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Air Dispersion Modelling Study for NECSA MRP Reactor

1 INTRODUCTION

Airshed Planning Professionals (Pty) Ltd was appointed by Manyabe Consultancy (Pty) Ltd to undertake dispersion modelling
for the proposed South African Nuclear Energy Corporation Limited (Necsa) nuclear research based Multi-Purpose Reactor
(MRP) (hereafter referred to as the project).

1.1 Project background

During Phase 2 of the MPR site selection process, the potential identified sites are to be evaluated on their airborne release
impact on the public and other Necsa facilities, with dispersion modelling.

This information establishes site related design basis used in the design of the reactor and is required for the site safety report
that will be issued to the National Nuclear Regulator (NNR) and for the Environmental Impact Assessment (EIA) documentation
required to obtain an Environmental Authorisation (EA).

1.2 Terms of Reference

The terms of reference for this project as provided by Necsa are given below.

1.2.1 Model inputs
The pseudo source term used for assessing each site location is as follows:

e  Point source at 70 m height;

e  Stack of 3 m diameter;

e  Source strength 1E6 Bq/s at 0.5 m/s exit velocity and temperature of 300 K;

¢ No building wake effects or influence of other buildings on the Necsa site taken into account;

e  Hourly weather data will be provided by the Necsa weather station for a representative year; and

e Isopleths representing the dispersion factor X/Q must be calculated for each site location using the same source
term, release characteristics and meteorological data.

1.2.2 Model outputs

A report must be produced clearly stating the dispersion model, input files and results. The outputs calculated must be
graphically displayed for each candidate site for easy comparison.

The report must include a recommendation on the site best suited (lowest impact to the public and other Necsa facilities) for
the Phase 2 siting selection.
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2  RESULTS

2.1 Site Description

Besides Necsa houses, the closest residential developments to the proposed project consist of Ville D’'Afrique to the north-
northwest (2 km), and Flora Park to the northeast (5 km) as shown in Figure 2-6.

2.2 Model Input

The proposed stack (at two different site locations) was modelled as a point source. The stack parameters and emissions used
in the dispersion modelling are shown in Table 2-1.

Table 2-1: Stack parameters and emissions used in the dispersion simulations

Mol Stack Stack Stack Stack Unit

(UTM) (UTM) ( Jl°CIkg) mass height  diameter temperature velocity release

(g) (m) (m) (°C) (mls) (Bg/s)

Slte Location 1 (SL 1) 591358 | 7146413 1012 28.966 70 3 26.85 0.5 1E+06

Site Location 15 (SL 15) | 591639 | 7146962 1012 28.966 70 3 26.85 05 1E+06

2.21 Dispersion Model Selection

In the simulation of ambient air pollutant concentrations, the Atmospheric Dispersion Modelling System version 5 (ADMS 5)
was used, which has been developed by the Cambridge Environmental Research Consultants (CERC). CERC was established
in 1986, with the aim of making use of new developments in environmental research from Cambridge University and elsewhere
for practical purposes. This model simulates a wide range of buoyant and passive releases to the atmosphere, either
individually or in combination. It has been the subject of a number of inter-model comparisons, one conclusion of which is that
it tends to provide conservative values under unstable atmospheric conditions in that, in comparison to the older regulatory
models, it predicts higher concentrations close to the source.

ADMS 5 is a new generation air dispersion model which differs from the regulatory models traditionally used in a number of
aspects, the most important of which are the description of atmospheric stability as a continuum rather than discrete classes
(the atmospheric boundary layer properties are described by two parameters; the boundary layer depth and the Monin-
Obukhov length, rather than in terms of the single parameter Pasquill Class) and in allowing more realistic asymmetric plume
behaviour under unstable atmospheric conditions. Dispersion under convective meteorological conditions uses a skewed
Gaussian concentration distribution (shown by validation studies to be a better representation than a symmetric Gaussian
expression).

Concentration distributions for various averaging periods may be calculated. All models have some inherent uncertainty, arising
from shortcomings in the input data and in the physical modelling itself. It has generally been found that the accuracy of off-
the-shelf dispersion models improve with increased averaging periods. The accurate prediction of instantaneous peaks is the
most difficult and are normally performed with more complicated dispersion models specifically fine-tuned and validated for the
location. For purposes of this report, the shortest time period modelled is one hour.

There will always be some error in any geophysical model, but it is desirable to structure the model in such a way to minimise
the total error. A model represents the most likely outcome of an ensemble of experimental results. The total uncertainty can
be thought of as the sum of three components i.e. the uncertainty due to errors in the model physics; the uncertainty due to
data errors; and the uncertainty due to stochastic processes (turbulence) in the atmosphere. The stochastic uncertainty
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includes all errors or uncertainties in data such as source variability, observed concentrations, and meteorological data. Even
if the field instrument accuracy is excellent, there can still be large uncertainties due to unrepresentative placement of the
instrument (or taking of a sample for analysis). Model evaluation studies suggest that the data input error term is often a major
contributor to total uncertainty. Even in the best tracer studies, the source emissions are known only with an accuracy of +5%,
which translates directly into a minimum error of that magnitude in the model predictions. It is also well known that wind direction
errors are a major cause of poor agreement, especially for relatively short-term predictions (minutes to hourly) and long
downwind distances. All the above factors contribute to the inaccuracies not even associated with the mathematical models
themselves.

Input data types required for the ADMS model include source data, meteorological data, terrain data and information on the
nature of the receptor grid.

As mentioned above, Version 5 of ADMS was used in the study.

For validation of the dispersion, many model validation documents are available for ADMS (CERC, 2023). Although CERC
don’t have any specific validation studies for radioactive decay (partly because observed data from radioactive releases tends
to be highly sensitive and isn’t usually made public), they have done some verification work, comparing model results against
analytical solutions, from the time when radioactivity modelling was first introduced into ADMS (Davis, 1992).

For the purpose of this site selection screening process, radioactive decay was not assumed.

2.2.2  Meteorological Requirements

For the purpose of the current study, use was made of hourly on-site data for the period 2022 provided by Necsa. A wind rose
for the weather recorded at the 10 m mast is given in Figure 2-1. The predominant wind is from the west northwest and the
east northeast. Higher wind speeds occur from the north easterly sector. The average wind speed for the 2022 period was 1.8
m/s, and calm conditions (wind speeds less than 1 m/s) occurred for over 30 % of the period. During the day the predominant
wind is from the west northwest, and switches to the east northeast during the night (Figure 2-2 and Figure 2-3). Calm
conditions are also higher during the night (more than 40%).

Table 2-2: Meteorological data from Pelindaba stations

Wind speed Wind direction Temperature
(mls) (degrees) (°C)
min ‘ max ‘ avg ‘ i max avg i max avg
10m 0 8.4 1.8 0 359 166 -1.6 35.8 18.4
50 m 0 12 32 0 360 166 1.8 33.1 18.1
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Figure 2-1: Period wind rose for 2022 (10m)
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Figure 2-2: Day-time wind rose for 2022 (10m)
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Figure 2-3: Night-time wind rose for 2022 (10m)

Besides the surface file created using the 10 m station data, the AMDS model also allows for the input of a profile file for wind
speeds at higher levels. The wind rose for the 50 m station is given in Figure 2-4. Higher average wind speeds (3.2 m/s) are
experienced at the 50 m station.
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Figure 2-4: Period wind rose for 2022 (50m)
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2.2.3 Source Data Requirements

The ADMS model is able to model point, jet, area, line and volume sources. Stacks were modelled as point sources.

2.2.4  Modelling Domain

The dispersion of pollutants expected to arise from the proposed activities was modelled for an area covering 5 km (east-west)
by 5 km (north-south). The area was divided into a regular spaced cartesian grid with a resolution of 50 m, with the MRP
located centrally, consisting of 101 grid points for both x and y direction. As well as the gridded receptor points, specified points
were also included for the nearest town and farmsteads as Air Quality Sensitive Receptors (AQSRs) (Figure 2-6). ADMS
calculates ground-level (1.5 m above ground level) concentrations at each grid and specified point. Topography was included
in dispersion simulations. Use was made of Shuttle Radar Topography Mission (SRTM) (30 m, 1 arc-sec) terrain data from the
United States Geological Survey (USGS) website (USGS, 2023) (Figure 2-5).

f')f T('I“.
"'."g.i

> W S

Figure 2-5: Topography used in the dispersion modelling (mcludmg location of proposed sites for reactor)

Dispersion modelling was undertaken to determine highest hourly (99.99% percentile) and annual average ground level
concentrations.

Results are primarily provided in a tabular form as discrete values simulated at specific AQSR receptor locations. Selective
use is also made of isopleths to present areas of impact. The output files from ADMS were gridded using the Kriging method
in the Surfer ® software program. Ground level concentration isopleths presented in this section depict interpolated values
from the concentrations simulated by ADMS for each of the receptor grid points specified.
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2.3  Site selection initial screening

Dispersion modelling for the two sites (Site Location 1 and Site Location 15) was done to determine the highest hourly
concentrations (99.99% percentile) and the annual average concentrations at each receptor point. Isopleth plots are shown in
Figure 2-7, Figure 2-8, Figure 2-9 and Figure 2-10. The simulated results at the sensitive receptors are shown in Table 2-3.
Based on the unit release, the simulated annual concentrations are generally lower at more sites for Site Location 1 compared
to Site Location 15. The impact area is very similar for the two sites, and from an air quality perspective, neither site is
undesirable. Site Location 1 is preferred due to it having lower concentrations at more sites compared to Site Location 15.

Table 2-3: Simulated concentrations (Bg/m?) at the sensitive receptors

Site with higher
value

Highest  Annual Highest  Annual  Highest Annual
hourly average hourly average  hourly average

Site Location 1 Site Location 15

Sensitive receptor

1 5.ATE+00 | 1.77E-02 | 6.80E+00 | 248E:02 | 15 15
2 5.22E+00 | 1.75E-02 | 6.90E+00 | 247E-02 | 15 15

3 5.23E+00 | 174E-02 | 6.9TE+00 | 246E-02 | 15 15

4 5.28E+00 | 1.73E-02 | 7.06E+00 | 246E-02 | 15 15

5 5.31E+00 | 173E-02 | 7.00E+00 | 246E:02 | 15 15

6 5.32E+00 | 1.71E-02 | 7.07E+00 | 244E-02 | 15 15

7 486E+00 | 1.74E-02 | 654E+00 | 241E-02 | 15 15

8 4.91E+00 | 1.73E-02 | 6.64E+00 | 241E-02 | 15 15

9 4.91E+00 | 1.72E-02 | 6.69E+00 | 239E-02 | 15 15

10 4.94E+00 | 1.71E-02 | 6.76E+00 | 2.38E-02 | 15 15

11 5.00E400 | 169E-02 | 6.79E+00 | 238E-02 | 15 15

12 5.04E+00 | 1.68E-02 | 6.81E+00 | 2.37E-02 | 15 15

13 5.60E400 | 163E-02 | 5.16E+00 | 293E-02 | 1 15

14 5.32E400 | 161E-02 | 476E+00 | 201E:02 | 1 15

15 5.25E+00 | 1.50E-02 | 470E+00 | 287E-02 | 1 15

Necsahouses | 16 3.23E400 | 323E-02 | 401E+00 | 5O1E-02 | 15 15
17 3.11E+01 | 149E-01 | 295E+01 | 549E-01 | 1 15

18 342E+01 | 144E-01 | 204E+01 | 57801 | 1 15

19 293E+01 | 1.36E-01 | 286E+01 | 623E01 | 1 15

20 2.93E+01 | 1.28E-01 | 345E+01 | 8.11E01 | 15 15

21 287E+01 | 1.20E-01 | 302E+01 | 110E+00 | 15 15

22 250E+01 | 1.14E-01 | 312E+01 | 131E+00 | 15 15

23 1708401 | 131E-01 | 364E+01 | 1.02E400 | 15 15

2 1676401 | 156E-01 | 3.80E+01 | T83E-01 | 15 15

25 241E+01 | 140E-01 | 3.08E+01 | 810E01 | 15 15

26 265E+01 | 144E-01 | 291E+01 | 675E-01 | 15 15

27 279E+01 | 147E-01 | 258E+01 | 597E-01 | 1 15

28 283E+01 | 149E-01 | 230E+01 | 523E01 | 1 15

29 262E+01 | 1.79E-01 | 281E+01 | 448E-01 | 15 15

30 265E+01 | 247E-01 | 2.98E+01 | 4.12E01 | 15 15

31 262E+01 | 47T5E-01 | 169E+01 | 290E01 | 1 1

] R1 7.92E400 | 445E-02 | 137E+01 | T95E-02 | 15 15
L‘;ﬁggfg R2 5.86E+00 | 219E-02 | 6.50E+00 | 331E-02 | 15 15
R 7.19E+00 | 7.03E-02 | 8O1E+00 | 1.74E-01 | 15 15
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Site with higher

Site Location 1 Site Location 15
Sensitive receptor - - - value
Highest Annual Highest Annual  Highest Annual
average hourly average hourly average
R4 9.80E+00 | 1.02E-01 | 8.39E+00 | 2.13E-01 1 15
R5 5.53E+00 | 1.97E-01 | 6.37E+00 | 1.34E-01 15 1
R6 1.07E+01 | 1.35E-01 | 5.40E+00 | 8.71E-02 1 1
R7 9.24E+00 | 1.25E-01 | 4.36E+00 | 7.78E-02 1 1
R8 8.30E+00 | 7.49E-02 | 5.62E+00 | 5.34E-02 1 1
R9 5.69E+00 | 6.26E-02 | 3.85E+00 | 4.57E-02 1 1
R10 9.77E+00 | 2.91E-02 | 6.70E+00 | 2.44E-02 1 1
R11 1.79E+00 | 2.05E-02 | 2.31E+00 | 1.42E-02 15 1
R12 2.39E+00 | 2.79E-02 | 1.91E+00 | 1.91E-02 1 1
R13 2.15E+00 | 2.52E-02 | 2.01E+00 | 1.83E-02 1 1
R14 2.87E+00 | 2.69E-02 | 2.58E+00 | 2.08E-02 1 1
R15 2.83E+00 | 2.62E-02 | 2.58E+00 | 2.10E-02 1 1
R16 3.61E+00 | 3.07E-02 | 3.00E+00 | 2.56E-02 1 1
R17 3.61E+00 | 3.22E-02 | 2.92E+00 | 2.83E-02 1 1
R18 3.63E+00 | 1.47E-02 | 2.95E+00 | 2.40E-02 1 15
R19 3.41E+00 | 1.41E-02 | 2.79E+00 | 2.24E-02 1 15
R20 4.21E+00 | 1.42E-02 | 3.68E+00 | 2.40E-02 1 15
R21 3.46E+00 | 3.59E-02 | 2.80E+00 | 3.34E-02 1 1
R22 2.02E+00 | 3.51E-02 | 3.42E+00 | 3.92E-02 15 15
R23 1.84E+00 | 1.85E-02 | 2.20E+00 | 2.31E-02 15 15
R24 1.92E+00 | 1.93E-02 | 2.29E+00 | 2.45E-02 15 15
R25 4.39E+00 | 7.79E-02 | 3.52E+00 | 4.92E-02 1 1
R26 5.89E+00 | 8.03E-02 | 6.75E+00 | 1.10E-01 15 15
R27 4.49E+00 | 1.29E-02 | 4.31E+00 | 2.16E-02 1 15
R28 3.80E+00 | 1.08E-02 | 4.66E+00 | 1.53E-02 15 15
R29 2.46E+00 | 1.54E-02 | 2.59E+00 | 2.29E-02 15 15
Heritage sites Preller House 1.33E+01 | 3.82E-01 | 1.40E+01 | 2.87E-01 15 1
Eugene Marais House 147E+01 | 8.54E-02 | 1.47E+01 | 4.54E-01 15 15
Other identified Riverside Retreat (Ville D’'Afrique) 4.23E+00 | 6.38E-02 | 3.30E+00 | 4.78E-02 1 1
receptors Flora Park 2.88E+00 | 9.22E-03 | 355E+00 | 1.24E-02 | 15 15
SAFARI-1 2.26E+01 | 2.83E-01 | 2.02E+01 | 3.56E-01 1 15
Necsa on-site Visitor Centre 3.46E+01 | 1.29E+00 | 1.84E+01 | 1.51E-01 1 1
facilities NTP 176E+01 | 148E-01 | 2.36E+01 | 547E-01 | 15 15
Emergency Centre 7.86E+00 | 1.08E-01 | 1.70E+01 | 1.56E-01 15 15
Percentage higher Site Location 1 44 28
Percentage higher Site Location 15 56 72
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Proposed NECSA MPR Reactor
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Figure 2-6: Location of potentially sensitive receptors in relation to the project
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Figure 2-7: Simulated highest hourly concentrations with MRP reactor at Site Location 1
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Figure 2-8: Simulated highest hourly concentrations with MRP reactor at Site Location 15
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Figure 2-9: Simulated annual average concentrations with MRP reactor at Site Location 1

Isopleth Levels

0,4 Bg/m®

0,2 Bg/m®

Google Earth
Image © 2023

Datum: World Geodetic System 1984
Projection System: Universal Tranverse Mercator, Zone 35S

Proposed MPR NECSA
Air Quality Impact Assessment
Simulated annual average concentrations

Map Created by:

D AIRSHED

Figure 2-10: Simulated annual average concentrations with MRP reactor at Site Location 15
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The isopleth concentration plots (Figure 2-7 to Figure 2-10) do not match the wind rose exactly as these figures represent
different variables.

The wind rose displays wind speed and direction over an annual average (Figure 2-1). The wind rose is based on just two
parameters - wind speed and direction. The concentration isopleth plot represents the spatial distribution of pollutant
concentrations based on many parameters, including topography, source and receptor location, and several meteorological
factors. Further, topography plays a significant role in the distribution of pollutants, and it is accounted for in the isopleth plot
but not in the wind rose.

It's important to note that the hourly isopleth plots represent the maximum hourly averaged concentration of the pollutant and
not the average concentration over the period. The annual isopleth plots represent the annual averaged concentration of the
pollutant and are therefore more comparable to the wind rose.

It should be noted that the ground level concentration isopleths depicted present interpolated values from the concentrations
predicted by ADMS for each of the receptor grid points specified. Plots reflecting hourly averaging periods contain only the
highest predicted ground level concentrations, for those averaging periods, over the entire period for which simulations were
undertaken. It is therefore possible that even though a high hourly average concentration is predicted to occur at certain
locations, that this may only be true for one hour of the year.
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3 PLAN OF STUDY FOR THE IMPACT ASSESSMENT AND CONCLUSION

Besides Necsa houses, the closest residential developments to the proposed project consist of Ville D’Afrique to the north-
northwest (2 km), and Flora Park to the northeast (5 km).

Dispersion modelling for the two sites (Site Location 1 and Site Location 15) was done to determine the highest hourly
concentrations and the annual average concentrations at each receptor point. Based on the unit release, the simulated annual
concentrations are generally lower at more sites for Site Location 1 compared to Site Location 15. The impact area is very
similar for the two sites, and from an air quality perspective, neither site is undesirable. Site Location 1 is preferred due to it
having lower concentrations at more sites compared to Site Location 15.

The main aim of this investigation was to evaluate the potential identified sites on their airborne release impact on the public
and other Necsa facilities, with dispersion modelling during Phase 2 of the MPR site selection process. These results will then
be provided as the basis for the radiological impact assessment to be conducted for the proposed project during the EIA.
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