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AECOM Townsville Port Expansion Project EIS i

The Port of Townsville Expansion Flooding Impact Assessment has been undertaken as part of the Environmental
Impact Study for the Townsville Port Expansion Project (PEP) to assess if there will be any impacts from a
flooding standpoint due to the project. Presently within Townsville Region the Defined Flood Event (DFE) to
assess impacts is the 50-year Average Recurrence Interval (ARI) flood event; however, the State Planning Policy
(SPP 01/03) recommends that a flood risk equivalent to the 100 year ARI flood event be achieved. Both the 50
and 100-year ARI flood events were considered in this study to determine the following objectives:

- determine flood behaviour under current conditions
- quantify flood impacts on properties close to the project site from redirection or concentration of flows

- identify changes to flood levels, flow velocities or times of inundation as a result of the proposed
development.

Baseline and proposed conditions hydraulic models were developed to determine flood characteristics before and
after the proposed port expansion based on previous studies. The models were evaluated for both Mean High
Water Springs (MHWS) and storm tide boundary conditions. Comparison of the developed case model results
with the baseline model results indicated that no change to the flood levels, flood extents or times of inundation
are expected outside of the port limits as a result of the PEP for all of the scenarios investigated.
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The Port of Townsuville Limited (POTL) is proposing to expand the Port of Townsville to meet cargo handling and
shipping demands to 2040. As part of the Environmental Impact Statement (EIS) permitting process, a flood
study was requested to address Section 5.1.1 of the Townsville Port Expansion Terms of Reference (ToR)
developed by the Coordinator General, Queensland Government. As requested in the ToR, this flood study was
designed to include:

- quantification of flood impacts on properties surrounding and external to the project site from redirection or
concentration of flows

- identification of likely increased flood levels, increased flow velocities or increased time of flood inundation
as a result of the proposed development.

1.1 Scope

The following scope of work was developed to meet the requirements of the flood study and described in the
TOR:

- Describe the hydrology of the project area, which includes the adjacent river catchments, the associated
freshwater flows within the study area and the adjoining tidal waterways in terms of water levels and
discharges.

- Detail the interaction of freshwater flows with different tidal states including storm tides.
- Include details of calculations along with descriptions of base data used to assess flood impacts.

- Describe historical and predicted floods including extent, levels and frequency for the 50 and 100-year
Average Reoccurrence Interval (ARI) flood events.

- Review previous studies undertaken by the local council in relation to flooding.

- Discuss any impacts on upstream flood risk in the Ross River and Ross Creek and any mitigation measures
that may be required.

- Address any requirements of local or regional planning schemes for flood affected areas.

1.2 PEP Overview

As shown on Figure 1, the existing Port of Townsuville is comprised of a harbour basin enclosed by a breakwater
on the western side, a reclaimed area on the eastern side, and a breakwater on the northern side. The port also
includes a bulk materials jetty with a single berth on the seaward side of the northern breakwater. In addition to
the constructed works, numerous projects are under consideration in the vicinity of the port. Consistent with the
PEP EIS ToR the base case infrastructure, bathymetry and topography for determining flooding impacts
incorporates existing conditions along with modifications to represent the following planned works (see Figure 1) ;

- Townsville Marine Precinct Stage 1

- POTL Berth 12

- Channel widening between beacons P14 and P16

- Inner harbour reconstruction works associated with berths 4, 8 and 10a.

Components of the Townsville PEP, as detailed in the PEP EIS ToR, which have the potential to have an impact
on flood levels and/or velocities within the vicinity of the project area include:

- Construction of a new deep water outer harbour by constructing a new breakwater approximately one
kilometre seaward of the existing northern breakwater and deepening the harbour area

- Construction of up to six additional vessel berths in the new harbour
- Deepening the existing approach channels (the Sea and Platypus channels) to -14.4mAHD

- Widening the approach channel near the outer harbour entrance between P12 and P14
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AECOM Townsville Port Expansion Project EIS 2

- Creating approximately 100 hectares of reclaimed land backing the new berths to provide for bulk cargo
storage and rail loop all formed from material reclaimed from the harbour deepening and from mainland
sources. This will include internal bunds to facilitate effective land reclamation

- Construction of new road and rail infrastructure within the project footprint and connecting it to the Townsville
eastern access corridor (EAC) currently under construction

- Installation of new services infrastructure.

- Potentially constructing a new western breakwater to protect the outer harbour depending on the results of
further hydrodynamic modelling to be undertaken as part of the EIS

1.3 Assessment Approach

Townsville City Council validated hydrologic (XP-RAFTS) and hydraulic (MIKE FLOOD) numerical models were
used to determine base-line flooding characteristics and to assess the post-development impacts of the proposed
PEP. The existing conditions calibrated models originally developed for the Townsville Flood Hazard Assessment
Study, Phase 2 Report, Volume 1 — Flood Hazard Assessment (December 2005) were modified to include
planned infrastructure (Section 1.3). Elements from models developed for the Townsville Port Access Road
Flooding Assessment (2010) were incorporated into the existing conditions model to represent the planned works.
Proposed expansion elements were incorporated into the proposed case model by modifying the model grid
(Section 1.3). The methodologies adopted in the hydrologic and hydraulic assessments are based on current
practices and, where applicable (or in the absence of more accurate data), adopt conservative assumptions to
determine the likely worst case scenario.

1.4 Local and Regional Planning Schemes

Presently within Townsville Region the Defined Flood Event (DFE) is the 50 year ARI flood event; however, the
State Planning Policy (SPP 01/03) recommends that a flood risk equivalent to the 100 year ARI flood event be
achieved. Both the 50 year ARI and 100 year ARI flood events are considered in this study.

Inundation from storm surge events is addressed through the Queensland Coastal Plan. For development not
subject to an existing development commitment, the Queensland Coastal Plan — Coastal Hazards Guideline
(2012) outlines the following minimum assessment factors for coastal hazard risk assessments:

- A planning period of 100 years for coastal development

- Adoption of the 100-year ARI extreme storm event or water level

- Projected sea level rise of 0.8m by 2100 due to climate change (relative to 1990 value)

- Increase in cyclone intensity by 10 percent (relative to maximum potential intensity) due to climate change.

The expansion project has a nominated design life of 50 years. Consistent with the PEP EIS ToR an end of life
planning period of 2070 has been applied to the project. Projected sea level rise for 2070 as outlined in the
Queensland Coastal Hazards Guideline is 0.5m.
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This study builds on numerous previous studies undertaken by AECOM (formerly Maunsell) and Townsville City
Council (TCC).

- AECOM (September 2011), Townsville State Development Area- Base-line Flooding Assessment, for QLD
Department of Employment, Economic Development and Innovation.

- Townsville City Council (April 2011), Draft Ross River Flood Study Base-Line Flooding Assessment

- AECOM (June 2010), Townsville Port Access Road Flooding Assessment, prepared for Queensland
Department of Main Roads

- AECOM (June 2009), Preliminary Engineering and Environment Study (PEES), prepared for Port of
Townsville Limited

- Maunsell AECOM (December, 2008), Townsville Port Access Road Eastern Access Corridor Hydraulic
Assessment, prepared for Queensland Department of Main Roads

- Maunsell AECOM (October, 2008), Townsville Port Access Road Ross River Bridge Option Analysis
Hydraulic Assessment, prepared for Queensland Department of Main Roads

- Maunsell AECOM (September, 2008), Stuart Bypass ECI Stage 1 — RAMP Submission Hydraulic
Assessment, prepared for Abigroup and Seymour Whyte Joint Venture

- Maunsell AECOM (2007), Ross River Dam Downstream Modelling - Verification to February 2007 Event,
prepared for North Queensland Water

- Maunsell AECOM (November 2006), Townsville Port Access Drainage Review Flood Modelling, prepared
for Townsville City Council

- Maunsell Australia Pty Ltd (2005), Townsville Flood Hazard Assessment Study — Phase 2, Volume 1 and 2,
prepared for Townsville City Council

- Maunsell Australia Pty Ltd (2005), Townsville Flood Hazard Assessment Study — Phase 3, Volume 1,
prepared for Townsville City Council

Key outcomes of these studies relevant to this study are summarised in following subsections.

2.1 Townsville Flood Hazard Assessment Study, Maunsell-AECOM (2005)

The Townsville Flood Hazard Assessment Study (2005) was undertaken by Schlencker Mapping Pty Ltd (Phase
1) and AECOM (Phase 2 and 3) on behalf the Townsville City Council. The purpose of this study was to
undertake a Disaster Risk Management Study specific to flooding and storm surge for Townsville and Magnetic
Island. A comprehensive flood study was carried out which included the development of 1-D and 2-D hydraulic
models to produce inundation maps of design flood events ranging from 2 Year ARI to Probable Maximum Flood
(PMF). A preliminary assessment of storm tide inundation was performed assuming a static storm tide level.

The hydrologic and hydraulic models developed as part of the TFHAS were further developed to form the basis of
this study.

2.2 Townsville Port Access Drainage Review (AECOM, 2006)

The Townsville City Council engaged AECOM to complete the Townsville Port Access Drainage Review Flood
Modelling Verification and Options Assessment (2006). The purpose of the investigation was to verify the impacts
on flooding of the east access corridor preliminary concept as estimated in the Townsville Port Access Hydraulic
Report (2006). The MIKE FLOOD model used in the Townsville Industrial Land Suitability Study (2006) was
updated to include details of the road corridor, including the horizontal alignment, embankment levels and
drainage configurations for the study.
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2.3 POTL Preliminary Engineering and Environment Study (PEES),
(AECOM, 2009)

The Townsville Port Expansion PEES Study (AECOM, 2009) addressed several key issues in relation to the
provision of services for the Townsville Port Expansion Project including future drainage catchments and the
configuration of stormwater outlet structures. A concept layout of stormwater drainage including typical structures
nominally sized based on predicted catchment extents was proposed. The concept drainage layout included:

- Open drainage channels located within the wharf/lease access road corridors and piped discharge from the
open drains to the harbour.

- Open drainage channels discharging to the seaward side of the proposed eastern revetment.

Under this arrangement, stormwater runoff from the operational areas to the west of the main access road would
be discharged to the proposed harbour. Runoff from the cargo storage areas to the east of the main access road
would be discharged on the opposing side of the reclamation.

2.4 Townsville Port Access Road Flooding Assessment (AECOM 2010)

The Queensland Department of Main Roads engaged AECOM to complete the Townsville Port Access Road
Flooding Assessment. The comprehensive study included the following subcomponents:

- Stuart Bypass Hydraulic Assessment (AECOM 2008
- Ross River Bridge Option Analysis (AECOM 2008)
- Eastern Access Corridor Hydraulic (EAC) Assessment (AECOM 2009)

To assess the impacts of the Stuart Bypass including Stuart Creek Bridge, the hydrological model of the Stuart
Creek catchment previously developed for the Townsuville Industrial Land Suitability Study (2006) was used as the
basis of the hydrological modelling. The MIKE FLOOD hydraulic model used in the Townsville Port Access
Drainage Review (2006) was used as the basis of the hydraulic modelling.

The Ross River Bridge Option Analysis (AECOM 2008) used a fine scale MIKE 21 model to review the impacts of
several design options for the Ross River Bridge. The assessment also investigated the impacts of the
preliminary design of the future Marine Precinct development proposed by the Port of Townsville.

The MIKE FLOOD model used in the Stuart Bypass Hydraulic Assessment (2008) was used as the basis to
assess the impacts of the eastern access corridor (EAC). The model was updated to include the preferred
alignment of the EAC as well as the preferred configuration of bridges and major culverts. The investigation also
assessed the impacts of the future road corridor and future marine precinct development in combination with the
road corridor.

An assessment of the flooding impacts of the Townsville Marine Precinct Project was also performed. It was
concluded that the Townsville Marine Precinct Project causes no impact to properties in the adjacent residential
areas of Cluden, South Townsville and Oonoonba.

2.5 Townsville State Development Area Flood Study (AECOM, 2011)

AECOM was commissioned by the Co-ordinator General to complete the Townsville State Development Area
Flood Study (2011). Runoff from the Stuart Creek, Sandfly Creek and Vantassel Creek catchments were
guantified using an hydrological model, while flows from the Gordon Creek and Ross River were defined using the
results of the MIKE 21 models developed for the TFHAS. A MIKE FLOOD hydraulic model was developed for this
project to identify areas of the Townsuville State Development Area susceptible to flooding.
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2.6 Draft Ross River Flood Study (TCC, 2011)

TCC recently completed updated hydrologic and hydraulic modelling of all the catchments that discharge into the
study area as documented in the Draft Ross River Flood Study Base-Line Flooding Assessment (April 2011)
report. A hydrologic model of Lower Ross River was updated and a 1D/2D hydraulic model was developed for the
Ross River downstream of the Ross River Dam at a 30-metre grid cell resolution. The models were calibrated to
three storm events at three different locations. The study predicted that 170 properties in the suburbs of South
Townsville, Railway Estate and Rosslea would be inundated by overbank flows from the Ross River during the 50
year ARI flood event. The study also predicted that in the 100 year ARI flood event the suburbs of Oonoonba,
Rosslea, Hermit Park, and Fairfield Waters would also be impacted and a further 980 properties would be
inundated.
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As with many low-lying flat coastal catchments, three hydraulic extremes could exist to create flooding within the
project area:

1. Storm tide only
2. Stormwater only
3. A combination of elevated storm tide and stormwater flow

A storm surge is a local rise in sea level caused by the combined action of decreased atmospheric pressure and
severe surface winds on the ocean. The term ‘storm tide’ refers to the elevation of the surge in combination with
the astronomical tide and wave setup. The incidence of heavy rain (hence elevated stormwater flow) in the
catchment is expected to be correlated to some degree with increased storm surge at the catchment outlet as
they are driven by similar meteorological conditions.

3.1 Townsville Flooding

The city of Townsville is built on the natural low-lying coastal floodplains of the Ross and Bohle Rivers in tropical
North Queensland and low-lying areas of the city are susceptible to inundation by a combination of heavy rainfall
and/or high tides. During the wet season Townsville commonly experiences intense and heavy rainfall often
resulting from a severe depression forming in the vicinity of the monsoon trough and crossing the coastline. The
heavy rainfall generally occurs between November and April and the months January and February are usually
the wettest. The highest predicted tides occur during the summer and winter when the earth, moon and sun are
aligned (perigean spring tides). The high tides occurring in the summer (wet season) often have a more
significant impact due to the likely coincidence with heavy rain and/or strong onshore winds. A recent example of
this was on the mornings of 11-13" January 2009 when storm surge and heavy rainfall coincided with ‘king tides’
such that recorded water levels exceeded the predicted tidal level by up to 0.7m and peak water levels exceeded
the Highest Astronomical Tide level by approximately 0.37m. Overflows from the Ross River and Ross Creeks
caused significant inundation around Port of Townsville, Townsville central business district and the suburbs of
South Townsville, Railway Estate and Oonoonba.

3.2 Ross River Catchment

The Ross River catchment is the largest within the Townsville Local Government Area (LGA). The majority of the
Ross River catchment is upstream of Ross River Dam with approximately 760 km? draining to the dam.
Downstream of the dam a further 145 km? drains to Ross River through the tributaries of Stuart Creek, Gordon
Creek, Annandale Drains and University Creek. Minimal inflows are received from the left bank of the river
because of a natural levee for most of the river length.

3.3 Ross Creek Catchment

Ross Creek drains most of the urbanised area of Townsville City including the suburbs of South Townsville, Hyde
Park, Mundingburra, Gulliver, Currajong, Pimlico, Mysterston, Aitkenvale, Vincent and Cranbrook. With the
exception of Castle Hill, the catchment area is flat and almost fully urbanised.
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Hydrologic and hydraulic models developed for previous studies were evaluated for appropriateness for use in
this study. The hydrologic and hydraulic models previously developed for the Townsville Flood Hazard
Assessment (2005) were determined to be appropriate for the purpose of this study. The study models are the
most recent covering both the Ross Creek and Ross River catchments and have been accepted and adopted by
Townsville City Council. The models were updated to reflect major floodplain developments appropriate to the
PEP as detailed below.

4.1 Hydrological Model Overview

The XP-RAFTS hydrological modelling package was used to model the watercourses as catchments that are
routed along the waterways based on Laurenson’s non-linear routing method. The catchments are represented
by nodes that are inter-connected by links that represent flow paths. The model is able to predict flows for
catchments containing both urban and rural land uses accounting for surface roughness, catchment slope, soil
infiltration and depression storage losses. As described in Townsville Flood Hazard Assessment (2005), Phase 2
Volumel, the catchment downstream of Ross River Dam was delineated and XP-RAFTS was been used to
simulate the hydrological response of the following major sub-catchments:

- Ross River local watercourse catchments (Ross River Downstream);
- Annandale and Douglas areas;

- Gordon Creek; and

- Stuart Creek.

Output hydrographs from the hydrological models were incorporated into the hydraulic model as input to
determine flood extents, water surfaces, water depths, flows and velocities for the 50 and 100-year ARI storm
events.

4.2 Hydraulic Model Description

A MIKE FLOOD hydraulic model of the Townsville Port area was developed based on previous models and more
recently available data. MIKE FLOOD is a numerical hydraulic model developed by the Danish Hydraulic Institute
(DHI). The model dynamically couples the one-dimensional river hydraulics model MIKE11 with the two-
dimensional surface water model MIKE21. Outputs from MIKE FLOOD include flood extents, water levels, water
depths, discharges and velocities.

421 Digital Elevation Model (DEM)

The topography used for the Townsville Flood Hazard Assessment (2005) was updated to reflect more recent
conditions within the focus area (Figure 2). The updated topography was generated from a combination of survey
information provided by Port of Townsville Limited (POTL), 2009 LiDAR data and the Australian Hydrographic
Office (AHO) nautical chart AUS 256. The detailed survey information provided by POTL included the bathymetry
of inner harbour and all surrounding dredged areas, elevations of existing port land and several surveys of the
mouth of Ross River. Note that the adopted 20m grid cell size does not allow smaller drainage channels to be
adequately represented; however, adequate resolution of the major surface drainage features, such as the Ross
River and Ross Creek, and the overland flow paths is achieved. The adopted broad scale modelling approach is
considered applicable only for assessment of large rainfall-runoff events (50 year ARI or greater).

The developed case DEM was produced by modifying the baseline DEM to include the features of the PEP
(Figure 3). The primary features include:

- Expansion reclamation footprint

- Widening of the channel between P12 and P14

- Deepening of the approach channel to -14.5mAHD
422 Roughness

Hydraulic roughness (Manning’s n value) is a measure of the resistance to flow and is primarily dependent on
land use. The values used for this study were developed based on calibrated hydraulic models developed for
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previous studies in the area. Table 4-1 presents the adopted values and Figure 4 shows the spatial variation of
the adopted values.

Table 4-1  Adopted Roughness Values

Major Water Course 0.02
Minor Water Course 0.03
Roads 0.02
Urban Development 0.05
Heavily Vegetated Floodplain 0.05
Open Space and Tidal Flats 0.03
423 Inflows Boundary Conditions

The hydraulic model inflow source point extracted from the XP-RAFTS hydrologic models are as shown on Figure
5. The source points are places along major drainages that discharge into the Ross River and Ross Creek.

42.4 Marine Boundary Conditions

Townsville region has a predominantly semidiurnal tidal regime. The spring tidal range is 2.34m and the neap is
0.63m. The assumed marine boundary conditions were taken from several sources and represent different sea
level elevations associated with predicted astronomical tide and storm surge. A Mean High Water Springs
(MHWS) tidal elevation of 1.254 mAHD was assumed in order to assess non-storm surge affected stormwater
conditions.

Various studies have been performed to predict design storm surge elevations for the Townsville coastline. Open
coast storm tide levels predicted by the recent Townsville-Thuringowa Storm Tide Study (GHD,2007) were
reviewed for this study. An open coast storm surge elevation of 2.9mAHD was assumed for the 100 year ARI
storm surge event. The elevation represents the average 100 year ARI elevation in the vicinity of Townsville
Harbour and is approximately 0.7m above the Highest Astronomical Tide (HAT) level. The level includes breaking
wave set-up.

Both static and dynamic storm surge profiles for the 100 year ARI storm surge were considered. Static tailwater
assumptions generally give slightly more conservative results since the floodwaters would be expected to be
reduced during the ebb tide and was adopted for this study. Note that this representation of storm tide inundation
depths and extents should be considered as indicative only. Extreme wind generated ocean waves may
penetrate the coast and significantly increase the overall water level at properties within up to approximately 150m
of the high water mark. Accurate representation of extreme wave effects was beyond the scope of this
investigation - a separate Coastal Processes investigation has been developed as part of the PEP EIS.

J:\MMPL\60161996\6. Draft Docs\6.1 Reports\Clerical\Flood Study\revised final\report.docx
Revision B - 29 October 2012




AECOM does not warrant the accuracy or completeness of information displayed in this map and any person using it does so at their own risk. AECOM shall bear no responsibility or liability for any errors, faults, defects, or omissions in the information.

Towm Cominen

Bohle River Floodplain Boundary

'ngham Rd

Dearness

Woolcock St

m'”g.ham-Rd

O
o
o)
©
D,
2
®
&G‘?f <
7,
&, &
7S &
0@ \2\0
I/VQ%(/
> "%,
& St
o
>
&
'Y
5 %
st & %, ©CasdlsHH
& I
Q %

T ———n gh am-R-d_,\’\‘S\\)‘\

Ocean Boundary

Woolcock S :
t (Townsyjj| t i T
€ Port Rq) > goundary S \> .\A‘ZJ ‘"’5,, 'l,,!
B 5 < < ‘3
® ayswater Rq & > & 1
% = N g QO = ]
M Lomlsa = < S z & s
——— & N @ 2 & i i
ouisa Cree o Q 2) = Pa ] ~ s 1 @l:lg
Boundary = 9\63 o 2 Imerston St & & § oz
N© O B 2] < > = 1 Cleveland]
2\ 2) o (@) & =
%) K < = [ ] ]
SQ) 8 ¥— 606 . ( H =
P = o goss RVE i
FulhamRd ¢ » : 1
Ulham Rqg = 1
g
st i ;
nar\es ver RO = 1 wl
¢ ROSS RW o ‘% [ \\““‘ .5
T, = =
ivel Rd é@ .’; %,p ,\“’ H
ross 9’53 4 ! - ]
6’ (o3 % %\I\ﬂ * 'h,.l
% o "
g\‘b ":"' ‘2 .I’.’II~
@ [0) "ing
g T ““
1
?
Toumsvillo Siats !
iy
o Davalepmant Arsa A
K2 %
S 1
0
Q.

e?“\
N
pouglas Arterial Rd 6

Ross River Boundary

g RO) PMversity rg

Stuart Creek Boundary
+—TI
s

TOWNSVILLE PORT EXPANSION

PROJECT

Model Extents and Baseline DEM

Figure 2

=

EOE0C00000000COOOCONENCOONDNENEND

v
-
o
o
3

LEGEND

-

.8 TSDA boundary

Port Expansion Area

Elevation (AHD m)

<-10m
-10--9m
-9 --8m
-8--7m
-7 --6m
-6 - -bm
-5--4m
-4 --3m
-3--2m
-2--1m
-1-0m
0-2m
2-4m
4 -6m
6-8m
8-10m
10-12m
12 - 14m
14 - 16m
16 - 18m
18 - 20m
20 - 25m
25-30m
30-35m
35-40m
40 - 45m
45 - 50m
50 - 60m
60 - 70m
70 - 80m
80 - 90m
90 - 100m

0 500 1,000 2,000
N

Meters

1:50,000

(when printed at A3)

Coordinate System: GDA 1994 MGA Zone 55

Data sources:

Roads - StreetPro 2011

www.aecom.com

DCDB and Tenure - DERM 2012

User: smithc5 | Date Saved: 26/07/2012 | FileName: J\MMPL\60161996\4. Tech Work Area\4.7 GIS\60161996G_WIS_002.mxd




ion.

ingie fné

15,

[0 0], 730

fiablitpifty Eonyoery

dosts stagitheivroviskriskA EGBUGKHad tmbberr

bty amar s

o

izt

AE@ERI@bEdasst nodveart dng tecacacyanyoony

Ocean Boundary

O
&
o
©)
D,
2
®
oW nEEomMmon)
A
Q
. . Qf/ (o\.
Bohle River Floodplain Boundary (T <
® &
A N)
% ° :
b, Reclamation
Qy,
& bo,, Arsa
9 0,
& Sr
o
>
\}Q
)
5 S
Dearness St ? 9'00/ Casils
©
Ingham R g S
Woolcock . . t ﬁ—f\,._mg.ham-Rd\Nm " 2
oolcock s; gham-Ra, o 227 Y
WOOlco(;k S >
t (Townsyjjj| t %, ¥
e Port Rd) s goundary S \> N I.,,~,, :,”!
z L S Y
Bays 4 - S % v Cleveland)
® Water Rg & > <& i =
M Lomdsa = & N s & X 1
[ = ® 3 g 1
Louisa Creek Q n ) N 14 i =
y S = P o 2 z 1
Boundary ) \eR S n almerston St @ & i =
e o ) o S > : 1
o & S ? <& i =
SQ) 8 ¥— Qf\(o ( = !
S s R4 Rive ! i
Fulham Rd & < ROS® i :
u Fulham Rd R |
g
St i H
\'\es = l
che S RV ey " ) i s \‘\“““E.
d RO Oé [l 'E o [
R'\\Je\' R 09 Z %,k !\“ i
ROS® 0 2 ) k- z
0? o % g\l\-’& \! 'h,.
2] o " gy,
() X ]
qu\\ ';{'D 2 II.III~I”.
{
3 . 1 £
8¢ ‘
& 3
? Towmsvillo !
Q.oro m iy
0 Davalepimant Arse A
< 2
O@/ %
A
Q.

U”iVEFSity Rd

Ross River Boundary

S
<’o
s
-
S
3
<
6%‘% 9
‘; Stuart Creek Boundary
S
‘ T

£

TOWNSVILLE PORT EXPANSION

PROJECT
Developed Case Model DEM

Figure 3

LEGEND

iLo§ TSDA boundary
E= Port Expansion Area
Elevation (AHD m)
Bl <-10m
B -10--9m
B -9--8m
[ 8--7m
[ -7--6m
[ -6--5m
[ -5--4m
[ -4--3m
[J-3--2m
[1-2--1m
[J-1-0m
[ 0-2m
[ 2-4m
[ 4-6m
[ 6-8m
[ 8-10m
[3J 10-12m
[ 12-14m
[ 14-16m
[ 16-18m
[ 18-20m
[ 20-25m
[ 25-30m
[ 30-35m
[ 35-40m
[ 40 - 45m
[ 45-50m
[ 50 - 60m
[ 60 - 70m
[ 70 - 80m
[ 80 - 90m
[ 90 - 100m
[ > 100m

0

500 1,000 2,000
T EE——
Meters
(when printed at A3)

1:50,000

Coordinate System: GDA 1994 MGA Zone 55

Data sources:

Roads - StreetPro 2011

www.aecom.com

DCDB and Tenure - DERM 2012

User: smithc5 | Date Saved: 26/07/2012 | FileName: J\MMPL\60161996\4. Tech Work Area\4.7 GIS\60161996G_WIS_003.mxd




IS
S
g
£
S
]
o
£
£
7
2
S
7
3
£
o
5
a
=
2
<5}
3
%)
=
k]
3
e
5]
>
2
a
s
=
=
<
S
=
a
@
2
o
2
&
4
o
2
3
i3
3
3
E]
&
=
9]
O
w
<<
3
Q2
5
o
]
&
o
2
@
i<
o
=l
o
]
S
4
@
2
>
3
=
2
@
o
]
£
Q2
s
£
=
S
k)
=3
£
=]
=
=]
g
£
E=}
=
5
P
2
8
2
g
£
=3
£
S
8
5
z
S
5
3
8
<
®
s
£
s
3
=
B
2
@
8
o
s
=
]
O
w
<

ToWn Geoen

Mt/ LLlouisa

User: smithc | Date Saved: 26/07/2012 | FileName: J\MMPL\60161996\4. Tech Work Area\4.7 GIS\60161996G_WIS_004.mxd

ownsyille

3
&
1 ‘\\‘Q‘

1

Cape
Cleveland

-III-III-Ih-III."’

%

-

”‘
-
2

Townsville'State
DevelopmentiArea

TOWNSVILLE PORT EXPANSION
PROJECT

Roughness Map

Figure 4

LEGEND

I

l=.J TSDA boundary
=1 Port Expansion Area
Roughness Values

[ 0.02

[ 0.03

B 0.05

0 500 1,000 2,000
N

Meters

1:50,000 (when printed at A3)
Coordinate System: GDA 1994 MGA Zone 55

Data sources:

Roads - StreetPro 2011 www.aecom.com
DCDB and Tenure - DERM 2012




AECOM does not warrant the accuracy or completeness of information displayed in this map and any person using it does so at their own risk. AECOM shall bear no responsibility or liability for any errors, faults, defects, or omissions in the information.

TOWNSVILLE PORT EXPANSION
Q PROJECT
©
©
Tow Commen < .
o% Inflow Source Points
®
>
% Figure 5
%
zs,
GQ[/
S
&A
%
VVQ%
> Q”o,,
& S¢
Qo
N <,
& ®
&
6\.
<&
S Towmsvilllo
I e P
Ngham Rq E?W
o I3
,ngham Rd \6\' O\@ ! "=
Woolcock St Ingham Rd 6’\\)‘ 0"9(7 \= ‘—=
s 3 1
1T =
2 Ny,
‘ ) U]
> S ’Is’/ ”’l‘—
< g % 3
k) < 10z LEGEND
E & : 4 Gapo .
s & LI Slevaknd Inflow Source Points
MR Lowise E I i =] Port Expansion Area
i 3 isti
) - 1 Existing Port Land
5 . £
I ROSS Rriver ; 1 i TSDA boundary
= 1
1 j
g
el Rd ! i \‘\“.
ROSS RW ‘% 'g_ 1 i\\\ w .E
é Fol .III-III-, \—Z =
jver R o o E ’%\\ i
ROSS R 9,;) = 1 " =
- o U; gm-‘ * 'h,.
(%) " III.’I:
& % Niirng
< WV, ‘f, "lingy,
& £LNe
> =2 1’ A z
& e i P
& @o>® I~ 4
o i I
Q_O ’—\ _-II\-II\‘
= o, Z
7 S, \' K ‘
!\‘ ’/.\\ \, 2
Z= ‘t 1
T Towmsvillle Stads
)
i
a‘ 0 500 1,000 2,000
> & [ e— ]
4‘ ?’o Meters
&z °® :
%, L %, 1:50,000  (when printed at A3)
’}O ‘ §§ Z
Z '.‘ NS
4’.11, 6@‘:’ Coordinate System: GDA 1994 MGA Zone 55
N 2
8 ‘\: Ci)
IO &')
‘5 g Data sources:
‘£I I Roads - StreetPro 2011 www-aecom.com
Bt .— Imagery - Townsville Port 2011

User: smithc5 | Date Saved: 26/07/2012 | FileName: J\MMPL\60161996\4. Tech Work Area\4.7 GIS\60161996G_WIS_006.mxd




AECOM Townsville Port Expansion Project EIS 14

The assumed marine boundary conditions in relation to Australian Height Datum (mAHD) are shown in Table 4-2.
The Port of Townsville Datum is equivalent to Lowest Astronomical Tide (LAT) and is 1.856m below AHD.

Table 4-2 Marine Boundary Conditions

1.254% Mean High Water Springs Tide Level
2.62 Cyclone Yasi Storm Tide Elevation
2.9® 100-year ARI Storm Tide Elevation (assumed static)

(1) Townsville Semidiurnal Tidal Planes 2012 (Maritime Safety Queensland, 2011)
(2) Townsville-Thuringowa Storm Tide Study (GHD 2007)

425 Hydraulic Structures

Hydraulic structures within the study area were represented using the 1D MIKE11 model elements that were
coupled to the 2D MIKE21 grid to better represent the structures with respect to geometry and roughness. All
major bridges and culverts along the Eastern Access Corridor and Stuart Bypass were added to the baseline
model from as-constructed plans. The parameters used to describe the infrastructure were similar to the
parameters verified during the development of previous design studies, which determined the size and locations
of the infrastructure including:

- Maunsell Australia Pty Ltd, (June, 2006) Townsville Industrial Land Suitability Study — Flood Modelling
Assessment, prepared for The Coordinator General

- Maunsell AECOM, (December, 2008) Townsville Port Access Road Eastern Access Corridor Hydraulic

4.3 Model Calibration and Validation

Historical rainfall and stream gauge records for the Ross River were previously used to calibrate the hydrologic
and hydraulic models which form the basis of this study. The gauge records include data from a range of gauges
including daily rainfall gauges as well as flood alert and meteorological pluviometers The hydrological and
hydraulic models were previously been jointly calibrated to the 1998 flood event. The event was the largest flood
event on record for the catchment. Detailed descriptions of the calibration and the available stream and rainfall
data are provided in the Townsville Flood Hazard Assessment Study (AECOM, 2005) Volume 1 and the Draft
Ross River Flood Study Base-Line Flooding Assessment (TCC, April 2011).

4.4 Modelling Scenarios

The incidence of heavy rain (hence elevated stormwater flow) in the catchment is expected to be correlated to
some degree with storm surge occurrence at the catchment outlet as they are driven by similar meteorological
conditions. A full joint probability analysis to determine the correlation between storm tide and rainfall was
beyond the scope of this investigation and for this study stormwater flows for the 50 year and 100 year ARI rainfall
events were modelled in combination with varying tidal tailwater scenarios to assess the peak flood levels
envelope. The scenarios modelled are shown in Table 4-3.

Table 4-3 Scenarios Modelled

MHWS 50 Year ARI
MHWS 100 Year ARI
100 Year ARI Static Storm Surge 100 Year ARI

Cyclone Yasi Dynamic Storm Surge 100 Year ARI

Each scenario was modelled for the base line conditions and also the ultimate developed conditions so that
differences could be assessed.
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AECOM Townsville Port Expansion Project EIS 15

To quantify potential flooding impacts of the POTL PEP, the nature of flooding behaviour under baseline
conditions was first determined. Potential flood impacts including changes to surface water elevations, flow
velocities and times of inundation resulting from the proposed development were then assessed by comparisons.

Figure 6 and 7 show the resultant flood extents and depth for MHWS and a static 100-year storm surge coincident
with the 100-year ARI flood event, respectively.

Figure 8 shows the difference between the developed case model results with the baseline model results for the
100 year ARI event with MHWS boundary conditions. Comparison of the developed case model results with the
baseline model results indicated that no change to the flood levels, flood extents or times of inundation are
expected outside of the port limits as a result of the PEP for all of the scenarios investigated. The ultimate
development does not cause any significant obstruction to conveyance at the mouth of the Ross River or Ross
Creek. Note that it may be possible that the PEP may decrease flood levels in Ross Creek when flooding is
coincident with a low tide (not considered here) due to the additional conveyance provided by the channel
dredging as part of the proposed works, but has not been tested as part of this flood study because a decrease in
water surface elevation is not considered an impact.
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AECOM Townsville Port Expansion Project EIS 20

This report has been prepared by AECOM to assess flood impacts for the Port of Townsville Limited (POTL) Port
Expansion Project (PEP). As such, this report is specific to this purpose and not be utilised by third parties or to
infer the impacts of other projects not specifically considered herein.

The investigation, assessment and modelling procedures adopted for this study follow current best practice and
care has been applied to the preparation of results. However, results are dependent on the quality of available
data and there are levels of uncertainty associated with the different model inputs. The hydro-meteorological and
hydraulic regimes in this study area are complex and are represented by schematised model layouts.
Nonetheless, the models are considered as adequate for the purpose of overall comparison of the pre and post
development conditions for the PEP EIS Project.

Unless otherwise stated, all levels are reduced to Australian Height Datum (AHD). AHD is 1.856m above
Townsville Port Datum and Lowest Astronomical Tide (LAT).
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