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Preface

This report comprising recommendations for the siting of and
foundation design specifications for residential beachfront de-
velopment at Collaroy~Narrabeen~Fishermans Beach has been
prepared jointly by GEOMARINE P/L and Coffey Partners
International Pty. Ltd.

GEOMARINE is responsible for the broad concept and scope of
the studies and has undertaken the site specific coastal process
assessments, the hazard definition and the definition and map-
ping of the various stability zones referenced. It has recom-
mended the broad scope of foundation types that are applicable
for the various identified stability zones of the frontal dune.
Specifically, therefore, GEOMARINE is responsible for the prep-
aration of Sections 1, 2, 3, 4.1 and 4.2.

COFFEY has undertaken the field investigations and data
acquisition, the laboratory testing programme and the analysis
of foundation loadings leading to the preparation of the charts
for foundation design. Specifically, therefore, COFFEY is re-
sponsible for Sections 4.3, 4.4, 4.5, 5.1 5.2 and 5.3 and Appen-
dices A,B and C.

The study was designed and co-ordinated and the report was
produced by GEOMARINE.
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GEOMARINE COFFEY

Summary and
Recommendations

This report presents a comprehensive description, assessment
and definition of hazards relating to coastal beachfront devel-
opment at Narrabeen~Collaroy~Fishermans Beach. The aim of
the report is to provide comprehensive criteria for the appropri-
ate siting and foundation design of new development.

The report presents a detailed assessment and quantification of
coastal process factors at Narrabeen~Collaroy~Fishermans
Beach. A stability assessment is presented that takes account
of field data obtained from a drilling and in-situ testing pro-
gramme undertaken along the frontal dune and laboratory data
from grading and direct shear box tests.

The stability assessment has been used to define various zones
requiring particular standards for building foundations and
these have been mapped both within the report and on three
sheets provided separately at 1:2,000 scale. The foundation
design criteria have been developed for residential beach devel-
opments in each of the zones and the following recommenda-
tions are made:

+ In the Zone of Wave Impact residential developments
should not be constructed.

+ In the Zone of Slope Adjustment pile foundations
should be used and these should be designed to
withstand the structural axial and lateral design loads
in addition to the loads induced in the pile by soil
"slumping" past the piles during severe beach erosion.
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In the Zone of Reduced Foundation Capacity either
spread footings or piles can be used, but the
foundations must generate adequate resistance within
the underlying Stable Foundation Zone to resist the
design axial and lateral structural loads.

In the Stable Foundation Zone foundations can be
designed by conventional means to resist the design
axial and lateral structural loads.

Recommendations are made for:

assessing the loads and moments induced in a pile by a
slumping soil mass;

the requirements for a geotechnical investigation; and

assessment of the geotechnical parameters required for
foundation design.

The results of drilling at eight sites in the Collaroy-Narrabeen
Beach areas have been presented and design parameters for
these specific areas have been developed.

Finally, design charts have been prepared to aid the calculations
involved in the foundation design process.

It is recommended that specialist geotechnical advice be sought
in order to properly plan and execute the geotechnical investi-
gationsrequired for beach and coastal residential developments
and carry out the geotechnical design of the foundations.

(ii)
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1. Introduction

Storm erosion presents a hazard to properties along Narrabeen-
Collaroy Beach and Fishermans Beach (Figure 1.1). Studies to
date undertaken by the Public Works Department (P.W.D.,
1987) and Council (W.S.C., 1988; W.S.C., 1989) have shown
that much of the beachfront development at Collaroy (south of
Devitt Street) and a number of dwellings at Narrabeen are
under threat from severe storm erosion. In the longer term the
risk to properties at Collaroy-Narrabeen Beach is likely to
increase should sand continue to be removed from the beach by
natural processes and this threat may be exacerbated also
should the prognosis of a sea level rise resulting from the
Greenhouse Effect come to fruition.

Council is considering options for the long term management of
the beachfront at Narrabeen-Collaroy Beach and Fishermans
Beach. These options are aimed at maintaining and enhancing
- the recreational amenity of the beach and protecting property
at risk. However, until such works are carried out Council
cannot approve developments in hazardous areas without tak-
ing adequate precautions to ensure the safety of any new build-
ings. To this end Council has specified criteria comprising
adequate setbacks and special foundation conditions for any
new development in the hazardous areas that will ensure its

safety until the longer term management options are im-
plemented.

This report presents the details of the determination of building
setbacks and foundation design criteria required for new resi-
dential development to ensure its safety and to allow Council to
consider applications in the interim while exercising its Duty of
Care.

Pagel
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2. Coastal Process Factors
Relating to Forehore
Stability

2.1 Water Levels, Wave Runup and
Seepage

2.1.1 Preamble

During storms the ocean water level and that at the shoreline
is often higher than the normal tide level. While these higher
levels are infrequent and last only for short periods they may
exacerbate any storm damage on the foreshore. Elevated water
levels allow larger waves to cross the offshore sand bars and
reefs and break at higher levels on the beach.

The components of elevated storm water levels comprise astro-
nomical, meteorological and global factors. All of the compo-
nents do not act or occur necessarily independently of each other

but their coincidence and degree of interdependence generally
is not well understood.

BLAIN BREMNER & WILLIAMS P/L, Consulting Engi-
neers, and LAWSON AND TRELOAR P/L, Coastal, Ocean
-and Port Consulting Engineers, in conjunction with
WEATHEREX Meteorological Services P/L and on behalf
of the Public Works Department, have carried out detailed
studies of historical events which have caused elevated ocean

levels on the N.S.W. coast (PWD Report Nos. 85041, 86005
and 86026).
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2.1.2 Astronomical and Meteorological

Components of Water Level
The storm water level depends primarily on:

+ the prevailing astronomical tide;

» the intensity, scale, direction and speed of movement of
the storm;

+ the bathymetry of the coastal area including the
presence or otherwise of offshore reefs and islands; and

» the shape of the coastline including the topography of
the nearshore areas which may be inundated.

Tides

The astronomical tide, generated by the gravitational attraction
of the moon, the sun and other planets, is the largest single
component contributing to the total water level measured above
a low water datum on the New South Wales coast.

On most days there are two high tides and two low tides
(semi-diurnal tides), but not usually of the same levels. The tidal
ranges vary significantly throughout each lunar month and
from month to month. The Highest Astronomical Tide is 1.1m
(approximately) above Australian Height Datum. The fre-
quency of occurrence of the very high and low tides increases
around Christmas time and in the mid-winter months.

Storm Surge

Storm surge is caused by the local rise in ocean level resulting
from the drop in atmospheric pressure (the inverse barometer
effect) and by piling up water against the shore as a result of
the wind stress caused by the strong onshore winds generated
by the low pressure system. For the low pressure system of the
severe storms in May, 1974 the estimated central pressure was
986mb which would have resulted in a pressure surge of 0.28m
above the predicted tide level.

The maximum wind speeds estimated for the 1974 storms of
90knots would have produced a wind set-up of approximately
0.19m along an open coastline (Lawson & Treloar, 1985).

Shoreline Wave Setup and Surf Beat

The breaking action of waves results in an increase in water
levels, known as wave setup, in the surf zone. The physics of
wave setup are described by BATTJES (1974) for the case of
spilling breakers. Wave setup may be perceived as the conver-
sion of part of the wave’s kinetic energy into potential energy.

Page 4
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The amount of wave setup will depend on many factors includ-
ing, among other things, the type, size and periods of the waves,
the nearshore bathymetry and the slope of the beach.

In many cases waves tend to propagate in groups of large and
then small waves. This wave grouping has the effect of inducing
water level changes at the shore with periods in the order of
several minutes and which are amplified in shallow water.
These longer period water level fluctuations are often called surf
beat and may have amplitudes of up to a few metres at the
shoreline during severe storms.

Wave setup may be calculated using simplified methods found
in the Shore Protection Manual (C.E.R.C., 1984) or by using
computer methods where the offshore slopes are complex and
natural wave spectra are being considered (after GODA, 1975).
Some field measurements of wave setup at a number of locations
on the New South Wales coast have been made by the Public

Works Department (P.W.D., 1988; NIELSEN, 1988; DAVIS &
NIELSEN, 1988).

On the New South Wales coast during severe storms wave setup
can be some one to two metres and makes the largest contribu-
tion to elevated water levels above the tide. While the amount
of wave setup varies according to the water depth a valueof 1.4m
has been adopted as a design wave set-up at the shoreline of
Collarov Beach (W.8.C., 1988; W.S.C., 1989).

Shelf Waves
Continental shelf waves cause medium-term variations in mean
sea level of up to 0.2m over the time scales of days to weeks.

2.1.3 Global Processes

Very large scale processes acting over the globe causing signif-
icant water level variations include:

- tectonic changes;
+ tsunamis;
eustatic changes; and

- global-scale meteorological oscillations.

Tectonic Changes

Tectonic movements in the earth’s crust over an extended area
are often perceived as changes in ocean water levels. However,
in New South Wales it is believed that there are no tectonic
changes occuring which may affect sea levels along the coast.
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Tsunamis

Tsunamis are caused by earthquakes on or near the sea bed and
commonly, albeit misleadingly, are called tidal waves. Studies
of the tide gauge records obtained at Fort Denison from 1867
have identified a number of water level anomalies resulting
from tsunamis. The largest were 1.07m recorded in 1868 and
1877. More recently a tsunami resulting from a severe earth-
quake in Chile in 1960 caused the water level at Fort Denison
to oscillate 0.84m over a 45 minute period. This rapid change
induced very strong currents within the harbour, as well as in
the other nearby ports and bays, causing considerable damage
to boats and shoreline structures.

Eustatic Changes

Eustatic sea level changes are those resulting from changes in
the volume of water frozen in the polar ice caps. While the
geological history has many ice ages the ocean levels have
remained relatively stable over the past 6,000 years. There are
no confirmed indications of any significant change in the forsee-
able future. However, there may be possible changes resulting
from the Greenhouse Effect.

The term Greenhouse Effect is used to describe a postulated
warming of the earth due to the accumulation in the atmosphere

of certain gases, and in particular carbon dioxide resulting from
the burning of fossil fuels.

The Board of Engineering of the Institution of Engineers, Aus-
tralia issued a Policy On The Greenhouse Effect (1/5/15) in
August, 1989. The policy statement, inter alia, expresses a
recognition by the Institution of a need for engineering practice
to take into account the potential impacts of the Greenhouse
Effect. It states also that engineers have a professional respon-
sibility to ensure that their activities reflect the best informa-
tion available at the time. However, while the Institution has
established a committee to prepare guidelines for the incorpo-
ration of the effects of climate change in coastal engineering
design, to date no guidelines have been issued.

The current consensus of scientific opinion is that such changes
could result in global warming of 1.5° to 4.5°C over the next 30
to 50 years. Such a warming could lead to a number of changes
in climate, weather and sea levels. These in turn could cause
significant changes to coastal alignments and erosion. Global
warming may produce also a world-wide sea level rise caused
by the thermal expansion of the ocean waters. The U.S. Na-
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tional Research Council, 1987 presents a range of sea level
- rise scenarios of between 0.13m to 0.32m by the year 2036; that
is 50 years from 1986 (Technical Memorandum 88/02 ap-
pended states GEOMARINE policy regarding eustatic sea level
changes). It is predicted that the severity and frequency of
storms will increase, rainfall intensity could increase and there
could be a more severe wave climate. However, the likely degree
of change in these processes has not been quantified. For hazard

definition at Collaroy-Narrabeen Beach Council has adopted
the following values:

TABLE 2.1 Values for Greenhouse sea level rise -
Development Planning Period Sea Level Rise

Open space 25 years 0.05m
Residential 50 years 0.23m
Intensive development 100 vears 1.17m

El Nino Southern Oscillation
Global meteorological and oceanographic changes such as the
El Nino Southern Oscillation in the eastern southern Pacific

Qcean cause medium-term variations in mean sea level of up to
0.1m. '

2.1.4 Wave Runup

The energy of a wave is dissipated finally as the water runs up
the beach or shoreline. Wave run-up is the vertical distance the
wave will reach above the level of the tide, storm surge and wave
setup and can be several metres.

Wave run-up at any particular site is very much a function of
the beach profile, the surface roughness and other shoreline
features on which the breaking waves impinge. Physical model
results for run-up levels are available in the Shore Protection
Manual for simple profiles and wave conditions. At Collaroy
Beach from The Breakers to The Marquesas wave run-up from
R.L. 7m to 8m (respectively) has been adopted for hazard defi-
nition. .
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2.1.5 Seepage

The water table inside the beach will follow the movements of
the swash zone up and down in response to changing tides and
wave conditions. When storms raise the average water levelson
the beach above those of the normal tide the levels in the dune
may rise correspondingly. The super-elevation of peak water
tables in the dune above the peak tide level has been measured
- by the Public Works Department for some wave conditions as
- shown here in Figure 2.1. Should the beach water levels fall
rapidly, say with a drop in wave height on the beach with a
falling tide, the water table in the dune may remain elevated
for some time as the water slowly seeps out (PUBLIC WORKS
DEPARTMENT, 1988). While under normal tide conditions
the water table in the beach may be elevated some 0.5m above
the average water level, during storms and on the falling stages
of the tide the differences may be several metres. As shown in
Figure 2.1 also, heavy groundwater inundation of fresh water
may become perched on top of the saline wedge with seepage
occurring over the beach section to depth.

Seepage forced by water table gradients may reduce the effec-
tive frictional shear strength of soils, thereby lowering consid-
erably the stability of the dune. The generalised case of parallel
seepage through a uniform sand slope has been solved and
indicates a reduction in the stable maximum slope to about half
that for no seepage (LAMBE & WHITMAN, 1969). In the case
of a rapid drawdown in the water level on the beach the maxi-
mum seepage pressures may be expected at the toe of the dune
escarpment, reducing significantly the stability of the overall
dune face. Heavy rainfall often associated with severe storms
may cause ponding behind a frontal dune, thereby increasing
the seepage pressures at the toe of the dune escarpment. Ele-

vated water tables will reduce also the foundation loading
capacity.

2.2 Beach and Dune Erosion

The amount of sand eroded from the beach berm and foredunes
will have a significant bearing on the stability of the foreshore
in its eroded state. The frontal dune (or foredune) is part of the
beach that can become mobilised during storms. It is likely that
a severe storm will erode the beach back into the toe of the
frontal dune. While the face of an accreted frontal dune typically
may have a relatively low grade down to the beach as a result
of the build-up of the incipient foredunes at its toe, during times
of severe storm erosion the dune face will be cut and will stand
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up at very steep angles. At this time the dune face is unstable
and likely to slump.

The few measurements of storm sand erosion (Storm Erosion
Demand in cubic metres of sand above A.H.D. for each metre of

 beach length; i.e. m®/m) from open coast beaches on the Austra-
lian eastern seaboard include:

. 200m3/m at Narrabeen Beach (P.W.D., 1987) for the
storms in 1974;

- 240m®%/m at Wamberal Beach (P.W.D., 1985b) for the
storms in 1974;

- 200m®m at Avoca Beach (GOSFORD CITY
COUNCIL, 1989a) for the storms in 1974;

+ 275m%/m at Copacabana Beach (GOSFORD CITY
COUNCIL, 1989b) for the storms in 1974:

. 200m3/m for the storms in 1974 and 250m3/'m for the
storms in 1986 at Forresters Beach (GOSFORD CITY
COUNCIL, 1990);

- 190m%/m at Terrigal Beach for the 1978 storms
(P.W.D., 1984 & 1985h);

« atotal of 320m3/m from Iluka Beach during the storms
of May and September, 1977 (P.W.D., 1985a);

. 170m3'/m to 430m%/m from the Gold Coast beaches and
dunes during the 1967 storms (M°GRATH, 1968); and

- 260m®%/m to 320m3/m from the beach and dune at
Byron Bay over the period 23rd June, 1987 to 8th
February, 1990 and encompassing the two severe

storms of December, 1988 and April, 1989 (P.W.D.,
1990).

For the stability assessment of the frontal dune at Collaroy/Nar-
rabeen Beach an allowance of 200m%/m (at The Breakers) to
250m°/m (at The Marquesas) of sand erosion above A.H.D. has
been made for storm erosion {(to be applied to the average of
available beach profile data).

The P.W.D. study of Fishermans Beach presented no data
relating to Storm Erosion Demand. While photogrammetric
data similar to that for Collaroy-Narrabeen were available for
Fishermans Beach they showed no erosion from the 1974
storms; in fact they showed accretion. In the absence of any
measured erosion on the beach the Hazard Definition study
advised a value of 100m®/m for Storr Erosion Demand. How-
ever, since that study additional data have become available for
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storm erosion on such protected beaches which allows for a
revision of the earlier estimates.

GEOMARINE has completed recently studies of storm erosion
on some somewhat protected beaches such as Pearl Beach and
Ocean/Umina Beach for the Gosford City Council (GOSFORD
CITY COUNCIL, 1990b & ¢, in prep.). For these studies wave
data were available from direct field measurements as pre-
sented in the GEOMARINE (1988b) report on the coastal pro-
cesses of Broken Bay. At Pearl Beach, where wave height
coefficients are some 70% of those for open ocean beaches such
as Collaroy-Narrabeen, a storm erosion demand was measured
at 125m°/m at the most exposed (northern) section of the beach
(see GOSFORD CITY COUNCIL, 1990b). For Ocean/Umina
Beach a reduction to approximately 60% in the wave coefficients
was correlated to actual storm erosion of 100m%m (see
GOSFORD CITY COUNCIL, 1990c¢).

These data verify earlier analytical assessments of the relation-
ship between storm erosion and wave height proposed in the
Public Works Department’s assessment of erosion at Boomer-
ang Beach (P.W.D., 1983a); that is, subaerial beach storm
erosion being a direct function of wave height squared (for a
specific storm duration).

On the basis of wave studies undertaken at Collaroy~Nar-
rabeen~Fishermans Beach (GEOMARINE, 1988a), the un-
refracted deepwater significant design wave height parameter
for Fishermans Beach is some 40% to 45% (SE to NE respec-
tively) of that for Narrabeen Beach where the Design Storm
Erosion Demand is some 250m®/m (for SE storms). On the wave
energy basis as defined above, therefore, a Storm Erosion De-
mand for Flshermans Beach can be evaluated analytically and
is 40m%m to 50m /m, which is higher than the maximum
variation measured on the beach over the 45 year record. We
recommend that Council adopt now 50m3/m for the Design
Storm Erosion Demand in lieu of the 100m 3/m as provided
originally in the design parameters of the Hazard Definition
study, and we propose to adopt this value now for the current
exercise in defining the hazard zones for Fishermans Beach.
However, we see no reason to vary the parameters adopted for
Collaroy~Narrabeen Beach at this stage.

During severe storms the beach berm will scour below the low
levels that are observed on the low tides immediately following
storms. While sand is mobilised and taken into suspension
under wave action at the toe of the dune escarpment, it is not
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necessarily removed following the passage of a wave and may
leave the impression that the level of erosion is above that which
actually occurs. Following storms, the beach berm begins to
recover very quickly and even within a few hours of lower swell
conditions the amount of sand deposited at the top of the swash
can be considerable. The depth of mobilisation will be below any
post-storm measurements or observations.

Berm levels on natural beaches following storms have been
measured as low as 0.5m A H.D. However, drilling on Nar-
rabeen Beach has indicated erosional disconformities in the
beach sands in front of the natural dune at a level of -1m A.H.D.
(GEOL. SURVEY N.S.W., 1982). Drilling at the back of the
beach berm at Wooli, northern N.S.W. shows disconformities
consistently at a level of approximately -1.0m A.H.D. (GEOL.
SURVEY N.S.W., 1985). Two boreholes taken at the back of
the beach berm on Dee Why Beach indicated beach sand over-
lying organic fill and sandy clay at approximately -0.8m and
-1.5m A.H.D. (PUBLIC WORKS DEPARTMENT, 1977).
These data indicate consistently a scour level of -1.0m A.H.D.
(approximately) on open ocean beaches. For the determination
of hazard zones on Collaroy-Narrabeen Beach a scour level of

-1.0m (A.H.D.) has been adopted with a level of 0m (A.H.D.) for
Fishermans Beach.

2.3 Coastal Process Design
Parameters

The coastal process design parameters adopted for defining the
hazard at Collaroy-Narrabeen Beach and Fishermans Beach as
discussed above are summarised in Table 2.2.

Hazard Definition Parameters
“

Precinct Pl P2 P3 P4 P5
Parameter
Storm Erosion 50 200 250 250 250
(m3/mjannum)
Wave setup 08 13 14 15 16
(m) '
Inundation Level 6 7 8 9 9
(mon AH.D)
Beach Scour Level 00 -10 -1.0 -1.0 -1.0
(m on A HD)
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3. Stability Assessment

3.1 Introduction

Stability computations can serve as a guide to determining safe
setback distances on frontal dunesthat are prone to wave attack
and slumping during storms. A generalised stability assessment
has been carried out for the foreshore areas composed of un-
consolidated dune sand based on field data comprising drilling
and in-situ field testing (Appendix B) and soil properties
determined from laboratory testing (Appendix C).

3.2 Factors Of Safety

The greatest uncertainties in stability problems arise in the
selection of the pore water pressure and strength parameters.
The error associated with the method of analysis, in the order
of 10% in computed factors of safety for the better available
techniques, is small compared to that arising from the selection
of strength parameters. This is the reason for applying factors
of safety to stability analyses (LAMBE & WHITMAN, 1969).

Where there is sound and detailed knowledge of the soil stratig-
raphy, as determined from drilling, and a detailed assessment
. of the strength of the various soil strata, as determined from
in-situ field testing and laboratory testing, a factor of safety of

1.5 with respect to shearing strength is commonly adopted and
has been adopted for this study.

3.3 Extent of Hazard

The application of the stability assessment is presented sche-
matically in Figures 3.1. A number of zones are delineated; a
Zone of Wave Impact, a Zone of Slope Adjustment, a Zone of
Reduced Foundation Capacity and a Stable Foundation Zone.
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COFFEY _ GEOMARINE

The Zone of Wave Impact delineates an area where any struc-
ture or its foundations would suffer wave attack during a severe
storm. It is that part of the beach that is seaward of the dune
erosion escarpment. -

A Zone Of Slope Adjustment was delineated to encompass that
portion of the seaward face of the dune that would slump to the
natural angle of repose of the dune sand following removal by
wave erosion of the Design Storm Erosion Demand. That pres-

ents the steepest stable dune profile under the conditions spec-
ified.

A Zone Of Reduced Foundation Capacity for building founda-
tions was delineated to take account of the reduced bearing
capacity of the sand adjacent to the dune erosion escarpment.
It was considered that structural loads should be transmitted
only to soil foundations outside the zone within which the Factor
of Safety was less than 1.5 during extreme scour conditions at
the face of the dune. This allows for the design assumption that
the soil may develop its full bearing capacity.

Structures not piled and located within the Zone of Slope Ad-
Jjustment and seaward may be subject to foundation failure (soil
slip and subsequent undermining) associated with a severe
storm erosion event. Foundations for structures within the Zone
of Slope Adjustment should comprise piles embedded to a suffi-
cient depth within the Stable Foundation Zone to develop within
that zone adequate capacity to support the vertical loads applied
by the structure and differential horizontal soil pressures on the
piles from the soil above the wedge failure plane.

For the same conditions, landward of the Zone of Slope Adjust-
ment structures not adequately piled would be founded in a zone
that could be considered to have an inadequate factor of safety
{(Zone of Reduced Foundation Capacity). Foundations for struc-
tures within this zone should comprise piers embedded to a
sufficient depth within the Stable Foundation Zone to develop

within that zone the capacity to support the vertical loads
applied.

3.4 Methods of the Calculations

The basis for the calculations comprised the hazard definition
design parameters defined in Chapter 2 and the photogrammet-
ric survey data obtained for Council by the Public Works De-
partment. Sand volumes along the beach were calculated
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initially by the Department for the following dates of survey
photography; 1941, 1951, 1956, 1961, 1970, 1972, 1974, 1985,
and 1986. These are presented as cross-sectional areas of the
dune and beach at shore-normal (approximately) profile lines
spaced at 20m centres along the beach; the area being calculated
as that area of cross-section above a datum of Om (A.H.D.) and
seaward of an arbitrary baseline and to the 2m beach contour
(see Figures 3.2, 3.3 and 3.4).

The sand volumes calculated from each year of photography
were averaged both spatially and temporally. The caleulations
were undertaken at the following locations (refer Figures 3.2
to 3.4):

Block B Profiles 10-13;
Block C Profiles 1-4;
10-13;
23-26;
Block D profiles 9-12;
30-31;
Block E Profiles 1-4;
19-22
22-25
32-35
Block F Profiles 13-16;
25-28;
Block G