Department of Transport &
Regional Services

Cocos (Keeling) Islands

Report On
Seawall Upgrade Design Concept

January 2000

@

(L
HI Gutteridge Haskins & Davey Pty Ltd

CCHEULTING ENGINEERZ = ENWIRCHMENTAL 20 EYTISTS & FLARKERS = PACJZCT MANAGERS
A0 008 486 5T

e



CONTROLLED DOCUMENT
If this stamp is red

Fug Luifp

Copy No. “'r{' of -

Gutteridge Haskins & Davey Pty Lid

ACN 008 488 373

GHD House, 239 Adelaide Tce. Perth, WA 6004

P.O. Box Y3106, Perth WA 6832

Telephone: 61 8 9429 6666  Facsimile: 61 8 9429 6555 Email: permail@ghd.com.au

@ Guiteridge Haskins & Davey Pty Ltd 2000

This document is and shall remain the property of Gutteridge Haskins & Davey Pty Ltd. The
document may only be used for the purposes for which it was commissioned and in accordance
with the Terms of Engagement for the commission. Unauthorised use of this document in any
form whatsoever is prohibited.

Rev Author Reviewer Approved for lzsue
No. Name Signature Date
(o] L Banks C Jones F Seman F. Lerpan ["J'.[:m
Documard Mumber. 19355 Cocos (Hesalng) islands

Jul Mumber: 8116501 1400 Sagwall Uograde Design Concapt



Contents

B T 11 s o L1 e o ' T

B - T« | o 1 g o 3

3. Existing Environment......cccceieeiereniermsimmmsmrmerirss s smsnisns s res sssassm s s renes 5

3.1 PhysiCal Parameters oo s e e rr e e e s res e e e seme s e e mrd s e e e sre e e e e rrean

b B U

3.2 Analysis of August 1992 Storm Event......

4. Design Paramelers ... crisrrririsrere s e mrs s s s e s se s v e e

I I Y gt e R Tt o T S
F e e T e T 4o L= T

A W AT S L e it e e e e e e e e e e e s e e e e e s e aan e
T O e T U =R o T 2 L (o] =

5. Seawall Upgrade Oplions .

LR T T T | P
5.2 Alternative Revetments. ... oeee e e ab bt e et
L O oL = S
5.2.2 Concrefe Armour BIOCK SHUCTUIIES e eeceecreee e cerevs s e reeransecseerimeeessmaneees naees

5.3 Impact of Seawall Upgrade Works. ... i,

5.3.1 Watar Quality DUring Construttfion .. rinineecerssssssrrrrssssrrssmrrimsrisssssssssseeemens
E4 Indicative Cost ESlimatas . oot ceerensrn e ramen e ran e mmmn e renion

B. RecomMEendation .o icerrieriarseriarmsimsasrarsssrearrerinsresssssssarsnerrasarsassmtenesnnesans

R R =1 L= = 1 Lo =L T

Cocement Kumber. 19553 Cowis (Fesiing) igiands
Job Mumtar. 81 1E5011 202 Seawall Upgrade Deskin Canzesd



List of Figures

s~ W

© @ N ®» o

Woestern Shoreline of West Island

Damage to Seawall, 1980

Factors Affecting Extreme Water Leve!

Recorded Water Levels August 3 -7 1898

August 1992 Storm Event

Wave Excedance Plot (SW Waves 1993 - 1999)

Wave Height - Wave Period Plot (SW Waves 1993 - 1899)
Heef Bathymeiry

Conceptual Seawall Arrangement

10. Seabee Seawall, Gresn Island, Qld

List of Tables

™~

= I

Proximity of Housing to Seawall

Wind Speed Characteristics

Tidal Planes

Predicted Extreme Water Levels

Calculated Water Levsls for August 1899 Storm
Seawall Dasign Parameters

Critical Overtopping Rates

Indicative Cost, Rock Armoured Seawall

Indicative Cost, Seabae Armoured Sasawall

Coswngn| Murber 18353 Coraa fhesling Islands
Job Mymber &1 1WREDT 1400 Sapwall Upgrada Daslgn Concegt



Appendices

A Offshore Wave Condltions 1983 -1998
8 Water Levels 1986 - 18959
C Pholographs

&

Desument Mumkar 13353 Cocgs (Kegling] Lilards
Jab Mumbes: BTS00 1400 Saawnll Lograds Desgn Gonoopl



i 1

&=

Introduction

A vertical seawall consimicted on the weastern shoreline of West Island, Cocos
(Keeling} Islands extends approximately 300m scuthward from House I,
Cantas Close providing protection to 7 properties including Government
House. Wave rellections from the seawall result in a high level of wave cnergy
in front of the wall and large waves have overtopped the seawall, with debris
and green water reaching the adjacent houses, The most recent occasion this
was reported to ocour was in Angust 1999,

It is known that the wall bas been overtopped at least 3 times in the past 20
vears and on one occasion the extent of overtopping was sufficicnt to cause
collapse of sections of the wall. In recent events wave overtopping has occurred
at water levels lower than high tide. In the event that [arge wave conditions
oceur coincidenty with high tide the volume of water overtopping the seawall
will be greater and adjacent houses may be damaged. It is possible that future
overtopping could occur more frequently and that a major storm event, say with
8 1in 20 year or | in 50 year return period, could cause a substantial breach and
threaten the safety of the houses.

The seawall is cumrently in moderate condition with the majority of steel posts
cxhibiting hcavy corrosion and a substantial length of the wall leaning seaward.
In addition erosion of backfill material occurs at a number of sections of the
wall.

GID has been commissioncd by the Department of Transpert and Regional
Services to undertake design investigations and prepare a concept design report
for upgrading of the seawall to provide improved protection o adjacent
propertics.

This report provides a basis for future detailed design and construction of an
upgraded secawall. Key elements of the design investigation include
establishment of existing site conditions and design parameters such as:

« Design Wave Conditions;
» Pesign Water Levels;
+ Local Bathymetry; and

s Eocal Reef Conditions.

A site visit was undertaken to obtain essential site data. This included a survey
of water depths in front of the seawall and across the reef flat, investigation of
foundation conditions at the toe of the scawall and measurement of currents
across the recf flat.

Wave forces are the major design parameter for upgrade of the seawall and the
key element in determining the structural requircments and long term risks of
damage to the seawall was 1o obtain appropriate wave data for the site. For an
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gxtemal shore on a typical coral atoll this involves defining ocean wave
conditicns and examining the wave transformation proccsses on the recf.

Long term tims series of hindcast wave data were obtained from the British
Meteorology Office to derive a storm wave height exceedance curve, In recent
years this hindcast data has been wverified by checks against satcllite
measurements. Wave transformation across the reef is a complex process
involving wave breaking on the reef edge, wave generation on top of the reef
and refraction by reef top currents generated by wave set up as well as the
effects of bottom friction.

Water levels also influence the height of waves at the toe of the wall, and high
water levels coinciding with storm events can have a major effect on
overtopping volumes. Knowledge of local bathymetry is critical in assessing
design water levels and wave heights. Surveys of the reef flat and beuch zones
in the vicinity of the seawall wall were underiaken during the site visits.

Reef top and nearshore currents were investigated by releasing drogues and
tracking their movcment.

Test pits were also dog near the seawall toe and probing with a steel bar was
carried out to identify foundation conditions.

Conceptual designs have been prepared for alternative seawall upgrade options
and appropriate design parameters defermined for detailed design. It is
recosnmended that a sloping seawall be constructed over and in front of the
existing vertical wall using the existing seawall as permanent form work and
support. Given the isolated location of Cocos (Keeling) Islands it is
recommended that the upgraded seawall be armoured vsing Seabee umits. When
properly installed these units provide the advantages of a durable, low
maintenance revetment, that is also more acsthetic than a rock scawall. The
comparatively smmooth surface of a Seabee wall also means that it is less
susceptible to trapping and accumulating water borne debris, which is a
constant feature along the shoreline ef Cocos (Keeling) [slands.

In order to minimise overtopping of the seawall a curved wave deflector should
be Iocated along the crest. This will enable larger waves to be turned back onto
following waves and assist in reducing wave run-up and evertopping during
SEOrin events.
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Background

A vertical seawall, constructed in 1975, extends approximately 300m
gouthward from House 1, providing protection to 7 properties mcluding
Govermument Flouse. The location and cxtent of the scawali is shown in Figure
I, foliowing. The wall comprises concrete planks inserted between steel posts
{(af 5m spacing) and varies in height from approximately 1.1m at the southern
end to 3m in the northern sections.

The concrete panels and steel posts are mostly m a moderate condition. A
number of steel posts are heavily corroded and a substantial length of the wall
i leaning seaward. Figures Cl to C6, Appendix C, show the condition of the
scawall as it was in September and November 1999, In addition substantial
eroston of backfill material was observed adjacent to House 1 and indications
of repairs to similar problemns were observed in front of House 2 and House 3.
In these areas backfill at the top of the wall was comprised of coral sand and
rubble.

House | and House 4 are set back less than 10m from the top of the seawall,
while Houses 2, 2, 31, 32 and Government House are all set back between 15m
and 26m. House 1 is located at the highest elevation and is approximately
0.3m higher than Government Houss. House 31 and House 32 are also located
at a lower level and the seawall does not extend fully across the sonthernmost
property. The proximity of these houses to the top of the seawall, as indicated
in Table 1, means that they are snsceptible to damage when overloppiug occurs.

Table 1 Proximity of Housing to Seawall

Building Flaor Leval Approximate Approximate
Ground tevel Seiback Distance

House 1 +4.62m +2.5m am

House 2 ) +.87m +3.3m 22m

House 3 +4,.47m +3.2m 15m

House 4 +4.22m +2.1m am

Governmeant House +3.76m +2.7m 22m

House 31 +3.91m +2.8m 26m

House 32 +3.85m +2.8m 21m

Mote: All levels relative to mean sea lovel datum.

It is reported that large waves have overtopped the seawall in recent times, with
debris and green water extending under all the adjacent houses. Anecdotally,
these events have eccurred during periods of large offshore swell, but have not
necessarily coincided with high tides. In the event that large wave conditions
cccur coincidently with high tide the volume of water overtopping the seawall
will be greater and these heuses may be damaged.

Doecurserd Numbar: 18353 Gocoa iKaelng) slands 3
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Figure 1:  Woestern shoreline of West Island shawing location of seawall.
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Significant amounts of wave overtopping occurred in August 1980 and eroded

the soil behind the seawall, resulting in collapse of the northern 70m of the
wall, as illustrated in Figure 2. This section was subsequently reinstated.

Figure 2. Damage to northern end of seawall, 1980

Should similar heavy overtopping occur in the future resulting in the collapse
of sections of the seawall the protection to the houses will be further
compromised.

Wave reflections from the seawall result in a high level of wave energy in front
of the wall and as a result sand does not accrete in this area. The beach
immediately in front of the shoreline predominantly consists of coral rubble
and concrete debris and slabs. Many of thess have been dumped in an attempt
to prevent undermining of the seawall. In the northern sections and beyond,
large coral outcrops were observed and increasing volumes of sand.
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Existing Environment

The Cocos (Keeling) Islands comprise a greup of lew-lying islands situated on
a continvous reef flat and surrounded by deep ocean. The islands fortn an atoll
made up of 27 coral sand land masses, of which only 2 are currently inhabiied.
A single uninhabited island, North Keeling, lies 24km to the north of the main
atoll group.

The southern atoll, located at Latitude 12°12'S, Longitude 96°54°E, comprises
26 islands encircling a shallow lagoon. The islands have been created on the
leeward side of the reef platform as a result of wave, wind and tide actton under
both namral and cyclonic conditions. They are geologically very recent, and
are unstable and floodable structures. Land elevations are generally 2m to 3m
above sea level, with the highest elevation being approximately 9m above sea
level.

The environmnent in which the islands are located is highly dypamic and the
islands are continnally responding to changes in wind, wave and water level
characteristics, Hurnan activity has also affected the natural evolution of the
islands through natural processes at various timcs, by means of groynes,
seawalls, jetty construction and dredged channels. Historical coastal changes
either natural or man made, have contributed {0 erosion and accrelion problems
experienced in some areas of West Island’s foreshore,

Erosion and acerction of the island’s shorcline is influenced by a variety of
mechanisms. Wave action is the most important of these. Wind induced
waves and swell approach the reef platform from varions divections and break
on its edge. Changes in wave conditions have the potential to alter shoreline
alignments through increased erosion or accretion of sand, The ocean Facing
shoreline of the islands arc particularly susceptible to changes in wave
conditions and water levels and can respond rapidly to changes in this dynamic
environment,

Physical Parameters

The physical parameters that impact on the performance of the seawall are:
s Wind conditions;

« Wavc heights;

» Water levels;

» Current patterns; and

»  Sedimentation.

Document Mumber 15353 Cosas (Kapling) 1slands L
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Winds

The Bureau of Meteorology maintains a station at Cocos (Kecling) Islands.
Analysis of historical wind data indicates that south easterly trade winds persist
for more than 85% of the year, During the period April to October the wind
climate is characterised by winds from the east to south cast. These winds are
generally strongest between July and September.

During the doldnums period from November to March wind speeds becoime
morc variable and wind divections tend mere northerly. While average wind
speeds are less during this period, the maximum recorded wind speeds typically
oceur between November and March.

Table 2 following indicates daily mean wind speeds and extreme wind speeds
for each month.

Table 2 — Wind speed characteristics - Cocos (Keeling) Islands

Month Caily mean Maximum recorded
wind speed wind spesd

{mfs) {tn/s)
January 5.3 48.8
February 4.6 34.0
March 5.3 283
April 6.1 20.3
May 6.3 27.8
June 7.0 30.9
July 7.8 247
August 8.0 36.0
September 8.1 24.2
Cetober 7.5 242
Movember 7.2 40.1
December 8.0 273

The islands are also infrequently snbjected to cyclones. Major cyclones have
been recorded in 1862, 1876, 1893, 1902, 1909 and 1968. In 1968 Cyclone
Doreen passed directly over the islands, Between 1961 and 1992, 23 cyclones
passed within 100km of Cocos (Keeling} Islands.

Waves

Waves at Cocos (Keeling) Islands are 2 combination of wind waves and swell
waves, Waves generated and still under the influence of local winds are called
wind waves. In ocean waters these waves are influenced by wind speed,
duration and fetch, the distance over which the wind is blowing. Waves that
have moved out of their area of generation are called swell waves. The

Cocumar Mumber 19353 Casgs [Kaalmg) Eslands &
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predominant swell waves reaching Cocos {(Keeling) Islands originate from low
pressure systems in the southern Indian Ocean.

(ffshore conditions derived from hindcasting waves at 6hr intervals from
world synoptic records for the peried 1993 to May 1999, sourecd from the
British Meteorology Office, indicate that 84% of wind waves occur from the
south east quadrant and a further 9% occur from the north east quadrant, Less
than 8% of wind waves occur from westerly directions.

Swell waves predominantly oceur from the south west gquadrant (74%), with
only 24% of swell waves generated in the sonth east quadrant, Less than 4% of
swell waves occur from northerly directions

More than 99% of combined offshore significant wave heights exceed 1.0m
and more than 43% exceed 2.0m. The largest significant wave heights during
this 6% year period wcere estimated to be in the order of 4.5m. Corresponding
maximum wave heights would be in the order of 8m.

Derived wave heights for the period 1593 to 1999 are shown in Figures Al to
A7, Appendix A. These indicate both wind and swell wave compenents and the
combined wave height.

5.1.3 Waler Levels
Water levels in normal weather conditions are controlled by the astronomical
tides. Tides at Cocos (Keeling) Islands are semi divmal, meaning two high
tides and two low tides occur each day. The mean tidal range is approximately
0.5m at neap tide and 0.7m at spring tide, with a2 maximum tide range in the
order of 1.2m. Representative tidal planes for Cocos (Keeling) Islands obtained
from the Nattonal Tidal Tables (1999} arc shown in Table 3 relative to lowest
astronomical tide (LAT) datum and mean sea ievel (MSL).
Table 3 - Tidal Planes - Cocos (Kegling) Islands)
Tidal Plane Level above Level abova
LAT Datum  MSL Datum

Highest Astronomical Tide +1.4m +0.8m

Mean High High Water +1.2m +0.6m

Mean Low High Water +0.7m +0.1m

WMean Soa Lavel +0.8m 0.0m

Mean High Low Water +0.6m 2.0m

Mean Low Low Water +0.1m -L.5m

Loweast Astronomical Tide 0.0m -0.6m
Daily maximum and minimum water levels recorded at Cocos (Keeling)
Islands since 1986 are shown in Figures Bl to Bl4, Appendix B. These levels
are relative to LAT. The recording station is located at Home Island Whart and
the water levels would include astronomic tides and barometric effects. Wind
and wave set-up ctfects would not be included.

Dacumant Mumbar: 18353 fipeos (Keedng) lelande T
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The highest recorded water level during this 13 year period was +1.64m above
LAT {recorded cn 29/9/199%) and the lowest recorded water leve] was —0.17m
below LAT (recorded on 17/3/1995). These values are equivalent to +1.04m
above MSL and -0.77m below MSL.

During periods of high water level large waves can oceur at the beach and toc
of the West Island scawall, resulting in increased overtopping. Extreine coastal
water levels result from combinations of tides, wave set up, storm svige and
wave run up. When storm events, particularly cyclones, oceur water level rises
due to the effect of a low pressure system (inverse barometric effect) and strong
winds piling ap water against the shore {wind set up). Breaking waves in the
nearshere zone can cause a further rise in water level (wave set up) and the
extent of this is a function of wave height and wave direction. These factors are
illustrated in Figure 3.

Figure 3. Factors affecting extreme water level

Maximpm Yave Renop

Deep ocean waters surround Cocos (Kecling) Islands and as a result the mam
influences on extreme water levels will be tides, wave set up across the reef flat
and wave run up from waves breaking at the reef edge and propagating acress
the resf top.

Currents

Currents have been measured on the ocean side of West Island on two recent
occasions. In September 1998 a series of drogues were released in deep water
north of the Quarantine Station on rising and falling tides. In both situations the
drogues moved offshore to the west and north west, Current speeds on the
rising tide were observed to be greater than on the falling tide by a factor of
approximately 2. At the same lime dye was relcased which travelled towards
the shore. It is therefore likely that the drogue movement was influenced to

Dapumenl Muriber 18353 Gooos (Keelngh l6larda 5
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some degree by the south easterly winds (15-20 knots) which occurred at the
time of deployment.

A series of drogues were also tracked acToss the reef flal in front of the seawalt
in November 1999. These wecre undertaken under the following tide
conditions:

1. Ontgoing tide immediately preceding low tide;
2. Outgoing tide at approximately mid tide;

3. Qutgoing tide following high tide;

4. Incoming tide immediately preceding high tide;

Un all occasions the drogues moved southward parallel to the shore and then
veered offshore when reaching deeper water near the south end of the seawall.
Measured current speeds were generally less than 0.Tm/s.

Sedimentation

Currents, hoth tidal and wind driven combine with waves to drive sediments
both alongshore and onshore-offshore.  This movement is dependent on the
wave height and wave dircetion and sediment characteristics. Sandy beaches
tend to shape themselves parallel fo the average wave crest alignment, although
variations do occur from storm to storm. Cyclones can produce waves that
reach Cocos (Keeling) Islands frem a number of directions that can result in
dramatic changes to the shoreline.

The shoreline adjacent to the north of the seawall comprises pockets of sand
interspersed between coral outcrops. At the rear of the beach a near vertical
embankment approximately 1.5m high exists. The top of the embankment is
well vegetated, and numerous established and large trees and bushes are
present. - The shoreline to the south of the seawall is similar, although the
cmbankment is lower, typically in the order Im high and a wider, flatter
expanse of sandy beach face exists.

Evidence of past erosion is indicated by dumped concrete and rubble at various
locations along the shoreline and the presence of a groyne extending
perpendicular to the shore adjacent to West Island Lodge,

Five groynes, 100m apart, extending over approximately 400m of beach, north
of the West Island seawall were constructcd in 1975 in an attempt to conirol
past beach erosion. These groynes proved ineffective mn trapping sand and enly
one structure now remains. This ineffectivencss can be attributed to a large
spacing to groyne length ratio and insufficient groyne length. The groyne heads
were located above high water mark and extended to low water level, but did
not protiude sufficiently into the zone of sediment transport. Sand has however
built up on the southern side of the last remaining groyne, located in frent of
West Island Lodge, indicating a northerly movement of sediment.

Cooument Mumbar 19353 Cixed (Kastng) Islands O
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Analysis of August 1999 Storm Event

It was reported that a large overtopping event occurred on 5 August 1999 at
approximately I.30am.

Water level records and hindcast wave heights for Cocos (Keeling) Islands
were cxamined to see if the cause of this overtopping event could be isolated.
Recorded water levels at the time indicated high water levels, with high tide
levels in the order of 1.3m to 1.4m above LAT and low tides in the order of 0.5
to 0.7m above LAT. Figure 4 shows the recorded water levels (at Home Island
What) during the period 3 August to 7 August, 1999, At the same time a large
storm was building teo the south west of Cocos (Keeling) Islands which would
bave resulted in elevated water levels on the ocean side of West Island due to
wind and wave set-up effects,

Figure 4. Recorded water levels August 3-7, 1999
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At the time of the overtopping occumring, at approximately the 36 hour mark in
the above Figure, the tide was falling, however wave heights were increasing.
The storm to the south was building and waves were coming from the south-
west to west. Much larger waves (up (o 4.9m) occurred the following day, but
by this time the storm centre had moved east and the wave dircction was from
the south-east. At the time of the reperted event, reef flai water levels would
still have been high and overtopping events possible if the correct combination
of a wave group to temporarily increase water levels and a subsequent pair of
large waves occurs. Figure 5 illustrates the build up of waves and change in
direction of the storm over the period 4 August to 6 August 1959,
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As the overtopping event did not cccur at the peak of the storm it demonstrates
the importance cf the variability in reef flat water levels due to wave grouping

effects.
Figure 5. August 1999 Storm Event
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Design Parameters

A number of design parameters were adopted for preliminary design of the
proposed seawall upgrade works to provide improved protection to adjaccnt
properties, mainly:

» Seabed profile;

« Water level;

« Wave heights;

s« Wave run-up; and

« Foundation conditions.

These have been defined from site investigaiions and through detailed
mumerical modelling and data analysis,

The proposed seawall upgrade will generally follow the alignment of the
cxisting vertical wall. At the ends of the seawall the alignment will tum
landward and extend past the foreshore cmbankment line to provide protection
against erosion around the ends of the wall.

The proposed seawall will be designed to remain stable for the maximum wave
that can occur with a water level associated with an Average Recurrence
Interval {(ARI) of 100 years. Minimal damage conld be sustained to the wall
during this event, however the overall integrify of the structure will not be
alfected. Additionally, the crest level of the seawall shall be selected to prevent
overtopping by the maximum wave that can reach (break at) the structure,
bascd on the nearshore seabed levels,

Offshore Wave Conditions

Oifshore wave conditions for this study were obtained from the British
Meteorology Office. This data comprised hindcasting waves at 6hr intervals
from world synoptic records for the period 1993 to May 1999, This method
has been found to be relizble in prodocing wave statistics and relatively
accurate for producing individual event conditions. In recent years this hindcast
data has been verified by checks against satellite measurements.

The data was filtered to include only waves from 180" to 270" the (south-west
quadrant). All storms with significant wave heights greater than 3m were then
selected (B9 total) and a probability plot produced from (he individual
maximum waves from the storm. The wave height exceedance plot is shown in
Figure 6. As the processes being examined arc directly proportional to wave
beight oniy a log normal exceedance distribution was uvsed to predict wave
heights for longer return intervals. This approach produced a 1:100 year wave
vatne of 5.55m.
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A wave periodfwave height scaiter plot was used to examine any period
dependency and is show in Figure 7.

Figure 7. Wave helght- Wave Period Scatter Diagram
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The wave model produces beth sea (local wind waves} and swell wave
predictions and can effectively represent the wave conditions as a bimodal
spectrum. A slight correlation between wave period and height was found,
therefore longer periods were assigned to the higher wave heights for
calculation purposes.

Design wave conditions determined for the preliminary design of the scawall
upgrade options are given in Table 6.

Diatimenl Nk 13553 Locad {ieding] 19landa 14
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Reef Flat Conditions

4.2.1

422

Physical Layout

A coral reef platform is a living entity in that the conditions that control the
growth ratc of coral have 3 major effect on the shape and structure, as well as
the response of the scabed materials to the physical forces from wave action
and currents. Areas of high wave cnergy produce cenditions snitable for the
growth of coralline algae and low profile encrusting corals. This in tum causes
& hard crown o grow on the seaward edge of the reef, which attracts mors
wave energy so that with time these areas become elevated above the adjacent
recf edge areas. Height diffcrences of the order of 0.2m 1o 1.0m were surveyed
offshore of the seawall site.

The waves breaking on the high area locally elevate water levels so that reef
top currents tend to flow away from the high crown and return fo the sea in the
lower sections. This current pattern is relatively stable for varying wave
conditions and may affect the shape of the fringing beach behind the reef flat.

In Tromt of the seawall a 300m long hard crown exists on the reef edge with
deeper reef edges forming outflow areas to the south and north.

This provides some shelfer to the beach behind the rect and has the tendency to
form a salicnt area of low lateral transport. On the shoreline this shows up as
the bend in the coastline and wall alignment. Figure C7 and Figure C8 in
Appendix C ilivstrate the reef platform in front of the seawall.

The bathymetry of the reef flat determined from the survey results showing the
crownt area and outflow channels is given in Fignre 8. The alignment of the
existing seawall is on the righthand side of Figure 8.

 Wave Propagation

Work by Nelson (Reference 2) has demonstrated that Hy,, = 0.554 for waves
propagating across a horizontal surface. Therefore the depth of water on the
reef flat will contrel the wave height at the toe of the seawall, The actual depth
of water on the reef flat is subject to fluctuations duc to the effects of wave
groups and it is considered appropriate for the approximation of Hg, = 0.554 to
be adopted to account for any uncertainty in derivation of the reef top water
leved.

Waves moving across a reef flat often bechave as a solitary wave where the
velocity is proportional to the wave height, rather than the origipal wave
period.

Design methods for revetment structures and overtopping are based on
oscilatory waves and struciure options need to be examined for sensitivity to
attack from solitary or bore type wave attack,

Dacumernt Mumber 18353 Conos (Heallng) 1sknos 15
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Figure 8. Reef bathymetry adjacent to seawall
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4.3 Wave Setup

For reef areas with a steep outer face and an almost horizontal upper surface,
when the offshore water level is near the reef flat level, waves break across the
reel’ edge depositing the water they are made up of on the reef flat. Under 1deal
conditions this wave setup can be of the order of half the incident wave height
producing water levels at or above normal high tide levels for large storm
waves. The effect is reduced with increasing depth of water over the reef flat.
This often creates a relatively constant high water level on the reef flat during
storms with the resulting water level being due to wave setup at low to mid tide
and natural tidal levels at high tide. The relatively constant water level allows
wave attack of the shoreline at all stages of the tide during storms.

Cocument Mumbsr: 19353 oocs (Kesling) Islands 1A
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It should be noted that fluctuations above this relatively constant water level

will occur due to the effect of wave groups. These flucmations are reduced for
shelf widths in excess of 300m.

For this study, wave conditions for 4 and 5 August 1999 were transforrmed into
the break point at the rcef edge and used to calculate wave sctup levels in
accordance with methods outlined by Gourlay (1993). A k factor of 0.6 was
choscn since the waves do not approach normal to the reef edge and the two
drainage paths exist to the north and sonth of the sitc. This produced
maximum reef top water levels of the order of 1.7m above lowest astronomical
tide (LAT). Therefore the overtopping event would most likely be due to a
group of large waves causing a short term rise in the water level. A similar
analysis was carried out to determine wave heights across the reef top. This
indicated peak significant wave heights in the order of 0.5m. The
corresponding maxinnnn wave helghts during these conditicns would be in the
order of 1.0m.

The same methodelogy was nsed with wave heights derived for various return
pericds and water level matching reef flat level to get an approximation of the
various relurn periods of extreme water level on the reef flat.

This approach is considered reasocnable as the storm wave conditions are likely
to last for the 6 - 12 hours necessary for the water level to occur and the
resulfant water level will be relatively insensitive to actual tide or atmospheric
pressure conditions. The appreximate retumn perieds for extreme water levels,
including wave set-up and storm surge, and calculated conditions for the 4
August 1999 storm are shown in Table 4 and Table 5 respectively.

Table 4. Prgdicted extreme water levels over reef flat

Return Pericd Fredicted water level

1 Year BL +1.73m M3L
2 Years BL +2.12m MSL
10 Years BL +2.23m MSL
50 Years AL +2.26m MSL
100 Years AL +2.48m M3L
Crooument Numbes TO353 Cocgs {Keaing] 1lands 17

Jeb Mumban 61198501 1400 Samwall Upgrade Chasign CGareepl



&=

Table 5. Calculated Conditions for August 1999 Storm

Date / Time Calculated Reef Top Water Reef Top Wave Height
Level )
{m) above MSL
4/8/99: 0630 0.81 .33
4/6/99: 0830 0.288 0.38
4/8/99: 1030 1.10 .48
4/8/99: 1230 1.00 Q.44
4/8/99: 1430 0.74 .30
4/8/99: 1630 0.73 .29
4/8/9%: 1830 1.00 0.44
4/8/00: 1930 1.07 0.48
4/8/2%: 2030 .13 0.9
4/8/65: 2130 117 2.54
448/99: 2230 1.16 0.47
4/B/35: 2330 1.04 .46
5/8/99: 0030 .99 0.43
B/A/28: 0130 .93 .40
5/8/99: 0230 {1.84 0.35
5f8/59: 0330 QF7 0.31
5/8/99: 0430 1.33 0.29
5/8/99; 0530 0.80 0.33
5/6/09: 0630 (.89 .33

Design wave conditions based on the site investigations, numerical modelling
and data analysis detailed above for the design of the seawall upgrade options
are given in Table 6.

Table 6. Seawall Design Parameters

Parameter Value
Wave Height H=1.25m
Wave Period T=135cc
5till water level z =+2.48m MSL
Dacument Number: 16253 Cocas [Keeing; [slands 18

SJubs Murder. 81148507 $400 Sapwall Upgrada Cazkgn Goneapl



4.4

=

Foundation Conditions

Limited geotechnical invesiigations undertaken in the vicinity of the seawall
mdicate relatively nniform subsurface conditions.

Three test pits were Jug in the beach to deternyine if a cemented layer existed at
reefl [lat level, No cemented layer was detected in any of the holes indicating
that in the past, beach erosion probably has not exposed this area long encngh
for the carbonate deposition processes at the point of freshwater outflow in the
beach to form the cemented layer.

Subsurface conditions were found to consist of sand and coral rubble to depths
of approximately 2m. The sand was found to be composed cf coral fragments
m mediwn o coarse grain sizes. Typical conditions encounterad comprised a
surface layer of sand in the order of 300mm thick overlying a thin band of coral
mbble varying in size from 50mm diameter to 300mm diameter. A deep sand
stramm was then encountercd, with small amounts of further coral rubble
encountered between lm and 2 m betow the surface.

Typical photographs of the test pits are shown in Figores C2 to C15, Appendix
C.

For the design of the seawall upgrade works it has been assumed that the beach
is scoured and the toe of the wall will be located on an extreme erosion depth.
The toe of the revetment structure will require nomal design for scour and
structural support, however toe levels are unlikely to drop below RLO.Om LAT
{0.4m below reef flat level)} due to the presence of the harder reef flat seaward
of the toe of the wall.

Cocumar Mumber 192453 Zaeng (Kealng) lalanda ig
Jub Mumber 811853 1400 Spawall Upgrich Daginn Concapt



i ] . ] 1

L -

5.1

&

Seawall Upgrade Options

Genetral

The mains concerns with the existing seawall are:

1. The proximity of Housc 1 to the top of the scawall;
2. Erosicon of backfill material;

3. Overtopping of the scawall by waves; and

4, The deterioratmg condition of the seawall.

The general condition of the seawall is such that upgrading works should be
undertaken as soon as possible fo ensure ongoing protection to the adjacent
housing. Opticns to improve the function of the seawall and/er provide
engoing protection to the adjacent properties include:

Option 1 Relocate existing housing;

Option 2 | Repairfraisefextend the existing seawall; or

Option 3 | Construct an upgraded seawall to replace the existing
seawall,

The primary purpose of the existing seawall is to provide protection to the
adjacent housing. In the event the housing was relocated away from the shore
there would no longer be a need for the seawall. However, if the seawall were
to be removed the shorcline would revert to a similar alignment and profile as
exists at either end of the wall and some land area would be lost. A dynamic
beach profile would establish over time, but the area may be subject (o leng
term crosion similar to the shorelines further north and south.

The decision to retain, and hence protect these buildings, or relocate the
tildings would involve consideration of numerous factors of which cost
would be but one. It would also be necessary to consider occupier and
community attitades and availability of snitable alternative sites.

Of the remaining opticns, i.e Option 2 repair the existing seawall or Option 3
consiruct an upgraded wall, it is recommended that Option 3 is adopted with
sloping seawall {0 replace the existing vertical seawall. Vertical walls are non-
cnergy absorbing and as a result they produce high wave reflection and incur
high wave run-up that require increased crest levels. In addition high reflection
of wave energy increases scour of the beaches in front of the wall. Vertical
walls also restrict access to the beach, reducing user amenity. The upgraded
seawall would be designed to reduce wave run-up and overtopping, and
improve user amenity to the adjacent foreshore. It is proposed that the

Coouement Mumber 15353 Coogs [Koclng) I5hnds 0
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upgraded seawall be constructed afong the same alignment as the existing
seawall, using the cxisting seawall as permanent forrowork and support.

Alternative forms of seawalls could be implemented which absorb wave
energy., thus reducing the crest height and, to a lesser extent, scour at the toe of
the wall. Typically this would involve a sloping seawall with a porous face.
Sloping revetments wilh increused roughness are preferred because of the
cnorgy they remove [rom the wave bore as iU impacts the wall and the reduced
wave reflection which can coniribute to local increases in reef 1op water levels.
A sloping seawall would reduce the incidence of overtopping under nortnal
conditions, however some overtopping would stitl cccur in a major storm event
and during cyclones.

Alternative Revetments

5.2.1

VYertical seawalls tend 10 exacerbale loss of beach m (romt of them and increase
the levels at which significant overtopping occurs. Sloping scawalls absorb
energy as the wave breaks on the wall rather than impacts the wall.

Optiems (ot sloping walls include:
» Rock revetment structiucs
« Concrete armour block stractures

+« Linked block revetments

However, only rock revetment and concrete armiour block structures are
constdered appropriate for further invesligation.

Rock Revetment

A rock revetment would comprise an outer layer of armour rock overlying a
secondary filter layer, which in i would be placed on a robust geotextile
fabuic.

Rock revetments provide a rough surface with a high ratio of voids. As such
wave energy is dissipated as it travels across the revetment, resulting in reduced
wave rn up levels.

It has been calculated, using the preliminary design parameters discussed
previously, that the weight of the rock armour would nced to be in the order of
Msp = 400 kg to 750 kg on a 1V:1.5H revetment slope. This would require
armour tock weights ranging from approximately 100 kg to 2 tonne in weight.

Alternatively, shenld a moderate level of darnage be allowed to the revelmenl
resulting from the design storm event, the armour weight range could be
reduced nominally to Msp = 300 kg te 600 kg.

These amour welghts typically relate to individual rocks having diameters in
the order of 0.5m to 0.7m and the required armour layer thickness would be
approximately 1.0m 0 1.3m. The minimum thickness of (he underlying filter
layer wonld be in the order of 0.8m o 1.0m.

Corumant Mumber 12353 Crcas (Heelng) |slands 21
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For a 300m long wall, with a vertical height of 4m and a slope of lin 1.5, the
estimated volume of rock required would be 5,300 tonne. In addition a further
3,400 tonne of rock with a nominal weight of 75kg would be required as a filter
layer. Given that both the size and guantity of rock would not be available on
Cocos (Keeling) Islands armour rock would nced to sourced off island and
transported to site.

Rock revetments are generally durable but require a moderate Tevet of
maintenance, particelarly after storm events, to maintain their profile and
integrity. It is also commen for rock revetmenis to require additional placement
of material after several years to accommodate settlement and dislodgment of
fine material and smaller units.

The rough surface and high ratic of voids also enables debris to be trapped and
accumulate in the rock face, causing an untidy appearance.

Concrete Armour Block Structures

Due to the lack of availability of suitable armour rock on the islands and
relatively small wave heights, 4 pattern placed concrete armour unit structure is
considered an appropriate alternative. A suilable armour type would be the
Seabee unit, which is a hexagonal block with a hollow core.

The amount of wave mn-up on Seabee units is influenced by the surface
roughness of the wall face, the amount of water which penetrates the
underlayer and the turbulence generated by the release of trapped air within the
voids of the Scabec unit.

To maximise energy absorption a mixture of block heights is proposed to
increase surface roughness and decrease wave runup. A curved concrete wave
deflector would be included at the crest of the wall to counter overtopping
effects.

A typical cross section through a Seabee wall is shown in Figure 9. A
photograph of a similar type of wall constructed at Green Island, a coral atoll in
the Great Bamier Reef, 15 shown in Figure 10

The patterned finish will reduce the likelihood of debris being trapped and
accuomulating on the revetment and will improve the amenity of the adjacent
foreshore, This could be further enhanced by providing access stairs at bwo or
morg locations along the wall.

The crest height of the scawall will be designed to prevent over-topping in
extreme storm cvents, but not under cyclone conditiens, and as such will be
determined by the water depth (tide level, storm surge and wave set-up) and
extent of wave run-up during stormn avents.

For structural design it is prudent that a design water level and wave condition
with a 1:50 or 1:100 year retum period is chosen. However, for the West
[sland seawall, it is considered appropriate to use a 1:100 year return period for
structural design.

Domimiont Mumber: 19353 Cocos (Kaalingp lakands vl
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Island seawall, it is considered appropriate to use a 1:100 year return period for
structural design.

For overtopping design it is necessary to examine the frequency at which
overtopping events can be tolerated to minimise the height and affect on
functionality of the wall. A return period of 1:20 years is considersd
appropriate for overtopping to the degree that it would cause the onset of
scouring the backfill from behind the wall. A 1:10 vear event is considered
appropriate for overtopping to the extent that it would make it unsafe for a fit
adult to stand behind the wall.

The various overtopping rates are tabulated in Table 7. It should be noted that
these rates are long term averages and individual overtopping waves may be
significantly larger.

Figure 10. Seabee Seawall, Green Island, Qld

Decumant Wumber 15353 Cocos (Kaaing) lalanda 73
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Tahle 7.Critical overtopping criteria

(Source: van der Meer, et al. 1998}
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5.3

Impact of Seawall Upgrade Works

5.3.1

2.4

The relative impact of the proposed sloping seawall on coastal processes
compared 10 the elfect of the existing vertical seawall is expected to be reduced
ernsion of the heach,

The sediment transport has two main components: longshore transport alonyg
the beach; and onshore-offshore transport up and down the beach profile.
Because the upgraded seawall is proposed to be built along the existing seawall
alignment, the lengshore sediment transport condition is expected to remain
unchanged when the proposed seawall is built, Onshore-offshore sediment
transport is expected Lo reduce with the construction of the proposed seawall.

The vertical impervious sarface of the existing seawall results in high rellection
of wave energy, generally responsible for crosion of sand near the toe of the
wall. The proposed upgraded seawall will present a sloping face to the waves,
which will reduce wave run up on the wall. The rough surface of a rock
revetinent or perforated nature of the Seabec units will afso help dissipate wave
energy and therefore conlribute to reduced overtopping and beach erosion as
compared to the existing seawall,

‘The proposed scawall will extend landwards at both ends to prevent localised
erosion Lhat frequently oceurs at the seawall ends and s particularly evident at
the southern cnd of the cxisting scawall.

Water Qualily During Construction

The likely effect on water quality during constriiction is expected lo be small.
The Hmited geotechnical information available indicates that the sediments
comprise sand and loosc coral. The apparent lack of silt in the sediments
suggests that turbidity plumes will not be significant during construction.

To further miticate adverse impacts dwing construction, the following
measures are recommended:

+ All topsoil material focated at the crest of the cxisting seawall will be
removed landwards prior to demolition.

« Excavated materials at the toc be used to form a sand berm seawanis of the
construction zone to act as a natural barrier to prevent fines trom moving
offshore during high tide periods.

« Machinery and loose material such as Seabee units be removed from the
beach and stored dating high tide 10 aveid lecalised erosion occurring.

Indicative Cost Estimates

Indicative cost eslimales for he alternative seawall types considered above are
shown in Table 8 and Table 9 and have been prepared for comparative
purposcs. The cstimates have been prepared on the basis of site Information
currently available, which includes 3 test pits adjacent to the existing seawall

Dccumsnt Mumbar 12353 oo (Kaallng] 12%ande 23
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and bas¢ surveys showing the surface levels in the vicinity of the scawall

These mdicative costs do not include costs for temporary works and
construction of access ramps.

Indicative cost estimates have been compiled from the extension of calculated
quantities with tendered rates and prices from recent works at Cocos {(Keeling)
Islands. Variations from the indicated rates and prices may result from market
forces al lhe time of tendering, changes in freight rates or actual site
characteristics, Neverlheless the rales and prices that have been adopled are
considerad a reasonable representation of the tender prices thal could be
cxpected.

The indicative cost estimates are current at December 1999 prices.
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Table 8. Rock Armoured Seawall (300m Length)

ltiem  Deseription Gty Unit Rate Amount
1 Praliminaries, mobilisation, ltarn F280,000
demahilisaficn
2 Supply. place and trim fill material m# 150G | $70 105,000
3 | Supply and place gsotextils m2 | 2000 | %10 $20.000
material
4 Supply, place and trim ta profile
sacondary armour rock
m? 2000 525 $56,000
{Rangs 5kg to 75ka)
5 Supply, place and trim to profile
primary armour rock
mE | 3200 | $38 $121,600
(Range 100 kg to 2000 kg)
6 Tranzsport rock to sits me 5200 | $300 | $1,560,000
7 | Contingencies (@ 20%) ltem $429,000
TOTAL 52,671,600
SAY $2,575.000
Decanenl Hnkar 165353 Covos (Kesllng) 1slands =7
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Table 8. Seabee wall {(300m Length)

=

Kem Description Oty Unit Rate Amount
1 Preliminaries, mobilisation, ltern Faas 000
demobilisation
2 Manufacture and supply fo site
Seabee Units tonne | B70 | $1,300 $871,000
3 Manufasture and supply 1o site
precast ioe units tonne | 160 F1:300 F208,600
4 | Supply, place and trim fill material m? 1500 $70 $105,000
5 Excavate toe and place foundation
units m 300 %50 $15,000
g Supply and place geciextile material me 2000 $10 20,000
7 | Supply, place and trim to profile me 300 $300 $80,000
78mm dia. rock
B Place Seabse units to lines and
levels m’ | 2000 $25 $50,000
9 Remove excess concrste planks and
cut existing pile heads to level ltem F30,000
10 { Construgt curved concrete wave
deflectar at Crest of wall m 300 $240 472,000
11 Install 2 sets beach access stairs ltem $20,000
12 | Contingencies (@ 20%) em $340,000
TOTAL 52,046,00H)
SAY $2,050,000
Dasumenl Wuniber: 13353 Cocas Fesling) Lslands a8
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Recommendation

I s recommended that a sloping seawall be constructed over and in front of the
existing vertical wall. Given the isolated location of Cocos {(Keeling) Tslands i
iz further recommended that the upgraded seawall be armoured using Scabee
units. When properly installed these units provide the advantages of a durable,
low maintenance revetment, that is also more agsthetic than a rock seawall. The
commparatively smooth surlace o 4 Seabee wall also means that it is less
suscoptible to trapping and accumunlating water borne debris, which is a
constant issue along the shoreline of Cocos (Kecling) 1slands,

In order to minimise overlopping of the seawall a curved wave defllector should
be Jocated along the crest. This will cnable larger waves to be turned back onto
following waves and assist in reducing wave run-up and overtopping ducring
storm events.

The indicative cost estimate for the construction of a new sloping seawall using
Scabec units is $2.050,000 exclusive of prolessiomal fees as detailed in Table 9.

Cocamiont Mernbior: T3353 Cocns (Kaelng] Islanss 29
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Appendix A
Offshore Wave Conditions 1993 -1999
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Appendix B
Water Levels 1986 - 1999
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COCOS (KEELING) ISLANDS

Source: National Tidal Facility
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1988 Daily Maximum and Minimum Water Levels

Helght above LAT

0.2

Maximum recorded level Minimum recorded water level
1.41 m above LAT =0.07 m below LAT

FIGURE B.3
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COCOS (KEELING) ISLANDS

Height above LAT

1.8

1.6

-0.2

Source: National Tidal Facility

1989 Dally Maximum and Minimum Water Levels

Maximum recorded level Minimum recorded water level
1.62 m above LAT -0.06 m below LAT

FIGURE B.4
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COCOS (KEELING) ISLANDS
Source: National Tidal Facility
1993 Dally Maximum and Minimum Water Levels
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FIGURE B. 8
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COCOS (KEELING) ISLANDS

Source: National Tidal Facility

1994 Daily Maximum and Minimum Water Levels
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FIGURE B. 9
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COCOS (KEELING) ISLANDS

Source: National Tidal Facility

1985 Daily Maximum and Minimum Water Levels
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COCOS (KEELING) ISLANDS

Source: National Tidal Facility

1997 Dally Maximurm and Minimum Water Levels
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FIGURE B.12
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Appendix C
Photographs
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Figure C1; Northern end of seawall, adjacent to House 1. Note missing planks and dumped
material on shoreling in background (Sep 1899).

Figure C2: Erosion of backfill behind seawall adjacent to House 1 (Sep 1999).




Figure C4.

Seawall adjacent to Government House (Nov 1989).



Figure C5: Southern section of seawall showing dumped concrete and coral rubble (Sep 1999},

Figure CB: Southern termination point of seawall, showing adjacent erosion and accumulated
debris (Sep 1999).
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Figure C8: Seaward edge of reef flat (Nov
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Figure C10:
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Test pit showing rock encountered below surface,



Figure C12;
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Test pit showing rock encountered below surface.




Excavation of test pit N
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Excavated test pit.




