
IMPACT OF CRUISE SHIP TURBULENCE ON BENTHIC COMMUNITIES
CASE STUDY IN TASMANIA'S SOUTH-WEST

By Claire Ellis, Neville Barrett and Sophia Schmieman



Case study in Tasmania’s south-west 
 
 

 ii

 
 
Technical Reports 
The technical report series present data and its analysis, meta-studies and conceptual studies, and are considered 
to be of value to industry, government and researchers. Unlike the Sustainable Tourism Cooperative Research 
Centre’s Monograph series, these reports have not been subjected to an external peer review process. As such, 
the scientific accuracy and merit of the research reported here is the responsibility of the authors, who should be 
contacted for clarification of any content. Author contact details are at the back of this report. 

 
 

Editors 
Prof Chris Cooper University of Queensland  Editor-in-Chief 

Prof Terry De Lacy Sustainable Tourism CRC  Chief Executive 

Prof Leo Jago  Sustainable Tourism CRC  Director of Research 
 

National Library of Australia Cataloguing in Publication Data 
 
Ellis, Claire F. 
Impact of cruise ship turbulence on benthic communities: case study in Tasmania's south west. 
  
Bibliography. 
ISBN 1 920704 41 8. 
  
1. Environmental impact analysis - Tasmania.  2. Benthos - Tasmania.  3. Environmental monitoring - Tasmania.  
4. Plants - Effect of turbulence on - Tasmania.  I. Barrett, Neville.  II. Schieman, Sophia.  III. Cooperative 
Research Centre for Sustainable Tourism.  IV. Title. 
  
577.7727 
 

Copyright © CRC for Sustainable Tourism Pty Ltd 2005 
All rights reserved. Apart from fair dealing for the purposes of study, research, criticism or review as permitted 
under the Copyright Act, no part of this book may be reproduced by any process without written permission from 
the publisher. Any enquiries should be directed to Brad Cox, Communications Manager 
[brad@crctourism.com.au] or Trish O’Connor, Publishing Manager [trish@crctourism.com.au]. 
 



IMPACT OF CRUISE SHIP TURBULENCE ON BENTHIC COMMUNITIES 
 
 

 iii

 

Contents 
 
ABSTRACT ____________________________________________________________________________ VI 
ACKNOWLEDGEMENTS ________________________________________________________________ VI 
SUMMARY ____________________________________________________________________________VII 
 
CHAPTER 1 ____________________________________________________________________________ 1 
TWWHA AND MARINE PROTECTED AREA MANAGEMENT _______________________________ 1 
BACKGROUND _________________________________________________________________________ 1 
GROWTH IN CRUISING __________________________________________________________________ 2 
THE NEED FOR RESEARCH_______________________________________________________________ 2 
GEOGRAPHICAL AND ENVIRONMENTAL FEATURES _______________________________________ 2 
VALUES________________________________________________________________________________ 3 

GEOMORPHOLOGY ______________________________________________________________________ 3 
HYDROLOGY ___________________________________________________________________________ 3 
WEATHER AND WAVE GENERATION _________________________________________________________ 3 
STRATIFICATION ________________________________________________________________________ 6 
HALOCLINE____________________________________________________________________________ 6 
WATER CIRCULATION____________________________________________________________________ 6 
SIGNIFICANCE OF THE HALOCLINE AND STRATIFICATION _________________________________________ 6 

BIOLOGICAL MARINE ENVIRONMENT ____________________________________________________ 7 
FISH _________________________________________________________________________________ 7 
MARINE PLANTS ________________________________________________________________________ 7 

 
CHAPTER 2 ____________________________________________________________________________ 8 
VESSEL IMPACT MODELLING __________________________________________________________ 8 
WAVE GENERATION AND DESIGN________________________________________________________ 8 

COEFFICIENT OF DRAG ___________________________________________________________________ 8 
FETCH LENGTH _________________________________________________________________________ 8 
FORECASTING EQUATIONS ________________________________________________________________ 9 
PREDICTED VALUES _____________________________________________________________________ 9 

CRUISE VESSEL OPERATIONS ____________________________________________________________ 9 
VESSEL GENERATED SURFACE WAVES______________________________________________________ 10 
BACKGROUND TO VESSEL WAVE WAKE_____________________________________________________ 10 

ANALYSIS OF VESSEL WAVE WAKE _____________________________________________________ 12 
LOCATIONS ___________________________________________________________________________ 12 

AMC WAVE WAKE DATABASE ___________________________________________________________ 13 
TEST PROGRAM _______________________________________________________________________ 13 
RESULTS ______________________________________________________________________________ 13 

CONDITION 1__________________________________________________________________________ 13 
CONDITION 2__________________________________________________________________________ 17 
CONDITION 3__________________________________________________________________________ 20 

CONCLUSIONS_________________________________________________________________________ 23 
PROPELLER FLOW ______________________________________________________________________ 23 
PROPELLER SCOURING __________________________________________________________________ 24 
TURBULENT JET THEORY ________________________________________________________________ 26 

ANALYSIS OF PROPELLER FLOW ________________________________________________________ 27 
PROPELLER SCOURING RESULTS___________________________________________________________ 27 
TURBULENT JET THEORY RESULTS_________________________________________________________ 29 
APPLICATION OF FACTOR OF SAFETY _______________________________________________________ 31 

CONCLUSIONS_________________________________________________________________________ 31 
BOUNDARY LAYER DISTURBANCE______________________________________________________ 32 
MARINE POLLUTION ___________________________________________________________________ 32 
ENVIRONMENTAL SUMMARY AND RECOMMENDATIONS _________________________________ 32 

SUMMARY____________________________________________________________________________ 32 
RECOMMENDATIONS____________________________________________________________________ 33 

FURTHER WORK _______________________________________________________________________ 33 
NOMENCLATURE ______________________________________________________________________ 33 
ABBREVIATIONS ______________________________________________________________________ 34 
 



Case study in Tasmania’s south-west 
 
 

 iv

CHAPTER 3 ___________________________________________________________________________ 35 
VERIFICATION OF MODEL PREDICTIONS ______________________________________________ 35 
INTRODUCTION _______________________________________________________________________ 35 
TRIAL 1: EFFECT OF VESSEL WAKE ON WATER COLUMN__________________________________ 35 

BACKGROUND_________________________________________________________________________ 35 
METHODOLOGY _______________________________________________________________________ 35 
RESULTS _____________________________________________________________________________ 36 
DISCUSSION __________________________________________________________________________ 39 
SUMMARY____________________________________________________________________________ 40 

TRIAL 2: VISIT OF AKADEMIC SHOKALSKY TO BATHURST CHANNEL ________________________ 40 
METHODS ____________________________________________________________________________ 40 
RESULTS _____________________________________________________________________________ 40 
DISCUSSION __________________________________________________________________________ 41 
SUMMARY____________________________________________________________________________ 42 

 
CHAPTER 4 ___________________________________________________________________________ 43 
DISSEMINATION OF RESEARCH OUTCOMES ___________________________________________ 43 
INTRODUCTION _______________________________________________________________________ 43 
METHOD ______________________________________________________________________________ 43 

WEBSITE _____________________________________________________________________________ 43 
GRAPHICS ____________________________________________________________________________ 44 
POSTER ______________________________________________________________________________ 44 

 
CHAPTER 5 ___________________________________________________________________________ 45 
OUTCOMES AND OPPORTUNITIES _____________________________________________________ 45 
CONCLUSIONS_________________________________________________________________________ 45 
 
APPENDIX A: WEBSITE TEXT __________________________________________________________ 46 
APPENDIX B: PROMOTIONAL POSTER _________________________________________________ 53 
 
REFERENCES _________________________________________________________________________ 54 
 
GLOSSARY____________________________________________________________________________ 55 
 
AUTHORS_____________________________________________________________________________ 56 
 



IMPACT OF CRUISE SHIP TURBULENCE ON BENTHIC COMMUNITIES 
 
 

 v

 
 
LIST OF FIGURES 

Figure 1: Temperature Data ________________________________________________________________4 
Figure 2: Rainfall Data ____________________________________________________________________4 
Figure 3: Wind Speed Data_________________________________________________________________5 
Figure 4: Comparative Wind Speed Data ______________________________________________________5 
Figure 5: Typical Kelvin Wave Pattern ______________________________________________________10 
Figure 6: Critical Speed Wave Pattern _______________________________________________________11 
Figure 7: Super-Critical Speed Wave Pattern __________________________________________________11 
Figure 8: Lateral Distance From Sailing Line _________________________________________________12 
Figure 9: Condition 1 - Corrected Wave Height________________________________________________14 
Figure 10: Condition 1 - Wave Period ________________________________________________________15 
Figure 11: Condition 1 - Wave Energy________________________________________________________16 
Figure 12: Condition 2 - Corrected Wave Height________________________________________________17 
Figure 13: Condition 2 - Wave Period ________________________________________________________18 
Figure 14: Condition 2 - Wave Energy________________________________________________________19 
Figure 15: Condition 3 - Corrected Wave Height________________________________________________20 
Figure 16: Condition 3 - Wave Period ________________________________________________________21 
Figure 17: Condition 3 - Wave Energy________________________________________________________22 
Figure 18: Actuator Disc Flow ______________________________________________________________24 
Figure 19: Calculation Of Bottom Touching Points Of The Stream__________________________________26 
Figure 20: Establishment And Established Zones Of Jet Flow______________________________________26 
Figure 21: Propeller Scouring Graph _________________________________________________________28 
Figure 22: Turbulent Jet Theory Graph _______________________________________________________30 
Figure 23: Side View Of Turbulent Jet Zone ___________________________________________________31 
Figure 24: Top View Of Turbulent Jet Zone ___________________________________________________31 
Figure 25: Internal Waves__________________________________________________________________32 
Figure 26: Graphical View Of Adcp Current Meter Data Obtained From The Tafi 300 Khz Adcp Unit During 

Propeller Turbulence Trials On The Polar Bird ________________________________________38 
 

 
LIST OF TABLES 

Table 1: Wind Stress Factors ________________________________________________________________8 
Table 2: Wind Generated Wave Predictions ____________________________________________________9 
Table 3: Factors Involved In Analysis Of Vessel Wave Wake _____________________________________12 
Table 4: Wave Wake Database Conditions ____________________________________________________13 
Table 5: Vessel Generated Waves Summary ___________________________________________________23 
Table 6: Axial Efflux Velocities ____________________________________________________________27 
Table 7: Under Keel Clearances_____________________________________________________________27 
Table 8: Minimum Horizontal Distance_______________________________________________________29 
Table 9: Minimum Axial Distance___________________________________________________________29 
Table 10: ADCP Current Meter Data Obtained From The Tafi 300 Khz Unit During Propeller Turbulence 

Trials On The Polar Bird ___________________________________________________________37 
Table 11: ADCP Current Meter Data Obtained From The Csiro 600 Khz Adcp Unit Set At 30-Second 

Sampling Intervals With 1 M Depth Intervals During Propeller Turbulence Trials On The Polar Bird38 
Table 12: ADCP Current Meter Data Obtained From The Csiro 600 Khz Adcp Unit Set At 20-Second 

Sampling Intervals With 1.5 M Depth Intervals During Propeller Turbulence Trials On The Polar 
Bird ___________________________________________________________________________39 

 
 

 
 



Case study in Tasmania’s south-west 
 
 

 vi

Abstract 
This project principally examined the potential impact the turbulence created by the passage of cruise ships may 
have on fragile benthic marine biota and additional aspects such as potential wave wake erosion of channel 
banks. It is based on research undertaken to determine whether small, expedition-style cruise ships should be 
permitted to enter past Port Davey and into Bathurst Channel within the Tasmanian Wilderness World Heritage 
Area, Australia. Instead of characteristics such as ship length, draught and tonnage being used to gauge the 
impact of a ship, a more accurate model was developed to predict ship turbulence and potential impacts. The 
model was partially validated in ‘real size’ in similar estuarine conditions outside the area. Further validation 
using a small cruise ship was done on site. Based on the results, recommendations were made to allow Parks and 
Wildlife Service to finalise their permit process for cruise ships wishing to access the area and the model has 
been integrated into the permit process to determine whether a specific cruise ship may enter the pristine and 
sensitive area of Bathurst Channel.  
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Summary 

Objectives of Study 
The research project aimed to create a more accurate mechanism for the Parks and Wildlife Service to assess the 
potential impacts of a cruise ship when it applied for a permit to access the Port Davey–Bathurst Harbour in the 
Tasmanian Wilderness World Heritage Area (TWWHA). Because of the topography and relatively pristine 
nature of the Port Davey–Bathurst Channel area, the focus of the research was confined to small expedition-style 
cruise ships. The research assessed two specific aspects. The first aspect concerned the potential for wave wake 
erosion on channel banks. The second aspect examined the potential for turbulence from the movement of a ship, 
or anchorage of a ship, to impact sensitive benthic communities, directly from altered water velocity or indirectly 
through mechanisms such as the suspension of sediments in the water column.  

Previous methods of imposing limits on sizes of cruise ships were usually based on length, draught or 
tonnage or a combination of these. Although these variables do impact the size of the turbulence pocket created 
by a ship, these variables were considered insufficient to accurately assess the size and shape of the turbulence 
pocket. In a World Heritage Area of interest to tourism, but where the marine conservation values are high and 
the area is sensitive to disturbance, a more considered approach was preferred to allow appropriate licensing for 
cruise shipping. The project utilised expertise in areas of navigation, marine biology, park management, tourism, 
estuarine physics and marine engineering. 

The research outcomes were disseminated through the development of a web site and associated promotional 
poster to enhance public understanding of the research outcomes, understanding of management issues in the 
TWWHA and the sustainability of cruise ship tourism in the Port Davey Marine Protected Area (MPA).  
 

Methodology 
Two aspects were examined. The first aspect was potential wave wake erosion on channel banks. This had 
already been well studied in other areas, such as the Gordon River, that was also part of the TWWHA. The 
second aspect concerned the impact of turbulence on benthic communities. A review of global literature revealed 
no similar prior work had been conducted, but extensive work on turbulence theory and full scale testing of some 
relevant issues had been undertaken. The examination of the potential impact of turbulence was conducted in 
two stages. The first stage was the development of a model to predict the turbulence created by a specific ship. 
The second stage of the study was to partially verify the model results with two full-scale trials.  

While modelled results showed no discernable impact was predicted on the benthic communities, and the 
model was considered feasibly and theoretically valid, and the theory on which it was based had been in 
existence for 20 years, the theory had not been subjected to extensive full size trials. Because of the sensitive 
nature of the Port Davey–Bathurst Harbour marine area, more certainty was needed regarding the range of 
predicted water movements. A precautionary approach was used and it was considered inappropriate to verify 
the model within the TWWHA. The area is also very remote and an expensive location in terms of conducting 
research, so a similar hydrological and suitable estuary was sought. The Huon River was used for the first trial.  

As the results of the first full-scale trial showed no discernable impact was likely, permission was granted by 
Parks and Wildlife Service for a cruise ship to access the proposed zone, and further testing was conducted in-
situ. This research also required the current knowledge of the bathometry and hydrography of the Port Davey–
Bathurst Channel area to be carefully assessed so an area potentially suitable for cruise shipping and suitable 
anchorage site/s could be identified. These stages are outlined next. 

 

Wave wake 
Surface wake was analysed to determine the potential for wave wake erosion to channel banks. Considerable 
research had already been undertaken in locations such as Gordon River, also part of the TWWHA. Existing data 
on weather, wind speeds, typical wave heights, and storm waves was gathered to determine natural wave action. 
The area is known for high winds. These can funnel through the Channel and produce significant sized waves on 
shore. Cruise ship wakes were observed in the Derwent River and other locations, and examined during the 
passage of the Akademic Shokalsky at Bathurst Channel. Other boats that regularly use the Bathurst Channel 
area, such as fishing boats, were also observed for comparison.  
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The modelling 
To examine the specific issue of turbulence created by expedition ships within the TWWHA, a research project 
was undertaken by the Australian Maritime College (AMC) and then applied to Bathurst Channel. The aim was 
to examine the severe mixing of the water column caused:  

• by vessel movement; and  
• in particular, the vessel’s propulsion system.  
Existing theories were used to estimate the extent of the turbulence created by a ship’s propeller(s). Turbulent 

jet theory was used to predict the velocities at the propeller plane as well as in the slipstream of a ship's 
propeller. The project incorporated work by Albertson (1948), Blaauw and van de Kaa (1978), and Verhey 
(1983).  

Required inputs included: 
• the depth of propeller submergence and propeller diameter, and 
• typical operational speed (rpm) of the propeller whilst manoeuvring and underway. 
The theory can be used to model multiple propeller systems by superimposing the results for individual 

propulsors, and is applicable to both fixed and variable pitch propellers. The results of the model were then 
applied to a specific location, Port Davey–Bathurst Channel, and the model indicates the likely water velocity at 
a specific depth. 

Verification of the model predictions 
Marine biologists determined the location of sensitive benthic areas and identified an area potentially suitable for 
cruise ships to access. This area, the western section of Bathurst Channel, was then examined in more detail, 
particularly the underwater topography, substrate composition and species. The navigation requirements and the 
modelled results of the size of the turbulence pocket for a typical small expedition cruise ship were assessed 
within this identified area. Ships would normally be restricted to the deeper part of the channel for 
manoeuvrability and to maintain a sizable distance from the shallow banks of the channel that would potentially 
be sensitive to disturbance by wash and wake effects. Provided the ship was within the channel area, the model 
predicted no discernable impact on areas marine biologists had identified as significant. 

Trial 1 
The Antarctic supply vessel, Polar Bird, was berthed in Port Huon and both the ship and the Huon River, close 
to Hobart, were considered suitable for a comparison between real and modelled results based on current meters. 
The Polar Bird’s length (104 metres) was similar to that of a ‘typical expedition cruise ship’ that may apply to 
visit Port Davey–Bathurst Channel. The vessels’ draught of approximately 7 m was considerably deeper 
however. Three current meters were placed in a row at a specific depth and used to record the background water 
velocity prior to the ship passing, as the Polar Bird travelled directly overhead, and the subsequent water 
velocity after the ship passed. The results were compared with the predicted results from the model to determine 
the model’s accuracy. 

Trial 2 
On completion of Trial 1, a permit was granted for the Akademic Shokalsky to enter the Bathurst Channel. This 
ship, a 75 m expedition cruise vessel with an approximate draught of 5 metres was visiting the site with paying 
passengers onboard. 

The second trial involved underwater video monitoring before, during, and after the passage of the Akademic 
Shokalsky in order to: 

• observe specific benthic communities and soft sediment areas to document any impact from turbulence; 
and 

• assess the accuracy of the modelling predictions for a specific ship.  
 

Key Findings 
Following completion of the model, the turbulence pocket created by specific ships could be predicted. This 
could be compared with the geographic and environmental constraints of Bathurst Channel. It appeared that a 
small cruise ship would be able to traverse the initial section of the Bathurst Channel. Because of this, validation 
of the model was conducted.  

From the first trial involving the Polar Bird some empirical results on propeller-induced turbulence within 
the water column were obtained to validate the model. The results indicated the time period that turbulence could 
be detected was less than 60 seconds, and that the vertical component of the turbulence was minimal at a depth 
of 12 m.  
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Observations of vessel wake of a vessel size and speed typical of a cruise ship navigating in Bathurst 
Channel suggested that if vessel speed were restricted, any wake would be very small and contain less energy 
than the natural wind driven waves within the Channel. 

The results of the field trial suggested that under optimal conditions, including low wind-speeds, navigation 
restricted to the deep-water channel and all possible effort made to minimise turbulence during transit and 
turning, small cruise vessels of a length and displacement similar to the Akademic Shokalsky may be able to 
navigate within sections of Bathurst Channel with minimal disturbance to the marine environment. The wake 
generated by the vessel at speeds of approximately seven knots was small and unlikely to be problematic. 
Likewise the propeller turbulence effects did not appear to be sufficient to cause re-suspension of sediments 
when navigation within the centre of the main deep-water channel or when turning under optimal conditions.  

 

Dissemination of Results 
In addition to dissemination of this research through several conferences and publication in an academic journal, 
because of the sensitive nature of the area and need for accurate information concerning park management of the 
TWWHA, it was decided to undertake further dissemination to ensure public access to the research and results 
was possible. Most literature on the TWWHA pertains to terrestrial issues and the importance of the marine area 
is far less well understood. In conjunction with the Nature Conservation Branch, Parks and Wildlife Service, 
MAST and the University of Tasmania, a dissemination process was developed. Specific information concerning 
the important marine values of the area and a summary of the research conducted were developed and 
incorporated into the existing Tasmanian Parks and Wildlife Service (TPWS) website in December 2004. A 
poster was developed and 1,000 were printed. These were distributed to relevant targeted recipients including, 
high schools, secondary colleges, yacht clubs, field naturalist organisations, recreational and commercial fishing 
organisations, dive shops, TPWS visitor centres and maritime equipment shops. The remaining posters were 
managed and distributed by the TPWS. 
 

Future Actions 
The clarification of the licensing process will allow Cruise Tasmania to develop an appropriate marketing plan 
for expedition cruise ships, encourage cruise ships to visit suitable sites and help maintain environmentally 
sustainable tourism. 

The model was not validated in full scale, due to time, financial, and equipment limitations but this would be 
a valuable extension of this work. In addition, further research on the hydrography of the Port Davey–Bathurst 
Harbour area is needed to determine background water velocities in sensitive areas. Many types of boats 
currently visit the area (such as yachts, private motor boats and fishing vessels) and is unlikely that the potential 
impacts of these could be distinguished from the impact of occasional but much larger vessels such as cruise 
ships or navy vessels but long-term monitoring of the area is also vital to ensure no cumulative impacts occur. 

Despite the limitations and site-specific nature of this research, wider applications of the model are apparent. 
This work has extended the understanding of the potential environmental impacts of shipping and as the 
importance of marine and estuarine environments becomes better understood, similar work may need to be 
undertaken in areas where the passage of a ship may impact sensitive shallow water environments. This research 
also adds to existing work and related areas of research such as: 

• the extent a ship’s turbulence may spread any pollutant originating from a ship (particularly with 
respect to depth);  

• turbulence issues are also critical in other industries such as aquaculture farms as the nearby transit of 
large ships may stir up bottom sediments causing problems to water quality. Tasmania has substantial 
Atlantic salmon and ocean trout farms in estuarine areas and this model would allow more detailed 
analysis of this problem; and  

• the research may also be relevant to researchers undertaking specimen collection behind a moving ship. 
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Chapter 1 

TWWHA and Marine Protected Area Management  

Background 
Originally proclaimed in 1951 as part of the Southwest National Park, Port Davey–Bathurst Harbour is fully 
protected under the National Parks and Wildlife Act 1970 (TPWS, 2002). The Tasmanian Wilderness World 
Heritage Area (TWWHA) was inscribed on the World Heritage List in 1982 and extended in 1989 to cover 
1.38 m hectares and became one of Australia’s largest conservation reserves. The Tasmanian Parks and Wildlife 
Service (TPWS) in accordance with the Tasmanian Wilderness World Heritage Area Management Plan (referred 
to as the WHAMP) manage the area (TPWS, 1999). The Melaleuca–Port Davey Area Plan is a subsidiary 
document to the WHAMP and contains management objectives, policy and actions for the Port Davey–Bathurst 
Harbour area. Licenses must be obtained for commercial vessel operations in the area (including cruise ships) in 
accordance with the Area Plan, but private boating is exempt. Despite this, cruise ships were not specifically 
included in management documents for the area as there had been virtually no cruise ship interest shown in the 
past. 

 In 1999, 2001 and 2002 permits were granted for cruise ship visits. As scientists conducted more benthic 
mapping of the Channel, there was concern that some marine sites may be impacted. Although permit 
applications from cruise ships are likely to remain low in number in the foreseeable future (and often will be the 
same ship doing repeat visits) there was a strong desire by all parties that any tourism should be ecologically 
sustainable. There was also uncertainty concerning the extent of the area that a ship should be permitted to 
access and appropriate anchorage sites. As a result of the findings of the research outlined in this document the 
TPWS finalised the Guidelines for the Preparation of Licenses for Commercial Vessels Operating in Port 
Davey–Bathurst Harbour to improve the permit process. The permits initially proposed limits based on the 
length, draught and speed of vessels navigating within Port Davey–Bathurst Harbour and a suggested maximum 
draught of 3 m was suggested to take into account the possible negative effects of disturbing the halocline 
(TPWS, 2002). This would have precluded most ships from entering and more information was sought to base a 
decision upon.  

Because of the high conservation values of the unique and fragile invertebrate assemblages found within 
Bathurst Channel, the limits were designed to minimise the risk of: 

• propeller wash re-suspending the fine sediments found on the seafloor, because re-suspension of these 
sediments may result in increased turbidity or the smothering of sensitive invertebrate assemblages; 

• propeller wash physically damaging fragile invertebrates, particularly crustose bryozoans; and 
• wake effects causing mechanical damage and sediment resuspension, particularly in shallow water 

(TPWS, 2002).  
The initial issue was of the immediate impact from turbulence; however the long-term cumulative impact on 

the low nutrient levels of the estuary caused by stirring up bottom sediments was also of concern.  
Prior to this research, Interim Draft Guidelines produced by TPWS for the Preparation of Licenses for 

Commercial Vessel Operations limited vessel access through Bathurst Channel up to an imaginary line between 
Farrell Point and Balmoral Beach in Joe Page Bay. Such limits applied to any vessel up to 75 m and a draught of 
4.5 m. 

Controls based on length, draught and speed of a vessel were not considered sufficiently specific and a team 
of experts drawing on the Australian Maritime College, Tasmanian Aquaculture and Fisheries Institute, Nature 
Conservation Branch, CSIRO, Parks and Wildlife Service, Maritime and Safety Tasmania, Hobart Ports 
Corporation and University of Tasmania were formed to assess cruise ship access and potential impacts. 

In addition to this permit process, other relevant legal and management processes were relevant. The 
Tasmanian Government’s marine conservation strategy of the early 1990s has been expanded to more fully 
protect the marine environment of Tasmania, in the development of the Tasmanian Marine Protected Area 
Strategy 2001. The Strategy provides a systematic and formal approach to protecting Tasmania’s marine 
environment. Marine Protected Area (MPA) is a generic term referring to all types of marine reserves, regardless 
of how they are protected and an MPA is primarily established for the conservation of biodiversity. However, 
the site can also be managed for a variety of purposes while still protecting the environment: i.e. for 
conservation, fisheries management, research, education, tourism or a combination of these purposes 

Under the National Parks and Reserves Management Act 2002 and the Nature Conservation Act 2002, MPAs 
can be provided within a conservation area, nature reserve, State reserve or national park, however the water 
column and marine content is not protected until the Fisheries Act is proclaimed. The MPA of Port Davey 
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involved an extension of the South West National Park boundary to include the marine environment and was 
officially announced in 2004. 

The operation of cruise vessels in the waters of Port Davey has generally been infrequent but given the 
sensitivity of the area and the increasing demand and popularity of ‘wilderness cruise tourism’ it was considered 
prudent to appropriately consider permit and access issues. A more considered management approach within the 
Port Davey MPA was deemed essential to allow appropriate licensing for cruise shipping in the area and to 
protect the values of the area. The importance of accurately estimating the impacts of shipping on the sensitive 
benthic marine habitats was identified and with the financial support of the STCRC research was undertaken 
from 2002–2004. 

Growth in Cruising 
Globally the cruise industry has undergone significant growth since the 1980s (Orams, 1999:24) and is one of 
the fastest growing niches in tourism (Wild & Dearing, 2000:316). Thirty-one percent of all international 
visitations to Tasmania in 2001/02 were by cruise ships and Cruise Tasmania is actively working to increase 
both the number of ships visiting and multi-stop visits (Abel & Ellis, 2003). Tasmania is a relatively small island 
State of Australia with over 334 offshore islands and offers a diverse range of accessible areas for cruising. 
Currently most visiting ships stop for a single day in the State as part of a longer trip that may include both New 
Zealand and mainland Australia. The cruise season is generally limited from November to March. Cruise ship 
visitation to the State has increased steadily from 30,782 (passengers and crew) in 1998/1999 to 51,740 in 
2001/02 although they dropped slightly in 2002/03 to 49,349 as a result of the worldwide unrest and turmoil that 
affected all sections of the tourism industry (Abel & Ellis, 2003:7).  

International awareness of Tasmania as a holiday destination is growing rapidly and cruise ships can offer 
fast and safe access to parts of the wild and remote TWWHA. This type of access also allows people an 
alternative mode of accessing an area with no roads. Visits by ships to the TWWHA have been low, due partly to 
potentially rough weather and to difficulties in gaining access. However, the area contains largely untouched and 
spectacular coastal scenery and as a World Heritage Area with both cultural and natural values, lends itself to 
high-level interpretation typical of that offered by expedition-style ships.  

The Need for Research 
Water-based tourism has the potential, if managed well, to enable substantial numbers of people to visit a 
wilderness area and cause less persistent physical disturbance than terrestrial activities involving comparable 
numbers of people. However, care needs to be taken to ensure any form of tourism is environmentally 
sustainable. 

The impact of turbulence from vessels and the long-term cumulative increase in nutrient levels caused by 
stirring up bottom sediments within Port Davey–Bathurst Harbour were the main concerns this project sought to 
analyse. Controls based on length, draught and speed of a vessel were not considered sufficiently specific to 
determine vessel impact, and a team of experts collaborated to assess cruise ship access and potential impacts. 

The aim was to examine the mixing of the water column caused by vessel movement, and in particular the 
vessel’s propulsion system. The first stage was the creation of a model-based on existing theory to predict the 
turbulence created by a specific ship. The second stage of the study was to partially validate the model results 
with two full-scale trials and apply this to the specific hydrographic and bathometric situation of Bathurst 
Channel. The methodology used and results are described separately for each stage in the following chapters. 

Geographical and Environmental Features 
Port Davey–Bathurst Harbour is a single large inlet providing virtually the only safe shelter along the 250 km 
section of the Tasmanian coast between Macquarie Harbour on the western coast and Recherché Bay on the 
south-eastern coast. Bathurst Harbour, furthest inland, is connected to the ocean at Port Davey via Bathurst 
Channel. Bathurst Channel is a heavily indented, drowned river valley that traverses for 12 km through quartzite 
hills and it is approximately 1 km wide making it visually stunning for cruising (Edgar, 1989). The Channel is 
between 15 and 40 metres deep. Navigational issues limit the size of ships that can enter the Channel as a 
relatively shallow sill (approximately 13 m) exists at the western end, which separates the Channel from the 
deeper waters of Port Davey and the open sea. At the eastern end, Bathurst Channel forms the sole outlet for 
Bathurst Harbour.  

Bathurst Harbour consists of a large (approximately 7 km by 5 km) basin, surrounded on all sides by hills. 
The floor of Bathurst Harbour is flat, rising gradually from around 7 m deep in the eastern section to slightly 
shallower depths of approximately 6 m near its western outlet. The area is thought to have once been a large 
button grass plain which became inundated by marine water following recent sea level rises. Two large river 
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systems, the Old and the North Rivers, empty into Bathurst Harbour while a third, the Spring River, enters 
Bathurst Channel directly. 

Values 
Port Davey, Bathurst Channel and Bathurst Harbour together form a large estuarine and coastal embayment on 
the southwest coast of Tasmania. The marine area of Port Davey–Bathurst Harbour comprises 17,000 ha of the 
Southwest National Park and the Tasmanian Wilderness World Heritage Area.  

Port Davey (Edgar, 1989) Bathurst Harbour area is considered unique as it the only harbour in southern 
Australia where marine and estuarine systems and surrounding fresh water catchments have not experienced 
significant human impact (Edgar & Creswell, 1991). The lack of human impact is a result of the difficulties in 
accessing the area – there are no roads, and access is possible only by sea, foot or air. However, the estuarine 
area also has unusual biological and physical features.  

Because of the remote location and often harsh climatic conditions, very little was known about the marine 
ecology of Port Davey–Bathurst Harbour until 1984. Since then, various surveys and research studies have 
identified a unique and fragile marine environment. Just as the terrestrial environment contains relict fauna from 
80 million years ago (following the split of Gondwana), so too does the aquatic environment. Much of the 
aquatic biota is very delicate and localised and has been strongly affected by the unusual hydrographical 
conditions, including the halocline (a water column with distinct salinity stratification).  

The rivers flowing into Port Davey–Bathurst Harbour bring dark tannin-stained freshwater from the 
surrounding landscape to the estuary’s upper water layer. These form a well-defined halocline in the top three 
metres of the Bathurst Harbour/Bathurst Channel region for most months (Edgar, 1989:13). In summer the 
halocline breaks down and only slightly diluted marine waters occupy the region. The halocline also varies in 
depth geographically, gradually decreasing in depth from Bathurst Harbour to Bathurst Channel and ceasing to 
exist outside of Bramble Cove. Light penetration into the water is significantly restricted and distinct horizontal 
and vertical zonation patterns occur within the invertebrate communities (Last & Edgar, 1994). Slow growing, 
sedentary colonial animals such as sponges, lace corals and sea squirts that are usually restricted to deeper water 
are able to grow in shallow waters of Port Davey–Bathurst Harbour (Last & Edgar, 1994). Many of these are 
filter feeders and large numbers of them grow attached to the Channel walls and floor. Exceptionally low 
nutrient levels characterise the estuary and rare unique marine species (some considered to be relicts of 
Gondwana age fauna) live there (Last & Edgar, 1994). For these reasons, the 17,000 ha area was declared a 
Marine Reserve. 

 

Geomorphology 
Bathurst Channel superficially resembles a fiord; similar to the fiord lands in south-western New Zealand, but it 
is a drowned river valley, also known as a ria. The Port Davey–Bathurst Harbour valley was inundated by post-
glacial rising sea levels around 6,000 years ago, forming the current harbour.  

 

Hydrology 
Bathurst Harbour exhibits a wide variation in water temperature, in comparison to the western end of Bathurst 
Channel, due mainly to the large expanse of shallow water in Bathurst Harbour, the highly variable riverine 
input and the buffering provided by the seawater near the outlet. 

Studies showed waters in Bathurst Harbour below depths of 5 metres varied between 12°C and 14°C during 
spring, autumn and winter sampling and increased to approximately 17°C in summer. Testing at a water depth of 
8 m revealed the annual range of temperature varied from 10°C – 19°C while the deepest section of Bathurst 
Channel (30 m) displayed a temperature variation of only 1.5°C (Edgar, 1989).  

The waters of Port Davey–Bathurst Harbour are unusual for a variety of scientific reasons, which include: 
• effects of freshwater from the rivers, the sea water outlet and the tidal flow; 
• water temperature variations; 
• light penetration through differing water layers to the bottom sediments; 
• salinity (halocline) and nitrate (chemocline) gradients; 
• composition and density of phytoplankton; 
• marine flora and fauna (including benthic communities); and 
• low nutrient levels. 
 

Weather and wave generation 
The following climatic information is sourced from the Bureau of Meteorology, Australia. The actual data is 
measured at Maatsuyker Island Lighthouse and is at present the most representative of the area. 
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Air temperature data 
The temperature range typical of Maatsuyker Island is shown in Figure 1. It would be expected that on average 
the Port Davey–Bathurst Harbour Area would be 1 to 2 degrees warmer than this. 
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Figure 1: Temperature data 

 

Rainfall data 
The monthly rainfall for Maatsuyker Island is shown in Figure 2 and can be assumed to relate closely to that of 
the Port Davey–Bathurst Harbour area. It can be noted that the highest rainfall can be expected in the winter 
months (June through to September) as well as in December. 
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Figure 2: Rainfall data 
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Wind data 
The recorded wind strengths from Maatsuyker Island are shown in Figure 3. The afternoon wind strength is 
higher overall, with an average wind speed of around 35 km/hr.  
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Figure 3: Wind speed data 
 

Cape Sorell is located on the west coast of Tasmania to the north of Port Davey and is thought to receive 
similar wind strengths to that of Port Davey. Figure 4 is a comparison of the mean monthly wind speeds of 
Maatsuyker Island and Cape Sorell. 
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Figure 4: Comparative wind speed data 
 

Wave generation is dependent on factors such as the amount of water over which the wind blows (this 
distance is known as fetch). The water depth also affects wave generation; shallow waters are often associated 
with smaller wave heights and shorter wave periods. Anecdotal records and predicted values for typical wave 
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and wind conditions in Bathurst Channel showed the maximum wave height to be in the order of two metres and 
an average wave height of one metre. This is analysed more fully in Chapter 3. 

 

Stratification 
The waters of Port Davey–Bathurst Harbour are composed of dark and brackish surface waters, a result of 
staining from tannins leached from the surrounding peat soils, while the bottom layer of marine water is clear. 
The layers of water differ in their salt content and the amount of light able to penetrate. The dark top layers 
prevent much of the sunlight from reaching the lower layers. This layering of the water column is known as 
stratification. During winter, when rainfall is highest, the dark brackish water can reach a depth of up to six 
metres (Edgar, 1989). During summer months the brackish water can be as shallow as three metres and during 
the driest months may not be evident at all. 

 

Halocline 
The halocline is one of the most important scientific features of the Port Davey–Bathurst Harbour area. The 
halocline is the part of the water column where the salinity changes very rapidly with depth. A halocline (salinity 
stratification) can typically be viewed as a three-layer system, composed of mixes of marine and fresh water. 
Generally with such a system the bottom layer is saline marine water, the mid-layer, usually contains the 
halocline and exhibits transitional salinity levels and the top layer is made up of mixed fresh surface water and 
marine water. The depth of the halocline in Port Davey–Bathurst Harbour is difficult to determine precisely as 
accurate and consistent measurement of nitrate and oxygen levels is necessary. From research by Edgar (1989) it 
is believed that the halocline decreases in depth towards the western outlet of Bathurst Channel and ceases to 
exist outside Breaksea Island. During the very dry summer months when there is very little input of fresh water 
from rivers the halocline has been observed to almost disappear for short periods and surface salinities of 
somewhere between 25 to 29‰ prevail. During winter the outflow of fresh water into Bathurst Harbour 
increases the depth of the halocline and increases the distance that the brackish layer extends down the estuary 
and a brackish surface layer (≈7 to 15‰) is present to a depth of approximately 4 m through the estuary. Bottom 
waters are close to fully marine (≈33‰) throughout the year. 

 

Water Circulation  
The residence time of surface water in Bathurst Harbour is generally less than one month and no longer than 
three months. During winter the higher rainfall results in greater throughput of fresh water. The bottom marine 
waters of Bathurst Harbour are thought to be isolated for considerable periods of time – often around three 
months – from the waters of Bathurst Channel. During such periods of isolation, the marine waters of Bathurst 
Harbour are gradually diluted by the diffusion of brackish waters. Edgar (1989) has shown that when the 
halocline at the eastern end of Bathurst Channel approaches the surface, dense marine water intrudes to Bathurst 
Harbour, replenishing the bottom waters. 

The tidal flow in Bathurst Harbour is semi-diurnal with a range of approximately 0.3 m. Most of the water 
moving from Bathurst Harbour to Bathurst Channel in one tidal cycle is likely to be returned to Bathurst Harbour 
during the same cycle. 

The major features of the tides and the hydrology of Bathurst Harbour during the summer months include: 
• marine waters penetrate with little dilution throughout the estuary (except in waters immediately 

adjacent to creeks and rivers); 
• a strong temperature gradient exists near the surface (known as a thermocline); 
• considerable light penetrates below seven metres, the depth of the floor of Bathurst Harbour (due to the 

reduced brackish water content); and 
• oxygen levels are low – well below levels required for long-term survival of marine animals. 
 

Significance of the Halocline and Stratification 
The limited penetration of light and the varying concentrations of salt (marine water) resulting from the halocline 
and the stratified waters has allowed invertebrate communities not usually found in such shallow waters to thrive 
and replace some plant communities that would be expected in the habitat. The lack of light is not conducive for 
plant survival and encourages unusual invertebrate assemblages to colonise, termed benthic communities. Such a 
natural process is not known to occur elsewhere in Australia, and the habitat more closely resembles those found 
in the fiords of south-western New Zealand. 

Many plant and animal species found in the Port Davey–Bathurst Harbour marine environment depend on 
the natural occurrence of the defined layers of saline and fresh water and the varying and limited light 
penetration. 
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Biological Marine Environment 
The marine environment of the Port Davey–Bathurst Harbour area is biologically unique. The environments of 
New Zealand (Milford Sound) and Tierra del Fuego (Patagonia) can be considered remotely similar. The aquatic 
organisms found within Port Davey–Bathurst Harbour include relict fauna from over 80 million years ago, when 
Gondwana fragmented, that are now extinct elsewhere. 

Variations in the halocline and the stratified waters create several different bands of localised and delicate 
fauna within the Port Davey–Bathurst Harbour area. Each band can contain 300-400 different animals. Some 
fauna live on rocky areas and are quite resistant to the strong currents that can flow in narrow sections of the 
Channel and significant wave action that naturally occurs in the area. Other types of fauna live in fine sediment 
zones and are sensitive to disturbance. Benthic communities are composed of sponges, lace corals, sea squirts 
and anemones, sea pens, sea whips, soft corals and bryozoans. The steep sides of Bathurst Channel offer habitat 
to ecologically unique and nationally significant communities. 

 

Fish 
The fish found in Port Davey–Bathurst Harbour are also affected by the halocline and stratified water column. 
The expected assemblages of shallow water species are not present, possibly due to the lack of seaweeds. 
Instead, the low diversity of fish found in the area, are more like those found in deeper waters than estuaries. The 
most common fish in Bathurst Harbour and Bathurst Channel are sharks and skates. A unique species of ice fish 
has been found in Port Davey that appears to have links to species in Patagonia and New Zealand. A recent 
finding in Bathurst Harbour was a new species of skate (Dipturus sp.). Like the ice fish, the skate is believed to 
be a relict from Gondwana species, now restricted to Bathurst Harbour and Macquarie Harbour. Close relatives 
to this skate have been identified off New Zealand in waters 1000 m deep. 

 

Marine Plants 
A primary characteristic of the Port Davey–Bathurst Harbour marine area is the low diversity of plankton 
species. Very few species are able to thrive because of the lack of light and low nutrient levels. Between 
Schooner Cove and Turnbull Island there is a larger diversity of habitats, allowing for greater variation in plant 
and animal species than is apparent further along Bathurst Channel and towards Bathurst Harbour. Shallow-
water zones encourage the growth of seaweeds, seagrasses and associated marine animals.  
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Chapter 2 

Vessel Impact Modelling 

Sophia Schmieman (nee Pearce), Australian Maritime College 

 
This chapter is the revised version of a project submitted in partial fulfilment of the requirements for the Degree 
of Bachelor of Engineering (Ocean) submitted by Sophia Pearce (now Schmieman) as ‘An Initial Study Into the 
Environmental Sustainability of the Port Davey–Bathurst Channel Area with Respect to Commercial Vessel 
Operations’ (supervisor, Gregor Macfarlane) for the Facility of Maritime Transport and Engineering, Australian 
Maritime College originally submitted in November 2002. Sections have been incorporated into other areas of 
this report for ease of reading. 

The areas of environmental analysis assessed in this study include vessel generated surface waves, and 
turbulence from propeller flow, with a brief overview of boundary layer disturbances and marine pollution. The 
majority of the research undertaken here is in the form of literature reviews and empirical predictions. 

Wave Generation and Design 
Wave generation was analysed to help examine the affect of the wake from a ship compared with natural 
conditions. Meteorological information has been described already and wind-driven gravity waves form as a 
result of winds blowing across the surface of the water. Most theories of wave formation consider that this input 
of energy and momentum depends on the surface stress, which is highly dependent upon the wind speed and 
other factors that describe the atmospheric boundary layer above the waves. Wind strengths used for wave 
prediction are normally obtained from direct observations over the fetch, by projection of values observed on 
land, or by estimates based on weather maps. In the following calculations the wind strength values will be 
approximated from those provided by the Bureau of Meteorology for Maatsuyker Island and Cape Sorell. 

 

Coefficient of Drag 
The wave growth formulas and nomograms are expressed in terms of wind stress factor UA, which is adjusted 
wind speed. Wind speed, (in m/s), is converted to a wind stress factor by the following equation: 

Equation 2.0 
23.171.0 UU A =  

 
 

Table 1: Wind stress factors 

Wind Speed Wind Stress Factor 

(m/s) (m/s) 

25 37.2 

35 56.3 
 

 

Fetch Length 
The properties of the waves created by wind depend mainly on the amount of water over which the wind blows. 
This distance is termed fetch. 

Two different sections of Bathurst Channel have been chosen to calculate the predicted wind generated wave 
properties; the first is the 4.5 km length of Joe Page Bay from northern end to the southern, and the second is the 
actual channel with an uninterrupted length of approximately 6 km. These two sections represent the ‘worst 
case’ scenarios that could occur in the area. 
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Forecasting Equations  
Water depth affects wave generation. For a given set of wind and fetch conditions, wave heights will be smaller 
and wave periods shorter if generation takes place in transitional or shallow water rather than deep water. 
Deepwater waves are classified using Equation 2.1, which represents the point at which the wave ‘feels’ the 
effects of the sea floor.  

Equation 2.1 
78.02 >T

d
 

 
The equations used to predict deepwater wind generated waves are as follows: 
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Equation 2.4 
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Predicted Values 
Table 2 shows the predicted values for ‘typical maximum conditions’ and ‘worst case’ wind generated waves in 
Bathurst Channel, fetch = 6 km, and Joe Page Bay, fetch = 3 km (average) and fetch = 4.5 km (maximum), for 
the higher expected wind speeds. The predicted wave heights are very similar to personal accounts of wind 
waves in the area. 

 
Table 2: Wind generated wave predictions 

Fetch 
(km) 

Wind Stress 
(m/s) 

Duration 
(min) 

Wave Period 
(sec) 

Wave Height 
(m) 

Wave Energy 
(kJ/m) 

3 37.2 33 3.0 1.0 19 

3 56.3 29 3.5 1.6 57 

4.5 37.2 43 3.4 1.3 37 

4.5 56.3 38 3.9 1.9 114 

6 37.2 52 3.8 1.5 61 

6 56.3 46 4.3 2.2 183 
 

These values were used in the environmental analysis to compare the predicted naturally occurring waves 
with those generated by vessels entering the area. 

Cruise Vessel Operations 
Before any environmental analysis can be undertaken it was necessary to identify the likely vessel operations 
within the region. Small passenger ships constituted the majority of the commercial vessels seeking access to 
Port Davey and Bathurst Harbour. Such vessels typically had the following principal particulars: 

• Length OA up to 75 m, Beam 18 m, Draft 4.5 m 
• 2 propellers with diameters of around 2 m 
• Top of propellers 2 m below water surface  
• Propellers either variable pitch or fixed 
• Propeller revolutions typically 50 to 70 rpm for 8 knots 
• Displacement 1000 t to 3000 t. 
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These particulars are based on the actual vessel the Akademic Shokalsky. 
 

Vessel Generated Surface Waves 
The potential damage that vessel generated surface waves present are wide and far-reaching, from shore erosion, 
to disturbing sediments and/or aquatic organisms. The sheltered waters of Melaleuca Inlet have naturally-
developed soft sediment shoals and banks. These banks are very susceptible to erosion from vessel wave wake. 

 

Background to Vessel Wave Wake 
As a ship moves across the surface of a body of water, a wave pattern consisting of divergent and transverse 
waves is generated. Divergent waves are created at the bow and stern and will generally remain separated 
throughout their travel. Transverse waves also created at the bow and stern will combine to form a single series 
of waves. Kelvin found that for any deep water speed, the divergent and transverse waves form a locus of cusps 
whose angle with the sailing line is 19º28’. A typical Kelvin wave pattern is shown in Figure 5. Kelvin’s theory 
predicted that the angle between the sailing line and the bow and stern diverging wave crest lines at the cusp 
would remain constant at 54º44’. 

 

 
 

Figure 5: Typical Kelvin wave pattern 
 

When a vessel is operating in shallow waters the wave pattern is altered and the running trim of the vessel 
can vary from that experienced when operating in deep water. This occurs as a result of pressure reflection 
between the vessel, the water surface and the seabed, affecting both the vessel and the waves. Wave wake can be 
classified into different types according to Froude number. Traditionally, naval architects have used Froude 
length number as defined in Equation 2.5 where Vs is the velocity of the vessel and Ls is the water line length.  

 

Equation 2.5 s

s
l Lg
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.
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For shallow water operations it is commonly redefined as the Froude depth number, and is given in terms of 

water depth as shown in Equation 2.6. 
 

Equation 2.6 v

s
d dg

V
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.
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The operation of a vessel can then be classified as sub-critical when Fnd < 0.8, trans-critical when 0.8 < Fnd 
< 1.0, critical when Fnd =1.0 and super-critical when Fnd > 1.0. 

As a vessel approaches critical speed from sub-critical speed the diverging wave angle increases. At critical 
speed a wave of translation is produced which is almost perpendicular to the sailing line of the vessel, as shown 
in Figure 6.  
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Figure 6: Critical speed wave pattern 
 

At super-critical speeds the transverse waves are no longer present and the wave pattern takes on a different 
appearance like that in Figure 7. 

 

 

Figure 7: Super-critical speed wave pattern 
 

Transverse waves tend to decay at a faster rate than the divergent waves. This results in the divergent waves 
becoming more prominent at greater distances from the vessel. Because the divergent waves are more dominant 
than the transverse waves, they are generally considered to be associated with the problems created by vessel 
generated waves.  

From this, if the divergent component of the wave height is known for a given distance from the vessel 
sailing line, knowledge about the decay rate of the divergent waves can be used to determine that maximum 
wave height at any distance from the sailing line. This requires the determination of Gamma, �, in Equation 2.7. 

 

Equation 2.7 
31. −= yH m γ

 
 

Experimental results can be used to estimate the value of γ as a function of vessel speed. Maximum wave 
height is seen to be dependent upon its lateral distance from the sailing line of the vessel and on the interaction 
between the divergent and transverse waves. 

To assess vessel wave wake an acceptable base measurement must be established and clearly defined before 
any useful regulation or criteria can be developed and implemented. The energy in a wave front, being the sum 
of the potential and kinetic energy, has been utilised as the criteria here, shown in Equation 2.8. 

 

Equation 2.8 π
ρ

16

222 THgE m=
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Which for metric units and saltwater of density 1025 kg/m3, can be expressed as in Equation 2.9.  
 

Equation 2.9 
22.1961 THE m=

 
 

Analysis of Vessel Wave Wake 
The analysis of vessel wave wake involved considering the many factors that contribute to an individual wave 
wake pattern. The factors can be broken down into three distinct sections: Vessel related, environment related 
and other (see Table 3). 

 
Table 3: Factors involved in analysis of vessel wave wake 

Vessel Related Environment Related Other 

Speed Water Depth Distance from Sailing Line 

Direction Tide Level Wake Interactions 

Hull Form Tidal Stream Direction Location of Measurement Site  

Draft Tidal Stream Velocity  

Loading Coastal Morphology  

Trim Wind Wave Characteristics  

 Sub-surface Flows  

 
The lateral distance from the sailing line is illustrated in Figure 8. It is at this point that the predictions of 

corrected wave height, wave period and wave energy are being made. 
 

 
Figure 8: Lateral distance from sailing line 

Locations 
The shores of Bathurst Channel consist largely of rock in the form of cliffs and steep sloping beaches, with a 
small number of sandy beaches spread throughout. These shorelines have evolved to withstand the naturally 
occurring waves and storm loadings and as a result are unlikely to be damaged through the additional energies 
resulting from vessel generated waves; however it was necessary to confirm whether or not this is the case. 

The locations most susceptible to erosion are the bank sections with sensitive shorelines, where the 
introduced wave regime has erosive components in excess of those forming naturally. Typical locations where 
this may be a major issue include: 

• Melaleuca Inlet 
• Old River upstream from Ngyena Creek 
• Davey River upstream from Brooks Reach 
• Manwoneer Inlet 
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Although potential problems exist if vessels are permitted access to such sensitive areas, the present study 
only considers the case of cruise vessels (of the order 60 to 750 metres LOA) operating within Bathurst Channel 
up to Joe Page Bay. 

 

AMC Wave Wake Database 
The AMC Wave Wake Database has been developed over the past five years, with staff at AMC having 
conducted model tests on over 80 different hull configurations, some of which have been correlated against full 
scale data. A consistent analysis technique, based upon a standard numerical measure, has been applied to all the 
experimental data for these models and systematically collated in order to develop a very comprehensive 
database. 

The primary aim of the database is to scale all vessels and corresponding wave wake measurements to a 
series of prescribed input parameters. At present, either a constant waterline length or vessel displacement can be 
selected, along with the vessel speed and lateral distance from the vessel sailing line of interest. Once these 
parameters are specified, the required scale factor for each individual data set is then calculated and used to 
obtain the corresponding model scale speed for the requested full scale speed for comparison. 

Each individual data set contains � and wave period values for each model scale speed tested, which in most 
cases covers a wide range. If required, an interpolation between the two closest model scale speeds is undertaken 
to obtain the corresponding values for � and wave period. With this value of �, Equation 2.8 is used to obtain the 
corrected maximum wave height at the requested lateral distance from the sailing line. The scale ratio can then 
be used to obtain the full scale corrected maximum wave height, wave period and vessel displacement (or 
waterline length for constant displacement cases). 

From this each of the 80+ data sets within the database produces accurate wave height and period results for 
a constant waterline length (or displacement), vessel speed and lateral distance from the sailing line of the vessel. 

Test Program 
Table 4 summarises the conditions tested. 
 

Table 4: Wave wake database conditions 

Condition LWL  (metres) Velocity  (knots) Distance y  (metres) 
1 65 13.5 500 
2 65 13.5 75 
3 65 7 75 

 
Each condition is described in more detail below: 

Condition 1: Representative of a vessel with a 65 metre waterline length sailing at 13.5 knots at a distance of 
500 metres from shore. This is typical of a small cruise vessel operating at cruising speed entering Port Davey. 
Condition 2: Representative of a vessel with a 65 metre waterline length sailing at 13.5 knots at a distance of 75 
metres from shore. This is typical of a small cruise vessel operating at cruising speed travelling between Munday 
Island and Forrester Point in Bathurst Channel which is the narrowest point along the Channel and Narrows. 
Condition 3:  Representative of a vessel with a 65 metre waterline length sailing at 7 knots at a distance of 75 
metres from shore. This is typical of a small cruise vessel operating at a reduced speed, travelling between 
Munday Island and Forrester Point in Bathurst Channel. 

Note: It is unlikely a cruise ship would be operated at cruising speed within the Port Davey Bathurst Channel 
area, both for navigation reasons and lower speeds are more suited to maximising the visitor experience (to see 
the scenery), however for modelling and purposes this exercise was done.  

Results 
For each of the three conditions investigated, the corrected height, period and energy of the maximum wave 
generated have been plotted as a function of vessel displacement. The results from all ship models within the 
database, that have experimental results at the corresponding speed, are shown in each graph. Note that the 
database contains results from a wide range of hull forms, including round bilge and chined vessels. 

 

Condition 1 
The areas of environmental analysis assessed in this study include vessel generated surface waves, and 
turbulence from propeller flow, with a brief overview of boundary layer disturbances and marine pollution. The 
majority of the research undertaken here is in the form of literature reviews and empirical predictions. 
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 In Figure 9 the correct wave height, Hm, is plotted as a function of increasing vessel displacement. All the 
vessels in the database have been scaled to a LWL of 65 m and travelling at 13.5 knots with predictions provided 
for a lateral distance of 500 m from the sailing line of the vessel. The database also identifies between monohulls 
and multihulls. As can been seen, the Hm generally increases with increasing displacement, although variation in 
hull form can result in variations in Hm of approximately 30%.  

Knowing that the typical displacement of a 65 m LWL cruise vessel is around 2000 t, the worst and best case 
Hm values can be extracted from this plot as indicated, these being 500 mm and 260 mm respectively. 

 
Figure 9: Condition 1 - corrected wave height 
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 To put this into perspective, the typical maximum wave heights of wind generated waves expected to be 
naturally occurring, is in the order of 1.5 m, approximately 3 times that generated by the cruise vessel travelling 
at 13.5 knots at 500 m from shore. 

Predictions for the period of the maximum wave for the same situation, i.e. LWL = 65 m, V = 13.5 knots and 
y = 500 m are given in Figure 10. Here it is interesting to note that the wave periods generated are similar to 
those of the expected wind-generated waves in storm conditions. 

 
Figure 10: Condition 1 - wave period 
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In Figure 11, the energy of the maximum wave is plotted as a function of vessel displacement. Equation 2.8 
stated wave energy is equally dependent upon wave height and wave period. The predicted Hm was around a 
third of the typical storm wave, and the two wave periods were similar, thus the predicted Em will be 
approximately (1/3)2. 

 
Figure 11: Condition 1 - wave energy 
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Condition 2 
The next three graphs (Figure 12, Figure 13, and Figure 14), are quite similar to the three just discussed. 
However, in this case the lateral distance has been reduced to just 75 metres, simulating the typical distance 
between the vessel sailing line and the shore within the narrowest region of Bathurst Channel, between Bramble 
Cove and Joe Page Bay, at Munday Island. As can be seen, the predicted wave periods are similar, (as period 
remains generally unaffected over distance), however the worst case Hm increases to approximately 920 mm, 
(primarily due to the reduced lateral distance for the wave heights to attenuate). This, along with the energy of 
the maximum wave, remains just below that expected from the typical and maximum wind waves. 

 
Figure 12: Condition 2 - corrected wave height 
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Figure 13: Condition 2 - wave period 
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Figure 14: Condition 2 - wave energy 
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In summary, the waves generated by a cruise vessel of LWL ~ 65 m and travelling at 13.5 knots (which is 
notably faster than vessels of this size would be expected to sail) are clearly not going to pose any significant 
threat to the stability of the shores within Bathurst Channel due to their similarity to the conditions that are 
believed to exist there naturally. 
 
Condition 3 
The next three graphs (Figure 15, Figure 16, and Figure 17), show the cruise vessel travelling at a reduced speed 
to simulate the vessel travelling slowly and/or manoeuvring. The Froude length number in this case is very low; 
this explains the lack of data in these graphs, as most of the models were not tested at such low FnL. This case 
still has the lateral distance at 75 m, which is the worst case situation for generating waves. This again is 
simulating the typical distance between the vessel sailing line and the shore within the narrowest region of 
Bathurst Channel. As can be seen, the predicted wave periods are much lower, and the worst case Hm has 
decreased to around 90 mm. These, along with the energy of the maximum wave remain well below that 
expected from the maximum wind waves. 

 

Figure 15: Condition 3 - corrected wave height 
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Figure 16: Condition 3 - wave period 
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Figure 17: Condition 3 - wave energy 

 
In summary, the waves generated by a cruise vessel of LWL ~ 65 m and travelling at 7 knots (which is a 

typical speed for vessels of this size to be travelling at in the Channel) is clearly not going to pose any significant 
threat to the stability of the shores within Bathurst Channel. 
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Conclusions 
The results from the AMC Wave Wake database showed that the predicted vessel generated waves are generally 
less than, or similar, to the expected naturally occurring wind generated waves (see Table 5).  

In conclusion, the results from this study indicate that cruise ships entering Bathurst Channel pose few 
problems in terms of vessel generated surface waves.  

However, the use of typical tenders within restricted waterways, like Melaleuca Inlet, does pose a problem. 
One solution to this problem is the use of speed limits. A five knot speed limit already applies for all vessels 
entering the area. Remoteness of the area means policing the speed limit may be an issue, but commercial 
tourism vessels are often accompanied by park rangers, minimising the issue for this type of vessel. 

 
Table 5: Vessel generated waves summary 

No. LWL V y Corrected Wave Height (mm) 

    Wind Wave Ship Wave 

 m m/s m Worst Case Typical Maximum Maximum Minimum 

1 65 13.5 500 2230 1040 490 260 

2 65 13.5 75 2230 1040 920 490 

3 65 7 75 2230 1040 120 70 

        

No. LWL V y Wave Period (s) 

    Wind Wave Ship Wave 

 m m/s m Worst Case Typical Maximum Maximum Minimum 

1 65 13.5 500 4.3 3.0 3.6 2.9 

2 65 13.5 75 4.3 3.0 3.6 2.9 

3 65 7 75 4.3 3.0 2.0 1.7 

        

No. LWL V y Wave Energy (kJ/m) 

    Wind Wave Ship Wave 

 m m/s m Worst Case Typical Maximum Maximum Minimum 

1 65 13.5 500 183 19 6.0 1.1 

2 65 13.5 75 183 19 21.5 4.0 

3 65 7 75 183 19 0.1 0.0 

Note: Values that are similar or exceeding the predicted naturally occurring wind waves are shown in bold text. 
 

Propeller Flow 
During recent years the increase in size and speed of vessels operating at sea has led to much higher installed 
engine powers. A major consequence of this development is the increasing attack on beds and banks of 
navigation channels and harbour basins by the propeller slipstream.  

The benthic communities of Bathurst Channel and Bathurst Harbour contain many sedentary species that are 
delicate and fragile, and are vulnerable to mechanical damage from vessels in the form of propeller scouring; as 
well as damage from anchors, nets and divers. The vulnerable fauna includes sea pens, bryozoans, soft corals 
and sea whips. 

The introduction of commercial cruise vessels potentially poses a threat to such fauna, due to the severe 
mixing of the water column caused by the vessel movement, and in particular the propulsion system. In this 
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study, existing theories for predicting the water flow from the propeller(s) are used to estimate the extent of their 
effect and predict minimum Under Keel Clearances (UKC) for the vessel to maintain. 

Propeller flow is based on actuator disc theory. Using this theory, the analysis of propeller flow can be 
broken up into two sections:  

1. shallow water or propeller scouring, which predicts the depth of the disturbance. 
2. deep water or turbulent jet theory, which predicts the distances aft and abeam of the disturbance. 

Each of these will be dealt with independently in order to estimate the extent (x, y, z) at which the propeller 
flow becomes negligible. In order to determine the fluid velocity directly behind the propeller, actuator disc 
theory is used. Actuator disc theory assumes the following (refer to Figure 18): 

• An actuator disc is a circular area F2, of diameter approximately equal to the propeller diameter. Each 
particle of the fluid flowing through this area is subject to an abrupt rise of pressure. 

• A separate column of the fluid in the form of a body of revolution around the actuator disc axis appears 
as a result of the actuator disc action. The diameter of this body of revolution is equal to the actuator 
disc diameter. 

• All the changes of momentum due to the actuator disc action are limited to within the said column of 
fluid, being a beam of streamlines flowing through the actuator disc and further referred to as the screw 
race. 

• The velocity far upstream from the actuator disc is equal to the uniform, undisturbed velocity VO. Far 
downstream from the disc, as a result of the acceleration, the fluid velocity V3 > VO. 

• The velocity distribution in the successive cross-sections of the screw race is uniform. 
• The screw race pressures far upstream and far downstream from the actuator disc are equal to the 

ambient pressure, pO. 
• The fluid stream flow upstream and downstream from the actuator disc is defined by the flow continuity 

equation and by Bernoulli’s theorem. 
 

 
 

Figure 18: Actuator disc flow 
 

The fluid velocity behind the propeller can be calculated using Bernoulli’s equation for cross-section 1 and 
cross-section 3. This reduces to: 

 

Equation 2.10 TKnDV 6.13 =  
 

From the equation of continuity the initial diameter of the screw race can be found: 
 

Equation 2.11 2
DDO =

 
 
Propeller Scouring 
A rotating ship’s propeller is a source of water stream, which has a definite mass flow, dependent on the motion 
parameters and the dimensions of the propeller. The water stream’s direction and velocity is given by the 
propeller and is of a diameter approximately equal to the propeller’s diameter. 
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Based on the free submerged jet theory, a ship without a rudder forms a jet divergence equal in all directions 
creating a cone with an apex angle equal to about 25º. With the rudder blade situated in the jet axis (rudder 
angle, δ = 0) the jet divides into the surface stream, which propagates toward the free surface and the bottom 
stream, which in turn propagates towards the bottom. The bottom stream axis was found experimentally by 
Robakiewicz (1987) to incline towards the bottom from 15 to 25º.  

The following formula (Equation 2.12), developed by Robakiewicz (1987), gives the maximum velocity in 
the screw race axis of a ship with zero rudder angles: 

Equation 2.12 
2

515.1
3 DX

VV
−

×=
 

 
Based on experimental evidence the rudder is known to have the following effects upon the screw race 

expansion as noted by Robakiewicz (1987): 
• The rudder blade divides the screw race jet into the bottom and surface streams. 
• The presence of a rudder reduces the distance at which the screw race jet touches the bottom. 
• The lowest bottom velocity occurs when the rudder is put at 45º to the open waterside. 
• The greatest velocities at the bottom generated by a ship’s propeller are shown to quickly reduce with 

increasing depth.  
According to the theory proposed by Robakiewicz (1987) this is due to the screw race expanding with 

increasing distance from its source - the screw race jet is absorbed by the environmental water and loses its 
energy.  

Robakiewicz (1987) found during testing, that propellers with nozzles produce similar screw race 
propagation and bottom erosion to propellers without nozzles. 

Bergh and Cederwall (1981) give the following formula (Equation 2.13) based upon the experimental test 
relation for the maximum screw race velocity near the bottom: 

 

Equation 2.13 
( ) 45.0

3 20.1 −××= DXVVb  
 

This relation is valid for small water depths when the distance from the propeller axis to the bottom is close 
to the propeller diameter. 

Fuehrer and Römisch (1985) also produced a formula for calculating the maximum velocity near the bottom, 
taking into account the distance hp from the propeller axis to the bottom: 

 

Equation 2.14 
( ) 1

3
−××= DhEVV pb  

 
Where:  E = 0.71 for ships with the rudder situated on the centre line 

E = 0.62 for ships without rudders 
E = 0.25 for ships with the propeller in a tunnel 

 
Robakiewicz (1987), working with these formulas, developed the following calculations for determining the 

distance from the beginning of the screw race jet to the point where it touches the bottom, xp for the edge and xs 
for the centre of the jet: 

 

Equation 2.15 
p

p
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h
x 1445.2
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Equation 2.16 
p

p
s h

h
x 7321.3

15tan
=

°
=

 
 
 
The values of xp or xs when substituted into Equation 2.16, gives the water velocity in the screw race axis at 

the bottom touching point for the edge or centre of the jet, shown in Figure 19. 
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Figure 19: Calculation of bottom touching points of the stream 

 
Turbulent Jet Theory 
Turbulent Jet Theory looks into the prediction of the velocities at the propeller plane as well as in the slipstream 
of a ship’s propeller. There are a number of complexities when considering the prevailing velocity components - 
axial, radial and tangential - as these are not constant either radially or tangentially. The propeller hub is another 
disturbance factor.  

Little is known about the diffusion of jets originating from a ship’s propulsion system. According to 
Albertson (1948), the flow pattern can be divided into a zone of establishment and a zone of established flow, 
refer to Figure 20. 

 

 
Figure 20: Establishment and established zones of jet flow 

 
 
The axial velocity distribution within the zone of flow establishment is represented by two symmetric halves 

of the probability curve, connected by a straight line through the constant velocity core. The velocity distribution 
in this zone can be written as: 

Equation 2.17 
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In the zone of established flow the velocity at the centre line can be calculated as follows: 

 

Equation 2.18 x
D

cV
V O

2
1

3
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The velocity distribution in this zone is given by: 
 

Equation 2.19 
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It was determined that the constant factor c in such a way that the measured velocities in every normal 
section fitted as well as possible into a Gaussian normal probability function. The results of their calculations 
were: c = 0.19 (non ducted propeller) and c = 0.17 (ducted propeller). From this they recommend calculations be 
carried out using c = 0.18.  

When testing was undertaken by Blaauw and van de Kaa (1978), the theoretically calculated velocities 
differed to some extent from the measured values. This occurred particularly in the area from the propeller plane 
up to 5 to 7 times the diameter of the propeller behind it, where the calculations underestimated the velocities. 

The influence of restricted water depth caused by the boundary of the slipstream reaching either the water 
surface or the bottom of the channel causes spreading in that direction to be no longer possible. As a 
consequence the spreading rate of the slipstream should diminish. In contradiction to this Blaauw and van de 
Kaa (1978) found no effect of depth restriction on the slipstream velocity occurred during their testing with 
varying distances between the propeller and the bottom. 

In vessels with multiple screws the distance between the propellers is unlikely to exceed two propeller 
diameters. With such close propeller spacing Tsinker (1994) suggests that the jets will merge together fairly 
rapidly, so that by 10 jet diameters downstream the velocity distribution will be similar to that produced by a 
single larger jet. In support of this Verhey (1983) suggests that the calculation of velocities behind vessels with 
multiple propellers is possible by superposition of the determined velocities for each propeller. 

Analysis of Propeller Flow 
Both the propeller scouring and the turbulent jet theory are derived from actuator disc theory. For the typical 
vessel, the expected axial efflux velocity V3, can be calculated as shown in Table 6. 

 
Table 6: Axial efflux velocities 

N 
rev/s 

D 
m 

KT V3 
m/s 

0.833 2.0 0.400 1.687 

1.667 2.0 0.400 3.373 
 

It is assumed that an acceptable axial efflux velocity to assess the effects of propeller flow for this study is 
equivalent to the typical current strength for Bathurst Channel. This is known to be in the order of one knot (0.5 
m/s) it is noted, however, that the tidal flow within the wider expanse of Joe Page Bay is likely to be less than 
this. 

 

Propeller Scouring Results 
As previously discussed under ‘propeller flow’, propeller scouring theory (Fuehrer & Römisch, 1985) is used to 
predict the depth of the propeller disturbance. 

For shallow water analysis a propeller scouring graph (see Figure 21) was developed. The graph shows 
increasing axial efflux velocity along the x-axis and increasing UKC (the distance from the propeller axis to the 
sea floor in this case), on the y-axis. Worth noting on the graph is that Equation is valid only for depths where 
the distance from the propeller axis to the sea floor is close to the propeller diameter. 

From the graph and the two values of V3 given in Table 6, the UKC are calculated as shown in Table 7. This 
assumes that the vertical distance from the propeller axis to the keel of the vessel is D/2. 

 
Table 7: Under keel clearances 

V3 
m/s 

Vb 
m/s 

D 
m 

UKC 
m 

1.687 0.5 2.00 3.66 

3.373 0.5 2.00 8.32 
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Figure 21: Propeller Scouring Graph 
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Turbulent Jet Theory Results 
As discussed in the section discussing propeller flow, turbulent jet theory (Blaauw & van de Kaa, 1978), is used 
to predict the distances aft and abeam of the propeller that are affected by the propeller flow. 

For deep water analysis Figure 22 shows non-dimensionalised horizontal distance from the propeller as a 
function of non-dimensionalised radial distance from the propeller. 

From this figure, the relationship between jet stream or axial efflux velocity and location can clearly be seen. 
The distance at which the maximum efflux velocity (V3) ceases to be of concern for the given established 

axial efflux velocities, is calculated using Equation 2.18 and is shown in Table 8. 
 

Table 8: Minimum horizontal distance 

Vmax 
m/s 

V3 
m/s 

DO 
m 

c x 
m 

0.5 1.687 1.414 0.18 13.25 

0.5 3.373 1.414 0.18 26.50 

 
Before this ‘minimum distance’ has elapsed, the radial distance from the propeller can be found for each of 

the preceding locations to find a distance radially from the propeller where the velocity is equal to or less than 
the required 0.5 m/s, shown in Table 9. 

 
Table 9: Minimum axial distance 

x/Do 

m 

V3 

m/s 

r 

m 

V3 

m/s 

r 

m 

1 1.687 0.96 3.373 1.05 

2 1.687 1.12 3.373 1.29 

3 1.687 1.24 3.373 1.50 

4 1.687 1.33 3.373 1.78 

5 1.687 1.43 3.373 2.06 

6 1.687 1.44 3.373 2.30 

7 1.687 1.36 3.373 2.50 

8 1.687 1.14 3.373 2.66 

9 1.687 0.65 3.373 2.77 

10   3.373 2.85 

11   3.373 2.89 

12   3.373 2.88 

13   3.373 2.83 

14   3.373 2.72 

15   3.373 2.55 

16   3.373 2.29 

17   3.373 1.91 

18   3.373 1.31 
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Figure 22: Turbulent jet theory graph 



IMPACT OF CRUISE SHIP TURBULENCE ON BENTHIC COMMUNITIES 
 
 

 31

Application of Factor of Safety 
Due to the sensitive nature of the benthic community and the World Heritage status of the area the use of a 
Factor of Safety (FOS) is desirable. The FOS is dependent on both the fragility on the benthic community and 
the reliability of the empirical predictions. 

Conclusions 
The results from the propeller scouring and the turbulent jet theory can be combined to provide a general picture 
of the likely extent of the propeller flow from a typical cruise vessel. The predictions of UKC from propeller 
scouring give the more conservative values of 3.6 m and 8.3 m for the two propeller speeds of 50 and 100 rpm 
respectively. While the predictions for the distance aft, X, and abeam, Y, were established using the turbulent jet 
theory, shown in Figure 23. 

 

 
Figure 23: Side view of turbulent jet zone 

 
The theory also suggests that a clearance aft of the vessel of 13.3 m and 26.5 m should be maintained for the 

two respective speeds. While the width, Y, of the disturbance is predicted to be 2.9 m and 5.8 m respectively, 
illustrated in Figure 24. 
 

 
Figure 24: Top view of turbulent jet zone 

 
In conclusion, the results from this study indicate that in order to minimise disturbances generated by 

propeller flow an UKC of at least 3.6 m needs to be maintained by the vessel at all times (for the example 
undertaken). This UKC was also shown to be dependent upon speed, and that an UKC of over 8 m may be 
required. 

It was also shown that considerations must be given to the disturbance aft, and to a lesser extent, abeam of 
the vessel. These disturbances too are dependent upon speed, with a minimum distance aft of the ship of 13.3 m 
that will be affected by propeller flow. 

For the example given, with a vessel draft of 4.5 m and minimum UKC of around 3.6 m, then the absolute 
minimum channel depth for safe operation is 8.1 m water depth. 
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The depth and bottom topography of Bathurst Channel and Joe Page Bay support the suggested restrictions, 
as the larger vessels are normally restricted to the deeper channels for manoeuvrability and maintain a sizeable 
distance from shore in normal circumstances. 

Boundary Layer Disturbance 
The boundary layer is defined as the distinct change in salinity at the halocline. The depth of the tannin-stained 
freshwater layer varies seasonally with rainfall. In summer, the peak season for vessel visits, the halocline breaks 
down with the lower rainfall - minimising the possibility of vessel generated disturbances.  

Boundary layer disturbance was not considered in this study due to vessels currently visiting Port Davey–
Bathurst Harbour during the summer months of lower rainfall, hence insignificant halocline depths. This 
decision was also supported by the parties involved in the finalisation of the guidelines as the disturbance 
between the freshwater and the sea water was not considered to be a major factor. 

Should vessels seek access during winter, further research into the effects of the boundary layer disturbance 
between the freshwater and the sea water on the aquatic biota and the benthic community should be considered. 
Of important note is the possibility of vessels generating internal waves at the fresh-salt water boundary, where 
energy which would normally be used to propel the vessel is instead used to generate and maintain internal 
waves as shown in Figure 25. 

 

 
Figure 25: Internal waves 

 
This result is known as ‘dead water’ with the speed of the internal waves dependent on the density difference, 

as well as the gravity and the depth of the fluid. Internal waves are most likely to be set up when the depth of the 
propulsion coincides with the depth of the halocline. 

Marine Pollution 
The very low nutrient system in Bathurst Harbour and Bathurst Channel must be maintained. Most waste 
dumped from vessels is likely to increase the nutrient levels and cause negative impacts on the marine 
communities. 

Marine pollution from vessels is controlled by the Tasmanian Pollution of Waters by Oil and Noxious 
Substances Act 1987, which gives effect to the International Convention for the Preventing of Pollution from 
Ships, also known as the MARPOL Convention. Annexes I (oil), II (noxious liquid substances), III (packaged 
harmful substances) and V (garbage) are in force in Tasmania’s coastal waters. Although parts of the Convention 
only apply to vessels certified to carry more than 10 people, all commercial tour vessels, regardless of their size, 
must comply with the Convention whilst within the boundary of the Southwest National Park. 

Unlike private yachts and motor cruisers, which are uncontrolled and often do not have holding facilities, 
cruise vessels are fitted to comply with international standards and meet TPWS requirements. 

Environmental Summary and Recommendations 

Summary 
Vessel generated surface waves and propeller flows were studied to assess their impact on the marine 
environment of the Port Davey–Bathurst Harbour area. 
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Cruise vessel generated surface waves in Bathurst Channel were found to pose no significant problem in 
comparison to the naturally occurring waves and storm loadings of the area. As a result the shore is unlikely to 
be damaged by the additional energies resulting from vessel generated waves caused by cruise vessels.  The 
propeller flow generated by a vessel underway was found to be reduced to an acceptable limit by maintaining 
both a minimum UKC and a minimum distance aft of the vessel. These distances are dependent upon vessel 
speed; thus limitations of this nature could be considered. Typically the larger vessels are restricted to the deeper 
channels for manoeuvrability, and maintain an acceptable distance from shore in normal circumstances, which 
supports the suggested restrictions with the inclusion of a factor of safety. 

 

Recommendations 
To minimise the disturbance caused by both vessel generated surface waves and propeller flow, the vessel 
should travel at the minimum safe manoeuvring speed. 

Assuming this speed to be generated by a single propeller turning at 50 rpm, a suggested UKC to ensure 
minimum disturbance to aquatic biota could be 3.6 m plus an assumed factor of safety. At this operating point, it 
is suggested that a minimum distance between the stern of the vessel and the shore could be maintained at 13.3 
m (plus FOS) or greater. 

Further Work 
Additional areas require further investigation; particularly the boundary layer disturbance and the effect this has 
on the halocline. All vessels are restricted by TPWS to a 5 knot limit in sensitive areas such as Melaleuca Inlet 
but vessel generated surface waves caused by small (~15 m LWL) vessels travelling above 5 knots should be 
further investigated. 

Nomenclature 
c Constant 
Cb Block Coefficient 
CD Coefficient of Drag 
Ce Energy Factor 
CM Coefficient of Inertia 
Cm Mass Factor 
D Diameter [m] 
D Draft [m] 
D Propeller diameter  [m] 
d Water depth  [m] 
DO Initial Diameter of Slipstream [m] 
E Wave Energy [kJ/m] 
Fnd Froude Depth Number 
Fnl Froude Length Number 
g Gravitational acceleration  [m/s2] 
H Wave height  [m] 
Hm Maximum Wave Height [m] 
hp Distance from propeller axis to bottom  [m] 
hv Water Depth at the Vessel Sailing Line [m] 
J Advance Coefficient 
K Shape Factor 
kr Radius of Gyration [m] 
KT(dps) Thrust Coefficient of  Ducted Propeller System 
KT(prop) Thrust Coefficient of Propeller 
Ls Vessel Waterline Length [m] 
n Number of revolutions per second of Propeller [s-1] 
pw Specific Wind Pressure [kPa] 
r Radial Distance to slipstream Axis [m] 
t Time [s] 
T(dps) Thrust of Ducted Propeller System [N] 
T(prop) Thrust of Propeller [N] 
U Horizontal Velocity Component [m/s] 
V Velocity in screw race  [m/s] 
V Vertical Velocity Component [m/s] 
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V1  Velocity at plane of Actuator disc [m/s] 
V2 Velocity infinitely far behind the Actuator disc [m/s] 
V3 Screw race initial velocity  [m/s] 
VA Axial inflow Velocity of Propeller [m/s] 
Vb Screw race induced bottom velocity  [m/s] 
VB Vertical Component of Mooring Force per Bollard [kN] 
VC Velocity of Current [m/s] 
Vmax Axial Velocity at x-axis [m/s] 
VO Axial Efflux Velocity of Propeller [m/s] 
Vs Vessel Speed over Ground [m/s] 
VW Velocity of Wind [m/s] 
VX Axial Velocity in a Field Point [m/s] 
w Displacement [t] 
X Distance from propeller disc to calculated point  [m] 
y Perpendicular Distance from the Vessel sailing line to the Measured Point [m] 
γ Constant 
δ Rudder angle  [°] 
π Pi  [3.141592654] 
ρ Density [kg/m3] 
Ф Contraction of Slipstream 

Abbreviations 
˚ Degrees 
‰ Parts per Thousand 
C Celsius 
kN Kilonewtons 
kPa Kilopascals 
m Metres 
m/s Metres/Second 
m2 Square Metres 
mm Millimetres 
t Tonnes 
tm Tonne-Metres 
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Chapter 3 

Verification of Model Predictions 

Dr Neville Barrett 

Introduction 
This chapter details the results of field trials undertaken by Tasmanian Aquaculture and Fisheries Institute 
(TAFI) investigating the wake and wash effects of vessels in the size range of particular concern.  

The trials consisted of two separate events. The first trial involved the use of current meters to measure the 
wake effects within the water column of a 104 m length vessel Polar Bird moving at slow speed (7 knots) in a 
depth of 12 m. It was the intention of this trial to validate the predictions of the wash model developed by the 
Australian Maritime College (AMC). The second trial involved monitoring the visit of a 75 m cruise vessel 
Akademic Shokalsky to Bathurst Channel after the model validation had indicated that such a visit would have no 
discernable impact. The trial consisted of observing wake and wash effects and determining the extent of 
disturbance to the substrate caused by the passage of the vessel within a specified area of Bathurst Channel and 
while the vessel turned to exit Bathurst Channel. 

Trial 1: Effect of Vessel Wake on Water Column 
The aim of this trial was to observe wake height and to make quantitative measurements of the current velocities 
established within the water column following the passage of a vessel whose length, draft and profile resembled 
that of typical ecotourism cruise vessels wishing to gain access to Bathurst Harbour. Additionally, these 
measurements were to be made at a restricted vessel speed typical of the maximum likely to be allowed within 
Bathurst Channel.  

Time restrictions existed as the trial needed to be done in advance of the Akademic Shokalsky’s planned visit 
to Port Davey at the end of 2002. The most suitable available vessel for use in this trial was the Polar Bird, an 
Antarctic supply vessel that had over-wintered at Port Huon (south of Hobart) and was due to sail to Hobart in 
mid-December to take on supplies. The Polar Bird was 104 m in length had an approximate draught of 7 m, and 
was considered by the AMC to be a suitable vessel to validate the model. 

 

Background 
The current measurements were to be made using Acoustic Doppler Current Profilers (ADCP’s) owned by TAFI 
and the CSIRO marine laboratories. The current meters were to be situated on the sea floor and activated to send 
acoustic pulses towards the surface. By measuring the timing and nature of the return echo the speed of the 
current and its direction at a range of depths throughout the water column can be analysed.  

The current meters were the only equipment available with the capability of making such measurements, 
however they have a number of limitations. They are primarily designed to average current velocities over 
periods of minutes to hours to get accurate results rather than to take instantaneous measurements at intervals of 
seconds. The TAFI current meter operates at 300 khz and has a minimum time interval of 20 seconds when 
slicing the water column into 2 m depth sections. The CSIRO meters operate at 600 kHz and can take readings at 
a minimum of 10 second intervals, with sections of 2 m thickness. The CSIRO meters can operate with sections 
below 0.5 m thickness, however this must involve a compromise with the minimum time interval. There is a 
limit to the minimum time period involved as each reading is the average of ten pulses, and a discreet interval is 
needed between pulses to prevent interference and to produce the high-energy pulse. The meters average the 
pulses internally and the individual pulse values cannot be accessed. 

 

Methodology 
The aim was to deploy three current meters in a row in water depth of 12–13 m near Port Huon and to pass the 
vessel overhead at a speed of 7 knots. The water depth was to be limited to 12–13 m, as the resolution of the 
current meters decreases in proportion to the range of depths sampled, and this depth range was the range of 
most interest for model validation and it was our intention to maximise the available resolution of measurements. 
Following the initial pass it was hoped that the vessel could be stopped so that the current meters could be 
redeployed behind the vessel, with the vessel then making a ‘standing start’ typical of that used in real situations 
when a vessel moves from an anchored position. As the model was based on turbulence produced by various 
power outputs from a stationary vessel, this test would provide the best validation. Finally, it was planned to 
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download the data to check that the trial had worked, and then to redeploy the meters ahead of the vessel as it 
proceeded up the D’Entrecasteaux Channel (into suitable water depth) to obtain replicate readings.  

Prior to departure, the voyage plan of the Polar Bird altered, and the vessel was not able to assist with a stop-
start trial. This limited the current meter trial to a simple overhead pass involving the three current meters. 

The three current meters were deployed at Port Huon in a straight line at a depth of 13 m, approximately 
1 km from the Port Huon Wharf. Marker buoys were positioned before and after the meters to allow the Ports 
Authority Pilot onboard the Polar Bird to navigate correctly. Additional buoys marking the position of each 
meter were set 50 m off the navigation line to further assist with accurate navigation, and to ensure the vessel 
had passed directly over the top of each meter. While being deployed, one of the CSIRO meters failed to switch 
on, which required reprogramming on location. This was done, but unfortunately as the unit was new and 
untested, the software supplied to CSIRO was outdated and would not allow the meter to be used in its highest 
resolution mode. Consequently, sampling intervals were restricted to 20 seconds rather than the planned 10 
second interval. Following deployment, the vessel passed successfully overhead at a speed of 6.8 knots. The 
current meters were recovered and the data was successfully unloaded. 

 

Results 
Initial observations of the passage of the vessel at 7 knots indicated that wake height immediately behind the 
vessel was minimal and between 10 and 20 cm high. This was reduced to below 5 cm as it reached our vessel 
located at 50 m from the centreline of the vessel. There was also no indication of a sediment plume extending 
behind the vessel, and the extent of visible turbulence was approximately 20 m although it was not possible to 
measure this at the time. Initially a remote video was to be deployed to assess the extent of resuspension of 
sediments by the passage of the vessel in 13 m of water, however the delays caused by the current meter 
reprogramming prevented deployment of the video in time for the ship’s passage. 

A pictorial representation of the outputs from the highest resolution meter is shown in Figure 26. Essentially 
the values indicate a relatively fast upstream flowing surface current, and a slow downstream flowing bottom 
current extending from a depth of approximately 3 m to the seabed. These counter current flows are typical of a 
stratified estuarine system such as the Huon River at Port Huon, with stratification due to the outflow of 
freshwater from the river, and perhaps enhanced by surface heating. At the time of the trial (approx 1600 hours) 
the tide was outgoing (high at Port Huon at 1507 hours), with the surface flow presumably being driven 
upstream by a strong sea breeze present at the time. The passage of the vessel was indicated in the data by both a 
sharp increase in water speed and also a shift in the direction of water flow. For most of the water column this 
change in direction was approximately 180 degrees although it was also highly variable, presumably due to the 
turbulent flow. The actual change in water velocity was restricted to one or two lines of data, corresponding to a 
20 second to 60 second period depending on when individual meters were sampling. This indicates that the 
turbulence effects were of limited duration, with recovery to normal flows being established within a sixty-
second time frame. The highest flows were recorded on the 600 kHz ADCP set for 20-second intervals. This was 
expected as the peak turbulence would occur over a short time period (seconds), and extended sampling periods 
would dilute this peak value with background flow. The highest measured flows were approximately 
320 mm/sec (calculated as the vector sum of flows taking into account the differing directions of flow before and 
during the peak, Table 10, Figure 26) and extended throughout the water column. The recorded peak flow would 
undoubtedly have been higher if the 600 kHz unit had been able to be operated at 10 second intervals and may 
have given better resolution of differences between sections of the water column. The constant peak value given 
by this meter between the upper and lower sections sampled is of some concern, as an attenuation of velocity 
towards the lower sections would be expected. The other two meters did show attenuation with depth (Tables 10 
& 11) following a peak at a depth of 6m, possibly corresponding to the lower depth of the propeller blade.  

As a considerable vertical component to the turbulence was possible, sufficient to disturb bottom sediments, 
this component was also examined. The results from all three meters were similar with the output from the 
CSIRO 600 kHz ADCP set at 20 second intervals shown in the bottom three plots of Figure 26. While a small 
vertical shear of up to 30 mm/sec was detected at 6.5–8 m above the meter, this had declined to background 
values at 1.5–3 m above the meter, suggesting there was little evidence of vertical turbulence reaching the 
seabed. 



IMPACT OF CRUISE SHIP TURBULENCE ON BENTHIC COMMUNITIES 
 
 

 37

 
Table 10: ADCP current meter data obtained from the TAFI 300 kHz unit during propeller turbulence 

trials on the Polar Bird 

Speed (mm/sec) Direction (Degrees) 

10-12m 8-10m 6-8m 4-6m 2-4m 10-12m 8-10m 6-8m 4-6m 2-4m 
Height 
Time 

Bin 5 Bin 4 Bin 3 Bin 2 Bin 1 Bin 5 Bin 4 Bin 3 Bin 2 Bin 1 
15:57:28 450 322 37 37 57 96.9 92 20.4 3.1 13.3 
15:57:49 415 321 34 42 50 99 98.1 17.4 0 348.5 
15:58:10 465 364 63 55 56 91.5 87.5 10.1 9.5 348.7 
15:58:30 432 329 57 49 45 94.1 93.5 24.8 12.9 7.6 
15:58:51 523 394 35 52 55 92 88.8 22.1 20.2 0 
15:59:12 441 351 54 33 56 91.2 86.2 14 19.5 353.9 
15:59:32 452 358 43 50 57 79.4 80.4 350.5 355.4 14.3 
15:59:53 435 326 53 42 60 66.9 63.7 10.9 342 353.3 
16:00:13 441 359 59 59 51 67.7 61.1 16.9 352.1 2.2 
16:00:34 385 315 46 72 50 68.7 61.7 355 351.2 5.7 
16:00:55 354 295 49 56 50 73.1 64 20.3 353.9 350.7 
16:01:15 360 312 38 34 61 68.3 62.7 3 346.4 9.5 
16:01:36 335 276 14 8 49 73.2 72.9 329.7 309.8 351.7 
16:01:57 114 140 188 176 161 46.1 44.4 291.5 293.5 299 
16:02:18 172 173 239 194 190 43.3 39.6 41.8 38.1 28.3 
16:02:38 312 232 24 30 29 63.9 56.8 67.8 49 53.5 
16:02:59 396 305 21 33 41 60.2 59.9 340.7 349.4 4.2 
16:03:20 388 314 40 36 52 70.9 64.9 357.1 12.9 6.6 
16:03:41 389 305 20 47 54 62.2 57.9 5.7 13.4 16.1 
16:04:01 226 181 53 64 65 75.4 63.7 13 353.8 0 
16:04:22 103 106 62 69 68 131.4 130.4 85.4 45.6 26.9 
16:04:43 153 96 39 61 63 117.6 113.9 351.3 22 28.6 
16:05:04 180 176 49 51 47 95.7 89.7 9.5 357.8 6.1 
16:05:24 183 154 58 49 70 70.2 68.3 12.8 3.5 14.8 
16:05:45 235 214 64 59 77 80.2 75.1 23.8 26.1 27.9 

Data has two components, horizontal speed and direction, with sampling at 20-second intervals and 2 m thick water 
column sections. Note “height’ refers to height above the seabed. As the seabed was at 13m, Bin 5 is at 1-3m depth. 

 
 
 
 
 
 



Case study in Tasmania’s south-west 
 
 

 38

 
 

Figure 26: Graphical view of ADCP current meter data obtained from the TAFI 300 kHz ADCP unit 
during propeller turbulence trials on the Polar Bird 

 
Refer to Table 10 for individual details. Note the ‘event’ is at Ensemble 605. 
 
Table 11: ADCP current meter data obtained from the CSIRO 600 kHz ADCP unit set at 30-second 

sampling intervals with 1 m depth intervals during propeller turbulence trials on the Polar Bird 

Speed (mm/sec) Direction (Degrees) 

9 8 7 6 5 4 3 2 1 9 8 7 6 5 4 3 2 1 
Height 
Time 

Bin 9 Bin 8 Bin 7 Bin 6 Bin 5 Bin 4 Bin 3 Bin 2 Bin 1 Bin 9 Bin 8 Bin 7 Bin 6 Bin 5 Bin 4 Bin 3 Bin 2 Bin 1 

15:57:01 254 36 40 55 51 57 58 58 47 171 48.4 48 58.3 29.1 29.2 35.9 45 45.9

15:57:31 296 39 35 46 49 56 61 62 51 170 57.5 36.9 29.9 35.9 28.9 35 46.3 41.8

15:58:01 281 51 50 58 62 60 65 70 60 163 62.9 46.6 52 47 25.7 46.2 55.4 45.7

15:58:31 304 45 54 58 57 63 61 66 57 168 50.4 43.5 49.2 42.9 36 36.3 30.1 44.3

15:59:01 229 44 55 48 65 45 54 54 45 160 54.2 48.7 37.3 34.9 32.3 37.5 36 41.4

15:59:31 181 47 40 43 68 57 60 61 44 148 56.3 47 28.9 40.2 36.5 35.5 46.3 27.1

16:00:01 96 45 49 54 48 64 57 66 47 155 53.1 50.8 52.5 34 33.4 37.9 46.8 51.9

16:00:31 130 47 42 49 53 65 52 63 44 135 44.1 53.7 40.9 37.3 28.5 39.5 40.5 36.6

16:01:01 120 43 37 27 36 54 57 48 35 152 37.4 49.4 33.1 35.9 36.7 42.9 51 46.2

16:01:31 150 82 73 67 69 59 42 41 28 181 252 252 252 268 275 274 262 293

16:02:01 116 273 305 202 219 209 211 207 200 137 58.9 53.8 39.8 26.9 21.9 17.4 14.6 12.4

16:02:31 148 15 17 12 24 36 30 42 37 155 78.7 40.2 104 94.8 78.7 68.6 90 85.4

16:03:01 247 86 72 68 44 57 59 54 43 173 106 96.3 77.2 58.1 53.5 44.3 53.3 48.8

16:03:31 167 23 82 53 65 67 61 63 54 235 198 64.1 50.3 36.9 36.5 42.3 52.8 51

16:04:01 173 21 59 58 57 54 69 83 57 227 242 51.2 38.7 46.4 51 52.6 55.3 58.5

16:04:31 90 17 45 75 48 60 56 73 55 209 332 69.1 66.5 51.7 34.8 41.4 46.7 51.7

16:05:01 87 35 66 59 52 55 58 55 52 204 130 92.6 70 55.1 48.7 33.7 48.7 47.4

16:05:31 49 53 75 44 50 62 61 64 66 218 95.4 90.8 64.6 48.3 36.5 45 43.7 51.7

16:06:01 68 46 73 65 65 52 71 71 62 213 85 81.3 65.4 47.5 32.5 43.3 48.4 50.9

16:06:31 136 64 72 62 72 69 61 75 69 194 80.1 69.5 58.9 41 37.4 45 51 42
Data has two components, horizontal speed and direction. Note all ‘height’ refers to height above the seabed. As the seabed 
was at 13m, Bin 5 was a 1 m section centred at 5 m depth. 
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Table 12: ADCP current meter data obtained from the CSIRO 600 kHz ADCP unit set at 20-second 
sampling intervals with 1.5 m depth intervals during propeller turbulence trials on the Polar Bird 

Speed (mm/sec) Direction (Degrees) 
8.5-10 7.0-8.5 6.0-7.5 4.5-6 3-4.5 1.5-3 8.5-10 7.0-8.5 6.0-7.5 4.5-6 3-4.5 1.5-3 

Height 
Time 

Bin 6 Bin 5 Bin 4 Bin 3 Bin 2 Bin 1 Bin 6 Bin 5 Bin 4 Bin 3 Bin 2 Bin 1 
2:00:38 139 52 44 55 52 62 80.1 41.9 25.4 28 23.6 43
2:00:58 121 49 42 48 57 62 80.5 42.5 49.8 12 27 32.4
2:01:18 115 47 46 45 45 51 83 23.8 36.1 23.7 18 45
2:01:38 92 33 40 51 42 61 94.4 42.5 34.9 33.1 24.1 19
2:01:58 81 39 45 51 40 52 133.5 239.5 258.4 270 287.5 266.7
2:02:18 112 269 268 281 278 265 323.3 347.8 347.7 344.1 345.9 345.3
2:02:38 164 160 144 141 109 127 135 100.8 97.2 89.2 89.5 91.4
2:02:58 225 16 27 29 29 26 115.9 307.6 338.2 22.2 24.8 30.6
2:03:18 232 27 29 30 41 54 126.4 2.1 7.9 11.7 25.9 31.3
2:03:38 213 16 64 40 40 64 141.1 119.7 36.7 42 45 41.2
2:03:58 122 7 91 71 73 74 188 105.9 58.9 57.7 34.3 46.6
2:04:18 111 51 68 62 64 67 209.8 322.2 63.8 58.1 45.6 49.9
2:04:38 114 37 48 56 55 72 149 240.6 78 51.5 34.6 61.6
2:04:58 111 36 29 43 56 65 152.7 162.1 65.2 39.3 39.9 51.2
2:05:18 99 40 47 51 63 64 160.5 49.1 47.6 37.8 38 37.4
2:05:38 87 24 64 67 49 67 195.3 65.6 53.3 38.9 26.6 48
2:05:58 124 38 51 51 65 60 166.5 61.4 45 18.4 33.7 30
2:06:18 68 52 61 53 68 57 161 45.8 37.1 21.2 30 45.7
2:06:38 89 61 61 67 69 59 183.9 65.9 38.4 32.7 35.5 36.7
2:06:58 92 61 66 68 80 57 158.2 33.7 37 31.8 26.6 35.7
2:07:18 140 38 56 51 73 74 142 19.9 22 37.8 26.9 32.8

Data has two components, horizontal speed and direction. Note all “height’ refers to height above the seabed. As 
the seabed was at 13m, Bin 6 was at a depth of 3-4.5 m below the surface. 

 
Discussion 
On the basis of the current meter trial it was difficult to form firm conclusions. However, one clear result was 
that the pulse of turbulence resulting from the Polar Bird passing at a constant seven knots (approximating half 
power) was of short duration and could not be detected above background levels after a period of sixty seconds. 
The peak magnitude of this pulse is not able to be accurately determined however, as the ACDP’s averaged 
currents over time periods ranging from 20 to 30 seconds and therefore the peak velocity was somewhat masked 
by the background levels which were also measured during this time interval. In addition, it is not known to what 
extent the physical presence of the vessel itself influenced the readings during its passage. While the CSIRO 
current meters had the capacity to measure time durations down to ten second averages, this was not achieved 
during the trial due to a programming error. It was the first time these meters had ever been used in their high-
resolution mode and both CSIRO and TAFI staff had yet developed the skills and software to reprogram the 
equipment in the field. It is likely that measurements in this time frame would give results sufficiently close to 
peak values to be useful in the model validation, and it is recommended that any further trial ensure 
measurements are made over this time interval. A rough estimation of the peak change in flow from background 
levels over a 10 second period, can be estimated by the difference between the 20 and 30 second interval 
averages of the two 600 kHz units. This required a detailed vector analysis of changes in velocity and direction, 
however the ten-second average would be in the order of 600 mm/sec.  

Notably, there was only a slight reduction in peak current velocity with depth. This was presumably due to 
the significant draught of the vessel (7 m) in comparison to the total water column depth (13 m). While the 
results of readings over this depth range seemed sufficient for model validation of that component, the lack of 
empirical estimates of current velocity attenuation with depth meant that the model’s estimate of this factor 
could not be tested. It is recommended that if an additional trial is conducted for further model validation, that 
tests be undertaken in depths of 20–30m to gain empirical values for the coefficient of attenuation with depth, in 
addition to trials in shallow water where the meters perform at their highest resolution. This would be of some 
direct value as this is the typical depth range of the navigation channel in Bathurst Channel.  
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As the magnitude of the vertical component of propeller turbulence appeared to have been reduced to 
background levels in the water immediately above the meters, this suggested that the horizontal component is the 
parameter of interest when examining potential impacts in equivalent depth waters. 

Observations of the wake of the vessel while passing over the current meters at seven knots, suggested that 
this speed (approximately half power for the Polar Bird) wake effects would be minimal.  

 

Summary 
In summary, the Polar Bird trial provided some empirical results on propeller-induced turbulence within the 
water column that were of use by the AMC in model validation. The results also indicated the period that this 
turbulence could be detected was less than 60 seconds, and that the vertical component of the turbulence was 
minimal at a depth of 12 m. As the time period that average currents were measured over (20-30 seconds) may 
have been long compared to the duration (unknown) of peak velocities, it is recommended that a similar trial be 
conducted with meters measuring over 10 second periods to better estimate peak flows. Likewise, as only a 
small attenuation in peak horizontal velocity with depth was recorded over the range examined, a further trial 
would ideally also examine current flows over a greater depth range. Observations of vessel wake of a vessel 
size and speed typical of a cruise ship navigating in Bathurst Channel suggested that if vessel speed were 
restricted, any wake would be very small and contain less energy than the natural wind driven waves within the 
Channel. 

Trial 2: Visit of Akademic Shokalsky to Bathurst Channel 
Following the assessment of the current meter results by the AMC, it was advised that the measured currents 
were less than that predicted by the model that had been developed, and consequently the model estimates were 
a valid basis for assessing potential impacts of turbulence. Representatives of TPWS, AMC, Hobart Ports 
Corporation, MAST, TAFI and the University of Tasmania met following the trial to assess the results. It was 
decided to recommend the visit to Bathurst Channel by the cruise vessel Akademic Shokalsky, a vessel of 
approximately 75 m length and 5 m draught. Following advice that the impact of the visit by the Akademic 
Shokalsky was likely to be minimal, permission was granted by TPWS and the trial was conducted to allow 
TAFI staff to make an in situ assessment of the impacts of turbulence and wake created by the vessel within 
Bathurst Channel.  

 

Methods 
The intention of the trial was to allow the vessel to proceed approximately 7 km up Bathurst Channel within the 
deep-water centre of the Channel at a maximum speed of 7 knots. The vessel would then stop, complete a 180 
degree turn within the channel and anchor in the centre of the Channel at a site approximately 500 m due south 
of Little Woody Island at the entrance of Joe Page Bay, before returning to Port Davey the following day. This 
passage would keep the vessel in water of a depth of 25–45 m at all times and keep a distance of at least 500 m 
from the shallow (12 m or less) banks of the Channel where turbulence or wake may cause re-suspension of 
sediments. The anchorage and turning point had been carefully selected and while turning at the anchorage the 
intention was to keep to the centre of the Channel where possible, keeping the maximum possible distance 
between wash from propellers (including thrusters) and the Channel banks.  

TAFI staff were to assess the trial by visiting the turning site on the day prior to the visit, taking underwater 
video footage of the 25 m deep anchorage area and adjacent sediment banks in 12 m of water to ascertain 
turbidity levels. They were to also examine levels of turbidity in the narrow passage between Munday Island and 
Forrester Point. This is a narrow but deepwater passage where the vessel must pass within 250 m of the shoreline 
and where wake effects were likely to be important, if present.  

On the day of the trial TAFI staff were to observe the passage of the vessel past Munday Island, taking video 
footage underwater and on the surface. They were then to follow the vessel up the Channel and to observe it 
turning within Joe Page Bay. This was to be followed by a video assessment of water-column turbidity in the 
turning zone below the vessel, and a similar assessment on the adjacent channel banks. It was also the intention 
to observe the departure of the vessel and if necessary dive and record turbidity levels if additional propulsive 
force (relative to that used during the turn conducted the previous day) was needed to allow the vessel to get 
safely underway.  

 

Results 
TAFI and a Tasmanian Parks and Wildlife Service (TPWS) ranger flew into Melaleuca and travelled to the 
chosen anchorage location. The water conditions and seafloor at this location (25 m deep) and the 12 m deep 
channel banks on either side of the anchorage site were recorded on video. Typical water column clarity and 
bottom sediment conditions were observed and recorded. 
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The divers then travelled to Munday Island where the underwater conditions were videoed at a range of 
depths from the surface to 25 m. The following morning the divers travelled from Melaleuca to the entrance of 
Bathurst Channel to meet the Akademic Shokalsky. At the time there was a constant 20–25 knot WSW wind with 
infrequent squalls gusting to 30 knots. Wind speeds recorded at the nearby weather station at Low Rocky Point 
indicated ten-minute averages were between 35 to 40 km/h from the WSW throughout the morning, decreasing 
to between 37 to 22 km/h throughout the afternoon. The master of the Akademic Shokalsky decided that 
navigating within the narrow waters in Bathurst Channel at such wind-speeds was potentially unsafe and 
therefore the trial was delayed until safe wind-speeds were reached the following day.  

The following day the Akademic Shokalsky proceeded into Bathurst Channel passing through the narrow 
passage between Munday Island and Forrester Point at a speed of between 6–7 knots, with the wake and wash 
effects observed and recorded. The wake immediately behind the vessel was exceptionally small (approximately 
10 cm) and could not be readily detected above background levels as it reached the shoreline. No propeller 
turbulence was detected on the seabed. This was assessed by a diver examining the channel slope from depths of 
25 m to the shoreline for a 10-minute period following passage of the vessel. 

Following the completion of the Munday Island survey, the Akademic Shokalsky was followed up the 
Channel to the designated anchorage location. Through footage collected and observations, the turbulence 
visible behind the vessel during passage was relatively small, and extended for approximately 25 m. As the 
vessel approached the turning location power was reduced and little propulsion was used over the last kilometre 
of travel. The initial component of the turn was completed mostly using forward momentum and a small amount 
of thruster power, with the thruster power increasing to a maximum when the vessel had turned by 
approximately 90 degrees. The thruster was then used at what appeared to be maximum power until the vessel 
had reached approximately 150 degrees through the turn when it dropped anchor. At no time during the turn was 
the main propeller used. At the time the anchor was dropped the vessel was being strongly influenced by an 
outgoing surface current and a 15 knot side wind, and would have needed to use extra power to fully complete 
the turn and to remain near the centre of the Channel. As little stern propulsion was used in the glide to the 
turning point, and only thrusters were used during the turn, no water column impacts were expected. While the 
thrusters were used at full power for part of the turn the turbulence from these was not evident at more than 25 m 
from the vessel and remained in a small arc of influence. The TAFI divers conducted and recorded video surveys 
of the adjacent channel banks at the locations surveyed the previous day, including under the vessel, however no 
evidence of disturbance was detected on the seafloor under the vessel. The anchor chain was inspected for the 
degree of sediment resuspension as the vessel swung 150 degrees into the outgoing surface water and this impact 
appeared to be minimal, with little sediment re-suspension being evident. 

It would have been optimal to have observed the departure of the vessel as more propulsive force would 
certainly have been necessary to both turn the vessel and get underway, resulting in an increased chance of 
causing a detectable effect. However, the unplanned delay in timing of the trial, and an inability to reschedule 
flights, required TAFI and TPWS staff to depart prior to this. 

 

Discussion  
The results of the field trial suggested that under optimal conditions, including low wind-speeds, navigation 
restricted to the deep-water channel and with all possible effort made to minimise turbulence during transit and 
turning, vessels of a length and displacement similar to the Akademic Shokalsky may be able to navigate within 
sections of Bathurst Channel with minimal disturbance to the marine environment. The wake generated by the 
vessel at speeds of approximately 7 knots was small and unlikely to be problematic. Likewise the propeller 
turbulence effects did not appear to be sufficient to cause re-suspension of sediments when navigation was 
within the centre of the main deep-water channel or when turning under optimal conditions.  

The caveat to this is that the full 180 degree turn intended to be observed at the anchorage site within Joe 
Page Bay was not completed during the trial, and there remains the possibility that a greater degree of 
disturbance may have been generated if this had occurred. The process of anchoring and swinging at anchor 
under low wind conditions was observed and appeared to cause little impact. 

If vessels are to be permitted to visit this area on a regular basis, additional trials, involving complete turns 
and involving vessels navigating under a range of conditions up to the worst case scenario (of strong winds and 
currents during navigation, turning and anchoring) would need to be undertaken before there could be any 
certainty about the likely impacts of such visits. Ideally, such trials would also examine the extent (if any) of 
sediment disturbance in the shallower sections of the main navigation channel created by the vessel navigation at 
its maximum permitted speed. This information was not obtained during this trial due to the limited time 
available between the vessel entering the Channel and reaching the anchorage, and the necessity to make and 
record observations at both Munday Island and the anchorage site.  
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Summary 
In summary, it is likely that under optimal conditions, vessels similar in size to the Akademic Shokalsky (75 m 
length, 5 m draught) can be navigated in Bathurst Channel between Port Davey and Joe Page Bay without 
creating undue disturbance to this sensitive ecosystem. Optimal conditions include remaining within the deepest 
part of the navigation channel at all times, operation under low wind conditions, maintaining the minimum 
vessel speed needed for safe navigation, and turning with due care and the absolute minimum power necessary to 
complete the turn. It is recommended that all future visits adhere to a similar operating procedure. The actions of 
the master of the Akademic Shokalsky in choosing not to enter the channel under strong wind conditions is a 
clear indication that wind-speeds between 30–40 km/h recorded or predicted for Low Rocky Point may be 
unacceptably high for safe (or minimum impact) navigation of large vessels within the Channel, and it may be 
prudent to incorporate this observation into future permit conditions. The combination of optimal conditions and 
an incomplete set of observations during the trial mean that there is no guarantee that all future visits will have 
minimum impact. It is recommended that the undertaking of additional observations be made as a component of 
permit conditions until vessels engaged in both a full trial, and operation under worst case conditions, have been 
shown to create little impact. 
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Chapter 4  

Dissemination of Research Outcomes  

The Port Davey–Bathurst Harbour area comprises part of the globally valued Tasmanian Wilderness World 
Heritage Area (TWWHA). Many Tasmanians have strong emotional and protective attitudes towards the use and 
management of the area, yet the marine values of the area have remained relatively unknown until recently. In 
recent years the issue of cruise ship visitation to the Port Davey–Bathurst Harbour area has been associated with 
an emotional and public debate regarding the hypothesized environmental implications of such visits.  

The completion of the STCRC funded research Wilderness Cruising: turbulence, cruise ships and benthic 
communities, in 2003, provided evidence that cruise vessels (subject to restrictions depending on each the 
configuration of individual ships) would not cause discernable negative impacts to the sensitive marine 
environment of Port Davey–Bathurst Harbour. 

To maximise the benefits of the STCRC funded research, the research outcomes were disseminated together 
with information concerning the important marine values of the area and the need for sustainable visitation. The 
key elements in the dissemination process were the development of a web site and an associated promotional 
poster to enhance public understanding of the research outcomes and the sustainability of future cruise ship 
tourism in the Port Davey Marine Protected Area. Further dissemination of the results has occurred through three 
presentations at national conferences and a journal article (currently in print). 

Introduction 
The dissemination of the research outcomes from the research project (Wilderness Cruising: turbulence, cruise 
ships and benthic communities) was initiated to further increase public understanding of the unique values of the 
area and to explain the outcomes of the research and the sustainability of cruise ship tourism in the Port Davey–
Bathurst Harbour area. 

The development of a website allowed the research outcomes to be disseminated internationally and for 
subsequent additional material to be added relatively cheaply. The website has provided the opportunity to 
highlight the STCRC research, provide educational material about the unusual marine environment, appropriate 
management practices and the applicability of sustainable cruise tourism in such a sensitive area. The website 
was incorporated into the existing Parks and Wildlife Service website as this was the most logical location for 
both users searching for information regarding the management of the area and allow ongoing maintenance of 
the website. 

The creation of a promotional poster was intended to draw interest to the website, the unique values, research 
outcomes and future management of the Port Davey–Bathurst Harbour area. The posters provided a tool for the 
Parks and Wildlife Service to highlight in their own dissemination process with schools, yacht clubs and local 
clubs and associations.  

Method 
A steering committee supervised the dissemination section of this project. The committee comprised 
representatives from MAST, CSIRO, TPWS, DPIWE (Nature Conservation Branch) and the University of 
Tasmania (TAFI and the Tourism Program). The first meeting clarified the aims of the dissemination process 
concerning the research outcomes and the most appropriate mediums. It was determined that the dissemination 
of information would not focus on the promotion of the area in terms of encouraging visitation, but would 
inform the public about the reasons Port Davey is considered to have a special and unusual marine environment 
that has resulted in its protection as a MPA and consequently the need for the comprehensive research into the 
impacts of cruise ship tourism and importance of sustainable tourism in the area. 

 

Website 
Due to the broad range of stakeholders (schools, recreational fisher-people, yacht and motor cruiser visitors, 
divers, bushwalkers and other groups, including international researchers) it was decided that a globally 
accessible website would be the most effective means to reach such a diverse stakeholder group. As TPWS are 
the managers of the area and already had an extensive website, including terrestrial aspects concerning the 
TWWHA, the website produced as part of this project was amalgamated into their website. TPWS were 
committed to the ongoing management and maintenance of the website, and would be able to ensure information 
was updated and extended in the future. Importantly, it also enabled an ongoing ability for readers to make 
enquiries or access further information. Incorporating the results of this research and information regarding the 
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importance of the marine area and need for sustainable tourism research within the managing agency’s website 
meant the research was in a logical location for users searching for further information. 

To ensure the website was covering the correct management messages, and accurately interpreting the unique 
marine flora, fauna and environment, the compiled text was provided to each member of the steering committee 
for comment. Following feedback and comments from the steering committee, the text was also forwarded to 
key stakeholder groups including, the Tasmanian Fishing Industry Council (TFIC) to ensure relevant areas were 
discussed appropriately. 

 

Graphics 
In order to make the website relevant and engaging, video footage was purchased as a means to visually 
highlight the unusual marine creatures and flora that reside in the marine environment. Still photographs were 
also purchased to visually enhance the promotional poster and the website. Maps were created to provide 
geographical reference for the area, relative to Tasmania, Bathurst Channel, Port Davey and Bathurst Harbour. 
To assist in management, maps that highlighted restricted fishing and sanctuary zones were also incorporated 
into the website. Graphical representations of the water column and associated flora and fauna communities from 
various sites within Port Davey–Bathurst Harbour were developed to highlight the unusual features associated 
with the water column.  

 

Poster 
The role and usage of a promotional poster was discussed and was supported by representatives of the steering 
committee. Posters were produced to promote awareness of the website and the production of a poster was also 
seen as an effective educational tool and would be used by the Parks and Wildlife Service Interpretation section. 
The poster was designed with two linking themes: the first related to the unique marine values of the area and the 
second to the management of the area. Members of the steering group were involved in the creation of the poster 
to ensure relevant messages were displayed, and to provide graphic design advice. 

Results 
The development of the website (www.parks.tas.gov.au/marine/port_davey) was incorporated into the TPWS 
website in December 2004. The text is included in Appendix A. 

One thousand posters (Appendix B) were printed. Some of these were distributed to the representatives on 
the steering committee to send to their relevant stakeholder groups. Targeted recipients included high schools, 
secondary colleges, yacht clubs, field naturalist organisations, recreational and commercial fishing organisations, 
dive shops, TPWS visitor centres and maritime equipment shops. The remaining posters were used by the TPWS 
– Interpretation Section. 

Discussion 
The development of the website and promotional poster provide an ideal opportunity to educate the general 
public, recreational and commercial users about the unique values of the Port Davey–Bathurst Harbour area and 
the appropriate management and research undertaken to ensure cruise ship tourism was appropriate. The aim was 
to not only inform people about the relationship between cruise ship visits and sustainable tourism but to 
promote sustainable tourism and minimal impact behaviours in all types of visitors.  

The timing of the dissemination was organised to facilitate the peak visitation period to the area, summer 
2005. Through the poster and website, there were opportunities to inform the users and general public of the 
STCRC research, the outcomes and the appropriate practices that will ensure the sustainability and longevity of 
accessing the Port Davey–Bathurst Harbour area. 

Members of the steering committee used both the website and posters to disseminate information relating to 
the soon to be officially legislated Port Davey MPA, knowing the information and research outcomes were 
factual, accurate and informative. 

The opportunity to acknowledge the contribution of financial resources from the STCRC to a scientific 
research program that has benefited the environment, and promoted sustainable tourism and influenced 
management practices was a positive outcome, and has now been well publicised through the website and 
promotional poster. 

Similarly, the provision of educational resources and information available globally through the World Wide 
Web will benefit the future of cruise ship tourism in Tasmania, in particular the Port Davey–Bathurst Harbour 
area. The clarification of perceptions of impacts of cruise tourism via accurate scientific research and outcomes 
has the potential to influence management practices and public discussions. 
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Chapter 5 

Outcomes and opportunities 

This research enabled TPWS to have the additional information needed to finalise the draft Guidelines for the 
Preparation of Licences for Commercial Vessels Operating in Port Davey–Bathurst Harbour. The Guidelines 
were completed in 2004 and all cruise ship applications to enter Bathurst Channel will now be assessed using the 
model developed by this research. For precautionary reasons no more than seven ships will be permitted into 
Bathurst Channel over a two-year period. An overall ship limit of 120 m and/or draught of 7 m were also 
applied. All cruise shipping must stay in the deepest section of the Channel and an anchorage site has been 
identified.  

Despite the limitations and site-specific nature of this research, the wider applications of this model are 
already apparent. Although the focus of this research was confined to cruise ships, as these are the only type of 
shipping requiring a permit from TPWS to travel in the area, the need to better understand the potential 
environmental impacts of shipping has been extended. Sites where the passage of a ship may impact sensitive 
shallow water environments may require similar research or consideration.  

This research demonstrates a way of examining the pocket of turbulence created by the passage of a ship and 
this may help existing research examining the extent ship’s turbulence may influence the spread of any pollutant 
originating from a ship (particularly with respect to depth). Further application is also evident. Aquaculture 
farms can be affected if the transit of ships nearby stirs up bottom sediments causing problems to water quality. 
This model would allow detailed analysis of this problem. The research may also be relevant to researchers 
undertaking specimen collection behind a moving ship. 

Conclusions 
For estimating the impacts of shipping on sensitive benthic marine habitats, the development of a model to 
predict the turbulence pocket created by a specific ship was seen as far more exact and helpful than restrictions 
based only on length, draught or tonnage. Although these are factors in determining turbulence, other critical 
factors such as propeller size and ship speed must also be considered. In a World Heritage Area where tourism is 
important, the marine conservation values are high and the area is sensitive to disturbance, a more considered 
approach was deemed essential to allow appropriate licensing for cruise shipping.  

Although it is time consuming to consider the specifics of each ship, few cruise ship applications to enter the 
TWWHA are currently received, and therefore this licensing process was considered appropriate as it allowed 
the potential effect of each cruise ship to be assessed objectively, and for clear and consistent guidelines for 
licenses to be developed. The clarification of the licensing process will also allow Cruise Tasmania to develop an 
appropriate marketing plan for expedition cruise ships, encourage cruise ships to visit suitable sites (and not visit 
unsuitable sites) and help maintain environmentally sustainable tourism. 

The model was not validated in full scale, due to time, financial, and equipment limitations but this would be 
a valuable extension of this work. Further research on the hydrography of the Port Davey–Bathurst Channel area 
is also needed to determine background water velocities in sensitive areas. In addition, long term monitoring of 
the area is considered a vital component in ensuring no cumulative impacts occur and long term sustainability of 
visitation by cruise ships can be ensured. 
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APPENDIX A: Website text 
The following text was included in the Tasmanian Parks and Wildlife Port Davey–Bathurst Harbour marine 
protected area website (www.parks.tas.gov.au/marine/port_davey). Online, the text links to numerous pages on 
the website and includes images, underwater video footage, maps and diagrams to visually expand on the text. 
Such links have been identified and included in the text below (aligned right and in bold). 
 
INTRODUCTION 
The island state of Tasmania has approximately 5,400 km of coastline; more coastline per unit area than any 
other state in Australia. Tasmania’s marine environment is unique because of its high bio-diversity, a result of 
influences from ocean currents, varying climate and geographical position. Such diversity is apparent when 
observing the coastline, where any number of sandy beaches, rocky reefs, cliffs, estuaries, natural harbours and 
open coasts can be encountered. Similarly the marine environment is a rich community of kelp forests, seagrass 
beds and sponge gardens, each attracting a vast array of fish and invertebrate species. 

The Tasmanian Government recognised the need to formally conserve and protect the full range of marine 
ecosystems, habitats and species found throughout Tasmania’s coastline and since 1991 has declared seven 
marine protected areas around Tasmania.  

Link to map with MPA 
 
WHAT IS A MARINE PROTECTED AREA (MPA)? 
The Tasmanian Government’s marine conservation strategy of the early 1990s has expanded to more fully 
protect the marine environment of Tasmania, in the development of the Tasmanian Marine Protected Area 
Strategy 2001. The Strategy provides a systematic and formal approach to protecting Tasmania’s marine 
environment.  

Under the National Parks and Reserves Management Act 2002 and the Nature Conservation Act 2002, MPAs 
can be provided for within a conservation area, nature reserve, State reserve or national park, however the water 
column and marine content is not protected until the Fisheries Act is proclaimed. The MPAs of Port Davey–
Bathurst Harbour and the Kent Group of islands – involve extensions of the South West and Kent Group 
National Park boundaries, respectively, to include the marine environment and are expected to be officially 
announced in 2004. 

An MPA is primarily established for the conservation of biodiversity. However, the site can also be managed 
for a variety of purposes while still protecting the environment: i.e. for conservation, fisheries management, 
research, education, tourism or a combination of these purposes. 

 
Port Davey-Bathurst Harbour MPA 
The marine area Port Davey–Bathurst Harbour comprises 17,000 ha of the Southwest National Park and the 
Tasmanian Wilderness World Heritage Area. 

Link to Wilderness World Heritage Area 
Link to location map  

 
Port Davey, Bathurst Channel and Bathurst Harbour together form a large estuarine and coastal embayment 

on the southwest coast of Tasmania. Between Macquarie Harbour on Tasmania’s west coast and Recherche Bay 
on the southeast coast, a distance of 250 km of coastline, Bathurst Harbour is the only sheltered inlet. 
 
WHY SO SPECIAL? 
If nothing was known about the unusual biological and physical aspects of Port Davey–Bathurst Harbour, it 
would still be considered unique, as it the only harbour in southern Australia where marine and estuarine systems 
and surrounding fresh water catchments have not experienced significant human impact. The lack of human 
impact is a result of the difficulties in accessing the area – there are not roads and access is possible only by sea, 
foot or air. 

Because of the remote location and often harsh climatic conditions, very little was known about the marine 
ecology of Port Davey–Bathurst Harbour until 1984. Since then, various surveys and research studies have 
identified a truly unique and fragile marine environment. Just as the terrestrial environment contains relict fauna 
from 80 million years ago (following the split of Gondwana), so too does the aquatic environment. Much of the 
aquatic biota is very delicate and localised and has been strongly affected by the unusual hydrographical 
conditions, including the halocline. The sections that follow highlight the unusual features of this area. 

Bathurst Harbour: is a large basin, 7 km long and 5 km wide, believed to have once been a large button grass 
plain, now under water and surrounded by hills. Bathurst Harbour is one of only three large estuaries in Australia 
where dark, tannin-stained, brackish waters overlie clear marine water, a situation known as stratification. The 
harbour floor is relatively flat, with depths ranging from seven metres in the eastern areas to six metres near the 
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western outlet. Bathurst Harbour is linked to the sea by Bathurst Channel. The Old and the North Rivers drain 
into Bathurst Harbour generating a major corridor for transporting fresh water to the sea, from Bathurst Harbour 
through Bathurst Channel to Port Davey.  

Bathurst Harbour has a unique marine environment because of the very low nutrient levels. The low nutrient 
levels come about due to: 

• little nutrient input from surrounding streams – because of the inert rocks and blanket bogs 
• no sources of nutrients from fertilisers, sewage, dams or nutrient rich bottom waters 
• high degree of stratification with no major upwelling 
• high densities of phytoplankton able to absorb nutrients and ultimately transport them from surface 

waters to the sediments. 
Bathurst Channel: is a deep and narrow drowned river valley, 12 km long and 1 km wide, connecting 

Bathurst Harbour with Port Davey. At one stage the channel was thought to be a fiord, but is now known to be a 
drowned river valley with water depths varying from 15 to 40 m. Fresh water flows from Bathurst Harbour 
through Bathurst Channel, while the Spring River flows into Bathurst Channel. At the western end of Bathurst 
Channel a shallow ledge (about 13 m deep) separates the Channel from the deeper waters of Port Davey and the 
ocean.  

Port Davey: contains a wide variety of habitats, including cliffs, rocky shores, sandy beaches, sheltered bays 
and inlets harbouring seagrass beds and mudflats. The waters of Port Davey are quite deep, however there is a 
shallow sill where it joins Bathurst Channel. Port Davey differs from other drowned river valleys throughout 
Australia because of the flow of acidic, tannin-stained waters. West of the Breaksea Islands there is very little 
evidence of the unique estuarine influences, as the ocean currents and wave action associated with Port Davey 
disperse the waters flowing from Bathurst Channel and Bathurst Harbour. 
 
VALUES 
Drowned river valley 
Bathurst Channel superficially resembles a fiord, similar to the fiord lands in south-western New Zealand, but it 
is now known to be a drowned river valley. In geomorphological terms, a narrow drowned river valley is also 
known as a ria. The Port Davey–Bathurst Harbour valley was inundated by post-glacial rising sea levels some 
6,000 years ago, which formed the harbour as it is today. Water depths throughout Bathurst Channel vary from 
15 to 40 m. 

 
Hydrology 
The waters of Port Davey–Bathurst Harbour are unusual for a variety of scientific reasons, which include: 

• effects of fresh water from the rivers, the seawater outlet and the tidal flow 
• water temperature variations 
• light penetration through differing water layers to the bottom sediments 
• salinity (halocline) and nitrate (chemocline) gradients 
• composition and density of phytoplankton 
• marine flora and fauna (including benthic communities) 
• low nutrient levels. 

 
Stratification 
The waters of Port Davey–Bathurst Harbour are composed of dark and brackish surface waters, a result of 
staining from tannins leached from the surrounding peat soils, while the bottom layer of marine water is clear. 
The layers of water differ in their salt content and the amount of light able to penetrate; the dark top layers 
prevent much of the sunlight from reaching the lower layers. This layering of the water column is known as 
stratification. During winter, when rainfall is highest, the dark brackish water is known to reach a depth of up to 
six metres. During summer months the brackish water can be as shallow as three metres and during the driest 
months may not be evident at all. 

 
Halocline 
The halocline is one of the most important scientific features of the area. The halocline is the part of the water 
column where the salinity changes very rapidly with depth. 

A halocline (salinity stratification) can typically be viewed as a three-layer system, composed of mixes of 
marine and fresh water. Generally with such a system the bottom layer is saline marine water, the mid-layer, 
usually contains the halocline and exhibits transitional salinity levels and the top layer is made up of mixed fresh 
surface water and marine water. The depth of the halocline in Port Davey–Bathurst Harbour is difficult to 
precisely determine as accurate and consistent measurement of nitrate and oxygen levels is necessary. From 
research undertaken it is believed that the halocline decreases in depth towards the western outlet of Bathurst 
Channel and ceases to exist outside Breaksea Island. During the very dry summer months when there is very 
little input of fresh water from rivers the halocline has been observed to almost disappear for short periods. 
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During winter the outflow of fresh water into Bathurst Harbour increases the depth of the halocline and increases 
the distance that the brackish layer extends down the estuary. 

 
Link to halocline diagram 

 
Water circulation  
Surface water in Bathurst Harbour generally resides for less than one month and the longest residence time is 
about three months. During winter the higher rainfall causes a greater throughput of fresh water. The bottom 
marine waters of Bathurst Harbour are thought to be isolated for considerable periods of time from the waters of 
Bathurst Channel – often around three months. During such periods of isolation, the marine waters of Bathurst 
Harbour are gradually diluted through the diffusion of brackish waters. Edgar (1989) has shown that when the 
halocline at the eastern end of Bathurst Channel approaches the surface, dense marine water intrudes to Bathurst 
Harbour, replenishing the bottom waters. 
 
The tidal flow in Bathurst Harbour is known to be semi-diurnal (tides that occur twice daily, i.e. they have a tidal 
period of approximately 12 hours) with a range of approximately 0.3 m. Most of the water moving from Bathurst 
Harbour to Bathurst Channel in one tidal cycle is likely to be returned to Bathurst Harbour during the same 
cycle. 

The major features of the tides and the hydrology of Bathurst Harbour during the summer months include: 
• marine waters penetrate with little dilution throughout the estuary (except in waters immediately 

adjacent to creeks and rivers); 
• a strong temperature gradient exists near the surface (known as a thermocline); 
• considerable light penetrates below seven metres, the depth of the floor of Bathurst Harbour (due to the 

reduced brackish water content); and 
• oxygen levels are low – well below levels required for long-term survival of marine animals. 

 
Why are the halocline and stratification so important? 

The limited penetration of light and the varying concentrations of salt (marine water) resulting from the 
halocline and the stratified waters has allowed invertebrate communities not usually found in such shallow 
waters to thrive and replace some plant communities that would be expected in the habitat. The lack of light is 
not conducive for the plants to survive and encourages unusual invertebrate assemblages to colonise, known as 
benthic communities.  Such a natural process is not known to occur anywhere else in Australia, and the habitat 
more closely resembles those found in the fiords of south-western New Zealand. 

Many plant and animal species found in the Port Davey–Bathurst Harbour marine environment depend on 
the natural occurrence of the defined layers of saline and fresh water and the varying and limited light 
penetration.  

 
Biological marine environment 

The marine environment of the Port Davey–Bathurst Harbour area has proven to be biologically unique. The 
environments of New Zealand (Milford Sound) and Tierra del Fuego (Patagonia) can be considered remotely 
similar. The aquatic organisms found within Port Davey–Bathurst Harbour include relict fauna from (an 
organism or species surviving as a remnant of an otherwise extinct flora or fauna in an environment much 
changed from that in which it originated) over 80 million years ago, when Gondwana split, and elements from 
the ice age that are extinct elsewhere but can still be found here. 

Variations in the halocline and the stratified waters attract several different bands of localised and very 
delicate fauna to the Port Davey–Bathurst Harbour area. Each band can contain 300–400 different animals. 
Some fauna live on rocky areas and are quite resistant to the strong currents that flow in narrow sections of the 
channel and significant wave action that naturally occurs in the area. Other types of fauna live in fine sediment 
zones and are sensitive to disturbance.  

 
Benthic communities 
The lack of light penetrating the water column has reduced the number of marine plant species, allowing great 
diversity within the benthic fauna communities. Such communities are composed of sponges, lace corals, sea 
squirts and anemones, sea pens, sea whips, soft corals and bryozoans. The steep sides of Bathurst Channel offer 
habitat to ecologically unique and nationally significant communities. 

Benthic fauna: a creature that lives on the floor of a body of water. 
 

Fish 
The fish found in Port Davey–Bathurst Harbour are also affected by the halocline and stratified water column. 
The expected assemblages of shallow water species are not present, possibly due to the lack of seaweeds. 
Instead, the low diversity of fish found in the area, are more like those found in deeper waters than estuaries. The 



IMPACT OF CRUISE SHIP TURBULENCE ON BENTHIC COMMUNITIES 
 
 

 49

most common fish in Bathurst Harbour and Bathurst Channel are sharks and skates. A unique species of ice fish 
has been found in Port Davey that appears to have links to species in Patagonia and New Zealand. A recent 
finding in Bathurst Harbour was a new species of skate (Dipturus sp.). Like the ice fish, the skate is believed to 
be a relict from Gondwana species, now restricted to Bathurst Harbour and Macquarie Harbour. Close relatives 
to this skate have been identified in New Zealand in waters 1,000 m deep. 

 
Marine plants 
Between Schooner Cove and Turnbull Island there is a larger diversity of habitats, allowing for greater variation 
in plant and animal species than is apparent further along Bathurst Channel and towards Bathurst Harbour. 
Shallow-water zones encourage the growth of seaweeds, seagrasses and associated marine animals. However, 
below the seagrass very little is known of the communities of benthic animals. A primary characteristic of the 
Port Davey–Bathurst Harbour marine area is the low diversity of plankton species. Very few species are able 
thrive because of the lack of light and low nutrient levels. 
  
ACCESS 
Just a decade ago far fewer people visited this area than today; the only regular visitors to the waterways were 
local fisher folk and hardy bushwalkers. With the increase in light aircraft traffic and significant growth in 
numbers of bushwalkers, far more people are accessing the area. The Tasmanian Parks and Wildlife Service is 
the agency responsible for managing the Port Davey–Bathurst Harbour area. 

 
How to get there 
Port Davey is only accessible on foot, by sea or by air. The area is one of the more remote corners of the 
Tasmanian Wilderness World Heritage Area (TWWHA). Most people visit in the summer months during the 
occasional respite from the roaring forties weather patterns. The natural and cultural aspects of this sensitive area 
are protected under the National Parks and Reserves Management Act 2002, Nature Conservation Act 2002, 
Threatened Species Act 1995 and the Inland Fisheries Act 1995. A National Parks Pass is required to visit and 
the following guidelines apply to all visitors. 

 
GUIDELINES 
Today, the number of vessels visiting the area is relatively low but is increasing, assisted by the advent of 
increasingly accurate chart information, Geographic Positioning Systems (GPS), modern vessels and organised 
cruises. Management of the TWWHA and the newly recognised MPA includes addressing visitation to the area 
by boats. It is important to prevent potentially irreparable damage to the special features of Port Davey–Bathurst 
Harbour. 

The Tasmanian Parks and Wildlife Service has developed the following management guidelines for all 
visitors to Port Davey–Bathurst Harbour. 

 
Fishing 
As a MPA the Port Davey–Bathurst Harbour area has legal restrictions placed on fishing activities. The MPA 
has been divided into a Habitat Protection Zone and a Sanctuary Zone  

 
Link to map showing fishing and sanctuary zones 

 
A Habitat Protection Zone, allows low impact fishing practises such as collecting abalone, rock lobster and scale 
fishing. The Sanctuary Zone, encompassing the Bathurst Harbour and Bathurst Channel, is exclusively a no take 
zone, applying to both marine fauna and flora of Port Davey–Bathurst Harbour. 

 
Phytophthora (root rot) 
People going ashore from boats have spread this plant disease around Port Davey–Bathurst Harbour. At 
Schooner Cove there are many dying plants on the hills behind the beach. To minimise the spread of this disease 
please clean your footwear (in salty water) and any other items that may be soiled before going ashore anywhere 
in this area. 
 
If you intend climbing Mt Rugby please use the well-marked track on the southern side of the mountain. Please 
do not climb from the Ila Bay side as this will increase the spread of the disease. 

Link to Phytophthora. 
Fire 
Wildfire poses the single greatest threat to this unique temperate area. Past fires have burnt vast areas of 
moorland, removing organic soils, and have destroyed ancient rainforest. Fires are not permitted anywhere 
within the TWWHA, including beaches, the area is a fuel stove only area. 
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Pets and firearms 
Pets and firearms are not permitted in the Southwest National Park, please do not take them ashore. 

 
Cultural heritage 
Both Port Davey and Bathurst Harbour contain numerous Aboriginal and European historic sites of considerable 
significance. In past years many of these sites have been senselessly disturbed. Please avoid disturbing cultural 
heritage places. 

 
Boating  
It is difficult to accurately determine exact numbers of boat-based visitors to the area because of reliance on the 
completion of voluntary log books and radio contact records. Anecdotally, the busiest time for boat-based 
visitors appears to be following the completion of the Sydney Hobart Yacht Race, in early January each year. 
Vessels entering the area are mostly privately owned, and include fishing vessels, yachts, motorboats, dinghies, 
sea kayaks, and canoes. Cruise ships have been visiting the area since 1998, on average one vessel each year. 
When boating in the area the following points should be addressed: 

• Melaleuca Lagoon is shallow, and is navigable by dinghies and small vessels only. Entry into 
Melaleuca Lagoon must be authorised by the Parks and Wildlife Service  

• Navigation up the Melaleuca Inlet can be difficult for deep draft vessels during periods of low tide, high 
barometric pressure and low rainfall. 

• All vessels over thirty five metres in length are required to carry a pilot or exempt Master, as Port 
Davey is under the control of Marine And Safety Tasmania (MAST). 

• The only public boat access to Melaleuca is via the floating jetty – 500 metres up Melaleuca Creek.  
• To reduce the potential for bank erosion the following limits on motorised boats are imposed within the 

Port Davey–Bathurst Harbour area: 
• Davey River: Motorised boating is not permitted upstream of Grid Reference 55GDN135217 (the 

upstream end of the gorge).  
• Spring River: Motorised boating is not permitted upstream of Grid Reference 55GDN238055 (the 

mouth of the Spring River in Manwoneer Inlet).  
• North River: Motorised boating is not permitted north of the line joining Grid Reference 55GDN312032 

and Grid Reference 55GDN331024 (the two headlands forming the entrance to North Inlet). 
• Old River: Motorised boating is not permitted upstream of Grid Reference 55GDN386040 (the 

upstream end of the island). 
The banks of all other enclosed waterways in the area are also sensitive to erosion. Boats used in these areas 
should travel near the centre of the river and proceed at very low speeds at all times (generally less than 3–4 
knots for dinghies). Aim to keep the hull as horizontal as possible. If the stern of the boat digs in, as happens just 
before most craft get onto the plane, damaging waves can be generated. 

 
Anchorages 
Fragile animals and plants such as sea pens, sponges and tubeworms inhabit the sea bed. In order to minimise the 
impact caused by vessels anchoring to the sea floor please anchor only in the recommended areas  

 
Link to map of recommended anchorages 

 
These sites are all sheltered with good holding bottoms. By using these designated sites the impact of anchoring 
vessels on the unique marine organisms will be restricted. 

 
Sensitivity of the area 
The Port Davey–Bathurst Harbour marine environment has very high conservation values. The lack of human 
impact and presence in the area has facilitated the survival of many of the benthic creatures. Below are some of 
the concerns facing the future of the area. 

 
Waste, bilge and sullage water  
There is a very high risk of your vessel importing marine organisms and pests into the pristine waterways of the 
region. Similarly, the low nutrient levels of the waterways must be maintained to ensure the longevity of the 
unusual marine environment. To avoid introducing destructive species or altering nutrient levels, bilge water, 
food scraps, sullage or holding tank water must not be emptied into the Port Davey–Bathurst Harbour area. Due 
to the remoteness of the area, there is no rubbish collection service and all rubbish must be carried out. 

 
Introduced pests  
Surprisingly, the Port Davey–Bathurst Harbour area has very few introduced marine pests, but these can be 
easily (and unintentionally) transferred from recreational and commercial vessels and fishing gear. The impact of 
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marine pests (such as the New Zealand screw shell, and Northern Pacific Seastar) on this unique area would be 
devastating. Before visiting this area all vessels should clean anchors, ropes and vessel hulls to limit the 
introduction of such pests. 

 
Mechanised damage, diving, boats, and propellers. 
The steep gradients, narrow passages and large shallow areas present numerous navigational issues for vessels 
visiting the area. Such aspects need to be managed to prevent damage from vessel groundings, anchors and 
waste removal. Much of the unique benthic community is sedentary, and like the stratified waters, soft sediments 
and halocline is prone to significant impact from boats, divers and nets.  
 
SUSTAINABLE TOURISM  
Water-based tourism has the potential, if managed well, to enable substantial numbers of visitors to visit a 
wilderness area and cause less persistent physical disturbance than terrestrial activities involving comparable 
numbers of people. However, care needs to be taken to ensure any form of tourism is environmentally 
sustainable. The document, Guidelines for Cruise Vessels, by the Parks and Wildlife Service, seeks to manage 
the interests of tourism and provide protection for the World Heritage Area, where the marine conservation 
values are high and the area is sensitive to disturbance.  
 
The operation of cruise vessels in the waters of Port Davey has generally been infrequent and in low numbers. 
The increasing demand and popularity of ‘wilderness cruise tourism’ has brought about the need to protect the 
values of the area while allowing controlled access for tourism operations. A more considered management 
approach with the Port Davey–Bathurst Harbour MPA was deemed essential to allow appropriate licensing for 
cruise shipping in the area. The importance of accurately estimating the impacts of shipping on the sensitive 
benthic marine habitats was identified and with the financial support of the Sustainable Tourism Cooperative 
Research Centre (STCRC) research was undertaken in 2002-2003. A model was developed and tested to provide 
for a prediction of the range of turbulence created by a specific ship, a far more exact and helpful method of 
determining the turbulence zone than length, draft or tonnage of a vessel.  

Link to STCRC website 
 

Summary of Wilderness Cruising: turbulence, cruise ships and benthic communities. 
Research Project, Sustainable Tourism Cooperative Research Centre 
 
The research 
The impact from turbulence of vessels and the long term cumulative increase in nutrient levels caused by stirring 
up bottom sediments were the main concerns this project sought to analyse. 
 
Controls based on length, draft and speed of a vessel were not considered sufficiently specific to determine 
vessel impact, and a team of experts from the University of Tasmania, Australian Maritime College, Tasmanian 
Aquaculture and Fisheries Institute, Nature Conservation Branch, CSIRO, Parks and Wildlife Service, Maritime 
and Safety Tasmania and Hobart Ports Corporation collaborated to assess cruise ship access and potential 
impacts.  
 
The aim was to examine the mixing of the water column caused by vessel movement, and in particular the 
vessel’s propulsion system. The first stage was the creation of a model based on existing theory to predict the 
turbulence created by a specific ship. The second stage of the study was to partially validate the model results 
with full-scale tests. 
 
Theoretical model 
The theory required information about the propeller and its configuration, including the depth of submergence 
and diameter, typical operational speed (rpm) of the propeller while manoeuvring and underway, as well as the 
nominated acceptable water velocity limit. The theory can be used to model multiple propeller systems by 
superimposing the results for individual propellers, and covers both fixed and variable-pitch propellers. 
The results, based on turbulent jet theory, were used to provide a general picture of the likely extent of the 
propeller flow from a typical cruise vessel. The model is now integrated into the Tasmanian Parks and Wildlife 
Service permit process to determine whether a specific cruise ship may enter the most seaward section of 
Bathurst Channel. No cruise ships will be permitted beyond Joe Page Bay and the passage through the Breaksea 
Islands and Bathurst Channel is strictly controlled. 
 
Practical testing of the model 
The results of the model were then assessed against a trial done with an ice-breaking vessel, the Polar Bird, in 
similar estuarine conditions to those within the TWWHA. The trial results supported the results of the model, 
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and a permit was given for a cruise ship, the Akademic Shokalsky, to enter Bathurst Channel and travel to the 
designated anchorage under specific controls (such as restricted vessel speed and areas of navigation). The ship 
then turned and dropped anchor before leaving. This traverse of the Channel was closely scrutinised for wave 
wake impact on the shoreline and underwater video footage was used to check any disturbance of soft sediments 
by turbulence in specific sensitive and soft sediment areas. The designated anchorage site is near Joe Page Bay 
and was carefully selected considering the benthic areas of concern. 
 
The outcomes 
The results of the trial provided empirical data on propeller-induced turbulence within the water column. The 
resulting turbulence was of a short duration and could not be detected above background levels after 60 seconds. 
The vertical component of the turbulence was minimal at a depth of 12 metres. Observations of the vessel wake 
suggested that for the discussed speed restriction for navigation in Bathurst Channel (around 5 knots or less) and 
ship configurations, the wake effects would be minimal and would contain less energy than the natural wind 
driven waves within Bathurst Channel. 
 
The wake immediately behind the Akademic Shokalsky as it passed through the narrow passage between Munday 
Island and Forrester Point was small (approximately 10 cm) and could not be readily detected above background 
levels as it reached the shoreline. No propeller induced turbulence was detected on the sea bed. The researchers 
observed the process of anchoring and swinging at anchor under low wind conditions. The anchorage site is in a 
natural basin and the ship’s anchor and chain did not disturb the surrounding area. 
 
Despite the apparent minimal impact, a considerable safety margin was built into the research. Using the results, 
the multi-disciplinary project team determined that small, expedition-style cruise ships could be permitted to 
enter parts of Bathurst Channel within the Tasmanian Wilderness World Heritage Area, without impacting on 
the fragile and unique ecosystem, provided they are assessed using the model and found to be acceptable. 

 
Management 
Prior to this assessment of the turbulence created by shipping, considerable work had been undertaken to assess 
potential underwater areas of concern and to determine the best anchorage point, using the latest sea bed 
mapping data and known benthic community data from marine experts. It has also been agreed to restrict 
shipping to the western end of the channel where the halocline is less pronounced and the area is more open to 
oceanic influences. 
 
In light of the results of this research, The Tasmanian Parks and Wildlife Service finalised the draft Guidelines 
for the Preparation of Licences for Commercial Vessels Operating in Port Davey–Bathurst Harbour. The 
guidelines have associated limits primarily aimed to protect the unique and fragile invertebrate assemblages by 
minimising the risk of: 

• propeller wash resuspending the fine sediments found on the sea floor, because re-suspension of these 
sediments may result in increased turbidity or the smothering of sensitive invertebrate assemblages; 

• propeller wash physically damaging fragile invertebrates, particularly crustose bryozoans; and 
• wake effects causing mechanical damage and sediment re-suspension, particularly in shallow water 

(TPWS, 2002).  
 
All cruise ship applications to enter Bathurst Channel will be assessed using the model and no more than seven 
ships will be permitted into Bathurst Channel over a two-year period. An overall ship limit of 120 metres and/or 
draft of seven metres also applies. All cruise shipping must stay in the deepest section of the Channel and an 
anchorage site has been identified. 
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APPENDIX B: Promotional Poster  
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GLOSSARY  
AMC. Australian Maritime College. 

benthic fauna. Animals and plant life that live on the floor of a body of water. 

biodiversity. A variety of animal and plant species. 

CSIRO. Commonwealth Scientific and Industrial Research Organisation. 

DPIWE. Department of Primary Industries, Water and the Environment. 

drowned river valley. A narrow drowned river valley is also known as a ria. The Port Davey–Bathurst Harbour 
valley was inundated by post-glacial rising sea levels some 6,000 years ago, which formed the harbour as it is 
today.  

halocline. The part of the water column where the salinity changes very rapidly with depth. 

MAST. Marine and Safety Tasmania. 

MPA. Marine Protected Area. 

sedentary. Not often moving, staying in one place. 

semi-diurnal. Tidal constituents that occur twice daily, i.e. they have a tidal period of approximately 12 hours. 

stratification. Layering of the water column. 

TAFI. Tasmanian Aquaculture and Fisheries Institute.  

TPWS. Tasmanian Parks and Wildlife Service. 

TWWHA. Tasmanian Wilderness World Heritage Area. 

UKC. Under Keel Clearance. 
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