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AMENDMENT RECORD 

Rev Draft Date Description 

0  April 2015 
New section. Thyspunt Site Safety Report compiled in support of 
Eskom’s Nuclear Installation Site Licence for the Thyspunt site and 
submitted to the NNR. 

0a  
December 

2024 
Section updated to address NNR comments. 

0b  March 2026 Footer revised to be consistent with other TSSR sections. 

0c  June 2026 Minor editorial corrections made and cross reference links corrected. 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-3 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

Executive Summary 
 

This section of this Site Safety Report (SSR) presents an evaluation of the prevailing 
meteorological, corrosion and climatological characteristics for the Thyspunt site, with 
specific attention also to the extreme values of meteorological variables such as rainfall, 
air temperature and wind speed, and rare meteorological phenomena that occur 
infrequently. Future projections of these parameters due to climate change are also 
considered.  

These characteristics have been investigated in support of the identification of hazards 
from important external phenomena as per RG-0011 (National Nuclear Regulator, 2016a), 
specifically meteorology, to the nuclear installation(s) on the site.  

The following meteorological parameters were identified for onsite monitoring and 
inclusion in this SSR: 

• wind speed and direction; 

• ambient dry-bulb air temperature1 at two vertical levels and temperature difference 
between two vertical levels; 

• precipitation; 

• relative humidity; 

• ambient pressure; 

• solar radiation; 

• atmospheric stability2; 

• evapotranspiration rate3; 

• corrosivity4. 

 
1 The dry-bulb temperature is the temperature of air measured by a thermometer freely exposed to the air but 
shielded from radiation from the sun. "Dry-bulb" is included because the air temperature is indicated by a 
thermometer not affected by the moisture of the air. The dry-bulb temperature is the temperature that is usually 
thought of as “air temperature”, and it is the true thermodynamic temperature. Whereas a normal, dry-bulb 
thermometer measures the temperature of ambient air, the wet-bulb temperature is the temperature of a surface 
from which water has evaporated into a stream of ambient air. It is the lowest temperature to which an object can 
be cooled solely by the evaporation of water. 
2 Atmospheric stability refers to the ability of the atmosphere to be turbulent. The effect of atmospheric stability is 
noted by wind gustiness and the dispersion of smoke. Stability is a characteristic of how the atmospheric layer 
above the earth’s surface reacts to small disturbances. If the disturbance is damped, the system is said to be 
stable; the air becomes, or is, laminar (non-turbulent, smooth, non-stormy). If the disturbance causes an amplifying 
response (irregular motions or regular oscillations, i.e. turbulent), the system is unstable. Neutral air has no 
tendency to change (disturbances neither amplify nor dampen). 
3 Evapotranspiration is the process by which water is transferred from the land to the atmosphere by evaporation 
from the soil and other surfaces and by transpiration from plants. 
4 Corrosivity of the atmosphere is the ability of the atmosphere to cause corrosion in a given corrosion system. 
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The analysis of historical records addresses the following meteorological parameters, 
some of which are rare and extreme: 

• hail; 

• frost; 

• fog; 

• lightning; 

• tornadoes; 

• snow, avalanches, ice, ice cover and blizzards; 

• thunder; 

• extreme weather (wind speed, rainfall and temperature). 

• tornado/tropical cyclones. 

Meteorological parameters are monitored at the Thyspunt site using an automatic weather 
station (Thyspunt Weather Station (WS)) measuring dry-bulb temperature at two vertical 
levels, wind speed, solar radiation, relative humidity, atmospheric pressure, rainfall, 
visibility and lightning events. Additional meteorological history was also obtained from 
the South African Weather Services (SAWS) reports, and monitoring data from SAWS. 
The closest SAWS weather stations include Cape St Francis (9.3 km east-southeast) and 
Humansdorp (17.3 km north-northeast). Only precipitation is measured at Humansdorp. 
Additional regional weather stations include Jeffreys Bay (28 km northeast), Patensie 
(48 km north-northeast), Kariega (formerly known as Uitenhage) (78 km northeast) and 
Gqeberha (formerly known as Port Elizabeth) (93 km northeast). Only precipitation is 
measured at Jeffreys Bay, whilst precipitation, air temperature, ambient pressure, wind 
speed/direction, and relative humidity are measured at the other locations. In addition to 
the Thyspunt WS meteorological measurements, detailed statistical analysis also 
included the measurements made at the weather station at Cape St. Francis due to its 
proximity and the length of historical data of 39 years. Similarly, albeit limited to 
precipitation observations, annual rainfall (146 years) at Humansdorp was included for 
reference.  

The Thyspunt WS was commissioned on 10 January 2008 and monitoring continued until 
4 October 2013. The Thyspunt WS was re-established four years later, on 
29 September 2017, using re-calibrated instruments and where necessary (i.e. operated 
outside specifications after 4 October 2013), replaced with new instruments and 
equipment. Data gathering stopped on 31 March 2019 following an Eskom Stop Work 
Order of 6 February 2019, which took effect from 1 April 2019. Albeit outside the contract 
period, monitoring at the Thyspunt WS continued until 3 June 2020 which was also 
considered for inclusion in the dataset for analyses. However, the data were deemed valid 
only for the period up to 30 September 2019. Although the total length of the 
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meteorological database is approximately seven years5, the four-year gap between the 
two campaigns does not allow the establishment of rainfall trends for this period. In 
general, the longer the observation period, typically 20 and more years, but not less than 
10 years, the smaller the error in calculating the average annual precipitation and short-
term extremes rain events. Furthermore, to allow seasonal and consecutive annual 
temporal trends, only six full years were available in the dataset. Other meteorological 
parameters are not as significantly affected by the missing data period. 

Eskom Standard 238-52 – Meteorological Requirements for Nuclear Installations (Eskom, 
2022a) and the analytical procedures provided in the IAEA Specific Safety Guide No. 
SSG-18 (International Atomic Energy Agency, 2011) were used as a basis for conducting 
the meteorological analyses. 

Corrosivity6 was determined using measurements of sulfate and chloride deposition rates 
at the site following the measurement methods specified in the International Organisation 
for Standardisation (ISO) 92257 on corrosion of metals and alloys-corrosivity of 
atmospheres (International Organisation for Standardisation, 2012c). This included three 
measurement campaigns, namely, from May 2008 to January 2009, October 2012 to 
September 2013, and October 2017 to March 2019. As per ISO 9225, the minimum 
measurement period is one year in order to cover seasonal variations and because the 
classification system is based on yearly average values. Since two of the campaigns 
include a minimum of two full years’ measurement (October 2012 to September 2013, 
and 2018), the collective timeframes satisfy the monitoring requirements to establish the 
atmospheric corrosivity of the study area. 

Summaries of meteorological parameters are provided in Table 5.8.A and Table 5.8.B. 
Table 5.8.A includes the analyses of climate change projections published by the SAWS 
and the 5th Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) 
(ARP5) (Intergovernmental Panel on Climate Change, 2013), as well as detailed analyses 
of downscaled global climate model simulations for the site, which were performed by the 
Council for Scientific and Industrial Research (CSIR).  

 
5 Although the total length of the meteorological database is approximately seven years, only the following calendar 
years included measurements of one-year durations: 2008, 2009, 2010, 2011, 2012 and 2018. Measurements 
during 2017 started in September 2017, and measurements during 2019 were only until September 2019. Only 8 
months measurements were available during 2013. Therefore, only six calendar years available for rainfall 
analysis. 
6 Corrosivity of atmosphere is the ability of the atmosphere to cause corrosion in a given corrosion system 
7 The methods for estimation of the atmospheric corrosivity given in ISO 9223 (International Organisation for 
Standardisation, 2012a) are based on the measurement methods described in ISO 9225. ISO 9224 (International 
Organisation for Standardisation, 2012b), which is to be used in conjunction with ISO 9223, specifies the guiding 
values of corrosion attack for metals and alloys exposed to natural outdoor atmospheres for exposures greater 
than one year. 
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Table 5.8.A  
Site Specific Parameters Part 1 

Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

Annual Average Wind Speed (m/s) at Thyspunt WS 

(on page 5.8-56) 
5.4 ± 0.01 4.9 -0.5+1.5 5.4 -1.0+1.0 

Annual Average Wind Speed (m/s) at Cape St Francis WS 

(on page 5.8-53) 
6.0± 0.01 5.5 -0.5+1.5 6.0 -1.0+1.0 

Hourly Maximum Wind 

Speed (1) [m/s] 

(Thyspunt WS 8 m above 

site ground level) 

Return Periods Wind 

Speed [m/s] (2) 

(Cape St Francis WS 

10 m above site ground 

level) 

(on page 5.8-165) 

Extreme Observed & Projected 

Thyspunt WS (on page 5.8-56) 
19.6 ± 0.0 19.1 -0.5+1.5 19.6 -1.0+1.0 

Extreme Observed & Projected Cape 

St Francis WS (on page 5.8-53) 
23.2 ± 0.0 22.7 -0.5+1.5 23.2 -1.0+1.0 

10 Year Return  22.0 ± 1.2 21.4 ± 1.2 22.0 ± 1.2 

100 Year Return  24.7 ± 2.1 24.0 ± 2.1 24.7 ± 2.1 

1 000 Year Return  27.3 ± 3.1 26.6 ± 3.1 27.3 ± 3.1 

10 000 Year Return  29.9 ± 4.1 29.2 ± 4.1 29.9 ± 4.1 

100 000 Year Return  32.6 ± 5.1 31.7 ± 5.1 32.6 ± 5.1 

1 000 000 Year Return  35.2 ± 6.1 34.3 ± 6.1 35.2 ± 6.1 

10 000 000 Year Return  37.9 ± 7.0 36.9 ± 7.0 37.9 ± 7.0 

100 000 000 Year Return  40.5 ± 8.0 39.5 ± 8.0 40.5 ± 8.0 

Wind peaks (gusts) (3) 

[m/s] 

(Thyspunt WS 8 m above 

site ground level) 

Extreme Observed & Projected 

Thyspunt WS (on page 5.8-65) 
32.2 ± 0.0 31.7 -0.5+1.5 32.2 -1.0+1.0 

Extreme Observed & Projected Cape 

St Francis (on page 5.8-66) 
45.8± 0.0 45.3 -0.5+1.5 45.8 -1.0+1.0 

10 Year Return  38.1 ± 3.5 37.6 ± 3.5 38.1 ± 3.5 
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Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

Return Period Gusts 

[m/s] (2) 

(Cape St Francis WS 10 

m above site ground 

level) 

(on page 5.8-166) 

100 Year Return  44.3 ± 6.2 43.7 ± 6.2 44.3 ± 6.2 

1 000 Year Return  50.2 ± 8.8 49.6 ± 8.8 50.2 ± 8.8 

10 000 Year Return  56.2 ± 11.4 55.5 ± 11.4 56.2 ± 11.4 

100 000 Year Return  62.2 ± 14.1 61.4 ± 14.1 62.2 ± 14.1 

1 000 000 Year Return  68.2 ± 16.7 67.3 ± 16.7 68.2 ± 16.7 

10 000 000 Year Return  74.2 ± 19.3 73.2 ± 19.3 74.2 ± 19.3 

100 000 000 Year Return  80.2 ± 22.0 79.1 ± 22.0 80.2 ± 22.0 

Ambient temperature 

[°C] 

(Thyspunt WS 2 m above 

site ground level) 

Return Periods Dry 

Bulb Temperature [m/s] 
(4) 

(Cape St Francis WS 

10 m above site ground 

level) 

(on page 5.8-165)  

Average daily maximum dry bulb 

temperature (on page 5.8-73) 
20.8 ± 0.1 22.5 0.0+0.0 24.1 -0.04+0.2 

- coincident wet bulb temperature (5) 18.2 ± 0.2 19.4 1.0+1.8 20.1 1.0+2.3 

Average daily maximum wet bulb 

temperature (5) (on page 5.8-73) 
16.7 ± 0.1 17.3 0.0+0.5 17.9 0.0+0.9 

Extreme Observed Thyspunt WS (on 

page 5.8-74) & Projected dry-bulb 

maximum 

38.2 ± 0.0 39.7 -0.5+0.5 41.7 -1.5+0.5 

Extreme Observed Cape St Francis 

WS (on page 5.8-74) & Projected 

dry-bulb maximum 

38.5 ± 0.0 40.0 -0.5+0.5 42.0 -1.5+0.5 

10 Year Return  37.0 ± 1.8 42.8 ± 2.9 45.6 ± 3.1 

100 Year Return  42.4 ± 3.1 48.1 ± 4.3 50.9 ± 4.5 

1 000 Year Return  47.7 ± 4.5 53.4 ± 5.7 56.2 ± 5.9 

10 000 Year Return  53.0 ± 5.9 58.7 ± 7.2 61.5 ± 7.4 

100 000 Year Return  58.3 ± 7.4 64.0 ± 8.7 66.9 ± 8.9 

1 000 000 Year Return  63.7 ± 8.9 69.3 ± 10.2 72.2 ± 10.4 
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Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

10 000 000 Year Return  69.0 ± 10.4 74.6 ± 11.6 77.5 ± 11.9 

100 000 000 Year Return  74.3 ± 11.9 80.0 ± 13.1 82.8 ± 13.4 

Maximum temperature of 3-hour 

duration (6) (on page 5.8-84) 

37.0 

Corresponding 

Wet Bulb 

Temperature 19.7 

± 1.8 

38.7 0.0+0.0 40.3 -0.04+0.2 

Maximum temperature of 6-hour 

duration (6) (on page 5.8-84) 

33.1 

Corresponding 

Wet Bulb 

Temperature 18.8 

± 0.9 

34.8 0.0+0.0 36.4 -0.04+0.2 

Maximum temperature of 7-day 

duration (6) (on page 5.8-84) 

19.3 

Corresponding 

Wet Bulb 

Temperature 16.8 

± 0.1 

21.0 0.0+0.0 22.6 -0.04+0.2 

Average daily minimum dry bulb 

temperature (on page 5.8-73) 
14.4 ± 0.1 16.1 0.0+0.0 17.7 -0.04+0.2 

- coincident wet bulb temperature (5) 11.8 ± 0.1 12.2 -0.1+0.2 12.6 -0.3+0.4 

Average daily minimum wet bulb 

temperature (5) (on page 5.8-75) 
12.6 ± 0.1 13.0 0.0+0.3 13.5 0.0+0.6 

Extreme Observed Thyspunt WS (on 

page 5.8-74) & Projected dry-bulb 

minimum 

6.7 9.2 -1.5+0.5 9.2 -0.5+1.5 
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Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

Extreme Observed Cape St Francis 

(on page 5.8-74) & Projected dry-

bulb minimum 

4.9 7.4 -1.5+0.5 7.4 -0.5+1.5 

10 Year Return  5.0 ± 0.7 6.0 ± 1.1 5.7 ± 1.2 

100 Year Return  3.2 ± 1.2 1.6 ± 1.6 3.8 ± 1.7 

1 000 Year Return  1.3 ± 1.7 -0.2 ± 2.1 2.0 ± 2.2 

10 000 Year Return  -0.5 ± 2.2 -2.0 ± 2.6 0.2 ± 2.7 

100 000 Year Return  -2.3 ± 2.7 -3.8 ± 3.1 -1.6 ± 3.2 

1 000 000 Year Return  -4.1 ± 3.2 -5.6 ± 3.6 -3.4 ± 3.7 

10 000 000 Year Return  -5.9 ± 3.7 -7.5 ± 4.1 -5.2 ± 4.2 

100 000 000 Year Return  -7.7 ± 4.2 -9.3 ± 4.7 -7.0 ± 4.7 

Minimum temperature of 3-hour 

duration (6) (on page 5.8-84) 

7.2 

Corresponding 
Wet Bulb 

Temperature 5.4 ± 
0.3 

8.9 0.0+0.0 10.5 -0.04+0.2 

Minimum temperature of 6-hour 

duration (6) (on page 5.8-84) 

7.7 

Corresponding 
Wet Bulb 

Temperature 6.0 ± 
0.2 

9.4 0.0+0.0 11.0 -0.04+0.2 

Minimum temperature of 7-day 

duration (6) (on page 5.8-84) 

15.5 

Corresponding 
Wet Bulb 

Temperature 13.3 
± 0.1 

17.2 0.0+0.0 18.8 -0.04+0.2 
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Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

Rainfall [mm] 

(0.7 m above site ground 

level) 

 

Average Annual Total Thyspunt WS 

(on page 5.8-88) 
774.4 777.5 -22.73+18.76 762.5 -32.33+6.4 

Average Annual Total Cape St 

Francis WS (on page 5.8-88) 
619.5 622.6 -22.73+18.76 607.6 -32.33+6.4 

Extreme Annual Total  972.0 975.1 +18.76 -22.73 960.1 -32.33 +6.4 

Annual Re-occurrences (on page 5.8-

150): 
 

10 Year Return  858.7 ± 84.8 861.8 ± 84.8 846.8 ± 84.8 

100 Year Return  1187.9 ± 147.1 1191.0 ± 147.1 1176.0 ± 147.1 

1 000 Year Return  1511.2 ± 212.2 1514.2 ± 212.2 1499.2 ± 212.2 

10 000 Year Return  1833.8 ± 278.4 1836.9 ± 278.4 1821.9 ± 278.4 

100 000 Year Return  2156.4 ± 345.0 2159.5 ± 345.0 2144.5 ± 345.0 

1 000 000 Year Return  2479.0 ± 412.0 2482.1 ± 412.0 2467.0 ± 412.0 

10 000 000 Year Return  2801.6 ± 479.0 2804.7 ± 479.0 2789.6 ± 479.0 

100 000 000 Year Return  3124.2 ± 546.2 3127.2 ± 546.2 3112.2 ± 546.2 

Extreme 24-hour Storm Thyspunt WS 

(on page 5.8-88) 
113.5 124.9 -0.0+11.4 Assume same as Near-Horizon 

Extreme 24-hour Storm Cape St 

Francis WS (on page 5.8-88) 
157.8 173.8 -0.0+15.8 Assume same as Near-Horizon 

24-Hour Re-occurrences (on page 

5.8-150): 
 

10 Year Return  99.0 ± 20.8 108.9 ± 20.8 99.0 ± 20.8 

100 Year Return  151.4 ± 38.8 166.6 ± 38.8 151.4 ± 38.8 

1 000 Year Return  202.9 ± 56.8 223.2 ± 56.8 202.9 ± 56.8 
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Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

10 000 Year Return  254.3 ± 74.9 279.7 ± 74.9 254.3 ± 74.9 

100 000 Year Return  305.6 ± 93.0 336.2 ± 93.0 305.6 ± 93.0 

1 000 000 Year Return  357.0 ± 111.1 392.7 ± 111.1 357.0 ± 111.1 

10 000 000 Year Return  408.4 ± 129.2 449.2 ± 129.2 408.4 ± 129.2 

100 000 000 Year Return  459.7 ± 147.3 505.7 ± 147.3 459.7 ± 147.3 

Extreme 1-hour Storm 51.9  57.1 0.0+5.2 Assume same as Near-Horizon 

Mean Sea Level 

Atmospheric pressure 

[hPa] 

Daily Minimum (on page 5.8-100) 999.1 ± 0.2 Not available (7) Not available (7) 

Daily Maximum (on page 5.8-100) 1037.4 ± 0.2 Not available (7) Not available (7) 

Extreme Lower (Hourly) (on page 

5.8-100) 
994.1 ± 0.2 

Not available (7) Not available (7) 

Average Annual (on page 5.8-100) 1016.3 ± 0.2 Not available (7) Not available (7) 

Extreme Upper (Hourly) (on page 

5.8-100) 
1040.6 ± 0.2 

Not available (7) Not available (7) 

Notes: 

(1) Thyspunt WS included 7 years of measurements. The maximum wind speeds were on average 20% lower at the Thyspunt WS than the observations at 
the Cape St Francis WS (highest wind speed 23.2 m/s) 

(2) Extreme analyses were completed using the measurements from the Cape St Francis WS since the database included 19 years of data compared to the 
7 years of measurements at the Thyspunt WS. These extremes are biased by the 20% on average higher wind speed observations than at the Thyspunt 
WS and are likely conservative projections. 

(3) Thyspunt WS included 7 years of measurements. The maximum wind speeds were on average 20% lower at the Thyspunt WS than the observations at 
the Cape St Francis WS (highest gust of 45.8 m/s). 

(4) Extreme analyses were completed using the measurements from the Cape St Francis WS since the database included 19 years of data compared to the 
7 years of measurements at the Thyspunt WS. The maximum dry bulb temperature extremes are slightly different, i.e. 38.2 °C at Thyspunt WS compared 
to 38.5°C at the Cape St Francis WS. The minimum dry bulb temperature extremes are more significantly different, i.e. 6.7 °C at Thyspunt WS compared 
to 4.9 °C at the Cape St Francis WS. The lower temperatures at the Cape St Francis WS therefore provides a more conservative estimate of the minimum 
temperature return periods. 
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Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

(5) Wet-bulb temperature projections are not part of the primary meteorological variables provided by the climate change model used in the analyses. The 
projections provided in the table are based on using the daily minimum, average and maximum temperature projected increases and assuming ±25% 
variation in the corresponding moisture content. 

(6) Temperatures of 3-hour, 6- hour and 7-day durations assumed projected temperature increases as per the climate change model. 
(7) Global climate projections from the ARP5 indicate relatively small changes in the projected mean sea-level atmospheric pressure over South Africa (max 

seasonal increase of 0.5 hPa in summer and reduction of 0.5 hPa in winter for the far horizon). 
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Table 5.8.B  
Site Specific Parameters Part 2 

Meteorological Parameter Value 

Tornadoes 

Tornado Probability 

(EF - Enhanced 

Fujita Scale) 

Based on 116-year 

database 1905 -

2020 

(on page 5.8-144) 

All(2) 6.8 x 10-6 per year per km² 

EF0 1.3 x 10-6 per year per km² 

EF1 2.1 x 10-6 per year per km² 

EF2 6.6 x 10-7 per year per km² 

EF3 <1.0 x 10-8 per year per km² 

EF4 <1.0 x 10-8 per year per km² 

EF5 <1.0 x 10-9 per year per km² 

Based on 25-year 

database 1996 -

2020 (1) 

(on page 5.8-144) 

All(2) 3.2 x 10-6 per year per km² 

EF0 4.0 x 10-5 per year per km² 

EF1 2.3 x 10-6 per year per km² 

EF2 (3) 6.6 x 10-7 per year per km² 

EF3(3) <1.0 x 10-8 per year per km² 

EF4(3) <1.0 x 10-8 per year per km² 

EF5(3) <1.0 x 10-9 per year per km² 

10-7 per year wind speed: 

- maximum wind speed (on page 5.8-146) 

- maximum translational (on page 5.8-146) 

- maximum rotational (on page 5.8-146) 

 

75.0 m/s 

15.0 m/s 

60.0 m/s 

 
Lower 

Quartile 

Upper 
Quartile 

Median Average 

Path Width [m] (on page 5.8-145):     

EF0 tornado (40% to 64% probability) 22.9 68.6 45.7 54.9 

EF1 tornado (36% to 48% probability) 68.6 182.9 91.4 163.8 

EF2 tornado (0% to 4% probability) 137.2 402.3 228.6 344.1 

EF3 tornado (0% to 4% probability) 339.5 1005.8 548.6 736.3 

Path Length [km] (on page 5.8-145):     

EF0 tornado (40% to 64% probability) 0.29 2.7 0.8 2.27 

EF1 tornado (36% to 48% probability) 1.77 9.33 4.4 7.1 

EF2 tornado (0% to 4% probability) 4.53 19.25 10 14.3 

EF3 tornado (0% to 4% probability) 12.38 36.34 23 29.1 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-14 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

Meteorological Parameter Value 

Pressure drop for 10-7 per year wind speed 

(on page 5.8-146) 
40 hPa 

Maximum rate of pressure drop for 10-7 per 

year wind speed (on page 5.8-146) 
13 hPa/s 

Atmospheric 

Turbulence 

(Sigma-Theta 

Method) 

(on page 5.8-107) 

Convective (A) 3.33% 

Unstable (B) 1.84% 

Moderately Unstable (C) 4.88% 

Neutral (D) 40.89% 

Moderately Stable (E) 46.14% 

Stable (F) 2.92% 

Very Stable (G) 0.01% 

Prolonged 

Inversions  

(on page 5.8-104) 

Likelihood 

Annual 30% 

Summer 19% 

Winter 44% 

Snowfall (3) 

(on page 5.8-98) 

Average 0.0 mm/h 

Maximum load 0.0 N/m³ 

Lightning 

(on page 5.8-148) 

Flashes/year/km² 1.0 flash/year/km² (range 0.02 to 1.0) 

Average strokes per flash 5 

Maximum strokes per flash 16 

Average peak current 25 kA 

Highest peak current 166 kA 

Thunder 

(on page 5.8-98) 
Average number of days with thunder 7.2 days/year 

Hail 

(on page 5.8-98) 
Average number of days with hail 0.8 days/year 

Frost 

(on page 5.8-98) 
Average number of days with frost 0 days/year 

Fog 

(on page 5.8-98) 
Average number of days with fog 

25.4 days/year (Thyspunt WS) 

24.3 days/year (Cape St Francis WS) 

Relative humidity 

(on page 5.8-98) 

Summer (relative humidity at 37 ºC, dry 

bulb) 

17.6% (Thyspunt WS) 

14.7% (Cape St. Francis WS) 

Winter (relative humidity at -25 ºC, dry 

bulb) 

78.8% at 6.6 °C (Thyspunt WS) 

81.0% at 4.9 °C (Cape St. Francis WS) 

Assume 100% at -25ºC 

Solar Radiation 
Lowest daily total (on page 5.8-102) 8.4 MJ/m2.day (June) 

Highest daily total (on page 5.8-102) 26.3 MJ/m2.day (January) 
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Meteorological Parameter Value 

Penman-Monteith 

Evapotranspiration 

(on page 5.8-118) 

Monthly Total Minimum 84.8 mm (June) 

Monthly Total Minimum 146.1 mm (January) 

Corrosivity 

(on page 5.8-130) 

Rate in 1st year 

Carbon steel 68.0 (50.6-81.6) µm/year 

Zinc 2.8 (2.2-3.4) µm/year 

Copper 1.8 (1.5;1.9)  µm/year 

Aluminium 1.0 (0.7;1.2)  µm/year 

Average rate over 20 years 

Carbon steel 8.8 to 11.1 µm/year 

Zinc 1.3 to 1.6 µm/year 

Copper 0.4 to 0.5 µm/year 

Aluminium 0.3 to 0.4 µm/year 

Notes: 

(1) Tornado activity has increased since 1987 within an 80 km radius from the site. Whilst climate change 

may have contributed to increases in tornado frequencies, it may also simply be that the reporting of 

tornadoes has increased due to population spread as well as the associated damage to property. 

(2) The “All” tornado entry combines all frequencies from EF0 to EF4 in the table. 

(3) No tornadoes of strength higher than EF2 were observed during the last 34 years of reporting and 

therefore assumed the same values as for the long-term analysis. 

(4) This reflects current observation; however extreme minimum temperatures (excluding climate change 

projections) indicate temperatures well below freeze point for water and may result in the occurrence of 

snow at the site. 
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5.8 METEOROLOGY 

The meteorological8 and climatological9 characteristics for the Thyspunt site 
(the site) have been investigated in support of the identification of external 
meteorological events10 and potential hazards to the nuclear installation(s) 
on the site. This section of this Site Safety Report (SSR) presents the 
approach to evaluation of these site characteristics, with specific attention 
to the extreme values of meteorological variables such as air temperature 
and wind speed and rare meteorological phenomena that occur 
infrequently11 (International Atomic Energy Agency, 2019). 

5.8.1 Introduction 

The approach to be followed during the evaluation of the site for locating the 
new nuclear installation(s) has been provided in Chapter 4 (Site 
Investigation Approach) and in the meteorology section of the SSR 
Technical Specification for Site Safety Reports (Eskom, 2022c). The most 
important requirement for completing the meteorology section is the 
provision of sufficient data to perform the analyses required for this section, 
which include historical data and reports, and on-site meteorological 
parameter measurements. The information must serve to confirm that the 
site is suitable for its intended use and to provide the site characteristics in 
a manner that is fit for use in the Safety Analysis Report (SAR) that will 
demonstrate the adequacy of the design of the nuclear installation(s) to 
protect public health, safety, plant security and provide environmental 
protection.  

The key meteorological aspects have been identified as follows: 

 
8 Meteorology is the scientific study of the earth’s atmosphere and how it causes changes in weather conditions 
at a location. Meteorology includes different times and distance scales. Thes scales are categorised into 
microscale, mesoscale, and synoptic scale. Microscale meteorology describes the smallest and shortest event; 
events that only last seconds or minutes, and only in areas less than 2 km. Mesoscale meteorology occur up to 
several hours and roughly 1 000 km. These events include thunderstorms, sea breezes, severe local storms, 
tornado events, and low-level jet streams. Synoptic scale meteorology the study of weather events from 1 000 to 
2 500 km at a certain point in time.  
9 Climatological characteristics include the conditions of the atmosphere at a particular location over a long period 
of time; and it is the long-term summation of the atmospheric elements (and their variations) that, over short time 
periods, constitute weather. These elements are solar radiation, temperature, humidity, precipitation (type, 
frequency, and amount), atmospheric pressure, and wind (speed and direction). 
10 Events originating outside the nuclear installation(s) with the potential to cause adverse conditions or even 
damage to safety important structures, systems or components (Eskom, 2022b). 
11 In RG 0011, clause 7.1 General approach for External Events (National Nuclear Regulator, 2016a), the 
assessment of hazards associated with external natural and human-induced events alternatively uses the terms 
“external phenomena” and “severe events”. In the meteorology section of the TSSR, this includes, extreme 
meteorological events, such as extreme winds and heavy rains that are often short-lived, as well as rare, but 
severe meteorological phenomena such as cyclones, tornadoes, severe thunderstorms, hail, etc. An extreme 
weather event is rare at a particular place and time of year, with unusual characteristics in terms of magnitude, 
location, timing, or extent. 
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• wind field parameters, including average and extreme wind speeds, 
average and extreme wind gusts, wind directions and turbulence 
(derived from the standard deviation of wind direction) - These 
parameters are necessary to calculate the atmospheric dispersion of 
air emissions from the nuclear installation(s), under normal operating 
conditions and upset or accidental releases. Wind speed data are 
also required to estimate extreme oceanographic events, such as 
extreme storm surges. The extremes of wind speeds, including 
tornadoes and cyclones, are also required to establish the adequacy 
of the nuclear installation design. 

• air temperature, including dry- and wet-bulb temperatures - The 
nuclear installation design should accommodate the effects of 
temperature extremes, including both very high and low 
temperatures. 

• rainfall, including the amount, type and durations are important to 
design surface water holding and drainage systems; 

• snow - This is an important parameter in regions where snow may 
represent a significant load factor in the design of plant structures.  

• lightning - Lightning transients exhibit extremely high voltages, 
currents and current rise rates and knowledge of lightning expected 
at the site is required for the design of insulators to minimise damage.  

• blizzards, dust and sandstorms, drought, icing and hail – These rare 
meteorological phenomena are included owing to their possible 
impact on plant safety. 

• solar radiation - The measurement of the solar radiation is required 
to determine the development of the day-time atmospheric structure 
and evapotranspiration12 rates. 

• barometric pressure - required to estimate extreme oceanographic 
events;  

• corrosivity potential - required to enable the selection of appropriate 
construction and fabrication material - It is also required to assist with 
the selection of protective coating systems, if implemented.  

The onsite Thyspunt Weather Station (WS) was commissioned on 
10 January 2008 and monitoring included two campaigns: 10 January 2008 
to 4 October 2013 and 29 September 2017 to 31 March 2019. Data 
gathering stopped on 31 March 2019 following an Eskom Stop Work Order 
of 6 February 2019, which took effect from 1 April 2019. Albeit outside the 

 
12 Evapotranspiration is the process by which water is transferred from the land to the atmosphere by 
evaporation from the soil and other surfaces and by transpiration from plants. 
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contract period, monitoring at the Thyspunt WS continued until 3 June 2020; 
however, the data were deemed valid only for the period up to 
September 2019. Although the total length of the meteorological database 
is approximately seven years13, the four-year gap between the two 
campaigns does not allow the establishment of rainfall trends for this period. 
In general, the longer the observation period, typically 20 and more years, 
but not less than 10 years14 (Smithers & Schulze, 2000), the smaller the 
error in calculating the average annual precipitation and short-term 
extremes rain events. Furthermore, to allow seasonal and consecutive 
annual temporal trends, only six full years were available in the dataset15. 
Other meteorological parameters are not as significantly affected by the 
missing data period. 

Long-term rainfall observed at Cape St. Francis, Humansdorp and 
Gqeberha (formerly known as Port Elizabeth) accumulated over longer 
periods improve the accuracy of estimating extreme weather conditions. 
Additional information was therefore also obtained from the SAWS reports, 
and monitoring data from SAWS.  

5.8.2 Purpose and Scope 

The purpose of the meteorological investigation of the site is to: 

• provide baseline information for site evaluation and this SSR that will 
be updated over the life cycle of the nuclear installation(s); 

• confirm the suitability of the site through the identification of external 
meteorological events and potential hazards for the nuclear 
installation(s); 

• develop the atmospheric structure (including wind and turbulent 
fields) to enable atmospheric dispersion predictions necessary for 
the assessment of potential radiological impact to the public and the 
environment in Chapter 7 (Potential Radiological Impact on the 
Public and the Environment, PRIPE) and the evaluation of the 
feasibility of the emergency planning in Chapter 8 (Emergency 
Planning); 

• define the local air quality with specific reference to corrosion 
potential. 

 
13 2008, 2009, 2010, 2011, 2012, 2013 (8 months), September 2017 to September 2018, September 2018 to 
September 2019.  
14 As discussed in (Smithers & Schulze, 2000), the reliability of design rainfall values increases with longer records 
and records lengths less than 10 years are generally not suitable for design rainfall estimation. 
15 2008, 2009, 2010, 2011, 2012, and albeit not calendar years, September 2017 to September 2018, and 
September 2018 to September 2019. 
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The results of the meteorological analysis also provide input into the:  

• selection of appropriate dispersion models for the site and the 
assessment of the atmospheric dispersion of radionuclides to the 
environment; 

• demonstration of compliance with the National Nuclear Regulator’s 
(NNR’s) licensing requirements for operating a nuclear installation in 
terms of radiological protection to ensure public health and safety; 

• establishment of limits for nuclear installation design performance. 

These additional functions, however, require additional data and detail that 
depend on the nuclear installation design. 

5.8.3 Regulatory Framework 

The overall legal and regulatory basis for this SSR is outlined in Chapter 2 
(Legal and Regulatory Basis) of this SSR. The main national regulations 
specifically relevant to a meteorological investigation for site evaluation are 
the Regulations on Siting of New Nuclear Installations (Department of 
Energy, 2011). These require the SSR to present the characteristics of the 
proposed site, which include inter alia: 

• [Regulation 4(5)] Natural phenomena and potential man-made 
hazards must be appropriately accounted for in the design of the new 
nuclear installation(s), and that adequate emergency plans and 
nuclear security measures can be developed. 

• [Regulation 5(3)] The characteristics of the site relevant to the design 
assessment, risk and dose calculations, including inter alia: 

- [Regulation 5(3)(a)] external events (and in this case, of 
meteorological origin); and 

- [Regulation 5(3)(b)] meteorological data. 

5.8.4 Requirement Documents and Guides 

The Regulation is complemented by the following NNR documents16: 

 

 
16 This document incorporates guidelines and safety requirements of the International Atomic Energy Agency and 
United States Nuclear Regulatory Commission as listed, but some references are not cited again herein. Whilst 
not all the listed references are used in the sections, these are included since they were used in the development 
of the Technical Specification. 
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• Interim Guidance for the Siting of Nuclear Facilities, Regulatory 
Guide RG-0011, Rev 0 – Sections 7.2.2 and 8.3 (National Nuclear 
Regulator, 2016a) 

• Consideration of External Events for New Nuclear Installations, 
Position Paper PP-0014, Rev 0 – Sections 11.3, 11.4, 11.5 and 11.9 
(National Nuclear Regulator, 2012a); 

• Emergency Planning Technical Basis for New Nuclear Installations, 
Position Paper PP-0015, Rev 0 – Sections 7.3.2.3 and 7.3.4 
(National Nuclear Regulator, 2012b); 

• Guidance on the Verification and Validation of Evaluation and 
Calculation Models used in Safety and Design Analyses, Regulatory 
Guide RG-0016, Rev 0 (National Nuclear Regulator, 2016b); 

• Quality and Safety Management Requirements for Nuclear 
Installations. Requirement Document No. RD-0034 (National Nuclear 
Regulator, 2008). 

• Emergency Prepared and Response Requirements.  Requirement 
Document No. RD-014 (National Nuclear Regulator, 2005). 

• Demonstration of compliance with the NNR requirements has also 
been performed following the available NNR guidelines and 
internationally accepted safety standards and supporting documents, 
US regulatory guidance and Eskom standards as follows: 

− International Atomic Energy Agency (IAEA) Safety 
Requirement No. SSR-1 on Site Evaluation for Nuclear 
Installations (International Atomic Energy Agency, 2019); 

− IAEA Specific Safety Guide No. SSG-18 on Meteorological 
and Hydrological Hazards in Site Evaluation for Nuclear 
Installations (International Atomic Energy Agency, 2011); 

− IAEA Safety Guide No. NS-G-3.2 on Dispersion of 
Radioactive Material in Air and Water and Consideration of 
Population Distribution in Site Evaluation for Nuclear Power 
Plants (International Atomic Energy Agency, 2002); 

− IAEA Specific Safety Guide No. SSG-68 on Design of Nuclear 
Installations Against External Events Excluding Earthquakes 
(International Atomic Energy Agency, 2021); 

− IAEA Safety Report Series No. 19. on Generic Models for Use 
in Assessing the Impact of Discharge of Radioactive 
Substances to the Environment (International Atomic Energy 
Agency, 2001); 
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− United States Nuclear Regulatory Commission (US NRC) 
NUREG 0800 (Parts 2.3.1 to 2.3.4.) (United States Nuclear 
Regulatory Commission, 2007a); 

− US NRC Regulatory Guide 1.145 on Atmospheric Dispersion 
Models for Potential Accident Consequence Assessments at 
Nuclear Power Plants (United States Nuclear Regulatory 
Commission, 1983); 

− US NRC Regulatory Guide No. 1.76 on Design Basis Tornado 
and Tornado Missiles for Nuclear Power Plants (United States 
Nuclear Regulatory Commission, 2007b); 

− US NRC Regulatory Guide No. 1.23 on Meteorological 
Monitoring Programs for Nuclear Power Plants (United States 
Nuclear Regulatory Commission, 2007c); 

− American Nuclear Society – Determining Meteorological 
Information at Nuclear Facilities, American Nuclear Society, 
ANSI/ANS-3.11-2015 (American National Standard, 2015); 

− EPA-454/R-99-005 on Meteorological Monitoring Guidance 
for Regulatory Modelling Applications (United States 
Environmental Protection Agency, 2000); 

− ISO 9223 on Corrosion of Metals and Alloys-Corrosivity of 
Atmospheres – Classification (International Organisation for 
Standardisation, 2012a); 

− Eskom Standard 238-52 – Meteorological Requirements for 
Nuclear Installations (Eskom, 2022a)17. 

Regulatory Guide 1.23 Rev 1 (United States Nuclear Regulatory 
Commission, 2007c) was used as reference for the specification of 
meteorological instruments and operation of the weather station since the 
start of the monitoring programme at the site. This guide reflects the 
regulatory requirements and best practices, using guidance provided in 
ANSI/ANS-3.11-2005 “Determining Meteorological Information at Nuclear 
Facilities. Although the latter standard has subsequently been revised to 
ANSI/ANS-311-2015 (American National Standard, 2015), the 
meteorological monitoring specification in the current campaign still 
conforms to the listed criteria.  

 
17 This section of this SSR identifies the criteria for establishing and implementing an onsite meteorological 
measurements programme that aims to demonstrate compliance with the National Nuclear Regulator (NNR) 
requirements for collection of basic meteorological data. At the time of writing, no specific NNR requirements for 
the collection of basic meteorological data have been provided. In the interim, the Eskom Standard 238-52 – 
Radiation Protection: Meteorological Requirements (Eskom, 2017) will be followed. 
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5.8.5 Evaluation Approach 

This subsection provides the background to the meteorological information 
on which the analyses are based. This includes information on both on- and 
off-site meteorological data. 

5.8.5.1 Meteorological Data Analysis 

The following steps have been identified (Eskom, 2022c) to evaluate the 
meteorological characteristics of the site:  

• identification of key meteorological parameters required to 
characterise events that are likely to occur within the site (both rare 
and extreme); 

• desk study evaluation of existing meteorological information 
including key historical data, analyses, reports and related 
information; 

• analysis of monitored onsite meteorological data; 

• identification, quantification and management of uncertainties; 

• identification of any further work required prior to or during 
construction and operation of the nuclear installation(s). 

The analytical procedures provided in the IAEA Specific Safety Guide No. 
SSG-18 (International Atomic Energy Agency, 2011) were used as a basis 
for conducting the meteorological analyses. The main tasks in the 
meteorological analysis included the following: 

• to assess the meteorological and climatological characteristics for 
the region around the site; 

• to describe the basic meteorological parameters, regional 
orography18 and phenomena including wind speed and direction, air 
temperature, precipitation, humidity, solar radiation, atmospheric 
stability parameters, prolonged inversions and dispersion potential; 

• to determine extreme values of meteorological variables (e.g. wind 
speed, precipitation, snow and temperature); 

• to determine the potential frequency and severity of lightning; 

• to determine the potential occurrence of tornadoes in the region; 

 
18 Orography is the study of the topographic relief of mountains, and can more broadly include hills, and any part 
of a region's elevated terrain. 
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• to determine the potential for tropical cyclones, hurricanes and 
hurricane force winds; 

• to establish a monitoring programme for meteorological 
measurements; and  

• to determine uncertainties in the measurements and to take them into 
account in the evaluation of statistical results. 

The monitoring requirements (and any potentially additional requirements) 
will continue throughout the nuclear installation operation and up until 
decommissioning (International Atomic Energy Agency, 2002) and (Eskom, 
2022a). 

5.8.5.2 Meteorological Measurement 

The site was investigated with regard to the meteorological characteristics 
that could be significant to safety in respect of external meteorological 
events. The following are addressed in the subsections: 

• the available data prior to site investigations; 

• the meteorological measurements performed (and on-going) for the 
purpose of this SSR; 

• the meteorological stations; 

• data resources; 

• the evaluation techniques used; 

• the methods for analysis of data. 

5.8.5.2.1 Availability of Data 

At present there are no long-term local meteorological data for the site, apart 
from the results from the seven year’s on-site meteorological measurements 
(more detailed discussion in the next subsection). Historically, Eskom 
Holdings (further referred to as Eskom) collected meteorological data at four 
sites in the vicinity of the site (Cadman & Peerce, 1987; Peerce, 1988a; 
Peerce, 1988b; Tosen, et al., 1987a; Tosen, et al., 1987b), namely De Hoek, 
Thyspunt, Klippepunt, and Brakkeduine (see Figure 5.8.1). The monitoring 
occurred at these sites between December 1986 and September 1988. 
Unfortunately, vandalism of equipment resulted in limited data recovery. The 
most appropriate data set was recovered from January 1987 to September 
1988. 
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Figure 5.8.1 
Locations of the Eskom Historical Monitoring Points, SAWS WS and the Thyspunt WS 
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The IAEA (International Atomic Energy Agency, 2019) considers it 
acceptable to collect meteorological information from nearby weather 
stations that would allow the establishment of historical trends. SAWS 
weather stations included in a 100 km radius from the site are summarised 
in Table 5.8.1. Although several stations are included in the table, only Cape 
St Francis and Humansdorp, were considered to best represent the 
meteorological conditions for the site. The other sites are far removed and 
represent meteorological conditions that do not apply to the study area. 

Long-term meteorological data have been collected by the SAWS at Cape 
St. Francis , approximately 9.3 km east-southeast 
of the site at a height of 9 m above mean sea level (m amsl) (Figure 5.8.1). 
The parameters measured at this station include the wind vector (speed and 
direction), ambient temperature, relative humidity, atmospheric pressure 
and rainfall. Wind speed and direction measurements at the Cape St 
Francis WS are made at approximately 10 m above ground level. Due to the 
proximity and location at the coast, the atmospheric conditions are expected 
to be similar to those at the site. This assumption is verified through 
comparisons of observations of meteorological parameters from the two 
weather stations. 

In addition to the meteorological observations at the Cape St. Francis WS, 
long term rainfall data have been collected at the Humansdorp WS, 
approximately 17.3 km north-northeast of the site  

and 109 m amsl) (Figure 5.8.1).  

5.8.5.3 Onsite Meteorological Instrumentation 

The Thyspunt WS is established at E and an 
altitude of 51 m amsl, which is approximately 730 m west of the current site 
centroid  and 28 m amsl) and about 760 m 
from the high tide mark. Parameters measured at this weather station 
include wind speed and direction at 9 m above ground level, dry-bulb 
temperature at 2 m and 8 m above ground level, solar radiation, relative 
humidity, atmospheric pressure, rainfall, visibility and lightning events. 

The Thyspunt WS was commissioned on 10 January 2008 and monitoring 
continued until 20 September 2013. The Thyspunt WS was re-
commissioned four years later, on 29 September 2017, using re-calibrated 
instruments and where required (i.e. operated outside specifications), 
replaced with new instruments and equipment. Data gathering stopped on 
31 March 2019 following an Eskom Stop Work Order of 6 February 2019, 
which took effect from 1 April 2019. 

Redacted

Redacted

Redacted

Redacted

Redacted
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Table 5.8.1 
Meteorological Stations and Measurements 

Station 
Distance 
from Site 

Meteorological Parameters Measured Availability 

Brakkeduine (1) 23 km west Wind Speed and Direction January 1987 to 
September 1988 

Klippepunt (1) 12 km west Wind Speed and Direction January 1987 to 
September 1988 

De Hoek (1) 8 km east Wind Speed and Direction January 1987 to 
September 1988 

Thyspunt (1) On-site Wind Speed and Direction January 1987 to 
September 1988 

Thyspunt WS On-site Precipitation, Air temperature, Ambient 
pressure, Wind Speed/Direction, Relative 

Humidity, Solar radiation 

10 January 2008 to 
20 September 2013 
29 September 2017 

to 30 September 
2019 (5) 

Cape St. Francis 
(0017582 7) (2) 

9.3 km east-
southeast 

Precipitation January 1881 to 
December 2003 

Cape St. Francis 
(0017582A1) (2) 

9.3 km east-
southeast 

Precipitation, Air temperature, Ambient 
pressure, Wind Speed/Direction, Relative 

Humidity 

15 June 2004 to 31 
December 2023 

Humansdorp  
(0017452 7) 

17.3 km 
north-

northeast 

Precipitation 1878 - 2022 

Jeffreys Bay (4) 
(0017723 1) 

28 km 
northeast 

Precipitation 1879 - 2023 

Emerald Hill (3) (4) 
(0035060)  

93 km 
northeast 

Precipitation 118 years 

Gqeberha (4) 
(0035209) 

95 km east-
northeast 

Wind Speed/Direction, Relative Humidity, 
Air temperature, Ambient pressure, Wind  

January 1970 to 
August 1992 

Gqeberha4) 
(0035179 5) 

95 km east-
northeast 

Wind Speed/Direction, Relative Humidity, 
Air temperature, Ambient pressure, Wind 

August 1992 to 
December 2023 

Patensie (4) 
(0033556 5) 

48 km north-
northeast 

Precipitation, Air temperature, Ambient 
pressure, Wind Speed/Direction, Relative 

Humidity 

 

Patensie (4) 
(0033526 3) 

48 km north-
northeast 

Precipitation  

Kariega (4) 
(0034763 X) 

78 km 
northeast 

Precipitation, Air temperature, Ambient 
pressure, Wind Speed/Direction, Relative 

Humidity 

 

Kariega (4) 
(0034767 7) 

78 km 
northeast 

Precipitation  

Notes:  
(1) Eskom monthly reports (Cadman & Peerce, 1987; Peerce, 1988a; Peerce, 1988b; Tosen, et al., 1987a; 

Tosen, et al., 1987b). 
(2) The original Cape St. Francis (0017562 7) station was replaced end of December 2003 by an automatic 

weather station (0017582A1).  
(3) Emerald Hill (Gqeberha) was discontinued. 
(4) Data from this weather station were not used in the analyses. 
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Station 
Distance 
from Site 

Meteorological Parameters Measured Availability 

(5) Data gathering stopped on 31 March 2019 following an Eskom Stop Work Order, however the data were 
deemed valid for the period up to 30 September 2019 

An automatic data logger is used to record meteorological data. The data 
are stored as 10-minute averages in electronic format (Eskom, 2022c; 
International Atomic Energy Agency, 2002; International Atomic Energy 
Agency, 2011). The following information is recorded: 

- location, date and time; 

- horizontal wind direction (degrees) and wind speed (m/s) (including 
wind gusts) at 9 m; 

- standard deviation of wind direction (degrees) in horizontal plane 
(‘sigma theta’) at 9 m; 

- ambient dry-bulb air temperature19 (°C) at 2 m and 8 m; 

- ambient temperature gradients (lapse rates) between levels 2 m 
and 8 m (°C); 

- atmospheric moisture (per cent); 

- precipitation (mm); 

- solar radiation (kW/m²); 

- barometric pressure (hPa); 

- visibility (km); 

- lightning events (counts). 

The data can be retrieved remotely via telephone dial-up modem or 
downloaded onsite, using a data transfer connection cable and personal 
computer.  

Evapotranspiration and atmospheric stability are derived from these 
parameters, as discussed in Subsections 5.8.5.1.10 and 5.8.5.1.9, 
respectively. 

Corrosivity of the local atmosphere was measured using the ISO 9223 
International Standard (International Organisation for Standardisation, 
2012a) methodology including the periods from May 2008 to January 2009, 

 
19 The dry-bulb temperature is the temperature of air measured by a thermometer freely exposed to the air but 
shielded from radiation from the sun. "Dry-bulb" is included because the air temperature is indicated by a 
thermometer not affected by the moisture of the air. The dry-bulb temperature is the temperature that is usually 
thought of as “air temperature”, and it is the true thermodynamic temperature. Whereas a normal, dry-bulb 
thermometer measures the temperature of ambient air, the wet-bulb temperature is the temperature of a surface 
from which water has evaporated into a stream of ambient air. It is the lowest temperature to which an object can 
be cooled solely by the evaporation of water. 
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October 2012 to September 2013, and October 2017 to March 2019 
(Burger, 2019). The ISO Standard 9223 methodology utilises the measured 
temperature and relative humidity from the local weather station together 
with the deposition rate of sulfur dioxide and airborne salinity to determine 
the corrosivity rate.  

Measurement of meteorological parameters at higher levels will be initiated 
at least one year prior to the start of the nuclear installation construction 
(United States Nuclear Regulatory Commission, 2007c). 

5.8.5.4 Instrument Accuracy 

As part of the management of uncertainties (see Subsection 5.8.9) all 
instrumentation is within the accuracy specifications contained in the SSR 
Technical Specification (Eskom, 2022c). The required instrument 
accuracies, ranges and measurement resolutions of the instrumentation 
included on the Thyspunt WS are summarised in Table 5.8.2 (Eskom, 
2022c; American National Standard, 2015). These accuracies equal or 
better the requirements of the US NRC (United States Nuclear Regulatory 
Commission, 2007c). The technical specifications of the meteorological 
instrumentation for the Thyspunt WS are given in Appendix 5.8.D. 

The meteorological instrumentation is checked on a monthly basis as part 
of the maintenance programme described in Subsection 5.8.8. More 
specific maintenance such as sensor calibration, sensor performance 
testing and sensor component replacement are done on a bi-annual basis 
(United States Nuclear Regulatory Commission, 2007c).  

Validation of the data includes the following steps: 

• identify period during which instrument calibration activity occurred 
and remove data during this period since it would include data 
generated by the calibration process (when applicable); 

• check that all data are within valid ranges. Two range checks are: 

- instrument ranges; 

- ranges based on actual extreme observations; 

• check that the readings from the instruments are not fixed on a value 
for extended periods and that no sudden jumps occurred. 

If any of these conditions are not met, the data are automatically flagged. 
Flagged data are subsequently checked by the data analyst and replaced 
by a missing parameter identifier (“-9999”) if they are suspected to be 
invalid. These data validation checks would identify instrument malfunction. 
The necessary actions to rectify any issues are initiated and executed as 
soon as possible, to minimise data loss. 
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Table 5.8.2 
Instrument Accuracies and Resolutions 

Measurement 
Parameter 

Thyspunt WS Instrument 
Specification 

ANSI/ANS-3.11-2015 
(American National Standard, 2015) 

System Accuracy 
and Range 

Measurement 
Resolution 

Required 
Accuracy and 

Range 

Required 
Measurement 

Resolution 

Wind speed 

± 0.2 m/s with 
starting threshold of 

less than 0.4 m/s 
Range 0 to 50 m/s 

0.1 m/s 

±0.2 m/s or 5% of 
observed wind 

speed 
starting threshold 

< 0.45 m/s (1) 

0.1 m/s 

Wind direction 

± 3° of azimuth, with 
starting threshold of 

less than 0.5 m/s 
Range 0 to 360 m/s 

1° 

± 5° of azimuth, 
with starting 

threshold of less 
than 0.5 m/s 

1° 

Sigma theta Degrees azimuth 0.1 Not applicable 0.1 

True North ± 3° 1° None stated None stated 

Ambient Air 
Temperature 

± 0.5 °C 
Range -50 to +50 °C 

0.1 °C ±0.5 °C 0.1 °C 

Solar 
Radiation 

±5%, linearity 1% 
max up to 3 000 

W/m², stability <±2% 
per year, operating 

temperature of -20 to 
+65°C and minimum 
response time of 10 

μS 
Range 400-1 100 

nanometre 

0.1 W/m² 5% of observed ±1 W/m² 

Relative 
Humidity 

±2 % at 20 °C:, 
stability: better than 
±1 % per year and 

response time of 10 
seconds (without 

filter) 
Range 0 to 100% 

0.1% ±4% 0.1% 

Precipitation 
2% up to 25 mm/hr 
3% up to 50 mm/hr 

0.1 mm 

±10% for a volume 
equivalent to 2.54 

mm of 
precipitation at a 
rate < 50 mm/hr 

0.25 mm 

Atmospheric 
Pressure 

±0.5 hPa (mbar) at -
50 to +60°C 

Range 600 to 1 100 
hPa (mbar) 

0.1 hPa ±3 hPa 0.1 hPa 

Time ±5 min 1 min ±5 min 1 min 
Note 

(1) The starting threshold defines calm wind conditions. This includes any speed below the starting threshold 
of the wind speed or direction sensor; or any wind speed below that which is appropriate for input into 
atmospheric dispersion models, whichever is greater. In the United States of America, calm is typically 
defined as any speed less than 1 mph, i.e. 0.45 m/s. 
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The first monitoring campaign included the period from 2008 to 2013. For 
the individual years of 2008, 2010, 2011 and 2012 the data validity was on 
average 99.9 per cent, whereas valid data for 2009 and 2013 were on 
average 96.47 per cent and 98.98 per cent respectively. The 2013 
monitoring period included 1 January 2013 to 4 October 2013. The second 
monitoring campaign included the period from 29 September 2017 to 
30 September 2019. Valid data for the second monitoring campaign for 
2017 were 99.60 per cent and 100 per cent for 2018 and 2019. The seven 
full years of monitoring include: 2008, 2009, 2010, 2011, 2012, September 
2017 to September 2018, September 2018 to September 2019. Only 8 
months monitoring occurred in 2013. 

The overall availability of the meteorological parameters for the two 
monitoring campaigns (Eskom, 2023a) is given below: 

• horizontal wind speed, direction and standard deviation of wind 
direction: 

­ 2009 to 2013  : 99.84 per cent 

­ 2017 to 2019  : 99.91 per cent 

• ambient air temperature: 

o 2009 to 2013  

o 2 m  : 99.84 per cent 

o 8 m  : not measured 

o 2017 to 2019 

o 2 m  : 99.91 per cent 

o 8 m  : 99.90per cent 

• vertical temperature difference: 

o 2009 to 2013  : not measured 

o 2017 to 2019  : 99.90 per cent 

• barometric pressure: 

o 2009 to 2013  : 99.84 per cent 

o 2017 to 2019  : 99.91 per cent 

• relative humidity : 

o 2009 to 2013  : 99.84 per cent 

o 2017 to 2019  : 99.91 per cent 

• solar radiation: 

o 2009 to 2013  : 99.84 per cent 
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o 2017 to 2019  : 99.91 per cent 

• Rainfall20: 

o 2009 to 2013  : 99.84 per cent 

o 2017 to 2019  : 99.91 per cent 

• Visibility: 

o 2009 to 2013  : no measurement 

o 2017 to 2019  : 99.91 per cent 

• lightning events: 

o 2009 to 2013  : no measurement 

o 2017 to 2019  : 99.91 per cent 

Instrument calibrations were performed by an ISO 17025 (International 
Organisation of Standardisation, 2017) accredited laboratory on a biannual 
basis (Appendix 5.8.F). 

5.8.5.5 Macro and Micro Siting of Instrumentation 

The most important consideration in siting of meteorological observation 
instrumentation is spatial and temporal “representativeness” for the intended 
application (American National Standard, 2015). Local topographical 
characteristics and surface features can influence atmospheric transport 
and dispersion and must be considered when planning or evaluating a 
meteorological monitoring programme. As shown in Figure 5.8.2, the major 
topographical features run parallel along a northwest to southeast vector. 
The site is characterised by undulating hills with elevations reaching up to 
150 m amsl21, 4.6 km north from the centroid (28 m amsl). Within a radius 
of 1 km from the centroid, the dunes run more parallel to the coastline and 
rise to maximum heights of about 98 m towards the north, approximately 
24 m towards the east and 65 m amsl towards the west. Further north (20 
km from centroid), the topography rises to about 230 m amsl. 

The atmospheric structure located near the ocean can be influenced by sea 
and land breezes and long-range transport of stable plumes over water. A 
feature of shoreline sites is the potential formation of a thermal internal 
boundary layer (TIBL) at the coastline, which deepens with increasing 

 
20 Although the total length of the meteorological database is approximately seven years, the four-year gap 
between the 2008-2013 and 2017-2019 campaigns does not allow the establishment of a complete rainfall trend 
for the 2008-2019 period. Furthermore, the following calendar years include measurements of one-year durations: 
2008, 2009, 2010, 2011, 2012 and 2018, whereas the measurements during 2017 started in September 2017, 
and measurements during 2019 were only until September 2019. Only 8 months measurements were available 
during 2013. 

21 amsl – standard reference to “above mean sea level” 
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distance away from the water body. The ANSI/ANS -3.11-2015 standard 
(American National Standard, 2015) recommends that at least one 
measurement level shall be located within the TIBL.  

 

 
Figure 5.8.2 

Topography of the 40 km by 40 km Study Area 

The selection of a suitable location for the mast and all instrumentation took 
several factors into account to ensure the quality of the measurements. 
Guided by ANSI/ANS-3.11 (American National Standard, 2015) 
considerations in the siting of meteorological observation instrumentation, 
the following micro-siting measures were applied in the installation of the 
instruments to prevent local effects from unduly altering the values of the 
meteorological parameters to be measured: 

• wind speed and direction measurements are at approximately 10 m 
above ground level; 

0m

20m

40m

60m

80m

100m

120m

140m

160m

180m

200m

220m

240m

260m

280m

300m

Klippepunt
Thyspunt

De Hoek

Cape St Francis

Jeffreys Bay

0km 10km 20km 30km 40km



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-44 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

• the nearby buildings and other structures at the site do not influence 
the wind readings; 

• the measurement locations are away from any dunes, trees or other 
vegetation that could influence the wind readings; 

• the meteorological mast is located on an elevation which would 
represent as closely as possible the same meteorological 
characteristics as the surface layer into which any airborne material 
will be released. 

Meteorological monitoring programmes in complex terrain may require 
supplemental masts and towers to characterise dispersion in the region of 
transport. The number and nature of supplemental masts depends on the 
relevant atmospheric features within the domain of interest. ANSI/ANS-3.11 
(American National Standard, 2015) recommends that airflow studies be 
conducted to assist with siting of masts. Although the dunes create several 
shallow valleys, these are relatively local and variation in altitude is relatively 
gradual with a maximum gradient of 3.9 per cent to the south, 3.1 per cent 
to the east, 3.0 per cent to the west and 2.6 per cent north from centroid. As 
a result, wind field simulations (Appendix 5.8.A) indicate that a single well-
exposed weather station would suffice to establish the prevailing wind field 
across the local region. The mast and instruments were placed on a 
concrete slab of approximately 7 m x 10 m, with the base of the mast at a 
height of 51 m amsl. The closest dune higher than this is towards the west, 
70 m amsl, at a distance of approximately 520 m. The location is 
approximately 760 m from the closest shoreline and well located to observe 
the TIBL. 

5.8.5.6 Length of Monitoring 

The length of monitoring (monitoring timeframes) includes the prevailing 
(near-current) meteorology as well as long-term historical records. The latter 
information is specifically needed to improve the accuracy of predicting 
extreme values for wind speeds, dry bulb temperature and rainfall rates. 

Measured data from the instruments at the Thyspunt WS are logged on a 
Campbell CR1000 logger, from where the data are downloaded remotely 
via a modem and mobile phone connection. As a backup option, the data 
may also be downloaded locally via cable onto a portable computer. The 
data logger was initially (10 January 2008 to 29 July 2009) programmed to 
sample all meteorological parameters once every 10 seconds, and to 
provide the average of these over a 60-minute period, which was stored in 
the data logger memory. The 60-minute period coincided with the start of 
every hour of the day. From 30 July 2009 the sampling resolution was 
increased to one second intervals, with 10- minute averages stored in the 
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data logger. Wind speed gusts are also recorded and represent the highest 
wind speed observed in an hour (10 January 2008 to 29 July 2009) or 
10-minute (30 July 2009 to 4 October 2013 and 29 September 2017 to 
30 September 2019) averaging period, based on a 10 or one second 
sampling interval, respectively. 

All parameters are provided as 10-minute averages or totals (i.e. solar 
radiation and rainfall) using 360 readings per sampling period. The recorded 
logger date and time coincided with the start of every 10-minute monitoring 
period. 

The following statistical analyses are followed on the validated 
meteorological data (note “mean”, as used in this context and throughout 
the report is understood to be “arithmetic mean”, which is the same as 
“average”): 

• short-term wind gusts, hourly average values for all meteorological 
parameters, and averages of daily maximums and minimums for 
rainfall, relative humidity and ambient dry-bulb temperature - These 
values are reported per month to illustrate the seasonal behaviour. 
Extreme values (minimums and maximums) are also determined per 
month for rainfall (highest 1- and 24-hour totals), dry bulb 
temperatures (hourly averages) and wind speed (hourly averages 
and gusts). The total monitoring time includes the period from 10 
January 2008 to 4 October 2013 and 29 September to 30 September 
2019, i.e. a total of 67704 valid hours. 

• a joint frequency distribution of hourly average wind speed and wind 
direction data - The prevailing wind field is best described through a 
joint frequency which is normally displayed in tabular form and wind 
roses22. The total monitoring time includes the period from 10 
January 2008 to 4 October 2013 and 29 September to 30 September 
2019, i.e. a total of 67704 valid hours. 

• atmospheric stability classification - The atmospheric stability is 
typically classified into one of seven categories ranging from very 
stable to convective conditions. The classification is determined 
through the rate of temperature increase (stable) or decrease 
(unstable) with height above ground level (International Atomic 
Energy Agency, 2002) (“delta-T” method). The temperature 
difference between the two temperature instruments at 2 m and 8 m, 

 
22 A wind rose comprises 16 spokes which represent the directions from which winds blew during the period. The 
colours/shades of grey or box width reflect the different categories of wind speeds, the box closest to the inner 
circle, for example, represents winds of 1 m/s to 2 m/s. The dotted circles provide information regarding the 
frequency of occurrence of wind speed and direction categories. For the wind roses provided in this analysis, each 
dotted circle represents 5 per cent frequency of occurrence. The figure given in the centre of the circle describes 
the frequency with which calms occurred, i.e. periods during which the wind speed was below 1 m/s. 
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provide the temperature gradient and are provided as hourly 
averages. The fluctuations in wind direction are also used to provide 
a measure of atmospheric turbulence (International Atomic Energy 
Agency, 2002). These are provided as the standard deviations of 
wind direction (‘sigma-theta’ method) and are calculated using the 1-
second wind direction readings at 9 m and are provided as hourly 
averages. The total monitoring time includes the period from 10 
January 2008 to 4 October 2013 and 29 September to 30 September 
2019, i.e. a total of 67704 valid hours for the sigma theta method and 
17526 valid hours for the delta-T method. 

• hourly-totalled solar radiation levels - Solar radiation levels, in 
combination with the hourly average wind speed, ambient air 
temperature and atmospheric stability allow a full description of the 
atmospheric structure (International Atomic Energy Agency, 2002) 
suitable for use in the atmospheric dispersion model. The effects of 
both routine air discharges and accidental air releases from the 
nuclear installation(s) are calculated using the dispersion on an 
hourly average basis, using the hourly averages of wind speed, wind 
direction, dry bulb temperature, relative humidity and the hourly totals 
for solar radiation and rainfall. These dispersion calculations are then 
used to estimate exposures for longer periods, for example, 2-hourly, 
8-hourly, 24-hourly, 3-daily, monthly and annually. The total 
monitoring time includes the period from 10 January 2008 to 4 
October 2013 and 29 September to 30 September 2019, i.e. a total 
of 67704 valid hours. 

• extreme value analyses of long-term meteorological parameter 
values are based on the methodologies given in (International Atomic 
Energy Agency, 2011). 

The accuracy of estimated statistical parameters improves with longer term 
monitoring. The World Meteorology Organisation (WMO) states that the 
optimal length of record for predictive use of normals23 varies with element, 
geography and secular trend (World Meteorological Organisation, 2011). 
The WMO further states that, in general, the most recent 5- to 10-year period 
of record has as much predictive value as a 30-year record (World 
Meteorological Organisation, 2011). For elements that show a substantial 
underlying trend (such as average temperature), predictive accuracy is 
improved by updating the averages and period averages frequently (World 
Meteorological Organisation, 2011). The Thyspunt WS meteorological data 
covered a period of approximately 7 years. The analyses of these data are 

 
23 Under the WMO Technical Regulations, climatological standard normals are averages of climatological data 
computed for the following consecutive periods of 30 years: 1 January 1901 to 31 December 1930, 1 January 
1931 to 31 December 1960, and so forth (World Meteorological Organisation, 2011). The latest normal covers 
the period 1 January 1991 to 31 December 2010.  
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therefore considered adequate to draw basic statistical conclusions. 
Extrapolating extreme meteorological parameters from observations, 
however, typically requires more years of data (ideally 30 years and more). 
Therefore, the extreme rainfall analyses were conducted using the 
observations made at the Cape St Francis WS that included a 19-year data 
period from 2005 to 2023, which albeit not 30 years, proves to be a better 
option than the Thyspunt WS observations of 7 years. A comparison of 
rainfall at Thyspunt WS and Cape St Francis WS for coinciding monitoring 
periods assist with the validity of assuming equivalence. 

Corrosion monitoring was first initiated by Eskom in 1987. This monitoring 
campaign continued from August 1987 to August 1989 and was done at four 
sites, namely Brakkeduine (August 1987 to August 1989), De Hoek (August 
1987 to August 1989); Klippepunt (August 1987 to November 1988) and the 
site (August 1987 to August 1989). Subsequent corrosion monitoring at the 
site included three periods from May 2008 to January 2009, October 2012 
to September 2013, and October 2017 to March 2019 (Burger, 2022). The 
total monitoring time includes the period May 2008 to January 2009, 
October 2012 to September 2013 and October 2017 to March 2019, i.e. a 
total of 36 months. 

As per ISO 9225 Sulfation Plate Method (International Organisation for 
Standardisation, 2012c), average gas concentrations can be calculated 
using diffusive sampling devices. As per the ISO 9225 Standard, 
standardised corrosivity estimation is based on information on levels of the 
dominating environmental parameters: the temperature-humidity complex, 
and pollution with SO2 and airborne chlorides (International Organisation for 
Standardisation, 2012c). According to the ISO 9225 Standard, the period of 
measurement is preferably one year in order to cover seasonal variations of 
relative humidity, temperature and pollution concentrations, and because 
the classification system is based on yearly average values (International 
Organisation for Standardisation, 2012c). Since the completed monitoring 
periods include four years and six months continuous monitoring (October 
2017 to April 2022), as well as a full year from April 2008 to April 2009, and 
an eleven-month period from October 2012 to September 2013, the 
monitoring campaigns are considered adequate to conclude corrosion rates 
with current conditions. As per the International Standard, annual corrosion 
rates based on these measurements may be used to project up to 20 years 
(International Organisation for Standardisation, 2012b). The International 
Standard also indicate that for some engineering applications, more general 
guiding corrosion values defined in intervals of average corrosion rates for 
corrosivity categories may be used. Average corrosion rates of up to 
10 years are considered to correspond to the initial period of exposure. 
Average corrosion rates for periods longer than 10 years are considered 
steady-state corrosion rates, but that the uncertainty level for guiding 
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corrosion values defined as averages for initial and steady-state periods is 
high. Changes in the affecting parameters, namely relative humidity, 
temperature and pollution concentrations, may affect the corrosion rate.  
This could be as a result of natural variations in the climate, projected 
climate change and/or the increase or decrease in air pollution levels. 
Although these parameters are not expected to vary significantly over the 
near future, continued corrosion monitoring should identify changes in the 
rates. 

5.8.6 Meteorological Parameters 

The following meteorological parameters were identified for onsite 
monitoring and inclusion in this SSR: 

• wind speed and direction; 

• ambient dry-bulb air temperature24 at two vertical levels and 
temperature difference between two vertical levels; 

• precipitation; 

• relative humidity; 

• ambient pressure; 

• solar radiation; 

• atmospheric stability25 (derived temperature gradient and from the 
standard deviation of horizontal wind direction, or ‘sigma theta’, wind 
speed and solar radiation);  

• evapotranspiration rate 26 (derived from the ambient air temperature, 
wind speed, solar radiation and relative humidity); 

• corrosivity27. 

 
24 The dry-bulb temperature is the temperature of air measured by a thermometer freely exposed to the air but 
shielded from radiation from the sun. "Dry-bulb" is included because the air temperature is indicated by a 
thermometer not affected by the moisture of the air. The dry-bulb temperature is the temperature that is usually 
thought of as “air temperature”, and it is the true thermodynamic temperature. Whereas a normal, dry-bulb 
thermometer measures the temperature of ambient air, the wet-bulb temperature is the temperature of a surface 
from which water has evaporated into a stream of ambient air. It is the lowest temperature to which an object can 
be cooled solely by the evaporation of water. 
25 Atmospheric stability refers to the ability of the atmosphere to be turbulent. The effect of atmospheric stability is 
noted by wind gustiness and the dispersion of smoke. Stability is a characteristic of how the atmospheric layer 
above the earth’s surface reacts to small disturbances. If the disturbance is damped, the system is said to be 
stable; the air becomes, or is, laminar (non-turbulent, smooth, non-stormy). If the disturbance causes an amplifying 
response (irregular motions or regular oscillations, i.e. turbulent), the system is unstable. Neutral air has no 
tendency to change (disturbances neither amplify nor dampen). 
26 Evapotranspiration is the process by which water is transferred from the land to the atmosphere by evaporation 
from the soil and other surfaces and by transpiration from plants. 
27 Corrosivity of the atmosphere is the ability of the atmosphere to cause corrosion in a given corrosion system. 
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Also, details of the following regional meteorological parameters have been 
obtained from the SAWS: 

• hail; 

• frost; 

• fog; 

• lightning; 

• tornadoes; 

• extreme weather (wind speed, rainfall and temperature); 

• snow, avalanches, ice, ice cover and blizzards; 

• thunder. 

In addition, and in line with the international recommendations (International 
Atomic Energy Agency, 2011) the severe and rare phenomena at the 
proposed site were identified using historical records compiled by the 
SAWS, and include: 

• lightning; 

• extreme winds; 

• tornado/tropical cyclones; 

• extreme meteorological variability. 

5.8.6.1 Site Meteorological Parameters 

This section addresses the measurement and evaluation of the site 
meteorological characteristics, augmented where necessary due to limited 
data recordings by observations made at SAWS stations, which involve 
slightly longer monitoring periods. 

5.8.6.1.1 Wind Speed and Direction 

The atmospheric dispersion of air emissions from the site is largely a 
function of the wind speed and direction. The wind speed influences both 
the distance of downward transport and the rate of dilution. The generation 
of mechanical turbulence is similarly a function of the wind speed, and the 
wind direction determines the advection28 path. 

 
28 Advection is the process of transport of an atmospheric property solely by the mass motion (velocity field) of 
the atmosphere. It also includes the rate of change of the value of the advected property at a given point. 
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(a) Prevailing Wind Patterns 

Summary reports of historical meteorological data for the period 1987 to 
1989 at De Hoek, Thyspunt/Tony’s Bay, Klippepunt, and Brakkeduine (as 
shown in Figure 5.8.1) were published by Eskom (Cadman & Peerce, 1987; 
Peerce, 1988a; Peerce, 1988b; Tosen, et al., 1987a; Tosen, et al., 1987b). 
The most dominant wind direction observed during the 1987 monitoring 
period was from the west-northwest to northwest at all monitoring locations. 
More frequent stronger winds were concurrently also recorded from these 
wind directions. The locations towards the west of site, i.e. Brakkeduine and 
Klippepunt, were characterised by winds of more northerly direction than at 
Thyspunt and De Hoek. The Thyspunt monitoring location was at 15 m amsl 
and close to the shoreline (250 m) which may explain the increased 
frequency of southwesterly wind directions that was observed during the 
1988 campaign, specifically June 1988 and August 1988. Significant 
frequency of west-southwesterly winds was also observed at this location 
during the 1989 period. A very low frequency (less than 2 per cent) of calm 
wind conditions occurred at these locations. Mild wind speeds occurred from 
the northeast, albeit infrequent. The wind speed tended to increase to mid-
afternoon as the instability is highest at around 14h00.  

The offshore flow, i.e. northerly winds, are characterised by low wind speeds 
(less than 3 m/s) indicating the occurrence of land breezes. Off-shore wind 
flows occurred about 30 per cent of the time at all the meteorological 
locations. The occurrence of onshore flow, i.e. southerly winds, is negligible 
at all locations. 

The more recent wind speed and direction observations that were made for 
the periods 2008-2013 (Figure 5.8.3) and 2017-2019 (Figure 5.8.4) at both 
the SAWS weather station at Cape St. Francis (SAWS, 2024a) and the 
onsite Thyspunt WS (Eskom, 2023a) clearly illustrate the dominance of 
westerly and easterly wind directions in the wind roses. The east-west 
bimodal wind direction is more pronounced at the Cape St. Francis WS, than 
at the Thyspunt WS. Furthermore, the maximum wind speed at the Cape 
St. Francis WS is slightly higher than at the Thyspunt WS, i.e. 23.2 m/s 
versus 19.6 m/s for the 2008-2013 period, and 20.6 m/s versus 16.6 m/s for 
the 2008-2013 period. This is most likely due to the location of the Cape St. 
Francis WS which observes conditions more closely to those prevailing over 
the ocean compared to the Thyspunt WS that is further inland and therefore 
observes prevailing conditions more closely to the centroid. 
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Figure 5.8.3 
Comparison of SAWS Cape St. Francis WS and Thyspunt WS for 2008-2013 data period 
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Figure 5.8.4 
Comparison of SAWS Cape St. Francis WS and Thyspunt WS for 2017-2019 data period 
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The difference was even more noticeable during the night-time hours as 
shown in Figure 5.8.5 for the 2008-2013 period, and Figure 5.8.6 for the 
2017-2019 period. The prevailing night-time wind direction at the Thyspunt 
WS during the 2008-2013 period was from the west-northwest, rather than 
westerly winds observed at the Cape St. Francis WS for the same period. 
Although the 2017-2019 period also observed frequent west-northwest at 
the Thyspunt WS, westerly winds were slightly more dominant. The 
frequency of the easterly night-time wind direction at the Thyspunt WS for 
both periods was also less pronounced with more east-northeasterly winds 
reported. Easterly winds were however more frequent than the east-
northeasterly winds at the Cape St. Francis WS. 

Compared with the Thyspunt WS, the Cape St. Francis WS data observed 
lower prevalence of land-sea breeze circulation flows, i.e. winds between 
the northern and southern sectors. As the air over land cools down during 
the night, it is expected that a sea breeze that may have been present during 
the day would disappear and result in the development of an onshore land 
breeze. However, the observations at both Cape St. Francis and the 
Thyspunt WS indicate increased offshore flows at night, with less evidence 
of onshore winds.  

The wind speeds at both the Cape St. Francis WS and Thyspunt WS tended 
to increase towards mid-afternoon as the instability is highest at around 
14h00 to 15h00 (Table 5.8.3).  

The observation at the Cape St. Francis WS for the period 2004 to 2023 
indicate annual average wind speeds varying between 5.5 m/s (2018) and 
6.4 m/s (2019) with an average of 6.0 m/s, with most of these occurring from 
the west (32,40 per cent), followed by easterly winds (13.93 per cent) 
(Table 5.8.4). The highest hourly average wind speed was 23.2 m/s from 
the west (Table 5.8.6).  
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Figure 5.8.5 
Comparison of Cape St. Francis WS and Thyspunt WS Day- and Night-

time Wind Roses (2008 to 2013) 
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Figure 5.8.6 
Comparison Cape St. Francis WS and Thyspunt WS Day- and Night-

time Wind Roses (2017 to 2019) 
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Table 5.8.3 
Wind Speed [m/s] as Function of Time of Day at the Cape St. Francis 

WS and Thyspunt WS 

Hour of Day 

Cape St. Francis WS 
(2004-2023) 

Thyspunt WS 
(2008-2013 & 2017-2019) 

Average 95th Percentile Average 95th Percentile 

01h00 5.5 11.5 4.9 8.9 

02h00 5.5 11.4 4.8 8.9 

03h00 5.5 11.5 4.9 8.9 

04h00 5.4 11.5 4.9 9.0 

05h00 5.4 11.6 4.9 9.0 

06h00 5.4 11.6 4.9 9.1 

07h00 5.4 11.4 4.9 9.2 

08h00 5.5 11.7 5.0 9.2 

09h00 5.6 11.6 5.2 9.4 

10h00 5.8 12.0 5.4 9.8 

11h00 6.0 12.2 5.7 10.1 

12h00 6.3 12.4 6.0 10.3 

13h00 6.5 12.6 6.3 10.6 

14h00 6.7 12.7 6.5 10.8 

15h00 6.8 12.8 6.5 10.9 

16h00 6.8 12.7 6.4 10.9 

17h00 6.7 12.7 6.2 11.0 

18h00 6.6 12.6 5.9 10.8 

19h00 6.4 12.5 5.6 10.3 

20h00 6.2 12.3 5.3 10.1 

21h00 6.0 12.2 5.2 9.9 

22h00 5.9 12.0 5.1 9.6 

23h00 5.7 11.8 5.0 9.4 

24h00 5.6 11.6 4.9 9.2 

The observation at the Thyspunt WS for the 2008 to 2013 and 2017 to 2019 
periods indicate annual average wind speeds varying between 5.08 m/s 
(2019) and 5.64 m/s (2017) with an average of 5.44±0.1 m/s, with most of 
these occurring from the west (20.75 per cent), followed by west-
northwesterly winds (13.76 per cent) and then east-northeasterly winds 
(9.56 per cent) (Table 5.8.5). The highest hourly average wind speed was 
19.6 m/s which occurred from the south-southeast (Table 5.8.7).  

As discussed earlier, the Eskom reports (Cadman & Peerce, 1987; Peerce, 
1988a; Peerce, 1988b; Tosen, et al., 1987a; Tosen, et al., 1987b) indicate 
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very few calm wind conditions, as recorded at both Cape St. Francis and at 
the Thyspunt WS. It should be noted that the threshold minimum wind speed 
of the anemometer at the Thyspunt WS is 0.4 m/s, whereas the same 
threshold at the Cape St. Francis WS is 1.0 m/s. The Cape St. Francis WS 
experienced 1.65 per cent calm wind conditions, i.e. wind speeds below 
1.0 m/s (Table 5.8.4) and the Thyspunt WS experienced 0.37 per cent calm 
wind conditions, i.e. wind speeds below 0.4 m/s (Table 5.8.5).  

The following seasonal frequencies of calm wind conditions were 
experienced (autumn, winter, spring, summer): 

• Cape St. Francis WS (less than 1.0 m/s) – 3.9 per cent, 2.7 per cent, 
2.9 per cent and 3.2 per cent; 

• Thyspunt WS (less than 0.4 m/s) – 0.2 per cent, 0.1 per cent, 0.7 per 
cent and 0.2 per cent. 

As shown in Table 5.8.6 the highest hourly average wind, averaged per 
sector, at the Cape St. Francis WS occurred from the east with a wind speed 
of 7.6 m/s, followed by winds from the west with an average wind speed of 
7.1 m/s. Northerly winds have the lowest average wind speed of 1.8 m/s. 
The highest wind speeds measured in each cardinal wind direction is also 
presented in Table 5.8.6. The top hourly maximum wind speed per sector 
occurred from the west with a maximum hourly wind speed of 23.2 m/s 
followed by a west-southwest wind with an hourly maximum wind speed of 
22.8 m/s.  

Similarly, as shown in Table 5.8.7, the highest hourly average wind, 
averaged per sector, at the Thyspunt WS occurred from the west and east 
with a wind speed of 6.7 m/s and 6.6 m/s respectively. Southerly winds have 
the lowest average wind speed of 3.8 m/s. The highest hourly maximum 
wind occurred from the south-southeastern sector with maximum wind 
speed of 19.6 m/s followed by the southern sector with maximum wind 
speed of 18.3 m/s (Table 5.8.7). 

The persistence (continuous duration) of hourly average winds above 
10 m/s, 12 m/s, 14 m/s and 16 m/s at the Cape St. Francis WS and 
Thyspunt WS are summarised in Table 5.8.8. The longest duration of 
10 m/s (and higher) wind speeds at the Cape St. Francis WS was 57 
consecutive hours, 12 m/s (and higher) was for 45 hours, 14 m/s (and 
higher) was for 38 hours, and 16 m/s (and higher) was 20 hours. The 
corresponding longest durations at the Thyspunt WS were less, with 41 
consecutive hours for a minimum wind speed of 10 m/s, 20 hours for 12 m/s 
(and higher), 18 hours for 14 m/s (and higher) and 5 hours for 16 m/s (and 
higher). 
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Table 5.8.4 
Wind Speed and Direction Categorisation at the Cape St. Francis WS (June 2004 to December 2023) 

Wind 
Direction 

Wind Speed [m/s] at 10 m level 
Total (%) 

<0.5 0.5-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 6.0-8.0 8.0-10.0 10.0-13.0 13.0-18.0 >18.0 

N 1.65% 0.00% 0.60% 0.91% 0.50% 0.26% 0.16% 0.09% 0.01% 0.00% 0.00% 0.00% 4.16% 

NNE 0.00% 0.00% 0.56% 0.91% 0.68% 0.27% 0.08% 0.04% 0.00% 0.00% 0.00% 0.00% 2.56% 

NE 0.00% 0.00% 0.41% 0.83% 0.90% 0.75% 0.42% 0.39% 0.12% 0.03% 0.00% 0.00% 3.85% 

ENE 0.00% 0.00% 0.29% 0.64% 0.85% 0.88% 0.87% 1.73% 1.24% 0.88% 0.17% 0.00% 7.56% 

E  0.00% 0.00% 0.36% 0.75% 0.88% 1.06% 1.26% 3.21% 3.08% 2.73% 0.60% 0.00% 13.93% 

ESE 0.00% 0.00% 0.26% 0.45% 0.48% 0.47% 0.51% 0.75% 0.33% 0.12% 0.00% 0.00% 3.38% 

SE 0.00% 0.00% 0.32% 0.47% 0.30% 0.17% 0.09% 0.08% 0.04% 0.00% 0.00% 0.00% 1.47% 

SSE 0.00% 0.00% 0.22% 0.33% 0.26% 0.17% 0.11% 0.13% 0.03% 0.01% 0.00% 0.00% 1.27% 

S 0.00% 0.00% 0.27% 0.41% 0.31% 0.25% 0.18% 0.27% 0.12% 0.05% 0.01% 0.00% 1.87% 

SSW 0.00% 0.00% 0.21% 0.29% 0.29% 0.22% 0.20% 0.27% 0.16% 0.10% 0.02% 0.00% 1.76% 

SW 0.00% 0.00% 0.23% 0.39% 0.39% 0.40% 0.35% 0.45% 0.30% 0.26% 0.10% 0.01% 2.87% 

WSW 0.00% 0.00% 0.42% 0.68% 0.82% 1.00% 1.07% 1.95% 1.50% 1.21% 0.45% 0.02% 9.12% 

W 0.00% 0.00% 0.83% 1.96% 2.95% 3.69% 4.01% 7.32% 5.35% 4.50% 1.71% 0.09% 32.40% 

WNW 0.00% 0.00% 0.43% 1.26% 1.82% 1.49% 1.03% 1.04% 0.37% 0.14% 0.03% 0.00% 7.61% 

NW 0.00% 0.00% 0.39% 0.75% 1.18% 0.66% 0.26% 0.22% 0.02% 0.00% 0.00% 0.00% 3.49% 

NNW 0.00% 0.00% 0.34% 0.52% 0.65% 0.47% 0.28% 0.38% 0.06% 0.01% 0.00% 0.00% 2.71% 

TOTAL 1.65% 0.00% 6.13% 11.56% 13.27% 12.21% 10.86% 18.32% 12.73% 10.04% 3.11% 0.12% 100.00% 

 

 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-59 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

Table 5.8.5 
Wind Speed and Direction Categorisation at the Thyspunt WS (January 2008 to October 2013 and June 2017 

to September 2019) 

Wind 
Direction 

Wind Speed [m/s] at 9 m level 
Total (%) 

<0.5 0.5-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 6.0-8.0 8.0-10.0 10.0-13.0 13.0-18.0 >18.0 

N 0.02% 0.05% 0.32% 0.53% 0.66% 0.61% 0.34% 0.21% 0.04% 0.00% 0.00% 0.00% 2.79% 

NNE 0.02% 0.06% 0.31% 0.61% 0.85% 0.85% 0.50% 0.32% 0.04% 0.00% 0.00% 0.00% 3.57% 

NE 0.03% 0.07% 0.34% 0.64% 1.07% 1.11% 0.77% 0.92% 0.37% 0.09% 0.01% 0.00% 5.45% 

ENE 0.03% 0.07% 0.31% 0.59% 0.99% 1.37% 1.44% 2.53% 1.57% 0.59% 0.07% 0.00% 9.56% 

E  0.03% 0.05% 0.24% 0.37% 0.59% 0.66% 0.63% 1.45% 1.30% 0.80% 0.08% 0.00% 6.21% 

ESE 0.02% 0.04% 0.21% 0.39% 0.50% 0.59% 0.67% 1.15% 0.54% 0.03% 0.00% 0.00% 4.14% 

SE 0.02% 0.04% 0.19% 0.36% 0.48% 0.53% 0.41% 0.36% 0.05% 0.02% 0.00% 0.00% 2.47% 

SSE 0.02% 0.04% 0.17% 0.23% 0.25% 0.24% 0.15% 0.15% 0.05% 0.03% 0.01% 0.00% 1.33% 

S 0.02% 0.04% 0.16% 0.32% 0.33% 0.19% 0.11% 0.16% 0.07% 0.03% 0.01% 0.00% 1.44% 

SSW 0.01% 0.05% 0.22% 0.33% 0.39% 0.22% 0.18% 0.16% 0.08% 0.04% 0.02% 0.00% 1.70% 

SW 0.01% 0.04% 0.18% 0.41% 0.50% 0.50% 0.41% 0.45% 0.21% 0.12% 0.03% 0.00% 2.86% 

WSW 0.02% 0.05% 0.24% 0.48% 0.87% 1.25% 1.66% 2.76% 1.46% 0.72% 0.17% 0.00% 9.69% 

W 0.02% 0.04% 0.31% 0.79% 1.57% 2.46% 3.34% 6.59% 3.76% 1.65% 0.22% 0.00% 20.75% 

WNW 0.04% 0.06% 0.37% 1.34% 3.48% 4.01% 2.16% 1.64% 0.47% 0.18% 0.02% 0.00% 13.76% 

NW 0.03% 0.08% 0.44% 1.29% 2.85% 2.12% 1.18% 0.73% 0.15% 0.03% 0.00% 0.00% 8.90% 

NNW 0.02% 0.07% 0.32% 0.71% 1.12% 1.02% 0.61% 0.88% 0.51% 0.12% 0.00% 0.00% 5.38% 

TOTAL 0.37% 0.85% 4.33% 9.39% 16.51% 17.73% 14.56% 20.49% 10.67% 4.45% 0.64% 0.01% 100.00% 
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Table 5.8.6 
Average and Maximum Hourly Wind Speed per Direction at the Cape St. Francis WS (June 2004 to December 

2023) 

Sector-Averaged Hourly Wind Speed  Sector Maximum Hourly Wind Speed  

Wind Direction Wind Speed [m/s] Wind Direction Wind Speed (m/s) 

E  7.6 W 23.2 

W 7.1 WSW 22.8 

WSW 6.9 E  20.2 

ENE 6.5 SW 20.0 

SW 5.8 SSW 19.5 

ESE 5.2 S 18.5 

SSW 5.0 WNW 18.3 

WNW 4.5 ENE 17.7 

S 4.4 SSE 16.7 

NE 4.0 SE 16.1 

NNW 4.0 NE 14.9 

SSE 3.7 ESE 14.4 

NW 3.6 NNW 11.8 

SE 3.3 NW 9.5 

NNE 2.9 NNE 9.3 

N 1.8 N 9.0 
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Table 5.8.7 
Average and Maximum Hourly Wind Speed per Direction at the Thyspunt WS (January 2008 to October 2013 

and June 2017 to September 2019) 

Sector-Averaged Hourly Wind Speed  Sector Maximum Hourly Wind Speed  

Wind Direction Wind Speed [m/s] Wind Direction Wind Speed (m/s) 

W 6.7 SSE 19.6 

E  6.6 S 18.3 

WSW 6.4 SW 18.2 

ENE 6.1 ENE 17.9 

ESE 5.4 W 17.9 

NNW 5.0 NE 17.8 

NE 4.8 WSW 17.6 

SW 4.7 E  17.6 

WNW 4.6 SSW 16.6 

N 4.3 WNW 14.8 

NNE 4.2 NW 13.8 

NW 4.1 SE 12.2 

SE 4.1 NNW 12.2 

SSW 4.1 ESE 12.1 

SSE 3.9 N 10.7 

S 3.8 NNE 9.9 
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Table 5.8.8 
Sustained Wind Speeds at the Cape St. Francis and the Thyspunt WS 

Month 

Hourly Persistence (Continuous Duration) 

Cape St. Francis WS 
(2004-2023) 

Thyspunt WS 
(2008 – 2013 & 2017-2019) 

10 m/s 12 m/s 14 m/s 16 m/s 10 m/s 12 m/s 14 m/s 16 m/s 

January 32 19 9 5 14 8 7 2 

February 49 38 10 2 13 6 1 0 

March 29 16 8 7 11 8 2 0 

April 39 35 26 20 28 7 1 0 

May 51 27 25 11 24 10 4 0 

June 57 45 38 20 41 20 18 4 

July 42 30 22 12 33 17 11 5 

August 52 40 25 12 31 15 5 0 

September 39 22 22 8 21 16 14 3 

October 48 27 18 8 21 18 6 3 

November 48 24 12 2 17 10 3 0 

December 36 31 10 3 18 6 3 0 

Seasonal wind roses based on the wind data measured at the Cape St. 
Francis WS and the Thyspunt WS for the observational periods of January 
2008 to October 2013 and June 2017 to September 2019 are compared in 
Figure 5.8.7 and Figure 5.8.8. The wind roses per season for the 
monitoring periods and two locations are similar. Spring and summer wind 
patterns are similar for both locations. An increased frequency of strong 
westerly winds was observed during spring and winter (Tables 5.8.9 and 
5.8.10). Winter also had a significant increased frequency of west-
northwest, northwest and north-northwest winds (Tables 5.8.9 and 5.8.10). 

Overall, the most common summer winds were from the west with 
20.28 per cent at Thyspunt WS (Table 5.8.9) and 30.67 per cent at Cape 
St. Francis (Table 5.8.10). The second most frequent winds during summer 
were from the east-northeast with 13.01 per cent at Thyspunt WS 
(Table 5.8.9) and from the east with 22.11 per cent at Cape St. Francis 
(Table 5.8.10).  

Winter winds were also mostly prevalent from the west with 19.34 per cent 
at Thyspunt WS (Table 5.8.9) and 31.52 per cent at Cape St. Francis 
(Table 5.8.10). The second most frequent winds during winter were from 
the west-northwest with 16.61 per cent at Thyspunt WS (Table 5.8.9) and 
12.33 per cent at Cape St. Francis (Table 5.8.10).  
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Figure 5.8.7 
Comparison of Seasonal Wind Roses for Cape St. Francis WS and Thyspunt WS (2008 to 2013) 
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Figure 5.8.8 
Comparison of Seasonal Wind Roses for Cape St. Francis WS and Thyspunt WS (2017 to 2019) 
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Spring winds were also mostly prevalent from the west with 21.85 per cent 
at Thyspunt WS (Table 5.8.9) and 31.58 per cent at Cape St. Francis 
(Table 5.8.10). The second most frequent winds during spring were from 
the west-southwest with 12.46 per cent at Thyspunt WS (Table 5.8.9) and 
from the east 15.82 per cent at Cape St. Francis (Table 5.8.10).  

Autumn winds were also mostly prevalent from the west with 21.67 per cent 
at Thyspunt WS (Table 5.8.9) and 35.87 per cent at Cape St. Francis 
(Table 5.8.10). The second most frequent winds during autumn were from 
the west-northwest with 15.23 per cent at Thyspunt WS (Table 5.8.9) and 
from the east 12.37 per cent at Cape St. Francis (Table 5.8.10).  

Table 5.8.9 
Seasonal Wind Direction Occurrence at the Thyspunt WS 

(January 2008 to October 2013 and June 2017 to September 2019) 

Wind Direction 
Frequency of Occurrence 

Spring Summer Autumn Winter 

N 1.84% 1.06% 3.29% 4.65% 

NNE 2.85% 1.78% 4.46% 4.94% 

NE 5.21% 4.32% 6.83% 5.37% 

ENE 10.24% 13.01% 10.47% 5.18% 

E  7.52% 10.61% 5.34% 2.07% 

ESE 4.51% 7.69% 3.46% 1.40% 

SE 2.64% 4.27% 2.09% 1.12% 

SSE 1.69% 1.66% 1.14% 0.89% 

S 1.72% 1.92% 1.30% 0.92% 

SSW 2.22% 2.35% 1.25% 1.10% 

SW 3.45% 4.21% 1.92% 2.03% 

WSW 12.46% 10.76% 7.70% 8.14% 

W 21.85% 20.28% 21.67% 19.34% 

WNW 12.44% 10.21% 15.23% 16.61% 

NW 6.66% 4.30% 8.48% 15.19% 

NNW 2.70% 1.57% 5.36% 11.06% 

TOTAL 100% 100% 100% 100% 

Monthly average and maximum wind speeds observed at the Cape St. 
Francis WS and at the Thyspunt WS are provided in Table 5.8.11 and 
Table 5.8.12, and Table 5.8.13 and Table 5.8.14, respectively. A summary 
of the highest hourly average and wind gusts recorded at the Cape St. 
Francis WS for the 2004 to 2023 period is provided in Table 5.8.15 (SAWS, 
2024a). The highest gust recorded at the Thyspunt WS was 37.9 m/s, which 
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was recorded on 24 September 2019 at 07h00. The highest gust at the Cape 
St Francis WS on the same day and hour was 31.6 m/s. The highest gust 
at the Cape St. Francis WS was significantly higher, i.e. 45.8 m/s recorded 
on 18 August 2020 at 13h15. Unfortunately, this was outside the monitoring 
campaign for the Thyspunt WS for a comparison. 

Table 5.8.10 
Seasonal Wind Direction Occurrence at the Cape St. Francis WS 

(June 2004 to December 2023) 

Wind Direction 
Frequency of Occurrence 

Spring Summer Autumn Winter 

N 3.17% 2.48% 4.70% 6.28% 

NNE 1.66% 0.94% 3.29% 4.33% 

NE 3.18% 2.09% 5.25% 4.88% 

ENE 8.33% 6.99% 8.83% 6.11% 

E  15.82% 22.11% 12.37% 5.47% 

ESE 3.56% 6.14% 2.59% 1.24% 

SE 1.68% 2.41% 1.14% 0.63% 

SSE 1.52% 1.83% 1.06% 0.69% 

S 2.43% 2.39% 1.58% 1.09% 

SSW 2.57% 1.88% 1.26% 1.34% 

SW 3.69% 3.28% 2.37% 2.15% 

WSW 10.84% 10.33% 6.98% 8.28% 

W 31.58% 30.67% 35.87% 31.52% 

WNW 6.06% 4.73% 7.26% 12.33% 

NW 2.41% 1.13% 2.99% 7.40% 

NNW 1.48% 0.59% 2.46% 6.26% 

TOTAL 100% 100% 100% 100% 

Most of the gusts above 20 m/s at the Cape St. Francis WS occurred during 
westerly winds (51.55 per cent), followed by west-southwesterly (18.97 per 
cent), west-northwesterly winds (7.93 per cent) and easterly winds (6.72 per 
cent), as summarised in Table 5.8.16.  

Albeit a much shorter period (January 2008 to October 2013 and June 2017 
to September 2019), the observations at the Thyspunt WS also indicate 
most of the gusts above 20 m/s to be westerly winds (50.62 per cent), 
followed by west-southwesterly (20.71 per cent), easterly winds (8.71 per 
cent) and west-northwesterly winds (6.49 per cent), as summarised in 
Table 5.8.16.  
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Table 5.8.11 
Average Wind Speed per Month at the Cape St. Francis WS (June 2004 to December 2023) 

Wind 
Direction 

Wind Speed [m/s] at 10 m level per Month 
Annual 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

N 0.6 0.6 1.0 1.4 2.1 2.9 2.7 2.4 1.5 1.0 0.9 0.7 1.8 

NNE 2.3 2.1 2.4 2.7 2.9 3.3 3.1 3.1 2.9 2.7 2.5 2.5 2.9 

NE 3.6 3.6 3.7 3.9 3.9 4.3 4.1 4.4 4.5 4.3 4.0 3.6 4.0 

ENE 6.0 5.9 5.9 5.9 6.1 6.9 6.4 7.1 7.5 6.8 7.1 6.0 6.5 

E  7.8 7.5 7.4 7.0 7.2 6.6 7.2 7.3 7.8 8.0 8.2 7.5 7.6 

ESE 5.4 5.2 5.2 4.8 4.8 4.5 5.2 4.2 4.9 5.2 5.6 5.1 5.2 

SE 3.1 2.8 2.9 3.2 4.6 4.5 3.6 3.2 3.3 4.0 3.0 3.1 3.3 

SSE 3.5 3.0 3.6 3.9 3.6 3.6 4.2 4.2 4.0 4.1 3.7 3.6 3.7 

S 4.0 3.7 4.1 4.3 3.9 5.3 5.3 5.5 4.0 4.9 4.6 3.8 4.4 

SSW 3.9 3.5 4.9 5.7 5.7 5.7 6.8 5.1 5.6 4.9 5.1 4.2 5.0 

SW 4.7 4.3 5.6 6.1 6.3 7.8 7.4 6.4 5.7 5.1 5.3 6.0 5.8 

WSW 6.1 6.0 6.5 6.6 6.5 7.0 6.9 7.8 7.2 7.3 6.9 7.0 6.9 

W 6.2 6.2 6.5 7.1 7.1 8.0 8.0 8.2 7.6 7.2 6.8 6.3 7.1 

WNW 4.0 4.0 4.0 4.6 4.4 4.9 5.0 5.0 4.5 4.3 4.2 3.9 4.5 

NW 2.8 2.7 2.9 3.0 3.5 4.0 4.0 3.8 3.3 3.2 3.1 2.9 3.6 

NNW 2.5 2.7 2.8 3.0 4.1 4.7 4.6 4.0 3.2 2.9 2.6 2.5 4.0 

Average 5.9 5.7 5.8 5.7 5.5 5.9 6.0 6.3 6.3 6.3 6.2 5.9 6.0 
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Table 5.8.12 
Maximum Wind Speed per Month at the Cape St. Francis WS (June 2004 to December 2023) 

Wind 
Direction 

Wind Speed [m/s] at 10 m level per Month 
Annual 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

N 4.8 6.2 5.8 7.0 8.8 8.8 9.0 8.3 8.4 5.9 8.6 5.3 9.0 

NNE 5.9 6.6 7.4 8.3 7.5 9.1 7.4 8.0 8.2 6.8 7.6 9.3 9.3 

NE 10.5 14.0 9.5 10.9 10.5 14.9 11.1 12.9 14.0 10.6 12.2 9.9 14.9 

ENE 15.6 14.4 16.2 14.2 15.0 15.7 16.2 15.6 16.4 17.7 15.8 14.3 17.7 

E  16.8 16.4 16.3 15.5 14.8 17.4 20.2 15.4 17.2 18.0 16.3 16.5 20.2 

ESE 11.3 11.7 11.2 11.1 12.8 14.4 12.6 8.9 12.0 12.1 13.9 12.7 14.4 

SE 7.7 8.2 6.6 8.5 16.1 12.6 10.3 12.1 8.5 9.4 8.8 7.5 16.1 

SSE 12.4 7.0 9.5 9.0 16.7 7.0 11.2 12.8 12.7 12.5 10.4 10.6 16.7 

S 11.2 10.3 10.1 14.1 10.8 14.7 18.5 17.4 12.6 12.4 16.2 14.3 18.5 

SSW 11.5 10.9 19.5 13.8 14.8 17.5 18.3 17.7 14.6 18.5 13.4 14.4 19.5 

SW 12.1 12.4 19.5 16.1 16.3 19.9 19.3 20.0 14.6 17.7 14.6 16.2 20.0 

WSW 18.8 16.4 17.3 17.1 22.8 19.0 19.9 19.5 15.9 18.3 16.2 19.7 22.8 

W 16.7 16.6 16.7 18.1 19.5 23.2 21.2 21.1 18.8 19.3 17.5 18.1 23.2 

WNW 15.4 10.8 9.7 14.0 12.1 18.3 15.8 15.6 14.9 13.0 10.9 15.9 18.3 

NW 5.8 6.3 8.0 8.5 8.2 9.4 9.5 9.4 9.1 8.9 7.6 4.9 9.5 

NNW 5.0 9.4 7.5 8.2 10.2 9.8 11.8 8.6 8.2 8.0 4.7 5.5 11.8 

Maximum 18.8 16.6 19.5 18.1 22.8 23.2 21.2 21.1 18.8 19.3 17.5 19.7 23.2 
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Table 5.8.13 
Average Wind Speed per Month at the Thyspunt WS (January 2008 to October 2013 and June 2017 to 

September 2019) 

Wind 
Direction 

Wind Speed [m/s] at 9 m level per Month 
Annual 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

N 2.4 2.7 3.1 3.8 3.7 4.4 4.2 4.0 3.7 3.1 2.8 2.7 3.8 

NNE 2.9 3.2 3.5 4.1 3.9 4.4 4.3 4.2 3.9 3.3 3.5 3.5 3.9 

NE 4.3 4.4 4.7 4.7 4.7 5.2 4.9 5.4 4.9 4.6 4.3 3.9 4.7 

ENE 6.4 6.6 6.0 5.7 5.5 6.2 5.4 6.2 6.0 6.4 6.7 5.7 6.1 

E  7.4 6.9 6.5 5.3 4.7 5.0 5.0 5.7 6.1 6.8 7.9 6.9 6.7 

ESE 5.8 5.6 5.4 4.6 4.1 4.2 4.9 4.1 4.4 5.3 6.8 5.6 5.4 

SE 4.4 4.3 4.2 3.9 3.5 3.7 5.1 3.8 3.8 4.3 4.6 4.5 4.3 

SSE 4.0 3.4 4.1 3.3 3.0 4.8 5.7 5.7 3.8 5.1 4.4 3.3 4.2 

S 3.6 3.1 3.8 4.3 4.3 4.4 5.6 4.5 4.4 4.7 4.4 3.3 4.1 

SSW 3.8 3.5 4.0 3.7 3.0 4.2 5.7 4.2 4.6 4.9 4.0 3.7 4.1 

SW 5.2 4.4 4.5 4.8 3.6 5.4 5.6 5.2 5.1 5.2 4.9 5.0 5.0 

WSW 6.4 5.6 6.0 5.6 5.2 6.3 6.3 6.8 7.4 6.1 6.6 6.6 6.4 

W 6.1 6.0 6.0 6.4 6.4 7.4 7.0 7.4 7.2 6.6 6.4 6.2 6.6 

WNW 3.8 3.9 4.0 4.8 4.6 5.3 5.1 5.0 4.8 4.1 4.1 4.1 4.6 

NW 3.1 3.2 3.4 3.8 4.0 4.7 4.7 4.3 4.1 3.5 3.6 3.3 4.1 

NNW 2.8 3.0 3.3 4.4 4.9 5.6 5.6 4.9 4.0 3.2 2.7 2.5 4.8 

Average 5.5 5.2 5.2 5.1 4.9 5.6 5.5 5.6 5.7 5.4 5.8 5.4 5.4 
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Table 5.8.14 
Maximum Wind Speed per Month at the Thyspunt WS (January 2008 to October 2013 and June 2017 

to September 2019) 

Wind 
Direction 

Wind Speed [m/s] at 9 m level per Month 
Annual 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

N 6.6 7.2 6.7 10.0 10.1 9.7 8.7 10.7 8.6 6.6 5.3 4.8 10.7 

NNE 7.1 9.5 8.9 8.7 8.3 9.9 8.8 8.2 7.9 7.4 9.1 9.2 9.9 

NE 11.8 12.4 10.7 12.0 10.4 12.6 10.6 11.9 11.7 17.8 10.4 10.3 17.8 

ENE 16.6 14.8 13.8 13.9 11.8 14.6 17.0 11.6 12.7 17.9 12.6 14.9 17.9 

E  14.6 13.5 14.4 11.7 9.5 10.9 16.4 11.3 12.0 17.6 13.8 12.4 17.6 

ESE 10.6 11.4 10.2 8.1 8.9 11.4 12.1 7.5 9.1 9.7 10.8 11.3 12.1 

SE 8.6 7.9 8.7 8.9 10.3 11.0 12.2 11.2 7.2 8.5 10.4 7.8 12.2 

SSE 7.6 7.6 8.1 8.6 8.1 12.0 19.6 15.4 13.2 11.8 10.7 6.8 19.6 

S 10.6 10.3 10.8 11.6 11.6 14.9 18.3 13.8 16.0 10.2 11.5 8.0 18.3 

SSW 8.3 9.7 10.0 9.9 9.9 13.9 16.6 11.3 16.2 13.4 10.5 8.8 16.6 

SW 15.4 10.1 10.7 14.1 11.0 14.2 18.2 12.5 12.4 15.2 11.7 16.2 18.2 

WSW 14.1 13.3 13.5 13.2 14.7 16.9 16.3 15.9 17.6 14.9 15.2 16.6 17.6 

W 12.3 11.9 12.6 13.1 15.1 17.9 16.1 16.4 16.2 14.0 14.6 12.5 17.9 

WNW 8.9 8.8 9.4 11.7 12.3 14.8 12.7 13.6 12.5 13.2 11.1 9.1 14.8 

NW 8.5 8.2 8.8 9.6 8.7 11.1 11.2 10.1 13.8 11.7 11.3 7.2 13.8 

NNW 6.0 7.8 9.2 9.5 10.9 12.1 12.2 11.9 11.3 9.0 5.1 4.6 12.2 

Maximum 16.6 14.8 14.4 14.1 15.1 17.9 19.6 16.4 17.6 17.9 15.2 16.6 19.6 
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Table 5.8.15 
Monthly Maximum Hourly Average and Wind Gusts [m/s] at the Cape St. 

Francis WS and the Thyspunt WS 

Month 

Cape St. Francis WS Thyspunt WS 

2004 – 2023 2004 – 2013 & 2017 – 2019 

Max of Hour Average Highest Gust Max of Hour Average Highest Gust 

January 18.8 34.5 16.6 29.0 

February 16.6 35.7 14.8 30.7 

March 19.5 31.2 14.7 24.1 

April 18.1 28.7 14.1 31.6 

May 22.8 39.7 15.1 31.6 

June 23.2 32.6 17.9 30.2 

July 21.2 37.9 19.3 32.2 

August 21.1 45.8 16.4 29.2 

September 18.8 31.6 17.9 37.9 

October 19.3 38.5 17.9 31.7 

November 17.5 30.2 15.5 25.5 

December 19.7 34.1 16.6 24.2 

Annual 23.2 45.8 19.3 37.9 

Table 5.8.16 
Gusts Above 20 m/s Directional Occurrence and Maximum Gusts at the 

Cape St. Francis WS and the Thyspunt WS 

Wind 
Direction 

Cape St. Francis WS Thyspunt WS 

2004 – 2023 2004 – 2013 & 2017 – 2019 

Frequency Distribution 
of Gust Above 20 m/s 

Highest Gust 
[m/s] 

Frequency Distribution 
of Gust Above 20 m/s 

Highest Gust 
[m/s] 

N 0.00% 19.3 0.08% 22.0 

NNE 0.00% 17.8 0.08% 30.7 

NE 0.17% 21.5 0.58% 26.9 

ENE 3.28% 35.7 5.34% 31.6 

E  6.72% 32.1 8.71% 28.2 

ESE 0.52% 34.1 0.16% 20.6 

SE 0.17% 25.6 0.33% 31.7 

SSE 0.34% 22.8 0.49% 29.9 

S 1.38% 26.7 1.15% 29.1 

SSW 2.93% 39.7 1.23% 26.4 

SW 5.69% 34.5 3.53% 30.6 

WSW 18.97% 38.5 20.71% 32.2 

W 51.55% 45.8 50.62% 31.9 

WNW 7.93% 34.0 6.49% 26.4 

NW 0.34% 21.9 0.33% 24.4 

NNW 0.00% 19.6 0.16% 37.9 
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Wind 
Direction 

Cape St. Francis WS Thyspunt WS 

2004 – 2023 2004 – 2013 & 2017 – 2019 

Frequency Distribution 
of Gust Above 20 m/s 

Highest Gust 
[m/s] 

Frequency Distribution 
of Gust Above 20 m/s 

Highest Gust 
[m/s] 

Total/Max 100% 45.8 100% 37.9 

(b) Valley Flow and Land/Sea Breeze Interactions 

The differential heating of slopes can potentially give rise to anabatic (up-valley) 
flow during the day and katabatic (down-valley) flow during the night. However, 
apart from very small micro-climates, the study area contains no significant valley 
flow scenarios. On the other hand, diurnal and nocturnal29 land/sea breeze 
conditions are evident. The large heat capacity of oceans reduces water-surface 
temperature change to near-zero values during a diurnal/nocturnal cycle. The 
land surface, however, warms and cools more dramatically because of the small 
molecular conductivity and heat capacity in soil prevents the diurnal and 
nocturnal temperature signal from propagating rapidly away from the surface. As 
a result, the land is warmer than the water during the day and cooler at night. 
During the morning, when the nocturnal surface boundary layer has been 
eliminated, air begins to rise over the warm land near the shoreline, and cooler 
air from the water flows in to replace it. This is known as the sea-breeze. A return 
circulation (the anti-sea-breeze) brings the warmer air back out to sea where it 
descends toward the sea surface to close the circulation. At night, land surfaces 
usually cool faster than the neighbouring water bodies, reversing the temperature 
gradient that was present during the day. The result is a land breeze: cool air 
from land flows out to sea at low levels, warms, rises, and returns aloft toward 
land (anti-land-breeze) where it eventually descends to close the circulation 
(Stull, 1997). 

Low to moderate wind regimes at the site largely reflect the land/sea breezes with 
increased frequency of westerlies (sea breeze) observed during the daytime and 
increased frequency of easterlies (land breeze) occurring during the night-time. 
These are discussed further in Appendix 5.8.A. 

5.8.6.1.2 Ambient Air Temperature 

Temperature is a primary climatological parameter that is used as an index of the 
energy status of the environment. Similarly, monitoring levels for temperature 
differences are representative of and characterise the magnitude of atmospheric 
turbulence at potential release height(s) from the existing nuclear installation(s).  

 
29 Diurnal and nocturnal conditions in this context refer to the daily and nightly cycles or periodical occurrence of a 
meteorological parameter that occur every day, e.g. sun rise in the morning, reaching a peak at midday and setting in 
the evening. 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-73 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

The reference height for ambient air temperature measurement is typically 2 m 
above ground level (American National Standard, 2015). The monitoring levels 
for air temperature at Thyspunt WS was initially only at 2 m (2009-2013), but from 
2017 to 2019 a second temperature sensor was established at 8 m. The 
temperature at the Cape St. Francis WS is also located at 2 m above ground 
level.  

Dry bulb air temperature30 observations at the Thyspunt WS (January 2008 to 
October 2013 and June 2017 to September 2019) recorded the following:  

• average of the daily maximums: 20.8 °C (average of monthly ADMxT in 
Table 5.8.17);  

• average of the daily minimums: 14.4 °C (average of monthly ADMnT in 
Table 5.8.17); 

• the months with the highest average daily maximum temperatures of 
23.4 °C are January and February (highest monthly ADMxT in 
Table 5.8.17); 

• the month with the lowest average daily maximum temperature of 18.4 °C 
is August (lowest monthly ADMxT in Table 5.8.17); 

• the month with the highest average daily minimum temperature of 17.8 °C 
is January (highest monthly ADMnT in Table 5.8.17); 

• the month with the lowest average daily minimum temperature of 11.2 °C 
is August (lowest monthly ADMnT in Table 5.8.17); 

• the annual average temperature (average of hourly average 
temperatures) is 17.3 °C (average of average monthly temperatures is 
17.4 °C (average of monthly ADT in Table 5.8.17). 

Dry bulb air temperature observations at the Cape St. Francis WS (June 2004 to 
December 2023) recorded the following:  

• average of the daily maximums: 19.9 °C (average of monthly ADMxT in 
Table 5.8.18);  

• average of the daily minimum: 14.2 °C (average of monthly ADMxT in 
Table 5.8.18); 

• the month with the highest average daily maximum temperature of 22.9 °C 
is January (highest monthly ADMxT in Table 5.8.18); 

 
30 The dry-bulb temperature is the temperature of air measured by a thermometer freely exposed to the air but shielded 
from radiation from the sun. It is the temperature that is usually thought of as “air temperature”, and it is the true 
thermodynamic temperature. "Dry-bulb" is included because the air temperature is indicated by a thermometer not 
affected by the moisture of the air.  



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-74 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

• the month with the lowest average daily maximum temperature of 17.6 °C 
is July (lowest monthly ADMxT in Table 5.8.18); 

• the month with the highest average daily minimum temperature of 17.9 °C 
is January (highest monthly ADMnT in Table 5.8.18); 

• the month with the lowest average daily minimum temperature of 10.6 °C 
is July (lowest monthly ADMnT in Table 5.8.18);  

• the annual average temperature (average of hourly average 
temperatures) is 17.3 °C (average of average monthly temperatures is 
17.3 °C (average of monthly ADT in Table 5.8.18). 

The lowest and highest hourly average temperatures (TMn and TMx in 
Table 5.8.17) recorded at the Thyspunt WS (2 m level) were 6.7 °C (August) and 
38.2 °C (April). The extreme hourly temperatures (TMn and TMx in Table 5.8.18) 
at the Cape St. Francis WS (2 m level) were 4.9 °C (21 June 2018) and 38.5 °C 
(28 March 2022) (Eskom, 2023a). 

The average number of days which were above or below selected maximum and 
minimum temperatures are also provided in the Tables 5.8.17 and 5.8.18. Days 
with maximum hourly temperatures above 30 °C and 35 °C and with minimum 
hourly temperatures below 10 °C and 5 °C were used in the analyses.  

The Thyspunt WS recorded the highest average number of days with hourly 
temperatures above 35 °C of 0.3 days, and this was for April (A#DDMxT in 
Table 5.8.17). The Cape St. Francis WS recorded the highest average number 
of days with hourly temperatures above 35 °C of 0.1 days, and this was for March, 
May and September (A#DDMxT in Table 5.8.18). 

The Thyspunt WS recorded the highest average number of days with hourly 
temperatures above 30 °C of 1.0 day each for March and May (A#DDMxT in 
Table 5.8.17). The Cape St. Francis WS recorded the highest average number 
of days with hourly temperatures above 30 °C of 0.8 days, and this was for May 
(A#DDMxT in Table 5.8.18). 

The highest average number of days with temperatures below 10 °C were 
recorded at the Thyspunt WS, which was 8.3 days (August) (A#DDMxT in 
Table 5.8.17). There were no measurements below 5 °C at the Thyspunt WS. 
The highest average number of days with temperatures below 10 °C and 5 °C 
recorded at the Cape St. Francis WS were 11.1 days (July) and 1.3 days (June), 
respectively (A#DDMxT in Table 5.8.18). 
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The corresponding wet-bulb temperature31 statistics at the Thyspunt WS were 
estimated as follows (Table 5.8.19).:  

• Average of the daily maximum: 16.7 °C (average of monthly ADMxT in 
Table 5.8.19); 

• Average of the daily minimum: 12.6 °C average of monthly ADMnT in 
Table 5.8.19); 

• the months with the highest average daily maximum temperature of 
19.9 °C are January and February (highest monthly ADMxT in 
Table 5.8.19); 

• the month with the lowest average daily maximum temperature of 13.9 °C 
is July (Lowest monthly ADMxT in Table 5.8.19); 

• the month with the highest average daily minimum temperature of 16.4 °C 
is January (highest monthly ADMnT in Table 5.8.19); 

• the month with the lowest average daily minimum temperature of 9.0 °C is 
August (Lowest monthly ADMnT in Table 5.8.19). 

 
The lowest and highest hourly average wet-bulb temperatures were 3.5 °C 
(16 June 2019) and 23.8 °C (16 March 2019).  
 

The wet-bulb temperature statistics at the Cape St. Francis WS were estimated 
as follows (Table 5.8.20):  

• average of the daily maximum: 14.8 °C (average of monthly ADMxT in 
Table 5.8.20); 

• average of the daily minimum: 11.1 °C (average of monthly ADMnT in 
Table 5.8.20); 

 
31 An equation for wet-bulb temperature as a function of air temperature and relative humidity at standard sea level 
pressure was derived by Stull (Stull, 2011):  

𝑇𝑊 = 𝑇 atan (0.151977√𝑅𝐻% + 8.313659) + atan(𝑇 + 𝑅𝐻%) − atan(𝑅𝐻% − 1.676331)

+ 0.00391838(𝑅𝐻%)
3
2 atan(0.023𝑅𝐻%) − 4.686035 

Where  𝑇𝑊 = Wet-bulb temperature [°C] 

  𝑇 = Dry-bulb temperature [°C] 

  𝑅𝐻% = Relative humidity [per cent] 

  atan () = arctangent function [radians] 

The errors between the equation estimate and the 𝑇𝑊 values used to develop the equation had a mean error of -
0.00528°C, a median error of 0.0268°C, and a mean absolute error of 0.288°C, and the fraction of variance (r2) 
explained by the regression of 99.95 per cent.  

To illustrate its usage, plugging 𝑇 = 20 °𝐶 and 𝑅𝐻% = 50 𝑝𝑒𝑟 𝑐𝑒𝑛𝑡 into the equation gives: 

𝑇𝑊 = 20 atan(0.151977√50 + 8.313659) + atan(20 + 50) − atan(50 − 1.676331) + 0.00391838(50)
3
2 atan(0.023 𝑥 50)

− 4.686035 = 13.7°𝐶 
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• the months with the highest average daily maximum wet-bulb temperature 
of 17.7 °C are January and February (highest monthly ADMxT in 
Table 5.8.20); 

• the months with the lowest average daily maximum wet-bulb temperature 
of 12.2 °C are July and August (lowest monthly ADMxT in Table 5.8.20); 

• the month with the highest average daily minimum wet-bulb temperature 
of 14.6 °C is January (highest monthly ADMnT in Table 5.8.20); 

• the month with the lowest average daily minimum wet-bulb temperature of 
7.6 °C is July (lowest monthly ADMnT in Table 5.8.20). 

The lowest and highest hourly average wet-bulb temperatures were 3.1 °C 
(21 June 2017) and 24.4 °C (13 February 2021), respectively. 

The corresponding dewpoint temperature 32 33 statistics for the Thyspunt WS 
were estimated as follows (Table 5.8.21):  

• average of the daily maximum: 15.5 °C (average of monthly ADMxT in 
Table 5.8.21); 

 
32 The dewpoint is the temperature at which the air is saturated with respect to water vapour over a liquid surface. When 
the temperature is equal to the dewpoint then the relative humidity is 100 per cent. The three mechanisms for relative 
humidity to be 100 per cent are to (a) cool the air to the dewpoint, (b) evaporate moisture into the air until the air is 
saturated, or (c) lift the air until it cools to the dewpoint. Dew forms when the temperature becomes equal to the dewpoint. 
The favourable weather elements for dew include clear skies, light wind, adequate soil moisture, and low night-time 
dewpoint depressions. 

When the dry-bulb temperatures drop below freezing and the temperature reaches the dewpoint temperature, the ice 
formed on the ground surface is termed frost. Frost can form in two ways, namely by deposition or freezing of dew. 
Depositional frost occurs when the dewpoint is below freezing. When this frost forms, the water vapour goes directly to 
the solid state. Frost that forms due to the freezing of liquid water (i.e. dew) is best referred to as frozen dew. Initially, both 
the dewpoint and temperature are above freezing when dew forms. Longwave radiational cooling gradually lowers the 
temperature to or below freezing during the night. Cold air advection can also initiate freezing (e.g. cold air moving through 
during the night after dew has formed). Once the temperature falls to freezing, the condensed dew droplets freeze. 
33 The dew point temperature (𝑇𝑑) is calculated using the Magnus formula (Alduchov & Eskridge, 1996) : 

𝑇𝑑 =  
𝑏

[
𝑎

𝑙𝑛(𝑅𝐻%/100) +
𝑎𝑇

𝑏 + 𝑇

− 1]

 

 

Where  𝑇𝑑 = Dewpoint temperature [°C] 

  𝑇 = Dry-bulb temperature [°C] 

  𝑅𝐻% = Relative humidity [per cent 

  𝑎 = constant, 17.625 [unitless] 

  𝑏 = constant, 243.04 [°C] 

  ln () = natural logarithm [unitless] 

The errors between the equation estimate and the 𝑇𝑑 values used to develop the equation had a maximum relative error 
of less than 0.384 per cent over a temperature range of -40°C to 50°C. To illustrate its usage, plugging 𝑇 = 20 °𝐶 and 
𝑅𝐻% = 50 𝑝𝑒𝑟 𝑐𝑒𝑛𝑡 into the equation gives: 

𝑇𝑑 =  
243.04

[
17.625

𝑙𝑛(50/100) +
17.625𝑇

243.04 + 20

− 1]

= 9.26 °𝐶 
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• average of the daily minimum: 10.5 °C (average of monthly ADMnT in 
Table 5.8.21); 

• the months with the highest average daily maximum temperature of 
19.0 °C are January and February (highest monthly ADMxT in 
Table 5.8.21); 

• the month with the lowest average daily maximum temperature of 12.1 °C 
is July (lowest monthly ADMxT in Table 5.8.21); 

• the month with the highest average daily minimum temperature of 15.5 °C 
is January (highest monthly ADMnT in Table 5.8.21); 

• the month with the lowest average daily minimum temperature of 5.5 °C is 
July (lowest monthly ADMnT in Table 5.8.21). 

The lowest and highest hourly average dewpoint temperatures were -6.5 °C 
(17 June 2017) and 23.1 °C (18 December 2018), respectively. 

The corresponding dewpoint temperature statistics for the Cape St. Francis WS 
were estimated as follows (Table 5.8.22): 

• average of the daily maximum: 13.8 °C (average of monthly ADMxT in 
Table 5.8.22); 

• average of the daily minimum: 9.8 °C (average of monthly ADMnT in 
Table 5.8.22); 

• the months with the highest average daily maximum temperature of 
16.8 °C are January and February (highest monthly ADMxT in 
Table 5.8.22); 

• the month with the lowest average daily maximum temperature of 11.0 °C 
is July (lowest monthly ADMxT in Table 5.8.22); 

• the month with the highest average daily minimum temperature of 13.8 °C 
is January (highest monthly ADMnT in Table 5.8.22); 

• the month with the lowest average daily minimum temperature of 5.3 °C is 
July (lowest monthly ADMnT in Table 5.8.22). 

The lowest and highest hourly average dewpoint temperature were 0.0 °C 
(25 June 2020) and 23.5 °C (4 January 2016), respectively.  
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Table 5.8.17 
Ambient Air Dry Bulb Temperature [°C] at the Thyspunt WS (January 2008 to October 2013 and June 2017 

to September 2019) 

Month 
Daily Average 95% Confidence Interval of 

Average 
Daily 

Median 

Percentiles Maximums and Minimums A#DDMxT A#DDMnT 

ADT StdDev 25% 75% MnADT MxADT TMn TMx ADMnT ADMxT >35.0 >30.0 <10.0 <5.0 

1 20.5 1.3 ±2.58 20.4 18.9 22.0 16.8 24.3 13.0 31.3 17.8 23.4 0.0 0.3 0.0 0.0 

2 20.4 1.6 ±3.04 20.3 18.7 21.8 16.0 26.4 13.5 32.4 17.6 23.4 0.0 0.9 0.0 0.0 

3 19.8 1.7 ±3.26 19.6 18.2 21.1 15.0 25.2 11.7 36.6 17.1 23.0 0.0 1.0 0.0 0.0 

4 17.8 2.2 ±4.35 17.7 15.8 19.4 11.7 25.3 8.3 38.2 14.8 21.3 0.3 0.9 0.1 0.0 

5 17.0 2.4 ±4.62 16.7 14.8 18.5 12.0 27.2 8.4 35.8 13.9 20.9 0.1 1.0 0.9 0.0 

6 15.2 2.5 ±4.98 14.8 12.7 16.9 10.0 24.7 7.1 31.2 11.8 19.1 0.0 0.4 5.1 0.0 

7 15.1 3.0 ±5.86 14.5 12.3 17.0 9.8 25.9 7.2 31.8 11.7 19.1 0.0 0.5 6.8 0.0 

8 14.6 2.2 ±4.35 14.3 12.3 16.4 9.8 22.6 6.7 31.3 11.2 18.4 0.0 0.3 8.3 0.0 

9 15.4 2.2 ±4.23 15.3 13.3 17.1 10.8 28.7 7.6 36.3 12.2 18.8 0.1 0.6 2.9 0.0 

10 16.5 2.0 ±3.98 16.2 14.7 17.9 12.9 25.9 9.4 34.7 13.6 19.5 0.0 0.7 0.4 0.0 

11 17.3 1.6 ±3.08 17.3 15.7 18.9 13.1 23.4 9.6 32.9 14.5 20.3 0.0 0.4 0.1 0.0 

12 19.3 1.7 ±3.30 19.1 17.6 20.9 15.7 23.6 11.2 34.0 16.5 22.1 0.0 0.3 0.0 0.0 
ADT - Average daily temperature: average of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period (midnight to midnight). 
StdDev – Standard deviation. 
MnADT - Minimum of average daily temperature for a month: minimum of the average daily temperatures. 
MxADT - Maximum of average daily temperature for a month: maximum of the average daily temperatures. 
TMn - Minimum hourly temperature: minimum of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period. 
TMx - Maximum hourly temperature: maximum of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period. 
ADMxT - Average daily maximum temperature for a month: average of the daily maximum temperatures. 
ADMnT - Average daily minimum temperature for a month: average of the daily minimum temperatures. 
A#DDMxT - average number of days with maximum hourly temperature above. 
A#DDMnT - average number of days with minimum hourly temperature below. 
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Table 5.8.18 
Ambient Air Dry Bulb Temperature [°C] at the Cape St. Francis WS (June 2004 to December 2023) 

Month 
Daily Average 95% Confidence Interval of 

Average 
Daily 

Median 

Percentiles Maximums and Minimums A#DDMxT A#DDMnT 

ADT StdDev 25% 75% MnADT MxADT TMn TMx ADMnT ADMxT >35.0 >30.0 <10.0 <5.0 

1 20.4 1.5 ±2.92 20.4 18.9 21.9 15.6 25.1 12.4 28.0 17.9 22.9 0.0 0.0 0.0 0.0 

2 20.0 1.4 ±2.80 20.0 18.5 21.5 15.2 24.7 11.6 31.5 17.4 22.6 0.0 0.1 0.0 0.0 

3 19.2 1.5 ±2.95 19.1 17.8 20.6 15.2 27.8 11.0 38.5 16.7 21.9 0.1 0.2 0.0 0.0 

4 17.4 1.6 ±3.11 17.4 16.0 18.9 12.4 22.7 8.7 34.7 14.8 20.1 0.0 0.2 0.3 0.0 

5 16.6 1.9 ±3.82 16.3 14.8 18.1 9.9 26.4 6.7 36.5 13.3 19.7 0.1 0.8 1.7 0.2 

6 15.3 2.2 ±4.26 15.0 13.2 17.0 10.8 24.1 4.9 32.3 11.0 18.2 0.0 0.4 8.1 1.3 

7 14.7 2.1 ±4.12 14.6 12.7 16.5 9.2 23.4 5.1 31.8 10.6 17.6 0.0 0.2 11.1 1.2 

8 14.9 1.8 ±3.54 14.9 13.2 16.6 9.2 23.9 5.0 33.7 11.3 18.0 0.0 0.6 9.1 0.1 

9 15.6 1.4 ±2.79 15.7 14.3 17.1 11.2 24.7 7.0 37.6 12.3 18.0 0.1 0.1 4.0 0.5 

10 16.7 1.5 ±3.03 16.7 15.3 18.0 12.0 26.0 8.5 33.5 13.7 18.4 0.0 0.1 1.9 1.0 

11 17.8 1.5 ±2.94 17.9 16.2 19.3 13.3 21.8 9.3 31.1 14.9 19.9 0.0 0.2 0.7 0.6 

12 19.3 1.6 ±3.22 19.4 17.8 20.9 14.1 24.1 12.0 27.9 16.7 21.7 0.0 0.0 0.2 0.2 
ADT - Average daily temperature: average of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period (midnight to midnight). 
StdDev – Standard deviation. 
MnADT - Minimum of average daily temperature for a month: minimum of the average daily temperatures. 
MxADT - Maximum of average daily temperature for a month: maximum of the average daily temperatures. 
TMn - Minimum hourly temperature: minimum of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period. 
TMx - Maximum hourly temperature: maximum of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period. 
ADMxT - Average daily maximum temperature for a month: average of the daily maximum temperatures. 
ADMnT - Average daily minimum temperature for a month: average of the daily minimum temperatures. 
A#DDMxT - average number of days with maximum hourly temperature above. 
A#DDMnT - average number of days with minimum hourly temperature below. 
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Table 5.8.19 
Ambient Air Wet Bulb Temperature [°C] at the Thyspunt WS (January 2008 to October 2013 and June 2017 

to September 2019 

Month 
Daily Average 95% Confidence Interval of 

Average 
Daily 

Median 

Percentiles Maximums and Minimums A#DDMxT A#DDMnT 

ADT StdDev 25% 75% MnADT MxADT TMn TMx ADMnT ADMxT >35.0 >30.0 <10.0 <5.0 

1 18.3 1.6 ±3.20 18.5 17.1 19.7 13.8 22.4 11.4 23.5 16.4 19.9 0.0 0.0 0.0 0.0 

2 18.3 1.6 ±3.17 18.4 17.0 19.6 13.8 23.1 11.0 22.3 16.2 19.9 0.0 0.0 0.0 0.0 

3 17.8 1.8 ±3.51 17.9 16.5 19.2 11.4 21.7 12.6 23.8 15.7 19.5 0.0 0.0 0.4 0.0 

4 15.2 2.0 ±3.92 15.2 13.6 16.9 8.8 19.6 8.9 21.7 13.0 17.2 0.0 0.0 3.0 0.0 

5 13.9 1.8 ±3.43 14.1 12.4 15.5 8.3 18.1 7.0 20.5 11.6 16.0 0.0 0.0 5.0 0.1 

6 11.7 1.7 ±3.42 11.7 10.1 13.4 7.4 16.5 3.5 17.3 9.2 14.1 0.0 0.0 17.6 0.2 

7 11.5 1.7 ±3.40 11.6 9.8 13.4 6.9 15.3 4.9 18.2 9.1 13.9 0.0 0.0 17.6 0.4 

8 11.6 1.9 ±3.68 11.6 9.9 13.4 7.1 16.0 4.4 19.0 9.0 14.0 0.0 0.0 18.8 0.4 

9 12.7 2.0 ±3.89 12.7 10.9 14.4 8.2 17.7 6.4 20.1 10.2 14.7 0.0 0.0 12.4 0.0 

10 14.2 2.0 ±3.89 14.2 12.5 15.9 9.6 20.0 7.0 23.0 11.8 16.1 0.0 0.0 4.7 0.0 

11 15.0 1.8 ±3.55 15.0 13.5 16.5 10.2 19.7 6.5 21.4 12.8 16.7 0.0 0.0 2.3 0.0 

12 17.0 1.9 ±3.74 17.2 15.5 18.6 12.1 21.8 10.4 23.6 15.1 18.6 0.0 0.0 0.3 0.0 
ADT - Average daily temperature: average of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period (midnight to midnight). 
StdDev – Standard deviation. 
MnADT - Minimum of average daily temperature for a month: minimum of the average daily temperatures. 
MxADT - Maximum of average daily temperature for a month: maximum of the average daily temperatures. 
TMn - Minimum hourly temperature: minimum of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period. 
TMx - Maximum hourly temperature: maximum of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period. 
ADMxT - Average daily maximum temperature for a month: average of the daily maximum temperatures. 
ADMnT - Average daily minimum temperature for a month: average of the daily minimum temperatures. 
A#DDMxT - average number of days with maximum hourly temperature above. 
A#DDMnT - average number of days with minimum hourly temperature below. 
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Table 5.8.20 
Ambient Air Wet Bulb Temperature [°C] at the Cape St. Francis WS (June 2004 to December 2023) 

Month 
Daily Average 95% Confidence Interval of 

Average 
Daily 

Median 

Percentiles Maximums and Minimums A#DDMxT A#DDMnT 

ADT StdDev 25% 75% MnADT MxADT TMn TMx ADMnT ADMxT >35.0 >30.0 <10.0 <5.0 

1 18.2 1.6 ±3.15 18.2 16.9 19.6 14.0 23.3 10.4 24.3 14.6 17.7 0.0 0.0 3.3 3.3 

2 18.1 1.5 ±3.03 18.1 16.8 19.5 13.9 22.8 10.1 24.4 14.4 17.7 0.0 0.0 2.9 2.9 

3 17.1 1.5 ±3.03 17.1 15.9 18.5 12.3 21.2 9.6 22.7 13.4 16.7 0.0 0.0 3.5 3.4 

4 15.2 1.7 ±3.33 15.2 13.9 16.7 9.6 19.1 7.0 21.9 11.6 15.1 0.0 0.0 5.9 3.3 

5 13.9 1.6 ±3.10 14.0 12.6 15.5 7.3 17.6 4.0 19.9 10.1 14.2 0.0 0.0 10.6 3.5 

6 12.2 1.6 ±3.23 12.3 10.6 14.0 7.9 16.9 3.1 18.3 7.8 12.5 0.0 0.0 20.6 4.9 

7 11.8 1.7 ±3.33 11.9 10.1 13.7 6.7 15.4 3.3 18.0 7.6 12.2 0.0 0.0 22.8 5.5 

8 12.2 1.8 ±3.58 12.2 10.6 14.1 6.9 17.2 3.2 19.3 7.9 12.2 0.0 0.0 20.5 5.7 

9 13.1 1.7 ±3.28 13.2 11.7 14.7 8.5 17.7 4.6 19.8 8.8 12.6 0.0 0.0 15.0 4.8 

10 14.4 1.8 ±3.60 14.5 13.0 16.0 9.0 21.0 6.3 22.2 10.5 13.6 0.0 0.0 9.3 4.8 

11 15.5 1.7 ±3.31 15.4 14.1 16.9 10.9 20.8 7.8 21.7 12.0 15.3 0.0 0.0 4.4 3.1 

12 17.0 1.8 ±3.51 17.0 15.6 18.5 12.4 22.4 9.2 23.9 13.9 17.3 0.0 0.0 2.4 2.3 
ADT - Average daily temperature: average of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period (midnight to midnight). 
StdDev – Standard deviation. 
MnADT - Minimum of average daily temperature for a month: minimum of the average daily temperatures. 
MxADT - Maximum of average daily temperature for a month: maximum of the average daily temperatures. 
TMn - Minimum hourly temperature: minimum of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period. 
TMx - Maximum hourly temperature: maximum of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period. 
ADMxT - Average daily maximum temperature for a month: average of the daily maximum temperatures. 
ADMnT - Average daily minimum temperature for a month: average of the daily minimum temperatures. 
A#DDMxT - average number of days with maximum hourly temperature above. 
A#DDMnT - average number of days with minimum hourly temperature below. 
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Table 5.8.21 
Ambient Air Dewpoint Temperature [°C] at the Thyspunt WS (January 2008 to October 2013 and June 2017 

to September 2019) 

Month 
Daily Average 95% Confidence Interval of 

Average 
Daily 

Median 

Percentiles Maximums and Minimums A#DDMxT A#DDMnT 

ADT StdDev 25% 75% MnADT MxADT TMn TMx ADMnT ADMxT >35.0 >30.0 <10.0 <5.0 

1 17.3 2.0 ±3.91 17.5 15.9 18.9 11.9 22.2 10.3 23.0 15.5 19.0 0.0 0.0 0.0 0.0 

2 17.3 1.9 ±3.72 17.6 15.9 18.9 11.7 21.8 7.7 20.6 15.2 19.0 0.0 0.0 0.6 0.0 

3 16.8 2.1 ±4.15 17.1 15.5 18.5 7.9 21.0 9.3 22.1 14.6 18.6 0.0 0.0 1.9 0.1 

4 13.8 2.5 ±4.90 14.0 11.9 15.9 6.8 19.2 5.3 20.7 11.0 16.0 0.0 0.0 10.1 1.0 

5 12.0 2.6 ±5.18 12.4 10.1 14.4 0.4 17.6 2.8 18.6 8.8 14.6 0.0 0.0 17.3 4.0 

6 9.1 3.1 ±5.98 9.5 7.1 11.8 -3.0 16.4 -6.5 16.3 5.7 12.3 0.0 0.0 24.4 10.0 

7 8.9 2.7 ±5.30 9.2 6.7 11.7 0.0 14.5 -5.0 17.1 5.5 12.1 0.0 0.0 24.4 11.0 

8 9.6 2.8 ±5.47 9.7 7.5 12.1 -1.9 15.7 -4.8 17.5 6.1 12.6 0.0 0.0 24.1 8.7 

9 11.0 2.6 ±5.02 11.2 9.0 13.2 3.9 17.1 -1.5 18.2 8.1 13.4 0.0 0.0 18.0 3.9 

10 12.9 2.5 ±4.92 12.9 10.9 15.0 6.7 18.1 2.5 19.0 10.2 15.1 0.0 0.0 9.4 1.0 

11 13.7 2.2 ±4.38 13.7 12.0 15.6 7.8 18.9 4.3 20.0 11.4 15.6 0.0 0.0 7.9 0.4 

12 16.0 2.3 ±4.49 16.2 14.4 17.8 9.8 21.5 8.7 23.1 14.0 17.6 0.0 0.0 2.6 0.0 
ADT - Average daily temperature: average of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period (midnight to midnight). 
StdDev – Standard deviation. 
MnADT - Minimum of average daily temperature for a month: minimum of the average daily temperatures. 
MxADT - Maximum of average daily temperature for a month: maximum of the average daily temperatures. 
TMn - Minimum hourly temperature: minimum of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period. 
TMx - Maximum hourly temperature: maximum of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period. 
ADMxT - Average daily maximum temperature for a month: average of the daily maximum temperatures. 
ADMnT - Average daily minimum temperature for a month: average of the daily minimum temperatures. 
A#DDMxT - average number of days with maximum hourly temperature above. 
A#DDMnT - average number of days with minimum hourly temperature below. 
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Table 5.8.22 
Ambient Air Dewpoint Temperature [°C] at the Cape St. Francis WS (June 2004 to December 2023) 

Month 
Daily Average 95% Confidence Interval of 

Average 
Daily 

Median 

Percentiles Maximums and Minimums A#DDMxT A#DDMnT 

ADT StdDev 25% 75% MnADT MxADT TMn TMx ADMnT ADMxT >35.0 >30.0 <10.0 <5.0 

1 17.3 1.8 ±3.61 17.4 15.9 18.9 11.8 22.7 9.3 23.5 13.8 16.8 0.0 0.0 3.4 3.3 

2 17.2 1.8 ±3.50 17.3 15.9 18.7 11.6 22.1 6.7 23.3 13.7 16.8 0.0 0.0 3.2 2.9 

3 16.2 1.8 ±3.56 16.3 14.9 17.7 9.3 20.7 6.3 22.3 12.6 15.9 0.0 0.0 5.0 3.4 

4 14.2 2.0 ±4.00 14.2 12.7 15.9 7.7 18.8 3.6 20.2 10.5 14.2 0.0 0.0 9.6 3.5 

5 12.5 2.1 ±4.13 12.7 11.1 14.5 5.4 17.3 0.1 18.5 8.5 13.1 0.0 0.0 17.6 5.6 

6 10.2 2.5 ±4.98 10.5 8.2 12.7 -0.1 16.6 0.0 17.3 5.4 11.3 0.0 0.0 25.4 11.6 

7 9.9 2.5 ±4.85 10.2 7.9 12.4 1.0 14.8 0.0 16.9 5.3 11.0 0.0 0.0 27.1 13.1 

8 10.7 2.5 ±4.88 10.7 8.8 13.0 -0.3 17.2 0.0 19.1 6.3 11.1 0.0 0.0 24.8 10.8 

9 11.8 2.1 ±4.20 11.9 10.1 13.7 5.1 17.5 0.0 19.5 7.6 11.7 0.0 0.0 20.0 7.0 

10 13.3 2.3 ±4.59 13.5 11.6 15.2 0.1 18.8 0.1 20.8 9.4 12.7 0.0 0.0 14.3 5.3 

11 14.3 2.0 ±4.01 14.4 12.7 16.0 8.0 20.5 0.5 21.1 11.0 14.3 0.0 0.0 7.9 3.2 

12 16.0 2.1 ±4.18 16.2 14.5 17.7 9.2 21.8 5.7 23.0 13.0 16.2 0.0 0.0 3.8 2.3 
ADT - Average daily temperature: average of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period (midnight to midnight). 
StdDev – Standard deviation. 
MnADT - Minimum of average daily temperature for a month: minimum of the average daily temperatures. 
MxADT - Maximum of average daily temperature for a month: maximum of the average daily temperatures. 
TMn - Minimum hourly temperature: minimum of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period. 
TMx - Maximum hourly temperature: maximum of the temperatures observed at 24 equidistant times in the course of a continuous 24-hour period. 
ADMxT - Average daily maximum temperature for a month: average of the daily maximum temperatures. 
ADMnT - Average daily minimum temperature for a month: average of the daily minimum temperatures. 
A#DDMxT - average number of days with maximum hourly temperature above. 
A#DDMnT - average number of days with minimum hourly temperature below. 
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The temperature persistence (in hours) at the monitoring sites is 
summarised in Table 5.8.23. The recorded 6-hour duration maximum hourly 
temperature at the Thyspunt WS was 33.1 °C. A lower maximum 
temperature for this duration was observed at the Cape St. Francis WS, i.e., 
31.2 °C. The recorded 3-hour duration maximum hourly temperature at the 
Thyspunt WS and Cape St. Francis WS were 37.0 °C and 36.1 °C, 
respectively. The recorded 6-hour and 3-hour sustained minimum hourly 
temperatures at the Thyspunt WS were 7.7 °C and 7.2 °C, respectively. The 
minimum temperatures for the same durations at the Cape St. Francis WS 
were 6.5 °C and 6.5 °C, respectively.  

Table 5.8.23 
Maximum and Minimum Ambient Air Dry Bulb Temperature and 

Corresponding Wet bulb Temperature for Sustained 3 and 6 Hours, 
and 7 Days 

Weather Station 
Sustained Maximum Temperature [°C] for Sustained Minimum Temperature [°C] for 

7 days 6 hours 3 hours 7 days 6 hours 3 hours 

 DBT WBT DBT WBT DBT WBT DBT WBT DBT WBT DBT WBT 

Cape St. Francis SAWS (1) 20.8 18.2 31.2 16.2 36.1 18.1 15.0 12.9 6.5 4.3 6.5 4.8 

Thyspunt WS (2) 19.3 16.8 33.1 18.8 37.0 19.7 15.5 13.3 7.7 6.0 7.2 5.4 
Notes:  

(1) The statistics included June 2004 to 31 December 2023 period. 
(2) The statistics included January 2008 to October 2013 and June 2017 to September 2019 periods. 

Albeit a relatively short monitoring period at the Thyspunt WS, the observed 
dry-bulb air temperatures did not drop below 6.7°C. The observed minimum 
dry-bulb air temperatures at the Cape St. Francis WS were lower but did not 
drop below 4.9°C. It is therefore expected that frost would be a rare 
occurrence at the site.  

A measure of the vertical temperature difference (United States Nuclear 
Regulatory Commission, 2007c) allows the calculation of atmospheric 
turbulence, e.g. ‘delta-T’ method. This is discussed in 
Subsection 5.8.6.1.9. The alternative method of using the direct 
measurement of wind fluctuations, i.e. the ‘sigma-theta’ method 
(International Atomic Energy Agency, 2002), is also discussed and 
compared in Subsection 5.8.6.1.9. 

5.8.6.1.3 Precipitation 

Types of precipitation include hail, sleet, snow, rain, and drizzle. Frost and 
dew are not classified as precipitation because they form directly on solid 
surfaces. The formation of precipitation may occur at temperatures above 
or below freezing. Since the rainfall measurements are done automatically, 
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it is not currently possible to determine the details of the type of precipitation. 
Instead, a constant precipitation type (‘showers’) most common to the area 
is used to evaluate the impact of precipitation on airborne concentrations of 
contaminants and on ground contamination. No records could be obtained 
that quantified the occurrence of freezing precipitation at the site.  However, 
given the relatively high wet-bulb temperatures recorded at the site (lowest 
of 3.5 °C at the Thyspunt WS and 3.1 °C at the Cape St. Francis WS), the 
likelihood of freezing precipitation is expected to be low. 

The site receives rainfall throughout the year with wetter months typically 
from April to November (Preston-Whyte & Tyson, 1988; Schulze, 1986) and 
drier months from December to March. Historically (Schulze, 1997), the 
Mean Annual Precipitation (MAP) was reported to be between 600.0 mm 
and 800.0 mm with some areas near the site experiencing up to 1 000 mm, 
as shown in Figure 5.8.9. Due to the limited period of nine years of 
monitoring at the Thyspunt WS, reference and comparison to other weather 
stations in the vicinity of the site is therefore necessary (International Atomic 
Energy Agency, 2011) (Table -5.8.24).  

Table 5.8.24 
Summary of Long-Term Mean Annual Precipitation (MAP) at Nearest 

Weather Stations in Comparison with Thyspunt WS 

Station Years of Record 
Distance from Site  Elevation  MAP  

(km) (m amsl) [mm] 

Humansdorp 
[0017422 5] 

146 (1878-2022) 17.3 109 678.8 

Cape St. Francis(4) 
[0017582 07] 

104 (1881-1984) 9.3 7 673.0 

Cape St. Francis(4) 
[0017582 07] 

19 (1985-2003) 9.3 7 660.9 

Cape St. Francis(4) 
[0017582A1] 

20 (2004(1)-2023) 9.3 7 595.0 

Thyspunt 
 

6 (2008-2013(2) & 2017-2019(3)) - 51 774.4 

Notes:  
(1) Partial year for 2004 (15 June to 31 December) and subsequently excluded 
(2) Partial year for 2013 (1 January to 4 October) 
(3) Partial year for 2017 (16 June to 31 December) and 2019 (1 January to 10 October) 
(4) Combining all rainfall data from 1881 to 2023 recorded at Cape St. Francis, the MAP is calculated to 

be 619.5 mm 

Based on 146 years of observations at the SAWS’ Humansdorp WS 
(1878-2022) (SAWS, 2024b) (SAWS, 2024c), the MAP was estimated to be 
678.8 mm. However, this site is approximately 17.3 km inland from 
Thyspunt and may not reflect identical rainfall conditions. The Cape St. 
Francis WS (SAWS, 2024c) is closer to Thyspunt (approximately 9.3 km 
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east), however, this location is very close to the shoreline and may be 
influenced by this proximity.  

Only monthly and annual rainfall statistical values for the period from 1881 
to 1984 were available for the Cape St. Francis WS (Schulze, 1986). An 
MAP of 673.0 mm was given for this period. Twenty-four-hour historical 
rainfall at the Cape St. Francis WS was available for analysis for the period 
1985 to 2023, however, the weather station was replaced during 2004 and 
Table -5.8.24 includes separate MAP values for the two periods pre- and 
post-2004, i.e. 660.9 mm and 595.0 mm, respectively. Hourly rainfall data 
were only available from 2004 with the replacement of the weather station. 
The combined rainfall data for the period 1881 to 2023 provides an MAP of 
619.5 mm. Figure 5.8.10 summarises the 39-year (1985 to 2023) total 
annual precipitation (maximum 972.2 mm) recorded at the Cape St. Francis 
WS (SAWS, 2024b) (SAWS, 2024c). The rainfall for 2004 is excluded due 
to the changeover of weather stations that resulted in an incomplete 
monitoring period. Unfortunately, the Thyspunt WS data included only six 
full years from 2008 to 2012 (2013 not full year) and 2018 (2017 and 2019 
not full years). The MAP for this period was calculated to be 774.4 mm, 
which is higher than the observed MAP for the Cape St. Francis WS and the 
Humansdorp WS. Above average annual rainfall was observed during 2011 
and 2012 at the Thyspunt WS, which skewed the average over the period. 

Monthly average, minimum and maximum rainfall results for Humansdorp, 
Cape St. Francis and Thyspunt are presented in Table 5.8.25. The monthly 
average rainfall totals for these three weather stations are also given 
graphically in Figure 5.8.11. Whereas monthly averages were similar for the 
three locations, some differences were observed when comparing 
Humansdorp and Cape St. Francis to Thyspunt for June and July. The 
average monthly rainfall observed at Cape St. Francis WS and the Thyspunt 
WS both peaked from May to August, whereas the observations at the 
Humansdorp WS peaked later, from August to October. A similar trend was 
observed with the highest monthly totals, with the peak for both Cape St. 
Francis WS and Thyspunt WS during July, and for the Humansdorp WS 
during October. The measurements of maximum 24-hour rainfall rates for 
the three weather station locations are provided in Table 5.8.26. The 
maximum 24-hour rainfall events observed at the Humansdorp WS were 
mostly higher than the 24-hour observations made at the Cape St. Francis 
WS except for March. The maximum 24-hour at the Cape St Francis WS 
was 157.8 mm. Apart from July, most of the Thyspunt WS maximum 24-
hour observations were slightly lower than or similar to the Humansdorp WS 
24-hour maximum observations. The maximum 24-hour at the Thyspunt WS 
was 113.5 mm. 
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Figure 5.8.9 

Mean Annual Precipitation for South Africa (Schulze, 1997)

Thyspunt 
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Hourly rainfall was available for the Cape St. Francis WS, but only from 2004 
to 2023 (SAWS, 2024c). These highest 1-hour totals are provided in 
Table 5.8.27 for Cape St. Francis and Thyspunt. Overall, the hourly totals 
observed at the Cape St. Francis WS were similar to those observed at the 
Thyspunt WS. Lower hourly totals at the Thyspunt WS were observed during 
the drier months of December and January. The highest hourly total observed 
at the Cape St. Francis WS was 37.4 mm (17 December 2022) and at the 
Thyspunt WS was 51.9 mm (17 March 2011). 
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Figure 5.8.10 

Annual Rainfall Totals at the Cape St. Francis WS
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Table 5.8.25 
Average, Highest and Lowest Monthly Rainfall for Cape St. Francis WS, Humansdorp WS and Thyspunt WS 

Month 
Average Monthly [mm] Highest Monthly [mm] Lowest Monthly [mm] 

Cape St. Francis Humansdorp Thyspunt Cape St. Francis Humansdorp Thyspunt Cape St. Francis Humansdorp Thyspunt 

 (1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4) 

January 31.1 21.1 39.9 24.8 104 70.2 176.1 48.2 0.0 4.4 2.8 11.0 

February 34.1 25.7 42.5 41.8 188 49.4 217.0 77.3 3.0 7.4 1.8 18.6 

March 45.6 49.2 57.9 48.4 257 173.4 250.3 169.7 1.0 0.4 1.4 0.5 

April 55.5 46.3 53.7 53.2 173 104.4 193.3 101.3 1.0 8.2 2.3 7.9 

May 67.7 55.2 53.8 68.3 251 209.2 261.2 245.5 0.1 7.0 0.5 20.7 

June 69.4 66.2 48.8 106.7 215 212.2 270.2 199.7 0.0 15.8 0.8 29.2 

July 72.3 78.8 50.0 98.0 198 224.2 238.3 353.2 6.0 2.4 4.9 10.8 

August 76.1 82.7 60.2 77.8 185 213.0 465.0 192.4 0.0 9.4 0.3 10.5 

September 64.7 43.7 59.8 52.6 366 121.2 341.5 122.4 3.4 11.2 6.0 1.1 

October 64.2 52.5 65.1 86.8 209 167.6 487.7 208.6 7.0 8.4 2.4 34.4 

November 50.4 41.5 57.7 57.6 188 117.2 263.5 121.6 1.0 3.8 4.8 23.4 

December 37.3 32.4 41.4 31.9 176 138.0 244.3 81.0 4.0 0.4 2.5 6.5 

Average 55.7 49.6 52.6 62.3 209 150.0 284.0 160.1 2.2 6.6 2.5 14.6 

Highest 76.1 82.7 65.1 106.7 366 224.2 487.7 353.2 7.0 15.8 6.0 34.4 

Lowest 31.1 21.1 39.9 24.8 104 49.4 176.1 48.2 0.0 0.4 0.3 0.5 
Notes:  

(1) The statistics included 1881 to 2003 
(2) The statistics included the June 2004 to December 2023 data. Partial year for 2004 (15 June to 31 December) and subsequently excluded. 
(3) The statistics included the May 1878 to December 2023 data. 
(4) The statistics included the January 2008 to October 2013 and June 2017 to September 2019 data. Partial year for 2013 (1 January to 4 October). Partial year for 2017 (16 June 

to 31 December) and 2019 (1 January to 10 October). 
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Figure 5.8.11 
Monthly Rainfall Data at Cape St. Francis WS, Humansdorp WS and Thyspunt WS 
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Table 5.8.26 
Maximum 24-hour Rainfall [mm] for the Cape St. Francis, Thyspunt 

WS and the Humansdorp WS 

Month 

Cape St. Francis Thyspunt WS Humansdorp 

1881-1984 (1) 1985-2003 (2) 2004-2023 (2) 
2008-2013 & 2017-

2019 (3) 
1878-2023 (2) 

January 60.0 40.1 40.8 13.3 117.9 

February 89.0 89.0 29.0 33.4 186.0 

March 120.0 55.0 157.8 79.5 122.0 

April 74.0 49.5 73.6 63.9 167.0 

May 130.0 65.0 126.4 113.5 106.2 

June 61.0 82.0 61.2 73.6 213.0 

July 75.0 103.5 95.0 72.4 187.0 

August 113.0 67.0 83.8 62.6 302.0 

September 109.0 99.5 45.0 39.4 135.0 

October 84.0 107.6 52.8 62.4 209.8 

November 78.0 70.0 70.2 68.8 114.3 

December 85.0 56.4 53.2 22.0 104.6 

Annual 130.0 107.6 157.8 113.5 302.0 
Notes:  

(1) (Schulze, 1986) 
(2) (SAWS, 2024b) (SAWS, 2024c) 
(3) (Eskom, 2023a) 

 

Table 5.8.27 
Highest 1 hour Rainfall (mm) for the Cape St. Francis WS and the 

Thyspunt WS 

Month 
Cape St. Francis WS Thyspunt WS 

2004-2023(1) 2008-2013 & 2017-2019 (2) 

January 17.8 7.2 

February 14.0 17.8 

March 35.4 51.9 

April 16.6 42.4 

May 32.8 26.4 

June 25.4 19.9 

July 28.8 19.4 

August 24.0 25.0 

September 10.8 9.3 

October 16.6 32.5 

November 19.4 14.8 

December 37.4 10.2 
Notes:  

(1) (SAWS, 2024c) 
(2) (Eskom, 2023a) 
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5.8.6.1.4 Droughts and Wet Years 

The SAWS defines drought on the basis of two indices. The first index is 
based on the degree of dryness in comparison to normal or average 
amounts of rainfall for a particular area or place and the duration of the dry 
period. This is what is termed a meteorological drought, and the normal year 
would be calculated over a 30-year period.  

Less than 75 per cent of normal rainfall is regarded as a severe 
meteorological drought but 80 per cent of normal rainfall will cause crop and 
water shortages. A wet year has 25 per cent more rainfall than the normal 
year (i.e. 125 per cent).  

The drought and wet years as observed at the Cape St. Francis WS during 
the period 1985 to 2023 are provided in Figure 5.8.12. During this period, 
six wet years (1992, 1993, 1996, 2011, 2012 and 2023) and seven drought 
years (1988, 1991, 2001, 2005, 2008, 2009 and 2017) were observed. Two 
years, 2007 and 2019 were on the cuff of being a wet and dry year, 
respectively. However, the disadvantage of this index is that it compares the 
rainfall deficit in the current month with rainfall for the same month in the 
history of the station and does not consider the cumulative effect of rainfall 
deficit.  

The Standardised Precipitation Index (SPI) has been introduced in an 
attempt to alleviate this shortcoming and is based on the probability of 
rainfall for any time scale (or moving average window). The SPI calculation 
is based on the distribution of rainfall over long time periods (preferably 
more than 50 years). The long-term rainfall record is fitted to a probability 
distribution, which is then normalised so that the mean (average) SPI for 
any place and time period is zero. SPI values above zero indicate wetter 
periods and values less than 0 indicate drier periods.  

The SPI values adopted at the SAWS (Table 5.8.28) are the same as those 
developed used by the World Meteorological Organization (WMO) (World 
Meteorological Organization, 2012). A drought event occurs any time the 
SPI is continuously negative and reaches an intensity of -1.0 or less. The 
event ends when the SPI becomes positive. Each drought event, therefore, 
has a duration defined by its beginning and end, and an intensity for each 
month that the event continues. The positive sum of the SPI for all the 
months within a drought event can be termed the drought’s “magnitude”.  
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Table 5.8.28 
SAWS and WMO Adopted SPI Values 

The timescales employed in the calculation reflect the impacts of drought 
on the needs of different water resources. Meteorological and soil moisture 
conditions (agriculture) respond to precipitation anomalies on relatively 
short timescales, for example 1-6 months, whereas streamflow, reservoirs, 
and groundwater respond to longer-term precipitation anomalies of the 
order of 6 months up to 24 months or longer.  

The National Drought Mitigation Center-UNL developed the SPI Generator 
(NDMC, 2021), which allows the calculation of SPI for a given historical 
rainfall data set. Using the monthly rainfall totals for the 39-year period from 
1985 to 2023, the 12-month timescale SPIs were calculated using the 
SPI Generator and summarised in Figure 5.8.13. A 12-month SPI is a 
comparison of the precipitation for 12 consecutive months with that recorded 
in the same 12 consecutive months in all previous years of available data. 
Because these timescales are the cumulative result of shorter periods that 
may be above or below normal, the longer SPIs tend to gravitate toward 
zero unless a distinctive wet or dry trend is taking place. 

During the 39-year historical period, five “extremely dry” years (1989, 2004, 
2005, 2017 and 2018) were observed with two “extremely wet” years (1997 
and 2012). “Near normal” rain years account for 33 per cent (13 years) of 
the historical period, followed by “very wet” years (18 per cent, i.e., 7 years), 
“severely dry” years and “extremely dry” years (14 per cent, i.e., 5 years), 
and “moderately dry” years (10 per cent, i.e., 4 years). “Moderately wet” and 
“extremely wet” years account for 8 per cent (3 years each) and 5 per cent 
(2 years), respectively. 

 

  

SPI Description 

2.0 and more Extremely wet 

1.50 to 1.99 Very wet 

1.00 to 1.49 Moderately wet 

-0.99 to 0.99 Near normal 

-1.00 to -1.49 Moderately dry 

-1.50 to -1.99 Severely dry 

-2.00 and less Extremely dry 
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Figure 5.8.12 
Dry and Wet Rainfall Periods Observed at Cape St. Francis WS
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Figure 5.8.13 
Dry and Wet Rainfall Periods at the Cape St. Francis WS 

 

5.8.6.1.5 Thunder, Hail, Snow and Fog 

SAWS climate data for Cape St. Francis (1881-1984) (Schulze, 1986) were 
used to determine the average number of days that thunder, hail, snow and 
fog occur. Whereas the occurrence of fog may be estimated from the 
measured dry- and calculated dew point temperatures, thunder, hail and 
snow must be physically observed (thunder and hail) or measured (snow). 
By pure definition of the dewpoint temperature, a fog event was estimated 
to have occurred at the Thyspunt WS when the dry-bulb and dew point 
temperatures are near equal34 and no rainfall measured at the same time. 

 
34 To allow for uncertainty in the calculation of the dew point temperature from the dry-bulb temperature and the 
relative humidity, an allowance of 0.075°C was used, based on the median error of 0.384 per cent for the 
formula for the dewpoint temperature (see Section 5.8.6.1.2).  
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According to the SAWS, the observations for the period from 1985 to 2003 
were unreliable and were not included in the analyses. Furthermore, since 
the changeover to an automatic weather station in 2004, these parameters 
could no longer be observed. The results of the data analysis are presented 
below and summarised in Table-5.8.29 (Schulze, 1986) and the following 
are observed: 

• thunder – The occurrence of thunder shows no particular 
preference towards a season or month. 

• hail – Hail tends to mainly occur during the winter months of May, 
June, July and August. 

• snow – No snow falls were recorded at Cape St. Francis for the 
period 1881 – 1984. 

• avalanches – Since no snow has been recorded to date, there is 
no record of avalanches occurring at the site. 

• blizzards – Since no snow has been recorded to date, there is no 
record of blizzards occurring at the site.  

• ice and ice cover – Since the air and sea temperatures never 
reaches freezing point, no ice and ice covers have been reported. 

• fog – Fog appears to occur more frequently during the summer 
months, with the highest frequency during March at Cape St 
Francis, but as calculated for Thyspunt WS, also during 
September. 
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Table 5.8.29 
Average Number of Days with Thunder, Hail, Snow and Fog  

at Cape St. Francis (1881-1984) and Fog Estimate at Thyspunt WS 
(2008-2013 & 2017-2019) 

Month Thunder Hail Snow 
Fog 

Cape St Francis Thyspunt WS 

January 0.6 0.0 0.0 2.0 3.0 

February 0.7 0.0 0.0 4.0 2.5 

March 1.0 0.0 0.0 4.8 3.1 

April 0.8 0.0 0.0 2.8 2.0 

May 0.7 0.2 0.0 1.1 0.5 

June 0.3 0.1 0.0 0.2 0.4 

July 0.3 0.2 0.0 0.5 0.6 

August 0.4 0.2 0.0 0.8 3.6 

September 0.5 0.0 0.0 1.0 3.9 

October 0.8 0.1 0.0 2.4 3.3 

November 0.6 0.0 0.0 2.1 1.0 

December 0.5 0.0 0.0 2.6 1.5 

Annual 7.2 0.8 0.0 24.3 25.4 

 

5.8.6.1.6 Atmospheric Moisture 

Measurements of relative humidity were performed for the period 
January 2008 to October 2013 and June 2017 to September 2019 at the 
Thyspunt WS. A summary of the monthly and annual statistics is provided 
in Table 5.8.30. As a comparison, data from the SAWS weather station at 
Cape St. Francis for the period 2004 to 2023 are also included in the table. 

The annual average relative humidity recorded was 76.9 per cent at the 
Thyspunt WS and 79.0 per cent at the Cape St. Francis WS.  

The lowest daily average relative humidity recorded at the Thyspunt WS 
was during July (66.9 per cent) and during June at the Cape St. Francis WS 
(72.6 per cent). The highest daily average relative humidity at the 
Thyspunt WS and Cape St. Francis WS was recorded during February at 
both sites, i.e. 83.5 per cent and 84.1 per cent, respectively. 

The relative humidity during summer at a dry bulb temperature of 37 ºC was 
17.6 per cent at the Thyspunt WS and 14.7 per cent at the Cape St. Francis 
WS. At the coldest hourly temperature during winter 6.6 °C (Thyspunt WS) 
and 4.9 °C (Cape St. Francis WS), the relative humidity was 78.6 per cent 
at the Thyspunt WS and 81.0 per cent at the Cape St Francis WS. 
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Table 5.8.30 
Daily Average, Daily Maximum and Minimum Relative Humidity (%) for 

the Cape St. Francis WS and the Thyspunt WS 

Month 

Cape St. Francis WS Thyspunt WS 

2004-2023 2008-2013 & 2017-2019 

Ave Min Max Ave Min Max 

January 83.2 69.7 94.7 83.1 64.3 97.7 

February 84.1 64.5 94.9 83.5 65.9 99.1 

March 83.3 66.6 95.0 83.2 62.6 96.6 

April 82.1 63.3 94.7 79.3 57.1 95.2 

May 78.8 59.0 93.7 74.9 49.9 93.1 

June 72.6 46.1 91.5 70.7 41.1 93.8 

July 75.5 49.5 93.9 66.9 40.3 91.3 

August 77.8 54.7 95.6 74.8 50.3 98.5 

September 77.9 58.7 95.5 77.7 47.9 99.9 

October 75.9 63.4 97.5 74.4 54.8 98.4 

November 77.2 64.0 93.1 72.8 58.3 95.4 

December 80.0 64.5 95.1 82.0 64.1 96.4 

Annual 79.0 46.1 97.5 76.9 40.3 99.9 

5.8.6.1.7 Barometric Pressure 

A summary of the barometric pressure measured at the Thyspunt WS 
(January 2008 to October 2013 and June 2017 to September 2019 
October 1997 to September 2023) as well as at the Cape St. Francis WS 
(2005 to 2023) is provided in Table 5.8.31 (daily average and average of 
daily maximum and minimum) and Table 5.8.32 (maximum and minimum 
hourly). The corresponding mean sea level barometric pressure is provided 
in Table 5.8.33 (daily average and average of daily maximum and minimum) 
and Table 5.8.34 (maximum and minimum hourly). 

Summer coastal lows are clearly observed with monthly average barometric 
pressures at the Thyspunt WS (Table 5.8.31) of 1006.8 hPa (January), 
1007.0 hPa (February) and 1007.2 hPa (December), and mean sea level 
barometric pressures (Table 5.8.33) of 1013.0 hPa (January), 1013.2 hPa 
(February) and 1013.4 hPa (December). Conversely, winter stagnant high 
pressures are observed with monthly average barometric pressures at the 
Thyspunt WS (Table 5.8.31) of 1012.2 hPa (June), 1014.4 hPa (July) and 
1012.2 hPa (August), and mean sea level barometric pressures 
(Table 5.8.33) of 1018.5 hPa (June), 1020.8 hPa (July) and 1018.5 hPa 
(August). 

The lowest and highest daily barometric pressures measured at the 
Thyspunt WS were 992.9 hPa and 1030.8 hPa. The measured lowest and 
highest hourly barometric pressure at the Thyspunt WS were 992.9 hPa and 
1030.8 hPa, with an annual average of 1010.0 hPa. The lowest and highest 
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daily mean sea level barometric pressures measured at the Thyspunt WS 
were 999.1 hPa and 1037.4 hPa. The measured lowest and highest hourly 
mean sea level barometric pressure at the Thyspunt WS were 994.1 hPa 
and 1040.6 hPa, with an annual average of 1016.3 hPa. 

For comparison, the mean sea level barometric pressures observed at the 
Cape St. Francis WS (Table 5.8.33) during the summer lows were 
1014.4 hPa (January), 1014.4 hPa (February) and 1015.0 hPa (December). 
The winter stagnant high mean sea level barometric pressures observed at 
the Cape St. Francis WS (Table 5.8.33) were 1019.5 hPa (June), 
1021.5 hPa (July) and 1019.5 hPa (August).  

During spring and autumn, the pressures are similar with the lower mean 
sea level barometric pressures at the end of spring (monthly average 
1015.0 hPa at Thyspunt WS and 1016.0 hPa at Cape St. Francis WS for 
November) and the start of autumn (monthly average of 1014.7 hPa at 
Thyspunt WS and 1015.8 hPa at Cape St. Francis WS for March). 
Conversely, barometric pressures are higher at the beginning of spring 
(monthly average of 1017.7 hPa at Thyspunt WS and 1019.5 hPa at Cape 
St. Francis WS for September) and the end of autumn (monthly average of 
1016.2 hPa at Thyspunt WS and 1018.0 hPa at Cape St. Francis WS for 
May).  

Table 5.8.31 
Daily Average, Daily Maximum and Minimum Barometric Pressure 

(hPa) for the Cape St. Francis WS and the Thyspunt WS 

Month 

Cape St. Francis WS Thyspunt WS 

2004-2023 2008-2013 & 2017-2019 

Ave Min Max Ave Min Max 

January 1013.3 1009.2 1017.7 1006.8 1002.8 1010.9 

February 1013.3 1008.7 1018.1 1007.0 1002.6 1011.7 

March 1014.7 1010.3 1019.5 1008.4 1004.2 1013.7 

April 1016.9 1012.1 1021.7 1010.2 1005.9 1013.6 

May 1016.9 1011.2 1023.1 1009.9 1005.9 1015.0 

June 1018.6 1012.6 1025.3 1012.2 1007.0 1018.1 

July 1020.4 1012.9 1027.2 1014.4 1006.8 1020.3 

August 1018.6 1011.9 1024.0 1012.2 1005.9 1017.7 

September 1018.3 1010.7 1034.3 1011.4 1005.1 1016.6 

October 1017.1 1011.3 1022.6 1010.6 1005.3 1016.0 

November 1015.0 1009.8 1019.8 1008.7 1003.7 1013.5 

December 1013.8 1009.7 1018.3 1007.2 1003.9 1011.2 

Annual 1016.2 1008.7 1034.3 1010.1 1002.6 1020.3 
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Table 5.8.32 
Hourly Maximum and Minimum Barometric Pressure [hPa] for the 

Cape St. Francis WS and the Thyspunt WS 

Month 

Cape St. Francis WS Thyspunt WS 

2004-2023 2008-2013 & 2017-2019 

Min Max Min Max 

January 997.2 1027.2 991.3 1019.1 

February 995.1 1027.9 991.0 1020.0 

March 1001.8 1031.1 997.0 1024.0 

April 996.9 1034.4 993.3 1026.0 

May 995.7 1034.1 991.0 1024.4 

June 994.3 1036.2 989.0 1028.2 

July 995.1 1041.1 989.4 1032.3 

August 994.0 1040.2 988.0 1034.0 

September 999.0 1050.0 993.1 1030.0 

October 996.6 1035.6 990.6 1028.1 

November 996.9 1032.8 991.6 1023.4 

December 996.0 1030.4 991.0 1021.3 

Annual 994.0 1050.0 988.0 1034.0 

Table 5.8.33 
Daily Average, Daily Maximum and Minimum Mean Sea Level 

Barometric Pressure [hPa] for the Cape St. Francis WS and the 
Thyspunt WS 

Month 

Cape St. Francis WS Thyspunt WS 

2004-2023 2008-2013 & 2017-2019 

Ave Min Max Ave Min Max 

January 1014.4 1010.2 1018.8 1013.0 1008.9 1010.9 

February 1014.4 1010.3 1019.2 1013.2 1008.7 1011.7 

March 1015.8 1011.4 1020.5 1014.7 1010.3 1013.7 

April 1018.1 1013.7 1022.8 1016.5 1012.1 1013.6 

May 1018.0 1012.3 1024.2 1016.2 1012.1 1015.0 

June 1019.5 1012.0 1026.4 1018.5 1013.3 1018.1 

July 1021.5 1014.0 1028.3 1020.8 1013.1 1020.3 

August 1019.5 1013.0 1025.1 1018.5 1012.2 1017.7 

September 1019.5 1011.8 1035.4 1017.7 1011.3 1016.6 

October 1018.1 1012.4 1023.3 1016.9 1011.5 1016.0 

November 1016.0 1010.9 1020.7 1015.0 1009.9 1013.5 

December 1015.0 1010.7 1019.7 1013.4 1010.1 1011.2 

Annual 1017.0 1010.2 1035.4 1015.7 1008.7 1020.3 
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Table 5.8.34 
Hourly Maximum and Minimum Mean Sea Level Barometric Pressure 

[hPa] for the Cape St. Francis WS and the Thyspunt WS 

Month 

Cape St. Francis WS Thyspunt WS 

2004-2023 2008-2013 & 2017-2019 

Min Max Min Max 

January 1001.2 1028.3 997.3 1025.5 

February 996.1 1029.0 996.9 1026.3 

March 1002.8 1032.2 1003.1 1030.4 

April 997.9 1035.5 999.4 1032.4 

May 996.8 1035.2 997.1 1030.8 

June 995.3 1037.3 995.1 1034.6 

July 996.2 1042.2 995.5 1038.7 

August 995.1 1041.3 994.1 1040.6 

September 1000.0 1051.1 999.2 1036.5 

October 1000.0 1036.7 996.6 1034.5 

November 997.9 1033.9 997.8 1029.8 

December 997.0 1031.5 997.1 1027.7 

Annual 995.1 1051.1 994.1 1040.6 

 

5.8.6.1.8 Solar Radiation 

Systematic solar radiation measurements in southern Africa started in the 
1950s (Clemence, 1992). Based on this work a solar radiation atlas for 
South Africa was developed (Schulze, 1997). According to this atlas, the 
site should typically experience solar radiation with: 

• a maximum value of about 26 MJ/m2.day in December and 25 MJ/m2 
for January and November;  

• a minimum value of about 11 MJ/m2.day in June.  

The actual solar radiation readings at the Thyspunt WS for January 2008 to 
October 2013 and June 2017 to September 2019 October 1997 observed 
slightly lower values (Eskom, 2023a), as shown in Table 5.8.35. In 
comparison, average daily total solar radiation measurement for December 
was 24 MJ/m2.day and for January was 23.9 MJ/m2.day and 9.2 MJ/m2.day 
for June.  

The highest daily solar radiation was recorded in November with 
26.3 MJ/m2.day and the lowest daily solar radiation of 8.4 MJ/m2.day was 
during June. 
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Table 5.8.35 
Solar Radiation at the Thyspunt WS (2008-2013 & 2017-2019) 

Compared with Schulze’s Atlas for the Thyspunt Region 

Month 

Average Daily Total  
(MJ/m2.day) 

Thyspunt WS 

Schulze’s Atlas(1) Thyspunt WS 
Highest Daily Total 

(MJ/m2.day) 
Lowest Daily Total 

(MJ/m2.day) 

January 25 23.9 25.1 22.9 

February 23 21.2 23.6 19.2 

March 20 18.3 20.2 16.9 

April 17 14.0 15.5 12.3 

May 13 11.0 11.7 10.1 

June 11 9.2 9.8 8.4 

July 13 10.3 11.2 9.0 

August 15 13.4 14.6 12.1 

September 20 17.3 18.7 15.1 

October 23 20.0 21.2 17.4 

November 25 23.6 26.3 21.2 

December 26 24.0 25.7 20.8 
Notes: 
(1) (Schulze, 1997) 

5.8.6.1.9 Atmospheric Stability 

The atmospheric boundary layer includes the first few hundred metres of 
the atmosphere. This layer is directly affected by the earth’s surface, either 
through the retardation of flow due to the frictional drag of the earth’s 
surface, or as result of the heat and moisture exchanges that take place at 
the surface (Stull, 1997). 

During the daytime, the atmospheric boundary layer is characterised by 
thermal turbulence due to the heating of the earth’s surface and the 
extension of the mixing layer to the lowest elevated inversion. Radiative flux 
divergence during the night usually results in the establishment of ground-
based inversions. Night-time is characterised by weak vertical mixing and 
the predominance of a stable layer. These conditions are normally 
associated with low wind speeds, hence less dilution potential (Stull, 1997). 

The mixed layer ranges in depth from a few metres (i.e. stable or neutral 
layers) during night-time to the base of the lowest-level elevated inversion 
during unstable, day-time conditions. Elevated inversions may occur for a 
variety of reasons and on some occasions as many as five may occur in the 
first 1 000 m above the surface (Tyson , et al., 1976).  

The southern and western coastal areas experience a persistent low-level 
subsidence inversion, termed the sub-escarpment layer, with its base at 
approximately 500 m and a thickness of about 600 m. This layer is due to 
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the predominance of the South Atlantic High Pressure (HP) system, and 
represents the boundary between the dry, subsided upper air and the moist 
influx of maritime air. The height above ground surface of this layer is related 
to the thickness of the sea breeze system and the intensity of subsidence in 
the upper air. The strength of the inversion has been shown to vary between 
an average of 7°C in summer and 5.2°C in winter (Tyson , et al., 1976; 
Preston-Whyte, et al., 1977). The sub-escarpment inversion is stronger and 
occurs more frequently during the summer (51 per cent) due to the South 
Atlantic HP reaching its most easterly position during December (Tyson , et 
al., 1976).  

Based on the temperature gradient between the 2 m and 8 m levels, it is 
estimated that surface inversions occurred for approximately 30 per cent 
over the year (Eskom, 2023a), with the most prevalent during winter months 
with a 51 per cent frequency of occurrence during June and 45 per cent 
during May and July (Eskom, 2023a). As expected, summer occurrences 
are significantly lower ranging from 17 per cent in December to 18 per cent 
in March (Eskom, 2023a). 

Eskom Standard 238-52 (Eskom, 2022a) requires that the atmosphere be 
classified into one of seven atmospheric stability classes suggested by 
Pasquill in 1961 (Pasquill, 1961) and later modified by Gifford in 1962 
(Gifford, 1961). The seven stability classes are described as follows: 

A: Very unstable or convective conditions. Calm wind, clear skies and 
hot day-time conditions. 

B: Moderately unstable. Clear skies, day-time conditions. 

C: Unstable conditions. Moderate wind, slightly overcast day-time 
conditions. 

D: Neutral atmospheres. Strong winds or cloudy days and nights. 

E: Stable conditions. Moderate wind and slightly overcast night-time 
conditions. 

F: Moderately stable conditions. Low winds, clear skies, cold night-
time conditions. 

G: Very stable conditions. Calm winds, clear skies, cold night-time 
conditions. 

The frequencies of atmospheric stability classes were calculated according 
to the Eskom Standard 238-52 (Eskom, 2022a). Both the Thyspunt WS 
vertical temperature difference between levels 2 m and 8 m (‘delta-T 
method’) (2017 to 2019) and the standard deviations of the wind direction 
(‘sigma-theta method’) (2008-2013 & 2017-2019) were used to calculate the 
atmospheric stability classes.  
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The results of the classification are summarised in Table 5.8.36 (delta-T 
method) and Table 5.8.37 (sigma-theta method). Using the delta-T method, 
the most prevalent atmospheric condition at the Thyspunt WS was observed 
to be very unstable (stability class A) with 55.97 per cent. However, using 
the sigma-theta method, the most prevalent atmospheric conditions at the 
Thyspunt WS was observed to be slightly stable (stability class E) with 
46.14 per cent and neutral (stability class D) with 40.89 per cent.   

The delta-T method for the Thyspunt WS resulted in very different 
classifications compared with the sigma-theta method. This is primarily due 
to the steep temperature gradient normally observed close to the ground – 
hence the requirement for temperature measurements at higher levels in 
the surface layer depth. The sigma-theta method is therefore more suitable 
for stability classification at the Thyspunt WS. The delta-T method is 
preferred for establishing the vertical atmospheric stability, but only if the 
two temperatures adequately represent the conditions in the surface layer. 
The two temperatures at 2 m and 8 m on the Thyspunt WS mast only 
observe a small part of the surface layer, i.e. the section with the steepest 
vertical temperature gradient. In this case, it is therefore more advisable to 
utilise the sigma-theta method, or the solar radiation/delta-T (SRDT) method 
as recommended by the US EPA (United States Environmental Protection 
Agency, 2000) and ANS (American National Standard, 2015). The SRDT 
method uses the surface layer wind speed (measured at or near 10 m) in 
combination with measurements of total solar radiation during the day and 
a low-level vertical temperature difference (delta-T) at night.   

The atmospheric stability changes per hour of day depending on both the 
thermal (buoyant) production and mechanical turbulence (Stull, 1997). The 
ratio of the buoyant production to mechanical production of turbulence is 
expressed as a measure for dynamic stability through the Richardson (Ri) 
number (Stull, 1997). Several formulations exist for the Ri number, with the 
most common being flux-, gradient-, bulk- and surface-layer Ri number. The 
flux and gradient Ri number require both vertical temperature and wind 
speed gradient measurements, whereas with the bulk and surface-layer Ri 
number a finite difference approximation is used for the gradients. The bulk 
Ri number is calculated using wind speeds and temperatures at the two 
vertical levels, whereas only the wind speed at one height and the average 
temperature gradient between this height and the ground are required. 
Given the available measurements at the Thyspunt WS, the surface layer 
Ri number was calculated to classify atmospheric stability. 

Although the SRDT and Ri number methods are not included in the Eskom 
Standard 238-52 (Eskom, 2022a), the stability classes calculated using 
these two methods are provided in Table 5.8.38 (SRDT method) and 
Table 5.8.39 (Ri number method) for comparative purposes.  
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Table 5.8.36 
Joint Frequency Distribution of Pasquill-Gifford Stability Classes with 

Wind Direction: Thyspunt WS 
(Delta-T Method [8m/2m] – (Eskom, 2022a)) 

Wind 
Direction 

Stability Classification 

A B C D E F G Total 

N 0.52% 0.01% 0.00% 0.06% 0.12% 0.23% 1.73% 2.68% 

NNE 0.59% 0.01% 0.00% 0.09% 0.28% 0.77% 1.95% 3.69% 

NE 1.81% 0.05% 0.07% 0.41% 1.14% 0.92% 0.86% 5.27% 

ENE 5.48% 0.23% 0.23% 1.18% 1.45% 0.46% 0.50% 9.53% 

E  4.08% 0.13% 0.10% 0.43% 0.41% 0.14% 0.13% 5.41% 

ESE 3.49% 0.03% 0.02% 0.12% 0.11% 0.03% 0.03% 3.84% 

SE 2.06% 0.01% 0.01% 0.07% 0.06% 0.05% 0.00% 2.26% 

SSE 1.15% 0.01% 0.02% 0.11% 0.10% 0.10% 0.05% 1.55% 

S 1.34% 0.01% 0.00% 0.09% 0.12% 0.10% 0.02% 1.67% 

SSW 1.55% 0.00% 0.00% 0.10% 0.17% 0.12% 0.04% 1.99% 

SW 2.82% 0.03% 0.02% 0.14% 0.22% 0.12% 0.06% 3.42% 

WSW 10.05% 0.12% 0.16% 0.59% 0.52% 0.23% 0.10% 11.77% 

W 14.45% 0.64% 0.54% 2.08% 1.51% 0.61% 0.36% 20.18% 

WNW 3.66% 0.23% 0.26% 1.36% 3.06% 2.70% 2.06% 13.34% 

NW 1.91% 0.11% 0.10% 0.45% 1.29% 1.94% 2.42% 8.23% 

NNW 1.00% 0.01% 0.02% 0.15% 0.72% 1.06% 2.20% 5.16% 

Total 55.97% 1.65% 1.58% 7.41% 11.28% 9.58% 12.53% 100% 
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Table 5.8.37 
Joint Frequency Distribution of Pasquill-Gifford Stability Classes with 

Wind Direction: Thyspunt WS 
(Sigma-Theta Method [9 m] – (Eskom, 2022a)) 

Wind 
Direction 

Stability Classification 

A B C D E F G Total 

N 0.26% 0.10% 0.33% 1.03% 1.07% 0.01% 0.00% 2.80% 

NNE 0.27% 0.11% 0.24% 0.70% 2.23% 0.02% 0.00% 3.58% 

NE 0.27% 0.16% 0.29% 1.34% 3.39% 0.01% 0.00% 5.46% 

ENE 0.24% 0.13% 0.44% 3.26% 5.47% 0.03% 0.00% 9.57% 

E  0.18% 0.15% 0.36% 3.34% 2.18% 0.00% 0.00% 6.21% 

ESE 0.13% 0.09% 0.21% 1.00% 2.72% 0.00% 0.00% 4.14% 

SE 0.13% 0.07% 0.19% 1.13% 0.95% 0.00% 0.00% 2.46% 

SSE 0.11% 0.07% 0.20% 0.46% 0.49% 0.00% 0.00% 1.32% 

S 0.11% 0.07% 0.26% 0.50% 0.50% 0.00% 0.00% 1.44% 

SSW 0.14% 0.07% 0.26% 0.66% 0.56% 0.00% 0.00% 1.69% 

SW 0.14% 0.07% 0.22% 1.13% 1.29% 0.00% 0.00% 2.85% 

WSW 0.22% 0.12% 0.31% 3.78% 5.24% 0.01% 0.00% 9.69% 

W 0.28% 0.17% 0.58% 16.95% 2.75% 0.02% 0.00% 20.76% 

WNW 0.32% 0.17% 0.41% 3.75% 7.58% 1.52% 0.00% 13.76% 

NW 0.31% 0.14% 0.28% 0.89% 6.34% 0.93% 0.00% 8.90% 

NNW 0.22% 0.14% 0.29% 0.98% 3.40% 0.35% 0.00% 5.38% 

Total 3.33% 1.84% 4.88% 40.89% 46.14% 2.92% 0.01% 100% 
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Table 5.8.38 
Joint Frequency Distribution of Pasquill-Gifford Stability Classes with 

Wind Direction: Thyspunt WS 
(SRDT Method – (United States Environmental Protection Agency, 

2000)) 

Wind 
Direction 

Stability Classification 

A B C D E F G Total 

N 0.00% 0.05% 0.17% 2.29% 0.09% 0.08% 0.00% 2.68% 

NNE 0.00% 0.05% 0.28% 3.15% 0.12% 0.09% 0.00% 3.69% 

NE 0.00% 0.09% 0.52% 4.44% 0.08% 0.13% 0.00% 5.27% 

ENE 0.00% 0.14% 0.72% 8.55% 0.05% 0.07% 0.00% 9.53% 

E  0.00% 0.12% 0.56% 4.67% 0.03% 0.03% 0.00% 5.41% 

ESE 0.03% 0.23% 1.04% 2.51% 0.01% 0.01% 0.00% 3.84% 

SE 0.03% 0.46% 1.01% 0.74% 0.01% 0.00% 0.00% 2.26% 

SSE 0.02% 0.40% 0.33% 0.79% 0.01% 0.00% 0.00% 1.55% 

S 0.02% 0.38% 0.41% 0.84% 0.00% 0.01% 0.00% 1.67% 

SSW 0.01% 0.56% 0.57% 0.84% 0.00% 0.01% 0.00% 1.99% 

SW 0.01% 0.47% 1.26% 1.66% 0.01% 0.00% 0.00% 3.42% 

WSW 0.02% 0.31% 2.69% 8.71% 0.00% 0.03% 0.00% 11.77% 

W 0.00% 0.05% 1.19% 18.88% 0.02% 0.04% 0.00% 20.18% 

WNW 0.00% 0.04% 0.66% 12.46% 0.09% 0.08% 0.00% 13.34% 

NW 0.00% 0.08% 0.45% 7.50% 0.07% 0.13% 0.00% 8.23% 

NNW 0.00% 0.03% 0.26% 4.70% 0.07% 0.10% 0.00% 5.16% 

Total 0.16% 3.48% 12.12% 82.72% 0.69% 0.82% 0.00% 100% 
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Table 5.8.39 
Joint Frequency Distribution of Pasquill-Gifford Stability Classes with 

Wind Direction: Thyspunt WS 
(Richardson Number Method – (Stull, 1997)) 

Wind 
Direction 

Stability Classification 

A B C D E F G Total 

N 0.00% 0.00% 0.04% 0.56% 1.92% 0.15% 0.00% 2.68% 

NNE 0.00% 0.00% 0.06% 0.72% 2.74% 0.18% 0.00% 3.69% 

NE 0.01% 0.01% 0.11% 2.45% 2.51% 0.17% 0.00% 5.27% 

ENE 0.01% 0.00% 0.02% 7.62% 1.75% 0.12% 0.00% 9.53% 

E  0.03% 0.01% 0.03% 4.79% 0.49% 0.05% 0.00% 5.41% 

ESE 0.03% 0.00% 0.07% 3.59% 0.12% 0.02% 0.00% 3.84% 

SE 0.04% 0.02% 0.05% 2.04% 0.09% 0.00% 0.00% 2.26% 

SSE 0.03% 0.00% 0.07% 1.23% 0.22% 0.01% 0.00% 1.55% 

S 0.03% 0.00% 0.06% 1.36% 0.21% 0.01% 0.00% 1.67% 

SSW 0.01% 0.01% 0.07% 1.61% 0.28% 0.01% 0.00% 1.99% 

SW 0.02% 0.01% 0.07% 2.96% 0.36% 0.00% 0.00% 3.42% 

WSW 0.02% 0.00% 0.06% 11.04% 0.60% 0.05% 0.00% 11.77% 

W 0.02% 0.00% 0.02% 18.24% 1.81% 0.08% 0.00% 20.18% 

WNW 0.01% 0.01% 0.04% 6.21% 6.90% 0.16% 0.00% 13.34% 

NW 0.02% 0.00% 0.04% 2.76% 5.20% 0.21% 0.00% 8.23% 

NNW 0.00% 0.00% 0.01% 1.27% 3.66% 0.21% 0.00% 5.16% 

Total 0.31% 0.11% 0.84% 68.44% 28.85% 1.45% 0.00% 100% 
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Table 5.8.40 
Joint Frequency Distribution of Pasquill-Gifford Stability Class A with Wind Direction and Wind Speed: 

Thyspunt WS 
(Sigma-Theta Method [9 m] – (Eskom, 2022a)) 

Wind 
Direction 

Wind Speed [m/s] at 9 m level, Sigma-Theta Method 

<0.5 0.5-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 6.0-8.0 8.0-10.0 10.0-13.0 13.0-18.0 >18.0 

N 0.26% 0.68% 3.17% 2.10% 0.86% 0.43% 0.21% 0.17% 0.00% 0.00% 0.00% 0.00% 

NNE 0.30% 1.24% 3.08% 2.10% 0.90% 0.21% 0.17% 0.17% 0.00% 0.00% 0.00% 0.00% 

NE 0.47% 1.16% 2.65% 1.97% 0.98% 0.60% 0.13% 0.04% 0.00% 0.00% 0.00% 0.00% 

ENE 0.30% 0.98% 2.61% 1.54% 0.98% 0.56% 0.21% 0.09% 0.00% 0.00% 0.00% 0.00% 

E  0.26% 0.77% 1.80% 0.94% 1.03% 0.43% 0.13% 0.09% 0.00% 0.00% 0.00% 0.00% 

ESE 0.26% 0.51% 1.76% 0.94% 0.30% 0.04% 0.04% 0.00% 0.00% 0.00% 0.00% 0.00% 

SE 0.13% 0.68% 1.63% 0.94% 0.39% 0.09% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

SSE 0.26% 0.34% 1.46% 0.90% 0.26% 0.00% 0.04% 0.04% 0.00% 0.00% 0.00% 0.00% 

S 0.39% 0.68% 0.86% 0.81% 0.26% 0.17% 0.09% 0.00% 0.04% 0.00% 0.00% 0.00% 

SSW 0.13% 0.81% 1.84% 0.73% 0.30% 0.13% 0.13% 0.00% 0.04% 0.00% 0.00% 0.00% 

SW 0.13% 0.68% 1.46% 0.81% 0.51% 0.26% 0.21% 0.04% 0.04% 0.00% 0.00% 0.00% 

WSW 0.30% 0.86% 2.31% 1.58% 1.07% 0.17% 0.13% 0.04% 0.09% 0.00% 0.00% 0.00% 

W 0.26% 0.47% 3.21% 2.40% 1.16% 0.47% 0.26% 0.21% 0.00% 0.04% 0.00% 0.00% 

WNW 0.34% 0.86% 3.34% 2.53% 0.98% 0.86% 0.47% 0.17% 0.09% 0.00% 0.00% 0.00% 

NW 0.30% 1.03% 3.00% 3.00% 1.16% 0.47% 0.17% 0.13% 0.09% 0.00% 0.00% 0.00% 

NNW 0.34% 1.16% 2.27% 1.58% 0.64% 0.21% 0.21% 0.21% 0.04% 0.00% 0.00% 0.00% 

TOTAL 4.41% 12.93% 36.43% 24.87% 11.77% 5.09% 2.61% 1.41% 0.43% 0.04% 0.00% 0.00% 
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Table 5.8.41 
Joint Frequency Distribution of Pasquill-Gifford Stability Class B with Wind Direction and Wind Speed: 

Thyspunt WS 
(Sigma-Theta Method [9 m] – (Eskom, 2022a)) 

Wind 
Direction 

Wind Speed [m/s] at 9 m level, Sigma-Theta Method 

<0.5 0.5-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 6.0-8.0 8.0-10.0 10.0-13.0 13.0-18.0 >18.0 

N 0.08% 0.15% 1.55% 1.78% 0.93% 0.77% 0.23% 0.08% 0.00% 0.00% 0.00% 0.00% 

NNE 0.08% 0.23% 1.47% 2.09% 1.16% 0.70% 0.23% 0.00% 0.00% 0.00% 0.00% 0.00% 

NE 0.00% 0.39% 2.01% 2.78% 1.47% 1.08% 0.54% 0.23% 0.00% 0.00% 0.00% 0.00% 

ENE 0.31% 0.31% 2.01% 1.55% 1.55% 0.93% 0.46% 0.15% 0.00% 0.00% 0.00% 0.00% 

E  0.23% 0.70% 1.62% 1.85% 1.85% 1.16% 0.31% 0.31% 0.00% 0.00% 0.00% 0.00% 

ESE 0.15% 0.23% 1.31% 1.85% 0.70% 0.31% 0.23% 0.15% 0.00% 0.00% 0.00% 0.00% 

SE 0.31% 0.46% 1.24% 1.16% 0.31% 0.15% 0.08% 0.00% 0.08% 0.00% 0.00% 0.00% 

SSE 0.00% 0.31% 1.85% 1.08% 0.39% 0.23% 0.00% 0.08% 0.00% 0.00% 0.00% 0.00% 

S 0.08% 0.08% 1.00% 1.85% 0.54% 0.08% 0.00% 0.23% 0.00% 0.08% 0.00% 0.00% 

SSW 0.08% 0.39% 1.62% 1.00% 0.62% 0.15% 0.08% 0.00% 0.00% 0.00% 0.00% 0.00% 

SW 0.23% 0.62% 1.00% 0.85% 0.46% 0.54% 0.15% 0.08% 0.08% 0.00% 0.00% 0.00% 

WSW 0.23% 0.62% 1.85% 1.93% 0.46% 0.70% 0.31% 0.23% 0.08% 0.08% 0.00% 0.00% 

W 0.08% 0.31% 2.09% 1.78% 1.70% 1.55% 0.62% 0.46% 0.23% 0.39% 0.00% 0.00% 

WNW 0.15% 0.39% 2.09% 3.01% 1.85% 1.08% 0.62% 0.08% 0.15% 0.00% 0.00% 0.00% 

NW 0.15% 0.39% 1.85% 2.01% 1.55% 0.93% 0.31% 0.39% 0.00% 0.00% 0.00% 0.00% 

NNW 0.00% 0.54% 2.01% 1.78% 1.31% 1.47% 0.23% 0.00% 0.08% 0.00% 0.00% 0.00% 

TOTAL 2.16% 6.11% 26.58% 28.36% 16.85% 11.82% 4.40% 2.47% 0.70% 0.54% 0.00% 0.00% 
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Table 5.8.42 

Joint Frequency Distribution of Pasquill-Gifford Stability Class C with Wind Direction and Wind Speed: 
Thyspunt WS 

(Sigma-Theta Method [9 m] – (Eskom, 2022a)) 

Wind 
Direction 

Wind Speed [m/s] at 9 m level, Sigma-Theta Method 

<0.5 0.5-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 6.0-8.0 8.0-10.0 10.0-13.0 13.0-18.0 >18.0 

N 0.06% 0.23% 0.88% 1.61% 1.34% 0.99% 0.61% 0.70% 0.26% 0.03% 0.00% 0.00% 

NNE 0.03% 0.12% 0.79% 1.64% 1.49% 0.55% 0.20% 0.09% 0.03% 0.00% 0.00% 0.00% 

NE 0.06% 0.23% 0.96% 1.90% 1.52% 0.61% 0.44% 0.29% 0.03% 0.00% 0.00% 0.00% 

ENE 0.09% 0.26% 1.05% 1.23% 2.42% 2.28% 1.14% 0.44% 0.00% 0.03% 0.00% 0.00% 

E  0.12% 0.09% 0.93% 1.43% 1.52% 1.43% 1.02% 0.73% 0.06% 0.00% 0.00% 0.00% 

ESE 0.00% 0.20% 0.93% 1.11% 1.05% 0.50% 0.18% 0.32% 0.00% 0.00% 0.00% 0.00% 

SE 0.15% 0.09% 0.91% 1.34% 0.93% 0.32% 0.03% 0.06% 0.03% 0.00% 0.00% 0.00% 

SSE 0.06% 0.20% 0.93% 1.40% 1.02% 0.32% 0.03% 0.00% 0.03% 0.00% 0.00% 0.00% 

S 0.12% 0.06% 1.28% 2.10% 1.46% 0.12% 0.06% 0.06% 0.03% 0.00% 0.00% 0.00% 

SSW 0.06% 0.12% 1.11% 2.25% 1.34% 0.09% 0.15% 0.18% 0.06% 0.03% 0.00% 0.00% 

SW 0.09% 0.09% 0.93% 1.52% 1.23% 0.38% 0.12% 0.18% 0.03% 0.03% 0.03% 0.00% 

WSW 0.03% 0.12% 0.88% 1.75% 1.64% 0.70% 0.41% 0.44% 0.18% 0.26% 0.03% 0.00% 

W 0.03% 0.15% 1.14% 2.63% 2.74% 1.87% 1.20% 1.46% 0.38% 0.26% 0.12% 0.00% 

WNW 0.09% 0.12% 0.93% 2.01% 2.34% 1.43% 1.05% 0.38% 0.12% 0.00% 0.00% 0.00% 

NW 0.09% 0.26% 1.20% 1.37% 1.20% 0.61% 0.58% 0.44% 0.03% 0.00% 0.00% 0.00% 

NNW 0.03% 0.18% 0.82% 1.52% 1.14% 0.85% 0.58% 0.55% 0.23% 0.09% 0.00% 0.00% 

TOTAL 1.08% 2.51% 15.68% 26.80% 24.38% 13.05% 7.80% 6.31% 1.49% 0.73% 0.18% 0.00% 
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Table 5.8.43 
Joint Frequency Distribution of Pasquill-Gifford Stability Class D with Wind Direction and Wind Speed: 

Thyspunt WS 
(Sigma-Theta Method [9 m] – (Eskom, 2022a)) 

Wind 
Direction 

Wind Speed [m/s] at 9 m level, Sigma-Theta Method 

<0.5 0.5-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 6.0-8.0 8.0-10.0 10.0-13.0 13.0-18.0 >18.0 

N 0.01% 0.02% 0.21% 0.44% 0.50% 0.57% 0.37% 0.32% 0.07% 0.01% 0.00% 0.00% 

NNE 0.01% 0.01% 0.18% 0.31% 0.47% 0.35% 0.21% 0.15% 0.02% 0.00% 0.00% 0.00% 

NE 0.02% 0.03% 0.24% 0.42% 0.68% 0.66% 0.55% 0.53% 0.13% 0.02% 0.00% 0.00% 

ENE 0.02% 0.03% 0.18% 0.45% 0.80% 1.09% 1.32% 2.36% 1.37% 0.33% 0.03% 0.00% 

E  0.01% 0.01% 0.19% 0.27% 0.55% 0.60% 0.72% 2.04% 2.25% 1.41% 0.11% 0.00% 

ESE 0.01% 0.02% 0.11% 0.33% 0.45% 0.41% 0.34% 0.54% 0.19% 0.03% 0.00% 0.00% 

SE 0.01% 0.01% 0.14% 0.44% 0.80% 0.78% 0.45% 0.10% 0.01% 0.00% 0.00% 0.00% 

SSE 0.00% 0.01% 0.10% 0.20% 0.32% 0.31% 0.11% 0.04% 0.02% 0.01% 0.00% 0.00% 

S 0.00% 0.02% 0.09% 0.29% 0.43% 0.27% 0.07% 0.03% 0.01% 0.01% 0.00% 0.00% 

SSW 0.00% 0.02% 0.13% 0.38% 0.58% 0.30% 0.11% 0.06% 0.02% 0.01% 0.00% 0.00% 

SW 0.00% 0.01% 0.11% 0.50% 0.77% 0.74% 0.37% 0.15% 0.05% 0.04% 0.01% 0.00% 

WSW 0.01% 0.01% 0.11% 0.44% 1.07% 1.55% 1.77% 2.65% 1.01% 0.50% 0.13% 0.00% 

W 0.01% 0.02% 0.15% 0.81% 2.07% 4.10% 6.82% 14.45% 8.65% 3.84% 0.52% 0.00% 

WNW 0.01% 0.02% 0.18% 0.68% 1.25% 1.81% 1.57% 2.29% 0.91% 0.41% 0.05% 0.00% 

NW 0.00% 0.02% 0.19% 0.34% 0.57% 0.38% 0.26% 0.29% 0.09% 0.02% 0.00% 0.00% 

NNW 0.01% 0.01% 0.18% 0.24% 0.44% 0.30% 0.30% 0.47% 0.36% 0.09% 0.00% 0.00% 

TOTAL 0.15% 0.29% 2.52% 6.53% 11.75% 14.23% 15.35% 26.48% 15.15% 6.71% 0.84% 0.00% 
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Table 5.8.44 
Joint Frequency Distribution of Pasquill-Gifford Stability Class E with Wind Direction and Wind Speed: 

Thyspunt WS 
(Sigma-Theta Method [9 m] – (Eskom, 2022a)) 

Wind 
Direction 

Wind Speed [m/s] at 9 m level, Sigma-Theta Method 

<0.5 0.5-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 6.0-8.0 8.0-10.0 10.0-13.0 13.0-18.0 >18.0 

N 0.00% 0.01% 0.09% 0.29% 0.62% 0.59% 0.31% 0.08% 0.00% 0.00% 0.00% 0.00% 

NNE 0.01% 0.01% 0.13% 0.63% 1.12% 1.40% 0.86% 0.55% 0.07% 0.00% 0.00% 0.00% 

NE 0.01% 0.01% 0.15% 0.57% 1.44% 1.66% 1.12% 1.49% 0.69% 0.18% 0.02% 0.00% 

ENE 0.00% 0.00% 0.13% 0.59% 1.05% 1.71% 1.81% 3.34% 2.20% 1.00% 0.12% 0.00% 

E  0.01% 0.00% 0.08% 0.27% 0.51% 0.68% 0.60% 1.24% 0.81% 0.48% 0.08% 0.00% 

ESE 0.01% 0.00% 0.07% 0.30% 0.53% 0.84% 1.11% 1.98% 1.01% 0.04% 0.00% 0.00% 

SE 0.01% 0.00% 0.03% 0.14% 0.20% 0.41% 0.48% 0.68% 0.09% 0.03% 0.00% 0.00% 

SSE 0.01% 0.01% 0.02% 0.05% 0.10% 0.20% 0.22% 0.27% 0.08% 0.06% 0.02% 0.01% 

S 0.01% 0.00% 0.04% 0.10% 0.17% 0.17% 0.18% 0.31% 0.13% 0.06% 0.02% 0.00% 

SSW 0.00% 0.00% 0.05% 0.04% 0.13% 0.18% 0.26% 0.28% 0.15% 0.08% 0.04% 0.00% 

SW 0.00% 0.00% 0.04% 0.19% 0.23% 0.36% 0.53% 0.82% 0.39% 0.21% 0.05% 0.00% 

WSW 0.00% 0.00% 0.08% 0.28% 0.68% 1.21% 1.95% 3.58% 2.24% 1.08% 0.26% 0.00% 

W 0.01% 0.01% 0.12% 0.45% 1.10% 1.36% 1.00% 1.30% 0.44% 0.13% 0.02% 0.00% 

WNW 0.01% 0.01% 0.19% 1.40% 4.54% 5.81% 2.93% 1.48% 0.20% 0.03% 0.00% 0.00% 

NW 0.02% 0.02% 0.28% 1.38% 4.39% 3.88% 2.22% 1.26% 0.24% 0.04% 0.00% 0.00% 

NNW 0.01% 0.02% 0.18% 0.73% 1.45% 1.63% 0.97% 1.41% 0.74% 0.17% 0.00% 0.00% 

TOTAL 0.11% 0.12% 1.68% 7.41% 18.24% 22.07% 16.54% 20.08% 9.50% 3.62% 0.62% 0.02% 
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Table 5.8.45 
Joint Frequency Distribution of Pasquill-Gifford Stability Class F with Wind Direction and Wind Speed: 

Thyspunt WS 
(Sigma-Theta Method [9 m] – (Eskom, 2022a)) 

Wind 
Direction 

Wind Speed [m/s] at 9 m level, Sigma-Theta Method 

<0.5 0.5-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 6.0-8.0 8.0-10.0 10.0-13.0 13.0-18.0 >18.0 

N 0.05% 0.00% 0.00% 0.10% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

NNE 0.00% 0.00% 0.00% 0.05% 0.39% 0.39% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

NE 0.00% 0.00% 0.05% 0.05% 0.20% 0.20% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

ENE 0.00% 0.00% 0.00% 0.34% 0.59% 0.20% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

E  0.00% 0.00% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

ESE 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

SE 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

SSE 0.00% 0.00% 0.00% 0.00% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

S 0.00% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

SSW 0.00% 0.00% 0.05% 0.00% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

SW 0.00% 0.00% 0.05% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

WSW 0.00% 0.05% 0.05% 0.05% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

W 0.10% 0.00% 0.10% 0.15% 0.29% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

WNW 0.24% 0.05% 0.59% 6.59% 24.45% 16.84% 3.12% 0.15% 0.00% 0.00% 0.00% 0.00% 

NW 0.05% 0.10% 1.22% 10.79% 16.06% 3.66% 0.15% 0.00% 0.00% 0.00% 0.00% 0.00% 

NNW 0.00% 0.00% 0.10% 3.81% 5.61% 2.34% 0.20% 0.00% 0.00% 0.00% 0.00% 0.00% 

TOTAL 0.44% 0.24% 2.24% 21.96% 47.78% 23.72% 3.47% 0.15% 0.00% 0.00% 0.00% 0.00% 
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Table 5.8.46 
Joint Frequency Distribution of Pasquill-Gifford Stability Class G with Wind Direction and Wind Speed: 

Thyspunt WS 
(Sigma-Theta Method [9 m] – (Eskom, 2022a)) 

Wind 
Direction 

Wind Speed [m/s] at 9 m level, Sigma-Theta Method 

<0.5 0.5-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 6.0-8.0 8.0-10.0 10.0-13.0 13.0-18.0 >18.0 

N 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

NNE 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

NE 20.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

ENE 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

E  0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

ESE 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

SE 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

SSE 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

S 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

SSW 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

SW 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

WSW 20.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

W 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

WNW 0.00% 0.00% 0.00% 0.00% 40.00% 20.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

NW 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

NNW 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

TOTAL 40.00% 0.00% 0.00% 0.00% 40.00% 20.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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The vertical component of dispersion is a function of the extent of thermal 
turbulence and the depth of the surface-mixing layer. Unfortunately, the 
mixing layer is not easily measured as this requires measurements up to 
1 km to 2 km above surface. In the absence of upper air measurements, the 
mixing layer depths for the dispersion model were estimated using 
prognostic models that derive the depth from other parameters including 
solar radiation, wind speed, dry bulb temperature and atmospheric 
turbulence that are routinely measured (see (International Atomic Energy 
Agency, 2011)).  

5.8.6.1.10 Evapotranspiration Rate 

Evapotranspiration rates were calculated for the January 2008 to 
September 2013 and September 2017 to March 2019 monitoring periods at 
the Thyspunt WS using the Penman35 and Penman-Monteith36 methods for 
open water and crop evaporation (see Table 5.8.47). These methods 
require data on dry bulb temperature, relative humidity, solar radiation and 
wind speed as discussed in Appendix 5.8.C). 

Estimates from the atlas of potential evapotranspiration rates37 for South 
Africa (Schulze, 1997) have also been included (see Table 5.8.47) to enable 
a comparison of these regional values with the calculated values using the 
site data. The evapotranspiration rates calculated using the Penman  
method is higher than both the Penman-Monteith method and the Schulze’s 
estimates, but the same monthly trends and values are observed, with: 

• the maximum evapotranspiration rates occur during January and 
December at the site; 

• the minimum evapotranspiration rate occurs during June at the site. 

As used in the Schulze atlas (Schulze, 1997) it is recommended to use the 
calculated Penman-Monteith values for the SSR.  

 
35 In 1948, Penman combined an energy balance with a mass transfer method and derived an equation to compute 
the evaporation from an open water surface from standard climatological records of sunshine, temperature, 
humidity and wind speed. 
36 The Penman method was further developed by many researchers and extended to cropped surfaces by 
introducing resistance factors. The Penman-Monteith equation is one such method and predicts the crop 
evapotranspiration at a location using daily average temperature, wind speed, relative humidity, and solar 
radiation. 
37 The rate of evapotranspiration from a hypothetical crop with an assumed crop height of 0.12 m, a fixed canopy 
resistance of 70.00 s/m and an albedo of 0.23, which would closely resemble evapotranspiration from an extensive 
surface of green grass of uniform height, actively growing, completely shading the ground and not short of water. 
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Table 5.8.47 
Monthly Total Potential Evapotranspiration Rates 

Month 

Schulze’s Atlas(1) 
Thyspunt WS (2) 

(2008-2013 & 2017-2019) 

[mm] [mm] 

Penman-Monteith Penman-Monteith Penman 

January 140 146.1 212.7 

February 120 119.9 171.2 

March 110 114.2 162.5 

April 90 95.0 129.6 

May 80 90.2 116.4 

June 65 84.8 107.4 

July 70 88.4 112.6 

August 80 95.4 131.0 

September 95 101.1 145.9 

October 115 111.4 166.6 

November 120 127.8 192.6 

December 140 142.5 208.3 
Notes: 
(1) (Schulze, 1997) 
(2)  (Eskom, 2023a) 

The high evaporation rates observed during the summer months 
(Table 5.8.47) are further exacerbated through the coincidence of the 
summer dry season. Windy conditions during the summer are therefore 
more conducive to episodes of windblown dust than during the winter.  

5.8.6.1.11 Corrosivity 

(a) Abrasive Effects by Sand and Dust 

Since strong winds are evident at the site, large exposed sandy areas could 
be prone to the development of windblown dust. They occur when wind 
forces exceed the threshold value at which loose sand and dust are 
removed from a dry surface and become airborne. The term ‘dust storm’ is 
most often used when fine particles are blown long distances, whereas the 
term ‘sandstorm’ is more likely to be used when, in addition to fine particles 
obscuring visibility, a considerable amount of larger sand particles become 
airborne and are mobilised, but closer to the surface. The vegetation found 
on the site, however, acts as a natural mitigation measure. Dust mobilisation 
occurs only for wind velocities higher than a threshold value and is not 
linearly dependent on the wind friction and velocity. Typically, wind speeds 
that exceed 5.4 m/s near the surface (United States Environmental 
Protection Agency , 1992) could initiate dust mobilisation from disturbed 
land surfaces. The IAEA (International Atomic Energy Agency, 2011) 
suggests 5.8 m/s for this threshold. An alternative form to describe the 
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mobilisation threshold is by using a threshold friction velocity. The threshold 
friction velocity, defined as the minimum friction velocity required for the 
initiation of particle motion, is dependent on the size of the erodible particles 
and the effect of the wind shear stress on the surface. The threshold friction 
velocity decreases with a decrease in the particle diameter, for particles with 
diameters >60 µm. Particles with a diameter <60 µm result in increasingly 
high threshold friction velocities, due to the increasingly strong cohesion 
forces linking such particles to each other (Marticorena & Bergametti, 1995). 
Thyspunt is characterised by aeolian sands with particle size ranging from 
283µm to 496µm (Appendix 5.8.H). The friction velocity is therefore 
estimated to be about 0.3 m/s to 0.4 m/s (Marticorena & Bergametti, 1995).  

(Hsu, 1977) established a relationship for the friction velocity in terms of 
wind speeds measured at 2 m above the surface: 

𝑢∗ = 𝑎𝑢2𝑚 

where the constant a varies between 0.037 to 0.099, as shown below: 

Tidal flat   a = 0.037 

Beaches   a = 0.044 

Low dune field (<50cm) a = 0.048 

Dune (scarp)   a = 0.050 

Swale    a = 0.058 

Dune top (<45 m)  a = 0.070 

Dune lee   a = 0.099 

Assuming the constant representing dunes of 0.050, the threshold velocity 
is estimated at 6.0 m/s at 2 m measurement height or 7.5 m/s by 
extrapolating to 9 m height. 

According to the IAEA (International Atomic Energy Agency, 2011), the 
frequency of dust storms and sandstorms can be identified through hourly 
weather observations when visibility is 10 kilometres or less, the wind speed 
exceeds a threshold value (i.e. 7.5 m/s), and relative humidity is below a 
threshold value (i.e. less than 70 per cent) (International Atomic Energy 
Agency, 2011).  

On analysis of the Thyspunt WS data (January 2008 to September 2013 
and September 2017 to March 2019), the highest number of hours of 
windblown dust occurred during the summer months, with September and 
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November experiencing the highest occurrence. The lowest dust conditions 
occurred during March. These results are represented in Figure 5.8.14.  

The IAEA (2011) further proposes that appropriate values of dust or sand 
concentration should be computed on the basis of empirical relationships 
using visibility observations. The need to understand the relationship 
between visibility and dust concentration as part of wind erosion research 
has long been recognised (e.g. (Chepil & Woodruff, 1957; Patterson & 
Gillette, 1977; Ette & Olorode, 1988; Ackerman & Cox, 1989). In a relatively 
recent study by Baddock et al (Baddock, et al., 2014), several empirical 
correlations were analysed and that led to a new correlation that was based 
on an outcome of an ongoing, long term, synergistic dust monitoring 
programme in rural New South Wales, Australia. The general form of these 
correlations is as follows: 

𝐶𝑉𝑇𝑆𝐷 = 𝑏𝑉𝑖𝑠𝑛 

Where 𝐶𝑉𝑇𝑆𝐷 is the total suspended dust concentration (mg/m³), 𝑉𝑖𝑠 is the 
visibility (km) and b and n are experimentally derived constants. Baddock et 
al (Baddock, et al., 2014)  derived the following values for the constants:  

𝑏 = 4.050 and 𝑛 =  −1.016 

As recommended by the IAEA (International Atomic Energy Agency, 2011), 
the results of the assessment are to be expressed as total dust or sand 
loading (mg-h/m³), duration (h), and average dust or sand loading (mg/m³) 
for the historic dust storm or sandstorm that had the largest calculated time 
integrated dust or sand loading. The dust loadings were calculated using 
the IAEA (International Atomic Energy Agency, 2011) methodology and the 
concentrations estimated as indicated in the above equation.  

The highest dust loading during the monitoring period occurred from 01h00 
to 21h00 on 27 August 2018. The time integrated dust loading for this period 
was calculated to be 22.3 mg-h/m³ and the duration, 21 hours. The average 
dust concentration during this period was 0.964 mg/m³. The average wind 
speed for the 21-hour period was 9.6 m/s (hourly average minimum of 
7.5 m/s and maximum of 12.7 m/s) which occurred from the southwest 
(202.4°), with maximum gusts up to 22.8 m/s. 

Based on the observed frequency of dust events (Figure 5.8.14), June, 
August, September and November are the months most likely to experience 
dust storms, whereas March is the month least likely to experience dust 
storms.  The summer season is likely to have between 7 and 10 days of 
dust events in total. 
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Figure 5.8.14 
Average Durations (Hours) of Dust Conditions per Day Per Month 
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(b) Freeze-Thaw 

There are two ways that the phenomenon of freeze-thaw occurs in nature. 
The first is through the repeated cycle of melting and freezing of water on 
the natural cracks and grooves of rocks, or concrete building structures. The 
second phenomenon occurs when the surface layer of rock or concrete is 
baked by direct sunlight causing the top layer to expand and contract 
repeatedly, causing distress and eventually, cracks. Both phenomena 
require extreme daily temperature variations. Concrete can better withstand 
the effects of both phenomena with the addition of additives. Freeze-thaw 
occurs when concrete (or rocks) is saturated with water and the temperature 
drops, freezing the water molecules. The frozen water expands by nine per 
cent of its original volume. Whilst there are many theories (Guo, et al., 2022) 
as to the damage mechanisms in concrete, the simple view is that the 
increase in volume produces increased pressure in the pores of the 
concrete. Tiny cracks will form where this pressure exceeds the tensile 
strength of the concrete. Increased frequency of freeze-thaw cycles will 
result in more stress on the concrete structure. However, besides the 
frequency of freeze–thaw cycles, the frost intensity should also play an 
important role. The frost intensity describes how long and to what extent the 
temperature falls below the 0°C transition. According to Walder and Hallet 
(Walder & Hallet , 1985), most of the damage potential can be assumed for 
a temperature of -10°C.  

However, this temperature range has not been observed at the Thyspunt 
site with the recorded lowest hourly average of 4.9°C (Cape St. Francis WS) 
and 6.7 °C (Thyspunt WS). The 10 000-year return period projects a 
temperature below 0°C, i.e. -0.5°C. The projected 100 000 000-year return 
period estimate reached -7.7°C. The possibility of freeze-thaw from frozen 
water in the pores is therefore not likely at the site; estimated to be 1 in 
10 000 years chance, and hence freezing thaw phenomenon is not an issue. 
Additionally, regarding the possibility of ice occurring in the sea surrounding 
the site, the lowest seawater temperature measured in all the data sets 
described in Section 5.9 is 7.9°C. On this basis ice is not anticipated to form 
in the sea at the site. 

(c) Atmospheric Corrosion 

Metal components exposed to weather elements and sea mist will inevitably 
experience damage due to atmospheric corrosion. The severity of the 
corrosion and the rate at which corrosion will take place are dependant 
primarily upon the properties of the surface formed electrolytes, which in 
turn are dependent upon factors such as the humidity and pollution levels in 
the atmosphere. 
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Three relatively common methods to assess the corrosivity of a particular 
atmosphere include: 

• The coupon-based method (CLIMAT). This method involves the 
exposure of metallic coupons which may include steel, zinc, copper 
and aluminium to the environment and classifying the resultant 
corrosion. Flat panels exposed on exposure racks are a common 
coupon-type device for atmospheric corrosivity measurements (ISO 
Standard 9226, (International Organisation of Standardisation, 
2012d)). ISO 9226 also provides the open helix specimens as an 
alternative. The ‘wire-on-bolt’38 is a slight modification of this version. 
Various other specimen configurations may also be used, including 
stressed U-bend or C-ring specimens for stress corrosion cracking 
studies. 

• Different from the coupon method, the exposure programme 
provides actual corrosion rates of materials. The corrosion rates are 
calculated from the weight loss because of corrosion over the test 
period. The test period is however considerably longer than for the 
CLIMAT testing, with panels being removed for evaluation only once 
a year. Typically, a number of test panels for each material would be 
exposed so that as the panels are removed, the corrosion rates for 
exposure times of one year, two years, three years etc. can be 
determined. This provides information as to whether the corrosion 
rate of a material increases or decreases with time. 

• The third method (ISO Standard 9223, (International Organisation for 
Standardisation, 2012a)) involves measuring meteorological 
parameters (temperature and relative humidity) and the deposition 
rate of sulfur dioxide and airborne salinity and classifying the 
atmosphere according to standardised measurements. 

Four campaigns of corrosion monitoring have been completed. The first 
campaign employed the coupon-based and exposure methods 
(August 1987 to August 1989) (Gross & Nixon, 1993), with the second, third 
and fourth campaigns based on the monitoring of sulfur dioxide fallout, 
airborne salinity and meteorological parameters. The second campaign 
occurred during the period 18 April 2008 to 26 January 2009, the third 
campaign from 11 October 2012 to 11 September 2013 and the fourth 
campaign from 11 October 2017 to 12 March 2022 (Burger, 2019). The 
results from these campaigns are discussed below. 

 
38 With the ‘wire on bolt’ technique, the CLIMAT unit consists of three bolts of different materials around which 
are wound aluminium wires of known mass. The bolt materials used are nylon, steel and copper to determine 
the atmospheric, marine and industrial corrosivities, respectively. 
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(i) Coupon-Based Corrosion Monitoring 

Two CLIMAT units were placed at four sites at and near Thyspunt (Gross & 
Nixon, 1993), namely Brakkeduine (August 1987 to August 1989), De Hoek 
(August 1987 to August 1989); Klippepunt (August 1987 to November 1988) 
and Thyspunt (August 1987 to August 1989). The locations of these sites 
are shown in Figure 5.8.15. 

 

Figure 5.8.15 
Corrosion Monitoring Locations Using Coupon-Based Method 

(August 1987 to August 1989) (Gross & Nixon, 1993) 

The coupons were exposed for approximately 90 days where after the 
weight loss of the coupons was measured and from this the corrosivity was 
calculated. Three units were erected on wooden poles, at varying distance 
from the sea (100 m, 500 m and 1 000 m), at each of these four sites. Marine 
and atmospheric corrosivity were determined. The industrial corrosivity was 
not determined, since the sites are situated in rural areas with no industrial 
activities. The marine corrosion was expected to be the controlling form of 
corrosion (Gross & Nixon, 1993). 
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The corrosivity39 is expressed in terms of degrees of severity and is divided 
into five levels depending upon the average per cent mass loss measured. 
The definitions of these levels are provided in Table 5.8.48. The Negligible 
range would indicate that the corrosion rates are very low and only minimal 
corrosion protection would be required. The corrosion would become 
significant in the Moderate range increasing up to the Very Severe range 
where corrosion would be expected to be a major problem requiring 
comprehensive corrosion protection. 

Table 5.8.48 
Classification of Marine Atmospheres Based on the Per Cent Mass 

Loss 

Classification % Mass Loss Significance 

Negligible (N) 0% to 2% Average Habitable Area 

Moderate (M) 2% to 5% Seaside 

Moderately Severe (MS) 5% to 10% Seaside and Exposed 

Severe (S) 10% to 20% Very Exposed 

Very Severe (VS) above 20% Very Exposed, Wind and Sand Swept 

Averages of the marine corrosivity values at the four sites at 100 m, 500 m 
and 1 000 m from the high tide mark over the respective test periods are 
summarised Table 5.8.49 (Gross & Nixon, 1993). At 100 m from the high 
tide mark all the sites, except the Thyspunt site showed corrosivity in the 
Very Severe range. As the distance from the sea increased, so the 
corrosivity tended to decrease at all sites. Brakkeduine showed the most 
dramatic effect in this regard although corrosivity at 1 000 m was still in the 
Severe range.  

Table 5.8.49 
Average Marine Corrosivity at Thyspunt  

and Surrounding Coast (Gross & Nixon, 1993) 

Site 
Distance from high tide mark 

Period 
100 m 500m 1000m 

Brakkeduine 31.7% 15.5% 13.9% August 1987 to August 1989 

De Hoek 35.2% 33.0% 24.4% August 1987 to August 1989 

Klippepunt 30.8% 21.5% 12.3% August 1987 to November 1988 

Thyspunt 18.7% 17.7% 13.9% August 1987 to August 1989 

Average 29.1% 21.9% 16.1%  
Note: Samples were located on 3-month, back-to-back cycles for the indicated periods 
 

 
39 Corrosivity of atmosphere is the ability of the atmosphere to cause corrosion in a given corrosion system 
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The site was least affected by the increase in distance from the sea. The 
corrosivity at all positions at the De Hoek site remained in the Very Severe 
range. 

(ii) Measurement of Pollutants Corrosion Monitoring 

The more recent corrosion tests were completed based on the ISO 9223 
International Standard (International Organisation for Standardisation, 
2012a) methodology including the periods from 18 April 2008 to 
26 January 2009, from 11 October 2012 to 11 September 2013 and from 
11 October 2017 to 12 March 2019 (Burger, 2019). 

Marine atmospheric corrosion is primarily catalysed by moisture and oxygen 
but is accentuated by contaminants such as sulfur compounds and salt 
spray. The prediction of atmospheric corrosion rates therefore contains a 
term for ‘time of wetness’, which is a function of the ambient air temperature 
and relative humidity, and the quantity of pollutants in the air, specifically 
sulfur dioxide and sodium chloride. The ISO 9223 International Standard 
(International Organisation for Standardisation, 2012a)  specifies the key 
factors in the atmospheric corrosion of metals and alloys and provides the 
methods for determining these.  

The International Standard provides a corrosion classification scheme that 
can directly be used for technical and economic analyses of corrosion 
damage and for the rational choice of protection measures. According to 
this classification scheme, corrosion rates (rcorr) are provided (Table 5.8.51) 
corresponding to the six categories (C1 to C5 and CX), ranging from very 
low to very high and extreme (Table 5.8.50).  

As per the ISO 9223 International Standard these corrosion rates may also 
be estimated from a combination of the annual average temperature, 
relative humidity, and sulfur dioxide40 and chloride deposition rates.  

 
40 The sulfur dioxide deposition rate is calculated from the measured air concentration according to the method 
provided in the International Standard (ISO 9225 (International Organisation for Standardisation, 2012c)). 
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Table 5.8.50 
ISO 9223:2012 Categories of Corrosivity of the Atmosphere 

Category Corrosivity Typical Environment Examples 

C1 Very low 
Dry or cold zone, atmospheric environment with very low pollution and time of 
wetness, e.g. certain deserts, Central Arctic/Antarctica 

C2 Low 

Temperate zone, atmospheric environment with low pollution (annual average 
sulfur dioxide less than 5 µg/m³), e.g. rural areas, small towns 
Dry or cold zone, atmospheric environment with short time of wetness, e.g. 
deserts, subarctic areas 

C3 Medium 

Temperate zone, atmospheric environment with medium pollution (annual 
average sulfur dioxide 5 µg/m³ to 30 µg/m³) or some effect of chlorides, e.g. 
urban areas, coastal areas with low deposition of chlorides 
Subtropical and tropical zone, atmosphere with low pollution 

C4 High 

Temperate zone, atmospheric environment with high pollution (annual average 
sulfur dioxide 30 µg/m³ to 90 µg/m³) or substantial effect of chlorides, e.g. 
polluted urban areas, industrial areas, coastal areas without spray of salt water 
or, exposure to strong effect of de-icing salts. 
Subtropical and tropical zone, atmosphere with medium pollution 

C5 Very high 

Temperate and subtropical zone, atmospheric environment with very high 
pollution (annual average sulfur dioxide 90 µg/m³ to 250 µg/m³) and/or 
significant effect of chlorides, e.g. industrial areas, coastal areas, sheltered 
positions on coastline 

CX Extreme 

Subtropical and tropical zone (very high time of wetness), atmospheric 
environment with very high sulfur dioxide pollution (annual average higher than 
250 µg/m³) including accompanying and production factors and/or strong effect 
of chlorides, e.g. extreme industrial areas, coastal and offshore areas, 
occasional contact with salt spray. 

 

Table 5.8.51 
ISO 9223:2012 Corrosion Rates, rcorr, for the First Year of Exposure for 

the Different Corrosivity Categories 

Corrosivity 
category 

Corrosion rates of metals 
rcorr 

Unit Carbon steel Zinc Copper Aluminium 

C1 g/m²-annum rcorr ≤ 10 rcorr ≤ 0.7 rcorr ≤ 0.9 negligible 

µm/annum rcorr ≤ 1.3 rcorr ≤ 0.1 rcorr ≤ 0.1 — 

C2 g/m²-annum 10 < rcorr ≤ 200 0.7 < rcorr ≤ 5 0.9< rcorr ≤ 5 rcorr ≤ 0.6 

µm/annum 1.3 < rcorr ≤ 25 0.1 < rcorr ≤ 0.7 0.1 < rcorr ≤ 0.6 — 

C3 g/m²-annum 200 < rcorr ≤ 400 5 < rcorr ≤ 15 5 < rcorr ≤ 12 0.6 < rcorr ≤ 2 

µm/annum 25 < rcorr ≤ 50 0.7 < rcorr ≤ 2.1 0.6 < rcorr ≤ 1.3 — 

C4 g/m²-annum 400 < rcorr ≤ 650 15 < rcorr ≤ 30 12 < rcorr ≤ 25 2 < rcorr ≤ 5 

µm/annum 50 < rcorr ≤ 80 2.1 < rcorr ≤ 4.2 1.3 < rcorr ≤ 2.8 — 

C5 g/m²-annum 650 < rcorr ≤ 1 500 30 < rcorr ≤ 60 25 < rcorr ≤ 50 5 < rcorr ≤ 10 

µm/annum 80 < rcorr ≤ 200 4.2 < rcorr ≤ 8.4 2.8 < rcorr ≤ 5.6 — 

CX g/m²-annum 1 500 < rcorr ≤ 5 
500 

60 < rcorr ≤ 180 50 < rcorr ≤ 90 rcorr > 10 
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Corrosivity 
category 

Corrosion rates of metals 
rcorr 

Unit Carbon steel Zinc Copper Aluminium 

µm/annum 200 < rcorr ≤ 700 8,4 < rcorr ≤ 25 5,6 < rcorr ≤ 10 — 
Notes 

• The classification criterion is based on the methods of determination of corrosion rates of standard 
specimens for the evaluation of corrosivity (see ISO 9226).  

• The corrosion rates, expressed in grams per square metre per year [g/(m²-annum)], are recalculated in 
micrometres per year(µm/annum) and rounded.  

• The standard metallic materials are characterised in ISO 9226.  

• Aluminium experiences uniform and localised corrosion. The corrosion rates shown in this table are 
calculated as uniform corrosion. Maximum pit depth or number of pits can be a better indicator of potential 
damage. It depends on the final application. Uniform corrosion and localised corrosion cannot be 
evaluated after the first year of exposure due to passivation effects and decreasing corrosion rates.  

• Corrosion rates exceeding the upper limits in category C5 are considered extreme. Corrosivity category 
CX refers to specific marine and marine/industrial environments  

 

Sulfur Dioxide Deposition 

Sulfate ions are formed in the surface moisture layer by the oxidation of 
sulfur dioxide and their formation is considered to be the main corrosion 
accelerating effect from sulfur dioxide. Sulfur dioxide may be expressed 
either in terms of a deposition rate or an airborne concentration. The method 
of determining the deposition rate in this instance followed the ISO 9225 
Sulfation Plate Method (International Organisation for Standardisation, 
2012c). 

The average sulfate deposition rate observed for the period 18 April 2008 
to 26 January 2009 was 0.121 mg/m²-day, with monthly deposition rates 
ranging from 0.076 mg/m²-day to 0.289 mg/m²-day. The average sulfate 
deposition rate observed during the 11 October 2012 to 11 September 2013 
campaign was 0.636 mg/m²-day and ranged from 0.114 mg/m²-day to 
2.563 mg/m²-day per month. The average sulfate deposition rate observed 
during the 11 October 2017 to 12 March 2019 campaign was 0.443 mg/m²-
day and ranged from 0.040 mg/m²-day to 3.648 mg/m²-day per month 
(Burger, 2019). 

Chlorine Deposition 

Airborne salinity was evaluated and recorded in accordance with ISO 9225 
(International Organisation for Standardisation, 2012c). The average 
chloride deposition rate observed for the period 18 April 2008 to 
26 January 2009 was 216.7 mg/m²-day, with monthly deposition rates 
ranging from 22.7 mg/m²-day to 613 mg/m²-day. The average chloride 
deposition rate observed during the 11 October 2012 to 11 September 2013 
campaign was 188.5 mg/m²-day and ranged from 106.1 mg/m²-day to 
380.2 mg/m²-day per month. The average chloride deposition rate observed 
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during the 11 October 2017 to 12 March 2019 campaign was 
119.7 mg/m²-day and ranged from 52.6 mg/m²-day to 222.6 mg/m²-day per 
month (Burger, 2019). 

(iii) Atmospheric Corrosivity Dose Response Functions  

In the International Standard (ISO 9223:2012, (International Organisation 
for Standardisation, 2012a)), the corrosion rate for steel, zinc, copper and 
aluminium is calculated using dose-response functions. Dose-response 
functions for these standard metals are given, describing the corrosion 
attack after the first year of exposure in open air as a function of sulfur 
dioxide dry deposition, chloride dry deposition, temperature and relative 
humidity. The functions are based on results of worldwide corrosion field 
exposures and cover climatic earth conditions and pollution situations within 
the scope of the Standard. The general form of the dose-response function 
is as follows: 

𝑟𝑐𝑜𝑟𝑟 = 𝑐1𝑃𝑑
𝑐2 exp(𝑐3𝑅𝐻 + 𝑐4[𝑇 − 10]) + 𝑐5𝑆𝑑

𝑐6 exp(𝑐7𝑅𝐻 + 𝑐8𝑇) 

where:  

𝑟𝑐𝑜𝑟𝑟 = first-year corrosion rate of metal, expressed in µm/annum 

𝑅𝐻 = annual average relative humidity, expressed as a percentage [%] 

𝑇 = annual average temperature, expressed in degrees Celsius [°C] 

𝑃𝑑 = annual average SO2 deposition, expressed in mg/m²-day 

𝑆𝑑 = annual average chloride deposition, expressed in mg/m²-day 

𝑐1 𝑡𝑜 𝑐8 = are constants as defined in Table 5.8.52. 
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Table 5.8.52 
Constants for Dose-Response Function to Estimate Corrosion Attack 

Rates (ISO 9223:2012) 

Constant Steel Zinc Copper Aluminium 

c1 1.77 0.0129 0.0053 0.004 

c2 0.52 0.44 0.26 0.73 

c3 0.020 0.046 0.059 0.025 

c4 
T≤10 0.150 0.038 0.126 0.004 

T>10 -0.054 -0.071 -0.080 -0.043 

c5 0.013 0.017 0.010 0.0018 

c6 0.62 0.57 0.27 0.60 

c7 0.033 0.008 0.036 0.020 

c8 0.040 0.085 0.049 0.094 

A summary of the calculated corrosion rates for carbon steel, zinc, copper 
and aluminium using the above relationship is provided in Table 5.8.53. 
Estimated levels of uncertainty for assessment of the corrosivity category 
based on the dose-response function according to ISO 9223 for carbon 
steel, zinc and copper are -33 per cent to +50 per cent and -50 per cent to 
100 per cent for aluminium (International Organisation for Standardisation, 
2012a). The estimated corrosion rate range based on these levels of 
uncertainty is also included in the table. The annual average relative 
humidity and temperature used in the relationship were 77.5 per cent and 
16.7°C, respectively. Annual average sulfur dioxide and chloride deposition 
rates of 1.08 mg/m²-day and 277.3 mg/m²-day respectively were used. 
Considering the levels of uncertainty of the estimation method, the site is 
considered to have a high (C4) to very high (C5) corrosion potential (Table 
5.8.53).  

Table 5.8.53 
ISO 9224:2012 Calculated Corrosion Rate Values for Various Metals 

and Exposure Periods 

Metal 
Corrosion Rate [µm/annum] Corrosivity category 

(from Table 5.8.51) First Year  20-Year Average  

Carbon Steel 68.0 (50.6;81.6) (1) 8.8 to 11.1 (2) C5 (C4 to C5) (1) 

Zinc 2.8 (2.2;3.4) (1) 1.3 to 1.6 (2) C4 (C4 to C4) (1) 

Copper 1.8 (1.5;1.9) (1) 0.4 to 0.5 (2) C4 (C4 to C4) (1) 

Aluminium 1.0 (0.7;1.2) (1) 0.3 to 0.4 (2) (3) 
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Metal 
Corrosion Rate [µm/annum] Corrosivity category 

(from Table 5.8.51) First Year  20-Year Average  

Notes 
(1) Values in brackets represent level of uncertainty. 
(2) Range as calculated using the average and conservative constants as presented in Table 5.8.52. 
(3) Aluminium is not categorised by penetration rate (µg/m²) in Table 5.8.51 because aluminium alloys 

corrode by a pitting mechanism. The corrosion category was therefore not established.  

The International Standard (ISO 9224:2012 (International Organisation for 
Standardisation, 2012b)), provides a relationship that can be used to 
indicate that the total attack, D, expressed either as mass loss per unit area 
or penetration depth, is given as: 

𝐷 = 𝑟𝑐𝑜𝑟𝑟𝑡𝑏 

where  

𝐷 = total attack, expressed as penetration depth [µm] 

𝑟𝑐𝑜𝑟𝑟 = first-year corrosion rate of metal, expressed in µm/annum 

𝑡 = exposure time, expressed in years 

𝑏 = metal-environment-specific time exponent (Table 5.8.54) 

 

Table 5.8.54 
Constant (b) for Attack Depth Function (ISO 9224:2012) 

Applicable Estimate Steel Zinc Copper Aluminium 

Average Estimate 0.523 0.813 0.667 0.728 

Conservative Estimate 0.575 0.873 0.726 0.807 

The attack depth was calculated using the onsite parameters and the 
average estimate is illustrated in Figure 5.8.16 for the first 20 years of 
exposure. The corrosivity at the site, based on the marine and atmospheric 
corrosion calculations, is considered to vary between severe and very 
severe. The change in corrosivity as a function of distance from the sea was 
discussed in the Coupon-based Corrosion Monitoring section 
(Subsection 5.8.6.1.11(c)(i)). From the average rate of change, based on 
coupon results at 100 m and 1000 m from the high tide mark for Thyspunt 
(Table 5.8.49), the corrosion rates closer to the sea can be extrapolated. 
Given that the corrosion was measured at the Thyspunt WS which is 
approximately 760 m from the hightide mark, applicable ratio for 
extrapolation is estimated to be 1.16 at 100 m. For example, using the 
values in Table 5.8.54, the extrapolated average rates for carbon steel at 
100 m from the high tide mark is estimated to be approximately 79 µg/year. 
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5.8.6.2 Extreme, Severe and Rare Phenomena 

5.8.6.2.1 Severe and Rare Phenomena 

The IAEA standards state that rare meteorological phenomena 
(International Atomic Energy Agency, 2011) occur infrequently. Thus, at any 
station, the instruments used for routine measurements would rarely register 
characteristics of these phenomena. Rare meteorological phenomena, 
which are highly complex, are usually scaled in terms of their intensity. 
These intensity values may be expressed in terms of either a qualitative 
characteristic such as damage or a quantitative physical parameter such as 
wind speed. 

The paucity of detailed studies on severe storm and climate hazards at 
Thyspunt has made it difficult to analyse and synthesise information for the 
purposes of quantifying the frequency of occurrence. As a result, for the 
purpose of this SSR, it was necessary to use information from weather 
observations made by the SAWS at Cape St. Francis. Although it is not 
possible to quantify an uncertainty in this approach, it is expected that 
similar weather patterns would be exhibited. This is expected because of 
the proximity of the site and the Cape St. Francis WS and because these 
locations are affected by the same synoptic scale systems (Preston-Whyte 
& Tyson, 1988). 
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Figure 5.8.16 
Calculated Corrosion Attack Depths as a Function of Time Using the ISO 9224:2012 Methodology 
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(a) Severe Weather 

The southern and southwestern coast of South Africa is subject to large 
synoptic scale systems that drive the local weather conditions in any given 
area. As described in the South African Weather Bureau Report WB40 
(Schulze, 1986), these local weather conditions are normally characterised 
by low level stratus clouds and not by towering convective storms that 
produce hail and thunder showers. Severe weather is more closely 
associated with severe wind conditions. Four main wind producing systems 
have been identified (Preston-Whyte & Tyson, 1988): 

• coastal low buster; 

• cut-off lows; 

• shallow southeasterlies; 

• mid-latitude lows. 

The last two systems are the most significant in terms of wind speed. Winds 
in these systems can produce speeds at ground level between 25 m/s 
(90 km/h) and 40 m/s (144 km/h) (Goliger & Retief, 2002), which can cause 
considerable damage to buildings that are not designed to withstand these 
conditions41.  

The site can potentially experience severe weather in the form of 
thunderstorms, hail, hurricane force winds and possibly tornadoes. Many of 
the severe storms occurring in the Eastern Cape are compound, producing 
various combinations of hail, wind, tornado, lightning and flash flooding. 
Damaging winds associated with severe thunderstorms include tornadoes, 
downbursts (macrobursts or microbursts)42, straight-line winds43, gust fronts 
and derechoes44. Historical records, covering a period of about 160 years 
of severe weather events in the region (radius of 100 km), lists 20 gale force 
or severe wind events and 3 tornadoes up to 2023 (SAWS, 1991) (SAWS, 
2024d) (SAWS, 2020). The same record also lists 6 severe rain and 32 flood 
events. Appendix 5.8.I summarises the most severe of these events, also 

 
41 A typical example of such winds is the famous ‘Cape Doctor’. Its average duration is between 1 and 2 days (1–
2), although often several coastal lows form one after the other, and the total duration (including the periods of 
calm) appears to be 5–7 days. It is estimated that in total, about 30 events of 1- to 2-day duration occur along the 
coast. (Goliger & Retief, 2002) 

42 A downburst is created by an area of significantly rain-cooled air that, after hitting ground level, spreads out in 
all directions producing strong winds. Microbursts and macrobursts are downbursts at very small and larger scales, 
respectively. Most downbursts are less than 4 km in extent: these are called microbursts. Downbursts larger than 
4 km in extent are sometimes called macrobursts (Eskom, 2023a). 

43 Straight-line winds are common with the gust front of a thunderstorm or originate with a downburst from a 
thunderstorm. If these winds meet or exceed 93 km/h then the storm is classified as severe (Eskom, 2023a). 

44 The term ‘derecho’ is used to describe larger scale straight-line winds advancing very quickly ahead of a well 
organised, long-lasting squall line or a large-scale multiple cell storm (International Atomic Energy Agency, 2011).  
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including extreme cold and hot, dense fog, snow, frost, hail and fires 
(SAWS, 1991). These are discussed below. 

(b) Tropical Cyclones 

Nuclear power plants must be designed so that they remain in a safe 
condition under extreme meteorological events, including those that could 
result in the most extreme wind events (cyclones/hurricanes45 and 
tornadoes) that could reasonably be predicted to occur at the site. The 
maximum probable wind speed at the site must therefore be considered in 
determining the acceptability of the site for a nuclear installation(s). 
Furthermore, site parameters must be established such that potential 
threats from such strong winds will pose no undue risk to the proposed and 
existing nuclear installation(s). 

It is important to note the difference between a hurricane and hurricane force 
winds. The latter refers to a wind speed scale described by the Beaufort 
Scale as winds with speeds above 118 km/h (32.8 m/s). This wind speed 
(as a gust) has been exceeded on 16 days (2008 and 2007) over the 20-
year monitoring period at the Cape St. Francis WS. The highest gust of 
45.8 m/s occurred on 18 August 2020. The Thyspunt WS, albeit less than 
9 years of data, recorded one hurricane force wind (37.9 m/s) on 
2 September 2013.  

The Thyspunt region is not on a hurricane (tropical cyclone) track or 
adjacent to a warm ocean. Therefore, it is not expected that the site will 
experience a cyclone, or at least there is a very low probability. Tropical 
cyclones are generated in areas where the ocean surface temperature is 
greater than 27°C and between latitudes 5°S to 30°S. The site is located 
south of 33°S and is therefore not subject to tropical cyclones. It is not clear 
how climate change will affect the occurrence of cyclones and it has not 
been presented in the 5th Assessment Report of the Intergovernmental 
Panel on Climate Change (IPCC) (Intergovernmental Panel on Climate 
Change, 2013). 

To ensure the safety of nuclear installation(s) in the event of a hurricane 
strike, NRC regulations (United States Nuclear Regulatory Commission, 
2011) require that nuclear installation(s) designs consider the impact of 
hurricane-generated missiles, in addition to the direct action of the hurricane 
wind. The two basic approaches used to characterise hurricane-generated 
missiles are (United States Nuclear Regulatory Commission, 2010): 

 
45 Depending on its location and strength, a tropical cyclone is referred to by different names, including hurricane, typhoon, tropical 

storm, cyclonic storm, tropical depression, or simply cyclone. A hurricane is a tropical cyclone that occurs in the Atlantic Ocean and 
northeastern Pacific Ocean, and a typhoon occurs in the northwestern Pacific Ocean; in the south Pacific or Indian Ocean, 
comparable storms are referred to simply as "tropical cyclones" or "severe cyclonic storms". 
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(1) A standard spectrum of hurricane missiles – protection from a 
spectrum of missiles (ranging from a massive missile that deforms on impact 
to a rigid penetrating missile) provides assurance that the necessary 
structures, systems, and components will be available to mitigate the 
potential effects of a hurricane on plant safety. Given that the design basis 
hurricane windspeed has a very low frequency of occurrence to be credible, 
the representative missiles must be common items around the plant site and 
must have a reasonable probability of becoming airborne within the 
hurricane wind field. 

(2) A site-specific probabilistic assessment of the hurricane hazard – no 
definitive guidance has been developed for use in applying hazard 
probability methods to characterise site dependent hurricane-generated 
missiles. Damage to safety-related structures by hurricanes or other wind 
generated missiles implies that a sequence of random events has occurred. 
That event sequence typically includes an occurrence of a hurricane in the 
plant vicinity, existence, and availability of missiles in the area, injection of 
missiles into the wind field, suspension and flight of those missiles, impact 
of the missiles on safety-related structures, and resulting damage to critical 
equipment.  

(3) To ensure the safety of nuclear power plants in the event of a tornado 
or hurricane strike in the Unites States the NRC regulations require that 
nuclear power plant designs consider the impact of tornado or hurricane-
generated missiles in addition to the direct action of the wind (United States 
Nuclear Regulatory Commission, 2007b; United States Nuclear Regulatory 
Commission, 2011). As per these NRC regulations, the wind speeds used 
to determine the wind gust are nominal 3-second peak-gust values 
corresponding to an exceedance frequency of 10-7 per year measured at an 
approximate height of 10 m above ground level in flat open terrain. From an 
analysis of wind gusts observed at the 10 m level of the Cape St. Francis 
WS for the period 2004 to 2023, the wind gust corresponding to an 
exceedance frequency of 10-7 per year is estimated to be between 74.2 m/s 
and 92.3 m/s (see Subsection 5.8.6.2.2). 

(c) Tornadoes 

Tornadoes46 are amongst the most violent and destructive of all extreme 
weather phenomena. Tornadoes in South Africa are typically associated 
with very hot air masses and severe thunderstorms (Goliger, et al., 1997). 
There are several different methods of classifying tornadoes. Historically, 
South Africa used the ‘Fujita-Pearson scale classification’ (Goliger, et al., 
1997) to record tornado occurrences. This system classifies tornadoes in 

 
46 A tornado, from the Latin tornare (‘to turn’), is a violent rotating column of air extending from a thunderstorm. 
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six intensities, ranging from F0 (no damage) to F5 (incredible damage). The 
intensity is based on the apparent damage to structures, the extent of the 
path and other descriptors from which wind speeds are then inferred. About 
65 per cent of the South African tornadoes (Goliger, et al., 1997) are 
classified as F0 or F1 (light damage), while more than 90 per cent are 
classified as F0, F1 or F2 (considerable damage, with maximum wind 
speeds of up to 70 m/s). Only about 8 per cent of the documented tornadoes 
were F3, i.e. severe damage, with maximum wind speeds of up to 90 m/s. 
The tornado which occurred in Mount Ayliff (Eastern Cape Province) in 
January 1999 was seemingly the most severe ever reported in South Africa, 
with a classification of F4. The Fujita Scale has been replaced in some 
countries by the updated Enhanced Fujita Scale (EF-Scale). As with the 
Fujita Scale, the EF-Scale is still a set of wind estimates (not 
measurements) based on damage. It uses three-second gusts estimated at 
the point of damage based on a judgment of 8 levels of damage to a set of 
28 indicators ranging from damage to small barns and farm outbuildings 
(indicator 1) to destruction of soft-wood trees (indictor 28). These estimates 
vary with height and exposure. The EF-Scale more accurately matches wind 
speeds to the severity of damage, as opposed to the Fujita scale that 
classifies only on a scale of damage. The EF-Scale was formulated due to 
research which suggested that the wind speeds required to inflict damage 
by intense tornadoes on the Fujita Scale are greatly overestimated. A 
process of expert elicitation with top engineers and meteorologists 
developed a correlation between the original Fujita Scale and the EF-Scale 
wind speeds for the historical Fujita Scale database to be preserved. By 
correlating the Fujita Scale wind speeds with the EF-Scale wind speeds, a 
tornado rated according to the Fujita Scale will have the same “F-Number” 
in the EF-Scale, e.g. F3 translates into EF3, although the wind speed ranges 
are different. The wind speeds based on the equivalent EF-Scale are 
summarised in Table 5.8.55 (McDonald & Mehta, 2006). 

Table 5.8.55 
EF-Scale Wind Speed Ranges Derived from Fujita-Scale Wind Speed 

Ranges (McDonald & Mehta, 2006) 

Enhanced 
Fujita Scale 

(Fujita Scale) 

3-Second Gust 
Estimate 

Fujita-Scale Description 

EF0 (F0) 
105 to 137 km/hr 

29 to 38 m/s 

Light damage. 

Some damage to chimneys; branches broken off trees; shallow-
rooted trees pushed over; sign boards damaged. 
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Enhanced 
Fujita Scale 

(Fujita Scale) 

3-Second Gust 
Estimate 

Fujita-Scale Description 

EF1 (F1) 
138 to 177 km/hr 

39 to 49 m/s 

Moderate damage. 

The lower limit is the beginning of hurricane wind speed; peels 
surface off roofs; mobile homes pushed off foundations or 
overturned; moving vehicles pushed off the roads; attached 
garages may be destroyed. 

EF2 (F2) 
178 to 217 km/hr 

50 to 60 m/s 

Significant damage. 

Roofs torn off frame houses; mobile homes demolished; boxcars 
overturned; large trees snapped or uprooted; high-rise windows 
broken and blown in; light-object missiles generated 

EF3 (F3) 
218 to 269 km/hr 

61 to 75 m/s 

Severe damage. 

Roofs and some walls torn off well-constructed houses; trains 
overturned; most trees in forests uprooted; heavy cars lifted off 
the ground and thrown. 

EF4 (F4) 
270 to 322 km/hr 

76 to 89 m/s 

Devastating damage. 

Well-constructed houses levelled; structures with weak 
foundations blown away some distance; cars thrown, and large 
missiles generated. 

EF5 (F5) 
>322 km/hr 

>89 m/s 

Incredible damage. 

Strong frame houses lifted off foundations and carried 
considerable distances to disintegrate; automobile-sized missiles 
fly through the air farther than 100 metres; trees debarked; steel-
reinforced concrete structures badly damaged and skyscrapers 
toppled 

On the basis of the available tornado occurrences from 1905 to 2023 
(Goliger, et al., 1997) (SAWS, 2024d) an estimate of tornado frequency for 
the site was made by spatial analyses of location and corresponding 
intensities of all tornado recordings listed by the SAWS as well as those in 
Table 5.8.56. The table includes tornadoes witnessed up to a maximum 
distance of about 300 km from the site, which corresponds to the Thyspunt 
region used in the Seismic Study. One occurrence of a waterspout was 
witnessed, albeit along the coast at Herold’s Bay, which is approximately 
215 km west of the site. Similar to a tornado on land, a waterspout is a 
rotating column of air that occurs over a body of water, usually appearing as 
a funnel-shaped cloud in contact with the water and a cumuliform cloud. 
These may occur as a weak vortex known as a "fair weather" or "non-
tornadic" waterspout, which is more common than a classic tornado 
occurring over water rather than land. The reporting at Herold’s Bay did not 
qualify whether it was of the former or later type. The rarity of waterspouts 
off the coast near the site, is likely because these occur mostly in tropical 
and subtropical areas. 

The likelihood of a tornado striking a specific region can be expressed in 
terms of the number of tornadoes over a given period of time reported within 
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a specific unit area (Goliger, et al., 1997). The frequency of tornadoes listed 
for this area is 23 over a period of 116 years (Table 5.8.56), therefore a 
frequency of about 0.20 per year. Six occurrences were within a distance of 
less than 100 km, whilst 11 occurred further than 200 km from the site. Six 
occurrences occurred between 100 km and 200 km from the site. Most 
tornado occurrences (74 per cent) therefore occurred beyond 100km from 
the site. 

Using the distances from the site to the reported locations of the tornadoes 
(Table 5.8.56), and calculating the area included by these radiuses, the 
average tornado strike frequency (irrespective of the severity) was 
calculated to be 5.0x10-6 per year per km², with a minimum estimate of 
4.0x10-6 per year per km² and a maximum estimate of 1.0x10-5 per year per 
km². This confirms the result obtained by Goliger et al (Goliger, et al., 1997), 
as displayed in (Figure 5.8.17), which indicates that the frequency is 10-5 or 
less per year per km².  

Using the estimated probabilities for the various tornado severities, 
discussed above, it is estimated that the frequencies are 
1.6x10-6 per year per km² for F0, 2.9x10-6 per year per km² for F1, 
5.0x10-7 per year per km² for F2, and 3.8x10-8 per year per km² for F3. Over 
the 116 years included in the analysis, three F4 tornadoes have been 
recorded in South Africa (Welkom, Free State – 20 March 1990, Mount 
Ayliff, Eastern Cape – 18 January 1999, and Duduza, Gauteng – 2 October 
2011), indicating a probability of an order lower than F3 tornado intensity, 
with 26 occurrences. Conservatively, a frequency of 3.8x10 -9 per year per 
km² may be assumed for F4 and F5. 

From Table 5.8.56 it is evident that tornado activity has increased since 
1996 albeit only up to F1 scale. Twelve tornadoes were reported during the 
74 years from 1907 to 1980 and 11 tornadoes during the 25 years from 1996 
to 2020. Whilst climate change may have contributed to increases in tornado 
frequencies, it may also simply be that the reporting of tornadoes has 
increased due to population spread as well as the associated damage to 
property. Nevertheless, considering the past 25 years’ tornado history in 
Table 5.8.56, the number of tornadoes were 11 and therefore the probability 
of a tornado increases to 0.44 per year. The average tornado strike 
frequency estimate would then increase to 2.3x10-5 per year per km², and 
the frequencies per severity increase to 4.8x10-6 per year per km² for F0 
and 3.2x10-6 per year per km² for F1.  
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Table 5.8.56  
Summary of Tornado Phenomena Recorded Around Thyspunt Area 

(1905-2020) ( (Goliger, et al., 1997) (SAWS, 2024d)) 

Location Date F-Scale 
Distance from Site 

(km) 

Graaff-Reinet 8 January 1907 F1 215 

Jansenville 8 January 1907 F1 137 

Fort Cox 30 May 1916 F3 266 

Bedford 11 February 1953 F1 210 

Port Elizabeth 16 March 1956 F2 74 

Fort Beaufort 17 January 1958 F0 236 

Uitenhage 25 January 1959 F0 76 

Patensie 8 February 1961 F1 48 

Paterson 1 February 1962 F1 142 

Oudtshoorn 4 May 1975 F1 241 

Port Elizabeth 10 October 1978 F1 74 

Grahamstown 26 December 1980 F1 194 

Fort Beaufort 5 January 1996 F1 236 

Port Elizabeth 2 November 2000 F1 74 

Jansenville 2 February 2005 F1 137 

George (1) 24 December 2007 F? (2) 207 

Port Elizabeth (1) 12 October 2012 (3) 74 

Calitzdorp (1) 9 January 2014 F? (2) 290 

Mossel bay (1) 10 December 2014 F? (2) 238 

Plettenberg bay (1) 5 March 2015 F? (2) 124 

Adelaide (1) 24 January 2017 (3) 220 

Sedgefield (1) 23 September 2019 F? 178 

Herold’s Bay(1) 9 October 2019 WS 215 
Notes 

(1) Not included in SAWS database but listed in https://sawx.co.za/resources/history-tornadoes-south-
africa/. 

(2) Listed in as a tornado but the F Scale is unknown (https://sawx.co.za/resources/history-tornadoes-
south-africa/) 

(3) Listed in as a possible tornado but the F Scale is unknown (https://sawx.co.za/resources/history-
tornadoes-south-africa/) 

In the second approach, all recorded tornadoes were included in the 
analysis and a spatial interpolation applied to estimate the frequency over 
South Africa, as per Goliger et al (Goliger, et al., 1997). The locations of 
these tornadoes and Fujita-Scales for the period 1905 to 2020 are shown in 
Figure 5.8.17. The inter-distance between all tornadoes were used to 
establish optimal spatial clusters that would be representative of tornado 
bins. A large cluster would incorporate more tornado occurrences; however, 
the larger area would reduce the frequency spatially (i.e. per km²).  
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Figure 5.8.17 
Occurrence of Tornadoes for Period from 1905 to 2020 

A smaller cluster would have a lower number of tornadoes; however, the 
smaller area may increase the spatial value. Based on an analysis of the 
222 tornadoes, it was calculated that by grouping tornadoes into regions 
represented by circles with a radius of 120 km, the tornado frequency per 
km² estimate would reach a maximum. The number of tornadoes per cluster 
and per Fujita-Scale was therefore determined for the 116-year period and 
these totals divided by the cluster area (i.e. area of circle with radius 120 km 
= 45 239 km²). The resulting tornado frequency distributions for South Africa 
for the four Fujita Scales are shown in Figure 5.8.18 to Figure 5.8.21. 
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Figure 5.8.18 
Average Annual Rate of Occurrence of F1 Tornadoes (1905 to 2020) 

 

Figure 5.8.19 
Average Annual Rate of Occurrence of F2 Tornadoes (1905 to 2020) 
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Figure 5.8.20 
Average Annual Rate of Occurrence of F3 Tornadoes (1905 to 2020) 

 

Figure 5.8.21 
Average Annual Rate of Occurrence of F4 Tornadoes (1905 to 2020) 
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Using the calculated probabilities for the various tornado severities, 
discussed above, it is estimated that the average tornado strike frequency 
for the site (irrespective of the severity) was calculated to be 
6.8x10-6 per year per km². The frequencies per severity are 
1.3x10-6 per year per km² for F0, 2.1x10-6 per year per km² for F1, 
6.6x10-7 per year per km² for F2, and less than 1.0x10-8 per year per km² for 
F3. Based on the scarcity of F4 tornadoes in South Africa, a probability of 
an order lower than F3 tornado intensity may be assumed. Although no F5 
tornadoes have been witnessed in South Africa since 1905, a frequency 
less than 1.0x10 9 per year per km² may therefore be assumed for F5. 

Adjusting these results to account for the observed recent increases in 
tornado observations over the past 25 years, the average tornado strike 
frequency estimate increases to 3.2x10-5 per year per km², and the 
frequencies per severity increase to 4.0x10-6 per year per km² for F0 and 
2.3x10-6 per year per km² for F1, but no F2, F3 and F4 tornadoes were 
observed. As previously discussed, a frequency less than 1.0x10 8 per year 
per km² may be assumed for F3 and F4, and less than 1.0x10 9 per year per 
km² for F5. 

As concluded by Goliger et al (Goliger, et al., 1997), it is extremely difficult 
to obtain direct and reliable wind speed records from a tornado, and this 
necessitated the use of indirect methods of estimating the tornado wind 
speeds, such as those used in the EF-Scale. According to the above 
analysis, EF2 tornadoes at the site have an expected probability that is 
above 10-7 per year and EF3 tornadoes well below 10-7 per year. Using the 
EF-Scale, the estimated maximum tornado wind speeds are estimated to 
be 61 m/s to 75 m/s (Table 5.8.55) (McDonald & Mehta, 2006).  

As an alternative, the frequency may be based on the affected area of the 
tornado path assuming uniformly distributed strikes within the area of 
interest (i.e. 300 m radius) used above. This approach requires knowledge 
of tornado path length and width, and for the current purposes used the path 
length and widths which are associated with the Enhanced-Fujita Scale as 
determined by and summarised in (Table 5.8.57).  

Using the number of recorded tornadoes of 23 in the area of interest over a 
period of 116 years, total area in the tornado path is calculated as 
40.375 km² (Table 5.8.58). 
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Table 5.8.57  
Tornado Path Length and Width Correlated to Enhanced-Fujita Scales 

(Elsner, et al., 2014) 

Scale 

Path Length [km] Path Width [m] 

Range 

Median Average 

Range 

Median Average Lower 
Quartile 

Upper 
Quartile 

Lower 
Quartile 

Upper 
Quartile 

EF0 0.29 2.7 0.8 2.27 22.9 68.6 45.7 54.9 

EF1 1.77 9.33 4.4 7.1 68.6 182.9 91.4 163.8 

EF2 4.53 19.25 10 14.3 137.2 402.3 228.6 344.1 

EF3 12.38 36.34 23 29.1 339.5 1005.8 548.6 736.3 

EF4 17.07 64.63 35 52.6 603.5 1207 804.7 997.9 

EF5 45.51 65.93 59 72 1207 1609.3 1920.2 1635.8 

 

Table 5.8.58  
Calculated Tornado Path Areas (1905-2020) 

Scale 

Tornado Path 

Length 
[km] 

Width 
[m] 

Area 
[km²] 

Number Recorded Total Area [km²] Total Length [km] 

1905 - 
2020 

1987-
2020 

1905 - 
2020 

1987-
2020 

1905 - 
2020 

1987-
2020 

F0 2.27 54.9 0.1 10 7 1.246 0.872 22.7 15.9 

F1 7.1 163.8 1.2 11 4 12.793 4.652 78.1 28.4 

F2 14.29 344.1 4.9 1 0 4.917 0.000 14.3 0 

F3 29.09 736.3 21.4 1 0 21.419 0.000 29.1 0 

F4 52.55 997.9 52.4 0 0 0.000 0.000 0 0 

F5 71.95 1635.8 117.7 0 0 0.000 0.000 0 0 

TOTAL 23 11 40.375 5.524 144.2 44.3 

As per (Ramsdell, J. V.,Jr; Rishel, J. P., 2007), the annual strike frequency 
would then be: 

𝑃𝑝 =
𝐴𝑡

𝑁𝐴𝑟
 

Where, 𝐴𝑡 is the total tornado path area in the region of interest, 𝐴𝑟, and 𝑁 
is the number of years of record of tornado strikes. The inherent assumption 
is that tornado strikes within the area of interest 𝐴𝑟 are uniformly distributed. 

With 𝐴𝑡 = 40.3752 km², 𝐴𝑟 = 282743.3 km² (𝐴𝑟 = 𝜋𝑅2 =  𝜋 3002 =
282743.3), and 𝑁 = 116, the annual strike frequency is calculated to be 
1.2x10-6. Alternatively, if only half of the area is considered to be land-based, 
the annual strike frequency is calculated to be 2.5x10-6. If the tornado 
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numbers for the latest 34 years are used, the annual strike frequency is 
calculated to be 7.8x10-7 (full area) and 1.6x10-6 (half area).  

To estimate the additional probability of a tornado striking a large structure, 
it is necessary to determine a characteristic dimension of the structure and 
the expected length of the tornados. The additional annual strike frequency 
is given by (Ramsdell, J. V.,Jr; Rishel, J. P., 2007) 

𝑃𝑝𝑠 =
𝑤𝑠𝐿𝑡

𝑁𝐴𝑟
 

Where the impacted area is the product of a characteristic dimension of the 
structure 𝑤𝑠 and the total length of the tornado paths, 𝐿𝑡. Assuming for 
illustrative purposes, 𝑤𝑠 = 1 000 m, the additional annual strike frequency 
based on the 116 years’ data is calculated to be 4.4x10-6 (8.8x10-6 half area) 
and the total annual strike frequency therefore 5.6x10-6 (1.1x10-5 half area). 
The additional annual strike frequency based on the 25 years’ data is 
calculated to be 6.3x10-6 (1.3x10-5 half area) and the total annual strike 
frequency therefore 7.0x10-6 (1.4x10-5 half area). It is noted that these 
calculated probabilities are very similar to the values obtained with the 
previous two methods, i.e. for the 116-year database, 
5.0x10-5 per year per km² and 6.8x10-6 per year per km², respectively. 

The pressure drop and rate of pressure drop estimates are taken from the 
methodology given in the US NRC Guide for Design-Basis Tornado and 
Tornado Missiles for Nuclear Power (United States Nuclear Regulatory 
Commission, 2007b). The US NRC Guide defines the tornado maximum 
rotational wind speed as the difference between the maximum tornado wind 
speed and the translational speed. The tornado translational speed for the 
tornado is one fifth of the maximum tornado wind speed. As discussed 
above, using the EF-Scale, the estimated maximum tornado wind speeds 
for the site are estimated to be 61 m/s to 75 m/s (Table 5.8.55) (McDonald 
& Mehta, 2006). Using the US NRC Guide (United States Nuclear 
Regulatory Commission, 2007b) the maximum rotational wind speed is 
estimated to be 57 m/s and the translational wind speed estimated to be 14 
m/s (Table 1 in the US NRC Guide). For the current purposes, since the 
maximum tornado wind speeds is estimated to be 75 m/s wind speed47, the 
maximum rotational speed is assumed to be 60 m/s and the translational 
wind speed 15 m/s. The characteristic pressure drop for these conditions is 
40 hPa and the rate of pressure drop to be 13 hPa/s.  

 
47 Using the EF-Scale, the estimated maximum tornado wind speeds for EF3 are estimated to be 61 m/s to 
75 m/s (Table 5.8.55) (McDonald & Mehta, 2006). The maximum is assumed. 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-147 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

(d) Severe thunderstorms 

Given the low likelihood of tornadoes in the region, as discussed in the 
previous section, the majority of severe thunderstorms are therefore most 
probably non-tornadic. Downbursts and straight-line winds, as opposed to 
tornadic winds, would mostly be accountable for damage to property and 
livelihoods at the site. A downburst is an exceptionally energetic downdraft 
that exits at the base of a thunderstorm and spreads out at the earth’s 
surface as strong and gusty horizontal winds that may cause property 
damage (Greer, 1996). Winds may reach 280 km/h in exceptionally powerful 
events (Geer, 1996). Gust fronts, straight-line winds and derechoes develop 
along the leading edge or outflow boundary of an advancing thunderstorm. 
Straight-line winds, usually blowing from one direction, as distinct from 
rotational winds in tornadoes, develop in association with gust fronts and 
may cause considerable damage, with winds of up to 160 km/h. The highest 
wind speed (gust) on record based on the Cape St. Francis WS was 
45.8 m/s (165 km/h) (Table 5.8.15). The highest recorded at the Thyspunt 
site was 32.2 m/s (116 km/h) (Table 5.8.15). 

As given in Subsection 5.8.6.1.5, it is estimated, based on observations at 
Cape St. Francis, that the number of thunder days at the site is 7.2 per year. 
There appears to be no preference to a specific season or month; however, 
the likelihood is lowest during June and July. 

(e) Hail 

The average number of days with hail at the site is estimated to be 0.8 per 
year (Subsection 5.8.6.1.5 and (Schulze, 1986)). 

(f) Lightning 

Lightning data have been collected in the vicinity of the site, and the SAWS 
provided valid data for the period July 2007 to December 2008 (Mzukisi & 
Mkhwanazi, 2010). The number of strikes recorded during this period was 
211. The average number of strokes per flash was 5 with a maximum of 16. 
The area included in the observation was approximately 15.8 km by 
15.9 km. The site therefore experiences less than 1 lightning flash per year 
per km². The highest peak cloud to ground current recorded during the 
period was 166 kA with an average of 25 kA. 

A Lightning Detection Network (LDN) was set up in 2006 by the SAWS in 
South Africa. The annual average lightning stroke/flash ratio was found to 
be 2.4 (Gijben, 2021). The annual CG flash density for South Africa 
according to the LDN observations for the period 2006 to 2018 is shown in 
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Figure 5.8.22 (Gijben, 2021). From this observation, the cloud to ground 
flash density confirms the lightning density to be less than 1 lightning flash 
per year per km².  

Lightning activities were also measured at the Thyspunt WS from June 2017 
to October 2019. The average annual number of lightning strokes measured 
at the Thyspunt WS was 179 887 strokes. The number of flashes has been 
estimated assuming a minimum of 2.5 strokes per flash (Gijben, 2021) as 
the Upper Estimate (14 710 flashes), 25 strokes per flash as the Lower 
Estimate (1 765 flashes) (Gill, 2009) and 13.75 strokes per flash (mid value) 
as the Middle Estimate (7 881 flashes)48. The flash density for the 
monitoring period is therefore estimated to be between 0.4 and 3.3 flashes 
per km², with a mid-value of 1.8 flashes per km², which is slightly higher than 
the SAWS observations. 

  

 Figure 5.8.22 
Average Annual Ground Flash Density (flashes/km²) for 2006 to 2018 

(Gijben, 2021) 

 
48 A flash consists of one or perhaps as many as 25 return strokes (Rakov, 2007; Gill, 2009). International studies 
done on stroke multiplicity in cloud to ground (CG) lightning flashes found that the average negative stroke 
multiplicity is 4.6, 6.4, 3.4 and 4.5 for Florida, New Mexico, Sweden and Sri-Lanka respectively (Rakov & Huffines, 
2003). Similar CG stroke multiplicity of 4.2 was found in South Africa by (Schonland, 1956)and 3.5 by (Malan,, 
1956).   
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5.8.6.2.2 Extreme Meteorological Variables 

Extreme values of meteorological variables (International Atomic Energy 
Agency, 2019), such as air temperature and wind speed need to be 
considered in the development of the nuclear installation(s). These variables 
are measured routinely over a network of fixed stations. These 
measurements are normalised e.g. data collected on wind speed are 
normalised to given heights. The extreme values, associated with the 
annual probabilities of being exceeded, have been derived from the 
measurements. The following three extreme variables are considered of 
importance for the nuclear installation(s) on the site: 

• extreme rainfall; 

• extreme air ambient temperature;  

• extreme wind. 

Since the meteorological data collected at the Thyspunt WS covers a period 
of less than 9 years, it was decided to instead analyse the longer-term 
extreme observations from the Cape St. Francis WS. Annual and 24-hour 
total rainfall data for a 39-year the period (1985 to 2023, excluding 2004) 
were available for analyses, whereas wind speed and temperature data 
were available for a shorter, 20-year period (2004 to 2023). Although not 
ideal for extrapolating to the required return periods, these data are 
considered passable to provide estimates of the extreme values for rainfall, 
temperature and wind speed. The confidence in the statistically expected 
extremes and return periods improve with the timeframe of the data record; 
this is addressed further in the section on uncertainty. 

Extreme value analysis was performed by fitting an extreme distribution (i.e. 
Gumbel) using Method of Moments, Method of L-Moments, Method of 
Maximum Likelihood, Gumbel's Fitting Method and the Method of Least 
Squares (see Appendix 5.8.B). The highest peaks (e.g. wind gust, extreme 
minimum and maximum temperatures) per year were used in the analysis. 
The uncertainty was calculated using a Jackknife resampling method. The 
Jackknife samples are computed by leaving out one observation from the 
set of observations at a time. Each Jackknife sample is then used to 
evaluate the average and standard deviation of the estimate. For each 
annual probability of exceedance, the 95 per cent confidence interval is 
calculated assuming a normal distribution, i.e. 1.96 × standard deviation. 

(a) Extreme Rainfall 

Rainfall has been measured at the site during the two monitoring periods 
2008 to 2013 and 2017 to 2019. However, 2013, 2017 and 2019 were 
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incomplete years and therefore only 6 years are available49 to support long-
term projections. Instead, the extreme analysis was based on the Cape St. 
Francis WS rainfall data for the 1985-2023 period (Subsection 5.8.6.1.3). 

The highest hourly, 24-hourly, monthly and annual precipitation were 
37.4 mm, 157.8 mm, 366.0 mm and 972.2 mm, respectively. Extreme value 
analyses were performed on the observed annual and 24-hour totals for the 
38-year period (1985-2023, missing 2004). The statistical approach which 
was followed in the analyses is discussed in Appendix 5.8.B. Extreme 
values for probabilities ranging from “1-in-10” to “1-in-100 000 000” (or 
1x10-1 to 1x10-8 or return periods of 10 to 100 000 000 years) were 
calculated by fitting observed rainfall totals to a Gumbel distribution function. 
The results from the analysis for annual totals and 24-hour storms are given 
in Table 5.8.59 and Table 5.8.60, respectively.  

Table 5.8.59 
Expected Annual Total Rainfall in Return Periods of 10 to 100 000 000 

Years at the Site (38 Years) Based on Cape St. Francis WS 
Observations 

 

Table 5.8.60 
Expected Maximum 24-hour Total Rainfall in Return Periods of 10 to 

100 000 000 Years at the Site (38 Years) Based on Cape St. Francis WS 
Observations 

 
49 Although the total length of the meteorological database is approximately seven years, only the following 
calendar years included measurements of one-year durations: 2008, 2009, 2010, 2011, 2012 and 2018. 
Measurements during 2017 started in September 2017, and measurements during 2019 were only until September 
2019. Only 8 months measurements were available during 2013. Therefore, only six calendar years available for 
rainfall analysis. 

Return Periods 
Annual Total Rainfall (mm) 

Annual 95th Confidence Interval 

10 858.7 ± 84.8 

100 1187.9 ± 147.1 

1 000 1511.2 ± 212.2 

10 000 1833.8 ± 278.4 

100 000 2156.4 ± 345.0 

1 000 000 2479.0 ± 412.0 

10 000 000 2801.6 ± 479.0 

100 000 000 3124.2 ± 546.2 

Return Periods 
24-Hour Storm (mm) 

Annual 95th Confidence Interval 

10 99.0 ± 20.8 

100 151.4 ± 38.8 

1 000 202.9 ± 56.8 
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According to the latest climate change projections (5th Assessment Report 
the IPCC (Intergovernmental Panel on Climate Change, 2013) (ARP5), both 
increases and decreases in heavy precipitation are predicted over southern 
Africa, depending on the region and precipitation statistical parameter 
examined. Changes in wet-day intensity and in the fraction of days with 
rainfall higher than 20 mm are expressed in units of standard deviations. 
Accordingly, the projections show a decrease of up to 0.4 standard 
deviations for the former and a decrease up to 0.6 for the latter for the site. 
Changes in percentages of days with precipitation above the 95 per cent 
quantile are projected to be reduced by up to 1 per cent in the Western Cape 
in both the near-future (typically 2050) and far-future (typically 2100). 
Downscaled climate change models have been prepared for South Africa 
by SAWS (South African Weather Service, 2017) and the Council for 
Scientific and Industrial Research (CSIR) (Engelbrecht, et al., 2019) and 
(CSIR, 2019)). The CSIR (CSIR, 2019) study, which provided projections 
for near (2021-2050) and far (2071-2099) horizons, were used in current 
analyses. 

In order to accommodate the uncertainties in future greenhouse gas (GHG 
– most importantly, carbon dioxide (CO2), methane (CH4) and nitrous oxide 
(N2O)) emission scenarios, a standard set of scenarios were used in ARP5 
to ensure that the starting conditions, historical data, and projections 
employed by the different groups are complementary, comparable and 
consistent across the various branches of climate science. These scenarios 
are called Representative Concentration Pathways (RCPs) that describe 
alternative assumptions about selected approximate total radiative forcing 
values for the year 2100 relative to 1750 (Intergovernmental Panel on 
Climate Change, 2013). RCPs are scenarios depicting the evolution of 
emissions and concentrations of the most important GHGs, aerosols, 
chemically active gases and those related to changes in land use and land 
cover resulting in specified levels of radiative forcing. For each category of 
emissions, an RCP contains a set of starting values and the estimated 
emissions up to 2100, based on assumptions about economic activity, 
energy sources, population growth and other socio-economic factors. There 
are four pathways, namely RCP8.5, RCP6, RCP4.5 and RCP2.6, with each 
numerical referring to the radiative forcing in W/m². Therefore RCP8.5 
implies radiative forcing higher than 8.5 W/m² by 2100, whereas radiative 
forcing stabilises at approximately 6 W/m², 4.5 W/m³ and 2.6 W/m³ after 

Return Periods 
24-Hour Storm (mm) 

Annual 95th Confidence Interval 

10 000 254.3 ± 74.9 

100 000 305.6 ± 93.0 

1 000 000 357.0 ± 111.1 

10 000 000 408.4 ± 129.2 

100 000 000 459.7 ± 147.3 
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2100 in the RCP6, RCP4.5 and RCP2.6 pathways, respectively. The worse-
case pathway is RCP 8.5, which is representative of scenarios in the 
literature that lead to high GHG levels (Riahi, et al., 2007).  

Based on the downscaled simulations performed by the CSIR (CSIR, 2019), 
the projected annual total rainfall changes, at 8 km resolution, for the 
Thyspunt site for the RCP8.5 scenario are as follows: 

• near-horizon (2021-2050) : +3.08 (+18.76; -22.73) mm; 

• far-horizon (2071-2099) : -11.95 (-32.33; +6.4) mm. 

The values in brackets represent the 10th and 90th percentiles, respectively. 
Based on these projections, it is therefore estimated that the extreme 
observed annual total rainfalls would be: 

• near-horizon (2021-2050) : 975.1 (+18.76; -22.73) mm; 

• far-horizon (2071-2099) : 960.1 (-32.33; +6.40) mm. 

It should be noted, however, that these projections were based on a 
simulated baseline for the 1960-1990 period and provided an annual 
average rainfall for the region of 1027.30 (988.01;1058.17) mm (CSIR, 
2019), which is higher than the actual measurement at the Cape St. Francis 
and Thyspunt WSs. As an alternative, the fractional changes, normalised 
with these baseline rainfall totals could have been used, i.e. 

• near-horizon (2021-2050) : 974.9 (+17.75; -21.51) mm; 

• far-horizon (2071-2099) : 960.6 (-30.59; +6.05) mm. 

The two approaches result in similar projections. 

The projected changes in annual total rainfall due to climate change factors 
for the near-horizon and far-horizon were used in the extreme estimates, as 
provided in Table 5.8.61. The near-horizon estimates are therefore slightly 
higher and the far-horizon lower than the extremes calculated for the 
present baseline. As a conservative estimate, the near-horizon extremes 
may be adopted for the far-horizon projections.  

The CSIR (CSIR, 2019) results also provided projected changes in the 
average number of extreme rainfall days. An extreme rainfall event is 
defined as 20 mm of rain occurring within 24 hours over an area of 64 km².  

• near-horizon (2021-2050) : -0.30 (-0.14,-0.03) days; 

• far-horizon (2071-2099) : -2.14 (-3.16,-2.04) days. 
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These projections are also reflected in the (Engelbrecht, et al., 2019) results 
indicating a decrease in the number of extreme rainfall events. In a 2011 
perspective on climate change and the South African water sector, 
(Schulze, 2011) concluded that for short duration rainfall events (i.e. 
5 minutes to 24 hours) design rainfall for a given location can be estimated 
as (Figure 7.1.5 in (Schulze, 2011)): 

• Overall, across South Africa an increase up to 10 per cent in short 
duration design rainfalls may be expected by the intermediate future, 
but with patches south of 32 °S and north of 27 °S where the models 
show no discernible change from the present.  

• Of note is the high projected change in short duration design rainfall 
in the area transitional between the summer and winter rainfall areas, 
where increases of up to 40 per cent are projected. 

For the site particularly, the average ratio of changes for short duration 
design rainfall (all return periods) were estimated by Schulze (Schulze, 
2011) to have a unitless ratio of change between 1.0 and 1.1 for the near 
future (2046-2065) and no change from the baseline for the far future (2081-
2100) scenarios. As discussed in (McBride, et al., 2022), with the projected 
surface temperatures increasing due to climate change, the water content 
of the atmosphere could potentially increase due to the increases in the 
water-holding capacity of the atmosphere. The increase in water content 
equate to approximately 7 per cent per degree Celsius of warming 
(assuming constant relative humidity). With more moisture available, the 
nature of rainfall events may become more intense with increased rainfall 
rates. Therefore, the intensity of extreme precipitation events may increase, 
even in areas where average precipitation is projected to decrease, as 
indicated by the CSIR (CSIR, 2019) projections for the site. This was 
investigated through the analysis of the historical daily time series of 70 
rainfall stations in South Africa, over the period 1921 to 2020. The analysis 
period was divided into two equal historical periods of 50 years for 
comparison. The changes in the probability of receiving more than 50 mm 
per day, 75 mm per day and 115 mm per day in the region of the site showed 
an increase in their 1:50- and 1:100-year return period values of between 
25 per cent and 50 percent. The lowering of return values was also observed 
ranging from 70 per cent to 80 per cent. In other words, a 10-year event in 
the first half of the data changed to a 7- to 8-year return event in the second 
dataset. However, these findings were based on historical trends and may 
not necessarily reflect the future projections, which according to the CSIR 
model (CSIR, 2019) indicate less intense extremes along the southwest and 
west coasts of South Africa, with little projected change along the southern 
coast, which includes the Thyspunt site (Lennard, et al., 2016). This finding 
was also supported by (Tim, et al., 2023). 
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Table 5.8.61 
Expected Annual Total Rainfall in Return Periods Including Climate Change Projections at the Site 

 
  

Return 
Periods 

Annual Total Rainfall (mm) 

Present Near-Horizon (2050) Far Horizon (2100) 

Extreme 
95% Confidence 

Interval 
Extreme 

95 % Confidence 
Interval 

Extreme 
95% Confidence 

Interval 

10 858.7 ± 84.8 861.8 ± 84.8 846.8 ± 84.8 

100 1187.9 ± 147.1 1191.0 ± 147.1 1176.0 ± 147.1 

1 000 1511.2 ± 212.2 1514.2 ± 212.2 1499.2 ± 212.2 

10 000 1833.8 ± 278.4 1836.9 ± 278.4 1821.9 ± 278.4 

100 000 2156.4 ± 345.0 2159.5 ± 345.0 2144.5 ± 345.0 

1 000 000 2479.0 ± 412.0 2482.1 ± 412.0 2467.0 ± 412.0 

10 000 000 2801.6 ± 479.0 2804.7 ± 479.0 2789.6 ± 479.0 

100 000 000 3124.2 ± 546.2 3127.2 ± 546.2 3112.2 ± 546.2 
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Table 5.8.62 
Expected Maximum 24-hour Total Rainfall in Return Periods Including Climate Change Projections at the Site 

 

Return 
Periods 

24-HourStorm (mm) 

Present Near-Horizon (2050) Far Horizon (2100) 

Extreme 
95% Confidence 

Interval 
Extreme 

95 % Confidence 
Interval 

Extreme 
95% Confidence 

Interval 

10 99.0 ± 20.8 108.9 ± 20.8 108.9 ± 20.8 

100 151.4 ± 38.8 166.6 ± 38.8 166.6 ± 38.8 

1 000 202.9 ± 56.8 223.2 ± 56.8 223.2 ± 56.8 

10 000 254.3 ± 74.9 279.7 ± 74.9 279.7 ± 74.9 

100 000 305.6 ± 93.0 336.2 ± 93.0 336.2 ± 93.0 

1 000 000 357.0 ± 111.1 392.7 ± 111.1 392.7 ± 111.1 

10 000 000 408.4 ± 129.2 449.2 ± 129.2 449.2 ± 129.2 

100 000 000 459.7 ± 147.3 505.7 ± 147.3 505.7 ± 147.3 
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Since the climate change projections indicate no change or perhaps a 
decrease in the number of extreme rainfall events and rates, it would be 
reasonable to assume the same extreme values estimated in Table 5.8.60 
for projected 24-hour storm events. However, due to the uncertainties 
associated with climate change projections, it may be more prudent to adopt 
the more conservative approach of assuming a 10 per cent increase, as per 
the projections of Schulze (Schulze, 2011). It should be kept in mind that 
this increase was projected for the near-future scenario only and not the far-
future scenario, for which the projection shows no increase. Therefore, 
assuming the more conservative approach, the projected extreme 24-hour 
storm events are provided in Table 5.8.62 with the far-future assuming the 
same as the near-future. 

(b) Extreme Ambient Air Temperature 

Extreme ambient air temperature measurements at the standard height of 
2 m were available at the Cape St. Francis WS for a period of 19 years 
(200550 to 2023) (Eskom, 2023a). These data were used instead of the 
onsite Thyspunt WS due to the inadequate length of the monitoring period. 

The expected extreme ambient air temperatures for this station are 
summarised in Table 5.8.63. Details of the methodology for calculating the 
return period temperatures are provided in Appendix 5.8.B. 

Table 5.8.63 
Expected Minimum and Maximum Hourly Average Temperature (°C) in 

Return Periods of 10 to 100 000 000 Years at the Site (19 Years) 

Return Period 

Minimum Hourly Average 
Temperature (°C) 

Maximum Hourly Average 
Temperature (°C) 

Minimum 95th Confidence Interval Maximum 95th Confidence Interval 

10 5.0 ± 0.7 37.0 ± 1.8 

100 3.2 ± 1.2 42.4 ± 3.1 

1 000 1.3 ± 1.7 47.7 ± 4.5 

10 000 -0.5 ± 2.2 53.0 ± 5.9 

100 000 -2.3 ± 2.7 58.3 ± 7.4 

1 000 000 -4.1 ± 3.2 63.7 ± 8.9 

10 000 000 -5.9 ± 3.7 69.0 ± 10.4 

100 000 000 -7.7 ± 4.2 74.3 ± 11.9 

The IAEA (International Atomic Energy Agency, 2011) considers the 
temperature increase by 2100 relative to 2000 to be 1.8–4.0°C (best 
estimate) and 1.1–6.4°C (including the likely uncertainty range for each of 
the scenarios considered owing to different responses of the climate models 

 
50 Since 2004 did not include a full year’s data, it was excluded from the extreme analysis. 
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(Subsection 5.8.9.2)). The projections from the CSIR downscaled models, 
(Engelbrecht, et al., 2019) and (CSIR, 2019), provided the following 
minimum, average and maximum daily temperature changes averaged over 
the Thyspunt site for the RCP8.5 scenario: 

• Annual average temperature change (°C) (CSIR, 2019): 

o near-horizon (2021-2050) : +1.68 (+1.65; +1.68) °C; 

o far-horizon (2071-2099) : +3.28 (+3.24; +3.47) °C; 

• Annual average minimum temperature change (°C) (Engelbrecht, et 
al., 2019): 

o near-horizon (2021-2050) : +2.50 (+1.00; +3.00) °C; 

o far-horizon (2071-2099) : +2.50 (+2.00; +4.00) °C; 

• Annual average maximum temperature change (°C) (Engelbrecht, et 
al., 2019): 

o near-horizon (2021-2050) : +1.50 (+1.00; +2.00) °C; 

o far-horizon (2071-2099) : +3.50 (+2.00; +4.00) °C. 

The values in brackets represent the 5th and 95th percentiles (this 
corresponds to the 90 per cent confidence interval). The simulated baseline 
temperature for the 1960-1990 period for the region is 17.14 
(17.03;17.45) °C (CSIR, 2019), which is very similar to the annual average 
observed at the Thyspunt and Cape St. Francis WSs, i.e. 17.4 and 17.3 
respectively. 

The Special Report on Managing the Risks of Extreme Events and Disasters 
to Advance Climate Change Adaptation (SREX) (Intergovernmental Panel 
on Climate Change, 2012) has been jointly coordinated by Working Groups I 
(WGI) and II (WGII) of the IPCC. The SREX report focuses on the 
relationship between climate change and extreme weather and climate 
events, the impacts of such events, and the strategies to manage the 
associated risks. A changing climate leads to changes in the frequency, 
intensity, spatial extent, duration, and timing of extreme weather and climate 
events. The SREX report approaches the topic by assessing the scientific 
literature on issues that range from the relationship between climate change 
and extreme weather and climate events (‘climate extremes’) to the 
implications of these events for society and sustainable development. 
Projections of extremes in any of the meteorological parameters are difficult 
to determine. Based on the SREX report, the approach to adjusting 
maximum temperature extremes for climate change is to apply a reduction 
in the return period of the predicted extreme value. So, a 10-fold reduction 
would average that an extreme value calculated for a 1 000-year return 
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period (unadjusted for climate change) would instead be for a 100-year 
return period. Based on this approach, and based on the ARP5 results, 
which indicate that a 20-year return period would reduce to a 3-year return 
period and for the near-future, and a 2-year return period for a far future 
projection. The return periods for the extreme hourly maximum 
temperatures should be reduced by approximately 7-fold for the near-future 
and 10-fold for the far-future projections. As a conservative estimate, the 
hourly minimum temperature extremes will assume the unadjusted 
projections, but with adjusted 95 per cent confidence interval. The expected 
extreme temperature ranges due to these temperature increase predictions 
are included in Table 5.8.64 and Table 5.8.65. 
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Table 5.8.64 
Expected Minimum Hourly Average Temperatures Including Climate Change Projections at the Site 

 

  

Return 
Periods 

Hourly Minimum Temperatures [°C] 

Present Near-Horizon (2050) Far Horizon (2100) 

Extreme 
95% Confidence 

Interval 
Extreme 

95 % Confidence 
Interval 

Extreme 
95% Confidence 

Interval 

10 5.0 ± 0.7 6.0 ± 1.1 5.7 ± 1.2 

100 3.2 ± 1.2 4.1 ± 1.6 3.8 ± 1.7 

1 000 1.3 ± 1.7 2.3 ± 2.1 2.0 ± 2.2 

10 000 -0.5 ± 2.2 0.5 ± 2.6 0.2 ± 2.7 

100 000 -2.3 ± 2.7 -1.3 ± 3.1 -1.6 ± 3.2 

1 000 000 -4.1 ± 3.2 -3.1 ± 3.6 -3.4 ± 3.7 

10 000 000 -5.9 ± 3.7 -5.0 ± 4.1 -5.2 ± 4.2 

100 000 000 -7.7 ± 4.2 -6.8 ± 4.7 -7.0 ± 4.7 
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Table 5.8.65 
Expected Maximum Hourly Average Temperatures Including Climate Change Projections at the Site 

 

 

 

 

 

Return 
Periods 

Hourly Maximum Temperatures [°C] 

Present Near-Horizon (2050) Far Horizon (2100) 

Extreme 
95% Confidence 

Interval 
Extreme 

95 % Confidence 
Interval 

Extreme 
95% Confidence 

Interval 

10 37.0 ± 1.8 42.8 ± 2.9 45.6 ± 3.1 

100 42.4 ± 3.1 48.1 ± 4.3 50.9 ± 4.5 

1 000 47.7 ± 4.5 53.4 ± 5.7 56.2 ± 5.9 

10 000 53.0 ± 5.9 58.7 ± 7.2 61.5 ± 7.4 

100 000 58.3 ± 7.4 64.0 ± 8.7 66.9 ± 8.9 

1 000 000 63.7 ± 8.9 69.3 ± 10.2 72.2 ± 10.4 

10 000 000 69.0 ± 10.4 74.6 ± 11.6 77.5 ± 11.9 

100 000 000 74.3 ± 11.9 80.0 ± 13.1 82.8 ± 13.4 
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(c) Extreme Wind Speed 

Operating experience of nuclear installations globally has shown that 
extreme winds mainly affect the power supply and availability of the 
electricity grid. However, sometimes damage is sustained to the 
switchyards. Recorded accidents typically evolve into turbine trip and loss 
of off-site power. In a few cases, the pressure differential creates some false 
signals to nuclear installation instrumentation. At sites close to the marine 
environment, heavy salt sprays from the sea in the form of a precipitation 
during the most violent phases created electrical shorts in exposed electrical 
equipment (bushings and switchgears) and, later, deep corrosion and 
malfunctions (International Atomic Energy Agency, 2021). As a result of the 
high occurrence of strong wind speeds, such incidents may be likely to occur 
at the site. 

Wind speed measurements at the standard height of 10 m were available 
at the Cape St. Francis WS for a period of 19 years (2005 to 2023) (Eskom, 
2023a). These data were used instead of the onsite Thyspunt WS due to 
the inadequate length of the monitoring period. From the analysis of the 
wind speed data (Subsection 5.8.6.1.1) the highest gust and hourly wind 
speeds were 48.5 and 23.2 m/s, respectively. Extreme value analyses were 
performed on the observed maximum hourly and gusts for this 19-year 
period (Appendix  5.8.B). The expected extreme wind speeds for the site 
are summarised in Table 5.8.66. 

Table 5.8.66 
Extreme Highest Hourly Average Wind Speed and Wind Gust [m/s] 

Estimated for the Site 

Return 
Period 

Maximum Hourly Average Wind Speed [m/s] Wind Gust (m/s) 

Average 
95th Confidence 

Interval 
Average 

95th Confidence 
Interval 

10 22.0 ± 1.2 38.1 ± 3.5 

100 24.7 ± 2.1 44.3 ± 6.2 

1 000 27.3 ± 3.1 50.2 ± 8.8 

10 000 29.9 ± 4.1 56.2 ± 11.4 

100 000 32.6 ± 5.1 62.2 ± 14.1 

1 000 000 35.2 ± 6.1 68.2 ± 16.7 

10 000 000 37.9 ± 7.0 74.2 ± 19.3 

100 000 000 40.5 ± 8.0 80.2 ± 22.0 

When compared with the observed maximum wind gust of 45.8 m/s 
recorded at Cape St Francis WS (Subsection 5.8.6.1.1), the observed 
event indicates wind conditions equivalent to a 100-year return period. 
Although this is the correct conclusion from the extreme analysis, the 
limitation of using only 19 years of wind data needs to be recognised. The 
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45.8 m/s gust is approximately 19% higher than the next highest gust of 
38.5 m/s. All other subsequent gusts differ by 2 per cent on average. The 
extreme analysis could therefore have been biased towards the rest of the 
observed wind speeds. 

The South African National Standards (SANS) issued a national design 
code for wind loadings on buildings and structures, SANS 10160-Part 3 
(South African National Standards, 2019), which provides regional basic 
3-second wind speeds for a 50-year return period. Figure 5.8.23 (South 
African National Standards, 2019) illustrates the map contained in the 
national design code of the SANS standard.  

 

Figure 5.8.23 
Map of Fundamental Value of Basic 3-s Gust Wind Speed (50 Year 

Return Period) (South African National Standards, 2019) 
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According to this code, the 50-year return period regional basic wind speed 
3-s gust is 40 m/s. Although not given in Table 5.8.66, the calculated 
50-year return 3-s gust for the site is calculated to be 42.4 (±5.4) m/s 
(Method of Maximum Likelihood). These values are very similar. It is stated 
in the NNR position paper (NNR PP-0014) on hazards from important 
external phenomena that should be considered in assessing sites, that the 
extreme value cannot be lower than the value provided by the national 
design code for the same region. 

Extreme winds are often considered in the context of the extreme 
phenomena with which they are associated such as cyclones, thunderstorm 
downbursts, and tornadoes. Changes in wind extremes may arise from 
changes in the intensity or location of their associated phenomena (e.g. a 
change in local convective activity) or from other changes in the climate 
system such as the movement of large-scale circulation patterns. The SREX 
report (Intergovernmental Panel on Climate Change, 2012) states that there 
is evidence to suggest an increase in extreme winds from tropical cyclones 
in the future. Furthermore, an increase in atmospheric GHG concentrations 
may cause some of the atmospheric conditions conducive to tornadoes 
such as atmospheric instability to increase due to increasing temperature 
and humidity, while others such as vertical shear to decrease due to a 
reduced pole-to-equator temperature gradient, but the literature on these 
phenomena is extremely limited. There is thus low confidence in projections 
of changes in such small-scale systems because of limited studies, inability 
of climate models to resolve these phenomena and possible competing 
factors affecting future changes. Confidence in the extreme wind changes 
is therefore lower in the regions most influenced by these phenomena 
irrespective of whether there is high agreement between simulation models 
on the direction (i.e., increase or decrease) of the wind speed change. 
Based on the downscaled CSIR simulations extracted in (Engelbrecht, et 
al., 2019), the annual average wind speed change from the baseline wind 
speed (indicated by the range 5 m/s to 6 m/s) over the Thyspunt site for the 
RCP8.5 scenario is as follows: 

• near-horizon (2021-2050) : -0.5 (-1.0; +1.0) m/s; 

• far-horizon (2071-2099) : 0.0 (-1.0; +1.0) m/s. 

The values in brackets represent the 5th and 95th percentiles (90 per cent 
confidence interval). The annual average wind speed observed at the 
Thyspunt WS was 5.4 m/s (see Subsection 5.8.6.1.1.(a)), which is within 
the range of baseline wind speed. The projections show a slight reduction 
in the near-future scenario and unchanged in the far-future scenario. 

Future gust projections could not be extracted from these sources. It is 
stated in the SREX report that changes in extremes may be directly related 
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to changes in average climate, because average future conditions in some 
variables are projected to lie within the tails of present-day condition 
probability distributions. It was therefore assumed that the predicted 
extreme winds in Table 5.8.66 will similarly remain relatively unchanged 
from the current observations, as per the projections for the annual average 
wind speed. The predicted extreme winds for the two projection horizons 
and return periods are summarised in Table 5.8.67 for the maximum hourly 
average wind speeds and in Table 5.8.68 for gusts.  

The confidence intervals were assumed to remain the same as for the 
original extreme value analysis. As a conservative approach, the extreme 
wind speeds for the baseline should be adopted instead of the projected 
reduction. 

Wind direction changes were not provided as part of the downscaled model 
outputs. Instead, the study by (Herbst & Rautenbach, 2015) which 
attempted to quantify the projected changes in seasonal daily average wind 
speeds and directions for South Africa around the mid-21st century (2051-
2075) was consulted. The following seasonal changes were projected: 

• March-April-May   an easterly wind shift; 

• June-July-August   a southerly wind shift; 

• September-October-November a southeasterly wind shift; 

• December-January-February an easterly wind shift. 
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Table 5.8.67 
Expected Maximum Hourly Average Wind Speeds Including Climate Change Projections at the Site 

 

 

  

Return 
Periods 

Maximum Hourly Average Wind Speed [m/s] 

Present Near-Horizon (2050) Far Horizon (2100) 

Extreme 
95% Confidence 

Interval 
Extreme 

95 % Confidence 
Interval 

Extreme 
95% Confidence 

Interval 

10 22.0 ± 1.2 21.4 ± 1.2 22.0 ± 1.2 

100 24.7 ± 2.1 24.0 ± 2.1 24.7 ± 2.1 

1 000 27.3 ± 3.1 26.6 ± 3.1 27.3 ± 3.1 

10 000 29.9 ± 4.1 29.2 ± 4.1 29.9 ± 4.1 

100 000 32.6 ± 5.1 31.7 ± 5.1 32.6 ± 5.1 

1 000 000 35.2 ± 6.1 34.3 ± 6.1 35.2 ± 6.1 

10 000 000 37.9 ± 7.0 36.9 ± 7.0 37.9 ± 7.0 

100 000 000 40.5 ± 8.0 39.5 ± 8.0 40.5 ± 8.0 
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Table 5.8.68 
Expected Wind Gust Speeds Including Climate Change Projections at the Site 

 

 

Return 
Periods 

Maximum Gust [m/s] 

Present Near-Horizon (2050) Far Horizon (2100) 

Extreme 
95% Confidence 

Interval 
Extreme 

95 % Confidence 
Interval 

Extreme 
95% Confidence 

Interval 

10 38.1 ± 3.5 37.6 ± 3.5 38.1 ± 3.5 

100 44.3 ± 6.2 43.7 ± 6.2 44.3 ± 6.2 

1 000 50.2 ± 8.8 49.6 ± 8.8 50.2 ± 8.8 

10 000 56.2 ± 11.4 55.5 ± 11.4 56.2 ± 11.4 

100 000 62.2 ± 14.1 61.4 ± 14.1 62.2 ± 14.1 

1 000 000 68.2 ± 16.7 67.3 ± 16.7 68.2 ± 16.7 

10 000 000 74.2 ± 19.3 73.2 ± 19.3 74.2 ± 19.3 

100 000 000 80.2 ± 22.0 79.1 ± 22.0 80.2 ± 22.0 
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5.8.7 Atmospheric Dispersion Modelling 

5.8.7.1 Dispersion Model 

The IAEA recognises Gaussian-plume models (International Atomic Energy 
Agency, 2001) to be well suited for use in radiological assessment activities 
and specifically near-field (typically <50 km) applications where the steady-
state meteorology assumption is most likely to apply.  

Perhaps the most widely used Gaussian dispersion model internationally 
that requires stability classes as input (in addition to wind speed, wind 
direction, and air temperature) has been the US Environmental Protection 
Agency (US EPA) AERMET/AERMOD model suite (Cimorelli, et al., 2004). 
It is stated in Section 1 of RG-0016 that “All calculation models and/or 
evaluation models used in safety analyses are designed, developed, verified 
and validated, implemented, used and controlled in accordance with 
recognised nuclear industry standards and/or practices.”  

The details of the model selection, validation and verification is provided in 
the Validation and Verification Report (V&V Report) (Burger, 2024). In the 
V&V Report, it was concluded that the US EPA AERMOD atmospheric 
model satisfies the requirements for simulation of atmospheric dispersion 
from nuclear installations for the purposes of this SSR51. 

AERMET is a meteorological pre-processor for AERMOD. Input data can 
come from hourly cloud cover observations, surface meteorological 
observations and twice-a-day upper air soundings. As applied in this 
instance, onsite hourly average wind speed, wind direction, standard-
deviation of wind direction, dry bulb temperature and solar radiation were 
used to prepare the input parameters required for input into the model. The 
input files are contained in Appendix 5.8.N (surface meteorological data) 
and Appendix 5.8.O (profile data).  

AERMAP is a terrain pre-processor designed to simplify and standardise 
the input of terrain data for AERMOD. Input data include receptor terrain 
elevation data. The model input file is provided in Appendix 5.8.P. The 
model results are expressed as concentrations (normally at ground level) 
and deposition rates over different periods of exposure. 

 
51 The atmospheric dispersion simulations were performed with the following BREEZE AERMOD version 11: 

• AERMOD was run with the US EPA executable version 23132 (US EPA Release on 23 October 2023) 

• US EPA Regulatory Mode selected 

• AERMET version 18081. 
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5.8.7.2 Dispersion Factor 

The dispersion factor was calculated using the AERMOD model and 
provided as the effluent concentration (א) and deposition (D) normalised by 
the source strength (Q). This was calculated using hourly averaged 
meteorological data obtained from the site for a five-year period 2009 to 
2012 and 2018 since the year 2013 did not contain complete year’s data.   

To simulate worst-case postulated accidents, the following assumptions 
were made: 

• there is no building wake effect; 

• the effective release is from 1.5 m above ground level52; 

• exit gas velocity assumed 0 m/s53; 

• stack diameter of 2 m; 

• exit gas temperature assumed 298 K54; 

• the receptor height is 1.5m; 

• modelling domain includes an area of 40 km by 40 km, with the 
nuclear installation(s) located at the centre of the modelling domain; 

• the grid resolutions: 

- 100 m by 100 m for a 5 km by 5 km domain; 

- 200 m by 200 m for 40 km by 40 km domain. 

The hourly average meteorological surface and tower data are used to 
simulate a release event and the concentrations/depositions for that hour 
are calculated at each of the regular grid locations (receptors). The 
concentrations/depositions for each of the simulation hours are individually 
compared at a receptor and the 99.9th (2nd highest) and 95th percentile 
concentrations/depositions stored for the preparation of the spatial and 
directional plots given below.  

 

 
52 The design of the nuclear installation has not yet been selected and in the absence of a selected plant design, 
Eskom has given priority to completing this SSR for the site using a plant parameter envelope (Eskom, 2022b). 
Although the heights of release points have not been established, typical release heights may vary from 0 m to 
about 100 m above ground level (agl). To calculate the most conservative ground level concentration, a release 
close to ground level is assumed. 
53 Plume rise depends on the volumetric flow rate (exit gas velocity) and exit gas temperature. An exit gas velocity 
of zero result in no plume rise due to plume momentum. 
54 Plume rise depends on the volumetric flow rate and exit gas temperature. An exit gas temperature corresponding 
to an average ambient air temperature of 298 K will result in insignificant plume rise due to plume buoyancy. 
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The normalised deposition rate includes rain washout as well as dry 
deposition. 

The figures below represent the following dispersion factors:  

• concentration: 

- 2nd highest hourly average: 

o 5 km by 5 km  : Figure 5.8.24 

o 40 km by 40 km : Figure 5.8.25 

- 95th percentile hourly average: 

o 5 km by 5 km  : Figure 5.8.26 

o 40 km by 40 km : Figure 5.8.27 

- 2nd Highest 3-hourly average: 

o 5 km by 5 km  : Figure 5.8.28 

o 40 km by 40 km : Figure 5.8.29 

- 2nd Highest 8-hourly average: 

o 5 km by 5 km  : Figure 5.8.30 

o 40 km by 40 km : Figure 5.8.31 

- 2nd Highest 24-hourly (daily) average: 

o 5 km by 5 km  : Figure 5.8.32 

o 40 km by 40 km : Figure 5.8.33 

- Highest monthly average: 

o 5 km by 5 km  : Figure 5.8.34 

o 40 km by 40 km : Figure 5.8.35 

- Highest Annual average: 

o 5 km by 5 km  : Figure 5.8.36 

o 40 km by 40 km : Figure 5.8.37 

• deposition: 

- 2nd highest hourly total: 

o 5 km by 5 km  : Figure 5.8.38 

o 40 km by 40 km : Figure 5.8.39 

- 95th percentile hourly total: 

o 5 km by 5 km  : Figure 5.8.40 
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o 40 km by 40 km : Figure 5.8.41 

- 2nd Highest 3-hour total: 

o 5 km by 5 km  : Figure 5.8.42 

o 40 km by 40 km : Figure 5.8.43 

- 2nd Highest 8-hour total: 

o 5 km by 5 km  : Figure 5.8.44 

o 40 km by 40 km : Figure 5.8.45 

- 2nd Highest 24-hour total: 

o 5 km by 5 km  : Figure 5.8.46 

o 40 km by 40 km : Figure 5.8.47 

- Highest monthly total: 

o 5 km by 5 km  : Figure 5.8.48 

o 40 km by 40 km  : Figure 5.8.49 

- Highest annual total: 

o 5 km by 5 km  : Figure 5.8.50 

o 40 km by 40 km : Figure 5.8.51 

Figure 5.8.52 to Figure 5.8.59 are summaries of the א/Q values of the 2nd 
highest hourly, 3-hourly, 8-hourly, 24-hourly, and highest monthly and 
annual averages, grouped into the 16 cardinal wind directions at 800 m, 
3 km and 8 km, downwind of the nuclear installation(s). 

The data used to develop these figures are summarised in Table 5.8.69 and 
Table 5.8.70.  

Similarly, Figure 5.8.61 to Figure 5.8.68 are summaries of the D/Q values 
of the 2nd highest hour, 3-hour, 8-hour, 24-hour and highest month and 
annual totals, grouped into the 16 cardinal wind directions at 800 m, 3 km 
and 8 km, downwind of the nuclear installation(s). Please note that the 
deposition rate is the total over the respective period.  

The data used to develop these figures are summarised in Table 5.8.71 and 
Table 5.8.72.  
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Figure 5.8.24 
The Predicted 2nd Highest Hourly Average Ground Level 

Concentration Dispersion Factor (א/Q) (s/m³) for a 5 km by 5 km area 
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Figure 5.8.25 
The Predicted 2nd Highest Hourly Average Ground Level 

Concentration Dispersion Factor (א/Q) (s/m³) for a 40 km by 40 km 
area 
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Figure 5.8.26 
The Predicted 95th Percentile Ground Level Concentration Dispersion 

Factor (א/Q) (s/m³) for a 5 km by 5 km area 
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Figure 5.8.27 
The Predicted 95th Percentile Ground Level Concentration Dispersion 

Factor (א/Q) (s/m³) for a 40 km by 40 km area 
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Figure 5.8.28 
The Predicted 2nd Highest 3-Hourly Average Ground Level 

Concentration Dispersion Factor (א/Q) (s/m³) for a 5 km by 5 km area 
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Figure 5.8.29 
The Predicted 2nd Highest 3-Hourly Average Ground Level 

Concentration Dispersion Factor (א/Q) (s/m³) for a 40 km by 40 km 
area 
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Figure 5.8.30 
The Predicted 2nd Highest 8-Hourly Average Ground Level 

Concentration Dispersion Factor (א/Q) (s/m³) for a 5 km by 5 km area 
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Figure 5.8.31 
The Predicted 2nd Highest 8-Hourly Average Ground Level 

Concentration Dispersion Factor (א/Q) (s/m³) for a 40 km by 40 km 
area 
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Figure 5.8.32 
The Predicted 2nd Highest 24-Hourly Average Ground Level 

Concentration Dispersion Factor (א/Q) (s/m³) for a 5 km by 5 km area 
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Figure 5.8.33 
The Predicted 2nd Highest 24-Hourly Average Ground Level 

Concentration Dispersion Factor (א/Q) (s/m³) for a 40 km by 40 km 
area 
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Figure 5.8.34 
The Predicted Highest Monthly Average Ground Level Concentration 

Dispersion Factor (א/Q) (s/m³) for a 5 km by 5 km area 
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Figure 5.8.35 
The Predicted Highest Monthly Average Ground Level Concentration 

Dispersion Factor (א/Q) (s/m³) for a 40 km by 40 km area 
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Figure 5.8.36 
The Predicted Highest Annual Average Ground Level Concentration 

Dispersion Factor (א/Q) (s/m³) for a 5 km by 5 km area 
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Figure 5.8.37 
The Predicted Highest Annual Average Ground Level Concentration 

Dispersion Factor (א/Q) (s/m³) for a 40 km by 40 km area 
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Figure 5.8.38 
 The Predicted 2nd Highest Hourly Total Deposition Dispersion Factor 

(D/Q) (1/m²- hour) for a 5 km by 5 km area 
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Figure 5.8.39 
The Predicted 2nd Highest Hourly Total Deposition Dispersion Factor 

(D/Q) (1/m²- hour) for a 40 km by 40 km area 
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Figure 5.8.40 
 The Predicted 95th Percentile Hourly Total Deposition Factor (D/Q) 

(1/m²- hour) for a 5 km by 5 km area 
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Figure 5.8.41 
The Predicted 95th Percentile Hourly Total Deposition Factor (D/Q) 

(1/m²- hour) for a 40 km by 40 km area 
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Figure 5.8.42 
 The Predicted 2nd Highest 3-Hour Total Deposition Factor (D/Q) (1/m²- 

3 hours) for a 5 km by 5 km area 
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Figure 5.8.43 
The Predicted 2nd Highest 3-Hour Total Deposition Factor (D/Q) (1/m²- 

3 hours) for a 40 km by 40 km area 
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Figure 5.8.44 
 The Predicted 2nd Highest 8-Hour Total Deposition Factor (D/Q) (1/m²- 

8 hours) for a 5 km by 5 km area 
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Figure 5.8.45 
The Predicted 2nd Highest 8-Hour Total Deposition Factor (D/Q) (1/m²- 

8 hours) for a 40 km by 40 km area 
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Figure 5.8.46 
 The Predicted 2nd Highest 24-Hour Total Deposition Factor (D/Q) 

(1/m²- 24 hours) for a 5 km by 5 km area 
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Figure 5.8.47 
The Predicted 2nd Highest 24-Hour Total Deposition Factor (D/Q) (1/m²- 

24-hours) for a 40 km by 40 km area 
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Figure 5.8.48 
The Predicted Highest Monthly Total Deposition Factor (D/Q) (1/m²- 

month) for a 5 km by 5 km area 
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Figure 5.8.49 
The Predicted Highest Monthly Total Deposition Factor (D/Q) (1/m²- 

month) for a 40 km by 40 km area 
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Figure 5.8.50 

The Predicted Highest Annual Total Deposition Factor (D/Q) (1/m²-

year) for a 5 km by 5 km area 
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Figure 5.8.51 
The Predicted Highest Annual Total Deposition Factor (D/Q) (1/m²- 

year) for a 40 km by 40 km area 
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Table 5.8.69 
Dispersion Factors (s/m³) based on 2nd Highest Hourly, 3-Hourly, 8-Hourly and 24-hourly Average Predictions 

at 800 m, 3 km and 8 km Downwind of the Nuclear Installation(s) for Different Wind Directions 

Distance 
(m) 

Highest Hourly Highest 3-Hourly Highest 8-Hourly Highest 24-Hourly 

800 3000 8000 800 3000 8000 800 3000 8000 800 3000 8000 

N 1.82E-04 2.40E-05 2.81E-05 8.89E-05 4.95E-06 7.06E-06 6.71E-05 1.11E-05 1.51E-05 1.87E-05 1.78E-06 2.36E-06 

NNE 3.18E-04 2.43E-05 3.54E-05 1.16E-04 9.04E-06 6.65E-06 1.52E-04 1.19E-05 1.76E-05 2.17E-05 1.57E-06 2.22E-06 

NE 4.44E-04 2.83E-05 4.35E-05 1.77E-04 1.36E-05 6.65E-06 9.18E-05 1.36E-05 1.77E-05 2.34E-05 2.00E-06 2.22E-06 

ENE 6.71E-04 2.98E-05 4.62E-05 3.39E-04 1.62E-05 8.50E-06 3.39E-04 1.63E-05 2.26E-05 4.50E-05 2.82E-06 2.96E-06 

E 9.11E-04 1.49E-04 4.10E-05 5.59E-04 2.25E-05 8.51E-06 5.59E-04 5.79E-05 1.92E-05 8.68E-05 8.49E-06 2.86E-06 

ESE 2.49E-04 7.46E-05 1.13E-05 8.35E-05 1.72E-05 2.13E-06 8.35E-05 2.67E-05 3.78E-06 1.83E-05 5.76E-06 7.32E-07 

SE 8.81E-05 1.50E-05 3.52E-06 4.76E-05 7.29E-06 1.23E-06 3.73E-05 7.29E-06 3.25E-06 7.60E-06 1.09E-06 4.12E-07 

SSE 9.67E-05 1.46E-05 3.52E-06 3.84E-05 5.14E-06 9.52E-07 3.64E-05 5.71E-06 2.41E-06 9.21E-06 9.84E-07 3.24E-07 

S 9.44E-05 1.46E-05 3.42E-06 3.30E-05 1.95E-06 6.01E-07 2.65E-05 5.17E-06 1.59E-06 4.85E-06 6.58E-07 2.01E-07 

SSW 1.07E-04 1.34E-05 3.48E-06 4.28E-05 5.21E-06 7.20E-07 4.02E-05 6.99E-06 1.63E-06 6.51E-06 9.86E-07 2.46E-07 

SW 9.96E-05 1.44E-05 3.69E-06 3.99E-05 5.46E-06 6.49E-07 3.48E-05 5.46E-06 1.41E-06 7.05E-06 9.10E-07 2.29E-07 

WSW 2.37E-04 1.46E-05 3.53E-06 1.27E-04 6.45E-06 7.72E-07 1.27E-04 7.84E-06 1.86E-06 1.64E-05 1.19E-06 2.60E-07 

W 1.91E-04 5.13E-05 3.24E-06 1.03E-04 6.92E-06 7.60E-07 1.03E-04 1.77E-05 1.67E-06 1.41E-05 2.34E-06 2.56E-07 

WNW 3.40E-04 6.41E-05 3.63E-05 1.79E-04 2.95E-05 6.57E-06 1.42E-04 2.79E-05 1.65E-05 3.05E-05 4.39E-06 2.19E-06 

NW 4.28E-04 5.78E-05 1.18E-05 2.23E-04 2.61E-05 2.58E-06 1.21E-04 1.77E-05 5.99E-06 4.09E-05 3.51E-06 8.02E-07 

NNW 3.11E-04 2.71E-05 8.08E-06 1.43E-04 1.07E-05 1.63E-06 1.14E-04 2.56E-05 3.41E-06 2.60E-05 3.64E-06 5.52E-07 
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Table 5.8.70 
Dispersion Factors (s/m³) based on Highest Averages of 3-Daily, Monthly, Annual and 95th Percentile 

Predictions at 800 m, 3 km and 8 km Downwind of the Nuclear Installation(s) for Different Wind Directions 

Distance 
(m) 

Highest 3-Daily Highest Monthly Highest Annual 95th Percentile 

800 3000 8000 800 3000 8000 800 3000 8000 800 3000 8000 

N 1.55E-05 1.48E-06 1.96E-06 7.12E-07 7.89E-08 1.19E-07 1.70E-07 1.42E-08 2.46E-08 6.11E-08 5.65E-09 2.09E-08 

NNE 1.80E-05 1.31E-06 1.84E-06 1.85E-06 1.05E-07 1.38E-07 5.47E-07 2.06E-08 2.71E-08 3.73E-07 5.63E-09 2.15E-08 

NE 1.94E-05 1.66E-06 1.84E-06 3.16E-06 1.71E-07 1.84E-07 1.13E-06 5.36E-08 4.47E-08 1.35E-06 5.35E-08 4.19E-08 

ENE 3.73E-05 2.34E-06 2.46E-06 6.92E-06 4.16E-07 2.11E-07 4.37E-06 2.34E-07 8.55E-08 1.05E-05 4.01E-07 6.07E-08 

E 7.21E-05 7.05E-06 2.37E-06 1.63E-05 1.24E-06 4.23E-07 7.79E-06 7.36E-07 1.52E-07 4.00E-05 9.76E-07 1.63E-07 

ESE 1.52E-05 4.78E-06 6.08E-07 2.05E-06 4.82E-07 6.26E-08 1.29E-06 2.59E-07 3.14E-08 6.36E-06 6.28E-07 1.30E-07 

SE 6.31E-06 9.03E-07 3.42E-07 1.58E-06 1.74E-07 3.36E-08 9.21E-07 1.02E-07 2.03E-08 4.52E-06 5.73E-07 1.09E-07 

SSE 7.64E-06 8.17E-07 2.69E-07 1.68E-06 1.63E-07 3.21E-08 7.67E-07 6.78E-08 1.40E-08 3.63E-06 2.49E-07 4.91E-08 

S 4.03E-06 5.46E-07 1.67E-07 8.47E-07 9.54E-08 2.29E-08 3.96E-07 4.34E-08 1.05E-08 1.47E-06 1.01E-07 2.78E-08 

SSW 5.40E-06 8.19E-07 2.04E-07 1.23E-06 1.19E-07 2.73E-08 7.30E-07 6.08E-08 1.28E-08 3.33E-06 2.15E-07 4.39E-08 

SW 5.85E-06 7.56E-07 1.90E-07 1.43E-06 1.89E-07 4.08E-08 7.21E-07 7.10E-08 1.45E-08 3.25E-06 2.84E-07 5.90E-08 

WSW 1.36E-05 9.88E-07 2.16E-07 2.01E-06 2.01E-07 4.35E-08 8.83E-07 7.66E-08 1.52E-08 3.85E-06 3.03E-07 6.26E-08 

W 1.17E-05 1.94E-06 2.13E-07 1.41E-06 1.68E-07 3.35E-08 5.32E-07 5.85E-08 1.29E-08 2.24E-06 2.09E-07 4.32E-08 

WNW 2.53E-05 3.64E-06 1.82E-06 3.22E-06 3.28E-07 1.55E-07 8.98E-07 1.01E-07 3.89E-08 1.47E-06 4.97E-08 3.83E-08 

NW 3.40E-05 2.91E-06 6.65E-07 2.28E-06 2.66E-07 4.26E-08 9.68E-07 8.51E-08 1.14E-08 8.47E-07 2.87E-08 4.10E-09 

NNW 2.16E-05 3.02E-06 4.59E-07 9.78E-07 1.53E-07 2.55E-08 3.26E-07 2.02E-08 4.90E-09 2.26E-07 8.90E-09 2.42E-09 
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Figure 5.8.52 
Dispersion Factors (א/Q) (s/m³) based on the 2nd Highest Hourly 
Average Predictions at 800 m, 3 km and 8 km Downwind of the 

Nuclear Installation(s) for Different Wind Directions 
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Figure 5.8.53 
Dispersion Factors (א/Q) (s/m³) based on the Highest 3-Hourly 
Average Predictions at 800 m, 3 km and 8 km Downwind of the 

Nuclear Installation(s) for Different Wind Directions 
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Figure 5.8.54 
Dispersion Factors (א/Q) (s/m³) based on the Highest 8-Hourly 
Average Predictions at 800 m, 3 km and 8 km Downwind of the 

Nuclear Installation(s) for Different Wind Directions 
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Figure 5.8.55 
Dispersion Factors (א/Q) (s/m³) based on the Highest 24-Hourly 
Average Predictions at 800 m, 3 km and 8 km Downwind of the 

Nuclear Installation(s) for Different Wind Directions 
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Figure 5.8.56 
Dispersion Factors (א/Q) (s/m³) based on the Highest 3-Daily Average 

Predictions at 800 m, 3 km and 8 km Downwind of the Nuclear 
Installation(s) for Different Wind Directions 
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Figure 5.8.57 
Dispersion Factors (א/Q) (s/m³) based on the Highest Monthly Average 

Predictions at 800 m, 3 km and 8 km Downwind of the Nuclear 
Installation(s) for Different Wind Directions 
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Figure 5.8.58 
Dispersion Factors (א/Q) (s/m³) based on the Highest Annual Average 

Predictions at 800 m, 3 km and 8 km Downwind of the Nuclear 
Installation(s) for Different Wind Directions 
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Figure 5.8.59 

Dispersion Factors (א/Q) (s/m³) Based on the 95th Percentile of the 
Hourly Average Predictions at 800 m, 3 km and 8 km 

Downwind of the Nuclear Installation(s) for Different Wind Directions 

 

Figure 5.8.60 is a summary of the א/Q values for different downwind 
distances and averaging periods. 

Figure 5.8.61 to Figure 5.8.68 summarise the D/Q values given as the total 
deposition over the period of interest (i.e. 1-hour, 3-hour, 8-hour, 1-day, 
3-days, month, year and 95th percentile) for different downwind distances 
and averaging periods. 

Figure 5.8.69 is a summary of the D/Q values given as the total deposition 
over the period of interest (i.e. 1-hour, 1-day, month, year) for different 
downwind distances and averaging periods. 
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Figure 5.8.60 
Dispersion Factors (א/Q) (s/m³) Based on Concentration Predictions at 

Various Downwind Distances and Averaging Periods 
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Table 5.8.71 
Fallout Factors (1/m²-deposition period) based on 2nd Highest Hour, 3-Hour, 8-Hour and 24-hour Total 

Deposition Predictions at 800 m, 3 km and 8 km Downwind of the Nuclear Installation(s) for Different Wind 
Directions 

Distance 
(m) 

Highest Hourly 
(1/m²- hour) 

Highest 3-Hourly 
(1/m²- 3 hours) 

Highest 8-Hourly 
(1/m²- 8 hours) 

Highest 24-Hourly 
(1/m²- 24 hours) 

800 3000 8000 800 3000 8000 800 3000 8000 800 3000 8000 

N 3.66E-03 4.50E-04 2.50E-04 5.39E-03 8.90E-04 4.00E-04 9.11E-03 9.00E-04 5.50E-04 1.18E-02 1.04E-03 5.50E-04 

NNE 5.54E-03 4.40E-04 2.70E-04 7.98E-03 6.50E-04 3.60E-04 8.73E-03 9.80E-04 3.60E-04 9.91E-03 1.10E-03 3.70E-04 

NE 7.28E-03 5.40E-04 2.10E-04 8.58E-03 8.70E-04 2.90E-04 1.08E-02 1.36E-03 4.10E-04 1.47E-02 1.37E-03 4.10E-04 

ENE 1.04E-02 5.30E-04 3.40E-04 1.64E-02 9.10E-04 4.30E-04 1.64E-02 1.27E-03 4.30E-04 2.08E-02 1.79E-03 6.00E-04 

E 9.16E-03 1.38E-03 3.20E-04 2.17E-02 2.38E-03 5.90E-04 2.44E-02 3.23E-03 7.10E-04 3.04E-02 3.30E-03 7.70E-04 

ESE 2.44E-03 4.40E-04 8.00E-05 5.35E-03 8.20E-04 1.80E-04 1.17E-02 1.25E-03 2.40E-04 2.00E-02 1.84E-03 3.00E-04 

SE 1.70E-03 2.10E-04 8.00E-05 4.92E-03 5.70E-04 1.80E-04 1.03E-02 1.11E-03 2.30E-04 2.06E-02 1.77E-03 2.90E-04 

SSE 1.95E-03 2.10E-04 8.00E-05 5.31E-03 5.80E-04 1.30E-04 1.08E-02 1.01E-03 1.70E-04 2.38E-02 2.07E-03 3.40E-04 

S 1.62E-03 2.10E-04 8.00E-05 3.59E-03 4.00E-04 1.00E-04 7.59E-03 8.30E-04 1.60E-04 1.16E-02 8.50E-04 1.70E-04 

SSW 1.85E-03 2.20E-04 8.00E-05 4.84E-03 5.30E-04 1.60E-04 1.11E-02 9.90E-04 2.40E-04 1.97E-02 1.49E-03 2.50E-04 

SW 1.63E-03 2.20E-04 8.00E-05 4.23E-03 5.50E-04 1.60E-04 9.36E-03 1.07E-03 2.00E-04 1.83E-02 1.75E-03 2.70E-04 

WSW 4.36E-03 2.10E-04 8.00E-05 9.10E-03 5.90E-04 1.40E-04 1.49E-02 1.02E-03 2.20E-04 3.24E-02 2.16E-03 3.60E-04 

W 4.28E-03 8.50E-04 8.00E-05 1.02E-02 1.00E-03 1.10E-04 1.69E-02 1.66E-03 1.90E-04 3.63E-02 2.72E-03 3.70E-04 

WNW 6.18E-03 8.60E-04 3.00E-04 1.15E-02 1.37E-03 3.80E-04 1.44E-02 1.78E-03 6.60E-04 2.40E-02 2.51E-03 6.70E-04 

NW 7.45E-03 7.80E-04 1.60E-04 1.16E-02 9.90E-04 2.00E-04 1.64E-02 1.20E-03 2.10E-04 1.70E-02 1.41E-03 2.50E-04 

NNW 5.68E-03 5.10E-04 1.30E-04 8.57E-03 1.39E-03 1.80E-04 1.22E-02 1.63E-03 3.60E-04 1.44E-02 1.81E-03 3.80E-04 
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Table 5.8.72 
Fallout Factors (1/m²- deposition period) based on Hourly, 3-Day, Month, Annual and 95th Percentile Total 
Deposition Predictions at 800 m, 3 km and 8 km Downwind of the Nuclear Installation(s) for Different Wind 

Directions 

Distance 
(m) 

Highest 3-Daily 
(1/m²- 3 days) 

Highest Monthly 
(1/m²- month) 

Highest Annual 
(1/m²- year) 

95th Percentile 
(1/m²- hour) 

800 3000 8000 800 3000 8000 800 3000 8000 800 3000 8000 

N 2.93E-02 2.59E-03 1.37E-03 1.74E-02 1.58E-03 8.80E-04 7.50E-02 5.41E-03 3.84E-03 1.15E-05 7.30E-07 7.28E-07 

NNE 2.47E-02 2.74E-03 9.21E-04 3.56E-02 1.93E-03 8.30E-04 1.91E-01 7.30E-03 4.01E-03 2.15E-05 7.55E-07 7.45E-07 

NE 3.67E-02 3.41E-03 1.02E-03 6.22E-02 3.76E-03 1.39E-03 3.15E-01 1.60E-02 6.03E-03 1.77E-05 1.44E-06 7.64E-07 

ENE 5.19E-02 4.46E-03 1.49E-03 1.51E-01 9.54E-03 2.56E-03 1.14E+00 6.30E-02 1.71E-02 4.57E-04 2.25E-05 3.09E-06 

E 7.57E-02 8.22E-03 1.92E-03 2.39E-01 2.24E-02 3.94E-03 1.90E+00 1.66E-01 2.73E-02 1.18E-03 9.85E-05 1.24E-05 

ESE 4.99E-02 4.58E-03 7.47E-04 2.69E-01 1.83E-02 2.76E-03 1.66E+00 1.24E-01 1.93E-02 1.23E-03 1.06E-04 1.80E-05 

SE 5.12E-02 4.41E-03 7.22E-04 2.28E-01 1.72E-02 2.48E-03 1.26E+00 1.05E-01 1.60E-02 6.99E-04 8.23E-05 1.39E-05 

SSE 5.94E-02 5.16E-03 8.47E-04 2.43E-01 1.65E-02 2.45E-03 9.86E-01 6.15E-02 9.49E-03 8.35E-04 3.42E-05 3.21E-06 

S 2.88E-02 2.12E-03 4.23E-04 8.00E-02 5.49E-03 1.02E-03 3.97E-01 2.99E-02 5.58E-03 1.04E-04 4.81E-06 7.74E-07 

SSW 4.92E-02 3.71E-03 6.23E-04 1.22E-01 8.66E-03 1.28E-03 8.39E-01 5.41E-02 8.61E-03 6.32E-04 2.25E-05 2.09E-06 

SW 4.55E-02 4.36E-03 6.72E-04 1.33E-01 1.16E-02 1.76E-03 9.78E-01 8.05E-02 1.22E-02 5.93E-04 6.80E-05 9.47E-06 

WSW 8.08E-02 5.38E-03 8.97E-04 2.30E-01 1.56E-02 2.31E-03 1.29E+00 9.19E-02 1.39E-02 1.18E-03 7.95E-05 1.24E-05 

W 9.03E-02 6.77E-03 9.21E-04 2.62E-01 1.40E-02 2.31E-03 1.17E+00 7.24E-02 1.19E-02 7.85E-04 6.27E-05 9.97E-06 

WNW 5.97E-02 6.25E-03 1.67E-03 1.40E-01 1.21E-02 2.12E-03 5.32E-01 4.53E-02 6.77E-03 1.52E-04 3.75E-06 9.57E-07 

NW 4.24E-02 3.51E-03 6.23E-04 4.31E-02 3.10E-03 5.30E-04 2.66E-01 1.78E-02 2.26E-03 1.36E-05 1.03E-06 1.96E-07 

NNW 3.60E-02 4.51E-03 9.46E-04 2.73E-02 2.78E-03 5.50E-04 1.35E-01 6.70E-03 1.17E-03 1.82E-05 8.28E-07 1.30E-07 
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Figure 5.8.61 
Fallout Factors (D/Q) (1/m²- hour) based on the 2nd Highest Hourly 

Total Predictions at 800 m, 3 km and 8 km Downwind of the Nuclear 
Installation(s) for Different Wind Directions 
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Figure 5.8.62 
Fallout Factors (D/Q) (1/m²- 3 hours) based on the Highest 3-Hourly 
Total Predictions at 800 m, 3 km and 8 km Downwind of the Nuclear 

Installation(s) for Different Wind Directions 
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Figure 5.8.63 
Fallout Factors (D/Q) (1/m²- 8 hours) based on the Highest 8-Hourly 
Total Predictions at 800 m, 3 km and 8 km Downwind of the Nuclear 

Installation(s) for Different Wind Directions 
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Figure 5.8.64 
Fallout Factors (D/Q) (1/m²- 24 hours) based on the Highest 24-Hourly 
Total Predictions at 800 m, 3 km and 8 km Downwind of the Nuclear 

Installation(s) for Different Wind Directions 
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Figure 5.8.65 
Dispersion Factors (D/Q) (1/m²- 3 days) based on the Highest 3-Daily 

Average Predictions at 800 m, 3 km and 8 km Downwind of the 
Nuclear Installation(s) for Different Wind Directions 

 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-217 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

 

Figure 5.8.66 
Fallout Factors (D/Q) (1/m²- month) based on the Highest Monthly 

Total Predictions at 800 m, 3 km and 8 km Downwind of the Nuclear 
Installation(s) for Different Wind Directions 
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Figure 5.8.67 
Fallout Factors (D/Q) (1/m²- year) based on the Highest Annual Total 

Predictions at 800 m, 3 km and 8 km Downwind of the Nuclear 
Installation(s) for Different Wind Directions 
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Figure 5.8.68 

 Fallout Factors (D/Q) (1/m²- hour) Based on the 95th Percentile of the 
Hourly Total Predictions at 800 m, 3 km and 8 km 

Downwind of the Nuclear Installation(s) for Different Wind Directions 
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Figure 5.8.69 

Fallout Factors (D/Q) (1/m²- deposition period) for Deposition 
Predictions at Various Downwind Distances and Averaging Periods 

 

5.8.8 Monitoring Programme 

Meteorological parameters were monitored to characterise the atmospheric 
conditions at the proposed site and to enable, inter alia, an assessment of 
the magnitude and recurrence probability of external meteorological events. 
The analysis made use of both on- and off-site monitoring data; the latter 
mainly due to the relatively short duration of on-site information to enable 
long term analysis. 

5.8.8.1 On-Site Monitoring 

International standards for nuclear installation site applications 
(International Atomic Energy Agency, 2011) and (United States Nuclear 
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Regulatory Commission, 2007c) require consideration of the meteorological 
characteristics of the site that are necessary for safety analysis or that may 
have an impact on plant design. They also require the evaluation of 
atmospheric dispersion characteristics and the establishment of dispersion 
parameters, as atmospheric dispersion estimates are significant inputs to 
safety assessment (see Subsection 5.8.3). These assessments are 
needed for design and licensing purposes (International Atomic Energy 
Agency, 2011). 

For these reasons, a meteorological monitoring programme has been 
implemented and will be continued at the site and the region in order to 
evaluate regional and site-specific meteorological parameters during the 
nuclear installation lifetime. 

5.8.8.1.1 Prior to Nuclear Installation Operation  

The historical meteorological data are planned to be continuously compared 
with on-site data collected after the new nuclear installation(s) are designed 
and constructed (but before operation), to assist with confirmation of the 
acceptability of the as built plant and confirm assumptions made in the 
calculation models (International Atomic Energy Agency, 2002) and (United 
States Environmental Protection Agency, 2000)). The meteorological 
parameters included in the monitoring programme are: 

• wind direction (degrees) and derived standard deviation of wind 
direction (degrees); 

• wind speed (m/s) including wind gusts (m/s); 

• ambient temperature (°C) (including temperature differences 
between height levels (°C); 

• relative humidity (per cent); 

• precipitation (mm); 

• solar radiation (kW/m²); 

• barometric pressure (hPa). 

The instrument specifications, tower height, instrument placements at 
different heights on the tower, sampling intervals and averaging periods, 
data recording and storage will be as per ANSI/ANS-3.11 Standard 
(American National Standard, 2015) and Eskom Standard 238-52 (Eskom, 
2022a) for meteorological requirements for nuclear installations. 
Evapotranspiration and atmospheric stabilities are derived from these 
parameters, as discussed in Subsection 5.8.6.1.8 and 
Subsection 5.8.6.1.9, respectively. 
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Corrosion monitoring will also be repeated to build up a longer history. 
Although the existing observations are adequate to determine the current 
corrosivity at the site, a long-term history will identify any changes that might 
occur. 

5.8.8.1.2 During Nuclear Installation, Operation and Decommissioning 

All meteorological data parameters, as listed in the previous section, will 
continuously be collected and evaluated to: 

• confirm the design bases for the nuclear installation(s); 

• enable calculations of atmospheric dispersion and statistical 
analyses; 

• demonstrate the on-going feasibility of the emergency plan; 

• meet the requirements for a safe nuclear installation operation. 

More specifically, the programme will be developed to provide the relevant 
meteorological information needed for the following assessments (United 
States Nuclear Regulatory Commission, 2007c; Eskom, 2022a; National 
Nuclear Regulator, 2016a): 

• an assessment of the annual radiation dose to the public resulting 
from the routine discharges to demonstrate compliance with 
regulatory requirements;  

• an assessment of atmospheric dispersion immediately following an 
accidental release of airborne radioactive materials to provide input 
to the evaluation of the consequences of radioactive releases to the 
atmosphere and to aid in the implementation of emergency response 
decisions in accordance with the NNR requirements; 

• a periodic assessment of natural phenomena being experienced or 
projected beyond usual levels (e.g. high winds) for the purposes of 
emergency planning; 

• a periodic assessment of the potential dispersion of radioactive 
materials from, and the radiological consequences of, a spectrum of 
accidents to aid in evaluating the environmental risk posed by the 
nuclear installation(s). 

Periodic assessment of meteorological instruments and information 
requirements will identify the need for new or enhanced instrumentation, for 
example, on-line real-time atmospheric dispersion modelling for use during 
emergency conditions. 
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While the nuclear facility is being decommissioned, the continued need for 
onsite meteorological data should be evaluated based on the potential 
impacts of the remaining hazard footprint (American National Standard, 
2015). 

5.8.8.2 Off-Site Monitoring 

Whilst still building up a history of on-site meteorological data, long-term 
data from weather stations in the vicinity of the site will be analysed to 
support estimating extreme weather conditions. These include data from the 
Cape St. Francis WS. 

5.8.9 Management of Uncertainties 

5.8.9.1 Measurement and Analyses 

The uncertainties associated with the establishment of a meteorological 
baseline for the site will be introduced through the following activities: 

• observation of meteorological parameters: 

- onsite measurements; 

- use of other sources (e.g. SAWS); 

• data analyses: 

- statistical methods; 

- derived meteorological parameters; 

- atmospheric dispersion calculations. 

The factors that influence the uncertainty of data from the onsite monitoring 
station include: 

• sufficient instrumentation to monitor relevant parameters; 

• instrumentation accuracy; 

• location (macro and micro);  

• timeframe of monitoring database. 

Instrumentation has been provided to monitor the main meteorological 
parameters that can be measured without observation i.e. not including mist, 
fog, cloud cover, cloud type. These parameters include the wind vector, 
ambient air, dry bulb temperature, relative humidity, atmospheric pressure, 
solar radiation and precipitation. Other meteorological parameters can be 
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derived from these and typically include atmospheric stability, wet-bulb 
temperature, dew point and evapotranspiration. 

The methodologies used to derive the latter parameters are based on first 
principles (e.g. wet-bulb temperature and dew point) and empirical 
correlations (e.g. atmospheric turbulence and evapotranspiration). The 
uncertainties associated with parameters obtained from empirical 
correlations are expected to be greater than those from first principles, 
because the former methods are derived from experimentation with inherent 
uncertainties, whereas the latter are inter-related meteorological 
relationships. Atmospheric stability classes are estimated using either the 
vertical temperature gradient (‘delta-T’) or from a measure of the change in 
wind direction (‘sigma theta’). Whilst both methods aim to define the same 
atmospheric stability classes, different results were shown to be obtained at 
the Thyspunt WS (see Tables 5.8.36 and 5.8.37). A comparison of the two 
methods provided in the Eskom Standard 238-52 (Eskom, 2022a), as well 
as the SRDT and Ri number methods is given in Tables 5.8.73. The delta-
T method refers to the vertical temperature difference between 8 m and 2 m 
measurement levels, and the sigma-theta method refers to the standard 
deviation of the wind direction at the 9 m wind measurement level. The 
SRDT method employs wind speed at 9 m, simple knowledge of the 
temperature gradient at night, i.e. positive or negative gradient, and the solar 
radiation during the day. The Ri number method employs the wind speed at 
9 m and the two temperatures at 2 m and 8 m.  

Table 5.8.73 
Comparison of Atmospheric Stability Classification Schemes for the 

Site (1997-2023) 

Stability 
Class 

Atmospheric Stability Frequency of Occurrence 

Delta-T Method 
[8m/2m] 

Vertical Stability 

Sigma-Theta 
Method Horizontal 

[9m] Stability 

SRDT Method 
(Wind Speed [9m], 

Temperature 
Gradient [8m/2m], 
Solar Radiation) 

Ri Method 
(Wind Speed [9m], 
Temperature [2m] 
and Temperature 

[8 m]) 

A 55.97% 3.85% 0.16% 0.31% 

B 1.65% 1.83% 3.48% 0.11% 

C 1.58% 4.85% 12.12% 0.84% 

D 7.41% 40.67% 82.72% 68.44% 

E 11.28% 45.89% 0.69% 28.85% 

F 9.58% 2.90% 0.82% 1.45% 

G 12.53% 0.01% 0.00% 0.00% 

In comparison, the delta-T method is significantly dissimilar to the sigma-
theta, SRDT and Ri number methods. According to the classification results, 
there is a significant bias towards very unstable and stable conditions 
(classes A and G) with the delta-T method, i.e. 55.97 and 12.53 per cent 
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compared with 3.85 and 0.01 per cent with the sigma-theta method, 0.16 
and 0.00 per cent with the SRDT method, and 0.31 and 0.00 per cent with 
the Ri number method. The sigma-theta method produced mostly neutral 
and slightly stable conditions (classes D and E) which is expected given the 
prevalence of well-defined, strong wind speeds that characterise these 
atmospheric conditions (Pasquill, 1961). Although the SRDT and Ri number 
methods similarly produced mostly class D, the former is biased more 
towards class C, with the latter similar to the sigma-theta method, i.e. 
class E. Furthermore, as shown in Table 5.8.36, according to the delta-T 
method, very stable conditions (class G) were observed during winds 
originating from the WNW, NW, and NNW wind directions. E and F-class 
stabilities were observed predominantly from WNW, followed by NW. 
Unstable and neutral conditions (classes A to D) occurred most frequently 
from W, with some observations also made for winds from WSW for very 
unstable conditions (class A). The sigma-theta method exhibited similar 
stability-wind direction preferences for stability classes B to F; however, the 
D-class frequency dominated the distribution significantly more than with the 
delta-T method, i.e. 16.86 per cent compared with 2.06 per cent. Similarly, 
E-class stability using the sigma-theta method observed 5.48 per cent with 
winds from the ENE direction, with only 1.51 per cent using the delta-T 
method. Given that a typical temperature change in the vertical in the 
surface layer follows a power law profile, with a steep gradient close to 
ground level, the stability classification based on the delta-T method is 
sensitive to the location of the temperature measurements.  

The estimation of atmospheric turbulence is very important for the 
calculation of atmospheric dispersion. The Eskom Standard 238-52 
(Eskom, 2022a) specifies the use of delta-T and sigma theta methods for 
establishing the stability classes. With the uncertainty in using the delta-T 
method the classification based on the sigma-theta method is 
recommended. 

There will always be some error in any mathematical model, but it is 
desirable to structure the model in such a way to minimise the total error. 
Essentially, the dispersion 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: 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 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 
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input error term is often a major contributor to total uncertainty. Even in the 
best tracer studies, the atmospheric emission rates are known only with an 
accuracy of ±5 per cent, which translates directly into a minimum error of 
that magnitude in the model predictions. It is also well known that wind 
direction errors are the major cause of poor agreement, especially for 
relatively short-term predictions (minutes to hourly) and long downwind 
distances. All of the above factors contribute to the inaccuracies not even 
associated with the mathematical models themselves. 

The AERMOD model has been shown to be an improvement on the older 
generation dispersion models that utilise discrete diffusion parameters (e.g. 
Pasquill-Gifford), especially short-term predictions (Hanna, et al., 1999; 
Perry, et al., 2004). However, the range of uncertainty of the model 
predictions is still regarded to be within a factor of two (Perry, et al., 2004). 
The accuracy improves with fairly strong wind speeds and during neutral 
atmospheric conditions (Perry, et al., 2004). Vamsidhar et al (Vamsidhar , 
et al., 2010) presented a comprehensive review of the uncertainty and 
sensitivity analyses associated with prediction of ground level pollutant 
concentrations using the US EPA’s AERMOD equations for point sources.  
Both stable and unstable (convective) boundary layer conditions were 
studied.  The parameters considered for these analyses included emission 
rate, stack exit velocity, stack exit temperature, wind speed, lateral 
dispersion parameter, vertical dispersion parameter, weighting coefficients 
for both updraft and downdraft, total horizontal distribution function, cloud 
cover, ambient temperature, and surface roughness length. A roughness 

length of 0.36 m was estimated using the average vegetation height55. The 
corresponding probability distribution functions, depending on the measured 
or practical values, are assigned to perform uncertainty and sensitivity 
analyses in both unstable and stable atmospheric cases. The results for 
uncertainty in predicting ground level concentrations at different downwind 
distances during unstable conditions varied between 67 per cent and 75 per 
cent, while they ranged between 40 per cent and 47 per cent in stable 
boundary layer. The sensitivity analysis showed that vertical dispersion 
parameter and total horizontal distribution function have contributed to 
82 per cent and 15 per cent variance, respectively, in predicting 
concentrations in the unstable boundary layer. In the stable boundary layer, 
vertical dispersion parameter and total horizontal distribution function have 
contributed about 10 per cent and 75 per cent to variance, respectively, in 

 
55 The aerodynamic roughness length is a theoretical height that must be determined from the wind 
speed profile. In the absence of wind speed measurements at several height levels an estimate of the 
roughness length can be made using the nature and heights of surrounding obstacles. There has 
been some success at relating this height to the arrangement, spacing, and physical height of 
individual roughness elements such as vegetation or houses. As an approximation, the roughness 
length is approximately one-tenth of the height of the surface roughness elements. The average 
height of the vegetation in the surrounding area ranges between 2 m and 4 m, and the roughness 
length is therefore assumed to be 0.36 m. 
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predicting concentrations. Wind speed had a negative contribution to 
variance and the other parameters had a negligent or zero contribution to 
variance. 

Table  5.8.2 provides the required accuracies of the measuring instruments. 
These accuracies equal or better the requirements of ANSI/ANS-311-2015 
(ANS 2015) and (Eskom, 2022a), and have been maintained through the 
adopted quality assurance programme of calibration and maintenance. The 
instrument uncertainties were calculated using the methodology contained 
in Guidelines for Evaluating and Expressing the Uncertainty of NIST 
Measurement Results published by the United States Department of 
Commerce, Technology Administration National Institute of Standards and 
Technology (NIST) (Barry & Kuyatt, 1994). The calculated expanded 
uncertainties associated with the meteorological instrumentation are as 
follows: 

Wind direction (0 to 360)   :  1 degree 

Wind direction (True North)  :  5 degrees 

Wind speed (200 to 6200 rpm)  : 6 rev. per minute 

Wind speed (starting threshold)  : 100 µNewton-metre 

Barometric pressure (800 to 1100 hPa) : 1 hPa 

Temperature (0°C to 40°C)   : 0.2 °C 

Solar Irradiance (0 to 1200 W/m²)  : 60 W/m² 

Rain gauge (2.5 to 5 millilitres)  : 0.1 millilitres 

Humidity (11 to 75 per cent)  : 4 per cent 

These uncertainties are being managed through bi-annual calibration 
checks on all meteorological monitoring instrumentation. 

Both short- and long-term analyses are required from the meteorological 
data collected on site. Short-term analyses would typically include hourly 
average dispersion calculations, whereas long-term analyses would be 
required to establish extremes and rare phenomena. The monitoring data 
collected with the Thyspunt WS (2008 to 2013 and 2017 to 2019) and the 
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Cape St. Francis WS (1881-2003 for rainfall only, and 2004 – 2023 for all 
parameters) have provided adequate information to determine both average 
and extreme observations; however, the accuracy of forecasting future 
extreme meteorological events would only improve with increased historical 
information. The IAEA recommends (International Atomic Energy Agency, 
2011) that the long-term data used to evaluate extreme values of 
meteorological variables should cover a period proportionate with the return 
period used for assessing the corresponding design basis, i.e. not greater 
than four times the duration of the sample. Notwithstanding the above 
recommendation, wind gusts, extreme minimum and maximum 
temperatures and rainfall rates, for return years of up to 100 000 000 have 
been calculated (see Subsection 5.8.6.2.2), as required by the Technical 
Specification for this section (Eskom, 2022c). Rainfall extremes are based 
on measured data sets covering a period of 39 years (1985 to 2023, with 
incomplete data for 2004), and wind speed and temperature a period of 19 
years (2004 to 2023), which implies that values for return periods more than 
100 years need to be interpreted with caution. This is demonstrated by the 
increasing 95th confidence interval estimates for increasing return years in 
Subsection 5.8.6.2.2. The conservative approach would be to apply the 
upper estimate of the interval, rather than the average. 

5.8.9.2 Uncertainties due to Climate Change 

Climate change is a key area of uncertainty that will affect the meteorology 
of the site. The key aspects here are greater variations in extreme 
temperature, wind speed and rainfall events. All key climate indicators 
reflect trends consistent with a warming climate, including land and ocean 
temperatures, sea level and greenhouse gas (GHG) concentrations in the 
atmosphere, which all surpassed the records set just in the preceding year. 
The following global changes have been observed: 

• from 1880 to 2012, globally averaged surface temperature increased 
by 0.85°C; 

• the past 5 years are collectively the warmest years in modern record; 

• Northern Hemisphere (NH): 2016 warmest year with +1.27°C; 

• Southern Hemisphere (SH): 2016 warmest year with +0.71°C; 

• the global mean sea level rose by 0.19 m between 1901 and 2010; 

• the upper few metres of the ocean are warming - Data from the US 
National Oceanic and Atmospheric Administration (NOAA) show an 
increase of c. 0.13°C per decade over the past 100 years.  

• the greatest ocean warming is occurring in the SH and contributing 
to the subsurface melting of Antarctic ice shelves. 
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Assessments of historical trends of measured surface temperature in South 
Africa have all shown a general upward trend, in both average and extreme 
values, over recent decades (Kruger & Nxumalo, 2016). In addition, some 
regional differences in trends have been identified. However, these 
observations indicate that South Africa is warming at a slower rate than most 
other continental parts of the world, i.e. mostly less than 0.1°C per decade. 
This may be due to the buffering effect of the surrounding oceans. Using a 
data homogenisation procedure enabled the combination of stations from 
different time series from which trend analysis could be applied, to a 
common analysis period back to around 1931. The analyses show the 
general warming trend with a general increase in extreme warm events, and 
a general decrease in extreme cold events across South Africa. The 
analysis of seasonal trends shows that, while there are noteworthy 
differences on a regional basis, austral summer shows on average the 
strongest warming, followed by autumn, winter and spring. However, the 
central interior shows non-significant or similar trends when compared to 
the other parts of South Africa. There is no countrywide acceleration in the 
warming trends, but some regional consistencies in the temporal changes 
in trends could be determined, i.e. increases in trends in the central interior 
and decreases in trends along most of the coastal region. 

A rainfall trend analysis for South Africa was completed by Kruger and 
Nxumalo (Kruger & Nxumalo, 2017) through optimizing district rainfall and 
individual rainfall station data sets for the longest possible period of analysis 
(i.e. 1921–2015). Two interlinked data sets were used for the trend 
analyses, namely, daily time series of 60 individual rainfall stations and the 
daily district rainfall of 88 of 94 rainfall districts. In general, the results show 
an increase in rainfall for most rainfall stations in the southern interior of 
South Africa, and indications of decreases in rainfall in the far northern and 
northeastern parts. The increase in the annual rainfall in the south is 
reflected in the seasonal trends, where summer rainfall shows a similar 
increase, but also extends into the central interior. For other seasons, most 
of the country shows no significant historical trend changes in annual total 
rainfall. Decreases in rainfall from wet spells were noted in most places over 
the east and northeast, while the southern and eastern parts along the 
escarpment experienced shorter annual dry spells. From the extreme 
rainfall analyses, an increase in daily rainfall extremes in the southern to 
western interior is apparent, but apart from summer rainfall regions, the 
other areas do not show spatially coherent statistically significant results. 
Mixed indications were observed in the updated analysis of the trends in 
extreme rainfall for South Africa (1931 to 2019) (SAWS, 2024c). The annual 
maximum daily and five-daily rainfalls show significant increases in the 
central and southern interior, whereas trends in the intensity of rainfall on 
rainy days show mixed signals, but there are clear decreases in the far 
northeastern interior and increases in the central and southeastern parts. In 
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the case of the 25 mm rainfall threshold, increases are apparent over the 
central and southern interior and spreading eastwards, while decreases are 
only apparent in the far north. 

In the research article by (Wright & Grab, 2017) of wind speed 
characteristics and implications for wind power generation in the Northern, 
Western and Eastern Cape provinces, data from 19 weather stations with 
high-resolution wind records between 1995 and 2014 were evaluated. The 
closest weather stations in the analysis to the Thyspunt study area were at 
Plettenberg Bay (coastal) and Uitenhage (coastal hinterland). Although a 
20-year period is insufficient to establish conclusive changes in wind 
associated with climate change, the record is nevertheless able to provide 
tentative comparison of the data sets and indicate average wind speed 
variance and trends over the last 20 years for these two stations. The most 
significant findings were: 

• The average rate of decrease across the two stations over the 20-
year period equates to -3.25 per cent (Plettenberg Bay) and -1.53 per 
cent (Uitenhage). 

• Spring and summer had the largest decline in wind speeds for 
Plettenberg Bay and Uitenhage. 

• Whilst winter winds were also declining at Plettenberg Bay, an 
increase was observed at Uitenhage. 

• Winds during autumn observed increases at both Plettenberg Bay 
and Uitenhage.  

It is noted that these observed reductions in wind speed are also reflected 
in the downscaled model projections discussed in Subsection 5.8.6.2.2(c), 
albeit only for the near-horizon projection (-9.2 per cent). The far-horizon 
projection shows no change in the average wind speed. Medium confidence 
is assumed. 

Climate change over southern Africa may be anticipated to be closely linked 
to changes in the dynamics of the regional Hadley cell (Seidel, et al., 2008). 
High- and low-pressure systems are projected to change in response to the 
expansion of the Hadley cell in a warmer world. Over southern Africa, the 
strengthening and expanding subtropical high-pressure belt is, under 
climate change, projected to contribute to the southward displacement (or 
blocking) of frontal systems bringing rainfall over southern Africa. As per 
AR5, the mean sea level pressure is therefore projected to decrease.  

As discussed in Subsection 5.8.2.6.6, the IPCC has prepared four 
scenarios that assume the stabilisation of anthropogenic forcing of the 
climate system at different levels. The treatment of climate change for the 
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study area is based on downscaled model simulations completed by the 
CSIR (Engelbrecht, et al., 2019; CSIR, 2019) and the SAWS (South African 
Weather Service, 2017) for South Africa for two RCPs, namely RCP4.5 and 
RCP8.5. The CSIR data consisted of two data sets and reports for the two 
future horizons of 2021-2050 and 2070-2099 (Engelbrecht, et al., 2019) and 
(CSIR, 2019). The two data sets were provided on a 50 km downscaled to 
a 8 km model grid resolution, respectively. The SAWS simulations were also 
for two future horizons, i.e. 2036-2065 and 2066-2095, and covered a 0.44° 
(approximately 45 km) spatial resolution. Where the required information 
could not be obtained from these downscaled models, the analysis was 
supplemented with information extracted from the ARP5. Although the 
downscaled simulations included both gradual climate change (GCC) and 
extreme weather events (EWE), the latter treatments were only focussed on 
extreme rainfall days, hot and heatwave days (Engelbrecht, et al., 2019). 
No attempt was made in the downscaled models to forecast extreme 
temperatures, wind gusts and rainfall events. Instead, the SREX reports 
(Intergovernmental Panel on Climate Change, 2012) treatment of risks of 
extreme events was consulted in combination with the downscaled CSIR 
results. The projections based on RCP8.5 were adopted for inclusion in this 
SSR due to the uncertainty on whether any of the mitigation emissions 
would be achieved.  

Wind direction changes were not provided as part of the downscaled model 
outputs. Instead, the study by Herbst and Rautenbach (Herbst & 
Rautenbach, 2015), which attempted to quantify the projected changes in 
seasonal daily average wind speeds and directions for South Africa around 
the mid-21st century (2051-2075), was consulted. Small scale rare weather 
events such as thunder, lightning and hail events have not been simulated 
in any of the global climate models (GCMs). Projections of extremes in any 
of the meteorological parameters are difficult to determine. Extreme rainfall 
events are mostly caused by intense thunderstorms, which are often also 
the cause of lightning, hail, damaging winds and flash floods. That is, the 
climate change projections analysed with these models are indicative that 
decreases in these hazardous rainfall events are plausible over the study 
area. The more conservative approach would therefore be to assume the 
historical statistics rather than to reduce any frequencies of these events. 
Similarly, none of the models simulate the occurrence of tornadoes.  

Based on the SREX report (Intergovernmental Panel on Climate Change, 
2012), the approach to adjusting temperature extremes for climate change 
is to apply a reduction in the return period of the predicted extreme value. 
For wind speeds and rainfall, it is recommended to adopt the projected 
changes in the GCC. 
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In summary, the projected fractional changes in rainfall, temperature and 
wind speed due to climate change are given in Table 5.8.74. The absolute 
values for these meteorological parameters are summarised in 
Table 5.8.75. 
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Table 5.8.74 
Fractional Climate Change Projections for Rainfall, Temperature and Wind Speed 

 

Parameter Period 
Baseline  

Statistic 
Horizon Projected Fractional Change (per cent) 

Thyspunt Cape St Francis Near-Horizon Far-Horizon 

Rainfall 

Annual Average 774.0 mm 619.5 mm 

90th Percentile 1.82% -3.18% 

Average 0.30% -1.18% 

10th Percentile -2.21% 0.63% 

24-Hour Maximum 113.5 mm 157.8 mm 

90th Percentile 10.0% 0.00% 

Average 10.0% 0.00% 

10th Percentile 10.0% 0.00% 

Temperature 

Average Min Daily 14.4 °C 14.2 °C 

90th Percentile 7.58% 15.15% 

Average 18.94% 18.94% 

10th Percentile 22.73% 30.30% 

Average Daily 17.4 °C 17.4 °C 

90th Percentile 9.63% 18.90% 

Average 9.80% 19.14% 

10th Percentile 9.80% 20.25% 

Average Max Daily 20.8 °C 19.9 °C 

90th Percentile 4.93% 9.85% 

Average 7.39% 17.24% 

10th Percentile 9.85% 19.70% 

Wind Speed 

Annual Average 5.4 m/s 6.0 m/s 

90th Percentile 18.38% 18.38% 

Average -9.19% 0.00% 

10th Percentile -18.38% -18.38% 

Peak Hourly Maximum 19.6 m/s 23.2 m/s 

90th Percentile 5.10% 5.10% 

Average -2.55% 0.00% 

10th Percentile -5.10% -5.10% 

Gust 32.2 m/s 45.8 m/s 

90th Percentile 3.11% 3.11% 

Average -1.55% 0.00% 

10th Percentile -3.11% -3.11% 
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Table 5.8.75 
Climate Change Projections for Rainfall, Temperature and Wind Speed (Thyspunt WS and Cape St Francis 

Baselines) 
Weather 
Station Meteorological 

Parameter 
Period Baseline Statistic 

Horizon Projected Absolute Values 

Near-Horizon Far-Horizon 

Thyspunt WS 
 

Rainfall 

Annual Average 774.0 mm 

90th Percentile 790.41 740.25 

Average 776.32 764.87 

10th Percentile 759.22 769.74 

24-Hour 
Maximum 

113.5 mm 

90th Percentile 136.20 113.50 

Average 124.85 113.50 

10th Percentile 124.85 113.50 

Temperature 

Min Daily 14.4 °C 

90th Percentile 15.4 16.4 

Average 16.9 16.9 

10th Percentile 17.4 18.4 

Average Daily 17.4 °C 

90th Percentile 19.0 20.6 

Average 19.0 20.6 

10th Percentile 19.0 20.8 

Max Daily 20.8 °C 

90th Percentile 21.8 22.8 

Average 22.3 24.3 

10th Percentile 22.8 24.8 

Wind Speed 

Hour Average 5.4 m/s 

90th Percentile 6.4 6.4 

Average 4.9 5.4 

10th Percentile 4.4 4.4 

Peak Hourly 
Maximum 

19.6 m/s 

90th Percentile 20.6 20.6 

Average 19.1 19.6 

10th Percentile 18.6 18.6 

Gust 32.2 m/s 
90th Percentile 33.2 33.2 

Average 31.7 32.2 
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Weather 
Station Meteorological 

Parameter 
Period Baseline Statistic 

Horizon Projected Absolute Values 

Near-Horizon Far-Horizon 

10th Percentile 31.2 31.2 

Cape St 
Francis 

Rainfall 

Annual Average 619.5 mm 

90th Percentile 632.63 592.49 

Mean 621.36 612.19 

10th Percentile 607.67 616.09 

24-Hour 
Maximum 

158.0 mm 

90th Percentile 189.60 158.00 

Mean 173.80 158.00 

10th Percentile 173.80 158.00 

Temperature 

Min Daily 14.2 °C 

90th Percentile 15.2 16.2 

Average 16.7 16.7 

10th Percentile 17.2 18.2 

Average Daily 17.3 °C 

90th Percentile 19.0 20.6 

Average 19.0 20.6 

10th Percentile 19.0 20.8 

Max Daily 19.9 °C 

90th Percentile 20.9 21.9 

Average 21.4 23.4 

10th Percentile 21.9 23.9 

Wind Speed 

Hour Average 6.0 m/s 

90th Percentile 7.0 7.0 

Average 5.5 6.0 

10th Percentile 5.0 5.0 

Peak Hourly 
Maximum 

23.2 m/s 

90th Percentile 24.2 24.2 

Average 22.7 23.2 

10th Percentile 22.2 22.2 

Gust 45.8 m/s 

90th Percentile 46.8 46.8 

Average 45.3 45.8 

10th Percentile 44.8 44.8 
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5.8.10 Management System 

The appropriate grading for safety classification in terms of RD-0034 
following Eskom’s classification procedure (National Nuclear Regulator, 
2008) has been determined as Safety Class Level 3, i.e. not important to 
nuclear safety, and in terms of the procedure, compliance with an ISO 9001 
or equivalent system is required. Supporting information can be found in 
Chapter 10 (Management System). 

A quality assurance programme has been followed that includes the 
minimum meteorological parameters to sample, minimum specifications for 
meteorological instrumentation and siting criteria, data collection and 
validation procedures, instrument maintenance procedures, methods of 
analyses and archiving procedures. (Refer to Chapter 10). 

The collection of meteorological data from the monitoring station at the site 
is done every two weeks. These data are stored on two computer servers 
(mirrored) in two separate fire-proof strong rooms. Detailed records are kept 
of the work carried out, calculations made and databases established. 
These include: 

• raw monitoring database; 

• processed monitoring database; 

• dispersion model input files; 

• dispersion model output files; 

• dispersion factor database (short- and long-term simulations); 

• meteorological instrumentation calibration certificates. 

Electronic records are stored in a secure central repository with regular off-
site back-ups. 

Whereas the monitoring of meteorological parameters can be verified by 
inspectors, dispersion modelling and further processing of meteorological 
parameters do not lend themselves to direct verification or tests that can be 
precisely defined and controlled. Peer review of these evaluations is 
essential and was done by a suitably qualified and experienced person, 
independent from those who did the work.  

It is stated in Section 1 of RG-0016 that “All calculation models and/or 
evaluation models used in safety analyses are designed, developed, verified 
and validated, implemented, used and controlled in accordance with 
recognised nuclear industry standards and/or practices.” The Verification 
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and Validation report (Burger, 2024) was completed with the following 
objectives: 

• to identify, describe and understand the different physical processes 
being simulated;  

• to demonstrate the capabilities and limitations of the mathematical 
formulations, utilised in the selected software, in simulating the 
identified physical processes; 

• to verify the software input pre-processing and the output post-
processing; 

• to define and demonstrate the minimum qualifications required to use 
the software and the models. 

In the V&V Report, it was concluded that the US EPA AERMOD 
atmospheric model satisfy the requirements for simulation atmospheric 
dispersion from nuclear installation(s) for the purposes of the SSR. The 
following documentation has been included as appendices to this SSR: 

• dispersion model input files (Appendix 5.8.J to Appendix  5.8.P); 

• dispersion model output files (Appendix 5.8.Q to Appendix  5.8.T); 

• meteorological instrumentation calibration certificates. 
(Appendix 5.8.F). 

The RG 011 regulatory compliance matrix is provided in Table 5.8.76, that 
lists the relevant clauses and the specific sections/regulations referred to 
and in which sections of this SSR they have been addressed. 
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Table 5.8.76 
Regulatory Compliance Matrix 

RG 0011 clause RG 0011 sub clause Issue 
Section 

where Covered 

Assessment of hazards 
associated with external 
natural and human-
induced events 

7.1 General approach 
for External Events 

(2) Adequately investigated with respect to all 
characteristics that could affect safety in relation to 
natural and human-induced events 

5.8.1, 5.8.5.1 

  
(3) Hazards associated with external events, which 
are to be considered in the design of the nuclear 
facility, must be determined. For an external event (or 
a combination of events), the parameters and the 
values of those parameters used to characterise the 
hazards must be chosen so that they can be used 
readily in the design of the nuclear facility. 

5.8.1, 5.8.6.1.11(a)-(c), 5.8.6.2.1, 5.8.6.2.2, 
5.8.11, 5.8.12 (Table 5.8.78, Table 5.8.78) 

(5) Prehistorical, historical and instrumental 
information and records, as applicable, on the 
occurrences and severity of those important natural 
phenomena or human-induced situations/activities 
should be collected for the region and carefully 
analysed for reliability, accuracy and completeness 

5.8.5, 5.8.6, 5.8.9, Appendix 5.8.A, Appendix 
5.8.D, Appendix 5.8.I 

(6) Appropriate methodologies should be adopted for 
establishing the hazards from important external 
phenomena 

5.8.4 & 5.8.5 

(7) Methodologies used should be the current and 
state of the art, and should be justified as being 
compatible with the characteristics of the region. 

5.8.4 & 5.8.5, Appendix 5.8.A, V & V Report 

(8) Preferential consideration should be given to 
applicable probabilistic methodologies 

Appendix 5.8.B 
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RG 0011 clause RG 0011 sub clause Issue 
Section 

where Covered 

(10) The size of the region, to which a method for 
establishing the hazards associated with major 
external phenomena is to be applied, should be large 
enough to include all features and areas that could be 
of significance in the determination of the event. 

5.8.6.1.1 (a) & (b), 5.8.6.2.1 (b) & (c), 5.8.7, 
5.8.10 

(12) If data for a particular type of natural 
phenomenon are incomplete for the region, then data 
from other regions having sufficiently similar 
characteristics should be used, with proper 
justification, in evaluation of the design basis event. 

5.8.6.1.1, 5.8.6.1.2, 5.8.6.1.3, 5.8.6.1.5 

7.2 Natural Events 
7.2.2 Meteorological 
Events 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

(1) Meteorological and climatological characteristics 
for the region around the site should be investigated 
and evaluated to ensure the safety of nuclear facility. 
Meteorological events/parameters to be considered for 
evaluation of design bases include: 

  

- Wind 5.8.6.1.1, 5.8.6.2.1(a)-(c), 5.8.6.2.2(c) 

- Precipitation 5.8.6.1.3, , 5.8.6.2.1(d), 5.8.6.2.2(a) 

- Storm surge  5.8.6.1.4, 5.8.6.1.2(d) 

- Tropical cyclone 5.8.6.2.1(b) 

- Air temperature (dry bulb and wet bulb) 5.8.6.1.2, 5.8.6.2.2(b) 

- Humidity 5.8.6.1.6 

(2) The following rare meteorological events should 
also be considered in the evaluation of site 
characteristics: 

  

- Lightning 5.8.6.2.1(f) 

- Tornado 5.8.6.2.1(c) 

- Snow 5.8.6.5.1.5 

- Waterspouts 5.8.6.2.1(c) 

- Dust and sandstorms 5.8.6.11(a) 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-240 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

RG 0011 clause RG 0011 sub clause Issue 
Section 

where Covered 

  
  
  
  

- Hail storms 5.8.6.1.5, 5.8.6.2.1(e) 

- Freezing precipitation 5.8.6.1.3 

- Frost 5.8.6.1.3 

- Cloud burst 5.8.6.2.1(d) 

- Other phenomena 5.8.6.2 

(3) Hazards associated with all relevant 
meteorological phenomena should be identified and 
evaluated to arrive at the corresponding design basis 
parameter to ensure the safety of the facilities to be 
located at the site 

5.8.10, 5.8.12 (Table 5.8.78, Table 5.8.78) 

(4) Historical data of the event at and around the site 
should be utilised for evaluation of the potential of 
occurrence, frequency and severity of the 
meteorological event. 

5.8.5, 5.8.6, Appendix 5.8.I 

(5) Historical data on persistent high winds during 
cyclones, tornadoes and storms occurring at and 
around the region should be used for static loading 
and wind induced missile generation, while data on 
short duration bursts of wind should be utilised for 
studies of dynamic loading. Historical data on 
circulating wind during tornadoes, if any, occurring at 
or around the region should also be collected. 

5.8.5, 5.8.6.2, Appendix 5.8.I 

(6) Collected data should be used to generate design 
basis wind speeds taking into account the safety goal 
defined in PP-0014 

5.8.6.2.1(c) 

(7) Site-specific design basis wind speeds should be 
based on sufficient and reliable data. 

5.8.1.1, 5.8.6.2.1(b)-(c) 

7.2 Natural Events 
7.2.3 Flooding 

4) Suitable meteorological, hydrological and 
topographical data, including data on relevant bodies 

5.8.5, 5.8.6.1, 5.8.6.2, 5.8.9, Appendix 5.8.A 
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of water, should be collected. Uncertainty and data 
adequacy, if any, should be taken into consideration 

8 Assessment of the 
potential radiological 
impacts of the nuclear 
facility 

8.3 Transport and 
Diffusion of Effluents 
Discharged into the 
Atmosphere 
8.3.1 General 
Considerations  

(1) A meteorological investigation should be carried 
out to evaluate regional and site-specific 
meteorological parameters. Data should be collected 
from appropriate elevations above ground in order to 
obtain realistic dispersion parameters. 

5.8.6.1.1, 5.8.6.1.2, 5.8.6.1.8, 5.8.6.1.9, 5.8.7 

(3) The type and extent of acquired and stored 
meteorological data should allow for reliable statistical 
analyses to determine the distribution of radiation 
exposures 

5.8.6.1.1, 5.8.6.1.2, 5.8.6.1.8, 5.8.6.1.9, 5.8.7 

(4) Contamination in the air, on the ground and in 
water over short and long periods of time should be 
described in the atmospheric dispersion models, with 
account taken of diffusion conditions in the region. 

5.8.7 

(5) Use of parameters in calculational models should 
be substantiated as to their appropriateness for use in 
estimating releases 

5.8.7 

6) The atmospheric dispersion and deposition models 
used must be documented, described in detail and 
substantiated to allow a review of their accuracy and 
validity, source configuration, suitability of input 
parameters, topography, and appropriateness for the 
site, plant and release characteristics. 

5.8.7 & 
Atmospheric Dispersion Modelling 
Verification and Validation: 
Numerical Atmospheric Dispersion Model 

8.3.2 Meteorological 
considerations 

(1) A programme for meteorological investigation 
should be designed to collect and evaluate data 
continuously and should provide data for an adequate 
time period (for at least two full years) that are 
representative of the site and should continue for the 
lifetime of the facility. In addition, the data should be 

5.8.2, 5.8.5, 5.8.5.6 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-242 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

RG 0011 clause RG 0011 sub clause Issue 
Section 

where Covered 

compared with data collected after the plant is 
constructed, but before operation, to determine 
whether changes are necessary to the design bases 
or to assumptions made in the calculation model. 

(2) In collecting meteorological data, care should be 
taken to prevent local effects from unduly altering the 
values of the parameters to be measured. It should be 
ensured that the data collected adequately represent 
local meteorological conditions 

5.8.5.4, 5.8.5.5, Appendix 5.8.A, , 
Appendix 5.8.D 

(3) In order to provide a description of the 
meteorological conditions, data on the following 
should be obtained concurrently: 

  

a) Wind vectors (i.e. wind directions and speeds); 5.8.6.1.1 

b) Specific indicators of atmospheric turbulence; 5.8.6.1.9 

c) Precipitation; 5.8.6.1.3 

d) Air temperatures; 5.8.6.1.2 

e) Humidity; and 5.8.6.1.6 

f) Air pressure 5.8.6.1.7 

8.3.3 Instrumentation 
and measurements 

(1) Meteorological equipment should be installed in 
such a way as to obtain data representing the 
dispersion conditions at release points. Examination of 
the terrain around a nuclear facility site is necessary. 
Topographical features of interest should be 
considered in the installation of equipment. 
Instruments should be capable of obtaining data 
representing the entire profile of the wind, at least up 
to the height of potential releases. 

5.8.5.5, Appendix 5.8.A 

(2) At sites where there is a potential for fogging or 
icing, due to an increase in atmospheric moisture 

5.8.6.1.2, 5.8.6.1.5 
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content caused by plant operation, instrumentation 
should be provided for measuring the dew point (or 
humidity) on the tower or mast. 

(3) Equipment should be properly exposed and should 
be positioned far enough from any obstacles to 
minimise their effects on measurements. The tower or 
mast should be sited at approximately the same 
elevation as finished plant grade and in an area where 
plant structures will have little or no influence on the 
meteorological measurements. 

5.8.5.5, Appendix 5.8.A 

(4) Meteorological instrumentation and systems 
should be shielded, maintained, serviced and 
calibrated on a regular basis in order to mitigate 
harmful environmental effects such as sun, lightning, 
ice, sandstorms and corrosive agents and to ensure 
availability and reliability of data. 

5.8.5.3, Appendix 5.8.F 

5) In assessing the accuracy of instrumentation, 
allowance should be made for errors due to cabling, 
signal conditioning, recording, solar radiation and the 
effects of fluctuations in environmental temperature. 

5.8.5.4, Appendix 5.8.D, Appendix 5.8.G 

6) Measurements should be made at more than one 
location where the wind speed or direction varies 
significantly across the region. 

5.8.5.3, Appendix 5.8.A 

7) Measurements should be made at the following 
elevations in order to obtain wind data continuously: 

5.8.5.3 

a) At an elevation of 10m in accordance with 
standards that have been established by the World 
Meteorological Organization (WMO), for purposes of 
comparing and correlating wind data from the site with 
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wind data from the synoptic network of meteorological 
stations; and 

b) At the point representing the effective height of 
discharge. 

5.8.5.3, 5.8.5.5, 5.8.7.2 
(The design of the nuclear installation has 
not yet been selected) 

(8) Measurement techniques for recording 
meteorological data should be in line with the 
standards published by the national meteorological 
services. The general tendency is to record average 
values for a given constant duration, such as 3s gusts, 
60s averages or 10min averages (the averaging time 
is a characteristic of the database). 

5.8.4, 5.8.5.6 

(9) The wind vector at different elevations and 
temperatures should be averaged at least once per 
hour, while the period of integration for other variables 
such as solar radiation levels and precipitation levels 
should be one hour. Wind direction should be 
averaged as a vector and wind speed as a scalar over 
the prescribed time period. 

5.8.5.6, 5.8.6.1 

(10) The basic reduced data should be compiled into 
monthly or seasonal and annual joint frequency 
distributions of wind speed and wind direction by 
atmospheric stability class. Similar tables of joint 
frequency distribution should be prepared for each of 
the other atmospheric stability classes. 

5.8.6.1.9 

(11) In developing site-specific diffusion models, 
sufficient information should be acquired on the space 
and time distributions of wind and temperature to be 
able to understand and determine the trajectory of 
effluents. 

5.8.6.1.1, 5.8.6.1.2, 5.8.6.1.8, 5.8.6.1.9, 5.8.7 
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(12) a) Fluctuations in wind direction (sigma theta 
method); 

5.8.6.1.9 

b) Air temperature and temperature lapse rate (delta-T 
method); 

c) Wind speed and solar radiation levels or sky cover 
during the daytime, and sky cover or net radiation 
levels at night-time (insulation method); and 

d) Wind speed at different heights. 

(13) Determination of the temperature variation for an 
atmospheric layer with height between at least two 
measurement levels should be provided. These levels 
should include the level at which the wind is 
measured. 

5.8.5, 5.8.6.1.2, 5.8.6.1.9 

(14) The frequency, duration and time of the 
measurements of temperature variation with height 
should be concomitant with the wind data. 

5.8.5.3  

(15) Precipitation and humidity should be recorded at 
least hourly. 

5.8.5.2, 5.8.5.3, 5.8.6.1.3, 5.8.6.1.6 

(16) A joint frequency distribution of wind direction and 
wind speed for each stability class (three-dimensional 
weather statistics) should be provided. 

5.8.6.1.9 

(17) The probability of occurrence of different sets of 
meteorological conditions should be determined 
during different periods of time over the duration of, for 
example: 

5.8.7 

An accident, in the first hours of the postulated 
accident, on the first day, over the first week and over 
the balance of the duration of the accident 
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10 nuclear security 
arrangements during 
siting 

10.4 Security Plan and 
Measures 

(11) Determination of the temperature variation for an 
atmospheric layer with height between at least two 
measurement levels should be provided. These levels 
should include the level at which the wind is 
measured. 

5.8.6.1.2  
(Single mast with two temperature probes at 
2 m and 8 m, and a wind speed anemometer 
at 9 m) 
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Information from the Meteorology Section is used in a number of other 
sections of this SSR. Table 5.8.77 is a summary of the links to different 
sections that requires meteorological information.  



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-248 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

Table 5.8.77 
Summary of Activities, Links and Quality Requirements 

Activity 
Links 

Quality Requirements 
Inputs Outputs 

Meteorological 
Measurement 

Desk studies, 
Additional 
measurements  

Section 5.9 
(Oceanography and 
Coastal Engineering) – 
wind speed, wind direction 
and barometric pressure  
 
Section 5.10 (Hydrology 
and Hydraulics) – rainfall 
 
Section 5.11 
(Geohydrology) - recharge 
and water balance 
calculations used in the 
groundwater modelling 
 
Chapters 6 (Evaluation of 
External Events) and 7 
(Potential Radiological 
Impact on the Public and 
the Environment) - external 
events 
 
Chapter 8 – wind speed, 
stability joint frequency 
table 

Monitoring protocol 
Calibration certificates 
Certificate of accreditation 
for selected laboratories 
 
 
 

Modelling 

Location and Plant 
perimeter envelope in 
Chapter 1 
(Introduction) 
Sea temperature 
measurements in 
Section 5.9 

Section 5.11 – deposition 
rates for input into the 
contaminant transport 
modelling 
 
Chapter 7 – air 
concentration and 
deposition rates for input 
into the health risk 
calculations 

Table showing rationale for 
selection of model code(s). 
International benchmarking, 
use and acceptability. 
Validation and verification of 
computer software codes 
used to comply with NNR 
requirements. Uncertainties 
and 
management/incorporation 
thereof. Sensitivity analysis. 
Peer Review 

5.8.10.1 Maintenance and Service 

Proper maintenance of weather station components is required to obtain 
accurate data. Thus, calibration and inspection of the instruments is done 
on a bi-annual basis to ensure that the equipment is in good operating 
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condition and measurements are made according to the prescribed 
standards. 

Routine and simple maintenance is accomplished through visual inspection 
of the weather station. The following preventative maintenance steps are in 
place to ensure a properly functioning weather station: 

• once a month: 

- checking of the solar radiation sensor for level and contamination 
and clean if necessary; 

- checking of the rain gage funnel for debris and level; 

- visual inspection of the wind sensors and radiation shield; 

- visual inspection of the anemometer at low wind speeds; 

- checking of the filter of the temperature/humidity sensors for 
contamination; 

• bi-annually: 

- calibration of meteorological sensors and their accuracy verified; 

- replacing anemometer bearings; 

- cleaning the radiation shield; 

- replacing sensor cables as required. 

In addition, general maintenance of meteorological equipment includes: 

• occasional cleaning of the glass on the solar panel; 

• checking of the sensor leads and cables for cracking, deterioration, 
proper routing and strain relief; 

• checking of the tower for structural damage, proper alignment and 
level; 

• checking of the equipment quality as part of normal operation; 

• checking and control exposure of the instruments regularly; 

• check of battery power; 

• checking of operational mode of the data logger; 

• quality control of all data recorded. 

More specific maintenance such as sensor calibration, sensor performance 
testing and sensor component replacement is done by a skilled technician. 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-250 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

The date and time of the calibration, together with the name of the person 
who performed the calibration, is recorded on the calibration certificate for 
future reference.  

The meteorological system aims to provide a minimum critical data 
availability of 80 per cent prior to operation, and 99 per cent monthly during 
operation of the nuclear installation(s). 

5.8.10.2 Data collection and storage 

Details of the meteorology and corrosion monitoring are provided in the 
monitoring programme which is detailed in Section 5.2. The monitoring 
programme for meteorological parameters are based on the requirements 
contained in Eskom’s Meteorological Requirements for Nuclear 
Installations. Standard 238-52, Cape Town (Eskom, 2022a) and ANSI/ANS-
3.11-2015, Determining Meteorological Information at Nuclear Facilities 
(American National Standard, 2015). As per the two standards, the 
measurement and storage of meteorological parameters include air 
temperature (at two heights), wind speed and wind direction, standard 
deviation of wind speed, precipitation atmospheric pressure and humidity. 
Additional meteorological parameters in the monitoring programme include 
solar radiation, lightning and visibility, as well as corrosion. 

Responsibility for management and custodianship of documents and data 
lies with the Eskom Nuclear Sites Project Manager (refer to Chapter 10).  

5.8.11 Potential Impact on the Nuclear Installation Design and Operation 

External meteorological events could pose hazards that affect very specific 
nuclear installation systems and are not usually considered in the structural 
integrity evaluation of the buildings, for example low pressures during 
extreme wind conditions could affect roof structures, or overpressures that 
would be obtained from a tornado. Therefore, the following needs to be 
considered (International Atomic Energy Agency, 2021) in the hazard 
evaluation and also in the nuclear installation design: 

• the impact of wind and lightning on the availability of off-site power; 

• the impact of temperature, moisture and lightning on the functionality 
of safety related equipment, and particularly the instrumentation and 
control equipment; 

• the corrosion potential on the structural integrity of buildings.  

Experience has shown (International Atomic Energy Agency, 2021) that the 
damage caused by lightning could be extensive. It has mainly affected 
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electrical equipment in recorded events, but very often has developed into 
transformer explosions, serious fire accidents and spurious signals to valves 
with consequent flooding and loss of off-site power. Special protection from 
lightning should be designed and implemented, with periodic assessment of 
a proper earthing system and regular inspections of the insulation of 
exposed equipment. In general, a comprehensive Faraday cage should be 
put in place by means of narrow mesh thin steel reinforcing in the outer skin 
of the building walls. Special care should be taken in the protection of 
conductors at short distances from each other and/or protruding from the 
cage protected volume. 

Although it was shown that snow is unlikely to occur, if present on the site, 
it could induce damage to and unavailability of the power supply or the 
electrical grid. It could also affect ventilation intakes and discharges, 
structural loading, access by the operator to external safety related facilities 
and mobility of emergency vehicles.  

Consideration should be also given to extreme low temperature that: 

• may adversely affect instrumentation and control systems, which 
may generate spurious signals; 

• created moisture condensation in closed rooms, with consequent 
dropping of water onto electrical equipment causing short circuits and 
malfunctions;  

• may prevent the air ventilation system from working properly;  

• may hinder proper operation of diesel generators where the fuel 
shows separation of paraffin56;  

• may damage the external power supply system and limit the 
availability of service water. 

5.8.12 Conclusions 

The site-specific parameters applicable to the Thyspunt site are given in 
Table 5.8.78 and Table 5.8.79. The chosen values for the rainfall, wind 
speed and atmospheric stabilities were based on the time covered by the 
database at the Thyspunt WS and the Cape St. Francis WS. The prediction 
of extreme analyses (return periods) was based on the Cape St. Francis 

 
56 Since diesel fuel is a complex mixture of hydrocarbons, as it cools down in cold weather, it does not freeze at a 
single temperature. Instead, it turns cloudy as minute wax crystal plates and needles begin to form and eventually 
thickens like soft jelly. The exact gelling temperature (“wax appearance point” or WAP) can vary depending on the 
specific composition, the amount of paraffin and additives in the diesel fuel. If cooled further below the WAP, it 
becomes difficult to pump through the fuel system. In extremely low temperatures it could finally solidify. 
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WS measurements due to the longer length of the observation record for 
predicting extreme values. 
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Table 5.8.78 
Site Specific Parameters Part 1 

Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

Annual Average Wind Speed (m/s) at Thyspunt WS 

(on page 5.8-56) 
5.4 ± 0.01 4.9 -0.5+1.5 5.4 -1.0+1.0 

Annual Average Wind Speed (m/s) at Cape St Francis WS 

(on page 5.8-53) 
6.0± 0.01 5.5 -0.5+1.5 6.0 -1.0+1.0 

Hourly Maximum Wind 

Speed (1) [m/s] 

(Thyspunt WS 8 m above 

site ground level) 

Return Periods Wind 

Speed [m/s] (2) 

(Cape St Francis WS 

10 m above site ground 

level) 

(on page 5.8-165) 

Extreme Observed & Projected 

Thyspunt WS (on page 5.8-56) 
19.6 ± 0.0 19.1 -0.5+1.5 19.6 -1.0+1.0 

Extreme Observed & Projected Cape 

St Francis WS (on page 5.8-53) 
23.2 ± 0.0 22.7 -0.5+1.5 23.2 -1.0+1.0 

10 Year Return  22.0 ± 1.2 21.4 ± 1.2 22.0 ± 1.2 

100 Year Return  24.7 ± 2.1 24.0 ± 2.1 24.7 ± 2.1 

1 000 Year Return  27.3 ± 3.1 26.6 ± 3.1 27.3 ± 3.1 

10 000 Year Return  29.9 ± 4.1 29.2 ± 4.1 29.9 ± 4.1 

100 000 Year Return  32.6 ± 5.1 31.7 ± 5.1 32.6 ± 5.1 

1 000 000 Year Return  35.2 ± 6.1 34.3 ± 6.1 35.2 ± 6.1 

10 000 000 Year Return  37.9 ± 7.0 36.9 ± 7.0 37.9 ± 7.0 

100 000 000 Year Return  40.5 ± 8.0 39.5 ± 8.0 40.5 ± 8.0 

Wind peaks (gusts) (3) 

[m/s] 

(Thyspunt WS 8 m above 

site ground level) 

Extreme Observed & Projected 

Thyspunt WS (on page 5.8-65) 
32.2 ± 0.0 31.7 -0.5+1.5 32.2 -1.0+1.0 

Extreme Observed & Projected Cape 

St Francis (on page 5.8-66) 
45.8± 0.0 45.3 -0.5+1.5 45.8 -1.0+1.0 

10 Year Return  38.1 ± 3.5 37.6 ± 3.5 38.1 ± 3.5 
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Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

Return Period Gusts 

[m/s] (2) 

(Cape St Francis WS 10 

m above site ground 

level) 

(on page 5.8-166) 

100 Year Return  44.3 ± 6.2 43.7 ± 6.2 44.3 ± 6.2 

1 000 Year Return  50.2 ± 8.8 49.6 ± 8.8 50.2 ± 8.8 

10 000 Year Return  56.2 ± 11.4 55.5 ± 11.4 56.2 ± 11.4 

100 000 Year Return  62.2 ± 14.1 61.4 ± 14.1 62.2 ± 14.1 

1 000 000 Year Return  68.2 ± 16.7 67.3 ± 16.7 68.2 ± 16.7 

10 000 000 Year Return  74.2 ± 19.3 73.2 ± 19.3 74.2 ± 19.3 

100 000 000 Year Return  80.2 ± 22.0 79.1 ± 22.0 80.2 ± 22.0 

Ambient temperature 

[°C] 

(Thyspunt WS 2 m above 

site ground level) 

Return Periods Dry 

Bulb Temperature [m/s] 
(4) 

(Cape St Francis WS 

10 m above site ground 

level) 

(on page 5.8-165) 

Average daily maximum dry bulb 

temperature (on page 5.8-73) 
20.8 ± 0.1 22.5 0.0+0.0 24.1 -0.04+0.2 

- coincident wet bulb temperature (5) 18.2 ± 0.2 19.4 1.0+1.8 20.1 1.0+2.3 

Average daily maximum wet bulb 

temperature (5) (on page 5.8-73) 
16.7 ± 0.1 17.3 0.0+0.5 17.9 0.0+0.9 

Extreme Observed Thyspunt WS (on 

page 5.8-74) & Projected dry-bulb 

maximum 

38.2 ± 0.0 39.7 -0.5+0.5 41.7 -1.5+0.5 

Extreme Observed Cape St Francis 

WS (on page 5.8-74) & Projected 

dry-bulb maximum  

38.5 ± 0.0 40.0 -0.5+0.5 42.0 -1.5+0.5 

10 Year Return  37.0 ± 1.8 42.8 ± 2.9 45.6 ± 3.1 

100 Year Return  42.4 ± 3.1 48.1 ± 4.3 50.9 ± 4.5 

1 000 Year Return  47.7 ± 4.5 53.4 ± 5.7 56.2 ± 5.9 

10 000 Year Return  53.0 ± 5.9 58.7 ± 7.2 61.5 ± 7.4 

100 000 Year Return  58.3 ± 7.4 64.0 ± 8.7 66.9 ± 8.9 

1 000 000 Year Return  63.7 ± 8.9 69.3 ± 10.2 72.2 ± 10.4 
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Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

10 000 000 Year Return  69.0 ± 10.4 74.6 ± 11.6 77.5 ± 11.9 

100 000 000 Year Return  74.3 ± 11.9 80.0 ± 13.1 82.8 ± 13.4 

Maximum temperature of 3-hour 

duration (6) (on page 5.8-84) 

37.0 

Corresponding 

Wet Bulb 

Temperature 19.7 

± 1.8 

38.7 0.0+0.0 40.3 -0.04+0.2 

Maximum temperature of 6-hour 

duration (6) (on page 5.8-84) 

33.1 

Corresponding 

Wet Bulb 

Temperature 18.8 

± 0.9 

34.8 0.0+0.0 36.4 -0.04+0.2 

Maximum temperature of 7-day 

duration (6) (on page 5.8-84) 

19.3 

Corresponding 

Wet Bulb 

Temperature 16.8 

± 0.1 

21.0 0.0+0.0 22.6 -0.04+0.2 

Average daily minimum dry bulb 

temperature (on page 5.8-73) 
14.4 ± 0.1 16.1 0.0+0.0 17.7 -0.04+0.2 

- coincident wet bulb temperature (5) 11.8 ± 0.1 12.2 -0.1+0.2 12.6 -0.3+0.4 

Average daily minimum wet bulb 

temperature (5) (on page 5.8-75) 
12.6 ± 0.1 13.0 0.0+0.3 13.5 0.0+0.6 

Extreme Observed Thyspunt WS (on 

page 5.8-74) & Projected dry-bulb 

minimum 

6.7 9.2 -1.5+0.5 9.2 -0.5+1.5 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-256 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

Extreme Observed Cape St Francis 

(on page 5.8-74) & Projected dry-

bulb minimum 

4.9 7.4 -1.5+0.5 7.4 -0.5+1.5 

10 Year Return  5.0 ± 0.7 6.0 ± 1.1 5.7 ± 1.2 

100 Year Return  3.2 ± 1.2 1.6 ± 1.6 3.8 ± 1.7 

1 000 Year Return  1.3 ± 1.7 -0.2 ± 2.1 2.0 ± 2.2 

10 000 Year Return  -0.5 ± 2.2 -2.0 ± 2.6 0.2 ± 2.7 

100 000 Year Return  -2.3 ± 2.7 -3.8 ± 3.1 -1.6 ± 3.2 

1 000 000 Year Return  -4.1 ± 3.2 -5.6 ± 3.6 -3.4 ± 3.7 

10 000 000 Year Return  -5.9 ± 3.7 -7.5 ± 4.1 -5.2 ± 4.2 

100 000 000 Year Return  -7.7 ± 4.2 -9.3 ± 4.7 -7.0 ± 4.7 

Minimum temperature of 3-hour 

duration (6) (on page 5.8-84) 

7.2 

Corresponding 
Wet Bulb 

Temperature 5.4 ± 
0.3 

8.9 0.0+0.0 10.5 -0.04+0.2 

Minimum temperature of 6-hour 

duration (6) (on page 5.8-84) 

7.7 

Corresponding 
Wet Bulb 

Temperature 6.0 ± 
0.2 

9.4 0.0+0.0 11.0 -0.04+0.2 

Minimum temperature of 7-day 

duration (6) (on page 5.8-84) 

15.5 

Corresponding 
Wet Bulb 

Temperature 13.3 
± 0.1 

17.2 0.0+0.0 18.8 -0.04+0.2 
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Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

Rainfall [mm] 

(0.7 m above site ground 

level) 

 

Average Annual Total Thyspunt WS 

(on page 5.8-88)  
774.4 777.5 -22.73+18.76 762.5 -32.33+6.4 

Average Annual Total Cape St 

Francis WS (on page 5.8-88)  
619.5 622.6 -22.73+18.76 607.6 -32.33+6.4 

Extreme Annual Total 972.0 975.1 +18.76 -22.73 960.1 -32.33 +6.4 

Annual Re-occurrences (on page 5.8-

150): 
 

10 Year Return  858.7 ± 84.8 861.8 ± 84.8 846.8 ± 84.8 

100 Year Return  1187.9 ± 147.1 1191.0 ± 147.1 1176.0 ± 147.1 

1 000 Year Return  1511.2 ± 212.2 1514.2 ± 212.2 1499.2 ± 212.2 

10 000 Year Return  1833.8 ± 278.4 1836.9 ± 278.4 1821.9 ± 278.4 

100 000 Year Return  2156.4 ± 345.0 2159.5 ± 345.0 2144.5 ± 345.0 

1 000 000 Year Return  2479.0 ± 412.0 2482.1 ± 412.0 2467.0 ± 412.0 

10 000 000 Year Return  2801.6 ± 479.0 2804.7 ± 479.0 2789.6 ± 479.0 

100 000 000 Year Return  3124.2 ± 546.2 3127.2 ± 546.2 3112.2 ± 546.2 

Extreme 24-hour Storm Thyspunt WS 

(on page 5.8-88) 
113.5 124.9 -0.0+11.4 Assume same as Near-Horizon 

Extreme 24-hour Storm Cape St 

Francis WS  
157.8 173.8 -0.0+15.8 Assume same as Near-Horizon 

24-Hour Re-occurrences (on page 

5.8-150): 
 

10 Year Return  99.0 ± 20.8 108.9 ± 20.8 99.0 ± 20.8 

100 Year Return  151.4 ± 38.8 166.6 ± 38.8 151.4 ± 38.8 

1 000 Year Return  202.9 ± 56.8 223.2 ± 56.8 202.9 ± 56.8 
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Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

10 000 Year Return  254.3 ± 74.9 279.7 ± 74.9 254.3 ± 74.9 

100 000 Year Return  305.6 ± 93.0 336.2 ± 93.0 305.6 ± 93.0 

1 000 000 Year Return  357.0 ± 111.1 392.7 ± 111.1 357.0 ± 111.1 

10 000 000 Year Return  408.4 ± 129.2 449.2 ± 129.2 408.4 ± 129.2 

100 000 000 Year Return  459.7 ± 147.3 505.7 ± 147.3 459.7 ± 147.3 

Extreme 1-hour Storm 51.9  57.1 0.0+5.2 Assume same as Near-Horizon 

Mean Sea Level 

Atmospheric pressure 

[hPa] 

Daily Minimum (on page 5.8-100) 999.1 ± 0.2 Not available (7) Not available (7) 

Daily Maximum (on page 5.8-100) 1037.4 ± 0.2 Not available (7) Not available (7) 

Extreme Lower (Hourly) (on page 

5.8-100) 
994.1 ± 0.2 

Not available (7) Not available (7) 

Average Annual (on page 5.8-100) 1016.3 ± 0.2 Not available (7) Not available (7) 

Extreme Upper (Hourly) (on page 

5.8-100) 
1040.6 ± 0.2 

Not available (7) Not available (7) 

Notes: 

(1) Thyspunt WS included 7 years of measurements. The maximum wind speeds were on average 20% lower at the Thyspunt WS than the observations at 
the Cape St Francis WS (highest wind speed 23.2 m/s) 

(2) Extreme analyses were completed using the measurements from the Cape St Francis WS since the database included 19 years of data compared to the 
7 years of measurements at the Thyspunt WS. These extremes are biased by the 20% on average higher wind speed observations than at the Thyspunt 
WS and are likely conservative projections. 

(3) Thyspunt WS included 7 years of measurements. The maximum wind speeds were on average 20% lower at the Thyspunt WS than the observations at 
the Cape St Francis WS (highest gust of 45.8 m/s) 

(4) Extreme analyses were completed using the measurements from the Cape St Francis WS since the database included 19 years of data compared to the 
7 years of measurements at the Thyspunt WS. The maximum dry bulb temperature extremes are slightly different, i.e. 38.2 °C at Thyspunt WS compared 
to 38.5°C at the Cape St Francis WS. The minimum dry bulb temperature extremes are more significantly different, i.e. 6.7 °C at Thyspunt WS compared 
to 4.9 °C at the Cape St Francis WS. The lower temperatures at the Cape St Francis WS therefore provides a more conservative estimate of the minimum 
temperature return periods. 
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Meteorological Parameter Baseline 
Climate Change Projections 

Near-Horizon (2050) Far Horizon (2100) 

(5) Wet-bulb temperature projections are not part of the primary meteorological variables provided by the climate change model used in the analyses. The 
projections provided in the table are based on using the daily minimum, average and maximum temperature projected increases and assuming ±25% 
variation in the corresponding moisture content. 

(6) Temperatures of 3-hour, 6- hour and 7-day durations assumed projected temperature increases as per the climate change model. 
(7) Global climate projections from the ARP5 indicate relatively small changes in the projected mean sea-level atmospheric pressure over South Africa (max 

seasonal increase of 0.5 hPa in summer and reduction of 0.5 hPa in winter for the far horizon). 
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Table 5.8.79 
Site Specific Parameters Part 2 

Meteorological Parameter Value 

Tornadoes 

Tornado Probability 

(EF - Enhanced 

Fujita Scale) 

Based on 116-year 

database 1905 -

2020 

(on page 5.8-144) 

All(2) 6.8 x 10-6 per year per km² 

EF0 1.3 x 10-6 per year per km² 

EF1 2.1 x 10-6 per year per km² 

EF2 6.6 x 10-7 per year per km² 

EF3 <1.0 x 10-8 per year per km² 

EF4 <1.0 x 10-8 per year per km² 

EF5 <1.0 x 10-9 per year per km² 

Based on 25-year 

database 1996 -

2020 (1) 

(on page 5.8-144) 

All(2) 3.2 x 10-6 per year per km² 

EF0 4.0 x 10-5 per year per km² 

EF1 2.3 x 10-6 per year per km² 

EF2 (3) 6.6 x 10-7 per year per km² 

EF3(3) <1.0 x 10-8 per year per km² 

EF4(3) <1.0 x 10-8 per year per km² 

EF5(3) <1.0 x 10-9 per year per km² 

10-7 per year wind speed: 

- maximum wind speed (on page 5.8-144) 

- maximum translational (on page 5.8-146) 

- maximum rotational (on page 5.8-146) 

 

75.0 m/s 

15.0 m/s 

60.0 m/s 

 
Lower 

Quartile 

Upper 
Quartile 

Median Average 

Path Width [m] (on page 5.8-145):     

EF0 tornado (40% to 64% probability) 22.9 68.6 45.7 54.9 

EF1 tornado (36% to 48% probability) 68.6 182.9 91.4 163.8 

EF2 tornado (0% to 4% probability) 137.2 402.3 228.6 344.1 

EF3 tornado (0% to 4% probability) 339.5 1005.8 548.6 736.3 

Path Length [km] (on page 5.8-145):     

EF0 tornado (40% to 64% probability) 0.29 2.7 0.8 2.27 

EF1 tornado (36% to 48% probability) 1.77 9.33 4.4 7.1 

EF2 tornado (0% to 4% probability) 4.53 19.25 10 14.3 

EF3 tornado (0% to 4% probability) 12.38 36.34 23 29.1 

Pressure drop for 10-7 per year wind speed 

(on page 5.8-146) 
40 hPa 
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Meteorological Parameter Value 

Maximum rate of pressure drop for 10-7 per 

year wind speed (on page 5.8-146) 
13 hPa/s 

Atmospheric 

Turbulence 

(Sigma-Theta 

Method) 

(on page 5.8-107) 

Convective (A) 3.33% 

Unstable (B) 1.84% 

Moderately Unstable (C) 4.88% 

Neutral (D) 40.89% 

Moderately Stable (E) 46.14% 

Stable (F) 2.92% 

Very Stable (G) 0.01% 

Prolonged 

Inversions  

(on page 5.8-104) 

Likelihood 

Annual 30% 

Summer 19% 

Winter 44% 

Snowfall (3) 

(on page 5.8-98) 

Average 0.0 mm/h 

Maximum load 0.0 N/m³ 

Lightning 

(on page 5.8-148) 

Flashes/year/km² 1.0 flash/year/km² (range 0.02 to 1.0) 

Average strokes per flash 5 

Maximum strokes per flash 16 

Average peak current 25 kA 

Highest peak current 166 kA 

Thunder 

(on page 5.8-98) 
Average number of days with thunder 7.2 days/year 

Hail 

(on page 5.8-98) 
Average number of days with hail 0.8 days/year 

Frost 

(on page 5.8-98) 
Average number of days with frost 0 days/year 

Fog 

(on page 5.8-98) 
Average number of days with fog 

25.4 days/year (Thyspunt WS) 

24.3 days/year (Cape St Francis WS) 

Relative humidity 

(on page 5.8-98) 

Summer (relative humidity at 37 ºC, dry 

bulb) 

17.6% (Thyspunt WS) 

14.7% (Cape St. Francis WS) 

Winter (relative humidity at -25 ºC, dry 

bulb) 

78.8% at 6.6 °C (Thyspunt WS) 

81.0% at 4.9 °C (Cape St. Francis WS) 

Assume 100% at -25ºC 

Solar Radiation 
Lowest daily total (on page 5.8-102) 8.4 MJ/m2.day (June) 

Highest daily total (on page 5.8-102) 26.3 MJ/m2.day (January) 

Monthly Total Minimum 84.8 mm (June) 
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Meteorological Parameter Value 

Penman-Monteith 

Evapotranspiration 

(on page 5.8-118) 

Monthly Total Minimum 146.1 mm (January) 

Corrosivity 

(on page 5.8-130) 

Rate in 1st year 

Carbon steel 68.0 (50.6-81.6) µm/year 

Zinc 2.8 (2.2-3.4) µm/year 

Copper 1.8 (1.5;1.9)  µm/year 

Aluminium 1.0 (0.7;1.2)  µm/year 

Average rate over 20 years 

Carbon steel 8.8 to 11.1 µm/year 

Zinc 1.3 to 1.6 µm/year 

Copper 0.4 to 0.5 µm/year 

Aluminium 0.3 to 0.4 µm/year 

Notes: 

(1) Tornado activity has increased since 1987 within an 80 km radius from the site. Whilst climate change 

may have contributed to increases in tornado frequencies, it may also simply be that the reporting of 

tornadoes has increased due to population spread as well as the associated damage to property. 

(2) The “All” tornado entry combines all frequencies from EF0 to EF4 in the table. 

(3) No tornadoes of strength higher than EF2 were observed during the last 34 years of reporting and 

therefore assumed the same values as for the long-term analysis. 

(4) This reflects current observation; however extreme minimum temperatures (excluding climate change 

projections) indicate temperatures well below freeze point for water and may result in the occurrence of 

snow at the site. 
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Appendix 5.8.A: Thyspunt Weather Station Location 

As stated in Subsection 5.8.2, the purpose of Section 5.8 of the SSR is 
to: 

1. provide baseline information for site evaluation and this SSR 

that will be updated over the life cycle of the nuclear 

installation(s); 

2. confirm the suitability of the site through the identification of 

external meteorological events and potential hazards for the 

nuclear installation(s); 

3. develop the atmospheric structure (including wind and 

turbulent fields) to enable atmospheric dispersion predictions 

necessary for the assessment of potential radiological impact 

to the public and the environment and the evaluation of the 

feasibility of the emergency planning;  

4. define the local air quality with specific reference to corrosion 

potential. 

The purpose has therefore identified the requirements to both (a) 
determine the local impact that the weather may have on the nuclear 
installation(s) (points 1, 2 and 4 above) and (b) establish the wind and 
turbulent fields over a local to regional scale for the purposes of 
predicting the dispersion of air emissions from the nuclear installation(s) 
(point 3). For first requirement the aim is therefore to measure the 
meteorological parameters at a location as close as possible to the 
proposed installation, whereas the latter requirement needs the 
measurement of the meteorology (especially wind flow parameters 
speed, direction, and fluctuation) at both a local and regional scales. The 
requirement of local measurements with the latter is primarily to assist in 
establishing the initial dispersion conditions that would be experienced 
by a release from the nuclear installation(s). The design of the nuclear 
installation has not yet been selected and in the absence of a selected 
plant design, Eskom has given priority to completing this SSR for the site 
using a plant parameter envelope (Eskom, 2022b). Although the heights 
of release points have not been established, typical release heights may 
vary from 0 m to about 100 m above ground level (agl). 

Valley Flow and Land/Sea Breeze Interactions 

The differential heating of slopes can potentially give rise to anabatic 
(up-valley) flow during the day and katabatic (down-valley) flow during 
the night. In order to compensate for the valley flow, a return current 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-274 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

develops above the near-surface flows known as the ‘anti-wind’ 
(Figure 5.8.A.1). A third distinct layer then completing the valley 
circulation is the gradient wind just above the anti-wind (Stull, 1997). 
Such winds can potentially develop into a down-valley wind during the 
night since cold descending air accumulates within the valley with the 
upper slopes remaining warmer. This results in a layer of warm air above 
cooler air which in turn creates a valley inversion. The warmer air 
migrates upslope until the colder air completely covers the valley. 

 

Figure 5.8.A.1 
Differential Heating of Slopes (Stull, 1997) 

Thus, the valley inversion occurs from the ground upwards, replacing the 
turbulent mixing layer and resulting in low level stability (Stull, 1997) 
(Figure 5.8.A.2). Therefore, with reference to Figure 5.8.A.3, these 
conditions may occur as winds flowing down the slopes and following 
the valley floor towards the coastline, i.e. north-westerly wind flows. 

Similarly, during day-time conditions, surface heating of the valley due 
to incoming solar radiation results in low-level mixing and anabatic flow 
up the valley sides. The subsiding air in turn heats adiabatically as the 
valley inversion subsides until a well-mixed atmosphere fills the valley 
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(Stull, 1997). This may potentially also result in winds flowing up the 
slopes and valley floor, i.e. south-easterly wind flows. 

 

Figure 5.8.A.2 
Idealised Evolution of the Cross-Valley Circulations during a 

Diurnal Cycle (Stull, 1997) 

Two profiles were selected at the site (Figure 5.8.A.3) for illustration. 
Topographical Profile 1 and Profile 2 are provided in Figure 5.8.A.4 and 
Figure 5.8.A.5, respectively. The meteorological station at the site is 
located at position ‘A’ in Profile 2. These profiles were selected to 
illustrate the significance of the valley depths. Both profiles run 
approximately perpendicular to the valley directions (from west-
northwest to east-southeast). 

Due to the position of the meteorological station, the meso-scale (large-
scale) flow field will not be influenced by mountain and valley flows as 
the monitor is not located within the valley. However, based on the wind 
roses, some of the anabatic and katabatic flows were observed (see 
Figures 5.8.3 to 5.8.6). The frequency of northerly and north-westerly 
winds (katabatic flow) increases during the night-time, whereas the 
southerly and south-easterly winds (anabatic flow) increase during the 
daytime. The latter may also be influenced by the land-sea breeze flow 
patterns. 
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Figure 5.8.A.3 
Topographical Profiles Selected Within the Thyspunt Study Area 

 

 

Figure 5.8.A.4 
Topographical Profiles 1 (see Figure 5.8.A.3) 
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Figure 5.8.A.5 
Topographical Profiles 2 (see Figure 5.8.A.3) 

Impact of Dunes on Wind Field Measurements 

Wind speed increases with height above ground level, and this increase 
typically follows a logarithmic profile in the lowest layer (surface layer, 
SL) of the atmospheric boundary layer (ABL). The shape of the profile 
varies according to the local atmospheric stability conditions. So, for 
instance, under unstable conditions (typically low winds, calm daytime 
conditions), the wind profile corresponds to plug flow thereby observing 
a sharp rise in the wind speed at low heights, followed by a fairly constant 
wind speed with increasing heights.  Under stable conditions (typically 
low winds, calm nighttime conditions), the wind speed increases more 
gradually with height.  Air temperature profiles are similarly logarithmic 
in the SL.  

For the purposes of determining wind loads at different building/structure 
heights and dispersion of atmospheric releases, direct measurement of 
meteorological parameters would be ideal. Such measurements can be 
done using a tall mast with an array of instruments located at increasing 
heights on the mast, or with sounding devices such as Doppler acoustic 
sounders (DAS) or atmospheric lidar instruments. 

Figure 5.8.A.6 and Figure 5.8.A.7 illustrate the elevation profile through 
the location of the weather station at Thyspunt. The weather station base 
is located at an elevation of 51 m amsl, approximately 760 m from the 
shoreline. The topography from the east to the west is characterised by 
a gradual rise which reaches a peak of about 70 m amsl at a horizontal 
distance of about 900 m west of the weather station. Similarly, the 
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topography from south to north is characterised by a rise in the elevation 
inland from the beach. The elevation reaches about 100 m at a horizontal 
distance of about 2 km from the shoreline. Whilst there is a gradual rise 
in elevation from the shoreline to the location of the weather station, the 
increase in elevation further north only starts at about 700 m from the 
weather station. The horizontal distance from the weather station to a 
level half the height below the crest (25.5 m) is estimated to be about 
300 m south and 1130 m east. This corresponds to a slope of 8.5 per 
cent south to north, and 3.1 per cent east to west, respectively. Normally, 
a slope of less than 10 per cent (ASCE/SEI_7-10, 2013) or more 
conservatively, 5 per cent (AS/NZ, 2021) would not be regarded 
significant enough to consider for correction of the wind speed. 

 

 
Figure 5.8.A.6 

West to East Elevation Profile Through Location of the 
Thyspunt WS 
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Figure 5.8.A.7 

North to South Elevation Profile Through Location of the 
Thyspunt WS 

Surface wind measurements without exposure problems hardly exist. 
The requirement of open, level terrain is difficult to meet, and most wind 
stations over land are perturbed by topographic effects or surface cover, 
or by both (WMO, 1987; Wieranga, 1996). As indicated above, there is 
potential for the wind flow characteristics to be modified by the presence 
of differences in elevation at the Thyspunt site. 

The World Meteorological Organization (WMO, 2018) provides guidance 
on various wind speed corrections that can be used to estimate local 
exposure, including flow distortion (accounts for flow distortion by nearby 
big objects), non-standard measurement height (accounted for by 
assuming a logarithmic profile), changes in surface roughness in the 
study domain and topographic corrections. Topographic correction 
accounts for terrain height effects around the wind station. The 
topography correction term (CT) is the ratio of the regionally averaged 
wind speed (averaged over ridges and valleys typically at 10 m above 
local terrain) and the wind speed measured at the wind station.  
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In the example of an isolated hill with a station at the top of the hill, CT 
should be less than 1 to correct for the speed-up induced by the hill, to 
make the result representative of the area rather than of the hilltop only. 
CT equals 1 for flat terrain. The (WMO, 2018) further states that for 
isolated hills and ridges, estimates of CT can be made with the help of 
simple guidelines.  Correction of wind readings for local exposure can be 
performed only with measurements of reasonable quality at locations 
that are not too rough (surface roughness lengths, z0 ≤ 0.5 m) and 
reasonably level.  No attempt should be made to correct measurements 
that have hardly any relation to a regional average.  For example, a wind 
station in a deep valley, where the flow is dominated by katabatic effects, 
may be important for local forecasts, but cannot be used as a regionally 
representative wind. In the current application both local and regional 
requirements exist. 

One such guideline is the Australian/New Zeeland Standard for 
Structural Design Actions Part 2: Wind Actions (AS/NZ, 2021). The 
standard calculates a hill shape multiplier (Mh) which is equivalent to the 
topography correction term (CT) discussed in the WMO (WMO, 2018) 
document. According to the standard, Mh shall be taken as 1.0 except 
that for the particular cardinal wind direction in the local topographic 
zones shown in Figure 5.8.A.8 the value shall be as follows: 
 

(a)  for H/(2Lu) < 0.05 

𝑀ℎ = 0 
 

(b)  for 0.05≤ H/(2Lu) <0.45 

𝑀ℎ = 1 + (
𝐻

3.5(𝑧 + 𝐿1)
) (1 −

|𝑥|

𝐿2
) 

where  

H = height of the hill, ridge or escarpment 
Lu = horizontal distance upwind from the crest of the hill, ridge 

or escarpment to a level half the height below the crest 
x = horizontal distance upwind or downwind of the structure 

to the crest of the hill, ridge or escarpment 
L1 = length scale, in metres, to determine the vertical variation 

of Mh, to be taken as the greater of 0.36 Lu or 0.4 H 
L2 = length scale, in metres, to determine the horizontal 

variation of Mh, to be taken as 4 L1 upwind for all types, 
and downwind for hills and ridges, or 10 L1 downwind for 
escarpments 

z = reference height on the structure above the average local 
ground level 
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In the current application, the parameters for the two directions (north-
south and east-west) are summarised in Table 1. When applying the 
equations above for Mh, the multiplier varies from 1.0 (900 m to 600 m 
upwind) to a maximum of 1.07 at the current weather station location and 
at 10 m agl. In other words, the wind speed measurement observed at 
the current weather station location is expected to be 7 per cent higher 
than the conditions at the shoreline. In comparison to the conditions at 
an elevation of 25 m, which is about 300 m south of the current location, 
the wind speed difference is calculated to be 5 per cent. Since the slope 
along the east-west axis is less than 0.045, the standard states that the 
multiplier is 1.0, i.e. no significant variation in the wind speed. Similarly, 
the wind speeds at 50 m agl may differ by a maximum of 1 per cent. 

 

Table 5.8.A.1 
Hill Shape Multiplier Parameters (AS/NZ, 2021) 

Parameter North-South Direction (Type B Hill) East-West Direction (Type A Hill) 

H 51 m 70 m 

Lu 300 m 1130 m 

H/2Lu 0.085 i.e. equation (b) applies 0.031 i.e. equation (a) applies 

x -900 m to 900 m -900 m to 900 m 

L1 108 m 406.8 m 

L2 432 m upwind 1080 m downwind 1627.2 m upwind 1080 m downwind 

z 10 m 10 m 

 
Ngo and Letchford (Ngo & Letchford, 2007) compared USA, 
Australian/New Zealand, European and Japanese wind standards and 
reported that the treatment of topographic effects in the AS/NZS 1170.2 
standards was on the whole conservative. For the purpose of wind 
hazard estimation, it is beneficial to remove the conservatism associated 
with the topographical multiplier derived from AS/NZS 1170.2 (AS/NZ, 
2021). Recommendations by Geoscience Australia (Yang, et al., 2014) 
suggested that modifications could be made to the topographic multiplier 
(Mh) as follows: 

• for essentially flat terrain (flatter than 1 in 20 or outside the local 
topographic zone), no adjustment to Mh is made; 

• for topographic features such as shallow hills and escarpments 
where Mh < 1.4 a 5 per cent reduction in the multiplier is adopted; 

• for topographic features such as steep hills and escarpments 
where Mh ≥ 1.4 a 10 per cent reduction in the multiplier is 
adopted. 
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Figure 5.8.A.8 

Hills and Ridges for the Calculation of the AS/NZ 1170.2 (AS/NZ, 
2021) Standard Hill Shape Multiplier 

According to this, the multiplier should be lower by 5 per cent. However, 
it should also be noted that these correction schemes are limited to the 
case of a neutrally stable atmosphere. It has been observed that 
unstable and stable conditions could result in decreased and increased 
speedups over hills, respectively. With stable conditions this could be up 
to a factor of about 2 (Coppin, et al., 1994; Lubitz & White, 2007). So, 
the range of over-estimating the wind speed at a location at a lower 
elevation towards the shoreline is estimated to be between slightly less 
than 5 per cent to 10 per cent. 

Wind field simulations were performed using the WindNinja software 
package to illustrate and support the preceding discussion. WindNinja is 
a mass-conserving diagnostic wind model developed and maintained by 
the USFS Missoula Fire Sciences Laboratory (Forthofer, et al., 2014).  
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WindNinja uses a variational calculus technique to minimise the change 
in an initial wind field while conserving mass locally (within each cell) and 
globally over the computational domain. The numerical solution is 
obtained using finite element method (FEM) techniques on a terrain-
following mesh consisting of layers of hexahedral cells that grow 
vertically with height. WindNinja also includes a diurnal slope flow 
parameterization. The WindNinja computational domain was 
constructed from 30 m resolution Shuttle Radar Topography Mission 
(SRTM) data. Vertical wind speeds were fitted to a logarithmic profile 
based on the micrometeorological model. 

The AS/NZS 1170.2 (AS/NZ, 2021) standard suggested that winds from 
the east and west may result in insignificant speedups as the wind flows 
along the dune. To test this, the six Pasquill-Gifford atmospheric stability 
classes A (very unstable) to F (very stable) were selected for the wind 
field simulations using the WindNinja package. The results are shown in 
Figure 5.8.A.9 to Figure 5.8.A.14. Apart from stable atmospheric 
conditions (E and F), no significant difference in the wind speed is 
observed in the modelling domain. With stable conditions, some 
reduction in wind speeds is noticed at the weather station location and 
lower towards the seashore compared to the upwind conditions; 
however, the observations and lower elevation speeds are similar.  
Identical results were obtained with easterly winds, as shown in 
Figure 5.8.A.15 to Figure 5.8.A.20. 
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Figure 5.8.A.9 

Wind Field Constructed at Thyspunt for a Westerly Wind with Very Unstable Atmospheric Conditions 
(A stability) 
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Figure 5.8.A.10 

Wind Field Constructed at Thyspunt for a Westerly Wind with Moderately Unstable Atmospheric 
Conditions (B stability) 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-286 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

 
Figure 5.8.A.11 

Wind Field Constructed at Thyspunt for a Westerly Wind with Slightly Unstable Atmospheric Conditions 
(C stability) 
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Figure 5.8.A.12 

Wind Field Constructed at Thyspunt for a Westerly Wind with Neutral Atmospheric Conditions 
(D stability) 
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Figure 5.8.A.13 

Wind Field Constructed at Thyspunt for a Westerly Wind with Stable Atmospheric Conditions 
(E stability) 
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Figure 5.8.A.14 

Wind Field Constructed at Thyspunt for a Westerly Wind with Very Stable Atmospheric Conditions 
(F stability) 
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Figure 5.8.A.15 

Wind Field Constructed at Thyspunt for an Easterly Wind with Very Unstable Atmospheric Conditions 
(A stability) 
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Figure 5.8.A.16 

Wind Field Constructed at Thyspunt for an Easterly Wind with Moderately Unstable Atmospheric 
Conditions (B stability) 
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Figure 5.8.A.17 

Wind Field Constructed at Thyspunt for an Easterly Wind with Unstable Atmospheric Conditions 
(C stability) 
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Figure 5.8.A.18 

Wind Field Constructed at Thyspunt for an Easterly Wind with Neutral Atmospheric Conditions 
(D stability) 
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Figure 5.8.A.19 

Wind Field Constructed at Thyspunt for an Easterly Wind with Stable Atmospheric Conditions 
(E stability) 
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Figure 5.8.A.20 

Wind Field Constructed at Thyspunt for an Easterly Wind with Very Stable Atmospheric Conditions 
(F stability) 
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The WindNinja simulation results for southerly winds are shown 
Figure 5.8.A.21 to Figure 5.8.A.26.  The speedup of wind at the weather 
station is clearly observed during E and F stabilities, confirming the 
calculations made using the AS/NZS 1170.2 standard. Similar results 
were obtained for winds from the north (Figure 5.8.A.27 to 
Figure 5.8.A.32). 

Not only do the simulation results collaborate with the AS/NZS 1170.2 
standard, but they also illustrate that realistic wind fields can be 
constructed using well-established numerical methods. 

The more recent wind speed and direction observations that were made 
for the periods 2008-2013 (Figure 5.8.3) and 2017-2019 (Figure 5.8.4) 
at both the SAWS weather station at Cape St. Francis (SAWS, 2024a) 
and the onsite Thyspunt WS (Eskom, 2023a) clearly illustrate the 
dominance of westerly and easterly wind directions in the wind roses. 
The difference between day and night-time wind directions are only with 
respect to variations in the general westerly and easterly sectors, as 
shown in Figure 5.8.5 and Figure 5.8.6, otherwise it is the same 
prevalence of westerlies and easterlies. 
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Figure 5.8.A.21 

Wind Field Constructed at Thyspunt for a Southerly Wind with Very Unstable Atmospheric Conditions 
(A stability) 
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Figure 5.8.A.22 

Wind Field Constructed at Thyspunt for a Southerly Wind with Moderately Unstable Atmospheric 
Conditions (B stability) 
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Figure 5.8.A.23 

Wind Field Constructed at Thyspunt for a Southerly Wind with Unstable Atmospheric Conditions 
(C stability) 
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Figure 5.8.A.24 

Wind Field Constructed at Thyspunt for a Southerly Wind with Neutral Atmospheric Conditions 
(D stability) 
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Figure 5.8.A.25 

Wind Field Constructed at Thyspunt for a Southerly Wind with Stable Atmospheric Conditions 
(E stability) 
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Figure 5.8.A.26 

Wind Field Constructed at Thyspunt for a Southerly Wind with Very Stable Atmospheric Conditions 
(F stability) 
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Figure 5.8.A.27 

Wind Field Constructed at Thyspunt for a Northerly Wind with Very Unstable Atmospheric Conditions 
(A stability) 
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Figure 5.8.A.28 

Wind Field Constructed at Thyspunt for a Northerly Wind with Moderately Unstable Atmospheric 
Conditions (B stability) 
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Figure 5.8.A.29 

Wind Field Constructed at Thyspunt for a Northerly Wind with Unstable Atmospheric Conditions 
(C stability) 
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Figure 5.8.A.30 

Wind Field Constructed at Thyspunt for a Northerly Wind with Neutral Atmospheric Conditions 
(D stability) 
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Figure 5.8.A.31 

Wind Field Constructed at Thyspunt for a Northerly Wind with Stable Atmospheric Conditions 
(E stability) 
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Figure 5.8.A.32 

Wind Field Constructed at Thyspunt for a Northerly Wind with Very Stable Atmospheric Conditions 
(F stability) 
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It is conceivable that there will be differences between wind speed 
observations made at the current location (which is at an elevation of 51 m) 
compared with conditions closer to the shoreline. This may be expected 
when the wind blows from the south or the northern sectors, which occur 
about 25 per cent of the time. With these wind directions, the current 
observed wind speeds may be 5 per cent to 10 per cent higher than the 
winds in the area earmarked for the nuclear installation(s). Since the wind 
speeds from these directions are generally weak, i.e. average of about 2 m/s 
from the north and 4 m/s from the south, the average current observations 
from these directions could be between 0.2 m/s and 0.4 m/s higher than at 
the lower elevation. These differences were calculated at a height of 10 m 
agl. At a release point of 50 m or higher, the differences in wind speeds at 
the two locations would be even less, i.e. 1 per cent. 

Given the possibility that the wind speeds may have been slightly 
overestimated by 5 per cent in magnitude during neutral atmospheric 
conditions, the fraction of the six atmospheric stability classes may have 
been incorrectly determined for a location closer to the seashore. The 
current measurements reflect the actual atmospheric stabilities at the point 
of measurement. By reducing the wind speeds to extrapolate for conditions 
at the lower elevation, an approximate reduction of neutral conditions of 
about 0.8 per cent is estimated. 

For the purpose of determining the direct impact that the wind may have on 
the nuclear installation(s), this would provide a slightly higher estimate of 
wind speed conditions if located closer to the seashore, and essentially the 
same if located at the project centroid.   

Furthermore, since a relatively long record of weather conditions have 
already been collected at the current location, it is not recommended to 
move the weather station; instead, consideration of installing a second 
station at the lower elevation could be considered if the centroid is moved 
towards the seashore. 
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Appendix 5.8.B: Distribution of Extreme Values  

The extreme rainfall, wind speed and temperature estimates are used to 
determine critical design which the nuclear installation(s) must withstand 
during its lifetime. Extreme annual values of meteorological parameters 
constitute samples of random variables, which may be characterised by 
specific probability distributions. In principle, the data set should be 
analysed with probability distribution functions appropriate to the data sets 
under study. Among these, the generalised extreme value distributions are 
widely used (International Atomic Energy Agency, 2011): Fisher–Tippett 
Type I (Gumbel), Type II (Fréchet) and Type III (Weibull). 

Extreme meteorological conditions are defined in terms of recurrence 
periods, e.g. 10-, 100- , …., 100 000 000-year recurrence periods, or 
equivalently expressed as probabilities of 1x10-1, 1x10-2, …., 1x10-8 per 
year. So, for example, the 100-year wind speed is defined as the wind speed 
exceeded on average once in a period of 100 years, or a wind speed with a 
probability of 1x10-2 per year. 

The Gumbel distribution is suitable to describe the distribution of extreme 
rainfall (annual totals and 24-hour storm events), wind speed (hourly 
averages and gusts) and temperatures (minimum and maximum). The 
classical extreme value theory is based on three asymptotic extreme value 
distributions. The Generalized Extreme Value (GEV) distribution combines 
these three distributions into a single mathematical form with the cumulative 
distribution function: 
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where k, α and ξ are the shape, scale and location parameter, respectively, 
and x is the maximum of an epoch. 

When k = 0, it is the Type I GEV or so-called Gumbel distribution; when 
k < 0, the GEV is called the Type II (or Frechet) distribution, which has a 
long right tail; when k > 0, it is the Type III GEV (a form of the Weibull 
distribution) and has a short tail. In order to determine whether or not a 
particular sample came from a population distribution that is Gumbel, 
Frechet, or Weibull, one may check a probability plot. If such a plot produces 
points that fall close to a straight line, then the distribution function that the 
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plot is based upon is a reasonable model (International Atomic Energy 
Agency, 2011). To illustrate, the Gumbel distribution can also be written as: 

𝑥 = 𝛼 ln(− ln[𝐹(𝑥)]) + 𝜉 =  𝛼𝑢 + 𝜉 

So, plotting x against u gives a straight line. This property enables a visual 
check to be made of the extent to which a data set fits the Gumbel 
distribution. 

There are a number of different methods available to determine the shape, 
scale and location parameters from a data set, including:  

• Method of Moments; 

• Method of L-Moments; 

• Method of Maximum Likelihood; 

• Gumbel's Fitting Method; 

• Method of Least Squares. 

In the analysis, all five methods were used. The final selection was based 
on the method resulting in the best fit to the observed values; identified using 
the Kolmogorov-Smirnov test. The Kolmogorov–Smirnov test statistic, D, 
quantifies a distance between the GEV distribution function of the sample 
and the cumulative distribution function of the observation: 

𝐷 = max |𝐹(𝑥𝑖) −
𝑖 − 1

𝑛
,

𝑖

𝑛
− 𝐹(𝑥𝑖)| 

where 𝐹(𝑥𝑖) is the calculated probability given by the GEV distribution 
function for an observation 𝑥𝑖, taken from a set of n values, ranked from 
smallest (i = 0) to highest (i = n), i.e.  

𝑥1 < ⋯ 𝑥𝑖 < ⋯ < 𝑥𝑛 

The null distribution of this statistic is calculated under the null hypothesis 
that the sample is drawn from the reference distribution (i.e. observations). 
The null hypothesis, that the GEV distribution function is an appropriate 
distribution function, is rejected when D assumes a large value. For a 
confidence level of 95 per cent, under the null hypothesis, a distribution 

function with a D larger than 1.36 √𝑛⁄  would be rejected. For n = 40, D ≤ 

0.21. 
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Extreme Rainfall 

The 38-years (1985-2023, missing 2004) of rainfall maxima which were 
observed at the Cape St. Francis WS are summarised in Table 5.8.B.1. 
These data were used to fit an appropriate GEV using the five methods 
listed above. The results from the distribution fit (shape k, scale α, location 
ξ and Kolmogorov–Smirnov test statistic, D) are summarised in 
Table 5.8.B.2 (24-hour storm) and Table 5.8.B.3 (annual total rainfall). The 
tables also include the extremes for return periods 10- to 100 000 000 years. 
Five methods, i.e. method of moments, method of L-moments, method of 
maximum likelihood, Gumbel’s fitting method and the method of least 
squares resulted in an acceptable fit for a 95 per cent confidence interval 
null hypothesis test, with the method of maximum of moments performing 
the best for the 24-hour storm data and Gumbel’s fitting method performing 
best for the annual rainfall data.  

Table 5.8.B.1 
Maximum 24-Hour and Annual Total Rainfall (Cape St. Francis WS) 

Year 
Rainfall [mm] 

Year 
Rainfall [mm] 

24-Hour Max Annual 24-Hour Max Annual 

1985 47.9 553.4 2005 35 457 

1986 32 579.3 2006 84 566 

1987 57 631.5 2007 158 769 

1988 29.2 440.7 2008 70 421 

1989 70 495.6 2009 36 419 

1990 40 562.4 2010 41 477 

1991 36.6 444.1 2011 126 972 

1992 89 893.2 2012 61 876 

1993 99.5 791.4 2013 53 529 

1994 62.5 733.6 2014 38 612 

1995 45 703.9 2015 47 645 

1996 107.6 935.3 2016 65 535 

1997 49.5 652.9 2017 53 318 

1998 42.9 657 2018 38 475 

1999 103.5 644.1 2019 35 461 

2000 50.4 594.9 2020 52 691 

2001 40.1 452.9 2021 95 627 

2002 66.5 730 2022 48 539 

2003 65 739.3 2023 74 915 

2004  No data No data     

These distribution functions are also illustrated in Figure 5.8.B.1 (24-hour 
storm) and Figure 5.8.B.2 (annual total rainfall).  



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-313 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

Table 5.8.B.2 
Comparison of Methods to Determine Extreme 24-Hour Storms (Cape St. Francis WS) 

Return Period 
24-Hour Maximum Rainfall [mm] 

Method of Moments 
Method of L-

Moments 
Method of Maximum 

Likelihood 
Gumbel's Fitting 

Method Method of Least Squares 

10 99.0 98.0 91.5 104.1 101.0 

100 151.4 149.1 135.1 162.5 155.6 

1000 202.9 199.2 177.9 219.8 209.2 

10000 254.3 249.3 220.7 277.0 262.7 

100000 305.6 299.3 263.4 334.2 316.1 

1000000 357.0 349.4 306.1 391.4 369.6 

10000000 408.4 399.4 348.9 448.6 423.1 

100000000 459.7 449.5 391.6 505.8 476.6 

GEV Parameters 

Shape 0 0 0 0 0 

Scale 22.309 21.735 18.561 24.843 23.228 

Location 48.791 49.117 49.713 48.189 48.723 

Kolmogorov-Smirnov Test: 

D 0.116 0.119 0.120 0.130 0.117 
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Table 5.8.B.3 
Comparison of Methods to Determine Yearly Total Rainfall (Cape St. Francis WS) 

Return Period 
24-Hour Maximum Rainfall [mm] 

Method of Moments 
Method of L-

Moments 
Method of Maximum 

Likelihood 
Gumbel's Fitting 

Method Method of Least Squares 

10 830.0 841.6 846.2 858.7 842.7 

100 1125.6 1153.6 1161.8 1187.9 1152.4 

1000 1415.9 1459.9 1471.6 1511.2 1456.5 

10000 1705.6 1765.7 1781.0 1833.8 1760.1 

100000 1995.3 2071.4 2090.2 2156.4 2063.6 

1000000 2285.0 2377.1 2399.5 2479.0 2367.2 

10000000 2574.7 2682.9 2708.7 2801.6 2670.7 

100000000 2864.4 2988.6 3018.0 3124.2 2974.2 

GEV Parameters 

Shape 0 0 0 0 0 

Scale 125.810 132.772 134.307 140.097 131.819 

Location 546.868 542.822 543.955 543.473 546.023 

Kolmogorov-Smirnov Test: 

D 0.088 0.070 0.070 0.063 0.078 
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Figure 5.8.B.1 
Goodness of Fit Test: Annual Total Rainfall (38-Year Dataset) 
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Figure 5.8.B.2 

Goodness of Fit Test: Annual Total Rainfall (38-Year Dataset) 
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Caution should be exercised in attempting to fit an extreme value distribution 
to a data set representing only a few years of records. If extrapolations are 
carried out over very long periods of time by means of a statistical technique, 
due regard should be given to the physical limits of the variable of interest 
(International Atomic Energy Agency, 2011). Care should also be taken in 
extrapolating to time intervals well beyond the duration of the available 
records (such as for ‘return’ periods greater than four times the duration of 
the sample) (International Atomic Energy Agency, 2011). The extreme 
values with small probabilities down to the required 1x10-8 per year 
(100 000 000-year return period) should recognise that extrapolation to 
these events carries a significant uncertainty, since they are based on a 
data set of only 38 years. 

Table A-5.8.B.2 is a summary of the estimated extreme rainfall totals and 
the calculated 95 per cent confidence interval as estimated using the 
Jackknife sampling method. Jackknife samples are computed by leaving out 
one observation from the set of observations at a time. Each Jackknife 
sample is then used to evaluate the average and standard deviation of the 
estimate. The 95 per cent confidence calculated as 1.96 of the standard 
error, assuming a normal distribution. These distribution functions are also 
illustrated in Figure 5.8.B.3 (24-hour storm) and Figure 5.8.B.4 (annual 
total rainfall) together with the actual observed values. 

Table 5.8.B.4 
Maximum 24-Hour and Annual Total Rainfall Extremes (Cape St. 

Francis WS) 

Return Period 
Rainfall [mm] 

24-Hour Total 
Max 

95% Confidence 
Interval 

Annual Total 
95% Confidence 

Interval 

10 99.0 ± 20.8 858.7 ± 84.8 

100 151.4 ± 38.8 1187.9 ± 147.1 

1000 202.9 ± 56.8 1511.2 ± 212.2 

10000 254.3 ± 74.9 1833.8 ± 278.4 

100000 305.6 ± 93.0 2156.4 ± 345.0 

1000000 357.0 ± 111.1 2479.0 ± 412.0 

10000000 408.4 ± 129.2 2801.6 ± 479.0 

100000000 459.7 ± 147.3 3124.2 ± 546.2 
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Figure 5.8.B.3 

Gumbel Distribution Fit to 24-Hour Storm Events (38-Year Dataset) 
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Figure 5.8.B.4 

Gumbel Distribution Fit to Annual Total Rainfall (38-Year Dataset) 
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Extreme Temperature 

The 19-years (2005-2023) of dry-bulb temperature which were observed at 
the Cape St. Francis WS are summarised in Table 5.8.B.5. These data 
were used to fit an appropriate GEV using the five methods discussed in the 
previous section.  

The results from the distribution fit (shape k, scale α, location ξ and 
Kolmogorov–Smirnov test statistic, D) are summarised in Table 5.8.B.6 
(minimum hourly average temperature) and Table 5.8.B.7 (maximum hourly 
average temperature). The tables include the extremes for return periods 
10- to 100 000 000-years using the four of the methods since the method of 
least squares failed the null hypothesis test. The method of Maximum 
Likelihood performed the best for the minimum temperatures and method of 
Moments performed the best for maximum temperatures.  

These distribution functions are also illustrated in Figure 5.8.B.5 (minimum 
hourly average temperature) and Figure 5.8.B.6 (maximum hourly average 
temperature).  

Table 5.8.B.5 
Maximum and Minimum Hourly Average Temperature 

(Cape St. Francis WS) 

Year 
Hourly Average Temperature [°C] 

Year 
Hourly Average Temperature [°C] 

Minimum Maximum Minimum Annual 

2005 5.0 32 2014 6.3 32.1 

2006 7.0 28 2015 6.1 34.7 

2007 7.1 36.5 2016 5.2 32.3 

2008 7.1 37.2 2017 4.9 34.8 

2009 7.3 31.6 2018 6.4 37.6 

2010 6.7 31.5 2019 5.1 33.1 

2011 7.8 28.5 2020 5.5 32.4 

2012 6 30.8 2022 7.8 38.5 

2013 6.9 34.4 2023 6.1 33.7 
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Table 5.8.B.6 
Comparison of Methods to Determine Minimum Hourly Average Dry Bulb Temperature (Cape St. Francis WS) 

Return Period 
24-Hour Maximum Rainfall [mm] 

Method of Moments Method of L-Moments Method of Maximum Likelihood Gumbel's Fitting Method 

10 5.2 5.1 5.0 4.9 

100 3.5 3.3 3.2 2.9 

1000 1.9 1.5 1.3 1.0 

10000 0.2 -0.3 -0.5 -0.9 

100000 -1.4 -2.1 -2.3 -2.9 

1000000 -3.0 -3.8 -4.1 -4.8 

10000000 -4.7 -5.6 -5.9 -6.7 

100000000 -6.3 -7.4 -7.7 -8.7 

GEV Parameters 

Shape 0 0 0 0 

Scale 0.710 0.769 0.789 0.839 

Location 6.773 6.807 6.798 6.801 

Kolmogorov-Smirnov Test: 

D 0.110 0.096 0.088 0.099 
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Table 5.8.B.7 
Comparison of Methods to Determine Maximum Hourly Average Dry Bulb Temperature (Cape St. Francis WS) 

Return Period 
24-Hour Maximum Rainfall [mm] 

Method of Moments Method of L-Moments Method of Maximum Likelihood Gumbel's Fitting Method 

10 37.0 37.3 37.6 37.8 

100 42.4 43.1 43.8 44.2 

1000 47.7 48.8 49.9 50.5 

10000 53.0 54.5 56.0 56.8 

100000 58.3 60.3 62.0 63.1 

1000000 63.7 66.0 68.1 69.4 

10000000 69.0 71.7 74.2 75.7 

100000000 74.3 77.4 80.2 81.9 

GEV Parameters 

Shape 0 0 0 0 

Scale 0.939 0.950 1.163 1.090 

Location 35.137 35.130 35.095 35.679 

Kolmogorov-Smirnov Test: 

D 0.110 0.129 0.128 0.130 
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Figure 5.8.B.5 
Goodness of Fit Test: Minimum Hourly Average Temperature (19-Year Dataset) 
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Figure 5.8.B.6 

Goodness of Fit Test: Maximum Hourly Average Temperature (19-Year Dataset) 
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Table 5.8.B.8 is a summary of the estimated minimum and maximum 
temperatures and the calculated 95 per cent confidence interval as 
estimated using the method of Maximum Likelihood for the minimum 
temperatures and method of Moments for the maximum temperatures. 
These distribution functions are also illustrated in Figure 5.8.B.7 (minimum 
hourly average temperature) and Figure 5.8.B.8 (maximum hourly average 
temperature) together with the actual observed values.  

Since the extreme analyses were based on 19 years of data, caution should 
be exercised in the use of the projections for very low probabilities.  

Table 5.8.B.8 
Minimum and Maximum Hourly Average Temperature Extremes 

(Cape St. Francis WS) 

Return Period 
Hourly Average Temperature [°C] 

Minimum 
95% Confidence 

Interval 
Maximum 

95% Confidence 
Interval 

10 5.0 ± 0.7 37.0 ± 1.8 

100 3.2 ± 1.2 42.4 ± 3.1 

1000 1.3 ± 1.7 47.7 ± 4.5 

10000 -0.5 ± 2.2 53.0 ± 5.9 

100000 -2.3 ± 2.7 58.3 ± 7.4 

1000000 -4.1 ± 3.2 63.7 ± 8.9 

10000000 -5.9 ± 3.7 69.0 ± 10.4 

100000000 -7.7 ± 4.2 74.3 ± 11.9 
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Figure 5.8.B.7 

Gumbel Distribution Fit to Minimum Hourly Average Temperature (19-Year Dataset) 
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Figure 5.8.B.8 

Gumbel Distribution Fit to Maximum Hourly Average Temperature (19-Year Dataset) 
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Extreme Wind Speed 

The 19-years (2005-2023) of hourly average wind speed maxima and short 
duration gusts which were observed at the Cape St. Francis WS are 
summarised in Table 5.8.A.8. These data were used to fit an appropriate 
GEV with the results from each of the methods for the distribution fit (shape 
k, scale α, location ξ and Kolmogorov–Smirnov test statistic, D) summarised 
in Table 5.8.B.9 (maximum hourly averages) and Table 5.8.B.10 (wind 
gusts). The tables also include the extremes for return periods 10- to 
100 000 000 years. The method of L-Moments performed the best for the 
maximum hourly average wind speed data and the method of Maximum 
Likelihood performed best for the wind gust data. These distribution 
functions are also illustrated in Figure 5.8.B.9 (maximum hourly averages) 
and Figure 5.8.B.10 (wind gusts).  

Table 5.8.B.8 
Maximum Hourly Average Wind Speeds and Wind Gusts 

(Cape St. Francis WS) 

Year 
Wind Speed [m/s] 

Year 
Wind Speed [m/s] 

Hourly Average Gust Hourly Average Gust 

2005 18.3 No data 2015 19.9 34.5 

2006 20.0 No data 2016 18.2 29.8 

2007 19.6 31.3 2017 18.9 31.4 

2008 21.1 32.0 2018 19.0 38.5 

2009 23.2 34.2 2019 20.6 37.9 

2010 18.1 35.3 2020 22.8 45.8 

2011 19.3 30.5 2021 21.1 31.2 

2012 19.4 29.5 2022 19.5 33.1 

2013 20.2 34.0 2023 21.2 35.3 

2014 20.2 32.6    
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Table 5.8.B.9 
Comparison of Methods to Determine Extreme Hourly Average Wind Speeds (Cape St. Francis WS) 

Return Period 
Maximum Hourly Average Wind Speed [m/s] 

Method of Moments 
Method of L-

Moments 
Method of Maximum 

Likelihood 
Gumbel's Fitting 

Method Method of Least Squares 

10 21.9 22.0 21.9 22.3 22.1 

100 24.4 24.7 24.4 25.3 24.9 

1000 27.0 27.3 27.0 28.3 27.6 

10000 29.5 29.9 29.5 31.3 30.3 

100000 32.0 32.6 32.0 34.3 33.1 

1000000 34.5 35.2 34.6 37.3 35.8 

10000000 37.1 37.9 37.1 40.2 38.6 

100000000 39.6 40.5 39.6 43.2 41.3 

GEV Parameters 

Shape 0 0 0 0 0 

Scale 1.096 1.148 1.097 1.296 1.190 

Location 19.399 19.369 19.397 19.355 19.385 

Kolmogorov-Smirnov Test: 

D 0.092 0.083 0.092 0.109 0.090 
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Table 5.8.B.10 
Comparison of Methods to Determine Extreme Wind Gusts (Cape St. Francis WS) 

Return Period 
Wind Gusts [m/s] 

Method of Moments 
Method of L-

Moments 
Method of Maximum 

Likelihood 
Gumbel's Fitting 

Method Method of Least Squares 

10 39.2 39.0 38.1 40.4 39.6 

100 46.5 46.2 44.3 49.2 47.5 

1000 53.7 53.2 50.2 57.8 55.2 

10000 60.9 60.2 56.2 66.4 62.9 

100000 68.1 67.3 62.2 75.1 70.6 

1000000 75.3 74.3 68.2 83.7 78.3 

10000000 82.5 81.3 74.2 92.3 86.0 

100000000 89.7 88.3 80.2 100.9 93.6 

GEV Parameters 

Shape 0 0 0 0 0 

Scale 3.125 3.048 2.598 3.740 3.339 

Location 32.132 32.176 32.302 31.999 32.131 

Kolmogorov-Smirnov Test: 

D 0.128 0.125 0.110 0.162 0.145 
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Figure 5.8.B.9 
Goodness of Fit Test: Maximum Hourly Average Wind Speed (19-Year Dataset) 

 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-332 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

 

Figure 5.8.B.10 

Goodness of Fit Test: Wind Gusts (19-Year Dataset) 
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Table 5.8.B.11 is a summary of the estimated extreme wind speeds using 
the method of L-Moments for the maximum hourly average wind speed data 
and the Maximum Likelihood method for the wind gust data. The table also 
includes the calculated 95 per cent confidence interval as estimated using 
the Jackknife sampling method. These results are illustrated in 
Figure 5.8.B.11 (maximum hourly average) and Figure 5.8.B.12 (wind 
gusts) together with the actual observed values. 

Table 5.8.B.11 
Maximum Hourly Average Wind Speeds and Wind Gust Extremes 

(Cape St. Francis WS) 

Return Period 
Wind Speed [m/s] 

Hourly Average 
Wind Speed 

95% Confidence 
Interval 

Wind Gust 
95% Confidence 

Interval 

10 22.0 ± 1.2 38.1 ± 3.5 

100 24.7 ± 2.1 44.3 ± 6.2 

1000 27.3 ± 3.1 50.2 ± 8.8 

10000 29.9 ± 4.1 56.2 ± 11.4 

100000 32.6 ± 5.1 62.2 ± 14.1 

1000000 35.2 ± 6.1 68.2 ± 16.7 

10000000 37.9 ± 7.0 74.2 ± 19.3 

100000000 40.5 ± 8.0 80.2 ± 22.0 
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Figure 5.8.B.11 

Gumbel Distribution Fit to Maximum Hourly Average Wind Speeds (19-Year Dataset) 
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Figure 5.8.B.12 

Gumbel Distribution Fit to Wind Gust Events (19-Year Dataset) 
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Appendix 5.8.C: Evapotranspiration Rate Estimation  

The classical form for the Penman (Penman, 1948; Penman, 1963) equation 
to estimate potential evaporation or evapotranspiration is (Shuttleworth, 
1993): 

𝐸𝑃𝐸𝑁 =
∆

∆ + 𝛾
(

𝑅𝑛

𝜆
) +

𝛾

Δ + 𝛾
(

6.43𝑓𝑢𝐷

𝜆
) 

where 
𝐸𝑃𝐸𝑁  = potential, open water evaporation or evapotranspiration 

(mm/d) 

𝑅𝑛  = net radiation at the surface (MJ/m²/d) 

Δ = slope of the saturation vapour pressure curve (kPa/°C) 

obtained from 

Δ =
4098𝑒𝑠

(237.3 + 𝑇)2
 

with 𝑒𝑠 being the saturation vapour pressure at temperature T 

(°C) 

𝛾 = psychrometric coefficient (kPa/°C), given by  

𝛾 = 0.00064734𝑃 

P  = atmospheric pressure (kPa) 

𝜆 = 2.45 is latent heat of vaporization (MJ/kg) 

D  = (𝑒𝑠 - 𝑒𝑎) is the vapour pressure deficit (kPa),  

where 

𝑒𝑠 is the saturation vapour pressure (kPa) 

𝑒𝑎 is the actual vapour pressure (kPa) 

𝑓𝑛 = wind function: 𝑓𝑛 = 𝑎𝑢 + 𝑏𝑢𝑢2 

where 𝑎𝑢 and 𝑏𝑢 are wind function coefficients and 𝑢2 is the 

wind speed at 2 m height (m/s) 

For the original Penman (Penman, 1948; Penman, 1963) equation au = 1, 
bu = 0.537. 
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A slight variation of the Penman equation is the Penman-Monteith equation 
(Shuttleworth, 1993): 

𝐸𝑃𝑀 =  
0.408∆(𝑅𝑛 − 𝐺) + 𝛾

900
𝑇 + 275

𝑢2𝐷

∆ + 𝛾(1 + 0.34𝑢2)
 

Where 𝐸𝑃𝑀 is the vegetation evaporation (mm/d), and 𝐺 is the soil heat flux 
density (MJ/m²/d). The soil heat flux density is approximately 10 per cent of 
the net radiation, 𝑅𝑛. 

The saturation vapour pressure 𝑒𝑠(𝑇) can be calculated with (Wagner & 
Pruss, 1993) 

𝑒𝑠(𝑇) = 0.6108𝑒𝑥𝑝 (
17.27𝑇

273.3 + 𝑇
) 

𝑒𝑠(𝑇) = 220640 𝑒𝑥𝑝 (𝐹𝜂

𝑇𝑐

273.15 + 𝑇
) 

where  

𝐹𝜂 = −7.85951783 η +  1.84408259 η1.5  −  11.7866497 η3  

+  22.6807411 η3.5  −  15.9618719 η4  +  1.80122502 η7.5) 

and 

η = 1 −
273.15 + 𝑇

𝑇𝑐
 

where 𝑇 is the air temperature in °C and 𝑇𝑐 the critical temperature of water, 
647.096 K. 

The actual vapour pressure is obtained from 

𝑒𝑎(𝑇) =
𝑅𝐻

100
𝑒𝑠(𝑇) 

where RH is the relative humidity in per cent. 

The net radiation (Rn) is computed as the difference between the incoming 
net short wave radiation (Sn) and the net long wave radiation (Ln).  

𝑅𝑛 = 𝑆𝑛 + 𝐿𝑛 

The incoming net short wave radiation (Sn) is calculated from: 
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𝑆𝑛 = (1 − 𝛼)𝑆𝑖 

where Si is the measured incoming solar radiation (MJ/m².day) at the site 
and α is reflection coefficient or albedo. Albedo indicates the relative amount 
of solar radiation retained by the earth’s surface. Variations in albedo of the 
earth's land surface are broad. Bare, moist dark soils reflect as little as 0.08, 
grasslands 0.26 and sandy deserts 0.37 (Johnston, 1983). For open water 
surfaces a = 0.08 (Shuttleworth, 1993). The albedo for the site varies 
between 0.097 in January and 0.118 in June based on (Johnston, 1983). 

The net long-wave radiation Ln (MJ/m².day) is calculated from: 

𝐿𝑛 = 𝐿𝑖 − 𝐿𝑜 

where Li is the incoming long wave radiation (MJ/m².day) and Lo is the 
outgoing long wave radiation (MJ/m².day). The net long wave radiation Ln is 
calculated from (Shuttleworth, 1993): 

𝐿𝑛 = −𝑓𝜉𝑠𝜎(𝑇𝑎 + 273.15)4 

where  
𝑓 = an adjustment for cloud cover 
𝜉𝑠 = net emissivity 
𝜎 = 4.903x10-9 (MJ/m²/K4/d) is Stephan-Boltzman constant 
𝑇𝑎 = average air temperature in °C 

The adjustment for cloud cover f calculated from the measured incoming 
solar radiation, Si and the clear sky radiation Ssi, is calculated as follows 
(Shuttleworth, 1993): 

𝑓 = 1.35
𝑆𝑖

𝑆𝑖𝑜
− 0.35 

And the clear sky radiation  

𝑆𝑖0 = (0.57 + 0.00002𝑍)𝑆𝑜 

where So is the extraterrestrial solar radiation (MJ/m²/d) and Z is the station 
elevation above sea level (m).  

The net emissivity 𝜉𝑠 is calculated as follows (Shuttleworth, 1993): 

𝜉𝑠 = 𝑎𝑒 + 𝑏𝑒 √𝑒𝑎(𝑇) 

where  
𝑎𝑒 = 0.34 ( range 0.34 to 0.44) 
𝑏𝑒 = -0.14 (range -0.14 to -0.25) 
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The extraterrestrial solar radiation, 𝑆𝑜, is computed from the relative position 
of the earth to the sun. This is approximated as follows (Shuttleworth, 1993) 

𝑆𝑜 =
12(60)

𝜋
𝑑𝑟𝐺𝑆𝐶[(𝜔2 − 𝜔1) sin 𝜑 sin 𝛿 + cos 𝜑 cos 𝛿 (sin 𝜔2 − sin 𝜔1)] 

 
where GSC (= 0.0820 MJ/m²-min) is the solar constant, and the inverse 
relative Earth-Sun distance, dr is given by  
 

𝑑𝑟 = 1 + 0.033 cos (
2𝜋

365
𝐽) 

 
where 𝐽 is the Julian day (1 = 1 January consecutively counting to 31 
December), 𝜑 is the longitude (degrees) and 𝛿 is the solar declination 
(degrees) given by 
 

𝛿 = 𝑎𝑠𝑖𝑛 (𝑠𝑖𝑛 (
𝑂𝑐𝑜𝑟𝑟

2

𝜋

180
) 𝑠𝑖𝑛 (𝛽𝑎𝑝𝑝

𝜋

180
))

180

𝜋
 

 

with obliquity correction, 𝑂𝑐𝑜𝑟𝑟, of the elliptic given by  

𝑂𝑐𝑜𝑟𝑟 = 𝜖0 + 0.00256 cos ((125.04 − 1934.136 𝐽𝐶)
𝜋

180
) 

To find the time 𝐽𝐶, measured in Julian centuries from the Epoch J2000, the 
following equation applies  

𝐽𝐶 =
𝐽𝐸𝐷 − 2451545

36525
 

where 𝐽𝐸𝐷is the Julian Ephemeris Day, obtained from 

𝐽𝐸𝐷 =
𝑡𝐷𝑖𝑓𝑓 − 𝑡𝐺𝑀𝑇

24
+ 2415020.5 

with the time difference calculate from 

𝑡𝐷𝑖𝑓𝑓 = ℎ𝑜𝑢𝑟 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (𝑡𝑙𝑜𝑐 − "01 𝐽𝑎𝑛𝑢𝑎𝑟𝑦 1900 00: 00: 00") 

The obliquity correction, Ocorr, requires the mean obliquity of the ecliptic, 𝜖0, 
or inclination of the Earth’s axis of rotation, is the angle between the equator 
and the ecliptic: 
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𝜖0 = 23 +
26 +

21.448 − 𝐽𝐶{46.815 + 𝐽𝐶(0.00059 − 0.001813 𝐽𝐶)}
60

60
 

The solar declination equation also requires the Sun’s apparent longitude, 
𝛽𝑎𝑝𝑝: 

𝛽𝑎𝑝𝑝 = 𝛽𝑡𝑟𝑢𝑒 − 0.00569 − 0.00478 𝑠𝑖𝑛 ((125.04 − 1934.136 𝐽𝐶)
𝜋

180
) 

which in turn requires the Sun’s true longitude, 𝛽𝑡𝑟𝑢𝑒, that may be calculated 
from: 

𝛽𝑡𝑟𝑢𝑒 = 𝛽𝑠𝑢𝑛 + 𝐸𝑐𝑡𝑟 

with the Sun’s geometric mean longitude, 𝛽𝑠𝑢𝑛, that may be approximated 
as follows: 

𝛽𝑠𝑢𝑛 = 𝑚𝑜𝑑𝑢𝑙𝑜(280.46646 + 𝐽𝐶(36000.76983 + 0.0003032 𝐽𝐶), 360) 

and the Sun equation of centre, 𝐸𝑐𝑡𝑟, in minutes which is given by 

𝐸𝑐𝑡𝑟 = (1.914602 − 𝐽𝐶(0.004817 + 0.000014 𝐽𝐶))𝑠𝑖𝑛 (𝛽𝑠𝑢𝑛𝐴

𝜋

180
)

+ (0.019993 − 0.000101 𝐽𝐶)𝑠𝑖𝑛 (2𝛽𝑠𝑢𝑛𝐴

𝜋

180
)

+ 𝑠𝑖𝑛 (3𝐽𝐶

𝜋

180
) 0.000289 

with the geometric mean anomaly of the sun, 𝛽𝑠𝑢𝑛𝐴, given by 

𝛽𝑠𝑢𝑛𝐴 = 357.52911 + 𝐽𝐶(15999.05029 − 0.0001537𝐽𝐶) 

The angles ω1 and ω2 in the equation for the extraterrestrial solar radiation, 
are the solar time angle (radians) at the beginning and end of the calculation 
period, t1, computed from  

𝜔1 = 𝜔 −
𝜋𝑡1

24  

𝜔2 = 𝜔 +
𝜋𝑡1

24
 

with ω the solar time angle (radians) at midpoint of the hourly, or shorter 
period, t1 length of the calculation period (hour), e.g., 1 for an hourly period 
or 0.17 for a 10-minute period, computed from 
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𝜔 = (
𝑡𝑠𝑢𝑛𝑇𝑟𝑢𝑒

4
+ 180 )

𝜋

180
       𝑓𝑜𝑟 

𝑡𝑠𝑢𝑛𝑇𝑟𝑢𝑒

4
< 0 

    = (
𝑡𝑠𝑢𝑛𝑇𝑟𝑢𝑒

4
− 180)

𝜋

180
       𝑓𝑜𝑟 

𝑡𝑠𝑢𝑛𝑇𝑟𝑢𝑒

4
≥ 0 

with the true solar time, 𝑡𝑠𝑢𝑛𝑇𝑟𝑢𝑒, calculated from 

𝑡𝑠𝑢𝑛𝑇𝑟𝑢𝑒 = 𝑚𝑜𝑑𝑢𝑙𝑢𝑠(60 𝑡𝑙𝑜𝑐 + 𝐸𝑡𝑖𝑚𝑒 + 𝑠𝑖𝑔𝑛(𝑡𝐺𝑀𝑇) 4𝛽 − 60 𝑡𝐺𝑀𝑇 , 1400) 

using the local time in hours after midnight (i.e., 1 to 24), 𝑡𝑙𝑜𝑐, and the 
equation of time, 𝐸𝑡𝑖𝑚𝑒, in minutes, at any given instance, which is given by 

𝐸𝑡𝑖𝑚𝑒 = 4 (𝑌 𝑠𝑖𝑛 (2𝛽𝑠𝑢𝑛

𝜋

180
) − 2𝑒 𝑠𝑖𝑛 (𝛽𝑠𝑢𝑛𝐴

𝜋

180
)

+ 4𝑒𝑌 𝑠𝑖𝑛 (𝛽𝑠𝑢𝑛𝐴

𝜋

180
) 𝑐𝑜𝑠 (2𝛽𝑠𝑢𝑛

𝜋

180
)

− 0.5𝑌2 𝑠𝑖𝑛 (4𝛽𝑠𝑢𝑛

𝜋

180
) − 1.2𝑒2𝑠𝑖𝑛 (2𝛽𝑠𝑢𝑛𝐴

𝜋

180
))

180

𝜋
 

with the eccentricity of the Earth’s orbit, 𝑒, calculated from 

𝑒 = 0.016708634 + 𝐽𝐶(0.000042037 +  0.0000001267 𝐽𝐶) 

and the parameter, 𝑌, given by  

𝑌 = [tan (
𝑂𝑐𝑜𝑟𝑟

2

𝜋

180
)]

2

 

with the with obliquity correction 𝑂𝑐𝑜𝑟𝑟 equation as previously provided. 

When calculating the solar time angles ω1 and ω2 the following limitations 
apply: 

𝑖𝑓 𝜔1 < 𝜔𝑠𝑟 𝑡ℎ𝑒𝑛 𝜔1 = 𝜔𝑠𝑟 

𝑖𝑓 𝜔2 > 𝜔𝑠𝑠 𝑡ℎ𝑒𝑛 𝜔2 = 𝜔𝑠𝑠 

where 𝜔𝑠𝑠 and 𝜔𝑠𝑠 are the sunrise and sunset solar time angles. These 

angles are obtained from the sunrise solar time angle, 𝐻𝐴𝑠𝑟,  

𝜔𝑠𝑟 = 𝑚𝑜𝑑𝑢𝑙𝑜(1440 𝑡𝑛𝑜𝑜𝑛 − 4 𝐻𝐴𝑠𝑟 , 1440) 

𝜔𝑠𝑠 = 𝑚𝑜𝑑𝑢𝑙𝑜(1440 𝑡𝑛𝑜𝑜𝑛 + 4 𝐻𝐴𝑠𝑟 , 1440) 

where the solar noon, 𝑡𝑛𝑜𝑜𝑛, is obtained from 
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𝑡𝑛𝑜𝑜𝑛 = 𝑚𝑜𝑑𝑢𝑙𝑜(720 − 4 − 𝐸𝑡𝑖𝑚𝑒 + 60 𝑡𝐺𝑀𝑇 + 4 𝐻𝐴𝑠𝑟 , 1440) 

and the sunrise solar time angle, 𝐻𝐴𝑠𝑟 (degrees) is obtained from 

𝐻𝐴𝑠𝑟 = 𝑎𝑐𝑜𝑠 (
𝑐𝑜𝑠 (90.833

𝜋
180)

𝑐𝑜𝑠 (𝜆
𝜋

180)
𝑐𝑜𝑠(𝛿) − 𝑡𝑎𝑛 (𝜆

𝜋

180
) 𝑡𝑎𝑛(𝛿))

180

𝜋
 

with 𝜆 being the latitude in degrees. 

The most important parameters in the calculation of the solar parameters as 
discussed above, are given in Table 5.8.C.1 and Table 5.8.C.2 for a 24-
hour example. The parameters for evapotranspiration rates are given in 
Table 5.8.C.3 to Table 5.8.C.5 for the same period. 
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Table 5.8.C.1 
Solar Radiation Calculation Parameters(1) 

JD Hour 
Julian 

Century 
Geom Mean 
Long Sun [°] 

Geom Mean 
Anom Sun [°] 

Eccent Earth 
Orbit [] 

Sun Equation 
of Ctr [min] 

Sun True 
Longitude [°] 

Sun Apparent Longitude 
[°] 

Mean Oblique 
Ecliptic [°] 

Oblique 
Correction [°] 

11 1 0.080 289.851 3246.775 0.017 0.231 290.081 290.078 23.438 23.440 

11 2 0.080 289.892 3246.816 0.017 0.232 290.124 290.120 23.438 23.440 

11 3 0.080 289.933 3246.857 0.017 0.233 290.166 290.163 23.438 23.440 

11 4 0.080 289.974 3246.898 0.017 0.235 290.209 290.205 23.438 23.440 

11 5 0.080 290.015 3246.940 0.017 0.236 290.251 290.248 23.438 23.440 

11 6 0.080 290.056 3246.981 0.017 0.237 290.293 290.290 23.438 23.440 

11 7 0.080 290.097 3247.022 0.017 0.239 290.336 290.333 23.438 23.440 

11 8 0.080 290.138 3247.063 0.017 0.240 290.378 290.375 23.438 23.440 

11 9 0.080 290.179 3247.104 0.017 0.242 290.421 290.418 23.438 23.440 

11 10 0.080 290.220 3247.145 0.017 0.243 290.463 290.460 23.438 23.440 

11 11 0.080 290.261 3247.186 0.017 0.244 290.506 290.502 23.438 23.440 

11 12 0.080 290.302 3247.227 0.017 0.246 290.548 290.545 23.438 23.440 

11 13 0.080 290.343 3247.268 0.017 0.247 290.591 290.587 23.438 23.440 

11 14 0.080 290.385 3247.309 0.017 0.249 290.633 290.630 23.438 23.440 

11 15 0.080 290.426 3247.350 0.017 0.250 290.676 290.672 23.438 23.440 

11 16 0.080 290.467 3247.391 0.017 0.251 290.718 290.715 23.438 23.440 

11 17 0.080 290.508 3247.432 0.017 0.253 290.760 290.757 23.438 23.440 

11 18 0.080 290.549 3247.473 0.017 0.254 290.803 290.800 23.438 23.440 

11 19 0.080 290.590 3247.514 0.017 0.256 290.845 290.842 23.438 23.440 

11 20 0.080 290.631 3247.556 0.017 0.257 290.888 290.885 23.438 23.440 

11 21 0.080 290.672 3247.597 0.017 0.258 290.930 290.927 23.438 23.440 

11 22 0.080 290.713 3247.638 0.017 0.260 290.973 290.969 23.438 23.440 

11 23 0.080 290.754 3247.679 0.017 0.261 291.015 291.012 23.438 23.440 

11 24 0.080 290.795 3247.720 0.017 0.262 291.058 291.054 23.438 23.440 
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Table 5.8.C.2 
Solar Radiation Calculation Parameters(2) 

JD Hour 
Sun Declination 

[°] Parameter Y 
Equation of Time 

[min] 
Hour Angle 
Sunrise [°] 

Solar Noon 
[min] 

Sunrise Time 
Angle [°] Sunset Time Angle [°] Hour Angle [°] 

True Solar 
Time [min] 

11 1 -21.939 0.043 -7.491 107.009 0.520 0.223 0.817 -172.164 31.344 

11 2 -21.933 0.043 -7.508 107.004 0.520 0.223 0.817 -157.168 91.327 

11 3 -21.927 0.043 -7.525 106.998 0.520 0.223 0.817 -142.173 151.310 

11 4 -21.920 0.043 -7.542 106.993 0.520 0.223 0.817 -127.177 211.293 

11 5 -21.914 0.043 -7.559 106.988 0.520 0.223 0.817 -112.181 271.276 

11 6 -21.908 0.043 -7.575 106.983 0.520 0.223 0.817 -97.185 331.260 

11 7 -21.901 0.043 -7.592 106.977 0.520 0.223 0.817 -82.189 391.243 

11 8 -21.895 0.043 -7.609 106.972 0.520 0.223 0.817 -67.193 451.226 

11 9 -21.889 0.043 -7.626 106.967 0.520 0.223 0.817 -52.198 511.209 

11 10 -21.882 0.043 -7.642 106.962 0.520 0.223 0.817 -37.202 571.193 

11 11 -21.876 0.043 -7.659 106.956 0.520 0.223 0.817 -22.206 631.176 

11 12 -21.870 0.043 -7.676 106.951 0.520 0.223 0.817 -7.210 691.159 

11 13 -21.863 0.043 -7.692 106.946 0.520 0.223 0.817 7.786 751.143 

11 14 -21.857 0.043 -7.709 106.940 0.520 0.223 0.817 22.782 811.126 

11 15 -21.850 0.043 -7.726 106.935 0.520 0.223 0.817 37.777 871.109 

11 16 -21.844 0.043 -7.742 106.930 0.520 0.223 0.817 52.773 931.093 

11 17 -21.837 0.043 -7.759 106.924 0.520 0.223 0.817 67.769 991.076 

11 18 -21.831 0.043 -7.775 106.919 0.520 0.223 0.817 82.765 1051.060 

11 19 -21.825 0.043 -7.792 106.914 0.520 0.223 0.817 97.761 1111.043 

11 20 -21.818 0.043 -7.808 106.908 0.520 0.223 0.817 112.757 1171.027 

11 21 -21.812 0.043 -7.825 106.903 0.520 0.223 0.817 127.753 1231.010 

11 22 -21.805 0.043 -7.841 106.897 0.520 0.223 0.817 142.748 1290.994 

11 23 -21.799 0.043 -7.858 106.892 0.520 0.223 0.817 157.744 1350.977 

11 24 -21.792 0.043 -7.874 106.887 0.520 0.223 0.817 172.740 1410.961 
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Table 5.8.C.3 
Evapotranspiration Calculation Parameters(1) 

JD Hour 
Temperature 

(°C) 
Pressure 

(kPa) 
Relative Humidity 

(%) 
Wind Speed at 

10 m (m/s) 
Wind Speed at 

2 m (m/s) 
Solar Radiation 

(W/m²) 
Inverse relative Earth-

Sun distance (dr) 
Solar 

Declination 
Hour 
Angle 

w1 w2 
Extraterrestrial So  

(MJ/m²-h) 

11 1 17.2 100.3 94.3 2.1 1.7 0.000 1.032 -0.383 -172.164 -1.868 -1.868 0.000 

11 2 17.2 100.3 88.7 1.8 1.5 0.000 1.032 -0.383 -157.168 -1.868 -1.868 0.000 

11 3 17.7 100.2 86.8 1.8 1.5 0.000 1.032 -0.383 -142.173 -1.867 -1.867 0.000 

11 4 17.2 100.2 93.9 3.2 2.6 0.000 1.032 -0.383 -127.177 -1.867 -1.867 0.000 

11 5 16.8 100.2 96.6 1.7 1.4 0.000 1.032 -0.382 -112.181 -1.867 -1.827 0.000 

11 6 17.0 100.1 87.3 1.8 1.5 20.600 1.032 -0.382 -97.185 -1.827 -1.565 0.579 

11 7 18.9 100.1 77.1 1.2 1.0 167.000 1.032 -0.382 -82.189 -1.565 -1.304 1.593 

11 8 21.8 100.1 70.5 1.1 0.9 381.100 1.032 -0.382 -67.193 -1.304 -1.042 2.571 

11 9 25.4 100.0 53.3 1.9 1.6 609.500 1.032 -0.382 -52.198 -1.042 -0.780 3.447 

11 10 28.2 100.0 60.3 2.5 2.1 813.000 1.032 -0.382 -37.202 -0.780 -0.518 4.161 

11 11 24.4 99.9 70.6 3.4 2.8 969.000 1.032 -0.382 -22.206 -0.518 -0.257 4.663 

11 12 22.4 100.0 82.8 4.0 3.3 1065.000 1.032 -0.382 -7.210 -0.257 0.005 4.921 

11 13 21.4 100.0 85.5 5.8 4.8 1087.000 1.032 -0.382 7.786 0.005 0.267 4.915 

11 14 20.9 99.9 81.4 7.8 6.4 1051.000 1.032 -0.381 22.782 0.267 0.529 4.648 

11 15 20.3 99.9 84.7 8.9 7.3 802.000 1.032 -0.381 37.777 0.528 0.790 4.136 

11 16 19.6 99.9 89.0 8.0 6.6 500.500 1.032 -0.381 52.773 0.790 1.052 3.415 

11 17 19.7 99.9 87.1 7.2 5.9 529.600 1.032 -0.381 67.769 1.052 1.314 2.533 

11 18 19.8 100.0 85.4 6.3 5.2 0.000 1.032 -0.381 82.765 1.314 1.575 1.551 

11 19 19.6 100.0 96.9 5.8 4.8 0.000 1.032 -0.381 97.761 1.575 1.837 0.536 

11 20 19.1 100.2 96.4 6.1 5.0 0.000 1.032 -0.381 112.757 1.837 1.846 0.001 

11 21 20.3 100.3 96.5 5.1 4.2 0.000 1.032 -0.381 127.753 1.846 1.846 0.000 

11 22 20.4 100.4 99.5 5.3 4.3 0.000 1.032 -0.381 142.748 1.846 1.846 0.000 

11 23 20.5 100.4 99.2 4.4 3.6 0.000 1.032 -0.380 157.744 1.846 1.846 0.000 

11 24 20.5 100.4 99.8 5.0 4.1 0.000 1.032 -0.380 172.740 1.846 1.846 0.000 
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Table 5.8.C.4 
Evapotranspiration Calculation Parameters(2) 

JD Hour 
Gamma 
(Pa/°C) 

Saturation 
Vapour 

Pressure 
(Pa) 

Actual 
Vapour 

Pressure 
(Pa) 

delta 
(Pa/°C) 

Clear sky radiation (Rs0) 
(MJ/m²/d) 

f-
adjustment 

Net 
Emissivity 

Net Longwave 
Radiation (RL) 

(W/m²) 

Net Radiation (Rn) 
(W/m²) 

Soil Heat Flux 
(W/m²) 

11 1 0.067 1.963 1.851 0.124 0.000 0.000 0.150 0.000 0.000 0.000 

11 2 0.067 1.963 1.741 0.124 0.000 0.000 0.155 0.000 0.000 0.000 

11 3 0.067 2.026 1.759 0.128 0.000 0.000 0.154 0.000 0.000 0.000 

11 4 0.067 1.963 1.843 0.124 0.000 0.000 0.150 0.000 0.000 0.000 

11 5 0.067 1.914 1.849 0.121 0.000 0.000 0.150 0.000 0.000 0.000 

11 6 0.067 1.938 1.692 0.123 0.435 0.000 0.158 0.000 0.067 0.007 

11 7 0.067 2.184 1.684 0.136 1.196 0.328 0.158 -0.077 0.464 0.054 

11 8 0.067 2.613 1.842 0.160 1.931 0.609 0.150 -0.141 1.094 0.123 

11 9 0.066 3.246 1.730 0.193 2.589 0.794 0.156 -0.201 1.774 0.197 

11 10 0.066 3.827 2.308 0.223 3.125 0.915 0.127 -0.196 2.438 0.263 

11 11 0.066 3.058 2.159 0.183 3.502 0.995 0.134 -0.214 2.926 0.314 

11 12 0.066 2.710 2.244 0.165 3.696 1.000 0.130 -0.203 3.248 0.345 

11 13 0.066 2.550 2.180 0.156 3.692 1.000 0.133 -0.205 3.317 0.352 

11 14 0.066 2.473 2.013 0.152 3.491 1.000 0.141 -0.216 3.189 0.341 

11 15 0.066 2.383 2.018 0.147 3.106 0.905 0.141 -0.193 2.405 0.260 

11 16 0.066 2.282 2.031 0.142 2.564 0.599 0.140 -0.126 1.496 0.162 

11 17 0.066 2.296 2.000 0.142 1.902 1.000 0.142 -0.213 1.503 0.172 

11 18 0.066 2.310 1.973 0.143 1.165 0.000 0.143 0.000 0.000 0.000 

11 19 0.066 2.282 2.211 0.142 0.402 0.000 0.132 0.000 0.000 0.000 

11 20 0.067 2.212 2.132 0.138 0.000 0.000 0.136 0.000 0.000 0.000 

11 21 0.067 2.383 2.300 0.147 0.000 0.000 0.128 0.000 0.000 0.000 

11 22 0.067 2.398 2.386 0.148 0.000 0.000 0.124 0.000 0.000 0.000 

11 23 0.067 2.413 2.393 0.149 0.000 0.000 0.123 0.000 0.000 0.000 

11 24 0.067 2.413 2.408 0.149 0.000 0.000 0.123 0.000 0.000 0.000 
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Table 5.8.C.5 
Evapotranspiration Calculation Parameters(3) 

JD Hour Penman (mm/hr) Penman-Monteith (mm/hr) 

11 1 0.0082 0.0072 

11 2 0.0152 0.0125 

11 3 0.0180 0.0149 

11 4 0.0110 0.0108 

11 5 0.0044 0.0036 

11 6 0.0346 0.0276 

11 7 0.1546 0.1202 

11 8 0.3518 0.2806 

11 9 0.6164 0.4894 

11 10 0.8465 0.6678 

11 11 0.9415 0.6952 

11 12 0.9848 0.6857 

11 13 0.9925 0.6229 

11 14 0.9737 0.5617 

11 15 0.7374 0.4049 

11 16 0.4552 0.2586 

11 17 0.4612 0.2724 

11 18 0.0441 0.0456 

11 19 0.0088 0.0091 

11 20 0.0104 0.0108 

11 21 0.0092 0.0097 

11 22 0.0014 0.0014 

11 23 0.0019 0.0020 

11 24 0.0005 0.0005 
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Appendix 5.8.D: Instrument Specifications 
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Appendix 5.8.E: Second Edition of the ISO Corrosion 
Standard 
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Appendix 5.8.F: Calibration Certificates 
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Appendix 5.8.G: Data Collection and Validation 
Procedure  

Meteorological monitoring data from the automatic weather station at the 
site are downloaded on a two-weekly basis (or more frequently). This is 
done remotely with communication via Campbell Scientific Inc Loggernet 
Software. A cell phone connection allows data retrieval with password 
protection. Once the site is selected in the software, the telecommunication 
connection is made and the data are downloaded from the CR1000 Logger. 
The user may decide to download all or only since the previous download 
placeholder. 

The raw data are copied into a living Excel Spreadsheet (‘Met Table 
(Thyspunt).xls’. The original data text files are kept separately. The data are 
also duplicated in a similarly living ‘validated’ Excel Spreadsheet (‘Met Table 
(Thyspunt) Validated.xls’ in which a number of data screening tests are 
done and recorded.  

All the meteorological parameters in the ‘validated’ worksheet are screened, 
averaged and stored as hourly average parameters according to the criteria 
given in Table 5.8.G.1. Data values that fail the Range Test, are replaced 
by a missing parameter (‘-9999’) placeholder. Each occurrence of a Data 
Change Test 1 and Data Change Test 2, is manually inspected to see 
whether an instrument failure occurred; if found to be the case, the value is 
replaced by the missing parameter ‘-9999’. 

Specific care is taken in rainfall measurements. Originally these 
measurements were found to observe spurious readings at high wind 
speeds, i.e. above 9.4 m/s. This was particularly prevalent when the rain 
gauges were fixed to the 10-metre mast. The rain gauges were 
subsequently isolated from the mast. Although the interference no longer 
appears to occur, a check is nevertheless made to see that when rainfall 
occurs with a relative humidity below 70 per cent, that the wind speed is not 
above 9 m/s. If this is the situation, the rainfall data are replaced by the 
missing parameter. The original recordings, the test results and the final, 
manually changed data are all kept in the ‘validated’ spreadsheets for 
reference. 

Data values recorded during the bi-annual calibration tests are also 
removed and replaced with the missing parameter ‘-9999’. This is noted in 
the ‘validated’ spreadsheets. 
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Only the hourly averaged data are provided to the SSR project team. This 
is generally done every third month. The data are accompanied by the 
Meteorological Data Checking and Approval Certificate (Table 5.8.G.2). 
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 Table 5.8.G.1 
Recorded Meteorological Data Screening Parameters 

Parameter 

Range Test Data Change Test 1 Data Change Test 2 

Instrument 
Minimum 

Instrument 
Maximum 

Local 
Minimum 

Local 
Maximum 

Minimum or 
Maximum 
Change 

Delta 
Value 

Duration 
Time 
Unit 

Minimum or 
Maximum 
Change 

Delta 
Value 

Duration 
Time 
Unit 

Wind Speed (m/s) 0 60 0 45 Minimum 0.1 6 hours Minimum  0.5 24 hours 

Wind Direction 

(°) 
0 360 0 360 Minimum 0.1 3 hours Minimum  2 24 hours 

Dry Bulb 
Temperature (°C) 

-50 50 -1 41 Maximum  5 2 hours Minimum  0.2 12 hours 

Relative Humidity 

(%) 
0 100 10 100 Minimum 0.1 18 hours Minimum  1 36 hours 

Solar Radiation 

(W/m²) 
0 1400 0 1300 Minimum 10 12 hours Minimum  100 12 hours 

Barometric 
Pressure 

(hPa) 

900 1100 960 1060 Maximum  6 3 hours Minimum  1 48 hours 

Rainfall 

(mm) 
0 50 0 50 Maximum  50 2 hours Minimum  0.1 1 month 
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Table 5.8.G.2 

Meteorological Data Checking and Approval Certificate 
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Appendix 5.8.H: Particle Size Distribution 
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Appendix 5.8.I: Reportable Meteorological Incidents 

 

Table 5.8.I.1 
Summary of Severe Phenomena Recorded in the Region  

Event Location Year Consequences 

Floods Port Elizabeth 1867  

Strong Wind Port Elizabeth 1870 Two Ships Destroyed 

Floods Port Elizabeth 1895  

Strong Wind Port Elizabeth 1902 20 Ships Destroyed And Great Loss Of Life 

Floods Port Elizabeth 1905  

Floods Port Elizabeth 1908 River Banks Broke Resulting 7 M Deep Water 

Floods Port Elizabeth 1910  

Strong Wind Port Elizabeth 1913 Wind Speed Estimated Between 100 And 130 km/h 

Floods Port Elizabeth 1921  

Floods Port Elizabeth 1922 Shops Flooded And Streets Resembled Rivers 

Floods 
Port Elizabeth 

1926 Streets And Rail tracks Washed Away. Homes And 
Buildings Flooded. 

Floods Port Elizabeth 1952 Flooded Homes And Houses. 

Tornado Port Elizabeth 1956 Damaged houses Over A Narrow Path 

Floods Port Elizabeth 1961 Significant Property Damage But No Loss Of Life 

Floods 
Uitenhage 

1964 Greatest Cloudburst In Human Memory With Shops 
And 60 Homes Flooded 

Floods 
Port Elizabeth 

1968 Damage Estimated At R40 Million And 11 People 
Drowned 

Floods Cape 
St. Francis 

1971 Most Damage Done In Port Elizabeth 

Floods Humansdorp 1971 Most Damage Done In Port Elizabeth 

Floods Port Elizabeth 1971 Most Damage Done In Port Elizabeth 

Floods Humansdorp 1976 Part Of Rail track Washed Away 

Floods Humansdorp 1977 Millions Of Rands Worth Of Damage 

Floods Port Elizabeth 1977 Millions Of Rands Worth Of Damage 

Strong Wind Port Elizabeth 1977 Millions Of Rands Worth Of Damage 

Tornado 
Port Elizabeth 

1978 Relatively Weak Tornado With No Significant 
Damage Reported 

Floods Uitenhage 1979  

Floods Port Elizabeth 1979 Homes Flooded And Farmlands Ruined 

Floods 
Port Elizabeth 

1981 Worst Flood Since The 1968 Flood - R50 Million In 
Damages 

Floods 
Port Elizabeth 

1983 Millions Of Rands Of Damage And Several People 
Drowned. More Than 1000 People Left Homeless. 

Strong Wind Port Elizabeth 1987 Trees Uprooted And Windows Broken 

Strong Wind 
Port Elizabeth 

1988 Gale-Force Winds Up To 110 km/h Causes 
Considerable Damage 

Strong Wind 

Port Elizabeth 

1991 Wind Speeds Up To 72 km/h, With A Maximum Gust 
Reaching 136 km/h. Trees Uprooted And Snapped 
Off. Roof Of Shopping Centre Ripped Off And Killed 
1 Person. 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-367 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

Event Location Year Consequences 

Strong Wind 
Port Elizabeth 

1992 Wind Gusted Up To 137 km/h. Roofs Of At Least 30 
Building Blown Off. One Person Killed When Wind 
Caused House To Collapse. 

Strong Wind 
& Hail 

Port Elizabeth 
1993 Gale-Force Winds Associated With Hail Damaged 

Houses 

Floods Port Elizabeth 1994  

Strong Wind Port Elizabeth 1995 Wind Speeds Reached 100 km/h. No Serious 
Damage Reported 

Strong Wind Port Elizabeth 1995 Wind Gusts Reaching 114 km/h. No Serious 
Damage Reported 

Floods Cape St. 
Francis/Port 
Elizabeth 

1995 Trawler Sank In Gal Off Cape St. Francis, But No 
Lives Were Lost. 

Floods Port Elizabeth 1996  

Floods Cape St. 
Francis/Port 
Elizabeth 

1996 Millions Of Rands In Damage To Bridges And 
Roads. Nine People Dies Near Cape St. Francis 
When Two Boats Capsized In Heavy Seas. 

Lightning/Flo
ods 

Port Elizabeth 1997 Caused Power Failures And Killed Two People 

Strong Wind Cape 
St. Francis 

1999  

Tornado Port Elizabeth 2000 Roofs From At Least 26 Houses Ripped Off, Roads 
Flooded And Two Men Injured. 

Strong Wind Port Elizabeth 2002 Thousand People Homeless. Severe Damage To 
Crops 

Floods Port Elizabeth 2004 Extensive Damage To Property 

Fire Humansdorp 2005 9000ha Pine Forest And 15 km2 Of Farm Land 
Destroyed 

Heavy Rain Port Elizabeth 2006 Widespread Devastation Leaving Many People 
Homeless And Causing Major Damage To 
Infrastructure 

Floods Humansdorp 2006 Recorded 300 mm In 24 Hours 

Floods Port Elizabeth 2006  

Strong Wind Port Elizabeth 2006  

Very Cold Port Elizabeth 2007 4 Dead 

Lightning Port Elizabeth 2008 The 60-m fishing boat was hit about 40 nautical miles 
out to sea. Fisherman rushed to hospital. 

Strong Wind Oyster Bay 2008 Fishing boat sank in heavy seas and gale-force 
winds off Oyster Bay. Some crew members 
drowned. 

Heavy Rains 
and Floods 

Port Elizabeth 2011 At least 1400 people displaced in Port Elizabeth. 
Five pupils and three teachers from Uitenhage 
rescued by helicopter after the bridge collapsed. Two 
schoolgirls drowned in flood. Three people in 
Lusikisiki and another one in Keiskammahoek also 
reported missing. 

Heavy Rain Gamtoos 2011 Heavy rain resulted in the death of two people in 
Gamtoos River while attempting to cross. 

Heavy Rains 
& Flooding 

Cape St.  
Francis 

2012 A bridge on the Cape St. Francis Bay main road 
washed away.  
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Event Location Year Consequences 

Gale Force 
Winds 

St. Francis Bay 2012 
11 Nov 

Gale-force winds gusting up to 100km/h contributed 
to the destruction of 75 mostly thatched-roof houses 
by fire at St. Francis Bay. The estimated cost of the 
total damage is in the order of R500 million.  

Strong Winds St. Francis Bay 2012 
25 Dec 

Twenty houses evacuated for safety reasons after 
three houses in the same street caught alight with 
strong winds blowing. 

Heavy Swells St. Francis Bay 2014 An 18 m abalone trawler ran aground in big swells 
on the rocks near the entrance to Port St. Francis 
harbour. 

Heavy Seas 
and Tidal 
Waves 

Jeffrey’s Bay 2014 Rough sea conditions and strong rip currents. 

Heavy Rain Port Elizabeth 2015 Flooding low-lying areas. Evacuating more than 1 
000 people from their homes 

Strong Winds Port Elizabeth 2016 Strong winds uprooted trees. 

Strong Winds Humansdorp 2016 Strong gusts affected participating teams in the 
Sasol Solar Challenge. The canopy of the cockpit of 
one cars blew off near Humansdorp.  

Veld Fires 
and Strong 
Winds 

Port Elizabeth 2017  

Raw Weather St. Francis Bay 2017 A chokka boat capsized near St. Francis Bay during 
raw weather conditions including strong winds, 
pouring rain and 6-m-high waves. 

Gale Force 
Winds 

Jeffrey’s Bay 2018 Gusts snapped tent-poles, damaging tents in a 
caravan park. 

Lightning Oyster Bay 2018 Cows hit by lightning. Only 2 out of 66 did not die 
instantly.   

Heavy Rain Port Elizabeth 2018 Following torrential rainfall more than 200 people 
from Missionvale in Port Elizabeth were evacuated. 
Other areas that were also flooded included Chatty, 
Bethelsdorp, Malabar and Despatch. 

Veld Fires Tsitsikamma 2018 Residents evacuated due to the veld fires. Low 
visibility caused by smoke occurred on the N2 
freeway between Tsitsikamma and Humansdorp.   

Lightning Jeffrey’s Bay 2018 Lightning struck a house in Jeffries Bay, Firefighters 
managed to stop the blaze. 

Storm surge 
and spring 
tide  

Jeffrey’s Bay 2023 The spring tides washed away beaches. 

Heavy rain, 
flood and 
strong winds 

Gqeberha 2023 Heavy rain across Gqeberha which affected over 
100 residents that were evacuated from homes. 
Large areas in Colleen Glen, Greenbushes, Van 
Stadens and St. Albans were also affected. 

 



 

SITE SAFETY REPORT FOR 
THYSPUNT 

Rev 0c Section-Page 

METEOROLOGY   5.8-369 

 

 © Eskom 2026/Rev 0c 

PRINTED VERSIONS OF THIS DOCUMENT ARE NOT CONTROLLED 

 

Appendix 5.8.J to 5.8.T 

Data in the following appendices are provided in electronic format:  

Appendix 5.8.J: AERMOD Dispersion Model Concentration Input File 5 Km 
by 5 Km Model Domain 

Appendix 5.8.K: AERMOD Dispersion Model Concentration Input File 
40 Km by 40 Km Model Domain 

Appendix 5.8.L: AERMOD Dispersion Model Deposition Input File 5 Km by 
5 Km Model Domain 

Appendix 5.8.M: AERMOD Dispersion Model Deposition Input File 40 Km 
by 40 Km Model Domain 

Appendix 5.8.N: AERMET Meteorology Surface Data File 

Appendix 5.8.O: AERMET Meteorology Profile File 

Appendix 5.8.P: AERMAP Terrain and Land Use File 

Appendix 5.8.Q: AERMOD Dispersion Model Concentration Output File 
5 Km by 5 Km Model Domain 

Appendix 5.8.R: AERMOD Dispersion Model Concentration Output File 
40 Km by 40 Km Model Domain 

Appendix 5.8.S: AERMOD Dispersion Model Deposition Output File 5 Km 
by 5 Km Model Domain 

Appendix 5.8.T: AERMOD Dispersion Model Deposition Output File 40 Km 
by 40 Km Model Domain 

 

 

 


