AN ASSESSMENT OF SEDIMENT DYNAMICS,
AND THE EFFECTS OF PROPOSED CONSTRUCTION WORKS
WITHIN THE PORT HACKING ESTUARY.
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SUMMARY
1.

Detailed examination of the 1930's - 1980's
analysis of the historical record suggest:

photographic

record,

and

(a)
that the original Deeban Spit (off Maianbar) and the 1930 - 1951
Deeban Spit were destroyed/extensively modified by storms, and that
storm intensities and the potential for storm-induced change may be
being underestimated (Sections 1.2, 2.4, 5);
(b) that the main ebb tide terminal lobe off Cabbage Tree Point has
slowly migrated landwards; the Simpsons Bay middle ground shoals have
migrated onto Deeban Spit and into the southern portion of Simpsons
Bay; there has been greater channelisation of the Turriel Pt. to
Gogerlys Pt. channel; and the major flood terminal lobe at Lilli Pilli
has continued to advance landwards. Indications of sediment transport
paths concur with the EIS and PWD conclusions (Sections 2, 3);
(c)
that the three methods utilised to estimate rates of sediment
transport are highly variable, and that there is virtually no data on
storm-induced sediment transport rates or patterns within the estuary
(Sections 4.1, 4.2).
2.

In regard to the Bonnie Vale Tornbolo proposal it is noted that:
(a) Palm Beach is not a tombolo and is a poor analogue for the
Vale proposal (Section 6.1);

Bonnie

(b)
the tombolo beach will operate dynamically as a reflective beach
type, not a 'spending' beach (Section 6.2);
(c) the 2-D numerical ebb flow model for the 1985 bed configuration
correlates reasonably with the location of ebb tidal bed forms (Section
6. 2) ;

(d) the analyses of pre- and post-dredging surveys, long-line surveys,
bed-form monitoring, suspended sediment monitoring and general sediment
paths indicates that sediment will be transported along and into the
tombolo dredged channels (Sections 4.1, 6.2);
(e) there is thus a reasonable likelihood for the redevelopment of ebb
and flood terminal lobes eastwards of the tombolo channel mouth and in
Burraneer Bay, for the buildup of more linear shoals along the larger
shoal margins of Gunnamatta Bay and Simpsons Bay, and the development
of linear bars along the tombolo wall and off Burraneer Point (Sections
6.2, 6.3).
3.

In regard to the Lilli Pilli Groynes it is noted that the likelihood of
the proposed structure working appears to be limited, and the stability
of the structure is in question.

4.

A "permanent solution to the shoaling problem" is not demonstrated, and
further investigative works are required.

INTRODUCTION
This report is prepared at the request of the Sutherland Shire Council. The
aim of this report is to briefly review the Holocene evolution of the Pt.
Hacking marine delta, independently assess the evolution of the delta for
the historical photographic period (1930- 1987), compare this assessment
with the P.W.D. assessment of .sediment transport paths, sedimentation rates
and tidal delta dynamics, and provide an assessment of the effect of the
proposed Lilli Pilli 'spit' and Bonnie Vale 'tombolo' on sediment dynamics
within the Pt. Hacking estuary.
1.
1.1

HOLOCENE EVOLUTION OF THE PORT HACKING ESTUARY
The Geological History.

The evolution of Port Hacking estuary has been · examined in considerable
detail by Roy (1984a; 1984bl and to a lesser extent in Roy and Crawford
(1979). In similarity to many Australian estuaries, Pt. Hacking began
developing as a drowned river valley estuary some 10,000 or so years ago
when sea level was around -30m below the present. As sea level continued to
rise, proto-barri~t sands and marine sands were reworked landwards to fare
an extensive flood tide delta. This delta migrated landwards
over
Pleistocene fluvial deltaic and channel sands and basin muds to eventually
form the large tidal delta which currently exists within Port Hacking.
Fluvial deltas began forming and extending into Port Hacking at the same
time and have also prograded over older fluvial sands and younger basin
muds (Roy, 1984). Carbon 14 dating of shell and wood deposits within the
estuary indicate rates of advance for the fluvial delta of around O.Smyr- 1 ,
for the tidal delta of 16000m 3 yr- 1 (both uncorrected for contamination
effects), and rates of accumulation in the mud basin of 2.0mm yr- 1 •
1.2

Evolution of the Estuary.

Stages in the evolution of the estuary are shown in Figure 1.1. The
research carried out and the data collected to support this figure (e.g.
Figures 3,4 in Roy, 1984; Geary et al., 1986, data sheet 2) are excellent.
However,, in regard to the E.I.S. document and supporting reports (Planning
Workshop, 1987) two points are noteworthy:
Firstly, the modern scenario (figure 1.1Dl depicts Deeban Spit in its
current position, yet early (1851) hydrographic records (Geary et al.,
1986, data sheet 13) show that the
'original'
Deeban
Spit
was
geographically located further west than the present one. This spit
extended northwards off the Maianbar promontory. The small sandy point that
now exists off Maianbar is the only remainder of .this once more extensive
feature. The question that one must ask is, was this landform destroyed by
storms?, and if so what does this mean for the future stability of
landforms such as the present Deeban Spit and the proposed tombolo? In
addition, does it mean that storm penetration of the estuary is much
greater than imagined? This question is discussed further in section 4.2.
Secondly, the future evolutionary scenario put forward by the P.W.D. is a
short term scenario (Geary et al., 1986, p.19-20); Planning Workshop
E.I.S., p.64). The P.W.D. state that''Progradation from the seaward face of the marine delta upstream would
continue. Accretion onto the Burraneer Bay shoal would continue slowly and

be unchecked by dredging; the channel would infill, and the
of water over the shoal would reduce by up to one metre.

average

depth

The Burraneer Point bar would also develop fully, and the ruling depth
across the middle ground shoal and associated bars and lobes would
stabilise at about 1 metre below ISLW within a very short period.
There would be a reduction of the tidal range and the tidal prism upstream
of Burraneer Point, as a result of channel infilling and further building
up of the Burraneer Bay shoal.
Wave action at the mouth of Gunnamatta Bay and on the middle ground shoal
would not change, other than by the slow, continuous erosion of the seaward
face of the marine delta in the very long term.
Sand from the middle ground shoal and from the seaward face of the marine
delta would sustain the build-up of the Burraneer Bay shoal for at least
the next 20 or 30 years, although not necessarily at the present rate.
In the long term, tidal flows would be so obstructed that the channels
across Burraneer Bay and Burraneer Point would become unnavigable; they
would be susceptible to sudden closure, by a slug of ~and mobilised by
waves during a severe storm." (Geary et al., 1986, p.19-20).
Whilst many of these predictions may occur in the short term, the long term
evolution trend of such estuaries is towards complete ''riverine'' type
channelisation (Hesp, 1984; Roy, 1984b), as shown in Figure 1.2. This
evolutionary trend takes place via filling of marginal bays (in this e.g.
the shoaling of the Gunnamatta and Burraneer Bays), filling of broad
estuary margins (in this e.g. the formation of the shoals leeward and
seaward of Deeban Spit), and formation and progradation of beaches and
emerged bars (e.g. Deeban Spit). Thus, although flood lobes such as the one
in Burraneer Bay may build up and out in the short term as the P.W.D.
suggest above, in the long term a relatively stable channel could well be
established throughout the estuary .. Of course in the present circumstances
this point is rather academic if it takes several hundred years for this
evolutionary end point to be achieved.
2.

EVOLUTION OF THE PORT HACKING MARINE DELTA, 1930- 1987.

Whilst the previous section decribed the broad-scale development of the
delta over the last 10,000 or so years, a more detailed understanding of
the movement and dynamics of the marine delta can be obtained by an
analysis of the historical vertical aerial photographic record.
Photographs covering the period 1930's - 1980's were independently examined
and a series of maps of major and minor deltaic bedforms were constructed
(Figures 2.1 to 2.8). The following briefly describes major geomorphic
features and changes on the delta.
2.1

22/3/30 Photographs.

In the 1930 photographs the seaward margin or ebb terminal lobe (also known
as ebb shield) is pronounced, and extends a reasonable distance seawards
off Cabbage Tree Point (Figure 2.1; photographs in data sheet 15, Geary et
al., 1986). A small hook-shaped proto-'Deeban Spit' lies off Maianbar,
and to the north of a vegetated spit attached to Maianbar (remnant of a

formerly more extensive feature; Royal Navy Survey, 1848-1851). The ebb
tidal channel extends from the proto "Deeban Spit" to Cabbage Tree point,
and Simpsons Bay appears to be less influenced by tidal channel flows.
Swash bars and shoals may be seen actively prograding into the region
leeward of the proto 'Deeban Spit'. Channels leading from Turriel Point to
Gogerlys Point appear to be shallow and are poorly defined. Opposite Lilli
Pilli the flood terminal lobe fills the entire estuary channel, and there
is only one narrow tidal channel lying against the base of Lilli Pilli
Point.
2.2

12/5/42 Photographs.

By 1942 the southern hook of proto-Deeban Spit has gone, and the spit has
extended southwards to reach near the entrance of Cabbage Tree Creek.
The
central portion of the spit has been vegetated. A similar, but narrower
subaerial bar lies landward of the spit
(Figure 2.2). A deep
flood
terminal lobe may be seen in Burraneer Bay in both these photographs and
the 1930 photographs. The south eastern portion of Simpsons Bay beach has
developed.
2.3

May, 1951 Photographs.

Proto-'Deeban Spit' has developed considerably with much of the 1942 spit
being vegetated, and the spit extending in an elongate lobe out into the
mouth of Burraneer Bay.
Cabbage Tree Creek exits into Simpsons Bay
directly NE through the spit. The channel lying between Burraneer Bay and
Lilli Pilli has less sandy bedforms in it and appears deeper. There is
some minor landward movement of swash bars and shoals on the flood terminal
lobe opposit~ Lilli Pilli.
2.4

2/7/56 Photographs.

Analysis of the 1956 photographs indicates substantial and dramatic changes
in the morphology of the Deeban Spit region. ·Much of the sediment
compr1s1ng
the proto-spit was dispersed la~dwards resulting in (i)
progradation seawards of the spit, (ii) a closing off of Cabbage Tree Creek
mouth and the cutting of a new creek outlet along the landward margin of
the spit, (iii) erosion of a significant part of the former (1951)
vegetated spit and isolation of a small, semi-circular vegetated island
lying immediately north . of Constables Point, (iv) erosion and westerly
spreading of the former (1951) spit distal lobe and more landward subaerial
bar onto the spit leeward shoals (Figure 2.4), and (v) considerable
extension of swash fans and tidal bars into Cabbage Tree Creek. Deeban
Spit, as we know it today, assumed its basic shape during this time.
These changes may have been caused by severe storms during the period 1951
to 1956. The P.W.D. storm record (P.W.D., 1983) indicates that there were
four extreme storm events (i.e. offshore significant wave heights were in
excess of 6m) in this period (14/6/52; 2/1/54; 19/2/54; 9/6/56). B. Druery
(pers.comm., 1988) indicated that dredging activities were not significant
during this time, and certainly the morphologic changes are such that it
would be difficult to ascribe much of the change to dredging effects.
2.5

25/6/61 Photographs.

By 1961 the spit has prograded further seawards (east) and vegetation has
established in a few locations along the western margin.

2.6

7/10/65 Photographs.

Deeban Spit is now a relatively stable feature. A flood terminal deltaic
lobe has extended further into Burraneer Bay and the shoals leeward of
Deeban Spit continue to accrete and develop (Figure 2.6).
The ebb tidal
terminal lobe off Cabbage Tree Point again extends seawards of the point.
New sand bars are migrating onto the Lilli Pilli deltaic terminal lobe, and
there is much greater channelisaticn of the estuary between Turriel Pt. and
Gogerlys Point. The latter changes may be in whole, or in part caused, or
effected by dredging operations which were significant during the 1960's
(data sheet 12, Geary et al., 1986).
2.7

6/7/70 and 11/10/75 Photographs.

In 1970 approximately 50% of Deeban Spit was vegetated, and by 1975 was
almost totally vegetated.
Small overwash fans were formed and foredune
erosion occurred as a result of the impact of the 1974 storms.· During 1975
a portion ~f the middle ground shoal lying seawards of the central part of
Deeban Spit emerged as a result of dredge spoil dumping (see data sheet 15,
Geary et al., 1986). ·There is greater movement of sand onto the northern
side of the Lilli Pilli delta, but little change in the southern side.
2.8

19/9/83 Photographs.

At the upstream margin of the delta near Lilli Pilli, the delta is
accreting as distinct sand bars or lobes migrate onto, and across the
delta. There is more extensive channelisation around the margin of
Gogerlys Point.
In Simpsons Bay the subaerial bar present on the middle ground shoal has
been spread laterally and has become a subaqueous feature.
It has moved
closer to Deeban Spit, and the spit itself shows minor changes in shoreline
orientation.
The ebb tidal delta terminal lobe off Cabbage Tree Point has
shifted further westwards (Figure 2.8).
Movement of sediment on the delta lobe opposite the northern tip of Deeban
Spit appears to be more distinct, and there appears to be greater shoaling
occurring. There is continued minor (?) movement of sediment onto the
margins of the southern shoals along the channel between Turriel Point and
Lilli Pilli Point.
2.9

23/9/85 and 11/6/87 Photographs.

During the period 1979 to mid 1987 the shallow bars on the central portion
of the middle ground shoal off Deeban Spit slowly moved westwards and are
now attached to Deeban Spit. A small, triangular cuspate foreland has
developed on the Spit opposite the attached bar. Tidal channels have
changed their positions during this time such that the prominent ebb/flood
channel which ran along the base of Deeban Spit and swung around and out of
Simpsons Bay is no longer as prominent as it was. Apparent ebb channels
now cut across the northern margin of the middle ground shoal emerged bar
and along the eastern margin of the Spit. Southwards sediment movement
into the southerly portion of Simpsons Bay is indicated by the movement of
a lobate sand bar which extends from the central middle ground shoal into
the bay.
The terminal ebb tidal lobe opposite Cabbage Tree point has shifted further
to the west.

2.10

Review of Delta Evolution and Change, 1930-1987.

The foregoing review of the photographic record of changes on the marine
delta in Port Hacking prQvides a general basis for summarizing the past 57
years of delta evolution, as follows:
(1)

The seaward part of the

Delta:

Sediment is transported via wave action and flood tidal currents from
the seaward face (or flood ramp) of the delta seaward of Cabbage Tree
Point. A portion of this sediment load is transported across the southern
margin of the Gunnamatta Bay shoals and into Gunnamatta Bay.
A greater
portion has been, and still is being transported via flood tidal channels
along Burraneer Point and around the seaward margin of Deeban Spit into the
mouth of Burraneer Bay. The latter flood channel (i.e. the channel
running along the margin of Deeban Spit) will possibly have been utiised
less and less since 1983 or thereabouts, as dredge spoil added to the
middle ground shoal moved shorewards onto Deeban Spit.
The
shallow,
subaqueous seaward margin of the delta, the ebb terminal lobe off Cabbage
Tree Point, has gradually migrated westwards or landwards over this time.
(2)

Deeban Spit and leeward shoals/flats:

Deeban Spit did not originate as a spit, i.e. as a sandy feature initiated
at, and prograding seawards from a fixed point.
It was initiated later
than 1851 and prior to 1930 as an emerged bar (Figure 2.1). It may be that
dumping of dredging spoil aided the development of the bar initially to
some extent, but the development of emerged bars of this type is not
uncommon at this stage of estuary development.
The bar subsequently
extended southwards towards Cabbage Tree Creek, and a second bar emerged on
the tidal shoals leeward of Deeban Spit (opposite Maianbar; 1942). By 1951
the Deeban bar had extended southeastwards and northwestwards and a
significant portion was vegetated.
By 1956, dramatic changes, probably
storm induced, had taken place.
The original" bar· was eroded on· the
landward margin by the relocation of the Cabbage Tree Creek outlet, and the
bar also prograded seawards and formed a single barrier beach feature
extending from the western margin of Bonnie Vale to the tip of Deeban Spit.
Since this time the Spit has experienced minor changes in shoreline
orientation, has prograded seawards somewhat and has been built upwards to
form
partially vegetated dunes.
The height of the spit has been
artificially increased to some extent by spoil dumping.
The shoals and flats which lie to the immediate west of Deeban Spit, and on
which the spit has formed, have continued to accrete throughout the period
1930-1987.
This accretion, and changes in the arrangement of the shoals
and channels was particularly pronounced in the 1930-1965 period.
(3) The Burraneer Bay deltaic lobe and
Point channel:

the

Turriel

Point

to

Gogerlys

In the period 1930-1987 the terminal deltaic lobe which has formed in the
entrance of Burraneer Bay, has extended into the bay over an older, deeper
deltaic lobe (Figures 2.1, 2.2, 2.6). The morphology of this deltaic lobe
has varied depending on tidal current patterns and dredging.
In that part of the estuary extending from Turriel Point to Gogerlys Point,

tidal bars and shoals were apparently more extensive and their arrangement
more complex than at present. During the historical period tidal flows
have become more ordered and ebb and flood channels more regular, with bars
and shoals gradually being transported upstream to the Lilli Pilli delta.
Sediment has also been transported onto the margin of the shoals bordering
the southern margin of the channel.
(4)

The Lilli Pilli Delta:

The Lilli Pilli deltaic lobe has extended westwards throughout the 19301987 period. Its maximum development position has mostly been on the
southern side adjacent to Gogerlys Point. In this period sand lobes and
bars have gradually migrated across the northern portion of the delta (see
Photographs in Data Sheet 14, Geary et al., 1986).
The flood (and
predominant ebb?) channel has gradually become more marked over time
(especially since 1975), this channelisation process being aided by
dredging since around 1979.
3.

MODERN WAVE AND CURRENT DYNAMICS AND SEDIMENT TRANSPORT

!n understanding of the geological history of the estuary, and an analysis
of the historical photographic ~ecord enable one to gain an overall view of
modern sediment and water movement dynamics within the estuary. A brief
summary of the major processes operating are outlined below.
3.1

The seaward face (flood ramp) of the delta.

Sediment is transported off the seaward face of the delta east of Cabbage
Tree Point and into the Burraneer ?oint - Simpsons Bay - Gunnamatta Bay
region. This movement is indicated by the existence of the large scale
shoals which extend into Gunnamatta Bay, the continued extension of these
shoals, and the gradual shifting westwards of the ebb tidal terminal lobe
off Cabbage Tree Point.
A smaller ebb terminal lobe lies across the moutn of Gunnamatta Bay. It is
largely influenced by ebb currents trending along the southern and eastern
margins of Burraneer Point, and has moved eastwards under the influence of
dredging ;~orks. Some of the sediment compr1s1ng the lobe is probably
retransported by flood tides and waves onto the Gunnamatta Bay shoals.
3.2

Burraneer Point - Simpsons Bay - Deeban Spit region.

Wave stirring within the Simpsons Bay greater region coupled with tidal
currents results in flood tide sediment transport along Burraneer Point, in
the past along the seaward margin of Deeban Spit (but this may now be
significantly reduced due to shoreward movement of shoals) , and westwards
across the shoals of Simpsons Bay. Ebb currents utilise these channels to
some extent, and also cross the centre of the middle ground shoal and swing
around the seaward margin of Bonnie Vale
Cabbage Tree Point.
These
movements are indicated by major bar, shoal and terminal lobe orientations.
It is important to note that the Spit is not acting as a spit per se. That
is, sediment is not predominantly being transported alongshore and onto the
northern end of the Spit. Some sediment is probably mobilised around the
Spit tip, but much of this may just be a func~on of local tidal current
movements. The difference is subtle, but important in understanding the
nature of Deeban Spit and its role in sediment movement in the estuary.

Cabbage Tree Creek may play a role at times in transporting sediment from
the leeward Deeban Spit shoal~ into the Burraneer
Bay mouth region.
Aeolian (wind blown) sand transport can be significant on Deeban Spit, most
sand being transported onto the leeward shoals.
3.3

Burraneer Bay - Turriel Point region.

A prominent delta lobe has formed within the mouth of Burraneer Bay as a
result of flow expansion and deceleration.
The delta is continuing to
prograde into Burraneer Bay and across to Turriel Point, as sediment is
transported to it by flood tidal currents.
3.4

The Turriel Point to Lilli Pilli Point Channel marginal shoals, and
Lilli Pilli delta.

The channel linking Lilli Pilli Point to Turriel Point provides a transport
pathway for sediments migrating from Simpsons Bay - Burraneer Point onto
the Burraneer Bay delta and thence to Lilli Pilli. The flood tide flows
move down the middle of the channel for approximately half the distance,
and theti· switch to the southern side. Ebb flows appear to utilise the
southern side ~t least from·Lilli Pilli to the Fishermans Bay outlet. The
latter also contributes sediment into t~e channel system.
Along the southern shoals there is movement of sediment onto the shoals
immediately leeward of Deeban Spit. This probably lessens in magnitude in
a westerly direction. Some sediment is transported onto the shoal margin
around to Gogerlys Point.
The Lilli Pilli deltaic lobe may be separated into two portions, the
northern and southern portions. The northern portion is characterised by
migrating semi-discrete bars. These form and advance due to flood tide
forced sand transport down the channel. The southern portion extends
westwards from Gogerlys Point, its length (and past history) indicating its
dominance as the major sediment transport path.
4.
4.1

A COMPARISON OF ESTUARY
P.W.D. CONCLUSIONS

DYNAMICS:

THIS REPORT AND THE E.I.S. AND

General Sediment Movement.

The surveys conducted before and after dredging of channels provide a
reasonable indication of the direction and magnitude of recent sand
transport in the estuary. The comparison of 1974 and 1983 profiles in
Gunnamatta Bay indicate a general infilling of the channel along the
eastern margin of the shoals (P.W.D., 1984a). This analysis correlates
reasonably with both the P.W.D. and this report's aerial photographic
interpretations, and dropover measurements (Sinclair et al., 1984a; Geary
et al., 1986). However, estimates of total net sediment transport rates
into Gunnamatta Bay based on dropover measurements (at site E; 250 m3 /yr)
differ significantly from the geological estimates (1300 m3 /yr); (Sinclair
et al., 1984a; Roy, 1984; P.W.D., 1985b). These rates only provide a
general idea of the range of sediment movement rates, and do not account
for losses for example to shoal accretion. Analysis of sediment movements
across Gunnamatta Bay following dredging, and the conclusions regarding
these movements outlined in P.W.D. (1984b) are in general agreement with
the photographic interpretations.

Surveys were conducted at various times following dredging along the
southern margin of Burraneer Point.
These surveys indicate that the
channel fills rapidly following dredging and then the rate of filling slows
over time. The channel fill is greatest in the centre of the channel where
ebb currents may separate·from the western edge of Burraneer Point (just
west of Woolamare Road) (P.W.D. 1985a). These observations are in line with
the photographic observations which indicate that apart from the channel
opposite Deeban Spit, the natural ebb and flood channels are generally
shallow dish shapes rather than deep, confined channels.
Changes on the flood tidal delta lobe off Burraneer in the mouth of
Burraneer Bay has been assessed via dropover measurements and photographic
measurements.
Of all the sites measured, site G has the highest average
dropover advance rate (2.3 m yr- 1 ) . This observation is in line with the
general observations of lobe advance visible on the photographs although
approximates rates of lobe advance gauged from figures in Geary et al.,
(1986) indicates lower rates of 1.25- 1.45 m yr- 1 .
Sediment movement in the Lilli Pilli region, as indicated by pre- and postdredging profiles, show that the Gogerlys Point channel, whilst slowly
infilling, is relatively" Iliore stable than other dredged channels within the
estuary (P.W.D.,. 1984c). The Gogerlys Point report, however, states that
"from the data available, infilling of the dredged channel appears to be
mainly the resdlt of localized sand movement ..... and not the result of an
inflow of sand from downstream of Lilli Pilli" (P.W.D., 1984c, section
4.0).
This statement was made from "indications from the photographs"
(secton 3.4), and in cognizance of the fact that ''the hydrographic surveys
were not extensive nor accurate enough to fully quantify sand movements''
(section 4.0). Given the plan shape and movement of the channel and lobe
bedforms indicated on the 1930-1980's photographs, the assertion that the
Gogerlys Point channel sediment movement is localized was presumably made
in regard to short term sediment movement, and not medium to long term
movement. Long-line measurements of bedform movement in the Turriel Point
to Gogerlys Point channel indicate that the above assertion must only apply
to the short term situation (Sinclair et al., 19?4b; Geary et al., 1986,
data sheet 9).
As noted- in Sinclair et al. (1984a} and Geary et al. (1986) site A
(upstream from the Gogerlys Point channel} has experienced the greatest
rate of dropover advancement (1.5 m/yr- 1 ;
1981-1984).
The total net
sediment transport rate estimated from dropover measurements of the entire
lobe is approximately 4500 m3 yr- 1 • This value is significantly less than
estimates based on the geological data (from Roy, 1984} of 13,500 m3 yr- 1
and radioactive sand tracing of 25,000 m3 yr- 1 (Sinclair et al., 1984a;
Geary et al., 1986, data sheet 10}. Note however, that these rates are not
entirely comparable, and that the P.W.D. (pers. comm., 1988} regard the
radioactive tracing rates as an upper boundary for movement in this area.
In summary, omitting the aerial photographic record, the research conducted
in the estuary suffers from a lack of longer term data collection. Sediment
transport
rates estimated from radioisotope sand tracing appear to
significantly overestimate the rate of transport. This is due primarily to
the practice of multiplying estimated average daily net sediment transport
rates determined over a few days by the number of days in a year. The
dropover measurements appear more accurate, although some problems in field
data collection and subsequent. analysis are apparent. These problems
include the necessity to extrapolate profiles in order to calculate
sedimentation rates. Again, the question of whether these short-term rates

(collected over 10-34 months) accurately indicate long-term rates is not
entirely clear. They are certainly markedly different than the geological
rates,
but compare reasonably with the 1930-1980's photographically
assessed rates.
General sediment transport paths for ebb and flood flows as estimated
photogrammetically by this report and the P.W.D. and Manly Lab. reports
(Sinclair et al., 1985a, 1984a, 1984b; P.W.D., 1984a,b,c; Manly Lab., 1981)
are in general agreement.
4.2

The effect of storms.

Storm effects have been examined in Point Hacking for three major reasons;
(i) the effect on shorelines, (ii) the nature of the wave climate, and
(iii) the nature of and effect on sediment transport within the estuary.
This section will comment briefly on aspects of (i) and (iii) above.
Modern changes in offshore and beach profiles around the estuary are
documented by Sinclair et al., 1984c, 1985b and the P.W.D. (maps examined
in P.W.D. H.Q.). Detailed data on beach changes during storm incursion are
available for the June/July 1984 storms (Sinclair et al., 198~b; Geary et
al., 1986. ~ata sheet 11). In these storms Deeban Spit experi~nczd
considerable erosion on the southern and northern margins. This is
interesting in that Lawson a:nd Treloar (1981) found from a study of the
wave climate in Point Hacking that the central portion of Deeban Spit
(position 2) received larger waves than the southern (position 3) and
northern portions {position 1). Lawson and Treloar (1981) believed that the
middle ground shoal focused wave energy onto the central Deeban Spit
region. Yet in 1984 little wave erosion occurred in this region. This may
point to (i) the difficulty in accurately assessing wave
refraction studies within the estuary;

energy

from

wave

(ii) the difficulty in accurately assessing potential wave energy
along the estuarine shorelines for variable wave'direction approaches, wave
heights, tides, shorter period waves, irregular waves, local set-up, and
local dissipation of wave energy;
(iii) the difficulty in accurately predicting potential wave energy
when continual changes in the middle ground shoals {both natural and
dredging induced) change the pattern, incidence and height of wave breaking
and dissipation along the shoreline.
With respect to the longer term effects of storms, it is possible that the
potential for major storm-induced change may have been underestimated. The
1984 storms of 28th June and 6th July were regarded as "storms of moderate
intensity" (Sinclair et al., 1985b, p.2) with maximum significant wave
heights at Pole 0 being 1.25 m (June; a category B storm) and 1.5 m
(category A; July), and a storm surge of 0.2 to 0.3 metres.
During these
storms parts of Deeban Spit experienced some erosion (see above, and Geary
et al., 1986, data sheet 11). In the period 1951 to 1956 there were four
category X storms (offshore significant wave heights in excess of 6.0 m)
and ten caegory A storms (5-6 m range). During this time Deeban Spit
experienced dramatic changes in morphologT and position, and it appears
that these changes were storm induced (see section 2.10; Figure 4.2). As
noted in section 1.2 the original spit off Maianbar also disappeared within
the historical period.

If these large scale changes in the location and morphology of Deeban Spit
and associated shoals were driven by storms, one can question as to whether
such major changes are likely in the future (with or without a Bonnie Vale
tombolo). In regard to Deeban Spit, the 1951 Spit may have been an
unstable landform, in disequilibrium with mean wave and tidal conditions.
The change by 1956 to the present Spit shape may have produced a more
stable landform, one which will subsequently experience little change.
Alternatively, major changes may still be possible, and if storm driven,
may also have an effect (degree unknown) on the tombolo. In essence, the
evidence appears to indicate that occasional storms or a series of storms
have had a significant effect on landforms in the estuary. The pre-1930's
and 1951-56 changes thus indicate caution, and a case for overdesign of
the tombolo should it proceed.
In regard to storm-induced sediment movement within the remainder of the
estuary little actual monitoring has been carried out. As Sinclair et al.,
(1984b) note in their analysis of a marked increase in sedimentation rate
on the Lilli Pilli lobe during 1982, "there is no apparent correlation
between storm activity and sedimentation rate" (p.2).
5.

FUTURE EVOLUTION OF THE ESTUARY

If dredging were to proceed at a minimal rate and the tombolo option was
not proceeded with, the estuary would evolve towards a riverine-type system
as indicated in figure 1.2. It may do this in a number of ways:
(i) By continued shoaling of Simpsons Bay to the point where a significant
proportion of the bay becomes subaerial sand flats. Associated greater
channelisation of the channel past Burraneer Point into Turriel Point.
Continued build-up of the leeward Deeban Spit shoal margins to form levees,
with attendant development of back-swamps along the major southern portion
of the shoals. Continued progradation upstream of the Lilli Pilli terminal
lobe until the sand supply to the system is depleted, or until the
estuarine delta and the fluvial delta meet.
(ii)
By continued landwards translocation of the flood ramp leading to a
general deepening of Simpsons Bay.
Two sub-scenarios are then possible,
(a) erosion and migration landwards of Deeban Spit, or
(b)
some
progradation and general build-up of Deeban Spit. Increasingly greater
shoaling of Burraneer Bay as the local deltaic lobe builds into the Bay. A
similar scenario as in (i) above is envisaged for the Turriel to Gogerlys
Pt. channel and Lilli Pilli terminal lobe.
(iii)

By a combination of parts of (i) and (ii) above.

Which scenario above is most likely is difficult
6.
6.1

THE BONNIE VALE TOMBOLO PROPOSAL - EFFECTS ON
ESTUARY EVOLUTION

to
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The 'Natural tombolo' analogue.

In the P.W.D. options report, Palm Beach lS presented as a natural tombolo,
one of several found at the "entrances of many estuaries along the N.S.~.
coast'' (Geary et al., 1986, p.28). This example is presumably given to

suggest to the reader that 'tombolos' are 'natural', are in
plentiful
supply, and that therefore the Bonnie Vale 'tombolo' is a 'natural' option.
The problem here is that Palm Beach is not a tombolo. Stratigraphic and
morphologic evidence indicates that the Palm Beach beach-dune system was
formed as a barrier beach feature connected to both headlands (Barrenjoey
and Little Head) by the time the Post-Glacial transgressing sea reached the
present level. The ~arrier, like most barriers along the Sydney coast, is
aligned to the direction of the predominant incoming swell waves, not
obliquely, which it would need to be, to be formed as a tombolo. There is
no evidence to suggest that the barrier alignment or swell wave obliqueity
has changed over time. In addition, the Palm Beach barrier is similar in
orientation and general morphology to many of the better known and dated
Sydney barriers (e.g. Narrabeen; Dee Why).
In actual fact, the P.W.D. recognize the above statements as correct but
argue that the 'tombolo' analogue (Palm Beach) and option (Bonnie Vale
tombolo) provided the lay public with a clear impression of the proposed
structure.
6.2

Bonnie Vale Tombolo, channel behaviour, and tombolo beach.

Planning Workshop (1987) state that ''the tombolo has been designed as a
'spending beach' to absorb incident wave energy'' (p.135), and that ''there
will be negligible wave energy reflected seawards from the tombolo .... "
(p.136). These statements are patently incorrect. Natural beaches in the
vicinity of the proposed tombolo (Hardens; Deeban) are reflective beach
types which do not 'spend' or dissipate wave energy, they reflect it as the
name implies. Such beaches have consistent profile shapes, mobilities and
dynamics (Short and Hesp, 1982; Short and Wright, 1983). The tombo1o beach
will experience somewhat higher energy than Hardens Beach but will
definitely be a reflective type. Analyses of, and comparisons with open
ocean intermediate beaches is also therefore inappropriate (e.g. fig. 9
(Cronulla, Wamberal beaches) and fig. 12 (Cronulla), Appendix in Planning
Workshop, 1987).
A 2-D numerical model has been used by the P.W.D. to model the dynamics
of flow within Pt. Hacking (Geary et al., 1986, p.16,30; Planning Workshop,
1987, figs. 2.4 and 14.1).
If one takes the modelling results for the current situation (bearing in
mind that the model was based on the 1985 bed configuration, and this bed
configuration has now changed in some areas), and overlays these on the
modern photographs a number of significant relationships are apparent (Fig.
6.2). Firstly, and of most importance, the ebb tidal deltaic lobe off
Cabbage Tree Point is situated within the 0.4 to 0.5 msec- 1 velocity
contours. Secondly, the ebb tidal lobe and marginal shoals east of
Burraneer Point and across Burraneer Bay lie along the 0.3 to 0.4 msec- 1
contour and immediately north of the 0.3 msec- 1 contour. Thirdly, the
shallowest, inner portion of Simpsons Bay where marginal and middle ground
shoals are well developed, lies within, and south of the 0.3 msec- 1
contour. Given that the 2-D modelling for ebb flows shown in fig. 6.2 only
partly models the natural situation (in reality such flows are opposed by
incoming waves, and ebb bedforms are modified by flood currents), there is
considerable agreement between the areas that are indicated as m1n1mum to
nil sediment movement in the modelling and the formation and maintenance of
major shoals and tidal deltaic lobes. Thus, the terminal ebb lobe off
Cabbage Tree Point, for example, is formed by deposition of sediment in a

zone where ebb tide velocities are rapidly decelerating
expansion, and dissipation by opposing wave forces.

due

to

flow

The 2-D modelling of the estuary with the Bonnie Vale tombolo in place
(Planning Workshop, 1987, .fig. 14.1; Geary et al., 1986, p.30) is shown in
Figure 6.3. The bed surface utilised in the E.I.S. was based on a dredging
configuration following construction of the tombolo (figs. 8.1, 14.1,
E.I.S.). One can use the 2-D modelled flow behaviour to gain a general idea
of the nature of sediment movement with the tombolo in place.
If sediment is mobilised within the tombolo channel leading from Burraneer
Point to Hungry Point, an ebb tidal deltaic lobe will be formed some
distance seawards of the north-eastern edge of the tombolo, presumably
around the 0.3 - 0.4 msec- 1 velocity contour. Sediment movement under ebb
tide conditions will be greater along the channel, with the more sinuous
maximum current directions leading to flow separation and deceleration off
Burraneer Point, greater penetration and then deceleration across and into
Gunnamatta Bay, and a more defined low velocity boundary across the top of
Simpsons Bay. This will potentially lead to (i) increased development of a
marginal shoal against Burraneer Point, (ii) linear shoals extending across
Gunnamatta Bay along the 0.3 msec- 1 contour and (iii) more linear shoals
extending across the top of Simpsons Bay (Fig. 6.3). Sediment movement
under flood tide conditions would modify the ebb shoals and lobe to (i)
potentially produce a small flood tide lobe on the Hungry Point side of the
tombolo entrance channel, (ii) cause the movement of sediment off the
maginal shoals across Gunnamatta Bay and Simpsons Bay, north and south into
those bays respectively, (iii) produce a small linear bar along the
landward one half of the tombolo training wall where flow separation may
occur (Figure 6.3), and (iv) enhance lobate shoal development along the
edge of Burraneer Point where flow separation occurs.
Waves acting in conjunction with these tidal movements will act to
transport ebb tide terminal lobe sediments and offshore sands (i) upchannel, (ii) onto Bonnie Vale tombolo beach and nearshore, and (iii) onto
and across Gunnamatta Bay shoals.
Large-scale stationary and mobile eddies will develop in lower Simpsons Bay
potentially leading to increased sedimentation in the bay. Deeban Spit may
prograde seawards.
What is the likelihood of sediment movement within the dredged channel
extending from Hungry Point to Burraneer Pt.?
The pre- and post-dredging studies (e.g. P.W.D. 1984a, 1984b, 1984c; 1985a)
demonstrate that the deepest dredged channels (e.g. depths of -3m below
ISLW and 30m wide for the Gogerlys Pt. channel; P.W.D., 1984c) were
relatively
rapidly
infilled
following
dredging. The sediment was
transported from marginal channel walls and through the estuarine system to
the dredged areas.
Research on sediment movement as bedload and suspended load (Geary et al.,
1986, data sheet 9; Sinclair et al., 1984b; Manly Lab., 1981) indicates
that significant transport can occur in water depths of 4-6 metres below
ISLW (P.W.D. Port Hacking Hydrographic Survey, undated; Sutherland Shire
Council, 1988, map 5).
In addition, the comparison of
historical
hydrosurveys with recent surveys (Geary et al., 1986, data sheet 3) shows
that sediment will still be moved shorewards from the flood tide delta
ramp, and from depths of up to 30m at least. An offshore source of

sediment from sand bodies lying just south of Jibbon Head cannot be ruled
out (Roy, 1984, p.33), but is potentially a minor contributor to the
system.
Although wave penetration and wave energy will be reduced in Simpsons Bay
the potential for some wave stirring of sediments during storms still
exists, the degree being unknown. Certainly, large scale eddies will
develop in the bay and will potentially act to move sediment off the
channel margin shoals during storms into the channel (see eddies in figure
14.1 in Planning Workshop, 1987).
Thus, in general there appears to be a reasonable likelihood that sediment
will be available, and will be transported within the Port Hacking
estuarine system. It follows that the potential depositional scenario
outlined above may occur (figure 6.3).
6.3

Burraneer Bay deltaic lobe.

The proposal includes dredging of the Burraneer Bay flood deltaic lobe to a
maximum of -3 metres ISLW. Given that sediment transport may still occur
within the tombolo channel and off the upper Simpsons Bay shoals (as
outlined in 6.2), _the Burraneer Bay lobe will reform over time. The
conditions which currently prevail, that is, high velocity flows carrying
high
suspended
sediment
concentrations and bedloads expanding and
decelerating immediately west of the tip of Deeban Spit, will still prevail
with the tombolo present. The rate at which this lobe will redevelop cannot
be determined, but navigability will gradually be reduced in this region.
The implications of sediment movement as indicated in 6.2 and 6.3 are
continued maintenance dredging would be necessary.
7.

that

LILLI PILLI GROYNES

The E.I.S. states that "the works at Lilli Pilli would comprise a
curvilinear sand spit constructed on the Lilli Pilli shoal to form a
training wall to the navigation channel. The spit would comprise sand
dredged .. from adjacent navigation channels and be stabilised by rock gabion
walls ..•• " (Planning Workshop, 1987, 7.4, p.84; fig. 3.2).
In sections 2 and 3 it was shown than the Lilli Pilli deltaic terminal lobe
may be split into two sections, southern and northern sections.
The
northern section opposite Lilli Pilli Point is characterised by extensive,
shallow swash bars and shoals which migrate across the lobe and into deep
water in the upstream mud basin. Maximum migration rates are in the order
of 7.4 m3 /m/yr (Data sheet 8, Geary et al., 1986).
The southern section
lies along Gogerlys Point between the S.W. Arm lobe and northern sections,
and is characterised by a more elongate, slightly deeper flood tide lobe
which migrates up to 10.6 m3 /m/yr.
(There is also a marginal delta
characterised by small, arcuate lobes which extends into South West Arm at
maximum rates of 3.0 m3 /m/yr.)
The purpose of the sand spit and groynes at Lilli Pilli is to stabilise a
permanent, navigable, lOOm wide, 2m deep channel through the Gogerlys Point
area. Presupposing a supply of sand exists, the sand spit/groynes will act
to funnel sediment being transported up the estuary into the Gogerlys
channel and into the narrow (BOrn) gap between the eastern end of the spit
and Lilli Pilli Point. This will have the effect of (a) filling any channel

existing against Lilli Pilli Point and more importantly, (b) adding a
significant sediment load to the already high load which is transported
down the Gogerlys channel. This added load, which previously would have
been transported across the northern portion as swash
bars,
will
potentially lead to a more rapid growth and landward progradation of the
southern (Gogerlys Point) flood terminal lobe. Shoaling problems will then
arise on the southern margin of the lobe, and these could become more
pronounced as the lobe extends westwards away from the influence of the
sand spit. In addition, increased currents moving through the channel would
potentially act to transport sediment away from the 'spit' and destabilize
it.
8.

CONCLUSION

Geary et al. (1986) state that in regard to the Bonnie Vale tombolo "sand
scoured from the channel would be deposited as terminal bars at the ends of
the channels" (p.29). The potential scenarios for continued sedimentation
within the estuary as outlined above, indicate that considerably more
transportational and depositional processes may occur than just local
channel scour and terminal bar deposition.
If these scenarios are
accurate, then the tombolo and spit/groyne& works cannot be regarded as
providing "a permanent solution __ to the shoaling problem in the estuary"
(Planning Workshop, 1987, p.75). (Note that the P.W.D. regard the planning
time-frame as 30-50 years).
If the proposal is to be continued,
therefore required to determine:
(i) The likelihood of maintaining
training wall;

further

channel

investigative

depths

opposite

wor~s

the

are

tombolo

(ii)
The likelihood of separate ebb and flood channels developing with
attendant linear bars within the tombolo channel;
(iii) The effect of flow separation around the seaward nose of the
training wall, the along-channel edge of the training wall, and along
Burraneer Pt. The likelihood of shoal and bar development in these areas
and the effect on channel maintenance and navigability;
(iv)
The potential for ebb terminal lobe development seaward of the
tombolo
channel.
Will
this adversely affect navigability? Will a
sediment recirculation system such as exists currently in Simpsons Bay
eventuate here?
(v) The potential for flood tide transport of flood ramp sediments seaward
of the tombolo, rates of sediment transport in the channel, in Gunnamatta
Bay, and the likelihood of sediment transport being enhanced within
Gunnamatta Bay;
(vi)
The potential for shoaling to be increased within lower Simpsons Bay
particularly by partially trapped or recirculating ebb tide currents. Will
shoaling problems develop here such that water depths near Bonnie Vale
become too shallow for safe boating?
(vii)
The potential
reform over time. How
navigability?

for the Burraneer Bay flood tide deltaic lobe to
will this shoaling effect medium to long-term

(viii)
The potential for storm-induced (e.g. south-easterlies) sediment
transport to be significant within Simpsons Bay;
·If so·, will reduced
depths within the Bay lead to greater transport of sediment into the
channels and Burraneer Bay?
(ix) The stability of both margins of the Lilli Pilli 'Spit' during high
fluvial flows and storm accompanied high tides;
(x)
The likelihood of the Lilli Pilli Spit actually achieving the desired
goal. Will sedimentation on the Gogerlys Point lobe be much greater and
negate the effect of the spit?
In conclusion it appears that considerable further investigative work
required to obtain satisfactory answers to many of these questions.
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Figure 1.1

Reconstructed stages in the evolution of Port Hacking
estuary. Stages A and B also cover Bate Bay and
Kurnell headland on its northern side. The presentday distribution of rock reefs is indicated in Stage B;
these have been exposed as sand from the proto-barrier
migrated into the estuary. (From Roy, l984a).

Figure 1.2

Stages of infilling in the evolution of a drowned
river valley estuary. Arrows indicate direction of
delta growth. (From Roy, 1984b).

Figure 2.1

Morphology of the Pt. Hacking estuary in 1930.
from uncontrolled aerial photographs.
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Figure 2.2

Morphology of the Pt. Hacking estuary in 1942.
from uncontrolled aerial photographs.
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Figure 2.4

Vertical aerial photographs of the Deeban Spit region,
Pt. Hacking, taken in May, 1951 (upper) and 2.7.56 (lower) .
Note the jetty position in each (arrowed).

Figure 2.6

Morphology of the Pt. Hacking estuary in 1965.
from uncontrolled aerial photographs.
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Figure 2.8

Morphology of the Pt. tlacking estuary in 1983.
ft·om uncontrolled aerial photographs.
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Figure 6.2

The results of 2-D mathematical modelling for the 1985
bed configuration (upper), and the 1985 vertical aerial
photographs (from Geary et al . , 1986) . There is
reasonable correlation between the location of the
0.3 - 0.4 msec- 1 velocity contours and the location of
major ebb shoals and lobes.

Figure 6.3

Results of 2-D mathematical modelling for an ocean tidal
range of 1.5 metres with the Bonnie Vale tombolo in
place (from Geary et al ., 1986, p.30). Suggested
sedimentation effects are indicated.

