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BACKGROUND TO EXTERNAL PEER REVIEW

o Sasol and Natref are required to comply with the Minimum Emission Standards (MES),
published in terms of the National Environmental Management: Air Quality Act NEM:AQA).
In terms of the MES, existing plans are required to comply by 1 April 2015 with existing
plant standards, and by 1 April 2020 with stricter new plant standards.

° While most of Sasol’s and Natref's processes will be able to comply with the future MES,
there are selected activities for which Sasol and Natref will either be unable to comply
within the stipulated compliance timeframes, or the specified emission limits at all.

° For these specific cases Sasol and Natref intend to apply either for a postponement or
exemption to meet specific MES. In accordance with the provisions the NEM:AQA,
Sasol’s applications will include independently compiled Atmospheric Impact Reports
(AIR) to establish an objective analysis of the impact of not meeting the promulgated
standards on ambient air quality.

° Airshed Planning Professionals (Pty) Ltd was the independent air quality specialist
appointed to prepare atmospheric impact assessments as prescribed by the Atmospheric
Impact Report (AIR) Regulations, which provide for an assessment of the potential air
quality risks caused by the emissions for which postponement or exemption is sought from
the MES, on the basis of the South African National Ambient Air Quality Standards.

° E*ponent was appointed to independently peer review the dispersion modelling
methodology employed in the AIR.

. This document incorporates the dispersion modelling study plan, the peer reviewer
findings, the response to the findings and is divided in the following parts:

I. Part A — Airshed plan of study for the dispersion modelling for Sasol (not included
in this report — please see Sasol Exemption & Postponement Motivation
Documents Annexure B for a copy of this report)

Il. Part B - Airshed plan of study for the dispersion modelling for Natref

Ill. Part C — Peer review report

IV. Part D — Airshed response to peer review report















4)

Point source Components

Natref refinery

Sulphur dioxide

Main stack Particulate matter

Oxides of nitrogen

Prepare meteorological input files for use in one or more dispersion models to cover the Natref

site. Sasol will provide surface meteorological data and ambient air quality data from the Sasol

ambient air quality monitoring stations in Sasolburg. Surface meteorologicat data for three years,

as required by the draft Dispersion Modelling Guidelines for Level 3 Assessments, is available for

ambient air quality monitoring stations situated in Sasolburg.

Preparation of one or more dispersion models set up with Natref's emissions inventory capable of

running various scenarios for each of the point sources as specified by Natref, in conjunction with

Sasol Technology's Research and Development Department. The intent is to model delta impacts

of the various emission scenarios against an acceptabie emissions baseline, for instance the Vaal

Triangle priority areas DEA-approved baselines.

Airshed will validate the dispersion model based on an acceptable and agreed approach. The

validation methodology must be agreed between Sasol and Airshed. It is anticipated that each

point source identified above will require 3 scenarios per component per point source to be

modelied, in order to establish the delta impacts against the DEA-approved baselines. i.e.

a) Current baseline — modeliing is conducted based on the current inventory and impacts

b) Compliance with MES — modelling must be conducted based on the legislative requirement as
stipulated within the Listed Activities and Minimum Emission Standards (for both 2015 existing
plant standards and 2020 new plant standards).

¢) Alternative emissions limits — the actual Natref proposed alternative emissions limits, where
applicable and different from the other emission scenarios.

Comparison of dispersion modelling results with the National Ambient Air Quality Standards

(NAAGS).

A report detailing the methodology used and model setup must be compiled for purposes of a peer

review, which Sasol will contract independentty.

Interactions with Environmental Assessment Practitioner (EAP) to provide all necessary inputs into

the EAP's compilation of documentation in support of Natref's postponement and exemption

applications. Airshed will attend all Public Participation meetings scheduled by the EAP to address

any queries pertaining to the dispersion model.
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AERMOD is a steady-state plume dispersion model for simulating transport and dispersion from point,
area, or volume sources based on an up-to-date characterization of the atmospheric boundary layer.
The model can be applied to rural and urban areas, flat and complex terrain, surface and elevated
releases, and multiple sources, including, point, area and volume sources. [n the stable boundary
layer {SBL), AERMOD assumes the concentration distribution to be Gaussian in both the vertical and
horizontal. In the convective boundary layer {(CBL), the horizontal distribution is also assumed to be
Gaussian, but the vertical distribution is described by a bi-Gaussian probability density function {pdf) of
the vertical velocity. The transport and dispersion of a plume in the CBL is characterised as the
superposition of three modelled plumes; the direct plume (from the stack), the indirect plume, and the
penetrated plume. The indirect plume accounts for the lofting of a buoyant plume near the top of the
boundary layer, and the penetrated plume accounts for the portion of a plume that, due to its
buoyancy, penetrates above. AERMOD is applicable to primary pollutants and continuous releases of
toxic and hazardous waste poliutants. Chemical transformation of pollutants is treated by simple

exponential decay.

This Guideline recommends meteorological fields generated by the meteorological pre-processor
AERMET as the preferred mode of running AERMOD. AERMET uses standard meteorological
measurements and surface parameters representative of the modeling domain to compute boundary

fayer parameters used to estimate profiles of wind, turbulence and temperature used by AERMOD.

AERMOD incorporates Plume Rise Model Enhancements (PRIME) buiiding downwash algorithms
which provide a more realistic handling of buiiding downwash effects. PRIME algorithms were
designed to address two fundamental features associated with building downwash; enhanced plume
dispersion coefficients due to the turbulent wake; and to reduce plume rise caused by a combination

of the descending streamlines in the lee of the building and the increased entrainment in the wake.

AERMOD is suitable for a wide range of near field applications in both simple and complex terrain.
The evaluation results for AERMOD, particularly for complex terrain applications, suggest that the
model represents significant improvements compared to previously recommended models, and has

even outperformed the more complex CTDMPLUS model on several databases (US EPA 2005).

AERMOD has been designed to handle light wind conditions (wind speeds less than 1m/s) well, and
also incorporates an approach for treatment of horizontal meander that can be significant under such
conditions. The model can also accept multiple levels of site-specific wind measurements and will
determine the transport direction for each source based on the wind direction from the vertical profile

appropriate for the individual plume.
AERMOD is recommended for use on:

¢ Sources in an industrial complex (single or muitiple point, area, line, volume sources) with no

buildings or single or multiple buildings with building downwash.
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Plume rise algorithms in CALPUFF model are generalised for a variety of source types. CALPUFF
contains an option for puff splitting algorithm that allows vertical wind shear effects across individual
puffs to be simulated. Estimates of horizontal plume dispersion are provided from turbulence-based
dispersion coefficients based on measured or computed coefficients. The model provides several
options for calculating these dispersion coefficients from the use of (i) turbulence measurements (o,
and o,) (it) similarity theory to estimate o, and oy, (iii) Pasquill-Gifford (rural) and McElroy-Pooler

(urban) dispersion coefficients.

CALPUFF can fully treat stagnant conditions, wind reversals such as those experienced in land-sea
breezes, mountain-valley breezes and in very rugged terrain. Water bodies and coastal lines present
spatial changes to meteorological and dispersion conditions due to the abrupt change in surface
properties between land and water bodies. CALMET contains overwater and overland boundary layer
algorithms that allows for the effects on plume transportation, dispersion and deposition to be
simulated in CALPUFF. The model includes a subgrid scale complex terrain algorithm for terrain
impingement. Plume impingement on subgrid scale hills is evaluated using a dividing streamline to

determine which material of the plume is deflected around the hills or advected over the hills.

CALPUFF treats primary pollutants and simulates secondary pollutant formation using a
parameterised, quasi-linear chemical conversion mechanism based on five species. Poliutants treated
include sulphur dioxide (SO;), sulphates (8042'), nitrogen oxides (NO., nitrogen oxides = nitric oxide +
nitrogen dioxide ie., NO + NO,), nitric acid (HNO3), aerosol nitrates (NOs‘), ammonia (NHs},
particulate matter (both PM;p and PM. 5}, toxic potlutants and others pollutant species that are either
inert or subject to quasi-finear chemical reactions. A resistance-based dry deposition scheme is
included for deposition of both gasses and particulate matter. Wet deposition is freated using a
scavenging coefficient approach with removal rate as a function of precipitation type and intensity.
CALPUFF Version 6.42 contains new options for gas-phase chemistry, aqueous phase chemistry and
aerosol chemistry based on ISORROPIA chemical module used in models such as CMAQ. However,

to these options have not been evaluated enough to be acceptable.

CALPUFF is currently the recommended model for most long-range (ie. > S0 km) modelling
applications. The model is used for major projects nationally, and it already has a measure of
acceptance and public credibility worldwide. CALPUFF could have a distinct advantage over the use
of a steady-state plume models such as AERMOD for near field impact analyses. One type of
application where CALPUFF may be better than AERMOD is when there are strong localised
influences on the wind field, such as valley channelling, upslope / downslope flows, and coastal areas.
CALPUFF alse has the ability to simulate spatial and temporal variations of concentration fields better
than steady-state plume models fike AERMOD. This may be an important advantage for risk-based
assessments in which the accurate prediction of average exposure levels across the population in an
area is more important than the prediction of the maximum concentration in any one location. The

other type of application where CALPUFF could provide some advantage over the steady-state plume
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comparison with CALPUFF and AERMOQD (Lee, Peltier et al. 2009). These validation studies started
as early as 1988 (Sykes, Lewellen et al. 1988) and (Sykes, Parker et al. 1993).

SCIPUFF contain pre-processors that work in similar manner fo those used in the CALPUFF air
dispersion modelling system. It contains a geophysical processor, named SCIGEO, which prepares
the terrain and land cover properties to be used by the meteorological processor (SCIMET). One
additional advantage of SCIMET is that unlike CALMET is does not require guessing "radius of
influence" such as RMAX1, RMAX2, RMAX3, R1, R2, and TERRAD. Therefore, SCIMET facilitate the
creation of the three-dimensional wind fields by the modeller and reduces uncertainties on the review
process by the regulatory agency. The SCIPUFF modelling system input files were designed by SAGE
and Lakes Environmental to be almost identical to the AERMOD modelling system. This way, SCIMET
input files are almost identical to AERMET input formats, as well as the data format for SCIPUFF is
almost identical to the ones for AERMOD (with alf the keywords, including CO, 8O, RE, and OU
pathways).

Recent updates to SCIPUFF are currently being implemented in order to integrate SCICHEM and
SCIPUFF into a single dispersion model with a more complex and realistic representation of gas,
agqueous and aerosol chemistry and transformation. While this work is still in the testing stages at the
time these guidelines are being finalized, this model holds promise for providing a superior treatment

of pollutant concentrations when chemical transformations are important to characterize.
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Limitations

This report summarizes work performed to date and presents the findings resulting from that work. The
findings presented herein are made to a reasonable degree of scientific certainty and are based on the
material provided by the client during the period January 30, 2014 through Aprif 10, 2014. Exponent
reserves the right to supplement this report and to expand or modify opinions based on review of
additional material as it becomes available through any additional work or review of additional work

performed by others.
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1 Introduction

Sasol Limited (Pty) Ltd. owns and operates facilities in South Africa at Secunda in the Province of
Mpumalanga and at Sasolburg in the Province of the Free State. The company is required to comply
with certain Minimum Emission Standards that are part of the South African regulatory framework. For
exjsting facilities, compliance with the Minimum Emission Standards is required by April 1, 2015 and
for new plants by April 1, 2020 by Section 21 of the National Environment Management: Air Quality
Act (Act No. 39 of 2004).

Air quality dispersion modeling is being conducted by Airshed Planning Professionals (Pty) Ltd. of
South Africa (Airshed), and an Atmospheric [mpact Report (AIR) is being prepared. The AIR is
required to document the basis for Sasol’s application pursuant to Section 59 of the Air Quality Act fora
postponement of the Minimum Emission Standards in cases where compliance with the relevant
standards can ultimately be achieved but not within the prescribed timeframe. For other emissions
sources where compliance with the minimum standards is not achievable due to technical,
environmental, resource, or capacity constraints, an exemption will be applied for in accordance with the
Air Quality Act.

Exponent, Inc. has been retained to conduct a peer review of the methodology used in the air quality
impact study (AQIS) by Airshed. Airshed’s study includes modeling of the Secunda facility, the
Sasolburg facility, the Natref joint venture refinery and the Ekandustria site. The scope of the Exponent

review includes a review and comments on the following:

- Modeling techniques used in the AQIS and their appropriateness for this application;

- Background air quality data used in the study;

- Prognostic meteorological data and observational data;

- CALMET, CALPUFF, CALPOPST switch settings and model options;

- Model validation techniques and any obvious information gaps, omissions or inaccuracies;
- Alternative viewpoints; and

- Key assumptions and uncertainties.

Background information on the project was provided January 30, 2014 including the South African
National Framework for Air Quality Management, the Air Quality Act, Minimum Emission Standards,
Ambient Air Quality Standards and draft modeling guidelines. An initial set of modeling files was
provided to Exponent on February 27, 2014 and additional modeling files submitted on March 11, March
20, April 8 and April 10, 2014, A draft AIR for the Sasol Secunda Facility {Synfuels) dated February
2014 was provided to Exponent on February 28. A second draft Secunda AIR was provided on April 8.
A draft modeling report on the Ekandustria site based on the AERMOD model was provided on April 7.
Documents for the other facilities were not available for this review. Draft documents with Airshed’s
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preliminary response to comments were provided on April 9 and April 11. The information used in the

review was limited to the data provided in these documents and the modeling files described above.

1.1 Summary of Major Comments

The list below summarizes the most important comments from the peer review of the report and the
modeling data files provided. Additional informational comments or comments of a less significant
nature are provided in the main body of the report. Following the description of the comments is a
ranking of the significant of the main comments.

1. CTGPROC:
a. Landuse processing has strings of gaps of missing landuse due to the resolution of the
landuse data used. The CTGPROC input variable MESHGLAZ should be changed from

1 to 2 to eliminate the missing data crossing the domain. A new geophysical
(GEOQ.DAT) file should be created after this change.

2. MAKEGEO:
a. The soil heat flux parameter for landuse category 11 (Residential) should be 0.25 instead
of 1.0
3. CALMET:

a. There are discrepancies in the CALMET input files (CALMET.INP) regarding the
number of surface stations used in the modeling (9 stations) vs. 2 stations found in the
binary CALMET data file (ALLMET.DAT). The CALMET input files provided may be
obsolete due to a decision to use only two stations. It is recommended the justification
for the use of two stations be included in the report.

4. CALPUFF:

a. Building downwash effects are not included in the modeling. It is recommended that a
building downwash analysis be conducted for point sources below Good Engineering
Practice (GIEP) height using the BPIP-PRIME processor, and that the Plume Rise Model
Enhancements (PRIME) building downwash method (MBDW=2) be used to evaluate
building downwash effects, except for any large or long buildings, where the ISC
building downwash method (MBDW=1) is recommended.

b. It is recommended that the Probability Density Function (PDF) be used with the
turbulence-based dispersion coefficients (MDISP=2). The PDF is especially important
for tall stack dispersion under convective conditions, which is a consideration in this
application with both tall stacks and common convective atmospheric conditions.

¢. Wet deposition is used in an inconsistent manner in the modeling. This option is used
for some of the sources but not for others. A consistent approach to the treatment of wet
deposition is recommended, i.e., using it for all sources or turning the option off.
Ignoring wet deposition will produce more conservative (higher) concentration estimates

during periods of precipitation. However, it is likely including deposition effects will be
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more accurate. Dry deposition is not modeled. Consideration should be given to include
both wet and dry deposition. Not including deposition is discretionary as it will produce
conservative air quality impacts.

d. There were some discrepancies in the concentrations provided in the draft Secunda
reports vs those in the modeling files. Through an exchange of files and an explanation
of the summary data provided in the second draft Secunda AIR, the discrepancies have
been resolved (see Section 6 for details). The clarifications and corrections discussed
should be reflected in the final AIR document.

e. When using the chemical conversion module to predict NO, concentrations, it is
preferred that the actual emission rates be used because of a non-linearity in the
conversion rate equations. That is, the conversion rate depends somewhat on the NO,
concentrations in the puff, so the use of actual NO, emissions will better characterize the
chemical process. In practice, the non-linearity is relatively weak, but nonetheless, the
recommendation is to avoid postprocessing scaling NO, concentrations for emission
rates.

5. POSTUTIL:

a. The calculation of total particulate matter (PM) concentrations by summing primary PM
and secondary PM (ammonium sulfate and ammonium nitrate) in the POSTUTIL
processor requires the application of a molecular weight adjustment of 1.375 to change
sulfate (weighed as SO, in the model) to (NH,),SO, and 1.29 to change nitrate (weighed
as NOs in the model) to NH,NO;,

6. CALPOST:

a. The CALPOST input files provided do not show the application of the ambient ratio
method, which applies NO,/NO; ratios as a function of NOy concentrations to compute
NO, concentrations from NO, concentrations. The CALPOST files indicate
NO2CALC=1, RNO2NOX=1.0, which would produce no scaling. We believe these
files are not the final versions used in the draft Secunda report, but because of Item 4e
above, we have not been able to confirm the calculations of NO, using the ambient ratio
method.
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Table 1.

Ranking of Significance of Summary Comments

Significance

High

Medium

Low

Use PDF option
{CALPUFT)

Include molecular
weight adjustments in
computing particle mass
(POSTUTIL)

Updates to suminary
tables in AIR to reflect
reconciliation of
differences noted,
including computation of
NO, using ambient ratio
methed. (Report)

Land use meshing factor
(CTGPROC)

Update soil parameter
(MAKEGEQ)
Consistent treatment of
wet/dry deposition
{CALPUFF)

Avoid scaling of N
species when using
chemistry (CALPUFF)
Building downwash (in
the Secunda application,
tall stack emissions
dominate and short
stacks subject to
downwash have low
emissions) (CALPUTFT)

1304495.000 - 5824




2 Choice of Modeling Techniques

The methodology being used in the air quality impact study is a Level 3 assessment as defined by the
draft Department of Environmental Affairs (DEA) document entitled Regulations Regarding Air
Dispersion Modelling (Gazette No. 35981 published on December 14, 2012). A Level 3 analysis uses
more sophisticated modeling techniques in complex meteorological cases where a detailed understanding
of the time and space variation of impacts is required. The guidance indicates that Level 3 studies are
used to evaluate air quality consequences under a permitting or environmental assessment process for

large industrial developments that have considerable social, economic and environmental consequences.

Level 3 analyses inclnde consideration of variable wind and turbulence fields, causality effects, curved
trajectories, recirculation, stagnation/calm wind conditions, fumigation, and chemical transformation.
This type of modeling requires more detailed meteorological and peophysical data than that required by

Level 1 or Level 2 assessments.

Airshed selected the CALPUFF model (Scire et al., 2000} as the Level 3 model for use in the air quality
impact study. CALPUFF is one of the models recommended in the draft Regulations Regarding Air
Dispersion Modelling. CALPUFF is well suited for the types of industrial sources and areas of interest
in this study. CALPUFF is capable of providing cumulative impacts from a variety of sources spread
over a relative large area (50 km x 50 km). The model contains algorithms for assessing near-field
effects such as building downwash, transitional plume rise, momentum rise, as well as far-field effects
including chemical transformation and deposition processes. Version 6.42 of CALPUFF includes
advanced chemistry including ISORROPIA aerosol chemistry and aqueous phase oxidation of SO,
techniques that are used in photochemical models such as CMAQ. When comnbined with three-
dimensional meteorological data from a numerical weather prediction model (Mesoscale Model Version
5 (MM5) in this study) and surface-based meteorological observations, the data requirements for a

proper assessment with CALPUFF are met.

The draft Airshed AIR for the Sasol Secunda facility provides a detailed justification for the use of the
CALPUFF model for this study. Exponent agrees that the selection of the CALPUFF maodel is

appropriate for this application and consistent with the regulatory guidance for a Level 3 assessment.

Steady-state Gaussian plume models such as AERMOD make assumptions that limit their applicability
to near-field impacts with relatively simple flow conditions. The simplifying assumptions of plume
models include that steady-state conditions exist during each time step, which results in straight-line
trajectories that reach infinity each hour, lack of causality effects (i.e., neglecting the time it takes after
emissions leave the stack to reach receptors than may be 5 km, 10 km or inore from the source), limited
ability to treat low-wind speed conditions, the lack of pollutant memory from one hour to the next (ie.,
does not treat stagnation, recirculation or pollutant build-up) and the use of a single meteorological

station to represent conditions throughout the modeling domain (i.e., assumed homogeneous wind and
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dispersion conditions during each hour for all sources). Such models are stili useful for screening
analyses for short distances with relatively simple wind conditions and homogeneous dispersion. In
most cases, steady-state plume models provide a conservative estimate of impacts. However, there are
cases, including dispersion from tall stacks in simple terrain (Strimnaitis, 2009) that show significant
plume model underpredictions (close to a factor of two) in the Kincaid SF tracer dataset by both
AERMOD and the ISCST3 models.
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3 Background Air Quality Data

Background concentrations are defined as concentrations due to sources not included explicitly in the air

quality model. The sources that contribute to background concentrations include:

e Emissions from distant industrial facilities,

o Tocal and distant mobile sources (cars and trucks) including tailpipe emissions and emissions
due to road dust, tire wear, etc.,

o Fugitive emissions from various leaks from valves and vents as well as fires from biomass

burning, biogenic sources and wind erosion.

Especially for secondary particulate matter formed through chemical reactions of 8O,, NOy or biogenic
emissions, long range transport can be a significant source of PMyg and PM, 5. Wintertime biomass fires

can also be a major source of primary particulate matter as well as NOy in South Africa.

Section 5.1.5.2 of the draft Secunda AIR discusses an estimation procedure for the short-term and long-
term background concentrations which are presented in Table 5-12. T he draft modeling guidance
(DEA, 2012) does not provide specific recommendations on the approach to be used for assessing
background concentrations. The AIR computes short-term background concentrations of SO, and NO;
based on the 99™ percentile monitored values for each year. For the annual average background, the
observed hourly concentration at the percentife when the modeled concentration becomes zero (or 50"
percentile, whichever is higher) was used to determine long-term (annual) background. The Draft
Regulations Regarding Air Dispersion Modeling (DEA, 2012) does not discuss this methodology used in
the AIR.

The information provided in the draft report was not sufficient to reproduce the calculations of the
background values using the methodology described in the report. The methodology is different from
the United States Environmental Protection Agency (U.S. EPA) procedures which involve three tiers of
conservatism {Level 1 background is highly conservative and Level 3 is more refined). The Level 3 U.S.
EPA methodology involves the use of wind direction to compute hours that are unaffected by modeled
sources to determine hourly background values. It is not clear if the monitoring network is sufficient to
obtain a Level 3 background estimation. However, the methodology used in the AIR is difficult to assess
because we have been unable to reproduce the background values reported in the tables. In addition, the
reliability of the method based on the 50" percentile hourly concentration (or the percentile for where the

modeled concentration becomes zero) is untested.
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4 MMS Meteorological Data

4.1 MM5 Model Setup

Model grid resolution is 12 km with [8 vertical levels using a Lambert Conformal grid with an origin at
26.41 degrees South and 29.00 Fast. Standard parallels are at 30.00 degrees South and 60.00 degrees
south. MMS was configured with the Dudhia simple-ice microphysics, the Medium Range Forecast
{MRF) Planetary Boundary Layer (PBL) scheme, and the multi-layer soil model. Analysis nudging is
performed but no observation nudging. It is not stated in the AIR what data was used for initial and
lateral boundary conditions or for the analysis nudging. Nor are the details of the model configuration
and model nest(s) in the mother domain(s) provided. The MMS data was generated by a third-party
contractor. There is no report or documentation for this South African application of MMS5 on the
rationale for the model settings and no evaluation of the MMS model performance relative to
observations. Normally an evaluation of the MMS modeling is conducted by the modeler conducting the
simulations and referenced in the air quality dispersion modeling report. The software tools for
conducting a quantitative evaluation of the MMS5 or Weather Research and Forecasting (WRF) model is
provided in the CALPRO Plus Graphical User Interface (GUI) in the CALTOOLS suite of utilities. An
example of the type of analysis produced by the Meteorological Evaluation module is shown in Tables 2
and 3. The first table shows generally accepted benchmarks for average MMS5 performance over an
annual period for wind speed, wind direction, temperature and humidity. Table 3 is an example of actual
model performance for MMS5 simulations conducted in Europe for the year 2006. Often, this type of
quantitative analysis is supplemented by qualitative analyses such as wind roses including seasonal and

diurnal variations and vector plots.

4.2 Evaluation

Terrain contour analysis, for terrain used in the CALMET simulations at a resolution of 1 km grid
compared to the 12 km resolution, shows that the 12 km resolution terrain captures the key broad-scale
terrain features within the CALMET modeling domain. As one would expect, some details of the terrain
features are lost in the 12 km resolution of the MMS terrain, Figure | shows a comparison of the I km
CALMET terrain and the 12 km MMS terrain. Overall, the 12 km MMS5 grid appears to be reasonable for
use in the CALMET simulations. The lack of any qualitative or quantitative model evaluation of the
MMS dataset is a limitation of the dataset.

Use of only 18 vertical tevels is much coarser than most MMS5 simulations. Normally a minimum of 30
layers and often 40 or more layers are used. In the current application, the first layer is about 14 meters
thick, the second layer is about 20 meters, the third layer is about 70 meters and the fourth layer
increases to about 100 meters thick. Accordingly, the lowest layers are adequate to define 10 meter level

winds, but the resoltution quickly reduces with height. The proper vertical resolution is even more
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important for determining the temperature structure of the atmosphere, which is a significant factor in
boundary layer processes affecting plume dispersion, missing heights and boundary layer turbulence
parameterizations. Coarse vertical resolution may limit the ability of MM5 to properly resolve elevated
temperature inversions, cloud layers affecting surface radiation fluxes, precipitation and many other

variables important for air quality modeling.

Table 2. Benchmarks for MM5 Modei Evaluation

Wind Speed Wind Direction Temperature Humidity
IOA =06 - =08 >086
RMSE <2mfs - - -
Mean Bias <+0.5m/s < +10 deg <+05K < +1g/kg
Gross Error - <30 deg <2K < 2g/kg

Table 3. Example of Evaluation Results for European MMS5 Simulations for 2006

Wind Speed Wind Direction Temperature Humidity
10A 0.85 - 0.97 0.90
RMSE 1.81 m/s - - -
Mean Bias 0.13 m/s 2.25deg -0.38K 0.28 g/kg
Gross Error - 27.5 deg 1.93K 1.25 g/kg
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5 CALMET Modeling Options

CALMET mode! option settings in the CALMET.INP file provided and options chosen for the AIR are
discussed in this section. Alternative recommendations are proposed where appropriate. Note that
initially one CALMET.INP file was provided covering the 3-year period January 2010 to December
2012. This file includes 9 meteorological stations, which is inconsistent with the CALMET output file
(ALLMET DAT) that was also provided in the same directory. It was determined during the review that
the 9-station CALMET files do not represent the final CALMET configuration. Subsequently,
CALMET.INP files with two surface stations were provided reflecting the way CALMET was run in its

final configuration.

In the AIR, CALMET version v6.334 (level 110421) is used, as stated in the report and as read from the
CALPOST extraction of the CALMET information recorded in the CALPUFF concentration files.

5.1 Geophysical Data File

a. Landuse Categories

As a first step, the GEQ.DAT file was reprocessed to investigate and review the landuse
data, terrain contour data, and associated parameters which are essential and imported into a
CALMET run.

A plot dispiaying the terrain contours and landuse categories over the entire CALMET
domain and the location of the CALPUFF computational domain (as shown in Figure 2) are
not provided in the Secunda report. This kind of plot allows the validation of the landuse
and terrain data after their preparation and before they are input in CALMET. Figure 2
shows that there are some errors for some of the landuse categories, specifically those
having a value allocated as 55 (ocean or missing values). The pattern displayed by these
missing values (in the shape of parallel blue curved lines), is misleading for it does not
correspond to “real” water landuse but rather the missing values. These lines appear clearly
on Figure 2 (full domain), Figure 3 (zoom-in on CALPUFF computational domain for
Natref/ Sasolburg) and Figure 4 (zoom-in on CALPUFF computational domain for

Secunda).

The cells were filled with missing values because both domain resofutions (CALMET
domain and the raw dataset domain) are 1-km but with different map projections. As a
result, CTGPROC does not always find a valid land use type when a CALMET domain cell
is at the border of four cells of the raw dataset. This can be corrected by changing the mesh
density factor (MESHGLAZ) for USGS Global (Lambert Azimuthal) in CTGPROC to 2
(See Figure 5 displaying corrected land use categories).
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b. MAKEGEO Landuse Parameters

in MAKEGEQ, the soil heat flux parameter for lnput Category 11 (urban/residential
landuse) is set to 1.0 but should be 0.25 according to the CALMET User’s Guide (Scire et
al., 2000). This is probably not a critical error, but it should be fixed in any rerun of
MAKEGEO. It is therefore recommended that the correct soil heat flux parameter (0.25)
for Input Category 11 be used in the reruns of MAKEGEO and CALMET/CALPUFF. The
urban/residential category has the correct default values of surface roughness {z0=0.5m)
and Bowen ratio (1.0} which are lower than other urban subcategories and leaf area index

(LAI=1.0) which is higher than other urban subcategories.
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5.2 CALMET Options

From the revised CALMET.INP file provided, the following information was obtained:

- CALMET was run in hybrid mode (NOOBS=1) using:
¢ Surface observations (surface data in SASOL.DAT, 2 stations)
¢ Prognostic data (from MMS runs)

- Three years were run in one single run (from January 1 2010 to December 31 2012).

- The time zone is set as UTC+0200. Time steps of prognostic data = 3600s (ISTEPPGS)

- The winds from MM5/3D.DAT are used as initial guess fields (IPROG=14)

- The projection chosen is UTM-35 South, datum WGS-84 for a grid of 300 x 300 km with a
resolution of 1 km, and a south west corner: X= 549.718km; Y=6927.413km.

- 10 levels in the vertical (0,20,40,80,160,300,600,1000,1500,2200,3500)

- Upper air data provided from MMS5

- Precipitation from MMS is chosen, Cloud information from MMS is chosen (cloud computed from
RH at 850 mb)

For a domain size of this size, the use of UTM coordinates is marginal. Map distortion with UTM
coordinates becomes larger as the size of the modeling domain increases. Normally somewhere in the
range of 200 km to 300 km or larger, the use of Lambert Conic Conformal (LCC) coordinates in mid-
latitudes would be used rather than UTM projection. This is not considered a major issue, but is noted

for future consideration.

CALMET options chosen for the Secunda AIR are reasonable overall for this application. There are
several changes that are recommended, however, they are not considered critical items but rather
recommended refinements. Table 4 lists those values used in CALMET that are ditferent from their
default values. The use of non-default values is not necessarily an issue as the model is intended to allow

customization for site-specific conditions.

The main comments on the options selected are provided below:
- 10BR=1; use O’Brien procedure for adjustment of the vertical velocity. Generally the O’Brian
procedure is turned off. The basis for the use of it in this application is not discussed in the AIR.
- The following input options identify which meteorological parameters MMS5 provides to
CALMET. These selections are reasonable given the application and data sources used in the
simulations.
2D temperature from MMS5 (ISURFT=-1)

o 2D spatially varying lapse rate from MMS5 (IUPT=-1)
o 3D initial guess field for upper air ITUPWND = -1, which is not used as NOOBS=1)
o Overwater lapse rates used in convective mixing height is assumed neutral as no sea.dat

(ITWPROG = 0, which will not have an impact as the domain is basically all inland, after
correction to CTGPROC landuse problem noted above);
o 3D RH from MMS (IRHPROG= 1),
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- The multi-layer option (ICLOUD=4) option is generally recommended (“MM5toGrads™ algorithm)
rather than the Teixera algorithm when using clouds based on MM3 data. The Teixera option
ICLOUD=3) uses a single layer (850 mb) to determine the cloud amount, while the MMS5toGrads
option uses multiple layers and is considered more accurate.

- MNMDAV=I grid cell (1 km). This variable controls the amount of smoothing done for the spatial
interpolation of mixing heights. Using one grid cell of smoothing with the fine-scale (1 km) grid
may produce unrealistically large spatial variations in mixing heights. A larger smoothing radius
of ~3 km is recommended (MNMDAV=3).

- The CALMET 3-D temperature is determined using data from surface stations and from the MM5
model above (ITPROG=1). Given that there are only two surface stations, the use of the spatial
variable MM3 temperature field is recommended (ITPROG=2) rather than the two isolated surface
measurements. This would be consistent with the use of MM5 for other 3-D scalar metcorological
variables.

- JWATI1 = JWAT?2 = 999, which is fine as only small water bodies on the domain (will be the case
after correction of CTGPROC issue noted above).

As seen on Figure 3 and Figure 4, which are zoom-in plots of the two CALPUFF computational
domains, the terrain contours are around 1450-1500 meters for Natref/Sasolburg and around 1550-1600
meters for Secunda. The terrain in both domains is relatively flat terrain. Although more complex
terrain contours are present in the northern part of the domain, they are not in the primary area of

interest.

The extraction of data from the meteorological stations into the SASOL.DAT surface data file cannot be
commented on since the data from the raw meteorological stations are not available. A time zone of 0 is
indicated but it cannot be canfirmed that the surface meteorological data provided correspond to that

time zone.

Three meteorological stations are listed in the Secunda report with a location provided in fatitude and
longitude (assuming the datum to be WGS-84): The coordinates in UTM-35 (datum WGS-84) for the
three stations: (1) station Bosjesspruit (BOS), (2) station Secunda Club (CLB), and (3) station
Langverwacht (LVW) were checked and are correct with an uncertainty of 0.001 km.

A discrepancy was noted between the CALMET.INP and the CALMET control input file recorded in the
CALMET output ALLMET.DAT regarding the number of surface stations (9 vs 2) but that has been

resolved as the 9-station run was replaced with the 2-station run in the final simulations.
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5.3 CALMET Wind Fields

Figure 6 shows an example CALMET layer 1 wind vector plot from the CALMET data file for May 15,
2010 at 0500 local time. This plot shows nothing unusual in the Layer | winds. The spatial variations in
the wind field over parts of the domain are due to terrain effects which would be expected during this
part of the diurnal cycle. Figure 7 shows a second plot on February 2, 2011 at 0500 local time. This plot
shows less terrain effects and a smoother wind field. A circulation is evident over the western part of the

domain at this time. Overall no apparent problems are indicated in these CALMET wind fields.

Figure 8 shows a plot of mixing heights from CALMET on February 5, 2010. This plot shows a
significant banding structure in the mixing height field. This feature is due to the missing landuse data
which uses a water landuse category as the default value (also shown in Figure 2, Figure 3 and Figure 4),
This is correctable by changing the CTGPROC meshing factor (MESHGILAZ) and creating a new
GEO.DAT file.
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6 CALPUFF Model Options

CALPUEFF version 6.42 (level 110325) was used as stated in the report and found in the record of the
CALPUFF output files. This was the most appropriate version of the model for use at the time of the
study.

The CALPUFF model option settings are determined from CALPUFF.INP files. Three sets of input
files were provided: Natref (1 file), Sasolburg (10 files) and Secunda (19 files). Each file contains
the source information for one stack. A check was condueted to evaluate whether all files contain the
same model settings and switches. The options were found to be consistent except for the following:

- The chemistry option is active or inactive depending on the pollutant modeled (this is as
expected).

- In runs for a couple of sources, wet deposition is computed while most of the runs do not
account Tor wet deposition (discussed later in the report).

- The discrete receptors differed in some of the files (discussed later in the report).

- The CALPUFF computational domain and gridded receptor differ between Natref/Sasolburg
and Secunda.

Three years were run in one single run from January 1 2010 to December 31 2012 {(UTC-+0200). The
projection as in CALMET run is UTM-35 South, WGS84 datum.

When the chemistry option is selected:

- Six chemical species SO, SOy, NOy, HNO;, NO;, PM are modeted, but only SO, NO, and
PM,; are emitted

- The MESOPUFF-II scheme for chemical transformation is chosen.

- Only concentrations are output from the runs while deposition fluxes are not stored.

6.1 Gridded Receptors

The computational grid is 1=9 to 59; J=81 to 131. The gridded receptors covered the same grid with a
MESHDN of 5 (200-meter spaced). An alternative option would be to use discrete receptors on a
200-m spaced grid to allow the calculation of the elevation with TERREL and select peak elevation
for each receptor. In the gridded receptors option in CALPUFF, elevation is computed from gridded
terrain data of | km provided in CALMET, whereas the discrete receptors allow point values of
elevation to be assigned to each receptor. The impact of ihis comment on results would be minimal as

the terrain is rather flat (50 meter variations on the computational domain).
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6.2 Dispersion Methods

Turbulence-based dispersion (MDISP=2) was chosen for the dispersion coefficient method but the
Probability Density Function (PDF) option was not used. The PDF option has been found in various
model evaluation studies to be important for tall stack dispersion under convective conditions. These
conditions are [ikely to be important in this application with both tall stacks present and frequent,
highly convective conditions expected. When the turbulence based dispersion option is used
(MDISP=2) which is the recommended setting for CALPUFF, the use of the PDF algorithm is also
recommended. There is a discussion in Appendix D (page 156) of the Secunda report comimenting
on CALPUFF Model Control Options. It states that “when using MPDF=1, the CALPUFF model will
be more sensitive to the appropriateness of the land use characterization”. The PDF algorithm treats
the effects of updrafts and downdrafts that can verticaily displace an elevated plume by a significant
amount over short periods of time.

A test run for the two steam stack sources of the Secunda facility was performed in order to estimate
the impact the use of the PDF algorithm would have on the results. SO, concentrations and NOy
concentrations were extracted at 14 receptors (the receptors selected in the AIR as described in the
results section of the first draft Secunda report (Table 5-23)). The concentrations were ranked by
gridded receptors and discrete receptors separately. The discrete receptors correspond to the three
monitoring stations. For a comparison of the results from the run of the two steam stacks using
CALPUFF options MPDF=0 (PDF off) or MPDF=1 (PDF on), Rank 1, 2 and 4 are displayed in Table
5 for NO, concentrations and Table 6 for SO, concentrations respectively. It demonstrates using the
PDF algorithm produces larger concentrations for all three ranks selected and for the two pollutants.
The considerable increase in predicted concentration using MPDF=1 confirms a significant sensitivity
to the results due to the PDF option. Use of the PDF algorithm is recommended and it is considered a
critical change.
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Table 5.  Hourly NO, concentrations at Rank 1, 2 and 4 over the 3-year period and the 13
gridded receptors selected (top of table) and the 3 discrete receptors,
corresponding to the 3 monitoring stations (bottom of table) — results for
CALPUFF PDF option off (MPDF=0) and on (MPDF=1) are displayed

NQ, Concentration NQ, Concentration
Receptors Rank (MPDF=0) (MPDF=1)

{pg/m’) (Hg/m°)
Gridded 1 476.8 1047.6
Gridded 2 416.7 796.8
Gridded 4 384.1 618.1
Discrete 1 514.2 834 .3
Discrete 2 416.5 811.9
Discrete 4 3713 734.7

Tabie 6. Hourly SO, concentrations at Rank 1, 2 and 4 over the 3-year period and the 13
gridded receptors selected (top of table) and the 3 discrete receptors,
corresponding to the 3 monitoring stations (bottom of table) — results for
CALPUFF option MPDF=0 and MPDF=1 are displayed

S0, Concentration S0, Concentration
Receptors Rank (MPDF=0) (MPDF=1)

(Hg/m’} (Hg/m’)
Gridded 1 7831 1540.1
Gridded 2 768.5 1249.2
Gridded 4 634.4 938.8
Discrete i 810.7 1289.9
Discrete 2 671.6 1240.8
Discrete 4 620.4 1109.9
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6.3 Stack Parameters

The CALPUFF input files contained different emission rates from those reported in the first draft
Secunda AIR. We used scaling factors to adjust the concentrations in order to reflect the emission
rates believed used in the modeling, but were not able to reproduce the reported results in the first
draft report. Table 7 contains a summary of the emission rates in the provided CALPUFF.INP files
compared to two scenarios in the first draft Secunda AIR. For the largest emitting sources the
emission rates in the CALPUEF files do not maich those listed in the report, indicating that scaling of
the concentrations in postprocessing steps may have been done. The files provided do not include the
scaling operations, so several tests have been done to compute the scaling factors and apply them.
The scaled factors are shown in Table 8 along with emission rates provided in several spreadsheets.

Table 9 and 10 show the results of the scaled concentrations compared to the values in the first draft
Secunda AIR. Also shown are the computed maximum 1-hour average and annual concentrations
from time series files provided to Exponent for review.

As part of the process to reconcile the differences noted above, new modeling files and time
series output from the model were provided by Airshed on April 8, 2014 for the two main
stacks (MainE and MainW) along with a second draft Secunda AIR. The results of SO; tests
are shown in Tables 11. In these files, the SO, emission rates of 2899.2 g/s and 2578.7 g/s for
MainE and MainW, respectively. The results of the Exponent simulation with deposition and the PDF
option match the results from Airshed for this same run based on the time series file provided by
Airshed. The results in the second draft Secunda AIR did not match the files, but it was noted by
Airshed that the draft report contains the 2" highest SO, concentration, not the highest. The report
will be updated to use the maximum value (or the use of the 2" highest will be noted). The annual
$0, concentration is considered a match when rounded to the same number of significant digits. Asa

result of this analysis, the discrepancies in the SO results are considered resolved.

The NO; predictions using the April 8 modeling files are shown in Table 12. These runs are
based on NO, emission rates of 1940.0 g/s (MainE) and 1725.6 g/s (MainW). The I-hour and annual
NO, results from this run (Column 2 of Table 12) match the results in the time series file (TSF)
(Column 4) provided by Airshed on April 8, 2014. However, there are differences in the NO»
concentrations computed by Exponent using the Ambient Ratio Method {ARM)} in CALPOST vs
those reported in the second draft Secunda AIR. It has been clarified that Airshed used a different
approach in applying the ARM, using a spreadsheet to compute NO, concentrations from NO,
predictions from the model, rather than the option in CALPOST to do this, From an inspection of the
Airshed spreadsheet provided on April 10, the formulas apply the Scire and Borissova (2011) short-
term NO,/NO, ratios up to NO, concentrations of 150 ppb (~282 pg/m’) and apply a constant ratio of
0.4 for higher concentrations (See Figure 9). This will lead to more conservative (higher)
predicted NO, concentrations in the Airshed results since the short-term ratios used in the
AIR do not fall below 0.4. In the Secunda AIR, no ARM adjustment has been applied to the
annual average NO, concentration, which is also a conservative assumption.
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Table 8. Comparison of emission rates from the provided CALPUFF input files and

spreadsheets.
Emission Rates
Source Baseline —Draft Baseline to CALPUFF Copy of Exponent
Secunda AIR’ Airshed Input Files Baseline- Estimated
Spreadsheet® Airshed® Scaling
Factors®
(g/s) (g/s) (9/s) (g/s)
S0,
BWSA 10.67 10.87 10.67 10.67 1.0
MainE 2898.19 2899.19 5730.6 57306 0.5059
MainW 2578.74 2578.74 5097.2 5097.2 0.5059
HowW 0.06 0.06 0.086 0.06 1.0
HowE 0.12 0.12 0.12 0.12 1.0
SLGE1 0.07 0.07 0.07 0.07 1.0
SLGE2 0.40 0.40 0.40 0.40 1.0
SLGW1 0.10 0.10 0.10 0.10 1.0
SLGW?2 0.03 0.03 0.03 0.03 1.0
NO,
BWSA 1067 10.67 18.48 no NO, 1.0
MainE 2899.19 2899.19 38347 no NOy 0.5057
Mainw 2578.74 2578.74 3410.8 no NOy 0.5059
HowW 0.06 0.06 7.31 no NOy 1.0
HowE 0.12 0.12 6.83 no NO, 1.0
SLGE1 0.07 0.07 1.95 no NOy 1.0
SLGE2 0.40 0.40 1.98 no NO, 1.0
SLGWH1 0.10 0.10 0.26 no NOy 1.0
SLGW?2 0.03 0.03 4.39 no NO, 1.0

! Emissions taken from Table 5-22 on page 87 of the draft report “SC_{3STLOI revi.l.docx”, Baseline emissions.
? Emission rates from spreadsheet “Baseline to Airshed NO NO2 NOx Corrected-splitted (Feb).xlsx”

* Emission rates from spreadsheet “Copy of Baseline to Airshed NO NO2 NOx corrected — splitted”

*Scaling factors are computed as a ratio of the emissions from the baseline-draft report and the emissiens within the
CALPUFF input files.
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Table 9.  Summary of Modeled SO, Concentrations vs. 1% Draft Secunda AIR

Exponent Sasol Results
Year No Scaling' After Scaling? 1% Draft Report®  From Time Series™*
(pg/m’) {pg/m’) (pg/m’)
1-hour Max
2010 671.9 340.1 416.8
2011 597.3 302.6 447 .3
2012 811.7 4112 490.9
Max 811.7 411.2 490.9 1240.9°
Annual
2010 592 4.7 3.7
2011 6.89 3.5 4.1
2012 7.26 3.7 5.5
Max 7.26 4.7 55 7.8

Table 10. Summary of Modeled NO, Concentrations vs. 1% Draft Secunda AIR

Exponent Sasol Results
Year No Sc:aling1 After Scaling2 1% Draft Report3 From Time Series'*
{pg/m’) (pg/m’) (pg/m’)
1-hour Max
2010 416.8 211.0 112.8
2011 366.5 185.7 119.1
2012 516.2 262.5 125.9
Max 516.2 262.5 1259 516.2
Annual
2010 59 3.3 1.9
2011 43 2.4 2.1
2012 4.4 2.4 2.7
Max 5.9 3.3 2.7 4.88

I Concentrations are based on emissions from the CALPUFF input files with no additional scaling. Predicted NO,
concentrations are generated using NO,/NO, ratios from the Sasol CALPOST input files.

? Scaling factors were applied to the emissions from the main stacks to adjust the emissions to the baseline values in
Table 53-22 of the Sasol AIR.

3 The draft AIR is the document “SC_13STLO] _revi.l.docx” with predicted concentrations taken from Appendix
G Table G-1.

* Concentrations computed from output time series concentration data from the original CALPOST runs generated
by Sasol.

5 The concentration of 1240.9 does not agree with the value to 811.7. This was traced to an inconsistency in the
time series data for the HOW source group provided by Sasol. When CALSUM and then CALSUM were rerun the
time series data files did not match that provided by Sasol. Other time series data files for the main stacks, the SLG
stacks and BWSA stacks were in agreement.
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Table 11. Summary of SO, Concentrations for Secunda Main stacks (MAIN East and West
Stack Only), except for last column which includes the total concentrations from all
19 Secunda stacks.

(1) (2) {3)
Expenent Run Sasol TSF Files 2" Sasot Draft Report
April 2014 April 2014 April 8, 2014
4/8/14 Rerun of Computed from TSF TOTAL CONC
Main stacks only data provided on {Main stacks + other
4/8/14 sources)
PDF option: PDF PDF PDF
Deposition: With Dep. With Dep. With Dep.
ug/m® pg/m’ pg/m’
1-hour Max
2010 627.55 - 605.03
2011 488.18 - 48550
2012 652.03 - 576,90
Max 652.03 652.03 605.03
Annual
2010 6.05 - 6.1
2011 4.53 - 45
2012 4.56 - 46
3-yr average 5.05 505 5.1
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6.4 Ozone Monthly Averages

For Secunda, there are two ozone stations in the SECUNO3.DAT file. The file includes 1,857 missing
hours out of the 26,304 hours (over 3 years) at one station and 1,738 missing hours out of 26,304 hours
at the other station. This represents missing hours of 7.0% and 6.6% respectively. The missing hours do
not seem to occur during the same hours for the hours checked. Therefore, hourly values from the
ozone.dat file from the other station (this is not clear as it seems hours were missing from both stations-
do you mean from the control station) will be used. The monthly average ozone data in the control file

will be used only for hours with all of the hourly ozone data missing, which is infrequently.

However, for NATREF and SASOLBURG, there is only one ozone station in the SASOLO3.DAT file
and it includes 4,963 missing hours out of 26,303 hours (over 3 years), which represents 18.9 % of the
hours. For those missing hours, the monthly averages entered in the CALPUFF control file will be used.
The monthly averages of hourly ozone data seem to have been calculated including all hours instead of
daylight hours only. Because ozone is used as a surrogate for daytime OH radicals in the atmosphere
when using the MESOPUFF chemical transformation algorithm, it is best to use daytime ozone only in
computing the monthly ozone averages that serve as a backup when hourly ozene data is missing. At
night, ozone concentrations are not used by the chemistry, but rather, a small nighttime conversion rate

reflecting heterogeneous reactions is used.

A new calculation of the ozone monthly averages to include only the daylight hours is expected to have
little effect on the Secunda concentration predictions and could have a slight effect on the NATREF and
SASOLBURG concentration predictions for pollutants involving chemical transformation. This change

although recommended, is not considered a critical item.

6.5 Discrete Receptors for Sasolburg CALPUFF runs

The discrete receptors have a height above ground set at 3 meters for B6930.INP, B6990.INP,
UB6930.INP while they are set at 2 meters for all other sources (B6593.INP, SS1A.INP, SS1B.INP,
SS1C.INP and 882.INP, UB6990.INP, UB6993.INP). We did not have sufficient information to confirm
the measurement height of the monitored data. However, it is recommended the measurement heights be
confirmed. It is not likely that a small change in measurement height would alter any conclusions from

the study.

6.6 Sensitive Receptors Chosen for Secunda Facility Results

Three discrete receptors are provided in CALPUFFE.INP files for the Secunda facility. The 11 other
sensitive receptors are extracted from the gridded receptors at the location of a sensitive area, (e.g.
residential area) and receptors with predicted maximum impacts. However, it is not stated which
pollutant was used to decide which receptor to select with a maximum prediction. Also, only two
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receptors with maximum predictions were chosen in the entire area. Note also that there is an
inconsistency between discrete receptors and gridded receptors since the height above ground for the
discrete receptors is set at 3 meters while the gridded receptors are always assumed in the mode] to be at

the ground (zero height).

6.7 Building Downwash

In Appendix B: A comparison of the study approach with the regulations prescribing the format of the
atmospheric impact report (page 152 of the Secunda report), it states that “hased on screening of nearby
buildings and due to the height of release from the largest pollutant emitting sources (Steam stations), it
is unlikely that building downwash would significantly influence the plume”. The authors of the report
recognized that not taking into account the building downwash in the calculation is not in compliance
with draft guidelines as stated in Appendix B. They discuss how sources that potentially might be subject
to downwash have rather small emission rates for most pollutants compared to other large sources and
that these large sources are unlikely to be influenced by building downwash. The argument that the peak
emissions are from tall stacks unaffected by building downwash is likely valid for this application.
However, it is generally preferred to include downwash effects for sources with sub-Good Engineering
Practice (GEP) stack heights and allow the model to compute the overall impacts of the downwash
effect.

6.8 Linearity and Chemical Scheme

In Section 5.1.1.2 page 24 of the Secunda report, it states that “CALPUFF includes parameterized
chemistry modules for the formation of secondary sulfate and nitrate, from the oxidation of the emitted
primary poltutants, SO; and NO,. The conversion processes are assumed to be linearly dependent (first-

order) on the relevant primary species concentrations”.

The MESOPUFF II chemistry mechanism is linear with respect to SO, conversion to suifate. However,
the rate equations contain a weak non-linearity in the conversion of NO, to nitric acid (HNO;) and other
nitrogen products. The puff NOj concentration appears in the denomninator of the rate equation (see
Eqns. 2-254 and 2-255) in the CALPUFF User’s Guide as [NOx]*™ or [NOxT*%). Therefore, it is
recommended when using chemical conversion with NOy emissions that the intended source NO,
emission rates be used in the CALUFF simulation to more accurately define the conversion rates, and
that postprocessing scaling not be done on the NOy concentrations. As noted above, the non-linear effect
is relatively weak due to the small magnitude of the exponent in the rate equation. Tt is not expected that

this would change conclusions of the study.

From the files received (CALPUFF input files, POSTUTIL files, CALSUM files and CALPOST files) it
is interpreted that only the actual / baseline case is computed. This does not explain how the two other

cases will be calculated. WhileSO,, SO, concentrations and all other poliutant concentrations not subject

1304496.000 - 5824
35



to chemistry can be scaled as the chemical transformation process is linear, this is not the case for NO,,
NO, and NOs. The chemical transformation for those species is not linear. When running CALPUFT,
any chemical transformation of NO will have to be run separately for all scenarios. NO,, NO; and NO;
concentrations should not be scaled from the baseline run in order to calculate concentrations for other

scenarios.

6.9 Wet Deposition

Wet deposition is calculated for only two of the sources: BWSA.INP and BSCC.INP (the two sulfuric
acid plant sources). Only the scavenging coeflicients for fiquid precipitation are specified in CALPUFF

for these two sources as listed below:

Scavenging coefficients in the CALPUFF control file are:

I 802 = 3.0E-G5, 0.0EOQC !
! 504 = 1.0E-04, 0.0E0Q !
POHNO3 = 6.0E-05, 0.0EQO !
! NO3 = 1.0E-04, 0.0E00 !
! PM10 = 1.0E-04, 0.0E00 !

These coefficients are correct for liquid precipitation but not for frozen precipitation. Although frozen
precipitation such as snow or hail may not typically occur often within this domain, the default
scavenging coefficients for frozen precipitations are recommended to be included in the control file,
which are 3x107 for SO, NO3 and PMy,.

Note: in Section 5.2 of the report, it is stated that the deposition fluxes due to the sources modeled are not
included in the report as it was not specifically requested by the National Air Quality Officer. Since a
cumulative impact including all sources is performed for results in Appendix G and is discussed in
Section 5.1.5.2 of the model validation, an inconsistency in using wet deposition options for some
sources and not for others might have an effect on the cumulative results. 1t is recommended that a
consistent approach be used for all sources in the treatment of deposition. While not using any
deposition option for predicting concentrations is conservative, it is important that deposition options be

applied consistently for all sources.

6.10 NO; Predictions and NH; Background Concentrations

The computation of monthly averages of ammonia background was discussed in Section 2. Regarding
the prediction of NO; in CALPUFF, as the monthly averages of ammonia background are used on a puff
by puff basis for the repartitioning of NO; and HNOs, ammonia could be double counted. A POSTUTIL
run with the same monthly background averages of ammonia as used in CALPUFF could be processed
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as a refinement to compute the NO,/HNO; concentrations and provide a corrected estimation of the NO;
concentrations. In the POSTUTIL process, there is also an option to have the ammonia concentrations
from the tocal sources (if not already added to the background) taken into account in the process. The
background ammonia is fairly high, so it is not expected that ammonium nitrate formation would be

limited by the amount of available ammonia in this application.

6.10.1 Monitored Monthly Average Ammonia

The monthly averaged ambient background NH; concentrations used in the CALPUFF simulations were
evaluated. This was done using monitored NH; data from the three monitoring stations Bosjesspruit,
Secunda, and Langverwacht. Using the hourly NH; concentrations from the three monitors, 3-year
monthly average NH; concentrations were computed and then averaged over all threc monitors. The
averages were weighted averages based on the number of valid observations for each month, year, and
monitor. The monthly average NH3 concentrations were then compared to the monthly NH;
concentrations from the CALPUFF input files. The monitor locations at Bosjesspruit, Secunda, and
Langverwacht are shown in Figure 9 and these locations correspond to the meteorological monitoring
stations. The results of the weighted average calculations are shown in Table 7. This shows the 3-year
monthly average NH; concentrations compared to the values used in the CALPUFF simulations. For the
Secunda CALPUFF values, the results computed using the hourly data match the values in the control
file. The CALPUFF ammonia values used for the Sasolburg and Natref runs are different from the
Secunda values. It is likely these data are from a different source. We did not have access to the NH;
monitoring data used in the Sasolburg and Natref runs and therefore could not confirm the ammonia

values used in the modeling for these facilities.
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Table 13. Summary of Monthly Weighted Average Monitored NH; Concentrations

3-Year Average NH, Concentration'?? CALPUFF Monthly NH
NH;

Month Bosjesspruit  Secunda  Langverwacht | Average™*® | Secunda Sasolburg Natref

{ppb) {ppD) (ppb) {ppb) {ppb) (ppb) (ppb)
January 11.57 3.36 38.01 17.6 17.6 6.9 6.9
February 6.01 413 4559 18.6 18.6 6.2 6.2
March 3.75 6.71 32.24 14.2 14.2 57 57
April 4.03 8.50 19.42 10.7 10.7 7.4 7.4
May 1.24 6.63 33.96 13.9 13.9 15.5 15.5
June 5.85 14.55 37.58 19.3 19.3 19.3 19.3
July 8.22 7.71 41.50 19.1 19.1 8.2 8.2
August 10.98 3.78 4542 20.1 20.1 156.7 16.7
Septembe
r 4,79 579 39.97 16.9 16.9 12.5 12.5
October 3.07 2.53 20.36 8.7 8.7 16.9 16.9
November 5.92 2.07 13.91 7.3 7.3 8.4 8.4
December 4.70 2.01 25.03 10.6 10.6 11.6 116

' Years: 2010-2012

2 Units of ppb are assumed. The monitored data did not indicate units and there were no units conversions
applied.

® Averages are weighted by number of valid observaticns

1 Average values are over all three monitors
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7 CALPOST Options

CALPOST model option settings reviewed are from the CALPOST.INP files provided. CALPOST
version 6.292 is used as stated in the report. This is an appropriate version of the program to use in this
study. Note that no list files were provided for any of the CALPOST runs.

7.1 General Comments

In All CALPOST runs A = 1 and B = 0 (which is not necessary), but should produce the same results as
using A=B=0, which is the default to use if no background is added in the CALPOST run.

Note that for extraction of time series, all gridded receptors’ concentrations are at ground level (0 meters)

while discrete receptors are at a height of 2 meters or 3 meters, depending on the receptor.

The files provided (CALPUFF, CALPOST, POSTUTIL and CALSUM) seem to be only for the Baseline
scenario. It is not clear how the other two scenarios were computed. A comment in the CALPUFF
section mentioned that the process for calculating NO, and NO; is not linear, A direct scaling by the
ratio of emissions for a future scenario and baseline scenario is not accurate. It will affect results for

NO, concentration and total PM (which includes ammonium nitrate).

The CALPOST.INP files associated with the unit emission scaled run are not provided. Only one set of
time series for these runs are provided and it is not possible to specify to which species it corresponds as
it is only for CO the generic species used in CALPOST.

7.2 Total PM Calculation

Total concentrations of particulate matter (PM) is computed as the sum of primary PM, concentrations
plus the contribution of concentrations from secondary PM, including ammonium nitrate and ammonium
sulfate. The secondary PM is formed through chemical reactions in the atmosphere of primary (emitted)
pollutants of SO, and NO,.

The calculation in the POSTUTIL files reviewed is set up as total PM = sum of PMp +50, + NO;.
However, the secondary pollutants to be added are in the form of ammonium sulfate (NH,);SO, and
ammonium nitrate NH;NO;. To calculate ammonium sulfate and ammonium nitrate from SO and NO,
concentrations, they need to be scaled by a molecular mass ratio (the molecular mass of ammonium
nitrate over nitrate for ammonium nitrate and the molecular mass ratio of ammonium sulfate over sulfate

for ammontum sulifate) which is calculated as:
o NHNO; concentration = 80/62 x NO; = 1.29 x NO; concentration

o (NH.),SO4 concentration = 132/96 x SO, = 1.375 x SQ, concentration
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The computations of PM in the report are therefore underestimated, and should be recalculated using the

molecular weight scaling.

7.3 NO, Concentrations

NO, is extracted and used as NO, concentrations for comparison with NAAQS and observations from
monitoring sites. The CALPOST input files provided indicate that the ambient ratio method of applying
NO,/NO, ratios as a function of NO, concentrations to the predicted NO, concentrations to obtain NO,
concentrations was not used (i.e., NO2CALC=2). The files reviewed indicate NO2CALC=1 (i.e., fixed
NOy/ NO, ratio, with the ratio set to 1.0 RNO2NOX=1.0). This configuration will likely overestimate
NO, concentrations. However, the draft Secunda AIR indicates that the ambient ratio method was used
in the calculations, so the discrepancy in the files appears to be a matter of the latest files not being
provided. However, as noted in Section 6, we have not been able to reproduce the concentrations in the
AlR.
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8 Model Validation Techniques

Uncertainties and Validation of the Model

The model was validated at the monitor using the performance evaluation called the fractional bias
method (recommended by US EPA (1992), developing a diagram between means and standard deviation
comparison of modelled and monitored concentrations. The conclusion was that the model predictions
are within a factor of 2 of the observations (for SO, and H,S and most of NO,). NO, predictions for

short-term at two of the monitoring stations were not within a factor of 2.

Pages 77-79 (Table 5-9 to 5-11) of the draft Secunda AIR, in the comparison of the predicted and
observed concentrations on a short-term bases of SO, concentrations, it is discussed that if predicted
peak is above the observed (Table 5-9) it does show it is due to Sasol facility, but if the predicted
concentrations (Peak or 99" percentile, Table 5-9 and 5-10) are below the observed concentrations it
mentioned that it might be due to other sources. The differences between predicted and observed also
increase for the comparison with the monitoring stations further away from the facility, which is

discussed as potential sources of pollutant from other facilities than Sasol.

The above is one of the explanations of the discrepancies between predicted and observed. A second
explanation could be due to the uncertainties in the predictions at the exact monitering location. The
uncertainty can be due to model uncertainty but also wind speed and wind direction uncertainty. The
inclusion of a cluster of gridded receptors around the monitoring location and a comparison of the
concentrations predicted by this cluster of receptors to the observations at the monitor might reduce the
differences between predictions and observations and take into account the uncertainties due to the

model and wind speed and wind direction.

Also, the choice of calcufation (the reference of the method is missing in the report) of the background
concentrations to be added to the prediction for comparison with the monitoring data might not be

appropriate as the sources modeled might be double counted.
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1. Response to the Main Comments Outlined in the Peer Review
1. CTGPROC

Comment:
“Land use processing has strings of gaps of missing land use due to the resolution of the land use data used. The CTGPROC
input variable MESHGLAZ should he changed from 1 to 2 to eliminate the missing data crossing the domain.”

Response:
Comment and the recommended correction of the default of mesh density factor to 2, is noted. This file will be re-run for
sensitivity analysis.

2. MAKEGEO:

Comment:
“The soil heat flux parameter for land use category 11 (Residential) should be 0.25 instead of 1.0"

Response:
Comment is noted. This file will be re-run for senstivity analysis.

3. CALMET

Comment:

“There are discrepancies in the CALMET input files (CALMET.INP) regarding the number of surface stations used in the
modeling (9 stations) vs. 2 stations found in the binary CALMET data file (ALLMET.DAT). The CALMET input files provided may
he ohsolefe due to a due to a decision fo use only two stations.”

Response:
An absolete version of the CALMET input fite was inadvertently sent to the peer reviewer referring to 9 stations, and the correct
version {referring to 2 surface stations) was subsequently forwarded on 11 March 2014.

We note nine Sasol monitoring stations in medelling domain (300km x300km). Three stations are located at each of the
complexes within a 5km radius. The other remaining three monitoring stations were located outside the Calpuff modelling
domains. After data screening identified the lack of complete sets at all nine stations (as required for CALMET), arepresentative
data set was compiled per complex. Secunda Club was used as the primary station for Secunda and supplemented with data
from Basjiesspruit and Langverwacht for the parameters of RH, and temperature, where missing. Similarly AJ Jacobs was the
primary station for Sasolburg, supplemented by Fence Line and Leitrim stations.

4. CALPUFF

Comment:
“Building downwash effects are not included in the modeiling.”

Response:
Due fo the majority of the air emissions being released from tall stacks that are not influenced by the nearby building structures,
the correction for building downwash were not required.

Comment:
“ is recommended that the Probahility Density Function (PDF) be used with the turbulence-based dispersion coefficients
(MDISP=2)."

Response:
Comment noted and modelling has been redone to include the PDF option.

Response to Comments by Independent Peer Review



Comment:
“Wet deposition is used in an inconsistent manner in the modeling.”

Response:
At the fime of the original baseline modelling, deposition was not considered. This decision was also made knowing that the
results would provide a@ more conservative estimate of the air concentrations.

However, subsequent modelling has inciuded wet and dry deposition.

Comment:

“There were some discrepancies in the concenirations provided in the draft Secunda reports vs those in the modeling fifes.
Through an exchange of files and an explanation of the summary data provided in the second draff Secunda AIR, the
discrepancies have been resolved (see Section 6 for details). The clarifications and corrections discussed should be reflected in
the final AIR document.”

Response:
The AlRs have been updated to reflect the corrected data.

Comment:
“when using the chemical conversion module to predict NOx concentrations, it is preferred thaf the actual emission rates be used
because of a non-tinearity in the conversion rate equations.”

Response:
Linear scaling was abandoned in favour of re-running the model for altered or changed scenarios.

5. POSTUTIL

Comment:

“The calculation of fotal particulate matter (PM) concenirations by summing primary PM and secondary PM (ammonium sulfate
and ammonium nitrate) in the POSTUTIL processor reguires the application of a molecular weight adiustment of 1.375 fo change
sulfate {weighed as SO4 in the model) to (NHs)2SOs and 1.29 to change nitrate (weighed as NO3 in the model} to NHaNO3.”

Response:
Comment noted and correction made.

6. CALPOST

Comment:
“The CALPOST inpul files provided do not show the application of the ambient ratio method, which applies NO#/NQqratios as a
function of NOx concenirations to compute NOz concentrations from NOx concentrations.”

Response:

Ambient ratio methad as recommended by the Peer Reviewer described by Scire and Borissova (2011) (Table E-1in the AIRs)
was used. This was done in individual spreadsheets and notin the post processing. Although the methodology was the same as
given in Scire and Borissova, the NO2/NOx ratio was conservatively limited to a minimum of 40% conversion at high concentration
levels. in the original methedology, this conversion could be jower than 20%.
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2. Response to Additional Comments Outlined in the Peer Review

Section 3: Backaround Air Quality Data

Comment:

“The methodology is different from the U.S. EPA procedures which involve three tiers of conservatism (Level 1 background is
highly conservative) and Level 3 is more refined. The Level 3 U.S. EPA methodology involves the use of wind direction to
compute hours that are unaffected by modeled sources to defermine hourly background values. Itis nof clear if the moniforing
network is sufficient to obtain a Level 3 background estimation. However , the methodology used in the AIR is difficult to assess
because we've been unable fo reproduce the background values reported in the tables and the reliabiliy of the method based on
the 50th percentile hourly concentration (or the percentile for where the modeled concenfration becomes zero) is untested.”

Response:

A background air concentration is normally defined as that concentration which would result from air emission sources outside
the chosen modelling domain. This concentration can, for instance, be estimated by analysing observed air concentrations for
those wind directions when it is blowing towards the saurces included in the modelling domain. In other words, the observation
point would be upwind from the sources being simulated by the dispersion modelling.

However, as used in the current investigation, background concentrations could also incorporate the contributions from air
emission sources present in the modelling domain, but which were not included in the dispersion simulations. For example, air
emissions from vehicle tailpipes can significantly coniribute to the local ambient NO2 air concentrations. Similarly, domestic fuel
burning is well-known for its contribution to airborne particulate air concentrations (PMie and PMas). Also, coal-fired power
stations in and the near vicinity of the modelling domain are significant sources of SOz emission. Although most of the sources of
air emissions within the Sasol operation were included in the simulations, there remains some that were exciudad, for instance
fugitive emissions. [ is expected that all of these emissions that were not part of the simulation emissions inventory, woutd add
to the background concentration level.

Since these sources are not neatly located for easy anaiysis of upwind contributions, the procedure normally adopted to estimate
background air concentrations could not be followed. Instead, the “background’ concentration was established by comparing the
predicted air concentrations with the observed air concentrations. The background concentration as used in this application
therefore corresponds to the observed concentration value at a monitoring site when the simulated value at this site reached a
near zero value. In other words, the observed residual air conceniration was assumed to arise from other sources in the
modelling domain.

With this method, the assumption is made that the madel performs realisticaily and that the residual concentration determined
this way is a good reflection of the emissions not included in the simulations. In an attempt to ifustrate the model accuracy, the
fractional bias was calculated for each monitoring station as described in Sectien 5.1.6.2 of the AIRs. This methodology has
been prescribed by the US EPA (U.S. EPA 1992) as an acceptable manner to illustrate the validity of atmospheric dispersion
model. Given the good model performance, as measure by the fractional bias, it is assumed that the background concentration
obtained using this methodology is reasonable estimates.

Section 4: MM5 Meteorological Data

Comment:
“it is nof stated in the AIR what dafa was used as initial and lateral boundary conditions, the dafa was used for the analysis
nudging, or the details of the model configuration and modef nest(s) in the mother domain{s).”

Response:
The mode! settings as provided by a third-party contractor (Lakes Environmental Software) are provided in Annexure 1.

Comment:
“ _.no evaluation of the MM5 modet performance relative to observations.”

Response:
A comparison of wind data was provided in the AIR (Section 5.1.5) and it was found that there is an acceptable agreement,
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Further analysis will include comparisons of the temperature and relative humidity.

Comment:
Use of only 18 vertical levels is much coarser than most MM5 simulations.

Response:

Lakes Enviranmentat Software confirms that using 30 to 40 layers is great for obtaining good representation above 1,000m. For
air dispersion models, however, the focus is in the lowest layer of the almosphere. Lakes Environmental analysed numerous
cases when developing their service and found no magnitude change in both speed and direction when adding many layers. The
additional data increased file size and processing fime but didn't affect dispersion from tall stacks. Subsequently, Lakes
Environmental siuck with 18 vertical levels.

Section 5: CALMET Options

Comment:
"CALMET options for the Secunda AIR are reasonable overall for this application. There are several changes that are
recommended, however, they are not considered critical ifems but rather recommended refinements.”

Response:
Recommended refinements of the CALMET madel setup is noted for future applications,

Section 6: CALPUFF Model Options

Comment:

“Turbulence-based dispersion (MDISP=2) was chosen for the dispersion coefficient method but the Probability Density Function
(PDF) option was not used. The PDF option has been found in various model evaluation studies to be important for tall stack
dispersion under convective conditions. These conditions are fikely to be important in this application with both tall stacks present
and frequent, highly convective conditions expected.”

Response:
Commeni noted and modelling has been redone to include the PDF option.

Comment:

“The monthly averages of hourly ozone data seem to have been calculated including all hours instead of daylight hours only.
Because ozone is used as a surrogate for daytime OH radicals in the atmosphere when using the MESOPUFF chemical
transformation algorithm, it is best fo use daytime ozone only in computing the monthly ozone averages that serve as a backup
when hourly 0zone data is missing. Al night ozone concentrations are not used by the chemistry, but rather a small nighttime
conversion rate reflacting heterogeneous reactions is used.

A new calcufation of the ozone monthly averages to include only the daylight hours is expected to have liftle effect on the
Secunda concentration predictions and could have a slight effect on the NATREF and SASOLBURG concentration predictions for
pollutants involving chemical transformation. This change alfhough recommended, is not considered a critical item.”

Response:
Recommendation nofed.

Comment:
“.itis not stated which pollutant was used fo decide which receplor fo select with a maximum in prediction”

Response:
The receptors were chosen based on SO concentrations as this pollutant provides the highest emissions from the Infrachem and
Synfuals complex. Simulations have since confirmed that these selected maximum points are representative of the maximum
concentrations across all other pollutants simulated (with the exception of NOz due to time variant chemical transformation
processes).
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Comment:
“Erom the files received (CALPUFF input files, POSTUTH files, CALSUM files and CALPOST files) it is interpreted that only the
actual / baseline case is computed. It is rof explained how the two ofher cases will be calculated.”

Response:
The other scenarios were based on the same procedure. The only changes were to smission rates and if theoretical compliance
scenarios resulted in stack parameters for example, temperature changes and stack heights (Section 5.1.7 in the AIRs).

Comment:

“Oniy the scavenging coefficients for liquid precipitation are specified in CALPUFF ... Although frozen precipitation such as snow
or hail may not typically occur often within this domain, the default scavenging coefficients for frozen precipitations are
recommendad to be included in the control fite, which are 3x10+ for S04, NO3 and PMyg.”

Response:
Comment nofed.
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ANNEXURE 1: MM5 MODELLING AT LAKES ENVIRONMENTAL
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