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1 INTRODUCTION

A statistical assessment of wind and current data was carried out at three locations within License
Block 11B/12B, located off the Southern Cape Coast of South Africa. The area of interest is
approximately 12,000 km2 and lies between Mossel Bay and Cape St. Francis in waters of depths of
between 500 m and 2,300 m. The data was sourced from a SAT-OCEAN (TotalEnergies, 2022)
hindcast model covering a 5-year period (Jan 2012  Dec 2016). The SAT-OCEAN model has a
resolution of 1/32 degree (about 3.5 km) in the study area. Model output is provided at 3-hour time
steps. The vertical z-coordinates of the model (m) are 0, 5, 10, 20, 30, 40, 50, 75, 100, 125, 150,
200, 300, 400, 500, 750, 1000, 1250, 1500, 1750, 2000, 2250, 2500, 2750, 3000, 3250, 3500, 4000,
5000, and 5500.  The calibration and validation of these data are reported in Appendix A.  See also
Russo et al. (2022) that has undertaken an intercomparison of re-analysis products (including
HYCOM upon which the SATOCEAN data is based) for southern African Waters.

Metocean statistics have been compiled to support the numerical modelling of condensate
dispersion from a subsea blowout and a submarine pipeline leak, and dispersion of drilling mud and
cuttings discharges at the seabed and near the water surface. Three locations, Discharge 4 and Dis-
charge 5, on the southwest end of Block 11B/12B, and Pipe Leak on the shallower continental shelf
and approximately 87 km northwest of Discharge 5, are considered for the present assessment, and
are shown in Figure 1-1.
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Figure 1-1 - Locations of Discharge 4, Discharge 5, and condensate Pipe Leak in the study area



OFFSHORE PRODUCTION RIGHT AND ENVIRONMENTAL AUTHORISATION APPLICATIONS FOR
BLOCK 11B/12B PUBLIC | WSP
Project No.: .41105306 | Our Ref No.: 41105306-358665-9 July 2023
TotalEnergies E&P South Africa BV Page 3 of 43

The primary driver of ocean dynamics in Block 11B/12B is the strong Agulhas Current which flows
southward along the east coast of Africa from 27°S to 40°S and is estimated to transport 70 million
cubic metres of water per second. Figure 1-2 shows drifter derived surface current velocities and
spatial extent of the flow. The eastward Agulhas Return Current at approximately 40°S can also be
seen.

Figure 1-2 - Mean ocean surface velocities derived from satellite-tracked drifters following
the ocean at 15 m depth
(https://oceancurrents.rsmas.miami.edu/atlantic/agulhas_2.html)

The licence block 11B/12B is located on the inner edge of the Agulhas Current that is subject mainly
to strong steady south-westward Agulhas Current flows but also flow reversals associated with:

shear edge features (e.g., Lutjeharms et al., 1988, 2003; Krug et al., 2014; Tedesco et al., 2019),
and

larger-scale variability due to occasional large-scale perturbations of the Agulhas Current such as
the passing of Natal Pulses (e.g., Lutjeharms and Roberts, 1988; Roualt and Penven, 2011) that
are evidenced throughout the depth of the water column (Lutjeharms et al., 2001).

Such perturbations (Figure 1-3 and Figure 1-4) strongly influence the largely wind-driven flows and
associated water column structures of the adjacent Agulhas Bank (Boyd and Shillington, 1994;
Largier and Swart,1987; Swart and Largier, 1987; Largier et al., 1992; Bailey et al., 2022); .  This
influence extends into coastal embayments of the eastern Agulhas Bank (Schumann et al., 1988;
Goschen and Schumann, 1990).



OFFSHORE PRODUCTION RIGHT AND ENVIRONMENTAL AUTHORISATION APPLICATIONS FOR
BLOCK 11B/12B PUBLIC | WSP
Project No.: .41105306 | Our Ref No.: 41105306-358665-9 July 2023
TotalEnergies E&P South Africa BV Page 4 of 43

Figure 1-3 - Satellite-
features of the Agulhas Current, including the shear edge features on the inner
edge of the Agulhas Current and early evidence of an upstream Natal Pulse that
will propagate downstream resulting in a major perturbation of flows in Block
11B/12B.  The black lines represent the 200, 1000, and 3000 m isobaths (Source:
Tedesco et al., 2019)

Discharge locations 4 and 5 are situated on the inner edge of the Agulhas Current that is strongly
influenced by the predominantly strong south-westerly surface flows of the Agulhas Currents.  These
flows are significantly weaker at depth and more prone to current reversals.  There is evidence of a
more persistent current reversals in the deeper waters (> 1 500 m) on the inshore edge of the
upstream regions of the Agulhas Current (Beal and Bryden, 1997; Beal, 2009; Beal et al., 2015), an
influence that could extend into licence Block 11B/12B but at slightly greater depths (~ 1 800m).

The Pipe Leak (rupture) discharge location, in the shallower waters (~ 140 m  to 150 m water depth)
of the adjacent Agulhas Bank is more strongly influenced by wind driven flows, particularly in the
surface waters where there is evidence of more persistent north-easterly wind-driven flows in the
surface waters associated with the strong westerly winds associated with passing mid-latitude
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Figure 1-4 - Daily composite of SEVIRI SST on 13 May 2009, during the passage of a Natal
Pulse. Overlaid vectors represent the cross-track absolute geostrophic current
velocities derived from the high resolution along-track altimetry (Source: Krug
and Dufois, 2014).

Early studies suggested based on limited data suggested a lack of seasonality in the surface core
speeds of the Agulhas Current (Pearce and Gründlingh, 1982). More recent studies have indicated a
seasonality in the volume fluxes of the Agulhas Current (Beal et al., 2015; Hutchinson, 2018), how-
ever it is not clear how this would influence current speeds in the region of interest to the drilling dis-
charge and oil spill modelling studies.  Despite this limited evidence of seasonality in the Agulhas
Current speeds, it is rather the major changes in current speeds expected for the offshore discharge
locations due to the onshore-offshore movement of the Agulhas Current, shear edge features and
major episodic perturbations such as the passing of a Natal Pulse (Lutjeharms et al., 1989; 2003;
Krug et al., 2014), that are of greatest relevance.  However, as noted above, there is an increasing
seasonality in the current flows upon moving further inshore into the increasingly shallow waters of
the Agulhas Bank and coastal embayments, this being particularly true for the surface waters.

The drilling cutting discharge modelling is strongly influenced by the Agulhas Currents flows
occurring throughout the water column. Given that the influences of drilling discharges mainly are
confined to deeper waters, it is not expected that there will be evidence of significant seasonal variab-
ility in such influences. The major variability will be due to shear edge features (that have a greater in-
fluence in surface waters) and major perturbations of the of the Agulhas Current such as those due to
Natal Pulses (that typically influence the full water column).  The transport and fate of the condensate
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in the oil spill modelling, although influenced by deeper flows as the condensate rises through the
water column, is predominantly determined by surface flows (whether those of the Agulhas Current
in deeper waters or those of the mainly wind-driven flows in the shallower waters of the adjacent
Agulhas Bank).  The capturing of seasonal effects in the oil spill modelling therefore is important.
This is adequately achieved by the use stochastic simulations undertaken throughout the year.

The key characteristics of wind and current at the three discharge locations are presented in Table
1-1. Note that oceanographic convention is used for current direction which indicates the direction
towards which the current flows. Meteorological convention is used for wind direction and signifies
the direction from which the wind blows. The wind speed is reported at the standard elevation of
10 m above MSL and corresponds to a 10-minute average.

Table 1-1 - Discharge location characteristics

Location Longitude

(Deg WGS 84)
Latitude

(Deg WGS 84)
Depth (m) Current - primary

direction (to)
Wind - primary
direction (from)

4 22.745542° E 35.782903° S ~1600 SW to WSW WSW to WNW

5 23.141025° E 35.588141° S ~1815 SW to WSW WSW to WNW

Pipe leak 22.383794° E 35.116225° S ~146 SW to WSW WSW to W, E

Environmental data at Discharge 4 and 5 are summarized in Table 1-2.

Table 1-2 - Environmental average data (Discharge 4 & 5 PARTRACK Modelling SRF, TEEPSA, 2022)

Environmental Parameter Value

Upper water column temperature (°C) 20.9

Middle water column temperature (°C) 6.3

Lower water column temperature (°C) 3.1

Air Temperature (°C) 19.3

Salinity (PSU)

Surface (0 m) 35.4

Middle (1250 m) 34.6

Bottom (2500 m) 34.8

Seawater oxygen content (mg/l)
Upper 7.7

Lower 6.9

Median grain size (mm) 0.3

Suspended sediment (mg/l) 0
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Metocean data was analysed for four seasons: Season 1 (December  February (Summer));
Season 2 (March  May (Fall)); Season 3 (June  August (Winter)); Season 4 (September
November (Spring)). Average metocean conditions for each discharge location and season are
presented in Table 1-3. Sections 2 and 3 of this report provide the detailed results derived from data
at Discharge 4 and Discharge 5, respectively.

Table 1-3 - Overview of metocean conditions by season at Discharge 4, 5, and Pipe Leak for 2012 -
2016

Discharge 4 Discharge 5 Pipe Leak

S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4

Surface
Current

Average (m/s) 1.4 1.2 1.1 1.4 1.5 1.4 1.2 1.5 0.4 0.4 0.6 0.5

Maximum
(m/s) 3.1 3.4 4.8 3.8 3.1 3.6 4.9 3.8 2.6 2.7 5.0 3.5

Most frequent
Direction SW SW SW SW SW SW SW SW SW SW NE SW

Winds

Average (m/s) 7.7 8.2 9.9 9.1 7.6 8.2 9.8 9.1 6.8 7.0 8.6 8.2

Maximum
(m/s) 23.2 24.1 27.8 23.5 21.9 24.1 27.8 23.7 21.0 19.9 24.5 22.5

Most frequent
Direction E W W W E ENE W W E W W WSW
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2 DISCHARGE 4

The average metocean data at the Discharge 4 location over the five-year dataset is presented in
Figure 2-1.

Figure 2-1 - Average annual current and wind speed roses at Discharge 4 for 2012-2016
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The dominant direction for surface current at Discharge 4 is towards SW for the 2012 to 2016 period
with an occurrence probability greater than approximately 50%. Current speeds can reach up to 4
m/s at the surface.

Dominant current direction at the seabed is towards SSW and SW for approximately 80% of the
time. Part of the drill cuttings are discharged at the seabed, which makes seabed currents an
important factor in drilling discharge modelling.

Dominant wind directions are from between WSW and WNW (approximately 36% of the time), and
ENE and ESE (approximately 27% of the time). Wind speeds are mostly in the 5 m/s to 20 m/s
range.

Figure 2-2 and Table 2-1 present the average monthly current roses at the surface for 2012 to 2016
and the associated statistics, respectively. The surface current at Discharge 4 is predominantly
directed to the southwest in all months. There are periods of the year (Feb, May and June) when
occurrences of flow towards the north are also observed. The peak monthly surface current speed of
4.8 m/s to NNE, and 4.2 m/s to SSW occur in June and July, respectively. These comprise strong
wind- The
nearest coastal regions lie to the north and NNE of Discharge 4.

Table 2-1 - Yearly and monthly surface current speed and direction statistics at Discharge 4

SPEED (M/S) YRLY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Median 1.2 1.5 0.7 1.4 1.3 0.8 1.0 1.1 1.1 1.3 1.2 1.6 1.8

Mean 1.3 1.6 0.9 1.4 1.3 0.9 1.1 1.1 1.2 1.3 1.2 1.6 1.7

Std. deviation 0.0 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5

Minimum 0.0 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.1 0.0 0.1 0.1 0.1

Maximum 4.8 3.1 2.9 3.4 3.0 3.0 4.8 4.2 3.1 3.6 3.8 3.0 3.1

Most frequent
direction SW SW SW SW SW SW SW SW SW SW SW SW SW

Strongest
current
direction

NNE SSW SSW SW SW SW NNE SSW SW SW NNE SW WSW
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Figure 2-2 - Average monthly surface current roses at Discharge 4 for 2012  2016 (colour bar represents current speed in m/s)
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Figure 2-3 - Average monthly seabed current roses at Discharge 4 for 2012  2016 (colour bar represents current speed in m/s)
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Figure 2-3 and Table 2-2 present the monthly current roses at the seabed for 2012 to 2016 and their
associated statistics, respectively. The seabed currents present a low directional variability
compared to the surface currents (Figure 2-3) and the dominant flow direction is to the southwest.
Table 2-2 shows that the current speed is higher in the period from May to September (end of Q2
and Q3), and the dominant direction is largely SW.

Table 2-2 - Yearly and monthly seabed current speed and direction statistics at Discharge 4

SPEED (M/S) YRLY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Median 0.2 0.2 0.3 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Mean 0.2 0.2 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.2 0.3 0.2 0.3

Std. deviation 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Minimum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Maximum 0.9 0.6 0.6 0.6 0.5 0.7 0.7 0.9 0.6 0.5 0.6 0.7 0.6

Most frequent
direction SW SW SW SSW SSW SW SW SW SW SSW SW SW SSW

Strongest
current direction SW SW SW SW SW SSW SW SW SW SW SW SW SW

Figure 2-4 and Table 2-3 present the average monthly wind speed and direction statistics at 10 m
elevation above sea level. Winds mainly occur in the east and west quadrants. The most frequent
direction for stronger winds (>15 m/s) is from W over the five-year analysis period. The period from
May to September also experiences mostly westerly winds.

Table 2-3 - Yearly and monthly wind speed and direction statistics at Discharge 4

SPEED (M/S) YRLY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Median 8.3 7.5 7.5 8.2 7.8 7.8 9.7 9.7 9.2 9.7 9.0 8.4 7.7

Mean 8.7 7.5 7.7 8.2 8.0 8.3 10.0 10.1 9.7 9.9 8.9 8.6 7.8

Std. deviation 0.6 3.1 3.1 3.1 3.6 3.9 4.7 4.6 4.5 3.9 3.3 3.5 3.1

Minimum 0.2 0.3 0.3 0.5 0.6 0.3 0.5 0.2 0.6 0.8 0.4 0.3 0.3

Maximum 27.8 19.4 19.4 24.1 20.5 19.7 27.8 23.8 24.9 23.5 22.1 23.0 23.2

Most frequent
direction

W E ENE ENE ENE W W W W W ENE WSW E

Strongest wind
direction

W W W W W W W W W W W WSW WSW

In summary, the current data at Discharge 4 for the years 2012 to 2016 indicates flow at the sea
surface mostly towards the SW for all months with some variability in speed, and mostly constant
SW flow direction and speed at the seabed for all months. There are periods of the year (Feb, May
and June) when occurrences of surface flow towards the north are also observed. The months of
May to September also see an increase in the frequency and strength of winds from the west
compared to other times in the year
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Figure 2-4 - Average monthly wind roses at Discharge 4 for 2012  2016 (colour bar represents wind speed in m/s)
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Simulations for the dispersion of drill cuttings and drilling muds from well drilling operations at
Discharge 4 require the selection of a suitable model start time in each season. The methodology to
identify the start time for each season in the present study involved an examination of the near-
seabed and surface current speed and direction which would lead to maximum transport of drilling
discharges towards the nearest Marine Protected Area (MPA). For Discharge 4, the nearest MPA is
the Southwest Indian Seamount Marine Protected Area, whose NE corner lies approximately
18.1 km to the SW as shown in Figure 2-5.

Figure 2-5 - Locations of Discharge 4 and Discharge 5 relative to Southwest Indian Seamount
MPA

Based on information provided by Total, there are two distinct discharge phases over the course of
drilling a well:

Riserless phase  representing the first 270 hrs of operations, which includes 54 hrs of discharge
at the seabed and 216 hrs (9 days) of no discharge. The total mass of cuttings and drilling mud
released at the seabed during this phase is 1127 tonnes and 2326 tonnes, respectively.
Riser phase  representing the next 344 hrs of drilling operations, which includes 200 hrs of
discharge at 10 m below the water surface and 144 hrs (6 days) of no discharge. The total mass
of cuttings and drilling mud released during this phase is 478 tonnes and 4100 tonnes,
respectively.

Figure 2-6 illustrates the sequence of drilling discharge operations and the time spent for each
operation. Figure 2-7 shows the quantity (mass in tonnes) of the drilling muds and cuttings
discharged from the commencement of drilling to the final HPWBM mud discharge at the end of the
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Figure 2-6 - Typical sequence and duration of mud and cuttings discharges

Figure 2-7 - Variation of discharged mud and cuttings quantity with time at drilling location

Since discharges at both the seabed and close to the water surface have the potential to reach the
MPA, the current speed and direction data at these elevations were analysed to estimate the periods
of time when the maximum combined seabed and surface transport of seawater towards the MPA
occurred during each season in the 5-year metocean dataset.  It is these periods that were used for
the model simulations.
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Figure 2-8 presents summary statistics of current speed and direction at the seabed for each month
of Season 1. Maximum current speed tends to mostly remain in the range of 0.4 m/s to 0.6 m/s,
while average speed mostly lies in the 0.2 m/s to 0.3 m/s range. The most frequently occurring flow
direction for the strongest 10% of the seabed currents is almost always to the southwest with a
couple of months in 2016 showing stronger flows to the SSW.  These observations are most
probably related to large-scale perturbation of the Agulhas Currents due to the passing of a Natal
Pulse.

Figure 2-8 - Bottom current mean and maximum speed, and primary direction at Discharge 4
for Season 1 (2012  2016)

Figure 2-9 shows the current vectors at the seabed and surface at Discharge 4 for a 45-day period
from 17 Dec 2015 to 30 Jan 2016. For clarity, the seabed and surface current vectors are scaled
independently. The selected start time for the drilling discharge simulation in Season 1 is 26 Dec
2015 at 1500 hrs, as it yields the maximum combined seabed and surface transport of seawater
towards the nearest MPA. The simulation periods for the riserless and riser phases of the well
drilling are shown in Figure 2-9.
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Figure 2-9 - Seabed and surface current vectors at Discharge 4 from 17 Dec 2015 to 30 Jan
2016 with boxes showing the period selected for drilling discharge simulation in
Season 1

Figure 2-10 presents summary statistics of current speed and direction at the seabed for each
month of Season 2. In comparison with Season 1, there is a wider range in the maximum current
speed which typically varies between 0.3 m/s to 0.6 m/s. The maximum speed of approximately 0.7
m/s occurs in May 2012. Average current speed is like Season 1 and mostly lies in the 0.2 m/s to
0.3 m/s range. The most frequently occurring flow direction for the strongest 10% of the seabed
currents is almost always to the southwest although 2012 and April 2016 had stronger flows to the
SSW.
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Figure 2-10 - Bottom current mean and maximum speed, and primary direction at Discharge 4
for Season 2 (2012  2016)

Figure 2-11 shows the current vectors at the seabed and surface at Discharge 4 for a 45-day period
from 3 Mar 2013 to 16 Apr 2013. For clarity, the seabed and surface current vectors are scaled
independently. The selected start time for the drilling discharge simulation in Season 2 is 12 Mar
2013 at 0900 hrs, as it yields the maximum combined seabed and surface transport of seawater
towards the nearest MPA. The simulation periods for the riserless and riser phases of the well
drilling are shown in Figure 2-11.

Figure 2-11 - Seabed and surface current vectors at Discharge 4 from 3 Mar 2013 to 16 Apr
2013 with boxes showing the period selected for drilling discharge simulation in
Season 2
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Figure 2-12 presents summary statistics of current speed and direction at the seabed for each
month of Season 3. The maximum current speed typically varies between 0.4 m/s to 0.6 m/s with a
notable outlier of approximately 0.85 m/s occurring in July 2016. Average current speed mainly lies
between 0.2 m/s and 0.3 m/s. The most frequently occurring flow direction for the strongest 10% of
the seabed currents is almost always to the southwest except in July 2012 when this direction was
to the SSW.

Figure 2-12 - Bottom current mean and maximum speed, and primary direction at Discharge 4
for Season 3 (2012  2016)

Figure 2-13 shows the current vectors at the seabed and surface at Discharge 4 for a 45-day period
from 5 Aug 2016 to 18 Sep 2016. For clarity, the seabed and surface current vectors are scaled
independently. The selected start time for the drilling discharge simulation in Season 3 is 14 Aug
2016 at 0900 hrs, as it yields the maximum combined seabed and surface transport of seawater
towards the nearest MPA. The simulation periods for the riserless and riser phases of the well
drilling are shown in Figure 2-13.
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Figure 2-13 - Seabed and surface current vectors at Discharge 4 from 5 Aug 2016 to 18 Sep
2016 with boxes showing the period selected for drilling discharge simulation
in Season 3

Figure 2-14 presents summary statistics of current speed and direction at the seabed for each
month of Season 4. The maximum current speed typically varies between 0.4 m/s to 0.5 m/s
although Oct and Nov 2012 contain maximum speeds exceeding 0.6 m/s. Average current speed
mainly lies between 0.2 m/s and 0.3 m/s. The most frequently occurring flow direction for the
strongest 10% of the seabed currents is almost always to the southwest except in Sep and Nov
2016 when this direction was to the SSW.



OFFSHORE PRODUCTION RIGHT AND ENVIRONMENTAL AUTHORISATION APPLICATIONS FOR
BLOCK 11B/12B PUBLIC | WSP
Project No.: .41105306 | Our Ref No.: 41105306-358665-9 July 2023
TotalEnergies E&P South Africa BV Page 21 of 43

Figure 2-14 - Bottom current mean and maximum speed, and primary direction at Discharge 4
for Season 4 (2012  2016)

Figure 2-15 shows the current vectors at the seabed and surface at Discharge 4 for a 45-day period
from 10 Oct 2014 to 23 Nov 2014. For clarity, the seabed and surface current vectors are scaled
independently. The selected start time for the drilling discharge simulation in Season 4 is 19 Oct
2014 at 1200 hrs, as it yields the maximum combined seabed and surface transport of seawater
towards the nearest MPA. The simulation periods for the riserless and riser phases of the well
drilling are shown in Figure 2-15.

Figure 2-15 - Seabed and surface current vectors at Discharge 4 from 10 Oct 2014 to 23 Nov
2014 with boxes showing the period selected for drilling discharge simulation
in Season 4
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3 DISCHARGE 5

The average metocean data at the Discharge 5 location over the five-year data is presented in
Figure 3-1

Figure 3-1 - Average annual current and wind speed roses at Discharge 5 for 2012-2016

The dominant direction for surface current at Discharge 5 is towards SW and WSW for the 2012 to
2016 period with an occurrence probability greater than approximately 70%. Current speeds can
reach up to 4 m/s at the surface.
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Dominant current direction at the seabed is towards WSW and SW for approximately 80% of the
time. Part of the drill cuttings are discharged at the seabed, which makes seabed currents an
important factor in drilling discharge modelling.

Dominant wind directions are from between WSW and WNW (approximately 36% of the time), and
ENE and ESE (approximately 28% of the time). Wind speeds are mostly in the 5 m/s to 20 m/s
range.

Figure 3-2 and Table 3-1 present the average monthly current roses at the surface for 2012 to 2016
and the associated statistics, respectively. The surface current at Discharge 5 is predominantly
directed to the southwest in all months. There are periods of the year (Feb, May and June) when
occurrences of flow towards the north are also observed. The peak monthly surface current speed of
4.9 m/s to N, and 4.4 m/s to SW occur in June and July, respectively. The nearest coastal regions lie
to the north of Discharge 5.

Table 3-1 - Yearly and monthly surface current speed and direction statistics at Discharge 5

SPEED (M/S) YRLY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Median 1.4 1.6 0.9 1.7 1.4 1.1 1.2 1.1 1.3 1.4 1.4 1.8 1.9

Mean 1.4 1.6 1.0 1.6 1.4 1.1 1.2 1.2 1.3 1.4 1.4 1.8 1.9

Std. deviation 0.1 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.6 0.6 0.6 0.5 0.4

Minimum 0.0 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.4

Maximum 4.9 3.0 2.6 3.6 3.1 2.8 4.9 4.4 4.1 3.5 3.8 3.1 3.1

Most frequent
direction

SW SW SW SW SW SW SW SW SW WSW SW SW SW

Strongest
current direction

N SW SW SW WSW SW N SW SW SW NNE WSW W
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Figure 3-2 - Average monthly surface current roses at Discharge 5 for 2012  2016 (colour bar represents current speed in m/s)
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Figure 3-3 - Average monthly seabed current roses at Discharge 5 for 2012  2016 (colour bar represents current speed in m/s)
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Figure 3-3 and Table 3-2 present the monthly current roses at the seabed for 2012 to 2016 and their
associated statistics, respectively. The seabed currents present a low directional variability similar to
the surface currents (Figure 3-3) and the dominant flow direction is to the WSW.

Table 3-2 - Yearly and monthly seabed current speed and direction statistics at Discharge 5

SPEED (M/S) YRLY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Median 0.3 0.3 0.4 0.3 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Mean 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Std. deviation 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Minimum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

Maximum 0.8 0.6 0.7 0.6 0.5 0.7 0.7 0.8 0.7 0.6 0.6 0.6 0.7

Most frequent
direction WSW WSW WSW WSW WSW WSW WSW WSW WSW WSW WSW WSW WSW

Strongest
current direction WSW WSW SW WSW WSW SW WSW WSW WSW WSW WSW WSW WSW

Figure 3-4 and Table 3-3 present the average monthly wind speed and direction statistics at 10 m
elevation above sea level.  Winds mainly occur in the east and west quadrants. The most frequent
direction for stronger winds (>15 m/s) is from W over the five-year analysis period. The period from
May to September also experiences mostly westerly winds.

Table 3-3 - Table 4: Yearly and monthly wind speed and direction statistics at Discharge 5

SPEED (M/S) YRLY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Median 8.4 7.5 7.5 8.2 7.7 7.7 9.6 9.6 9.2 9.7 8.9 8.6 7.8

Mean 8.7 7.5 7.6 8.3 8.0 8.2 9.9 10.1 9.6 9.9 8.9 8.6 7.8

Std. deviation 0.6 3.1 3.2 3.2 3.6 4.0 4.8 4.6 4.5 4.0 3.4 3.6 3.1

Minimum 0.1 0.2 0.3 0.4 0.3 0.3 0.4 0.3 0.5 0.4 0.6 0.6 0.1

Maximum 27.8 19.8 19.5 24.1 19.0 18.8 27.8 24.3 26.0 23.7 23.0 22.5 21.9

Most frequent
direction WSW E ENE ENE ENE W W W W W ENE WSW E

Strongest
wind direction W W W W W W W ENE W W W W WSW

In summary, the current data at Discharge 5 for the years 2012 to 2016 indicates flow at the sea
surface mostly towards the SW for all months with some variability in speed, and mostly constant
SW flow direction and speed at the seabed for all months. There are periods of the year (Feb, May
and June) when occurrences of surface flow towards the north are also observed. The months of
May to September also see an increase in the frequency and strength of winds from the west
compared to other times in the year.
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Figure 3-4 - Average monthly wind roses at Discharge 5 for 2012  2016 (colour bar represents wind speed in m/s)
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The methodology for identifying a suitably conservative start time for the drilling discharge simulations
at Discharge 5 for Seasons 1 to 4 is identical to that described in Section 2.1. Similar to Discharge 4,
the nearest MPA to Discharge 5 is the Southwest Indian Seamount Marine Protected Area, whose NE
corner lies approximately 60.4 km to the SW as shown in Figure 2-5.

The two stages of well drilling at Discharge 5 are the same as for Discharge 4 and repeated below:
Riserless phase  representing the first 270 hrs of operations, which includes 54 hrs of discharge
at the seabed and 216 hrs (9 days) of no discharge. The total mass of cuttings and drilling mud
released at the seabed during this phase is 1127 tonnes and 2326 tonnes, respectively.
Riser phase  representing the next 344 hrs of drilling operations, which includes 200 hrs of
discharge at 10 m below the water surface and 144 hrs (6 days) of no discharge. The total mass
of cuttings and drilling mud released during this phase is 478 tonnes and 4100 tonnes,
respectively.

The current speed and direction data at the seabed and ocean surface were analysed at Discharge
5 to estimate the periods of time when the maximum combined seabed and surface transport of
seawater towards the MPA occurred during each season in the 5-year metocean dataset.

Figure 3-5 presents summary statistics of current speed and direction at the seabed for each month
of Season 1. Maximum current speed tends to mostly remain in the range of 0.5 m/s to 0.7 m/s,
while average speed mostly lies in the 0.3 m/s to 0.4 m/s range. The most frequently occurring flow
direction for the strongest 10% of the seabed currents is almost always to the WSW with a couple of
months in 2014 and 2016 showing stronger flows to the W and SW.

Figure 3-5 - Bottom current mean and maximum speed, and primary direction at Discharge 5
for Season 1 (2012  2016)
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Figure 3-6 shows the current vectors at the seabed and surface at Discharge 5 for a 45-day period
from 14 Dec 2015 to 27 Jan 2016. For clarity, the seabed and surface current vectors are scaled
independently. The selected start time for the drilling discharge simulation in Season 1 is 24 Dec
2015 at 0300 hrs, as it yields the maximum combined seabed and surface transport of seawater
towards the nearest MPA. The simulation periods for the riserless and riser phases of the well
drilling are shown in Figure 3-6.

Figure 3-6 - Seabed and surface current vectors at Discharge 5 from 14 Dec 2015 to 27 Jan
2016 with boxes showing the period selected for drilling discharge simulation in
Season 1

Figure 3-7 presents summary statistics of current speed and direction at the seabed for each month
of Season 2. Maximum current speed tends to mostly remain in the range of 0.5 m/s to 0.7 m/s,
while average speed mostly lies in the 0.2 m/s to 0.4 m/s range. The most frequently occurring flow
direction for the strongest 10% of the seabed currents is almost always to the WSW with a couple of
months showing stronger flows to the SW.
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Figure 3-7 - Bottom current mean and maximum speed, and primary direction at Discharge 5
for Season 2 (2012  2016)

Figure 3-8 shows the current vectors at the seabed and surface at Discharge 5 for a 45-day period
from 3 Mar 2013 to 16 Apr 2013. For clarity, the seabed and surface current vectors are scaled
independently. The selected start time for the drilling discharge simulation in Season 2 is 12 Mar
2013 at 0900 hrs, as it yields the maximum combined seabed and surface transport of seawater
towards the nearest MPA. The simulation periods for the riserless and riser phases of the well
drilling are shown in Figure 3-8.

Figure 3-8 - Seabed and surface current vectors at Discharge 5 from 3 Mar 2013 to 16 Apr
2013 with boxes showing the period selected for drilling discharge simulation in
Season 2
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Figure 3-9 presents summary statistics of current speed and direction at the seabed for each month
of Season 3. Maximum current speed tends to mostly remain in the range of 0.5 m/s to 0.8 m/s,
while average speed mostly lies in the 0.2 m/s to 0.4 m/s range. The most frequently occurring flow
direction for the strongest 10% of the seabed currents is almost always to the WSW with just one
month of June 2016 showing stronger flows to the SW.

Figure 3-9 - Bottom current mean and maximum speed, and primary direction at Discharge 5
for Season 3 (2012  2016)

Figure 3-10 shows the current vectors at the seabed and surface at Discharge 5 for a 45-day period
from 2 Aug 2015 to 15 Sep 2015. For clarity, the seabed and surface current vectors are scaled
independently. The selected start time for the drilling discharge simulation in Season 3 is 12 Aug
2015 at 0000 hrs, as it yields the maximum combined seabed and surface transport of seawater
towards the nearest MPA. The simulation periods for the riserless and riser phases of the well
drilling are shown in Figure 3-10.
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Figure 3-10 - Seabed and surface current vectors at Discharge 5 from 2 Aug 2015 to 15 Sep
2015 with boxes showing the period selected for drilling discharge simulation
in Season 3

Figure 3-11 presents summary statistics of current speed and direction at the seabed for each
month of Season 4. Maximum current speed tends to mostly remain in the range of 0.5 m/s to 0.7
m/s, while average speed mostly lies in the 0.2 m/s to 0.4 m/s range. The most frequently occurring
flow direction for the strongest 10% of the seabed currents is almost always to the WSW with a
couple of months showing stronger flows to the SW.
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Figure 3-11 -  Bottom current mean and maximum speed, and primary direction at Discharge
5 for Season 4 (2012  2016)

Figure 3-12 shows the current vectors at the seabed and surface at Discharge 5 for a 45-day period
from 5 Oct 2015 to 18 Nov 2015. For clarity, the seabed and surface current vectors are scaled
independently. The selected start time for the drilling discharge simulation in Season 4 is 15 Oct
2015 at 0300 hrs, as it yields the maximum combined seabed and surface transport of seawater
towards the nearest MPA. The simulation periods for the riserless and riser phases of the well
drilling are shown in Figure 3-12.

Figure 3-12 - Seabed and surface current vectors at Discharge 5 from 5 Oct 2015 to 18 Nov
2015 with boxes showing the period selected for drilling discharge simulation
in Season 4
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4 CONDENSATE PIPE LEAK LOCATION

Figure 4-1 shows the annual current and wind roses at the condensate pipe leak location -
 S,  E. The surface current flows more often towards the SW like at

Discharge 4 and 5, but there is more frequent occurrence of strong flows to the NE and NNE.
Current speeds at the seabed are mainly to the WSW and SW and rarely exceed 0.5 m/s. Winds are
mostly E-W and display similar characteristics as at Discharge 4 and 5.

Figure 4-1 - Average annual current and wind speed roses at Pipe Leak location for 2012-
2016



OFFSHORE PRODUCTION RIGHT AND ENVIRONMENTAL AUTHORISATION APPLICATIONS FOR
BLOCK 11B/12B PUBLIC | WSP
Project No.: .41105306 | Our Ref No.: 41105306-358665-9 July 2023
TotalEnergies E&P South Africa BV Page 35 of 43

Table 4-1 summarises statistics of surface current at the Pipe Leak location. While the surface
current usually flows to the SW for most of the year, the direction switches to the NE quadrant
during the months of May to Aug. The strongest flows are almost always towards the NNE or NE.
Peak current speed reached almost 5 m/s in the 5-year dataset although monthly median speeds
generally vary between around 0.3 m/s and 0.5 m/s over the course of the year.

Table 4-1 - Yearly and monthly surface current speed and direction statistics at Pipe Leak location

SPEED (M/S) YRLY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Median 0.4 0.3 0.4 0.4 0.4 0.3 0.4 0.5 0.4 0.4 0.4 0.4 0.3

Mean 0.5 0.4 0.4 0.4 0.5 0.4 0.6 0.6 0.6 0.6 0.5 0.5 0.4

Std. deviation 0.4 0.3 0.3 0.3 0.3 0.3 0.6 0.5 0.5 0.5 0.3 0.4 0.3

Minimum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Maximum 5.0 2.0 1.9 2.3 2.7 2.3 5.0 3.3 3.8 3.5 3.5 3.0 2.6

Most frequent
direction SW SW SW SW SW NNE NE NE NE SW SW SW SW

Strongest
current
direction

NNE NE NNE SW NNE ENE NNE NE NE NNE NE NNE NE

Figure 4-2 shows average monthly surface current roses at the Pipe Leak location for 2012 to 2016.
The surface current flows towards the SW quadrant in the months of January to April and October to
December. The surface current is directed towards the NE and SW quadrants in the months of May
to September, however the north-easterly currents are consistently stronger in those months.
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Figure 4-2 - Average monthly surface current roses at Pipe Leak for 2012  2016 (colour bar represents current speed in m/s)
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Figure 4-3 - Average monthly seabed current roses at Pipe Leak for 2012  2016 (colour bar represents current speed in m/s)
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Statistics of the seabed current at the Pipe Leak location are summarised in Table 4-2. The seabed
current is directed to the SW quadrant for most of the year except for the months of May and
August, which see the most frequently occurring seabed current direction switching to an easterly
flow. The strongest flows are almost always towards the east or WSW. Peak current speed reached
0.8 m/s in the 5-year dataset although monthly median speeds generally remain at 0.2 m/s over the
course of the year.

Table 4-2 - Yearly and monthly seabed current speed and direction statistics at Pipe Leak location

SPEED (M/S) YRLY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Median 0.2 0.2 0.2 0.1 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Mean 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Std. deviation 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Minimum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Maximum 0.8 0.5 0.7 0.6 0.8 0.6 0.7 0.7 0.7 0.6 0.6 0.5 0.5

Most frequent
direction WSW SW WSW WSW WSW E WSW WSW E WSW WSW WSW WSW

Strongest
current
direction

W WSW W ENE W E E WSW E E E WSW WSW

Figure 4-3 shows the average monthly seabed current roses at the Pipe Leak location for 2012 to
2016. The seabed current at the Pipe Leak location is directed towards the southwest quadrant in
the months of January to April and September to December. The seabed current flows both
eastward and to the southwest quadrant in the months of May to August.

Table 4-3 and Figure 4-4 present the statistics of hourly-average wind speed at 10 m elevation for
the Pipe Leak location. Winds mainly blow from the eastern and western sectors from October to
April. However, in the months of May to September westerly winds dominate in frequency of
occurrence as well as strength. The most frequent direction for stronger winds (>15 m/s) is from W
over the five-year dataset.

Table 4-3 - Yearly and monthly wind speed and direction statistics at Pipe Leak location

SPEED (M/S) YRLY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Median 7.3 6.6 6.5 7.2 6.6 6.4 8.0 8.6 8.0 8.6 8.1 7.6 6.8

Mean 7.6 6.8 6.7 7.2 6.9 6.9 8.4 8.9 8.5 8.7 8.0 7.7 6.9

Std. deviation 3.7 2.9 3.1 3.3 3.4 3.7 4.5 4.4 4.3 3.8 3.3 3.5 3.0

Minimum 0.1 0.2 0.4 0.5 0.2 0.1 0.3 0.2 0.1 0.6 0.6 0.1 0.3

Maximum 24.5 18.1 17.5 19.9 19.3 18.2 24.5 21.7 22.6 22.3 21.8 22.5 21.0

Most frequent
direction

W E E E ENE W W W W W E E E

Strongest wind
direction

W W W W W WSW W W W W W WSW WSW
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Figure 4-4 - Average monthly wind roses at Pipe Leak for 2012  2016 (colour bar represents wind speed in m/s)
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5 STUDY LIMITATIONS

WSP Canada Inc. (WSP) has prepared this document in a manner consistent with the level of care
and skill ordinarily exercised by members of the engineering and science professions currently
practising under similar conditions in the jurisdiction in which the services are provided, subject to
the time limits and physical constraints applicable to this document. No warranty, express or implied,
is made.

This document, including all text, data, tables, plans, figures, drawings, and other documents
contained herein, has been prepared by WSP for the sole benefit of Total Energies. This report

 professional judgement based on the knowledge and information available at the
time of completion. WSP is not responsible for any unauthorized use or modification of this
document. All third parties relying on this document do so at their own risk.

The factual data, interpretations, suggestions, recommendations, and opinions expressed in this
document pertain to the specific project, site conditions, design objective, development and purpose
described to WSP by Total Energies and are not applicable to any other project or site location. In
order to properly understand the factual data, interpretations, suggestions, recommendations, and
opinions expressed in this document, reference must be made to the entire document.

This document, including all text, data, tables, plans, figures, drawings, and other documents
contained herein, as well as all electronic media prepared by WSP are considered its professional
work product and shall remain the copyright property of WSP. Total Energies may make copies of
the document in such quantities as are reasonably necessary for those parties conducting business
specifically related to the subject of this document or in support of or in response to regulatory
inquiries and proceedings. Electronic media is susceptible to unauthorized modification,
deterioration, and incompatibility and therefore no party can rely solely on the electronic media
versions of this document.
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7 CLOSURE

We trust the above meets your present requirements. If you have any questions or requirements,
please contact the undersigned.

Ashwin Gadgil, PhD, EIT Sundar Prasad, PhD
Coastal Engineer & Hydrodynamic Modeller Senior Principal Coastal Engineer

Marieh Rajaie, PhD, EIT
Water Resources Specialist
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DOCUMENT LIMITATIONS
This document has been provided by WSP Group WSP
limitations:

i) This Document has been prepared for the particular purpose outlined in WSP
responsibility is accepted for the use of this Document, in whole or in part, in other contexts or for any other
purpose.

ii) The scope and the period of WSP ces are as described in WSP
restrictions and limitations. WSP did not perform a complete assessment of all possible conditions or
circumstances that may exist at the site referenced in the Document. If a service is not expressly indicated,
do not assume it has been provided. If a matter is not addressed, do not assume that any determination
has been made by WSP in regard to it.

iii)  Conditions may exist which were undetectable given the limited nature of the enquiry WSP was retained
to undertake with respect to the site. Variations in conditions may occur between investigatory locations,
and there may be special conditions pertaining to the site which have not been revealed by the investigation
and which have not therefore been taken into account in the Document. Accordingly, additional studies
and actions may be required.

iv) In addition, it is recognised that the passage of time affects the information and assessment provided in
this Document. WSP on that existed at the time of the production of
the Document. It is understood that the Services provided allowed WSP to form no more than an opinion
of the actual conditions of the site at the time the site was visited and cannot be used to assess the effect
of any subsequent changes in the quality of the site, or its surroundings, or any laws or regulations.

v) Any assessments made in this Document are based on the conditions indicated from published sources
and the investigation described. No warranty is included, either express or implied, that the actual
conditions will conform exactly to the assessments contained in this Document.

vi) Where data supplied by the client or other external sources, including previous site investigation data, have
been used, it has been assumed that the information is correct unless otherwise stated. No responsibility
is accepted by WSP for incomplete or inaccurate data supplied by others.

vii) The Client acknowledges that WSP may have retained sub-consultants affiliated with WSP to provide
Services for the benefit of WSP. WSP will be fully responsible to the Client for the Services and work done
by all its sub-consultants and subcontractors. The Client agrees that it will only assert claims against and
seek to recover losses, damages or other liabilities from WSP and not WSP
maximum extent allowed by law, the Client acknowledges and agrees it will not have any legal recourse,
and waives any expense, loss, claim, demand, or cause of action, against WSP
their employees, officers and directors.

viii) This Document is provided for sole use by the Client and is confidential to it and its professional advisers.
No responsibility whatsoever for the contents of this Document will be accepted to any person other than
the Client. Any use which a third party makes of this Document, or any reliance on or decisions to be made
based on it, is the responsibility of such third parties. WSP accepts no responsibility for damages, if any,
suffered by any third party because of decisions made or actions based on this Document.

WSP GROUP AFRICA (PTY) LTD
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