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1. Introduction 
The Tasmanian Coastal Adaptation Pathways study aims to develop future pathways for 
climate change adaptation in a number of regions across Tasmania. Lauderdale is one 
of these study areas. pitt&sherry have been engaged to investigate the current 
drainage situation in this area, the effect sea level rise will have on the region, and to 
develop a plan for future drainage and development.  

2. Background 
The area to the north of the Lauderdale canal is very low lying, with some parts of the 
region located at approximately 0.5m AHD. Although elevated above this depression, 
existing properties along the canal are only slightly above the current highest 
astronomical tide.  
 
The highest flood in recent years occurred in 1974. Based on aerial photography the 
flood height was estimated to be 1.5m AHD. Under such events, houses along the along 
North Terrace, South Terrace and parts of Bayview Road may be subject to flooding.  
 
Sea level rise is expected to increase flooding from Ralphs Bay significantly. As culvert 
outlets draining the lower low lying area to the north of the canal drain into the canal 
and bay, the tidal range of this region is crucial in the modelling of the area.  
 
A study was undertaken by the Water Research Laboratory, University of New South 
Wales and their final report WRL No 2008/04 has been issued to the Clarence City 
Council. This report identified tidal planes, maximum tide level including storm surge 
anomaly, wind setup, wave setup and runup at various sites in the municipality 
including at Ralph’s Bay, Lauderdale. This report identified that the design ‘floor’ 
levels ought to be 2.3 metres AHD in 2050 and 3.0 metres AHD in 2100 based upon the 
high range scenario for sea level rise in accordance with the IPCC guidelines.  
 
The WRL Report of 2008 states the existing tide gauge water level in Ralphs Bay 
expected under a 1% annual exceedance probability event is 1.44m AHD and the still 
water level including wave and wind set up is 2.00m AHD. These values have been used 
in the model for the worst case present day situation.  
 
The WRL report also uses projections of increases in the still water level including wind 
and wave set up of 0.3m by 2050 and 0.9m by 2100 due to sea level rise. These rates 
are the high range predictions for the Lauderdale region and have been used for the 
modelling of the impact of sea level rise on the area.  
 
The current Lauderdale planning scheme allows development within zoned areas on the 
provision that developments address the identified hazards. These provisions include 
the stipulation that any new developments be elevated to at least 3.2m AHD, and the 
filling of land must not disadvantage properties upstream or downstream of the new 
development. The Lauderdale Structure Plan outlines proposed developments in the 
region, the impacts of which will be studied in this investigation.   
 
Previous investigations have been completed into the drainage of this region. The 
Lauderdale Stormwater Drainage Assessment (JMG) was completed in February 2012, 
and investigated the current drainage situation and the impact of development in 
accordance with the Lauderdale Structure Plan.  
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3. Scope 
 The scope of work undertaken by pitt&sherry is to prepare a hydrological  
model of the two broader catchments draining to the north of the Lauderdale canal, 
and use this model to investigate the following: 

 The impact of proposed developments under the Lauderdale Structure Plan 

 The effects of sea level rise due to climate change 

 Investigation of possible improvements to protect infrastructure from inundation  

 Development of a concept drainage plan including stage filling requirements to 
minimise hazards and adverse effects for the future. 

 
It should be noted that the land to the south of the canal has not been included in the 
model. Results from the modelling of the region to the north of the canal should give 
an indication of conditions in the southern region, however should developments be 
proposed in this region or further information required, additional investigation of this 
should be considered.  
  
Detailed design of proposed works, the impact of erosion and sea water ingress from 
the western flank at Roches Beach and land tenure issues have all been excluded from 
this scope of works. 

4. Hydrological Modelling 

4.1 Modelling Approach 
The region to the north of the canal has been separated in to two broader catchments, 
in accordance with the JMG method of investigation. An ILSAX type model has been 
built using the computer package Drains to model these two areas. LIDAR information 
has been used to determine the size and characteristics of these catchments.  
 
Key roads and areas in the study region can be seen in Figure 1, and a schematic of the 
Drains model in Figure 2.  
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Figure 1 – Schematic of Lauderdale drainage network 
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Figure 2 – Drains hydrological model 

 
The following ILSAX coefficients were adopted in this model based on previous 
experience: 

 Impervious area depression storage of 1mm 

 Pervious area depression storage of 5mm 

 Soil type – Normal, 3. 
 

The upper part of the northern catchment drains to the Roscommon Wetlands. This 
region has been modelled as a detention basin in Drains, with volumes determined with 
the aid of LIDAR contours and on site observations. The volume – elevation relationship 
of this detention basin as modelled can be seen in Figure 3. 
 

 
 
Figure 3 – Volume of the Roscommon Wetlands (upper detention basin) 

0 

50000 

100000 

150000 

200000 

250000 

300000 

350000 

400000 

450000 

0 1 2 3 4 5 

V
o

lu
m

e
 m

3
 

Elevation (m)  

Roscommon Wetlands 



 

pitt&sherry ref: LN12078H001 rep 31P Rev 00/HA/jw 5 

If this detention basin is overtopped during a storm event, the overflow travels down a 
series of channels and through culverts to join the flows from the southern catchment 
in a section of low lying land to the north of the canal. This is the second detention 
basin included in this model, and is referred to as the lower detention basin. 
 
It is noted that some areas of fill have been undertaken since the LIDAR data was 
captured as noted in the JMG report. These areas have been excluded from the volume 
calculations. The volume – elevation relationship of this detention basin as modelled 
can be seen in Figure 4. 

  

 
 
Figure 4 – Volume of the lower detention basin 

 
This basin drains through culverts under the South Arm Road to be discharged into 
Ralphs Bay, or through culverts under North Terrace into the canal. It is possible that 
under large flood events overland flows occur over the crest of South Arm Road and/or 
North Terrace. Culvert levels and overflow levels over the road crests were obtained 
from the JMG report where possible, or assumed with the aid of LIDAR information. 

 
This Drains model has been used to predict flooding levels and flows that may be 
expected to occur during a once in 100 year storm event for a number of different 
scenarios. This investigation considers the impact of the following factors on the 
flooding level in the Lauderdale region: 

 Sea level rise 

 The possibility of installing flood gates on the canal to mitigate flooding via the 
canal 

 The possibility and impact of raising the roads in the area to improve access to the 
area and to minimise flooding due to storm surges and sea level rise 

 Current and proposed developments and fill in the catchment and detention basin 
areas. 

 
Further details of the existing system can be seen in the JMG report, included in 
Appendix A. 
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4.2 Assumptions 
It should be noted that the Drains model created is not a calibrated system and is a 
simplified representation of a very complex drainage network. In building this model it 
has been necessary to simplify the complicated network of overland flow paths, 
culverts, basins and channels, whilst ensuring the level of detail remains to address the 
Client’s points of concern. The model created therefore does not include all 
stormwater infrastructure in the region, and a number of simplifications and 
assumptions have been required.  
 
LIDAR data has been used to determine catchment areas and estimate the total volume 
of detention. Areas of fill in the lower detention basin are in accordance with the JMG 
report which has been assumed to be reflective of the current situation. These areas 
have been excluded from the detention basin volume completely.  
 
Culvert invert and overflow levels have been assumed as needed to best fit the LIDAR 
data, or to be in keeping with the previously undertaken work by JMG. 
 
It has been assumed that LIDAR data is reported relative to the AHD levels used in tide 
levels and pipe inverts. A difference of plus or minus 0.2m may occur between LIDAR 
levels and the AHD datum - an error which would have a significant impact on the 
result of the model. 
 
Flooding in the region can be attributed to a range of factors which occasionally occur 
simultaneously. The worst case scenario for flooding in the region is when a heavy 
rainfall event (and the subsequent accumulation of storm water needing to be 
dispersed over a short period of time) occurs in combination with a high tide event.  
 
The relationship between the flood detention, stormwater flows and tides is a complex 
one and a number of simplifications have been required. Outlet water levels have been 
set to alternate between high and low tide on a 6 hourly cycle where this will have an 
impact on the water levels reported in the system. A tidal range of 0.8m has been used 
in these circumstances. 
 
Due to the amount of time required to solve models with a varying output, scenarios 
where the peak flooding level will not be affected by tidal variation have been 
modelled with a constant outlet water level as noted in the specific scenarios. 
Explanations of these assumptions and modelling approaches have been included in the 
relevant scenario descriptions.  

 
Other key assumptions include: 

 The overflow over the South Arm Road has been set as 1.75m AHD and Northern 
Terrace has been set at 1.25m AHD for the present situation. These levels 
represent the approximate minimum level of the roads in the vicinity of the lower 
detention basin, based on LIDAR information. These low points have been used as 
the overflow routes for the lower detention basin which has been modelled by a 
crest of 20m width. A level of 3.2 m AHD has been set for the South Arm Road and 
North Terrace crests under the proposed road level increase scenario 

 Outlet culverts to the canal and Ralphs bay have been modelled with non return 
flaps. Where not available, invert levels have been assumed based on LIDAR 
information and on site observations 

 The Drains model has been built to assume there is infiltration into the ground of 
pervious areas of the catchment in accordance with the ILSAX methodology. As this 
system is not calibrated the total volume of storm runoff could vary significantly, 
therefore the final water levels in the detention basins could also vary 
significantly. All model runs have been undertaken on the same basis though so the 
relative difference from various treatments should still be appropriate 
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 No infiltration into the detention basin itself 

 Detention basins were assumed to be empty at the start of the rain event 

 There is a pump which pumps water from the Roscommon wetlands into the swale 
to flow down to the lower detention basin. This has not been included in the model 
as it has been assumed that this will have little impact on the flood levels 
compared to the high flow bypass. 

 Current and predicted sea levels, including allowances for storm surge and wave 
setup and runup have been obtained for the Ralphs Bay/Lauderdale from the 2008 
WRL report as published on the council website: 
http://www.ccc.tas.gov.au/webdata/resources/files/02-
Interim_Scientific_and_Adaptive_Response_report_final_A348087.pdf 

No attempt has been made to verify the projected calculations though preliminary 
assessment suggests that the higher inundation levels for the specific location of 
the project area may be appropriate through inclusion of additional wind/wave 
setup.  

 Modelling of increased storm intensities due to climate change has not been 
incorporated in this assessment. Climate Futures for Tasmania modelling (White et 
al, 2012) indicates that in the  Lauderdale area for the end of century period (2070 
to 2099) compared to the base period of 1961 to 1990 the volume of a 1% 
probability (a once an hundred year storm) 24 hour rain storm event may be 
increased by between 5 and 25%. For longer duration rainfall events such as a 48 
hour event, the Climate Futures projections suggest a minor decrease in volume of 
up to 3% for rare storms (less likely than once in 50 years) by the end of the 
century. Given the critical duration of a storm event contributing to flooding in the 
area is less than 24 hours, the modelling suggests that climate change will 
exacerbate inundation. The best estimate from the modelling suggests an 
approximately 20% increase in storm rainfall volume by the end of the century. 
Increases of this magnitude would contribute to increased overland flood volumes 
and greater inundation than that modelled in this assessment. 

4.3 Hydraulic Modelling Results 

4.3.1 Review of the JMG Report 

JMG’s Lauderdale Stormwater Drainage Assessment analysed the drainage of the 
region under the 1% AEP event of 1.44m AHD tide gauge water level in Ralphs Bay. 
This assessment resulted in water levels in the lower basin reaching 1.50m AHD, which 
is the approximate level of the highest recorded flood in recent years.  
 
The Drains model has been used to run this scenario and the peak water levels results 
in Table 1 were obtained: 
 

 Drains Result 

Water Level in Roscommon Wetlands 2.49m 

Water Level in Lower Basin 1.59m 

Water Level in Canal 1.44m 

 
Table 1 – Summary of results with a constant outlet water level set at 1.44m AHD 

 
The water level determined by Drains in the lower detention basin is within 0.09m of 
the 1.5m level predicted under the JMG investigation. This is considered a relatively 
small difference in results, and is most likely due to the effect of a different modelling 
strategy and the assumptions required for key unsurveyed levels to model this 
complicated system. 
 

http://www.ccc.tas.gov.au/webdata/resources/files/02-Interim_Scientific_and_Adaptive_Response_report_final_A348087.pdf
http://www.ccc.tas.gov.au/webdata/resources/files/02-Interim_Scientific_and_Adaptive_Response_report_final_A348087.pdf
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Under this scenario South Arm Road is not inundated as the water level in Ralphs Bay is 
less than the 1.75m AHD crest of the road. Flow from the canal however is expected to 
overtop the low section of North Terrace and enter the lower detention basin. Flooding 
of the lower detention basin is therefore expected via the canal prior to the storm 
peak, however the direction of flow over the road will reverse once the water level in 
the lower detention basin exceeds that of the canal. 

4.3.2 Current Development with Sea Level 2m 

JMG’s Lauderdale Stormwater Drainage Assessment analysed the drainage of the 
region under the 1% AEP event of 1.44m AHD water level in Ralphs Bay. This level 
represents the existing tide gauge level, however does not include the recommended 
0.56m of wind and wave setup. Including this value, the 1% AEP event for Ralphs Bay 
should be 2.0m.  
 
Due to the protection afforded by the geographic orientation, the WRL report (2008) 
has recommended that no accommodation of wave runup is required for assessing tidal 
inundation.  
 
Refer to Figure 5 for schematic of tide levels.  
 

 
 
Figure 5 – Inundation levels from storm tides exceed the highest astronomical tides by 
addition of contributions from onshore currents and wind producing wind and wave set up at 
the shoreline 
 

Assessment of the existing developments and fill in Lauderdale under the 100 year 
storm event, with the 2.00m tide results in the peak levels seen in Table 2: 
  

 Drains Result 

Water Level in Roscommon Wetlands 2.52m 

Water Level in Lower Basin 2.09m 

Water Level in Canal 2.00m 

 
Table 2 – Summary of results with constant outlet water level set at 2.0m AHD 

 
 
 

And Wind Setup 
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As can be seen, these results are significantly higher than those predicted under the 
1.44m AHD outlet condition as per the JMG report. This scenario includes flooding from 
Ralphs Bay and the canal into the detention basin in addition to the overland flows 
expected due to the high ARI event, as road levels are insufficient to prevent water 
from the sea entering the system. 
 
Water is expected to flow over the existing South Arm Road and North Terrace under 
this current high tide scenario, thus raising the water level in the lower detention 
basin. This means flooding of the region could be caused by a high tide, a high rainfall 
event, or a combination of the two. For this reason, severe flooding in the lower 
detention basin is expected more frequently than an ARI of 100 years.  

 
In addition to flooding caused by the high tide and/or a high rainfall event, the depth 
of water expected over North Terrace and South Arm Road would most likely make 
these roads impassable during the high tide. A tide level of 2m AHD would also result in 
a significant number of low lying properties becoming flooded under current day 
scenarios.  

4.3.3 Impact of Sea Level Rise 

Predicted 2050 Sea Level - 2.3m  

The WRL Report (2008) high range prediction for sea level in 2050 is 2.3m AHD 
including allowance for wind and wave set up. Setting this as the outlet condition for 
the model as this value and keeping other factors constant results in the following peak 
levels: 
 

 Drains Result 

Water Level in Roscommon Wetlands 2.60m 

Water Level in Lower Basin 2.36m 

Water Level in Canal 2.30m 

 
Table 3 – Summary of results with constant outlet water level set at 2.3m AHD 

 
As can be seen, the increase in outlet water level by 0.3m results in a predicted water 
level of 2.36m in the lower detention basin. This is 0.27m greater than the current 
water level scenario with outlet levels at 2.0m AHD.  
 
As with the previous scenario, the expected water level in the lower detention basin 
includes water overtopping the road from Ralphs Bay and the canal and entering the 
detention basin, in addition to the overland flows expected due to the high ARI event, 
as road levels are insufficient to prevent water from the sea entering the system. 
 
It is expected that both South Arm Road and North Terrace would be impassable during 
a high tide of this magnitude.  

Predicted 2100 Sea Level - 2.9m  

The high range sea level prediction for 2100 by the WRL Report of 2008 is 2.9m AHD 
including allowance for wind and wave set up. Setting this as the outlet condition for 
the model as this value and keeping other factors constant results in the following peak 
levels: 
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 Drains Result 

Water Level in Roscommon Wetlands 2.90m 

Water Level in Lower Basin 2.90m 

Water Level in Canal 2.90m 

 
Table 4 – Summary of results with constant outlet water level set at 2.9m AHD 

 
The 2.9m AHD outlet water level fills both the lower detention basin and the 
Roscommon Wetlands to 2.9m AHD, as there is no protection from flooding entering 
the system from Ralphs Bay or the canal.  
The increase in outlet water level of 0.9m compared to the present day level results in 
a predicted water level of 2.90m in the lower detention basin. This is 0.81m greater 
than the current water level scenario with outlet levels at 2.0m AHD.  
 
The expected water level in the lower detention basin includes water overtopping the 
road from Ralphs Bay and the canal and entering the detention basin, in addition to the 
overland flows expected due to the high ARI event, as road levels are insufficient to 
prevent water from the sea entering the system. 
 
The depth of water over South Arm Road and North Terrace would mean these roads 
would both be impassable for not only high tides, but for much of the tidal cycle.  

Summary of Sea Level Effects 

The modelling shows that there is a direct relationship between tide levels and 
stormwater levels in the lower detention basin due to sea water flooding over the 
roads and into the basin. During a current high tide, significant lengths of road and 
areas in (and surrounding) the lower detention basin would be underwater.  
 
Flooding is expected to worsen in the region under the projected increases in sea 
levels due to sea level rise. If no action is taken, roads and large volumes of land will 
be threatened by normal high tides, let alone 1% AEP tides, or tides in conjunction with 
high ARI rainfalls.  

4.3.4 Impact of the Proposed Development as in Structure Plan 

The JMG report indicated that the existing commercial area in Lauderdale including 
the Nursery, doctors surgery, Tavern and shopping centre drain directly into Ralphs Bay 
via a separate storm water network. It is therefore assumed that areas marked as 
Commercial Area under the Structure Plan would drain to Ralphs Bay also.  
 
This system may be adequate for the 1.44m AHD outlet condition modelled by the JMG 
investigation; however LIDAR contours indicated that some of the existing commercial 
areas (and therefore much of the stormwater infrastructure) will be under water 
during a tide of 2.0m AHD. This situation will worsen under projected sea level rise. 
Design of the required upgrades to the existing system should be completed at the 
detailed design stage.  

 
The model has shown that proposed developments as per the Structure Plan are 
expected to have little impact on the volume of runoff into the lower detention basin, 
due to the small increase in impervious surfaces in the catchment. This was also 
indicated in the JMG report. Although the increase in runoff volume is not expected to 
be significant, the filling of land required to develop these regions will result in 
alterations to the overland flow patterns. These developments will require formal 
stormwater systems which it is assumed will drain to Ralphs bay, or into the detention 
basin to the north of the canal, eventually discharging into the canal or Ralphs Bay 
directly.  
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In addition to this, the areas proposed to be built under the Structure Plan sit on the 
fringes of the region included in the proposed lower detention basin. For this reason, 
they will have only a marginal impact on the size of the lower detention basin and 
therefore only a marginal impact on the overall flood levels.  
 
Although the developments under the Structure Plan are not expected to significantly 
impact on drainage in the region, any increase in filling in the lower regions to the 
north of the canal will result in increased flooding depths for the same rain event. The 
greater the area of fill, the higher the level and frequency of flooding.  
 
For this reason, if further development was to be proposed in this area, it is 
recommended that stormwater runoff be considered as part of the approvals process. 
Large scale changes that would significantly increase the percentage impervious, block 
drainage paths or fill regions reserved for detention should be avoided.  

 
The approval process of developments in the vicinity of the lower detention basin, 
including works proposed under the Structure Plan should consider the following 
points:  

 It must be ensured that new developments do not obstruct the natural drainage 
paths, especially the channel between the Roscommon Wetlands and the lower 
detention basin. It has been estimated that a 25m wide easement is required to 
allow for drainage under the 100 year ARI event between the proposed houses in 
Mannata Street. 

 It must be ensured that upstream properties are not disadvantaged by way of 
flooding caused by downstream obstructions 

 Connection between the two main catchments must be maintained to ensure that 
flooding in either catchment is minimised by way of the detention basin 

 The required filling of land for development approved through the Structure Plan 
will interrupt natural overland flow paths by creating an artificial dam, provision of 
a low level drainage reserve will be required to collect stormwater runoff and take 
it to the main drainage paths. This is particularly relevant for sections highlighted 
for development along Mannata Street. The impact of this and potential mitigation 
strategies should be investigated at the detailed design stage. 

4.3.5 Impact of Raising Roads 

A proposed solution to shielding the lower sections of Lauderdale from high tides and 
predicted rising sea levels is to increase the levels of South Arm Road, North and South 
Terrace to act as a levee bank to prevent the ingress of sea water into the lower 
detention basin.  
 
To assess the benefit of this in the Drains model, the crest levels of overland flows 
over the road have been increased. This scenario has been analysed with the current 
drainage (twin 600mm diameter pipes under South Arm Road and twin 375mm diameter 
under North Terrace), as well as with additional low level culverts that would be 
required should the road works go ahead.  

 
It has been assumed that the eastern end of the canal is high, strong and impervious 
enough to exclude the sea from entering the canal. Works may be required to ensure 
this. There are also a number of complications about maintaining access to driveways 
etc, however notwithstanding this, it would be anticipated that some level increase of 
North and South Terrace would be required over time. 
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Impact of Rising South Arm Road, North and South Terrace to 3.2m AHD with 2m 
AHD Outlet Tide Level 

The following results were obtained with raised road levels and increasing the existing 
drainage to 6 x 900mm diameter culverts under the South Arm Road and North Terrace. 
The drainage has been improved to offset the ability for the roads to be overtopped 
during large flood events and therefore provide a higher level outlet for large events. 
The design of this improved drainage system should be completed at the detailed 
design stage. All culverts have been modelled with non return flaps.  
 
Note flood gates at the entrance to the canal have not been included in this model. 
 
Predicted peak water levels can be seen in Table 5: 

 

 Roads and drainage as is 
Roads at 3.2m with 
improved drainage 

Water Level in Roscommon Wetlands 2.52 m 2.49 m 

Water Level in Lower Basin 2.09 m 1.64 m 

Water Level in Canal 2.00 m 2.00 m 

 
Table 5 – Summary of results with outlet water level set at 2.0m AHD and improved under 
road drainage 

 
The raising of the road level appears to lower the expected flood levels in the 
Roscommon Wetland as well as the lower detention basin by preventing water filling 
them from Ralphs Bay. This is due to the elevated roads and culverts with non return 
valves acting as a dam to prevent the ingress of sea water into the lower detention 
basin. This is in comparison to the previous scenario, when road levels were 
insufficient to prevent a high tide from overtopping the road. 
 
The water levels reported in Table 5 for the lower detention basin and Roscommon 
Wetlands are the result of a 100 year ARI rainfall event that would occur with improved 
drainage and non-return valves, for any sea level sustained above 1.64m AHD (the 
predicted water level in the lower detention basin) that does not overtop the roads 
(either because the roads are currently high enough to prevent inundation, or have 
been raised as required). In effect this is the level that rainwater would fill the basin 
under a 100 year ARI event if there is little or no opportunity for it to escape from the 
modelled storage capacity. 
 
While a 2.0m AHD sea level resulting from storm surge, high tide and wind setup is a 1% 
AEP (100 yr ARI) event for the present day, sea levels of 1.64m and more would be at 
nearly 1-5 year ARI for today’s sea levels. These are likely to have a significant 
correlation to heavy rain events, thus the water levels predicted in Table 5 are 
expected to occur more frequently than an AEP of 1%.   

 
It should be noted however that this assessment assumes the water level in Ralphs Bay 
and the canal is consistently 2m AHD, which is higher than the predicted water level in 
the lower detention basin. This means water in the lower basin is prevented from 
exiting the basin. In reality, a low tide would allow water to exit the basin if the tide 
was below the water level in the basin. 

 
To model the change in tide levels is has been necessary to simplify the complex tidal 
pattern to a model of a high tide of 2.0m AHD and low tide of 1.2m AHD switching 
every 6 hours. The low tide level was determined by assessment of the predicted tidal 
range for the region, with an estimate of 0.8m reflective of the ‘average’ spread of 
tides for the period assessed. This tidal range is believed to be a conservative 
estimation - if the range is larger, more drainage from the lower detention basin is 
possible and the water levels in the basin would be further reduced.   
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It is important to note that this simplification also assumes that tides are consistently 
these two extreme values, alternating every 6 hours in a linear fashion. It is also 
necessary to assume that a low tide will occur at time step 0, with the high tide 6 
hours after this. This means the high tide will approximately coincide with the peak 
volume of the lower detention basin. 
 
The peak water levels resulting from this model can be seen in Table 6: 
 

 Roads at 3.2m with improved drainage 

Water Level in Roscommon Wetlands 2.42 m 

Water Level in Lower Basin 1.52 m 

Water Level in Canal 2.00 m 

 
Table 6 – Summary of results with outlet water level varying between 2.0m AHD and 1.2m 
AHD every 6 hours and roads raised to 3.2m AHD 

 
As can be seen, there is a significant difference between the water levels predicted by 
the model with a consistent 2m outlet condition (Table 5), and that of the varying 
outlet results seen in Table 6. As a number of assumptions have been required to 
perform this analysis, this level shall only be seen as an indication that the elevation of 
roads above the current high water level should result in the reduction of water levels 
in the lower detention basin. 
 
The implication of these results is that with a 0.3m sea level rise, the low tide would 
be nearly as high as the water in the basin and therefore there would be less drainage 
possible from the lower detention basin even at low tide, and much of the tidal cycle 
(not half) would be at or above the basin level. This means that in time, the only 
strategy to fully drain the basin would be to utilise stormwater pumps. 

Impact of Rising Roads to 3.2m AHD with 2.90m AHD Outlet Tide Level 

Increasing the outlet water level in the Canal and Ralphs Bay to the 2100 prediction of 
2.90m AHD, and installing increased under road drainage capacity and non return flaps 
on culverts results in the following predicted peak water levels: 
 

 Roads and drainage as is 
Roads at 3.2m with 
improved drainage 

Water Level in Roscommon Wetlands 2.90 m 2.50 m 

Water Level in Lower Basin 2.90 m 1.64 m 

Water Level in Canal 2.90 m 2.90 m 

 
Table 7 – Summary of results with outlet water level set at 2.9m AHD and improved under 
road drainage 

It can be seen that water levels are reduced in both the lower detention basin and the 
Roscommon Wetlands under this scenario. This is due to the elevated roads and non 
return valves fitted on culverts which prohibit water from the canal and Ralphs Bay 
entering the detention basins. 
 
This assessment has assumed a constant water outlet level of 2.9m AHD. Although this 
water level will be the 1% AEP high tide level and the low tide level will be somewhat 
lower than this, the ‘average’ low tide level is not expected to be below the water 
level in the lower detention basin, and therefore the outflow of water through the 
drainage culverts into Ralphs Bay and the canal will be restricted by this condition. 
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It should be noted that under this scenario, the water in the lower detention basin will 
be retained till such time as the tide level reduces to below that of the water level in 
the lower detention basin, or water is pumped out of the system. This means some 
regions of the lower detention basin would be either permanently wet, or pumping 
would be required after even low ARI rainfall events.  

4.3.6 Installation of Flood Gates on the Canal 

Elevating South Arm Road could be undertaken in conjunction with the installation of 
tide gates at the canal. If this were to be constructed adequately there may be no 
need to raise North and South Terraces above the high water mark in Ralphs Bay as the 
flood gate would shield the canal from extreme tides. The secondary benefit of the 
canal in this scenario is as a detention basin to store some overland flow until the high 
tide has passed. 
 
The installation of flood gates has been modelled with the roads at the current levels, 
and with roads elevated to 3.2m as described previously. This analysis assumes that the 
flood under the 100 year rainfall event coincides with the high tide unless otherwise 
specified. 
 
It should be noted that the inflows from the southern side of the canal into the canal 
have not been included in this assessment. The water levels noted in the canal and the 
lower detention basin should therefore be seen as indicative of the real situation only.  

Existing Road and Bridge Levels 

If flood gates were to be fitted to the existing bridge levels and closed when the canal 
water level was at the current tide gauge level of 1.44m, the following peak water 
levels are expected: 
 

 No Gates Gates 

Water Level in Roscommon Wetlands 2.52m 2.50m 

Water Level in Lower Basin 2.09m 2.01m 

Water Level in Canal 2.00m 1.99m 

 
Table 8 – Summary of results with outlet water level set at 2.0m AHD 

 
The results from this assessment show that the installation of gates on the canal 
provides a small reduction in flood levels in the lower detention basin and the 
Roscommon Wetlands. This is due to the canal acting as supplementary storage for the 
lower detention basin – storage which could be increased by shutting the flood gates at 
a lower level than 1.44m AHD. 
 
It is noted however that the flood tide even at present day levels is expected to 
overflow the existing South Arm road to the north of the bridge where the current road 
surface is at approximately 1.75m AHD, and the region of North Terrace which is at 
approximately 1.25m. This means that access to the region would be blocked and a 
large number of existing properties inundated.  
 
The installation of gates is therefore not recommended unless undertaken in 
conjunction with additional works such as raising the level of the adjacent roads. 

Raised Road Levels under Current Tide Levels 

If the South Arm Road and North Terrace were both to be raised to 3.2m AHD, a new 
bridge and flood gates installed at this level with, and under road drainage improved 
the following peak flows have been predicted under the current high tide of 2.0m AHD: 
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No Gates Raised 
Road (constant 

outlet water level) 

Gates and Roads 
Raised 

Water Level in Roscommon Wetlands 2.49 m 2.49 m 

Water Level in Lower Basin 1.64 m 1.64 m 

Water Level in Canal 2.00 m 1.54 m 

 
Table 9 – Summary of results with outlet water level set at 2.0m AHD 

 
The results show that the peak water level in the canal is below that of the lower 
detention basin. This is due to the fact that water in the lower detention basin 
requires an amount of head to drive water from the detention basin through the 
culverts to the canal, thus the peak water level is higher in the lower detention basin. 
It is expected that over time these water levels would equalise, however the peak 
water level in the lower detention basin has been reported in Table 9 as this is the 
critical factor for flooding in the region. 
 
The installation of gates on the canal in conjunction with raised roads results in a 
decrease in the peak levels in the canal, assuming the water level in the canal is 
initially 1.44m (tide gauge level), and outlet conditions to Ralphs Bay at 2.0m AHD. 
Should the gates be closed when the water level in the canal is at a lower than that 
indicated in these scenarios, addition storage in the canal would result, however this 
would still be small compared to that offered by the lower detention basin.  

 
It should also be noted that this assessment assumes the water level in Ralphs Bay and 
the canal is consistently 2m AHD, which is higher than the predicted water level in the 
lower detention basin. This means water in the lower basin is prevented from exiting 
the basin. This is therefore the worst case scenario. In reality, a low tide would allow 
water to exit the basin if the tide was below the water level in the basin. 

 
To model the change in tide levels, tidal patterns have been simplified to a high tide of 
2.0m ADH, followed 6 hours later by a low tide of 1.2m AHD, and then alternating 
every 6 hours in a linear fashion. The low tide level was determined by assessment of 
the predicted tidal range for the region, with an estimate of 0.8m reflective of the 
‘average’ spread of tides for the period assessed. Other assumptions are as described 
under Section 4.3.5. 
 
The initial water level in the canal has been set as 1.44m. This is consistent with the 
modelling report in Table 9 and reflects the tide gauge level for still water during an 
expected 1% AEP tidal event under current conditions.  

 
The peak water levels resulting from this model can be seen in Table 10: 
 

 Roads at 3.2m with improved drainage 

Water Level in Roscommon Wetlands 2.42 m 

Water Level in Lower Basin 1.52 m 

Water Level in Canal 1.44 m 

 
Table 10 – Summary of results with outlet water level varying between 2.0m AHD and 1.2m 
AHD every 6 hours 

 
Once again, the results show that the peak water level in the canal is below that of the 
lower detention basin. This is due to the fact that water in the lower detention basin 
requires an amount of head to drive water from the detention basin through the 
culverts to the canal, thus the peak water level is higher in the lower detention basin. 
It is expected that over time these water levels would equalise, however the peak 
water level in the lower detention basin has been reported in Table 10 as this is the 
critical factors for flooding in the region. 
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As can be seen, there is a significant difference between the water levels predicted by 
the model with a consistent 2m AHD outlet condition (Table 9), and that of the varying 
outlet results seen in Table 10. As a number of assumptions have been required to 
perform this analysis, this level shall only be seen as an indication that the installation 
of the flood gates and the elevation of roads above the current high water level should 
result in the reduction of water levels in the lower detention basin. 
 
It is also noted that the peak water levels predicted by this model for the Roscommon 
Wetlands and the lower detention basin are consistent with those returned for the 
model with elevated roads, a varying outlet water condition but without flood gates 
(Section 4.3.5). This indicates that for this scenario, the flood gates do not impact the 
water levels in the detention basins, however do result in lower peak levels in the 
canal.  

South Arm Road Only Raised and Gates Installed 

If South Arm Road was raised to 3.2m AHD, and gates installed on the bridge, the 
raising of North Terrace may not be required as protection from flooding could be 
offered from the reduction in channel water level due to the installation of the flood 
gates. This may result in a significant reduction in cost as well as reduced difficulties in 
providing access to the existing properties along North Terrace.  
 
To assess the potential of this solution, the previous scenario with the varying tide 
level has been re-run with the crest of North Terrace set at the current elevation of 
1.25m AHD. The model assumes the floodgates were closed with a water level of 1.44m 
AHD as with the previous scenario. A tidal variation in Ralphs Bay of 1.2m to 2m AHD 
has been adopted.  
 
Results of this modelling can be seen in Table 11: 
 

 
South Arm Road at 3.2m North Terrace at 

1.25m AHD 

Water Level in Roscommon Wetlands 2.42 m 

Water Level in Lower Basin 1.50 m 

Water Level in Canal 1.48 m 

 
Table 11 – Summary of results with outlet water level varying between 2.0m AHD and 1.2m 
AHD every 6 hours 

 
These results are slightly different to those predicted with both South Arm Road and 
North Terrace Raised. The water level in the lower detention basin is marginally lower 
in comparison to the previous scenario, and the water level in the canal marginally 
higher. This is believed to be due to the increased capacity of drainage under this 
scenario as water can flow across the crest of the road which requires less head to 
move water between the basin and the canal. This also means that the peak water 
levels in the two systems are closer to each other than when the system was 
constricted to flow through a limited number of culverts.  
 
The small difference could also be attributed to model limitations, particularly the 
assumptions required to model the changing tide levels in Ralphs Bay. With these 
limitations in mind, the results of this assessment show that the installation of the 
gates and the raising of South Arm Road could result in water levels in the lower 
detention basin in the same order as if both South Arm and North Terrace were raised 
to 3.2m AHD. 
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It is important to note however that if this approach was adopted, a number of houses 
along North Terrace would be flooded, as well as the lower sections of North Terrace 
itself. This may prevent access via North Terrace during a flood event. It is therefore 
expected that North Terrace would be elevated to some extent, however possibly not 
to the extent that South Arm Road will be. A level of approximately 2m would meet 
most requirements. 

Raised Road Levels under 2100 Predicted Tide Levels 

If the South Arm Road and North Terrace were to be raised to 3.2m AHD (or South Arm 
Road raised to 3.2m and North Terrace raised at least above the expected water level 
in the canal) and flood gates installed, the following flows have been predicted (with 
the outlet water level in Ralphs Bay set at 2.9m AHD):  
 

 
No Gates and Roads 

Raised 
Gates and Roads 

Raised 

Water Level in Roscommon Wetlands 2.50 m 2.50 m 

Water Level in Lower Basin 1.64 m 1.64 m 

Water Level in Canal 2.90 m 1.54 m 

 
Table 12 – Summary of results with outlet water level set at 2.9m AHD 

 
As can be seen, the installation of gates on the canal in conjunction with raised roads 
results in a decrease in the peak levels in the canal, assuming the water level in the 
canal is initially 1.44m (tide gauge level), and outlet conditions to Ralphs Bay at 2.9m 
AHD.   

 
Although the flood gates appear to be ineffective in reducing flood levels within the 
lower detention basin based on an assumed level at closure, the final operation of 
these gates could be determined to close at a lower level. Over time this will result in 
the gates being closed more frequently due to sea level rise, therefore the 
requirement of flushing of the canal should be considered at the detailed design stage.   

 
Based on previous modelling, the reduction of the water level in the canal due to the 
installation of the flood gates could also reduce the need to increase the elevation of 
North Terrace to exclude flooding from the lower detention basin. It is expected that 
this road would need to be elevated above the expected maximum water level within 
the canal, however this increase would be significantly less than if the flood gates were 
not installed, thus saving considerable funds in road construction. This will be further 
investigated in Section 5. 
 
This assessment has assumed a constant water outlet level of 2.9m AHD which is the 1% 
AEP high tide level. Although a constant tide of this height is the worst case scenario,  
the mean sea level is not expected to be below the flood level in the lower detention 
basin, thus even if tidal variation was considered, the water in the lower detention 
basin would be prevented from leaving the system due to the high outlet water 
condition. This means water will be retained in the lower detention basin till such time 
as the tide level reduces to below that of the water level in the lower detention basin, 
or water is pumped out of the system. This means some regions of the lower detention 
basin would be either permanently wet, or pumping would be required after even low 
ARI rainfall events.  

4.3.7 Impact of Development in the Lower Detention Basin 

The lower detention basin has been specified at five elevations, 0.5m, 0.75m, 1.0m, 
1.25m and 1.5m AHD. The portions of land currently filled, and those expected to be 
filled under the Structure Plan have been excluded from the detention basin volume. 
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To investigate the impact development would have should it be approved in the lower 
detention basin, the area of the basin has been reduced and the impact of this 
assessed. The lowest elevation is the main channel running through the basin. It has 
been assuming there would be no development in this region of the basin. All other 
elevations have been reduced by 30%, then by 50% to determine the impact this 
reduction in volume will have on the flooding in the region.  

 
The reduction in storage can be seen in Figure 6: 

 

 
 
Figure 6 – Lower Detention Basin storage – elevation relationship. 

 Impact of Development in Lower Detention Basin with Current Sea Levels of 2.0m 
AHD 

This scenario considers the impact of reducing the capacity of the lower detention 
basin when the roads are elevated to 3.2m, flood gates installed and the tide outlet 
varying, with a maximum tide of 2.0m AHD. 
 
To model the change in tide levels, tidal patterns have been simplified to a high tide of 
2.0m ADH, followed 6 hours later by a low tide of 1.2m AHD, and then alternating 
every 6 hours in a linear fashion. The low tide level was determined by assessment of 
the predicted tidal range for the region, with an estimate of 0.8m reflective of the 
‘average’ spread of tides for the period assessed. Other assumptions are as described 
under Section 4.3.5. 
 
The initial water level in the canal has been set as 1.44m. This is consistent with the 
modelling report in Table 8 and reflects the current tide gauge level.  
 
The peak water levels resulting from this model can be seen in Table 13: 

 

 
Original Detention 

Basin Volume 

30% Reduction 
Detention Basin 

Cross Section Areas 

50% Reduction 
Detention Basin 

Cross Section Areas 

Water Level in 
Roscommon Wetlands 

2.42 m 2.42 m 2.42 m  

Water Level in Lower 
Basin 

1.52 m 1.59 m 1.64 m  

 
Table 13 – Summary of results with outlet water level varying between 2.0m AHD and 1.2m 
AHD every 6 hours 
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This shows that development within the lower detention basin will result in increased 
flooding levels within this region. 

Impact of Development in Lower Detention Basin with Predicted Sea Levels of 2.9m 
in 2100  

If the South Arm Road and North Terrace were to be raised to 3.2m AHD, the flood 
gates installed on a bridge of the same level, under road drainage improved, and the 
water level in Ralphs Bay peaks at 2.9m AHD - the following flooding levels in Table 14 
are predicted. 
 
This scenario considers the flooding caused only by a high ARI rainfall event, as sea 
water ingress into the lower detention basin is prevented by elevated roads and non 
return flaps on culverts.  

 
As noted in the calculations for this sea level scenario, with the installation of elevated 
roads, flood gates and the detention basin at full capacity, this scenario has assumed a 
constant water outlet level of 2.9m. Although this water level will be the 1% AEP high 
tide level and the low tide level will be lower than this, the ‘average’ low tide level is 
not expected to be below water level in the lower detention basin, and therefore the 
outflow of water through the drainage culverts into Ralphs Bay and the canal will be 
restricted by this condition. The simplified model of assuming a constant outflow water 
level is therefore a worst case scenario.  

 

 
Original Detention 

Basin Volume 

30% Reduction 
Detention Basin 

Cross Section Areas 

50% Reduction 
Detention Basin 

Cross Section Areas 

Water Level in 
Roscommon Wetlands 

2.50 m 2.50 m 2.50 m 

Water Level in Lower 
Basin 

1.64 m 1.79 m 1.95 m 

 
Table 14 – Summary of results with outlet water level set at 2.90m AHD 

 
It can be seen that the reduction of detention basin volume has a significant impact on 
the level of flooding expected in the lower detention basin region.  
 
The impact of development on flooding levels is more significant in this scenario due to 
the high water level at the outlets of the lower detention basin. The inability of water 
to exit the system means that all runoff is retained within the basin till such time as 
the tide level reduces to below that of the water level in the lower detention basin, or 
water is pumped out of the system. This means that as time goes on and sea level rise 
causes the outlet water condition to increase, the impact of development in the lower 
regions of the catchment is also increased.  
 
It is noted that in time a 0.9m rise in sea level will result in Mean Sea Level being 
above the invert of the detention basin. This means that in time, the only strategy to 
fully drain the basin would be to utilise stormwater pumps. 

5. Discussion 
The investigation of flooding issue and possible mitigation strategies has highlighted 
the complex nature of drainage in the Lauderdale area. It should be reiterated that the 
model created is a simplification of a very complex network, relying on a number of 
assumptions. 
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Critically, the model relies on LIDAR data which is understood to have an accuracy of 
+/-200mm. Therefore no levels should be directly taken from the report without field 
verification. In addition, the runoff volumes are not calibrated and could vary 
significantly depending on a number of factors including soil type and rainfall 
preceding the major storm. 
 
This model has also assumed a worst case scenario of a 100 year ARI rainfall event 
coinciding with a high tide event. It is important to note that the combination of these 
two events is unlikely, and peak inundation values reported under this investigation 
may be for a period of a few hours over the maximum tide. 
 
It should be noted that all models run are based on 100 year ARI rainfall events but do 
not include allowance for future predicted increases in storm intensities. Climate 
Futures for Tasmania modelling projects that by the end of the century the volume of a 
1% AEP 24 hour event rainfall will increase by around 20%. Changes of this magnitude 
would be expected to exacerbate the extent of flooding in time. 

5.1 Flood Mitigation Strategies 
The primary threat to the residents of Lauderdale is that from rising sea levels. 
Analysis of this catchment suggests that the tide level is the critical factor when 
assessing the flooding levels within the lower basin. As sea levels raise the frequency, 
duration and severity of flooding events are expected to increase.  
 
Even under existing scenarios there are a number of properties that are at risk of 
either 100 year ARI tide levels or 100 year ARI flood levels. The mitigation strategies 
described below are aimed at limiting the increase in any flooding but not necessarily 
improving the situation for properties that are already at risk.  
 
A number of mitigation strategies have been investigated including the raising of roads, 
installation of flood gates and pumping of water from the lower detention basin.   

5.1.1 Raising South Arm Road 

Inundation of the South Arm Road is primarily a function of astronomical tides, wind 
and wave setup. The model indicates that elevating South Arm Road, improving the 
drainage underneath it (including installing non return values on culverts) and 
providing some means of protection from flooding via the canal (by the installation of 
gates and/or the elevation of North and South Terraces) could lead to a reduction in 
peak flood levels in both the lower detention basin and the Roscommon Wetlands. This 
is due to the prevention of ingress of sea water through culverts or via overtopping of 
the road. This improvement is evident under current tide levels as well as the future 
predictions for outlet water height in the region. 
 
Raising the road level of South Arm Road to 3.2 m AHD would be needed to provide 
protection from 0.9m of sea level rise, which may occur around 2100 (but may be 
sooner or later than that). While it has not been specifically modelled, it would be 
feasible to raise the road in stages, for example, an initial increase to 2.5m followed 
by an increase to 3.2m in the future. If the sea keeps rising as expected, further 
increases will be required. 
 
Raising the full length of South Arm Road in the vicinity of Lauderdale may not be 
required for flood protection, however would be desirable for certainty of access to 
South Arm. In fact, there is a proposal to flush the wetlands south of the tip that would 
require the road to be permeable for part of this length. This would require means of 
protecting the property south of the canal, such as a levee but without the road on top 
potentially protecting the tip (to prevent flushing effects on leachate), the football 
oval and the houses along Bayview Road. The design of this structure and the 
associated road works have not been included in the fee estimate, and would require 
additional design to be undertaken. 
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Drainage improvements will be required in conjunction with these works, in the form 
of multi cell box culvert upgrades. The design of the improved drainage system is 
outside the scope of this report and would be undertaken at the design stage. It is 
noted that there may not necessarily be adequate width available in existing 
easements to allow for the required number of additional culverts. An investigation 
should be undertaken to determine proposed future easements which may require 
some land purchase by Council. 

 
It is important to note that raising South Arm Road protects against extremes but not 
against the average sea level. As a guide, to protect against the extremes the road 
needs to be kept approximately 2.0m above mean sea level at the time, and to allow 
drainage without pumping the land behind the road needs to be kept approximately 
1.0m above the mean sea level at the time. To achieve this final condition would 
require very significant amounts of fill and the reconstruction of a number of existing 
properties, it is therefore considered likely that pumping from the lower detention 
basin would be required. 

 
Raising road levels will not significantly affect the water levels in the lower detention 
basin compared to current road levels, at times of normal tide levels provided drainage 
improvements with non return valves are undertaken at the same time as road 
construction. It is noted however that while this solution is expected to improve 
flooding issues in the lower detention basin, there are still a number of existing 
buildings that would be affected by this level of flooding – under both the current and 
projected scenarios.  

 
In addition to the benefits raising the road would have on the flooding in the 
Lauderdale region, elevating South Arm Road will also protect the road from inundation 
and associated damage, and ensure safe access and egress to residents of South Arm.  

5.1.2 Protection from Flooding Via the Canal 

Elevation of South Arm Road will prevent inundation from Ralphs Bay, however 
protection is required to ensure flooding does not enter the region via the canal. There 
are two options for protecting from this flooding – elevating North and South Terrace to 
above the predicted high tide level, or the installation of flood gates at the mouth of 
the canal. 

Raising North and South Terraces 

Elevating North and South Terraces to 3.2m AHD to tie into the construction of the 
elevated South Arm Road would act to prevent overtopping of the roads by water in 
the canal. If the road levels of the Terraces were increased to above the high tide 
level, flood gates would not be required on the canal as protection would be offered 
from the roads acting as levee banks. This solution to the flooding issue would be fail 
safe in that flood prevention would not be reliant on operational controls or continued 
ongoing maintenance of flood gates.  
 
Raising the full length of North and South Terraces to 3.2m AHD is expected to have a 
significant construction cost. In particularly, there would be difficulties in providing 
access from existing houses to the new road – as in some cases there may be almost 
2.0m between the existing and the proposed road surfaces.  

 
In addition to this work, there may also be a requirement to raise floor levels in 
existing houses that front the Terraces to raise them above current and future 100 year 
ARI events (note that all future developments must be elevated about 3.2m in 
accordance with the Clarence City Council planning scheme). 
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Flood Gates 

The model showed that installation of flood gates with appropriate operational controls 
in conjunction with the raising of South Arm Road above the high tide mark would be 
an appropriate strategy to protect residential properties from inundation from rising 
sea levels.  
 
As the installation of the flood gates of the canal would lower the expected water 
level, North and South terrace will still require elevation, however not to the same 
level as South Arm Road. It is expected that a level of 2.0m AHD would be appropriate 
(providing approximately 0.4m protection from the expected water levels in the 
canal). It should be noted that some additional raising of the Terraces may be required 
in the future, as the region becomes more at risk of high tide events. The use of the 
canal as a detention basin also assumes the eastern end of the canal is suitably high, 
strong and impervious to ensure water from Fredrick Henry Bay cannot enter the canal. 
Some work may be required to achieve this. 

 
It is assumed that an appropriate logical control would be developed to keep out water 
above a certain AHD level - over time this will result in the gates being closed more 
frequently due to sea level rise. This may lead to an environmental issue in the canal 
due to lack of flushing from normal tidal cycles. This has not been investigated as part 
of this analysis.  
 
It is recommended that the flood gates be installed as a separate structure, upstream 
of the existing bridge. This will mean the gates will be unaffected by the changes to 
the road and bridge levels. It is recommended that the bridge be replaced only once – 
and be designed to tie into the road when it is raised to 3.2m AHD. The flood gates will 
require ongoing maintenance and regular servicing to ensure the risk of system failure 
is minimised. 

 
The raising of North and South Terraces is complicated by the need to maintain 
driveway access to properties, however the impact of elevating the roads to 2.0m AHD 
is much less than the alternative of elevating the Terraces to 3.2m AHD.  
 
To benefit from the addition capacity of the canal, it is recommended that drainage be 
improved between the canal and the lower detention basin. It is noted that there may 
not necessarily be adequate width available in existing easements to allow for the 
required number of additional culverts. An investigation should be undertaken to 
determine proposed future easements which may require some land purchase by 
Council. 
 
In addition to this work, there may also be a requirement to raise floor levels in 
existing houses that front the Terraces to raise them above current and future 100 year 
ARI events (note that all future developments must be elevated about 3.2m in 
accordance with the Clarence City Council planning scheme). 

5.1.3 Pumping 

The raising of the road along South Arm Road, and the installation of flood gates or the 
elevation of North and South Terraces will act to exclude water from entering the 
detention basin from Ralphs Bay. However as noted, rising sea levels will act to 
prevent drainage of the lower detention basin via gravity, therefore runoff from even 
low ARI storm events would be detained in the lower basin until such time as sea levels 
allow drainage of the region. 

 
Due to this, a pump station may be required in the lower detention basin to act when 
outflows by gravity are not possible due to high tides at the detention basin outlets. 
Such a pump station could act to minimise the peak flood, as well as reduce the 
duration of a flooding event.  
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The region to the south of the canal has not been included in this investigation, 
however a similar pump station may be required to remove runoff from this catchment. 
 
It is noted that the installation of such pump stations is a large capital investment. In 
addition to this, as sea levels increase, the amount of time the pump is in operation for 
will increase. In this case, it may be that the cost of damage to the region due to 
flooding does not justify the installation of the pump station.  

5.2 Structure Plan 
The Structure Plan outlines possible future developments in the region. The increase in 
run off generated from the developments proposed under this plan is expected to be 
small in relation to the greater catchment, however the requirement to elevate 
developed land to 3.2m AHD will result in changes to the overland flow patterns, 
effectively diverting sheet overland flows along fill banks. Uncoordinated landfill could 
therefore result in upstream or downstream properties being damaged by changed 
overflow patterns. 
 
Provisions therefore need to be made for a series of low level drainage paths to be 
maintained behind or through filled properties as appropriate to ensure water is able 
to drain to the main drainage paths. 
 
The main drainage paths including overland flow provisions identified by both the JMG 
report and this report shall require maintenance to ensure no negative impact on 
upstream properties as a result of development under the Structure Plan. A drainage 
easement of approximately 25m in width would be required to protect the main 
channel in the vicinity of Mannata Street. 

 
In addition to these provisions, investigation into the impact of reducing the size of the 
lower detention basin suggested that development in this region would have an impact 
on the expected flood heights. For this reason, developments outside the scope of the 
current Structure Plan should be considered on a case by case basis. In particular, 
additional filling of the lowest levels of the lower detention basin should be prevented 
to ensure the system is not impacted. 
 
It should be noted that although new developments are required to be elevated about 
3.2m AHD and will therefore be protected from the predicted flooding heights, any 
existing houses below the level of 3.2m AHD will not be offered this protection.  

5.3 Drainage Plan 
The analysis has shown that there is little that can be done to stop flooding of low lying 
areas when a high storm tide coincides with a high rainfall event. This will mean that 
as rising sea levels prevent water from escaping the natural detention area, low lying 
houses will need to have their floor levels raised progressively to ensure they are above 
potential storm events.  
 
There is a section of land to the north of Banbra Street that is lower than 3.2m AHD 
according to LIDAR information. It is recommended that some kind of mitigation be 
undertaken at this point to exclude rising sea levels from entering the region. This is 
outside the scope of this investigation.  
 
It is also noted that the following recommendations assume that the dunes are not 
breached to the east of the canal. Some mediation works may be required to ensure 
water does not enter the system from this point.  
 
This study does not consider the effects of erosion at Roches Beach and the potential 
impacts on the findings from this study. 
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The catchment to the South of the Canal has not been modelled as per the northern 
catchment, however, it is expected that the strategies identified in this investigation 
will be appropriate to this section. 

6. Recommendations 

Flood Mitigation Strategy 

It is recommended that the level of South Arm Road (including the bridge over the 
canal) be kept at least 2m above the current mean sea level to provide benefits of 
flood protection and reasonable security of access, and to help minimise the amount of 
water entering the lower detention basin from the canal and Ralphs Bay. In addition to 
this, it is recommended that flood gates be installed at the mouth of the canal, and 
North and South Terrace elevated above the expected water level in the canal. 
Upgrades of drainage and the installation of non return valves on pipe culverts will also 
be required in conjunction with these works. 

 
The elevation of South Arm Road will act as a levee bank to prevent inundation of the 
land behind it, therefore the road shall be designed for preventing the overtopping of 
the 100 year ARI event. Roads deteriorate with age, therefore as the road is to be 
raised to provide protection from inundation, the time horizon selected for protection 
should be similar to the life span of the road.  In addition to this, the longer term 
projections of sea level rise are likely to be less accurate than shorter term 
projections. When sea level rise puts the security of a road at risk again, further raising 
of the road would be required.   

 
South Arm Road would need to be raised to achieve a road height suitable to protect 
the region from the sea levels. To raise the road to 3.2m AHD to offer protection from 
sea levels approximately 0.9m higher than the current sea levels (that may occur in 
about 2100), approximately 2.8km of South Arm Road would require elevation. As 
previously noted, this full length may not need to be raised for flood protection, but 
would be desirable for certainty of access to South Arm. 

 
The initial concept proposes to raise the level of the roadway pavement to a level of 
2.6 m AHD, with a 1:5 batter slope starting at the northern edge of the existing 
roadway and moving the alignment of the roadway slightly away from the Ralph’s Bay 
foreshore. This level would be increased in the future to 3.2m AHD to offer protection 
from the predicted 0.9m increase in height that may occur in or around 2100. These 
levels, and the costings provided would require confirmation at the concept design 
stage of the works.  
 
Raising of the road should be located on the land side with no encroachment into 
Ralphs Bay.  For the purpose of understanding the financial implications of the 
required works, a cost estimate has been prepared in the following section. 
 
Assuming that the sea level will rise, the road embankment would need to be 
constructed of a material that will not deteriorate when saturated. There appears to 
be two options, rock or confined sand.  Both of these materials would provide a strong 
sub grade. A relatively thin (350mm) pavement has to be allowed above the design 
water level. 
 
Although the WRL report does not consider wave run up for this location, during 
extreme high water level events and/or storm events waves are expected to impact 
the roadway embankment slope. It is likely that the embankment would suffer erosion 
and damage if it is not properly armoured, therefore an allowance for embankment 
protection works is required. 
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It is considered that installation of a clay core to prevent underground drainage from 
Ralphs Bay into the detention basin would not be a cost effective solution as it would 
be unlikely to provide significant benefits in levels due to the short time frame of 
extremely high tides. It would likely have construction difficulties associated with its 
installation.  
 
The installation of a tide gate adjacent to the bridge is recommended to ensure water 
levels in the canal do not endanger adjacent houses. In conjunction with this, North 
and South Terrace should be elevated to 2.0m AHD. When this work is undertaken, it is 
recommended that improved drainage be installed under South Arm Road and North 
Terrace to help drain the lower detention basin. Culverts to the canal and Ralphs Bay 
should be fitted with non return flaps. Design of these improvements to the under road 
drainage system should be considered upon the full design of the road level increases.  
 
It should be noted that the sea level rise projections, subsequent design options and 
cost estimates have been undertaken on preliminary information only and as such more 
detailed modelling will provide greater certainty. Importantly, a more detailed 
understanding of the levels of the existing South Arm Road would provide an indication 
of the specific sections of the 2.8 km road that are currently affected by sea level rise 
and inundation, or are to be threatened in the future.  

Structure Plan 

It is recommended that no development be allowed in elevations lower than 0.75m 
within the lower detention basin, to ensure adequate connectivity and capacity of the 
basin is maintained. This region can be seen in Figure 7. 
 

 
 
Figure 7 – Approximate existing fill and regions recommended not to be filled 

 
 
 
 

Existing fill 

Recommended not 

to be filled 
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It is also recommended that proposed developments in those regions not covered in the 
Structure Plan be carefully considered on a case by case basis, that the protection of 
overland flow paths be ensured and impact on upstream and downstream properties 
assessed. Any development that requires filling to raise floor levels needs to make 
appropriate provision for low level overland flow paths to be maintained. It is 
recommended that Council require developers to make allowance for this in preparing 
the development proposals.  
 
It is recommended that further investigation be undertaken to recommend a suitable 
fill material for use in the filling plan. The geotechnical report prepared by W C 
Cromer Pty Ltd on this region suggests that the underlying geology of the area is sand 
over clayey sand, silt and clay, thus is it believed that fill of a similar composition to 
the natural ground would be suitable for this application, although this is not expected 
to make any significant difference to peak storm events. 
 
In the Tasmanian Acid Sulfate Soil Management Guidelines, it recommends an 
assessment if over 500 m3 of fill is proposed in an area with actual acid sulphate soils 
(ASS) or potential acid sulphate soils (PASS). The concern is that changes to the water 
table may affect exposure of ASS soils to flushing and acid release into the 
environment. This part of Lauderdale is identified as having a high risk of containing 
PASS conditions as outlined here: 
http://www.thelist.tas.gov.au/listmap/listmap.jsp?cookieteststate=check&llx=507800.
0&lly=5238420.0&urx=544000.0&ury=5261900.0&layers=268 
 
Consideration of this should be undertaken at the detailed design stage.  

Drainage Plan 

To ensure adequate drainage, it is critical that the easements recommended for 
drainage of the northern and southern catchment areas into the lower detention basin 
are kept free from development. 
 
An easement of 25m wide should be maintained along the northern overflow route 
from the Roscommon Wetlands to the lower detention basin.  
 
The JMG report recommended swales at the front and back of all properties on the 
Structures Plan with these swales connecting into the existing drainage channels. It is 
recommended that this plan be upheld. It is assumed that Mannata Road will be raised 
prior to development of this region, thus is it recommended that provision of overland 
flow paths be allowed for at this stage to minimise the risk of overland flows disturbing 
adjacent properties during construction and development. 
 
The design of these channels and drainage systems should be undertaken at the 
detailed design stage.  
 
It is also recommended that any future developments not outlined in the Structure Plan 
be required to consider the impact of filling on the natural drainage paths, and 
possible consequences on other properties in the vicinity of the development.  
 
Council should consider the land tenure requirements for the provision of future 
drainage paths from the lower detention basin. This may require the purchase of land 
fronting either or both of North Terrace or South Arm Road. 
 
To mitigate against the effects of rising sea levels preventing stormwater escaping 
from the lower detention basin, a large stormwater pump station would be required to 
supplement the gravity system at times of very high tides. A notional assessment has 
shown that a pump station in the order of 0.3m3/s capacity (subject to further detailed 
design) would be required to keep water levels in the lower detention basin consistent 
with pre sea level rise scenarios. This station would require generator backup and duty 
and standby pumps to ensure the system is operational when required. It would not be 
required if houses in the area were progressively raised to 3.2m floor level. 

http://www.thelist.tas.gov.au/listmap/listmap.jsp?cookieteststate=check&llx=507800.0&lly=5238420.0&urx=544000.0&ury=5261900.0&layers=268
http://www.thelist.tas.gov.au/listmap/listmap.jsp?cookieteststate=check&llx=507800.0&lly=5238420.0&urx=544000.0&ury=5261900.0&layers=268
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7. Cost Estimates 
The following cost estimate has been prepared as an indication of the costs involved to 
complete the following works: 

 Raising the South Arm Highway to a level of 3.2m AHD 

 Improving the defence of the eastern end of the canal to storm surges 

 Design and construction of a new bridge over the Lauderdale canal including 
installation of flood gates 

 Construction of a pump station and well in the lower detention basin to drain this 
region (note a similar pump station may be required to the south of the canal to 
drain that catchment. This has not been included in this cost estimate). 

 Indicative DIER rates and fees. 
 

 
Unit Quantity Rate Amount 

Preliminary Planning 
    Based on 1.8% of construction cost Item Calc. 1.80% $270,900 

     Construction 
    Highway - based on $/km km 2.8 $1,350,000 $3,780,000 

North and South Terraces km 1.6 $700,000 $1,120,000 

Bridge Item 1 
 

$500,000 

Ralphs Bay batter protection Item 1 
 

$5,000,000 

Flood gate Item  1 
 

$500,000 

Improvements to storm defense on eastern end of canal Item  1 
 

$300,000 
Re-grading of junctions and branch roads and lot 
connections Item 1 

 
$1,500,000 

Pump stations and wet well construction Item 1 
 

$2,000,000 

Drainage improvements Item 1 
 

$250,000 

Boundary fence adjustments Item 1   $100,000 

   
Sub-Total $15,050,000 

Additional Items 
    Environmental management/shore remediation Item 1   $500,000 

     Fees 
    Design and documentation (assume 8%) Item   8% $1,204,000 

Bridge design Item 
 

8% $40,000 

Contract Administration Item 
 

5% $752,500 

Owner - Project Management  Item 
 

5.80% $872,900 

Owner - Public consultation Item 
  

$50,000 

Owner - Miscellaneous Item     $25,000 

   
Sub-Total $2,944,400 

Contingency 
    Based on 25% Item   25.00% $2,257,500 

     

   
TOTAL $21,022,800 
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Exclusions 

 Waterproofing the road embankment with a clay core or similar 

 Alterations to power, communications, water supply and drainage services 

 Fencing (except as noted). Allowances for guard railing are included in highway 
rate item. 

 Property acquisition 

 Works required for significant environmental or Aboriginal Heritage issues. 
 
Note 

 Batter protection costs may vary significantly dependent on final design. 

8. Conclusion 
Analysis of the region to the north of the Lauderdale canal has determined that there 
are significant issues with the current drainage network which are expected to be 
made worse in the future by projected sea level rise. 
 
Analysis of this catchment suggests that the tide level is the critical factor when 
assessing the flooding levels within the lower basin. As sea levels rise the frequency, 
duration and severity of flooding events are expected to increase.  
 
It is recommended that the level of South Arm Road, be increased to 3.2m AHD, to 
improve access to the area under high tides and help to minimise the amount of water 
entering the lower detention basin from the canal and Ralphs Bay. In addition to this, 
North and South Terrace should be elevated to 2.0m AHD, and flood gates installed 
upstream of the bridge on South Arm Road.  
 
In addition to these works, the installation of a stormwater pump station may be 
required to mitigate against the increase in levels in the detention basin due to the 
increasing high tide levels. This would reduce both frequency and severity of flood 
levels for existing residences. 

 
It  is recommended that any developments proposed in the low lying area between 
Mannata Street and the existing houses along North Terrace be carefully considered on 
a case by case basis to ensure filling does not have a detrimental impact on properties 
up or downstream of the proposed development.  
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