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Executive summary
 

Overview of Echuca-Moama bridge crossing 

Roads and Maritime Services (Roads and Maritime) and VicRoads propose to build a second 
Murray River bridge crossing between Moama in New South Wales (NSW) and Echuca in Victoria 
(referred to as the ‘Echuca-Moama bridge crossing’). 

Echuca and Moama function as a single community and are linked by the existing heritage-listed 
bridge across the Murray River, the only accessible river crossing in the area. The bridge does not 
meet current road design standards. Traffic congestion occurs on the bridge. The bridge has 
restrictions on the height, weight and width of vehicles that can use it. These constraints affect 
freight transport, local business and tourism, with associated impacts on the region’s productivity 
and economy. A second bridge crossing is required to provide an alternative route across the 
Murray River. 

The Echuca-Moama bridge crossing is required to alleviate congestion on the existing bridge, 
improve security of access for the local community and provide access across the Murray River for 
higher mass limit and oversized vehicles. It has been developed in consultation with the local 
community and stakeholders. 

NSW proposal 

Roads and Maritime proposes to build the NSW component of the Echuca-Moama bridge crossing 
(referred to in this submissions report as ‘the NSW proposal’). The NSW proposal extends north-
east from of the high water mark on the Victorian bank of the Murray River to about 320 metres 
north of the Cobb Highway/Perricoota Road intersection in Moama. 

Key features of the NSW proposal assessed in the REF include: 

 The NSW section of a bridge across the Murray River and its floodplain (about 400 metres in 
length) 

 A new two lane elevated approach road across the floodplain, including two sections built on 
earthen embankments 

 A 45-metre flood mitigation bridge on the floodplain east of the proposed Murray River bridge 
 A new four lane road from the edge of the floodplain to the Cobb Highway/Perricoota Road 

intersection (about 420 metres in length) 
	 Upgrade of the Cobb Highway/Perricoota Road intersection (including re-opening of Francis 

Street) and construction of a new Cobb Highway/Meninya Street intersection. The intersections 
would have divided roads and new traffic lights 

	 Upgrade of about 320 metres of the Cobb Highway, north of the Perricoota Road intersection, 
to four lanes 

	 Shared pedestrian/cycle pathways along the roads and bridges linking to existing recreational 
pathways. The pathway would also provide access for emergency services vehicles in 
floodplain sections 

 Closure of Boundary Road on both sides of the new road 
 Closure of Forbes Street at the new approach road reserve boundary 
 Two operational water quality basins adjacent to areas of fill in the centre of the NSW proposal 

site 
 Provision of noise treatments, including a noise wall and low noise pavement adjacent to 

Madison Spa Resort (see section 6.5.4 of the REF) 
 Establishment of hard stand areas for crane and piling activities adjacent to the new bridges 
 Relocation and protection of public utilities 
 Erection of highway and river crossings for Squirrel Gliders (Petaurus norfolcensis) to maintain 

connectivity 

Echuca-Moama Bridge Crossing (New South Wales) 
Submissions Report 

i 



 

 
 

  
 

 

  
  

 
  

 
   

  
  

 
 

 
  

 
 

 

   
  

 

 
   

   
   

   
 

 
 

 

  
 

  
 

  

     
    
   

  
 

   
 

    
    

 
 

 
  
  

	 Landscaping treatments, including planting of vegetation on road batters and in the road 
reserve. 

Environmental assessment 

Roads and Maritime, in accordance with NSW planning legislation, prepared a review of 
environmental factors (REF) for the NSW component of the Echuca-Moama bridge crossing. 
VicRoads, in accordance with Victorian planning legislation, prepared an environment effects 
statement (EES) for the Victorian component of the Echuca-Moama bridge crossing. 

The REF is to be read in conjunction with the Victorian EES. The impacts of the Victorian 
component of the Echuca-Moama bridge crossing, as identified in the EES, were taken into 
account by Roads and Maritime in assessing the impacts of the entire Echuca-Moama bridge 
crossing. 

VicRoads also submitted preliminary documentation under the Environment Protection and 
Biodiversity Conservation Act 1999 to the Australian Government Department of the Environment 
for the Echuca-Moama bridge crossing. The Echuca-Moama bridge crossing is a controlled action 
and is subject to the approval of the Australian Government Minister for the Environment. 

Public display and submissions 

The REF, EES and preliminary documentation were placed on public display for community and 
stakeholder comment at the same time. The documents were publicly displayed between 27 
August 2015 and 9 October 2015 at five locations in Echuca, Moama, Bendigo and Melbourne. 
The documents were also placed on the Roads and Maritime and VicRoads internet websites and 
made available for download. 

A total of 12 submissions were received in response to the display of the REF and EES. Of these, 
seven submissions were relevant to both the NSW and Victorian components of the Echuca-
Moama bridge crossing; three submissions were relevant solely to the NSW proposal; and two 
submissions were relevant solely to the Victorian component of the Echuca-Moama bridge 
crossing. 

No submissions were received on the preliminary documentation. 

Victorian process for consideration of public submissions 

Following display of the EES, VicRoads held a Panel Inquiry for consideration of submissions 
relating to the Echuca-Moama bridge crossing. An EES Inquiry and Advisory Committee report 
was prepared after the Inquiry. Following this, a Minister’s Assessment report was prepared by the 
Victorian Department of Environment, Land, Water and Planning and approved on 23 March 2016. 

REF submissions report 

This submissions report relates to the REF prepared for the NSW proposal, and should be read in 
conjunction with the REF, the Victorian EES, the EES Inquiry and Advisory Committee report and 
the Minister’s Assessment report. The submissions and responses relating to the Victorian 
component of the Echuca-Moama bridge crossing, as identified in the EES Inquiry and Advisory 
Committee report and Minister’s Assessment report, are taken into account in this submissions 
report as part of the assessment of the impacts of the entire Echuca-Moama bridge crossing. 

Roads and Maritime received nine submissions relevant to the REF, comprising three from 
government agencies and six from the community. Six of the submissions supported the proposal 
and three submissions raised concerns about the proposal. 

In summary, the issues raised by the respondents included: 
 Assessment of impacts related to hydrology and flooding 
 Biodiversity impacts, assessment, mitigation and monitoring 
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 Adherence to the 'Unanticipated Heritage Items Procedure' for Aboriginal heritage 
 Commencement of the Cobb Highway/Perricoota Road intersection and Meninya Street/Cobb 

Highway intersection works as soon as practicable 
 Option to source material from Council's waste disposal depot seven kilometres north of 

Moama 
 Traffic flow 
 Participation of the Bridge Art Project Inc in the planning process 
 Noise and vibration impacts 
 Changes to property access 
 Potential economic impacts 
 Potential visual impacts 
 Air quality impacts 
 Integration with the Committee for Echuca-Moama 20 year Master Plan 
 Support for the proposal. 

The feedback from government agencies and the community has been considered and responses 
to the comments have been provided as part of this report. In some cases, additional management 
measures are outlined in Chapter 4. 

In summary, the proposal as described in the REF, including refinements as documented in this 
submissions report, meets the proposal objectives while minimising environmental impacts and 
appropriately considering government agency and community issues. 
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1 Introduction and background 

1.1 Overview 
Roads and Maritime Services (Roads and Maritime) and VicRoads propose to build a second 
Murray River bridge crossing between Moama in New South Wales (NSW) and Echuca in Victoria 
(referred to as the ‘Echuca-Moama bridge crossing’). 

Moama and Echuca are located about 640 kilometres south-west of Sydney and 190 kilometres 
north of Melbourne (see Figure 1.1). The towns function as a single community and are linked by 
the existing heritage-listed bridge across the Murray River, the only accessible river crossing in the 
area. The bridge does not meet current road design standards. Traffic congestion occurs on the 
bridge. The bridge has restrictions on the height, weight and width of vehicles that can use it. 
These constraints affect freight transport, local business and tourism, with associated impacts on 
the region’s productivity and economy. A second bridge crossing is required to provide an 
alternative route across the Murray River. 

The Echuca-Moama bridge crossing is required to alleviate congestion on the existing bridge, 
improve security of access for the local community and provide access across the Murray River for 
higher mass limit and oversized vehicles. It has been developed in consultation with the local 
community and stakeholders. 

The Echuca-Moama bridge crossing would comprise a new road with a bridge across the Murray 
River in NSW and a bridge across the Campaspe River in Victoria, as well as flood mitigation 
bridges across the NSW and Victorian floodplains. It would connect the Cobb Highway (at Meninya 
Street) in Moama to the Murray Valley Highway at Echuca, a distance of about 4.1 kilometres (see 
Figure 1.2). The existing bridge would continue to operate. 

Roads and Maritime, in accordance with NSW planning legislation, prepared a review of 
environmental factors (REF) (GHD 2015a) for the NSW component of the Echuca-Moama bridge 
crossing (referred to in this submissions report as ‘the NSW proposal’). VicRoads, in accordance 
with Victorian planning legislation, prepared an environment effects statement (EES) (GHD 2015b) 
for the Victorian component of the Echuca-Moama bridge crossing. 

VicRoads also submitted preliminary documentation under the Environment Protection and 
Biodiversity Conservation Act 1999 (EPBC Act) to the Australian Government Department of the 
Environment for the Echuca-Moama bridge crossing. The Echuca-Moama bridge crossing is a 
controlled action and is subject to the approval of the Australian Government Minister for the 
Environment. 

The REF, EES and preliminary documentation were placed on public display for community and 
stakeholder comment as detailed in section 1.4. 

Following display of the EES, a combined Inquiry and Advisory Committee was appointed on 27 
September 2015 as part of the Victorian planning assessment process. The Inquiry was held on 
16-17 November 2015. The Inquiry considered all submissions in respect of the EES, as well as 
submissions related to the entire Echuca-Moama bridge crossing (including State and 
Commonwealth issues), which are also relevant to the REF. An EES Inquiry and Advisory 
Committee report (Victoria State Government 2016) was prepared after the Inquiry. Following this, 
a Minister’s Assessment report (Victorian Minister for Planning, 2016) was prepared by the 
Victorian Department of Environment, Land, Water and Planning (DELWP). 

This submissions report is to be read in conjunction with the REF, the Victorian EES, the EES 
Inquiry and Advisory Committee report and the Minister’s Assessment report. The submissions and 
responses relating to the Victorian component of the Echuca-Moama bridge crossing, as identified 
in the EES Inquiry and Advisory Committee report and Minister’s Assessment report, are taken into 
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account in this submissions report as part of the assessment of the impacts of the entire Echuca-
Moama bridge crossing. 

1.2 Purpose 
The REF, EES and preliminary documentation were placed on public display at the same time (see 
section 1.4). Submissions relating to the NSW proposal and the REF were received by Roads and 
Maritime. Submissions relating to the Victorian component of the Echuca-Moama Bridge crossing 
were received by VicRoads. No submissions were received on the preliminary documentation. 

This submissions report relates to the REF prepared for the NSW proposal, and should be read in 
conjunction with that document. This submissions report summarises the issues raised and 
provides responses to each issue (Chapter 2), details investigations carried out since finalisation of 
the REF (Chapter 4), and identifies new or revised environmental management measures (Chapter 
5). 

As set out above, VicRoads held a Panel Inquiry for consideration of submissions relating to the 
Echuca-Moama bridge crossing. The Inquiry considered all submissions in respect of the EES, as 
well as submissions related to the entire Echuca-Moama bridge crossing. An EES Inquiry and 
Advisory Committee report was prepared after the Inquiry. Following this, a Minister’s Assessment 
report was prepared by the Victorian DELWP. These documents are available at 
http://www.dtpli.vic.gov.au/planning/environmental-assessment/projects/echuca-moama-bridge-
project. 

1.3 Echuca-Moama bridge crossing 
The Echuca-Moama bridge crossing would comprise a new road with a bridge across the Murray 
River in NSW and a bridge across the Campaspe River in Victoria, as well as flood mitigation 
bridges across the NSW and Victorian floodplains. It would connect the Cobb Highway (at Meninya 
Street) in Moama to the Murray Valley Highway at Echuca, a distance of about 4.1 kilometres (see 
Figure 1.2). 

1.3.1 The NSW proposal 
Roads and Maritime proposes to build the NSW component of the Echuca-Moama bridge crossing. 
The NSW proposal extends north-east from of the high water mark on the Victorian bank of the 
Murray River to about 320 metres north of the Cobb Highway/Perricoota Road intersection in 
Moama. 

The NSW proposal is described in more detail in chapter 3 of the REF. Key features of the NSW 
proposal assessed in the REF are shown in Figure 1.3 and include: 

 The NSW section of a bridge across the Murray River and its floodplain (about 400 metres in 
length) 

 A new two lane elevated approach road across the floodplain, including two sections built on 
earthen embankments 

 A 45-metre flood mitigation bridge on the floodplain east of the proposed Murray River bridge 
 A new four lane road from the edge of the floodplain to the Cobb Highway/Perricoota Road 

intersection (about 420 metres in length) 
 Upgrade of the Cobb Highway/Perricoota Road intersection (including re-opening of Francis 

Street) and construction of a new Cobb Highway/Meninya Street intersection. The intersections 
would have divided roads and new traffic lights 

 Upgrade of about 320 metres of the Cobb Highway, north of the Perricoota Road intersection, 
to four lanes 
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	 Shared pedestrian/cycle pathways along the roads and bridges linking to existing recreational 
pathways. The pathway would also provide access for emergency services vehicles in 
floodplain sections 

 Closure of Boundary Road on both sides of the new road 
 Closure of Forbes Street at the new approach road reserve boundary 
 Two operational water quality basins adjacent to areas of fill in the centre of the NSW proposal 

site 
 Provision of noise treatments, including a noise wall and low noise pavement adjacent to 

Madison Spa Resort (see section 6.5.4 of the REF) 
 Establishment of hard stand areas for crane and piling activities adjacent to the new bridges 
 Relocation and protection of public utilities 
 Erection of highway and river crossings for Squirrel Gliders (Petaurus norfolcensis) to maintain 

connectivity 
 Landscaping treatments, including planting of vegetation on road batters and in the road 

reserve. 

Planning and land acquisition would make provision for a potential future duplicated roadway and 
bridges; however, the duplication of the road is not included in the NSW proposal and is not 
assessed in this REF. 

1.3.2 Victorian component of the Echuca-Moama bridge crossing 
In Victoria, the southern end of the Echuca-Moama bridge crossing commences at the Murray 
Valley Highway/Warren Street intersection at Echuca, where a large diameter, three leg 
roundabout would be constructed. 

From the Murray Valley Highway roundabout, the Echuca-Moama bridge crossing extends north-
east along Warren Street (Cohuna-Echuca Road), for a distance of about 1.5 kilometres where a 
roundabout would be constructed on Warren Street. The existing Warren Street would be 
upgraded between the new roundabout south-west of Campaspe Esplanade and the existing 
bridge over the Campaspe River. 

From the new roundabout south-west of Campaspe Esplanade, the Echuca-Moama bridge 
crossing diverts to the north-west, over Campaspe Esplanade and the Campaspe River. North of 
the Campaspe River, the Echuca-Moama bridge crossing bridges over the western end of Crofton 
Street and turns in a north-easterly direction, crossing the former Echuca Secondary College site 
and the western end of the Echuca Lawn Tennis Club courts. The Echuca-Moama bridge crossing 
then crosses Victoria Park to the northern side of Echuca Holiday Park and immediately north of 
the existing boat ramp at the Murray River. 

The design provides for construction of a shared off-road pedestrian/bicycle pathway along the 
entire length of the preferred alignment and includes connections to the existing paths within 
Victoria Park. 

The design also provides for the upgrade of existing connections to the two-way service road 
between Homan Street and Redman Street to provide safer access to, and egress from, Warren 
Street. 

1.4 Public display 
The REF, EES and preliminary documentation were placed on public display for community and 
stakeholder comment at the same time. The documents were publicly displayed between 27 
August 2015 and 9 October 2015 at five locations, as detailed in Table 1.1. 

The documents were also placed on the Roads and Maritime and VicRoads internet websites and 
made available for download. The display locations and website link were advertised in the 
‘Riverine Herald’, the ‘Herald Sun’ and ‘The Australian’ newspapers on 27 and 28 August 2015. 
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During the public exhibition period, Roads and Maritime and VicRoads staff were available at the 
VicRoads office at 57 Lansell Street, East Bendigo, Victoria and at the Roads and Maritime office 
at 1 Simmons Street, Wagga Wagga, NSW to provide information and updates on the NSW 
proposal. 

In addition to the above public display, an invitation to comment, and copy of the REF, was sent 
directly to several identified stakeholders, including the Office of Environment and Heritage, the 
Murray Darling Basin Authority and Murray Shire Council. 

Table 1.1: Display locations 

Location Address 

Campaspe Shire Council Corner of Hare & Heygarth Streets, Echuca 

Campaspe Regional Library 310 Hare Street, Echuca 

Murray Shire Council, Moama Branch Office 6 Meninya Street, Moama 

Department of Environment, Land, Water & 
Planning, Loddon Mallee Region 

Level 1, 56-60 King Street, Bendigo 

State Library of Victoria 328 Swanston Street, Melbourne 

Echuca-Moama Bridge Crossing (New South Wales) 
Submissions Report 

4 



                 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

  

 

 
 

 

 

 

 
 

 

 

 

 

 

  

  

 

                    
 

  

 

        

 

C
obb

H
w

y 

Murray River 

Loddon River 

Wakool River 

B
ro

ken
R

iver 

G
oulburn

R
iver 

Edward River 

K
in

g 
R

iv
e

r 

O
ve

ns
 R

iv
er

 

Avo
ca

Rive
r 

Little
M

urray
R

iver 

Little Murray River 

H
um

e
Fw

y 

C
ob

b 
H

wy 

Calder Hwy 

Murray Valley Hwy 

Riverina Hwy 

Lo
d

d
o

n
V

a
lle

y H
w

y 

Midland Hwy 

N
ew

el
l H

w
y 

Wimmera Hwy 

N
or

th
er

n
H

w
y 

G
o

u
lb

u
rn

 V
a

lle
y 

H
w

y 

McIvor Hwy 

G
ou

lb
ur

n 
Va

lle
y

Fw
y 

Midland Hwy 

Riverina Hwy 

M
id

la
nd

H
w

y 

Murray Valley Hwy 

Murray Valley Hwy 

N
orth

ern
H

w
y 

200,000 300,000 400,000 

! 
Swan Hill 

NEW SOUTH WALES 

Sydney
!

Deniliquin
! 

Canberra 
! 

!!
Echuca-Moama 

VICTORIA Melbourne 
! 

Koondrook 
State Forest 

NEW SOUTH WALES 
Murray Valley 
National Park 

Perricoota 
State Forest 

Barmah 
National Park 

Wahgunyah Corowa 
!! 

Murray Valley 
National Park 

Moama 
! 

Echuca-Moama ! Echuca Kanyapella 

bridge crossing Game Reserve 

VICTORIA 
! 

Kyabram 

Wangaratta 
!

Shepparton 
! 

Benalla 
! 

6,0
00

,00
0

6,0
00

,00
0 

Bendigo
! 

200,000 300,000 400,000 

21-24126Roads and Maritime Services Job NumberLEGENDPaper Size A3 
0Echuca-Moama bridge crossing REF Revision! Populated centre National Parks and Wildlife Service reserve0 5 10 20 

o 19 Aug 2015 
River 

Date 
State forestKilometers 

Regional location of the
Map Projection: Transverse Mercator Highway State boundary

Horizontal Datum: GDA 1994 
Grid: GDA 1994 MGA Zone 55 Echuca-Moama bridge crossing Figure 1.1 

G:\21\24126\GIS\Maps\Deliverables\2124126_Fig1-1_RegionalLocation.mxd Suite 3, Level 1, 161-169 Baylis Street Wagga Wagga NSW 2650 Australia T 61 2 6923 7400 F 61  2 6971 9565 E wg amail@ghd.com W www .ghd.com 
© 2015. Whilst every care has been taken to prepare this map, GHD, NSW LPI and Victorian Government make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind (whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete 
or unsuitable in any way and for any reason. 

Data source: NSW LPI: NSW NPWS reserves and state forests - 2012; Victorian Government: State border, centres, rivers, roads and Victorian NPWS reserves and state forests -201 4. Created by:rtrobinson 

http:www.ghd.com
mailto:wgamail@ghd.com


M
urray R

ive
r 

Campaspe River 

Francis Street 

Perricoota Road 

C
ob

b
 H

ig
hw

a
y 

Boundary Road 

M
eninya S

treet 

C
ob

b 
H

ig
hw

ay
 

Warre
n Stre

et 

M
urray Valley H

ighw
ay 

N
orthern H

ighw
ay 

295,000 296,000 297,000 298,000 
5,9

99
,00

0
6,0

00
,00

0
6,0

01
,00

0
6,0

02
,00

0

5,9
99

,00
0 

6,0
00

,00
0 

6,0
01

,00
0 

6,0
02

,00
0 

MOAMA
 

VICTORIA Proposed road - NSW 

Proposed location of 

new Murray River bridge
 

Proposed road - Victoria 

NEW SOUTH WALES
 

ECHUCA 

Existing bridge 

295,000 296,000 297,000 298,000 

LEGEND 

Proposed road - NSW 

Proposed road - Victoria 

Highway 

State boundary 

21-24126Roads and Maritime Services Job Number
Paper Size A3 

0Revision0 100 200 400 Echuca-Moama bridge crossing REF

o 19 Aug 2015 
Metres 

Map Projection: Transverse Mercator 
Horizontal Datum:  GDA 1994 

Date 

Grid: GDA 1994 MGA Zone 55 Echuca-Moama bridge crossing Figure 1.2 
G:\21\24126\GIS\Maps\Deliverables\2124126_Fig1-2_EchucaMoamaBridgeCrossing.mxd Suite 3, Level 1, 161-169 Baylis Street Wagga Wagga NSW 2650 Australia T  61 2 6923 7400  F  61 2 6971 9565  E  wgamail@ghd.com W  www.ghd.com 
© 2015. Whilst every care has been taken to prepare this map, GHD, Victorian Government and NSW LPI make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind (whether in contract, tort or otherwise) for any expenses, losses, 
damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in any way and for any reason.
 
Data source: NSW LPI: Roads - 2012; Victorian Government: Aerial photography and state border - 2014. Created by:rtrobinson
 

http:www.ghd.com
mailto:wgamail@ghd.com


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

                
          

 

      

             

 

Francis Street 

Perricoota Road 

C
ob

b 
H

ig
hw

a
y 

Boundary Road 

K
irc

hh
of

e
r

S
tr

ee
t 

M
eninya

S
treet 

B
artlett S

treet 

F
o

rb
es

S
tr

e
et

 

Murray River 

S
ce

ni
c 

D
riv

e 

297,000 297,500 

Cobb Highway 
320m upgrade 

Moama Recreation 
Reserve Sportslander 

Motor Inn 

èéí 
Moama Cemetery 

River Country Inn 

Moama 
Marketplace èéí 

MOAMA 

Lions Community Park 

2 Boundary Road 

Madison Spa ResortWater detention 
basin 

VICTORIA NEW SOUTH WALES 
Proposal site / Noise wall 
land acquisition 

Four-lane road 
River Red Gum 

bushland Water detention 
basin 

Shared path 

Eastern embankment 
section 

45-metre flood 
mitigation bridge 

Western embankment 
section 

Victoria Park 

Murray River bridge 

Sand hill / 
disused quarryEchuca boat 

ramp 

297,000 297,500 

é
LEGEND 

èí Proposed traffic lights Existing road 

Proposal site / land acquisitionProposed road 
State boundaryProposed water detention basin
 

Proposed shared path
 

Proposed noise wall
 

6,0
01

,50
0

6,0
02

,00
0

6,0
01

,50
0 

6,0
02

,00
0 

21-24126Roads and Maritime Services Job Number
Paper Size A3 

0Revision0 50 100 200 Echuca-Moama bridge crossing REF

o 19 Aug 2015 
Metres 

Date 

Map Projection: Transverse Mercator
 
Horizontal Datum:  GDA 1994
 
Grid: GDA 1994 MGA Zone 55 Key features of the proposal Figure 1.3 

G:\21\24126\GIS\Maps\Deliverables\2124126_Fig1-3_Proposal.mxd Suite 3, Level 1, 161-169 Baylis Street Wagga Wagga NSW 2650 Australia T  61 2 6923 7400 F  61 2 6971 9565 E  wgamail@ghd.com W  www.ghd.com 
© 2015. Whilst every care has been taken to prepare this map, GHD, Victorian Government and NSW LPI make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind (whether in contract, tort or otherwise) for any expenses, losses, 
damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in any way and for any reason. 
Data source: NSW LPI: Roads - 2012; Victorian Government: Road design and proposal features - 2015, aerial photography and state border - 2014. Created by:rtrobinson 

http:www.ghd.com
mailto:wgamail@ghd.com


 

 
 

 

   
   

   
   

   
 

 
   

 
    

    
  

 
 

  
 

  
  

 
 

 
 

 
 

 

 
 

  

 
 

 

  

   

   

 
 

 
  

 

 
 

  

 
 

2 Response to issues 

2.1 Overview of issues raised 
A total of 12 submissions were received in response to the display of the REF and EES. Of these, 
seven submissions were relevant to both the NSW and Victorian components of the Echuca-
Moama bridge crossing; three submissions were relevant solely to the NSW proposal; and two 
submissions were relevant solely to the Victorian component of the Echuca-Moama bridge 
crossing. 

The issues raised in the EES Inquiry and Advisory Committee report and the Victorian Minister for 
Planning’s Assessment Report have been identified and addressed in chapter 3. 

Of the 10 submissions relevant to the NSW proposal and REF, four were from government 
agencies and six were from the community. Table 2.1 lists the respondents and each respondent’s 
allocated submission number. The table also indicates where the issues from each submission 
have been addressed in Chapter 2 of this report. 

Submissions received that relate only to the Victorian component of the Echuca-Moama bridge 
crossing and EES (submissions ECH05 and ECH10), and matters raised in other submissions that 
are only relevant to the Victorian component of the Echuca-Moama bridge crossing, have been 
addressed in the EES Inquiry and Advisory Committee report and the Victorian Minister for 
Planning’s Assessment Report. 

Table 2.1: Respondents 

Respondent 
Submission 
No. 

Section number where 
issues are addressed 

Organisation  
Echuca Regional Health 

ECH01 2.7 

Individual ECH02 2.5 

Government agency 
Commonwealth Murray Darling Basin Authority 

ECH03 2.2 

Individual ECH04 2.7 

Individual ECH06 2.5, 2.7, 2.8, 2.9, 2.10 

Government agency 
Campaspe Shire Council 

ECH07 2.2, 2.3, 2.5, 2.6, 2.8 

Organisation 
Committee for Echuca Moama Inc 

ECH08 2.7 

Government agency 
NSW Office of Environment and Heritage 

ECH09 2.3, 2.4 

Government agency 
Murray Shire Council 

ECH11 2.5.6, 2.6, 2.7 

Organisation 
Yorta Yorta Nation Aboriginal Corporation 

ECH12 2.7 
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Each submission has been examined individually to understand the issues being raised. The 
issues have been extracted and collated, and responses have been provided. Where similar issues 
have been raised in different submissions, only one response has been provided. The issues 
raised, and Roads and Maritime’s responses to these issues, forms the basis of this chapter. 

Seven of the submissions supported the NSW proposal. Three submissions raised concerns about 
the NSW proposal. 

In summary, the issues raised by the respondents included: 
 Assessment of impacts related to hydrology and flooding 
 Biodiversity impacts, assessment, mitigation and monitoring 
 Adherence to the 'Unanticipated Heritage Items Procedure' for Aboriginal heritage 
 Commencement of the Cobb Highway/Perricoota Road intersection and Meninya Street/Cobb 

Highway intersection works as soon as practicable 
 Option to source material from Council's waste disposal depot seven kilometres north of 

Moama 
 Traffic flow 
 Participation of the Bridge Art Project Inc in the planning process 
 Noise and vibration impacts 
 Changes to property access 
 Potential economic impacts 
 Potential economic benefits 
 Potential visual impacts 
 Air quality impacts 
 Integration with the Committee for Echuca-Moama 20 year Master Plan 
 Support for the NSW proposal. 

2.2 Hydrology and flooding 
A hydrology impact assessment for the entire Echuca-Moama bridge crossing was completed by 
Cardno (2015) to assess the potential hydrological impacts and necessary mitigation. The 
hydrology impact assessment study covered a large area to ensure that the hydrology model 
represented the flood flows within the system accurately (see Figure 6.21 in the REF). Hydrology 
and flooding impacts are assessed in section 6.4 of the REF and a copy of the specialist report is 
provided in Appendix G of the REF. 

In response to the issues raised by the Murray Darling Basin Authority (MDBA) in relation to 
hydrology and flooding (detailed below), Cardno has prepared an Expert Witness Statement, which 
is provided in Appendix A of this report. 

2.2.1 Flooding risks associated with temporary construction works 

Submission number(s) 

ECH03 

Issue description 

The MDBA requested that further consideration be given to flooding risks associated with 
temporary construction works. 

Response 

Roads and Maritime engaged Cardno to give further consideration to flooding risks associated with 
temporary construction works. This identified that the impacts on flooding during construction are 
negligible for the following reasons (see Cardno Expert Witness Statement in Appendix A): 
 Construction would occur for a relatively short period of time. Due to this short timeframe, there 

is low likelihood of a major flood occurring during the construction phase when compared to the 
operation phase of the project 
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	 There would be substantial warning time to remove plant and machinery from the floodplain 
before flood waters reach the site. Flood warning times are in the order of days for the 
Campaspe River and days to weeks for the Murray River. This is due to the regulated nature of 
the Murray River and slow onset of floods associated with large floodplains. It is therefore 
possible to relocate site compounds and stockpile sites away from the floodplain at short 
notice. As required by the environmental management measures and safeguards for the 
proposal, a construction flood management plan would be prepared before construction, which 
would include the following measures: 

- Weather and flood warnings to be monitored and plans established for each stage of 
construction to minimise flooding impacts 

- In the event of a flood warning, equipment and blockages on the floodplain to be removed 
wherever possible. 

	 The construction of the bridges and culverts requires these areas be left open during the 
construction phase to facilitate their installation 

	 The post construction modelling indicates no significant impacts on flood levels with the 
culverts and bridge opening areas allowed for in the design. During construction, the active flow 
area for flood waters to pass will be greater than in the post construction phase. 

2.2.2 Flood extent impact modelling 

Submission number(s) 

ECH03 

Issue description 

The MDBA raised the following issues: 
 Concern that there would be changes in flood extent associated with the predicted impacts on 

flood levels of three to five centimetres, which have not been identified in the report 
 Suggested that examination of floods rarer than 100 year average recurrence interval (ARI) 

would be prudent 
 Requested further information on flood impacts. 

Response 

Cardno has assessed that there would be no change to the flood extent as a result of the Echuca-
Moama bridge crossing, based on the model results. 

Analysis of the impact of the proposed Murray River bridge indicates that no significant change in 
flood levels (a change of more than +/- 0.025 metres) would occur for a 200 year ARI flood event. 

Additional information is provided in section 7.2 of the Cardno Expert Witness Statement (see 
Appendix A). Also refer to section 3.2.2 of this submissions report for further flood investigations to 
be carried out by VicRoads as a condition of the Planning Minister’s Assessment. Roads and 
Maritime would support this additional hydrology study. 

2.2.3 Potential flood impacts on upstream gauging stations 

Submission number(s) 

ECH03 

Issue description 

The MDBA expressed concern that the flood impacts of the Echuca-Moama bridge crossing may 
affect upstream streamflow gauging stations. 
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Response 

The closest gauging station to the Echuca-Moama bridge crossing site is the Echuca River gauge 
at Echuca Wharf. The likely impact of the Echuca-Moama bridge crossing on the gauging station 
would be negligible for the following reasons: 
 The proposal would not introduce any structures into the channel of the Murray River. The 

proposed bridge would provide a clear span across the channel. This means that the 

measurement of in-bank flows would not be impacted by the crossing
 

	 At high flow rates, the measurable increase in flood level at the gauging station would be less 
than 0.025 metres (2.5 centimetres). For high flows, it is generally the level of the river that is 
measured to inform emergency response activities. Given that flow rates at a specific gauge 
level are not stationary, the impact of this change on the gauging network would be negligible. 

2.2.4 Modelling techniques and data 

Submission number(s) 

ECH03 

Issue description 

The MDBA expressed concern that: 

 Flood impact modelling has relied on outdated modelling techniques and data
 
 Current river conditions have not been accurately incorporated in the flood modelling. 


Response 

The assessment used to determine the impacts of the Echuca-Moama bridge crossing is 
significantly more advanced than that used in the 1997 report by SKM, especially with regard to the 
hydraulic assessment of floodplain flows. The hydrological assessment provided in the SKM report 
is however considered to be the most well developed and detailed description of the historical 
record relating to flow in the Murray and Campaspe Rivers (see Cardno Expert Witness Statement 
in Appendix A). 

The flood frequency analysis adopted in the SKM report, using over 100 years of data, is 
consistent with current best practice for hydrological analysis when comparing the flood impacts of 
the Echuca-Moama bridge crossing under different flood scenarios. Given the relatively long 
record, the impact of an individual flood is unlikely to significantly change the expected 100-year 
ARI flows (see Cardno Expert Witness Statement in Appendix A). 

Flows are often higher than 40 cubic metres per second in the Murray River; however, Scenario 3 
is specifically for testing high flow in the Campaspe River. The scenario also includes a high 
tailwater level, which has a similar practical effect to a high flow in the Murray system. The 
approach appropriately defines the relevant conditions for the purposes of the assessment. High 
flows along the Murray River are appropriately considered in Scenarios 1 and 2.  See Cardno 
Expert Witness Statement in Appendix A. 

2.2.5 Commonwealth Water Act 2007 

Submission number(s) 

ECH03 

Issue description 

The MDBA requested that the Commonwealth Water Act 2007 be addressed in environmental 
assessment documentation. 

Response 

As this submissions report will be considered in determining the NSW proposal in conjunction with 
the REF, a summary of the Commonwealth Water Act 2007 is provided below: 

Echuca-Moama Bridge Crossing (New South Wales) 
Submissions Report 

11 



 

 
 

 

 
 

 
 

   
   

 
    

   
    

      
 

   

  
  

  

  

 

 

 

 

  

 

  

 

 

 

  
 

   
  

 
   

 
 

  
  

   
   

 

Water Act 2007 

The Water Act 2007 establishes an independent Murray-Darling Basin Authority (MDBA) with the 
functions and powers, including enforcement powers, needed to ensure that Basin water resources 
are managed in an integrated and sustainable way. The MDBA oversees water planning, 
considering the Basin as a whole. 

Clause 49 of the Water Act 2007 requires that whenever a Contracting Government or a public 
authority is considering any proposal which may significantly affect the flow, use, control or quality 
of any water in the upper River Murray and in the River Murray in South Australia, that Contracting 
Government must, or must ensure that the public authority shall: 
(a) inform the Authority of the proposal; and 
(b) provide the Authority with all necessary information and data to permit it to assess the 
anticipated effect of the proposal on the flow, use, control or quality of the water. 

The NSW proposal is unlikely to significantly impact the flow, use, control or quality of any water in 
the Upper Murray (see Cardno Expert Witness Statement in Appendix A and REF). Therefore it is 
considered that there is no formal requirement to inform the MDBA of the Echuca-Moama bridge 
crossing. Nevertheless, Roads and Maritime has consulted with the MDBA, including provision of 
the Cardno hydrology assessment to satisfy the Water Act 2007. 

2.2.6 Overall hydrological impacts 

Submission number(s) 

ECH07 

Issue description 

Based on the hydrological assessment, Campaspe Shire Council expects that the hydrological 
impacts of the Echuca-Moama bridge crossing can be managed through an engineering response. 

Response 

Roads and Maritime acknowledges Council’s support for the assessment of the hydrological 
impacts of the Echuca-Moama bridge crossing. 

2.3 Biodiversity 

2.3.1 Sloane's Froglet 

Submission number(s) 

ECH09 

Issue description 

OEH recommended assessment of the impact of the NSW proposal on Sloane's Froglet and 
consideration of avoidance, mitigation or offset measures as appropriate. 

Response 

Brett Lane & Associates carried out tadpole surveys according to relevant guidelines but no 
Sloane’s Froglet tadpoles were found in the area. 

The nearest Sloane's Froglet has been recorded about five kilometres from the NSW proposal site, 
in 2008. The species is not considered likely to occur in the study area. 

Sloane's Froglet is a cryptic species that is usually only found after rain when males are calling. 
While the species is considered unlikely to occur in the proposal site, Roads and Maritime will carry 
out pre-clearing surveys at an optimum time for detecting Sloane's Froglet (ie Autumn- Winter after 
rain). If the species is found in the proposal site, the Roads and Maritime 'Unexpected Threatened 
Species Finds Procedure' would be implemented. This includes an Assessment of Significance, 
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consultation with OEH (if required) and development of appropriate mitigation measures (eg frog 
management plan). 

2.3.2 Masked Owl nests 

Submission number(s) 

ECH09 

Issue description 

OEH recommended targeted surveys for Masked Owl nests. 

Response 

Roads and Maritime engaged Brett Lane & Associates to carry out further tree hollow surveys, 
specifically targeting hollows suitable for the Masked Owl (see Appendix B) within NSW. The 
additional surveys identified 41 hollows in 13 hollow bearing trees to be removed by the NSW 
proposal. Of these hollows, none were measured to have a diameter greater than 40 centimetres. 
Hollows used by Masked Owls are known to be at least 90 centimetres in diameter. The Masked 
Owl is not considered likely to breed in the NSW proposal site. 

The Victorian Minister’s Assessment Report noted the Masked Owl was recorded in NSW only. It 
also notes that there is a risk that Masked Owl could nest in some of the “large old trees” that 
would be removed in Victoria. The Victorian EES confirms that the species has a large home range 
and that the recorded individual was likely a visitor to the study area. The EES also concludes that 
impacts from removing potential breeding or foraging habitat represents a small proportion of the 
overall species home range and therefore considered minor. Despite this, the Minister’s 
Assessment Report recommended pre-construction clearance surveys to determine if the species 
is breeding in the study area in Victoria. 

2.3.3 Provision of fauna underpasses 

Submission number(s) 

ECH09 

Issue description 

OEH recommended that fauna underpasses should be provided for non-arboreal threatened fauna, 
with revegetation using local shrub species beneath the bridge to assist threatened woodland bird 
movement and incorporation of OEH's recommended bridge and culvert design specifications. 

Response 

Roads and Maritime is proposing long span bridges across the floodplain and over the Murray 
River. The clearances under these bridges exceed OEH underpass requirements. 

Coarse woody debris and vegetation would be installed and planted to help facilitate fauna 
passage under the bridges. Fauna fencing would be installed where considered feasible and the 
fence type, location and extent would be designed in consultation with an ecologist. 

2.3.4 Consultation and collaboration with OEH 

Submission number(s) 

ECH09 

Issue description 

OEH requested that Roads and Maritime consult with OEH and Department of Primary Industries –
 
Fishing and Aquaculture (DPI) on the following matters: 

 Vegetation survey and condition assessment datasheets should be provided to OEH to better
 

enable assessment of offsetting requirements 
 OEH and DPI should be consulted during the preparation of the biodiversity management plan 
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 The biodiversity offset strategy should be developed in consultation with OEH. 

Response 

Vegetation survey and condition assessment datasheets will be provided to OEH. This has been 
included as a new management measure in section 7.2. Roads and Maritime will follow its existing 
biodiversity offset guidelines and prepare a biodiversity offset strategy. 

Roads and Maritime (or its contractor) will prepare and implement a biodiversity management plan 
as a sub-plan of the construction environmental management plan (CEMP). The biodiversity 
management plan would include mitigation measures such as pre-clearing surveys and other 
safeguards according to Roads and Maritime ‘Biodiversity Guidelines’. 

A biodiversity offset strategy to offset residual impacts on terrestrial biodiversity would be prepared 
in accordance with the Roads and Maritime 'Guideline for Biodiversity Offsets'. The 'Guideline' 
requires the use of the BioBanking Assessment Methodology, including the ‘Biobanking 
Calculator’, which has been developed by the NSW Office of Environment and Heritage. Residual 
impacts on aquatic habitat would be offset in accordance with the 'Policy and Guidelines for Fish 
Habitat Conservation and Management (Update 2013)'. 

2.3.5 Development of a tree removal protocol 

Submission number(s) 

ECH09 

Issue description 

OEH recommended that a specific tree removal protocol including assessment of hollows and 
provision of nest boxes should be developed and implemented. 

Response 

Section 6.1.4 of the REF and Table 7.1 of this report include the following safeguards: 
 The pre-clearing process detailed in RTA (2011b) – ‘Biodiversity Guidelines Guide 1: Pre-

clearing process’ will be implemented before commencement of the works 
 A nest box strategy will be developed in line with RTA (2011b) – ‘Biodiversity Guidelines Guide 

8: Nest boxes’ to compensate for removal of hollow-bearing trees 

These guidelines will be appended to the CEMP. 

A specific tree removal protocol would be developed and implemented as part of the biodiversity 
management plan, as stated in the REF. 

Guide 8 requires that usually a ratio of 1:1 would be implemented for replacement of hollows 
removed. This would be carried out for hollows greater than 5 centimetres diameter. 

2.3.6 Specifications for nest boxes 

Submission number(s) 

ECH09 

Issue description 

OEH recommended nest box specifications to be included in the nest box strategy. This has been 
included as a new management measure in section 7.2. 

Response 

Where feasible, the specifications listed in OEH's letter will be included in the nest box strategy. 
Roads and Maritime will develop a nest box strategy according to ‘Biodiversity Guidelines Guide 8: 
Nest boxes’. 
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2.3.7 "Maintain or improve" outcome for biodiversity – offsetting 

Submission number(s) 

ECH09 

Issue description 

OEH requested detail on how a "maintain or improve" outcome for biodiversity would be achieved 
via compensatory measures such as offsets. 

Response 

While the management measures in the REF are appropriate and relevant, Roads and Maritime 
recognises that there will be a residual impact on threatened species. 

Compensatory offsetting is covered by the following safeguard in section 6.1.4 of the REF and 
Table 7.1 of this report: 
 A biodiversity offset strategy will be developed and implemented to compensate for the 

biodiversity impacts of the NSW proposal consistent with the Roads and Maritime Offset Guide 
(Nov 2011) and the Department of Primary Industries policy and guidelines for fish habitat 
conservation and management (update 2013). 

A biodiversity offset strategy to offset residual impacts on terrestrial biodiversity would be prepared 
in accordance with the Roads and Maritime 'Guideline for Biodiversity Offsets'. The 'Guideline' 
requires the use of the BioBanking Assessment Methodology, including the ‘Biobanking 
Calculator’, which has been developed by OEH. Residual impacts on aquatic habitat would be 
offset in accordance with the 'Policy and Guidelines for Fish Habitat Conservation and 
Management (Update 2013)'. 

2.3.8 Threatened species monitoring program 

Submission number(s) 

ECH09 

Issue description 

OEH recommended that a threatened species monitoring program, including the objectives of the 
monitoring program, reporting framework, duration and frequency, should be developed and 
implemented. 

Response 

The biodiversity management plan would include a threatened species monitoring program for two 
years post-construction. The plan would include the objectives of the monitoring program, reporting 
framework, duration and frequency. Roads and Maritime considers that there is a sufficient level of 
confidence in all proposed ameliorative strategies. 

The biodiversity management plan will include post-construction monitoring for Squirrel Gliders 
during autumn for two consecutive years. 

2.3.9 Aquatic flora and fauna 

Submission number(s) 

ECH07 

Issue description 

Campaspe Shire Council has no material concern in relation to the impacts of the Echuca-Moama 
bridge crossing on aquatic flora and fauna. 
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Response 

Roads and Maritime acknowledges Council’s support for the assessment of impacts to aquatic 
flora and fauna. 

2.4 Aboriginal heritage 

Submission number(s) 

ECH09 

Issue description 

OEH recommended that Roads and Maritime should follow the 'Unanticipated Heritage Items 
Procedure' in relation to Aboriginal heritage. 

Response 

Section 6.7.4 of the REF, and Table 7.1 of this report, note that Roads and Maritime would follow 
the Roads and Maritime ‘Unexpected Heritage Items Heritage Procedure 02’ (November 2015) in 
relation to unexpected finds of Aboriginal heritage, if necessary. 

2.5 Traffic and access 

2.5.1 Traffic flow 

Submission number(s) 

ECH02 

Issue description 

A respondent expressed support for the Echuca-Moama bridge crossing to improve travel time 
between Echuca and Moama, but for a four-lane bridge, which isn't proposed. 

Response 

While the proposed new bridge would not have four lanes, the existing bridge would remain open 
to traffic. In effect, there would be four traffic lanes on two bridges between Echuca and Moama 
following construction. 

2.5.2 Property access – construction 

Submission number(s) 

ECH06 

Issue description 

The respondent raised concern that B Double transports would not be able to access the River 
Country Inn motel during construction. 

Response 

Property access to the River Country Inn, including for B Double vehicles, would be maintained 
during construction. 

2.5.3 Property access – operation 

Submission number(s) 

ECH06 
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Issue description 

The respondent raised the following issues: 
 Concern that the proposed changes to street access to the River Country Inn would impact on 

the suitability of the motel for customers and therefore the income of the business 
	 Concern that River Country Inn guests arriving from Echuca would have to go past the River 

Country Inn and do a U Turn somewhere. Also that the difficulty in doing this would mean they 
are likely to choose another nearby motel 

 Concern that access for coaches and trucks to and from the River Country Inn could be too 
difficult, leading to loss of customers 

 Concern that internal access to the River Country Inn reception may be less effective than at 
present. 

Response 

The NSW proposal would not substantially change the current highway exposure of the River 
Country Inn for passing traffic. 

Traffic lights would be installed at Perricoota Road, and Francis Street would be re-opened. With 
the provision of a new entrance/exit to the River Country Inn from Francis Street, there would be 
simple access to and from the Cobb Highway and Perricoota Road. 

The current Meninya Street property access would still be operational, however limited to left in, 
left out access. Northbound light vehicles would be able to do a U-turn at the traffic lights (with 
appropriate signage installed) to access the Meninya Street entrance. 

Roads and Maritime acknowledges that northbound coaches and trucks would be unable to make 
the U-turn at the Perricoota Road intersection to access the existing Meninya Street entrance to 
the River Country Inn. To manage this impact, Roads and Maritime now proposes to install an 
additional motel entrance from Francis Street, connecting to the existing hardstand area within the 
motel (see section 5.1). 

The existing fence on Francis Street would be modified to provide the entrance/exit. 

Driveway access for all customers to the River Country Inn would improve as a result of 
constructing the new access from Francis Street. 

2.5.4 Access to clubs and the shopping centre 

Submission number(s) 

ECH06 

Issue description 

The respondent raised concern that changed access for customers to clubs and the 
supermarket/shopping centre from the River Country Inn could cause customers to choose other 
motels. 

Response 

Access to clubs and the supermarket would be improved by providing a new entrance/exit to the 
River Country Inn from Francis Street, connecting to the new Perricoota Road intersection. 

Installation of traffic lights at the Perricoota Road intersection would likely improve pedestrian 
access to clubs and facilities along Perricoota Road. 

2.5.5 Traffic benefits 

Submission number(s) 

ECH07 
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Issue description 

Campaspe Shire Council supports the findings that: 

 Establishment of a second river crossing would benefit motorists, pedestrians and cyclists
 

through reduced congestion and reduced disruption 
 Provision of an unrestricted 24 hour crossing for oversized commercial vehicles and support 

high efficiency higher mass limit and high performance freight vehicles. 

Response 

Roads and Maritime acknowledges Council’s support for the assessment of the traffic benefits of 
the Echuca-Moama bridge crossing. 

2.5.6 Intersections 

Submission number(s) 

ECH11 

Issue description 

Moama Shire Council requested that the Cobb Highway/Perricoota Road intersection and Meninya 
Street/Cobb Highway intersection works be commenced as soon as practicable. 

Response 

Roads and Maritime acknowledges the need for the two new intersections in the near future. The 
intersection work has been identified as a potential first stage in project construction. Should bridge 
funding not be secured in the short term, Roads and Maritime will seek funds for the intersections 
to be built. 

2.6 Source of materials 

Submission number(s) 

ECH11 

Issue description 

Moama Shire Council suggested an option to source material from Council's waste disposal depot 
seven kilometres north of Moama. 

Response 

Roads and Maritime and VicRoads would consider Council's offer during construction document 
preparation. Any supplied material must satisfy relevant construction requirements and be subject 
to appropriate testing. 

2.7 Socio-economic 

2.7.1 Bridge Art Project Inc participation 

Submission number(s) 

ECH04 

Issue description 

Bridge Art Project Inc requests to participate in the planning process for the bridge design to 
develop cost-effective design elements complementary to the bridge's functionality, aesthetic 
appeal and objectives of the Bridge Art Project Inc. 

Response 

Consultation would occur with Bridge Arts Project representatives during detailed design, as 
required by the safeguard in section 6.10.4 of the REF and Table 7.1 of this report. 
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2.7.2 Potential economic impacts of changes to property access 

Submission number(s) 

ECH06 

Issue description 

The respondent raised the following issues (also addressed in section 2.5.3): 

 Concern that the proposed changes to street access to the River Country Inn would impact on 


the suitability of the motel for customers and therefore the income of the business 
 Concern that River Country Inn guests arriving from Echuca would have to go past the River 

Country Inn and do a U Turn somewhere. Also that the difficulty in doing this would mean they 
are likely to choose another nearby motel 

 Concern that access for coaches and trucks to and from the River Country Inn could be too 
difficult, leading to loss of customers. 

Response 

The NSW proposal would not substantially change the current highway exposure of the River 
Country Inn for passing traffic. 

Traffic lights would be installed at Perricoota Road, and Francis Street would be re-opened. With 
the provision of a new entrance/exit to the River Country Inn from Francis Street, there would be 
simple access to and from the Cobb Highway and Perricoota Road. 

The current Meninya Street property access would still be operational, however limited to left in, 
left out access. Northbound light vehicles would be able to do a U-turn at the traffic lights (with 
appropriate signage installed) to access the Meninya Street entrance. 

Roads and Maritime acknowledges that northbound coaches and trucks would be unable to make 
the U-turn at the Perricoota Road intersection to access the existing Meninya Street entrance to 
the River Country Inn. To manage this impact, Roads and Maritime now proposes to install an 
additional motel entrance from Francis Street that is suitable for coaches, connecting to the 
existing hardstand area within the motel (see section 5.1). 

2.7.3 Potential infrastructure costs to River Country Inn 

Submission number(s) 

ECH06 

Issue description 

The respondent expressed concern about the expenses to the River Country Inn that would be 
incurred with a new entrance from Francis Street, in relation to signage, driveway, curbing, entry, 
lighting, fencing, tree removal, landscaping. 

Response 

Roads and Maritime would provide a new access to the River Country Inn from Francis Street, 
architectural noise treatments, street lighting for the new motel entrance and a grass verge for the 
new driveway. Roads and Maritime would consult with the River Country Inn operator, and where 
needed would consider providing for additional measures such as potential additional landscaping, 
signage adjustments and light screening etc required as a result of the construction of the new 
entrance to the motel from Francis Street. 

2.7.4 Socio-economic benefits 

Submission number(s) 

ECH01, ECH07, ECH08, ECH11, ECH12 
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Issue description 

The respondents raised the following issues: 
 Echuca Regional Health is in strong support of the Echuca-Moama bridge crossing to improve 

access to health care for people in NSW 
	 Campaspe Shire Council expects that the Echuca-Moama bridge crossing would promote 

economic growth for the Echuca-Moama community and the broader region, with potential 
improvement to national freight movements. Council confirms that the Echuca-Moama bridge 
crossing would offer an overall net benefit to the Echuca-Moama community. While it is 
essential that the negative social impacts be mitigated to the greatest extent possible, the 
overall benefits to the broader community are recognised by Council. Council has no 
contradictory view to the findings of the social impact assessment and notes the positive 
impacts 

	 The Committee for Echuca-Moama Inc is in support of the Echuca-Moama bridge crossing and 
desires that it would provide a catalyst for instigating a more comprehensive works program of 
community and lifestyle projects as outlined in the Committee for Echuca-Moama Inc 20 year 
Master Plan 

	 Murray Shire Council strongly supports the Echuca-Moama bridge crossing and is emphatic in 
its desire to have the project commence 

	 The Yorta Yorta Nation Aboriginal Corporation is satisfied that its concerns in relation to the 
entire Echuca-Moama Bridge crossing have been addressed, and supports the Echuca-Moama 
bridge crossing. 

Response 

Roads and Maritime acknowledges support for the NSW proposal. 

Roads and Maritime will consider how the NSW proposal may help with the Committee for Echuca-
Moama Inc Master Plan and will work with Murray Shire Council to assist implementing masterplan 
projects where appropriate. 

2.8 Noise and vibration 

2.8.1 Background noise monitoring 

Submission number(s) 

ECH06 

Issue description 

A respondent expressed concern that background noise measured at the River Country Inn motel 
reception would not allow accurate modelling of noise impacts for motel guests. 

Response 

The noise assessment was completed by qualified and experienced noise assessment specialists 
(see specialist noise and vibration impact assessment in Appendix H of the REF). The location for 
logging background noise was deemed suitable for the noise assessment. 

2.8.2 Construction noise 

Submission number(s) 

ECH06 

Issue description 

A respondent expressed concern about impacts of construction noise on River Country Inn motel 
guests. 
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Response 

Construction noise would be limited to standard construction hours. Property owners would be 
notified of any out of normal hours work before the work starts. 

A number of safeguards are detailed in section 6.5.4 of the REF, and in Table 7.1 of this report, to 
avoid or minimise construction noise impacts. These noise management measures would be 
included in the construction noise management plan. 

2.8.3 Construction vibration 

Submission number(s) 

ECH06 

Issue description 

A respondent expressed concern about impacts of construction vibration on the River Country Inn 
motel building. 

Response 

A number of safeguards are detailed in section 6.5.4 of the REF, and in Table 7.1 of this report, to 
avoid or minimise vibration impacts. Pre-construction and post-construction condition surveys 
would be carried out to assess building condition. Any damage caused by construction would be 
repaired. 

2.8.4 Operational noise 

Submission number(s) 

ECH06 

Issue description 

A respondent raised the following issues: 

 Concern that noise impacts associated with trucks stopping and starting at new traffic lights has 


not been adequately addressed 
 Concern that Madison Spa Resort has been treated favourably, when the respondent believes 

the River Country Inn would be affected by noise more than the Madison Spa Resort 
 Concern that noise impacts to the River Country Inn as a result of the new road would impact 

on the income of the business. 

Response 

Roads and Maritime has reviewed the noise assessment in Appendix H of the REF and has 
concluded that although predicted noise levels received by the River Country Inn would decrease 
slightly as a result of the NSW proposal, the resulting predicted noise levels from overall highway 
traffic would still qualify for mitigation under the Roads and Maritime’s Noise Abatement Program. 
The Noise Abatement Program threshold for noise mitigation treatments is 65dBA during the day, 
which is the level that the River Country Inn is predicted to experience. It is therefore appropriate to 
install noise mitigation measures for this project. Roads and Maritime would provide architectural 
fresh air ventilation in Meninya Street-facing rooms (subject to detailed assessment by appropriate 
acoustic experts), as noise walls are not considered feasible. Fresh air ventilation treatments would 
allow tenants to maintain ventilation without the need to open windows, reducing noise impacts. 
This is a new management measure and is noted in Table 7.1 of this report. 

Madison Spa is predicted to experience a significant increase in noise (10dbA) without mitigation 
measures. The River Country Inn is predicted to experience a slight decrease in noise levels as a 
result of the NSW proposal. If an increase in noise above the relevant threshold had been 
predicted for River Country Inn, noise mitigation would have been recommended based on 
exceedance of noise criteria. 
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2.9 Landscape and visual impacts 

2.9.1 Visual impacts to River Country Inn 

Submission number(s) 

ECH06 

Issue description 

The respondent raised the following issues: 

 Concern that customers of the River Country Inn may be affected by nuisance light from new
 

signs and cars entering from Francis Street 
 Concern about loss of green areas at the River Country Inn. 

Response 

Roads and Maritime would consult with the River Country Inn operator and where required would 
consider providing for additional measures such as potential light screening for motel rooms, as 
required, to minimise light nuisance impacts associated with vehicles entering the River Country 
Inn from Francis Street. 

Design would allow for a grass verge along the new driveway from Francis Street to the River 
Country Inn (see Table 7.1). Roads and Maritime would consult with the River Country Inn 
operator, and where required consider providing for additional measures such as potential 
additional landscaping. 

2.9.2 Overall landscape and visual impacts 

Submission number(s) 

ECH07 

Issue description 

Campaspe Shire Council has no material concern in relation to the landscape and visual impacts 
of the Echuca-Moama bridge crossing, including in the Murray River environment. 

Response 

Roads and Maritime acknowledges Council’s support for the assessment of landscape and visual 
impacts, including the Murray River environment. 

2.10 Air quality 

Submission number(s) 

ECH06 

Issue description 

The respondent raised concern that dust generated by construction activities could result in River 
Country Inn motel rooms taking longer to clean, which would increase costs. 

Response 

Safeguards detailed in section 6.12.4 of the REF, and in Table 7.1 of this report, would be 
implemented to minimise dust impacts as a result of the proposal. In addition, a management 
procedure would be put in place to deal with air quality complaints that may arise from construction 
activities. 
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3 Victorian Government findings 

3.1 EES Inquiry and Advisory Committee report 

3.1.1 Overview 
A combined Inquiry and Advisory Committee was appointed on 27 September 2015 to 
consider the EES and draft Campaspe Planning Scheme Amendment C103 in accordance with the 
Terms of Reference approved by the Victorian Minister for Planning on 15 September 2015. 

The purpose of the Inquiry is to investigate and provide an integrated assessment of the potential 
effects of the Project on the environment. 

The EES Inquiry and Advisory Committee report has been addressed as a submission to the REF. 
Roads and Maritime has reviewed the report to identify and take into consideration issues raised. 

3.1.2 Aquatic and terrestrial ecology 
In response to the submission from the Victorian DELWP, the EES Inquiry and Advisory 
Committee report advises that the timing of noisy work would avoid the breeding season of aquatic 
fauna to minimise impacts. 

The adoption of this safeguard has been considered by Roads and Maritime. The safeguard has 
been included in section 7.2 of this submissions report as follows: 

	 The timing of noisy work will avoid the breeding season of aquatic fauna, to minimise 
disturbance, where feasible and practical. 

The DELWP submission also requests that noisy work be conducted outside the breeding season 
of threatened fauna. 

The adoption of this safeguard has been considered by Roads and Maritime. The safeguard has 
been included in section 7.2 of this submissions report as follows: 

	 The timing of noisy work will avoid the breeding season of threatened and migratory fauna 
known or likely to occur in the study area, to minimise disturbance, where feasible and 
practical. 

3.1.3 Socio-economic 
The EES Inquiry and Advisory Committee report acknowledges that the communities of Echuca 
and Moama rely on long established relationships and the sharing of many services. As a result, 
the current crossing provides an important link for each of the communities. The Inquiry also 
acknowledges the current traffic congestion that occurs at peak times, as well as the impact that 
the current single crossing has on emergency services and access to critical community facilities. 
The Inquiry acknowledges the effort of VicRoads and its commitment to working with the 
community, which has enabled extensive consultation to be undertaken with the community and 
stakeholders, and has enabled identified issues to be addressed through refinement of the design. 

The EES Inquiry and Advisory Committee report notes that the EES and evidence presented to the 
Inquiry have demonstrated significant positive impacts as a result of the Echuca-Moama bridge 
crossing. Additional items to those previously identified include benefits relating to increased 
employment, tourism and business expansion for the Echuca-Moama community. 

3.1.4 Landscape and visual 
The EES Inquiry and Advisory Committee finds that the landscape and visual impacts of the 
Echuca-Moama bridge crossing, including impacts to the Murray River environment, have been 
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adequately addressed. The Inquiry supports the design of the bridge with a clear span across the 
Murray River. It notes that the design would minimise vegetation removal, and that replanting 
would assist in screening the structure from the river bank areas. 

The report states that although the Murray River bridge would be visible in the landscape and 
would cause some negative visual and landscape impacts to the Murray River environs, this is 
outweighed by the positive economic and social benefits of a second bridge crossing for the 
communities of Echuca and Moama. 

3.1.5 Hydrology and flooding 
The EES Inquiry and Advisory Committee considered the submission of the MDBA in relation to 
hydrology and flooding (see section 2.2 of this submissions report). 

The EES Inquiry and Advisory Committee report found that comprehensive investigations have 
been undertaken regarding the potential hydrology and flooding impacts associated with the 
Echuca-Moama bridge crossing and that proposed mitigation measures, such as construction 
measures within waterways, are adequate to minimise residual impacts on the environment. 

3.1.6 Conclusion 
The EES Inquiry and Advisory Committee report concludes that: 

 The Inquiry supports the Echuca-Moama bridge crossing (preferred Mid-West alignment in 


Victoria) 
 Overall, the Echuca-Moama bridge crossing provides a balanced environmental, social and 

economic outcome for the communities of Echuca and Moama 
 The Inquiry has reviewed the EES documentation provided to it along with the specialist reports 

and submissions made, and has concluded that, subject to the careful implementation of 
mitigation measures, the environmental effects of the Echuca-Moama bridge crossing can be 
managed and the long-term adverse effects on surrounding properties and landscape should 
be minimal. 

3.2 Victorian Minister for Planning’s Assessment Report March 2016 

3.2.1 Overview 
The Victorian Minister for Planning has delivered an Assessment Report to confirm the preferred 
alignment of the Echuca-Moama bridge crossing in Victoria (the Mid-West alignment) and 
recommend any additional mitigation measures or safeguards for the proposal. This assessment 
follows Victoria’s Planning Panel Inquiry who completed its report and submitted it to the Minister 
for Planning in January 2016. 

The Minister’s Assessment Report considers the Victorian EES and EES submissions, VicRoads’ 
responses to submissions, the Inquiry report as well as ecologically sustainable development 
principles. The report informs decisions required under Victorian law. For the purposes of the NSW 
REF, any relevant management measures or safeguards recommended in the Minister’s 
Assessment Report should be included in this REF submissions report. 

Management measures and safeguards recommended in the report which are both relevant to 
NSW and are additional to commitments and responses outlined above are detailed below. 

3.2.2 Updated hydrology report 
The Minister’s Assessment Report refers to the MDBA’s concerns over the hydrology assessment 
prepared for the proposal. As part of Victoria’s Panel Inquiry, the hydrology contractor presented 
an expert witness report and responded to concerns that the MDBA had over the flood model 
accuracy. The Panel accepted this response however the North Central Catchment Management 
Authority considers there to be some residual uncertainty with the flood model. 
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As the hydrology at Echuca-Moama is highly complex with two separate river systems (the Murray 
River and the Campaspe River), the Minister’s Assessment report recommends that an updated 
hydrology report be completed. 

The following safeguard is identified in the Minister’s Assessment Report and has been included in 
section 7.2 of this submissions report: 

	 Prior to the commencement of works, a report must be prepared to the satisfaction of the North 
Central Catchment Management Authority and then be submitted to the Minister for Planning. 
The report must include: 

- An updated flood frequency analysis for the Murray and Campaspe Rivers at Echuca 
(including post 1997 floods) 

-	 A commentary on the changes in flow rates and flood levels. 

This report is to be completed by VicRoads through a specialist consultant. 

3.2.3 Landscape and visual amenity 
The Minister’s Assessment Report considers that the proposal would moderately affect the 
landscape values of existing bushland and river areas, especially the Murray River landscape 
values. The report acknowledges that impacts can be reduced with good bridge design. 

The report recommends independent design advice and review at key design milestones, including 
a review by the Victorian Design Review Panel, managed through the Victorian Government 
Architect Office or a Design Quality Team drawing from both the Victorian Design Review Panel 
and the NSW Government Architects Office. 

The Minister’s Assessment Report includes a condition that detailed design plans must be 
submitted to, and approved by, the Minister. Plans are to include landscaping and planting, as well 
as design finishes for bridge structures, noise walls and any retaining structures. 

Ultimately, the bridge’s design will be managed by VicRoads as project lead. Roads and Maritime 
will provide specialist advice to VicRoads from its Centre for Urban Design. The Centre for Urban 
Design has developed comprehensive guidelines for high urban design outcomes, including Bridge 
Aesthetics and Noise Wall Design guidelines. 

The following safeguard is identified as written in the Minister’s Assessment Report and has been 
included in section 7.2: 

	 Before development starts, detailed design plans for the project must be prepared that achieve 
a high quality design outcome, which need to be submitted to and approved by the Victorian 
Minister for Planning. The plans must be drawn to scale with dimensions and three copies must 
be provided. The plans must include: 

-	 A site layout plan showing the location of key elements of the project 

- Elevation plans showing the bridge approaches and structures, noise walls and any
 
retaining structures
 

- A materials and finishes schedule for the bridge structures, noise walls or other key
 
elements
 

-	 Landscaping and planting within the project area along with a planting schedule. 
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Once endorsed, the plans must not be altered without the written consent of the Minister for 
Planning. 

3.2.4 Overall conclusion 
The Minister’s Assessment Report concludes that: 
	 The Echuca-Moama bridge crossing (Mid West option in Victoria) would have an acceptable 

level of environmental effects, having regard to overall project outcomes 
	 The Echuca-Moama bridge crossing (Mid West option in Victoria) would provide a net 

community benefit to the State of Victoria, having regard to both short term and long term 
economic, environmental and social considerations. 

The Minister assessed that: 
	 He will consider a request to prepare, adopt and approve, without notice, an amendment under 

section 20(4) of the Victorian Planning and Environment Act 1987 
	 The conditions outlined in Appendix 2 of the Minister’s Assessment Report should be included 

in the incorporated document provided to the department. 
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4 Additional assessment 

4.1 Hollow-bearing tree survey – Masked Owl habitat 

4.1.1 Summary 
Brett Lane & Associates carried out further tree hollow surveys, specifically targeting hollows 
suitable for the Masked Owl (see assessment in Appendix B of this report). 

The survey was conducted in response to OEH’s recommendation that targeted surveys for 
Masked Owl nests be completed. 

The additional surveys identified 41 hollows in 13 hollow bearing trees to be removed by the NSW 
proposal. Of these hollows, none were measured to have a diameter greater than 40 centimetres. 
Hollows used by Masked Owls are known to be at least 90 centimetres in diameter. The Masked 
Owl is not considered likely to breed in the NSW proposal site. 

4.1.2 Additional safeguards and management measures 
No additional safeguards or management measures are required. 
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5 Changes to the NSW proposal  

5.1	 Provision of new entrance/exit to River Country Inn from Francis 
Street 

5.1.1	 Description 
Roads and Maritime proposes to provide a new entrance/exit to the River Country Inn motel from 
Francis Street (see Figure 5.1 and Figure 5.2). The anticipated scope for the construction of the 
new entrance/exit includes: 
 Remove one tree and groundcover vegetation 
 Remove existing fencing for new driveway access 
 Build new driveway suitable for coach access 
 Reinstate fencing to either side of the new driveway 
 Landscaping. 

This change to the NSW proposal is required to maintain access for customers of the River 
Country Inn travelling in both directions along Meninya Street and the Cobb Highway. 

5.1.2	 Environmental assessment 

Terrestrial ecology 

Construction of the new entrance/exit to the River Country Inn would require removal of one tree of 
an introduced species and a small area of introduced groundcover vegetation from a disturbed 
roadside environment. This additional vegetation removal is unlikely to substantially affect any flora 
or fauna species listed under the NSW Threatened Species Conservation Act 1995 or the 
Commonwealth EPBC Act nor cause a significant impact on biodiversity when considered with the 
impacts on biodiversity of the project as a whole. 

Soils 

Construction of the new entrance/exit to the River Country Inn could lead to minor soil erosion 
associated with vegetation removal, earthworks and landscaping. These impacts are likely to be 
minor due to their small scale. Potential soil erosion would be minimised by the implementation of 
the safeguards and management measures outlined in section 7.2. 

Noise impacts 

Construction 

Construction of the new entrance/exit would result in noise impacts to nearby sensitive receivers 
through earthworks and construction of new pavement. These impacts would be minor and 
temporary. It is considered that the REF has adequately assessed construction noise impacts and 
that the safeguards and management measures in section 7.2 below are sufficient to manage 
potential construction noise impacts associated with the new entrance/exit at the River Country 
Inn. 

Operation 

The proposed new entrance/exit at the River Country Inn would cause a slight increase in traffic at 
the western end of Francis Street, which may cause a slight increase in traffic noise for nearby 
sensitive receivers during operation. 

The likely increase in traffic would be a very minor proportion of the increase in traffic volume 
predicted as a result of re-opening Francis Street. The additional noise generated would therefore 
be very minor compared to the likely increase in operational noise on Francis Street, which has 
been assessed in the REF. It is unlikely that the new entrance/exit would cause any substantial 
operational noise impacts to sensitive receivers in the vicinity of the River Country Inn. 
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Landscape and visual impacts 

The new entrance/exit to the River Country Inn would result in visual impacts associated with a 
loss of green areas from the motel property. 

The new entrance/exit may result in light nuisance impacts to motel patrons and neighbouring 
residents from vehicles entering the motel from Francis Street. 

These impacts would be adequately mitigated by implementing the safeguards detailed in section 
5.1.3 below. 

Heritage 

No sites of Aboriginal or non-Aboriginal heritage have been identified or recorded in the vicinity of 
the proposed driveway and these are unlikely to be present, given that the new driveway would be 
located in a disturbed roadside environment. Any potential impacts to heritage items would be 
adequately managed through the implementation of the safeguards and management measures 
outlined in section 7.2. 

Land use and property 

The proposed new entrance/exit at the River Country Inn would be constructed to minimise land 
use impacts on the operation of the business associated with the NSW proposal. While this would 
result in changes to access to the motel, the changes are unlikely to substantially affect the use of 
the property as a motel business. 

Socio-economic 

Concerns raised in submission ECH06 in relation to the potential socio-economic impacts of the 
proposed changed road conditions and new driveway are addressed in sections 2.7.2 and 2.7.3 of 
this submissions report. The proposal and new driveway are unlikely to cause any socio-economic 
impacts to the owner or operator of the River Country Inn. Roads and Maritime would consult with 
the River Country Inn operator and consider providing for any additional measures (see section 
5.1.3). 

Traffic and access 

The proposed new entrance/exit at the River Country Inn would be constructed to minimise traffic 
and access impacts on the operation of the business associated with the NSW proposal. Concerns 
raised in submission ECH06 in relation to the potential traffic and access impacts of the proposed 
changed road conditions and new driveway are addressed in sections 2.5.2, 2.5.3 and 2.5.4 of this 
submissions report. The NSW proposal and new driveway are unlikely to cause any substantial 
traffic and access impacts to the owner or operator of the River Country Inn. 

The proposed new entrance/exit at the River Country Inn would cause a slight increase in traffic at 
the western end of Francis Street. This would be a very minor proportion of the increase in traffic 
volume predicted as a result of re-opening Francis Street, as assessed in the REF. It is unlikely 
that the new entrance/exit would cause any substantial traffic impacts at Francis Street. 

Air quality impacts 

Construction of the new entrance/exit would result in generation of dust, which may affect nearby 
sensitive receivers. Air quality impacts as a result of dust generation are considered to be minor as 
they would be limited to the construction phase and would be minimised by the implementation of 
the safeguards and management measures outlined in section 7.2. 

Construction of the new entrance/exit would also result in emission of exhaust fumes by machinery 
and other construction vehicles. The impact of these emissions would be temporary in nature 
(limited to the duration of construction and staging of construction) and are considered to be minor 
when compared to the exhaust fumes currently emitted by traffic on the Cobb Highway. Impacts 
associated with exhaust fumes during construction would be minimised by the implementation of 
the safeguards and management measures outlined in section 7.2. 
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5.1.3 Revised safeguards and management measures 
Additional safeguards and management measures to minimise the impacts of the proposed 
entrance/exit to the River Country Inn from Francis Street are detailed below and are included in 
section 7.2. 

Landscape and visual safeguards 

	 Design will allow for a grass verge along the new driveway from Francis Street to the River 
Country Inn. Roads and Maritime will consult with the River Country Inn operators and consider 
providing for any potential additional measures as required 

	 Roads and Maritime will consult with the operators of the River Country Inn to consider 
providing for additional measures including potential light screening for motel rooms as 
required, to minimise light nuisance impacts at the River Country Inn associated with vehicles 
entering the River Country Inn from Francis Street 

	 If it is identified during detailed design that the new entrance/exit to the River Country Inn is 
likely to cause light nuisance impacts to sensitive receivers in the vicinity of the River Country 
Inn, Roads and Maritime will consult with the affected receivers and implement light screening 
measures to minimise these impacts. 

Socio-economic safeguards 

	 Roads and Maritime will consult with the River Country Inn operator and consider providing for 
potential additional landscaping, signage adjustments and light screening required as a result 
of the construction of the new entrance to the motel from Francis Street as required. 
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6 Cumulative environmental impacts 

Since the NSW proposal was assessed in the REF, the proposal has been modified to include a 
new entrance/exit at the River Country Inn motel (see section 5). As described, this change to the 
NSW proposal creates benefits through improving vehicle access to the River Country Inn. Minor 
impacts would be associated with soils, construction noise, landscape and visual impacts, and air 
quality impacts during construction. Additional safeguards and management measures to minimise 
the impacts of the proposed entrance/exit to the River Country Inn from Francis Street have been 
identified. 

No changes to the Victorian component of the Echuca-Moama bridge crossing have been 
identified since it was assessed in the EES. 

Additional assessment of the potential impacts of the NSW proposal on Masked Owl habitat has 
been completed, finding that the species is unlikely to breed in the NSW proposal site. An 
assessment of the potential impacts of the Victorian component of the Echuca-Moama bridge 
crossing on Masked Owl habitat will also be completed, with implementation of pre-clearance 
safeguards and management measures as required. 

As a result of the submissions received during the public display of the REF and EES, a number of 
additional safeguards and management measures have been identified for both the NSW and 
Victorian components of the Echuca-Moama bridge crossing. These safeguards further act to 
minimise the cumulative environmental impacts of the Echuca-Moama bridge crossing. 

The cumulative impacts of the entire Echuca-Moama bridge crossing have previously been 
assessed in the REF. In re-assessing the cumulative environmental impacts of the Echuca-Moama 
bridge crossing at the current stage, the following matters have been considered: 

 The submissions received during the public display of the REF and EES 
 The additional assessment of potential Masked Owl habitat 
 The minor environmental impacts associated with the proposed new entrance/exit at the River 

Country Inn) 
 All new safeguards and management measures 
 All previous assessment of cumulative environmental impacts. 

It is assessed that the Echuca-Moama bridge crossing would be unlikely to have a significant 
cumulative environmental impact in relation to any environmental matters. 
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7 Environmental management 

The REF for the Echuca-Moama Bridge Crossing (New South Wales) identifies the framework for 
environmental management, including safeguards and management measures that would be 
adopted to avoid or reduce environmental impacts (Chapter 7 of the REF). 

After consideration of the issues raised in the public submissions, the EES Inquiry and Advisory 
Committee report, and in the Minister’s Assessment report, as well as changes to the NSW 
proposal, the safeguards and management measures for the NSW proposal have been revised. 

Should the NSW proposal proceed, environmental management will be guided by the framework 
and measures outlined below. 

7.1 Environmental management plans (or system) 
A number of safeguards and management measures have been identified in order to minimise 
adverse environmental impacts, including social impacts, which could potentially arise as a result 
of the NSW proposal. Should the NSW proposal proceed, these management measures would be 
incorporated into the detailed design and applied during the construction and operation of the NSW 
proposal. 

A construction environmental management plan (CEMP) would be prepared to describe 
safeguards and management measures identified. The plan would provide a framework for 
establishing how these measures would be implemented and who would be responsible for their 
implementation. 

The plan would be prepared before construction of the NSW proposal and must be reviewed and 
certified by Roads and Maritime environment staff, before starting major construction work. The 
CEMP will be a working document, subject to ongoing change and updated as necessary to 
respond to specific requirements. The CEMP would be developed in accordance with the 
specifications set out in the Roads and Maritime QA Specification G36 ‘Environmental Protection 
(Management System)’, Roads and Maritime QA Specification G38 ‘Soil and Water Management 
(Soil and Water Plan)’ and Roads and Maritime QA Specification G40 ‘Clearing and Grubbing’. 

7.2 Summary of safeguards and management measures 
Environmental safeguards outlined in this document would be incorporated into the detailed design 
phase of the NSW proposal and during construction and operation of the NSW proposal, should it 
proceed. These safeguards would minimise any potential adverse impacts arising from the 
proposed works on the surrounding environment. The safeguards and management measures, as 
they apply to the NSW proposal, are summarised in Table 7.1. 

New measures are shown in bold. 
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Table 7.1: Summary of site specific environmental safeguards 

No. Impact Environmental safeguards Responsibility Timing 

1 General  All environmental safeguards must be incorporated within the 
following: 

o Detailed design stage 

o Contract specifications for the NSW proposal 

o Construction environmental management plan. 

Project manager Pre-construction 

2 General  

 

 

A risk assessment must be carried out on the NSW proposal in 
accordance with the Roads and Maritime Project Pack and Roads and 
Maritime risk assessment procedures to determine an audit and 
inspection program for the works. The recommendations of the risk 
assessment are to be implemented 

A review of the risk assessment must be undertaken after the initial 
audit or inspection to evaluate is the level of risk chosen for the project 
is appropriate 

Any works resulting from the NSW proposal and as covered by the 
REF may be subject to environmental audit(s) and/or inspection(s) at 
any time during their duration. 

Project manager and 
regional environmental staff 

Pre-construction 

After first audit 

3 General  

 

The environmental contract specifications Roads and Maritime QA 
Specification G36 ‘Environmental Protection (Management System)’, 
Roads and Maritime QA Specification G38 ‘Soil and Water 
Management (Soil and Water Plan)’ and Roads and Maritime QA 
Specification G40 ‘Clearing and Grubbing’ must be forwarded to the 
Roads and Maritime Environmental Manager for review and approval 
at least 10 working days prior to the tender stage 

A contractual hold point must be maintained until the CEMP is 
reviewed and approved by the Roads and Maritime Environmental 
Manager. 

Project manager Pre-construction 

4 General  The Roads and Maritime Project Manager must notify the nominated 
Roads and Maritime Environmental Officer at least 5 days prior to 
work commencing. 

Project manager Pre-construction 
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No. Impact Environmental safeguards Responsibility Timing 

5 General  All businesses and residences likely to be affected by the proposed 
works must be notified at least 5 working days prior to the 
commencement of the proposed activities. 

Project manager Pre-construction 

6 General  Environmental awareness training must be provided, by the 
contractor, to all field personnel and subcontractors. 

Contractor Pre-construction 
and during 
construction as 
required. 

7 Terrestrial 
ecology – loss 
of native 
vegetation 
habitat 

 A detailed biodiversity management plan will be prepared as part of the 
construction environmental management plan (CEMP) to minimise the 
ecological impacts of the NSW proposal 

 The biodiversity management plan will include post-construction 
monitoring for threatened species for two consecutive years. This 
will include monitoring of Squirrel Gliders during autumn for two 
consecutive years  

 The pre-clearing process detailed in RTA (2011b) – ‘Biodiversity 
Guidelines Guide 1: Pre-clearing process’ will be implemented before 
commencement of the works 

 An exclusion zone plan will be implemented in line with RTA (2011b) – 
‘Biodiversity Guidelines Guide 2: Exclusion zones’ 

 Detailed design will seek to minimise loss of native vegetation while still 
meeting operational objectives for road safety, design and water quality 
basin operation 

 The limits of the NSW proposal will be defined by survey before 
clearing and grubbing. 

Project manager and 
contractor 

Pre-construction 

8 Terrestrial 
ecology – loss 
of native 
vegetation 
habitat 

 A biodiversity offset strategy will be developed and implemented to 
compensate for the biodiversity impacts of the NSW proposal 
consistent with the Roads and Maritime Offset Guide (Nov 2011) and 
the Department of Primary Industries policy and guidelines for fish 
habitat conservation and management (update 2013) 

 Vegetation survey and condition assessment datasheets will be 
provided to OEH. 

Roads and Maritime Pre-construction 
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No. Impact Environmental safeguards Responsibility Timing 

9 Terrestrial 
ecology – loss 
of mature trees, 
including 
hollow-bearing 
trees 

 A nest box strategy will be developed in line with RTA (2011b) – 
‘Biodiversity Guidelines Guide 8: Nest boxes’ to compensate for 
removal of hollow-bearing trees 

 Nest boxes will be constructed according to specifications 
provided in the OEH submission to the REF 

 Nest boxes will be placed in areas where few current suitable den trees 
exist but where other habitat components (connectivity and foraging) 
are of good quality 

 Large and hollow-bearing trees to be retained will be defined by survey 
before clearing and protected by physical barrier or fence. 

Project manager and 
contractor 

Pre-construction 

10 Terrestrial 
ecology – loss 
of habitat 
connectivity 

 Detailed design will seek to avoid large and hollow-bearing trees and 
maintain canopy cover adjacent to the road as much as possible for 
Squirrel Gliders to cross the NSW proposal site 

 Squirrel Glider crossing zones will be established (see Figure 3.9 of 
REF) 

 Squirrel Glider crossings will have the design considerations detailed in 
the Squirrel Glider habitat linkage strategy (Brett Lane & Associates 
2015b) 

 Detailed design and placement of the crossings will be developed and 
approved by an expert in Squirrel Glider ecology. 

Project manager and 
contractor 

Pre-construction 

11 Terrestrial 
ecology – weed 
spread and 
establishment 

 A weed management plan will be prepared in line with RTA (2011b) – 
‘Biodiversity Guidelines Guide 6: Weed management’. 

Project manager and 
contractor 

Pre-construction 

12 Terrestrial 
ecology –spread 
of pathogens 

 Appropriate pathogen management controls will be prepared in 
accordance with RTA (2011b) – ‘Biodiversity Guidelines Guide 7: 
Pathogen management’. 

Project manager and 
contractor 

Pre-construction 

13 Terrestrial 
ecology – loss 
of vegetation 
communities 

 All staff will be inducted and informed of the limits of vegetation 
clearing and the areas of vegetation to be retained 

 All vehicles and equipment used for construction will adhere to the 
access tracks, existing roads and exclusion areas outlined in the traffic 
management plan 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

 Native vegetation will be re-established in accordance with RTA 
(2011b) – ‘Biodiversity Guidelines Guide 3: Re-establishment of native 
vegetation’ 

 Locally native species will be used for revegetation 

 Revegetation work will aim to re-create the original vegetation structure 

 Revegetation will include preferred forage species for Squirrel Gliders. 

14 Terrestrial 
ecology – loss 
of mature trees 

 Removal of mature trees, including hollow-bearing trees, will be 
minimised wherever possible  

 Pruning or lopping of limbs will be conducted in preference to tree 
removal wherever possible. 

Project manager and 
contractor 

Construction 

15 Terrestrial 
ecology – 
impacts to fauna 

 Pre-clearing surveys for Sloane’s Froglet will be carried out 
before clearing and according to the relevant guidelines 
(including after rain). If the Sloane’s Froglet is found during these 
surveys, a frog management plan will be developed and 
implemented 

 The timing of noisy work will avoid the breeding season of 
threatened and migratory fauna known or likely to occur in the 
study area, to minimise disturbance, where feasible and practical 

 Clearing of vegetation, including a staged habitat removal procedure, 
will be undertaken as detailed in RTA (2011b) – ‘Biodiversity 
Guidelines Guide 4: Clearing of vegetation and removal of bushrock’ 

 Fauna handling during vegetation removal will be undertaken by a 
licensed fauna ecologist or wildlife carer, as detailed in RTA (2011b) – 
‘Biodiversity Guidelines Guide 9: Fauna handling’ 

 Artificial lighting along the proposed alignment should be kept to a 
minimum outside of the urban area 

 Road lighting that directs light down to the road and minimises light 
pollution of the night sky will be used to minimise disorientation of 
nocturnal species moving through the area. 

Project manager and 
contractor 

Construction 

16 Terrestrial 
ecology – loss 

 Woody debris will be re-used as detailed in RTA (2011c) – ‘Biodiversity 
Guidelines Guide 5: Re-use of woody debris and bushrock’ 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

of woody debris  Some of the large woody debris generated by the NSW proposal will 
habitat be relocated outside the NSW proposal site and retained as habitat on 

the ground. The woody debris will be spread in a fashion that replicates 
the natural occurrence of woody debris in the environment and will not 
be stacked 

 Coarse and fine woody debris should be placed under the raised 
carriageway as fauna ‘furniture’. 

17 Terrestrial 
ecology – 
impacts to 
threatened 
species 

 If unexpected threatened fauna or flora species are discovered, works 
will stop immediately and the Roads and Maritime ‘Unexpected 
threatened species find procedure’ in RTA (2011c) – ‘Biodiversity 
Guidelines Guide 1: Pre-clearing process’ will be followed. 

Project manager and 
contractor 

Construction 

18 Terrestrial 
ecology – loss 
of habitat 
connectivity 

 Tall trees on the edge of the NSW proposal site will be retained where 
practicable, to maintain natural connectivity for Squirrel Gliders and 
other fauna as much as possible 

 Where possible, revegetation will occur adjacent to the NSW proposal 
site where the median strip would be for any future duplication of the 
road 

 Revegetation will aim to connect areas of high quality habitat and will 
provide connectivity along the Murray River 

 Coarse woody debris and vegetation will be installed and planted 
to help facilitate fauna passage under bridges. Fauna fencing 
would be installed where considered feasible and the fence type, 
location and extent would be designed in consultation with an 
ecologist. 

Project manager and 
contractor 

Construction 

19 Terrestrial 
ecology – weed 
spread and 
establishment 

 All new vehicles to site will be cleaned to reduce the incidence of weed 
spread and establishment 

 The spread of introduced plant species within the NSW proposal site 
will be monitored by the contractor and Roads and Maritime during 
construction 

 Weed control will be undertaken if introduced plant species become 
prevalent in the NSW proposal site 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

 Declared noxious weeds will be managed according to the 
requirements of the Noxious Weeds Act 1993. 

20 Terrestrial 
ecology – loss 
of habitat 
connectivity 

 Post-implementation monitoring at a population-wide scale will be 
undertaken to determine the effectiveness of the Squirrel Glider 
crossings. 

Roads and Maritime Operation 

21 Terrestrial 
ecology – weed 
spread and 
establishment 

 Weed control will be undertaken during operation if declared noxious 
weed species become prevalent in the NSW proposal site. 

Roads and Maritime Operation 

22 Aquatic ecology 
– impacts to 
fauna 

 A biodiversity management plan will be prepared as part of the CEMP, 
which will incorporate measures to minimise aquatic ecology impacts 

 The biodiversity management plan will include aquatic fauna salvage 
and translocation measures for work in the main river channel (where 
necessary). 

Project manager and 
contractor 

Pre-construction 

23 Aquatic ecology 
– disturbance to 
river banks 

 An exclusion zone plan will be implemented in line with RTA (2011b) – 
‘Biodiversity Guidelines Guide 2: Exclusion zones’ and ‘Guide 10: 
Aquatic habitats and riparian zones’. Exclusion zones will be 
established to prevent unnecessary clearing or disturbance of the river 
banks and floodplain billabongs. 

Project manager and 
contractor 

Pre-construction 

24 Aquatic ecology 
– aquatic weed 
spread and 
establishment 

 A weed management plan will be prepared in line with RTA (2011b) – 
‘Biodiversity Guidelines Guide 6: Weed management’. This will include 
measures to monitor and manage the potential introduction and spread 
of aquatic weeds. 

Project manager and 
contractor 

Pre-construction 

25 Aquatic ecology 
– clearing of 
riparian and 
aquatic 
vegetation 

 Clearing of riparian and aquatic vegetation will be minimised and 
managed in line with RTA (2011b) – ‘Biodiversity Guidelines Guide 10: 
Aquatic habitats and riparian zones’ and ‘Guide 4: Clearing of 
vegetation and removal of bushrock’. 

Project manager and 
contractor 

Construction 

26 Aquatic ecology 
– disturbance to 
river banks 

 Access to the Murray River and floodplain wetland and billabongs will 
be managed in line with RTA (2011b) – ‘Biodiversity Guidelines Guide 
10: Aquatic habitats and riparian zones’ 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

 Access to the Murray River will be via the existing boat ramp, with no 
disturbance to the river banks or surrounding vegetation 

 Activities in aquatic habitats and riparian zones will be avoided as 
much as practicable 

 Areas adjacent to the Murray River and floodplain wetland and 
billabongs disturbed during construction will be rehabilitated in line with 
RTA (2011b) – ‘Biodiversity Guidelines Guide 10: Aquatic habitats and 
riparian zones’ 

 Boats, barges or other water craft will be used in a manner that 
minimises boat wash that could cause erosion of the river banks. 

27 Aquatic ecology 
– disturbance to 
woody debris 
habitat 

 Snags and woody debris will be managed in line with RTA (2011b) – 
‘Biodiversity Guidelines Guide 10: Aquatic habitats and riparian zones’ 

 Disturbance to snags will be minimised wherever possible 

 Any snags removed from the NSW proposal site will be relocated, 
where it is safe to do so, to maintain aquatic habitat 

 The potential for re-using woody debris generated by vegetation 
removal on the floodplain (such as root boles) as in-stream snag 
habitat will be investigated. 

Project manager and 
contractor 

Construction 

28 Aquatic ecology 
– disturbance to 
aquatic fauna 
during breeding 
season 

 The timing of noisy work will avoid the breeding season of aquatic 
fauna to minimise disturbance, where feasible and practical. 

Project manager and 
contractor 

Pre-construction 

29 Soils and water 
quality – soil 
erosion, 
sedimentation 
and water 
quality 

 A soil and water management plan will be prepared as part of the 
CEMP in accordance with Roads and Maritime specification G38 – 
‘Soil and Water Management’ 

 The soil and water management plan will also address the following: 

 ‘Code of Practice for Water Management’ (RTA 1999) the Roads and 
Maritime ‘Erosion and Sedimentation Procedure’ 

 The Blue Book - ‘Soils and Construction – Managing Urban 
Stormwater Volume 1’ (Landcom 2004) and Volume 2 (DECC 2008a) 

Project manager and 
contractor 

Pre-construction 
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No. Impact Environmental safeguards Responsibility Timing 

 Technical Guideline:  ‘Temporary Stormwater Drainage for Road 
Construction’ (Roads and Maritime 2011b) 

 Technical Guideline: ‘Environmental Management of Construction Site 
Dewatering’ (Roads and Maritime 2011c) 

 The soil and water management plan will include but not be limited to: 

 A primary erosion and sedimentation control plan and a maintenance 
schedule for ongoing maintenance of temporary erosion and sediment 
controls 

 A sediment basin management plan to guide appropriate 
management of runoff during construction and operation 

 An incident emergency spill plan which will include measures to avoid 
and manage spillages of fuels, chemicals, and fluids onto any 
surfaces or into any adjacent/nearby waterways 

 The design will include scour protection at locations subject to 
concentrated flows (eg bridge abutments), as required. 

30 Soils and water 
quality – soil 
contamination 

 The CEMP will include a contaminated land management plan, which 
must comply with the Contaminated Land Management Act 1997, 
‘Contaminated Land Management Guideline’ (Roads and Maritime 
2013a), ‘Environmental Incident Classification and Reporting 
Procedure’ (Roads and Maritime 2014), and EPA guidelines on 
contaminated land management 

 The contaminated land management plan will provide for: 

 Areas of known contamination (if any) 

 Unexpected contamination finds 

 Any land contamination caused during construction. 

Project manager and 
contractor 

Pre-construction 

31 Soils and water 
quality – 
groundwater 

 The soil and water management plan will include measures to manage 
groundwater that is unexpectedly encountered during construction 

 The contractor will consider the beneficial uses, quality and quantity of 
groundwater when determining the ongoing management of 
groundwater. 

Project manager and 
contractor 

Pre-construction 
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No. Impact Environmental safeguards Responsibility Timing 

32 Soils and water 
quality – soil 
erosion 

 Sediment and erosion controls (including sediment basins), clean water 
diversions and culverts will be constructed and be on line before the 
commencement of earthworks 

 Sediment basins will be regularly serviced and maintained to comply 
with water quality and capacity requirements 

 Clearing of vegetation and stabilisation/revegetation activities will be 
carried out progressively to limit the time disturbed areas are exposed 
to erosion processes 

 Site stabilisation of disturbed areas will be undertaken progressively as 
stages are completed 

 Topsoil  and mulch will each be stockpiled separately for possible 
reuse in landscaping and rehabilitation works 

 High risk soil erosion activities such as earthworks will not be 
undertaken immediately before or during high rainfall or wind events 

 Any material transported onto pavement surfaces will be swept and 
removed at the end of each working day 

 Erosion and sediment control measures will be maintained until the 
works are complete and areas are stabilised by revegetation. 

Project manager and 
contractor 

Construction 

33 Soils and water 
quality – 
sedimentation 

 The stability of the river banks will be protected as much as possible by 
restricting construction work to within the confined zone of the bridge 

 Where construction activities have the potential to disturb the river 
banks, measures will be put in place to minimise erosion of soil from 
the river bank and sedimentation, such as: 

 Laying geofabric on exposed soils and disturbed areas on the river 
bank 

 Installing sediment netting down-slope of disturbed areas 

 Waterway improvements and/or bank stabilisation work will be 
completed where required to allow for any changes to flow 
characteristics caused by the NSW proposal 

 Coffer dams will be installed around bridge pier locations close to 
waterways to reduce the potential for water quality impacts through 
sedimentation and spills 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

 Low lying areas of construction formations and excavations that collect 
stormwater or groundwater will be dewatered in accordance with the 
soil and water management plan and Technical Guideline: 
‘Environmental management of construction site dewatering’ (Roads 
and Maritime 2011c) 

 Removing trees from the river banks will be avoided wherever possible. 
Where tree removal is necessary, the stump and roots will be retained 
where possible to minimise destabilisation of the river bank. 

34 Soils and water 
quality – water 
contamination 

 All fuels, chemicals, and liquids will be stored at least 50 metres away 
from any drainage lines and will be stored in an impervious bunded 
area within the compound sites 

 Compounds and storage locations will be located away from areas 
subject to flooding wherever practicable 

 The refuelling of plant and planned maintenance of machinery and 
plant will be undertaken 50 metres away from waterways 

 Machinery will be checked daily for leaks of oil, fuel or other liquids 

 Control of dirty water will be managed onsite to avoid release in to 
drainage lines and/or waterways 

 Potable water will be used for wash down 

 Containment material will be used to capture/filter water used in vehicle 
wash- downs 

 Vehicle and plant wash downs and/or concrete truck washouts will be 
undertaken within a designated bunded area with an impervious 
surface or will be undertaken off-site 

 A facility for collecting, treating and disposing of concrete wastes 
generated during construction will be installed on site 

 Vehicles and plant will be properly maintained and regularly inspected 
for fluid leaks 

 Visual monitoring of local water quality (ie turbidity, hydrocarbon 
spills/slicks) will be undertaken on a regular basis to identify any 
potential spills or deficient erosion and sediment controls. A record will 
be kept of these inspections 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

 Emergency spill kits will be kept on-site at all times 

 All staff will be inducted about incident and emergency procedures and 
made aware of the locations of emergency spill kits 

 Should a spill occur during construction, the emergency response plan 
will be implemented, and the Roads and Maritime regional 
environmental manager contacted. OEH will also be notified as per 
Part 5.7 of the POEO Act. 

35 Soils and water 
quality – soil 
contamination 

 In the event that indicators of contamination are encountered during 
construction (such as odours or visually contaminated materials), work 
in the area will cease until advice on the need for remediation or other 
action is obtained from an environmental consultant. 

Project manager and 
contractor 

Construction 

36 Soils and water 
quality – 
groundwater 

 If dewatering any excavations is required, groundwater will be disposed 
of in accordance with EPA waste guidelines. 

Project manager and 
contractor 

Construction 

37 Soils and water 
quality – soil 
erosion and 
sedimentation 

 Undertake surveillance to monitor the effectiveness of landscaping and 
soil stabilisation and erosion management measures 

 Additional erosion management measures will be implemented if the 
measures implemented during construction are not performing to 
requirements. Measures may include re-mulching, inserted erosion 
control mats or seeding with grass (hydroseeding). 

Roads and Maritime and 
construction contractor 
(defects liability period about 
two years) 

Operation 

38 Soils and water 
quality – spills 

 If a spill occurs during the operation of the new road, maintenance 
contractors or staff will implement an incident response plan. Relevant 
agencies will be contacted to manage the spill and implement 
appropriate traffic control measures. 

Roads and Maritime and 
maintenance 
contractors/staff 

Operation 

39 Hydrology and 
flooding – flood 
impact 
assessment 

 Prior to the commencement of works, a report must be prepared 
to the satisfaction of the North Central Catchment Management 
Authority and then be submitted to the (Victorian) Minister for 
Planning. The report must include: 

 An updated flood frequency analysis for the Murray and 
Campaspe Rivers at Echuca (including post 1997 floods) 

 A commentary on the changes in flow rates and flood levels. 
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No. Impact Environmental safeguards Responsibility Timing 

40 Hydrology and 
flooding – 
proposed works 
result in change 
to hydraulic 
conditions 

 During detailed design, structures within waterways (such as culverts) 
will be sized and sited to minimise afflux, consistent with Murray 
Darling Basin Authority requirements. 

Project manager and 
contractor 

Pre-construction 

41 Hydrology and 
flooding – 
construction risk 
of impact on the 
floodplain 
function during 
a flood event 

 A construction flood management plan will be prepared before 
construction, which will include the following measures: 

 Weather and flood warnings will be monitored and plans established 
for each stage of construction to minimise flooding impacts 

 In the event of a flood warning, equipment and blockages on the 
floodplain will be removed wherever possible. 

Project manager and 
contractor 

Pre-construction 

42 Noise and 
vibration – 
operational 
noise impacts to 
2 Boundary Rd, 
Madison Spa 
Resort and 
River Country 

 The detailed design of the NSW proposal will incorporate the following 
noise mitigation measures (see Appendix G of noise and vibration 
assessment in Appendix H of this REF) 

 Architectural treatment to 2 Boundary Road 

 Adjacent to Madison Spa Resort: 3.5 metre high noise wall on the 
eastern side of the road with a length of about 150 metres (chainage 
3200 – 3350) 

Project manager and 
contractor 

Pre-construction 

Inn  Low noise pavement (dense graded or stone mastic asphalt) for a 
length of about 255 metres from the edge of the floodplain to near the 
Moama Marketplace 

 Roads and Maritime would provide architectural fresh air 
ventilation in the River Country Inn’s Meninya Street-facing 
rooms (subject to detailed assessment by appropriate acoustic 
experts), which would allow tenants to maintain ventilation 
without the need to open windows, reducing noise impacts. 

43 Noise and 
vibration – 
construction 
noise and 

 A noise and vibration management plan will be prepared as part of the 
CEMP. The plan will include control measures for all high noise and 
vibration generating activities 

 Targeted measures to achieve vibration levels less than the required 
vibration criteria for sensitive receivers, including the heritage-listed 

Project manager and 
contractor 

Pre-construction 
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No. Impact Environmental safeguards Responsibility Timing 

vibration 
impacts 

Cranford House adjacent to the northern end of the NSW proposal site 
(3 mm/sec (1-10Hz)), will be included in the noise and vibration 
management plan 

 A detailed construction noise assessment will be prepared based on 
information provided by the contractor during the detailed design 
phase. Targeted control measures to mitigate any noise levels found 
likely to exceed the relevant criteria will be included in the noise and 
vibration management plan 

 Building condition surveys will be conducted at all sensitive receivers 
identified in the construction noise and vibration management plan. 

44 Noise and 
vibration – 
community 
consultation 

 Communications with people living and working in the vicinity of the 
NSW proposal site will be established at the beginning of construction 
and will be maintained. The person selected to liaise with the 
community will be adequately trained and experienced in keeping 
people informed of progress and responding to complaints and 
enquiries quickly 

 The community will be kept informed of the nature, timing and duration 
of impending work 

 The contractor will nominate a contact person in the construction noise 
and vibration management plan to directly address any noise and/or 
vibration complaints that the community may have during the 
construction phase of the project 

 A management procedure will be put in place to deal with noise and 
vibration complaints that may arise from construction activities. 

Project manager and 
contractor 

Pre-construction 
and construction 

45 Noise and 
vibration – 
construction 
noise impacts 

 Noise impacts will be minimised in accordance with Roads and 
Maritime's ‘Environmental Noise Management Manual’ (RTA 2001). 

Project manager and 
contractor 

Construction 

46 Noise and 
vibration – out 
of hours 
construction 
work 

 Work will generally be carried out during standard working hours (ie 
7am to 6pm Monday to Friday; 8am to 1pm Saturdays, no work on 
Sundays and public holidays).  Before any out of hours work, the 
Roads and Maritime Environment Manager will be consulted and will 
advise on any additional assessment requirements. Assessment will be 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

in accordance with Practice Note 7 of Roads and Maritime’s 
Environmental Noise Management Manual 2001. This will include 
notifying any nearby residents in advance of out of hours work 

 Where work is planned outside normal hours, an ‘out of hours work 
procedure’ will be prepared as part of the construction noise and 
vibration management plan. 

47 Noise and 
vibration – 
construction 
noise 

 Noise management and/or mitigation measures will be considered to 
reduce noise levels as much as possible, eg using bored piles rather 
than impact-driven piles if necessary 

 Plant and equipment will be properly maintained 

 Provide special attention to the use and maintenance of ‘noise control’ 
or ‘silencing’ kits fitted to machines to ensure they perform as intended 

 Strategically position plant on site to reduce the emission of noise to 
the surrounding neighbourhood and to site personnel 

 Noisy plant such as the tub grinder/mulcher will be located 500 metres 
or more from sensitive receivers where practicable 

 Avoid any unnecessary noise when carrying out manual operations 
and when operating plant 

 Any equipment not in use for extended periods during construction 
work will be switched off 

 Noise compliance monitoring will be undertaken for all major 
equipment and activities before commencement of work 

 Where noise level exceedances cannot be avoided, consideration will 
be given to implementing time restrictions and/or providing periods of 
respite for residents, where practicable 

 The layout of the construction compound will be arranged so that 
primary noise sources are at a maximum distance from residences, 
with solid structures (sheds, containers etc) placed between residences 
and noise sources (and as close to the noise sources as is practical) 

 Enclosures will be used to shield fixed noise sources such as pumps, 
compressors, fans, screens (where practicable) 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

 Maintenance work on all construction plant will be carried out away 
from noise sensitive receivers and confined to standard construction 
hours and work compound where feasible 

 Non-tonal reversing beepers (or an equivalent mechanism) will be fitted 
and used on all construction vehicles and mobile plant where 
practicable 

 Site inductions will be provided to train staff on ways to minimise 
construction noise impacts on-site. Responsible working practices 
include: 

 Avoid the use of outdoor radios during the night-time period 

 Avoid shouting and slamming of doors 

 Where practical, operate machines at low speed or power and 
switched off when not being used rather than left idling for prolonged 
periods 

 Minimise reversing 

 Avoid dropping materials from height and avoid metal to metal contact 
on material. 

48 Noise and 
vibration – 
vibration 
impacts 

 Vibration will be managed to comply with the requirements of AS2187, 
DIN4150 & BS6472 

 Carry out vibration testing of actual equipment on site to determine 
acceptable site-specific buffer distances to sensitive occupancies 

 Carry out additional vibration monitoring when construction activities 
are at the nearest point to potentially affected receivers. This 
monitoring may signal to the contractor by way of a buzzer or flashing 
light etc when levels approach/exceed the recommended limits in 
nearby occupancies 

 Carry out periodic monitoring at all critical or sensitive areas. Vibration 
levels will be tested for compliance with the set vibration limits. This 
monitoring will be undertaken in accordance with the noise and 
vibration management plan 

 Where vibration is found to be excessive, management measures will 
be implemented to ensure vibration compliance is achieved. 
Management measures may include modification of construction 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

methods such as establishment of safe buffer zones and if necessary, 
time restrictions for the most excessive vibration activities. Time 
restrictions should be negotiated with affected receivers 

 Where construction activities, including pile driving, excavation by 
hammering or ripping, dynamic compaction or demolition of structures 
may cause damage through vibration or air blast to nearby public 
utilities, structures, buildings and their contents, or if the items are 
located within the distance from the construction activity noted below, a 
building condition inspection of these items will be undertaken: 

 Pile driving – 200 metres 

 Vibration compaction >7 tonne plant – 50 metres 

 Vibration compaction <7 tonne plant – 25 metres 

 Demolition of structures – 50 metres 

 In relation to human perception of vibration, where reasonable and 
feasible, a buffer distance of 50 metres for rolling and compacting 
activities will be implemented. Where work is required within this buffer 
distance, potentially impacted residents will be informed of the nature 
and duration of the work. 

49 Noise and 
vibration – 
complaints 

 Each complaint will be investigated 

 Construction noise or vibration monitoring will be considered if a 
complaint is received in accordance with the requirements of the 
Roads and Maritime ‘Specification G36 Environmental Protection’ and 
the ‘Interim Construction Noise Guideline’ (DECC 2009a) 

 Where noise or vibration, which is the subject of a complaint, is in 
excess of allowable limits, appropriate amelioration measures will be 
implemented. 

Project manager and 
contractor 

Construction and 
operation 

50 Landscape and 
visual – visual 
impacts of 
bridges 

 The proposed bridges will be designed in accordance with Roads and 
Maritime’s bridge aesthetics guidelines (Roads and Maritime 2012c) 

 Bridge structures will be designed to be simple and elegant structures 
which make a positive visual contribution to the environment. They will: 

Project manager and 
contractor 

Pre-construction 
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No. Impact Environmental safeguards Responsibility Timing 

 Provide correct geometric relationships in the overall structural 
arrangement and display visual integration of the deck, beams, piers, 
railings, barriers, lighting, associated furniture and abutments 

 Display visual integration of the structure with the road and landform 

 Ensure lines that delineate elements of the structure are smooth and 
unbroken in both the horizontal and vertical planes 

 Make use of the haunched main and adjacent spans to integrate with 
the piers and frame the river visually 

 Use surface treatments that are in harmony with the structural shape 
and scale such that visual clutter is avoided 

 Provide maximum open light spaces beneath the structure 

 Provide views out beyond the sides of the bridge for motorists, 
passengers, pedestrians and cyclists travelling over the bridge. 

51 Landscape and 
visual – visual 
impacts of NSW 
proposal 

 Before development starts, detailed design plans for the project 
must be prepared that achieve a high quality design outcome, 
which need to be submitted to and approved by the Victorian 
Minister for Planning. The plans must be drawn to scale with 
dimensions and three copies must be provided. The plans must 
include: 

 A site layout plan showing the location of key elements of the 
project 

 Elevation plans showing the bridge approaches and structures, 
noise walls and any retaining structures 

 A materials and finishes schedule for the bridge structures, 
noise walls or other key elements 

 Landscaping and planting within the project area along with a 
planting schedule. 

 Once endorsed, the plans must not be altered without the written 
consent of the Victorian Minister for Planning. 
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No. Impact Environmental safeguards Responsibility Timing 

52 Landscape and 
visual – general 
visual impacts 

 Design will allow for a grass verge along the new driveway from 
Francis Street to the River Country Inn. Roads and Maritime will 
consult with the River Country Inn and consider providing for 
potential additional landscaping 

 Roads and Maritime will consult with the River Country Inn and 
consider providing for potential light screening for motel rooms, 
as required, to minimise light nuisance impacts associated with 
vehicles entering the River Country Inn from Francis Street 

 If it is identified during detailed design that the new entrance/exit 
to the River Country Inn is likely to cause light nuisance impacts 
to sensitive receivers in the vicinity of the River Country Inn, 
Roads and Maritime will implement light screening measures to 
minimise these impacts 

 Road embankment design will use materials, pattern, colour and 
texture which are sympathetic to the setting and congruous with their 
surrounds 

 The construction footprint will be kept to a minimum to minimise 
earthworks and vegetation removal wherever possible 

 Water detention basins will be shaped to create a natural appearance 
and to soften the visual impact where practicable 

 Watercourse crossings will be located and designed to minimise loss of 
riparian vegetation and to accommodate erosion control methods 

 The proposed noise wall will be designed in accordance with Roads 
and Maritime’s noise wall design guideline (RTA 2006) 

 Noise wall design and materials will be congruous with the existing 
surrounding environment 

 Landscaping will be designed in accordance with Roads and Maritime’s 
landscape guideline (RTA 2008) 

 Screen plantings using locally native vegetation will be implemented 
wherever possible between the road and bridge infrastructure and 
surrounding users, environs and other key viewpoints, including: 

 Screening the road from adjacent residences and other sensitive 
receivers 

Project manager and 
contractor 

Pre-construction 
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No. Impact Environmental safeguards Responsibility Timing 

 Screening the bridge structures from adjacent river bank areas 

 Screening views of the water detention basins 

 Plantings will be located along new shared paths to provide sufficient 
shade and shelter. 

53 Landscape and 
visual – general 
visual impacts 

 Fencing with material attached (eg shade cloth) to shield views will be 
provided around the construction compound and other areas where 
necessary 

 The work site will be left in a tidy manner at the end of each work day 

 Road batters and water detention basins will be planted and mulched 
to reduce the risk of erosion. 

Project manager and 
contractor 

Construction 

54 Aboriginal 
heritage – 
impacts on 
potential 
unknown sites 
of Aboriginal 
heritage 
significance 

 As part of the site induction, all workers will be advised of their 
obligations in relation to Aboriginal heritage under the NPW Act before 
construction begins and the guidelines to follow if unanticipated 
heritage items or deposits are located during construction 

 In the event of an unexpected find of an Aboriginal heritage item (or 
suspected item), work will cease in the affected area and Roads and 
Maritime’s Environment Officer and the Roads and Maritime Aboriginal 
Cultural Heritage Officer will be contacted for advice on how to 
proceed. The ‘Unexpected Heritage Items Heritage Procedure 02’ 
(November 2015) (Roads and Maritime 2015b) will be followed. 

Project manager and 
contractor 

Construction 

55 Non-Aboriginal 
heritage – 
vibration 
damage to 
Cranford House 

 Targeted measures to achieve vibration levels less than the required 
vibration criteria for the heritage-listed Cranford House adjacent to the 
northern end of the NSW proposal site will be implemented as detailed 
in section 6.5 of the REF. 

Roads and Maritime and 
contractor 

Construction 

56 Non-Aboriginal 
heritage – 
inadvertent 
impacts on 
heritage items 

 As part of the site induction, all workers will be advised of their 
obligations in relation to heritage before construction begins and the 
guidelines to follow if unanticipated heritage items or deposits are 
located during construction. 

Roads and Maritime and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

57 Non-Aboriginal 
heritage – 
impacts on 
potential 
unknown sites 
of non-
Aboriginal 
heritage 
significance 

 In the event of an unexpected find of a non-Aboriginal heritage 
item (or suspected item), work will cease in the affected area and 
Roads and Maritime’s Environment Officer will be contacted for 
advice on how to proceed. The ‘Unexpected Heritage Items 
Heritage Procedure 02’ (November 2015) (Roads and Maritime 
2015b) will be followed. 

Roads and Maritime and 
contractor 

Construction 

58 Land use and 
property – land 
use impacts 

 A construction program will be developed to maintain access and 
amenity for all land uses adjacent to the NSW proposal site as far as 
is practicable 

 All property acquisition will be undertaken in accordance with the 
Roads and Maritime ‘Land Acquisition Information Guide’ (RTA 2011c) 
and the Land Acquisition (Just Terms Compensation) Act 1991 

 Affected landowners and tenants will be consulted on an ongoing basis 
regarding the status and timing of acquisition. 

Project manager and 
contractor 

Pre-construction 
and construction 

59 Land use and 
property – 
impacts to 
Murray River 
users 

 Include in the construction contract a suspension of construction work 
in the vicinity of the Southern 80 Ski Race event venue over the two 
week period to allow for event set-up, event staging and 
decommissioning of the event site (terms to be agreed) 

 Develop the construction program in consultation Southern 80 Ski 
Race organisers to ensure the construction process allows for the 
annual event to run with minimum disruption. As a minimum, the 
construction program will ensure that access to the boat ramp car park 
is available during the Southern 80 event 

 Ensure sufficient and safe access is provided for all river users 
(especially large paddle steamers) during construction. 

Project manager and 
contractor 

Pre-construction 
and construction 

60 Land use and 
property – 
impacts to 
utilities 

 Roads and Maritime and VicRoads will consult with relevant service 
providers during detailed design and construction to minimise the 
potential for service interruptions. 

Project manager and 
contractor 

Pre-construction 
and construction 
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No. Impact Environmental safeguards Responsibility Timing 

61 Land use and 
property – 
impacts to 
Moama 
Community 
Lions Park 

 The play equipment and steam engine at the Lions Community Park 
will be relocated in consultation with the Lions Club and Murray Shire 
Council. 

Project manager and 
contractor 

Construction 

62 Socio-economic 
– construction 
general 
community 
impacts 

 Potentially affected residents and businesses will be contacted before 
the commencement of work, in accordance with the Roads and 
Maritime ‘Community Engagement and Communication Manual’ 
(Roads and Maritime 2012b). Residents will be notified via door 
knocks, newsletters or letter box drops providing information on the 
proposed works, working hours and a contact name and number 
should any complaints wish to be registered 

 Ongoing consultation during detailed design phase will occur with 
Murray Shire Council 

 Working hours during major community events will be identified in 
consultation with Murray Shire Council and other relevant stakeholders 
at the time of contract preparation 

 A complaints management procedure and register will be included in 
the construction environment management plan. 

Project manager and 
contractor 

Pre-construction 

63 Socio-economic 
– impacts to 
businesses 

 Ongoing consultation will occur with the River Country Inn operator, 
especially during the detailed design stage, to resolve concerns 
relating to access to the motel for northbound traffic 

 Roads and Maritime will consider providing for potential 
additional landscaping, signage adjustments and light screening 
etc required as a result of the construction of the new entrance to 
the motel from Francis Street 

 Consider providing signage specific to the River Country Inn to indicate 
access 

 Ongoing consultation will occur with the Moama Marketplace property 
owner and centre manager, especially during the detailed design 
stage, to resolve concerns relating to land acquisition and site access 
(deliveries and customer). 

Project manager and 
contractor 

Pre-construction 
and construction 
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No. Impact Environmental safeguards Responsibility Timing 

64 Socio-economic 
– impacts to 
Murray River 
users 

 Potentially affected recreational community groups and businesses 
that use the Murray River (such as the Southern 80 Ski Race 
organisers and paddle steamer operators and house boat businesses) 
will be notified before the commencement of work, in accordance with 
the Roads and Maritime ‘Community Engagement and 
Communication Manual’ (Roads and Maritime 2012b) 

 In consultation with river-based businesses, minimise the number, 
extent and duration of partial river closures during the bridge crossing 
phase of construction 

 Minimise the number and duration of closures of the Echuca boat 
ramp during construction and provide notice of closures to the local 
community. 

Project manager and 
contractor 

Pre-construction 

65 Socio-economic 
– opportunities 
on private land 

 Consultation will occur with Bridge Arts Project representatives during 
detailed design. 

Project manager and 
contractor 

Pre-construction 
and construction 

66 Socio-economic 
– construction 
impacts on the 
community 

 Local residents, potentially affected businesses and road users will be 
kept regularly informed of construction activities during the 
construction process. 

Project manager and 
contractor 

Construction 

67 Traffic and 
access – 
general 
construction 
traffic impacts 

 A detailed traffic management plan will be prepared in accordance with 
the ‘Traffic Control at Work Sites Manual’ (RTA 2010a) and Roads and 
Maritime ‘Specification G10 - Control of Traffic’ 

 Management of water vessels in the Murray River during construction 
will be included in the traffic management plan or will be subject to a 
separate management plan 

 The traffic management plan will identify, assess and eliminate, reduce 
or mitigate road safety hazards. It will include measures to provide safe 
access points to work areas from the adjacent road network, safety 
barriers where necessary, temporary speed restrictions when 
necessary, adequate sight distances and prominent warning signage 

Project manager and 
contractor 

Pre-construction 
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No. Impact Environmental safeguards Responsibility Timing 

 Construction traffic routes will be designated and managed as part of 
the traffic management plan. Construction routes will be designed to 
avoid, where possible, disruption or severing of local access routes 

 The traffic management plan will include plans and a procedure for 
providing access for pedestrians and cyclists through the NSW 
proposal site at designated locations during construction 

 Residents and businesses will be notified of any specific impacts to 
property access and arrangements required during construction. 

68 Traffic and 
access – 
construction 
impacts to 
Murray Shire 
Council roads 

 A road condition survey will be undertaken on Boundary Road, Forbes 
Street and any other local roads used for haulage of materials, before 
and after construction. Defects arising from construction access will be 
rectified before completion of construction unless otherwise agreed 
with Murray Shire Council. 

Project manager and 
contractor 

Pre-construction 
and construction 

69 Traffic and 
access – 
construction 
impacts to 
public transport 

 Consultation will be undertaken with bus operators before and during 
construction. 

Project manager and 
contractor 

Pre-construction 
and construction 

70 Traffic and 
access – 
construction 
impacts to 
property access 

 U-turns may be provided at the northbound right turn lane on the Cobb 
Highway/Perricoota Road intersection in the detailed design to enable 
direct access to the River Country Inn for northbound traffic, subject to 
a road safety audit 

 If necessary, and in consultation with the River Country Inn operator, 
an alternative permanent entrance to the motel will be provided from 
Francis Street in the detailed design, including relocation of signage. 

Project manager and 
contractor 

Pre-construction 

71 Traffic and 
access – 
construction 
impacts to traffic 

 The community will be kept informed about construction and changes 
to access for road users in accordance with the ‘Community 
Engagement and Communication Manual’ (Roads and Maritime 
2012b). This may include through advertisements in the local media 
and prominently placed advisory notices or variable message signs 

 Work to tie in the new road to existing roads will be undertaken during 
off-peak periods where possible to minimise the impacts on traffic flow 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

 Construction traffic will enter/exit the construction zone only in areas 
designated for this purpose in the traffic management plan 

 The community will be kept informed about upcoming road construction 
activities, including through advertisements in the local media and by 
prominently placed advisory notices. 

72 Traffic and 
access – 
construction 
impacts to 
property access 

 Property access will be maintained at all times unless otherwise agreed 
with affected property owners. Where changes to access arrangements 
are necessary, owners and tenants will be advised and consulted on 
alternative access arrangements. 

Project manager and 
contractor 

Construction 

73 Air quality – 
general air 
quality impacts 

 The CEMP will include a procedure for air quality management, 
including monitoring and reporting procedures 

 A management procedure will be put in place to deal with air quality 
complaints that may arise from construction activities. 

Project manager and 
contractor 

Pre-construction 

74 Air quality – 
dust 
management 

 Exposed surfaces will be watered regularly to minimise dust emissions 
as necessary 

 Clearing of natural vegetation will be minimised where possible 

 During periods of high winds, dust generating activities will cease 

 Stabilisation of disturbed surfaces will take place as soon as 
practicable 

 Stockpiles or areas that may generate dust will be managed to 
suppress dust emissions in accordance with Roads and Maritime 
Stockpile Site Management Guideline (RTA 2011a) 

 All trucks will be covered when transporting dust generating material to 
and from the site 

 Dust and/or particulate matter (PM10) will be monitored if considered 
necessary to identify the potential for nuisance dust impacts. 

Project manager and 
contractor 

Construction 

75 Air quality – 
other air 
emissions 

 Plant and machinery will be turned off when not in use as much as 
possible and will be fitted with emission control devices complying with 
Australian Design Standards where practicable 

 Construction plant, vehicles and equipment will be maintained in a 
good working condition in order to limit impacts on air quality 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

 No burning of any materials will occur. 

76 Waste 
management – 
general impacts 

 A waste management plan will be prepared and included in the CEMP 
in accordance with Roads and Maritime Specification G36 
‘Environmental Protection’. The plan is to be guided by the following 
publications: 

 EPA Waste Classification Guidelines 

 NSW Government ‘Waste Reduction and Purchasing Policy’ 

 Roads and Maritime waste fact sheets for virgin excavated natural 
material, excavated natural material, excavated public road materials, 
recovered aggregates, asbestos waste and waste sampling. 

Project manager and 
contractor 

Pre-construction 

77 Waste 
management – 
general impacts 

 Resource management hierarchy principles will be followed: 

 Avoid unnecessary resource consumption as a priority 

 Recover resources as far as is practicable (including reuse of 
materials, reprocessing, and recycling and energy recovery) 

 Disposal is undertaken as a last resort (in accordance with the Waste 
Avoidance and Resource Recovery Act 2001). 

 Site inductions will be undertaken (and recorded) by a site supervisor 
for all staff, to provide a thorough knowledge of all key 
environmental/safety issues, including waste disposal protocols 

 All wastes will be managed and disposed of in accordance with the 
Waste Classification Guidelines (DECC 2009b) and managed in 
accordance with the POEO Act 

 Stockpiles will be managed to avoid causing pollution or contamination 
in accordance with the Stockpile Site Management Guideline (RTA 
2011a) 

 Waste will not be burned at the site 

 Garbage receptacles will be provided and recycling of materials 
encouraged. Rubbish will be transported to an appropriate waste 
disposal facility 

 All working areas will be maintained, kept free of rubbish and cleaned 
up at the end of each working day. 

Project manager and 
contractor 

Construction 

Echuca-Moama Bridge Crossing (New South Wales) 
Submissions Report 

59 



 

 
 

    

  

  

 
 

   
 

 

 

   
 

  

  
 

 

   

   

 
 

  

 

  
  

 

  
 

 
 

 
 

  

 

   
 

 
 

 

  

 

  
 

 
 

 

  

 

      
 

 
 

 

No. Impact Environmental safeguards Responsibility Timing 

78 Waste 
management – 
excess 
materials 

 Excavated material and topsoil will be reused on-site for landscaping 
where feasible 

 Bulk project waste (eg excess fill) sent to a site not owned by Roads 
and Maritime (excluding OEH licensed landfills) for land disposal is to 
have prior formal written approval from the landowner, in accordance 
with Roads and Maritime Environmental Direction No. 20 ‘Legal Off-site 
disposal of Bulk RTA Project Wastes’ 

 Where appropriate, excess roadside materials will be disposed of 
according to the following (in order): 

 Transfer to nearby Roads and Maritime projects for immediate use 

 Transfer to an approved Roads and Maritime stockpile site for future 
use during projects or routine maintenance 

 Transfer to a Roads and Maritime approved site for reuse on a 
concurrent private/local government project 

 Disposal at an approved materials recycling or waste disposal facility 

 As otherwise provided for by the relevant waste legislation. 

Project manager and 
contractor 

Construction 

79 Waste 
management – 
concrete 

 A facility for collecting, treating and disposing of concrete wastes 
generated in the construction of the development will be installed on 
site 

 A dedicated concrete washout facility will be provided during 
construction so that run-off from the washing of concrete machinery 
and equipment can be collected and disposed of at an appropriate 
waste facility. 

Project manager and 
contractor 

Construction 

80 Waste 
management – 
coal tar asphalt 

 If coal tar asphalt is identified and is to be removed, it is to be disposed 
of to landfill in accordance with Roads and Maritime Environmental 
Direction No.21 ‘Coal Tar Asphalt Handling and Disposal’. 

Project manager and 
contractor 

Construction 

81 Waste 
management – 
green waste 

 Cleared weed-free vegetation will be chipped and reused on-site as 
part of the proposed landscaping and to stabilise disturbed soils where 
possible. 

Project manager and 
contractor 

Construction 

82 Waste 
management – 
sewage 

 Portable toilets will be provided for construction workers and will be 
managed by the service provider to ensure the appropriate disposal of 
sewage. 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

83 Hazards and 
risk – general 

 Emergency response plans will be incorporated into the CEMP 

 An incident response plan will be developed and implemented as 
required as part of the CEMP to manage any identified risks on site. 

Project manager and 
contractor 

Pre-construction 

84 Hazards and 
risk – road 
safety 

 A safety audit of the design will be undertaken before construction. Project manager and 
contractor 

Pre-construction 

85 Climate change 
– impacts of 
climate change 
on the NSW 
proposal 

 Detailed design will take into consideration the potential effect of 
climate change on the NSW proposal, including flooding and drainage 
requirements, in accordance with the Roads and Maritime climate 
change plan. 

Project manager and 
contractor 

Pre-construction 

86 Climate change 
– greenhouse 
gas emissions 

 Investigations into opportunities for reducing greenhouse emissions 
during construction and operation of the NSW proposal will be 
undertaken during the detailed design phase. 

Project manager and 
contractor 

Pre-construction 

87 Climate change 
– greenhouse 
gas emissions 
during 
construction 

 Material and waste transport will be scheduled to achieve full loads and 
to minimise required number of vehicle trips 

 Materials will be transported from local suppliers, and surplus materials 
and wastes will be transported to local sites and facilities, wherever 
possible 

 Appropriately sized construction equipment, plant and vehicles will be 
used 

 Regular servicing of equipment will be undertaken to maintain optimal 
performance, and to minimise down time (which can improve overall 
efficiency) 

 The layout of access, machinery and facilities will be designed to 
minimise movement and vegetation clearing 

 The use of alternative fuels and power sources for construction plant 
and equipment will be investigated and implemented, where 
appropriate 

 Energy efficiency and related carbon emissions will be considered in 
the selection of vehicles, plant and equipment. 

Project manager and 
contractor 

Construction 
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No. Impact Environmental safeguards Responsibility Timing 

88 Demand on 
resources – 
general impacts 

 Water captured in water detention basins during construction will be 
reused for dust suppression, watering of landscaped areas and any 
other suitable construction activity where feasible and appropriate 

 Procurement will endeavour to use materials and products with a 
recycled content where that material or product is cost and 
performance effective. 

Project manager and 
contractor 

Pre-construction 

89 Cumulative 
impacts – traffic 
and access 
impacts 

 The traffic management plan will be prepared in consultation with 
Murray and Campaspe Shire Councils to minimise potential cumulative 
impacts on traffic and access. 

Project manager and 
contractor 

Pre-construction 

90 Cumulative 
impacts – traffic, 
noise and 
vibration 
impacts 

 Ongoing coordination and consultation will be undertaken with other 
proponents to ensure cumulative noise, vibration and traffic impacts 
are appropriately assessed and managed 

 The CEMP will be revised to consider potential cumulative impacts 
from surrounding development activities as they become known. 

Project manager and 
contractor 

Pre-construction 
and construction 
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7.3 Licensing and approvals 

7.3.1 Water Management Act 2000 
Since preparation of the REF, the licensing and approval requirements under the Water 
Management Act 2000 have been further reviewed. A revised summary of these requirements is 
provided below. 

The Water Management Act 2000 controls the carrying out of activities in or near water sources in 
NSW, the extraction and use of water and the construction of works such as dams and weirs. 
‘Water sources' are defined as a river, lake, estuary, place where water occurs naturally on or 
below the surface of the ground or NSW coastal waters. 

The NSW proposal is exempt from the requirement to obtain a ‘controlled activity' approval under 
section 38 of the Water Management (General) Regulation 2011 for work on waterfront land. 

Under clause 61 of the Water Management Act 2000, a person may apply to the Minister for Water 
for an access licence (section 56) if the application is for a specific purpose access licence and a 
management plan provides that an application for the licence may be made. Under clause 18 of 
the Water Management (General) Regulation 2011, Roads and Maritime is exempt from obtaining 
an access licence for road construction and maintenance operations, including dust suppression. 

Under section 90 of the Water Management Act 2000, a water supply work approval authorises its 
holder to construct and use a specified water supply work at a specified location (eg for pumping 
water from a river). If extraction of water from the Murray River is required for the NSW proposal, a 
water supply work approval would be required. 

A licence is required under section 91F of the Water Management Act 2000 for any aquifer 
interference activity (the penetration, interference, obstruction or taking of water from an aquifer). 
Due to the shallow depth to groundwater on the Murray River floodplain, it is likely that construction 
of bridge piers would penetrate the groundwater aquifer and may require dewatering of 
excavations. An aquifer interference licence would therefore be required. 

Water sharing plans created under the Water Management Act 2000 establish rules for sharing 
water between the environmental needs of a river or aquifer and water users, and also between 
different types of water use such as town supply, rural domestic supply, stock watering, industry 
and irrigation. 

The NSW proposal occurs within the area administered by the Water Sharing Plan for the New 
South Wales Murray and Lower Darling Regulated Rivers Water Sources 2004. Water extraction 
approvals may be granted in the water sources covered by the Plan. 

7.3.2 Other licences and approvals 
No additional licences or approvals are required for the NSW proposal to those specified in this 
submissions report and the REF. 
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Name and address 

Mr Robert Campbell Swan 

Cardno Victoria Pty Ltd 

Level 4, 501 Swanston Street 

Melbourne, VIC 3000 

Position 

Manager, Water Engineering 

Water and Environment 

Cardno 

Area of expertise 

a. My area of expertise is hydrology and hydraulics, particularly the areas relating to the flow and 

characteristics of surface water and flood dynamics. 

b. I was the Project Manager and technical lead for the flood hydrology and hydraulic impact analysis of 

the Mid West Option for the second bridge crossing at Echuca. This included consideration of 10 

vertical alignments of the proposed crossing. 

c. I was the project manager and technical lead for the flood hydrology and hydraulic impact analysis of 

the Mid West Option 2 for the second bridge crossing at Echuca. This included assessment of 4 

vertical and horizontal alignments of the proposed crossing. 

d. I have undertaken site visits and inspected the floodplains of the Campaspe River and the Murray 

River surrounding the Echuca township and along the alignment of the proposed roadway, including 

important local floodplain features. 

e. I am a member of the Victorian State Emergency Service expert hydrology panel to provide flood 

advice and analysis during flood related emergencies. 

f. My qualifications are detailed in Appendix A. 

4 Glossary of Terms 

Average Exceedance The chance of a given discharge or level value being exceeded in a 
Probability (AEP) given year. A 1% AEP flood event has a 1% chance of occurring in 

any year (and is equivalent to the 1 in 100 year ARI event). 

The conversion from ARI to AEP is shown in the table below 

ARI (years) AEP (%) 

1 63% 
2 39% 

18% 
5 (usually approximated as 

the 20% AEP) 
10 10% 
20 5% 
50 2% 

100 1% 

6 November 2015 Cardno 3 
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Australian Height Datum (AHD) A common national surface level datum approximately 
corresponding to mean sea level. 

Average Recurrence Interval 
(ARI) 

The average or expected value of the period between exceedances 
of a given discharge or event. A 100-year ARI event would occur, 
on average, once every 100-years. 

Catchment The area draining to a site.  It always relates to a particular location 
and may include the catchments of tributary streams as well as the 
main stream. 

Design flood A significant event to be considered in the design process; various 
works within the floodplain may have different design events. e.g. 
some roads may be designed to be overtopped in the 1 in 1 year or 
100%AEP flood event. 

DELWP The Department of Environment, Land, Water and Planning of the 
Victorian Government 

Difference Plot A map showing the difference in flood depth between two flood 
events. 

Discharge The rate of flow of water measured in terms of volume over time.  It 
is to be distinguished from the speed or velocity of flow, which is a 
measure of how fast the water is moving rather than how much is 
moving. 

Floodplain Area of land which is subject to inundation by floods up to the 
probable maximum flood event, i.e. flood prone land. 

Hydraulics The term given to the study of water flow in a river, floodplain, 
channel or pipe, in particular, the evaluation of flow parameters 
such as stage and velocity. 

Hydrograph A graph that shows how the discharge changes with time at any 
particular location. 

Hydrology The term given to the study of the rainfall and runoff process as it 
relates to the derivation of hydrographs for given floods. 

Mathematical/computer 
models 

The mathematical representation of the physical processes involved 
in runoff and stream flow.  These models are often run on 
computers due to the complexity of the mathematical relationships. 
In this report, the models referred to are mainly involved with 
rainfall, runoff, pipe and overland stream flow. 

North Central Catchment 
Management Authority 
(NCCMA) 

The North Central Catchment Management Authority is the 
floodplain management authority in Victoria that has oversight of the 
Campaspe River and Murray River at Echuca 

Risk Chance of something happening that will have an impact.  It is 
measured in terms of consequences and likelihood. For this study, it 
is the likelihood of consequences arising from the interaction of 
floods, communities and the environment. 

Runoff The amount of rainfall that actually ends up as stream or pipe flow, 
also known as rainfall excess. 

Topography A surface which defines the ground level of a chosen area. 

6 November 2015 Cardno 4 
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Services 

My services were engaged by Norton Rose Fulbright on behalf of VicRoads to provide expert opinion on 

issues relating to the floodplain hydrology and hydraulics for the Echuca Moama Bridge Environmental 

Effects Statement. My instructions were: 

1	 Prepare an expert report concerning the hydrology considerations involved in the EES for the 

Echuca Moama Bridge Project 

2	 Provide any clarifications or amendments to the floodplain analysis undertaken for the EES 

3	 Respond to the submissions raised, particularly submission reference ECH03. 

Adopted Documents 

I prepared and managed the development of the following documents: 

>	 Cardno Report RM2194, Detailed Hydrology Study for the Echuca-Moama Bridge Planning Study , 

October 2009 

>	 Cardno Report RM2277, Addendum: Detailed Hydrology Study for the Echuca-Moama Bridge 

Planning Study, December 2010 

>	 Cardno Report RM2336, Detailed Hydrology Study for the Echuca-Moama Bridge Planning Study – 
Mid-West 2 Alignment, January 2013. 

>	 Technical Appendix J of the Echuca Moama Bridge EES, Specialist Hydrology Report, 23 July 

2015 

In particular, for the purposes of this expert statement, I adopt the reports RM2194, RM2277 and the EES 

Appendix J (Specialist Hydrology Report), in combination with this document as my Statement of Expert 

Evidence to the Panel. 

In the adopted reports, RM2194 and RM2277 provide detailed background analysis of various options 

assessed as part of the project development process, ultimately leading to the adopted design detailed in the 

EES Specialist Hydrology Report. 

Response to Submissions 

I have been provided with a number of submissions made to the panel. Of these submissions, only one 

submission, ECH03, directly raises concerns with the hydrological assessment undertaken for the project. 

The concerns in the submission are: 

1. The impact on flood levels during construction; 

2. Impact on flood levels post construction; 

3. Impact on upstream flow gauging stations; 

4. Flood Modelling approach; and 

5. Reference to the Water Act 2007 (Commonwealth). 

Impact on flood levels during construction 

The submission questions whether the risk rating of negligible for the impact on flood levels during 

construction is appropriate, given the potential for significant impacts associated with temporary construction 

works. In my view the impacts on flooding during construction are negligible for the following reasons: 

6 November 2015	 Cardno 5 
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>	 The construction will occur for a relatively short period of time, lessening the likelihood of a major 

flood occurring during the construction phase when compared to the operation phase of the project; 

>	 There will be significant warning time to remove plant and machinery from the floodplain prior to the 

flood waters reaching the site. Flood warning times are in the order of days for the Campaspe and 

days to weeks for the Murray; 

>	 The construction of the bridges and culverts requires these areas be left open during the 

construction phase to facilitate their installation; 

>	 The post construction modelling indicates no significant impacts on flood levels with the culverts 

and bridge opening areas allowed for in the design. During construction, the active flow area for 

flood waters to pass will be greater than in the post construction phase. 

7.2 Impact on flood levels post construction 

The submission correctly identifies the magnitude of changes as a result of the proposed crossing. The 

statement in the EES that there is no change to the flood extent is based on the model results, using an 

envelope approach based on the highest flood level reported from the three scenarios modelled, as 

described in Appendix J of the EES. 

The impact on flood levels is concentrated in the areas where water will back up behind the obstruction of 

the roadway. This effect is reduced the further away the measurement point is from the obstruction and 

significant culverts and bridges have been included in the design to ensure that the increase in flood level is 

negligible. The model utilises topographic information at a 10 metre resolution and at this scale, the extent of 

the flood did not increase. As such the impact of the proposed road on the floodplain is as shown in the 

figures. 

The submission states that ‘it appears that the bridge spans are designed for a 100-year ARI event and that 

only flows up to the 100-year ARI have been reported’. I can advise the panel that VicRoads design 
guidelines for bridge crossings require at least 1 metre of freeboard above the 100-year flood level to the 

soffit of the bridge. This allowance applies for the proposed new bridges over the Campaspe and Murray 

Rivers. The analysis of historical flood levels at Echuca Wharf indicates that there is only a 15 cm difference 

between the 100-year ARI flood level of 95.45 mAHD and the 200-year ARI flood level of 95.6 mAHD. The 

magnitude of the change in flow rate between the 100-year and 200-year event is in the order of 70 m3/s. 

This represents a 5% increase in the flows from the 100-year ARI event. I have undertaken analysis of the 

impact of the proposed bridge on the Murray River (as described in RM2277) and the results indicate that no 

significant change in flood levels (a change of more than +/- 0.025 metres) was experienced in the 

floodplain. 

For the Campaspe River, the impact of flooding has not been specifically assessed for the 200-year ARI 

event. I expect that the maximum level of increase in flood level would be similar to that shown for the 

100-year ARI event. This is due to an increase in the amount of water overtopping Warren Street along the 

alignment. 

The required planning level for flood impact assessment in Victoria is the 100-year ARI event. The North 

Central Catchment Management Authority is the relevant floodplain manager for the Campaspe and Murray 

Rivers at Echuca. They have advised that the proposed bridge crossing meets their requirements for 

development with regard to flood related impacts. I can advise that a senior engineer from Cardno has 

previously contacted the Murray Darling Basin Authority (MDBA) regarding any requirements they may have 

for flood related impacts in 2009. It is my understanding that the MDBA advised at that time that floodplain 

impacts would be assessed by the NCCMA. 

7.3 Impact on upstream gauging stations 

The closest gauging station to the works is the Echuca River gauge at Echuca Wharf. I consider the likely 

impact on the gauging station to be negligible as a result of the works for the following reasons: 

> There are no structures directly in the channel of the Murray River. The bridge is a clear span 

across the channel. This means that the measurement of in-bank flows will not be impacted by 

crossing. 

6 November 2015	 Cardno 6 
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>	 At high flow rates, the measurable increase in flood level at the gauging station is less than 2.5 cm. 

For high flows, it is generally the level of the river that is measured to inform emergency response 

activities. Given the non-stationarity of flow rates at a specific gauge level, I consider that the 

impact of this change on the gauging network is negligible. 

7.4 Flood Modelling 

I agree with the statement that there have been significant advances in the methods used to assess 

hydrological risk since 1997. The assessment I used to determine the impacts of the project is significantly 

more advanced than that used in the 1997 report by SKM, especially with regard to the hydraulic 

assessment of floodplain flows. The hydrological assessment provided in the SKM report is the most well 

developed and detailed description of the historical record relating to flow in the Murray and Campaspe 

Rivers. 

The 1997 report analysed over 100 years of information on the Murray River and significant previous 

historical flood events. The statistical analysis indicated that the rating table used to estimate high flows at 

the Echuca Wharf Gauge, has significant limitation due to the particular influences of the Campaspe and 

Murray floodplains. The flood frequency analysis adopted in the SKM report, utilising over 100-years of data, 

is consistent with current best practice for hydrological analysis. Given the relatively long record, the impact 

of an individual flood is unlikely to significantly change the expected 100-year ARI flows. 

It is important to recognise that the analysis undertaken is not intended to be a flood study for Echuca. The 

analysis undertaken is designed to determine the expected impacts of the crossing on the floodplain. 

The submission states that in Scenario 3, the flow in the Murray is estimated at 40 m3/s and that flows are 

often higher than this assessment. I agree that flows are often higher than 40 m3/s in the Murray River, 

however, this scenario is specifically for testing high flow in the Campaspe River. The scenario also includes 

a high tailwater level, which has a similar practical effect to a high flow in the Murray system. I consider the 

approach to appropriately define the relevant conditions for the purposes of the assessment. High flows 

along the Murray River are appropriately considered in Scenarios 1 and 2. 

7.5 Legislative Requirements 

The submissions draws attention to Clause 49 of the MBD agreement. On first reading, I consider that the 

project does not have the potential to significantly impact the flow, use, control or quality of any water in the 

Upper Murray. I have based this assessment considering the following points: 

>	 The proposed crossing does not store or prevent any water from flowing in the Murray or 

Campaspe Rivers at Echuca; 

>	 There are no flow control structures, such as gates, weirs or locks in the proposal; 

>	 The proposed crossing has been specifically designed to not impact flood flows and any changes 

in flood level are insignificant; 

>	 The project does not extract any water from the river; and 

>	 The expected impacts on the quality of the water in the Murray as a result of the crossing are 

negligible in the context of the area of the crossing draining to the Murray compared to the overall 

catchment area to Echuca. 

Notwithstanding the above, I have no objection to the Water Act 2007 (Commonwealth) being included in the 

list of legislation covering project approvals. 

6 November 2015	 Cardno 7 
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Other Matters 

The panel has requested that discussion be provided on the appropriateness of designing the project to 

account for higher flow rates potentially as a result of climate change and impacts that these may have on 

the project. I can advise the panel that the roadway level is significantly above the 200-year ARI flood event 

as discussed in section 7.2 above. 

I have provided in Appendix B of this document the latest guidance from Project 19 of Australian Rainfall and 

Runoff with regard to climate change impacts on flood hydrology. In my view, for the bridge crossing at 

Echuca the following key points from the guidance are: 

>	 With regard to rainfall, there is expected to be an increase in the daily rainfall at the 99th percentile, 

however the increase is lower in the south of Australia; 

>	 It is expected that precipitation events are likely to become less frequent and more intense, 

although quantitative projections are either unavailable or highly uncertain; 

>	 Antecedent conditions can have a significant effect on flood frequency and are expected to 

generally reduce flood magnitude. An investigation using data from the River Murray Sustainable 

Yields project found that increases to extreme rainfall and increases to losses had approximately 

equal but opposing influence on flood magnitude. 

>	 The detection of change to flood frequency remains much more difficult, due to the confounding 

influence of land-use changes and the construction of flood protection works and reservoirs, with 

two recent global studies yielding ambiguous results. A preliminary study on trends in Australian 

flood data using 491 stations with minor anthropogenic influences and with annual maximum flood 

records of length between 30 and 97 years found approximately 30% of stations with a statistically 

significant trend at the 10% significance level, which are in a downward direction in southern parts 

of the Australian continent and an upward direction in the northern regions 

Considering these points, there is significant uncertainty in the expected impact of climate change on flood 

frequency at Echuca. Some preliminary evidence indicates that there may be a downward trend in southern 

areas of Australia, that is, a reduction in the flood levels at high ARI’s. 

Assuming that the effects of climate change do increase the flood flows at Echuca, the modelling indicates 

that the crossing will still provide access across the river in a 200-year ARI flood event in the Murray, as the 

road is significantly higher than the 200-year ARI flood level. On the Campaspe River, the existing bridge 

crossing on Warren Street is flood free in the 100-year ARI flood event, but may be overtopped in a larger 

flood. This is independent of the proposed crossing. I consider that design has appropriate provision for 

events greater than the 100-year along the main crossings of the Campaspe and Murray River. 

Declaration 

I have made all the inquiries that I believe are desirable and appropriate and no matters of significance 
which I regard as relevant have to my knowledge been withheld from the Panel. 

Robert C Swan 

6 November 2015 

6 November 2015	 Cardno 8 
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> Melbourne Desalination Plant Joint Venture.

> Port of Melbourne Channel Deepening Project
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Current Position 

Principal, Hydrology and 
Hydraulics 

Section Leader Water 
Engineering, Cardno 

Profession 

Engineer 

Years' Experience 

15 

Joined Cardno 

January 2003 

Education 

Bachelor of Engineering 

Diploma of Project 
Management 

www.cardno.com 

Robert Swan 

Summary of Experience 

Robert is a Principal Engineer at Cardno and leads the Water Engineering team in 
the Victorian office. He has over fifteen years' experience in the areas of hydrology 
and hydraulics, flood analysis, water quality and environmental assessment. He has 
significant project management experience and has worked on a number of large 
multi-disciplinary projects. 

Rob is an expert in floodplain management and the simulation and modelling of 
large flood events and has assisted the Victorian State Emergency Service in 
emergency flood response. His expertise spans such models as Delft3D, SOBEK, 
RORB, WBNM, URBS, MIKE11 and XP-STORM. Rob has attended the SOBEK 
Advanced Training Course and has authored and delivered training courses on 
flood modelling and WSUD. Rob has also assisted in the development of floodplain 
modelling guidelines for Melbourne Water. 

Rob has authored papers and presented at the 8th National Conference on 
Hydraulics in Water Engineering, the 3rd International Conference on Water 
Sensitive Urban Design and multiple Victorian Floodplain Management 
Conferences. Key areas of experience include: 

> Drainage analysis and design 

> One and two-dimensional numerical model development and application for the 
study of flooding and water quality 

> Hydraulic and hydrologic investigations of urban and rural floodplains 

> Water quality investigations of shallow lakes and Water Sensitive Urban Design 

> Floodplain management and planning 

> Coastal Vulnerability Assessments 

> Environmental and geomorphological assessment 

> Flood Emergency Response and Planning 

> Project Management 

> Expert Witness Services 

Significant Projects 

> SES Expert Hydrologist for the 2010, 2011 and 2012 Victorian Floods. 

> Seymour Flood Levee Peer Review 

> Port Hedland Coastal Vulnerability Study 

> Broome Coastal Vulnerability Study 

> Euroa Post Flood Mapping and Intelligence Project. 

> North Warrnambool Flood Study (Project Manager). 

> Latrobe River Flood Study (Project Director) 

> Koo Wee Rup Flood Protection District Flood Mapping and Mitigation Analysis 

> Melbourne Water Flood Plain Mapping and Redevelopment Service Scheme 
Projects 
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Professional History 

July 2011 Current 

May 2007 July 2011 

Manager, Water Engineering 

Rob manages the Victorian Water Engineering Group, who specialise in floodplain 
studies, hydrological and hydraulic modelling, water quality and WSUD, Integrated 
Water Cycle Management, river geomorphology and emergency flood response. 

Significant projects include: 

> SES Expert Hydrologist 2012 Broken Creek Flood Event - Rob was one of 
two external experts brought in to provide hydrological and hydraulic analysis 
as part of the incident response to flooding on the Broken Creek. His work 
included public meetings and liaison, flood impact prediction, hydrological 
assessment and flood impact assessment. 

> Hamilton Flood Study - Rob was the project director for the Hamilton Flood 
Study that included hydrological and hydraulic analysis, floodplain modelling, 
community consultation and the development of flood prediction algorithms. 
The flood predictions utilised a model approach where predicted rainfalls were 
compared to a suite of model results to generate an estimate of the expected 
flood extent. 

> Port Hedland Coastal Vulnerability Assessment - Rob managed the 
hydrological and hydraulic modelling of the impact of severe flood and storm 
surge events for the Port Hedland region in Western Australia. This included 
joint probability assessment of ocean and riverine flood events. 

> Mornington Peninsula Shire Flood Mapping Guidelines - Rob wrote the flood 
mapping technical guidelines for the Mornington Peninsula Shire Council 

> Koo Wee Rup Flood Event Analysis - Rob was the project manager and lead 
technical engineer for the assessment of flooding in the Koo Wee Rup area 
for planning purposes. He also undertook a detailed post event analysis of the 
2011 flood event and determined the hydrological and hydraulic conditions 
that occurred during the storm. 

> Echuca Bridge Crossing - Rob has provided design and technical advice to 
VicRoads on the required bridge and culvert requirements for the proposed 
second crossing of the Murray and Capaspe Rivers at Echuca. Tis advice 
included flood impact assessment, mitigation sizing, preliminary costing, 
water quality and quantity assessment and community consultation. 

Manager, Water and Environment Melbourne 

Rob managed the Melbourne office of the Water and Environment team. 
Significant projects include: 

>	 Warrnambool Drainage Analysis - Provided advice and assistance to the City 
of Warrnambool in the development of a number of drainage strategies for 
developing areas in Warrnambool, including Dennington, the Warrnambool 
North-East activity precinct and the Warrnambool Eastern Activity Precinct. 
The strategies included the specification of drainage works, their type and 
location, cost estimates and the specification of water quality treatments to 
protect downstream waterways. These strategies have been adopted by the 
City and now form part of the overall drainage plan for these areas. 

>	 Victorian Desalination Plant Design - Rob provided advice and assistance to 
Thiess Degremont on hydrodynamics and water quality at the inlet and outlet 
structures of the deslaination plant, including the concept design of the 
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Jan 2003 May 2007 

Oct 2000 Jan 2003 

diffusers. In addition, Rob was involved in the risk assessment workshops and 
authority liaison for the project. 

>	 Port of Melbourne Channel Deepening Project - Rob undertook assessment 
and analysis of the impacts on water quality and sediment transport in Port 
Phillip Bay as part of the EES for the Channel Deepening Project. His work 
included numerical modelling, field data collection and analysis, project 
reporting and client liaison. 

>	 Kew Main Drain Flood Mapping and Redevelopment Services Scheme 
Project - This projects includes hydrological and hydraulic modelling and flood 
mapping of existing and fully developed catchment conditions. The 
conceptual design of drainage structures to cater for the projected increase in 
development of the catchment is a key outcome of the project. 

>	 Hawthorn Main Drain Flood Mapping and Redevelopment Services Scheme 
Project - This project includes hydrological and hydraulic modelling and flood 
mapping of existing and fully developed catchment conditions. The SOBEK 
modelling system was used to define flood depths, extents and safety risk for 
the suburbs of Hawthorn, Glenferrie and Camberwell. The project included 
analysis of the impact of supercritical flows in drainage elements on flood 
extent. 

>	 Glenelg Flood Investigations - Flood modelling and assessment of flood 
extents for three towns in the Glenelg Shire: Portland, Casterton and 
Heywood. The study provided council with updated inundation and risk 
mapping to inform planning decision making and included the assessment of 
floodway areas. The projects outputs were an order of magnitude more 
accurate than the previous extents used by Council and the information 
provided could be used for emergency response purposes in the future. 

Project Engineer, Cardno Lawson Treloar 

Significant projects include: 

> Fairfield Main Drain Flood Mapping and mitigation Project 

> Mountain View Quarry Point Wilson EES (surface water components) 

> Great Mackerel Beach Flood 

> Dandenong Rail Corridor Surface Water Impact Assessment Hume and 
Melton Growth Corridor Planning Assessment . 

>	 Strathmerton Bypass 

>	 Bell Street Retarding Basin Assessments 

>	 Glass's Creek Flood Study 

Catchment Planner, Melbourne Water Corporation 

Undertook catchment planning and drainage analysis for Melbourne Water 
Corporation, including the following tasks:Catchment Planning and Hydrology 

> Project Management 

> Application and analysis of Water Sensitive Urban Design 

> Implementation of Best Practice Environmental Management, Guidelines for 
Urban Stormwater 

>	 Water quality treatment modelling 

>	 Conceptual design of water quality and hydraulic works 

>	 Planning and analysis of road drainage crossings. 
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Publications 

Feb 2013 

Feb 2013 

Jun 2011 

Oct 2010 

Oct 2010 

Oct 2007 

Oct 2005 

Dec 2004 

Representing flood mechanisms in the Koo Wee Rup Flood Protection District 

Swan, R and Thompson A 

Presented at the 8th Victorian Flood Conference, February 2013 

Flood Mapping without Drainage Asset Data 

Thompson A and Swan, R 

Presented at the 8th Victorian Flood Conference, February 2013 

Direct Rainfall - Verifying the technique across two States 

Swan, R and Thomson R 

Proceedings of the 34th IAHR World Congress and the 33rd  National Hydrology 
and Water Resources Symposium and the 10th National  Conference on 
Hydraulics in Water Engineering 

Direct Rainfall - Loss Modelling Approaches 

Swan, R.
 

Presented at the 7th Victorian Floodplain Management Conference
 

Ocean versus River - Coastal Interfaces, Climate Change and Flood Analysis 

Swan, R. and Provis, D.
 

Presented at the 7th Victorian Floodplain Management Conference
 

Dealing with Hydrological Uncertainty: A New Modelling Approach 

Swan, R.
 

Presented at the 5th Victorian Floodplain Management Conference
 

Flood Studies and Extreme Events - Modelling, Mitigation and Assessment at 
Fairfield, Victoria 

Swan, R.
 

Presented at the 5th Victorian Floodplain Management Conference.
 

Application of Australian Runoff Quality Draft Chapter 6 - A 'model' approach? 

Swan, R.
 

6th International Conference on WSUD - Cities as Catchments (WSUD 2004)
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Jul 2004 Integrated High Order Water Quality and Hydrodynamic Analysis - An Essential 
Tool for Lake Management 

Swan, R.
 

8th National Conference on Hydraulics in Water Engineering (2004).
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1. Background 

It is becoming increasingly well understood that climate change will impact on almost all facets of 

the hydrological cycle. Modelling and observational studies are finding evidence of change at the 

planetary scale, including large increases in atmospheric water vapour; changes to various 

circulation patterns resulting in shifts in the spatial distribution of precipitation; an increase in the 

frequency and intensity of extreme precipitation events; an increase in evaporation and changes to 

soil moisture; and the melting of snow and ice and an increase in ocean heat content which both are 

causing mean sea levels to rise (see detailed review in Bates, Kundzewicz et al. 2008). In most cases, 

such changes support the expectation of an increase in flood risk. 

Despite this evidence there is considerable uncertainty about: (1) the absolute magnitude of change 

to key flood-producing variables such as extreme rainfall; (2) the much more significant changes of 

regional hydroclimatology which are masked by global averages and which may not be as well 

simulated by general circulation models; and (3) the role of physiographic catchment characteristics 

in decreasing or augmenting flood risk at the local scale. Thus, while it is increasingly accepted that 

stationarity – the assumption that the future climate will mirror the past climate – may no longer be 

regarded as the ‘central, default assumption in water-resource risk assessment and planning’ (Milly, 

Betancourt et al. 2008), the identification of an alternative framework for flood estimation remains 

elusive. 

The objective of this discussion paper is to describe some of the principal issues associated with 

accommodating climate change into Australian flood estimation practice, to form the basis for 

discussions at the second Australian Rainfall and Runoff (ARR) Climate Change Workshop that was 

held in Sydney on 30 November 2010. The brief for this discussion paper is reproduced in the 

Appendix, with topics to be addressed including: (1) an overview of the literature on the likely 

impacts
1 

of climate change on a range of flood variables; (2) a discussion of the techniques which are 

available to quantify future change, including a review of any literature documenting the strengths, 

weaknesses, assumptions and uncertainties associated with these techniques; and (3) a review of 

current Australian and international guidance on accommodating climate change into flood 

estimation practice. A reconciliation of existing understanding and the capabilities of currently 

available modelling techniques with information needs for flood estimation in a future climate is also 

provided, in order to identify future research which is required in this area. 

1 
The term climate ‘impacts’ will be used here rather than ‘adaptation’ used in the brief, as the scope of this 

document is to describe possible changes to flood quantiles which, if included as guidance as part of ARR, can 

be used by flood practitioners as a source of information to aid in adapting to climate change. 
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2. Climate Impacts Relevant to Flood Risk 

This section contains a review of key physical processes relevant for flood risk which are likely to 

change as a result of anthropogenic climate change. The discussion is necessarily brief, with further 

information available from a range of synthesis reports (e.g. CSIRO & Bureau of Meteorology 2007; 

IPCC 2007; Bates, Kundzewicz et al. 2008; The Copenhagen Diagnosis 2009). The latter report was 

authored largely by IPCC lead authors, with a view to providing an interim update on climate science 

following on from the IPCC (2007) report, and is therefore cited in several cases where the science 

has evolved rapidly. Emphasis is placed on studies that are relevant to Australian conditions. 

1)	 The global average temperature has increased by ~0.74°C over the 100 years up to 2005 

(IPCC 2007) with a slightly higher increase in Australia of 0.9°C since 1950 (CSIRO & Bureau 

of Meteorology 2007). Projections of future warming in Australia are for an additional 1°C 

(0.6°C-1.5°C) relative to 1990 levels by 2030, and between 1°C and 5°C warming by 2070, 

with larger warming for inland regions relative to coastal regions (CSIRO & Bureau of 

Meteorology 2007). 

2)	 The specific humidity and total column water vapour content increased globally, at a rate 

consistent with the Clausius-Clapeyron relationship of approximately 7%/°C over oceans 

indicating approximately constant relative humidity. In contrast, there has been an observed 

decline in relative humidity over mid-latitude land areas, including an observed decline in 

relative humidity over Australia over the previous decade (Willett, Gillet et al. 2007; Jung, 

Reichstein et al. 2010; Simmons, Willett et al. 2010). This is generally consistent with 

modelling studies which show smaller increases in specific humidity (and thus decreases in 

relative humidity) in most mid-latitude land areas (O'Gorman and Muller 2010; Sherwood, 

Ingram et al. 2010). 

3)	 Mean precipitation is expected to increase much more slowly than the water vapour 

content, with a multi-model mean sensitivity of ~2%/°C (Held and Soden 2006). 

Observations also suggest limited mean change on a background of significant inter-annual 

and inter-decadal variability (Gu, Adler et al. 2007; Huffman, Adler et al. 2009). 

4)	 Small changes to global mean precipitation mask more important regional features, with a 

recent review of land precipitation finding decreases in the subtropics and tropics outside of 

the monsoon trough, and increases in land precipitation at higher latitudes and also a 

possible increase in the monsoon trough (Trenberth, Jones et al. 2007). In Australia there 

has been an observed decline in precipitation since the 1950s in the southern parts of the 

continent and an increase in the northwest (CSIRO & Bureau of Meteorology 2007), broadly 

consistent with GCM projections (CSIRO & Bureau of Meteorology 2007; IPCC 2007). A study 

of the recent decline in southern Australian rainfall attributes this change to the 

intensification of the subtropical ridge, which represents the strength of the downward 

branch of the Hadley cell, and is consistent with projections of Hadley circulation associated 

with global warming (CSIRO 2010). 

5)	 Recent observational studies are suggesting a significant increase in the width of the tropical 

belt, and poleward migration of mid-latitude storm tracks and changes to other aspects of 

Hadley circulation (Seidel, Fu et al. 2008; Lu, Deser et al. 2009), which generally are under-

simulated in models (Johanson and Fu 2009). Such shifts are likely to yield especially large 

changes to precipitation on the edges of current climatic zones. 

6)	 Models are consistent in finding that extremes
2 

will change more rapidly than the means 

(e.g. Frei, Scholl et al. 2006), with a multimodel ensemble of 20-year return interval 24-hour 

2 
There are differing definitions of extreme events by the climate science and engineering hydrology 

communities. In this discussion paper the term is interpreted in the climate science sense (typically comprising 

the 1 percentile or 5 percentile daily rainfall event, or annual maximum event), unless otherwise specified. 
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precipitation suggesting an average increase of about 6%/°C globally, and with decreases 

only occurring in a few subtropical regions (Kharin and Zwiers 2007). This is generally 

confirmed by global-scale observational studies which show that even in areas where mean 

precipitation is not changing, heavy precipitation events are becoming more common 

(Groisman, Knight et al. 2005; Alexander, Zhang et al. 2006; Trenberth, Jones et al. 2007). 

Results from Australian studies on trends in extreme daily rainfall are less clear and usually 

not statistically significant (e.g. Alexander, Hope et al. 2007; Gallant, Hennessy et al. 2007 

and numerous others referenced therein), although generally the direction of trends in 

indices of extreme daily rainfall reflect trends in mean annual rainfall, with declines since the 

1950s observed in southwest Western Australia, southeast Australia and the eastern coastal 

region (Gallant, Hennessy et al. 2007). The Australian Bureau of Meteorology (2010) also 

recently conducted an analysis on daily annual maximum precipitation, and found few 

statistically significant increasing or decreasing trends, and no strong spatial pattern of the 

significant trends. It is likely that at least part of any observed change to extreme 

precipitation is due to natural variations in climate at interannual and interdecadal 

timescales, although the relative contribution of natural and anthropogenic influences on 

extremes has not been quantified. Finally, it is noted that the definition of ‘extreme’ in these 

studies typically relates to the annual or seasonal maxima, or the 95 or 99%ile daily rainfall 

event, and the extent to which the results can be extrapolated to rarer events is uncertain. 

7)	 There is mounting evidence that much of the increase in extreme rainfall is likely to occur at 

much finer sub-daily timescales. For example, Hardwick-Jones et al (2010) find that extreme 

rainfall scales with temperature for most temperature ranges (with the exception of the 

highest temperatures) across the continent for hourly and shorter-duration rainfall, but not 

for daily-scale rainfall. Similar conclusions have been found in a range of international 

studies (e.g. Lenderink and van Meijgaard 2008; Hanel and Buishand 2010). In the 

assessment of trends using Australia’s sub-daily precipitation record, the Bureau of 

Meteorology (2010) found some statistically significant increases in sub-daily rainfall trends. 

The strongest trends were found for durations below one hour, where approximately half of 

the 58 stations analysed had statistically significant increases in annual maximum rainfall. 

Although there are several outstanding questions regarding the suitability of the data used 

to undertake climate change detection and attribution studies, due to the larger percentage 

of missing data and instrumentation changes over the period of record, these results are 

qualitatively consistent with several dynamical modelling conducted by (Abbs, McInnes et al. 

2007; Abbs and Rafter 2009) who also find much stronger increases in 2-hour rainfall 

compared to 24- or 72-hour rainfall. 

8)	 The detection of change to flood frequency remains much more difficult, due to the 

confounding influence of land-use changes and the construction of flood protection works 

and reservoirs, with two recent global studies yielding ambiguous results (Milly, Wetherald 

et al. 2002; Kundzewicz 2005). A preliminary study on trends in Australian flood data using 

491 stations with minor anthropogenic influences and with annual maximum flood records 

of length between 30 and 97 years find approximately 30% of stations with a statistically 

significant trend at the 10% significance level, which are in a downward direction in southern 

parts of the Australian continent and an upward direction in the northern regions (Ishak, 

Rahman et al. 2010). 

9)	 The IPCC (2007) report recently provided sea level rise projections for 2090-2099 relative to 

1980-1999 of between 0.18 and 0.59m, excluding dynamical changes in ice flow, with an 

additional 0.1-0.2m assuming the contribution of ice flow from Greenland and Antarctica 

increases linearly with temperature. It is generally considered likely that this report has 

underestimated sea level rise, with a recent summary of the literature on behalf of the 

Sydney Coastal Councils group providing estimates ranging from 0.18m through to 1.4m 

(Preston, Smith et al. 2008), and another recent review of the literature projecting sea level 

5 
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rise until 2100 likely to be at least twice as large as the IPCC (2007) estimates, with an upper 

limit of 2m (The Copenhagen Diagnosis 2009). 

10) Studies of the implications of storm surge along the east Victorian coast and southern 

Queensland find increases in storm surge to be generally second-order compared to 

increases in mean sea level (with typical projections of ~0.1m increase by 2100); however 

greater sensitivity might exist for tropical cyclones with an increase in storm surge of 0.3m 

for the 1 in 100 year event projected for Cairns by 2050 in addition to any mean sea level 

contribution (CSIRO & Bureau of Meteorology 2007). 

11) Several recent summary reports suggest that tropical cyclones are expected to increase in 

intensity, with higher wind speeds and increased precipitation resulting from increased 

tropical sea surface temperatures, although the total number of cyclones may decrease 

(CSIRO & Bureau of Meteorology 2007; The Copenhagen Diagnosis 2009). Furthermore, 

CSIRO & Bureau of Meteorology (2007) projects a southward migration of almost 3 degrees 

latitude (~300km) in the average decay location for east Australian cyclones by 2070. A study 

currently underway (Abbs 2010) also has found a statistically significant decrease in tropical 

cyclone occurrence and a southward migration in the genesis and decay regions by 100km 

by 2051-2900, and a dynamical downscaling study using the Regional Atmospheric 

Modelling System (RAMS) to develop quantitative estimates of likely changes to intensity is 

currently in progress. 

Based on the research described here, the current understanding of the implications of 

anthropogenic climate change on flood risk in Australia can be summarised as follows: 

Intensity-Frequency-Duration relationships: At the daily timescale, there is no clear observational 

evidence for increases in extreme daily precipitation (Australian Bureau of Meteorology 2010), 

although there is a possibility of a decrease in extreme rainfall in the regions where mean rainfall is 

also decreasing (Li, Cai et al. 2005; Alexander, Hope et al. 2007; Gallant, Hennessy et al. 2007). It is 

likely that different periods of record used by different studies, different metrics to define extremes, 

and the important role of low-frequency (inter-annual and inter-decadal) variability, are the 

dominant reasons for subtly different conclusions in each of the trend detection and attribution 

studies. 

Coarse-resolution modelling of the 99th percentile daily precipitation summarised by CSIRO (2007) 

for 2050 suggest a small increase in intensity over most of the country, although projections for 

southwest Western Australia also show a decrease. Qualitatively similar results were found by 

Alexander and Arblaster (2009) using a set of extreme precipitation indices from nine of the IPCC 

AR4 models, including changes to heavy precipitation days (number of days with precipitation > 

10mm), maximum 5-day precipitation, and very heavy precipitation contribution (fraction of the 

annual total precipitation due to events exceeding the 1961-1990 95th 
percentile). A recent study by 

Rafter and Abbs (2009) on 20-year daily rainfall in 2055 and 2090 using an extreme value theory 

downscaling approach showed increases in all regions, across most GCMs considered. The spatial 

patterns were consistent with previous studies, with smaller increases in the south and larger 

increases in the north. 

In contrast to daily rainfall results, at the sub-daily timescale there is mounting evidence that annual 

maxima may be increasing, both based on statistically significant trends in the historical pluviograph 

reported in (Australian Bureau of Meteorology 2010) for sub-hourly data, and regional climate 

model studies undertaken in southeast Queensland and Western Sydney (Abbs, McInnes et al. 2007; 

Abbs and Rafter 2009) for 2-hour rainfall. Furthermore, studies on the temperature scaling of 

extreme rainfall in Australia by Hardwick-Jones et al (2010) show strong changes to the scaling 

relationship with event duration, suggesting different processes influence extreme rainfall at 

different durations. It should be cautioned that observational results using sub-daily rainfall are 

inherently uncertain, in particular given the shift to digital instrumentation from the mid 1980s 
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potentially affecting any long-term trend studies [personal communication, James Ball, 1 November 

2010]. Nevertheless the increased sensitivity of precipitation at sub-daily timescales is also found in 

a range of observational and modelling studies internationally (Lenderink and van Meijgaard 2008; 

Sugiyama, Shiogama et al. 2010), such that the observed changes are consistent with broader 

evidence. 

Finally, the spatial scale of likely change to extreme rainfall represents an important issue which thus 

far has not been addressed in the scientific literature. Whereas projections of changes to mean 

rainfall appear to follow large-scale circulation features (e.g. declines in subtropical regions, 

increases in tropics and higher latitudes), dynamical modelling studies by (Abbs, McInnes et al. 2007; 

Abbs and Rafter 2009) suggest the sign and magnitude of change varies at the scale of only several 

kilometres. For example, Abbs et al (2007) provide projections of >70% increases for extreme 2-hr 

rainfall by 2030 in certain locations yet with small decreases only several kilometres away. In Sydney 

and nearby regions, Mehrotra and Sharma (2010) used a statistical downscaling approach based on 

a multi-site modified Markov model, and also found large spatial variability in the sign of change to 

extreme rainfall (number of wet days >35mm) ranging from an increase of 25-35% in the northeast 

of the domain to a decrease of 0-15% in the southwest of the domain, although it is difficult to 

compare the spatial consistency of this work with the work of (Abbs and Rafter 2009). The extent to 

which local-scale features such as coastal effects, orography and other land-surface features 

influence the sign and magnitude of change to extreme precipitation represents an important 

outstanding question, and will influence the spatial scale at which future IFD relationships can be 

expected to change. 

Changes to precipitation type: This includes changes to storm type, frequency, depth, and rainfall 

spatial and temporal patterns. There is some evidence that the nature of storm types is likely to 

change under a future climate, probably by a large extent in climatological transition zones. For 

example, the poleward migration of mid-latitude storm tracks suggests that the spatial extent of 

these storm systems will change. Similarly, projections for an increase in intensity, decrease in 

occurrence and southward migration of tropical cyclones highlight that changes might be expected 

in areas affected by these storm systems. Increases in extreme precipitation even when average 

precipitation decreases, and the disproportionate projections of increases in short-duration (sub-

daily) precipitation by regional climate modelling studies, suggest that precipitation events are likely 

to become less frequent and more intense. Nevertheless, quantitative projections associated with 

many of these features are either unavailable, or highly uncertain. 

Antecedent conditions: Changes in mean annual rainfall, precipitation intermittency, relative 

humidity, evapotranspiration and soil moisture in Australia have each been documented, pointing to 

changes in the catchment moisture content prior to the flood-producing event. Such changes are 

unlikely to be uniform in space, with the greatest declines in catchment moisture likely in the 

southern parts of Australia, and a possible (but poorly gauged and therefore more uncertain) 

increase in northern Australia. It is likely that the documented declining trends in annual maximum 

flood peaks in southern Australia cannot be completely explained by changes in annual maximum 

rainfall, which were found by the Australian Bureau of Meteorology to be approximately stationary 

(2010) at least at the daily timescale. This is analogous to the situation whereby the significant 

modulation of historical flood risk by the Inter-decadal Pacific Oscillation suggested by Kiem et al 

(2003) was found in a recent study to be largely due to variability in antecedent moisture conditions, 

rather than the flood-producing rainfall event itself (Pui, Lall et al. 2010). 

There has been little research on how changes to catchment antecedent conditions due to climate 

change will influence flood risk. Much of the difficulty stems from the influence of a range of 

catchment characteristics, such as slope, soil type, vegetation, extent of urbanisation, as well as the 

presence of major storages (Hill 2010), therefore making the role of antecedent conditions on flood 

risk difficult to generalise across large spatial areas. Furthermore, antecedent moisture conditions 

may also have complex effects on the shape of the flood hydrograph, affecting peaks, volume and 
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rate of rise differently. Nevertheless limited research is available linking loss parameters in event-

based models to pre-event catchment conditions [personal communication, Peter Hill, 21 October 

2010], although some recent research (Fowler, Jordan et al. 2010) has used historical and future 

climate sequences derived from the Murray-Darling Basin Sustainable Yields Project (Chiew, Vaze et 

al. 2008) to estimate historical and future loss rates. Interestingly, this study found that, at least for 

the case study location, increases to extreme rainfall and increases to losses had approximately 

equal but opposing influence on flood magnitude. 

Finally, although the pre-flood baseflow is unlikely to be a large contribution to the flood hydrograph 

for larger events, for smaller events such as the 2-year average recurrence interval (ARI) event 

baseflow might become important [personal communication, James Ball 1 November 2010]. 

Furthermore, baseflows can be a significant component of reservoir inflows and can thus affect 

antecedent conditions in large storages. Nevertheless, there is limited research available on how 

baseflow is likely to change under a future climate. 

Changes in ocean levels and joint probabilities of rainfall and storm surge: There are two separate 

issues when considering the implications of ocean levels on flood estimation under a future climate. 

Firstly, it is necessary to quantify the changes in extreme ocean levels, which will be influenced by 

changes in mean level as well as any storm surge component. As summarised in items (9) and (10) 

above, it is likely that the largest contribution to changes in extreme sea levels due to anthropogenic 

climate change will come from increases in mean sea level, with changes to storm surge expected to 

be minimal along large sections of the Australian coastline. A possible exception is in regions 

affected by tropical cyclones, with projections of increases in storm surge and a southward 

migration of cyclone storm tracks. In particular, the possible increase in the 1 in 100 AEP event for 

2050 in Cairns by 0.3m by storm surge alone as suggested by (CSIRO & Bureau of Meteorology 2007) 

is of sufficient magnitude that this issue requires further investigation. 

The second issue relates to the ocean level that can be expected during an intense rainfall-derived 

flood event in the coastal zone, as extreme rainfall events will not always occur during periods of 

extreme ocean level. As such, it is necessary to evaluate whether there will be any changes to the 

joint probability between storm surge and rainfall-induced flooding due to the changes to the 

synoptic systems. Work is underway (Abbs and McInnes 2010) looking at synoptic classification of 

historical large events using the ERA-40 and ERA-interim reanalyses, and then using the CSIRO 

Conformal-Cubic Atmospheric Model (CCAM) forced to a GCM-derived bias-corrected sea surface 

temperature field. This study finds projected increases in coincident events in southwestern 

Australia (including Fremantle and Esperance) due to increased occurrence of closed low systems, 

with little change or a decrease in coincident rainfall and sea level events for eastern coastline south 

of Brisbane. Quantitative assessments of the implications of this on flood risk are unavailable. 

3. Quantifying change to flood quantiles 

This section provides an overview of several different methods which can be used to assess change 

in future flood quantiles, and comprises two distinct parts. In the first part, an overview of three 

methods discussed in the first ARR Climate Change Workshop is given, namely: (1) temperature 

scaling; (2) statistical downscaling; and (3) dynamical downscaling. A discussion of the associated 

strengths, weaknesses and uncertainties of each method is also provided, based both on published 

literature and the views of workshop participants with expertise in relevant areas. Some issues with 

method implementation in the context of simulating flood variables are also discussed. The second 

part then describes the suitability of the methods in the context of simulating variables relevant to 

the estimation of flood risk, including a brief outline of a set of research areas which might support 

the accommodation of climate change estimates into the Australian Rainfall and Runoff guidelines. 
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a. Overview of methods for estimating future change 

Temperature scaling 

An area which has received considerable recent attention by the research community is the use of 

scaling relationships between extreme precipitation and (usually land-surface) temperature as a 

method for estimating future change. The theoretical basis for this approach was described by 

(Trenberth, Dai et al. 2003), who suggest that unlike average precipitation, extreme precipitation 

should scale with the water holding capacity of the atmosphere, which increases on average at a 

rate of ~7%/°C following on from the Clausius-Clapeyron scaling relationship (although O’Gorman 

and Muller (2010) highlight that assuming C-C scaling, changes in the zonal-mean total column water 

vapour will vary from 6% to 12%/°C depending on the latitude). The main assumptions in this 

relationship as described by Trenberth et al (2003) are that relative humidity will remain constant 

(an assumption that is approximately true globally, but as discussed earlier not in mid-latitude land 

areas (O'Gorman and Muller 2010; Sherwood, Ingram et al. 2010)), and that vertical velocities in 

individual storm systems will also stay constant, with Trenberth et al (2003) suggesting that the 

latent heat released from the additional water vapour could further invigorate the storm and thus 

result in scaling greater than the C-C relationship. Such ‘super’ Clausius-Clapeyron rates of increase 

were also found in dynamical modelling results based on changes to daily precipitation extremes in 

the tropics (defined as 30°S-30°N), with increases in 10- to 100-year recurrence interval extreme 

precipitation scaling found to be ~17%/°C (Sugiyama, Shiogama et al. 2010). 

An approach to estimating whether this scaling is indeed occurring was proposed by Lenderink and 

van Meijgaard (2008), who grouped high-percentile hourly and daily precipitation events by 

temperature bin, and estimated the rate of change accordingly. This study, based on precipitation 

data in The Netherlands, found a ~7% increase per degree at temperatures for hourly rainfall below 

12/°C, with this relationship doubling to 14%/°C at higher temperatures, with these results also 

found using a regional climate model covering much of Europe. Daily scaling relationships were 

somewhat lower than this. Lenderink and van Meijgaard (2008) attribute this super-Clausius-

Clapeyron scaling rate to the additional latent heat release as described above, although Haerter and 

Berg (2009) question whether this shift is more likely to be attributable to the mixture of different 

precipitation types from largely stratiform rainfall at lower temperatures to largely convective 

rainfall at higher temperatures. A similar conclusion was found by Abbs (1999) who found using the 

meso-scale atmospheric model RAMS that when the temperature of the atmosphere was increased, 

heavy (convective) rainfall began earlier, lasted longer and was more continuous. The interpretation 

would be expected to have a significant bearing on how these results are extrapolated to future 

climate. 

In Australia, Hardwick-Jones et al (2010) repeated this analysis and found a scaling relationship of 

~7%/°C for hourly and shorter durations and across most temperatures until about 26°C. Once again 

at the daily timescale scaling relationships become somewhat lower, and the rate of decline above 

26°C becomes steeper. Above these temperatures it is hypothesised that the decline in intensity is 

due to moisture availability limitations (see also Berg, Haerter et al. 2009, who found similar 

conclusions for Europe), although this hypothesis has not otherwise been tested. Assuming this 

hypothesis to be confirmed, then it becomes the temperature of the moisture source regions 

(largely the oceans surrounding Australia) which would become important, although the implications 

of differential warming of the ocean and land surface under a future climate (IPCC 2007) are 

unknown, and the possibility that changed circulation regimes may alter the moisture source region 

under future climates may also have a bearing on future projections. All these issues require further 

investigation. 

Other issues not accounted for by temperature scaling of extreme precipitation are the latitudinal 

gradients of change found in some dynamical modelling studies (CSIRO & Bureau of Meteorology 

2007; Alexander and Arblaster 2009; Rafter and Abbs 2009) which could not be reproduced by 

Hardwick-Jones et al (2010), and the conclusion by Haerter et al (2010) using German data that the 
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rate of change of extreme precipitation varies continuously as a function of both the temperature 

and the percentile, leading those authors to caution that the Clausius-Clapeyron relation may not 

provide an accurate estimate of the temperature relationship of precipitation at any temporal 

resolution. 

Statistical downscaling 

Statistical downscaling involves the development of statistical linkages between large-scale climate 

variables and local-scale weather (Maraun, Wetterhall et al. 2010), and is used to develop 

projections for a range of hydrological processes which are at a finer scale than the relevant general 

circulation model (GCM) resolution. In some ways statistical downscaling can be viewed as an 

extension to the temperature scaling approach described above, except that for statistical 

downscaling, rather than conditioning only on land-surface (or sea-surface) temperature, a much 

larger set of (usually atmospheric) variables can be incorporated. Furthermore, by using GCM-

derived projections of the atmospheric variables in a future climate, factors such as large-scale 

circulation changes, meridional changes to relative and specific humidity, differential warming 

between the ocean and land surface and a diversity of other processes, can be implicitly 

accommodated. 

Although a large range of statistical downscaling methods are currently available (for recent reviews 

see Fowler, Blenkinsop et al. 2007; Maraun, Wetterhall et al. 2010), methods developed specifically 

for the simulation of hydrological extremes are less common, with calibration of statistical models to 

mean conditions not necessarily being appropriate for handling extremes (Wilby, Charles et al. 

2004). Furthermore, statistical downscaling models that have been developed to simulate sub-daily 

precipitation are limited, with only a few attempts described in the literature (Marani and Zanetti 

2007). 

The most common statistical approaches for simulating extremes are based on extreme value theory 

(Abbs and Rafter 2009; Rafter and Abbs 2009; Katz 2010), which represents the natural statistical 

theory for addressing the tail end of the distribution. Other methods which have been used to 

provide projections for extremes in Australia, such as the multi-site modified Markov model by 

Mehrotra and Sharma (2010), have simulated the full range of precipitation magnitudes including 

both dry and wet spells, and have evaluated the performance of the model in that context, rather 

than in the context of whether the physical processes leading specifically to extreme rainfall are 

correctly simulated. 

There are at least three conceptual approaches for predictor selection in statistical models (Maraun, 

Wetterhall et al. 2010). Arguably the most common is the identification of predictors based on an 

evaluation of the fit between the historical predictors and observed precipitation. The second 

approach, advocated by (Charles, Bates et al. 1999; Charles, Bari et al. 2007; Johnson and Sharma 

2009), involves selection of predictors based on the capacity of GCMs to simulate these variables. 

Thus, a strong predictor variable in the historical climate may not be useful in simulating future 

change if that variable exhibits low skill in GCM simulations. A related approach involves using 

metrics of GCM performance as a basis for selecting downscaling predictors (Perkins and Pitman 

2009). The third approach considers whether the key physical drivers of change in extreme 

precipitation are captured in the statistical model (Charles, Bates et al. 1999; Wilby, Charles et al. 

2004). For example, as discussed in Section 2, it is likely that in Australia specific humidity will 

increase even as relative humidity decreases, whereas the high dependence between these variables 

in historical climate might lead to only one of these predictors being selected. Each of these issues 

will need to be considered carefully before designing a statistical model for developing projections of 

future extremes. 

An important part of downscaling involves evaluating model performance, with the difficulty in 

establishing whether the statistical model is capable of correctly simulating future change suggesting 

a multi-pronged approach. Probably the most common evaluation measure is the extent to which 
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statistical models reproduce various statistics of historical climate, whether it involves using 

reanalysis data for calibration and using GCM-derived sequences of historical climate for evaluation, 

or split-sample approaches [personal communication, Rajeshwar Mehrotra, 1 November 2010]. The 

evaluation of whether the downscaling approach is able to simulate the presence or absence of 

historical trends, or reproduce scaling relationships summarised in the previous section, might also 

represent a useful metric. A further approach to test physical realism may be to evaluate whether 

the model correctly simulates extremes from the correct synoptic systems [personal communication, 

Debbie Abbs, 21 October 2010]. Finally, to ensure correct predictor selection, one avenue may be to 

calibrate the model using GCM/RCM historical-climate precipitation as the response, and evaluate 

the model on future GCM/RCM precipitation sequences (Charles, Bates et al. 1999). Although the 

GCM precipitation field is generally considered to be simulated poorly with climate models often not 

agreeing even on the direction of change of precipitation (Johnson and Sharma 2009), this might 

nevertheless assist in ensuring the selected predictors are the ones which will drive future 

precipitation changes. 

Lastly, uncertainty associated with the precipitation projections will need to be quantified. Sources 

of uncertainty include historical precipitation measurements, greenhouse gas emission scenarios, 

GCM performance, statistical model structure, and model parameters. In this regard, the 

computational speed associated with statistical downscaling approaches provides an important 

strength, as sensitivity to a large range these sources of uncertainty can be quickly evaluated. 

Dynamic downscaling 

The term ‘dynamic downscaling’ typically refers to either stretched grid atmospheric general 

circulation models (AGCMs), or limited area models (LAMs; often known as nested or regional 

climate models). In all cases the objective is to dynamically simulate aspects of the earth system 

(usually the atmosphere) at a much finer spatial and temporal resolution, by targeting a smaller 

spatial, and sometimes also temporal, domain. This allows for better simulation of local scale 

features such as orographic effects, land-sea contrast and other land surface characteristics 

(Maraun, Wetterhall et al. 2010), as well as better simulation of the various physical processes which 

influence precipitation. A brief summary of the advantages and disadvantages of these modelling 

techniques is provided in Table 1 below. 

The CSIRO conformal cubic atmospheric model (CCAM) is an example of a stretched grid AGCM. This 

model covers the entire global domain, however the grid has been adjusted to focus on Australia. 

CCAM has been described more fully in McGregor and Dix (2008), with outputs available over all of 

Australia at a grid resolution of approximately 65km x 65km, and with outputs available at a 

temporal resolution of three hours. CCAM has thus far been run for the Australian domain using six 

AGCMs, although the outputs have thus far not been analysed for changes to extreme precipitation. 

By contrast, limited area modelling involves nesting a regional climate model (RCM) into a GCM to 

represent atmospheric physics at a higher spatial and temporal resolution, over a smaller spatial 

domain. The grid scale for such models still can be quite large (e.g. 50km), however increasingly such 

models are operating at finer grid scales including implementation of the Regional Atmospheric 

Modelling System (RAMS) at various locations in Australia with the finest grid spacing of 4km. This 

smaller grid scale is thought to be the largest scale for which many of the physical processes for sub-

daily extreme precipitation are explicitly modelled (personal communications, Steven Sherwood 

(UNSW), 20 October 2010; Debbie Abbs (CSIRO), 21 October 2010), and thus provides a useful source 

of information on changes to IFDs. 

Thus far the only regional climate model downscaling performed in Australia with a view to assessing 

changes in extremes has used the RAMS model, with the results already summarised earlier. 

Investigation is currently underway to consider using an ensemble of downscaling models (e.g. WRF, 

RAMS, ACCESS), to better capture RCM model uncertainty (personal communication, Debbie Abbs 

(CSIRO), 21 October 2010). The approach of using multiple RCMs is consistent with 
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recommendations elsewhere to focus on multi-model ensembles to increase skill, reliability and 

consistency of the predictions (Tebaldi and Knutti 2007; Kendon, Rowell et al. 2008), with ensemble 

modelling for extreme precipitation becoming increasingly common in practice (Beniston, 

Stephenson et al. 2007; Fowler and Ekstrom 2009). 

Table 1: Summary of main advantages and disadvantages of stretched grid and regional climate models (personal 

communication, Bryson Bates (CSIRO), 21 December 2010). 

Downscaling Tool Advantages Disadvantages 

Provide information at much finer 

resolution than AOGCMs 
Computationally intensive 

Stretched-grid 

AGCMs 

Information derived from physically 

consistent processes and self-consistent 

interactions between global and regional 

scales 

Small number of ensembles and 

small ensemble size 

Globally consistent and allow for climate 

system feedbacks 

Dependent on SSTs, sea ice 

distribution, and GHG and aerosol 

forcing from host AOGCM 

Do not require lateral boundary forcing 

from GCMs, and are therefore free of 

associated computational problems 

Problems in maintaining viable 

parameterisations across length 

scales 

Output contains many variables on a 

regular grid 

Model formulations may need to be 

'retuned' for use at finer resolution 

Regional Climate 

Provide information at much finer 

resolution than AOGCMs 
Computationally intensive 

(Limited Area) 

Models 
Produce responses based on physically 

consistent processes 

Small number of ensembles and 

small ensemble size 

Output contains many variables on a 

regular grid 

Strongly dependent on GCM 

boundary forcing 

Better representation of some weather 

extremes than GCMs 

Climate system feedbacks not 

included 

There are a range of sources of uncertainty associated with dynamical climate models. In addition to 

uncertainty from the model structure (including resolution, numerical scheme, and physical 

parameterisations), other sources of uncertainty include large-scale forcing from the GCM providing 

lateral boundary conditions (in the case of RCMs), the emissions scenario, as well as internal 

(chaotic) variability in the climate system. This suggests that to properly sample the uncertainty 

space, it would be necessary to use multiple RCMs forced by multiple GCM boundary conditions, 

potentially with a range of emissions scenarios, sufficient times to distinguish chaotic climate 

variability from a coherent long-term climate change signal. It is expected that performing such a 

study across all of Australia would quickly become computationally prohibitive, although more 

targeted studies addressing specific research questions may still be viable. 

Another limitation associated with computational time required in RCM studies is that it becomes 

necessary to focus on simulating individual extreme events, rather than generating continuous 

sequences which can be used for continuous hydrological models. Nevertheless, using GCM 

precipitation, temperature and other fields it may be possible to record antecedent moisture 

conditions prior to the large rainfall event for both current and future climate conditions, which can 

be used in specifying changes to catchment moisture conditions [personal communication, Debbie 

Abbs, 21 October 2010]. 
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Finally, in addition to simulating precipitation extremes, there are various other applications which 

are well suited to dynamical studies. For example, dynamical models at larger grid scales have been 

used for present- and future-climate synoptic classification, which can be used to determine 

changing probabilities of different precipitation regimes (Abbs and Rafter 2009) and thus may 

potentially yield information on changing spatial and temporal patterns. A similar approach also has 

been used to assess the likely co-occurrence of extreme rainfall and storm surge under future 

climates (Abbs and McInnes 2010). Finally, dynamical downscaling is arguably the only method for 

capturing changes to tropical cyclone occurrence, intensity, and locations of genesis and decay (Abbs 

2010). 

b. Comparison of the suitability of different modelling approaches 

In Section 2 of this discussion paper, a brief summary was provided on what is currently understood 

about changes to variables relevant to the estimation of flood quantiles, using a combination of 

observational and modelling studies. In the first part of Section 3, an overview of the capabilities of 

different modelling techniques was described, including strengths, weaknesses, and sources of 

uncertainty associated with each method. Here an attempt will be made to bring these two topics 

together, to both identify key questions which remain – the resolution of which will assist in 

providing guidance by ARR for flood estimation – and to discuss the capabilities of existing modelling 

techniques to address these questions. 

The outcomes of this analysis are summarised in Table 2 below. In drafting the list of questions and 

issues, every effort has been made to maintain consistency with the scientific literature and the 

outcomes of the first ARR Climate Change workshop, as well as the outcomes of discussions with 

workshop participants and others in preparation of this paper. The list is not designed to be 

comprehensive but rather it aims to focus on key issues which have some chance of being addressed 

within the ARR timeframe, and thus there are many important research questions which may 

require longer timeframes and therefore have not been considered. In compiling such a list it is 

inevitable that the issues highlighted are influenced by the personal views of the author, and thus 

should be viewed merely as a starting point for discussion at forthcoming workshop. 

Finally, a multiple-lines-of-evidence approach was taken in assembling the information in the table, 

since it is increasingly clear that the assumptions and limitations involved with any single method are 

generally too severe to be relied on as the sole source of information to be used by ARR. Such an 

approach is increasingly being adopted elsewhere, in which multiple dynamical and statistical 

approaches are often combined to properly sample the uncertainty associated with individual 

methods (e.g. Haylock, Cawley et al. 2006; Fowler, Blenkinsop et al. 2007). 
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Table 2: Summary of present understanding of likely changes, and outstanding questions and issues 

Flood variable Current understanding Key issues and questions 

IFD 

relationships 

(daily or longer 

durations) 

• Limited evidence of change can be 

observed in historical annual maximum 

data. The extent to which future 

change can be inferred based on the 

historical record is uncertain, however 

given an increase of 0.9°C in Australia 

since 1950, this may provide a 

constraint on short time-horizon 

projections. 

• Large-scale climate modelling 

projections for extreme daily rainfall 

(defined using different metrics) are 

already available in several studies 

(CSIRO & Bureau of Meteorology 2007; 

Alexander and Arblaster 2009; Rafter 

and Abbs 2009), and suggest increases 

in most locations with greatest 

increases in the northern part of 

Australia and lowest increases in the 

south (with decreases projected in 

southerly locations by some models). 

• Fine-scale regional climate modelling 

has been performed at several 

locations (Abbs, McInnes et al. 2007; 

Abbs and Rafter 2009) and suggest 

slight increases in daily precipitation on 

average, although with very large fine-

scale spatial variability. 

• It is important to note that the inability of trend detection methods in the historical data to find an 

increasing trend does not imply the absence of such a trend. However the magnitude of any trend, 

should it exist, that could be identified by a trend detection method has not been quantified and 

would be useful to evaluate consistency between observational data and climate model projections 

(e.g. see Frei and Schar 2001; Zhang, Zwiers et al. 2004). 

• There are large model-to-model variations in extreme precipitation projections from GCMs (e.g. 

refer to Tables 2 and 3 in Rafter and Abbs 2009), suggesting high uncertainty. Furthermore, there are 

serious questions about the degree to which projections of extreme precipitation from GCMs 

capture the key physical processes leading to future change. The value of directly using GCM-based 

precipitation outputs as evidence for projections on future IFDs should be considered. 

• A suite of six regional climate models at a scale of 65km grid spacing for the A2 scenario is currently 

being analysed by CSIRO to create projections of extreme rainfall [Personal communication, Debbie 

Abbs, 17 November 2010]. The capacity of using such a modelling framework for simulating extreme 

precipitation at different durations and frequencies should be evaluated. 

• Dynamical downscaling results at resolutions <5km are much more likely to capture the key physical 

processes which will drive future precipitation change. Computational issues mean that such 

projections cannot be made available across all of Australia, however results from carefully targeted 

case study regions may provide insight into larger-scale changes. 

• A key issue associated with fine-scale dynamical models is the spatial scale at which changes to 

extreme precipitation take place. Changes associated with large-scale circulation patterns are 

becoming better understood, but what physical processes cause the direction and magnitude of 

change in extreme precipitation to vary at the scale of several kilometres? The extent to which this 

represents statistical ‘noise’ or a coherent climate signal requires further investigation. 

• Statistical downscaling does not suffer from the same computational issues as dynamical 

downscaling, and therefore might be useful in providing projections across larger spatial domains. 

Furthermore, computational speed means that different sources of uncertainty (e.g. predictor 

variables from different GCMs, parameter uncertainty, etc) can be more easily sampled. At the daily 

scale at least two main classes of approaches have been developed and/or adopted in Australia. The 

first class involves a non-stationary generalised extreme value (GEV) approach in which parameters 

are conditioned to larger-scale GCM or RCM outputs (Coles 2001; Abbs and Rafter 2009; Aryal, Bates 

et al. 2009), with a Bayesian hierarchical spatial GEV model with atmospheric and oceanic forcings 

currently under development by CSIRO [Personal communication, Bryson Bates, 22 October 2010]. 

The second approach comprises a modified Markov model described in (Mehrotra and Sharma 
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2010), with this approach designed to simulate continuous sequences and thus can also account for 

antecedent moisture conditions. Comparisons of these and other methods have not been 

conducted. 

IFD 

relationships 

(sub-daily 

durations) 

• 

• 

• 

• 

There is mounting evidence that sub-

daily rainfall will change more rapidly 

than daily rainfall. 

Although the Clausius-Clapeyron 

approach has received considerable 

attention as an approach to scale sub-

daily rainfall, it is cautioned that this 

represents neither a lower nor an 

upper bound, with rates double the 

Clausius-Clapeyron rate or higher being 

physically possible. 

Observational data shows numerous 

stations having statistically significant 

increases for sub-hourly rainfall 

(Australian Bureau of Meteorology 

2010), although changes in gauge type 

over this period as well as a lack of a 

clear spatial pattern suggest that 

further investigation is required before 

this data is extrapolated for future 

climate situations. 

The work of (Abbs, McInnes et al. 2007; 

Abbs and Rafter 2009) provide 

quantitative projections for increases to 

2-hour rainfall. 

• 

• 

• 

• 

• 

Although fine-scale rainfall projections could be derived from dynamical studies such as from using 

RAMS, which also can provide information at sub-hourly timescales, data storage issues would likely 

preclude the use of this method across Australia [personal communication, Debbie Abbs, 21 

November 2010]. 

Nevertheless, in evaluating the scaling between daily and sub-daily precipitation at a set of case 

study regions it may be possible to evaluate the dominant physical processes which cause this 

scaling, and thus evaluate the extent to which this scaling can be used at other locations. The 

selection of key urban locations for such case studies might be beneficial as these are most heavily 

affected by short-duration rainfall. 

There has been limited research on the application of statistical downscaling techniques to sub-daily 

timescales. It is possible that parametric extreme value models can be conditioned to sub-daily 

predictor variables such as outputs from coarse-scale RCMs, and thus capture the physical processes 

which determine this change. 

An alternative framework may be to extend the non-parametric sub-daily resampling logic which has 

been used to simulate current-climate continuous rainfall sequences as part of ARR Project 4 to a 

downscaling setting. This builds on the Clausius-Clapeyron scaling work in (Hardwick-Jones, Westra 

et al. 2010) except that conditional resampling is to be based on a more diverse set of predictors 

such as surface temperature, relative humidity, specific humidity and so on, and that rather than just 

focus on the peak rainfall burst in a given day, resampling will consider the full sub-daily rainfall 

sequence. Embedding this within a daily downscaling model such as (Mehrotra and Sharma 2010) 

would then ensure that rainfall occurrence processes and other large-scale circulation effects are 

also accommodated. 

The UNSW Climate Change Research Centre (CCRC) is currently working on multiple projects, 

including recently awarded Linkage and Super Science grants, to examine the performance of high-

resolution models (both RCMs and cloud resolving models) in simulating climate extremes, as well as 

examining the situations under which extremes would be expected to increase (e.g. influence of 

different atmospheric forcing, orographic effects, etc) [personal communication, Steven Sherwood, 

20 October 2010]. Although this work is not associated with ARR and may not be completed within 

the ARR timeframe, research on extremes in Australia is currently highly fragmented [personal 

communication, Bryson Bates, 22 October 2010] and improved linkages between the diversity of 

research presently underway around Australia on extreme precipitation is likely to be of benefit to 

the ARR revision process. 
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Antecedent 

conditions 

• 

• 

• 

Antecedent moisture conditions appear 

to be changing based on observational 

work on average annual rainfall, 

evapotranspiration and soil moisture. 

It is unlikely that the trend detection 

results on annual maximum streamflow 

by (Ishak, Rahman et al. 2010) can be 

explained without some reference to 

antecedent moisture. 

Some projections on future antecedent 

moisture are already available, such as 

changes in average seasonal rainfall 

and temperature provided by (CSIRO & 

Bureau of Meteorology 2007) 

• 

• 

• 

• 

• 

• 

There are two distinct parts associated with addressing antecedent moisture in flood models: 

developing projections for future climate variables relevant to catchment wetness conditions, and 

relating catchment wetness to parameters in rainfall-runoff models. 

In event-based modelling, it will be necessary to link loss parameters (most likely the initial loss) 

either to seasonal rainfall, temperature and evapotranspiration, or to some precipitation-based 

index such as the Antecedent Precipitation Index (API; Cordery 1970). Use of historical data from 

largely unmodified catchments such as described in (Ishak, Rahman et al. 2010) may be sufficient for 

this purpose. 

A related study, again using historical records such as (Ishak, Rahman et al. 2010), may be to assess 

the sensitivity of various aspects of the flood hydrograph (e.g. peak, volume, rate of rise) to different 

atmospheric variables such as various attributes of extreme precipitation as well as antecedent 

precipitation and evapotranspiration. Such a study might be analogous to the investigation of the 

sensitivity of mean runoff to changes in precipitation and evapotranspiration described by Chiew 

(2006). 

Projections for seasonal variables such as precipitation, temperature and evapotranspiration are 

already available. In contrast, developing projections for the antecedent precipitation sequence prior 

to the extreme event for future climate could be undertaken in various ways. For example, although 

fine-scale dynamical downscaling only simulates individual large rainfall events, the GCM-derived 

precipitation sequence prior to this event could be saved and compared for current- and future-

climate conditions. Alternatively, a continuous downscaling approach could be used. 

The use of continuous rainfall-runoff models, using future sequences of precipitation, represents an 

alternative framework and could be investigated. 

Improved understanding of the linkages between baseflow, atmospheric processes (precipitation, 

temperature etc) and the flood hydrograph may also be required, particularly for lower recurrence 

interval floods. 

Storm type, 

frequency and 

depth, and 

rainfall spatial 

and temporal 

patterns 

• 

• 

Although there is evidence that 

synoptic patterns, and thus types of 

storm events, may change, there is 

little quantitative evidence on the 

nature of this change. 

A possible approach involves synoptic 

classification using re-analysis/GCM 

output. 

• 

• 

Limited research on quantifying changes to storm type and associated attributes. GCMs generally 

have poor skill at simulating the correct proportions of convective/stratiform rainfall (Dai 2006), 

although regional models are likely to provide a significant improvement. Nevertheless there is little 

information in the literature on the nature of such changes, and the capacity of models to simulate 

these changes. 

A possible approach involves synoptic classification using re-analysis/GCM output, and then using 

historical information on spatial and temporal patterns conditional to individual synoptic types to 

estimate how this will change in the future. In a statistical downscaling context this could be 

achieved using either an automated weather classification-based approach such as the non-

homogeneous hidden Markov model (NHMM) that relates the daily precipitation to synoptic 
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atmospheric patterns (Charles, Bates et al. 1999; Hughes, Guttorp et al. 1999), or by explicitly 

specifying weather states outside the downscaling model (Vrac and Naveau 2007). Research is 

currently lacking on how to disaggregate this information to sub-daily timescales to yield spatial and 

temporal patterns. 

Changes in 

mean sea level 

• Numerous studies are available 

providing various projections on sea 

level rise, such as summarised in (IPCC 

2007; Preston, Smith et al. 2008; The 

Copenhagen Diagnosis 2009) 

• Given the global nature of change to mean sea level (notwithstanding small variations due to 

regional changes in sea surface temperatures), it is unlikely that further studies are warranted as 

part of ARR. 

Changes in 

storm surge 

• Current evidence suggests that storm 

surge changes will be small relative to 

sea level changes, with the possible 

exception of areas affected by tropical 

cyclones. A quantitative estimate of 

0.3m increase in the 1 in 100 AEP storm 

surge event by 2050 in Cairns is 

provided in (CSIRO & Bureau of 

Meteorology 2007) 

• Further research in quantification of possible changes to storm surge associated with tropical 

cyclones may be warranted, and some work already underway in this area (CSIRO & Bureau of 

Meteorology 2007; Abbs 2010). 

Changes to the 

joint probability 

of storm surge 

and flood-

producing 

rainfall 

• 

• 

Limited evidence on changes to the 

dependence between storm surge and 

flood-producing rainfall is available. 

The primary exception is projected 

increases in coincident events in 

southwestern Australia (including 

Fremantle and Esperance) due to 

increased occurrence of closed low 

systems, with little change or a 

decrease in coincident rainfall and sea 

level events for eastern coastline south 

of Brisbane (Abbs and McInnes 2010). 

• 

• 

Work is currently underway as part of ARR Project 18 to characterise the joint probability between 

storm surge and extreme rainfall under historical climate conditions. Although aspects of the 

dependence between these two quantities are likely to change due to changes in the frequency 

and/or intensity of different synoptic systems, given the relatively small changes in absolute 

magnitude of storm surge across most of Australia, explicit consideration of these changes may not 

result in large changes to flood quantile estimates. 

A possible exception appears to be the coastal areas affected by tropical cyclones, and an 

assessment of the joint dependence conditional to different dominant synoptic systems in these 

regions using historical climate may be useful in order to evaluate the sensitivity of joint dependence 

to synoptic type. 
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4. Australian and Overseas Guidance 

In this final section a brief overview of guidance information in Australia and overseas is synthesised. 

This summary is unlikely to be complete, with most of the information obtained via internet 

searches of relevant government department websites. Nevertheless this guide is likely to provide a 

reasonable overview of current practice in accommodating climate change information into flood 

estimation practice. 

Australia 

Currently the most detailed guidance is provided by the New South Wales Department of 

Environment, Climate Change and Water (DECCW) (NSW Department of Environment and Climate 

Change 2007), and recommends that a sensitivity analysis be undertaken with between 0.18m and 

0.91m for sea level rise, and between 10% and 30% increase in extreme rainfall. The sea level rise 

section recently has been updated (NSW Department of Environment Climate Change and Water 

2010) with sea level rise benchmarks relative to 1990 being 0.4 metres by 2050, and 0.9 metres by 

2100. 

In addition, Queensland is currently considering the adoption of a 5% increase in the 1 in 100, 200 

and 500 AEP events per degree temperature change [Personal communication, Helen Fairweather, 3 

November 2010]. 

With regards to the most extreme precipitation events, the Bureau of Meteorology recently 

concluded based on observational and modelling evidence that it was ‘not possible to confirm that 

probable maximum precipitation will definitely increase under a changing climate’ (Jakob, Smalley et 

al. 2009). 

New Zealand 

In New Zealand, information on accommodating the implications of climate change on extreme 

rainfall and flooding is provided in the document ‘Preparing for Climate Change – a Guide for Local 

Government in New Zealand’ (New Zealand Ministry of the Environment 2008). In particular, scaling 

factors for ‘Screening Assessment Scenarios’ are given, which involves multiplying the projected 

temperature increase by a factor which depends on the storm burst duration and the event 

recurrence interval. For detailed assessments, the methodology of modifying the shape and scale 

parameters from a Gamma distribution described in (Semenov and Bengtsson 2002) is 

recommended (New Zealand Ministry of the Environment 2008). Information on accounting for sea 

level rise and storm surge is provided in (New Zealand Ministry of the Environment 2008), and 

further complementary information on flood estimation in climate change has also recently been 

provided (New Zealand Ministry of the Environment 2010 ). 

Recently, NIWA has developed a framework for assessing the impacts of climate change on river 

flow and floods using precipitation outputs from a dynamically downscaled model (bias corrected 

using a quantile mapping approach) to develop continuous sequences of daily precipitation of 30-

year durations for the periods 1970-2000 and 2070-2100. The long-term objective is to use 

outcomes from this study to develop national projections of climate change impacts (McMillan, 

Bethanna et al. 2010). 

United Kingdom 

A supplementary note on the implications of climate change for flood estimation is available from 

the UK Defra (UK Department for Environment Food and Rural Affairs 2006). This document 

provides a rate for sea level rise (ranging from 2.5-4mm/yr up to 2025 through to 13.0-15.0mm/yr in 

2085-2115), as well as providing “national precautionary sensitivity ranges” for peak rainfall intensity 

(up to 30% increase), peak river flow (up to 20% increase), offshore wind speed (up to 10% increase) 

and extreme wave heights (up to 10% increase) for the purposes of sensitivity analysis. 
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Recently a research report was released entitled ‘Regionalised impacts of climate change on flood 

flows’, with the primary objective of assessing the suitability of the advice provided in the above 

note (UK Department for Environment Food and Rural Affairs 2010). This report suggests that future 

guidance should account for regional changes in both climate and catchment characteristics, as well 

as emphasising that the sensitivity assessment using a 20% increase in flood flows does not 

encompass the range of changes expected in flood flows, and therefore cannot be regarded as 

‘precautionary’. This report also recommends a ‘scenario neutral’ approach to providing guidance, 

which allows risk assessments for individual catchments to be easily updated when new climate 

change projections become available. 

United States 

At present there an absence of national guidance on accounting for climate change in flood 

estimation practice. For example the NOAA Atlas 14 publications do not have any guidance about 

future IFDs (IDFs) in the U.S. [Personal communication, Geoff Bonnin (NOAA), 23 October 2010], nor 

do the national guidelines for determining flood flow frequency (Bulletin 17B) provided by the U.S. 

Geological Survey (USGS), although there some on-going work in revising aspects of this bulletin 

[Personal communication, Timothy Cohn (USGS), 23 October 2010]. A workshop was held in January 

2010 on how to deal with issues of non-stationarity in water resource management, with conference 

proceedings available on (http://www.cwi.colostate.edu/NonstationarityWorkshop/index.shtml). 

5. Summary and conclusions 

This discussion paper has attempted to cover a large range of issues related to accommodating 

climate change estimates of various flood-related variables into Australian Rainfall and Runoff. 

Specifically, this discussion paper covered the following areas: 

1)	 A brief review of global or large-scale processes relevant to flooding was provided, as the 

relevant physical processes are generally better understood, general circulation models have 

better capacity of simulating these processes, and observational evidence is stronger, at 

these scales. The review was highly selective, with references to several recent synthesis 

reports provided for further information. 

2)	 A more detailed review was provided of changes specifically relevant to Australia, including 

a review of both observational and climate modelling work. Although it is acknowledged that 

the observational record does not necessarily provide a direct analogue for future change, 

consistency between climate model simulations and observational work is beneficial in 

adding confidence to any future projections. 

3)	 A review of different approaches which may assist in estimating future change was provided, 

including a discussion on temperature scaling as well as statistical and dynamical 

downscaling. It was clear that Clausius-Clapeyron scaling represents neither an upper nor a 

lower bound to changes in extreme precipitation, with the scaling relationships expected to 

vary significantly depending on location, duration and exceedance probability. 

4)	 Reviews of the suitability of dynamical and statistical downscaling approaches in the context 

of their capacity to simulate climate extremes are generally limited. All the scientific studies 

discussing different modelling approaches highlight the complementary nature of the 

different approaches, and emphasise the importance of considering multiple lines of 

evidence in the context of climate change impact assessments. 

5)	 A review of Australian and overseas guidance documents was provided, to provide some 

context for work relevant to ARR. 

Based on these reviews, a summary of current understanding and possible research questions/issues 

was provided. Every effort was made to narrow down outstanding issues to a small set of questions 

which have a reasonable chance of being addressed within the ARR revision timeframe. 
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Nevertheless it is emphasised that the purpose of this list is only to provide the starting point for a 

discussion at the second Australian Rainfall and Runoff climate workshop. 
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Appendix 

Brief for preparation of discussion paper for ARR Climate Change Workshop 
No 2 

The brief is to prepare a 5 - 10 page discussion paper on the implications of climate change 
over the climate change planning horizons ie. 2050 and 2100 for estimation of flood 
quantiles which may be flow, level, volume, or some other characteristic related to flood 
hydrographs. In the context of flood estimation and flood risk management, the discussion 
paper needs to: 

a) Provide an overview of the literature on climate change adaptation; 
b) Briefly Discuss current Australian practice or approaches; 
c) Discuss Current international practice or approaches; 
d) Discuss available techniques suitable for application in Australia; 
e) Discuss the uncertainty associated with the alternative approaches. 

Variables that are likely to change with climate change include: 

� IFD 
� Storm type, frequency and depth 
� Rainfall spatial and temporal patterns 
� Antecedent conditions 
� Changes in sea level and 
� The joint probability of storm surge and flood producing rainfall 

The paper needs to discuss the different options that are available for estimating change. 
For instance the methods that are available for estimating change in rainfall would include 
trend analysis on historical data, temperature scaling and statistical and dynamic down 
scaling techniques. Each approach has different assumptions, advantages and strengths, 
and weaknesses. There is a need also to discuss uncertainty. You should be able to obtain 
much of the information from the presenters at the workshop. Attendees at the workshop 
have agreed to provide assistance in a timely manner. Any further contact details can be 
obtained from Monique at arr_admin@arr.org.au 

Expected timeframe for completion: 4 weeks. 

The follow up Climate Change workshop is scheduled for 30 November 2010 in Sydney. In 
order to accommodate a period of review and subsequent discussion, delivery of the paper 
is required by 2 November. 
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GHD Disclaimer 

This Report has been prepared by GHD for Roads and Maritime Services (Roads and Maritime) 
and may only be used and relied on by Roads and Maritime for the purpose agreed between GHD 
and RMS as set out in Section 1.1 of this Report. 

GHD otherwise disclaims responsibility to any person other than Roads and Maritime arising in 
connection with this Report. GHD also excludes implied warranties and conditions, to the extent 
legally permissible. 

The services undertaken by GHD in connection with preparing this Report were limited to those 
specifically detailed in the Report and are subject to the scope limitations set out in the Report. 
The opinions, conclusions and any recommendations in this Report are based on conditions 
encountered and information reviewed at the date of preparation of the Report. GHD has no 
responsibility or obligation to update this Report to account for events or changes occurring 
subsequent to the date that the Report was prepared. 

The opinions, conclusions and any recommendations in this Report are based on assumptions 
made by GHD described in this Report. GHD disclaims liability arising from any of the assumptions 
being incorrect. 
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