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1. INTRODUCTION 

The Public Works Department is currently engaged on a 
comprehensive study of the shoaling within the Port Hacking 
marine delta. The purpose of the study is to develop conceptual 
and numerical models of the existing natural processes within 
the marine delta which can be used to evaluate the physical 
effects of alternative proposals for improvement of the 
waterway. 

A mini-report prepared in October 1985 (Public Works Department, 
1985) set out six wide-ranging alternative con.cept schemes for 
future development of Port Hacking. Scheme 2 involved 
construction of engineering works to stabilise the navigation 
channels. The particular scheme described in the report 
comprised construction of a training wall off the northern end 
of Deeban Spit, extending in approximately an east-west 
direction, and a series of groynes at Lilli Pilli. 

The October 1985 report also made mention of a "spending beach" 
type breakwater, or tombolo, off the Bonnie Vale area, as an 
alternative to the training wall off Deeban Spit. The tombolo 
option was however not examined as part of the October 1985 
report . 

This mini-report sets out a preliminary assessment of the 
engineering and economic aspects of the tombolo option. It 
includes a description and estimated cost of the tombolo 
construction, and a description of the possible recreational and 
commercial developments which could be undertaken in association 
with the tombolo, and which could further enhance the 
recreational amenity of the waterway. It also sets out a 
preliminary assessment of the economic benefits which could 
accrue from these developments. 
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2. DESCRIPTION OF THE BONNIE VALE TOMBOLO SCHEME 

2.1 BROAD OUTLINE OF THE SCHEME 

The scheme would involve construction of a sand breakwater, or 
tambala, extending northwards off the Bonnie Vale area for a 
distance of approximately 500 metres (see Figure 1). The 
tambala would comprise a beach and dune system, and strongly 
resemble Deeban Spit in character and appearance. 

The sand to form the tambala would be dredged from the adjacent 
channels and shoals. , The outer (northern) end of the tambala 
would be protected by rock. 

The tambala would provide a long-term solution to the shoaling 
problems at the entranCe to Port Hacking in three main ways: 

the tambala would reduce wave action and strong tidal 
currents in Simpsons Bay, and thereby prevent the circulation 
of sand within the bay and the vicinity of Burraneer Point, 
which is an integral part of the shoaling process; 

the tambala would prevent the continued erosion of sand from 
the seaward face of the marine delta (the section of the 
seabed downstream of Burraneer point) which is the main 
source of net sand supply to the sand circulation system 
described above; 

the sand required for construction of the tambala, 
approximately 400,000 cubic metres (refer Section 2.3.1) 
would be taken from nearby navigation channels and shoal 
areas, thus directly removing some of the sand responsible 
for the shoaling. 

2.2 MAIN DESIGN FEATURES 

2.2.1 Sand Body of Tambala 

Plan Configuration 

The plan configuration of the tambala would be designed to 
minimise any net alongshore movement of sand, ie. the 
alignment of the eastern and western shorelines would be 
constructed so as to be normal to the weighted mean inshore 
wave direction (this can be regarded as representing the 
mean direction of wave energy propagation). 
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Port Hacking is an ideal site in this regard. Along the 
eastern side of the tambala, the refraction and diffraction 
of ocean swell is such that the variability of wave 
approach direction is less than about SO for longer 
period storm waves (Public Works Department, 1984). A 
stable alignment for the tombolo is reflected in the 
planshape of Hordern Beach and the alignment of the seabed 
contours in the area between Bonnie Vale and Hungry Point. 
The tombolo alignment shown in Figure 1 is based on this 
information. Physical and/or numerical modelling should be 
used to fix the final design of the tombolo's seaward 
alignment, but this is unlikely to change the alignment in 
Figure 1 significantly. 

Along the western side of the tombolo, a stable alignment 
would be governed mainly by local wind generated waves and 
tidal currents. Sediment movement along this side of the 
tombolo would be an order of magnitude less than for the 
seaward side, hence refinement of the alig~~e~~, while 
important, would not be as critical . 

Height and Width 

The tombolo would need to be sufficiently high so as to 
sustain only minor overtopping, if any, in extreme storm 
events, ego storms with a return period greater than say 50 
years. Based on observations of the behaviour of Deeban 
Spit, and other, more exposed dune systems on open coast 
beaches, it is anticipated that the height of the tambala 
would be about 1 metre higher than the higher points of 
Deeban spit, ie. approximately 5.0 - 5.5 metres above 
Indian Spring Low Water (ISLW). 

The tombolo would be initially constructed with a minimum 
beach berm width on the seaward side of approximately 25-30 
metres, for recreational requirements and to provide a 
reserve of sand for the natural beach erosion/accretion 
cycle. Erosion of the seaward side of the tombolo would 
occur during storms but this would be followed by a 
progressive beach recovery, similar to that which occurs on 
adjacent Hordern Beach (Public Works Department, 1985) and 
which is characteristic of all sandy beaches exposed to 
ocean waves. 

A very conservative approach to establishing the design 
width of the dune section of the tombolo would be to 
provide an adequate sand reserve to accommodate successive 
erosion by two or three rare events, allowing for no 
intervening beach recovery. 
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Maximum design storm erosion demands along the open coast 
(return period 50 years or greater) are typically in the 
order of 200-250 cubic metres per metre run of beach 
(measured above Australian Height Datum [AHD) , equivalent 
to about 0.9 m ISLW). Although more detailed studies would 
be required, it is anticipated that the design maximum 
storm erosion demands in Port Hacking, due to the degree of 
protection available, would be substantially less than the 
above figures for open coast beaches, and are probably less 
than 100 cubic metres per metre run of beach. 

On the basis of maximum erosion figures for individual rare 
storm events of up to about 100 cubic metres per metre run 
of beach, it is anticipated that a design width for the 
tombolo dune of about 10 metres would be required in order 
to accommodate erosion from two to three such events, 
allowing for no intervening beach recovery. 

Design c~oss section 

A preliminary design cross 
body is shown in Figure 2. 
following main features: 

section through the tombolo sand 
The cross section has the 

seaward beach slope of approximately 1 in 15 from the 
edge of the beach berm at about 2.5 m ISLW down to -2.0 
m ISLW, and thereafter 1 in 50 further offshore. These 
design slopes are based on existing beach profiles at 
Hordern Beach which are considered to be in equilibrium 
with the incident wave climate; 

beach berm width of 25-30 metres, with a relatively flat 
slope of 1 in 50; 

dune crest width of 10 metres, with side slopes of 1 in 
5; 

berm width on western side of the tombolo variable to 
accommodate plan curvature, but not less than 5 metres; 

beach slope on western side relatively steep at 1 in 5, 
typical of sheltered embayments. 

Length of Tombolo (or Width of Entrance Channel) 

The length of the tombolo, or conversely the width of the 
entrance channel between the end of the tombolo and Hungry 
Point, is governed by a number of factors: 

need to satisfy the main objectives associated with 
overcoming the shoaling problems; viz: 

reduce wave action and strong tidal currents in 
Simpsons Bay 
prevent continued erosion of seaward face of marine 
delta; 
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need to provloe adequate navigation width for the 
entrance channel; 

need to maintain sufficiently strong tidal currents 
through the entrance channel to keep channel 
"self-scouring". 

Based on consideration of the above factors, and results of 
preliminary mathematical modelling, a design length for the 
tombolo of approximately 500 metres (entrance channel width 
approximately 200 metres) was adopted for preliminary 
design purposes. 

A particularly important consideration in the design of 
entrances to estuaries is the interaction of waves and 
currents, particularly the steepening and possible breaking 
of swell waves during ebb flows. 

Waves steepen, ie. the distan~e between wave crests =educes 
and wave height increases, when waves travel into shallow 
water and when they travel over an opposed current such as 
an ebb tide current at entrances to estuaries. Wave 
steepness increases with continued shallowing and opposed 
current strength until the critical steepness is reached 
and the wave breaks. Wave steepness is of particular 
concern to mariners because vessels can broach in the 
presence of steep waves and run the risk of capsizing. 

In terms of assessing the changes which might occur to wave 
steepness at the entrance to Port Hacking following 
construction of the tombolo, it is necessary to examine the 
compensating effects of increased depth which reduces wave 
steepness (the entrance channel would be dredged to -4 m 
ISLW, refer Figure I), and the effects of increased ebb 
currents which will tend to increase wave steepness. 

Theoretical considerations for Port Hacking (refer Appendix 
b) demonstrate that the reduction in wave steepness due to 
the increase in water depth more than compensates for any 
increased wave steepness due to the increase in maximum ebb 
current. The wave/current interaction can be further 
examined during the detailed design phase of the project, 
by use of an undistorted physical model. 
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2.2.2 Training Wall at End of Tombolo 

The training wall at the end of the tombolo is required in 
order to provide a fixed "hard point" for controlling the 
alignment of the tombolo sand body. The length of the 
training wall must be sufficient to inhibit sand loss from 
the tombolo into the adjacent navigation channels. 

Adopting a one in 50 year return period storm of 6 hours 
duration gives a significant wave height of approximately 3 
metres at the sea,.;ard end of the training wall (Public 
Works Department, 1985). Assuming the training wall was 
constructed of sandstone, the nominal size of armour stone 
would be approximately 6-7 tonne. 

Some sections of the training wall, those directly adjacent 
to the main sand body, could be constructed as a revetment 
to reduce the quantities of rock involved. The remaining 
sections would probably comprise more conventional rubble 
mound structures, although scope would exist to minimise 
rock quantities by introducing alternative forms of 
construction, ego "sand sausages" for use as core material. 

The crest of the training wall would vary along its 
length. At the seaward end, the training wall would 
probably be designed as an overtopping breakwater. The 
crest of the wall would rise with distance westwards to 
approach the crest level of the dune along the trunk of the 
tombolo. The crest level would then reduce again further 
westwards adjacent to the beach area on the western side of 
the tombolo . 

The alignment of the training wall is a function mainly of 
the aim to train tidal flows along the northern side of the 
waterway. The alignment of the training wall shown in 
Figure 1 is approximately east-west. The final alignment 
of the tambala would be determined from more detailed 
physical and/or numerical model studies, which would 
examine, inter alia, wave/current interaction and wave 
reflection behaviour. 

2.3 OUANTITIES OF MATERIAL AND CONSTRUCTION METHODS 

2.3.1 Sand Body of Tombo"lo 

Based on the preliminary plan configuration for the tambala 
shown in Figure 1 and the preliminary design cross section 
of the tombolo shown in Figure 2, the estimated quantity of 
sand necessary to construct the tombolo is 400,000 cubic 
metres. This does not include allowance for overdredging 
and for losse's during the construction. 
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The sand necessary to construct the tombolo would be 
obtained by dredging of adjacent navigation channels and 
shoal areas. The suggested extent of dredging and dredge 
depths are shown in Figure 1. The main dredge areas for 
construction of the tambala would be: 

channel into Gunnamatta Bay; 
channel across the mouth of Gunnamatta Bay; 
channel off Burraneer Point; 
channel across mouth of Burraneer Bay; 
Simpsons Bay. 

. Dredging would be best undertaken using a cutter suction 
dredge pumping direct to the tombolo site. The 
construction time span would be dependent mainly on the 
size of the dredge and the hours it would be permitted to 
operate. Taking this second factor first, the likely hours 
of operation of the dredge would be 10-12 hours per day, 5 
days per week. It is anticipated that a relatively large 
capacity cutter suction dredge, possibly capable of 
delivering solids at rates of up to 1,000 cubic metres per 
effective hour would be used (by comparison, the cutter 
suction dredges which have been used recently for 
maintenance dredging have a capacity of about 100 cubic 
metres of solids per effective hour). 

Use of a high capacity dredge would have a number of 
advantages. The dredge would ensure relatively rapid 
construction of the tambala, which would be desirable from 
an environmental point of view, and also assist in 
minimising sand losses from the unprotected tip through 
natural processes such as storms. It would also more 
efficiently accommodate some of the longer pumping 
distances involved. 

The tambala would be constructed from shore in a northerly 
direction. The training wall at the end of the tombolo 
would be constructed towards the end of the operation, 
probably using land-based plant. 

The total construction time for the tombolo, including the 
rock training wall, and including allowance for 
mobilisation and demobilisation of dredging plant, and 
landscaping of the tombolo, is estimated to be up to two 
years, with most activity being in the first 6 months. 
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2.3.2 Trainina Wall at End of the Tambala 

Preliminary calculations indicate that the quantity of rock 
required for construction of the training wall is 
approximately 30,000 tonnes. However, by using sand rather 
than rock as a core material, the amount of rock required 
for the wall could be reduced to approximately 10,000 
tonnes. There are two main sources of rock; a sandstone 
quarry at Menai, known as the Sandy Point Quarry, and a 
basalt quarry at Bass Point just south of Shellharbour 
(Public Works Department, 1985). Further investigations 
would be required to confirm the availability of sufficient 
quantities of 6-7 tonne armour rock from the sandy Point 
Quarry. 

It is anticipated the rock would be hauled to site by 
trucks and the training wall constructed using land-based 
plant, mainly by direct end tipping. A crane may be 
required for placement of some of the larger armour stone, 
and an excavator would be used for trimming of side slopes. 

2.4 ESTIMATED COSTS 

An approximate estimate of cost for construction of the tombolo 
has been prepared and is set out in Table 2.1. The estimated 
total cost for the work is $3.1 million. 
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TABLE 2.1: APPROXIMATE COST ESTIMATE FOR 
TaMBaLa CONSTRUCTION 

Description Quantity Unit 

1- Mobilisation and 
demobilisation of 
dredge Item 

2. Dredge material and 
pump to form the 
tombolo 400,000 m3 

3 . Grading of tombolo Item 

4. Construct access 
road to training 

m2 wall 2,500 

5. Construct training 
wall: 

rock 10,000 t 
. sand 20,'000 t 
. filter fabric l 10,000, m2 

" 
6. Landscaping Item 

7. Pre and Post 
Dredge Hydro-
graphic Surveys Item 

Rate 

$ 2.50 

$16.00 

$23.00 
$10.00 
$12.00 

Total 

Contingencies and Engineering ( 40%) 

Total 

Say 

Amount 

$ 200,000 

$1,000,000 

$ 200,000 

$ 40,000 

$ 230,000 
$ 200,000 
$ 120,000 

$ 200,000 

$ 30,000 

$2,220,000 

$ 890,000 

$3,110,000 

$3.1 million 
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3 . RECREATIONAL AND COMMERCIAL DEVELOPMENT OPPORTUNITIES 
AND PRELIMINARY ASSESSMENT OF ECONOMIC BENEFITS 

3.1 DEVELOPMENT OPPORTUNITIES 

As noted in the earlier "Concept Schemes" mini-report (Public 
Works Department, 1985) the Port Hacking waterway offers 
tremendous potential for further development of water based 
commercial and recreational activities. 

A major attraction of the tombolo option is the creation of some 
50 hectares of sheltered waterway in the lee of the tombolo in 
Simpsons Bay. This area would be suitable for wading, swimming, 
junior boating and the development of a marina and related shore 
facilities. A further attraction of the option is the creation 
of a stable, deep navigation channel from the ocean into Port 
Hacking, suitable for the passage of ocean-going cruise vessels, 
ego operating from Sydney Harbour. 

Achievement of a solution to the shoaling problems through 
construction of the tombolo would also be expected to stimulate 
other forms of water-related commercial development throughout 
the estuary, ego cruise operations, floating restaurants, and 
extensions to existing marina developments. The tombolo itself 
would be landscaped and provide a significant additional 
regional recreational resource. 

3.2 PRELIMINARY ASSESSMENT OF ECONOMIC BENEFITS 

It is intended that the tombolo would be constructed in 
conjunction with the engineering works and associated waterway 
improvements at Lilli Pilli, and the Deeban Spit improvements, 
as described in the previous "schemes" mini-report (ibid). The 
total benefits which would accrue are therefore the sum of the 
following items: 

benefits from Lilli Pilli waterway improvements; 
benefits from the Deeban Spit improvements; 
benefits derived from "other developments" stimulated by the 
availability of permanently stabilised navigation channels; 
benefits from the tombolo construction comprising: 

waterway improvements within Simpsons Bay in the lee of 
the tombolo 
creation of the tombolo itself as a regional recreational 
resource. 

Each of the above benefits are considered in the following 
sections. A summary is provided in Section 3.2.5. 

The benefits have been determined as the present value of the 
expenditure generated at the facilities (which is considered to 
be equivalent to the net community benefit). owing to the 
demand for water based recreational and commercial development 
in Port Hacking (ibid) the benefits are considered to represent 
a net gain to the area, and to the State, and not a transfer 
from other areas. 
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It has been necessary to make certain assumptions and in every 
case these have been conservatively derived, tending to 
understate benefits. It is also worth noting that the analysis 
includes only the quantifiable benefits; it cannot be forgotten 
that perhaps the major benefits of the waterway improvements are 
not objectively quantifiable. Creation of a more enjoyable use 
of recreation time, in terms of the facilities available and 
more pleasant environment, is considered to be an important 
addition to the welfare of the community. 

The present value of the benefits has been based on an analysis 
period of 20 years and a discount rate of 8%. 

3.2.1 Lilli pilli waterway ImProvements 

The proposed waterway improvements at Lilli Pilli include 
the following main features, as outlined in the previous 
"schemes" mini-report (Public Works Department, 1985): 

160 berth marina, including a restaurant and a small 
number of retail outlets; 
extensive parkland, indigenous vegetation, open space, 
picnic facilities, etc; 
three lane boat launching ramp; 
water skiing facilities; 
extensive sandy shoreline. 

The estimated present value of the expenditure at these 
facilities, from Public Works Department (1985), is $12.0 
million as set out in Table 3.1. 

TABLE 3.1: ESTIMATED PRESENT VALUE OF EXPENDITURE 
AT LILLI PILLI DEVELOPMENT 

Facilities Yearly Expenditure 

Berths - rentals 
Marina - sales (boat related) 
Tourist facilities 

(See Notes) 

$ 324,000 
$ 339,000 
$ 468,000 

Total $1,131,000 

Present Value over 20 years at 8% discount rate = $11.99 million 

Notes: 1. Berth rentals assumes approx 85% occupancy. Rental 
values and marina sales figures (boat related) are 
based on work by Sinclair Knight & Partners (SKP) 
(1985). 

(cont'd) 
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2. Tourist facilities: restaurant turnover assumed 
$10,000 per week for 6 months and $4,000 per week 
for remaining 6 months; other expenditure, say 400 
people associated with boats and boat launching per 
week spending $5 per person; no account taken of 
spending by tourists using picnic facilities as 
difficult to forecast in limited study - estimated 
expenditure therefore conservative. 

3.2.2 Deeban spit Improvements 

The proposed development on Deeban spit would be restricted 
to parkland, indigenous vegetation areas, open space, 
picnic facilities, etc incorporating no commercial 
facilities with the possible exception of a restaurant or 
kiosk. 

The estimated present value of the expenditure at these 
facilities, from Public Works Department (1985) I is $1.2 
million, as set out in Table 3.2. 

TABLE 3.2: ESTIMATED PRESENT VALUE OF EXPENDITURE 
ASSOCIATED WITH DEEBAN SPIT IMPROVEMENTS 

Facilities 

Parkland/picnic facilities on Deeban spit 
Caravan Park adjacent to Deeban Spit 

Yearly Expenditure 
(See Notes) 

$ 46,800 
$ 65.700 

Total $112,500 

Present Value over 20 years at 8% discount rate = $1.19 million 

Notes: 1. Parkland/picnic facilities - with large park and 
better facilities, say additional 100 cars per 
weekend on average, 3 people per car, spending $3 
per person. 

2. Adjacent caravan park - say number of sites 
increases from 40 to 80, average 60% occupied, at 
$7.50 per site per day. 
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3.2.3 Other Forms of Develooment 

The availability of permanently stabilised navigation 
channels would be expected to stimulate other forms of 
development on and adjacent to the waterway. The other 
forms of development would include: 

re-establishment of a cruising restaurant on Port 
Hacking; 
weekend cruises by the UTA ferries to Cronulla; 
extensions to existing marina facilities; 
water-based tours on Port Hacking and the Hacking River 
linking with coach tours and walking trails, and 
incorporating establishment of, say, a waterside 
restaurant. 

The estimated present value of expenditure associated with 
the above activities, from Public Works Department (1985), 
is $14.3 million as set out in Table 3.3. 

TABLE 3.3: ESTIMATED PRESENT VALUE OF EXPENDITURE 
FOR OTHER FORMS OF WATERWAY DEVELOPMENT 

Development 

Cruising restaurant 

UTA ferries 

Marina extensions 
- rent 
- other 

Tours 

Yearly Expenditure 
(See Notes) 

$ 240,000 

$ 520,000 

$ 216,000 
$ 267,200 

$ 104,000 

Total $1,347,200 

Present value over 20 years at 8% discount rate = $14.29 million 

Notes: 1. Cruising restaurant - expenditure is based on 
discussions with R Killick. 

(cont'd) 

2. UTA ferries - capacity 1,000 persons, assume 50% 
full, 2 visits per week, expenditure $10 per person. 

3. Marina extensions - assume approximately 90 
additional berths at rental of $200 per month. 
Other expenditure is based on normal ratios as 
discussed in SKP (1985). 
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4. Tours - say coach to Cronulla, boat to restaurant at 
Gogerlys Point, coach through Royal National Park; 
average 4 trips per week, 30 people per coach, 
spending $15 per person. Boat charge $50 per trip. 

3.2.4 Tombolo Construction 

The benefits associated with the tombolo construction, in 
addition to the various forms of development described in 
Section 3.2.3, comprise two main components: 

benefits associated with the possible waterway 
improvements in Simpsons Bay, in the lee of the tombolo; 
benefits associated with creation of the tombolo itself 
as a regional recreational resource. 

Waterwav Improvements in Simpsons Bay 

Construction of the tombolo would create a sheltered 
waterway comprising some 50 hectares in area. This area 
would be ideal for development of a marina and associated 
shore facilities, ego chandlery, brokerage, take-away, 
restaurant, etc. A concept for a marina development within 
Simpsons Bay, comprising approximately 300 wet berths, is 
shown schematically in Figure 3. 

The estimated present value of expenditure generated at the 
marina development and associated facilities is $16.2 
million as set out in Table 3.4. 

TABLE 3.4: ESTIMATED PRESENT VALUE OF EXPENDITURE 
AT MARINA IN SIMPSONS BAY 

Facilities 

Marina: 
- berths rentals 
- other sales (boat related) 
Associated shore facilities 

Yearly Expenditure 
(See Notes) 

$ 504,000 
$ 530,000 
S 494,000 

Total $1,528,000 

Present value over 20 years at 8% discount rate = $16.20 million 

Notes: 1. Berth rentals assumes approx 70% occupancy (higher 
number of transient craft than for Lilli Pilli 
development). Rental values and other sales figures 
based on normal ratios as discussed in SKP (1985). 

cont'd 
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2. Associated shore facilities - restaurant turnover 
assumed $10,000 per week for 6 months and $4,000 per 
week for remaining 6 months; other expenditure say 
average 500 people per week spending $5 per person -
analysis considered very conservative. 

Tombolo as a Recreational Resource 

The proposed development on the tombolo would be restricted 
to parkland, indigenous vegetation areas, open space, 
picnic facilities, etc, incorporating no commercial 
facilities. It could be argued that creation of the 
tombolo may simply result in a spatial redistribution of 
the existing number of users of the simpsons Bay area, ie. 
not necessarily result in a net increase in visitors 
attracted by the tombolo per se. Some allowance has 
already been made for a net increase in visitors to the 
area in the calculation of benefits for Deeban Spit; it 
would be conservative to assign no net benefit to the 
recreational resource provided by the tombolo itself. 

3.2.5 Summary of Benefits 

The benefits associated with the tombolo construction, in 
conjunction with waterway improvements at Lilli Pilli, and 
improvements to Deeban spit, may be summarised from the 
previous sections as follows (20 year analysis period, 8% 
discount rate): 

Lilli Pilli development 
Deeban Spit improvements 
other forms of waterway development 
Simpsons Bay development 

$12.0 million 
$ 1.2 million 
$l4.3 million 
$16.2 million 

$43.7 million 

Based on the above, the total benefits are considered, 
conservatively, to be in the order of $40 - $45 million. 
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APPEMDIX A· ANALYTICAL ASSESSHENTOF \lAVElCURRENT INTERAcrION 

The york by Berchenroder (Effects of Currents on \laves, US Army Corps of 
Engineers, CRTA 81·14, October 1981) provides a relatively simple means for 
assessing the modification to a vave in the presence of a current. These 
assessments have been made for the tombolo and training vall options using a 
typical svell vave period of 10 seconds. and peak tidal velocities (about mid 
tide level). A reasonable range of bed levels has been used to test the 1~~2 
sensitivity of the results. c',:,.: 

The folloving symbols are used: 

V 
d 
H 
L 
BIL 
Ra 

maximum ebb current (ms-1) 
vater depth (m) 
vave height (m) 
wave length (m) 
vave steepness 
dimensionless vave height factor Bv/H. vhere Bv 1s the height of , 
the wave vhen the current is present, and BA is the height of the 
wave vhen no current is present . 

. The results are as given in Table C.1 and Table C.2. 

TABU C.1 
Effect of To.bolo on 'lave Conditions (at proposed entrance location) 

Existing Future B Future {BILl Future 
V d L R .. V d L R .. B EXisting (B/L) Existing 

0.3 3 50.4 1.01 0.6 5 61.5 1.02 1.01 0.83 
0.3 4 58.0 1.01 0.6 6 67.7 1.02 1.01 0.87 
0.3 5 64.8 1.01 0.6 7 72.6 1.02 1.01 0.90 

For the range of probable existing and future depth combinations, and increase in 
maximum ebb current from 0.3 ms -1 to 0.6 ms -1 , the vave height increase is only 
in the order of 1%, and the vave steepness in fact reduces by about 10 to 15%. 
The explanation for the vave steepness decrease is that the change (increase) 1n 
vave length due to the increase in vater depth is much more significant than the 
increase in vave height due to the increase in maximum ebb current. 

TABU C.2 
Effect of Training 'lall on 'lave Conditions (seaward of end of Wall) 

EXisting Future B Future (BILl Future 
V d L Rft d L Ry H EXisting (B/L) Existing 

0.7 1 23.9 1.02 1.0 2 33.6 1.03 1.01 0.72 
0.7 2 36.7 1.02 1.0 3 43.0 1.03 1. 01 0.86 
0.7 3 46.2 1.02 1.0 4 50.6 1.04 1.02 0.93 
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For the range of probable existing and future depth co.binationa, and increase in 
lIIIlXiaUill ebb curren t from 0.7 as -1 to 1.0 IllS -1 , the wave heigh t increase is 
only in the order of 1 to 2%, and, as for the tambala option, there is in fact a 
significant reduction in the wave steepness. 
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