilised by C&M sampling technicians to take pressure-velocity
measurements, conforms to the specific design specifications and are routinely
calibrated (quarterly, unless damaged) using a wind tunnel at C&M'’s office. This
procedure complies with the specifications of the following internationally accepted
method:

USEPA Method 2: “Determination of Stack Gas Velocity and Volumetric Flow Rate
(Type S Pitot Tube)”.

5.3 Calibration of Portable Gas Analysers Using Electro-Chemical Sensors

The analysers utilising electro-chemical sensors to detect and quantify the
concentrations of the various gases are calibrated bi-monthly. The calibration is done

with SANAS certified laboratory test gas with known concentration.

The test gas is connected to the analyser and the electro-chemical sensors values are
recorded, the sensors are then forced to the concentration of the test gas value, the
test gas is removed to see if the detected concentration drops back to zero and the

test gas is connected again to verify that the sensors are calibrated.

6 CONCLUSIONS

It is C&M'’s opinion that the component emissions reported are representative of the

true emissions from the various point sources, at the time the samples were taken.

The results may become non-representative of the true emissions from the various
point sources if deviations from process operating conditions, raw material feed rate
and/or composition changes as well as upset conditions occur other than what was

present at the time of taking the various samples.
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7 QUALITY ASSURANCE

On-site team leader
I, Leslie Khosa, hereby confirm that all sampling was conducted according to the

prescribed procedures and that all deviations from these procedures has been noted

and communicated to the person responsible for analysing and reporting the data.

! ’ ] Signed on

Leslie Khosa 18/10/2019

Project Manager

Data analysis and reporting
I, Leslie Khosa, hereby confirm that all data have been checked for irregularities and

that all deviations from the referenced procedures and methods have been included in

the report.
Z ) [ ) Signed on
Leslie Khosa 18/10/2019
Project Manager

Overall approval
I, Kgomotso Malefo, hereby approve this report on behalf of C&M Consulting

Engineers Directorate

W Signed on

Kgomotso Malefo 18/10/2019

Sampling Director
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Analytical Laboratory SANAS Certificate (Chemtech)

APPENDIX

sanas

South African Naftional
Accreditation System

CERTIFICATE OF ACCREDITATION

In termy of seclion 22¢2) (b) of the Acereditation fov Conforminy Assessmemt, Cafibration and Good Laboratory
Practice Act. 20006 sAct §9 of 2006). read with sections 230 1), (21 and £3) of the said Ace. T heveby certify that -

CHEMTECH LABORATORY SERVICES CC
Co. Reg. No.: 1998/037710/23

Facility Accreditation Number: T0361

is 2 South African National Accreditation System accredited facility
provided that all conditions and requirements are complied with

This certificate is valid as per the scope as stated in the accompanying schedule of accreditation,
Annexure “A”, bearing the above accreditation number for

CHEMICAL ANALYSIS .
The facility is accredited in accordance with the recognised International Standard
ISO/IEC 17025:2005
The accreditation demonstrates technical competency for a defined scope and the operation of a

quality management system

While this certificate remains valid, the Accredited Fadility named above is authorised to
use the relevant accreditation symbol to issue facility reports and/or certificates

o
—— @\

-

Ms B Radebe
Acting Chief Exec utive Officer

Effective Date: 27 November 2017
Certificate Expires: 01 November 2022
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Gas Analyser Calibration Gas Certificate Carbon Monoxide (CO) [Page 1 of 2]

nMmisa

At oo T B e

Frimaie: By 0 Lyrrsend Sicige, Foedosts, 0=
3= Carepas:. Pledving Mowmsci o, Drermrmesta, J1E8

Certificate of Analysis e Reorter 2 1341 4183

Fam 0 125847 8253
E-Tianl sy Edoieiga o

Hairs @md Cusiomer Sddress: R A Cansuiling Enginesors
170 Wiahonmeyer Stressi
Fralasia
(AR E- 2
Deacription:  Frimary Aefercroe Sors Mizlues (FROM). odindes number ST B0BH conlainisg & mistune of carbon
manaeigs {CO0) In nitnogen {Maj prepaned on 02 Raecn 018
Pt ] ol CGravimeiro preparation in accircdarss with e inboernatonal Crganization for Sacsckard il
Ermparoton: 150 G142 (Gas Analysis — Preparstion of calibration Gas mikiunes — Grasmetric sthod]. Alhar

et rediod] LiGegn

Fessaill

Uncarainty:

Tracoability:

Hormogeneiby

Slakxibty:

Shorago:

praparation, the compoaion was serfied using Hon-Dispsrses Infared (HOIR) Spacimstopy.

Thiz maoterial = be wuaasd 0 veldale andior calibrase analyticsl eesedfecsds oF The callbmabon of
MBASTRMET Sysbems used by detarsine tha molke facion of GO m nibogen,

Pk fracdon of carbon manoeide (00 (149055 = 0,m5] x 100 el st

The reporisd sxpanded wcarksnt of measuremants @ alabed &8 the slandard unceriaety of
measurem anl midllpdes by @ covesrage facke:, & = 2 which for a nomal distnbution appredimsias
= bl o cxomligha nos of 565, 405 5

The ok rscbion B raceabls o the nalcesd siandad ol mass and,. by comperiac, I FRIESA
primaery stanckasd gas mddunes (PESME)

The Fewecegeareaiby of the mibunes has besn gesuned by roling the oyinder on 5 nollker banch for a
mmirkTre af 2 Feoecs Slfter peraparstion.

Thia cirtiSoatn Is wlid wnt] 02 sy J020, prosidod That the oyfinder pressans doas mob drop Dedosy
S0 1Pa,

Siore mveEy Trem direct heal bebwyesn lempacstiures of 10 io 40 "5 noa weellcantilaed aras. I'-ll_:r-n
guidance on the uss of calibraiion gas midures can be found in 150 16554 (Gas Anabyses — Farding
ol calinenlon gases and gos mietures — Gaidalires)

s al e by

p— i{*m
Dwerid Mlogale Jumers Tubliorgel, HW
Phra ey it m@% Wy )

(== R

L.

18 Massh TTHE Pasipa 108 2 PRINZLEIT 15355 J

Your measure of excellence
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Gas Analyser Calibration Gas Certificate Carbon Monoxide (CO) [Page 2 of 2]

ANALYSIS OF CO-n-MTROGEN
(Cafirder ranior. W51 8084

The cylinder ahouid ba handied with care and by experanced persornsd n a bborasory envranmant
sukably oqupped for e safe handing of gases malanias.

The PRGM = cotainad in o possivated aluminium cyfinder. The cyfindar has a waler capacity
voluma of 5 L and = pressursed 1o 11,2 MPa. The outiel cannaction of the cylindes vaive corfonmms
10 B8 341 nr. 4 specifications.

The reporied uncartsinties of measremaents ware calkculsted in accordance with the BIPM, Ec:
IS0, FIPAP, O documeant entified “Guidanss %0 e Expresson of Uncanainty in Measuremant
(rpernstonal Organzation for Standerdzation. Geneva, Swilseriand, 19e3);

The netonal moasurement standancs mmmredfotuwnymm:dsm.smm.
2 months and than anreslly afler preparation. Customens wil be notified of any staol by prablems
ard mixases will be recanfied ¥ee of charge ¥ such probloms are eccoumanad.

Cartain of the NMISA certficates are consistent with tha capabiities that are included n appandix C
of tha MRA (Mutual Recognition Armangement) créwn up by the CIPML. Undéer tha MRA, aof
participating institules recognise the valdity of each other's caliBralion and measuremmet ceartifcalas
for the guantities and ranges and maasurement uncarnanties specified in Appendix C. For detsis
soe IR www Dem, oog.

and of CovATCI -

Ao pees by
Cawid Mogak

Dote of ksoe

15 March 2018 Page 2af 2

St
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Gas Analyser Calibration Gas Certificate Nitrogen Dioxide (NO2) [Page 1 of 2]

nmisa

M - o St A

Certificate of Analysis

Paveis Sag XM Lprewood Mdpe, Prdons, D043
CR Cargues, Nos g N Suon. Bowevrora, £154
Caltostion ofice «77 17 341 3

Mexspton «2F 125341 41592

Fou 7 12881 453

e e o — r Eonbonpites Wogprdmon
Analysis of: Certifiod NO; in nitrogen reference malenal '
_stamph* Cytinder manufactured by NMIESA
 Identification of sample: Cylinder number: M39 5395
Analysed for: C & M Consuling Engineers
170 Watlermeyer Street
Mayarspark
Fretoria
01384
Analysis procedure: | CHEMWAPG-0006
| Location of analysis: CSIR Campus, Building 4W. Room W10
Dl.!mm: . 29 March 2019
| Datels samples analysed: | 17 Aprs 2019

The nitrogen dioxide (NO;) was cedtified usng 2 nondispersive ultraviclet (NDUV) spectroscopy
anslyser calibraled with primary standard gas mixlures of NCr-av-nitrogen over the mole frascton
range of 10 to 100 pmol.mol '

1.2 Standards used

1.21

122

Tha pnmary standard gas pared
Ssandardization, 1S5S0 6142 (Gas Analysis — Preparalion of calbration gas mixtures — Gravsmednc

Primary standard gas mixtures of NOs in nitrogaen preparad Dy the NMISA.

mixiures weara pre according to Intlernabonal Organizalion for

Mathod ). The mole fracton is Yaceable o the natonal maeaswrement standard for mass and mole.

il VTR =
Corer v Tt o)

Paget1oid
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Gas Analyser Calibration Gas Certificate Nitrogen Dioxide (NO2) [Page 2 of 2]

L ARAL SIS OF ROxin-nitrogen

| Cyfincder mumbe. M25 530%5)
RESULTS

|Tr|-|u11-:||l&mﬂrﬂ;hmmamsmﬁﬁuﬂmﬁﬂ]ﬂ?:lﬁ]tm.mﬁ' |

EXPIRY DATE
Ther mixture was prapared an 26 Fehmuary 2018 and il will exping on 28 Aogust 2019,

The repofed unceainbes of maasuraemeant werne mﬂdﬂﬁamhmﬂﬂ‘ﬂfﬁ
BIFM, [EC, 150, IWPAP, OIML document enilled ~A Guide io the Expression of Uncestainly n
Fcasumement” [ IMemationad Organisation for Standardisation, Geneva, Swilzerlard, 1083],

Tha reparied expanded uncerainty of measumment s staled s the standard uncestainly of
nmmliﬂmmehmdh-memhﬂm:hﬂﬂMﬁ
Ee5, 455755,

Cartaen of tho MMISA cerlilicates are consisient with the NMISA capahitbes that are inchuded in
appandia C of S MRA [Mulssl Recognition Armangement) deaswn up by e CIPM. Under the MRA,
all participating Instildes recognise the validity of each others calitwalion and measurement
corsficates. Tor (e quantities and ranges and measurement uncatainbes specifed in Appendix T
For details, see hitpiwwee bipm.org.

Thie anatysis was carried oul at an ambient semperature of 22 °C & 2 °C and a relative humidity of
A0 WAH & 10 %AEL

-~ any of canlificarns S

[Ty

. Chwched by : For el Cancuin e
o T
Bty Mty 51 . —

71 Aprl 3810 Pags 2 o 2 CHEMAAR-E 180
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Gas Analyser Calibration Gas Certificate Nitrogen Oxide (NO) [Page 1 of 2]

nmisa

ol Mg ey o lowry A8 e

Certificate of Analysis

Hamee and Customer Acddrees:

Priva e Bag 532 | s Sidoe-, Sesinads, DE]
LR Caripuas, Mg Moo Food, Sremreda 08
il e 30 15 Bl 4523
Pt 20 15 Bl 4152

Foa +27 17 61

E-musl mquiries inlcafjerei=a oo

& M Comsuling Enginaers
A7 Wimiarm eper Siraes

P yarsmank
Pretoria
o184

Do cripbiosn: Prirmmary Falerancs as Mgure (PRES). cyiinder numbes BES 8581 conl@ining & mikiure of nitnic
caide (RO} in mirocgan (Ms) praperad on 1.3 Mearch Z01 8

Micthcd af Gravimelric preparatkon in eeeondance wiih the inermaticnal Organization for Standandizstion,

Proparstion: 23 8142 (Gas Arahais — Praperaton of calbration ges midiuras — Grasimetric Mathodl Aler
proparatiom, e compoaifon was varilisd using non-dispasive oliraviolst specirascopsy.

imtended use: The material coan be used o vahdabe andicr calbrabe analyikeal mmthods or e calbrabion of
maasuremeant sysiemes used b debsrriirs e mols frsaction of RO n Mo

Rasult oka fracton of MO (348 6 & 2 8) prmod.mal?

Lncs rtaindy The reporied expanded uncertainky of measuremsnls G alabed a6 e standend enoortaity af
measurereant molliphsd by 8 coverags Tecior, & = 2, which for a norma| d s beiion sppnoearEbes
A lewal al confickancs ol 9545 5.

Tracoability: The moabs raclon s racaanks b the natonal stamdard of mess and, by comperson, o KWISA
prirary alandard o mibunes (FEEMs)

Homogenelty: The homopenaily of the mbiure has been assured by roling the cyrder on & rellss banch for &
minmwm of 2 hours afar preparaliaon

Exabilify: The certificate &= walid unlil 13 Manch 20280, pravided that the cylirdar pressurs does reol Jrop Dk
500 =Fa.

Storage; Siore away from dinsct el bebwean jamperatures of 10 o 40 °C in a wellventlated arae. Mo
guidamos an the e of calibration Gas miElunes can be fownd in 150 16884 (Gas Analyeis — Handing
of calibration gases ard gos miefunes — ELlI':IIEHII'I-B‘-u'-:l-

) ' Chacked by 5 For Officer
A AN : =
Wadan Jewries Tehilongmn .. ‘—13'/1
Madyzbagy sL Matroiog st [Tech .
[t o = o Pl e v R o
19 Wlarch 30HA Pagn 1af32 : FRGNH 001 565 )
Your measure of excellence
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Gas Analyser Calibration Gas Certificate Nitrogen Oxide (NO) [Page 2 of 2]

AMELYES OF Hluin-H;
|G pfiredar rumee: MES SER1)

Bafaly: The cyindar showld be handled with care and by expsiencesd parannel in e laborsiony arsironmsant
sullebly pquipped Tor the sale handling of gases maleriaks.

Cylindaer: Tha PRGM is contained in 8 passiveied aluminkm oplinder, The cylindsr has a waler capacky
volume of 5 F and is pressurised 1o 13,6 MPs. Tha cutlat conmectian of tha cyinder valve canforms
bo CGA 330 spedifications.

Ramarks The reported uroerainges of messursmerts were calculaled in sooomdance with the B1PM, IELC,
B, ILPAR, OHRIL dooument erdifled SGudance & e Expgreagion of Linsortaindy 0 Maasunament”
{Intermational Cirganization for Standardeation, Geneva, Swilzerland, 185K

Tha nalors]l messumsment standats are mongoresd for slabdity al irderyala of 3 meonthes, § manthes,
o manthe Brd than anrually after preparation. Cusbormess will Ba nolilied of any slabiity problsms
arl milures will be recertified free of charge § sudh prablemrs ane encourianad.

Cerain of the NMISA cerlificates ara consisiant with tha capabidities that are included in appandix C
of tha KRA (Mutual Recogriion Arrangemant) drawn gp by the CIPM. Under the MRA, all
participating instiubes recogras e valdly of asch olhar's calibration and measuremesnt portficabas
far the guantiies and rangss ard mesEurement ENoEtEntes specified n Appendix C. For dalals
sea Fifip e Bigim  oing.

amrEmETIEE mﬂ'mb e L B T e e
. : Chacvad by
et James Tehilongs
m Bl clogg it [Tiach -
5 March 3118 Paga Fof 3 FRIEN 551
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Gas Analyser Calibration Gas Certificate Sulphur Dioxide (SO2z) [Page 1 of 2]

‘nmisa

L e i gy e S B AP

Privae Bag 534, Lprenwood Fadge. Pk, 020
CoEL O dnpel, Vst Meada Foed | Sromres, D135

Certificate of Analysis Cabibor offca- +27 12 1

Apcnplion: =20 12 M1 4152
P =y S 2258
1Bl o e T T SO g

Hame anil Customes Addness: O & M Cansulling Engineers
170 WV absrrEysar Streal
Praloria
OiiE-d
Dhescription:

Wathod of
Preparaticn:

Irbonsde=] usac

Resuit

drecertainty

Primary Relerence Gas Mexure (FRGR cyinder number D19 4930 containing & Mmoo of sLdpTur
Sigxide (S0} in nrogan [Mz) preparad on 0 March Fo14a.

CGravimetric preparation in sooondanca weith thes Tribernabors | Cegsn et ian Tor Standardizaikon,
IS0 5142 {Gaa Analysis — Preparation of calbralion gas migunes = CEravimetrio HH:_.’?;]' Fuffaar
praparabion, the compozition was verifiesd using rran-disparshes uliraviobs! speclraseapy |

The maherial can ba used o validate andior calibrals =|-n=ul-|.-l.r-:al methads ar e caflvabon of
mesRUrsmenk syEiams used o determirss the mode fracton of S0 N M.

fioke fraction of sl phar dicodds {S0q): (3989 Z0) = 10 malimal
Thex reparted exparded osrikEainty af mempuramert= e staled &5 tha slandgand unoeriainty of

i essesnermerd mulbpliesd by 8 coverags Faotar, g = which for & normal distriution approcimates
a level of confidencss of 53545 9.

Traceability: Tha mole fracion is iracaable %o the national standard of mass and, By comparion, o HRISA
primary slandand g mishunes (PSEME].
Hamogeaneily T ho Feamesganeity of s mictlura hes bes=n sasured by raling e cylinckar onoa raler berch far a
i of Z Founs afler preparabicn.
Sability: The cerlificata s walid wib o1 March PO2A0, provicked thal the oylindes prassurs disss not drop halow
500 kPa.
S “0 i a wallvertlahed arsa. Mome
; Shone awany [rem drecl hast botwsan lemperalras af 10 ba 40
s guidano= on the use of Calibratian gees rn.:u:.reu._u:an- b found in 150 18684 |Ges Aralysis — Harmfimg
of calibralion gasas ard gas mobures — Suidelirss)
Analpsad by For Gl e AT |
r
Dawis Megais —_—
ol [ [Ty i
Doites of b EE
3 March #1E (S O b )
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Gas Analyser Calibration Gas Certificate Sulphur Dioxide (SO2z) [Page 2 of 2]

Apaal V215 OF Sls-in-Hr
(Cyinder runbes T T8 4305

i e rk
Tha cylinder shauld ba handed with cara ar'-:ln-:.-u.mﬂr-rannud peersonreEl im @ laba rEiory e
maably e pessd for e pale harnding of g maborisl 6

The PRGRM = conbamed im 8 passvahed alurninium sylindier, Tha cylinoes has @ walar capacly

wolime of 5 and is pressurzed 1o 11,6 MPa. The autlat conmnection af e cylndar vabkes conforms
o SEA 330 ppecifcstions.

Tha reparted uncertsinties of MESEINETErRS Wers calculated i acoordance wigh tha BIFM, I'Efr_
IS0 IIPAP, CIL docu st entiled “Suikdance 1o e Expresaion of Uncesainty in Maasurame
[rrternational Oroen o (o Simrydard izalian, Gemeyd, Sawitrerdared, 15931

Thes nabiors messUnETIEn: Sandards. e monioned fior ai=biihy alinhg-r-ﬂs of 3 mreontha, & n;-?ﬂnﬂ'u-:;
a mortie @rd then emually &fer prepaeaton. Customonrs will e noliad of ary siabiliy pr
ard mixtunas wil ba recediffied fres of charge if such prolsams are ecdounbered.

Certain of e KBAISA certificaias ara cansksiant ywith the capabdliies at s rmas] uceed han-:-anﬂxj.‘i
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Al asec =% ¢sanas

1a80

52 Otd Mill Road, Ndabenl, 7405

Head Office: PO Box 2110, Cape Town, 2000, South Africa
w27 21 537 TSO4 w27 21 531 7562

S waw lasec.com B zales@ases com

Certificate of Calibration

Colibrated for Instrament details:

CE&NMN CONSULTING ENGINEERS Manufocturer Racwag
LABORATORY Description AS220/C/2
170 WATERMEYER STREET (M143) Seriafl No. 381338/13
MEYERSPARK

PRETORIA

GAUTENG

Colibration conducted ot

CE&M CONSULTING ENGINEERS
LABORATORY

170 WATERMEYER STREET (M214a)
MEYERSPARK

PRETORIA

GAUTENG

Pasition of Balance
Going into the Laboratory straight ahead next to the left side of the window cn a firrm balance bench

Troceable Equipment used for Colibration
IMake Description rModel Serial No Certificate No Cal date

Radwag Mass set C.O01g-5000g K-4651/09 M17-941 11-12 December 2017

Trocecbility
The rcswlts of meosurements ore fracevéie o the relevant rotional measurement stondords
Uncertainty of crment

The reported uncertoirey és Bored on o standard wacertainty multipled by o coverope foctor (A=2), providing o confidence level of opprox. 353, the wncertainty
of Measurement AOs SOeT CSLAMOted In acTovdonee with the prinapies defined o the GUAM, Gunde af Urmitertoinly of Mevswrement, 150, Gencea, 1591

Certificote reproduction
TPNs cavTificote moy Aot be reproduced, except Ao full, wathout the written opovrowal of (e coNbroting latoratary.

Colibr loboratory nt

TPee MR TS eMETT re5aYs recorded on this certificote are for the specified instrument oy ond were Correct at the time of colbrotion. The subseguent otcurocy
will deperd o the correc? cove, handling ond freguercy of wse. IT is recommended thot recolibrotion be wodertoken at on interval ot wiN ensure chat the
ATEITLITIENC reMmakTs within the desved amar.

Dwectors DA Darling MN. Subramoney
Poge 2 of 2
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Radwag Fine Weigh Scale Calibration Certificate [Page 2 of 2]

Certificate of Calibration

Certificore No: 18020180

Calnbrolion procedure:

The Balonce hos been calibrated by using troceable standard mass pleces in terms of Mass Procedure 2 Rev 05

Settling time Time in seconds
4
tinearity Aoplied Mass Balance As Balance As
PP ;r Found Before Deviation Founmd After Deviation
eee Adjustment Adjustment
&) (E) (&) (=}
2. 2000 2.1998 00002 #.1999 001
55,0002 350002 0,000 55.000:2 Cr, Ce3Ce0)
1100000 110.0000 0. 000 100L0001 =0.0001
1700001 170.0007 -0 0006 170L000E -0.0001
21999949 2200007 =0, RS 220.0008 -0 D05
Repeatability 110 (g)
Standard
Appll?cl Mass Deviation
Piece
*
(E)
120,000 000004
Off Centre Corner Load Applied Pass Piece
&0 (&)
Position Display
Centre G0.0003
Top Left 599597
Bottorm Right 60.0006
Tap Right 20,0001
Bottam Left 50,0003
Measurement of Uncertalnty o-220(g) 0000 (g}
Date of Calibration 09 Dctober 2018
Date of lssue 10 October 2018
MHame
Calibrated By: Thokozane Malaza
Checked By: Lisette MNel
Technical Signatory Patrick Masombuka
Poge 2 of 2
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Anisokinetic Sampling Train (USEPA Method 6)
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Anisokinetic Sampling Train (USEPA Method 7D)
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