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INTRODUCTION

Eskom have embarked on a Nuclear Sites Programn&P)Ms part of their overall Nuclear
Programme. The purpose of the NSP is to identify thost suitable nuclear sites to meet the
requirements of sufficiency for a “Strategic reseof banked potential sites” through a Nucleam§iti
Investigation programme implemented to internatiigreccepted standards, according to best practice

and in line with authority requirements (e.g. thetidinal Nuclear Regulator) as appropriate.

To this end, Eskom have embarked on a programrmeefmare licenceable Site Safety Reports (SSR'S)
for three sites, namely Duynefontein, Bantamskiid &hyspunt. SSR’s are licensing documents that
are submitted to the national nuclear regulatomharity in support of obtaining a site licence. The
data incorporated into the SSR’s contain site-eelahformation spanning the site life-cycle phases
from Nuclear Siting Investigations through constiat, commissioning, operation, decommissioning,

to site reuse and thereafter.

Prestedge Retief Dresner Wijnberg (Pty) Ltd (PRDW$) part of a multi-disciplinary team preparing
the SSR’s, are responsible for the OceanographyCaragtal Engineering Chapter of the Site Safety
Report (SSR), which is required to be preparedctoalance with Eskom’s Technical Specification

for this work.

This report on the Coastal Engineering Investigegj@long with the Numerical Modelling of Coastal
Processes Report (PRDW, 2009a), provide detailthefstudies undertaken in support of the SSR
Chapter on Oceanography and Coastal EngineerintipéoT hyspunt site. Due to space constraints the
SSR chapter summarises the study methodology auttgewnhilst the two supporting reports provide

additional details.

Scope of Work

The scope of work is to characterise the followpagameters at the Thyspunt site:

= Physiography and marine/coastal geology

= Possible changes to hydrographic conditions dwdinmate changes
= Hydrographic conditions

= Intake and outfall design considerations

= Combinations of maximum and minimum water levels

= Coastline stability and cross-shore sediment traisp

Prestedge Retief Dresner Wijnberg (Pty) Ltd 1
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1.2 Limitations

As required by Eskom’s Technical Specificationtluis work, this study analyses return periods up to
1:1C years for water levels, waves and beach erosimeeShese predictions are based on measured
or hindcast datasets covering periods as shotirase tyears, the predictions for longer return pksio

need to be interpreted with extreme caution.

13 Conventions and Ter minology

The following conventions and terminology are usethis report:

= Ho is the significant wave height, determined frone theroth moment of the wave energy
spectrum.

= T,is the peak wave period, defined as the wave gevith maximum wave energy density in the
wave energy spectrum.

= Dy is the diameter for which N% of the sediment, Bight, has a smaller diameter, e.gy B the
median grain diameter.

= Time is South African Standard Time (Time Zone -2)

= Seabed and water levels are measured relative #ot Cratum, which corresponds to Lowest
Astronomical Tide (LAT) for Port Elizabeth. Charfim is 0.836 m below Mean Sea Level or
Land Levelling Datum (South African Tide Tables02).

= The map projection system is as follows:

Map projection: Gauss Conformal

Datum: Hartebeesthoek 94

Spheroid: WGS84

Scale factor: 1

Central meridian: 25°E

Reference system: WG25

Co-ordinates: Eastings (X, increasing eastwards)
Northings (Y, increasing northwards)

Distance units: International metre

Prestedge Retief Dresner Wijnberg (Pty) Ltd 2
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2.2

PHYSIOGRAPHY AND MARINE/COASTAL GEOLOGY

General Site Description

The Thyspunt site is situated approximately 12 kestwof St Francis Bay and 5 km east of Oyster
Bay.

The site is located on an exposed section of ¢nadthat faces towards the prevailing south-wegterl
deep sea swell waves. Owing to the significant laea$ at Cape Seal (near Plettenberg Bay) and
Cape St Francis (refer to PRDW (2009a) for locatimap), this stretch of coastline forms an isolated
coastal cell with no significant sediment feeddamses likely to occur into or out of the cell from
adjacent sections of coastline. There are no majers discharging to this section of coastlineeTh
sediment transport regime in the vicinity of they$punt site has been extensively modelled and is
discussed in PRDW (2009a). There are lengths absegb rocky outcrops on the coastline, with a few
beaches along the bays protected by rocky headlah@ése beaches could however be susceptible to

erosion during storm events.

Coastline and Seabed Char acteristics

The area is underlain by quartzitic sandstonet@ttouga formation. This is overlain by up to about
50 m of unconsolidated to consolidated sedimentsisting of sand, calcrete and calcarenite of the
Nanaga Formation. Figure 2.1 indicates the mainbestafeatures at the Thyspunt site

(FUGRO Survey, 2006). Although seabed featuressheae of the site are not indicated, a wide band
of rock with intermittent sediment is the main sedfeature just east of Thyspunt (see Figure 2.1).

Offshore of the rock reef the seabed is composeddolidated and partly consolidated sediments.

A thin line of sometimes swampy and mostly marsegetation, not wider than 40 m, lies between the
coast and the vegetated sand dunes. The densedyated) stabilized dunes strike ENE and extend
northwards from the marshy area. At approximatél® 1 inland to the north, lie the larger dunes

reaching more than 50 m above Mean Sea Level.

Seabed slopes vary along the site with steepereslepident on the exposed rocky outcrops and
gentler slopes on Slangbaai and Thysbaai beaclsaeBn -5 m CD and +10 m CD average values

range from 1:25 to 1:13 with a maximum slope, froasured profiles, of 1:6.

Prestedge Retief Dresner Wijnberg (Pty) Ltd 3
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3.2

POSSIBLE CHANGESTO HYDROGRAPHIC CONDITIONSDUE TO CLIMATE CHANGE

Introduction

In the past, engineers relied on the assumptiantiieanatural environment, although highly variable
remains statistically static and that probabilifgtdbutions for prime environmental factors such a
wind speed, wave height, flood frequency and seal lare unchanging with time. Efforts have
therefore centred on the already difficult probled estimating the underlying natural statistical
variability of these phenomena through long-termasueement programs, sophisticated numerical
modelling and statistical simulation. The proveserin carbon dioxide levels and the possibilityhef
Earth being subject to an enhanced "greenhousetteffas brought some aspects of this basis of
design into question. Extrapolation of probabilitigtributions to exposure times very much longer
than the data base may be invalid in a changing@mment unless some specific account can be taken
of those changes. Scientific opinion suggests ¢hahges to climate may occur within the design life
of many coastal and ocean engineering activiti@ms€quently, consideration of the possible impacts

of climate change should be included in the depigicess (Engineers Australia, 2004).

The oceanographic and coastal engineering parasnatéch may be influenced by climatic changes
over the next 90 to 100 years are described in AgigeA. The adopted parameters for this site safety
assessment are tabulated in Section3.2. The 90Qtg/dar horizon takes account of the likely life of

the nuclear facility (60 years) and cognisancehefgthasing in of facilities over the next 20 plesns.

Adopted Parametersfor Long Term Climate Change

The adopted parameters for long term climate chémgpurposes of the SSR are summarized in the

following table.

TABLE 3.1: ADOPTED PARAMETERSFOR CLIMATE CHANGE TO YEAR 2100

Parameter Change
Sea level rise to 2100 +0.8m
Sea temperature + 3°C
Wind speed +10%
Wave height +17%
Storm surge +21%

These values are based on the information avaiabpgesent, and need to be continually reassessed

as new data and research results become available.

Prestedge Retief Dresner Wijnberg (Pty) Ltd 4
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4.2

HYDROGRAPHIC CONDITIONS

Only details of hydrographic conditions required fioe coastal engineering calculations are provided
below. Details on other hydrographic conditionduding waves, storm surge, tsunamis, currents and
seawater temperature are described in PRDW (2009a).

Tides

The closest port to the Thyspunt site for whichgld@rm tidal data is available is Port ElizabetheT
predicted tidal levels at Port Elizabeth are a®fed (South African Tide Tables, 2009):

TABLE 4.1: PREDICTED TIDAL LEVELSFOR PORT ELIZABETH

Parameter Level [m CD] Level [ MMSL]

Lowest Astronomical Tide (LAT) 0.00 -0.84
Mean Low Water Springs (MLWS) 0.21 -0.63
Mean Low Water Neaps (MLWN) 0.79 -0.05
Mean Level (ML) 1.04 0.20

Mean High Water Neaps (MHWN) 1.29 0.45
Mean High Water Springs (MHWS) 1.86 1.02
Highest Astronomical Tide (HAT) 2.12 1.28

These levels are calculated relative to Chart Datamich is 0.836 m below Mean Sea Level or
Land Levelling Datum (South African Tide TablesP2). The values for MSL are accurate to the

precision as supplied in the South African Tide [€ab

HAT is the highest level which can be predicte@¢our under average meteorological conditions and
under any combination of astronomical conditionguts African Tide Tables, 2009). HAT is not the
extreme upper level which can be reached, as starges and other meteorological or geological (e.qg.

tsunami) conditions may cause considerably higinvgl$ to occur.

LAT is the lowest level which can be predicted twur under average meteorological conditions and
under any combination of astronomical conditionsuff African Tide Tables, 2009). LAT is not the
extreme lower level which can be reached, as negatiorm surges and other meteorological or

geological (e.g. tsunami) conditions may causeidenably lower levels to occur.

HAT and LAT will only be reached once every 18.@s& although levels within approximately
0.14 m of HAT and 0.14 m of LAT will be reached aally.

Storm Surge

Storm surge is for the purpose of this report defias the influence of meteorological effects sash
winds and barometric pressure that results in hcea level being above or below the predicted

astronomical tide level.

Prestedge Retief Dresner Wijnberg (Pty) Ltd 5
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4.3

43.1

4.3.2

For the calculations of extreme high and low wateents, extreme values for positive and negative
storm surge residuals (the difference between theahwater level and the predicted tide) have been

calculated from hourly tide gauge data. Refer t®RR(2009a) for full details.

Long Waves

This section describes exclusively the maximum etquk elevation due to long waves (refer to
definition below). The analysis and run-up resgitirom the Probable Maximum Tsunami is
evaluated independently (PRDW, 2009a).

Definition

Long waves are, for the purpose of this reportingeff as fluctuations in still water level with pmats
between 3 to 60 minutes. Long waves typically idetuedge waves, shelf waves, bound waves and

tsunami (both tectonically and meteorologically gieted).

Meteo-tsunami are meteorologically initiated longwe's which can subsequently propagate as edge or
shelf waves. Meteo-tsunami can also produce patterntide gauge records closely analogous to

tectonic tsunamis, with multiple waves impingingtbe coast for a number of hours (PRDW, 2009a).

Bounded long waves are generated by gradientsdiatian stress found in wave groups, causing a
lowering of the mean water level under high waved a raising under low waves (CEM, 2003).The
bounded wave travels at the group speed of the winks, hence is bound to the wave group. The

occurrences of bounded long waves are thereforecdsg to occur during a storm.

Analysis

High frequency (1 - 3 minute) measured data frade tjauges at Port Nolloth, Simon’s Town, Cape
Town, Mossel Bay and Port Elizabeth have been gsazkto determine the occurrence and severity of
long waves (refer to Figure 4.1 for tide gauge fimees). The data has been kindly provided by the
Hydrographer of the South African Navy (who is negponsible for any transcription errors or errors
due to calculations using the data). The databless “cleaned” (by removing “spikes” and other
errors), and the residuals (difference betweemtbasured data and a 60 minute running mean) have
been extracted. Details of the available datafeetsach of the tide gauges are presented in TaBle

and illustrated in Figure 4.2.

Prestedge Retief Dresner Wijnberg (Pty) Ltd 6



Nuclear Sites Site Safety Reports

Coastal Engmgénvestigations: Thyspunt

TABLE 4.2 LONG WAVE DATA SET INFORMATION

L ocation Start Date End Date Duration [years]
Port Nolloth 2006-01-01 2009-08-31 3.32
Cape Town 2008-03-31 2009-08-31 1.35

Simon's Town 2006-01-01 2009-08-31 3.45
Mossel Bay 2007-05-16 2009-08-31 1.96
Port Elizabeth 2005-06-09 2009-08-31 4.20

An extreme value analysis was completed on theluats of the data using the MIKE EVA software
package from DHI (refer to PRDW (2009a) for detaflgarding the EVA software). Extreme values
for return periods of 1:1, 1:10, 1:100 and f:¢6ars have been calculated and are tabulated Hefow

all five tide gauge locations. As the measuredsdtaare only between 1.35 and 4.2 years in datatio

results from extrapolation to return periods longfgan 5 to 10 years should be interpreted with

caution.

TABLE 4.3: EXTREME LONG-WAVE RESIDUALSAT FIVE SANHO TIDE
GAUGE LOCATIONSAROUND SOUTH AFRICA

Positive Residuals[m] Negative Residuals[m]

Return L ocation Best Upper 95% Best Upper 95%
period [years| estimate confidence estimate confidence
Port Nolloth 0.37 0.51 0.29 0.41

Cape Town 0.37 0.45 0.40 0.51

1 Simon’s Town 0.18 0.21 0.18 0.21
Mossel Bay 0.45 0.55 0.46 0.58

Port Elizabeth 0.33 0.39 0.30 0.33

Port Nolloth 0.74 0.99 0.62 0.88

Cape Town 0.52 0.64 0.59 0.74

10 Simon’s Town 0.26 0.31 0.26 0.30
Mossel Bay 0.65 0.78 0.71 0.89

Port Elizabeth 0.50 0.59 0.37 0.40

Port Nolloth 1.14 1.49 1.03 1.39

Cape Town 0.67 0.82 0.77 0.94

100 Simon’s Town 0.33 0.39 0.32 0.38
Mossel Bay 0.81 0.97 0.94 1.16

Port Elizabeth 0.65 0.77 0.41 0.44

Port Nolloth 2.91 3.64 3.16 3.77

Cape Town 1.27 1.47 1.42 1.67

10° Simon’s Town 0.57 0.70 0.54 0.66
Mossel Bay 1.34 1.62 1.83 2.21

Port Elizabeth 1.15 1.44 0.51 0.59

4.3.3 General Discussion of Residuals

Figure 4.3 illustrates the typical residual val@e®l periods associated with long-wave events. The
figure shows recorded events at Port Nolloth, Mbd&say and Port Elizabeth, with the events
attributed to: a meteo-tsunami, bound long-waved tttonic tsunami respectively. The tectonic
tsunami is seen (NGDC, 2009) to have originatedsimimatra, Indonesia, from an 8.4 magnitude
earthquake which occurred at approximately middayT) on the 1¥ of August, 2007. As the tide
gauges are located inside harbours, the measutaedigdéikely to include localised effects such as

resonance of the adjacent bay or harbour basin.
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Figure 4.4 illustrates the progression of a mesemami from Port Nolloth to Port Elizabeth and
demonstrates the typical travel times associatel thiese events and the relative magnitude of the

residuals at each of the five SANHO tide gaugestat

Figure 4.5 illustrates the progression of boundjlaraves associated with a measured storm event and

associated magnitude of the residuals at eactedita SANHO tide gauge stations.

Although Figure 4.4 indicates the initial locatiai the identified meteo-tsunami event as near
Port Nolloth, there is currently insufficient infaation to suggest that the initiation mechanisnes ar
specific to the coastal area around Port Nolldtis teasonable, and conservative, to assumehbsaét

initiating events could as readily occur at anyaliin around the coast of South Africa. For this
reason, the maximum predicted long-wave event &abdl in Section 4.3.4 and utilised in the
calculation of combinations of maximum surface etens expected at the proposed nuclear

installation corridor, is the Port Nolloth 19 gear event.

Results for Thyspunt

For the evaluation of the impact of long waves lagSpunt, three minute sampled data (2006-01-01 to
2009-08-31) from the Port Nolloth tide gauge haeerb used. This approach is considered to be

conservative

As only 3.45 years of continuous data are curreatigilable, results from extrapolation to return
periods longer than 10 years should be interpretddcaution. The upper 95% confidence level to the
best estimate is calculated using the Monte Cadthod. The results of the extreme value analysis fo
Port Elizabeth, not tabulated, are presented imrEg4.6 and 4.7. The results for Port Nolloth are

presented in Figures 4.8 and 4.9 and Table 4.4.

TABLE 4.4: EXTREME LONG WAVE RESIDUALSAT PORT NOLLOTH

Positive Residuals [m] Negative Residuals[m]
Return Period Best estimate Uppgr 95% Best estimate Uppgr 95%
[years] confidence confidence
1 0.37 0.51 0.29 0.41
10 0.74 0.99 0.62 0.88
100 1.14 1.49 1.03 1.39
10° 2.91 3.64 3.16 3.77

The large uncertainty in the EVA analysis for tlder return periods, particularly evident in the
lower 5% confidence level plots in Figures 4.6 19, 4s indicative of the short period of data aaklié

compared to the extended return periods considered.
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4.6

Extreme Waves

In this section sea and swell waves generated logl \and having periods between 4 and 25 s are
described. The wave climate at the site was detexunby refracting a 15 year offshore hindcast
dataset to the -30 m CD depth contour oppositesitekeand then performing an extreme value analysis
on the dataset. The modelling procedure and thdtseare described in PRDW (2009a). Wave data
have also been recorded at two locations at tleessitce February 2008. Full details are provided in
PRDW (2009a).

Wave Transfor mation acr oss the Surf-Zone

The cross-shore hydrodynamic engine of the LITPA@G&del (as described in PRDW, 2009a) was
used to transfer each of the extreme wave conditarthe -30 m CD position inshore to the -5 m CD

position, where the resulting wave conditions aduired as input to the wave run-up computations.

The inputs for the LITPACK model are the beach ileadind the wave conditions at -30 m CD. The
water level is set to HAT plus any addition forrstosurge and climate change where applicable.
(Refer to Chapter 3 and Table 6.1). The calculatiare performed using variable grid spacing with
values between 1 m and 2 m. Note that the wavehtseaxtracted at -5 m CD for calculations of run-

up are broken wave heights and represent a depited condition (refer to Table 4.5).

TABLE 4.5: SSIGNIFCANT WAVE HEIGHT FROM DEEP WATER TO SHALLOW
WATER LOCATION USED IN RUN-UP CALCULATIONS FOR PROFILE 03

Hmo[m] at -30m CD and -5m CD
Ret Excluding climate change Including climate change
urn . Upper 95% . Upper 95%
period Best estimate PpE 0 Best estimate PPE
[years] confidence confidence
-30mCD -5mCD [-30mCD -5mCD |[-30mCD | -5mCD [-30mCD -5m CD
1 6.7 5.9 6.9 6.0 7.8 6.6 8.1 6.7
10 8.2 6.4 8.7 6.6 9.6 7.2 10.2 7.4
100 9.6 6.8 10.5 7.1 11.2 7.6 12.3 7.9
10° 14.4 8.1 17.5 8.9 16.9 9.2 20.5 10.1
Wave Set-up

The cross-shore wave model used (refer to Sectio) dhcludes the effect of wave set-up. Although
this result for wave set-up is not used explicithgluding this parameter takes into account ttiecef

of a higher water level on the wave transformatiothe surf zone in itself.

In the present study, wave run-up is calculatedngisempirical equations from laboratory
investigations with irregular wave input (refer$ection 4.7). Total vertical run-up is correlatedat
non-dimensional height based on physical measurenieciusive of the effect of set-up. Therefore,

no separate analysis of wave set-up is requirédssnplicit in the equations for wave run-up.
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4.7

4.7.1

4.7.2

4.7.3

Wave Run-up

Wave run-up is calculated on the average beacheslab five beach and coast profiles for the
Thyspunt site and the transformed wave conditiogfe( to Section 4.5). The plan view of the selécte
profiles is shown in Figure 4.10. The final valdevertical wave run-up is seen to be highly depende
on the chosen slope of the profile. In order tont@@n consistency of approach for all of the pesil

the slope was taken as the average value betwémts pb-5 m CD to +10 m CD.

Calculation of Run-up from Profile Data

Hughes (2004) re-examined existing wave run-up @@taregular, irregular and solitary waves on
smooth, impermeable plane slopes. A model is useltive a new wave run-up equation in terms of
a dimensionless wave parameter representing thenmax depth-integrated momentum flux in a

wave as it reaches the toe of the slope.

The approach by Hughes (2004) assumes a smoothritepble slope. For an impermeable slope, the
wave run-up will typically be more than for an eelent permeable slope. This approach is
considered conservative as these calculations &mewun-up will give values greater than for rough,

permeable slopes.

For calculation of wave run-up for plunging/spidinvaves refer to Equation 40 in Hughes (2004). In

Hughes (2004), R is the vertical elevation from sea water levelemded by 2% of the run-ups.

Model Input Conditions

The above-mentioned method (Hughes, 2004), withetted wave conditions at -5 m CD as input, is

used for calculating design wave run-up

Run-up for each of the combined events (refer tti&e 6.3) has been analysed for given wave and
water-level input conditions for each profile. Thalues forH (local significant wave height) arfu
(water depth at -5 m CD) have been extracted froenITPACK results files and used to assess

maximum wave run-up (refer to Section 4.5).

Analysis of Profile Slopes

Initial assessment of the results shows a high midgrece on the average beach slope of the profile
under consideration. Smoothing of profile featusash as bars and naturally formed berms reduces
the slope and tends to reduce the wave run-up,eakeusing the maximum feature slope tends to

greatly increase the levels of calculated run-up.
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Since the intake structure details and terracd Ewectures are not yet defined, no coastlinecstines
have been superimposed onto the profiles and oceregldin the calculations. The results will be
subject to review once the design of the intake t@ndhce has advanced and any coastline structures
can be incorporated into the assessment.

A number of cross-sections have been taken alom@ tlyspunt site coastline. Beach slopes for each
of the cross-sections have been assessed (réfegure 4.11 for profile details). Table 4.6 sumrsasi
slope information for all of the profiles. The meaadues of the profile slopes between -5 m CD and

+10 m CD are used in the run-up calculations.

TABLE 4.6: PROFILE SLOPESFOR RUN-UP CALCULATIONS

-30mCDto-20mCD| -20mCDto-5mCD -5mCDto+10 m CD
M ean M ax M ean M ax Mean M ax
Profile 01 1:50 1.6 1:10 1.7 1:25 1.6
Profile 02 1:50 1.8 1:17 1:10 1:25 1:7
Profile 03 1:10 1.6 1:40 1.8 1:13 1.7
Profile 04 1.60 1:15 1:60 1:14 1:25 1:7
Profile 05 1:25 1:17 1:70 1:14 1:26 1.7

The occurrence clearly visible horizontal rock sksl (Profiles 01 and 02), in the surf zone tend to

greatly reduce the average slope used for the laditwo of run-up.

4.7.4 Results

Results are indicated in Figure 4.12 (excluding #féects of climate change) and Figure 4.13
(including the effects climate change), and taladabelow (refer to Chapter 3 for details regarding

increase water levels due to climate change).

TABLE 4.7: CALCULATED RUN-UP VALUESEXCLUDING CLIMATE
CHANGE WAVE CONDITIONS

Run-up [m above Still Water Level]

Best estimate Upper 95% confidence
Return Period [year s Return Period [years]
1 10 | 100 | 10° 1 10 | 100 | 10°

ProfileOl | 470 | 498| 5.21] 59 47% 507/ 537 6.40
Profile02 | 449 | 486| 5.100 58§ 459 496 5235 6.82
Profile03 | 6.04 | 6.59| 7.04f 848 6.1% 6.78 7.34 9.86
Profile04 | 260 | 2.79| 295 348 263 286 3.06 3.80
Profile05 | 3.60 | 3.87| 4.08) 473 365 396 432 5.10

The run-up varies for each of the profiles due tavevrefraction effects and most importantly the
beach slope between -5 m CD to +10 m CD, (refeBégtion 4.7.3). The noticeable offshore reef
visible in Profile 04 and Profile 05 cause wavealirg prior to the -5 m CD slope initiation point,

reduced significant wave heights and consequeeatiyced run-up values.
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TABLE 4.8: CALCULATED RUN-UP VALUESINCLUDING CLIMATE CHANGE

WAVE CONDITIONS

Run-up [m above Still Water Level]

Best estimate Upper 95% confidence
Return Period [year | Return Period [year s
1 10 | 100 | 10° 1 10 | 100 | 10°
Profile01 | 5.28 | 560 587/ 6.73 534 571 6.04 7.25
Profile02 | 5.09 [ 5.48| 574 6.64 521 559 592 7.24
Profile03 | 6.79 | 7.41| 7.92] 9.64 6.9 7.6 8.27 10|71
Profile04 | 2.97 [ 3.19( 3.38] 4.0 3.01 327 351 4.39
Profile05 | 4.01 [ 431 454 529 407 441 4740 5.2

Since the exact position of the nuclear terraeenigiown at present, the single maximum run-up from
all of the profiles has been used to calculatentfaaimum water levels in Table 6.1. The maximum
run-up occurs for Profile 03, due to increasedifgaope and an almost normal angle to the indiden

wave direction. Significantly lower run-up valuegcar on the beach profiles (Profile 04 and

Profile 05).
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5.2.2

INTAKE AND OUTFALL DESIGN CONSIDERATIONS

Classification of Intake and Outfall Structures

Since no engineering feasibility studies on thaketand outfall structures have been completed by
Eskom to date (October 2009), two conceptual las/overe developed which serve to illustrate the
thermal plumes and recirculation that can be grdteid for typical combinations of intake and ouitfal

types. The intakes considered are offshore tunneliéle the outfalls considered are a nearshore
channel and nearshore channel. Note that theseeptuad layouts will need to be refined based on

geotechnical and engineering considerations.

= Layout 1 — offshore tunnel intake (-30 m CD), nbars pipeline outfall (-5 m CD)

= Layout 2 — offshore tunnel intake (-30 m CD), nbars channel outfall (-5 m CD)

Further details of these layouts, along with thermfel plume, recirculation and sediment transport

modelling results for these layouts are provideBRDW (2009a).

General Requirements

Quantity of Intake Water

For a new installed power output of 10 000 MWe, #rgicipated seawater cooling flow rate is
456 nils (refer to PRDW (2009a) for details).

In the case of intake and outfall tunnels, the ditanof the tunnels is designed to avoid the risk o
sediments settling in the tunnel (minimum velo@fy?2.5 to 3 m/s). On the other hand, the veloaity i
the tunnels needs to be limited in order to redead losses in the tunnels. For the purposes of
maintenance redundancy, it is assumed each raaditowill be provided with an intake and/or outfall

tunnel to allow the reactor and tunnel to go in@intenance outage independently of the other units.

Quality of Intake Water

5.2.2.1 Clean Water

Most nuclear power plants obtain condenser cooliader from the open sea, in which case pre-
screening of the intake water using travelling snse mechanically cleaned bar screens, or passive
well screens is necessary. In many instancesctieersing chamber is located on or near shore and th

intake pipe may extend out hundreds of metersthesea.
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It is recommended (Bosman and Wijnberg, 1987) to:

= Remove sediment particles larger than 0.15 mm (bglgkd stilling basin or settling pond)
= Remove marine organisms larger than 5 mm

=  Prevent marine fouling in pressure ducts.

The intake design will have to respond to the maximallowable sediment concentrations for the
pumps. The pumps of the existing Koeberg nucleawepostation can cope with sediment
concentrations up to 50 ppm (Eskom, 2006). No mégion on the maximum allowable sediment

concentrations for the planned installation is kazdé.

A dredged stilling basin or an onshore settling gevill be required to enable capture of sediment
particles by settlement. Offshore intake systenistake in water of better quality and will requiess
pre-treatment than a nearshore intake system. dimeeational method of intake is the open intake of
seawater by active or passive screens of diffddails. These are subject to marine biological @gtiv
and suspended matter, which needs to be removeddoced by pre-treatment. Impingement of
marine life in offshore intakes can be reduced mper design of the velocity cap. The velocity cap,
the cover placed over the vertical terminal of dfstmre intake pipe, converts vertical flow into
horizontal flow at the intake entrance to reduah fentrainment. This velocity ranges from 0.15 to
0.45m/s (ASCE, 1982). The velocity cap is sizegneure a maximum horizontal velocity of 0.3 m/s

or less is achieved.

Chlorine, produced by electrolysis, is typicallyedgo keep the cooling system free of marine growth
Maintenance of the pipelines can add a signifidantor to the overall costs. The offshore tunnel
intake option should include adequate redundanalleav for periodic maintenance/cleaning of the

tunnel and intake system.

5.2.2.2 Recirculation Risk

Two different configurations of intake and outfatfuctures have been considered for the Thyspunt
site and are dealt with in more detail in the NuoarModelling Report (PRDW, 2009a). For each of
these configurations, the thermal plume disperbgbeen modelled for a typical winter, summer and
calm weather conditions in order to evaluate thercalation risk of heated cooling water to the

cooling water intake point of the new nuclear ifiaten.
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53 Damage to Cooling Water Intakes and Outfall Structures

In the case of offshore intake or outfall strucsur&e structures need to be positioned in a depére
extreme wave conditions will have no damaging impat the structure or any of its components
which might jeopardize the intake or discharge @flimg water. In the case of a nearshore basin or
channel type structures (rock structures), thecgira will be designed to a “no-damage” criteres§
than 5% damage). The damage is defined as a pageeat the eroded volume (CEM, 2006).

54 Sedimentation Risk

Tunnelled intake structures have been positioné&hofe in water depths of -25 m CD to -30 m CD.
Suspended sediment concentrations at these depthsedimentation risks have been assessed
(PRDW, 2009a). Refer to Chapter 7 for details réigay sedimentation and coastline stability for
Thysbaai.

Bottom shear by a strong tsunami current may beifgignt in shallow water. The deposition of a
large amount of sediment could affect the safe@yuiees of the plant. In particular, the depositidn
sediment around cooling water structures or theemialet and outlet might disrupt the operation of

the plant.

5.4.1  Tsunami Deposition

As part of the investigation into sedimentatiork fsom tsunami waves a literature study has been
completed. Historic cases of deposition from tsunarents from the 1998 Papua New Guinea
Tsunami, 2001 Peru Tsunami and the most recent R@ivhesian Tsunami have been researched and

a summary of the relevant results presented. Taete\associated with these tsunamis are described i

Table 5.1.
TABLE 5.1: TSUNAMI DEPOSITION STUDY: EVENT
IDENTIFICATION
Maximum water level
Tsunami event Ocean | Earthquake Magnitude relativeto M ean Sea
Level (m)
1998 - Papua New Guinea  Pacific 7.0 + landslide 15
2001- Peru Pacific 8.4 7
2004 - Indonesia Indian 9.2 10

5.4.1.1 Papua New Guinea, 1998, Peru, 2001

Details of the maximum and minimum deposition viaegween resources examined for the study. The
maximum values measured have recorded values ofoup m, with average historic values of
approximately 0.25 m (Morteet al 2007).
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5.4.2

5.4.1.2 Indonesia, 2004

After the 2004 Indonesian Tsunami, field data ohtami inundation and sediment deposits along the

west Sumatra coast were collected (USGS, 2005).

At Kuala Mersi, approximately 100 km south of Bamslzeh, a 15 m high tsunami wave inundated a
distance of nearly 2 km across a coastal plain W only 3 - 4 m above sea level. The tsunami
eroded the beach face and left a deposit thatdramighickness from less than 0.01 m to 0.34 msgro

the coastal plain.

At Lhoknga and Leupueng, the maximum thicknesshef tsunami deposits of sediment observed
along surveyed lines was about 0.7 m. Most of tleane composed of beach-sand including shells

and corals. At the village of Lampuuk, 0.73 m adisgent was deposited over soil.

In Sri Lanka, run-up elevation measured varied fless than 3 m to more than 12 m (increasing on
the East Coast of Sri Lanka towards the south).Megswater levels near the coastline varied from
less than 3 m to more than 10 m (increasing orkEtisd Coast of Sri Lanka towards the south, and on
the south coast toward the East). Erosion was afb@centrated in a relatively narrow zone near the

coast.

At Mankerni (Sri Lanka), a grassy area was erodeaial m in the vertical in a zone about 20 to 30 m
wide near the coast. Tsunami sediment depositeedtabout 50 m inland, and decreased in thickness
from about 0.10 m total thickness to about 0.0ditkhess at about 150 m inland.

5.4.1.3 Discussion of Results

According to the sediment surveys undertaken fiferdint modern tsunamis events, a maximum value
of 1 m for tsunami sediment deposition is verifidthe table below summarises deposition patterns

from the study.

TABLE 5.2 SUMMARY OF DEPOSITION THICKNESS

Tsunami Event L ocation Deposition thickness[m]
Papa New Guinea, 1998 0.25
Peru, 2001 1.00
Kuala Mersi, Sumatra 0.01t00.34
. Lhoknga and Leupueng, Sumatra 0.70
Indonesia, 2004 Lampuuk, Sumatra 0.73
Mankerni, Sri Lanka 0.02 to 0.10

Tsunami Erosion

5.4.2.1 Inundation Scour

Scour comparisons were undertaken for Banda Aceh ldnoknga, Sumatra. These two adjacent

coastal communities are located very near the taursburce which bore the brunt of severe
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inundation flow and suffered large areas of congpligstruction from the 2004 Indonesian Tsunami
(FEMA, 2006).

The Lhoknga coast experienced the highest runenmébns recorded in the event (>20 m).

All observed scour depths appear to be less than & both Banda Aceh and Lhokgna. The scour

patterns were in areas of relief, near structuaed,with vast areas of eroded coastlines.

A scour evaluation was performed for 20 sites setbto represent a range of locations, inundation
conditions and scour depth measured after the Rghesian Tsunami in India, Andaman/Nicobar,
Thailand and Sumatra (FEMA, 2006).

The selected site parameters provided a broad rahgen-up heights (up to 20 m) and inundation
distances (up to several kilometers). Howeveregadlluated scour features were located within 200 m
of the coastline, except at the Lhokgna mosqueuimara which was approximately 600 m from the
coastline. Soil conditions included various graoiagi of silty sands, sand and gravels typical oftada
environments. Table 5.3 provides a summary of thgewlevels and inundation distances observed
(FEMA, 2006):

TABLE 5.3: SUMMARY OF INUNDATION

L ocation Run-up height | Overland flow depth | Inundation distance
India 2to5m 0.2to2m Up to 800 m
Andaman/Nicobar 3to15m Not available Not avdéab
Thailand 5t0 10 m 2to5m Up to 5000 m
Sumatra 5to20m 2tol15m Up t010,000 m

Topography generally consisted of low (1 to 2 mefdunes, some areas of slightly raised profiles on
higher more stabilized dunes, associated withivelgtflat beach plains. Vegetation adjoining besxh

varied from mostly agricultural fields and cocopleantations, with some areas of more dense tropical
forests or shrubbery. Some areas of steep or rochgtlines also produced damaging scour, though

not as predominant as in the broad low lying intiota(refer to Table 5.4).

TABLE 5.4: SUMMARY OF EROSION CHARACTERISTICS

Run-up | Dist. to Scour ed Soil Surface Observed Scour
Height | Coastline
Type Cover Scour (m) Feature
(m) (m)
4t05 30 to 100 Med to Fine Sand Beach / very 05t01.5 Road / Railway scour
large beach
Coarse/Med to . .
5to 12 5to 180 Med/Eine Sand Beachfront 0.5t02 Footing / Bridge scour
Coarse/Med to Beachfront Abutment
15 501075 Med/Fine Sand with spit 151025 washout/sinkhole
4 5 Med to fine sand Beachfront 1 Seawall road
wigravel w/seawall scour
11 5 Silty gravel base &| Jungle slope, 4 Road scour
boulders rocky coast
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5.4.2.2 Sub-aerial Scour

Though not measured or assessed in the case statBesnced, sub-aerial scour due to tsunami are
likely to be destructive to coastal structures (Y#006). Offshore tsunami scour differs from ordjna
coastal structure scour, which occurs graduallysediby periodic waves and steady current loads. In
tsunami or storm surge, the leading wave may saaay much of the supporting materials around the
base of the structure such that catastrophic &aitbacurs with following waves due to hydrodynamic
drag forces. Deposition usually occurs within sebiad scour holes shortly after initially scouring,

thus making measurements and investigations oasulad scour difficult.

Sub-aerial scour is particularly site specific (thal 2003). Yelet. al (2003) make reference to the
1960 Chilean Tsunami where a 10 m deep scour loglerced in the mouth of the Kesen-numa port in

Japan, but little other scour damage for the sits @bserved.

Currently, no simple formula exists for scour po#idin. Much experimental work needs to be

conducted to provide data for empirical predictiow analysis (Yim, 2006).

5.4.2.3 Discussion of Results

Inundation scour depth observations appear torgelialimited to less than 2.5 m for run-up valadés
maximum 15 m. These are seen to occur within 206frthe coastline and at less than half the

maximum inundation distance.

Sub-aerial scour is currently poorly understood anfbrmation is scarce due to the inherent

difficulties in measuring offshore scour informatio

Blockage of Cooling Water Intake

Measures to prevent the complete blockage of tludingp water intake will depend on the type of
intake structure. A brief overview of the measupebe considered in the intake design developneent t

mitigate blockage risks is provided below.

General Considerations

In case of an offshore intake structure, coolingew#s taken from much larger depths (25 m to 30 m
water depth). This reduces the risk of blockagethaf intake structure significantly. Suspended
sediment concentrations at these levels are mwebrJoeducing the amount of sediment drawn in by
the pumps and thus reducing the dimensions ofdafaired settlement basins. The cover placed over
the vertical terminal of an offshore intake tunpgdé is called a “velocity cap”. The cover converts
vertical flow into horizontal flow at the intake teance to reduce fish entrainment. It has beendnote
that fish will avoid rapid changes in horizontabvl and velocity cap intakes have been shown to

provide 80-90% reduction in fish impingement.
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55.2

Chlorine produced through electrolysis, is typigalsed to keep the cooling system free of marine
growth.

Marine Debris

Consideration of potential blockages due to madabris needs to be included in the design of the
intake.

A study by the World Association of Nuclear Operat¢/VANO) in 2006 found that in the period
2004 to 2006, there were 44 occurrences of blockag@auclear installations (EPRI, 2008). Of the 44
events, 37 of these were attributed to aquati¢ilifduding algae, seaweed and other grasses, mapsse
jellyfish, crustaceans (shrimps and crabs) and fidie remaining blockage events were caused by

depositions of sand and silt and ingress of crulde o

An environmental impact assessment for the propddgdpunt site indicated that the following

ecological species are to be found at ThyspuntqiEsk008):

= Inter-tidal Zone - Algae, Gastropod, Barnacle, MiisGiant Periwinkle, Plough Shell

= Benthic environment - Colonial Ascidians, Hydroi@gonges, Coralline Algae

= Open Water - Chokka Squid, Dusky Kob, Silver Kolap€ Salmon, Shad, White Steenbras,
Bronze Bream, Bottlenose Dolphin, Common Dolphimntpback Whale, Southern Right
Whale.

WANO has identified four main categories for tanglithe problem of blockages (EPRI, 2008),

namely:

= Implementing proactive methods, including predictiools and low level event trending, to
understand potential threats and to take pre-empiitions to mitigate their effects;

= Confirming plant system and equipment deign arécieit to address potential events;

= Verifying that maintenance strategies maintain @nldance equipment performance and

= Establishing operational criteria, procedure guidarand personnel training to address

potential events and to incorporate industry oegyagxperience.

The Electric Power Research Institute (EPRI, 209&) the process of carrying out a project whigh i
aiming at identifying best management practicespf@venting cooling water intake blockages. The
draft report, though due to be complete by June9206 at present still unavailable. The
recommendations put forward by WANO and the outcoimine EPRI project will form an important
and valuable input to the intake design and préeerdgf cooling water intake blockages through the

plant life.
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5.5.3

56

There is no extra-ordinary marine debris identif&@dhe site which the intakes could not be designe

to cope with and which would be expected to causengplete blockage of the intake.

Biofouling

Biofouling has been measured at the Thyspunt sitedoring 20 cm x 20 cm asbestos plates 3 m and
8 m below the water surface in 10 m water deptkesélplates are periodically removed, photographed
and the thickness of marine growth measured. Té#@bling organisms are then scraped off the plates
and stored in sample bottles with formaldehyde féother analysis if required. Further details are
provided in PRDW (2009a).

Results are currently available for plates deploged. July 2008 and recovered on 23 October 2008,
i.e. approximately 4 months in the sea. Photograpltise plates are shown in Figure 5.1. The average
biofouling thickness measured on the plate depldded below the surface was 7.5 mm, while the

plate deployed 8 m below the surface had an avettdgeness of 2.8 mm. These measurements are

ongoing.

Further to the continued vandalism and loss ofbibéouling plates, the plates were mounted directly
onto a seabed positioned frame. The plates andefraas deployed on 14 June 2009 and will be

retrieved in November 2009.

Sea Temperatures

The following data have been provided for the séamimtakes temperatures of a typical Pressurised
Water Reactor (PWR) (Eskom, 2007):

= maximum cooling water temperature: 30°C
=  minimum cooling water temperature: -0.4°C

= extreme conditions for safety assessment: 34.5°C

The two factors influencing the intake temperatamre the ambient temperature at the intake depth and

possible recirculation from the outfall back to thtake, refer to PRDW (2009a) for details.
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6.

6.1

6.2

COMBINATIONSOF MAXIMUM AND MINIMUM WATER LEVELS

Introduction

The IAEA (2003) safety guide on ‘Flood Hazard fand\ear Power Plants on Coastal and River Sites’
gives some general guidelines concerning combinvedite to be considered in deriving the design
basis flood for a nuclear installation. These glim#s have been used in deriving the design basis f

extreme high water levels.

Design Basisfor Extreme Events

In deriving the design basis flood for a nucleastafiation, combined events should be considered as
well as single events. Combinations of events shbel carefully analysed with account taken of the

stochastic and nonlinear nature of the phenomeXia4(] 2003).

For evaluating combined flooding events on coaststijary and river sites, distinctions may be made
between (IAEA, 2003):

Extreme events (such as storm surges, river flandstsunamis)
Wind waves related or unrelated to the extremetsven

Maximum seiche (in the case of an enclosed or s#wiesed body of water)

A wnh e

Reference water levels (including tides if sigrafit).

Appropriate combinations of extreme events withdvimaves and reference water levels should be
taken into consideration. The probability range e#ch combination should be estimated
(IAEA, 2003).

The design basis flood for a given site may resattfrom the occurrence of one extreme event but
from the simultaneous occurrences of more thansewere event each of which is in itself less than
the extreme event. The interdependence or indeperdef the potential flood causing phenomena
should be examined according to the site speaftures (IAEA, 2003).

For independent events, the probability that thédlyogcur in such conditions that their effects vié
additive is related to the duration of the sevdegtyel of each event. The events to be combinedldho
be selected appropriately with account taken ndy of the resultant probability but also of the
relative effect of each secondary event on thelta@suseverity of the flood. For example for esyuar
sites, combinations that should be examined shiogldde both maritime and river conditions. If the
consequences of these combinations are signifaaghtthe combined probability of the results is not

very low, they should be taken into account (IARAQ3).
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6.3

6.3.1

Wind wave activity should be considered in assamatvith all the flood events. For surge, wind
waves are dependent events and the waves thaeaeeated by the storm producing the surge should
be considered (IAEA, 2003).

In this report both Tsunami and long waves are idemsd independent events. Long waves are
categorised as independent events because the agenemechanisms (atmospheric pressure
fluctuations, propagation of edge waves and shelfes) are independent on the atmospheric and
ocean conditions leading to storm induced surgekamsociated maximum wind wave. Only wind

waves with a shorter recurrence interval should the considered in the combination. Independent

events are combined with the 1:10 year return gesfadependant events.

The potential for instability of the coastline skibbe evaluated and if the occurrence of theseteven
affects the flood at the site they should be combinvith other primary flood causing events
(IAEA, 2003).

Considerable engineering judgement is necessarysdlecting the appropriate combinations
(IAEA, 2003).

Combination of Extreme Events

From all of the above-mentioned potential floodhagards the most severe and relevant hazards for
the nuclear installation at the Thyspunt site ammlzined to obtain the maximum water levels at the

site required for flooding risk assessment anchiiremum levels for loss of cooling water assessment

The following hydrographic conditions contributethe combined water level:

= Sea level rise: Refer to Section 3.2

» Tidal levels: Refer to Section 4.1

=  Storm surge: Refer to Section 4.2

=  Wave set-up and run-up: Refer to Sections 4.6 ahd 4
= Long wave: Refer to Section 4.3

=  Tsunami: Refer to Section 6.3.3

Reference Water Level and Return Periods

Following international recommendations (IAEA, 20G8 conservatively high reference water level
should be considered for each combination of degetnevents. In this case the Highest Astronomical
Tide (HAT) is added to obtain the extreme high watvel (see Table 4.1). Similarly Lowest
Astronomical Tide (LAT) has been used as a consieevbow water level for combinations leading to

loss of cooling water.
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6.3.2

6.3.3

Independent events should be considered in conibimatith waves having a shorter recurrence
interval (IAEA, 2003). USNRC (2007) recommends tihet 9" percentile of high tides be used as the
initial water surface elevation when evaluatingnesmi run-up, which for Thyspunt is +0.98 m MSL.
Based on these recommendations, for extreme higarvevels, independent events are combined
with a tide of +0.98 m MSL and a 1:10 year comhoratof dependant events (see Table 6.1). For
extreme low water, independent event water levelscambined with the d0percentile of low tides
(-0.58 MSL) and the 1:10 combination of dependesnés.

Dependant Events

Storm surge is for the purpose of this report defias the effective term for the meteorologicat &t
such as winds and barometric pressure that résuitstual sea level being above (positive) or below

(negative) the predicted astronomical tide level.

Storm surge, wave set-up and wave run-up are cenesido be dependent events since they are all
associated with the passage of frontal weatheesyst(refer to Chapter 4). For this reason, storm
surge is combined with wave set-up and wave ruhaipng the same return period when calculating
maximum water levels on exposed beaches. In the chshe extreme low water condition on an

exposed beach, the individual effects of wave ddawn are not included, as the set-up (a positive

elevation) would negate the effects of the drawmnlow

All dependant events have been calculated for 1100 and 1®year return periods. As long waves
are considered independent events (refer to Se&i@h they are not included in the results of
Table 6.1.

Independent Events

As both tsunami and long waves are considered gntignt events, the maximum value obtained from
either: the run-up from the maximum probable tsunamnthe positive elevation associated with the
1:10 year return period long wave is used in obtairdegign flood levels. Similarly the minimum of

either: the run-down from the maximum probable #sninor the negative elevation associated with the

1:1¢ year return period long wave is used to ascettaidowest water levels.

PRDW (2009a) investigated the tsunami risk at tite lsased on local and distant tsunamigenic
sources provided by the Council for Geoscienceudalfor the maximum predicted tsunami run-up
level from a distant tsunamigenic source are abkilain PRDW (2009a). As discussed in
PRDW (2009a), there is presently insufficient datassess the risk from local tsunamigenic sources,
e.g. submarine slumps. The maximum predicted tsumamup level from a distant tsunamigenic
source is +2.5 m (PRDW, 2009a).
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6.3.4

The tsunami run-up level used in the combinatiorewd#nts is the maximum of the estimated long
wave positive water level (refer to Section 4.3)dahe maximum credible earthquake induced
tsunami run-up (+2.0 m, above). For the inclusibrlimate change parameters, the adopted increase
for long waves is consistent with that used formtsurge (refer to Section 3.2 and Appendix A).

Refer to Table 6.1 for values used.

The maximum predicted tsunami draw down level frandistant tsunamigenic source is -2.0 m
(PRDW, 2009a). As discussed in PRDW (2009a), tiepresently insufficient data to assess the risk

from local tsunamigenic sources, e.g. submarinestu

The tsunami draw down level used in the combinatibevents is the maximum of the estimated long
wave negative water level (refer to Section 4.3)d dhe maximum credible earthquake induced
tsunami draw down (-2.0 m, above). For the inclusod climate change parameters, the adopted
increase for long waves is consistent with thatdufs storm surge (refer to Section 3.2 and

Appendix A). Refer to Table 6.1 for values used.

As long wave are inclusive of tsunami and meteodsui, all references to tsunami in the following
section regarding combination of events will imghg above mentioned maximum of the independent

events. Refer to Section 6.3.1 for combinatiorsahfimi event and storm events.

Long Term Sea Level Rise and Climate Change Paexmet

All combinations have also been evaluated for dex@hange conditions. An additional component is
added for sea level rise and the effect of highaves and winds on wave set-up, wave run-up and

storm surge was taken into consideration (Ref&hapter 3).

In the analysis of extreme low water level, no comgnt for long term sea level rise has been aduled t
the still water level in order to have the desigiues for the worst case scenario. Other compomdnts
climate change having an impact on the extreme uater level are taken into consideration, like

increase on wind speeds increasing the negativen storge (winds blowing from the land).

Prestedge Retief Dresner Wijnberg (Pty) Ltd 24



Nuclear Sites Site Safety Reports Coastal Engmgénvestigations: Thyspunt

6.3.5 Confidence Levels

Extreme values for wave height and storm surge baea obtained by fitting a Weibull distribution to
the available data sets (refer to PRDW (2009a)dfttails). The output of the procedure is the best
estimate value as well as the upper 95% confiderad@e. This means that 4 different values are

calculated for each component in the extreme watex:

Best estimate — Excluding climate change
Upper 95% confidence level — Excluding climate den

Best estimate — Including climate change

A w0 P

Upper 95% confidence level — Including climate ap@n
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6.4 Results
Reference is made to Table 6.1 summarizing refitsxtreme high water levels for the design return
periods for beach Profile 03.
TABLE 6.1: EXTREME HIGH AND LOW WATER LEVEL RESULTS
Return . Excluding climate change | Including climate change
Period '”d""d‘ia' ‘I:O'”glponle”tl Otf eXIreme | nits Best | Upper 95% | Best | Upper 95%
[years] water level calculations estimate confidence estimate confidence
HAT (Fort Elizabeth) m MSL 1.28 1.28 1.28 1.28
Sea level rise m 0.00 0.00 0.80 0.80
Positive storm surge m 0.57 0.60 0.69 0.73
1 Set-up and run-up m 6.04 6.15 6.79 6.90
Extreme high water level m MSL 7.89 8.03 9.56 9.71
AT (PortElizabetn) m MSL -0.84 -0.84 -0.84 -0.84
Negative storm surge m -0.53 -0.55 -0.64 -0.67
Extreme low water level m MSL -1.37 -1.39 -1.48 -1.50
HAT (Fort Elizabeth) m MSL 1.28 1.28 1.28 1.28
Sea level rise m 0.00 0.00 0.80 0.80
Positive storm surge m 0.74 0.80 0.90 0.97
Set-up and run-up m 6.59 6.78 7.41 7.62
10 |Extreme high water level m MSL 8.62 8.86 10.39 10.67
AT (PortElizabetn) m MSL -0.84 -0.84 -0.84 -0.84
Negative storm surge m -0.73 -0.80 -0.88 -0.97
Extreme low water level m MSL -1.57 -1.64 -1.72 -1.80
HAT (Port Elizabeth) m MSL 1.28 1.28 1.28 1.28
Sea level rise m 0.00 0.00 0.80 0.80
Positive storm surge m 0.90 1.00 1.09 1.21
Set-up and run-up m 7.04 7.34 7.92 8.27
100 |Extreme high water level m MSL 9.22 9.62 11.10 11.56
AT (PortElizabetn) m MSL -0.84 -0.84 -0.84 -0.84
Negative storm surge m -0.93 -1.06 -1.13 -1.28
Extreme low water level m M SL -1.77 -1.90 -1.96 -2.12
HAT (Fort Elizabeth) m MSL 1.28 1.28 1.28 1.28
Sea level rise m 0.00 0.00 0.80 0.80
Positive storm surge m 1.43 1.75 1.73 2.12
10° Set-up and run-up m 8.48 9.36 9.64 10.71
Extreme high water level mMSL 11.19 12.40 13.45 14.91
L AT (Fort Elizabeth) m MSL -0.84 -0.84 -0.84 -0.84
Negative storm surge m -1.73 -2.23 -2.09 -2.70
Extreme low water level m M SL -2.57 -3.07 -2.93 -3.53
90" percentile high tides m MSL 0.98 0.98 0.98 0.98
Sea level rise m 0.00 0.00 0.80 0.80
= | Positive storm surde m 0.74 0.80 0.90 0.97
% Tsunamf m 2.91 3.64 3.52 4.40
.= | Set-up and run-up m 6.59 6.78 7.41 7.62
g Extreme high water level mMSL 11.22 12.20 13.61 14.77
7 190" percentile low tides m -0.58 -0.58 -0.58 -0.58
F | Negative storm surde m -0.73 -0.80 -0.88 -0.97
Tsunamf m -3.16 -3.77 -3.82 -4.56
Extreme low water level m M SL -4.47 -5.15 -5.28 -6.10
Notes:

1) Based on a 1:10 year return period
2)  Maximum value of 1:10year return period long wave and maximum probhleami run-up and run-down values
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6.5 Discussion of Results

Maximum extreme high water level is seen to occuring) a 1:16 year storm event (refer to

Table 6.1). Maximum extreme low water is seen twuoduring a tsunami event.

One approach to deal with the uncertainties astmmtiaith future climate change is adaptive design,
for example provision can be made for a seawdlant of the terrace which can be raised in futase
necessary. The phased development of the siteabidsus for the design of the second and third phase

to respond to the more accurate climate changeqpits that will be available in future.

For the inclusion of climate change in the caldala of extreme flood levels, values are basechen t
information available at present, and need to hiogally reassessed as new data and researcksresul
become available. Refer to Section 3.2 for the aerchange parameters used in the assessment of the
extreme flood levels. Though incorporated implicivithin the calculations for run-up, storm surge
and wave heights, any new data regarding sea tseetan for preliminary estimates be added to the

calculated levels in Table 6.1.

Climate change is described in detail in Appendix-Ar this SSR the upper end projection from the
IPCC (2007) of 0.8 m sea level rise to 2100 is usesktimate the maximum wave run-up levels at the
site (see Table 6.1 and Section 3.2). These rulexgds do not take into account the presence of the

nuclear installation, since this has not yet bessighed.
The design of the nuclear installation will needemsider the following:

= The extent to which the infrastructure will modthe topography of the site and thus modify
the run-up levels, e.g. excavations or revetments.

= The type and position of intake and outfall struetu

= The volume rate of wave overtopping of the spedfiwtictures (in addition to wave run-up

levels).

An evaluation of the risk to the specific designaafextreme upper limit sea level rise of 2 m
by 2100. Depending on the specific design, it mayast effective to design for this extreme

level from the start, or to plan future design @dtpns or make specific contingency plans.

As discussed in Appendix A, it is highly unlikelyat sea level rise will occur suddenly and theré wi

thus be many years warning should the sea lewltstese faster than the predicted rates.

Prestedge Retief Dresner Wijnberg (Pty) Ltd 27



Nuclear Sites Site Safety Reports Coastal Engmgénvestigations: Thyspunt

7.1

COASTLINE STABILITY AND CROSS-SHORE SEDIMENT TRANSPORT

Introduction

The morphology of the coastline is a result of mamdividual sediment transport events caused by a
succession of waves. In this sense, the shapeedighch and nearshore region may be thought of as
representing a form of averaging over time (Reetval, 2004). The stability of a length of coastline
will depend on the difference between the volunfesediment entering and leaving this section owing
to the net cross-shore and longshore sedimentpimaindue to waves, currents and wind. The coastline
will be eroding, accreting or remaining in equiiibm. If equilibrium exists, it is most likely to be
dynamically stable equilibrium, whereby the coastlis evolving continuously in response to varying
winds, waves and currents (Reegt al, 2004). Nevertheless, the typical coastline istietly
constant over a period of months or years, althdhgtposition of the coastline at any particulainpo

will vary about this average.

In order to assess the impacts of the driving meishas of coastline stability, the following phydica

processes of erosion/accretion are considered:

= Long-term coastline trends
= Seasonal variation in the coastline
=  Storm event erosion

= Effects on coastline movement due to long termees rise.

Of the above, the storm events and sea-levelmesels can be effectively modelled. Due to the matur
of long-term coastline trends and seasonal variatibe most feasible approach to a quantitative
estimation of stability related from these processequires detailed measurements from historic
profiles spanning many years. As this amount otohis profile data are not available, only a

preliminary quantitative assessment can be madethét existing limited data series.

Recent profile measurements for the months of Janéqoril, July and October of 2008 and January,
April and July of 2009, have been processed antiysed for a number of beacon locations. These
include 40 combined beacons for Slangbaai and &aysi he profiles are the first available for the
ongoing profile survey as part of the oceanograplaita collection programme. The data collection
programme commenced in January 2008 and is scliedoleun until August 2010 (31 months of
data).

Further to the physical monitoring of beach prafila Slangbaai and Thysbaai, a number of aerial
photographs have been utilised in qualitativelyeasmg the long term erosional/accretional processe
for: Slangbaai, Thysbaai, Cape St. Francis and Knebaai (refer to Figure 7.1).
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7.2

7.2.1

7.2.2

7.2.3

Long-term Coastline Trends

Physical Process

Long-term coastline trends are typically procesgkih are likely to persist over a number of years,
and which result in erosion and accretion ratesthe order of a few meters per year.
Reeveet al., 004) suggest that records as long as 20 yearsoanetimes required to establish an
average longshore transport rate with reasonalderacy. Due to the long time scales and complex
process interaction associated with long-term edastanges, numerical modelling is problematic and
has a limited reliability of results. Statisticaladysis of past records for historically collecwata is
considered to be the most accurate method for lettaty coastline trends due to long-term processes
(Coastal CRC, 2006).

Methodology

Three contour lines, namely: the vegetation lihe, high water mark and the +5 m MSL contour line,
were digitised on each of the available geo-refaednmaerial photographs. Profile comparison lines,
positioned on each beach at approximately 200 ervats, were superimposed onto the available

images for comparison between consecutive aer@bghaphs.

The position of the vegetation line, 5 m contoud d@he high water mark were compared at each
profile comparison line in each photo taking intc@unt the beach slope variation, tidal ranges and

seasonal variations in order to deduce any acereti@rosion trend.

By comparing the vegetation line and the high watark (based on wetted area) with the profile
comparison lines in each photo, an assessment wde of long term coastline processes within the
time difference of the photographs. Based on theshodology a general overview of the stability of
the coastline was made and specific areas of stterategorised as having: eroded, accreted or

remained dynamically stable.

Accuracy

The accuracy of the comparison of the high waterkma dependent on available information
regarding tidal data and storm information at timet of the respective photographs. As this
information is not currently available, the accyras limited by the maximum possible horizontal
movement of the high water mark between MHWS andWMH (refer to Section 4.1) and possible
variations in storm surge, wave set-up and waveupuri-or the beaches at Thyspunt with a maximum
tidal variation (MHWS to MHWN) of approximately Or, an approximate vertical variation due to
storm surge, set-up and run-up of 2 m, and consiglem average slope of 1:20, the accuracy of the

method is limited to approximately 50 m. Additiorsalurces of error include rectification and image
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7.2.4

resolution. The combined magnitude of imaging erisrfound to be in the order of an 8 m horizontal
residual (Crowelkt al, 1991).

Coastline Trends

Coastline trends were assessed on this basis ddiotfowing four beaches, (refer to PRDW (2009a)

for location map):

Slangbaai
Thysbaai
Thyspunt Coast

Cape St Francis

a > 0D PE

Krommebaai

7.2.4.1 Slangbaai

Slangbaai is a 5.5 km long beach located 11 km we#te Thyspunt site. Photos available for this
area are dated from 1980 and 2004-2007. As ingeffficnformation regarding the 5 m contour line is
available, only the vegetation and high water lihase been used to ascertain coastline trends. The
vegetation line is seen to have accreted over @rog 1980 to 2007. The high water line shows

erosion over the period (refer to Figures 7.2 ®.7.

7.2.4.2 Thyspunt Coast

There are two small beaches along the rocks irt fsbthe nuclear installation corridor. Aerial pbst
for 1980 and 2007 are shown in Figures 7.8 andTh8.images are available as reference to measured

profiles (refer to Section 7.3).

7.2.4.3 Thysbaai

Thysbaai is a 2 km long beach located at the Thytspite. Photos available for this area are dated
from 1980, 2004 and 2007. The vegetation line amd &ontour are both seen to have remained
dynamically stable during the observation periode high water mark is seen to have eroded during
the period of 1980 to 2007 (refer to Figures 7.48 @.11. No information is available regarding the
high water mark for the year 2004. It is noted, buer, that there are several rip cells on the Tagsb
beach with frequent cusp and spit formations. Ty contribute to the appearance of erosion on the

aerial photographs.

7.2.4.4 Cape St Francis

Cape St Francis is a 2.5 km long beach locatedtr.Bast of Thyspunt. Photos available for this area
are dated from 1980, 1999 and 2006. The vegetdiienis seen to have accreted or remained

dynamically stable over the observation period. Tigh water mark is seen to have remained
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7.2.5

7.3

7.3.1

dynamically stable over the observation periodefréd Figures 7.12 to 7.14). Where information is

available, there is evidence that the 5 m contasrdroded during the observation period.

7.2.4.5 Krommebaai

Krommebaai a 2 km long beach located 6 km eastefThyspunt site. Photos available for this area
are dated from 1980, 1999 and 2006. The vegetétieris seen to have accreted during the period of
1980 to 1999. The 5m contour line, where infororatis available, is seen to have remained
dynamically stable in the southern part of the Knoebaai beach (refer to Figure 7.15) from 1980 to
1999. No information is available for 2006. The 5auantour for the northern extent of the
Krommebaai beach is seen to have eroded over timdpE980 to 1999 (refer to Figure 7.16). Where

information is available, the high water mark isrs¢o have eroded over the period from 1980 to 2006

The erosion at Krommebaai has been observed loeaitly reported with a rate of between 2 to

3 m per year over the last 25 years (SFBT, 2008).

Discussion of Results

By comparing the vegetation line and the high waterk (based on wetted area) on each set of
photos, an assessment was made of whether the leeadbd, accreted or remained dynamically

stable.

Although a rigorous method has been followed in #éissessment of coastline trends using aerial
photographs, the method is subjective. The abogerghtions of coastline trends are qualitative and

must be interpreted as such.

For Slangbaai and Thysbaai, the closest beach#getauclear installation corridor, though signs of
both erosion and accretion are noticed in the aigbf the aerial photographs, these are beliewée t

indications of long term variations about dynamicatable beach shapes (refer to Section 7.1).

Seasonal Variation in Coastline

Physical Process

Seasonal variations can be seen as coastline igatihin events with averaging periods typicallyhia t

order of months. These are generally due to sehsariations in wave conditions and the occurrence
of erosional storms separated by periods of lowenaacretion events. In South Africa the majority of
erosion related storms occur in the winter monti) summer months predominated by accretionary
periods of low wave height conditions (Rossouw,9)98&s in long-term coastline trends, a statistical

analysis based on measured profile data is theapyimethod of determining seasonal variations.
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7.3.2

7.3.3

7.3.4

With the limited profile data currently availablalg a preliminary quantitative assessment of sealson
variation for the Thyspunt coastal sites is possiblor coasts that do exhibit a seasonal signatuee,
large perturbations caused by storm events regepetitive surveys over many years to extract this
seasonal signature (CEM, 2002).

Methodology

As mentioned in Section 7.1, recent profile measerds for the months of January, April, July and
October of 2008 and January, April and July of 20@#8/e been processed and analysed for a number
of beacon locations along the beaches for the Tuntsgite. For an overview of profile locations for
Slangbaai and details of the available measurefilggaefer to Figures 7.17 to 7.20. For Thysbaai,
refer to Figures 7.21 to 7.24.

Distances from the respective beacon locations baee calculated from interpolated values obtained
at OmMSL, +1 mMSL, +2 m MSL and +3 m MSL for baof the available measurements. An

average distance has then been calculated frora thesspolated values. The difference between this
calculated average and the measured distanceadbrirvey date, has been used in order to cadculat

seasonal variations.

Coastline Trends

Figures 7.25 and 7.26 show the variations for lomitizl displacements for beach profiles at Slangbaai
and Thysbaai and front of the proposed nucleasliasion corridor. Figure 7.25 specifically shows
variations for Slangbaai and Profiles 18 and 19eagaly the beach exhibits a typical winter storm
erosion pattern, with erosion of the majority obifiles between April and October, winter storm
months, and accretion from October to April. Sim#gosion patterns are noticeable on the Thysbaai

beach.

Between July and October 2008, significant eroserobserved for the Slangbaai and Thysbaai
coastline. This is expected to be as a resultsifaificant storm which occurred on 30 August 2008.
The profile changes observed during this periodteeio storm induced movement of material from the
inter-tidal and upper beach zone to an offshore bhais material is expected to return onshore with

time.

Quantification of Seasonal Variations

Maximum (+ve: accretional), and minimum (-ve: eoosil) deviations from the calculated average
(Section 7.3.2) for each of the profiles over thevey periods of 2008 and 2009 are provided in
Figures 7.25 and 7.28 and Table 7.1.
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TABLE 7.1: MAXIMUM SEASONAL VARIATIONSIN HORIZONTAL
DISPLACEMENTSOF THE MEASURED BEACH PROFILES

o OmMSL +1mMSL +2m MSL +3mMSL
%5 o| Erosion | Accretion | Erosion | Accretion | Erosion | Accretion | Erosion | Accretion
on [m] [m] [m] [m] [m] [m] [m] [m]
01" -9.43 14.95 -9.49 6.66 -8.78 10.78 -1.08 1.03
03 -48.61 42.87 -44.91 27.03 -36.11 21.86 -4.92 9.04
05 -14.75 21.23 -16.42 21.46 -19.34 26.19 -4.95 3.4%
07 -29.72 41.31 -25.53 19.95 -27.18 22.62 -27.55 40.81
09 -12.92 13.14 -11.22 18.57 -11.67 23.6(0 -4.41 8.18
10 -8.21 4.73 -13.07 17.67 -24.16 25.38 -33.5p 36.77
11 -15.26 9.41 -11.89 12.85 -9.90 18.48 -4.82 6.9Y
12 -28.65 38.14 -15.57 17.49 -14.64 9.47 -4.84 3.58
18 -9.28 9.71 -6.30 6.08 -6.82 8.79 -8.47 8.69
26" -19.60 19.15 -12.37 21.85 -11.12 29.44 -2.68 3.2p
27 -13.47 12.58 -8.19 14.10 -12.10 15.53 -2.51 4.79
28 -11.17 12.47 -7.09 9.78 -5.88 8.71 -2.3( 2.0¢
30 -24.34 15.10 -13.38 8.82 -7.07 6.00 -4.9] 3.66
32 -10.28 9.03 -8.25 4.97 -7.81 5.70 -5.83 3.07
34 -15.52 11.84 -15.50 14.86 -12.44 18.93 -3.01 02.1
36 -11.60 12.73 -13.81 11.76 -7.81 14.16 -3.81 4.68
38 -48.09 50.77 -39.84 30.50 -31.05 12.7¢ -15.66 57 6.
40 -14.43 10.63 -5.89 21.54 -1.72 8.79 -0.39 0.3%
Notes (refer to Figures 7.17 and 7.21):
1. Profiles 01 to 12 refer to profiles on Slangbasadh
2. Profiles 26 to 30 refer to profiles in Thysbaai dea
The available profile data indicates that the maximseasonal erosion from theerageof the survey
data on the Thysbaai Beach is approximately -4&the +0 m MSL level at Profile 38). Profiles 19
and 23a (excluded from Table 7.1) are seen to berorelevated rocky shelf at approximately
+0 m MSL (see Figure 7.20 and 7.22), no erosi@vident from the profile measurements.
Profile measurements for Thyspunt are on-goinde(r® Section 7.1), however the data utilised on
the profile analysis above can be seen as thecfirsplete season of measured data.
7.4 Storm Event Erosion
7.4.1  Physical Process

Severe storms can cause significant modificatidribe littoral zone, particularly to the profile tfe
beach (IAEA, 2003). Sediment transport at a pomtthie nearshore zone is a vector with both
longshore and cross-shore components. Althoughotigeterm beach profile might be stable, severe
storm conditions can cause cross-shore sedimenspoat resulting in a ‘storm profile’ (see
Figure 7.27). The evolution of the beach profile d@ve an impact on the nearshore waves. An

increase of nearshore waves has a direct impaegga run-up.
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7.4.2  Methodology

At Thyspunt the coastline is generally rocky and lighly susceptible to erosion under normal storm
conditions. Only during episodic events would ba€lkcoast dunes possibly be vulnerable. The beach
at Thysbaai is however subject to both seasonalsémuin cross-shore erosion. SBEACH, a beach
response model for storm events (CERC, 1993), e lused to model storm erosion for the
combined storm events (refer to Section 6.3) fertH, 1:10, 1:100 and 1:@ear return periods at a

specific profile at the Thysbaai site.

As SBEACH is fundamentally a cross-shore stormierosiodel it is necessary to calibrate the model
with profile information from a relatively straigheach where profile changes are predominantly due
to cross-shore transport and unlikely to be cabseldng-shore sediment gradients. The Duynefontein
site exhibits such characteristics and has thus beed to calibrate the SBEACH model. Based on the
profiles obtained from historic measurements foe tBuynefontein site (PRDW, 2009b) a
representative beach profile has been chosen filratgon of SBEACH (refer to Figure 7.28 for a

plan view of the location of the profile (PRDW, Z®0) used for model calibration).

7.4.2.1 Calibration: Beach Profile and Sediment Properties

In order to calibrate the model, historic infornoatiof beach profiles is needed. Measured profiles
from April 2008 and July 2008 have been used (PRI®OD9b). The profiles have then been

interpolated onto existing bathymetric and topobraplata to obtain a full profile for modelling.

Since SBEACH requires a constant grain size adtosgrofile a representativesfograin size has
been used in the calibration of the model. From suesd sediment sample data for the profile
considered, a £ of 0.3 mm is considered as representative. Thaimgize has been used consistently

in the calibration process.

7.4.2.2 Calibration: Wave Conditions

Wave conditions for the period from April 2008 tolyd 2008 have been extracted from a previous
wave refraction study, described in the modelliegart for Duynefontein (PRDW, 2009c). For initial

calibration of the model a complete time seriesighificant wave heights and peak wave periods for
every 6 hours has been used. Figure 7.29 showst ®@fpthe significant wave heights and peak wave

periods used over the modelling period.

7.4.2.3 Calibration: Water Levels

SBEACH models the wave setup and run-up internaililst the combined tidal, wind setup and
pressure setup are specified as a time-varying deyncondition. For input water level conditions
measured tidal data from Cape Town has been irfgzbas hourly boundary data for the period
coinciding with the calibrated wave data. Figur@97shows a plot of the tidal data used over the

modelling period.
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7.4.3

7.4.2.4 Calibration: Model Parameters

The primary model parameters for SBEACH are thaspart rate coefficient, K, the coefficient for
slope dependence, and the transport rate decay coefficient muliplh. A sensitivity test was
performed using values corresponding to the minimecommended value, the default value and the
maximum recommended value for each of the modehmpaters with the other parameters set to
default. For the transport rate decay coefficientltiplier, A, an intermediate value between the
minimum and maximum recommended values was modediedthe default value is equal to the

maximum recommended value (CERC, 1993).

TABLE 7.2: SBEACH CALIBRATION PARAMETERS

Calibration Parameter | Minimum Value | Intermediate Value | Maximum Value
K [m*N] 0.50E-06 1.75E-08 2.5E-06
£ [m?s] 0.001 0.009 0.003
AL-] 0.1 0.3 0.5

Notes:

1) Model default values

7.4.2.5 Calibration: Discussion of Results

Results show:

= High dependence on K
= Marginal dependence of

= Little dependence ok

Refer to Figure 7.30 for results of the calibratioralysis. The default values (refer to Table foRpll
calibration parameters show sufficient correlafienmodelling purposes. For the further modellirig o

storm induced erosion, these values are used.

Storm Events

Further calibration of the model input conditiorssachieved using shorter time scales with actual
storm and water levels, obtained from the waveaion model (PRDW, 2008c), and measured tidal

data for Cape Town.

As knowledge of storm progression, i.e. duratioeréase in kp and T, is not known before hand for
the design storm conditions, a method is utilisé&neby a measured storm is compared to a modelled

storm using the equivalent wave energy for the omeakstorm (MacHutchson, 2006).

7.4.3.1 Measured Storm Conditions

Individual storm events extracted from the datafeetApril to July 2008 (refer to Section 7.4.2.2)

have been used for more detailed calibration anficagion of final model storm parameters. Therfou
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7.4.4

highest energy storms, as calculated with the edgiv wave energy calculations, have been isolated
and applied to the SBEACH model (refer to Figuiz0y.

7.4.3.2 Modelled Storm Conditions

Equivalent design storms are modelled using anvatpnt wave energy storm progression, with the
maximum H,, for the measured storm events, and thg H Tp relationship obtained from
PRDW (2008c). Further to the maximumyddand T,, a representative storm duration, and storm
threshold value for kg, are required. Storm threshold is defined as betpgpl to the annual average
Hmo for the area (MacHutchson, 2008). For the calibrewf storm data from the Duynefontein site the

storm threshold has been extracted from existingsaned data and corresponds to gp¢f 1.8 m.

Furthermore, MacHutchson (2006), categorised Saffitican storm events with respect to a defined
steepness ratio, difference in maximumoHand storm threshold Jd over duration, for specific

individual coastal regions in South Africa based listorical data. The steepness ratio used in
calculations for both the modelled calibration stoevents and design modelled storm events
corresponds to that determined for the south cegon. Using this steepness ratio, typical storm

durations based on storm maximurmgyHT, and mean K, are calculated (refer to Figure 7.31).

7.4.3.3 Results

The SBEACH modelled erosion patterns for thedelled storm progressiorshow close agreement
with the SBEACH modelled erosion patterns for tmeeasured storm eventgrefer to
Figure 7.32). Good agreement is seen with erodidineodune and set-back at high water levels. Based
on these results from initial tests, the assumptioa linear equivalent wave energy storm progogssi
for individual storm events appears justifiable.irgsthe method described, storm progressions for

extreme design wave conditions are modelled.

Storm Analysis

7.4.4.1 Beach Profile and Sediment Properties

Model runs have been completed with an interpolapedfile based on detailed topographic
measurements of the dunes and surveyed data ofcdbst seaward of the beach (refer to
PRDW, 2009a). Profile 05 (refer to Figures 4.10 4rid) has been used for storm analysis.

From sediment grading data for Thyspunt, (PRDW,920)0epresentative samples shoyy ialues of
0.2 to 0.4 mm. k) values of 0.2, 0.3 and 0.4 mm have been spediiitttee SBEACH models for the

profile.
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7.5

7.5.1

7.4.4.2 \Wave Conditions and Water Levels

Values of the maximum 3 and T, for the 1:1, 1:10, 1:100 and 1°lgear storm conditions have been
used in determining the modelled storm profilesThysbaai. Refer to Section 4.1 for water leveld an
PRDW (2009a) for wave conditions. Storm threshadtligs are specified as the local meap for
Thysbaai at 2.4 m (PRDW, 2009a).

A sinusoidal tidal variation has been modelled éaich of the storm conditions, with a period of
12 hours and maximum amplitude of half of HAT - LAThe peak of the storm, the maximurmH
and T, values, correspond to HAT for the water levelshveh inclusion due to maximum storm surge

(refer to Section 4.1).

7.4.4.3 Discussion of Results
Figure 7.33 shows erosion patterns for the suréZon Profile 05 and the thregQvalues. Maximum

horizontal erosion at any level for all model rame tabulated below:

TABLE 7.3: MAXIMUM STORM EROSION HORIZONTAL DISPLACEMENTS-
EXCLUDING CLIMATE CHANGE

Return Period [year |

Dso Units 1:1 1:10 1:100 1:10°
0.2mm [m] -16 -20 -23 -34
0.3mm [m] -9 -11 -14 -23
0.4 mm [m] -5 -7 -8 -15

As can be seen in Table 7.3, the maximum absokiteevof shoreline recession due to a single storm

event occurs during the 1 gear.

As SBEACH assumes a standard grain size, and tlieInm calibrated for measured profiles in the
surf zone, no vertical position of the tabulatedizemtal change is given. Similarly, and considgrin
avalanching of the dune during storm erosion, tleimum horizontal values should conservatively

be seen as occurring from the foredune crest.

Long-term Sea-level Rise

Physical Process

The effect of increased water levels due to clinthi@nge (see Section 3.2) needs to be accounted for
These effects are shown to be highly complex andusive of local geomorphological and
sedimentological characteristics (Cooper and Pjlke§04). However, the majority of coastline
response studies to sea-level change are basdw antplified fundamental assumption that a beach
will maintain an equilibrium profile dependent dretdominant wave climate. As such, provided that
the rate of sea-level rise is small, the beachilpreiill translate vertically and horizontally lawerd

such that this equilibrium profile is maintained.
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7.5.2

Methodology

One of the best known shore response models tatdiimduced sea level change was proposed by
Bruun in 1962 (CEM, 2002). This model, though notedomitting factors other than wave action
affecting sediment transport (CEM, 2002), has nogless been widely used in predicting long-term

sea level change tendencies.

It remains the “only practical way of yielding gpid, semi-quantitative assessment of shore response
to a rise in sea level” (Cooper and Pilkey, 20@8sed on the complexity of long-term sea level rise
due to climate change and the unknowns regarditeg I&f change, and effects on wave and climate
conditions it is suggested that Bruun-type caldofet give, at best, order of magnitude estimates of
shoreline retreat (CEM, 2002).

7.5.2.1 Bruun’s Rule

The use of Bruun’s rule is based on the followisguaptions:

= The upper beach erodes because of a landwardatiansbf the profile

= Sediment eroded from the upper beach is depositedediately offshore; the eroded and
deposited volumes are equal (i.e. longshore trahs&poot a factor).

= The rise in the seafloor offshore is equal to tise in sea level. Thus, offshore, the water

depth stays constant.

L.

=——S Equation 1
B+H.
Where:
Ris the horizontal coastline retreat [m]
Sis the increase in sea level [m]
L- is the cross-shore distance to the water depth [m]
Bis the berm height of the eroded area [m]
7.5.2.2 Applied Modification to Bruun’s Rule
Reformatting the Bruun Rule in a simplified formE/, 2002) gives:
zX .
X=— Equation 2
Z
Where:
zis the change in water level [m]
X is the ultimate profile retreat [m]
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X is the corresponding distance determined fromdiagth of closure to the upper
point of profile adjustment (refer to Figure 7.34). [m]

Z is the vertical distance from the depth of clostoethe upper point of profile
adjustment (refer to Figure 7.34). [m]

The upper point of profile adjustment is taken #the crest of the foredune. The modified Bruun
Rule, shown above, is a simple geometric rule toawct for sea level changes and related beach
response profiles. From the depth of closure, thenmum depth at which no measurable or significant
changes in the bottom depth occurs, the profileliscated such that sediment is conserved and the
profile is assumed to reach an equilibrium profitethe new water level. The following equation is
used to calculate the depth of closure (CEM, 2002):

d, =228H, - 68.{ Hezzj Equation 3
9T
Where:
d is the annual depth of closure below the mean wetet [m]
He the non-breaking significant wave height that icemded 12 hours per year
(0.137 %) [m]
T. the associated wave period [s]
g gravitation acceleration [rifs

For calculations of modified profile changes based Bruun’'s Rule for sea level changd, is
predicted from the 1:1 year return period waveefréd Section 4.4). The parameters and solution for

the calculation of long term horizontal displacetdue to sea level rise are given in Table 7.4

TABLE 7.4: PARAMETERSFOR LONG-TERM HORIZONTAL EROSION
DUE TO SEA LEVEL RISE

Parameter Value
He 6.85m
Te 16.05m
g 9.81 m.§
di 14.35m
Z 26.54 m
ya 0.8 m
X 730 m
X 22m

Figure 7.35 shows the horizontal and vertical ti@ien of Profile 05. For the assumed sea levd ris

of 0.8 m (Section 3.2), the maximum horizontal change iswtated to be approximateB2 m.
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7.5.3  Storm Erosion Including Climate Change

Extreme wave conditions exacerbated by climate ghavents (refer to Section 3.2), have been used
to model the storm erosion patterns for Profileadtsl the climate changed beach profile. Refer to
Figure 7.36 for details of erosion patterns for trepresentative § values as specified in
Section 7.4.4.1. As the equilibrium profile is as®al to translate vertically and horizontally due to
climate induced sea level rise, the maximum hotalomalues should conservatively be seen as

occurring from the foredune crest.

Maximum horizontal erosion for all model runs ibuéated below:

TABLE 7.5: MAXIMUM STORM EROSION HORIZONTAL DISPLACEMENTS-
INCLUDING CLIMATE CHANGE

Return Period [year s

Dso Units | 1.1 1:10 | 1:100 | 1:10°
0.2mm [m] -18 -25 -30 -41
0.3mm [m] -11 -14 -16 -29
0.4 mm [m] -7 -9 -10 -19

The maximum absolute value for erosion is seerctmoduring the 1:10year return period storm for
a Dspof 0.2 mm.
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7.6 Discussion of Results

Results for the following physical processes ofsam/accretion events considered in the section

above are tabulated:

« Long-term coastline trends (Section 7.2)

e Seasonal variation in the coastline position (9@cfi.3)

« Storm event erosion based on f:¢8ar with grain size 0.2 mm (Section 7.4)

» Effects on coastline movement due to long termleseal-rise (Section 7.5)

TABLE 7.6: MAXIMUM EXPECTED HORIZONTAL COASTLINE EROSION AT
THYSPUNT BEACH FOR THE EXPECTED INSTALLATION LIFE

Storm Long Term Total
Long-term | Seasonal .
Trgend Erosion Event Sea level Coastline
Erosion rise Erosion
Excluding .
X Dynamicall
climate ystable y 48 m 34m N/A 82m
change
! nc_I uding Dynamically o
climate stable >48 m 41m 22m >111m
change
Notes:
* Future changes in wave direction could modify long-term trend (no information available agant);
** Likely to exceed 48 m based on future increms@ave height (see Section 3.2);

Coastline recession data and models due to clinmateced sea-level change are based on the
information available at present, and need to hioally reassessed as new data and researcksresul

become available.
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8. CONCLUSIONS

The following conditions for the Thyspunt site hdeen addressed in this report and where applicable

numerical models have been used to generate results

= Physiography and marine/coastal geology

= Possible changes to hydrographic conditions dwinmate changes
= Hydrographic conditions

= Intake and outfall design considerations

= Combinations of maximum and minimum water levels

= Coastline stability and cross-shore sediment traisp

Hydrographic conditions for the proposed Thysplite Bave been analysed as well as the impact of
climate change on these conditions within theilifiet of the planned nuclear installation. The rigk o
flooding assessment and availability of cooling evathave been undertaken according to

internationally specified standards as documemtetd IAEA (2003).

The results of these investigations, along with Khemerical Modelling of Coastal Processes Report

(PRDW, 2009a), provide inputs to the SSR ChapteDosanography and Coastal Engineering.
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Plate deployed 3 m below water surface

Plate deployed 8 m below water surface

Plates are asbestos with dimensions 20 cm x 20 cm.

Water depth is 10 m.
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1. SCOPE

The purpose of this document is to summarize PRDW’s position on the effects of climate change on
coastal engineering design. The consequences of climate change are the subject of ongoing research
work which will require that this paper be reviewed on an annual basis. Specific parameters to be

reviewed include sea level rise and wind-generated waves.

The following parameters relevant to coastal engineering design are expected to be affected by climate

change and are assessed in this position paper:

= Sealevel rise
=  Wind

= Storm surge
=  Waves

=  Currents

=  Seawater temperature.

Since sediment transport is a function of water level, waves and currents, any climate-induced changes
to sediment transport will require a site-specific analysis based on changes to the primary forcing

parameters listed above.

This position paper considers climate changes to the end of this century only. Due to a lack of local

data the changes described here are generally global changes rather than local changes.

2. SEA LEVEL RISE

There has been approximately 0.17 m of sea level rise in the 20" century and an accelerating trend is
predicted in the 21% century (see Figure 1). The rise is mainly due to thermal expansion of the ocean,
decreases in glaciers and ice caps and losses from the polar ice sheets (see Figure 2). The main source

of uncertainty is the melting of the Greenland and Antarctic ice sheets (IPCC, 2007).

Prestedge Retief Dresner Wijnberg (Pty) Ltd 1
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FIGURE 1: HISTORICAL AND PROJECTED FUTURE SEA LEVEL RISE FOR EMISSIONS
SCENARIO A1B (IPCC, 2007).
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FIGURE 2: PROJECTIONS AND UNCERTAINTIES (5 TO 95% RANGES) OF GLOBAL AVERAGE
SEA LEVEL RISE AND ITS COMPONENTS IN 2090 TO 2099 (RELATIVE TO 1980 TO 1999) FOR
THE SIX EMISSIONS SCENARIOS (MEEHL ET AL, 2007).

Table 1 summarises the projected sea level rise for this century extracted from a number of recent

sources and arranged chronologically.
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TABLE 1: PROJECTED SEA LEVEL RISE DURING THIS CENTURY (2000 - 2100)*

Sea Level |Source Comment
Rise
[m]
0.35-0.85 |IAEA (2003) =  Recommended values for 100 year lifetime of a nuclear power plant by the
International Atomic Energy Agency.
= Estimate from 2003.
0.86 Defra (2006) = Guidelines from Department for Environment, Food and Rural Affairs, UK
Government.
= Values given exclude local land subsidence.
0.26 - 0.59 |IPCC (2007) = Predictions from the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change.
= These are model predicted ranges for the worst case future emissions
scenario A1F1.
= Does not address uncertainties in climate-carbon cycle feedbacks nor
include the full effects of changes in ice sheet flow, because a basis in
published literature is lacking.
= Therefore the upper values given are not to be considered upper bounds for
sea level rise.
0.79 IPCC (2007) =  The IPCC projections given above include a contribution due to increased
ice flow from Greenland and Antarctica at the rates observed for 1993-
2003, but these flow rates could increase or decrease in the future.
= [f this contribution were to grow linearly with global average temperature
change, the upper ranges of sea level rise would increase by 0.1 - 0.2 m.
=  Adding 0.2 m to 0.59 m increases the upper range to 0.79 m.
05-14 Rahmstorf = A semi-empirical relation is presented that connects global sea-level rise to
(2007) global mean surface temperature.
=  When applied to future warming scenarios of the IPCC, this relationship
results in a projected sea-level rise in 2100 of 0.5 to 1.4 m above the 1990
level.
= Concludes that a rise of over 1 m by 2100 for strong warming scenarios
cannot be ruled out.
1.6 Rohling et a/ = Based on average rise each century during the interglacial period ~120 000
(2008) years ago during which sea levels reached 6 m above where they are now.
= Data from the Red Sea indicates a rise of 1.6 0.8 m per century.
0.79 Pfeffer et al =  The study addresses the plausibility of very rapid sea level rise from land
(2008) ice occurring this century by considering kinematic constraints on glacier
contributions.
= “Low 1” scenario: a low range estimate based on specific adjustments to
dynamic discharge in certain potentially vulnerable locations.
0.83 Pfeffer et al = “Low 2” scenario: in addition to the assumptions made in Low 1, the
(2008) authors integrated presently observed rates of change in dynamic discharge
forward in time.
2.0 Pfeffer et al =  “High 1” scenario: combines all eustatic sources taken as high but
(2008) reasonable values. No firm upper limit can be established so the values
chosen represent judged upper limits of likely behaviour on the century
timescale.
= The Greenland and Antarctic Glacier velocities required for very large
increases in sea level (2-5 m) are found to be far beyond the range of
observations, and while no physical proof is offered that these velocities
cannot be reached, the authors recommend that they should not be adopted
as a central working hypothesis.
0.5 PIANC (2008) = Recommendation by The International Navigation Association (PIANC),
based on average values in IPCC (2007).

Prestedge Retief Dresner Wijnberg (Pty) Ltd 3
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0.55-1.2

Deltacommissie
(2008)

Commission set up by Dutch government to recommend how to protect the
Dutch coast and the low-lying hinterland against the consequences of
climate change.

Based on research conducted by 20 leading national and international
climate experts, including several IPCC authors.

Supplements the scenarios for 2100 produced by the IPCC (2007).
Regarded as plausible upper limit scenarios, which are regarded as possible
by the group of sea level experts consulted, based on current scientific
knowledge.

Note that the values given exclude land subsidence, which will increase the
relative sea level rise locally in the Netherlands by 0.1 m.

2.0

Ananthaswamy
(2009)

With climate change modelling being so uncertain, with many ice dynamics
not included due to lack of knowledge of those systems, this article states
that climate scientists are looking for other ways to predict sea level rise.
Some approaches being explored may take a more black box approach,
where the rate of sea level rise is proportional to the increase in
temperature: the warmer Earth gets, the faster ice melts and the oceans
expand. This held true for the last 120 years at least.

A worst case scenario indicated in this article would present up to 2 m sea
level rise by 2100.

0.15-0.76

Lowe et al
(2009)

This is from the recent UK Climate Projections Report of June 2009.
Based on a UK regionalisation of the IPCC (2007) projections.
Based on the high emissions scenario including ice melt.

Range represents 5" — 95™ confidence intervals (see Figure 3).

093-1.9

Lowe et al
(2009)

This is the so-called “High-plus-plus” (H++) scenario from the UK Climate
Projections Report of June 2009.

The top of the H++ scenario range is derived from indirect observations of
sea level rise in the last interglacial period, at which time the climate bore
some similarities to the present day, and from estimates of maximum
glacial flow rate.

This is a UK regionalisation of an upper limit global rise from Rohling et a/
(2008) of 2.5 m =1.6+0.8 m, taking glacial-isostatic adjustment (GIA) of
the earth’s crust into account.

This value might be used for contingency planning and to help users
thinking about the limits to adaptation. It is very unlikely that the upper
limit of this scenario will occur during the 21st century, but it cannot yet be
ruled out completely given past climate proxy observations and current
model limitations.

* The IPCC projections are from 1980-1999 until 2090-2099.

Prestedge Retief Dresner Wijnberg (Pty) Ltd
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FIGURE 3: ESTIMATED UK ABSOLUTE SEA LEVEL (ASL) RISE TIME-SERIES FOR THE 215"
CENTURY. HIGH EMISSIONS SCENARIO. CENTRAL ESTIMATES (THICK LINES) ARE SHOWN
TOGETHER WITH RANGE GIVEN BY 5™ AND 95™ PERCENTILES (THIN LINES). (LOWE ET
AL, 2009).

The first issue is whether these global sea level rises apply locally to Southern Africa. Mechanisms for
local sea level changes include vertical land movement, atmospheric pressure changes, ocean density
variations, circulation changes and differential heating. Local sea level change due to ocean density
and circulation change relative to the global average have been modelled (Meehl et al, 2007). For
Southern Africa the predicted changes are approximately 0.05 m above the global average over the 21

century.

The rate of sea level rise measured by tide gauge between 1970 and 2003 at Durban is
+2.7+0.05 mm/y, which is similar to recently published results of global sea-level rise calculations
over the last ten years derived from worldwide tide gauge and TOPEX/Poseidon altimeter
measurements, which range between 2.4 and 3.2 mm/y (Mather, 2007). An analysis of tide gauge
records around Southern Africa (Mather et al, 2009) indicates that regional sea level trends vary, with
the West Coast rising relative to land by +1.87 mm/y (1959-2006), the South Coast by +1.48 mm/y
(1957 and 2006) and the East Coast by +2.74 mm/y (1967-2006). Vertical crust movements in
Southern Africa are upwards (i.e. the sea level rise relative to land will be reduced compared to the
global sea level rise) and increase from approximately +0.3 mm/y on the West Coast to +1.1 mm/y at
Richards Bay (Mather et al, 2009). Mather et a/ (2009) also identify atmospheric pressure trends as

contributing to the measured regional sea level trends given above.

Since the observed regional trends in relative sea level rise described above are relatively small
compared to the uncertainties in the long-term global projections, for long-term design purposes it is

proposed to apply the global sea level rise projections directly to Southern Africa.

Since the Intergovernmental Panel on Climate Change (IPCC) is the primary consensus reference on

this subject, the sea level rise projections from the IPCC’s Fourth Assessment Report (IPPC, 2007) are

Prestedge Retief Dresner Wijnberg (Pty) Ltd 5
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summarised below. Referring to Table 1, the mid-point of the sea level rise projections for the worst
emissions scenario is (0.26 + 0.59) / 2 = 0.4 m by 2100. The maximum sea level rise projection is 0.59
+ 0.2 = 0.8 m by 2100, which is the upper range modelled under the worst emissions scenario and

includes a contribution due to increased ice flow from Greenland and Antarctica.

Since the IPPC’s Fourth Assessment Report there has been an increased effort to understand the
factors influencing sea-level rise, specifically the melting of the ice caps. The results of this research

are summarised in Table 1 and provide an upper limit to sea level rise of 2.0 m by 2100.

Our recommended design approach (see Section 8) is to consider the implications for design of the
following three sea level rise scenarios to 2100: the mid-point of the IPPC (2007) projections of 0.4 m,
the upper end of the IPPC (2007) projections of 0.8 m, and in specific cases the design should also be
evaluated for future design adaptations or contingency planning in the event of an extreme upper limit

sea level rise of 2.0 m.

3. WIND

Based on a range of models, it is likely that future tropical cyclones (typhoons and hurricanes) will
become more intense, with larger peak wind speeds associated with ongoing increases of tropical sea-
surface temperatures. Extra-tropical storm tracks are projected to move poleward, with consequent
changes in wind, precipitation and temperature patterns, continuing the broad pattern of observed

trends over the last half century (IPCC, 2007).

For Cape Town, the south-east winds, which typically prevail along the Cape coast during the summer
months, are projected to become stronger as climate change progresses and may become an increasing
feature of the winter months. It is important to note that the north-west winds that prevail in winter do
not, as yet, show a statistically discernable change as a result of climate forcing and are not projected
in regional climate forecasts to change (MacDeevitt and Hewitson, 2007, cited in LaquaR Consultants,

2008).

The International Atomic Energy Agency (IAEA, 2003) recommends that an increase in wind strength
between 5 and 10% be considered over a 100 year lifetime of a nuclear power plant. This is a global

estimate from 2003.

The Department for Environment, Food and Rural Affairs of the UK Government (Defra, 2006)
recommends that sensitivity testing be performed taking into account a 5% increase in offshore wind

speed to the year 2055 and a 10% increase to the year 2115.

Due to the inherent uncertainties in long-term regional climate forecasts and the requirement for a
precautionary approach, an increase in wind speed of 10% to the year 2100 is recommended for

design, based on IAEA (2003) and Defra (2006). Ongoing research work on regional wind climate
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projections should be reviewed annually, considering that the Ferrel Westerly winds are the main
drivers for winter storm events along the South-Western and Southern Cape coastlines. Changes in

wind direction are likely to be localised, with little information currently available.

4. STORM SURGE

Storm-induced surges can produce short-term increases in water level that rise to an elevation
considerably above tidal levels. Storm surge is mainly composed of an atmospheric pressure
component (low pressure for positive storm surge and high pressure for a negative storm surge) and a

wind-induced component.

The gradient in atmospheric pressure and thus the atmospheric pressure component of storm surge is
proportional to the wind speed, while the wind set-up component of storm surge is proportional to the
square of the wind speed. With a 10% increase in wind speed due to climate change (see Section 3) the
total storm surge is thus likely to increase by between 10% and 21%, depending on the relative

contribution of the pressure and wind components, respectively.

The UK Climate Projections Report (Lowe et al, 2009) applied sophisticated surge models and found
that around the United Kingdom the 1:50 year surge is projected to increase by less than 0.09 m by
2100 (not including the mean sea level change). In addition, a “High-plus-plus” (H++) model scenario
was also considered (Lowe et al/, 2009). Whilst the top end of this scenario cannot be ruled out based
on current understanding, it is regarded as very unlikely to occur during the 21st century. For the H++
scenario the 1:50 year surge in the Thames Estuary is projected to increase by approximately 0.2 -

0.95 m.

In the absence of downscaled storm surge model data for Southern Africa, it is conservatively
recommended to increase the storm surge by 21% to the year 2100, based on a 10% increase in wind

speed.

Since shelf waves, edge waves and meteo-tsunamis have similar forcing mechanisms to storm surge,
i.e. changes in wind or atmospheric pressure, is recommended to also increase the water level changes
caused by these processes by 21%. Note that tsunamis due to geological forcing mechanisms, e.g.

earthquakes, are unlikely to be influenced by climate change (IPPC, 2007).

5. WAVES

As part of the Fourth Assessment Report of the Intergovernmental Panel on Climate Change,
Trenberth (2007) reports on historical trends in significant wave height (H,,) obtained from Voluntary
Observing Ships (VOS) data between 1950 and 2002 (see Figure 4). These results show that around

Southern Africa the increase in H; is around 0.4 cm/decade, whilst significantly higher increases up to
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1.2 cm/decade are found in the Northern Atlantic and Northern Pacific Oceans. These results suggest

that future wave height changes will not be uniform.

-2 -08 04 0 04 08 1.2
cm per decade

FIGURE 4: ESTIMATES OF LINEAR TRENDS IN SIGNIFICANT WAVE HEIGHT FOR REGIONS
ALONG THE MAJOR SHIP ROUTES FOR 1950 TO 2002. TRENDS ARE SHOWN ONLY FOR
LOCATIONS WHERE THEY ARE SIGNIFICANT AT THE 5% LEVEL. (TRENBERTH ET AL, 2007).

The UK Climate Projections Report (Lowe et al, 2009) applied sophisticated wave models and found
that around the United Kingdom for the medium emissions scenario, the projected changes to 2100 in
the winter mean H,,, are between —0.35 and +0.05 m. Changes in the annual maxima are projected to
be between —1.5 and +1.0 m. Changes in wave period and direction were found to be rather small and

more difficult to interpret.

The Department for Environment, Food and Rural Affairs of the UK Government (Defra, 2006)
recommends sensitivity testing taking into account a 5% increase in wave height to the year 2055 and a

10% increase to the year 2115. These increases are the same as Defra recommends for wind.

The methods presented in Coastal Engineering Manual (CEM, 2003) have been used to analyse the
impact of an increased wind speed on fetch-limited and duration-limited waves. Duration-limited
waves show the largest increase, with a 10% increase in wind speed due to climate change (see
Section 3) increasing the wave height by 13% for the lower wind speeds and 17% for the higher wind

speeds.

Wave data measured offshore of Cape Town and Richards Bay have been analysed to investigate
trends in the peak significant wave height of individual storm events (Guastella and Rossouw, 2009).
The Cape Town data suggests an increasing trend during winter of approximately 0.5 m over the 14
year period from 1994 to 2008, and a general decreasing trend during summer. The Richards Bay data
do not show any conclusive trends over the 30 year period from 1979 to 2008. The study also identifies
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cold fronts and their associated low pressure systems as the major cause of extreme wave events along
the South-Western Cape coastline. On the East Coast of South Africa tropical cyclones and cut-off

lows were identified as being responsible for the extreme wave events.

In the absence of downscaled wave generation model data for Southern Africa, it is conservatively
recommended to increase the wave height by 17% to the year 2100, based on a 10% increase in wind
speed. The impact on wave period can be estimated from the present day Hpo-T, relationship. We are
not aware of data on changes in wave directions for South Africa. Sensitivity testing to wave direction

should be considered on a project-specific basis.

6. CURRENTS

Ocean circulations could be affected by climate change, and these effects could be either gradual or
sudden. For example, it is very likely that the Atlantic Ocean Meridional Overturning Circulation
(MOC), which transports relatively warm upper-ocean waters northward (including the Gulf Stream),
and relatively cold deep waters southward, will slow down during the course of the 21 century. It is
however very unlikely that the MOC will undergo a large abrupt transition during the 21% century.
(IPCC, 2007). No reference to possible changes in the Agulhas Current is made in IPCC (2007).

Coastal hydrodynamics will be affected by changes in wind, wave height, wave direction and sea level.
Wind-driven currents will tend to increase linearly with wind speed, while wave-driven currents will
depend both on wave height and wave direction. These changes will vary from one location to another

and can only be quantified through detailed site-specific modelling.

7. SEAWATER TEMPERATURE

From a coastal engineering design perspective, seawater temperature is relevant for cooling water
studies and also has a small effect on sediment settling velocities and thus sediment transport. Impacts

on marine ecology are beyond the scope of this position paper.

The UK Climate Projections Report (Lowe et al, 2009) applied sophisticated hydrodynamic models
and found that the seas around the UK are projected to be 1.5 - 4°C warmer, depending on location,
and ~0.2 psu fresher by the end of the 21st century, using the medium emissions scenario. Seasonal

stratification strength is projected to increase but not by as much as in the open ocean.

The International Atomic Energy Agency (IAEA, 2003) recommends an increase in sea temperature of

3°C be considered over a 100 year lifetime of a nuclear power plant.

Additional factors to be considered include:

= changes in large ocean currents on temperature, e.g. Agulhas Current

Prestedge Retief Dresner Wijnberg (Pty) Ltd 9



Global Climate Change Consequences for Coastal Engineering Design

= changes in coastal upwelling due to changes in wind speed or direction.

RECOMMENDED DESIGN APPROACH

The recommended design approach is to first calculate the present day design parameters based on
historical datasets, e.g. determine the 1:100 year wave height from an Extreme Value Analysis of
measured Waverider data or wave hindcast data. The present day parameters should then be increased
to account for climate change using the values in Table 2. In some cases a conservative design will be
achieved by excluding the effect of climate change, e.g. for entrance channel depths and minimum

seawater intake depths it is recommended not to include sea level rise.

Although the rate of change is expected to increase over time (see for example Figures 1 and 3),
because of the uncertainty attached to these rates and to be conservative, we have assumed a linear
increase over the 21% century, with 50% of the change predicted to the year 2100 occurring by 2050.
The recommended increases are given in Table 2; refer to Sections 2 to 7 for the supporting

information.

TABLE 2: RECOMMENDED INCREASE IN DESIGN PARAMETERS DUE TO CLIMATE CHANGE

Parameter Increase to 2050 Increase to 2100
Mid-point of projections'” +0.2m +04m

Sea level rise Upper end of projections® +0.4 m +0.8 m
Extreme upper limit"® +1.0m +2.0m

Wind speed +5% +10%

itl(()jrﬁll ;fosﬁlrll;ll;llging shelf-waves, edge waves +10% +21%

Wave height +8.5% +17%

Wave period

Obtain from present day H,,, - T, relationship.

Wave direction

No data, consider sensitivity testing.

Seawater temperature

+1.5°C

+3°C

Currents and sediment transport

Use site-specific modelling with the forcing
parameters increased by the values given

above.

Notes:

(1)  Although engineering judgement is required on a case by case basis, this value would typically
be recommended for minor structures with a short design life, or structures that can relatively
easily be adapted to accommodate possible accelerated sea level rise in future.

(2)  Recommended for the majority of large coastal structures.

(3) In specific cases the design should also be evaluated for future design adaptations or
contingency planning in the event of an extreme upper limit sea level rise of 2.0 m by 2100. See

below for further details.

In specific cases an extreme upper limit sea level rise of 2.0 m by 2100 should be considered as part of

the design process. This will depend inter alia on the type of structure, the design life and the

consequences of failure. Examples of the issues that should be considered include:
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The survivability of the structure under the extreme upper limit climate change projections.
The design should consider making allowance for future adaptations, e.g. increase the
breakwater crest width to allow for future raising of the crest level, allow space for future

revetments in front of structure.

Consider the cost implications of an adaptive versus precautionary approach (see Appendix A

for more details).

Consider the impacts of the structure on the adjacent coastline or adjacent structures, and vice

versa, e.g. raising the structure levels may increase the flooding risk for adjacent structures.
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APPENDIX A: ADAPTIVE VERSUS PRECAUTIONARY APPROACH

Our response to climate change requires appropriate decisions on whether to consider a managed
adaptive approach or whether to adopt a more precautionary approach. The following (reproduced

from Defra, 2006) provides a brief explanation of this.

Managed adaptive approach

A managed approach allows for adaptation in the future, and is wholly appropriate in the majority of
cases where ongoing responsibility can be assigned to tracking the change in risk, and managing this
through multiple interventions. This approach provides flexibility to manage future uncertainties
associated with climate change, during the whole life of a flood risk management system. To consider
a precautionary approach only, could lead to greater levels of investment at fewer locations. A

managed approach is therefore important to ensure best value for money.

Both structural (e.g. physical changes to structures, upstream storage or a combination thereof) and
non-structural solutions (e.g. land use changes, resilience, statutory objections, relocation, public
awareness) are necessary to ensure cost effective adaptation can take place in future years. In order to
fully explore non-structural options alongside structural options, the sensitivity analysis of these
options should become a more important component of appraisal and decision making, with care
needed at screening-out stages to avoid discarding non-structural options without strong justification.

See Figure A.1 and the saw-tooth line to illustrate.

Precautionary approach

For some circumstances, future adaptation may be technically infeasible or too complex to administer
over the long term of up to 100 years. These circumstances may occur where multiple interventions are
not possible to manage the changes in risk. Therefore, a precautionary approach, perhaps with one-off
intervention, may be the only feasible option, such as in the design capacity of a major culvert or in the

span of a road bridge across a flood plain. See Figure A.1 and the dashed line to illustrate.
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FIGURE A.1: COMPARISON BETWEEN MANAGED ADAPTIVE APPROACH AND
PRECAUTIONARY APPROACH RESPONSE TO CLIMATE CHANGE. (DEFRA, 2006).
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